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Objectives:

• Review the main principals of solid organ transplantation, 
pertinent immunobiology and an approach to the major 
complications seen following the transplant procedure

• Identify the usual clinical course and major compli cations 
of liver transplantations

• Identify the usual clinical course and major compli cations 
of kidney and kidney-pancreas transplants

• Identify the usual clinical course and major compli cations 
of lung and heart transplantation

Key words: heart transplantation; kidney transplantation; 
kidney-pancreas transplantation; liver transplantation; lung 
transplantation

Overview of Solid Organ 
Transplantation

Solid organ transplantation has increased in fre-
quency dramatically over the past 2 decades 
largely due to advances in the understanding and 
management of rejection immunobiology. Survival 
following solid organ transplantation has also 
increased with better antirejection medications, 
and an understanding that overimmunosuppres-
sion results in its own complications and is to be 
avoided. Currently, one of the major limitations to 
increasing the number of transplants performed 
is the imbalance between the limited supply of 
donor organs and the large and growing number 
of patients on organ-recipient waiting lists.

The major issues that are likely to be seen in 
the critical care setting regarding solid organ 
transplantation are complications in the postop-
erative period related to mechanical surgical pro-
cedure complications, infection, rejection, and 
complications related to the antirejection medicines 
themselves.

Rejection Immunobiology

A basic understanding of the immune system 
is important to understand the process of solid 

organ rejection as well as the antirejection medi-
cations that are used to try to prevent this prob-
lem. A brief review of the rejection immunobiology 
will be presented here. Reviews of this topic are 
referenced in the bibliography

The immune system is composed of the fol-
lowing two parts: natural immunity and adaptive 
immunity. Natural immunity refers to the non-
specifi c reaction whereby the recruitment of 
infl ammatory cells such as macrophages, poly-
morphonuclear leukocytes, and lymphocytes are 
recruited to areas of infection or tissue injury is 
induced through nonspecifi c mechanisms of cel-
lular response. Adaptive immunity involves the 
recognition of the presence of specifi c cell surface 
proteins on infectious agents or transplanted 
organs that results in the activation of T and B 
lymphocytes, which react to those foreign agents. 
This form of immunity is specifi c and results in 
the memory and specifi c recognition of foreign 
tissues and infectious agents. Although there is 
signifi cant overlap and interaction between the 
innate and the adaptive systems, it is the latter 
that is more involved in solid organ transplant 
rejection.

The major response of the host to the trans-
planted organ is the activation of T-cell lympho-
cytes in the host that results in a cascade of 
reactions that are designed to destroy the trans-
planted foreign body. Key to this process is the 
recognition of the transplanted organ as “foreign.” 
This occurs through cell surface recognition mol-
ecules known as the major histocompatibility 
complex (MHC) proteins on the cell surface of 
cells in the transplanted organ. These MHC pro-
teins are recognized by antigen-presenting cells 
(APCs) that may be T cells or macrophages. A 
portion of the MHC molecule is usually then 
cleaved and processed by the APC, which then 
“presents” this foreign antigen fragment on its 
cell surface to T cells that are destined for activa-
tion. The APCs bind to the T cells through the for-
eign antigen fragment as well as a second 
costimulatory receptor on the T-cell surface. Once 
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2 Solid Organ Transplantation (Benditt)

this binding of the two ligands occurs, activation 
of the T cell occurs. This T-cell activation leads to 
the rejection cascade that includes the following: 
(1) clonal expansion of B cells that produce anti-
bodies to molecules on the transplanted organ cell 
surfaces; (2) induction of CD8-positive T cells that 
mediate cytotoxicity; and (3) help for macro-
phages to induce delayed type hypersensitivity 
responses. It is these processes that lead to the 
rejection and dysfunction of the transplanted 
solid organ. Modern immunosuppression regi-
mens are designed to interfere with this process in 
a number of ways.

Several patterns of rejection have been de -
scribed in solid organ transplantation. Hyper-
acute rejection is seen within minutes to hours of 
transplantation and is mediated by preformed 
antibodies that cause vascular injury. The kidney 
and heart are particularly susceptible. There is no 
specifi c treatment but this form of rejection 
usually can be avoided by pretransplant cross-
matching. Accelerated rejection is an uncommon 
form of antibody-mediated rejection that is seen 
several days after transplantation and is charac-
terized by vascular necrosis. Acute rejection is the 
most common cause of graft failure and is medi-
ated by T-cell-mediated cytotoxicity. Acute rejec-
tion is defi ned as occurring between 1 week and 
3 months following transplantation. Chronic rejec-
tion generally appears �3 months after the trans-
plant procedure and is characterized by a slowly 
progressive course associated with the presence 
of fi brosis on histologic analysis of the trans-
planted organ.

Immunosuppression

Immunosuppression is required to prevent the 
rejection of the transplanted organ. The approaches 
to induction and maintenance immunosuppres-
sion, as well as the treatment of established rejec-
tion, vary signifi cantly from one institution to 
another. Most centers use a combination of agents 
in low doses to minimize the toxicity of individual 
drugs. Cyclosporine is a fungal cyclic peptide that 
inhibits the transcription of interleukin (IL)-2 and 
the expression of IL-2 receptors, resulting in the 
blockade of T-cell activation. There are marked 
individual variations in the absorption and metab-
olism of cyclosporine; the precise timing of  dosages 

and monitoring of drug levels are essential. Cyclo-
sporine is metabolized by the hepatic cytochrome 
p450 system and is subject to many drug interac-
tions (Table 1). Important side effects include neph-
rotoxicity, hypertension, neurotoxicity (eg, tremors, 
paresthesias, and seizures), gingival hyperplasia, 
hyperlipidemia, and hypertrichosis. Tacrolimus 
(FK506) is a macrolide that has essentially the same 
mechanism of action as cyclosporine. In liver, kid-
ney, and lung transplant recipients, tacrolimus is 
more effective than cyclosporine in preventing 
acute and chronic rejection, and is effective in the 
treatment of acute rejection. In comparison with 
cyclosporine, tacrolimus is associated with more 
neurotoxicity, nephrotoxicity, and glucose intoler-
ance, but less hypertension, dyslipidemia, gingival 
hyperplasia, or hirsutism. Sirolimus is a newer 
agent that has effects similar to those of cyclospo-
rine and tacrolimus and is used more commonly in 
renal transplantation or in situations in which fi rst-
line immunosuppression protocols have not been 
entirely effective. Azathioprine is a purine analog 
that inhibits lymphocyte proliferation. Leukope-
nia, hepatitis, and cholestasis are important toxici-
ties. Mycophenolate mofetil is a more selective 
inhibitor of purine synthesis that appears to be 
more effective than azathioprine at preventing 
acute rejection. Diarrhea, emesis, and leukopenia 
are the principal side effects of  mycophenolate 

Table 1. Drugs or Compounds That Affect Cyclosporine Levels

Increase Levels Decrease Levels

Diltiazem Nafcillin
Nicardipine Rifabutin
Verapamil Rifampin
Fluconazole Carbamazepine
Itraconazole Phenobarbital
Ketoconazole Phenytoin
Clarithromycin Octreotide
Erythromycin Ticlopidine
Lansoprazole Oristat
Rabeprazole St. John’s wort
Cimetidine
Methylprednisolone
Allopurinol
Bromocriptine
Metoclopramide
Colchicine
Amiodarone
Danazol
Grapefruit juice  
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mofetil.  Corticosteroids are nonspecifi c antiinfl am-
matory agents that inhibit cytokine production, 
antigen recognition, and T-cell proliferation. The 
familiar side effects of corticosteroids include 
 Cushing syndrome, hyperglycemia, hyperlipid-
emia, osteoporosis, myopathy, and cataracts. Poly-
clonal and monoclonal antibodies are used to 
deplete the T cells that mediate acute rejection. 
Antithymocyte and antilymphocyte globulin may 
cause serum sickness, thrombocytopenia, and leu-
kopenia. Initial treatment with OKT3, a murine 
monoclonal antibody to the T-cell receptor, often 
elicits fever, chills, and a capillary leak syndrome 
resulting in hypotension and pulmonary edema. 
OKT3 also increases the risks of cytomegalovirus 
(CMV) infection and Epstein-Barr virus (EBV)-
related posttransplant lymphoproliferative dis-
order (PTLD). Newer mouse/human chimeric 
monoclonal antibodies to IL-2 receptors (eg, basil-
iximab and daclizumab) are associated with less 
 toxicity.

Complications of Solid Organ Transplantation

The complications of solid organ transplanta-
tion are most commonly divided into infectious 
and noninfectious complications. Each of these 
categories is then divided along temporal lines.

Infectious Complications: Infectious complica-
tions are most often divided into early and late 
infections. Nosocomial infections are prominent 
in the early posttransplant course, followed by 
the reactivation of latent infections in the graft or 
host, and new opportunistic infections related to 
the intensity and duration of immunosuppres-
sion. Staphylococci and Gram-negative bacilli are 
the most common early bacterial pathogens, fol-
lowed later by infections caused by Legionella, 
Nocardia, Mycobacteria, and Listeria. Candidia-
sis and aspergillosis are the major fungal infec-
tions occurring in the fi rst few months after 
transplantation, but the reactivation of endemic 
mycoses and cryptococcosis may present later. 
Herpes simplex virus (HSV) often reactivates in 
the initial weeks after transplantation, and her-
pesvirus-6 is increasingly recognized 2 to 4 weeks 
posttransplant. CMV and hepatitis C infections 
typically present after the fi rst month. The peak 
incidence of EBV-related PTLD is 3 to 6 months 
after transplantation. Dermatomal reactivation of 

varicella-zoster virus (VZV) also occurs in this 
time frame. Toxoplasmosis and Pneumocystis 
 carinii pneumonia may develop after the fi rst 
posttransplant month.

Pretransplant identifi cation of latent infec-
tions in the donor and recipient is essential in 
defi ning risks. Routine testing includes serology 
testing for CMV; HSV; EBV; VZV; hepatitis A, B, 
and C; HIV, toxoplasmosis, and relevant endemic 
mycoses, such as histoplasmosis and coccidioido-
mycosis. A tuberculin test should be performed, 
and the chest radiograph evaluated for granulo-
matous disease. Indolent infection of the oral 
 cavity and sinuses should be excluded, and immu-
nizations should be brought up to date. Prophy-
laxis is effective against many latent and some 
acquired infections. Routine surveillance is help-
ful for the preemptive management of CMV infec-
tions, and possibly others. Suspected infection 
should be approached with an assessment of risks 
and an aggressive effort at specifi c diagnosis. 
CMV is the bane of transplantation. Primary infec-
tion occurs when a seronegative patient receives 
an organ from a seropositive donor; secondary or 
reactivation infection develops in seropositive 
recipients. Active infection (viral replication) will 
develop in most patients at risk, and is diagnosed 
by antigen detection, nucleic acid identifi cation, 
or culture. Symptomatic disease develops in 40 to 
60% of primary infections and approximately 20% 
of secondary infections. The manifestations of 
CMV disease vary with the organ transplanted. 
The risk of CMV disease is increased in patients 
who are treated with antithymocyte globulin or 
OKT3. CMV disease is treated with ganciclovir, 
with or without CMV Ig. CMV disease can be pre-
vented by the use of screened blood products, oral 
valganciclovir prophylaxis, and by prophylactic 
or preemptive treatment (at the earliest sign of 
viral replication) with ganciclovir and hyper-Ig.

The PTLD is caused by EBV infection, and 
occurs in 6 to 9% of lung transplants, 3 to 5% of 
heart transplants, 2 to 4% of liver transplants, and 
�1% of kidney transplants. The risk of PTLD is 
increased by treatment with anti-T-cell antibod-
ies. PTLD presents 6 to 24 weeks after transplan-
tation with an infectious mononucleosis-like 
syndrome or diverse local manifestations that 
may involve any lymphatic tissue, the GI tract, 
lungs, kidneys, or brain. The diagnosis is made by 
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demonstrating the EBV genome in association 
with benign or malignant lymphatic proliferation. 
Treatment strategies include reduced immuno-
suppression, interferon-α, and cytotoxic chemo-
therapy. Local resection may be helpful, and there 
is an uncertain role for acyclovir or ganciclovir.

Noninfectious Complications: Noninfectious 
complications consist of complications related to 
the surgical procedure itself, rejection, and those 
related to the toxicities of the immunosuppressant 
drugs. They also can be divided into early and 
late complications. Noninfectious problems in the 
fi rst few weeks after solid organ transplantation 
include (1) surgical complications; (2) graft dys-
function related to ischemia, preservation, and 
reperfusion; and (3) rejection. After the fi rst few 
months, chronic rejection is a signifi cant problem 
as are the side effects of immunosuppressant 
medications, as noted above. These noninfectious 
complications will be discussed in more detail 
with each of the specifi c transplant types.

Liver Transplantation

Background

Liver transplantation is a treatment for both 
acute and chronic liver failure. In the acute setting, 
liver transplantation is used in cases of fulminant 
hepatic failure, which is defi ned as the onset of liver 
failure with encephalopathy within a short period 
of time (weeks). Cases of fulminant hepatic failure 
that may require transplant include acetamino-
phen toxicity, acute viral hepatitis, autoimmune 
hepatitis, and others. The criteria for transplan-
tation have been diffi cult to evaluate as patients 
either survive to full recovery or die rapidly. The 
Kings College criteria (Table 2) are the most com-
monly used prognostic criteria to decide on the 
suitability of a patient for liver transplantation.

Chronic liver failure (cirrhosis) that is uncom-
pensated is considered to be treatable by liver 
transplantation. The decision to consider liver 
transplantation will depend on the severity of the 
disease as well as the quality of life and the absence 
of contraindications. The system currently in 
place to characterize the severity of liver disease 
appropriate for transplantation is known as the 
Model for End-stage Liver Disease (or MELD) 
score. The score is calculated as 3.8 (Ln serum 

bilirubin [in milligrams per deciliter]) � 11.2 (Ln 
INR) � 9.6 (Ln serum creatinine [in milligrams 
per deciliter]) � 6.4. A score of �10 is the usual 
indication for referral to a liver transplant center. 
A listing for liver transplantation usually occurs 
at this point or with a higher score. The score is 
also used for prioritization on the waiting list.

Typical Postoperative ICU Course

Liver transplant recipients require ICU care 
for 1 to 4 days after surgery. The cardiac output is 
generally high, and the systemic vascular resis-
tance is low; circulatory instability is common 
and usually volume-responsive. Myocardial 
depression is a poor prognostic sign. Calcium 
may be depleted by the citrate in blood products. 
Hyperglycemia is common, and potassium levels 
may be high or low. A mild metabolic acidosis 
may be present initially, but metabolic alkalosis 
develops as the liver metabolizes citrate. Defi cient 
clotting factor levels and thrombocytopenia con-
tribute to a signifi cant bleeding diathesis. Blood 
products are usually replaced empirically (for 
evident bleeding and a fall in hematocrit), 
although many centers monitor coagulation with 
thromboelastography, which is a rapid measure 
of the time to the onset of clotting, the rate of clot 

Table 2. King’s College Hospital Criteria for Liver 
Transplantation in Patients With Fulminant Hepatic Failure

Conditions Criteria

Acetaminophen-
 induced 
disease

Arterial pH �7.3 (irrespective of 
the grade of encephalopathy) 
or grade III or IV encephalopathy, 
prothrombin time of �100 s, 
and serum creatinine level of 
� 3.4 mg/dL (301 μmol/L)

All other causes of 
fulminant hepatic 
failure

Prothrombin time of � 100 s 
 (irrespective of the grade of 
encephalopathy) or any three 
of the following variables 
(irrespective of the grade of 
encephalopathy): (1) age � 10 yr 
or � 40 yr; (2) etiology of non-A, 
non-B hepatitis, halothane 
hepatitis, or idiosyncratic drug reac-
tions; (3) duration of jaundice before 
onset of encephalopathy of �7 d; (4) 
prothrombin time of � 50 s; and (5) 
serum bilirubin level of 
�18 mg/dL (308 μmol/L)
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formation, and maximum clot elasticity. Impor-
tant signs of a functioning graft are the  production 
of  golden-brown bile, the restoration of clotting, 
the absence of metabolic acidosis, and the resolu-
tion of encephalopathy. Patients should be awake 
and alert within 12 h. The serum bilirubin level 
may rise initially because of hemolysis, but liver 
enzyme levels should fall each day. The prothrom-
bin time and partial thromboplastin time should 
improve daily and should be normal within 72 h. 
Most patients can be extubated within 12 to 48 h.

Noninfectious Complications 

Hemorrhage in the fi rst 48 h usually is caused 
by diffuse oozing in the setting of a coagulopathy 
and is managed with blood products. Later, 
intraabdominal bleeding may be related to necro-
sis of a vascular anastamosis. GI hemorrhage 
may result from stress ulceration or the develop-
ment of portal hypertension. Primary graft fail-
ure occurs in 1 to 5% of patients receiving liver 
transplants and usually is a consequence of isch-
emic injury. The signs of graft failure include 
poor bile formation, metabolic acidosis, and 
 failure to resolve encephalopathy and coagulop-
athy. The treatment is retransplantation within 
48 h, before brainstem herniation from cerebral 
edema occurs. Vascular complications include 
thromboses of the hepatic artery, hepatic vein, or 
portal vein. Hepatic artery thrombosis occurs in 
about 5% of patients and presents in one of the 
following four ways: massive liver necrosis (eg, 
fever, rising enzymes, deterioration in mental 
status, renal insuffi ciency, and shock); a bile leak 
with or without evidence of liver injury; recur-
rent bacteremia from hepatic abscesses; or as an 
asymptomatic fi nding on a routine ultrasound. 
The diagnosis is made by duplex ultrasonogra-
phy, and the treatment is operative repair or 
retransplantation. Portal vein thrombosis is less 
common, and presents with ascites and variceal 
hemorrhage, with or without graft dysfunction. 
Hepatic vein thrombosis is rare, and presents 
with liver failure and massive ascites. Biliary 
complications occur in up to 28% of patients. Bile 
leaks are caused by traumatic or ischemic injury 
to the common bile duct. Biliary obstruction may 
be caused by the kinking of the bile duct or drain-
age tubes, dysfunction of the sphincter of Oddi, 

or strictures. Biliary complications are diagnosed 
by cholangiography and are managed with sur-
gical or endoscopic repair.

Acute rejection is the most common cause of 
liver dysfunction after transplantation. Most 
patients experience at least one episode, usually 4 
to 14 days after transplantation. The clinical signs 
(eg, fever, tenderness, and enlargement of graft) 
and laboratory features (eg, elevated levels of 
hepatocellular enzymes and bilirubin) are nonspe-
cifi c. The diagnosis is confi rmed with a liver biopsy 
fi nding that demonstrates mononuclear cell portal 
infi ltration, ductal injury, and venulitis. Most 
patients respond to therapy with pulse steroids or 
anti-T-cell antibodies. ICU readmission is rarely 
required. Common noninfectious pulmonary 
complications of liver transplantation include atel-
ectasis, pleural effusions, and pulmonary edema. 
In most cases, preoperative shunting caused by 
the hepatopulmonary syndrome improves over 
days to months posttransplant. Respiratory mus-
cle weakness, the abdominal wound, impaired 
mental status, and severe metabolic alkalosis may 
contribute to delayed weaning. ARDS occurs in 
�10% of liver graft recipients, usually as a conse-
quence of sepsis. Neurologic dysfunction after 
liver transplantation may be caused by hepatic 
encephalopathy, hypoglycemia, intracranial hem-
orrhage, air embolism, drug toxicity, or infection.

Infection 

Bacteria are the most important causes of 
infection after liver transplantation, particularly 
in the fi rst 6 weeks after grafting. Gram-positive 
cocci and Gram-negative bacilli are the predomi-
nant pathogens, and the site of infection often 
involves the transplanted liver or the recon-
structed biliary tree. Intraabdominal abscesses, 
peritonitis, cholangitis, and surgical wound infec-
tions are the most common foci of bacterial infec-
tion, followed by pneumonia, catheter sepsis, and 
urinary tract infections.

Prophylactic systemic and topical antibiotics 
are commonly used but are of unproven value. 
CMV infection will be evident in approximately 
50% of liver transplant recipients, and half of these 
cases will be symptomatic. Seropositivity for 
CMV is the most important risk factor for CMV 
disease. The peak onset of CMV infection is 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



6 Solid Organ Transplantation (Benditt)

28 days after transplantation. The most common 
manifestation is a mononucleosis-like syndrome 
that is characterized by fever, malaise, myalgias, 
and neutropenia. Hepatitis is the most common 
involvement in the liver. Anecdotal reports have 
suggested that the treatment of CMV disease with 
ganciclovir is benefi cial. CMV disease can be pre-
vented in high-risk patients by long-term (100-
day) ganciclovir prophylaxis or by preemptive 
treatment at the fi rst sign of viral replication. HSV 
mucositis reactivates in 40 to 50% of seropositive 
patients and can be prevented or treated with 
acyclovir therapy. Fungal infections complicate 
10 to 40% of liver transplants, usually in the fi rst 
2 months, and are more common in liver trans-
plants than in the transplantation of other organs. 
Candidemia, from an abdominal or vascular 
source, is the leading mycosis, followed by pul-
monary aspergillosis. Pneumocystis infections are 
rare in patients receiving prophylaxis.

Kidney Transplant

Background

Kidney transplantation is the treatment of 
choice for patients with end-stage renal disease. A 
successful kidney transplant improves the quality 
of life and reduces the mortality risk for most 
patients, when compared with maintenance dial-
ysis. Unfortunately, the number of patients await-
ing transplant far outstrips the supply of donor 
organs available and has resulted in many patients 
requiring ongoing dialysis with its associated 
morbidities. Sources for renal allografts include 
cadaveric donors, living related donors, and liv-
ing unrelated donors. Human leukocyte antigen 
matching of the donor and the recipient is rou-
tinely performed, resulting in the high levels of 
graft survival that are seen. In the United States, 
diabetes or hypertension is the cause of chronic 
renal insuffi ciency in most recipients.

Typical Postoperative ICU Course

Patients who have undergone renal transplan-
tation rarely, if ever, require ICU care in the imme-
diate postoperative period. They are generally 
extubated in the recovery room and brought to a 
non-ICU hospital fl oor.

Noninfectious Complications 

Serious noninfectious complications are 
un common after renal transplantation. Volume 
overload and graft dysfunction occasionally lead 
to pulmonary edema. Surgical complications such 
as renal artery thrombosis, renal vein thrombosis, 
urine leaks, and lymphoceles occur in �5% of 
patients. Hyperacute rejection from preformed anti-
bodies causes immediate graft failure and is usually 
detected in the operating room. Acute rejection 
occurs in 50 to 60% of patients within the fi rst 
3 months and is suspected by a rise in creatinine level 
that is not attributable to cyclosporine toxicity. Acute 
rejection is empirically treated with corticosteroids; 
refractory cases are confi rmed by renal biopsy. 
Chronic rejection develops in 8 to 10% of patients.

Infectious Complications

Urinary tract infections are common soon after 
renal transplantation and can be prevented with 
prophylaxis using antibiotics. Bacterial infections 
of the wound, IV catheter sites, and the respiratory 
tract also may complicate the early postoperative 
course. Opportunistic infections caused by Legio-
nella, Nocardia, and Listeria usually occur 1 to 
6 months after transplantation. Fungal infections 
are less common in renal graft recipients than in 
other organ transplant patients. Primary CMV 
infection develops in 70 to 90% of seronegative 
recipients of a kidney from a seropositive donor, 
and 50 to 60% of these patients will be symp-
tomatic. CMV infection develops in 50 to 80% of 
seropositive recipients, and 20 to 40% of these 
patients will have clinical disease. The onset of 
infection is usually 1 to 6 months after transplant. 
The mononucleosis-like CMV syndrome is the 
most common manifestation of CMV disease in 
renal transplant recipients; CMV pneumonia will 
develop in about 25% of symptomatic patients. 
Ganciclovir appears to be effective in treating CMV 
disease in the setting of renal transplantation.

Kidney-Pancreas Transplant

Background

Kidney-pancreas transplant is considered for 
patients with renal failure and type I diabetes. The 
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major reported benefi t is an improved quality of 
life due to avoidance of the need for insulin and 
dialytic therapy. Most procedures are performed 
as simultaneous transplants, although sequential 
kidney then pancreas transplantation or pancreas 
transplantation alone is performed. For those 
patients with type I diabetes mellitus undergoing 
cadaveric transplantation (but not living donor 
transplantation), survival appears to be better 
with a simultaneous pancreas transplantation.

Typical Postoperative ICU Course

Patients require ICU monitoring of fl uids and 
electrolytes, and tight glucose control with an 
insulin drip to keep the pancreas at rest. Glucose 
regulation may normalize within hours, but sev-
eral days are often required for full graft function. 
Also, bicarbonate loss due to secretion by the pan-
creas into the bowel or bladder where the pan-
creas implant is placed can lead to metabolic 
acidosis.

Noninfectious Complications 

Complications are more common after  kidney-
pancreas transplantation than after kidney trans-
plantation alone. Surgical complications include 
vascular thrombosis, hematuria, perforation of 
the duodenal segment, and urethral stricture. Loss 
of sodium bicarbonate in the urine may cause 
signifi cant dehydration and metabolic acidosis. 
Acute pancreatic rejection occurs in � 85% of cases, 
more commonly than kidney rejection, and is more 
refractory to therapy with corticosteroids. Pancre-
atic rejection is diagnosed by an abrupt fall in 
urinary amylase levels; some centers confi rm rejec-
tion histologically by cystoscopic biopsy. Most 
cases of pancreatic rejection fail to respond to corti-
costeroids and require repeated courses of OKT3.

Infectious Complications 

Infections also are more common in patients 
who receive kidney-pancreas transplants than in 
recipients who receive kidney transplants alone 
because of the additional surgery and the need for 
more immunosuppression. Wound infections, 
urinary tract infections, and abdominal abscesses 
caused by bacteria or fungi are particularly 

 frequent in the fi rst month after transplantation 
but may appear a year or more postoperatively. 
Active CMV infection will develop in most 
patients who are at risk, and the majority of these 
infections will be symptomatic with a viremic 
syndrome; the liver is the most common site of 
tissue infection in the form of hepatitis.

Heart Transplant

Background

Published recommendations for considering 
transplantation in patients with cardiac condi-
tions are for those with advanced disease (gener-
ally, New York Heart Association class III or IV) 
that have not responded to maximal medical 
management. Underlying coronary artery disease 
and nonischemic cardiomyopathy each account 
for about 45% of cases, a distribution that has not 
changed appreciably in many years. Judging 
when in the course of chronic heart failure trans-
plantation should be considered is diffi cult. In 
general, the peak oxygen uptake measured on 
cardiopulmonary exercise testing appears to pro-
vide the most objective assessment of functional 
capacity in patients with heart failure and may be 
the best predictor of when to list an individual 
patient for cardiac transplantation. The 2002 task 
force of the American College of Cardiology and 
the American Heart association recommended 
the use of exercise testing with ventilatory gas 
analysis for this purpose.

Usual Postoperative Course 

Cardiac function is depressed for several days 
postoperatively, and the right ventricle recovers 
more slowly than the left. Cardiac output is ini-
tially rate-dependent in the denervated heart, and 
treatment with low-dose isoproterenol or pacing 
is often required for 2 to 4 days. Patients are rou-
tinely extubated within 24 h and discharged from 
the ICU within 48 h.

Noninfectious Complications

The early complications of heart transplanta-
tion include those of cardiac surgery in general. 
The development of left lower-lobe atelectasis 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



8 Solid Organ Transplantation (Benditt)

and mediastinal fl uid collection is common in 
most patients, but hemorrhage is unusual. Pul-
monary edema is a frequent occurrence because 
of pretransplant congestion, postoperative left 
ventricular dysfunction, and volume overload; 
heparin-protamine reactions and reperfusion 
injury may alter lung permeability. Persistent pul-
monary hypertension is an important early prob-
lem that may lead to right ventricular failure. 
Treatment with prostaglandin E1, nitric oxide, 
inotropes, and assist devices may be effective. 
Rejection may occur any time after heart trans-
plantation and is diagnosed histologically from 
routine surveillance endomyocardial biopsies. 
Clinical signs of rejection such as fever, heart fail-
ure, arrhythmias, and pericardial friction rubs are 
unreliable. The severity of rejection is graded by 
the degree of lymphocytic infi ltration and myo-
cyte necrosis. Mild cases may resolve spontane-
ously; about one third of patients require treatment 
for rejection. Most episodes respond to treatment 
with pulse corticosteroids and/or increased doses 
of cyclosporine. Refractory patients usually 
respond to anti-T-cell treatment. Accelerated cor-
onary atherosclerosis is the leading cause of death 
�1 year after heart transplantation. The cumula-
tive incidence is approximately 10% per year. Cal-
cium channel blockers and hydroxymethylglutaryl 
coenzyme A reductase inhibitors may slow the 
development of allograft vasculopathy.

Infectious Complications

Nosocomial bacterial pneumonia, mediastini-
tis, empyema, and catheter-related infections are 
common in the fi rst month after transplantation. 
Gram-negative bacilli and Staphylococcus aureus are 
frequent pathogens. Legionella pneumonia and 
wound infections are important in the fi rst 
3 months after heart transplantation, particularly 
in hospitals with contaminated water supplies. 
Nocardia infection of the lung may present at any 
time after the fi rst postoperative month and may 
disseminate to the brain or bone. Atypical myco-
bacterial infections have been reported in 3% of 
heart transplant recipients, usually involving the 
lung, mediastinum, or soft tissues. Aspergillosis is 
the most common fungal infection after heart 
transplantation, developing in 5 to 10% of recipi-
ents, usually in the fi rst month. The lung is the 

 primary site of infection, but dissemination is 
 evident in half of the cases at diagnosis. Toxoplas-
mosis is an important consideration when a sero-
negative recipient receives a heart from a 
seropositive donor. Primary infection presents 4 to 
6 weeks after transplantation with fever and non-
specifi c signs involving the heart, brain, eyes, 
lungs, and/or liver; myocardial infection may 
mimic rejection. The diagnosis is supported by 
seroconversion and confi rmed by the demonstra-
tion of tachyzoites in tissue. Treatment with pyri-
methamine and sulfadiazine is effective if instituted 
promptly. Pyrimethamine also may be effective in 
preventing primary infection. Reactivation of latent 
toxoplasmosis in seropositive recipients is not clin-
ically signifi cant. P carinii pneumonia develops in 
3% of cardiac transplant patients without prophy-
laxis but is now rare. Active CMV infection will 
develop in most seropositive patients and serone-
gative recipients of hearts from seropositive donors. 
One third of these infections will be symptomatic, 
usually with a mononucleosis-like syndrome. 
CMV pneumonia develops in 10% of infected 
patients. Serious morbidity and mortality are 
largely limited to patients with primary infection. 
Ganciclovir appears to be effective in the treatment 
of CMV disease in heart transplant patients. The 
role of ganciclovir in prophylaxis is uncertain. The 
reactivation of oral and genital HSV infection is 
common in the fi rst few months after heart trans-
plantation. VZV typically reactivates in a dermato-
mal distribution 3 to 6 months after transplantation. 
HSV and VZV infections usually remain localized 
and respond to treatment with acyclovir. PTLD 
develops in 2 to 7% of heart transplant recipients, 
usually presenting 3 to 6 months after transplanta-
tion. PTLD is probably caused by EBV, and the risk 
is markedly increased by treatment with OKT3. 
Any lymphatic tissue may be involved, as well as 
the GI tract, lungs, kidneys, or brain. Most cases 
respond to a reduction in immunosuppressive 
therapy. The resection of localized tumors and 
treatment with acyclovir may be helpful.

Lung Transplant

Background

Lung transplantation is relatively infrequent 
compared to other transplants because of the 
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pulmonary injury or infection that so often 
occurs in cadaveric donors. Because of this, lung 
 transplantation after donation from a living 
related person, particularly for younger recipi-
ents, is currently being performed at a few cen-
ters. Lung transplantation is performed for a 
wide variety of diagnoses; however, the major-
ity of individuals on the waiting list have COPD. 
Lung transplantation can be unilateral or bilat-
eral. Currently, there is an increasing trend 
toward bilateral transplant for all diagnoses. 
Previously, time on the waiting list was used to 
order lung transplant recipient waiting lists; 
however, more recently a lung allocation score 
has been devised that includes the type and 
severity of disease, and other factors that predict 
mortality and prevent death while the patient is 
on the waiting list.

Usual Postoperative Clinical Course

Volume overload and pulmonary edema 
are common early problems. Cardiac function 
may be impaired if cardiopulmonary bypass 
was re quired (all heart-lung transplants and 
some lung transplants). Cardiac output is rate-
dependent in denervated hearts, and responds to 
therapy with isoproterenol. Care must be taken to 
avoid airtrapping in an emphysematous native 
lung. Independent lung ventilation through a 
double-lumen endotracheal tube may be neces-
sary in some single-lung transplant recipients to 
improve ventilation-perfusion matching or reduce 
airtrapping. Most patients can be extubated within 
36 h. Patients receiving single-lung transplants 
for primary pulmonary hypertension often are 
heavily sedated for 48 to 72 h before extubation to 
reduce pulmonary arterial hypertensive crises. 
Refl exive coughing is lost in the denervated lung, 
and pulmonary toilet is critical for secretion man-
agement. The lymphatics are severed in the trans-
planted lung, impairing extravascular fl uid 
clearance and rendering the graft particularly sus-
ceptible to edema.

Noninfectious Complications

Hemorrhage early after lung transplantation 
is usually from the mediastinum or pleura. 
 Bleeding is particularly common in heart-lung 

 transplants because of the extensive mediastinal 
dissection and the need for heparinization during 
bypass. Patients with cystic fi brosis also are at 
increased risk of hemorrhage because pleural 
adhesions often must be severed to remove the 
native lungs. Bilateral bronchial anastomoses 
require less mediastinal dissection and are associ-
ated with less bleeding than tracheal anastomoses. 
The pulmonary reimplantation response is evi-
dent in most patients. This is a form of reperfusion 
injury that results in noncardiogenic pulmonary 
edema. The clinical features include alveolar and 
interstitial infi ltrates seen on a chest  radiograph, a 
decline in lung compliance, and impaired gas 
exchange. The response peaks 2 to 4 days after 
transplantation and resolves gradually thereafter 
with careful fl uid management and diuresis. The 
diagnosis is made by the clinical presentation and 
time course, and the exclusion of infection, rejec-
tion, and cardiogenic pulmonary edema.

Airway dehiscence, stenosis, and bronchoma-
lacia were major causes of morbidity and mortal-
ity in the early years of lung transplantation. The 
use of telescoping bronchial anastomoses has 
markedly reduced the incidence of airway com-
plications. Strictures now develop in about 10% 
of cases, and stents are occasionally required for 
the management of stenoses. Phrenic nerve paral-
ysis resulting from thermal or mechanical injury 
occurs in � 5% of patients. The injury is often tem-
porary, with gradual recovery over several weeks. 
Acute rejection occurs as early as 3 days after 
lung transplantation, and most patients will expe-
rience at least one episode within the fi rst postop-
erative month. Lung rejection is more common 
than heart rejection in heart-lung transplants. The 
clinical manifestations are nonspecifi c, and 
include low-grade fever, dyspnea, cough, fatigue, 
hypoxemia, a fall in FEV1, and new or changing 
infi ltrates seen on a chest radiograph (the chest 
radiograph is usually normal when rejection 
occurs �1 month after transplantation). Infection 
and edema are the major alternative consider-
ations in the fi rst few weeks after transplantation; 
later, CMV is the principal concern. Bronchos-
copy is helpful in excluding infection and 
confi rming rejection. Transbronchial biopsy spec-
imens demonstrate the characteristic perivascu-
lar mononuclear infi ltrates with a sensitivity of 
70 to 90% and a specifi city of �90%. There may be 
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a role for identifying donor- sensitized lympho-
cytes by BAL. Most patients respond promptly to 
therapy with pulse corticosteroids; nonresponders 
are treated with anti-T-cell antibodies. Oblitera-
tive bronchiolitis is the major manifestation of 
chronic rejection in the transplanted lung and a 
leading cause of late mortality. The incidence 
of obliterative bronchiolitis increases over time 
and is found in 60 to 70% of patients who sur-
vive for 5 years after undergoing transplantation. 
Repeated episodes of acute rejection and CMV 
infection are possible risk factors. Obliterative 
bronchiolitis may present any time after the sec-
ond postoperative month, with half of the cases 
presenting in the fi rst year. Patients may com-
plain of dyspnea or cough, and chest radiograph 
fi ndings are usually normal. The clinical diagno-
sis hinges on a spirometric demonstration of sig-
nifi cant declines in FEV1 and the mid-expiratory 
phase of forced expiratory fl ow. Some centers 
have found transbronchial biopsies to be helpful. 
Treatment is administered with increased immu-
nosuppression, but no strategy has been demon-
strated to be effective. Pulmonary function may 
stabilize with treatment but rarely improves. The 
mortality rate of patients with obliterative bron-
chiolitis is 40% within 2 years of diagnosis.

Infectious Complications

Infection is the leading cause of death after 
lung transplantation, and most infections are 
located in the thorax. Most centers advocate an 
aggressive approach to etiologic diagnosis, rely-
ing heavily on bronchoscopy. In single-lung trans-
plant recipients, infection in the native lung is a 
signifi cant problem. Bacteria are the most com-
mon agents of infection after lung transplanta-
tion. Bacterial pneumonia is most frequent in the 
early postoperative period, but purulent bronchi-
tis often presents weeks to months after trans-
plantation; late bacterial infections are particularly 
common in patients with obliterative bronchiol-
itis. Typical nosocomial pathogens are the usual 
culprits, although native strains of Pseudomonas 
cepacia and Pseudomonas aeruginosa are problem-
atic in patients with cystic fi brosis. Prophylactic 
broad-spectrum antibiotics are routinely adminis-
tered for the fi rst 48 to 72 h after transplantation, 
empirically or guided by cultures from the donor 

and recipient respiratory tracts; the validity of this 
practice has not been tested by controlled trial. 
Bacterial infections usually respond to treatment 
with antibiotics.

CMV disease is more common in lung allograft 
recipients than in other solid organ transplant 
patients. Positive blood and BAL cultures (active 
infection) will develop in most seropositive recipi-
ents a median of 40 days after transplantation in 
the absence of prophylaxis, but the risk and sever-
ity of symptomatic CMV disease are highest in 
seronegative patients who receive a lung from a 
seropositive donor (ie, those with a primary infec-
tion). Treatment with OKT3 is an additional risk 
for CMV, but CMV infection may increase the risk 
of acute and chronic rejection. Prophylaxis with 
ganciclovir may be effective in preventing or delay-
ing CMV disease in at-risk patients, but the opti-
mal regimen has not been defi ned. HSV mucositis 
develops in 30% of seropositive lung transplant 
recipients in the absence of acyclovir prophylaxis, 
and pneumonia develops in half of these patients.

Primary HSV infections are rare. Acyclovir 
appears to be effective in preventing the reacti-
vation of HSV. EBV-related PTLD occurs in 
approximately 6% of lung allograft recipients. 
The typical case presents within the fi rst 
4 months after transplantation with nodular 
infi ltrates in the lung allograft, although any 
lymphoid tissue may be involved. Most patients 
respond to a reduction in the immunosuppres-
sive regimen. Fungal infections occur in 15 to 
35% of lung transplant recipients. Candidiasis is 
the most common mycosis and may involve the 
mediastinum, the airway anastomosis, or dis-
semination from a cutaneous or vascular site. 
Invasive aspergillosis typically presents as a 
focal pneumonia or necrotizing airway infection. 
The reported mortality rate for patients with 
fungal infections after lung transplantation has 
ranged from 20 to 80%. The roles for antifungal 
prophylaxis and aggressive treatment of muco-
sal isolates are unclear. disease. CMV pneumo-
nitis is the most common manifestation of CMV 
disease in lung allograft recipients. The chest 
radiograph is nonspecifi c, and a positive BAL 
culture fi nding is predictive of histologic evi-
dence of infection only in the highest risk patients 
(ie, seronegative recipient/seropositive donor). 
Transbronchial biopsies are required to identify 
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viral inclusions and to exclude rejection. The 
treatment of CMV pneumonitis in lung  transplant 
recipients with ganciclovir is probably effective 
but has not been prospectively studied. The 
direct mortality rate from CMV disease in treated 
patients is about 1%,
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Objectives:

• Propose an approach to the immunocompromised  patient 
based on identifi cation of defects in three major host defense 
systems

• Review the likely pathogens, their clinical presentations, 
and therapeutic options in patients with neutropenia

• Summarize the various limbs in humoral immunity, with 
particular attention to the clinical situations of asplenia and 
splenic dysfunction

• Outline the categories and clinical presentations of patho-
gens likely to be encountered with defi cits of cell-mediated 
immunity

• Focus on the broadening number of clinical issues in 
patients whose cell-mediated immunity defect is on the 
basis of HIV infection

Key words: asplenia; cell-mediated immunity; HIV; humoral 
immunity; neutropenia

In the clinical approach to patients with fever 
presumed to be infectious in etiology, a basic con-
sideration is whether the patient is a normal host 
or one who is immunocompromised. A tradi-
tional method has been to consider host defense 
in immunocompromised patients as being in one 
of two categories: (1) mechanical factors, includ-
ing barrier systems such as skin and mucous 
membranes (which are protective against infec-
tion) or foreign bodies such as intravascular and 
urinary catheters (which predispose to infection); 
and (2) cellular host defense, which includes the 
three major categories of primary neutrophil 
defense, humoral immunity, and cell-mediated 
immunity. Use of an approach that identifi es the 
defective limb of host defense allows for directed 
therapeutic decisions that are based on likely 
pathogens for the involved site. 

Recent attention has been focused on the con-
cept of type 1 and type 2 immunity as they inter-
relate with humoral and cell-mediated immunity.1 
Subpopulations of CD4+ lymphocytes are important 
in both humoral immunity and cell-mediated 
immunity, with T helper type 1 (Th1) and T helper 

type 2 (Th2) cells being the most relevant. All T 
helper lymphocytes start out as naive Th0 cells, 
which, after being activated, are capable of “polar-
izing” or differentiating into either Th1 or Th2 
effector cells. Although multiple factors are 
involved, the key to polarization of Th0 cells into 
the Th1 phenotype is interleukin (IL)-12, whereas 
IL-4 is needed for Th2 polarization. These events 
may not occur until an activated T cell arrives at 
the site of danger and samples the local cytokine 
milieu to determine if an infl ammatory or antibody 
response is appropriate. In questionable circum-
stances, the Th2 outcome is favored over the Th1 
differentiation because IL-4 dominates IL-12. Th1 
cells, which are involved with type 1 immunity, 
secrete interferon-gamma (IFN-�), IL-2, and lym-
photoxin-� as the cytokines chiefl y responsible for 
their proinfl ammatory effect. The Th1 cell is associ-
ated with strong cell-mediated immunity and weak 
humoral immunity. Th2 cells are involved with 
type 2 immunity, are infl uenced by IL-4, IL-10, and 
IL-13, stimulate high titers of antibody production, 
and are associated with suppression of cell-
 mediated immunity and with strong humoral 
immunity. When integrated into the traditional 
approach of cell-mediated immunity and humoral 
immunity, type 1 and type 2 immunity have impor-
tant therapeutic implications in the care provided 
for immunocompromised patients.

Primary Neutrophil Function

The polymorphonuclear leukocyte is the major 
phagocyte for both primary neutrophil defense and 
humoral immunity. Once a pathogen is ingested by 
these cells and is intracellular, killing is generally an 
easy process. Pathogens that classically infect 
patients with primary neutrophil problems are those 
that may be ingested without opsonization. The 
system of neutrophil defense has been described as 
being responsible for defending against organisms 
that are easy to eat and easy to kill.2

Infections in AIDS Patients and Other
Immunocompromised Hosts

George H. Karam, MD, FCCP
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An important pathophysiologic consider-
ation is that polymorphonuclear leukocytes may 
have either an extravascular or intravascular 
location. After leaving the bloodstream, these 
phagocytes go to two major sites: the subepithe-
lial area of skin and the submucosal area of the 
GI tract. Recognition of this fact allows for an 
understanding of the organisms that classically 
infect neutropenic patients.

As represented in Table 1, neutrophil dys-
function may occur on either a qualitative or 
quantitative basis. Qualitative defects character-
istically occur in children and are associated with 
polymorphonuclear leukocytes that are normal 
in number but abnormal in function. Classic 
qualitative defects of polymorphonuclear leuko-
cytes are related to dysfunction in one of the 
 following processes: (1) diapedesis (the ability to 
leave the intravascular space via endothelial 
channels); (2) chemotaxis (movement to the site 
of infection); (3) ingestion (the process of attach-
ing to the pathogen and then getting that patho-
gen within the cell, where killing takes place); 
and (4) intracellular killing (which may occur via 
either oxygen-dependent or oxygen-independent 
mechanisms).

Quantitative defects, which are the more 
characteristic neutrophil problems in adults, clini-
cally present as the entity interchangeably referred 
to as either granulocytopenia or neutropenia. Char-
acteristic conditions that may lead to neutropenia 
are listed in Table 1. Although eosinophils are clas-
sifi ed as granulocytes, for most clinical purposes 
the granulocyte count is calculated by adding the 
percentage of polymorphonuclear  leukocytes and 

band forms, and then multiplying the total WBC 
count by that percentage. In the guidelines of the 
Infectious Diseases Society of America (IDSA) for 
management of febrile, neutropenic patients, a 
calculated granulocyte count of �500 cells/mm3 
indicates absolute neutropenia; a granulocyte 
count �1,000 cells/mm3 with a predicted decline 
to �500 cells/mm3 should be considered neutro-
penia.3 In the setting of neutropenia and fever, the 
clinician must assume that the patient has impaired 
natural defense against the pathogens defended 
against by this limb of host defense. 

The clinical course of patients with neutro-
penia is variable and may be explained in part by 
the integrity of the gut mucosa. In conditions such 
as aplastic anemia or HIV-associated neutropenia, 
the gut mucosa is usually intact, and those patients 
have a lower incidence of bacteremia. In contrast, 
patients who receive chemotherapeutic agents 
that cause mucositis have loss of both the mechan-
ical barrier of gut mucosa and submucosal poly-
morphonuclear leukocytes. These patients are 
more likely to experience Gram-negative bactere-
mia and fungemia.

Infections due to bacteria are classically 
encountered when the neutropenia is either rapid 
in development or profound (especially with 
counts �100 cells/mm3). The pathogens most likely 
to infect neutropenic patients are listed in Table 2. 
The bacteria characteristically involved are skin 
and gut fl ora, as might be predicted from the loss 
of subepithelial and submucosal polymorphonu-
clear leukocytes. Although any of the enterobacte-
riaceae (eg, Escherichia coli or Klebsiella) may cause 
infection in this setting, the most life-threatening 

Table 1. Conditions Causing Neutrophil Dysfunction

Qualitative Defects
Impaired diapedesis
Impaired chemotaxis
Impaired ingestion
Impaired intracellular killing

Quantitative Defects (Neutropenia)
Acute leukemia
Invasion of bone marrow by neoplasms
Treatment with agents toxic to marrow
Drug idiosyncrasy
Splenic sequestration syndromes
HIV-associated neutropenia
Idiopathic chronic neutropenia

Table 2. Important Pathogens Causing Infection in Neutropenic 
Patients

Gram-positive organisms
Staphylococcus aureus
Coagulase-negative staphylococci
Viridans streptococci
Enterococci
Corynebacterium jeikeium

Enterobacteriaceae
Pseudomonas aeruginosa
Anaerobes, including Bacteroides fragilis
Fungi

Yeasts, most notably Candida spp
Filamentous fungi, most notably Aspergillus spp
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pathogen is Pseudomonas aeruginosa. Because of this 
(and despite the relative decline in the incidence of 
infection caused by this pathogen in neutropenic 
patients), a basic principle in empiric therapy of 
febrile neutropenic patients is coverage of P aerugi-
nosa. The classic skin lesion that suggests such an 
infection is ecthyma gangrenosum. These lesions 
have a central area of hemorrhage surrounded by a 
halo of uninvolved skin with a narrow pink or 
 purple rim. Histologically, the infection involves 
dermal veins, and clinically it may progress to 
bullae formation. Although other Gram-negative 
pathogens have been reported to cause such a 
process, the clinician should assume that ecthyma 
gangrenosum is caused by P aeruginosa until this 
pathogen has been excluded.

In recent years, infections caused by Gram-
positive organisms have signifi cantly increased in 
neutropenic patients. These pathogens, which are 
listed in Table 2, have increased in part because of 
the expanded use of invasive devices such as intra-
vascular catheters, which breach the mechanical 
barrier of the skin. The important clinical fi nding 
of cavitary pulmonary infi ltrates may be a clue to 
infection by either Staphylococcus aureus or Coryne-
bacterium jeikeium. Notable among the Gram-
 positive pathogens is infection caused by viridans 
streptococci (eg, Streptococcus mitis), which may 
result in the viridans streptococcal shock syndrome. 
In a recent prospective study of 485 episodes of 
bacteremia in neutropenic patients with cancer,4 
viridans streptococci caused a total of 88 episodes 
(18%). Ten of these 88 cases (11%) were associated 
with serious complications, including ARDS plus 
septic shock (5 cases), ARDS (3 cases), and septic 
shock (2 cases). Of the patients with serious com-
plications of their streptococcal bacteremia, 3 (30%) 
had a cutaneous rash, which in other reports has 
been associated on occasion with desquamation. 
Severe oral mucositis, high-dose chemotherapy 
with cyclophosphamide, and allogeneic bone mar-
row transplantation were the only variables found 
to be signifi cantly associated with the development 
of complications. In patients with complications, 
36% of these pathogens showed diminished sus-
ceptibility to penicillin, and approximately one half 
were resistant to ceftazidime. In a more recent 
review,5 two additional risk factors for viridans 
streptococcal  bacteremia in neutropenic patients 
were cytosine arabinoside and antimicrobial 

 prophylaxis with either trimethoprim/ sulfa-
methoxazole or a fl uoroquinolone. 

The experience with antibiotic prophylaxis 
during the neutropenic period after autologous 
peripheral blood stem cell transplantation provides 
an important insight into a potential problem 
regarding viridans streptococci.6 Despite the use 
of levofl oxacin prophylaxis, viridans group strep-
tococcal bacteremia developed in 6 of 37 patients 
(16.2%) who underwent transplantation over a 
2-month period in 2001. All 6 patients presented 
with fever and mucositis after a mean of 4.5 days 
of neutropenia, and septic shock developed in 
3 days. All six viridans group streptococcal isolates 
from these patients exhibited distinct patterns on 
pulsed-fi eld gel electrophoresis. A conclusion of 
this paper was that the use of levofl oxacin may 
select viridans group streptococci with diminished 
susceptibility to levofl oxacin and other quinolones 
with enhanced activity against Gram-positive 
organisms and, therefore, may not be optimal for 
preventing viridans group streptococcal bacteremia 
in neutropenic patients. 

A life-threatening complication that may 
occur in patients who have received chemotherapy 
is neutropenic enterocolitis. Previously referred to 
as typhlitis because of the cecum as the predomi-
nant site in many cases, neutropenic enterocolitis 
may involve the terminal ileum, the cecum, and 
the colon (with the ascending portion the most 
frequently involved). Pathogenetically, the process 
may occur on several bases including destruction 
of GI mucosa by chemotherapy, intramural hemor-
rhage due to severe thrombocytopenia, and altera-
tions in GI tract fl ora. Patients characteristically 
present with the triad of fever, abdominal pain, 
and diarrhea, but these fi ndings may be seen with 
other conditions including  Clostridium difficile 
toxin–induced colitis and ischemic colitis. Ultra-
sound fi ndings include echogenic thickening of the 
mucosa and bowel wall. Although isodense cecal 
wall thickening is the most notable CT fi nding, the 
distal ileum and remaining colon are also fre-
quently involved. Although optimal therapy has 
not been definitively established, conservative 
medical management appears to be effective for 
most patients.7 

Although the level of temperature elevation 
that mandates antimicrobial therapy in neutropenic 
patients may be influenced by the degree of 
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 neutropenia, fever in neutropenic patients has been 
defi ned as a single oral temperature of �38.5°C 
(101°F) or as a temperature of �38.0ºC (100.4°F) 
over at least 1 h. In such patients, empiric antibiot-
ics should be started after appropriate cultures are 
obtained. Because the patients do not have adequate 
neutrophils to provide natural host defense, all 
antimicrobial agents administered should be 
 bactericidal. The classic regimen has been an antip-
seudomonal �-lactam antibiotic (eg, piperacillin or 
ceftazidime) in combination with an aminoglyco-
side. Although some centers acknowledge a 
decreasing prevalence of infection caused by P 
aeruginosa, the recommendation for coverage 
against this pathogen in febrile neutropenic patients 
is prompted by the higher rates of mortality that 
may occur when this pathogen infects neutropenic 
patients. According to a review of 410 episodes of 
Pseudomonas bacteremia in patients with cancer 
from 1972 to 1981, outcome was related to the 
interval between the onset of the bacteremia and 
the institution of appropriate therapy.8 Of the neu-
tropenic patients in this study who had P aeruginosa 
bacteremia and in whom therapy was delayed, 26% 
died within 24 h and 70% died within 48 h. In an 
update of these data from 1991 to 1995 in the same 
institution, the incidence of P aeruginosa bacteremia 
decreased between the two study periods from 4.7 
to 2.8 cases per 1,000 admissions.9 P aeruginosa 
bacteremia remained the most common in acute 
leukemia, where the frequency did not change. 
Overall cure rate was 80% in the latter study period 
vs 62% in the earlier study. The outcome among 
230 patients who received appropriate therapy was 
related to the duration of bacteremia, with cure 
rates similar among patients who had bacteremia 
from 1 to 3 days (85%) but greater among patients 
with �3 days of bacteremia (for which the cure rate 
was only 50%.) A conclusion of the latter paper was 
that antibiotic regimens for empiric therapy in 
neutropenic patients and especially patients with 
acute leukemia should still provide coverage 
against P aeruginosa.9

Infl uenced by multiple factors, including the 
potential for acute mortality in neutropenic 
patients who are bacteremic with P aeruginosa, in 
its most recent recommendations for management 
of febrile neutropenic patients the IDSA has 
offered suggestions for empiric antimicrobial 
therapy.3 In these recommendations, it was noted 

that the initial evaluation should determine 
(1) whether the patient is at low risk for complica-
tions (with the specifi cs defi ned in these guide-
lines), and (2) whether vancomycin therapy is 
needed. For low-risk adults only, an oral regimen 
using ciprofl oxacin plus amoxicillin-clavulanate 
was suggested. Options in patients for mono-
therapy with vancomycin not being needed 
included one of the following agents: cefepime or 
ceftazidime; or imipenem or meropenem. Options 
for combination therapy were an aminoglycoside 
plus an antipseudomonal penicillin, cephalosporin 
(cefepime or ceftazidime), or  carbapenem. In those 
patients in whom vancomycin is indicated (dis-
cussed in the following paragraph), three options 
were presented: cefepime or ceftazidime plus van-
comycin, with or without an aminoglycoside; 
carbapenem plus vancomycin, with or without an 
aminoglycoside; or an antipseudomonal penicillin 
plus an aminoglycoside and vancomycin. Prior to 
the publication of the 2002 IDSA guidelines, a pro-
spective, multicenter, double-blind, randomized 
clinical trial showed piperacillin-tazobactam given 
as monotherapy to be as effective as the combination 
of piperacillin-tazobactam plus amikacin for the 
treatment for adults who were febrile and neutro-
penic.10 Even though an antipseudomonal penicillin 
was offered as an option in the 2002 IDSA guidelines 
for combination therapy without vancomycin and 
for therapy in which vancomycin was indicated, it 
was not presented as an option for monotherapy 
when vancomycin was not indicated.

An ongoing controversy remains regarding 
whether an agent like vancomycin, which would 
cover such pathogens as methicillin-resistant 
S aureus, penicillin- and cephalosporin-resistant 
Streptococcus pneumoniae, and C jeikeium, should 
be included in the initial regimen. Because of the 
risk of selecting vancomycin-resistant entero-
cocci or vancomycin-resistant staphylococci with 
injudicious use of vancomycin, the IDSA guide-
lines for management of febrile neutropenic 
patients discouraged vancomycin use in routine 
empiric therapy for a febrile neutropenic patient 
and recommended that this agent be used in the 
following settings: (1) clinically suspected seri-
ous catheter-related infections (eg, bacteremia, 
cellulitis); (2) known colonization with methicillin-
resistant S aureus or penicillin- and cephalosporin-
resistant S pneumoniae; (3) positive results of 
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blood cultures for Gram-positive bacteria before 
fi nal identifi cation and susceptibility testing; and 
(4) hypotension or other evidence of cardiovas-
cular impairment.3

The guidelines of the American Society of 
Clinical Oncology (ASCO) for colony-stimulating 
factors were published in the Journal of Clinical 
Oncology.11 Clinical situations for which recom-
mendations were made in adults include the 
 following: (1) when the expected incidence of 
neutropenia is �40% (although there are some 
special circumstances detailed in the ASCO guide-
lines that might be a valid exception); (2) as adjuncts 
to progenitor-cell transplantation; (3) after com-
pletion of induction chemotherapy in patients 
�55 years of age who have acute myeloid leukemia; 
and (4) after completion of the fi rst few days of 
chemotherapy of the initial induction or fi rst pos-
tremission course in patients with acute lympho-
blastic leukemia. In the 1996 ASCO guidelines, 
colony-stimulating factors were recommended 
after documented febrile neutropenia in a prior 
chemotherapy cycle to avoid infectious complica-
tions and maintain dose intensity in subsequent 
treatment cycles when chemotherapy dose reduc-
tion is not appropriate.12 This was modifi ed in the 
2000 guidelines because there were no published 
regimens that have demonstrated disease-free or 
overall survival benefi ts when the dose of chemo-
therapy was maintained and secondary prophy-
laxis was instituted. Based on these data, it was 
recommended that, in the setting of many tumors 
but exclusive of curable tumors (eg, germ cell 
tumors), dose reduction after an episode of severe 
neutropenia should be considered as a primary 
therapeutic option. Colony-stimulating factors 
should be avoided in patients receiving concomi-
tant chemotherapy and radiation therapy, particu-
larly involving the mediastinum. Because no 
large-scale prospective, comparative trials evaluat-
ing the relative effi cacy of granulocyte colony-
stimulating factor vs granulocyte-macrophage 
colony-stimulating factor were available, guide-
lines about the equivalency of these preparations 
were not proposed. Certain patients with fever 
and neutropenia are at higher risk for infection-
associated complications and have prognostic 
factors that are predictive of poor clinical outcome. 
The use of a colony-stimulating factor in such high-
risk patients may be  considered, but the benefi ts in 

these circumstances have not been proven.  Potential 
clinical factors mentioned in the 2000 guidelines 
include profound neutropenia (absolute neutrophil 
count �100/�L), uncontrolled primary disease, 
pneumonia, hypotension, multiorgan dysfunction 
(sepsis syndrome), and invasive fungal infection. 
Age � 65 years and posttreatment lymphopenia 
were mentioned as potentially being other high-
risk factors, but it was acknowledged that these 
have not been consistently confi rmed by multi-
center trials.

Prolonged neutropenia is a major predisposi-
tion to fungal infection. Although the list of fungal 
organisms identifi ed in neutropenic patients has 
increased signifi cantly in recent years, the most 
important pathogens to consider are Candida spp 
and Aspergillus spp. On the basis of neutropenia, 
indwelling catheters, broad-spectrum antibiotics, 
and mucositis, neutropenic patients are at risk for 
candidemia. The clinical presentation may range 
from unexplained fever to a septic appearance. 
Autopsy series have suggested that as many as 
50% of patients with evidence of metastatic candi-
dal infections in visceral organs may have had 
negative antemortem blood cultures for Candida.13 
The characteristic clinical infection in this setting 
is chronic disseminated candidiasis, which has 
also been referred to as hepatosplenic candidiasis. 
This illness may present as unexplained fever, 
right upper quadrant tenderness, and elevated 
alkaline phosphatase. During the period of neutro-
penia, imaging studies may be negative, but as the 
granulocyte count improves, patients may demon-
strate bull’s-eye liver lesions on ultrasound and 
hypodense liver defects on abdominal CT scan.14 
In the 2004 guidelines of the IDSA for treatment of 
candidemia, the options for neutropenic patients 
included amphotericin B, liposomal amphotericin 
B, and caspofungin.15 Noteworthy is that fl ucon-
azole, which was recommended in the treatment 
of candidemia in nonneutropenic patients, was not 
included as a treatment option in neutropenic 
patients. This recommendation is probably an 
acknowledgement of the evolving trend toward 
non-albicans species of Candida and of the poten-
tial role of azole therapy in selecting for such 
pathogens.

Aspergillus is a nosocomial pathogen that 
may be associated with vascular invasion and 
extensive tissue necrosis. The lungs are a prime 
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site of infection, with a spectrum of disease that 
includes pulmonary infi ltrates or cavitary lung 
lesions; infection of the paranasal sinuses and CNS 
may also occur.16 Because of the nosocomial nature 
of this organism, it may be introduced into the skin 
with catheter insertion. With the lack of both intra-
vascular and subepithelial polymorphonuclear 
leukocytes, and because of the vascular invasion, 
the skin lesions may be concentrically enlarging 
and necrotic. Blood cultures are not likely to 
reveal this pathogen. In a randomized trial com-
paring voriconazole with standard amphotericin 
B for primary treatment of invasive aspergillosis, 
voriconazole was demonstrated to be more effec-
tive than amphotericin B.17An evolving body of 
clinical data regarding this topic has led to the 
recent comment that voriconazole will likely 
become the drug of choice for treatment of inva-
sive aspergillosis.18

There is not a consensus recommendation 
about when empiric antifungal therapy should be 
started for neutropenic patients who have persis-
tent fever. The IDSA’s clinical guidelines for treat-
ment of infections caused by Candida suggest 
starting antifungal treatment when there is persis-
tent unexplained fever despite 4 to 7 days of appro-
priate antibacterial therapy,15 but the IDSA 
guidelines for therapy in febrile neutropenic 
patients suggest beginning empirical antifungal 
treatment when there is persistent fever for �3 days 
after antibacterial therapy is instituted in patients 
expected to have neutropenia for longer than 5 to 
7 more days.3 Because amphotericin B has activity 
against most Candida spp as well as Aspergillus, 
it has been the agent most often used. Liposomal 
amphotericin B has been shown to be as effective 
as conventional amphotericin B for empiric anti-
fungal therapy in patients with fever and neutro-
penia, and it is associated with fewer breakthrough 
fungal infections, less infusion-related toxicity, and 
less nephrotoxicity.19 More recently, a randomized, 
international, multicenter trial found that voricon-
azole (a new  second- generation triazole with both 
Aspergillus and Candida activity) was comparable 
to liposomal amphotericin B for empiric antifungal 
therapy.20 A statistically signifi cant and notewor-
thy observation in this report was that patients 
receiving voriconazole had more episodes of 
 transient visual changes (22%) than did those 
receiving liposomal amphotericin B (1%). In a 

blinded, randomized, international multicenter 
noninferiority study of caspofungin (50 mg daily; 
70 mg on day 1) vs liposomal amphotericin B 
(3 mg/kg daily) for therapy of persistently febrile 
neutropenic patients, both agents were comparable 
in overall success; however, caspofungin was asso-
ciated with more successful outcome in patients 
with baseline fungal infections (p 	 0.043) and had 
fewer drug-related adverse events (p � 0.001).21

Humoral Immunity

To be ingested by polymorphonuclear leuko-
cytes, there is a requirement that certain organisms 
undergo opsonization, a process in which those 
organisms are encased by a factor which then 
allows the phagocyte to attach. Once intracellular, 
these organisms are readily killed by the phago-
cyte. The humoral immune system provides for 
such opsonization through its major components 
of antibody and complement and may be summa-
rized as providing protection against pathogens 
that are hard to eat but easy to kill.2

The antibody component of humoral immu-
nity is dependent on the transformation of B lym-
phocytes into plasma cells, which produce as 
major opsonins IgG and IgM. A structural part of 
these antibodies is a component referred to as the 
Fc segment. Polymorphonuclear leukocytes have 
a receptor for this Fc segment. These Fc segments 
attach to the Fc receptor on the phagocyte, allow-
ing the polymorphonuclear leukocyte to ingest 
the organism in a process that has been referred to 
as the “zipper” phenomenon of phagocytosis.

In addition to antibody, complement may 
serve as an opsonizer. Of the various complement 
components, the one most important for opsoniza-
tion is C3b, which may be generated through two 
different pathways. In the classic complement 
pathway, the formation of antigen-antibody com-
plexes turns on the complement cascade. Once C3 
is activated, it is cleaved by C3 esterase to yield 
C3b. A limitation of the classic complement path-
way is the requirement for antibody production, 
which may take hours to develop. In situations 
such as the acute development of pneumococcal 
infection, there is an immediate need for host 
defense that cannot wait for antibody production. 
It is in this setting that the alternative complement 
pathway (also known as the properdin system) 
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becomes important. Instead of requiring an 
 antigen-antibody complex to turn on the cascade, 
the alternative pathway is dependent on cell wall 
components such as teichoic acid and peptidogly-
cans found in Gram-positive organisms and lipo-
polysaccharides found in Gram-negative organisms. 
These lead to proteolytic cleavage of C3 to gener-
ate C3b, and this mechanism can lead to immedi-
ate opsonization. In addition to its opsonizing 
ability and its initiation of the membrane attack 
complex of complement, C3b can be joined by 
factors B and D to form a C3 convertase, which is 
highly labile. When bound by properdin, the C3 
convertase is stabilized and can then cleave more 
C3 to generate more C3b, with a resultant ampli-
fi cation of the alternative complement pathway. 
Some clinical evidence exists that patients who 
have undergone splenectomy have a decrease in 
alternative pathway-mediated activation of C3.22

There are four clinically relevant situations 
within the category of defective humoral immu-
nity: (1) disorders of immunoglobulin production; 
(2) asplenia or hyposplenic states; (3) hypocom-
plementemia; and (4) impaired neutralization of 
toxins.

The major clinical situations that result in 
disorders of immunoglobulin production are sum-
marized in Table 3. Included in these processes is 
the lack of B-cell regulation, with its resultant pro-
duction of abnormal immunoglobulins occurring 
on the basis of T-cell defi ciency states in conditions 
such as HIV infection.

The characteristic pathogens infecting patients 
with impairment of immunoglobulin production 
are included in Table 4. Among the bacteria, 
the common feature is encapsulation, with the 
capsule essentially making them slippery and 

therefore dependent on opsonization for phago-
cyte attachment. Of the pathogens defended 
against by humoral immunity, the one that most 
frequently causes an acute life-threatening infec-
tion is S pneumoniae. In recent years, it has been 
noted that the severity of infection with S pneu-
moniae may be accentuated in patients with alco-
holism or in those who are HIV-infected. In both 
patient groups, this pathogen may initially pres-
ent as the etiologic agent of  community-acquired 
pneumonia, which may be multilobar, with a 
high incidence of bacteremia and an increased 
risk of ARDS. An important consideration regard-
ing infection with this pathogen is the increasing 
prevalence of penicillin resistance. Despite appro-
priate antibiotics and supportive care, the mortal-
ity in this setting remains high.

Also included among the pathogens that 
infect patients with defects in immunoglobulin 
production are certain viruses, including enterovi-
ruses, infl uenza viruses, and arboviruses. Entero-
viruses, particularly echovirus 24, have been 
associated with a clinical complex consisting of 
dermatomyositis-like skin lesions, edema, and 
neurologic problems. This has been referred to as 
chronic enteroviral meningoencephalitis.

Common variable immunodefi ciency (CVI) 
is associated with functional abnormalities of both 
B and T cells but is usually classifi ed as a primary 
antibody defi ciency syndrome. Characterized by 
hypogammaglobulinemia and recurrent bacterial 
infections, CVI usually does not become clinically 

Table 3. Major Clinical Situations Resulting in Disorder 
of Immunoglobulin Production

Congenital agammaglobulinemias
Common variable immunodefi ciency (acquired hypogam-

maglobulinemia)
Heavy chain disease 
Waldenström macroglobulinemia
Multiple myeloma
B-cell lymphomas
Chronic lymphocytic leukemia
T-cell defi ciency states
Hyposplenic states

Table 4. Pathogens in Patients With Defective
Humoral Immunity

Disorders of Immunoglobulin Production
Streptococcus pneumoniae
Haemophilus infl uenzae
Encapsulated strains of Gram-negative bacilli 
Enteroviruses, particularly echovirus 24
Infl uenza viruses
Arboviruses
Pneumocystis jiroveci (formerly P carinii)
Giardia lamblia

Asplenic State or Splenic Dysfunction
Streptococcus pneumoniae
Capnocytophaga canimorsus
Babesia microti
Plasmodium spp
Haemophilus infl uenzae
Neisseria spp
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apparent until the second or third decade of life. 
Affected patients have an increased risk of autoim-
mune, granulomatous, and lymphoproliferative 
diseases. Even though recurrent bacterial infections 
of the respiratory tract are the most common, 
 diarrhea due to Giardia lamblia is frequently 
encountered. This refl ects the importance of local 
immunoglobulin production in the GI tract as a 
component of defense against G lamblia. Because 
some of the common pathogens infecting the respi-
ratory or GI tracts are dependent on antibody 
production for host defense, concomitant infection 
of these two body sites should raise the suspicion 
of immunoglobulin defi ciency states such as CVI. 
IV immunoglobulin may be effi cacious in patients 
with this clinical entity, but anaphylaxis with such 
therapy has been reported. 

Anatomic asplenia, as well as the hyposplenic 
states that occur in persons with sickle cell disease 
(due to autoinfarction of the spleen) and in patients 
with Hodgkin disease (especially after therapy), 
are also important predispositions to infection. 
The propensity for infection in these patients 
occurs on the basis of impairment of several 
immunologic functions: (1) relative to other lym-
phoid organs, the spleen has a greater percentage 
of B lymphocytes and is therefore involved in the 
production of antibody to polysaccharide anti-
gens; (2) the spleen participates as a phagocytic 
organ, removing opsonin-coated organisms or 
damaged cells from the circulation; and (3) alter-
native complement-mediated activation of C3 
may be decreased in patients after splenectomy. 
An important clinical clue to heighten awareness 
of both functional and anatomic asplenia is the 
presence of Howell-Jolly bodies on the peripheral 
blood smear.

The important pathogens involved in infec-
tions in patients without a spleen or with splenic 
dysfunction are summarized in Table 4.23 Respon-
sible for about 80% of overwhelming infections in 
asplenic patients, S pneumoniae should be given a 
particularly high index of suspicion because the 
clinical entity of post-splenectomy pneumococcal 
sepsis may initially present as only a fl u-like  illness 
with fever and myalgias. 24 Within the course of a 
few hours, untreated patients may develop a 
 fulminant course that includes disseminated intra-
vascular coagulation, purpura fulminans, sym-
metrical peripheral gangrene, shock, and  ultimately 

death. Although S pneumoniae and Haemophilus 
infl uenzae are pathogens encountered in patients 
with either disorders of immunoglobulin produc-
tion or splenic dysfunction, the pathogens infecting 
the asplenic or hyposplenic patient are otherwise 
different. Also included are two pathogens, Babesia 
microti and Plasmodium spp, that infect erythro-
cytes to cause hemolytic states and that require 
removal of  parasitized RBCs by the spleen as a 
protective defense. Capnocytophaga canimorsus pro-
duces an acute illness with eschar formation fol-
lowing dog bites to asplenic individuals.25 

Patients with defi ciencies in the late comple-
ment components (C5 through C8) may present 
with recurrent Neisseria spp infections. The total 
hemolytic complement (CH50) is the best screen-
ing test for this population. If the assay is normal, 
one can essentially exclude complement defi -
ciency. In addition, an X-linked properdin defi -
ciency associated with absence of the alternative 
complement pathway may produce a similar pic-
ture of severe meningococcal disease.

Completing the spectrum of clinical prob-
lems that may occur on the basis of defective 
humoral immunity is less-than-optimal neutral-
ization of toxins produced in diphtheria, tetanus, 
and botulism.

IV gammaglobulin is a polyvalent antibody 
product containing the IgG antibodies that regu-
larly occur in the donor population as well as traces 
of IgA and IgM and immunoglobulin fragments. 
Its half-life of 3 weeks allows for once-monthly 
dosing for prophylaxis in patients with primary 
humoral immunodeficiency. For bone marrow 
transplant patients �20 years of age, it has been 
shown to decrease the risk of septicemia and cer-
tain other infections, interstitial pneumonia of 
infectious or idiopathic etiology, and acute graft-
vs-host disease in the first 100 days posttrans-
plant.26 In this patient population, dosing is more 
frequent than in prophylaxis for primary humoral 
immunodefi ciency. Contraindications to its use 
include selective IgA defi ciency and severe sys-
temic reactions to human immune globulin.

Prevention of disease with vaccine is impor-
tant in patients with defects in humoral immunity, 
although responses to vaccine may be attenuated. 
The 23-valent pneumococcal vaccine is recom-
mended for adults with functional or anatomic 
asplenia, chronic cardiovascular disease, chronic 
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pulmonary disease, diabetes mellitus, alcoholism, 
chronic liver disease, cerebrospinal fl uid (CSF) 
leaks, and immunocompromised states including 
malignancy and HIV infection. In the review by 
the Centers for Disease Control and Prevention 
(CDC),27 revaccination once was recommended for 
two groups: (1) persons aged �2 years who are at 
highest risk for serious pneumococcal infection and 
those who are likely to have a rapid decline in 
pneumococcal antibody levels (eg, functional or 
anatomic asplenia, HIV infection, leukemia, lym-
phoma, Hodgkin disease, multiple myeloma, 
generalized malignancy, chronic renal failure, 
nephrotic syndrome, other conditions associated 
with immunosuppression [including transplanta-
tion], and those receiving immunosuppressive 
chemotherapy [including steroids]), provided that 
5 years has elapsed since receipt of the fi rst dose 
of pneumococcal vaccine; and (2) persons aged 
�65 years if they received the vaccine 5 years pre-
viously and were �65 years old at the time of the 
primary vaccination. In an overall analysis not 
limited to immunocompromised patients, the 
effectiveness of pneumococcal conjugate vaccine 
has been demonstrated to prevent disease in young 
children for whom the vaccine is indicated and 
may be reducing the rate of disease in adults.28 This 
report noted that the vaccine provides an effective 
tool for reducing disease caused by drug-resistant 
strains. Routine vaccination with the quadrivalent 
Neisseria meningitidis vaccine is recommended for 
certain high-risk groups, including persons who 
have terminal complement component defi ciencies 
and those who have anatomic or functional asple-
nia.29 Although the need for revaccination of adults 
has not been determined, antibody levels to 
N meningitidis rapidly decline over 2 to 3 years, and 
revaccination may be considered 3 to 5 years after 
receipt of the initial dose. Prophylaxis options 
against meningococcal infection based on the 
patient population being treated include rifampin 
(600 mg orally q12h for 2 days), ciprofloxacin 
(500 mg orally as single dose in nonpregnant adults), 
or ceftriaxone (250 mg IM as a single dose). H 
infl uenzae B vaccines are immunogenic in splenec-
tomized adults and may be considered for this 
group.30 When elective splenectomy is planned, 
pneumococcal, meningococcal, and H infl uenzae 
B vaccination should precede surgery by at least 
2 weeks, if  possible. 

Cell-Mediated Immunity

The cell-mediated immune system is depen-
dent on the interrelationship of T lymphocytes with 
macrophages. In contrast to primary neutrophil 
defense and humoral immunity, in which the 
polymorphonuclear leukocyte is the major phago-
cyte, the predominant phagocytic cell in cell-
 mediated immunity is the macrophage. On initial 
exposure to an antigen, T lymphocytes become 
sensitized. When restimulated, these sensitized 
T lymphocytes produce a group of lymphokines, 
including macrophage activation factor. It is this 
substance that stimulates macrophages to better 
ingest and kill pathogens. In contrast to polymor-
phonuclear leukocytes, macrophages can readily 
ingest microorganisms but have a diffi cult time 
with intracellular killing. This system may be sum-
marized as providing protection against pathogens 
that are easy to eat but hard to kill.2

Some of the disorders and clinical situations 
associated with defects in cell-mediated immunity 
are listed in Table 5. With aging alone, patients have 
a decrease in cell-mediated immunity. Pregnant 
women in their third trimester have a transient loss 
of cell-mediated immunity, which spontaneously 
reconstitutes itself within about 3 months of deliv-
ery.31 Immunosuppressive drugs (including corti-
costeroids and cyclosporine) and HIV infection are 
associated with defects in this limb of host defense. 
Both steroids and HIV infection decrease total 
T lymphocyte numbers, resulting in production of 
abnormal amounts of lymphokines like macrophage 
activation factor. In contrast, cyclosporine does not 
decrease lymphocyte numbers but decreases the 
functional capacity of lymphocytes to produce 
 lymphokines. Irrespective of the mechanism, a 

Table 5. Important Clinical Situations Associated
 With Defects in Cell-Mediated Immunity

Aging
During and following certain viral illnesses
Thymic dysplasia
Congenital situations associated with defects in 

cell- mediated immunity
Third trimester of pregnancy
Lymphatic malignancies of T-cell origin
Immunosuppressive therapy, especially corticosteroids and 

cyclosporine
AIDS and HIV-related disorders
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decrease in the production of macrophage activa-
tion factor decreases the stimulus for macrophages 
to optimally serve as the primary phagocytic cell 
in this host defense system.

The pathogens infecting patients with defects 
in cell-mediated immunity are summarized in 
Table 6 and can be divided into fi ve categories: 
(1) bacteria (having as a common characteristic an 
intracellular location); (2) fungi (which often 
become clinically manifested in the setting of pre-
vious epidemiologic exposure); (3) viruses (most 
characteristically, DNA viruses); (4) parasites and 
protozoa; and (5) a miscellaneous group (some 
include spirochetes in this category).

Intracellular Bacteria

Mycobacterium tuberculosis

Although tuberculosis (TB) can be a problem 
in any patient with defective cell-mediated immu-
nity, it has attracted recent attention because of the 
copathogenesis that may occur in individuals who 
are dually infected with the intracellular patho-
gens M tuberculosis and HIV-1. It has been sug-
gested by some that myco bacteria and their 
products may enhance viral replication by induc-
ing nuclear factor 
-B, the cellular factor that binds 
to promoter regions of HIV.32 The presentation of 
TB in HIV-infected persons is variable and is infl u-
enced by the level of immunosuppression. With 
CD4+ counts �300 cells/�L, the pattern of typical 
reactivation TB with cavitary disease or upper lobe 
infiltrates is more common. When CD4+ cells 
fall to �200/�L, the pattern of disease is more 

typically middle to lower lobe disease with or 
without intrathoracic lymphadenopathy.33 In 
patients with CD4+ counts at this level, extrapul-
monary TB has been reported in at least 50%. 
Persons with serologic evidence of HIV infection 
and pulmonary TB fulfi ll the case defi nition for 
AIDS. These individuals with drug-susceptible 
strains tend to respond well to standard antituber-
culous therapy given as a short-course  regimen 
for 6 months.34 After initiation of antituberculosis 
therapy, some patients experience a paradoxical 
reaction, which is the temporary exacerbation of 
TB symptoms in the form of hectic fevers, lymph-
adenopathy, worsening of chest radiographic 
findings, and worsening of extrapulmonary 
lesions. These reactions are not associated with 
changes in M tuberculosis bacteriology, and patients 
generally feel well with no signs of toxicity. Such 
reactions have been attributed to recovery of 
delayed hypersensitivity response and an increase 
in exposure and reaction to mycobacterial antigens 
after bactericidal antituberculosis therapy is initi-
ated. These reactions have been especially notable 
in individuals concurrently treated with antitu-
berculosis and antiretroviral therapy. A note worthy 
issue in HIV-infected patients is the interaction 
between antituberculosis drugs and antiretroviral 
therapy, including that with protease inhibitors. 
The rifamycins (eg, rifampin and  rifabutin) accel-
erate the metabolism of protease inhibitors through 
induction of hepatic P450 cytochrome oxidases. 
Rifabutin has comparable antituberculous activity 
but with less hepatic P450 cytochrome enzyme-
inducing effect than rifampin. The joint document 
of the American Thoracic Society, CDC, and 
IDSA on the treatment of tuberculosis includes 

Table 6. Pathogens in Disorders of Cell-Mediated Immunity

Bacteria Fungi Viruses Parasites/Protozoa Others

Mycobacteria Cryptococcus Herpes simplex Pneumocystis Treponema pallidum
Listeria Histoplasma Varicella-zoster Toxoplasma Chlamydiae
Nocardia Coccidioides Cytomegalovirus Strongyloides Rickettsiae
Rhodococcus Blastomyces Epstein-Barr virus Giardia
Salmonella Candida Polyoma viruses Cryptosporidium
Legionella Aspergillus Adenoviruses Isospora
Brucella  Measles virus Trypanosoma
Bartonella (formerly Rochalimaea)   Microsporidia
   Leishmania
   Amebae
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 recommendations for use of rifamycins in the treat-
ment of TB.34

Two clinically relevant trends related to TB 
deserve comment. One is an apparent increase in 
TB reactivation associated with tumor necrosis 
factor-� inhibitors (eg, infl iximab) used to treat 
rheumatoid arthritis and Crohn disease, with 
extrapulmonary TB being especially noted.35 The 
other relates to the reports of liver failure and 
death after 2 months of therapy with rifampin and 
 pyrazinamide.36

Some recent attention has focused on mea-
sures that foster type 1 immunity as a means of 
treating patients with TB, including those who may 
not have responded to initial therapy. Because 
IL-2 has a central role in regulating T-cell responses 
to M tuberculosis, a randomized, placebo- controlled, 
double-blinded trial in 110 HIV-negative, smear-
positive, drug-susceptible pulmonary TB patients 
was conducted using adjunctive immunotherapy 
with recombinant IL-2.37 In this trial, IL-2 did not 
enhance bacillary clearance or improvement in 
symptoms in HIV-seronegative adults with drug-
susceptible TB. 

A signifi cant change has recently occurred 
regarding TB infection. For many decades, the 
terms “preventive therapy” and “chemoprophy-
laxis” were used to describe the status of persons 
with a positive tuberculin test but no symptoms 
or signs of active TB. The word preventive was 
inaccurate in that it referred to use of an agent 
such as isoniazid to prevent development of active 
TB in persons known or likely to be infected with 
M tuberculosis; it was not intended to imply pre-
vention of true primary infection. To more accu-
rately describe such therapy, in an offi cial 
statement in 2000 the American Thoracic Society 
introduced the terminology “latent tuberculosis 
infection” (LTBI) as a substitute for “preventive 
therapy” and “chemoprophylaxis.”38 It acknowl-
edged the role of LTBI as an important element in 
control of TB. It has been noted that HIV-infected 
persons with a positive tuberculin skin test have 
about a 7% chance per year of developing tuber-
culous disease, which exceeds the standard esti-
mated lifetime risk of approximately 10% for the 
reactivation of LTBI in nonimmunocompromised 
persons with positive purifi ed protein derivative 
tests.39 In a prospective cohort study of persons 
with HIV infection in the United States, the annual 

risk of active TB among HIV-infected persons 
with a positive tuberculin test was 4.5 cases per 
100 person-years of observation.40 Based on such 
facts, it is recommended that HIV-infected  persons 
with a tuberculin skin test with �5-mm induration 
be given treatment for latent tuberculosis. In the 
2000 guidelines for treatment of LTBI, tuberculin 
positivity was also set at �5-mm induration for 
patients with organ transplants and other immu-
nosuppressed patients receiving the equivalent of 
�15 mg/d of prednisone for 1 month or more. The 
risk of TB increases with a higher dose and longer 
duration of corticosteroids.

Mycobacterium avium Complex

Among individuals with defective cell-
 mediated immunity, Mycobacterium avium complex 
(MAC) classically infects HIV-infected persons 
when their CD4+ cells are �50/�L. In patients with 
AIDS, there are several lines of evidence suggest-
ing that most patients with disseminated MAC 
have recently acquired the organisms, in contrast 
to the reactivation that is common with TB.41 
Adherence of the organisms to the gut wall is the 
initial event in invasion, followed by entry into 
the lamina propria and then phagocytosis by mac-
rophages. Local replication of organisms leads to 
the endoscopically visible 2- to 4-mm punctate 
lesions that are the hallmark of MAC disease in the 
gut. The clinical presentation is that of a wasting 
syndrome marked by fever, night sweats, weight 
loss, diarrhea, anorexia, and malaise. Despite 
positive sputum cultures, serious pulmonary 
infection is not common in HIV-infected patients. 
The organism is most characteristically isolated 
from blood, stool, respiratory secretions, bone 
marrow, GI tract mucosa, and lymph nodes 
(although granuloma formation is minimal or 
absent). A unique pathophysiologic abnormality 
seen in about 5% of AIDS patients with MAC 
disease is marked elevations (20 to 40 times nor-
mal) in serum alkaline phosphatase with little 
elevation of transaminases, bilirubin, or other 
parameters of hepatic function. This is believed 
to occur on the basis of interference with enzyme 
metabolism rather than because of hepatic tissue 
destruction.

In those patients with symptomatic disease, a 
multidrug regimen is recommended that should 
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include either clarithromycin or azithromycin in 
combination with ethambutol.42 With advanced 
immunosuppression (CD4+ � 50/�L), with high 
mycobacterial loads, or in the absence of effective 
antiretroviral therapy, the treatment guidelines 
recommend that adding a third drug be consid-
ered. Additional drugs that may be added to this 
regimen include rifabutin (as an A-1 recommended 
agent) or ciprofl oxacin, levofl oxacin, or amikacin 
(as C-III recommendations). The response to ther-
apy is variable among patients, and the acquisi-
tion of drug resistance is common, especially with 
monotherapy. Although rifabutin was the initial 
agent approved for prophylaxis against MAC 
infection, more recent recommendations for the 
prevention of opportunistic infections in HIV-
infected persons have listed azithromycin or clar-
ithromycin as the agent of choice when the CD4+ 
count is �50/�L.43

Listeria monocytogenes

This intracellular Gram-positive rod charac-
teristically infects persons with malignancy, diabe-
tes mellitus, or renal transplantation followed by 
immunosuppressive therapy.44 Neonates and preg-
nant women are also at risk, and the infection 
occurs with increased frequency with cirrhosis. 
About one third of patients in some series have no 
known risk factor, and Listeria has only recently 
been considered a cause of febrile GI illness in 
immunocompetent persons.45 Listeria may be 
acquired via consumption of certain contaminated 
raw vegetables (with coleslaw as a source in some 
outbreaks), certain contaminated canned products 
(with sterile canned corn kernels as the source in 
one outbreak), raw food from animal sources (eg, 
beef, pork, or poultry), unpasteurized milk, or 
foods made from raw milk (notably, certain soft 
cheeses).

The most common clinical presentations are 
of CNS infection, sepsis, or a fl u-like illness. 
When it causes acute meningitis, Listeria may be 
associated with a variable glucose level or with a 
CSF lymphocytosis or monocytosis. Gram stain 
of the CSF is positive in only about one fourth of 
patients. The infection has a predilection for the 
base of the brain with resultant focal neurologic 
signs, particularly cranial nerve involvement, in 
up to 40% of patients. Hydrocephalus may be a 

complication of this localization. Bacteremia is 
another common presentation, with cerebritis or 
brain abscess being less frequent.

Therapy is with high-dose IV ampicillin or 
penicillin.46 Some favor the addition of a parenteral 
aminoglycoside with these agents even for treat-
ment of meningitis, recognizing that the aminogly-
cosides administered parenterally in adults will 
not cross the blood-brain barrier but may help 
eradicate infectious sites outside the CNS.47 For 
penicillin-allergic patients, trimethoprim-
 sulfamethoxazole is possibly effective. Extremely 
noteworthy is that cephalosporin therapy has no 
role in treating infection caused by Listeria. Because 
of the intracellular location of the organisms, 
3 weeks of therapy is recommended for  serious 
infections.

Nocardia asteroides

These fi lamentous aerobic Gram-positive rods 
are weakly acid-fast and characteristically produce 
disease in patients who have lymphoreticular neo-
plasms or have received long-term corticosteroid 
therapy. Because the organism most commonly 
infects humans through the respiratory tract, the 
classic pattern of infection is pulmonary disease, 
which may take the form of nodular infi ltrates, 
cavitary lesions, or diffuse infi ltrates with or with-
out consolidation. Pustular skin lesions and neu-
rologic disease in the form of encephalitis or brain 
abscess complete the triad of the most common 
presentations by this pathogen. The liver and kid-
neys are less likely to be involved. In the report 
from the Johns Hopkins Hospital of 59 patients 
diagnosed with nocardiosis over an 11-year time 
span, Nocardia was isolated most commonly from 
the respiratory tract (76%), followed by soft tissue 
(13%), blood (7%), and CNS (5%).48 In this series, 
the infection was common in AIDS patients as well 
as in transplant recipients. In both groups of 
patients, disease developed in some despite pro-
phylactic therapy against other pathogens with 
trimethoprim/sulfamethoxazole.

Standard therapy is with sulfonamides.49 
 Trimethoprim-sulfamethoxazole is often used 
because of its convenient IV dosing; however, it 
has not been defi nitively proven that the combi-
nation is synergistic at the drug ratios that usually 
are achieved in serum or CSF.
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Rhodococcus equi

Formerly called Corynebacterium equi, this 
partially acid-fast, aerobic, intracellular Gram-
positive rod-coccus was fi rst described in 1967 as 
the cause of disease in humans.50 Even though the 
organism has been rarely reported to cause infec-
tion in immunocompetent patients, immunocom-
promised patients, especially those with HIV 
infection, are the ones most likely to develop 
clinical disease due to this pathogen. The most 
characteristic pattern of infection is described as a 
progressive pneumonia that may cavitate. Bacte-
remia is common in immunocompromised 
patients. Like Nocardia, it has also been associated 
with neurologic and skin lesions.

The intracellular location has made the 
organism diffi cult to treat, and principles of ther-
apy include a prolonged duration of antibiotics, 
often in association with drainage. In vitro, R equi 
is usually susceptible to erythromycin, rifampin, 
fl uoroquinolones, aminoglycosides, glycopep-
tides (eg, vancomycin), and imipenem; it has been 
suggested that immunocompromised patients 
and patients with serious infections receive IV 
therapy with two-drug or three-drug regimens 
that include vancomycin, imipenem, aminoglyco-
sides, ciprofl oxacin, rifampin, and/or erythromy-
cin.51 The choice of agents used and the duration 
of therapy are dependent on both the patient’s 
host defense status and the site of infection. Oral 
antibiotics may be an option in certain immuno-
competent patients with localized infection.

Salmonella spp

Patient populations with defective cell-
mediated immunity that develop bacteremia 
with this intracellular Gram-negative rod include 
those with hematologic malignancies, systemic 
lupus erythematosus, and HIV infection. In those 
persons with HIV infection, a febrile typhoidal 
illness without diarrhea accounts for about 45% 
of the disease caused by this pathogen. More 
common is an illness associated with fever, severe 
diarrhea, and crampy abdominal pain. Compared 
with Shigella and Campylobacter, there is a lower 
incidence of bloody diarrhea and fecal leukocytes 
with Salmonella infection. Recurrent nontyphoi-
dal bacteremia is considered an indication for 

secondary antibacterial prophylaxis in HIV-
infected persons.43

Legionella spp

Legionella is a pathogen recognized to have 
the potential for causing acute mortality in patients 
with pulmonary infections, including even those 
who are not immunocompromised.52 This patho-
gen causes more severe disease in transplant 
recipients, patients who receive corticosteroids, 
and HIV-infected persons. Immunocompromised 
patients with legionellosis may present with vari-
able patterns of multisystem disease. Fever with a 
scanty productive cough is often described. In 
individuals receiving corticosteroids, cavitary 
lung lesions with abscess formation may occur. 
Dissemination seems to occur via bacteremic 
spread of the organism. In a review of Legion-
naires disease, the most common extrapulmonary 
site was reported to be the heart (including myo-
carditis and pericarditis), and one would need to 
assume that such organ system involvement might 
be possible in immunocompromised patients.53 
Other patterns of extrapulmonary involvement by 
Legionella may take the form of sinusitis, cellulitis, 
pyelonephritis, and pancreatitis. Patients with 
hairy-cell leukemia, a disorder of monocyte defi -
ciency and dysfunction, have an increased inci-
dence of Legionella pneumonia. Legionella 
infection should be suspected in those individuals 
who do not respond to therapy with a �-lactam 
antibiotic. Useful in the acute diagnosis is the 
Legionella urinary antigen assay, which has been 
stated to be 70% sensitive and 100% specifi c in 
diagnosing infection caused by Legionella 
 pneumophila serogroup I.

Erythromycin has traditionally been consid-
ered the agent of choice for treatment of this infec-
tion,54 but recent reviews have suggested that the 
fl uoroquinolones may be more effi cacious.53 
Because of increased effi cacy and the fact that 
macrolides such as erythromycin may have phar-
macologic interactions with immunosuppressive 
agents used in transplant patients, some investi-
gators feel that a fl uoroquinolone should be added 
to the standard regimen for treating Legionnaires 
disease in transplant recipients with nosocomial 
pneumonia if the causative agent has not been 
identifi ed. Some have suggested that rifampin be 
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used as adjunctive therapy for severe Legionella 
infections, but this must be taken in context with 
the facts that (1) no prospective studies have 
 evaluated such therapy, and (2) rifampin has the 
potential to induce the cytochrome P450 system 
and, therefore, cause a signifi cant interaction with 
immunosuppressive therapy.

Brucella spp

Even though intracellular brucellae require 
cell-mediated immunity for eradication, the spec-
trum of brucellosis in immunocompromised hosts 
has not been frequently described. Because of the 
ability for splenic localization with the formation 
of suppurative lesions that might require splenec-
tomy, this organism may cause further impair-
ment of an otherwise compromised immune 
system.

Bartonella (Formerly Rochalimaea) spp

The small Gram-negative organisms in this 
genus may be demonstrated with Warthin-Starry 
staining or by electron microscopy. The patterns of 
infection in HIV-infected persons include the fol-
lowing: (1) bacteremia (in the absence of focal vas-
cular proliferative response in tissue); (2) bacillary 
angiomatosis; and (3) peliosis hepatitis.55 Bacillary 
angiomatosis presents in the later phases of HIV 
infection, usually with CD4+ counts �100 cells/μL. 
The condition is associated with a unique vascular 
lesion that may involve virtually every organ sys-
tem, either alone or in association with other sites 
of involvement.56 Of these, skin lesions are the 
most commonly recognized, with characteristic 
lesions being red and papular and therefore resem-
bling Kaposi sarcoma. Lesions characteristically 
are associated with a long duration of symptoms 
or physical fi ndings prior to diagnosis. Species 
causing such a process include Bartonella henselae 
and Bartonella quintana. Peliosis hepatitis refers to 
the blood-fi lled peliotic changes in the paren-
chyma of the liver or spleen that occur because of 
infection with these two species. Because these 
organisms are at present diffi cult to culture from 
blood or tissue, histopathology may be the study 
that directs further diagnostic evaluation. Eryth-
romycin or doxycycline is considered the pre-
ferred agent.42

Fungi

Cryptococcus neoformans

Cryptococcal meningitis is an important 
infection in HIV-infected persons, particularly 
when CD4+ counts are �100 cells/�L, but may 
also occur in other populations, including elderly 
persons. The organism enters the body through 
the lungs, and the associated fi nding of pulmo-
nary infi ltrates in an HIV-infected person with 
meningitis should raise the suspicion of this diag-
nosis. The organism has a propensity to enter the 
bloodstream and may be detected in routine blood 
cultures. The resulting fungemia is often  associated 
with multisegment pulmonary infi ltrates and 
with skin lesions. Infection in the HIV population 
may present as a noninfl ammatory infection of 
the CNS, and the clinical features are therefore 
different from what one might expect in classic 
forms of meningitis caused by other pathogens. 
The history is frequently of a subacute or chronic 
illness associated mainly with headache. Physical 
examination may not reveal classic  fi ndings such 
as nuchal rigidity. Because of the lack of infl am-
mation in the CNS, the CSF formula may include 
�20 WBC/mm3, normal glucose, and normal pro-
tein. These fi ndings make CSF studies such as 
India ink stain, cryptococcal antigen, and fungal 
culture mainstays in the diagnosis.

The National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group and AIDS 
Clinical Trials Group reported their fi ndings in 
381 patients with cryptococcal meningitis treated 
in a double-blind multicenter trial.57 Conclusions 
from this trial of AIDS-associated cryptococcal 
meningitis were that induction treatment for 
2 weeks with the combination of amphotericin 
B (0.7 mg/kg/d) plus fl ucytosine (100 mg/kg/d 
in patients who were tolerant of this agent), 
 followed by therapy with fl uconazole (400 mg/d 
orally for 8 weeks) is safe and effective and should 
be considered the treatment of choice. The authors 
noted that high intracranial pressures have been 
associated with catastrophic neurologic  deterioration 
and death in the absence of hydrocephalus. Of the 
patients in this study, 13 of 14 early deaths and 40% 
of deaths during weeks 3 through 10 were associ-
ated with elevated intracranial pressure. Based 
on the association between elevated intracranial 
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pressure and mortality in patients with cryptococ-
cal meningitis, it was suggested that measurement 
of intracranial pressure be included in the manage-
ment of such patients. Included in the recommenda-
tions were daily lumbar punctures, use of 
acetazolamide, and ventriculoperitoneal shunts for 
asymptomatic patients with intracranial CSF pres-
sure �320 mm H2O and for symptomatic patients 
with pressures �180 mm H2O. More recently, it was 
recommended that in the absence of focal lesions, 
opening pressures �250 mm H2O should be treated 
with large-volume CSF drainage (defi ned in this 
report as allowing CSF to drain until a satisfactory 
closing pressure had been achieved, commonly 
�200 mm H2O).58 IDSA guidelines for the manage-
ment of cryptococcal meningitis in HIV-infected 
persons with opening CSF pressure of �250 mm 
H2O  recommended lumbar drainage suffi cient to 
achieve a closing pressure �200 mm H2O or 50% of 
initial opening pressure.59

Maintenance therapy is required after com-
pletion of primary therapy, and studies have iden-
tifi ed fl uconazole as the agent of choice.60,61 In an 
international observational study reported by the 
International Working Group on Cryptococcosis, 
discontinuation of maintenance therapy for cryp-
tococcal meningitis was stated to be safe if the 
CD4+ cell count increases to �100 cells/�L while 
the patient is receiving highly active antiretroviral 
therapy (HAART).62 These fi ndings were consis-
tent with previous recommendations by the US 
Public Health Service and the IDSA that discon-
tinuation of secondary prophylaxis may be an 
option when CD4+ cells are �100 to 200 cells/�L 
for �6 months.43 Recurrent cryptococcal infection 
should be suspected in patients whose serum cryp-
tococcal antigen test results revert back to positive 
after discontinuation of maintenance therapy.62

Histoplasma capsulatum

The clinical entity of progressive disseminated 
histoplasmosis has become increasingly recognized 
because of HIV infection. The illness may occur on 
the basis of either reactivation or primary disease, 
making the epidemiologic  history of travel to or 
residence in endemic areas crucial. Although 
patients may present with such nonspecifi c fi ndings 
as fever, fatigue, weakness, and weight loss, a char-
acteristic presentation in about half of patients is 

diffuse interstitial or  miliary pulmonary infi ltrates 
that are associated with hypoxemia and mimic 
Pneumocystis jiroveci (previously Pneumocystis cari-
nii) pneumonia. These patients may concomitantly 
demonstrate reticuloendothelial involvement in 
the forms of hepatosplenomegaly, lymphadenopa-
thy, and bone marrow involvement. A subgroup 
may  present with a septic syndrome that can 
include disseminated intravascular coagulation. 
Small intracellular periodic acid-Schiff positive, 
yeast-like organisms are the characteristic morpho-
logic form of the organism. Although the organism 
may be isolated from sputum, tissue, or blood, the 
H capsulatum polysaccharide antigen from blood, 
urine, or CSF may serve as a more rapid diagnostic 
study. In the IDSA guidelines for treating 
 disseminated histoplasmosis, immunocompro-
mised patients were divided into those with AIDS 
and those without AIDS.63 In those without AIDS 
who were suffi ciently ill to require hospitalization, 
amphotericin B (0.7 to 1.0 mg/kg/d) was recom-
mended. It was noted that most patients respond 
quickly to amphotericin B and can then be treated 
with itraconazole (200 mg qd or bid) for 6 to 18 mo. 
For patients with AIDS, it was recommended that 
therapy be divided into an initial 12-week intensive 
phase to induce a remission in the clinical illness 
and then followed by a chronic maintenance phase 
to prevent relapse. Amphotericin B was recom-
mended for patients sufficiently ill to require 
 hospitalization, with replacement by itraconazole, 
200 mg twice daily (when the patient no longer 
requires hospitalization for IV therapy), to com-
plete a 12-week total course of induction therapy. 
Itraconazole (200 mg tid for 3 days and then bid 
for 12 weeks) was recommended for patients who 
have mild or moderately severe symptoms and do 
not require hospitalization. Maintenance therapy 
with itraconazole for life was included in the 
 recommendations.

Coccidioides immitis

In HIV-infected persons as well as in trans-
plant recipients, this fungal pathogen occurs most 
commonly in those individuals from endemic 
areas. The illness may resemble Pneumocystis 
pneumonia with diffuse reticulonodular infi l-
trates. The classic clinical pattern of disease, mani-
fested as dissemination to sites such as meninges, 
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skin, and joints, is not altered by HIV infection. In 
the IDSA guidelines for the treatment of coccidioi-
domycosis, it was noted that the presence of bilat-
eral reticulonodular or miliary infi ltrates produced 
by C immitis usually implies an underlying immu-
nodefi ciency state.64 In such circumstances,  therapy 
usually starts with amphotericin B. Several weeks 
of therapy is often required for improvement, at 
which point an oral azole may replace amphoteri-
cin. The IDSA guidelines for treatment of coccidi-
oidomycosis offer recommendations for the 
management of meningitis, including a role for 
oral fl uconazole in certain patients.

Candida spp

Host defense against Candida is provided by 
both neutrophils and cell-mediated immunity. In 
addition, the immunocompetent host may develop 
bloodborne infection with this pathogen, and 
notable risk factors for this include surgery (par-
ticularly of the GI tract), broad-spectrum anti-
biotics, hyperalimentation, and intravascular 
catheters.15 With HIV infection, Candida may pres-
ent in a hierarchical pattern. With CD4+ counts in 
the 400 to 600 cells/�L range, women may develop 
recurrent vulvovaginal candidiasis. At CD4+ levels 
of ∼250 cells/�L, oral candidiasis is the expected 
clinical entity. The clinical presentation of odyno-
phagia in a patient with oral candidiasis and a 
CD4+ count of �100 cells/�L strongly raises the 
diagnosis of Candida esophagitis. These candidal 
infections generally respond well to therapy, and 
because of this, primary prophylaxis is not gener-
ally recommended. A recent trend has been toward 
non-albicans strains of Candida65 and toward 
strains of Candida albicans that are fl uconazole-
resistant.66 Patterns of azole use have probably 
contributed to such problems. Recurrent use of 
fl uconazole in HIV-infected patients has been asso-
ciated with an increasing number of reports of 
Candida spp resistant to this agent. In a bone 
 marrow transplant unit in which patients were 
given fl uconazole (400 mg/d, oral or IV) for the fi rst 
75 days after transplantation, 5% of patients became 
colonized with fluconazole-resistant strains of 
C albicans, and 53% of patients had at least one 
mouthwashing sample that yielded non-albicans 
species of Candida during the course of their bone 
marrow transplantation.67

Aspergillus spp

As is the case with Candida, Aspergillus may 
cause infection in patients with defects in either 
neutrophil function or cell-mediated immunity. In 
addition to being a nosocomial pathogen, infec-
tion with this agent may represent reactivation 
disease. This may be especially notable in patients 
who have received a bone marrow transplant or 
solid organ transplant. In AIDS patients with the 
concomitant problems of neutropenia, corticoste-
roid therapy, or ethanol use, invasive pulmonary 
or disseminated aspergillosis may occur. This 
tends to present in the later stages of HIV  infection, 
especially when CD4+ cells are �50/�L. Voricon-
azole is the preferred therapy for invasive asper-
gillosis in HIV-infected patients.42 

Aspergillus infection and its treatment pro-
vide some important insights into the evolving 
clinical importance of type 1 immunity. Patients 
with chronic granulomatous disease have an 
increased incidence of infection with Aspergillus. 
Treatment of these patients with recombinant 
IFN-� stimulates killing of this pathogen and 
reduces the frequency and severity of clinically 
apparent fungal infection.1 This observation is 
important in that it conveys a treatment option 
for IFN-� based on an understanding of the role 
of type 1 immunity in defending against certain 
fungal pathogens. The traditional treatment for 
Aspergillus has been amphotericin B given at 
maximum tolerated doses (eg, 1 to 1.5 mg/kg/d) 
and continued despite modest increases in serum 
creatinine.68 Lipid formulations of amphotericin 
have noteworthy roles in two circumstances: 
(1) for the patient who has impaired renal function 
or develops  nephrotoxicity while receiving 
amphotericin B deoxycholate68 and (2) for patients 
who have undergone bone marrow transplanta-
tion.69 The echinocandin caspofungin has been 
recently approved for patients in whom ampho-
tericin fails. Itraconazole has been suggested as 
an alternative form of therapy in certain settings 
of Aspergillus infection. In a randomized trial 
comparing  voriconazole with standard ampho-
tericin B for primary treatment of invasive asper-
gillosis, voriconazole was demonstrated to be 
more effective than amphotericin B.17 An evolving 
body of clinical data regarding this topic has led 
to the recent  comment that voriconazole, which 
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is  available in both IV and oral formulations, will 
likely become the drug of choice for treatment of 
invasive aspergillosis.18,42

Viruses

Herpes Simplex Virus

The patterns of herpes simplex virus (HSV) 
infection vary according to the underlying immu-
nosuppression status. Patients with hematologic 
or lymphoreticular neoplasms may develop 
 disseminated mucocutaneous HSV lesions. In 
transplant patients, esophagitis, tracheobronchitis, 
pneumonitis, or hepatitis are characteristic presen-
tations, with hepatitis caused by HSV  presenting 
most classically as the triad of high fever, leukope-
nia, and markedly elevated aminotransferase 
levels.70 HIV-infected persons can have a vast array 
of clinical conditions caused by HSV, including 
esophagitis, colitis, perianal ulcers (often associated 
with urinary retention), pneumonitis, and a spec-
trum of neurologic diseases. Acyclovir remains the 
drug of choice for these infections. However, 
 acyclovir-resistant strains have emerged, for which 
foscarnet may be the alternative therapy.

Varicella-Zoster Virus

As is the case with HSV infection, varicella-
zoster virus (VZV) may present differently accord-
ing to the underlying type of immunosuppression. 
With both chickenpox and shingles in patients with 
solid and hematologic malignancies, cutaneous 
dissemination may occur and may be associated 
with such visceral involvement as pneumonitis, 
hepatitis, and meningoencephalitis. Herpes zoster 
may be multidermatomal in HIV-infected persons, 
and this may be the initial clue to the diagnosis of 
HIV infection. Treatment options for both varicella 
and zoster have been summarized.71 Acyclovir, 
famciclovir, and valacyclovir are discussed accord-
ing to the disease, the pattern of immunosuppres-
sion, and the requirement for IV vs oral therapy. 
With the depression of cell-mediated immunity 
that occurs during the third trimester of preg-
nancy,31 there is increased risk of dissemination of 
VZV to the lungs during pregnancy. A recently 
published case- control analysis of 18 pregnant 

women with VZV pneumonia compared with 72 
matched control subjects identifi ed cigarette 
smoking and � 100 skin lesions as markers for the 
development of varicella pneumonia in preg-
nancy.72 In immunocompromised patients and 
pregnant women who are exposed to chickenpox 
and in whom there is no clinical or serologic 
 evidence of immunity to VZV, administration of 
varicella- zoster immune globulin may prevent or 
signifi cantly modify VZV  infection.71

Cytomegalovirus

For perspective, it is important to recognize 
the three major consequences of cytomegalovirus 
(CMV) infection in solid organ transplantation 
recipients: (1) CMV disease, including a wide range 
of clinical illnesses; (2) superinfection with oppor-
tunistic pathogens; and (3) injury to the trans-
planted organ, possibly enhancing chronic 
rejection.73 The virus may be present in the forms 
of latency (infection without signs of active viral 
replication), active infection (viral replication in 
blood or organs), and primary infection (active 
infection in a previously nonimmune seronegative 
person). A recent study addressed the impact of 
primary infection in bone marrow recipients who 
were CMV-seronegative and who received stem 
cells from CMV-seropositive recipients.74 These 
patients died of invasive bacterial and fungal infec-
tions at a rate greater than that of patients who did 
not have primary infection, and it was hypothe-
sized that primary CMV infection has immuno-
modulatory effects that predispose to such 
secondary infections. 

The spectrum of clinically active CMV infec-
tion in immunocompromised patients is broad 
and may vary according to the immunosuppres-
sive condition. In HIV-infected patients, the classic 
presentation has been chorioretinitis but may also 
include GI ulcerations, pneumonitis, hepatitis, 
encephalopathy, adrenalitis, and a painful myelo-
radiculopathy. Some immunosuppressed patients 
present with only a mononucleosis-like syndrome 
consisting of fever and lymphadenopathy. 

New approaches in both hematopoietic stem 
cell or solid organ transplant recipients empha-
size the use of prophylactic or preemptive therapy 
based on CMV monitoring.75 Although serologic 
tests have previously been suggested to have a 
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potential role in directing CMV therapy in bone 
marrow transplant patients and heart transplant 
patients, serologies are not the most reliable stud-
ies in predicting the presence of CMV infection or 
clinical disease. The appearance of CMV protein 
pp65 in peripheral blood leukocytes has proved 
to be superior to tests based on virus isolation73 
and has correlated with subsequent development 
of CMV disease. In addition to CMV antigenemia, 
DNA/RNAemia (especially quantitative poly-
merase chain reaction) is clinically useful, and 
detection tests for both are methods of choice for 
diagnosis and monitoring of active CMV infec-
tion after organ transplantation. 

For the purpose of developing consistent 
reporting of CMV in clinical trials, defi nitions of 
CMV infection and disease were developed and 
published.76 In addition, an approach to the man-
agement of CMV infection after solid organ trans-
plantation has been recently published, and several 
clinically relevant messages provided it.73 In manag-
ing CMV infection, the clinician needs to be aware 
of four types of treatment options: (1) therapeutic 
use (treatment based on the presence of established 
infection); (2) prophylactic use (use of antimicro-
bial therapy from the earliest  possible moment); 
(3) preemptive use (antimicrobial therapy before 
clinical signs of infection); and (4) deferred therapy 
(initiation of therapy after onset of disease). In the 
therapeutic setting of CMV disease after solid organ 
transplantation, IV ganciclovir is the drug of choice, 
with anti-CMV hyperimmunoglobulin preparations 
being useful adjuncts in seronegative recipients of 
seropositive organs and with foscarnet (because of 
its inherent toxicity) being considered as rescue 
therapy. Although ganciclovir has for years been 
the mainstay of therapy for CMV retinitis in AIDS 
patients, valganciclovir (an oral prodrug of ganci-
clovir) has been approved as an effective treatment 
option. In addition, studies are ongoing using val-
ganciclovir as both preemptive and definitive 
therapy of CMV infections in transplant patients. 
An immune reconstitution syndrome including 
visual blurring months after successful therapy of 
CMV retinitis has been described in AIDS patients 
who have started HAART.77 

The role for prophylaxis against CMV was 
summarized based on the type of organ trans-
planted.76 With detection of CMV antigenemia at 
a predefi ned level, IV ganciclovir may have a role 

in preventing CMV disease in certain patient 
 populations. Secondary prophylaxis has been rec-
ommended but may be discontinued if the CD4+ 
cell count reaches � 100 to 150 cells/�L and 
remains at this level for � 6 months with no evi-
dence of active CMV disease.43 

Epstein-Barr Virus

The pathobiology of Epstein-Barr virus (EBV) 
is important in understanding the evolution of 
EBV-associated disease in immunocompromised 
patients. Although early studies indicated that EBV 
replicated in epithelial cells in the oropharynx, 
more recent studies suggest that B cells in the 
 oropharynx may be the primary site of infection.78 
This has led to the thought that resting memory 
B cells are the site of persistence of EBV within the 
body, with the number of latently infected cells 
remaining stable for years.79 What has not been 
defi nitively elucidated at the present time is the role 
of oral epithelial cells in the transmission and 
latency of EBV. Even though the fi nding of antibod-
ies against EBV viral proteins and antigens is con-
sistent with the fact that there is some degree of 
humoral immunity to the virus, it is the cellular 
immune response that is the more important for 
controlling EBV infection. Important among 
the proteins produced by EBV is latent membrane 
protein 1, which acts as an oncogene and whose 
expression in an animal model has resulted in 
B-cell lymphomas. In patients who have AIDS or 
have received organ or bone marrow transplants, 
an inability to control proliferation of latently EBV-
infected cells may lead to EBV lymphoproliferative 
disease, which in tissue may take the form of plas-
macytic hyperplasia, B-cell hyperplasia, B-cell 
lymphoma, or immunoblastic lymphoma.78 It has 
been suggested that therapy for EBV lymphopro-
liferative disease should include reduction in the 
dose of immunosuppressive medication when pos-
sible. More specifi c, defi nitive recommendations 
for therapy are not available, but potential options 
have been reviewed.78

Completing the spectrum of EBV disease in 
immunocompromised patients is oral hairy leu-
koplakia, a common, nonmalignant hyperplastic 
lesion of epithelial cells seen most characteristi-
cally in HIV-infected patients. In its classic pre-
sentation, hairy leukoplakia presents as raised 
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white lesions of the oral mucosa, especially on the 
lateral aspect of the tongue. Contributing to the 
ongoing attempts to elucidate the pathobiology of 
EBV, a study of serial tongue biopsy specimens 
from HIV-infected patients demonstrated EBV 
replication in normal tongue epithelial cells (in 
contrast to the lack of active viral replication in 
certain EBV-associated malignancies) and sug-
gested that the tongue may be a source of EBV 
secretion into saliva.80 In this clinical trial, valacy-
clovir treatment completely abrogated EBV repli-
cation, resulting in resolution of hairy leukoplakia 
when it was present, but EBV replication returned 
in normal tongue epithelial cells after valacyclo-
vir treatment. These fi ndings are consistent with 
clinical experience that the lesions of hairy leuko-
plakia respond to antiviral therapy but recur once 
therapy is stopped. Topics not evaluated in this 
study, but important in the understanding of EBV, 
are whether other oral epithelial cells support 
viral replication and whether oral epithelial cells 
participate with B cells in viral latency.

Polyoma Viruses 
(Including JC Virus and BK Virus)

Clinically important members of this class of 
double-stranded DNA viruses include BK virus 
and JC virus. Primary infection with BK virus is 
generally asymptomatic and occurs in childhood. 
Following primary infection, the virus can remain 
latent in many sites, with the most notable being 
the kidney. With cellular immunodefi ciency, the 
virus can reactivate and cause clinical disease. 
Although the kidney, lung, eye, liver, and brain 
are sites of both primary and reactivated BK virus-
associated disease, the most characteristic disease 
entities are hemorrhagic and nonhemorrhagic 
cystitis, ureteric stenosis, and nephritis, and these 
occur most often in recipients of solid organ or 
bone marrow transplants.81 

JC virus is the etiologic agent in progressive 
multifocal leukoencephalopathy (PML). In this 
primary demyelinating process involving the 
white matter of the cerebral hemispheres, patients 
present subacutely with confusion, disorientation, 
and visual disturbances, which may progress to 
cortical blindness or ataxia. CSF is characteristically 
acellular. A feature on neuroradiology imaging 
studies is lack of mass effect. No defi nitive therapy 

is presently available for this infection, and clinical 
efforts have recently focused on the role of immune 
reconstitution in modifying the clinical course of 
the illness. In a multicenter  analysis of 57 consecu-
tive HIV-positive patients with PML, neurologic 
improvement or stability at 2 months after therapy 
was demonstrated in 26% of patients who received 
HAART in contrast to improvement in only 4% of 
patients who did not receive HAART (p 	 0.03).82 
In this study, decreases in JC virus DNA to unde-
tectable levels predicted a longer survival. In the 
context that untreated PML may be fatal within 
3 to 6 months, such potential for preventing neu-
rologic progression and improving survival by 
controlling JC virus replication becomes clinically 
relevant.

Adenoviruses

In immunocompromised patients, these 
DNA viruses may produce generalized illness 
that classically involves the nervous system, respi-
ratory system, GI tract, and liver. This class of 
viruses has recently emerged as a major problem 
in some bone marrow transplant units. The infec-
tions may have a fulminant course, which may 
result in death. No drug has been shown to be 
defi nitively benefi cial in these patients, although 
IV ribavirin may be effective in some.

Measles Virus

Because individuals are protected against 
measles by cell-mediated immunity and since 
measles may cause severe illness in HIV-infected 
persons, protection via vaccine is an important 
consideration. A basic tenet in infectious diseases 
has been that live-virus vaccines should not be 
administered to immunocompromised patients. 
An exception has been use of measles vaccine, a 
live-virus vaccine, in asymptomatic HIV-infected 
individuals and potentially in those with symp-
tomatic HIV infection. Fatal giant-cell pneumoni-
tis has been described in a young male measles 
vaccine recipient with AIDS.83 Even with the over-
whelming success of measles immunization 
 programs, this case has prompted reappraisal of 
recommendations and some have suggested that 
it may be prudent to withhold measles-containing 
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vaccines from HIV-infected persons with evidence 
of severe immunosuppression.

Emerging Viral Pathogens in Persons With 
Defects in Cell-Mediated Immunity

There have been increasing reports of infec-
tions caused by respiratory syncytial virus or 
parainfl uenza virus, particularly in persons who 
have received bone marrow or solid organ trans-
plantation. The spectrum of disease caused by 
these pathogens is evolving, with the lung being 
an important target organ. These viruses should 
be considered to be among the pathogens that 
may cause pneumonia in patients with defects in 
cell-mediated immunity.

Parasites and Protozoa

P jiroveci (Previously P carinii)

In recognition of its genetic and functional 
distinctness, the organism that causes human 
Pneumocystis pneumonia has been recently 
renamed P jiroveci, but despite this change, the use 
of the acronym PCP is not precluded because it 
can be read Pneumocystis pneumonia.84 The clini-
cal setting in which P jiroveci pneumonia (PCP) 
develops continues to evolve. In the pre-AIDS era, 
this pathogen was described as a cause of rapidly 
progressive infection in patients with malignant 
diseases, especially during the time of steroid 
withdrawal. Following the onset of the AIDS 
 epidemic in the early 1980s, PCP was most often 
diagnosed in HIV-infected persons. Following the 
widespread use of HAART in the mid-1990s, HIV-
associated PCP has decreased, and it has been 
recently reported that PCP may in certain settings 
be diagnosed more often in non-HIV immuno-
compromised patients than in those with HIV 
infection.85 Host defense against Pneumocystis 
includes humoral immunity; however, because of 
the overwhelming predominance of infection by 
this pathogen in HIV-infected persons, it has been 
included in this section of pathogens that infect 
patients with defective cell-mediated immunity.

Although diffuse interstitial infi ltrates are the 
most characteristic pulmonary fi nding with PCP, 
patients may present with focal infi ltrates, cavitary 

lesions, or nodular lung lesions. Findings that sup-
port, but do not prove, the diagnosis of PCP in an 
HIV-infected patient with pulmonary infi ltrates 
include a CD4+ cell count �250 cells/�L, a WBC 
count �8,000 cells/mm3, and an elevated serum 
lactate dehydrogenase. PCP may occur as part of 
the presentation of the acute retroviral syndrome. 
In the review of PCP from the Clinical Center at 
the National Institutes of Health,85 diagnostic stud-
ies for PCP were reviewed. It was noted that tra-
ditional stains on sputum or from BAL specimens 
for the cyst form of P jiroveci have been the main-
stay of diagnosis in most settings. Direct immuno-
fl uorescent staining using monoclonal antibody 
2G2 (which detects both cysts and trophozoites) 
has been used for many years in the algorithm of 
the National Institutes of Health Clinical Center 
for diagnosing PCP. This stain is performed fi rst 
on induced sputum, and if that smear is negative, 
then a BAL specimen is obtained for the same 
study. Ongoing investigation has been focused on 
the development of a quantitative polymerase 
chain reaction assay that can be performed on oral 
washes or gargles and that might allow a clinician 
not only to diagnose PCP at an earlier stage than 
has traditionally been  possible, but also to distin-
guish between colonization and disease with 
P jiroveci.

Trimethoprim-sulfamethoxazole is the cur-
rent first-line therapeutic agent. As alternative 
therapy, pentamidine has been recommended for 
severe PCP.42 Clindamycin/primaquine has been 
compared with trimethoprim-sulfamethoxazole 
in a clinical trial and found to be a reasonable 
alternative therapy for mild to moderate PCP.42 
Also listed as alternative therapy for mild to 
 moderate disease are dapsone plus trimethoprim, 
 atovaquone, or trimetrexate with leucovorin. 
Adjunctive corticosteroid therapy is recom-
mended for patients with PCP whose room air 
Pao2 is �70 mg Hg or whose arterial-alveolar oxy-
gen gradient is �35 mm Hg.86 It is important that 
steroids are started at the time antipneumocystis 
therapy is initiated in an attempt to prevent the 
lung injury that may occur when this pathogen is 
killed. The dramatic decrease in the number of 
cases of PCP relative to the number of patients 
with HIV infection has been attributable to pro-
phylaxis, which is recommended for those 
patients with a CD4+ cell count �200 cells/�L, 
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CD4+ cells �14% of total lymphocyte count, con-
stitutional symptoms such as thrush or unex-
plained fever �100°F for �2 weeks (regardless of 
the CD4+ count), or a previous history of PCP. 
Based on  several clinical investigations, it seems 
that discontinuing prophylaxis in patients with 
adequate immune recovery is a useful strategy 
that should be widely considered.43,87–89 

Toxoplasma gondii

Patient populations at higher risk for toxo-
plasmosis include those with hematologic malig-
nancies (particularly patients with lymphoma), 
bone marrow transplant, solid organ transplant 
(including heart, lung, liver, or kidney), or AIDS.90 
In the vast majority of immunocompromised 
patients, toxoplasmosis results from reactivation 
of latent infection, but in heart transplant patients 
and in a small number of other immunocompro-
mised patients, the highest risk of developing 
 disease is in the setting of primary infection (ie, a 
seronegative recipient who acquires the parasite 
from a seropositive donor via a graft).91

Although pulmonary disease due to this 
pathogen is associated with nonspecific radio-
graphic findings of which bilateral pulmonary 
interstitial infi ltrates are most common, neurologic 
disease is the classic pattern. In HIV-infected per-
sons, it classically presents as fever, headache, 
altered mental status, and focal neurologic defi cits, 
especially in individuals whose CD4+ count falls 
below 100 cells/�L. Because the disease is due to 
reactivation of latent infection in about 95% of 
cases, IgG antibody to Toxoplasma is generally 
present. Imaging studies of the brain show  multiple 
(usually �3) nodular contrast-enhancing lesions, 
found most commonly in the basal  ganglia and at 
the gray-white matter junction. Mass effect is char-
acteristic with these lesions.92

In the classic setting, empiric therapy with sul-
fadiazine and pyrimethamine is recommended; the 
total duration of acute therapy should be at least 
6 weeks.42 Clindamycin-containing regimens may 
have a role in sulfa-allergic patients. Brain biopsy 
should be considered in immunocompromised 
patients with presumed CNS toxoplasmosis if there 
is a single lesion on MRI, a negative IgG antibody 
test result, or inadequate clinical response to an 
optimal treatment regimen or to what the physician 

considers to be an effective prophylactic regimen 
against T gondii.90 Trimethoprim-sulfamethoxazole 
given for PCP prophylaxis serves as primary pro-
phylaxis for toxoplasmosis, but should not be used 
for therapy. After acute therapy for toxoplasmic 
encephalitis, maintenance therapy is recommended 
but may be discontinued when the CD4+ cell count 
is �200/μL for �6 months.43

Strongyloides stercoralis

Infection with this parasite has often been 
described in patients with COPD who have been 
receiving chronic steroid therapy and who present 
with Gram-negative bacteremia. Among patients 
with defects in cell-mediated immunity, bactere-
mia secondary to the hyperinfection is uncommon 
in two groups: (1) transplant recipients who 
receive cyclosporine (because of the anthelminthic 
properties of this rejection agent); and (2) HIV-
infected patients, unless the CD4+ cell count is �200 
cells/mm3 and the patient is  concomitantly receiv-
ing corticosteroids.91 The bacteremia occurs 
because of this organism’s hyperinfection cycle, 
during which fi lariform  larvae penetrate the intes-
tinal mucosa, pass to the lungs by way of the 
bloodstream, break into  alveolar spaces, and 
ascend to the glottis where they are swallowed into 
the intestinal tract to continue their process of 
autoinfection. Infection with this pathogen should 
be suspected in a patient with a defect in cell-
 mediated immunity who presents with clinical 
features that include generalized abdominal pain, 
diffuse pulmonary infi ltrates, ileus, shock, and 
meningitis. Eosinophilia is often absent in steroid-
treated patients.

In recent years, recommendations for ther-
apy have changed based on the recognition that 
thiabendazole may not be consistently effi cacious 
and that albendazole may be superior. Ivermectin 
may also be more effective than thiabendazole.

Cryptosporidium parvum

Although self-limited diarrhea associated 
with waterborne outbreaks has been noted in 
 normal hosts, the clinical presentation of watery 
diarrhea, cramping, epigastric pain, anorexia, 
fl atulence, and malaise in an HIV-infected patient 
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suggests the diagnosis of cryptosporidiosis. Four 
clinical syndromes have been identifi ed93: chronic 
diarrhea (in 36% of patients); cholera-like disease 
(33%); transient diarrhea (15%); and relapsing ill-
ness (15%). Biliary tract symptoms similar to cho-
lecystitis have been noted in 10% of cases. 
Diagnosis is confi rmed by fi nding characteristic 
acid-fast oocysts on examination of feces.

No predictably effective antimicrobial therapy 
is available, and management consists largely of 
symptomatic treatment of diarrhea. Effective 
 antiretroviral therapy (to increase CD4+ count to 
�100 cells/�L) has been noted to result in complete, 
sustained clinical, microbiologic, and histologic 
 resolution of HIV-associated cryptosporidiosis.42 

Isospora belli

Like cryptosporidiosis, this pathogen is acid-
fast and can cause a very similar diarrheal illness. 
In contrast to cryptosporidiosis, the pathogen is 
larger, oval, and cystic, and very importantly, responds 
to therapy with trimethoprim-sulfamethoxazole.42

Microsporidia

These obligate intracellular protozoa are 
probably transmitted to humans through the 
ingestion of food contaminated with its spores, 
which are resistant to environmental extremes. 
Enterocytozoon bienuesi produces a protracted diar-
rheal illness accompanied by fever and weight loss 
similar to that caused by Cryptosporidium; it is 
reported to occur in 20 to 30% of patients with 
chronic diarrhea not attributable to other causes. 
Enterocytozoon cuniculi has been described as an 
etiologic agent for hepatitis, peritonitis, and kera-
toconjunctivitis.

Transmission electron microscopy with obser-
vation of the polar fi lament is considered the gold 
standard for diagnosis, but the Brown-Brenn stain 
and the Warthin-Starry silver stain are  commonly 
used for detecting microsporidia in tissue culture. 
The modifi ed trichrome stain has been used in 
clinical diagnostic laboratories to detect microspo-
ridia in fl uids.94

Treatment guidelines have recommended 
the initiation and optimization of antiretroviral 
therapy with immune reconstitution to a CD4+ 

count �100 cells/�L.42 Albendazole may be the 
most effective drug to treat disseminated (not 
ocular) and intestinal infection attributed to 
microsporidia other than E bienuesi.42 For GI infec-
tions caused by E bienuesi, fumagillin has been 
suggested as being effective. For ocular infection, 
fumidil in saline eye drops and albendazole for 
management of systemic infection have been 
 recommended.

Amoebae

Naegleria and Acanthamoeba are free-living 
amoebae that have the potential to infect humans. 
Of these, Acanthamoeba spp may infect individuals 
with defects in cell-mediated immunity (including 
patients who have AIDS or have undergone organ 
transplantation) and result in granulomatous ame-
bic encephalitis. Clinical manifestations include 
mental status abnormalities, seizures, fever, head-
ache, focal neurologic defi cits, meningismus, visual 
disturbances, and ataxia. An important clinical clue 
may be preexisting skin lesions that have been pres-
ent for months before CNS disease is clinically 
manifested, lesions may take the form of ulcerative, 
nodular, or subcutaneous abscesses. Pneumonitis 
may also be a part of the clinical presentation.

There are few data regarding therapy for 
granulomatous amebic encephalitis, but it appears 
that the diamidine derivatives pentamidine, 
 propamidine, and dibromopropamidine have the 
greatest activity against Acanthamoeba.

Leishmania spp

In endemic areas of the world, these patho-
gens infect patients with defective cell-mediated 
immunity and cause a febrile illness with visceral 
involvement, most notably hepatomegaly and 
splenomegaly. Recently, leishmaniasis has been 
increasingly described in HIV-infected persons 
from endemic regions and may take a chronic 
relapsing course. Pentavalent antimonials (with 
sodium stibogluconate as the representative agent) 
may be useful for this infection. Notable is that the 
drug may cause dose-related QT prolongation on 
ECG, with arrhythmias (atrial and ventricular) and 
sudden death occasionally. It is contraindicated in 
patients with myocarditis, hepatitis, or nephritis. 
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Antimony resistance has been noted in some HIV-
infected patients; in such situations, liposomal 
amphotericin B has been shown to be potentially 
effective because it targets infected macrophages 
and reaches high levels in plasma and tissues. 

Of the relevant disease models infl uencing 
the understanding of the clinical signifi cance of 
type 1 and type 2 immunity, leishmaniasis is 
important. Biopsy specimens from patients with 
localized infection with Leishmania braziliensis 
were consistent with a protective type 1 immune 
response that included prominent messenger 
RNA coding for IL-2 and IFN-�.95 As the lesions in 
patients became more destructive, there was a 
switch to a marked increase in the level of IL-4 
messenger RNA, which is consistent with a failed 
type 2 immune response. Such data have been 
interpreted as an eloquent demonstration of the 
facts that type 1 immunity is the key to protection 
against Leishmania infections in humans and that 
a high infectious burden suppresses the human 
immune system from mounting type 1 responses. 
This has implications for therapy, which has 
included the use of IFN-� as an adjunctive agent 
for visceral leishmaniasis.

Trypanosoma cruzi

With immunosuppression including HIV 
infection, reactivation of this pathogen can occur. 
In both posttransplantation infection and HIV-
associated infection, patients may present with 
headache, cognitive changes, seizures, and hemi-
paresis.42 In addition to the characteristic lesions 
seen with Chagas disease, immunosuppressed 
patients have an increased incidence of neurologic 
disease, with neuroimaging studies showing large 
solitary or multiple ring-enhancing lesions with 
surrounding edema.42 

Miscellaneous Pathogens

Chlamydiae

This group of intracellular pathogens has 
been listed in some recent reviews of pathogens 
defended against by cell-mediated immunity. 
Although patients with a defect in this host defense 
system may be at increased risk for  chlamydial 

infections, such problems have not been  classically 
described.

Rickettsiae

As with chlamydiae, rickettsiae are intracel-
lular pathogens defended against by cell- mediated 
immunity. Recent reviews have not described immu-
nocompromised patients as being at increased risk 
for infection by pathogens in this group. 

Treponema pallidum

Defense against this pathogen may include a 
role for macrophages and other antigen- presenting 
cells, such as dendritic cells, that process and 
 present treponemal antigens to helper T cells. 
HIV-infected patients can have abnormal sero-
logic test results, including unusually high, 
unusually low, or fl uctuating titers. However, 
aberrant serologic responses are uncommon, and 
most specialists believe that both treponemal and 
nontreponemal serologic tests for syphilis can be 
interpreted in the usual manner for patients who 
are infected with both HIV and T pallidum.95 With 
HIV infection, treponemal infection is more likely 
to have an atypical clinical presentation, be aggres-
sive, or invade sites, such as the CNS. A reactive 
CSF-VDRL and a CSF WBC count �10 cells/mm3 

support the diagnosis of neurosyphilis.42 Although 
the VDRL test on CSF is the standard serologic 
test for neurosyphilis, it may be nonreactive when 
neurosyphilis is present. The CSF fl uorescent 
treponemal antibody absorption test is less spe-
cifi c for neurosyphilis than the VDRL-CSF, but the 
high sensitivity of the study has led some experts 
to believe that a negative CSF fl uorescent trepone-
mal antibody absorption test excludes neurosyph-
ilis.96 Such considerations are important, since 
HIV-1 infection might be associated with mild 
mononuclear CSF pleocytosis (5–15 cells/mm3), 
particularly among persons with peripheral blood 
CD4+ counts �500 cells/mm3.42 In addition to men-
ingitis, a characteristic clinical presentation of syph-
ilis in the CNS is stroke in a young person.

The recommended regimen for the treatment 
of patients with neurosyphilis is aqueous penicil-
lin G (18 to 24 million U/d, administered as 3 to 
4 million U IV q4h or as continuous infusion) for 
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10 to 14 days.42,95 If compliance with therapy can 
be insured, an alternative regimen is procaine 
penicillin (2.4 million U IM once daily) plus 
 probenecid (500 mg orally 4 times a day), both for 
10 to 14 days. Because the duration of treatment 
recommended for neurosyphilis is shorter than 
for latent syphilis, some experts recommend 
administering benzathine penicillin (2.4 million 
IM once weekly) for up to 3 weeks on completion 
of the neurosyphilis regimen to provide a compa-
rable total duration of therapy. It is recommended 
that all HIV-infected persons be tested for syphilis 
and that all persons with syphilis be tested for 
HIV. Spinal fl uid examination has been recom-
mended for all HIV-infected persons with latent 
syphilis or with neurologic abnormalities. Some 
experts have recommended spinal fl uid examina-
tion for any HIV-1-infected person with syphilis, 
regardless of stage.42 

Summary

The identifi cation of a defect in neutrophil 
function, humoral immunity, or cell-mediated 
immunity allows the clinician to better focus on 
the most likely pathogens involved in an infec-
tious process. An approach to the immunocom-
promised patient based on pathogenesis of disease 
should result in more directed, cost-effective ther-
apy and in improved patient outcome.
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Objectives:

• Review clinical presentations of nervous system infections 
that may present as serious or life-threatening processes

• Outline principles infl uencing diagnosis and management 
of nervous system infections

• Present an approach to infections related to catheters placed 
in the vasculature, urinary bladder, or peritoneum

• Summarize existing opinions and data about management 
of catheter-related infections

Key words: botulism; brain abscess; catheter-related infections; 
cavernous sinus thrombosis; encephalitis; meningitis; rabies; 
spinal epidural abscess

Introduction

Infection affecting various parts of the nervous 
system has the potential to be life-threatening or 
to result in severe sequelae if the infection is not 
appropriately diagnosed and treated. Although 
infections such as meningitis, encephalitis, and 
brain abscess are the most frequently encoun-
tered, processes such as spinal epidural abscess, 
septic intracranial thrombophlebitis, rabies, and 
botulism may present as emergent problems that 
require a high level of clinical suspicion for prompt 
diagnoses to be made. Infections associated with 
catheters placed in the vasculature, urinary blad-
der, or peritoneum can also result in morbidity 
and create diagnostic or therapeutic dilemmas for 
the clinician. This review will attempt to summa-
rize these infections as they relate to the critical 
care setting.

Nervous System Infections

Meningitis

From 1986 to 1995, the median age of per-
sons with bacterial meningitis increased from 
15 months to 25 years, making meningitis in the 
United States predominantly a disease of adults 
rather than of infants and young children.1

The basic diagnostic tool in the diagnosis of 
meningitis is examination of cerebrospinal fl uid 
(CSF). When such fl uid is obtained, important 
clinical studies include (1) stains and cultures, (2) 
glucose, (3) protein, and (4) cell count with differ-
ential. Gram stain and culture of CSF are highly 
specifi c but may have a median sensitivity of 
about 75%. Helpful in understanding the patho-
genesis of meningitis due to varied processes is 
the CSF glucose level. Glucose enters the CSF by 
facilitated transport across choroid plexuses and 
capillaries lining the CSF space.2 Normally, the 
CSF-to-blood glucose ratio is 0.6. Although con-
sumption of glucose by white blood cells and 
organisms may contribute to low CSF glucose lev-
els (which is referred to as hypoglycorrhachia), the 
major mechanism for low glucose is impaired 
transport into the CSF; this classically occurs 
because of acute infl ammation or with infi ltration 
of the meninges by granulomas or malignant cells. 
Protein is usually excluded from the CSF but lev-
els rise after disruption of the blood-brain barrier. 
Levels are lower in cisternal and ventricular CSF 
than in lumbar CSF. Usual elevations in patients 
with meningitis are in the 100 to 500 mg/dL range. 
Extreme elevations (ie, �1,000 mg/dL) are often 
indicative of subarachnoid block. When protein 
levels exceed 150 mg/dL, the fl uid may appear 
xanthochromic.

The diagnosis of meningitis is made by the 
fi nding of a CSF pleocytosis and may occur on the 
basis of both infectious and noninfectious pro-
cesses. In the absence of a positive stain on the CSF, 
the most helpful study in the initial approach to the 
patient with meningitis is a cell count with differ-
ential on the CSF. As summarized in Table 1, an 
approach for diagnosing the etiology of meningitis 
based on the CSF analysis would include three 
common categories: (1) polymorphonuclear men-
ingitis, (2) lymphocytic meningitis with a normal 
glucose, and (3) lymphocytic meningitis with a low 
glucose. In addition, on rare occasions patients 
may have a predominance of eosinophils in the 
CSF, but eosinophilic meningitis is uncommon.
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Polymorphonuclear Meningitis: Because of the 
acute infl ammation, this process is usually associ-
ated with a low CSF glucose owing to impaired 
transport across the meninges. This is most nota-
ble with bacterial meningitis. In the differential 
diagnosis of polymorphonuclear meningitis, there 
are four major groups of disease: (1) bacterial 
infection, (2) the early meningeal response to any 
type of infection or infl ammation, (3) paramenin-
geal foci, and (4) persistent neutrophilic meningi-
tis. Because of the sequelae that may be associated 
with a delay in therapy, the single most important 
cause of a polymorphonuclear meningitis is bac-
terial infection. Discussion in this syllabus will be 
limited to this topic.

Likely etiologic agents for bacterial meningi-
tis are summarized in Table 2 from the perspec-
tives of (1) the age of the patient and (2) underlying 
predispositions to meningitis. Presented in a dif-
ferent manner, rates of meningitis per 100,000 
population in 22 counties in four states revealed 
the following: Streptococcus pneumoniae, 1.1; 
 Neisseria meningitidis, 0.6; group B streptococci, 
0.3; Listeria monocytogenes, 0.2; and Haemophilus 

infl uenzae, 0.2.1 The most notable change in etio-
logic agents over the past decade has been the 
dramatic decrease in the incidence of H infl uenzae 
meningitis, which has occurred as a result of vac-
cination against this pathogen.

Although pneumococci are the most com-
mon pathogens in bacterial meningitis, the prob-
lematic strains of S pneumoniae are those that 
are penicillin-resistant. Strains with relative, or 
intermediate, resistance will have a penicillin 
minimal inhibitory concentration (MIC) of 0.12 
to 1.0 μg/mL. High-level resistance to penicillin 
is defi ned as an MIC �2 μg/mL.3 Compounding 
this problem is the inability of certain antibiotics 
to cross the blood-brain barrier effectively 
enough to yield CSF levels signifi cantly above 
the MIC for the infecting organism. For pneumo-
coccal meningitis caused by penicillin-susceptible 
strains, penicillin G and ampicillin are equally 
effective. Although high-dose penicillin (150,000 
to 250,000 U/kg/d) has been useful in patients 
with pneumonia caused by strains of pneumo-
cocci with intermediate resistance, such high 
doses do not predictably lead to CSF levels of 

Table 1. An Approach to CSF Pleocytosis*

Polymorphonuclear Lymphocytic With Normal Glucose Lymphocytic With Low Glucose

Bacterial (see Table 2) Viral meningitis Fungal
Early meningitis Enteroviruses, including poliovirus Tuberculous

Tuberculosis Herpes simplex virus (usually type 2) Certain forms of meningoencephalitis (eg, herpes
 simplex) or viral meningitis

Fungal HIV Partially treated bacterial meningitis
Viral Adenovirus Carcinomatous meningitis
Drug-induced Tick-borne viruses Subarachnoid hemorrhage

Parameningeal foci Meningoencephalitis, including viral causes Chemical meningitis
Brain abscess Parameningeal foci

Subdural empyema Partially treated bacterial meningitis
Epidural abscess Listeria meningitis
Sinusitis Spirochetal infections
Mastoiditis Syphilis
Osteomyelitis Leptospirosis

Persistent neutrophilic meningitis Lyme disease
 Rickettsial infections
 Rocky Mountain spotted fever
 Ehrlichiosis
 Infective endocarditis
 Immune-mediated diseases
 Sarcoidosis
 Drug-induced

*  Although not clinically common in the United States, eosinophilic meningitis can occur, and the characteristic pathogens 
causing such a process are Angiostrongylus cantonesis, Trichinella spiralis, Taenia solium, Toxocara canis, Gnathostoma spinigerum, 
Paragonimus westwermani, and Baylisascaris procyonis.
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ceftriaxone and cefotaxime breakpoints were 
listed as follows: susceptible, 0.5 μg/mL; inter-
mediate susceptibility, 1 µg/mL; and resistant, 
2 μg/mL. This was in contrast to nonmeningeal 
breakpoints, which were stated as follows: sus-
ceptible, 1 μg/mL; intermediate susceptibility, 
2 μg/mL; and resistant, 4 μg/mL.5 These recom-
mendations have been repeated in subsequent 
National Committee for Clinical Laboratory Stan-
dards reports.3 To assess the effect of these new 
criteria on reporting of nonsusceptible S pneu-
moniae isolates, the Centers for Disease Control 
and Prevention (CDC) analyzed cefotaxime MIC 
data from the Active Bacterial Core Surveillance 
of the Emerging Infections Program Network 
from 1998 to 2001.6 This analysis indicated that 
after the new criteria were applied, the number 
of isolates defi ned as nonsusceptible to cefotax-
ime decreased 52.1 to 61.2% each year. Even 
though cefotaxime or ceftriaxone has been rec-
ommended for pneumococci with intermediate 
susceptibility to penicillin, clinical failures have 
been reported when these agents have been used 
for such strains. For isolates with high-level resis-
tance, vancomycin is the drug of choice. The less-
than-optimal penetration of vancomycin into CSF 
has an impact on this therapeutic option. Steroids 
given concomitantly for meningitis may further 
decrease vancomycin’s penetration.

In December 2004, the Infectious Diseases 
Society of America (IDSA) published recommen-
dations for the management of bacterial meningi-
tis7 to update recommendations that have been 
available since 1997.8 A summary of the empiric 
therapy recommendations from those guidelines 
is included in Table 3. Because of the importance 
of S pneumoniae, including those strains demon-
strating antibiotic resistance, the guidelines 
 provided an approach to therapy of proven pneu-
mococcal meningitis based on in vitro susceptibil-
ity. For penicillin-susceptible isolates, penicillin or 
ampicillin was suggested. With intermediate sus-
ceptibility to penicillin (MIC, 0.1 to 1.0 μg/mL), a 
third-generation cephalosporin was recom-
mended. It was suggested that the regimen of a 
broad-spectrum cephalosporin plus vancomycin 
be used if the S pneumoniae isolate is resistant to 
penicillin (MIC � 2 μg/mL) and to ceftriaxone 
and cefotaxime (MIC �1 μg/mL). Clinical data on 
the effi cacy of rifampin in patients with bacterial 

Table 2. Likely Pathogens in Bacterial Meningitis
Based on Patient’s Age or Underlying Conditions

Neonates Enterobacteriaceae
 Group B streptococci
 Listeria monocytogenes

�6 yr  Neisseria meningitidis, Streptococcus 
pneumoniae Haemophilus infl uenzae

6 yr to young adult N meningitidis, S pneumoniae

Adults �50 yr S pneumoniae, N meningitidis

Alcoholic and elderly S pneumoniae, N meningitidis
 Enterobacteriaceae
 L monocytogenes

Closed skull fracture S pneumoniae, H infl uenzae
 Staphylococcus aureus
  Coagulase-negative staphylococci 

Gram-negative bacilli

Open skull fracture Gram-negative bacilli,
  including Klebsiella pneumoniae 

and Acinetobacter calcoaceticus 
(when meningitis develops from 
a contiguous postoperative 

 traumatic wound infection)
 S aureus

Penetrating trauma; S aureus
Postneurosurgery Coagulase-negative 
 staphylococci
 Aerobic Gram-negative bacilli  
 (including Pseudomonas 
 aeruginosa)

CSF leak  S pneumoniae, H infl uenzae 
Gram-negative bacilli

 Staphylococci

CSF shunt–associated  Coagulase-negative staphylococci
 S aureus
 Aerobic Gram-negative bacilli  
 (including P aeruginosa)
 Propionibacterium acnes

Diabetes S pneumoniae 
 Gram-negative bacilli
 S aureus

Defects in cell-mediated 
immunity L monocytogenes

Concern of bioterrorism Bacillus anthracis

penicillin that exceed the MIC of intermediately 
resistant strains.4

In 2002, the National Committee for Clinical 
Laboratory Standards began offering differing 
cephalosporin breakpoints for pneumococcal 
 susceptibility based on the site of infections.5 For 
S pneumoniae from a meningeal source, the 
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 meningitis are lacking, but some authorities would 
use this agent in combination with a third-
 generation cephalosporin, with or without vanco-
mycin, in patients with pneumococcal meningitis 
caused by highly penicillin- or cephalosporin-
resistant strains.7 This statement was qualifi ed in 
the IDSA guidelines for treatment of bacterial 
meningitis with the comment that rifampin should 
be added only if the organism is shown to be 
 susceptible and there is a delay in the expected 
clinical or bacteriologic response. The usual dura-
tion of therapy for pneumococcal meningitis is 
generally stated to be 10 to 14 days.7

The role of steroids in adults with meningitis 
has not been defi nitively established. An early 
opinion by experts in the fi eld suggested that adult 
patients who might be candidates for steroid ther-
apy in meningitis are those with a high CSF con-
centration of bacteria (ie, demonstrable bacteria on 
Gram stain of CSF), especially if there is increased 
intracranial pressure.9 A prospective, randomized, 
double-blind, multicenter trial assessed the value 
of adjuvant treatment with dexamethasone com-
pared with placebo in adults 17 years of age or 
older with suspected meningitis who had cloudy 
CSF, bacteria in CSF on Gram staining, or a CSF 
leukocyte count of �1,000/mm3.10 Early treatment 
with dexamethasone was shown to improve the 
outcome and did not increase the risk of GI bleed. 
The dose of dexamethasone used in this study was 
10 mg IV q6h for 4 days. In the 2004 IDSA guide-
lines for the treatment of bacterial meningitis in 
adults, it was recommended that dexamethasone 
(0.15 mg/kg q6h for 2 to 4 days, with the fi rst dose 
administered 10 to 20 min before, or at least 

 concomitant with, the fi rst dose of antimicrobial 
therapy) be given in adults with suspected or 
proven pneumococcal meningitis.7 It was stated 
that adjunctive dexamethasone should not be 
given to adult patients who have already received 
antimicrobial therapy, because administration of 
dexamethasone in this circumstance is unlikely to 
improve patient outcome. Even though the data 
are inadequate to recommend adjunctive dexa-
methasone in adults with meningitis caused by 
bacterial pathogens other than S pneumoniae, it 
was acknowledged that some authorities would 
initiate dexamethasone in all adults because the 
etiology of meningitis is not always ascertained at 
initial evaluation.7

The infectious syndromes caused by N men-
ingitidis are somewhat broad and include menin-
gococcal meningitis, meningococcal bacteremia, 
meningococcemia (purpura fulminans and the 
Waterhouse-Friderichsen syndrome), respiratory 
tract infections (pneumonia, epiglottitis, otitis 
media), focal infection (conjunctivitis, septic 
arthritis, urethritis, purulent pericarditis), and 
chronic meningococcemia.11 Important in the 
pathogenesis of the clinical illnesses caused by 
the meningococcus is the organism’s natural res-
ervoir in the nasopharynx. It is this site from 
which disease may develop. The epidemiology of 
meningococcal meningitis is evolving. The tradi-
tional groups of patients at risk have included 
children and young adults, especially college stu-
dents or military recruits who live in relatively 
confi ned quarters. A report from Argentina 
described epidemic meningococcal disease in the 
northeastern part of that country associated with 

Table 3. CSF Recommendations for Empiric Therapy of Meningitis When Lumbar Puncture Is Delayed or in Patients With a 
Nondiagnostic CSF Gram Stain*

Patient Group  Recommended Drugs

Age 2 to 50 yr Vancomycin plus a third-generation cephalosporin
Age �50 yr Vancomycin plus ampicillin plus a third-generation
 cephalosporin
Penetrating head trauma, or  Vancomycin plus ceftazidime or

postneurosurgery, or CSF shunt vancomycin plus cefepime†, or
 vancomycin plus meropenem‡

* Adapted from Tunkel and colleagues.7

† Not approved by the Food and Drug Administration (FDA) for meningitis.
‡ FDA-approved for bacterial meningitis in pediatric patients �3 mo old.
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disco patronage, supporting the pathogenetic 
point that close confi nement allows aerosolization 
and spread of the organism from the nasophar-
ynx.12 An additional observation from this study, 
which has been raised in previous studies, is the 
association with passive or active cigarette smok-
ing. This report, which was titled “Disco Fever,” 
expanded the closed settings in which meningo-
coccal meningitis originates to include dance 
clubs and discos. Air travel–associated meningo-
coccal disease has also been described and is 
defi ned as a patient who meets the case defi nition 
of meningococcal disease within 14 days of travel 
on a fl ight of at least 8-h duration.13 Pneumonia, 
sinusitis, and tracheobronchitis are important 
sources of bacteremic meningococcal disease. 
Although meningitis is the characteristic infection 
caused by N meningitidis, a report from Atlanta 
noted that only 14 (32%) of the 44 adult patients 
with meningococcal infection had meningitis.14 
When it occurs, meningococcal meningitis is usu-
ally acute and often associated with purpuric skin 
lesions (although the Atlanta report noted that 
only 10 of the 14 adults with meningitis [71%] had 
a generalized rash). During the very early stages 
of infection, the CSF analysis may be relatively 
normal even though the clinical course is hyper-
acute with fever, nuchal rigidity, and coma. 
Although variably reported through the years, 
the potential for N meningitidis to cause purulent 
pericarditis should be noted. The illness may 
progress to acidosis, tissue hypoxia, shock, dis-
seminated intravascular coagulopathy, and hem-
orrhagic adrenal infarction. The potential for 
β-lactamase-producing strains remains a concern, 
as does the existence of relatively resistant strains, 
presumably caused by alterations in the penicillin -
binding proteins; however, active surveillance 
among a large, diverse population in the United 
States has failed to identify any such strains.15 

Penicillin or ampicillin, therefore, remains a drug 
of choice for treating meningitis caused by this 
pathogen. The usual duration of therapy is gener-
ally 7 days.7

With meningococcemia, a fulminant com-
plication is acute, massive adrenal hemorrhage 
with the resultant clinical entity of the Water-
house-Friderichsen syndrome. However, not all 
patients who die of meningococcemia have evi-
dence of adrenal hemorrhage at autopsy, and 

many steroid-treated patients succumb despite 
therapy, implying that adrenal insuffi ciency 
may not be the primary cause of circulatory col-
lapse. Because of the implications of such a 
complication, it would be helpful to have defi n-
itive recommendations about the role, if any, of 
steroids in management of patients with menin-
gococcal meningitis. There are anecdotal reports 
in the literature of improved outcome in such 
patients treated with corticosteroids. In some 
patients with meningococcal infection, cortisol 
levels may be elevated. In contrast, other reports 
have noted that not all patients with severe 
meningococcal infection who have been given 
adrenocorticotropic hormone have responded 
to adrenocorticotropic hormone stimulation of 
cortisol production, and this raises the issues of 
whether adrenal reserves may be decreased in 
certain patients and whether steroids may have 
a role. In 1992, IDSA published a review of the 
role of steroids in patients with infectious dis-
eases.16 There were 10 infections for which ste-
roids were strongly supported or suggested as 
having a role, and meningococcemia was not 
one of those listed. At the present time, the role 
of steroids in meningococcemia is unresolved. 
Because fulminant meningococcal septicemia 
represents an extreme form of endotoxin-
induced sepsis and coagulopathy, with clinical 
consequences that include amputations and 
organ failure, investigators have addressed 
other potential therapeutic modalities that may 
be benefi cial in patients with overwhelming 
meningococcal infection. The dual function of 
protein C as an anticoagulant and as a modula-
tor of the infl ammatory response was recently 
reviewed in the context of experimental data 
showing that activated protein C replacement 
therapy reduces the mortality rate for fulminant 
meningococcemia.17 Such data become espe-
cially noteworthy given the effi cacy and safety 
data about recombinant human activated pro-
tein C in patients with severe sepsis.18

In patients treated with penicillin for menin-
gococcal meningitis, posttreatment with rifampin, 
ciprofl oxacin, or ceftriaxone has been recom-
mended to eradicate the nasal carrier state, as 
penicillin will not eliminate organisms at this 
site.19 These recommendations are similar to those 
for chemoprophylaxis for individuals exposed to a 
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person with known meningococcal disease. Those 
recommendations are summarized in Table 4. 
Prophylaxis is recommended for close contacts, 
which include household members, day-care cen-
ter contacts, and anyone directly exposed to the 
patient’s oral secretions (eg, kissing, mouth-to-
mouth resuscitation, endotracheal intubation, 
endotracheal tube management). Because the rate 
of secondary disease for close contacts is highest 
during the fi rst few days after the onset of disease 
in the primary patient, antimicrobial chemopro-
phylaxis should be administered as soon as pos-
sible (ideally within 24 h after the case is identifi ed). 
Chemoprophylaxis administered �14 days has 
been stated to be of limited or no value.13 

Since 1991, there have been increased num-
bers of outbreaks of serogroup C meningococcal 
disease in the United States. Meningococcal 
polysaccharide vaccine has been shown to be 
effective against serogroup C meningococcal dis-
ease in a community outbreak, with a vaccine 
effi cacy among 2- to 29-year-olds of 85%.20 Based 
on this observation, it has been recommended 
that emphasis be placed on achieving high vac-
cination coverage in future outbreaks, with 
 special efforts to vaccinate young adults. The 
Advisory Committee on Immunization Practices 
and the American Academy of Pediatrics have 
recommended that health-care providers and 
colleges educate freshmen college students—
especially those who live in dormitories—
and their parents about the increased risk of 

meningococcal diseases and the potential bene-
fi ts of immunization so that informed decisions 
about vaccination can be made.21 A predisposing 
factor for neisserial infections is defi ciency in the 
late complement components (ie, C5 to C8). 
Because previous studies have demonstrated 
an incidence as high as 39% in populations of 
patients with meningococcal infections, at a min-
imum, a screening test for complement function 
(CH50) has been suggested for all patients who 
have invasive meningococcal infections22; it was 
also noted that direct assessment of complement 
(C5, C6, C7, C8, and C9) and properdin proteins 
should be considered.

Like the meningococcus, H infl uenzae may 
be isolated from the nasopharynx, and this may 
be the immediate source of invading pathogens. 
Rates of infection caused by this pathogen have 
decreased because of vaccination against H infl u-
enzae. In patients with meningitis due to this 
organism, a contiguous focus of infection such as 
sinusitis or otitis media should be investigated. 
In adults without these underlying processes, a 
search for a CSF leak, which may be the basis for 
the meningitis, is necessary. Because about one 
third of H infl uenzae isolates are β-lactamase pro-
ducers, agents that are stable in the presence of 
these enzymes and that cross the blood-brain 
barrier should be used. The third-generation ceph-
alosporins cefotaxime and ceftriaxone have had 
the most successful record of use in this regard. 
Even though the second-generation cephalosporin 

Table 4. Schedule for Administering Chemoprophylaxis Against Meningococcal Disease*

Drug Age Group Dosage Duration/Route of Administration†

Rifampin‡ Children �1 mo 5 mg/kg q12h 2 d
 Children � 1 mo 10 mg/kg q12h 2 d
 Adults 600 mg q12h 2 d

Ciprofl oxacin§ Adults 500 mg Single dose

Ceftriaxone Children � 15 yr 125 mg Single IM dose
 Adults 250 mg Single IM dose

* Reprinted from the Centers for Disease Control and Prevention. MMWR Recomm Rep 2000; 49(RR-7):1–10.
† Oral administration unless indicated otherwise.
‡   Rifampin is not recommended for pregnant women because the drug is teratogenic in laboratory animals. Because the reliability 

of oral contraceptives may be affected by rifampin therapy, consideration should be given to using alternative contraceptive 
measures while rifampin is being administered.

§  Ciprofl oxacin generally is not recommended for persons aged � 18 yr or for pregnant and lactating women, because the 
drug causes cartilage damage in immature laboratory animals.  However, ciprofl oxacin can be used for chemoprophylaxis 
in children when no acceptable alternative is available.
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cefuroxime is active against H infl uenzae, it has 
been shown to result in delayed sterilization 
of the CSF when compared with ceftriaxone.23 
A lower incidence of sensorineural hearing loss 
was demonstrated in children who adjunctively 
received dexamethasone (3.3%) vs those who 
did not receive steroids (15.5%). Similar fi ndings 
have not been corroborated in adults. The usual 
duration of therapy for H infl uenzae meningitis is 
generally 7 days.7

Meningitis due to Gram-negative bacilli 
occurs most characteristically after neurosurgical 
procedures, with head trauma being a less likely 
predisposition. Medical conditions, including 
urosepsis, account for about 20% of episodes of 
this infection. In certain patient populations in 
which Gram-negative meningitis develops in the 
setting of impaired cell-mediated immunity, one 
should exclude Strongyloides stercoralis infection 
as the underlying predisposing cause. Of note, 
hyperinfection with the resultant predisposition 
to Gram-negative meningitis is uncommon in two 
groups of patients with defects in cell-mediated 
immunity: (1) transplant recipients who receive 
cyclosporine, because of the anthelminthic prop-
erties of this rejection agent; and (2) HIV-infected 
patients, unless the CD4+ cell count is �200 cells/
mm3 and the patient is concomitantly receiving 
corticosteroids.24 Parenterally administered ami-
noglycosides do not cross the blood-brain barrier 
after the 28th day of life. For these antibiotics to be 
useful beyond the neonatal period, they need to 
be administered intrathecally or intraventricu-
larly. Chloramphenicol has activity against some 
Gram-negative bacilli, and it crosses the blood-
brain barrier. Concern about toxicity issues such 
as aplastic anemia has decreased the use of 
this agent over the years, although it still plays 
an important role in persons with meningitis 
and type I (IgE-mediated) hypersensitivity to 
 penicillins. Third-generation cephalosporins have 
become the mainstay of therapy for Gram-
 negative meningitis because of their spectrum 
and their penetration into the CSF. All of the 
 presently available third-generation agents except 
for cefoperazone have an indication for  meningitis 
due to susceptible pathogens. For meningitis due 
to Pseudomonas aeruginosa, ceftazidime is an effi -
cacious agent. It is usually administered with a 
parenteral aminoglycoside, recognizing that this 

latter agent will not cross the blood-brain barrier 
in adults but that it might help to eradicate the 
site of infection outside the CNS that served as the 
focus for the meningitis. According to the recent 
IDSA guidelines for the management of bacterial 
meningitis, cefepime has greater in vitro activity 
than the third-generation cephalosporins against 
Enterobacter spp and P aeruginosa, and it has been 
used successfully in some patients with meningi-
tis caused by these bacteria.7 The guidelines sum-
marized these observations by stating that they 
support cefepime as a useful agent in the treat-
ment of patients with bacterial meningitis. This 
should be taken within the context that as of 2005, 
cefepime does not have an FDA-approved indica-
tion for the treatment of bacterial meningitis.25 For 
meningitis due to Gram-negative pathogens, the 
IDSA guidelines list 21 days as the duration of 
therapy.7

Pharmacologic and microbiologic issues are 
important for two important pathogens that cause 
meningitis. L monocytogenes is an intracellular 
Gram-positive rod that characteristically infects 
persons with defects in cell-mediated immunity. It 
may also cause disease in diabetics and elderly 
persons, and about 30% of infected adults have no 
apparent risk. Acquisition has been associated with 
consumption of contaminated coleslaw, milk, and 
cheese. Although the CSF cellular response is usu-
ally polymorphonuclear, some patients present 
either with lymphocytes or with a normal glucose. 
Like fungal and tuberculous meningitis, Listeria 
meningitis has a predilection for involving the 
meninges at the base of the brain. This may lead to 
hydrocephalus. Ampicillin or penicillin is the drug 
of choice, and there is no signifi cant activity by 
third-generation cephalosporins against this patho-
gen.26 Some experts suggest the addition of an ami-
noglycoside given parenterally because of in vitro 
synergy. For those patients who are allergic to pen-
icillin, trimethoprim-sulfamethoxazole is the agent 
of choice. Because of the intracellular location of 
this pathogen, 21 days of therapy has been recom-
mended.7 A review of Staphylococcus aureus menin-
gitis divided this disease entity into two categories: 
(1) hospital-acquired and (2) community-acquired.27 
It was noted that hospital-acquired infection 
occurred as an occasional complication of neuro-
surgical procedures, with the presence of medical 
devices, or with certain skin infections; it generally 
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had a favorable prognosis and a relatively low 
mortality rate. In contrast, community-acquired 
S aureus meningitis was associated with valvular 
heart disease, diabetes mellitus, or drug or alcohol 
abuse, and the mortality rate was signifi cantly 
higher than for nosocomial infection. In this review 
of 28 patients with community-acquired S aureus 
meningitis, 8 had negative or no CSF culture. Of 
these 8 patients, 4 had received antibiotics prior to 
lumbar puncture. This fi nding is consistent with 
the observation that an important presentation of 
S aureus is in patients with addict-associated infec-
tive endocarditis. For S aureus, nafcillin or oxacillin 
has better activity against methicillin-sensitive 
strains than does vancomycin. In addition, the pen-
etration of vancomycin into CSF may be variable, 
even in the setting of meningeal infl ammation.

Beginning with the September 11, 2001, epi-
sode of terrorism in the United States, anthrax is 
an important consideration in the differential diag-
nosis of patients with a life-threatening illness that 
includes a meningeal component. Inhalational 
anthrax is a biphasic clinical syndrome with initial 
nonspecifi c fl u-like symptoms (fatigue, malaise, 
myalgia, headache, nonproductive cough, and 
nausea/vomiting) followed by a second phase 
with hemodynamic collapse, septic shock/multi-
organ dysfunction syndrome, and rapid death with 
overwhelming bacterial spread. It is during the 
stage of bacteremia that there is a strong likelihood 
of meningitis, which some sources cite as occurring 
in 50% of cases. The index case of bioterrorism 
anthrax in Florida presented with hemorrhagic 
meningitis,28 which is characteristic of dissemi-
nated anthrax; however, meningitis without hem-
orrhage can occur with anthrax. In patients in 
whom infection with Bacillus anthracis is suspected 
to be the cause of meningitis, some have suggested 
adding either penicillin or chloramphenicol to the 
multidrug regimen that would be given for inha-
lational anthrax.29

Empiric therapy for meningitis has changed 
in recent years. In previously healthy, nonallergic 
individuals with acute pyogenic community-
 acquired meningitis in whom little information is 
available, ampicillin was suggested in a 1993 
 review as a reasonable empiric agent.30 For  patients 
with a type I (IgE-mediated) penicillin allergy, 
chloramphenicol was offered in that review as 
 appropriate therapy. In 1997, recommendations 

suggested a broad-spectrum cephalosporin (eg, 
cefotaxime or ceftriaxone) as empiric therapy for 
individuals aged 18 to 50 years who have a nondi-
agnostic Gram stain.8 As summarized in Table 3, 
the 2004 IDSA guidelines suggested vancomycin 
plus a third-generation cephalosporin as empiric 
therapy of meningitis when lumbar puncture is 
delayed or in patients with a nondiagnostic CSF 
Gram stain.7 This evolution from 1993 to 2004 in 
the recommendations for empiric therapy of men-
ingitis is infl uenced by penicillin resistance in 
pneumococci. The addition of ampicillin to a 
broad-spectrum cephalosporin plus vancomycin 
is reasonable empiric therapy for polymorpho-
nuclear meningitis undiagnosed by Gram stain in 
patient populations with the following underly-
ing conditions: (1) advanced age; (2) alcoholism; 
and (3) immunocompromised states. The activity 
by ampicillin against Listeria is an important com-
ponent of the coverage in this regimen.

Certain epidemiologic situations may exist 
that infl uence the acquisition of specifi c patho-
gens, which may then cause meningitis. Those 
conditions (including skull fractures and shunt-
associated infections), and the pathogens likely to 
occur in their setting, are summarized in Table 2.

Lymphocytic Meningitis With Normal Glucose: 
The meningeal response to infection or infl am-
mation may be less marked in certain conditions, 
and the response may therefore be less associated 
with the inability to transport glucose across the 
meninges. Those conditions associated with the 
fi ndings of lymphocytes and normal glucose in 
the CSF are listed in Table 1. The classic consider-
ation in this differential has been viral meningi-
tis. Enteroviruses, which are recognized causes of 
pleurodynia and pericarditis, are the most com-
mon cause of aseptic meningitis and characteris-
tically cause a self-limited form of meningitis that 
presents with fever, headache, and lymphocytic 
pleocytosis, most often in the late summer or 
early fall. Recently, however, two other viruses 
have gained importance in the differential diag-
nosis of viral meningitis. With initial episodes or 
fl ares of genital herpes simplex virus infection, 
patients may develop meningitis as a systemic 
manifestation of their herpes infection. This pro-
cess is distinctly different from the life-threaten-
ing entity of herpes encephalitis in that it is 
self-limited and does not require therapy. Because 
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of the propensity for herpes genitalis to recur, this 
form of meningitis may similarly present as a 
recurrent form of lymphocytic meningitis. HIV 
has a predilection for neural tissue, and patients, 
including those with the acute retroviral syn-
drome, may present with viral meningitis that 
may resolve spontaneously. In those individuals 
who have risk factors for HIV and present with 
an illness consistent with viral meningitis, HIV 
infection is an important consideration.

Encephalitis may occur on the basis of both 
infectious and noninfectious causes. When these 
conditions are associated with WBCs in the CSF, 
the diagnosis of meningoencephalitis may be made. 
The traditional teaching has been that meningoen-
cephalitis, like viral encephalitis, will give a normal 
glucose level in association with lymphocytes. As 
outlined in Table 1, herpes encephalitis may result 
in a low glucose level.

Spirochetal infections are an important cause 
of lymphocytic meningitis with normal glucose 
level. Treponema pallidum, the etiologic agent of 
syphilis, is a recognized cause of asymptomatic 
infection of the CNS in nonimmunocompromised 
hosts. Meningovascular syphilis has been increas-
ingly diagnosed in the era of HIV infection; it may 
take the form of syphilitic meningitis or a stroke 
syndrome. In December 2004, new guidelines were 
published for the management of infections in 
HIV-infected persons.31 Several important points 
were made regarding neurosyphilis. Because CNS 
disease can occur during any stage of syphilis, a 
patient who has clinical evidence of neurologic 
involvement with syphilis (eg, cognitive dysfunc-
tion, motor or sensory deficits, ophthalmic or 
auditory symptoms, cranial nerve palsies, and 
symptoms or signs of meningitis) should undergo 
a CSF examination. Because it is highly specifi c 
(although insensitive), the VDRL test in CSF 
(VDRL-CSF) is the standard serologic test for CSF. 
When reactive in the absence of substantial con-
tamination of CSF with blood, it is considered 
diagnostic of neurosyphilis. However, with syph-
ilitic meningitis, patients may present without 
symptoms of nervous system disease and analysis 
of their CSF may reveal only a few lymphocytes 
and a negative VDRL-CSF. The fl uorescent trepo-
nemal antibody absorption test on CSF is less 
specifi c for neurosyphilis than the VDRL-CSF, 
but the high sensitivity of the study has led 

some experts to believe that a negative CSF fl uo-
rescent treponemal antibody absorption test 
excludes neurosyphilis.31 The guidelines now state 
that a reactive CSF-VDRL and a CSF WBC count 
�10 cells/mm3 support the diagnosis of neuro-
syphilis. An analysis of laboratory measures after 
treatment for neurosyphilis revealed that HIV-
infected patients were less likely than non-HIV-
infected patients to normalize their CSF-VDRL 
reactivity with higher baseline titers, even though 
the CSF WBC count and serum rapid plasma 
reagin reactivity in both populations were likely 
to normalize.32 Neurosyphilis can present as cere-
brovascular insuffi ciency, often in young patients 
with a stroke syndrome caused by an endarteritis, 
which most characteristically involves the middle 
cerebral artery.

According to guidelines,31 the recommended 
regimen for patients with neurosyphilis is 18 to 
24 million U/d of aqueous crystalline penicillin G, 
administered as 3 to 4 million U IV q4h or con-
tinuous infusion, for 10 to 14 days. If compliance 
with therapy can be ensured, patients may be 
treated with procaine penicillin (2.4 million U IM 
once daily) plus probenecid (500 mg orally 4 times 
a day), both for 10 to 14 days. Because these dura-
tions are shorter than the regimen used for late 
syphilis in the absence of neurosyphilis, some 
specialists administer benzathine penicillin (2.4 
million U IM once per week for up to 3 weeks 
after completion of these neurosyphilis treatment 
regimens) to provide a comparable total duration 
of therapy. The CSF leukocyte count has been 
stated to be a sensitive measure of the effective-
ness of therapy.

The classic presentation of neurologic Lyme 
disease, which is caused by Borrelia burgdorferi, is 
seventh nerve palsy (which may be bilateral) in 
association with a lymphocytic meningitis.

Leptospirosis, caused by Leptospira interro-
gans, is epidemiologically linked to such factors as 
infected rat urine or exposure to infected dogs. It 
presents as two distinct clinical syndromes.33 Anic-
teric leptospirosis is a self-limiting illness, which 
progresses through two well-defi ned stages: a sep-
ticemic stage and an immune stage. The septicemic 
stage occurs after a 7- to 12-day incubation period 
and is primarily manifested as fever, chills, nausea, 
vomiting, and headache. The most characteristic 
physical fi nding during this stage is conjunctival 
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suffusion. The causative organism can be isolated 
from blood or CSF at this point. Following a 1- to 
3-day asymptomatic period, the immune stage 
develops; it is characterized by aseptic meningitis. 
Leptospira are present in the urine during this 
stage and may persist for up to 3 weeks. Icteric lep-
tospirosis, or Weil syndrome, is a less common but 
potentially fatal syndrome that occurs in 5 to 10% 
of cases. Jaundice, renal involvement, hypotension, 
and hemorrhage are the hallmarks of this form of 
leptospirosis; however, the severity of these mani-
festations can vary greatly, and renal involvement 
is not universal. In icteric leptospirosis, the bipha-
sic nature of the disease is somewhat obscured by 
the persistence of jaundice and azotemia through-
out the illness, but septicemic and immune stages 
do occur. Leptospires can be isolated from blood or 
CSF during the fi rst week and from the urine dur-
ing the second week of illness. Additionally, the 
diagnosis can be made by demonstrating rising 
antibody titers. Treatment of leptospirosis involves 
intense supportive care as well as antibiotic cover-
age. The use of IV penicillin (1.5 million U every 
6 h) has been shown to shorten the duration of 
fever, renal dysfunction, and hospital stay. In a pro-
spective, open-label, randomized trial, ceftriaxone 
and penicillin G were shown to be equally effective 
for the treatment of severe leptospirosis.34

Over the years, Rocky Mountain spotted 
fever, which is caused by Rickettsia rickettsii, has 
been considered the classic rickettsial infection in 
the United States. Results of CSF analysis are usu-
ally normal unless patients have stupor or coma, in 
which case there may be a lymphocytic pleocytosis 
with normal glucose and elevated protein levels. 
An important emerging infection in the United 
States is ehrlichiosis. The clinical illness attribut-
able to this infection is discussed in this syllabus 
in the section on encephalitis. The characteristic 
CSF abnormalities in patients with ehrlichiosis 
have been a lymphocytic pleocytosis with elevated 
protein. In a recent review of the subject, the CSF 
glucose level was normal in the majority of patients, 
with 24% of the patients having borderline low 
CSF glucose concentrations.35 In this review, moru-
lae were seen in CSF white cells in only a small 
minority of the patients. Clinical features support-
ing the diagnosis of ehrlichiosis are leukopenia 
(because of the intracellular location of the 
 organism), thrombocytopenia, and elevated liver 

enzymes. From the limited clinical data available, 
it appears that chloramphenicol or tetracycline is 
the agent most frequently used for this infection.

Certain infectious diseases, such as infective 
endocarditis, may cause a lymphocytic pleocyto-
sis with normal glucose that is the result of a vas-
culitis, which the infectious process causes in the 
CNS. A review of a 12-year experience at the 
Cleveland Clinic included the results of lumbar 
punctures done on 23 of 175 patients with endo-
carditis.36 There was a CSF pleocytosis in 14 and 
no CSF WBCs in 9. Of the 14 patients who had a 
pleocytosis, the etiology was attributed to a stroke 
in 8 and to encephalopathy in 5; the remaining 
patient only had isolated headaches. No positive 
CSF cultures were reported in any of these 14 
patients. Such information underscores a dilemma 
for the clinician managing a patient with endo-
carditis who has a CSF pleocytosis: Is the pleocy-
tosis due to secondary bacterial seeding of the 
meninges, or is it due to other events associated 
with endocarditis that lead to a CNS response 
that is associated with a secondary cellular 
response?

A group of noninfectious causes of lympho-
cytic meningitis with a normal glucose level are 
described in Table 1.

Lymphocytic Meningitis With Low Glucose: 
With chronic processes, it is not surprising that 
the cellular CSF response would be lymphocytes. 
Low CSF glucose has been described in this syl-
labus as occurring due to impaired transport 
based on acute infl ammation of the meninges. In 
certain conditions, glucose transport may be asso-
ciated with infi ltration of the meninges by either 
granulomatous processes or malignant cells. Such 
is the situation for several of the conditions sum-
marized in Table 1 that cause lymphocytic menin-
gitis with a low glucose level.

Viral meningitis due to mumps and lympho-
cytic choriomeningitis has characteristically been 
associated with a low CSF glucose. As previously 
discussed, certain forms of meningoencephalitis, 
including that due to herpes simplex virus, may 
present in this manner. Partially treated bacterial 
meningitis and certain chemical-induced menin-
gitides may have similar fi ndings. Four other groups 
of conditions are important in this setting are tuber-
culous meningitis, fungal meningitis, carcinoma-
tous meningitis, and subarachnoid hemorrhage.
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A review of 48 adult patients with tubercu-
lous meningitis who were admitted to an ICU 
demonstrates the potential for this infectious 
 process to cause serious disease.37 It also empha-
sizes the diffi culty often encountered in establish-
ing the diagnosis. Repeated large volumes (10 to 
20 mL) of CSF have a higher yield for acid-fast 
bacilli.38 When four CSF smears for acid-fast bacilli 
are obtained, positive fi ndings may occur in up to 
90% of patients with tuberculous meningitis. 
Some studies have shown that elevated CSF titers 
of adenosine deaminase39 or CSF chloride levels 
� 110 mEq/L in the absence of bacterial infection 
support the diagnosis of tuberculous meningitis. 
Enzyme-linked immunosorbent assays (ELISAs) 
are felt by some to be helpful with this diagnosis. 
Polymerase chain reaction (PCR) for Mycobacte-
rium tuberculosis may be helpful when performed 
on CSF, but false-negative results have been 
reported. Because of a predilection for tubercu-
lous meningitis to involve the base of the brain, 
imaging studies of the CNS may reveal an 
obstructing hydrocephalus. In addition to antitu-
berculous therapy with agents such as isoniazid, 
rifampin, pyrazinamide, and ethambutol, cortico-
steroids may play a role, especially in situations 
of increased intracranial pressure or obstruction 
resulting from the infection. The most recent 
guidelines of the American Thoracic Society give 
steroids in the treatment of tuberculous meningi-
tis an A-1 recommendation.40 A randomized, 
 double-blind, placebo-controlled trial in Vietnam 
in patients �14 years of age with tuberculous 
meningitis showed that adjunctive treatment 
with dexamethasone improved survival but 
probably did not prevent severe disability.41 From 
the series of patients with tuberculous meningitis 
admitted to an ICU, several important clinical 
points can be extracted37: (1) Ischemic lesions with 
signs of localization may be present. (2) Extrame-
ningeal tuberculous infection may support 
the diagnosis. (Overall, the rate has been stated 
to be 40 to 45%, but in this review it was 66%.) 
(3) Clinical features and CSF profi les did not 
appear to be modifi ed in the HIV-infected 
patients. (4) Delay to onset of treatment and 
the neurologic status at admission were identi-
fi ed as the main clinical prognostic factors. In 
low-incidence geographic areas, clinicians should 
suspect tuberculous meningitis in members of 

immigrant groups from high-incidence areas, as 
well as in patients who abuse alcohol or drugs and 
those with immunosuppression from any cause.42 

Although fungal meningitis may be due to 
several etiologic agents, the two most common 
ones are Cryptococcus neoformans and Coccidioides 
immitis. Although both of these pathogens have 
been increasingly diagnosed as a cause of menin-
gitis because of HIV infection, both caused men-
ingitis in normal hosts prior to the AIDS era. Both 
organisms gain access to the body via the lungs. 
In HIV-infected persons with cryptococcal menin-
gitis, there may be a lack of infl ammation in the 
CSF, and therefore fi ndings may include �20 CSF 
WBCs/mm3 and a normal glucose level. The India 
ink stain, latex agglutination test, and fungal cul-
ture of the CSF are, therefore, important in the 
diagnosis. Potentially helpful in establishing the 
diagnosis are other sites of involvement, includ-
ing lung, skin, and blood. Based on data from the 
Mycoses Study Group of the National Institutes 
of Health (NIH), it appears that therapy for cryp-
tococcal meningitis in HIV-infected patients 
should begin with amphotericin B (0.7 mg/kg/d) 
in combination with fl ucytosine (100 mg/kg/d in 
persons with normal renal function) for the 
initial 2 weeks of therapy followed by fl uconazole 
(400 mg/d orally) for an additional 8 to 10 weeks.43 

In the 381 patients with cryptococcal meningitis 
treated in this double-blind, multicenter trial, 13 
of 14 early deaths and 40% of deaths during 
weeks 3 through 10 were associated with elevated 
intracranial pressure. Based on the association of 
elevated intracranial pressure and mortality in 
patients with cryptococcal meningitis, it was sug-
gested that measurement of intracranial pressure 
be included in the management of such patients. 
Included in the recommendations were daily 
lumbar punctures, use of acetazolamide, and 
ventriculoperitoneal shunts for asymptomatic 
patients with intracranial CSF pressure �320 mm 
H2O and for symptomatic patients with pressure 
�180 mm H2O. More recently, it was recom-
mended that in the absence of focal lesions, open-
ing pressures �250 mm H2O should be treated 
with large-volume CSF drainage (defi ned in this 
report as allowing CSF to drain until a satisfac-
tory closing pressure had been achieved, com-
monly �200 mm H2O).44 The IDSA guidelines for 
the management of cryptococcal meningitis in 
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HIV-infected persons with opening CSF pressure 
of �250 mm H2O recommended lumbar drainage 
suffi cient to achieve a closing pressure �200 mm 
H2O or 50% of initial opening pressure.45 Mainte-
nance therapy is required after completion of 
primary therapy, and studies have defi ned fl uco-
nazole (200 mg/d orally) as the agent of choice.

Meningitis due to C immitis commonly pres-
ents with headache, vomiting, and altered mental 
status. Although the CSF formula is usually one 
of lymphocytes with a low glucose level, eosino-
phils are occasionally present. In addition to direct 
examination and culture of CSF, complement-
 fi xing antibodies in the CSF may be an especially 
important aid to the diagnosis of coccidioidal 
meningitis. As with cryptococcal meningitis, the 
epidemiologic history and the other body sites of 
involvement (including lung, skin, joints, and 
bone) are important in making the diagnosis. In 
contrast to cryptococcal meningitis, management 
strategies for coccidioidal meningitis may vary 
from patient to patient. Recent IDSA guidelines 
noted that oral fluconazole is currently the 
 preferred therapy, with itraconazole being listed 
as having comparable effi cacy.46 It was acknowl-
edged that some physicians initiate therapy with 
intrathecal amphotericin B in addition to an azole 
on the basis of their belief that responses may be 
more prompt with this approach. Because 
 Coccidioides has a predilection for the basilar 
meninges, hydrocephalus may occur. Regard-
less of the regimen being used, this potential 
complication nearly always requires a shunt for 
decompression.

Other fungi have the capability of causing 
meningitis, but they are less likely to do so. Because 
CNS involvement may be clinically recognized in 
5 to 10% of cases of progressive disseminated his-
toplasmosis, the diagnosis and management of 
CNS histoplasmosis has been recently reviewed.47 
As a general rule, fungal meningitis, like tubercu-
lous meningitis, may involve the base of the brain 
and cause obstruction of CSF fl ow with resulting 
hydrocephalus.

Eosinophilic Meningitis: The subject of eosino-
philic meningitis has been recently reviewed.48

Angiostrongylus cantonensis is a nematode 
that can infect humans who ingest poorly cooked 
or raw intermediate mollusk hosts, such as snails, 
slugs, and prawns. Infection can also occur when 

fresh vegetables contaminated with infective lar-
vae are eaten. Once ingested, the infective larvae 
penetrate the gut wall and migrate to the small 
vessels of the meninges to cause a clinical picture 
of fever, meningismus, and headache. CSF analy-
sis reveals an eosinophilic pleocytosis; larvae are 
usually not found. Such a process has been most 
characteristically described in Asia and the South 
Pacifi c. A recent report described an outbreak of 
meningitis due to A cantonensis that developed in 
12 travelers who traveled to the Caribbean and 
whose clinical illness was strongly associated 
with the consumption of a Caesar salad at a meal.49 
From this outbreak, it was suggested that A canto-
nensis infection should be suspected among trav-
elers at risk who present with headache, elevated 
intracranial pressure, and pleocytosis, with or 
without eosinophilia, particularly in association 
with paresthesias or hyperesthesias. 

Less classic infectious causes of eosinophilic 
meningitis include Trichinella spiralis, Taenia solium, 
Toxocara canis, Gnathostoma spinigerum, Paragoni-
mus westermani, and Baylisascaris procyonis. Impor-
tant noninfectious causes include malignancy 
(eg, Hodgkin disease, non-Hodgkin lymphoma, 
and eosinophilic leukemia), medications (eg, cip-
rofl oxacin, ibuprofen), and intraventricular medi-
cations or shunts.

Meningitis Caused by Protozoa or Helminth: Of 
the causes, fi ve deserve special comment. The 
most common is due to Toxoplasma gondii and 
presents most often as multiple ring-enhancing 
lesions in HIV-infected patients. These lesions 
may be associated with a CSF pleocytosis, but 
meningitis is not the most likely presentation of 
CNS toxoplasmosis. Because this infection usu-
ally represents reactivation disease, the IgG anti-
body to Toxoplasma is positive in about 95% of 
these individuals. Therapy is with sulfadiazine 
and pyrimethamine.

Naegleria fowleri is a free-living amoeba that 
enters the CNS by invading the nasal mucosa at 
the level of the cribriform plate. The classic pre-
sentation is of an acute pyogenic meningitis in a 
person who recently swam in fresh water.50 The 
CSF analysis shows a polymorphonuclear pleocy-
tosis, many RBCs, and hypoglycorrhachia. The 
diagnosis is confi rmed by identifying the organ-
ism on CSF wet mount as motile amoeba, or it can 
be made by biopsy of brain tissue. Amphotericin B 
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administered systemically and intraventricularly 
is the drug of choice. Another amoebic pathogen 
infecting the nervous system is Acanthamoeba, 
which may infect individuals with defects in cell-
mediated immunity (including patients with AIDS 
or after organ transplantation) and result in a gran-
ulomatous amoebic encephalitis. Clinical manifes-
tations include mental status abnormalities, 
seizures, fever, headache, focal neurologic defi cits, 
meningismus, visual disturbances, and ataxia. An 
important clinical clue may be preexisting skin 
lesions that have been present for months before 
CNS disease and may take the form of ulcerative, 
nodular, or subcutaneous abscesses. Pneumonitis 
may also be a part of the clinical presentation. 

Neurocysticercosis, which is caused by the 
pork tapeworm T solium, is the most common 
cause of acquired epilepsy in the world and is 
highly endemic in all parts of the developing 
world where pigs are raised, especially Latin 
America, most of Asia, sub-Saharan Africa, and 
parts of Oceania.24 Even though seizures are the 
most common manifestation of neurocysticerco-
sis, other symptoms include headache, hemipa-
resis, and ataxia. Symptoms typically begin years 
after the initial infection, when a host infl amma-
tory response develops against T solium antigens 
released after the death of the parasite. Although 
not the most classic presentation of neurocysti-
cercosis, eosinophilic meningitis may be part of 
the clinical presentation. Brain imaging studies 
may reveal intracranial lesions, which may be 
cystic or calcifi ed; because of chronic infl amma-
tion at the base of the brain, hydrocephalus may 
be present. The epidemiologic history, combined 
with brain imaging studies and serologies (serum 
enzyme-linked immunoelectrotransfer blot or 
CSF ELISA), helps make the diagnosis. The drug 
treatment of choice for neurocysticercosis includes 
albendazole or praziquantel; steroids should be 
given concomitantly to reduce edema produced 
by medical treatment, especially for meningeal 
infection.24 Most experts agree that the infl am-
matory response produced by the death of the 
cyst produces symptomatic neurocysticercosis 
and that inactive infection (ie, presence of calci-
fi ed or ring-enhancing lesions) does not require 
anthelminthics.24 

As previously noted, A cantonensis may be a 
cause of eosinophilic meningitis.

Miscellaneous Issues in the Diagnosis and Man-
agement of Meningitis: The timing of diagnostic 
studies in patients with meningitis is of critical 
importance. An important issue is focality. Over 
the last several decades, many have limited the 
designation of focality to such processes as hemi-
paresis, isolated abnormalities on an imaging 
study of the brain, or an abnormal focus on an 
EEG. More recently, it has been stated that altered 
mental status indicates bilateral hemispheric or 
brainstem dysfunction and severely compromises 
the ability to determine whether the patient’s neu-
rologic assessment is nonfocal.

Because of the potential for severe neurologic 
sequelae in individuals with bacterial meningitis 
who are treated in a suboptimal manner, attention 
has been focused in recent years on the appropri-
ate sequencing of diagnostic studies. A prospec-
tive study of 301 adults with suspected meningitis 
was conducted to determine whether clinical 
characteristics present before CT of the head was 
performed could be used to identify patients who 
were unlikely to have abnormalities on CT.51 Thir-
teen baseline clinical characteristics were used to 
predict abnormal fi ndings on head CT: age �60 
years; immunocompromised state; history of CNS 
disease; seizure within 1 week before presenta-
tion; abnormal level of consciousness; inability to 
answer two questions correctly; inability to fol-
low two commands correctly; gaze palsy; abnor-
mal visual fi elds; facial palsy; arm drift; leg drift; 
and abnormal language (ie, aphasia, dysarthria, 
and extinction). From the results of the study, the 
authors concluded that adults with suspected 
meningitis who have none of the noted baseline 
features are good candidates for immediate lum-
bar puncture since they have a low risk of brain 
herniation as a result of lumbar puncture. It was 
acknowledged that such an approach would have 
resulted in a 41% decrease in the frequency of CT 
scans performed in the study cohort. When imag-
ing is indicated, the following sequence of evalu-
ation and management has been suggested: (1) 
obtain blood cultures; (2) institute empiric antibi-
otic therapy; and (3) perform lumbar puncture 
immediately after the imaging study if no intra-
cranial mass lesion is present.8

Supporting the importance of the timing of 
antibiotics in patients with meningitis are the 
fi ndings of a retrospective, observational cohort 
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study of patients with community-acquired bac-
terial meningitis.52 In this study, patients with 
microbiologically proven, community-acquired 
bacterial meningitis were stratifi ed into three 
groups based on the clinical fi ndings of hypoten-
sion, altered mental status, and seizures. Patients 
with none of these three predictor variables 
were in stage I; those with one predictor variable, 
stage II; and those with two or more predictor 
variables, stage III. Delay in therapy after arrival 
in the emergency department was associated with 
adverse clinical outcome when the patient’s con-
dition advanced from stage I or II to stage III before 
the initial antibiotic dose was given, a fi nding that 
underscores the need for prompt administration 
of antibiotics in patients with bacterial meningitis. 
This study was further interpreted as suggesting 
that the risk for adverse outcome is infl uenced 
more by the severity of illness than the timing of 
initial antibiotic therapy for patients who arrive in 
the emergency department at stage III. 

A recent analysis of the causes of death in 
adults hospitalized with community-acquired 
bacterial meningitis provides some important 
insights.53 Although 50% of the 74 patients had 
meningitis as the underlying and immediate 
cause of death, 18% of patients had meningitis as 
the underlying but not immediate cause of death, 
and 23% had meningitis as neither the underlying 
nor immediate cause of death. A 14-day survival 
end point discriminated between deaths attribut-
able to meningitis and those with another cause. 
It was concluded that such an end point will facil-
itate greater accuracy of epidemiologic statistics 
and will assist investigations of the impact of new 
therapeutic interventions. 

For many years, clinicians have relied on 
a CSF pleocytosis for diagnosing meningitis. 
Because of implications in both therapy and pro-
phylaxis of meningitis, rapid and accurate diag-
nostic tests for bacterial meningitis are important. 
A recent report describes the potential role for 
broad-range bacterial PCR in excluding the 
 diagnosis of meningitis and in infl uencing the 
decision to initiate or discontinue antimicrobial 
therapy.54

In the Medical Knowledge Self-Assessment 
Program IX of the American College of Physicians, 
it was acknowledged that there are at least four 

clinical entities in which patients may have fever, 
coma, and nuchal ridigity but a normal CSF anal-
ysis: (1) early bacterial meningitis; (2) cryptococ-
cal meningitis with concomitant HIV infection; 
(3) parameningeal foci; and (4) herpes simplex 
encephalitis.55

Encephalitis 

Characteristic of processes involving cortical 
brain matter are alterations of consciousness and/
or cognitive dysfunction. A representative clinical 
entity with such fi ndings is acute viral encephali-
tis, which occurs on the basis of direct infection of 
neural cells with associated perivascular infl am-
mation, neuronal destruction, and tissue necro-
sis.56 Pathologically, the involvement in acute viral 
encephalitis is in the gray matter. This may be 
associated with evidence of meningeal irritation 
and CSF mononuclear pleocytosis, in which the 
process is referred to as meningoencephalitis. In 
addition to infectious agents, which may cause 
direct brain injury, there are indirect mechanisms 
including induction of autoimmune diseases. This 
process is referred to as postinfectious encephalo-
myelitis and is characterized by widespread 
 perivenular infl ammation with demyelination 
localized to the white matter of the brain. The list 
of infectious and noninfectious processes causing 
encephalitis is lengthy and is partially summa-
rized in Table 5. An additional process, which rep-
resents the sequelae of an infection, is production 
of neurotoxins as occurs with shigellosis, melioi-
dosis, and cat-scratch disease.

Of all the mechanisms by which an infectious 
process leads to involvement of the brain, direct 
viral invasion of neural cells is the most classic. 
Although the most common cause of acute viral 
meningitis is enteroviral infection (notably cox-
sackie A and B viruses and echoviruses), it has 
been stated that �3% of the CNS complications 
from such infections would be classifi ed as 
encephalitis. Diagnostic studies should include 
viral pharyngeal, rectal, and urine cultures, but 
confi rmation using acute- and convalescent-phase 
serology is important because viral shedding from 
the sites of culture may occur without clinical dis-
ease. No specifi c therapy is available for enterovi-
ral encephalitis.
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From the clinical perspective, the most emer-
gent encephalitis to diagnose is that due to herpes 
simplex virus (HSV).57 This infection is character-
istically caused by HSV type 1 and results in 
infl ammation or necrosis localized to the medial-
temporal and orbital-frontal lobes. Although it 
may have an insidious onset, in its most classic 
form HSV encephalitis presents as an acute, 
febrile, focal illness. Because of the temporal lobe 
localization, personality change may be promi-
nent for a few days to as long as a week before 
other manifestations. Headache is also a promi-
nent early symptom. Patients may progress rap-
idly from a nonspecifi c prodrome of fever and 
malaise, to fi ndings such as behavioral abnormal-
ities and seizures, to coma. A hallmark of the diag-
nosis is focality, which may be demonstrated with 
history (eg, changes in personality or in olfaction), 
physical examination, imaging studies of the brain, 
or EEG. These fi ndings most characteristically in-
volve the temporal lobes. Subtle clues to focality 

may include abnormalities such as changes in 
olfaction, which may be infl uenced by the fact 
that HSV might access the brain via the olfactory 
tract. CSF analysis may initially be unrevealing 
even in some acutely ill patients who have fever, 
nuchal rigidity, and coma. Characteristic features 
with lumbar puncture include increased intracra-
nial pressure, CSF lymphocytosis, and the pres-
ence of RBCs in the CSF. Although CSF glucose 
is characteristically normal, patients may have 
hypoglycorrhachia. For many years, brain biopsy 
with viral culture was considered the gold-
 standard diagnostic study. In suspected cases, 
such pathologic examination of brain tissue often 
yielded another treatable diagnosis. Because of 
the invasiveness of the procedure and because 
neurosurgical services are not available at all 
 hospitals, there has been attention to noninvasive 
diagnostic procedures. PCR analysis of CSF (when 
performed with optimal techniques in an experi-
enced laboratory) has been reported to be 100% 

Table 5. Encephalitis*

  Postinfectious  Noninfectious Diseases 
Infectious Encephalomyelitis Simulating Viral Encephalitis

Viral Vaccinia virus Systemic lupus erythematosus
Rabies Measles virus Granulomatous angiitis
Herpes viruses: HSV 1 and 2, varicella-zoster, herpes B Varicella-zoster virus Behçet disease

(simian herpes), Epstein-Barr, CMV, human herpes 6 
Arthropod-borne (Table 6) Rubella virus Neoplastic diseases, including 

   carcinomatous meningitis
Mumps Epstein-Barr virus Sarcoid
Lymphocytic choriomeningitis Mumps virus Reye syndrome
Enteroviruses: coxsackievirus, echovirus, hepatitis A Infl uenza virus Adrenal leukodystrophy
HIV Nonspecifi c respiratory  Metabolic encephalopathies

  disease
Bacterial (including Brucella, Listeria, Nocardia,  … Cerebrovascular disease

Actinomyces, relapsing fever, cat scratch disease, 
Whipple disease, infective endocarditis, parameningeal foci)

M tuberculosis … Subdural hematoma
Mycoplasma pneumoniae … Subarachnoid hemorrhage

Spirochetes: syphilis, Lyme disease, leptospirosis  Acute multiple sclerosis
Fungal: including Cryptococcus, Coccidioides,  … Toxic encephalopathy, including  

Histoplasma, Blastomyces, Candida  cocaine-induced
Rickettsial: RMSF, typhus, Ehrlichia, Q fever … Drug reactions
Parasites: Toxoplasma, Naegleria, Acanthamoeba,  …

Plasmodium falciparum, Trichinella, Echinococcus, 
Cysticercus, Trypanosoma cruzii

*CMV = cytomegalovirus; RMSF = Rocky Mountain spotted fever.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



56 Nervous System Infections and Catheter Infections (Karam)

specifi c and 75 to 98% sensitive. In a decision 
model comparing a PCR-based approach with 
empiric therapy, the PCR-based approach yielded 
better outcomes with reduced acyclovir use.58 
Prompt initiation of IV therapy with acyclovir is 
critical in management of patients in whom this 
infection is suspected because prognosis is infl u-
enced by the level of consciousness at the time 
therapy is begun. It has been stated that one can-
not anticipate an accuracy of �50% in the diagno-
sis of HSV encephalitis in the early course of the 
infection, even when one uses physical examina-
tion, spinal fl uid analysis without PCR, and neu-
roimaging studies. Relapse of HSV encephalitis 
has been stated to occur in some patients 1 week 
to 3 months after initial improvement and com-
pletion of a full course of acyclovir therapy. Ret-
reatment may be indicated in these patients.

The arthropod-borne encephalitides are a 
group of CNS infections in which the viral patho-
gen is transmitted to humans via a mosquito or 
tick vector. Of those described in Table 6, all are 
mosquito-borne except for Powassan encephali-
tis, which is transmitted by the tick Ixodes cookei. 
The distinguishing features of these illnesses are 
summarized in this table. Of these, Eastern equine 
encephalitis is associated with the highest mortal-
ity rate (30 to 70%), and this fulminant process 
results in neurologic sequelae in �80% of survi-
vors. St. Louis encephalitis (SLE) is caused by a 
fl avivirus, which induces clinical disease in about 
1% of those infected. Following a nonspecifi c pro-

drome, patients may experience the abrupt onset 
of headache, nausea, vomiting, disorientation, 
and stupor. Common laboratory fi ndings include 
inappropriate secretion of antidiuretic hormone 
and pyuria. In contrast to Eastern equine enceph-
alitis, the overall mortality related to SLE is about 
2%, with the highest mortality rate occurring in 
elderly persons. Emotional disturbances are the 
most common sequelae.

The outbreak of arboviral encephalitis 
described in metropolitan New York City in the 
late summer and fall of 1999 was caused by West 
Nile virus (WNV), a fl avivirus that is serologically 
closely related to SLE virus and that was respon-
sible for 61 human cases, including 7 deaths.59 In 
2002, the virus became much more widespread in 
its prevalence across the United States, making 
WNV an important diagnostic consideration in 
patients with an acute viral illness. In the sum-
mary of pertinent information on this virus,60 sev-
eral important points were made. It was noted 
that 1 in 5 infected persons had developed a mild 
febrile illness, with 1 in 150 developing meningi-
tis, encephalitis, or both. Advanced age was the 
greatest risk factor for severe neurologic disease, 
long-term morbidity, and death. The most effi -
cient diagnostic method noted in that review was 
IgM antibody-capture ELISA for IgM antibody to 
WNV in serum or CSF. Important bases for using 
this diagnostic study are that IgM antibody does 
not cross the blood-brain barrier and that 90% of 
serum samples obtained within 8 days of symp-
tom onset had been positive for IgM antibody. A 
feature clinicians need to be familiar with is that 
related fl aviviruses—such as those causing SLE 
or dengue—may produce a false-positive assay 
for WNV. The cited review presents a concise 
summary of the criteria for making possible, prob-
able, and confi rmed diagnoses of WNV based on 
the US national case defi nitions for WNV enceph-
alitis. Recently reported is the experience with 
WNV infection in 28 patients, 54% of whom had a 
focal neurologic defi cit at presentation.61 In 47% of 
these patients with focal defi cits, a meningitis or 
encephalitis syndrome was absent. During the 
outbreak of WNV in the summer of 2002, several 
patients were described who presented with acute 
fl accid paralysis syndrome.62 Noteworthy features 
in these patients included an asymmetrical weak-
ness without pain or sensory loss in association with 

Table 6. Arthropod-Borne Encephalitis

  Neurologic
Encephalitis Mortality Sequelae

Eastern equine encephalitis 30–70% 80%
St. Louis encephalitis 2–20% 20%
California encephalitis * *
West Nile encephalitis 11%† ‡
Western equine encephalitis 5–15% 30%
Venezuelan equine encephalitis 1% Rare
Powassan encephalitis 15% …

*  Uneventful recovery in most patients; abnormal EEGs in 
75%, with seizures in 6 to 10%.

†  Based on the 1999 outbreak in metropolitan New York, NY 
(MMWR Morb Mortal Wkly Rep 2000; 49:25–28).59

‡  The limited data available suggest that many patients have 
substantial morbidity (Ann Intern Med 2002; 137:173–179).60
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a CSF pleocytosis. Although some of these patients 
were initially thought to have Guillain-Barré syn-
drome, they did not have the symmetric pattern 
with sensory changes, paresthesias, and CSF pro-
tein elevation in the absence of CSF pleocytosis that 
are typical of Guillain-Barré syndrome. Preliminary 
interpretation of the fi ndings of acute fl accid paraly-
sis in WNV-infected patients is that the pattern is a 
polio-like syndrome with involvement of the ante-
rior horn cells of the spinal cord and motor axons. 
Treatment for WNV encephalitis is supportive. Sev-
eral approaches, including interferon-α2b and 
immunoglobulin with high titer against WNV, offer 
promise based on animal models and limited clini-
cal experience.63 Like SLE virus, WNV is transmit-
ted principally by Culex mosquitoes.

Health-care providers should consider 
arboviruses in the differential diagnosis of aseptic 
meningitis and encephalitis cases during the sum-
mer months. According to recommendations by 
the CDC, serum (acute and convalescent) and CSF 
samples should be obtained for serologic testing, 
and cases should be reported promptly to state 
health departments.64 Diagnosis of arbovirus 
encephalitis may be rapidly facilitated by testing 
acute serum or spinal fl uid for virus-specifi c IgM 
antibody. Unfortunately, no effective specifi c ther-
apy is available for any of these infections. Sup-
portive measures should focus on cerebral edema, 
seizures, or ventilation if problems related to any 
of these occur.

HIV has tropism for neural tissue, and a sig-
nifi cant number of patients will develop involve-
ment of the CNS. As a part of the acute retroviral 
syndrome that follows initial infection with HIV, 
patients may develop an acute encephalitis that 
can include seizures and delirium and from 
which patients may spontaneously recover with 
few, if any, neurologic sequelae. On a chronic 
basis and occurring later in the course of HIV 
infection, patients may develop an encephalopa-
thy associated with cerebral atrophy and wid-
ened sulci on CT studies of the brain. Clinical 
features may initially include forgetfulness 
 and impaired cognitive function; these may prog-
ress to include weakness, ataxia, spasticity, and 
myoclonus.

The DNA polyoma virus JC is the etiologic 
agent in progressive multifocal leukoencepha-
lopathy (PML). In this primary demyelinating 

process involving white matter of the cerebral 
hemispheres, patients present subacutely with 
confusion, disorientation, and visual distur-
bances, which may progress to cortical blindness 
or ataxia. CSF is characteristically acellular. A fea-
ture on neuroradiology imaging studies is lack of 
mass effect. No defi nitive therapy is presently 
available for this infection, and clinical efforts 
have recently focused on the role of immune 
reconstitution in modifying the clinical course of 
the illness. In a multicenter analysis of 57 consec-
utive HIV-positive patients with PML, neurologic 
improvement or stability at 2 months after ther-
apy was demonstrated in 26% of patients who 
received highly active antiretroviral therapy, in 
contrast to improvement in only 4% of patients 
who did not receive this therapy (p � 0.03).65 In 
this study, decreases in JC virus DNA to unde-
tectable levels predicted a longer survival. In the 
context that untreated PML may be fatal within 3 
to 6 months, the potential for preventing neuro-
logic progression and improving survival by con-
trolling JC virus replication becomes clinically 
relevant.

In recent months, there have been increasing 
reports of human rabies in the United States. 
Although this infection does not occur very often, 
it raises some important points about epidemiol-
ogy, transmission, clinical presentation, and pre-
vention. Rabies is probably best considered to be 
an encephalomyelopathy. After inoculation, the 
virus replicates in myocytes and then enters the 
nervous system via unmyelinated sensory and 
motor nerves. It spreads until the spinal cord is 
reached, and it is at this point in the clinical course 
that paresthesias may begin at the wound site. 
The virus then moves from the CNS along periph-
eral nerves to skin and intestine as well as into 
salivary glands, where it is released into saliva.66 
Knowledge of these factors allows an under-
standing of both clinical presentation and preven-
tion. A review of the topic by the CDC stated that 
“… this infection should be considered in the 
 differential diagnosis of persons presenting with 
unexplained rapidly progressive encephalitis.”67 
A recent report acknowledges the potential for 
rabies to be spread through organ trans plantation68 

and provides further support for the contention 
that rabies should be considered in any patient 
with unexplained encephalitis. It is the CNS 
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involvement that leads to the cognitive dysfunc-
tion characteristic in encephalitis. Because the 
rabies virus may in the early stages localize to 
limbic structures, changes in behavior may result. 
Although an ascending paralysis simulating the 
Guillain-Barré syndrome has been described, the 
most classic presentation is of encephalitis associ-
ated with hypertonicity and hypersalivation. 
Noteworthy in Table 7 is that 13 of the 15 patients 
had pain and/or weakness, explainable since 
rabies is a myelopathic infection.67-77

Of the cases of bat-related rabies reported in 
the United States since 1980, the minority is defi n-
itively related to an animal bite. Only 3 of the 15 
cases reported in the recent Morbidity and Mortal-
ity Weekly Reports cited in Table 7 were bite-
related.

When the management of rabies in humans 
was reviewed in 2003,78 it was acknowledged that 
the only survivors of the disease had received 
rabies vaccine before the onset of illness. In 2004, 
a previously healthy 15-year-old girl developed 
rabies after being bitten by a bat approximately 
1 month before symptom onset. Her case repre-
sented the sixth known occurrence of human 
recovery after rabies infection; however, the case 

was unique because the patient received no rabies 
prophylaxis either before or after illness onset.77 
Despite this very rare occurrence, there is still a 
strong impetus for postexposure prophylaxis, 
which is discussed in the following paragraph. 
The cited review notes that the normal manage-
ment of patients with rabies should be palliative. 
In those individuals who might be candidates 
for aggressive management, a combination of 
specifi c therapies was listed for consideration, 
including rabies vaccine, rabies immunoglobu-
lin, monoclonal antibodies, ribavirin, interferon-
α, and ketamine. A summary of the potential role 
of each of these agents was included. Because 
severe brain edema with herniation has been rare 
in patients with rabies and because corticoste-
roids have been associated with increased mor-
tality and shortened incubation period in mouse 
models of rabies, the review stated that cortico-
steroids should not be used.

Rabies prophylaxis has been recently 
reviewed.79 In individuals who were not previ-
ously vaccinated against rabies but have an indi-
cation for rabies postexposure prophylaxis, the 
treatment regimen includes local wound cleans-
ing, human rabies immune globulin, and vaccine. 

Table 7. Clinical Presentation of Rabies*

Clinical Encephalitis  Pain and  Findings   Autonomic
Feature Symptoms Weakness of CI Myoclonus Paralysis Instability

Case 167 Hallucinations Left arm Yes Yes Total body No
Case 267 Hypersalivation Left arm Yes Yes No Yes
Case 369 Confusion Left face, ear Yes Yes Vocal cord, ocular No
Case 470 Hallucinations Right shoulder Yes No No Yes
Case 571 Confusion Right wrist No Yes No Yes
Case 671 Confusion; Right arm No Yes Dysphagia Yes
 hypersalivation
Case 771 Disorientation; No No No No Yes
 hypersalivation
Case 871 No Right arm Yes No Flaccid paralysis No
Case 971 Delirium Left arm Yes Yes Dysphagia Yes
Case 1072 Agitation Both legs Yes No No Yes
Case 1173 Agitation; Right arm Yes No Dysphagia Yes
 hypersalivation
Case 1274 Hallucinations; Abdominal No No Respiratory No
 intractable seizures    dysfunction
Case 1375 Ataxia; confusion No Yes Yes No No
Case 1476 Confusion Right arm Yes No No No
Case 1577 Hypersalivation Left arm Yes Yes Sixth nerve palsy Yes

* CI = cerebrovascular insuffi ciency.
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The doses of human rabies immune globulin and 
vaccine have been summarized.79 The administra-
tion of rabies immune globulin has been modi-
fi ed, and recommendations now are that as much 
as anatomically feasible of the 20 IU/kg body 
weight dose should be infi ltrated into and around 
the wound(s), with the remainder administered 
IM in the deltoid or quadriceps at a location other 
than that used for vaccine inoculation, to mini-
mize potential interference. An important consid-
eration is the prevention of rabies infection after 
exposure of family members or health-care pro-
viders to an index case. Possible percutaneous or 
mucous membrane exposure to a patient’s saliva 
or CSF is an indication for postexposure prophy-
laxis. In the reports of the 15 patients summarized 
in Table 7, the following numbers of persons 
received postexposure prophylaxis: case 1, 46; 
case 2, 50; case 3, 60; case 4, 53; case 5, 48; case 6, 
37; case 7, 71; case 8, 20; case 9, 27; case 10, 23; case 
11, 46; case 12, 53; case 13, 8; case 14, 6; and case 
15, 5. For persons in whom preexposure prophy-
laxis is indicated, only vaccine is recommended.79

A group of viruses, including dengue virus, 
enteroviruses, adenoviruses, and cytomegalovi-
rus, may cause direct infection that results in 
encephalitis. In addition to viruses producing 
direct infection of the brain, certain viruses may 
cause a postinfectious encephalomyelitis. At one 
time, this form of CNS pathology accounted for 
about one third of fatal cases of encephalitis (with 
acute viral encephalitis being the major cause of 
infectious mortality in this category). With the 
elimination of vaccinia virus by vaccination for 
smallpox, the mortality attributable to postinfec-
tious encephalomyelitis is now estimated to be 10 
to 15% of cases of acute encephalitis in the United 
States. The pathogenesis of this process has not 
been defi nitively elucidated. The pathologic 
changes have been compared with those occur-
ring in persons in whom acute encephalomyelitis 
developed following rabies immunization using 
vaccine prepared in CNS tissue. It has been sug-
gested that certain viral infections may cause a 
disruption of normal immune regulation, with 
resultant release of autoimmune responses. The 
viruses that have been associated with postinfec-
tious encephalomyelitis are summarized in Table 4. 
Treatment of patients with such problems is lim-
ited to supportive care.

Two common infections that usually have 
benign courses in adolescents and young adults 
may progress to serious disease, which may 
include involvement of the CNS. Mononucleosis 
due to Epstein-Barr virus may, on rare occasions, 
cause direct infection of the brain and an encepha-
litic process, which is the most common cause of 
death resulting from this infection. CNS infection 
is the most signifi cant extrarespiratory manifesta-
tion of infection caused by Mycoplasma pneu-
moniae. Even though this organism has been 
isolated from the CSF, the mechanism by which it 
causes encephalitis is thought to be an autoim-
mune one.

Rickettsiae have the ability to produce infec-
tion of the CNS. Of these, the most characteristic 
is Rocky Mountain spotted fever (RMSF), caused 
by R rickettsii. After being transmitted to humans 
via a tick bite, this intracellular pathogen can pro-
duce a constellation of symptoms and signs that 
includes fever, petechial skin lesions (involving 
the palms, soles, wrists, and ankles), and a menin-
goencephalitis. Because of the skin lesions and 
neurologic involvement, acute forms of this infec-
tion may mimic disease caused by N meningitidis. 
Chloramphenicol is effective against both of these 
pathogens, but tetracycline is considered the usual 
fi rst-line drug when only RMSF is suspected. In 
contrast to the distal skin lesions that progress 
centrally in RMSF, epidemic typhus caused by 
Rickettsia prowazekii is characterized by central 
lesions that move distally. This infection is more 
likely to occur during the winter months than 
is RMSF, which usually occurs during the late 
 summer and early fall. The emerging rickettsial 
pathogen identifi ed as a cause of nervous system 
involvement is Ehrlichia. Pathogens within the 
genus Ehrlichia have the propensity to parasitize 
either mononuclear or granulocytic leukocytes, 
with the resultant infections referred to as human 
monocytic ehrlichiosis or human granulocytic 
ehrlichiosis, respectively. The epidemiology of 
ehrlichiosis, including outdoor activity and expo-
sure to ticks, is similar to that of RMSF, but in con-
trast to RMSF, ehrlichiosis is associated with rash 
in only about 20% of cases. In addition to causing 
the characteristic fi ndings of fever, leukopenia, 
thrombocytopenia, and abnormal liver enzymes, 
nervous system involvement in ehrlichiosis may 
include severe headache, confusion, lethargy, 
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broad-based gait, hyperrefl exia, clonus, photo-
phobia, cranial nerve palsy, seizures, blurred 
vision, nuchal rigidity, and ataxia. The character-
istic CSF abnormalities have been a lymphocytic 
pleocytosis with an elevated protein level. In a 
recent review of the subject, the CSF glucose level 
was normal in the majority of patients, with 24% 
of the patients having borderline low CSF glucose 
concentrations. In this review, morulae were seen 
in CSF white cells in only a small minority of the 
patients. Radiographic and encephalographic 
studies did not reveal any lesions that supported 
a specifi c diagnosis. Although the defi nitive agent 
for treating this infection has not been established 
by clinical trials, it appears that chloramphenicol 
or tetracycline is the agent most frequently used. 
The clinical experience with this process has been 
limited, and the outcome in patients with nervous 
system involvement is not well established.

As summarized in Table 5, certain noninfec-
tious diseases may mimic viral encephalitis.

Brain Abscess

Among bacterial infections of the CNS, brain 
abscess is the second most common. On a patho-
genetic basis, this infection may develop after 
hematogenous dissemination of organisms dur-
ing systemic infection (which often occurs in the 
context of such conditions as infective endocardi-
tis, cyanotic congenital heart disease, and lung 
abscess), with extension from infected cranial 
structures (eg, sinuses or middle ear) along emis-
sary veins, or as a consequence of trauma or neu-
rosurgery. The classic presentation may include 
recent onset of severe headache, new focal or gen-
eralized seizures, and clinical evidence of an intra-
cranial mass. In the nonimmunocompromised 
host, brain abscess represents a deviation from 
the classic tenet that Bacteroides fragilis is not a sig-
nifi cant pathogen above the diaphragm. In the 
patient without predisposing factors, streptococci 
(including the Streptococcus intermedius [milleri] 
group) along with anaerobes (including B fragilis) 
are the predominant pathogens.80 Excision or ste-
reotactic aspiration of the abscess is used to iden-
tify the etiologic agents and has been recommended 
for lesions �2.5 cm.81 Some experts have advo-
cated using empiric antimicrobial therapy with-
out aspiration of the abscess in patients who are 

neurologically stable and have an abscess �3 cm 
in diameter that is not encroaching on the ventric-
ular system; however, if such a decision is made, 
they have advised that the patient must be fol-
lowed meticulously with a brain imaging study 
such as CT or MRI, and enlargement of the abscess 
during therapy mandates surgery. Because of the 
lack of consistent effi cacy of metronidazole against 
streptococci and upper airway anaerobic cocci, 
penicillin or a third-generation cephalosporin 
(eg, cefotaxime or ceftriaxone) is usually com-
bined with this agent. An alternative to metroni-
dazole in this regimen would be chloramphenicol. 
In the settings of penetrating head trauma, fol-
lowing neurosurgical procedures, or with acute 
bacterial endocarditis, therapy for S aureus should 
be included. Those patients with a presumed otic 
or sinus origin for their abscess should have cov-
erage against enterobacteriaceae and H infl uenzae 
using a third-generation cephalosporin. 

In HIV-infected persons, T gondii classically 
presents as fever, headache, altered mental status, 
and focal neurologic defi cits, especially in indi-
viduals whose CD4+ count falls below 100 cells/
mm3. Because the disease is due to reactivation of 
latent infection in about 95% of cases, IgG anti-
body to Toxoplasma is generally present. A review 
of neuroimaging studies in patients with AIDS is 
summarized in Table 8, with a key point being 
whether or not mass effect is present.82 Imaging 
studies of the brain in AIDS patients with Toxo-
plasma brain abscess show multiple (usually � 3) 
nodular contrast-enhancing lesions with mass 
effect found most commonly in the basal ganglia 
and at the gray-white matter junction. In the clas-

Table 8. Approach to Mass Lesions In HIV-Infected Persons*

Focal Lesions With Focal Lesion Without
Mass Effect in HIV- Mass Effect in HIV-
Infected Persons Infected Persons

Toxoplasmosis Progressive multifocal
Primary lymphoma of the CNS leukoencephalopathy
Cerebral cryptococcosis†

Neurotuberculosis†

Syphilitic gumma‡

*  CNS = central nervous system. Adapted from Clin Infect 
Dis 1996; 22:906–919.82

†     Rarely present as abscesses.
‡     Rare presentation of neurosyphilis.
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sic setting described above, empiric therapy with 
sulfadiazine and pyrimethamine is recommended. 
Clindamycin- containing regimens may be con-
sidered in sulfa-allergic patients. Brain biopsy is 
reserved for atypical presentations and for patients 
who do not respond to initial therapy. After acute 
therapy for toxoplasmic encephalitis, prophylaxis 
to prevent recurrence has been recommended 
with a regimen like sulfadiazine plus pyrimeth-
amine plus leucovorin, but may be discontinued 
once CD4+ cells are �200/μL for �6 months.83 The 
lesions of toxoplasmosis may be confused with 
primary CNS lymphoma, which also causes a 
mass effect due to surrounding edema and which 
may undergo central necrosis and present as ring-
enhancing masses.

Spinal Epidural Abscess and Subdural Empyema

A review of spinal epidural abscess provides 
the basis for understanding two common threads 
included in literature published about this infec-
tion: reports of poor prognosis and appeals for 
rapid treatment.84 Spinal epidural abscess repre-
sents a neurosurgical emergency because neuro-
logic defi cits may become irreversible when there 
is a delay in evacuating the purulent material. 
Although the basis for this irreversibility has not 
been defi nitively established, mechanisms for the 
associated spinal cord necrosis include a decrease 
in arterial blood fl ow, venous thrombosis, or direct 
compression of the spinal cord. The triad of fi nd-
ings that supports the diagnosis is fever, point 
tenderness over the spine, and focal neurologic 
defi cits. The predisposing factors to this infection 
shed light on the likely pathogens. Skin and soft 
tissue are the most probable source of infection 
and provide an understanding of why S aureus is 
the most common pathogen in this infection. Spi-
nal epidural abscess has been reported to follow 
surgery, trauma, urinary tract infections, and 
respiratory diseases. Of increasing importance are 
the reports of this infection occurring as a compli-
cation of lumbar puncture and epidural anesthe-
sia. In 16% of cases, the source of infection may be 
unknown. Usual pathogens include S aureus, 
streptococci (both aerobic and anaerobic), and 
Gram-negative bacilli. 

Gadolinium-enhanced MRI has replaced 
myelography as the diagnostic study of choice 

because it identifi es not only mass lesions, but also 
signal abnormalities that are consistent with acute 
transverse myelopathy and spinal cord ischemia.85 

Subdural empyema is an infection that occurs 
between the dura and arachnoid and that results 
as organisms are spread via emissary veins or by 
extension of osteomyelitis of the skull. The para-
nasal sinuses are the source in over half the cases, 
with otitis another likely predisposing condition. 
In young children, it is usually a complication of 
meningitis. The clinical features include fever, 
headache, vomiting, signs of meningeal irritation, 
alteration in mental status, and focal neurologic 
defi cits that progress to focal seizures. The usual 
pathogens are aerobic streptococci (including 
S pneumoniae), staphylococci, H infl uenzae, Gram-
negative bacilli, and anaerobes (including B fragi-
lis). The diagnosis is often made using MRI, but 
CT scan with contrast enhancement may offer the 
advantage of imaging bone. Antibiotics directed 
against the likely pathogens and surgical inter-
ventions are mainstays of therapy.

Septic Intracranial Thrombophlebitis

Thrombosis of the cortical vein may occur as a 
complication of meningitis and is associated with 
progressive neurologic defi cits, including hemipa-
resis, bilateral weakness, or aphasia. Thrombosis of 
the intracranial venous sinuses classically follows 
infections of the paranasal sinuses, middle ear, mas-
toid, face, or oropharynx, although the process may 
be metastatic from lungs or other sites. The most 
frequent pathogens are S aureus, coagulase- negative 
staphylococci, streptococci, Gram-negative bacilli, 
and anaerobes. Five anatomic sites may be involved 
with varying clinical presentations.86 Superior 
 sagittal sinus thrombosis results in bilateral leg 
weakness or in communicating hydrocephalus. 
Lateral sinus thrombosis produces pain over the 
ear and mastoid, with possible edema over the 
mastoid. Superior petrosal sinus thrombosis causes 
ipsilateral pain, sensory defi cit, or temporal lobe 
seizures. Inferior petrosal sinus thrombosis may 
produce the syndrome of ipsilateral facial pain and 
lateral rectus weakness that is referred to as Grad-
enigo’s syndrome.

Of the forms of venous sinus thrombosis, cav-
ernous sinus thrombosis is the most frequently 
discussed. Within this sinus lie the internal carotid 
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artery with its sympathetic plexus and the sixth 
cranial nerve. In the lateral wall of the sinus are the 
third and fourth cranial nerves, along with the oph-
thalmic and sometimes maxillary divisions of the 
trigeminal nerve. The clinical presentation is infl u-
enced by these anatomic considerations. The pro-
cess, which is considered life-threatening, begins 
unilaterally but usually becomes bilateral within 
hours. High fever, headaches, malaise, nausea, and 
vomiting are the predominant fi ndings. Patients 
progress to develop proptosis, chemosis, periorbital 
edema, and cyanosis of the ipsilateral forehead, 
eyelids, and root of the nose. Ophthalmoplegia may 
develop, with the sixth cranial nerve usually 
involved fi rst. Trigeminal nerve involvement may 
manifest itself as decreased sensation about the eye. 
Ophthalmic nerve involvement may present as 
photophobia and persistent eye pain. Papilledema, 
diminished pupillary reactivity, and diminished 
corneal refl exes may also develop. The disease may 
be relentless in its progression to alteration in level 
of consciousness, meningitis, and seizures. The 
mainstays of therapy include broad-spectrum 
antibiotics and surgical drainage with removal of 
infected bone or abscess. The issue of anticoagula-
tion in patients with suppurative intracranial 
thrombophlebitis is controversial. It is the opinion 
of some experts in the fi eld that heparin followed 
by warfarin may be beneficial,87 but heparin-
induced thrombocytopenia has been noted as a 
potential complication. Steroids may be necessary 
if involvement of the pituitary gland leads to adre-
nal insuffi ciency and circulatory collapse.

Neuritis

Infection of nervous tissue outside of the 
CNS can take place on the basis of several patho-
genetic mechanisms. Certain pathogens, such as 
Borrelia burgdorferi (the etiologic agent of Lyme 
disease), HIV, cytomegalovirus, HSV type 2, and 
varicella-zoster virus, can produce peripheral 
neuropathy. Direct infection of nerves may occur 
with Mycobacterium leprae and Trypanosoma spp. 
Corynebacterium diphtheriae, Clostridium tetani, and 
Clostridium botulinum can produce toxins that can 
injure peripheral nerves.

C diphtheriae produces a toxin that directly 
involves nerves to cause a noninfl ammatory demy-
elination. Clinical sequelae of such a process  initially 

include local paralysis of the soft palate and poste-
rior pharyngeal wall, followed by cranial nerve 
involvement, and culminating in involvement of 
peripheral nerves. Myocarditis occurs in as many 
as two thirds of patients, but �25% develop clinical 
evidence of cardiac dysfunction. Antitoxin is indi-
cated in infected patients, along with antibacterial 
therapy. Both penicillin and erythromycin have 
been recommended as treatment of diphtheria by 
the World Health Organization. In a study in Viet-
namese children with diphtheria that compared IM 
benzylpenicillin with erythromycin, both antibiot-
ics were effi cacious, but slower fever clearance and 
a higher incidence of GI side effects were associated 
with erythromycin.88 Erythromycin resistance was 
noted in some of the isolates tested, but all were 
susceptible to penicillin. Both C tetani and C botuli-
num cause indirect nerve involvement on the basis 
of toxin production. The epidemiology of tetanus 
has changed somewhat in recent years. Joining 
elderly patients as a patient population at risk for 
tetanus are injection drug users who inject drugs 
subcutaneously (ie, “skin pop”). The toxin of C tet-
ani is transported up axons and binds to presynap-
tic endings on motor neurons in anterior horn cells 
of the spinal cord. This blocks inhibitory input and 
results in uncontrolled motor input to skeletal mus-
cle and tetanic spasm. Antitoxin is not available for 
this disorder, but tetanus immune globulin and 
tetanus toxoid are given for clinical disease. Pre-
vention plays a pivotal role in controlling the num-
ber of cases of tetanus. A population-based serologic 
survey of immunity to tetanus in the United States 
revealed protective levels of tetanus antibodies 
ranging from 87.7% among those 6 to 11 years of 
age to 27.8% among those 70 years of age or older.89 
Although there is an excellent correlation between 
vaccination rates (96%) and immunity (96%) among 
6-year-olds, antibody levels decline over time such 
that one fi fth of older children (10 to 16 years of 
age) do not have protective antibody levels. Such 
data argue strongly for ongoing tetanus immuniza-
tion throughout a person’s life in an attempt to pre-
vent this potentially fatal disease.

The toxin of C botulinum binds to the presyn-
aptic axon terminal of the neuromuscular junction 
with inhibition of acetylcholine release. This results 
in a symmetric, descending, fl accid paralysis of 
motor and autonomic nerves, usually beginning 
with the cranial nerves. Recent reports of botulism 
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have noted not only foodborne outbreaks associ-
ated with consumption of contaminated fi sh, com-
mercial cheese sauce, and baked potatoes held in 
aluminum foil for several days at room tempera-
ture, but also wound botulism in injection drug 
users who injected Mexican black tar heroin subcu-
taneously. The classic presentation includes neuro-
logic and GI fi ndings. Nausea and vomiting may 
be followed by diminished salivation and extreme 
dryness of the mouth, and by diffi culty in focusing 
the eyes that occurs due to interruption of choliner-
gic autonomic transmission. Patients progress to 
cranial nerve palsies (with common presentations 
being diplopia, dysarthria, or dysphagia) and then 
to a symmetrical descending fl accid voluntary 
muscle weakness that may progress to respiratory 
compromise. Normal body temperature and nor-
mal sensory nerve examination fi ndings are typi-
cal, as is an intact mental status despite a groggy 
appearance. A large outbreak occurred in 1994 in 
El Paso, TX, and was traced to a dip prepared in a 
restaurant from potatoes that had been baked in 
aluminum foil and then left at room temperature 
for several days.90 In that report, the following 
 criteria were used for making the diagnosis of 
 botulism: (1) an electromyographic (EMG) study 
showing an increase of �50% in the evoked train 
of compound muscle action potentials with rapid 
repetitive stimulation (20 to 50 Hz); (2) stool cul-
ture positive for C botulinum; and (3) blurred vision, 
dysphagia, or dysarthria in a person who did not 
have EMG fi ndings indicating botulism and who 
did not have C botulinum detected in stool (fi nd-
ings consistent with the diagnosis of “suspected 
case”). In addition, the mouse inoculation test for 
toxin using serum, stool, or food may be positive. 
In a recent review of laboratory fi ndings in food-
borne botulism, the following were listed: normal 
CSF values; specifi c EMG fi ndings (normal motor 
conduction velocities; normal sensory nerve ampli-
tudes and latencies; decreased evoked muscle 
action potential; facilitation following rapid repeti-
tive nerve stimulation); and standard mouse bioas-
say positive for toxin from clinical specimens 
and/or suspect food.91 Researchers from the CDC 
and the Republic of Georgia’s National Center for 
Disease Control studied 706 cases of botulism in 
Georgia, which has the highest reported rate of 
foodborne botulism of any country.92 They discov-
ered that the patients at highest risk of dying were 

those who reported to the hospital with shortness 
of breath and impaired gag refl ex but no diarrhea. 
This constellation of symptoms, if validated in the 
United States and other countries as predictors of 
death, would allow doctors to give fi rst consider-
ation to patients who are at highest risk of dying in 
a botulism outbreak.92

Intestinal botulism, which occurs most com-
monly in infants and is rare in children and adults, 
is the most common form of human botulism in 
the United States.93 Along with the traditional 
forms of botulism, there are two additional forms 
of importance. Since 1978, the CDC has recorded 
cases of botulism in which extensive investigation 
failed to implicate a specifi c food as the cause. 
These have been referred to as cases of “undeter-
mined origin.” Investigation has shown that some 
of these cases were caused by colonization of the 
GI tract by C botulinum or Clostridium baratii with 
in vivo production of toxin, analogous to the 
pathogenesis of infant botulism. In some cases of 
botulism strongly suspected to represent intesti-
nal colonization, the patients had a history of GI 
surgery or illnesses such as infl ammatory bowel 
disease, which might have predisposed them to 
enteric colonization. This form of botulism has 
been referred to as intestinal colonization botu-
lism (also termed by some as adult-type infant 
botulism). Of more recent interest is inhalational 
botulism, which could occur as a component of 
bioterrorism with intentional release of aerosol-
ized botulinum toxin.

As summarized in Table 9, antitoxin is indi-
cated for adult botulism, which occurs on the 

Table 9. Toxin-Mediated Peripheral Neuritis

Direct toxin injury
Corynebacterium diphtheriae*

Indirect toxin injury
Clostridium tetani
Clostridium botulinum

Traditional categories
Adult botulism*
Infant (intestinal) botulism†

Wound botulism*
Intestinal colonization botulism‡

New category
Inhalational botulism‡

*  Antitoxin indicated.
† Role for botulism immune globulin IV (human) [BIG-IV].
‡ See text.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



64 Nervous System Infections and Catheter Infections (Karam)

basis of ingestion of preformed toxin, and for 
wound botulism, in which toxin is produced 
locally at the infected wound. A review of botu-
lism has noted that antitoxin is released from the 
CDC for cases of intestinal colonization botu-
lism.94 With inhalational botulism, it has been sug-
gested that antitoxin be given as early as possible 
based on clinical suspicion and should not be 
delayed while awaiting microbiologic testing.95 It 
has been noted with this form of botulism that 
antitoxin might only prevent progression of dis-
ease but not reverse paralysis once it has occurred. 
It is important to be aware that skin testing should 
be performed to assess for sensitivity to serum or 
antitoxin prior to administration of antitoxin. In 
contrast, infant botulism, which occurs when the 
ingested organism produces toxin within the GI 
tract, does not respond to antitoxin. A human-
derived human botulism immune globulin has 
been administered to infants with botulism and 
has been shown to reduce length of stay with this 
pattern of disease. Although this product is not 
yet commercially available, it may be obtained for 
the treatment of infant botulism under a Treat-
ment Investigational New Drug protocol by con-
tacting the California Department of Health 
Services (telephone (510) 540-2646). The acute, 
simultaneous onset of neurologic symptoms in 
multiple individuals should suggest a common 
source for the problem and increase the suspicion 
of botulism.

Certain toxins produced by fi sh and shellfi sh 
have been associated with neurologic involve-
ment. Ciguatera fi sh poisoning follows consump-
tion of marine fi sh (most characteristically grouper, 
red snapper, and barracuda) that have been con-
taminated with toxins produced by microalgae 
known as dinofl agellates. The classic constella-
tion of fi ndings involves GI, cardiovascular, and 
neurologic systems. The characteristic neurologic 
fi ndings include paresthesias (which may be 
chronic) periorally and in distal extremities, often 
associated with a debilitating hot-to-cold reversal 
dysesthesia. Taste sensation is often altered. Impli-
cated toxins include ciguatoxin (which induces 
membrane depolarization by opening voltage-
dependent sodium channels), maitotoxin (which 
opens calcium channels), and palytoxin (which 
causes muscle injury). Therapy is primarily 
 symptomatic and supportive. Paralytic shellfi sh 

 poisoning is caused by consumption of shellfi sh 
(most characteristically butter clams, mussels, 
cockles, steamer clams, sea snails, or razor clams) 
or broth from cooked shellfi sh that contain either 
concentrated saxitoxin (a heat-stable alkaloid 
neurotoxin) or related compounds, with resultant 
sensory, cerebellar, and motor dysfunction. Char-
acteristic neurologic fi ndings include paresthesias 
of the mouth and extremities, ataxia, dysphagia, 
muscle paralysis, coma, and total muscular paral-
ysis. Treatment is supportive.

The ascending paralysis that comprises the 
Guillain-Barré syndrome characteristically fol-
lows respiratory infection, GI infection (notably, 
Campylobacter infection), or immunization. The 
pathology is segmental infl ammation with peri-
vascular mononuclear cells and demyelination. 
An exact etiology for this process has not been 
elucidated.

Catheter-Related Infections

Urinary Bladder Catheters

A clinical situation frequently associated 
with injudicious use of antibiotics in the critical 
care setting is asymptomatic bacteriuria. In 
March 2005, the IDSA published guidelines for 
the diagnosis and treatment of asymptomatic 
bacteriuria in adults.96 In that document, the 
diagnosis of asymptomatic bacteruria was based 
on results of a culture of a urine specimen col-
lected in a manner that minimizes contamina-
tion. For asymptomatic women, bacteriuria was 
defi ned as two consecutive voided urine speci-
mens with isolation of the same bacterial strain 
in quantitative counts �105 cfu/mL. Asymptom-
atic bacteriuria was defi ned as (1) a single, clean-
catch voided urine specimen with one bacterial 
species isolated in a quantitative count �105 cfu/
mL in men, or (2) a single catheterized urine 
specimen with one bacterial species isolated in a 
quantitative count �102 cfu/mL in women or 
men. Of note is that pyuria accompanying 
asymptomatic bacteriuria was not considered to 
be an indication for antimicrobial therapy. In 
adults, two A-1 recommendations were made 
regarding treatment of asymptomatic bacteriuria 
in adults: (1) pregnant women, and (2) men sched-
uled to undergo transurethral resection of the 
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prostate. An A-III recommendation was given for 
treatment of asymptomatic bacteriuria before uro-
logic procedures (other than transurethral resec-
tion of the prostate) for which mucosal bleeding is 
anticipated. The guidelines stated that antimicro-
bial treatment of asymptomaticwomen with cath-
eter-acquired bacteriuria that persists 48 h after 
indwelling catheter removal may be considered for 
treatment. Table 10 summarizes those situations 
where therapy for asymptomatic bacteriuria was 
not recommended and reviews situations where 
the data are evolving but not conclusive.96-107 

A clinically important area, but one in which 
there are no defi nitive data, relates to renal trans-
plant recipients. It has been acknowledged that 
urine culture surveillance and periodic renal scan 
or ultrasound examinations are recommended by 
some authors, at least during the fi rst months 
after transplantation. Based on cited references 
that treatment of asymptomatic urinary tract 
infections in renal transplant recipients are largely 
unsuccessful and that such therapy may not have 
an observable effect on graft function, it was noted 
that asymptomatic urinary tract infections in this 
immunocompromised patient population may be 
left untreated.101 Frequent or inappropriate use 
 of antibiotics exerts selective pressures that are 
responsible for the increasing prevalence of bacte-
rial resistance. Because of this, it is important to 
use antibiotics in situations where the clinical 

benefi ts exceed risks such as adverse effects and 
the selection of resistant organisms. A recent 
report of the NIH-sponsored Mycoses Study 
Group evaluated the issue of treatment for candi-
duria that was asymptomatic or minimally 
 symptomatic.108 Patients were randomly assigned 
to receive fl uconazole (200 mg/d) or placebo for 
14 days. In 50% of cases, the isolate was Candida 
albicans. At the end of treatment, urine was cleared 
in 50% of patients given fl uconazole vs 29% of 
those given placebo. However, cure rate was about 
70% in both groups at 2 weeks posttreatment. 
Although these data represented short-term erad-
ication of candiduria (especially following cathe-
ter removal), the long-term eradication rates were 
not associated with clinical benefi t. Notable in this 
study were the observations in the placebo group 
that candiduria resolved in about 20% of chroni-
cally catheterized patients when their catheter 
was only changed and in 41% of untreated patients 
when the catheter was removed. 

Peritoneal Dialysis Catheters

Abdominal pain and/or fever and/or cloudy 
peritoneal fl uid are the clinical features usually 
found in patients who are undergoing either 
 continuous ambulatory peritoneal dialysis or 
automated peritoneal dialysis and who develop 
peritonitis. The organisms most frequently isolated 

Table 10. Treatment of Asymptomatic Bacteriuria in Adults  

Adults in Whom Therapy Is Recommended

Pregnant women97-99

Men about to undergo transurethral resection of the prostate or other urologic procedures for which mucosal bleeding is 
anticipated96,100

Adults in Whom Therapy May Be Considered

Women with catheter-acquired bacteriuria that persists 48 h after indwelling catheter removal

Persons in Whom Defi nitive Recommendations Are Not Available but for Whom Some Provide Therapy

Certain immunocompromised patients, especially those who are neutropenic or who have undergone renal transplantation 
(see comments in text about renal transplant patients101)

Elderly persons with obstructive uropathy102-105

Patients with diabetes mellitus106

Persons with positive urine cultures both at the time of catheter removal and then again 1–2 wk after catheter removal107

Those undergoing certain types of surgery, particularly when prostheses or foreign bodies (notably vascular grafts) may be left 
in place 

Some patients with struvite stones
Persons with spinal cord injury96

Catheterized patients while the catheter remains in situ96
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in such processes have been coagulase-negative 
staphylococci (eg, Staphylococcus epidermidis) or S 
aureus, but the incidence of Gram-negative patho-
gens has increased in patients utilizing disconnect 
systems. When caused by S aureus, a toxic shock–
like syndrome has been occasionally noted. The 
fi nding of �100 WBCs/mm3, of which at least 50% 
are polymorphonuclear neutrophils, is supportive 
of the diagnosis of peritonitis. Recent trends in the 
management of this infection have been affected 
by the emergence of vancomycin resistance, both 
in enterococci as well as in S aureus. Vancomycin 
use has infl uenced this resistance. In a review of 
vancomycin-intermediate S aureus, it was noted 
that of the fi rst 6 patients reported in the United 
States with this pathogen, all but 1 had had expo-
sure to dialysis for renal insuffi ciency, with the 
resultant potential for recurrent vancomycin use.109 
In recognition of the contribution of injudicious 
use of vancomycin to the development of vanco-
mycin resistance in Gram-positive organisms, the 
Advisory Committee on Peritonitis Management 
of the International Society for Peritoneal Dialysis 
recommended that traditional empiric therapy of 
catheter-associated peritonitis be changed from 
the regimen of vancomycin and gentamicin to a 
fi rst-generation cephalosporin (eg, cefazolin or 
cephalothin in a loading dose of 500 mg/L and a 
maintenance dose of 125 mg/L) in combination 
with an aminoglycoside.110 The committee stated 
further that modifi cations to this regimen could be 
made based on the organism isolated or on sensi-
tivity patterns. In its more recent iteration of rec-
ommendations for treatment of adult peritoneal 
dialysis-related peritonitis,111 the International 
Society for Peritoneal Dialysis suggested the sub-
stitution of ceftazidime for the aminoglycoside. 
Residual renal function is an independent predic-
tor of patient survival. It is especially noteworthy 
that use of any aminoglycoside,112 even when 
given for short periods, and the rate of peritoni-
tis113 are independent risk factors for the decline of 
residual renal function in patients using continu-
ous ambulatory peritoneal dialysis. A concern 
about ceftazidime is its risk of selecting resistant 
Gram-negative organisms, including those that 
produce type I β-lactamases or extended-spectrum 
β-lactamases.114 The role of empiric therapy with 
cefazolin has also been reported in potentially 
infected hemodialysis patients,115 with vancomycin 

being reserved for confi rmed resistant organ-
isms.116 Many episodes of catheter-associated 
peritonitis may be managed without removal of 
the catheter, but peritonitis that does not respond 
to antibiotic therapy and peritonitis associated 
with tunnel infections may be indications for 
catheter removal. Infection with Pseudomonas, a 
fungal pathogen, or mycobacteria often requires 
catheter removal for cure.117 Another entity that 
infl uences the decision for catheter removal is 
relapsing peritonitis, defi ned as an episode of 
peritonitis caused by the same genus/species 
that caused the immediately preceding episode, 
occurring within 4 weeks of completion of the 
antibiotic course. If no clinical response is noted 
after 96 h of therapy for relapsing peritonitis, 
catheter removal is indicated; if the patient 
responds clinically, but subsequently relapses an 
additional time, catheter removal and replace-
ment are recommended.111

Vascular Catheters 

Of the 200,000 nosocomial bloodstream infec-
tions that occur each year in the United States, 
most are related to different types of intravascular 
devices. The IDSA, the Society of Critical Care 
Medicine, and the Society for Healthcare Epide-
miology of America have recently published 
guidelines for management of intravascular cath-
eter–related infections.118 In their review, the fol-
lowing recommendations were made regarding 
blood cultures in cases of suspected catheter-
 associated bacteremia: (1) two sets of blood sam-
ples for culture, with a least one drawn 
percutaneously, should be obtained with a new 
episode of suspected central venous catheter–
related bloodstream infection; and (2) paired 
quantitative blood cultures or paired qualitative 
blood cultures with a continuously monitored dif-
ferential time to positivity should be collected for 
the diagnosis of catheter-related infection, espe-
cially when the long-term catheter cannot be 
removed. The recommendation regarding blood 
cultures noted in the preceding statement is dif-
ferent from those recommended in a recent New 
England Journal of Medicine review,119 in which it 
was stated that “Two cultures of blood from 
peripheral sites should be evaluated because it is 
diffi cult to determine whether a positive culture 
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of blood from a central venous catheter indicates 
contamination of the hub, catheter colonization, 
or a catheter-related bloodstream infection.” 
Quantitative blood cultures simultaneously 
obtained through a central venous catheter and a 
peripheral vein and demonstrating a fi ve- to 10-
fold increase in concentration of an organism in 
catheter blood compared with peripheral blood 
have been reported to correlate well with cathe-
ter-related infections; however, some studies have 
not supported such a correlation. For tunneled 
catheters, a quantitative culture of blood from the 
central venous catheter that yields at least 100 
cfu/mL may be diagnostic without a companion 
culture of a peripheral blood sample.120 A new 
diagnostic method has been made possible by 
continuous blood culture monitoring systems 
and compares the time to positive cultures of 
blood drawn from the catheter and from a periph-
eral vein. One study has shown a sensitivity of 
91% and a specifi city of 94% in determining cath-
eter-related infection when a blood culture drawn 
from a central venous catheter became positive at 
least 2 h earlier than the culture drawn from a 
peripheral vein.121 These data have most applica-
bility to tunneled catheters. 

Over the past two decades, the medical lit-
erature has proposed several predictors of sepsis 
from a catheter. Although Gram stain of material 
from the tip of a catheter may be helpful with 
diagnosis of local infection, it is signifi cantly less 
sensitive than quantitative methods. The most 
traditionally quoted study regarding predictors 
of catheter-related infection suggests that the 
presence of �15 colonies on a semiquantitative 
roll culture of the tip of a catheter or needle is 
most useful.122 Although such techniques are 
relied on at present to assist in the determination 
of an infected catheter, some data have suggested 
that the semiquantitative culture may not be pre-
dictive of clinical outcome. When compared with 
qualitative cultures, quantitative methods—which 
include either (1) fl ushing the segment with broth 
or (2) vortexing or sonicating the segment in broth, 
followed by serial dilutions and surface plating 
on blood agar—have greater specifi city in the 
identifi cation of catheter-related infections. In the 
recently published guidelines for management of 
intravascular catheter-related infections,104 the 
sensitivities of these three methods were listed as 

follows: sonication, 80%; roll plate method, 60%; 
and fl ush culture, 40 to 50%. 

A review of 51 English-language studies pub-
lished from 1966 to July 2004 studied the eight 
diagnostic methods that are most frequently used 
in clinical practice and for which performance data 
have been published: qualitative catheter segment 
culture, semiquantitative catheter segment culture 
(roll-plate method), or quantitative catheter seg-
ment culture, each combined with demonstrated 
concordance with results of concomitant blood 
cultures; qualitative blood culture drawn through 
an intravascular device (IVD); paired quantitative 
peripheral and IVD-drawn blood cultures; acri-
dine orange leukocyte cytospin testing of IVD-
drawn blood; and differential time to positivity of 
concomitant qualitative IVD-drawn and periph-
eral blood cultures (�2 h).123 In this analysis, paired 
quantitative blood culture was the most accurate 
test for diagnosis of IVD-related bloodstream 
infection. However, most other methods studied 
showed acceptable sensitivity and specifi city (both 
�0.75) and negative predictive value.

In the IDSA guidelines for the management 
of catheter-related infections, alternative routes of 
antibiotic administration were also discussed.118 
An important consideration is whether the infec-
tion is intraluminal or extraluminal. Catheters that 
have been in place for �2 weeks are most often 
infected extraluminally, whereas catheters in place 
for a longer duration were more likely to have 
intraluminal infection. Antibiotic solutions that 
contain the desired antimicrobial agent in a con-
centration of 1 to 5 mg/mL are usually mixed with 
50 to 100 U of heparin (or normal saline) and are 
installed or “locked” into the catheter lumen dur-
ing periods when the catheter is not used (eg, for a 
12-h period each night). The volume of installed 
antibiotic is removed before infusion of the next 
dose of an antibiotic or IV medication or solution, 
and the most often used duration of such therapy 
is 2 weeks. Summarized in this review are some 
reports of cure of patients with infected tunneled 
catheters who were treated with both parenteral 
and lock therapy.

Of the pathogens most characteristically iso-
lated as a complication of indwelling vascular cath-
eters, coagulase-negative staphylococci, S aureus, 
and Candida spp have been most frequently 
reported. In immunocompromised patients with 
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long-term indwelling catheters, Corynebacterium 
jeikeium and Bacillus spp are important, and nota-
bly both have vancomycin as the drug of choice 
for therapy. Gram-negative bacilli and atypical 
mycobacteria are also included as possible patho-
gens in this setting.

An important and common clinical question 
is whether a catheter-related intravascular infec-
tion can be cured with a long-term indwelling 
catheter left in place. The medical literature sug-
gests that catheter-related coagulase-negative 
staphylococcal bacteremia may be successfully 
treated without recurrence in up to 80% of patients 
whose catheters remained in place and who 
received antibiotics.124 In the 20% of patients who 
remained bacteremic while taking antibiotics with 
their catheters in place, metastatic infection was 
not a signifi cant problem. For patients with vas-
cular catheter-associated coagulase-negative 
staphylococcal bacteremia, the following recom-
mendations have been made:118 (1) if a central 
venous catheter is removed, appropriate systemic 
antibiotic therapy is recommended for 5 to 7 days; 
(2) if a nontunneled central venous catheter is 
retained and intraluminal infection is suspected, 
systemic antibiotic therapy for 10 to 14 days and 
antibiotic lock therapy are recommended; and (3) 
if a tunneled central venous catheter or an IVD is 
retained in patients with uncomplicated, catheter-
related, bloodstream infection, patients should be 
treated with systemic antibiotic therapy for 7 days 
and with antibiotic lock therapy for 14 days.

Although some authors have suggested that 
infections caused by S aureus in the setting of a vas-
cular catheter may respond to treatment with the 
catheter left in place, there are increasing reports of 
metastatic sites of infection by this organism when 
the catheter is not removed. As a result, it seems 
most prudent to remove the catheter when S aureus 
is isolated from the bloodstream.125 A scoring sys-
tem based on the presence or absence of four risk 
factors (community acquisition, skin examination 
fi ndings suggesting acute systemic infection, per-
sistent fever at 72 h, and positive follow-up blood 
culture results at 48 to 96 h) has been suggested 
as a means of clinically identifying complicated 
S aureus bacteremia.126 With this system, the stron-
gest predictor was a positive follow-up blood cul-
ture at 48 to 96 h. Because of the potentially 
devastating  complications that may occur when 

S aureus seeds heart valves or bone, the issue of 
duration of therapy for bacteremia due to this 
pathogen in catheter-associated bacteremia is 
exceedingly important. It is well accepted that 
individuals with endocarditis or osteomy elitis 
occurring as complications of metastatic S aureus 
infection should receive a prolonged course of par-
enteral antimicrobial therapy, with 6 weeks as the 
frequently stated duration in these settings. The 
duration of therapy for patients with S aureus 
bacteremia that is catheter-related may be similar 
to that for S aureus bacteremia due to a drainable 
focus. Discussed frequently in the medical litera-
ture, therapy for this clinical problem has not been 
defi nitively established by clinical trials.

Based on the available data, the most fre-
quently noted minimum duration of parenteral 
therapy in such settings is 2 weeks. However, 
before one makes the decision to limit parenteral 
therapy to this short course, all four of the follow-
ing criteria should probably be met: (1) there is 
removal of the intravascular catheter or drainage 
of the abscess that was presumed to be the source 
of the bacteremia; (2) the bacteremia is demon-
strated to promptly resolve with the removal or 
drainage; (3) there is prompt clinical response, 
including resolution of fever; and (4) heart valves 
are demonstrated to be normal. Some have sug-
gested that transesophageal echocardiography 
(TEE) may be a cost-effective means of stratifying 
patients with catheter-associated S aureus bactere-
mia to a specifi c duration of therapy.127 With infec-
tious disease consultation as one of the six 
components of the evaluation, it was suggested 
that a 7-day course of antibiotics may be appro-
priate for patients with what has been termed 
“simple bacteremia” with S aureus if all of the 
other criteria are met: (1) TEE on day 5 to 7 of ther-
apy was negative for both vegetations and pre-
disposing valvular abnormalities; (2) negative 
surveillance culture of blood obtained 2 to 4 days 
after beginning appropriate antibiotic therapy and 
removal of focus; (3) removable focus of infection; 
(4) clinical resolution (afebrile and no localizing 
complaints attributable to metastatic staphylococ-
cal infections within 72 h of initiating therapy and 
removal of focus); and (5) no indwelling prosthetic 
devices.128 Even in such settings, patients with dia-
betes mellitus may still be at an increased risk for 
developing S aureus endocarditis, and some experts 
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have suggested 4 weeks of therapy in this patient 
population even if heart valves are normal. 
Removal is suggested in the following settings of 
S aureus bacteremia: (1) nontunneled central vas-
cular catheters; and (2) tunneled central vascular 
catheters or IVDs when there is evidence of tun-
nel, pocket, or exit-site infection.118 In the recom-
mendations just cited, it was noted that tunneled 
central vascular catheters or IVDs with uncompli-
cated intraluminal infection and S aureus bactere-
mia should be removed or, in selected cases, 
retained and treated with appropriate systemic 
and antibiotic lock therapy for 14 days. For 
patients who remain febrile and/or have bactere-
mia for � 3 days after catheter removal and/or ini-
tiation of antibiotic therapy, a longer course of 
therapy and an aggressive workup for septic 
thrombosis and infective endocarditis should be 
instituted. Because the sensitivity of transthoracic 
echocardiography is low, it is not recommended 
for excluding a diagnosis of catheter-related endo-
carditis if TEE can be done.118 It is important to 
reiterate that not all of the recommendations listed 
in this discussion of S aureus bacteremia have been 
defi nitively validated by clinical trials. 

In a retrospective review of 51 patients with 
prosthetic heart valves in whom S aureus bacteremia 
developed, 26 (51%) had defi nite endocarditis using 
the modifi ed Duke criteria for the diagnosis of endo-
carditis.129 The risk of endocarditis was independent 
of the type, location, or age of the prosthetic valve. 
Because of the high mortality of prosthetic valve 
endocarditis, it has been recommended that all 
patients with a prosthetic valve in whom S aureus 
bacteremia develops should be aggressively 
screened and followed for endocarditis.129

Like S aureus and enterococci, Candida spp 
have a predilection to cause metastatic infection 
on heart valves and in bone when these organ-
isms are bloodborne. In addition to the complica-
tions of endocarditis and osteomyelitis, Candida 
may seed the retina of the eye to cause retinal 
abscesses that proliferate into the vitreous and 
result in the clinical entity of Candida endophthal-
mitis. Because of the signifi cant complications 
associated with candidemia, there are now two 
basic recommendations for patients with a posi-
tive blood culture for Candida: (1) the patient 
should receive a course of antifungal therapy130; 
and (2) intravascular lines should be removed.131

Risk factors cited for candidemia vary by 
reports, but the following is a representative list 
from international experts in the fi eld: antibiotics; 
indwelling catheters; hyperalimentation; cancer 
therapy; immunosuppressive therapy after organ 
transplantation; hospitalization in ICUs; candi-
duria; and colonization with Candida spp.132 

A clinical trial conducted by the Mycoses 
Study Group of the NIH compared amphotericin 
B with fl uconazole in the treatment of candidemia 
in nonneutropenic and nonimmunocompromised 
patients.133 In the 194 patients who had a single 
species of Candida isolated, 69% of the organisms 
were C albicans. The study concluded that fl ucon-
azole and amphotericin B were not signifi cantly 
different in their effectiveness in treating candi-
demia. Since that study was performed, there has 
been an increasing prevalence of non-albicans 
strains of Candida in the bloodborne isolates from 
certain hospitals, and some of these strains may 
not respond to traditional doses of fl uconazole. In 
their guidelines for the treatment of candidemia, 
the IDSA presented options for the treatment of 
candidemia based on the presence or absence of 
neutropenia.134 In nonneutropenic patients, fl uco-
nazole, amphotericin B, and caspofungin were 
offered as options for therapy. In neutropenic 
patients, amphotericin B, a lipid preparation of 
amphotericin B, or caspofungin were recom-
mended, with the absence of fl uconazole in this 
patient population acknowledging the role of 
azole exposure as a risk factor for non-albicans 
strains of Candida. In a trial comparing the echi-
nocandin caspofungin to amphotericin B in 
patients with Candida infection involving blood 
or another sterile body site, caspofungin was 
shown to be superior with signifi cantly fewer 
drug-related adverse events than in the ampho-
tericin B group.135 Because echinocandins are more 
likely to have activity against non-albicans strains 
of Candida, they are potentially useful in patients 
who have previously been exposed to azole ther-
apy or in whom empiric therapy is needed for 
presumed life-threatening fungal infection.

Other clinical situations for which catheter 
removal is necessary for cure of a catheter-related 
infection include the following: (1) bacteremia due 
to C jeikeium and Bacillus spp; (2) bacteremia with 
Gram-negative bacilli; (3) fungemia; (4) persistence 
of fever or bacteremia during therapy; (5) evidence 
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of tunnel infection; and (6) rapid relapse after treat-
ment. Currently available data do not support the 
need for scheduled replacement of short-term cen-
tral venous catheters, either by guidewire exchange 
or through insertion at a new site.136
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Objectives:

• Understand the mechanisms that govern the normal regula-
tion of heart rate

• Understand the forms of sinus node dysfunction and indi-
cations for pacemaker implantation

• Understand the forms of atrioventricular block and the 
indications for pacemaker implantation

• Understand the signifi cance of atrioventricular con-
duction disturbances complicating acute myocardial 
 infarction

Key words: atrioventricular block; bradycardia; chronotropic 
incompetence; myocardial infarction; pacemaker; sinus node 
dysfunction

Bradycardia Overview

All bradycardia is a consequence of the impair-
ment of sinus node function, atrioventricular 
(AV) block, or, occasionally, the combination of 
both processes. It is important to recognize that 
isolated sinus node dysfunction generally results 
only in severe symptomatic bradycardia in the 
setting of concomitant failure of normal subsid-
iary escape mechanisms usually at the level of 
the AV junction. Therefore, symptomatic sinus 
node dysfunction is usually a sign of an exten-
sive process affecting not only the sinus node but 
subsidiary escape mechanisms as well. Clinically 
signifi cant bradycardia or pauses may occur as a 
consequence of autonomic disturbances, the use 
of drugs, chronic intrinsic conduction system dis-
ease, or acute cardiac damage as might occur with 
endocarditis or infarction.

Normal Conduction System: Anatomy 
and Physiology

Heart rate is normally determined by the 
intrinsic automaticity of the sinus node. Although 
it is common to refer to the sinus node as a dis-
crete structure, it is in fact a large complex of 
pacemaker cells extending for several centimeters 

along the superior lateral right atrium extend-
ing downward from the superior vena cava atrial 
junction within the sulcus terminalis. Blood sup-
ply is derived from the sinus node artery, which 
arises from the proximal right coronary artery in 
65% of cases, from the distal circumfl ex artery in 
25% of cases, and both in the remainder of cases. 
Within this complex, the dominant pacemaker 
activity migrates depending on autonomic tone, 
with faster rates originating in the more superior 
portions of the complex and slower rates in more 
inferior portions.

Activation then proceeds through the right 
atrium to the AV node located in the low inter-
atrial septum adjacent to the tricuspid annulus. 
The AV node is also a complex structure with at 
least three preferential atrial insertions. The ante-
rior atrial insertion has a short conduction time 
and generally determines the normal AV conduc-
tion time in sinus rhythm. There are also poste-
rior right and left atrial insertions that have long 
conduction times and are important in mediating 
paroxysmal supraventricular tachycardia. The AV 
node derives its blood supply from the AV nodal 
artery, which is a branch of the proximal posterior 
descending artery that is supplied by the right 
coronary artery in the majority of patients.

Following entry into the AV node, conduction 
becomes electrocardiographically silent and pro-
ceeds to the His bundle through the fi brous annu-
lus and along the membranous septum before 
splitting into a leftward Purkinje branch, which 
ramifi es over the LV endocardium and rightward 
branch, which similarly ramifi es over the right 
ventricular endocardium. The leftward branch 
may be damaged proximally, resulting in full left 
bundle branch block or more distally in its ante-
rior or posterior divisions, resulting in fascicular 
hemiblock patterns. Only following the comple-
tion of AV node, His bundle, and Purkinje system 
activation does activity emerge from the conduc-
tion system and become electrocardiographically 
apparent with the onset of ventricular muscle 
activation and the QRS complex.

Bradycardias: Diagnosis and Management 

James A. Roth, MD
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Normal Autonomic Regulation of Heart Rate

Normal heart rate is a consequence of tonic 
and phasic autonomic modulation of intrinsic 
sinus node automaticity. The intrinsic heart rate 
in the absence of autonomic modulation ranges 
between 85 and 105 beats/min and is somewhat 
faster than normal resting heart rates. That the 
normal heart rate is slower than the intrinsic rate 
is a consequence of the dominance of parasym-
pathetic tone over adrenergic tone in the resting 
state. Based on a review of Holter recordings in 
a healthy population, normal resting heart rate 
ranges between 46 and 93 beats/min in men and 
51 to 95 beats/min in women.1 Based on this, it 
has been proposed that 50 to 90 beats/min is a 
clinically more accurate working defi nition of 
normal heart rate in adults than the traditional 60 
to 100 beats/min commonly used by consensus. 
However, heart rates well below these estimates 
may be seen in healthy subjects, especially during 
the hours of sleep. In athletes, a resting heart rate 
below 40 beats/min may be seen; nocturnal 
 second-degree AV block and sinus pauses are com-
mon and are related to autonomic adaptations. For 
these reasons, defi ning a cutoff value for patho-
logic bradycardia in the absence of symptoms is 
problematic in an otherwise healthy patient.

The maximum stress-induced heart rate is 
related to maximal sympathetic stimulation 
accompanied by the withdrawal of parasympa-
thetic tone. This is commonly estimated as HRMax = 
(220 – age), where HRMax is maximum heart rate. 
Because exercise entails both sympathetic stimu-
lation and simultaneous parasympathetic with-
drawal, age-predicted maximal heart rates are 
only observed when both arms of the autonomic 
nervous system are affected. As a consequence, 
the use of pharmacologic catecholamine stimu-
lation will result in modest tachycardia with the 
patient at rest. However, if parasympathetic tone 
is also reduced by autonomic dysfunction, physi-
ologic stress, or drug effects, the resultant tachy-
cardia from modest sympathetic stimulation can 
be more labile and dramatic.

Sinus Node Dysfunction

Sick sinus syndrome or, equivalently, sinus 
node dysfunction is a common clinical syndrome 

that increases in prevalence with age. Its preva-
lence is estimated at 1 in 600 patients over the age 
of 65 years, and it accounts for about half of all 
pacemaker implantations. Sinus node dysfunc-
tion is a consequence of the following two distinct 
processes: the failure of intrinsic automaticity; 
or the failure of the propagation of sinus node 
impulses to the surrounding atrial tissue, which 
is also referred to a sinus exit block.

Sinus node dysfunction presents clinically as 
one of the following several patterns: persistent or 
episodic sinus bradycardia; the inability to appro-
priately augment heart rate with exercise, usually 
referred to as chronotropic incompetence, and sinus 
pauses; or, commonly, a combination of these pat-
terns. It is important to recognize that the sinus 
node is at the top of a cascade of automaticity and 
is normally backed up by a competent AV junc-
tional escape mechanism. Therefore, severe symp-
toms due to sinus node dysfunction always imply 
both sinus node dysfunction and accompanying 
simultaneous failure of normal subsidiary escape 
mechanisms. In the presence of a competent 
escape, even severe sinus node dysfunction may 
be completely asymptomatic and clinically well 
tolerated, and may require no specifi c therapy.

Resting Sinus Bradycardia

As noted above, there is no set rate at which 
sinus bradycardia can be labeled as pathologic, 
but it is best defi ned as signifi cant bradycardia 
associated with symptoms that are plausibly 
attributable to bradycardia. Modest persistent 
bradycardia is often asymptomatic. When symp-
toms are present, they are commonly nonspecifi c 
ones, such as fatigue, listlessness, or dyspnea, 
making the attribution of symptoms to resting 
bradycardia diffi cult. Sinus bradycardia may also 
exacerbate congestive heart failure as well as limit 
the effective use of �-blocker therapy, which is 
one of the modern cornerstones of therapy. When 
inappropriate sinus bradycardia is persistent, 
especially when severe, plausible symptoms are 
present, and alternate causes of symptoms have 
been excluded, pacemaker implantation is rea-
sonable. Asymptomatic sinus bradycardia should 
rarely be treated with pacing unless the need for 
medical therapy expected to further exacerbate 
bradycardia is expected.
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Chronotropic Incompetence

Cardiac output during exercise is increased 
by both an augmentation in stroke volume and 
an increase in heart rate. If the rise in heart rate 
with exercise is inadequate, then exertional 
symptoms such as fatigue or dyspnea may 
ensue. As in the case of resting sinus bradycar-
dia, unless severe, the attribution of symptoms 
to chronotropic incompetence is diffi cult. Vari-
ous criteria for this condition have been pro-
posed, ranging from the inability to reach 85% of 
the age-predicted maximum heart rate (likely an 
excessively inclusive defi nition) to the inability 
to achieve a heart rate of �100 beats/min with 
exercise, which is a much more conservative 
defi nition. As is the case for resting sinus brady-
cardia, the decision to implant a pacemaker for 
chronotropic incompetence is a matter of judge-
ment more than criteria.

Sinus Pauses or Arrest: An abrupt failure of sinus 
node automaticity will result in a pause in atrial 
activity; P-waves will be absent; and, if of adequate 
duration and not accompanied by a competent 
escape mechanism, will result in abrupt symptoms. 
Pauses of �3 s are commonly seen in healthy sub-
jects and are rarely symptomatic. Pauses exceed-
ing 3 s and not occurring during sleep are often 
pathologic and may result in symptoms. Pauses 
associated with simultaneous symptoms, or the 
documentation of pauses of �3 s in the presence of 
a history of symptoms plausibly related to brady-
cardia are indications for pacemaker therapy.

Sinoatrial Exit Block

Bradycardia due to sinus node dysfunction 
may also result, not from the failure of automatic-
ity, but from the failure of propagation from the 
sinus node complex to the atrium. As sinus node 
activity is not apparent from a surface ECG, the 
diagnosis is made indirectly by the observation of 
an abrupt halving in sinus P-wave rate followed 
by an abrupt return of the baseline sinus rate. 
Although other patterns may be observed as well, 
a 2:1 exit block is the most common. Except for its 
intriguing physiology, the symptoms of and ther-
apy for sinoatrial exit block are identical to that 
of intermittent sinus bradycardia discussed in a 
previous section.

Bradycardia: Tachycardia Syndrome as a 
Consequence of Sinus Node Dysfunction

An additional common syndrome is the 
 bradycardia-tachycardia syndrome, constituting the 
presence of intermittent pathologic atrial arrhyth-
mias, most commonly intermittent atrial fi brilla-
tion, with concomitant sinus node dysfunction 
resulting in long pauses or symptomatic sinus 
bradycardia when the patient’s heart is in sinus 
rhythm. A common manifestation of this syn-
drome is a prolonged period of asystole follow-
ing the termination of atrial fi brillation due to the 
slow recovery of sinus node automaticity with 
resultant presyncope or syncope. The common 
combination of these two seemingly independent 
processes is in part a consequence of the high prev-
alence of both atrial fi brillation and sinus node 
dysfunction in the elderly, as well as the need to 
use potent drugs to decrease ventricular response 
during atrial fi brillation, which may result in 
unintended iatrogenic secondary sinus node dys-
function between periods of atrial arrhythmias. It 
has also been proposed, although it is unproven, 
that sinus bradycardia itself may promote atrial 
fi brillation. This form of bradycardia-tachycardia 
syndrome represents an important form of clini-
cal sinus node dysfunction and is a common indi-
cation for pacemaker implantation. This form of 
sinus node dysfunction should be distinguished 
from a common unrelated form of bradycardia-
tachycardia syndrome. This is the presence of 
chronic atrial fi brillation, as opposed to intermit-
tent atrial fi brillation, with periods of both rapid 
and slow ventricular response. This condition is 
often incorrectly referred to as sick sinus syndrome 
as well. However, in this syndrome, the atrium 
chronically fi brillates, and hence the sinus node 
has no infl uence on heart rate. Bradycardia in the 
presence of chronic atrial fi brillation is a conse-
quence of impaired AV conduction and is unre-
lated to sinus node dysfunction.

Primary and Secondary Causes of Sinus 
Node Dysfunction

Sinus node dysfunction may be primar-
ily related to intrinsic dysfunction of the sinus 
node complex, or secondarily related to extrinsic 
and transient causes of sinus node dysfunction. 
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 Intrinsic chronic dysfunction of the sinus node is 
rarely diffi cult to suspect and diagnose as sinus 
bradycardia; pauses are usually frequent, if not 
continuous, and are readily documented by moni-
toring or ambulatory recording even when the 
patient is asymptomatic. However, transient sinus 
pauses and bradycardia are frequently seen in the 
hospital setting as well as in patients with inter-
mittent symptoms such as syncope. Between such 
episodes, sinus node function behaves normally 
with normal resting heart rates and no apparent 
pauses. The most common factor causing such 
intermittent sinus node dysfunction is an auto-
nomic disturbance. In the ambulatory patient, the 
observation of intermittent pauses, severe brady-
cardia, or transient asystole associated with syn-
cope or presyncope with otherwise normal sinus 
node function between episodes is usually related 
to the syndrome of neurocardiogenic or vasovagal 
syncope. As this syndrome is common in otherwise 
healthy patients and has a favorable prognosis in 
the absence of pacing, it is important to recognize 
this syndrome. Often, the diagnosis is suggested 
by the relatively young age of the patient, recogniz-
ing that intrinsic sinus node dysfunction is mostly 
a disorder of the elderly. In addition, symptoms in 
this syndrome are due to a combination of vaso-
dilation and subsequent bradycardia, and often 
precede the development of bradycardia, exclud-
ing the bradycardia as a  primary cause of symp-
toms. At other times, symptoms may occur in the 
absence of or be out of proportion to the degree of 
bradycardia observed. Finally, profound noncar-
diac autonomic symptoms including dysphoria, 
nausea, and diaphoresis may accompany these 
episodes, suggesting an autonomic process and 
not primarily an arrhythmic process. The follow-
ing are ACC/AHA/NASPE guidelines for pace-
maker implantation in sinus node dysfunction.2 

Guidelines for Pacemaker 
Implantation in Sinus Node 
Dysfunction

Class I:   conditions for which there is evidence 
and/or general agreement that a given 
procedure or treatment is benefi cial, 
useful, and effective;

Class II:    conditions for which there is confl ict-
ing evidence and/or a divergence of 

   opinion about the usefulness/effi cacy 
of a procedure or  treatment;

Class IIA:  the weight of evidence/opinion is in 
favor of usefulness/effi cacy;

Class IIB:   usefulness/effi cacy is less well estab-
lished by evidence/opinion; and

Class III:    conditions for which there is evidence 
and/or general agreement that a proce-
dure/treatment is not useful/effective 
and in some cases may be harmful.

Recommendations for Permanent 
Pacing in Sinus Node Dysfunction

Class I

1. Sinus node dysfunction with documented 
symptomatic bradycardia; and

2. Symptomatic chronotropic incompetence.

Class IIA

1. Sinus node dysfunction occurring spontane-
ously or as a result of necessary drug therapy, 
with a heart rate of � 40 beats/min without asso-
ciation of symptoms with bradycardia; and

2. Syncope of unexplained origin when major 
abnormalities of sinus node function are discov-
ered or provoked in electrophysiologic studies.

Class IIB
In minimally symptomatic patients, the long-

term heart rate is �40 beats/min while awake.

Class III

1. Sinus node dysfunction in asymptomatic 
patients;

2. Sinus node dysfunction in patients with symp-
toms suggestive of bradycardia that are clearly 
documented as not associated with a slow heart 
rate; and

3. Sinus node dysfunction with symptomatic bra-
dycardia due to nonessential drug therapy.

AV Conduction Disturbances

Disturbances of AV conduction result in 
delay, or intermittent or persistent failure of AV 
conduction. The PR interval encapsulates three 
distinct phases of AV conduction. Although the 
individual components of AV conduction can be 
readily recorded by a His bundle catheter in an 
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 electrophysiology laboratory, the salient features 
of AV conduction disturbances can usually be 
elucidated by the careful interpretation of the sur-
face ECG without the need to resort to invasive 
recording techniques. The right atrial conduc-
tion time from the area of the sinus node where 
the P-wave begins to the region of the AV node 
occupies a short fi rst portion of the PR interval, 
usually no � 30 ms. As the atrial conduction time 
is short and does not change much over time in 
a given patient, it can conveniently be ignored 
when assessing AV conduction. The second por-
tion of the PR interval is the propagation time 
through the AV node itself, which is normally 
50 to 120 ms. The last component of the PR inter-
val is the time for propagation through the His 
bundle and bundle branches, which is typically 
30 to 55 ms. Although this last portion, constitut-
ing His-Purkinje conduction is short, it is the major 
prognostic component of AV conduction and 
hence is very important clinically. This last inter-
val, as it is the time from the onset of His bundle 
to the time of ventricular activation is commonly 
referred to as the HV interval.

First-Degree AV Block

First-degree AV block is defi ned as a PR inter-
val exceeding 0.2 s (or 200 ms) in the presence of 
otherwise preserved AV conduction. The presence 
of fi rst-degree AV block implies the presence of 
conduction delay in one of the components of AV 
conduction, usually at the level of the AV node or 
His-Purkinje System (ie, the infranodal conduction 
system). First-degree AV block is usually asymp-
tomatic but is a sign of the presence of AV conduc-
tion system disease and as such may be a diagnostic 
clue to the mechanism of intermittent symptoms 
undocumented by ECG in a patient with unex-
plained syncope. Rarely, fi rst-degree AV block alone 
may exacerbate heart failure due to the maladap-
tive timing of atrial contraction relative to the onset 
of ventricular systole. The use of conventional AV 
pacing to rectify this problem has been attempted 
but has generally been unrewarding. This is likely 
due to the adverse hemodynamic consequences of 
pacing the right ventricle in a patient with preex-
isting congestive heart failure. The development of 
biventricular pacing has addressed this potential 
issue and may be appropriate when dual-chamber 

pacing is undertaken for the purpose of fi rst-degree 
AV block in the setting of congestive heart failure.

Second-Degree AV Block

Second-degree AV block is defi ned as the inter-
mittent failure of AV conduction with interspersed 
periods of intact AV conduction. Second-degree AV 
block may be seen commonly in athletes with high 
parasympathetic tone and resting sinus bradycar-
dia as well as during hours of sleep, and is hence 
not, in and of itself, an indication of the presence 
of AV conduction system disease. Second-degree 
AV block may be asymptomatic or associated with 
mild symptoms such as palpitations, or, if result-
ing in protracted pauses or persistent bradycardia, 
may result in hemodynamic symptoms including 
lightheadedness, syncope, and fatigue. AV block 
at the level of the AV node is usually indolent and 
gradually progressive. Because of stable junctional 
escape mechanisms that are associated with pro-
gression to complete heart block at the level of the 
AV node, second-degree AV block at the level of 
the AV node tends to have a benign prognosis and 
in the absence of symptoms can be followed up 
safely without intervention. By contrast, a block in 
the infranodal conduction system composed of the 
His bundle and bundle branches can be malignant 
with a tendency to progress abruptly and unpre-
dictably to higher degrees of AV block accom-
panied by unstable or absent subsidiary escape 
mechanisms. Once symptomatic, infranodal block 
may progress to complete heart block and in some 
cases sudden death. Despite its malignant nature, 
sudden cardiac death is rarely attributable to com-
plete heart block, suggesting that most patients 
will present with symptoms permitting interven-
tion before progression to sudden death. Because 
of the profound difference in the natural history 
of second-degree AV block at the AV nodal vs 
infranodal levels, the major clinical task in evalu-
ating patients with second-degree AV block is to 
establish the probable level of block. In this regard, 
the surface ECG and pattern of the block are use-
ful in establishing the probable level of block.

Mobitz I AV Block

Also referred to as Wenkebach block, Mobitz I AV 
block is defi ned as a progressive prolongation in 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



80 Bradycardias: Diagnosis and Management (Roth)

PR interval prior to the development of AV block, 
usually for one cycle, followed by the recovery of 
conduction with a return to baseline PR interval. 
As the degree of prolongation of the PR interval is 
less with each successive beat before block, the RR 
intervals actually tend to paradoxically shorten in 
the fi nal beats before block. Mobitz I AV block is 
almost always associated with block at the level 
of the AV node. But very rarely this pattern can be 
seen with advanced infranodal disease in the His 
and bundle branches. As the block is at the level 
of the AV node, infranodal conduction is com-
monly normal and is associated with a narrow 
conducted QRS complex. In ambiguous cases, 
other clues may be helpful. As AV node function 
is improved with exercise, Mobitz I block tends to 
normalizes with activity and return at rest. Sec-
ond-degree block at the level of the AV node is 
improved with the use of atropine and is exacer-
bated by carotid sinus massage. If associated with 
periods of complete heart block, block at the level 
of the AV node is associated with a junctional 
escape with a QRS morphology similar to that in 
conducted sinus rhythm.

Mobitz II AV Block

Mobitz II AV block is defi ned as the intermit-
tent failure of AV conduction during stable atrial 
rates without antecedent PR prolongation fol-
lowed by the recovery of AV conduction. Mob-
itz II AV block is always a sign of block in the 
infranodal tissues including the His bundle and 
bundle branches. Whereas infranodal block may 
rarely display Mobitz I/Wenkebach periodicity, it 
is generally held that AV block at the level of the 
AV node never results in true Mobitz II AV block. 
Therefore, the fi nding of Mobitz II AV block is 
always reason for concern. Although Mobitz II 
AV block may result from block in either the His 
bundle or subsidiary bundle branches, block at 
the level of the His bundle is rare, and, in prac-
tice, the vast preponderance of cases of Mobitz II 
AV block is due to intermittent conduction failure 
within the main bundle branches or the hemifas-
cicles of the left bundle. In order for intermittent 
failure of conduction in a bundle branch or hemi-
fascicle to result in AV block, it is also necessary 
to have fi xed block in all the remaining branches 
antecedent to the intermittent failure resulting in 

block. For example, for intermittent failure in the 
right bundle to result in second-degree AV block, 
the patient must already have a full left bundle 
branch block present between episodes of block. 
As a consequence, patients with Mobitz II AV 
block will generally display a wide conducted 
QRS complex between episodes of second-degree 
AV block. In ambiguous cases, other clues may 
be helpful. As infranodal function improves rela-
tively little with exercise, infranodal block tends 
to worsen with increasing heart rates associated 
with exercise or stress. Atropine therapy is not 
helpful for the treatment of infranodal block, and 
because it may accelerate sinus rates, it may cause 
a patient to progress to higher degrees of AV block 
with a consequent decrease in conducted ven-
tricular rate. Therapy with catecholamines may 
be helpful but should not be relied on. Because of 
its malignant potential, hemodynamically signifi -
cant Mobitz II AV block should be addressed with 
early temporary or permanent pacing.

2:1 and High-Degree AV Block

2:1 AV block is defi ned as conduction of every 
other P wave. This pattern is most commonly 
seen with infranodal block in the His bundle or 
bundle branches. However, as two consecutive 
conducted P-waves are not available to assess 
Mobitz pattern, 2:1 AV block is neither Mobitz I 
nor Mobitz II. High-degree AV block is defi ned 
as second-degree AV block with conduction fail-
ure of two or more consecutive P-waves. Again, 
high-degree AV block is neither Mobitz I nor 
Mobitz II. Although Mobitz periodicity cannot be 
assigned, like other forms of second-degree AV 
block, the level of block may still be established to 
assess prognosis and guide therapy. In this case, 
the ancillary clues described above under Mobitz 
block remain useful.

Third-Degree AV Block

Third-degree AV block, or, equivalently, com-
plete heart block, is defi ned as the complete failure 
of AV conduction. In the presence of underlying 
sinus rhythm, this is defi ned as an atrial rate that 
is faster than the ventricular rate associated with 
AV dissociation. However, when the underly-
ing rhythm is atrial fi brillation, the defi nition of 
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complete heart block cannot rely on the demon-
stration of AV dissociation. As conducted atrial 
fi brillation always results in an irregular ventricu-
lar response, the fi nding of a regular and a slow 
ventricular response during atrial fi brillation 
implies the presence of associated complete heart 
block. As is the case for second-degree AV block, 
the level of block determines the clinical behavior 
and prognosis of complete heart block. Complete 
heart block at the level of the AV node is associ-
ated with a generally stable junctional escape 
with heart rates between 40 and 50 beats/min and 
usually a narrow QRS complex. If the patient had 
an antecedent bundle branch block prior to the 
development of complete heart block, block at the 
level of the AV node would be associated with a 
wide QRS escape identical to the conducted QRS 
complex prior to the development of the block. 
By contrast, complete heart block at an infranodal 
level is associated with a wide and slow ventricu-
lar escape, often slower than 40 beats/min with a 
QRS complex that is different from the antecedent 
conducted morphology. Unfortunately, infranodal 
escape rhythms may be absent entirely, leading to 
the troubling observation of consecutive P-waves 
alone with accompanying asystole and loss of 
consciousness. When infranodal complete heart 
block is suspected, regardless of the toleration of 
the ventricular escape rhythm, the prompt institu-
tion of either temporary or permanent ventricular 
pacing is mandatory. Whereas a junctional escape 
may be quite reliable and trustworthy, a ventricular 
escape rhythm, no matter how seemingly benign 
and well tolerated, should not be relied on. The 
following are ACC/AHA/NASPE guidelines for 
pacemaker implantation in acquired AV block. 

Recommendations for Permanent 
Pacing in Acquired AV Block in Adults

Class I

1. Third-degree and advanced second-degree AV 
block at any anatomic level, associated with 
any one of the following conditions;

2. Bradycardia with symptoms presumed to be 
due to AV block;

3. Arrhythmias and other medical conditions 
that require drugs that result in symptomatic 
 bradycardia;

4. Documented periods of asystole of �3.0 s or 
any escape rate of �40 beats/min in awake, 
 symptom-free patients;

5. After catheter ablation of the AV junction;
6. Postoperative AV block that is not expected to 

resolve after cardiac surgery;
7. Neuromuscular diseases with AV block; and
8. Second-degree AV block regardless of the type 

or site of the block, with associated symptom-
atic bradycardia.

Class IIA

1. Asymptomatic third-degree AV block at any 
anatomic site with average awake ventricular 
rates of �40 beats/min, especially if cardio-
megaly or LV dysfunction is present;

2. Asymptomatic type II second-degree AV 
block with a narrow QRS complex. When 
type II  second-degree AV block occurs with a 
wide QRS complex, pacing becomes a class I 
 recommendation;

3. Asymptomatic type I second-degree AV block 
at intra-His or infra-His levels found on elec-
trophysiologic study performed for other indi-
cations; and

4. First-degree or second-degree AV block with 
symptoms similar to those of pacemaker 
 syndrome.

Class IIB

1. Marked fi rst-degree AV block (�0.30 s) in 
patients with LV dysfunction and symptoms of 
congestive heart failure in whom a shorter AV 
interval results in hemodynamic improvement, 
presumably by decreasing left atrial  fi lling 
pressure; and

2. Neuromuscular diseases with any degree of AV 
block (including fi rst-degree AV block), with or 
without symptoms, because there may be an 
unpredictable progression of AV conduction 
disease.

Class III

1. Asymptomatic fi rst-degree AV block;
2. Asymptomatic type I second-degree AV block 

at the supra-His level (AV node) or not known 
to be at intra-His or infra-His level; and

3. AV block expected to resolve and/or unlikely 
to recur (eg, drug toxicity, Lyme disease, or 
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during hypoxia in sleep apnea syndrome in the 
absence of symptoms).

Sinus Bradycardia and AV Block 
Complicating Acute Myocardial 
Infarction

Sinus bradycardia occurs frequently, consti-
tuting 30% to 40% of acute myocardial infarc-
tion (AMI)-associated cardiac arrhythmias. Heart 
block may develop in approximately 6 to 14% of 
patients with ST-segment elevation myocardial 
infarction (STEMI). Intraventricular conduction 
delay has been reported in about 10 to 20% of 
patients with STEMI in past reviews. The devel-
opment of AV and intraventricular blocks during 
STEMI is generally related to the extent of the 
ischemic/infarcted segment. As such, AV block 
predicts an increased risk of in-hospital mortal-
ity but is less predictive of long-term mortality 
in those who survive to hospital discharge. In the 
acute reperfusion era, the risk of developing heart 
block has decreased.3

AMI may result in transient dysfunction as 
well as persistent dysfunction of the AV conduc-
tion system. Block may occur due to infarction or 
ischemia of the AV node and the infranodal con-
duction system including the bundle branches. 
Transient bradycardia may also occur due to 
hypervagotonia, especially during infarction 
involving the inferior and posterior walls of the 
LV. As myocardial infarction is an acute event 
where transient changes may occur, the decision 
regarding the institution of long-term pacing vs 
simple monitoring with our without short-term 
temporary pacing arises. As is the case with other 
causes of AV block, prognosis and management 
are related to the presence of symptoms and the 
level of the block.

Acute inferior wall infarction may spare the AV 
node entirely if due to occlusion within the poste-
rior descending artery. However, more proximal 
occlusion of the right coronary artery (or circum-
fl ex artery in the minority of patients with a left-
dominant circulation) will involve the AV nodal 
artery and may result in complete heart block at 
the level of the AV node. Such block is often well 
tolerated, may be responsive to atropine therapy, 
and my be associated with a stable escape rhythm; 

in the vast majority of patients, it will resolve over 
time following infarction and not require perma-
nent pacing. Temporary pacing is only required 
in the presence of hemodynamic compromise 
related to bradycardia. With the recovery of AV 
conduction after the acute phase of infarction, the 
long-term prognosis is excellent, and recurrent 
AV block does not tend to occur.

Acute anterior wall infarction due to occlu-
sion within the left anterior descending coronary 
artery may result in septal infarction and associ-
ated damage to the branches of the infranodal 
conduction system. The risk of developing AV 
block is highest when there is new bilateral bundle 
branch involvement such as right bundle branch 
block with an associated left hemiblock. New 
bundle branch block presents a higher risk than 
the presence of old preexisting bundle branch 
block. Before the era of readily available trans-
cutaneous pacing, these fi ndings in the setting 
of acute anterior wall infarction were indications 
for prophylactic temporary pacing. In the current 
era, the ready availability of transcutaneous pac-
ing has made the need for prophylactic pacing in 
the absence of  second-degree or third-degree AV 
block during the acute phase of infarction less of 
an issue in such patients. However, even transient 
second-degree or third-degree infranodal AV block 
with an associated bundle branch block presents 
both a short-term risk as well as a long-term risk 
of progression to complete heart block. Therefore, 
unlike the case with block at the level of the AV 
node complicating inferior wall infarction, even 
transient infranodal block complicating anterior 
infarction is an indication for long-term perma-
nent pacing, which should be instituted before 
hospital discharge. The following are ACC/AHA 
guidelines for pacemaker implantation following 
the acute phase of myocardial infarction.3

Recommendations for Permanent 
Pacing After the Acute Phase of 
Myocardial Infarction

Class I

1. Persistent second-degree AV block in the His-
Purkinje system with bilateral bundle branch 
block or third-degree AV block within or below 
the His-Purkinje system after AMI;
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2. Transient advanced (second-degree or third-
degree) infranodal AV block and associated 
bundle branch block; and

3. Persistent and symptomatic second-degree or 
third-degree AV block.

Class IIB
Persistent second-degree or third-degree AV 

block at the AV node level.

Class III

1. Transient AV block in the absence of intraven-
tricular conduction defects;

2. Transient AV block in the presence of isolated 
left anterior fascicular block;

3. Acquired left anterior fascicular block in the 
absence of AV block; and

4. Persistent fi rst-degree AV block in the presence 
of bundle branch block that is old or age inde-
terminate.

Summary and Conclusions

All instances of bradycardia are a consequence 
of the impairment of sinus node function, of AV 
conduction, or both. Sinus and AV nodal func-
tion are strongly infl uenced by autonomic tone. 
Parasympathetic tone dominates at rest, and sig-
nifi cant bradycardia as well as second-degree AV 
block may be observed in healthy subjects due 
to increased parasympathetic tone, especially 
during sleep or in the setting of athletic training. 
Clinical sinus node dysfunction presents as one 
of several syndromes, including sinus bradycar-
dia, chronotropic incompetence, exit block, and 
bradycardia-tachycardia syndrome due to sinus 
pauses and bradycardia when concomitant atrial 
arrhythmias terminate to sinus rhythm.

AV conduction disturbances may occur at 
the AV nodal level or infranodal level. Block 
at the level of the AV node tends to be indolent 
and characterized by gradual progression, and 
competent subsidiary escapes usually protect 
the patient from catastrophic bradycardia. This 
permits asymptomatic patients to be followed 
up clinically for the development of symptoms 
before intervention. By contrast, second-degree 
or third-degree infranodal block at the level of the 
bundle branches is potentially malignant, is often 
not accompanied by stable escape mechanisms, 

and, if not managed aggressively, can eventuate 
in sudden death. Clues to an infranodal level of 
block are Mobitz II periodicity, associated bun-
dle branch block, worsening heart block with 
tachycardia or exercise, and a wide QRS escape 
rhythm that is different from the conducted QRS 
in the presence of high-degree or third-degree AV 
block.

Sinus bradycardia and heart block occur-
ring in the setting of AMI have a natural his-
tory related to the location of the infarction and 
the natural evolution of acute infarction. Inferior 
infarction commonly results in sinus bradycardia 
and impairment of AV conduction at the level of 
the AV node. These processes tend to be well tol-
erated and usually resolve following infarction. 
By contrast, anterior infarction may affect the 
infranodal conduction system at the level of the 
bundle branches. Even transient second-degree or 
third-degree block associated with anterior infarc-
tion and bundle branch block is associated with a 
high risk of future progression as well as death, 
and pacemaker implantation is indicated even if 
the block appears to have resolved before hospital 
discharge.

References

1.  Spodick DH. Normal sinus heart rate: appropriate 
rate thresholds for sinus tachycardia and bradycar-
dia. South Med J 1996; 89:666–667

2.  Gregoratos G, Abrams J, Epstein AE, et al. ACC/
AHA/NASPE 2002 guideline update for implan-
tation of cardiac pacemakers and antiarrhythmia 
devices: a report of the American College of Cardi-
ology/American Heart Association Task Force on 
Practice Guidelines (ACC/AHA/NASPE Commit-
tee on Pacemaker Implantation); 2002. Available at: 
http://www.acc.org/qualityandscience/clinical/
guidelines/pacemaker/incorporated/index.htm. 
Accessed March 10, 2007

3.  Antman EM, Anbe DT, Armstrong PW, et al. ACC/
AHA guidelines for the management of patients 
with ST-elevation myocardial infarction: executive 
summary: a report of the ACC/AHA Task Force on 
Practice Guidelines (Committee to Revise the 1999 
Guidelines on the Management of Patients With 
Acute Myocardial Infarction). J Am Coll Cardiol 
2004; 44:671–719 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



Notes

84 Bradycardias: Diagnosis and Management (Roth)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 85

Objectives:

• Clinically distinguish upper from lower GI hemorrhage
• Defi ne the common etiologies of GI hemorrhage occurring 

in the ICU
• Develop strategies for rapid diagnosis and management 

for both upper and lower GI hemorrhage
• Discuss prophylactic regimens for prevention of GI hemor-

rhage
• Compare therapeutic options for treatment of GI 

 hemorrhage

Key words: angiography; diverticulosis coli; endoscopy; GI 
hemorrhage; hematemesis; hematochezia; melena; nonsteroi-
dal antiinfl ammatory drugs; peptic ulcer disease; resuscitation; 
varices 

Upper GI Hemorrhage

Upper GI (UGI) hemorrhage accounts for 0.1 to 
1% of all admissions to the hospital, occurs twice 
as frequently in men, is more common in the 
elderly, and remains a signifi cant cause of ICU 
morbidity and mortality. For unknown reasons, 
UGI bleeding from peptic ulcer disease is more 
common during the winter months. The current 
mortality rate from transfusion-requiring hemor-
rhage ranges from 5 to 15%. The mortality rate 
increases with age; hemodynamic instability; 
volume of transfusion requirement (� 6 U packed 
RBCs [pRBCs]); evidence of organ dysfunction, 
particularly renal failure; underlying cardiopul-
monary disease; and underlying liver disease. 
The risk of death increases threefold if the patient 
is already hospitalized at the time of the initial 
bleed. The following three principles underline 
management: volume and blood product resus-
citation; emergent endoscopy for diagnosis; and 
prompt defi nition and institution of therapy tar-
geted to the underlying etiology. Surgical consul-
tation should be obtained in the early stages of 
resuscitation and evaluation.

Case Presentation 1

A 48-year-old woman experienced sudden 
hematemesis at work while performing her usual 
secretarial duties. She was noted by coworkers to 
be pale, diaphoretic, and faint. Emergency medical 
technicians started peripheral IV lines and admin-
istered saline solution. On arrival at the emer-
gency department, she was alert and oriented, 
pale, with a BP of 95/55, a pulse of 120 beats/min, 
a respiratory rate of 22 breaths/min, and a tem-
perature of 37°C. She passed a melenic stool, and 
examination revealed only a few scattered spider 
telangiectasias with mild hepatosplenomegaly. 
Two units of pRBCs were infused and a  nasogastric 
(NG) tube was placed revealing dark blood with 
clots in the stomach; the patient was admitted to 
the medical ICU. She described the recent use of 
ibuprofen for headaches but denied alcohol use 
or any knowledge of underlying liver disease. 
Her medical history was unremarkable except for 
the receipt of a blood transfusion at age 23 years 
for postpartum hemorrhage.

Resuscitation

The initial assessment of severity of bleeding 
requires a critical evaluation of vital signs. Hema-
tocrit is not a reliable indicator of the degree of 
hemorrhage because it does not decrease imme-
diately with acute bleeding. The decrease in 
hematocrit that occurs with bleeding is due to the 
reequilibration of body fl uid and may take 24 to 
72 h to manifest. The patient who has sustained 
a UGI hemorrhage typically exhibits features of 
hypovolemia or hypovolemic shock.

Immediate measures are focused at restoring 
intravascular volume and maintaining tissue oxy-
genation. Two large-bore indwelling IV catheters 
should be placed early in the resuscitation effort, 
and BP should be immediately corrected with a 
bolus infusion of normal saline solution. The ideal 
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hematocrit guiding the transfusion of blood or 
pRBCs is somewhat controversial, although most 
investigators have recommended a target hema-
tocrit of 25 to 30%. Because elderly patients (ie, 
age > 60 years) and those patients with underly-
ing cardiovascular disease are prone to myocar-
dial infarction during signifi cant GI hemorrhage, 
a higher target hematocrit may be recommended 
for these populations. The determination of hema-
tocrit/hemoglobin from the sampling if periph-
eral venous blood is preferable to use of portable 
bedside hemoglobin monitoring using capillary 
blood.

Oxygen delivery to tissues is ensured by vol-
ume replacement to restore BP, the maintenance of 
RBC volume to restore oxygen-carrying capacity, 
and the administration of nasal oxygen to satu-
rate the carrying capacity of the blood. Coagulo-
pathic patients may require platelets, fresh-frozen 
plasma, or cryoprecipitate (to replace fi brino-
gen). Calcium infusion may be required in those 
patients receiving massive units of citrate-treated 
stored blood since citrate may chelate calcium and 
lower its plasma concentration.

During resuscitative efforts, the patient should 
be evaluated for underlying organ dysfunction 
due to the hemorrhage and examined for the 
presence of chronic liver disease. Lactic acidosis, 
renal failure, myocardial ischemia and infarction, 
bowel ischemia, cerebral ischemia, and limb isch-
emia may all complicate hemorrhagic shock. UGI 
hemorrhage in the setting of chronic liver disease 
is related to portal hypertension in approximately 
50% of cases (varices or portal hypertensive gas-
tropathy). Management is infl uenced signifi cantly 
by the presence of underlying chronic liver dis-
ease and its etiology.

Etiology

The causes of UGI bleeding are given in 
Table 1. Endoscopy or radiologic imaging is 
required to establish the cause of bleeding. The 
most common etiology is duodenal ulcer dis-
ease, representing 30 to 35% of all cases of UGI 
bleeding. Bleeding from gastric ulcers is the next 
most common diagnosis, followed by Mallory-
Weiss lesions, portal hypertensive gastropathy, 
and varices. However, a wide array of conditions 
may present with UGI hemorrhage.

Nonsteroidal Antiinfl ammatory Drugs 
and Risk of Bleeding

The risk of bleeding with use of nonselective 
nonsteroidal antiinfl ammatory drugs (NSAIDs) 
is approximately 0.5% after 6 months of ongo-
ing treatment. Risk increases with age, history of 
ulcer disease, and history of cardiovascular dis-
ease, and is related to the dose of NSAID. Risk is 
reduced, but not eliminated, by the use of the more 
selective cyclooxygense-2 inhibitors (eg, celecoxib 
and rofecoxib). The coadministration of nonse-
lective NSAIDs to patients receiving steroids or 
anticoagulation therapy (eg, heparin or warfarin) 
increases the relative risk of bleeding up to 12-fold. 
Helicobacter pylori, although proven to increase the 
risk for ulcer disease, is not an independent risk 
factor for UGI bleeding. ICU patients who have 
experienced UGI hemorrhage may have a higher 

Table 1. Causes of UGI Hemorrhage

Site % of All UGI Bleeds

Esophageal
Varices 10
Erosive esophagitis 2
Mallory-Weiss lesion 5–15
Medication-induced ulceration � 1
Caustic ingestion � 1
Infectious esophagitis � 1

Herpes
CMV
HIV
Candida infection

Carcinoma � 1
Gastric

Peptic lesions 15–20
Gastric ulcer
Gastritis
NSAID ulcers

Dieulafoy lesion � 1
Varices 1–3
Portal hypertensive gastropathy 10–15
Vascular malformations � 1
Neoplastic lesions � 1

Carcinoma
Lymphoma
Leiomyoma

Duodenal
Peptic ulcer 30–35
Vascular malformation � 1
Aortoenteric fi stula � 1
Hemobilia � 1
Hemosuccus pancreatitis � 1
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prevalence of H pylori. A number of studies have 
demonstrated the effectiveness of proton pump 
inhibitors (PPIs) for preventing gastroduodenal 
ulcers in patients receiving NSAIDs.

Diagnosis

The initial fi ndings of a physical examination 
may be useful in providing clues to the location 
of the bleeding lesion in the GI tract. The evalua-
tion of vital signs, an abdominal examination, and 
the appearance of the bowel movement may local-
ize the bleeding site. A patient passing bright red 
blood via the rectum with stable vital signs and 
a benign abdomen is most likely bleeding from a 
lower, left-sided colonic lesion. A hemodynami-
cally stable patient passing purplish clots and 
darker blood may be bleeding from the right colon 
or small bowel. Mild-to-moderate UGI bleeding is 
characterized by loose, black bowel movements 
(melena). The development of melena requires a 
minimum bleed of �100 mL and prolonged resi-
dence in the gut (�12 h). Massive bleeding from 
varices or an artery in an ulcer base, is often char-
acterized by hemodynamic instability or shock, 
and hematemesis. With brisk bleeding from a UGI 
source (�1,000 mL), one may observe the passage 
of red blood via the rectum; almost always mixed 
with darker blood or clots and characterized by 
hypotension. Approximately 5 to 15% of cases, ini-
tially thought to be bleeding from a lower GI (LGI) 
source, are actually bleeding from a UGI source.

NG tubes can be helpful diagnostically in 
some cases, but hemoccult testing of aspirates is 
not useful and not recommended. If the aspirate 
lacks blood and contains bile, a UGI source for 
ongoing active bleeding is less likely. However, 
16% of UGI bleeds from duodenal ulcer disease 
are associated with a clear NG aspirate. The major 
role for NG tubes is to allow lavage and the clear-
ance of blood from the stomach for the purpose of 
performing endoscopy or other diagnostic stud-
ies. Other clues to a UGI source are the elevation 
of BUN levels, hyperactive bowel sounds, and 
physical fi ndings (eg, spider telangiectasias, jaun-
dice, hepatosplenomegaly, acanthosis nigricans, 
pigmented lip lesions, and palpable purpura). 
Some gastroenterologists also use the NG tube to 
assess the patient for activity of ongoing bleeding 
and to determine prognosis. A patient admitted 

to the hospital for melena, who has a clear NG 
aspirate, has a predicted mortality rate of �5%. In 
contrast, a patient admitted to the hospital with 
hematochezia, who has a red NG aspirate, has a 
predicted mortality rate of approximately 30%. A 
recent analysis of ICU mortality (Mortality Prob-
ability Model, MPM0-III) indicated that ICU mor-
tality related to GI hemorrhage has diminished in 
recent years.

Emergent endoscopy, after resuscitation of the 
patient and the clearance of blood and clots from 
the stomach, is indicated for nearly all acute UGI 
bleeders. Not only is endoscopy diagnostic in 
> 90% of cases, it can also be used to provide defi ni-
tive therapy (eg, variceal ligation or sclerotherapy, 
electrocautery, alcohol or sclerosant injection, and 
biopsy for H pylori, which in some cases may lead 
to antibiotic treatment). In addition, endoscopy is 
useful in identifying patients who are at high risk 
of rebleeding and may benefi t from early surgical 
intervention (eg, a visible vessel not responding 
to endoscopic management, giant ulcer, diffuse 
hemorrhagic gastritis, or miscellaneous lesions) 
(Table 2).

Case 1 (Continued)

Our patient underwent endoscopy, which 
revealed esophageal varices with stigmata of 
a recent hemorrhage (ie, cherry red spot over a 
varix) and minimal erosive gastritis. She was 
treated with endoscopic ligation of the varices, 
had no further bleeding, and was discharged from 
the hospital 72 h after admission. Subsequent 

Table 2. Prediction of Outcome After Upper Gastrointestinal 
Bleed From Peptic Lesions

Increased risk of mortality is associated with
Age > 60 yr
Hemodynamic instability with initial bleed
 Onset of bleeding during hospitalization for unrelated co-

morbid condition
History of cancer
Underlying comorbid conditions
Endoscopic fi nding of giant ulcer
Endoscopic fi nding of visible vessel in base of ulcer

Endoscopic features predictive of rebleeding
Spurting artery (actively bleeding)
Nonbleeding but elevated visible vessel
Adherent clot
Flat cherry red or black spot with oozing
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evaluation revealed cirrhosis due to chronic hepa-
titis C. Varices were eradicated by repeated liga-
tion treatments, and she underwent evaluation 
for liver transplantation.

Imaging studies may also be useful in local-
izing a bleeding source. If endoscopic studies are 
nondiagnostic and bleeding persists, a nuclear 
medicine 99mTc-RBC scan may indicate the site of 
bleeding. This scan is more sensitive than angiog-
raphy, and when sequential scans are performed 
the bleeding site may be localized in 60 to 80% 
of cases. Although the scan can localize bleeding 
to a site in the bowel, etiology is rarely, if ever, 
defi ned from this study. Angiography is used in 
patients with higher bleeding rates and may be 
therapeutic if embolization of the bleeding site 
is performed. Angiography can be diagnostic for 
vascular lesions of the bowel. A Meckel scan (with 
technetium pertechnetate) is usually performed 
only after all other studies have failed to provide 
a diagnosis. Barium studies are not recommended 
in the initial evaluation of UGI bleeding.

Specifi c Therapeutic Approaches

Peptic Lesions

Bleeding from peptic lesions of the UGI tract 
is treated as follows:

1.  Gastric acid suppression (PPIs are favored 
over H2-blockers but are not effective in the 
setting of active bleeding). High-dose antise-
cretory therapy (IV PPIs) signifi cantly decrease 
the risk of rebleeding in patients with bleeding 
ulcers. Both H2-blockers and PPIs are prefer-
able to sucralfate.

2.  Octreotide, a 50-μg bolus followed by 50 μg/h 
infusion. The use of octreotide for this indica-
tion is controversial, but some studies have 
suggested that the rebleeding rate is reduced 
by 30 to 50%.

3. Correction of coagulopathy.
4.  Therapeutic endoscopy (ie, electrocautery and 

injection of sclerosant). The effectiveness of 
endoscopic therapy is limited by arterial size. 
Arterial bleeders with a diameter of �2 mm 
usually do not respond to therapy and require 
surgery. Rebleeding after initial control with 
endoscopic treatment is best managed by 
repeat endoscopic therapy or radiologic inter-
vention. Surgery is only necessary in approxi-
mately 10% of rebleeds.

5.  Surgery for those patients who do not respond 
to endoscopic management.

6.  After resolution of the acute bleed, all patients 
with duodenal ulcers should be considered for 
triple therapy against H pylori. After an acute 
bleed, H pylori status should be determined 
before initiating triple therapy. The incidence of 
non-H pylori-related duodenal ulcer is increas-
ing, and these patients have signifi cantly worse 
outcomes if treated empirically for H pylori. 
Other peptic lesions may also require this ther-
apy if the patient is H pylori-positive.

Varices

The risk of bleeding from esophageal varices 
is directly related to portal pressure (�12 mm Hg), 
variceal size and appearance on endoscopy, 
advanced Child-Pugh score (Table 3), and coinci-
dent gastric varices. The mortality rate from UGI 
hemorrhage from varices ranges from 30 to 50%. 

Table 3. Prognostic Models for Patients With Cirrhosis*

Child-Pugh Criteria 1 Point 2 Points 3 Points

Bilirubin, mg/dL � 2 2–3 � 3
Albumin, g/dL � 3.5 2.8–3.5 � 2.8
Prothrombin time, s prolonged 1–3 4–6 � 6
Ascites None Slight Moderate
Encephalopathy None 1–2 3–4

*Grades: A � 4–6 points; B � 7–9 points; C � 10–15 points. See Pugh’s modifi cation of the Child-Turcotte 
prognostic classifi cation (Pugh RN, Murray-Lyon IM, Dawson JL, et al. Transection of the esophagus for 
bleeding of esophageal varices. Br J Surg 1973; 60:646–649).
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Table 4. Indications for and Contraindications to TIPS*

Indications Contraindications

Accepted Absolute
 Gastroesophageal 

variceal hemorrhage
 Heart failure with 

elevated CVP
 Refractory acute 

variceal bleeding
Polycystic liver disease

Refractory recurrent 
variceal bleeding

Severe hepatic failure

Bleeding from 
intestinal varices

Relative

Cirrhotic hydrothorax  Active intrahepatic or 
systemic infection

Promising Portal vein occlusion
Refractory ascites  Hypervascular hepatic 

neoplasms
Hepatorenal syndrome  Poorly controlled hepatic 

encephalopathy
Budd-Chiari syndrome Stenosis of celiac trunk

*CVP = central venous pressure.

Cirrhotic patients with three or more failing organ 
systems have a 90% mortality rate. The most com-
mon failing organ systems were hepatic, renal, and 
cardiovascular. The model end-stage liver disease 
(or MELD) score (calculated as 0.957[Ln creatinine] 
+ 0.378[Ln bilirubin] + 1.120[Ln international nor-
malized ratio] + 0.643) [Table 3] is a better predic-
tor of survival than either acute physiology and 
chronic health evaluation (APACHE) II score or 
Child-Turcotte-Pugh score, although APACHE II 
and III scores have been more predictive than the 
Child-Turcotte-Pugh score.

The treatment of bleeding from esophageal 
varices is aimed at the control of portal hyperten-
sion using pharmacologic agents and the direct 
application of endoscopic treatment to the bleed-
ing variceal channels. A number of pharmaco-
logic agents can lower portal hypertension (eg, 
β- blockers, nitroglycerin, vasopressin, and soma-
tostatin). We currently favor the use of octreotide or 
vapreotide since they are effective, well- tolerated, 
and have few side effects. A loading dose of 
octreotide of 50 μg is administered initially and 
is followed by continuous infusion at 50 μg/h. As 
noted above, patients with variceal hemorrhage 
typically have portal pressures of > 12 mm Hg. 
Studies using transjugular hepatic vein pressure 
measurements indicate that a reduction of portal 
pressure to < 12 mm Hg or a �20% reduction in 
portal pressure controls bleeding and reduces the 
risk of rebleeding.

The conditions of the majority of patients bleed-
ing from esophageal varices can be controlled by 
endoscopic ligation, especially if it is performed 
with the coadministration of a long-acting soma-
tostatin analog. Endoscopic ligation treatment 
(banding) is associated with fewer complications 
than endoscopic sclerotherapy and is currently the 
preferred modality of treatment.

Bleeding gastric varices are more diffi cult to 
manage endoscopically; ligation/banding is asso-
ciated with a very high risk for rebleeding, and 
sclerotherapy, although preferred over banding 
as a single modality, obtains suboptimal control. 
Many experienced endoscopists have used com-
bined modalities, such as combination ligation/
banding with sclerotherapy or a high-volume 
injection of cyanoacrylate. Still, management is 
compromised by relatively high rates of rebleed-
ing and signifi cant morbidity and mortality.

Patients bleeding from gastric varices or those 
who rebleed from esophageal varices despite 
endoscopic treatment may require the placement 
of a Sengstaken-Blakemore tube and the perfor-
mance of either transjugular intrahepatic portal-
systemic shunt (TIPS) or surgical shunt (Table 4). 
TIPS placement is successful in 90 to 95% of cases, 
but TIPS may thrombose or stenose and require 
repeated radiologic interventions. In addition, 
TIPS is costly, and 15 to 30% of patients under-
going TIPS experience post-TIPS encephalopathy. 
Other interventional procedures include balloon-
occluded retrograde transvenous obliteration and 
partial splenic embolization; these procedures are 
reserved for patients with thrombosis of the main 
portal vein or for those patients who are not can-
didates for TIPS. Interestingly, in one series of 32 
patients, fundic varices were eradicated in 97% of 
patients by balloon-occluded retrograde transve-
nous obliteration without the recurrence of either 
varices or bleeding. Mortality rates from bleeding 
varices are directly related to Childs-Pugh score, 
ongoing alcohol use, and comorbid illness. The 
mortality rate is > 50% in Childs class C cirrhotic 
patients (Table 5).

Lower GI Hemorrhage

The principles of management for LGI bleeding 
are similar to those mentioned for UGI bleeding, as 
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follows: resuscitation; diagnosis; and planning for 
specifi c therapy. One initial consideration in evalu-
ating the LGI bleeder is to exclude a UGI source. 
A negative result for NG lavage may obviate the 
need for upper endoscopy, but nearly 5 to 15% of 
patients who were thought to have LGI bleeding 
actually receive a diagnosis of an UGI source, and 
about 5% are from the small bowel. The average age 
of LGI bleeders is 65 years. The causes of LGI bleed-
ing include the following: hemorrhoids; angio-
dysplasia; diverticular disease; neoplastic lesions; 
infl ammatory bowel disease; and other vascular 
lesions or tumors of the LGI tract (Table 6).

Diagnosis

Colonoscopy 

The primary diagnostic test in LGI bleeding is 
colonoscopy after purgation of the bowel by use 
of a bowel evacuant (Colyte; Schwarz Pharma; 
Milwaukee, WI). Studies comparing colonoscopy 
to air-contrast barium enema indicate that colo-
noscopy is far superior, identifying the source in 
approximately 70% of cases compared to only 
approximately 30% for air-contrast barium enema. 
One series of ICU patients indicated that bedside 

colonoscopy after purgation was diagnostic in 
two thirds of cases. Another advantage of colo-
noscopy is the ability to provide treatment (eg, 
cautery, polypectomy, or  sclerotherapy), although 
endoscopic treatment is required in less than 
one third of cases. However, there is a 2% risk 
of perforation with endoscopic treatments when 
administered in the setting of acute bleeding. 
Sigmoidoscopy should be reserved for the evalu-
ation of minor LGI bleeding in relatively young 
patients (�40 years).

Angiography 

Angiography can be diagnostic in up to 75% 
of cases if the rate of bleeding is � 0.5 mL/min. 
This diagnostic and therapeutic modality is usu-
ally restricted to cases in which endoscopy is not 
possible due to large amounts of blood in the gut 
lumen or when certain treatments are planned (eg, 
vasopressin infusion or embolization). Angiog-
raphy is particularly useful in the diagnosis and 
management of isolated vascular malformation. 
A study compared angiography to urgent colo-
noscopy and found that colonoscopy had a higher 
diagnostic yield, but that both were comparable 
in terms of the control of bleeding, transfusion 
requirement, rebleeding, need for surgery, length 
of ICU stay, and patient survival.

Other Techniques 

Technetium-labeled RBC scans are often 
ordered because of the ease of performance of 
the test and the perception that valuable informa-
tion is gained. However, these scans rarely pro-
vide defi nitive information regarding the cause or 
localization of bleeding and cannot provide ther-
apy. The usefulness of RBC scans is quite limited.

Etiology

Diverticular Disease 

Diverticuli are the cause of LGI bleeding in 
30% of all cases and in 50% of those patients with 
active hemorrhage who are undergoing angiog-
raphy. However, diverticuli are very common, 
and prevalence increases with advancing age. 

Table 6. Causes of Signifi cant Acute LGI Bleeding

Causes %

Diverticulosis 30
Postpolypectomy 7
Ischemic colitis 6
Colonic ulcerations 6
Neoplasm (cancer and polyps) 5
Angiodysplasia 4
Radiation proctitis 2
Infl ammatory bowel disease 2
Miscellaneous lesions 12
Undiagnosed LGI bleeding 26

Table 5. Risk of Death From Variceal Hemorrhage  According to 
Severity of Liver Disease

Child-Pugh Class %

A � 5

B � 25
C � 50
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Overall, only 3% of patients with diverticulosis 
coli ever experience LGI bleeding. When bleeding 
occurs, it is usually sudden, painless, and often 
from the right colon (in up to 70% of cases). Acute 
bleeding stops spontaneously in 80% of cases, but 
20 to 25% of patients rebleed. The localization of 
the site of bleeding is essential to plan appropri-
ately for treatment, which may include segmental 
colonic resection or even subtotal colectomy.

A list of other relatively common causes of 
LGI bleeding is given in Table 6. Additional rare 
causes of LGI bleeding include infectious colitis, 
NSAID ulcers, rectal varices, vasculitis, and juve-
nile polyps. As with other causes of GI bleeding, 
treatment is directed at the underlying etiology.
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Objectives:

• Understand the basic mechanisms underlying arrhythmo-
genesis

• Recognize and understand the mechanism of the common 
paroxysmal supraventricular tachycardia syndromes

• Understand the mechanisms and management of atrial ar-
rhythmias, including focal atrial tachycardia, atrial fl utter, 
and atrial fi brillation

• Understand the management of ventricular tachycardia 
and ventricular fi brillation in the setting of structural heart 
disease

• Understand and recognize the various ventricular 
tachycardia syndromes that occur in the absence of evident 
structural heart disease, including idiopathic ventricular 
tachycardia, occult arrhythmogenic right ventricular 
cardiomyopathy/dysplasia, and the cardiac ion channel 
diseases including long QT syndrome

Key words: atrial fi brillation; atrial fl utter; idiopathic ven-
tricular tachycardia; long QT syndrome; sudden cardiac 
death; supraventricular tachycardia; ventricular fi brillation; 
ventricular tachycardia 

Tachyarrhythmias

Tachycardia presents a different range of clinical 

problems than bradycardia. Whereas bradycar-

dias may be amenable to pharmacologic pallia-

tion, clinically signifi cant bradycardia can always 

be addressed defi nitively by electrical pacing. As 

a consequence, bradycardia rarely presents an 

ongoing management conundrum. By contrast, the 

management of pathologic tachycardia requires 

an assessment of mechanism and selection of 

appropriate management based on this assess-

ment. In the case of tachyarrhythmias, identify-

ing the underlying tachycardia mechanism, its 

associated pathophysiology, and exploitation of 

the likely vulnerabilities of the tachycardia is the 

key to successful management. Consequently, 

tachycardia management is more complex and 

challenging than the management of bradycar-

dia. Although the mechanisms of tachyarrhyth-

mias encountered in critically ill patients are the 

same as those encountered in other settings, acute 

arrhythmias in the ICU often can be traced to a 

proximate cause related to the acute illness requir-

ing intensive care. New arrhythmias presenting 

in the ICU setting are always secondary to either 

some aspect of the patient’s critical illness itself, 

or alternatively the therapy being used, with good 

intention, to manage that acute illness. As such, 

the intensivist is at a potential advantage, being 

in a position to potentially identify the proximate 

cause of the arrhythmia and, if possible, remove 

that cause.

The range of tachyarrhythmias is wide and 

 classifi ed broadly into supraventricular arrhyth-

mias and ventricular arrhythmias. Supraven-

tricular arrhythmias are defi ned as those in 

which the mechanism depends on the atrium, the 

 atrioventricular (AV) node, or both. By contrast, 

 ventricular arrhythmias are defi ned as those in 

which the mechanism is not dependent on either 

the atrium or AV node. Although it is commonly 

believed that ventricular arrhythmias are more 

dangerous than atrial arrhythmias, this is not nec-

essarily true.

Pathologic tachycardias are attributable to 

three mechanisms: abnormal automaticity, trig-

gered automaticity, and reentry. Although cells in 

the specialized conduction system are normally 

capable of intrinsic automaticity, the working 

myocardium does not normally exhibit automa-

ticity. However under some conditions, cells may 

exhibit abnormal automaticity, which may result 

in either salvos or continuous rapid activity. A 

related phenomenon is triggered  automaticity. 

Triggered arrhythmias are initiated by afterde-

polarizations. Afterdepolarizations that reach 

threshold will result in a propagated beat. 

Afterdepolarizations occurring before complete 

repolarization are referred to as early afterdepolar-

izations. Early afterdepolarizations are promoted 

by long-action potential durations, hypokalemia, 

and hypomagnesemia. They can be triggered by 

pauses that further prolong repolarization and 
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are, therefore, bradycardia-dependent. They are 

believed to be causal in the premature beats, 

which initiate torsades de pointes in long QT syn-

drome. Afterdepolarizations occurring after full 

repolarization are referred to as delayed afterdepo-

larizations (DADs). DADs are promoted by intra-

cellular calcium overload and are triggered by 

tachycardia or rapid pacing. DADs are the cause 

of ventricular arrhythmias in digitalis toxicity 

and are likely causal in various calcium- channel 

blocker-responsive arrhythmias including focal 

atrial tachycardia (AT) and some forms of idio-

pathic ventricular tachycardia (VT). Automatic 

mechanisms are generally self-reinitiating and 

hence not responsive to electrical cardioversion.

Reentry is a distinct arrhythmia mechanism 

that because of its propensity to cause sustained 

rapid arrhythmias is the major mechanism of 

clinically signifi cant tachyarrhythmias. Whereas 

abnormal automaticity and triggered automaticity 

are cellular phenomena, reentry is a macroscopic 

tissue phenomenon requiring large populations 

of cells. The normal heart is designed to prevent 

reentry by maintaining adequate propagation 

velocities, long-enough refractory periods, and 

small-enough chamber sizes to discourage reen-

try from occurring. However under appropriate 

conditions, reentry can promote continuous and 

often sustained tachycardia. The requirements 

for reentry are unidirectional block, a region of 

slowed conduction, and either an anatomic or 

functional obstacle that forms an anchor point 

for the reentrant wave front to circulate around 

or through. Reentry is initiated by a premature 

beat that fi nds one path refractory or blocked, 

and fi nds a second functioning alternate pathway 

available. The functioning pathway must conduct 

with adequate delay to permit the previously 

refractory muscle to recover and be reactivated 

later in the cardiac cycle. Reentrant arrhythmias 

are inducible by rapid stimulation or ectopic beats, 

and may also be terminated by the same methods. 

They are amenable to electrical cardioversion or 

 defi brillation.

Supraventricular Tachycardias

Supraventricular arrhythmias may be broad ly 

classifi ed as the syndrome of paroxysmal 

 supra ventricular tachycardia (SVT), and a dis-

tinct group of atrial arrhythmias including atrial 

fi brillation (AF), atrial fl utter (AFL), and AT. The 

term SVT is usually reserved for the common 

paroxysmal SVT syndrome and atrial arrhyth-

mias are considered separately. The syndromes 

are distinguished both by mechanism and by clin-

ical presentation. Paroxysmal SVT is commonly 

seen in otherwise normal patients with recurrent, 

abrupt, and often sustained palpitations due to 

stable SVT. Atrial arrhythmias may be paroxys-

mal or persistent and are often associated with 

underlying structural heart disease or atrial 

enlargement. As their mechanism and clinical 

implications are distinct, atrial arrhythmias will 

be addressed separately.

Paroxysmal SVT

The incidence of SVT is 35 cases per 100,000 

persons per year, and prevalence is approximately 

2.5/1,000.1 The syndrome is characterized by 

recurrent bouts of rapid palpitations often lead-

ing to emergency department or physician visits. 

Symptoms related to unremitting tachycardia, in 

addition to palpitations, may include dyspnea, 

diaphoresis, lightheadedness and, occasionally, 

especially at tachycardia onset before vascular 

adaptations to tachycardia, syncope, or presyn-

cope. It is important to emphasize that anginal 

chest pain is frequent, especially during persis-

tent and rapid tachycardia. Ischemic ST-segment 

depression is commonly observed on initial ECG 

and is related to markedly augmented myocardial 

oxygen demand combined with loss of normal 

diastolic coronary perfusion time. Such changes 

are common in patients with SVT, are not a sign of 

underlying coronary artery disease, and resolve 

quickly with termination of the tachycardia.

Diagnosis

SVT may present in childhood, commonly in 

adolescence when the heart achieves adult size, 

as well as later in life. Although commonly asso-

ciated with an otherwise normal heart, certain 

forms of congenital malformations may predis-

pose to SVT. Most types of tachycardia have a 

reentrant mechanism, with a few well-understood 
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conditions accounting for the vast  preponderance 

of episodes. In patients with normal ECG fi nd-

ings in sinus rhythm (ie, with no evidence of a 

delta wave), the most common cause of parox-

ysmal SVT is AV nodal reentry, accounting for at 

least 60% of all patients with SVT. Approximately 

30% of cases of paroxysmal SVT are related to an 

accessory AV pathway that, due to poor antegrade 

conduction, is not evident on ECG. This condition 

is usually referred to as concealed Wolff Parkinson 

White (WPW) syndrome. The remaining 10% are 

related to an assortment of mechanisms, includ-

ing focal AT and physiologically inappropriate 

sinus tachycardia. The other important group of 

patients are those with the ECG pattern of WPW, 

which is related to an accessory AV connec-

tion with visible antegrade conduction in sinus 

rhythm. Although the most common arrhythmia 

seen in WPW is clinically very similar to other 

forms of paroxysmal SVT, WPW allows for sev-

eral other more complex arrhythmias and addi-

tionally carries a small but real risk of  sudden 

death.

As the underlying mechanism of SVT is rarely 

known at the time of clinical presentation, it is 

helpful to develop an approach to such arrhyth-

mias to guide management. The most convenient 

strategy is to assess the AV relationship during 

tachycardia. If the P-wave is embedded (and 

hence diffi cult or impossible to perceive during 

tachycardia) or follows close on the heels of the 

preceding QRS complex, the arrhythmia is clas-

sifi ed as a short RP tachycardia. By contrast, if the 

P-wave follows long after the preceding QRS, in 

particular when the RP is comparable to or longer 

than the next PR interval during tachycardia, the 

arrhythmia is classifi ed as a long RP tachycardia.

Short RP Tachycardias: Tachycardias exhibit a 

short RP pattern when retrograde VA conduction 

time is short relative to antegrade AV conduction 

time. This is the case in the two most common 

paroxysmal forms of SVT: typical AV nodal reen-

try tachycardia, and reciprocating AV tachycardia 

related to WPW.

Long RP Tachycardias: Tachycardias exhibit a 

long RP pattern on ECG if retrograde conduction 

time back to the atrium is long due to a slowly 

conducting retrograde pathway during tachycar-

dia. The most common cause of this is atypical 

AV node reentry, in which retrograde conduction 

is via the slow AV nodal pathway, resulting in a 

long RP interval. Slower ATs may also give a long 

RP interval appearance on ECG, due to a normal 

short PR during tachycardia.

AV Nodal Reentry Tachycardia

Far and away the most common form of 

paroxysmal SVT, atrioventricular nodal reen-

try tachycardia (AVNRT), is seen frequently 

in young healthy patients but also commonly 

presents later in life. Long before the advent of 

curative ablation or identifi cation of the ana-

tomic substrate of this arrhythmia, the mecha-

nism was recognized to be related to two distinct 

pathways at the level of the AV node: one with a 

long conduction time but short refractory period 

(the “slow pathway”), and the other with a short 

conduction time but longer refractory period 

(the “fast pathway”). With the insights gained 

with catheter ablation, it has become apparent 

that these pathways actually correspond to the 

posterior and anterior atrial insertions into the 

AV node. The posterior insertions needing to 

traverse the entire compact AV node to activate 

the His bundle account for the long conduc-

tion time, and the anterior insertion bypassing 

much of the compact AV node account for a 

shorter conduction time to the His bundle. The 

existence of these dual pathways is believed 

to be a normal feature of the AV node. Patients 

with tachycardia appear to differ from normal 

subjects by the presence of more robust conduc-

tion down the slow pathway than the fast. Under 

these conditions, a spontaneous and unrelated 

premature atrial contraction may block in the 

fast pathway and conduct exclusively down the 

slow pathway, generating a long PR interval 

and, if delay is adequate, permitting recovery of 

fast pathway conduction in time to permit ret-

rograde conduction back to the atrium and ini-

tiating reentry down the slow pathway and up 

the fast pathway. As retrograde conduction time 

up the fast pathway is short, and antegrade con-

duction time down the slow pathway is long, 

this tachycardia is characterized by a very short 

RP interval. In fact RP is so short during typi-

cal slow-fast AVNRT that the P-wave is entirely 
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obscured by the QRS in the majority of patients, 

making it entirely unapparent by ECG (Fig 1). As 

ongoing tachycardia is dependent on AV nodal 

conduction, either spontaneous or drug-induced 

failure of AV nodal conduction, for even a single 

beat generally results in immediate termination 

of tachycardia. Drug therapy of this tachycardia 

is directed at the AV node. When symptoms are 

problematic or drug therapy not tolerated or 

desired, catheter ablation of the slow pathway 

at the posterior AV node is highly successful in 

elimination of the arrhythmia with a �90% suc-

cess rate and a low risk of complications. Typi-

cal AVNRT is due to conduction down the slow 

pathway and up the fast. As might be suspected, 

it is also possible for patients to have tachycardia 

mediated by conduction down the fast pathway 

and up the slow, and this is referred to as atypical 

AVNRT. Atypical is considerably less common 

than typical AVNRT and leads to a long RP pat-

tern on ECG with very obvious deeply inverted 

retrograde P-waves in leads 2, 3, and aVF. A sam-

ple of this tachycardia is shown in Figure 2. It 

is responsive to similar drugs and interventions 

as the much more common typical slow-fast 

AVNRT.

Reciprocating AV Tachycardia

The second most common cause of parox-

ysmal SVT is reciprocating AV tachycardia. 

Reciprocating tachycardia is an AV arrhythmia 

requiring participation of both the atrium and 

ventricle in the tachycardia. It is dependent on 

the presence of an extranodal AV connection, 

referred to as an accessory pathway or equiva-

lently a Kent bundle. Accessory pathways are AV 

muscle fi bers with behavior similar to working 

myocardium. They are a consequence of incom-

plete development of the AV annulus, which 

normally results in a complete fi brous annulus 

throughout the AV groove with the exception of 

the penetrating His bundle. If capable of ante-

grade conduction, the presence of early activa-

tion of the ventricle in sinus rhythm, prior to 

conduction through the normal AV conduction 

system, results in shortening of the PR interval 

and slurring of the QRS onset referred to as a 

delta wave (Fig 3). By contrast, if the pathway is 

not capable of antegrade conduction, the ECG in 

sinus rhythm will lack a delta wave and appear 

totally normal; however, the patient may still be 

susceptible to AV tachycardia due to the  presence 

Figure 1. Typical AVNRT. This is a “short-RP” tachycardia mediated by conduction down the AV node slow pathway and retro-
grade up the AV node fast pathway. As is common for this arrhythmia, the P-wave during tachycardia is not apparent because 
it begins within and is mostly, if not completely, obscured by the QRS complex. Sometimes a careful comparison with a sinus 
rhythm ECG on the same patient will reveal subtle changes in the QRS morphology such as a small “pseudo” R or S wave, which 
is the only refl ection of the P-wave in the QRS during tachycardia. EP testing confi rmed the mechanism of this tachycardia, 
which was cured by slow pathway ablation.
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of retrograde conduction up the pathway. The 

presence of a functioning pathway capable of 

good retrograde conduction and hence able to 

support tachycardia but unapparent on ECG as 

it lacks antegrade conduction is referred to as 

 concealed WPW.

Whether manifest or concealed WPW, the 

most common tachycardia associated with an 

accessory pathway is mediated by conduction 

down the AV node to the ventricle followed by 

retrograde conduction up the accessory path-

way to the atrium and back down the AV node. 

Figure 2. Atypical AVNRT. This is a “long-RP” tachycardia. This example is relatively slow, at approximately 115/min. It is medi-
ated by antegrade conduction down the fast pathway, resulting in a normal PR interval during tachycardia, followed by retro-
grade conduction back up the slow AV nodal pathway, resulting in a very long RP interval in this patient. The P-wave during this 
tachycardia is characteristically deeply inverted in the inferior leads. This ECG could also be compatible with a focal AT but, in 
this patient’s case, the arrhythmia was readily initiated by PVCs and terminated abruptly with AV block, both features which are 
unexpected with AT. EP testing confi rmed the mechanism of this tachycardia, which was cured by ablation of the slow pathway.

Figure 3. WPW pattern on ECG of a patient with recurrent palpitations due to SVT. Note the delta waves most obvious as a 
positive going slur of the QRS onset in V

1
 to V

4
. A positive delta wave in V

1
 indicated a left-sided pathway, a strongly negative 

delta wave in V
1
 indicates a right-sided pathway, and an indeterminate/isoelectic delta wave indicates a paraseptal or septal 

location. The ECG showing SVT in Figure 4 is the same patient in ORT. Note the absence of delta waves when in tachycardia. At 
EP testing, this pathway was confi rmed to be left sided and treated by catheter ablation.
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This tachycardia is referred to as orthodromic 

 reciprocating AV tachycardia (ORT) because it 

conducts in the normal antegrade or “ortho-

dromic” direction down the normal conduction 

system. Like AV nodal reentry, this tachycardia 

results in a “short RP” pattern on ECG and is 

absolutely dependent on 1:1 AV conduction. A 

single failure to conduct either antegrade via 

the AV node or retrograde up the accessory 

pathway will result in immediate termination of 

the tachycardia. It is very important to empha-

size that this tachycardia is almost identical 

in appearance and clinical behavior to typical 

AVNRT. Both are “short-RP” tachycardias, and 

because the accessory pathway is  monopolized 

serving retrograde conduction during tachycar-

dia, the QRS complex in ORT is usually narrow 

and the delta wave absent during tachycardia 

regardless of its presence or absence in sinus 

rhythm (Fig 4). However, whereas the most 

common tachycardia in WPW is clinically simi-

lar to typical AVNRT, if the accessory pathway 

is also capable of antegrade conduction as evi-

denced by a delta wave on ECG in sinus rhythm, 

special  considerations apply.

Special Considerations in Patients With SVT 
and Delta Waves on Sinus Rhythm ECG

Patients with delta waves on ECG without 

symptoms are said to have WPW pattern and 

generally have an excellent prognosis. Further 

evaluation and therapy are not generally indi-

cated. Rarely, such patients may be subjected 

to electrophysiologic testing and ablation if 

they participate in activities in which a poorly 

tolerated arrhythmia would entail undo risk. 

Patients with delta waves on ECG and associ-

ated SVT or symptoms compatible with tachy-

cardia such as palpitations or syncope are said 

to have WPW syndrome. All patients with WPW 

and associated symptoms are at potential risk 

for sudden death and require additional evalu-

ation, commonly electrophysiology (EP) testing 

and, if a competent accessory pathway is identi-

fi ed, catheter ablation. Because of the common 

need to perform EP testing to stratify risk in 

WPW syndrome and the high effi cacy of abla-

tion, it has become very rare to carry adults with 

symptomatic WPW on medical therapy and not 

proceed with ablation.

Figure 4. ORT related to underlying WPW. This tachycardia occurred in the patient whose sinus rhythm ECG is shown in  Figure 
3. This is also a “short-RP” tachycardia like AV nodal reentry. However in WPW, activation must traverse the His- Purkinje 
 system, then the ventricular myocardium before arriving at the accessory pathway and propagating back to the atrium. This 
 results in a retrograde P-wave that is usually easily visible in the ST segment following the QRS (arrows) and not buried within 
it as is the case in typical AV node reentry. Also note that the delta waves are absent during the most common form of tachycar-
dia in WPW. As the patient was symptomatic and had manifest WPW on ECG, he was subjected to EP testing and underwent 
ablation that eliminates the clinical tachycardia as well as any risk of sudden death from future rapidly conducted AF.
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quite different from ordinary AF. Therefore, it is 

important to recognize the ECG signature of AF 

in the presence of underlying WPW solely from 

the presenting ECG.

The key feature of rapidly conducted AF due 

to underlying WPW is the presence of a wide QRS 

complex during AF (Fig 5). AV conduction via an 

accessory pathway results in ventricular activa-

tion outside of the normal AV conduction system 

and results in a wide QRS similar to a ventricular 

focus. No matter how fast AF may conduct, if the 

QRS complex is narrow, conduction is unrelated 

to rapid conduction down an accessory pathway, 

and conventional therapy directed at AV node 

conduction is safe as in any other patient with AF. 

However, when conduction is rapid and the QRS 

is either intermittently or continuously wide, then 

the possibility of AF with rapid conduction down 

an accessory pathway must be considered. During 

AF with underlying WPW, the presence of com-

peting conduction down the AV node paradoxi-

cally moderates conduction down the accessory 

WPW Syndrome and AF

The mechanism of sudden death in WPW syn-

drome has been associated with the degeneration 

of reciprocating tachycardia into AF, followed by 

rapid antegrade conduction down the accessory 

pathway and resultant ventricular fi brillation 

(VF). The risk of sudden death is eliminated by 

successful catheter ablation of the accessory path-

way, as is the risk of AF in most patients. Because 

of the malignant potential of AF in the setting of 

WPW, special considerations apply to its therapy. 

As WPW syndrome, once symptomatic, is com-

monly subjected to curative ablation, it is uncom-

mon in this era for a patient with known WPW to 

present with rapidly conducted AF. In most cases, 

the presence of underlying WPW will not be 

known at the time of presentation. The clinician 

will usually be confronted with an unknown rapid 

and worrisome ECG and need to suspect WPW in 

the absence of a sinus rhythm ECG showing delta 

waves. Therapy for AF in the setting of WPW is 

Figure 5. Preexcited AF with underlying WPW. The term preexcited means that the ventricle is activated before activation via 
the normal conduction system. This is the arrhythmia that one worries about in any patient with manifest WPW on ECG and 
symptoms. The salient features are the presence of a very wide QRS combined with rapid conduction. In this patient, because of 
relatively good AV node conduction, there are periods of narrow QRS conduction as well, when conduction was predominantly 
down the AV node instead of the accessory pathway. Also note how wide the QRS is during preexcited AF. This is because 
 conduction is directly into the ventricular myocardium bypassing the conduction system entirely (like a PVC or VT would 
 activate the ventricle). Because the QRS is often so wide with preexcited AF, it is common for this to be misdiagnosed as VT in the 
emergency setting. Note also that the shortest preexcited (eg, down the Kent bundle) RR interval is quite short, at approximately 
240 ms (see the third to last cycle on the ECG), indicating that the pathway is capable of very rapid conduction. Conduction 
� 250 ms predicts a risk for sudden death if the pathway is not ablated. This patient underwent ablation and was found to have a 
left free wall accessory pathway with rapid conduction. Ablation of the pathway in WPW not only eliminates the risk of sudden 
death but also usually eliminates the AF as well.
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pathway by concealed retrograde activation of 

the accessory pathway. If AV nodal conduction is 

impaired by the use of drugs with selective effects 

on the AV node, antegrade conduction down 

the accessory pathway may be facilitated lead-

ing to hemodynamic collapse or VF. Therefore, 

when rapidly conducted AF presents with wide 

QRS conduction, digoxin and calcium-channel 

blockers should be avoided. As β-blockers have 

favorable effects on both AV node and accessory 

pathway conduction, β-blockers may be used with 

caution in this setting but are commonly avoided 

as well. The recommended medical therapy is the 

use of drugs that prolong the refractory period 

of working myocardium, including IV ibutilide, 

procainamide or, occasionally, in the setting of left 

ventricular dysfunction, IV amiodarone.

Atrial Arrhythmias

Atrial arrhythmias are defi ned as arrhythmias 

that are entirely dependent on the atria and mech-

anistically independent of AV conduction. As a 

consequence, intraatrial arrhythmias will persist 

despite the development of either spontaneous 

or pharmacologically induced AV block. Tachy-

cardias originating in the atria may be organized 

and repetitive resulting from either automaticity 

or intraatrial reentry, or may be chaotic and disor-

ganized as is the case in AF. Therapy is directed at 

either moderating the ventricular response dur-

ing episodes of tachycardia or suppressing the 

underlying atrial arrhythmia itself.

Focal arrhythmias are defi ned as arrhythmias 

originating from a point source within one of the 

atria with circumferential spread to encompass 

the rest of the atrium. Such arrhythmias display 

distinct P-waves separated by a clear isoelectric 

segment. Focal arrhythmias are commonly auto-

matic in mechanism but in some cases may be 

due to microreentry involving a geographically 

small portion of the atrium (for example around 

a single pulmonary vein) followed by radial 

spread to the rest of the atrium. Although most 

commonly a single abnormal focus may be active, 

in the setting of severe metabolic stress, multiple 

foci may be active simultaneously leading to a 

chaotic ECG appearance with multiple distinct 

P-waves referred to as multifocal AT. Automatic 

arrhythmias tend to be episodic and unsustained, 

at times recurring incessantly. Cycle length often 

varies within a run and between runs and with 

changes in autonomic tone.

Macroreentrant atrial arrhythmias are a conse-

quence of stable reentrant circuits that encompass 

large portions of either atrium. All such circuits 

require a central obstacle and a region of slowed 

atrial conduction related to atrial dilatation or 

fi brosis. The most common of such arrhythmias is 

typical atrial fl utter (AFL) mediated by right atrial 

reentry around normal anatomic obstacles. In 

addition to typical AFL, reentry may occur around 

acquired obstacles, most commonly scar result-

ing from prior cardiac surgery involving the atria. 

Reentrant arrhythmias tend to present clinically as 

paroxysmal sustained or persistent arrhythmias. 

Although they may be self-terminating and epi-

sodic, individual episodes tend to be protracted.

The fi nal mechanism of atrial arrhythmia is 

AF. The modern understanding of this arrhyth-

mia involves components of both focal automatic 

mechanisms and reentry. Major advances have 

been made in the understanding and manage-

ment of this common arrhythmia in recent years 

and will be reviewed below.

Focal Atrial Tachycardia

Focal atrial tachycardia (AT) is commonly 

referred to by one of several eponyms: focal AT, 

ectopic AT, or automatic AT. All describe a char-

acteristic clinical pattern that generally presents 

as runs of unifocal premature atrial contractions 

(PACs) lasting for seconds or minutes, usually 

followed by spontaneous termination and sub-

sequent spontaneous reinitiation of additional 

salvos of tachycardia. Although commonly pre-

senting as above, this mechanism can also present 

less commonly as a paroxysmal sustained tachy-

cardia. When mapped in the EP laboratory, these 

arrhythmias are focal in origin; and although at 

times they are triggered by rapid pacing suggesting 

a triggered automatic mechanism, they appear to 

be automatic and not reentrant in mechanism. The 

ECG features are characteristic and usually per-

mit accurate diagnosis. As the arrhythmia is focal 

and automatic, the morphology of the fi rst PAC of 

the run is identical to the subsequent PACs. Cycle 

length tends to vary between and within runs, 

and tachycardia is unaffected by  intermittent AV 
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block that may occur during the runs. The same 

focus often fi res erratically between runs, result-

ing in frequent atrial ectopy all morphologically 

identical to the P-wave observed during the runs. 

An example is shown in Figure 6. The arrhythmia 

is believed to be due to intracellular calcium over-

load and resultant triggered automaticity related 

to DADs making it responsive to calcium and β-

blockers. The paroxysmal sustained form of this 

arrhythmia is also adenosine responsive, giving 

the false impression of dependence on AV conduc-

tion. The use of digoxin may exacerbate triggered 

causes of AT. Class Ia agents such as procainamide 

and class Ic agents such as fl ecainide and propafe-

none may be used in patients without structural 

heart disease or coronary artery disease. How-

ever, the GI side effects of procainamide and its 

 association with drug-induced lupus limit its util-

ity.  Amiodarone can also be used in these patients 

for rhythm  control as well. The arrhythmia is 

readily amenable to catheter ablation if ectopy is 

frequent enough to permit mapping.

Atrial Flutter

Atrial fl utter (AFL) is defi ned as a persistent 

atrial arrhythmia with an atrial rate �250/min. As 

the normal AV node cannot conduct 1:1 at these 

rates, this arrhythmia characteristically presents 

with 2:1 conduction and a ventricular response 

of approximately 150/min. During 2:1 conduc-

tion, the fl utter waves may be very diffi cult to 

perceive, leading to diagnostic confusion. Typical 

AFL is the most common form of this arrhythmia 

and is mediated by macroreentry restricted to the 

right atrium. The central obstacles in this circuit 

consist of normal anatomic structures, accounting 

for its stereotyped presentation.

Typical AFL is mediated by counterclockwise 

reentry around the tricuspid valve as viewed from 

the ventricle. The valve prevents anterior collapse 

of the circuit, and posteriorly a long ridge in the 

atrial wall referred to as the crista terminalis forms 

a function line of block preventing the circuit from 

collapsing posteriorly. As the obstacles are already 

normally present, the ability for fl utter to develop 

is due to the added presence of abnormal slowed 

conduction related to atrial enlargement, fi brosis, 

or edema, at times combined with shortened atrial 

refractory periods due to catecholamine stress in 

some clinical settings. Typical counterclockwise 

AFL demonstrates a deeply negative F-wave in 2, 

3, and aVF, a sharply positive F-wave in V
1
, and 

a negative F-wave in V
6
. An example is shown in 

Figure 7. A less common reversed typical form of 

this arrhythmia due to clockwise reentry around 

the tricuspid demonstrates an ECG exactly oppo-

site to the counterclockwise form with a strongly 

positive F-wave in 2, 3, and aVF, a sharply nega-

tive F-wave in V
1
, and positive F-wave in V

6
. In 

both cases, the F-waves are often diffi cult to per-

ceive when presenting with 2:1 conduction. If 

the unusual F-wave vector is not recognized, the 

ECG may be misinterpreted as sinus tachycardia. 

Clues to the presence of AFL are persistent unex-

plained heart rates at approximately 150 beats/

min, with only a few beats-per-minute variation 

over time, as well as the presence of a negative 

P-wave in the inferior leads, which would be 

Figure 6. Focal (eg, automatic) AT. The tachycardia occurs 
in salvos with variable cycle lengths. There are frequent iso-
lated PACs as well, and the PAC that initiates each run is the 
same as all the others during the run indicating a focal mech-
anism. Electrical cardioversion is useless for this arrhythmia 
as it is self reinitiating and not dependent on reentry. This ar-
rhythmia tends to respond to nondihydropyridine  calcium-
channel blockers such as diltiazem or verapamil. When it 
is frequent and rapid like this, it can result in tachycardia-
 induced cardiomyopathy like AF. Frequent tachycardia like 
this is also straightforward to cure by ablation because its 
frequency makes it easy to map in the EP laboratory.
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expected to be positive in sinus rhythm. The most 

fruitful method of diagnosis is the provocation of 

transient AV block either with carotid sinus mas-

sage or adenosine infusion. This will transiently 

expose the underlying fl utter waves but will not 

terminate the arrhythmia. Although short-term 

therapy involves rate control or cardioversion if 

poorly tolerated, long-term rate control for this 

arrhythmia is diffi cult. Doses of drug that result in 

acceptable block at rest often fail to control exer-

cise rates, and doses that result in exercise rate 

control often provoke bradycardia at rest. There-

fore, early restoration of sinus rhythm is preferred 

for this arrhythmia.

AFL is a common transient arrhythmia in 

acute care hospital settings. The right atrial wall 

is thin, and pericarditis resulting from cardiac 

or thoracic surgery results in atrial edema and 

infl ammation that may permit adequate slow-

ing and promote transient AFL. Acute pulmo-

nary decompensation may result in right-heart 

failure and may also promote transient AFL. In 

all of these settings, endogenous or pharmaco-

logic catecholamine stimulation exacerbates the 

arrhythmia. Transient therapy for several weeks 

or a month is appropriate in these settings. When 

AFL occurs in the absence of an acute precipitant, 

long-term therapy is required. Given the diffi -

culty achieving rate control in AFL and the need 

for antiarrhythmic agents with associated poten-

tial morbidity to maintain sinus rhythm, catheter 

ablation has become the primary means of treat-

ing this arrhythmia. Antiarrhythmic therapy for 

AFL is similar to that for AF and will be discussed 

below. Antiarrhythmic therapy should be reserved 

for temporary treatment of likely transient fl utter 

or for patients who are not suitable candidates for 

invasive management. Catheter ablation of typi-

cal AFL is a low-risk procedure with a long-term 

success rate �90% in experienced centers.

Atypical AFL and Reentrant AT

In addition to typical AFL circulating around 

normal anatomic obstacles, the presence of atrial 

disease with associated fi brosis or more com-

monly atrial scars created at the time of cardiac 

surgery for either valvular or congenital heart 

Figure 7. Typical AFL. These two ECGs are as they were recorded fi rst in the emergency department when the patient presented 
with 2:1 conduction and a day later after rate control. On presentation, it was not initially suspected that this was AFL. Note 
that the superimposition of the T-wave with the F-waves makes it quite diffi cult to discern the presence of fl utter. Once rate 
controlled, it is obvious that this is typical counterclockwise AFL with deeply negative F-waves in 2, 3, and aVF and positive F 
wave in V

1
 and negative in V

6
. This arrhythmia was confi rmed to be due to typical AFL mediated by counterclockwise reentry 

around the tricuspid valve and readily ablated by creating a linear lesion between the tricuspid annulus and the adjacent inferior 
vena cava that interrupts the typical fl utter circuit.
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disease may create alternative substrates for 

intraatrial reentry. Common to these arrhythmias 

is the presence of a signifi cant region of scar with 

a channel of surviving myocardium either bridg-

ing the scar or between the scar and a normal 

anatomic obstacle. Within the channel, conduc-

tion is slow and electrocardiographically silent, 

resulting in an isoelectric PP interval. As the cir-

cuit differs from typical AFL, the P-wave mor-

phology is atypical. When the rate is �250/min, 

the arrhythmia is arbitrarily classifi ed as atypical 

AFL; and when � 250/min, it is arbitrarily clas-

sifi ed as AT. Like typical AFL, these arrhythmias 

are paroxysmal sustained or persistent arrhyth-

mias, and when presenting with 2:1 conduction 

may be misdiagnosed as sinus tachycardia if the 

abnormal P-wave vector and fi xed heart rate 

over time is not recognized. Therapy and prog-

nosis are otherwise similar to typical AFL. These 

arrhythmias are also amenable to catheter abla-

tion. As the circuits are unique, mapping and 

ablation of these arrhythmias are more complex 

and success rates are lower than for typical AFL. 

Therefore, antiarrhythmic therapy is a reasonable 

fi rst option and similar to that used for AF. Abla-

tion is used selectively in patients who are good 

candidates for complex ablative procedures. Like 

typical AFL, long-term rate control is a diffi cult 

strategy to successfully implement.

AF

AF is the most common clinically signifi cant 

arrhythmia, affecting 2.2 million people in the 

United States. Its prevalence is from 0.4 to 1% in 

the general population and increases with age, 

reaching 8% in those �80 years old.2 Some form 

of underlying cardiopulmonary disease or hyper-

tension is present in � 88% of patients. Hyperten-

sion, ischemic heart disease, heart failure, and 

diabetes are the most common associated con-

ditions. Patients with AF have a higher risk of 

stroke, heart failure, and death. For uncertain rea-

sons, this relative risk is greater in women than in 

men. However, the role of AF as an independent 

determinant of mortality is uncertain because it 

commonly coexists with other potentially impor-

tant conditions. In fact, patients with truly lone 

AF do not have an increase in mortality, and 

carefully designed trials exploring the benefi t of 

maintenance of sinus rhythm over rate control 

show no survival benefi t to sinus rhythm. There-

fore, whether AF is merely a marker for increased 

mortality or a mechanism remains uncertain.

Mechanisms of AF

Because of its chaotic nature, it has been dif-

fi cult to study AF, and its mechanisms still remain 

a topic of hot debate. However, certain aspects 

have become clear. The initiation of spontane-

ous AF is a consequence of rapid electrical fi ring 

from preferential focal sites of origin. The most 

 common site of focal origin is from left atrial mus-

cle sleeves extending along the outer surface of 

the pulmonary veins.3 When fi ring does not origi-

nate from a pulmonary vein, it is commonly from 

the left atrial tissue immediately adjacent to one 

of the veins, or occasionally one of the other tho-

racic veins such as the ostium of the superior vena 

cava or the ostium of the coronary sinus. Follow-

ing initiation, atrial rates recorded in and around 

the pulmonary veins are signifi cantly higher than 

other atrial sites, suggesting that activity in the 

region of the veins is important in perpetuating 

AF following initiation. These profound insights 

have led to highly effective techniques for the cure 

of AF. Ablation techniques designed to isolate 

these trigger sites from the atrium have success 

rates � 70 to 80% in the cure of paroxysmal AF and 

somewhat lower rates in the cure of persistent AF. 

That ablation restricted to the region of the pul-

monary veins and adjacent left atrium is curative 

in the majority of patients with AF implies that 

AF is an arrhythmia that, in most cases, is entirely 

contained within and maintained by the left 

atrium and connecting veins. Stated another way, 

it has become apparent that in the same way that 

typical AFL is the characteristic arrhythmia of the 

right atrium, AF is the characteristic arrhythmia 

of the left atrium.

Antithrombotic Therapy in AF

The overall risk of stroke in AF is 5%/yr and 

is associated with one in every six strokes. Multi-

ple risk factors have been identifi ed that predict a 

higher risk of stroke, including age, gender, pres-

ence of rheumatic mitral disease, prior thrombo-

embolism or stroke, heart failure, left ventricular 
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dysfunction, left atrial enlargement, ischemic 

heart disease, hypertension, and diabetes. How-

ever, these risk factors are not all independent, and 

the risk of stroke can be accurately estimated with 

only a subset of weighted factors. The CHADS
2
 

(Cardiac failure, Hypertension, Age, Diabetes, and 

Stroke � 2) score is a useful and well-validated 

clinical means of assessing stroke risk in patients 

with AF. The score assigns 1 point for a history of 

each of heart failure, hypertension, age � 75 years, 

and diabetes, and 2 points for a history of prior 

stroke. A score of 0 implies a relatively low risk of 

1.9%/yr, a score of 1 implies an intermediate risk of 

2.8%/yr, a score of 2 implies a risk of 4.0%/yr, and 

a score � 3 implies an annual stroke risk of � 5.9%/

yr. Studies of warfarin in prevention of stroke in 

AF have demonstrated a signifi cant reduction the 

risk of stroke, which overall including all major 

studies is modest at a 33% reduction. However, 

larger benefi ts were seen in studies enrolling 

higher-risk patients and small benefi ts (as little 

as 10%) in lower-risk patients. These studies also 

documented an average 1.2% rate of major hemor-

rhage during therapy with warfarin. Given these 

considerations, warfarin has been recommended 

in patient groups with higher annual risks of 

stroke and should be avoided in groups at low 

risk because the risk may outweigh the relatively 

small benefi t in these low-risk groups. The current 

recommendations for antithrombotic therapy are 

contained in the American College of  Cardiology/

American Heart Association/European Society 

of Cardiology 2006 AF practice guideline,2 and 

are similar to the CHADS
2
. Moderate risk factors 

are defi ned as age � 75 years, hypertension, heart 

failure, left ventricular ejection fraction (EF)  � 35, 

and diabetes. High risk factors are defi ned as pre-

vious stroke, transient ischemic attack or embo-

lism, mitral stenosis, or presence of a prosthetic 

heart valve. In this scheme, patients with no risk 

factors should receive aspirin, 81 to 325 mg/d. 

Patients with only one moderate risk factor can 

be offered either aspirin or adjusted-dose warfa-

rin with a target range of 2.0 to 3.0. Patients with 

more than one moderate risk factor or any high 

risk factor should be placed on adjusted-dose 

warfarin 2.0 to 3.0, or if a mechanical heart valve 

is present a target of 2.5 to 3.5. The practice guide-

line also recommends that patients with AFL 

be treated with antithrombotic therapy, as would 

be the case if the arrhythmia were AF. Epidemio-

logic data also suggest that patients with inter-

mittent AF have a similar risk of stroke to those 

with permanent AF. Therefore, the guideline sug-

gests that these groups be treated similarly. When 

using warfarin it is important to target a range of 

2.0 to 3.0 and attempt to remain in this range as 

much as possible. The risk of thromboembolism 

rises sharply with international normalized ratios 

(INRs) �1.8, so it is generally a bad strategy to 

target “low therapeutic” INRs in the hope of pre-

venting bleeding. To avoid this, dosing should be 

targeted squarely at 2.5, which is at the middle of 

the therapeutic range.

Management of Anticoagulation 
Around Cardioversion

In the preantithrobotic era, cardioversion of AF 

was associated with a signifi cant risk of thrombo-

embolism. This typically occurred days to weeks 

after cardioversion and not at the moment of 

 conversion. It is believed that the delayed presenta-

tion of thromboembolism following cardioversion 

is related to atrial stunning due to the period of 

prior AF and associated atrial remodeling. Hence, 

there is a time delay between restoration of electri-

cal sinus rhythm and recovery of mechanical atrial 

function. The risk of thromboembolism appears 

to be independent of the means of cardioversion 

employed, whether electrical or pharmacologic. 

To minimize the risk of thromboembolism, it is 

recommended that patients with AF of � 48 h in 

duration undergo at least 3 weeks of therapeutic 

anticoagulation with a target INR between 2.0 

and 3.0 prior to an additional 3 weeks of antico-

agulation following successful restoration of sinus 

rhythm. Following this, the decision to continue 

anticoagulation is based on an assessment of the 

patient’s risk for long-term thromboembolism. If 

the patient was receiving anticoagulation at the 

time of AF onset or if anticoagulation was started 

in the fi rst 48 h, then it is safe to proceed with car-

dioversion without a 3-week run in. In addition, 

performance of a transesophageal echocardiog-

raphy and exclusion of left atrial thrombi permit 

safe early cardioversion without the need for prior 

anticoagulation. However, in either case, antico-

agulation must be continued for at least 3 weeks 

after conversion if the duration of AF was �48 h 
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before cardioversion. Finally, if the duration of AF 

is known to be � 48 h, the risk of thromboembolism 

is low and cardioversion may be safely performed 

without anticoagulation either before or after the 

procedure.

Short-term Management of AF: Rate Control

The short-term management of AF centers on 

the control of ventricular response, the timely res-

toration of sinus rhythm, and the identifi cation of 

potentially reversible factors that may have pre-

cipitated the arrhythmia. AF with rapid ventricu-

lar response results in acute deterioration in stroke 

volume and cardiac output as well as increase in 

myocardial oxygen demand and the potential for 

coronary ischemia. Patients who are symptomatic 

must be controlled promptly. When pursuing rate 

control for acute AF of recent onset, the fastest 

way to achieve rate control is the restoration of 

sinus rhythm. Therefore, if rate control proves dif-

fi cult or not well tolerated, early recourse to car-

dioversion should be undertaken.

Tachycardia-Induced Cardiomyopathy: In addi-

tion to the acute homodynamic consequences of 

rapidly conducted AF, a more subtle but impor-

tant process occurs when rapid rates persist for 

weeks to months without control. This is the 

development of tachycardia-induced cardiomy-

opathy, which represents a true cardiomyopathy 

that is not simply a consequence of acute hemo-

dynamic consequence of rapid rates. Tachycardia-

induced cardiomyopathy occurs in the setting of 

resting rates signifi cantly � 100 beats/min. It 

should be suspected in a patient presenting with 

rapidly conducted AF, not because of the develop-

ment of palpitations, but for subacute symptoms 

of progressive congestive heart failure occurring 

over many weeks or months. On evaluation, such 

patients will exhibit a typical dilated cardiomy-

opathy that is clinically indistinguishable from 

idiopathic dilated cardiomyopathy. However, 

if rate control or restoration to sinus rhythm are 

achieved, the cardiomyopathy will resolve over 

several months, often with return of normal ven-

tricular function. When pursuing rate control, it 

is therefore critical to target a resting heart rate 

well � 100 beats/min to prevent the development 

of cardiomyopathy. By contrast, stress heart rates 

appear not to be related to the development of 

cardiomyopathy, and rate control is adjusted with 

the intent of moderating symptoms of dyspnea 

and palpitations associated with high exercise 

rates but not for prognostic reasons.

For the short-term control of rapidly con-

ducted AF, IV administration of a β-blocker 

(esmolol, metoprolol, or propranolol) or a non-

dihydropyridine calcium-channel blocker (dil-

tiazem or verapamil) is preferred. In the setting 

of decompensated heart failure, the use of a cal-

cium blocker may exacerbate heart failure and 

should be avoided. In this setting, digoxin is a 

useful agent for resting rate control. Digoxin is 

also a useful second-line drug in addition to a 

β-blocker or calcium-channel blocker for resting 

rate control. If such therapy is ineffective or not 

tolerated, then IV amiodarone is a useful rate con-

trol agent, especially in the setting of congestive 

heart  failure, and additionally may facilitate res-

toration of sinus rhythm. As noted above, rapidly 

conducted AF related to WPW can be paradoxi-

cally accelerated by calcium-channel blockers 

and digoxin, and these drugs should be avoided. 

Although in most clinical settings, any of these 

agents may be useful, atrial arrhythmias occur-

ring in the ICU setting often are exacerbated by, 

or even primarily related to, the catecholamine 

stress of acute illness. If this is suspected, then 

withdrawal of β-adrenergic pharmacotherapy 

and the early use of β-blocker therapy may prove 

 strikingly effective.

Short-term Management of AF: Restoration 
of Sinus Rhythm

When sinus rhythm is restored in the fi rst 48 h 

of acute AF, the thromboembolic risk is low and 

anticoagulation is not indicated. For this reason, 

new-onset AF should be managed with a plan to 

restore sinus rhythm during this period if pos-

sible. At least half of AF episodes of new onset 

will terminate spontaneously in the fi rst 24 to 

48 h. Therefore, if well tolerated, it may be reason-

able to wait until the next day before considering 

cardioversion. However if AF persists for � 24 h, 

it is strategic to plan for either pharmacologic or 

electrical cardioversion before the 48-h window 

expires. A reasonable strategy is to pursue rate 

control and possibly antiarrhythmic drugs in the 

fi rst 24 h, and then make the patient “nothing by 
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mouth” and proceed with electrical cardiover-

sion on the following day if sinus rhythm is not 

restored.

Pharmacologic Conversion of AF: Pharmaco-

logic conversion of AF can be undertaken when 

restoration of sinus rhythm is not urgent. Several 

 antiarrhythmic drugs have been shown to be effec-

tive in increasing the rate of early conversion of 

AF. Pharmacologic conversion is generally more 

successful with AF of recent onset than when 

chronic. Oral agents with effi cacy in the early 

conversion of AF include fl ecainide, propafenone, 

and dofetilide. Oral amiodarone and sotalol have 

been associated with a 27% and 24% conversion 

rates,4 respectively, but occurring late after 28 days 

of therapy. However, due to low early conversion 

rates, these drugs are not recommended orally 

for conversion. IV agents with effi cacy for early 

conversion include ibutilide and amiodarone. 

Ibutilide is limited by a relatively high 4% rate 

of drug-induced QT prolongation and  torsades 

de pointes VT. This risk is even higher in the set-

ting of left ventricular dysfunction, electrolyte 

disturbances, or heart failure. Therefore, ibutilide 

should be reserved for the pharmacologic conver-

sion of stable patients with a baseline normal QT 

interval. By contrast, IV amiodarone is well toler-

ated in unstable patients as are commonly seen in 

the ICU setting, and is the preferred pharmaco-

logic agent for conversion in the critically ill.

Electrical Cardioversion of AF: Electrical cardio-

version should be performed urgently in the case 

of severe compromise related to acute AF includ-

ing angina, heart failure, hypotension, or shock. 

Cardioversion should also be attempted at least 

once electively in all cases of new-onset AF regard-

less of toleration. When performing electrical car-

dioversion, an anterior posterior patch or paddle 

position is more effective than the  conventional 

anterior to lateral patch/paddle position used for 

ventricular defi brillation. Although low-output 

discharges may be effective in some patients, a 

strategy of starting at higher outputs decreases 

the number of shocks required and the average 

cumulative energy delivered. Therefore, an initial 

shock energy of at least 200 J for an older mono-

phasic defi brillator or a minimum output of 100 J 

with a newer biphasic device is recommended. 

Following a failed initial shock, full output should 

be used for the next attempt. If full output shocks 

are  ineffective, then  cardioversion success can be 

increased by several  maneuvers. Direct anterior- 

posterier compression over the anterior patch 

and timing of shock delivery to end-expiration 

will decrease thoracic impedance and facilitate 

cardioversion. Administration of an antiarrhyth-

mic drug may also facilitate  conversion. IV ibu-

tilide signifi cantly improves conversion  success 

in this setting. Oral pretreatment with amio-

darone, sotalol, fl ecainide, or propafenone may 

also increase defi brillation  success as well as 

decrease the chance of relapse after successful 

 cardioversion.

Long-term Maintenance of Sinus Rhythm

Despite the association of AF with an increase 

in stroke and all-cause mortality, no study to date 

has established a benefi t to pharmacologic main-

tenance of sinus rhythm in terms of stroke risk 

or survival. This may be because AF is merely a 

marker and not a mechanism of stroke and mor-

tality. It may also be a consequence of the rela-

tive ineffi cacy of pharmacologic therapy in the 

maintenance of sinus rhythm and the diffi culty 

establishing if patients believed to be in sinus 

rhythm are in fact consistently in sinus rhythm 

in follow-up. The largest and best designed trial 

addressing this issue was the Atrial Fibrillation 

Follow-up Investigation of Rhythm Management 

trial,5 which included 4,060 patients randomly 

assigned to a strategy of rhythm control with anti-

arrhythmic drugs, most commonly amiodarone, 

and a strategy of rate control without attempts 

to maintain sinus rhythm. The Atrial Fibrillation 

Follow-up Investigation of Rhythm Manage-

ment trial demonstrated no advantage in stroke 

or mortality with a strategy of maintenance of 

sinus rhythm over rate control. Therefore, at our 

current state of knowledge, either strategy can be 

offered to patients with an expectation of similar 

outcomes with regard to hard end points. Usu-

ally the decision to pursue sinus rhythm involves 

the management of symptoms that, in selected 

patients, may be better addressed by maintaining 

sinus rhythm.

In the absence of antiarrhythmic drugs, 

approximately 80% of patients will relapse over 

the fi rst year following cardioversion of AF. Anti-

arrhythmic drugs remain the primary  strategy 
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for maintaining sinus rhythm following cardio-

version as well as the prevention of symptom-

atic episodes in patients with paroxysmal AF. 

All antiarrhythmic drugs have the potential for 

proarrhythmia, the unintended precipitation of 

a new arrhythmic problem caused by the drug. 

Adverse rhythm effects of drugs may include 

sinus node dysfunction, heart block, promotion 

of drug-slowed AFL permitting rapid 1:1 conduc-

tion, and promotion of potentially lethal ventric-

ular arrhythmias. In addition, class I drugs such 

as fl ecainide, propafenone, and disopyramide 

may result in signifi cant myocardial depression 

and exacerbation of heart failure. The array of 

potential adverse effects of antiarrhythmic drugs 

is beyond the scope of this chapter, but certain 

essential concepts are important to recognize. The 

class I drugs such as fl ecainide and propafenone, 

which work by slowing conduction, have a high 

risk of ventricular proarrhythmia and potential 

for sudden death in the setting of heart failure, 

left ventricular dysfunction, and coronary artery 

disease. Use of these drugs is restricted to patients 

with preserved cardiac function and no evidence 

of obstructive coronary artery disease. However, 

in this selected group of patients with normal 

hearts, these drugs are exceedingly safe, well tol-

erated, and often effective. The conventional class 

III drugs, which prolong repolarization and refrac-

toriness, including sotalol and dofetilide, are safe 

in the presence of coronary artery disease and in 

the case of dofetilide with congestive heart fail-

ure. However, these drugs may provoke torsades 

de pointes, even in patients with normal cardiac 

function, and must be used with caution. Amio-

darone has a higher long-term effi cacy than other 

drugs and a lower risk of proarrhythmia; how-

ever, long-term somatic toxicity limits the use of 

this drug to older patients or those with limited 

expected longevity or inability to safely tolerate 

alternate agents due to advanced cardiac disease 

or proarrhythmia on alternate agents. In addition 

to being useful agents for the prevention of AF, 

sotalol and amiodarone also provide substan-

tial rate control during relapses of AF. However, 

rate control with other antiarrhythmic agents is 

not adequate to prevent rapid conduction with 

relapse, and some drugs may actually accelerate 

response at the time of relapse. Therefore, antiar-

rhythmic drugs other than sotalol or amiodarone 

must be combined with a rate control agent such 

as a β-blocker or nondihydropyridine  calcium-

channel blocker during long-term therapy.

Catheter ablation of AF is now an important 

secondary strategy for maintenance of sinus 

rhythm. It is now routinely available in most 

centers performing complex ablation proce-

dures, and success rates approaching 70 to 80% 

can be routinely achieved in patients with par-

oxysmal AF and relatively preserved cardiac 

function. Cure of persistent and permanent AF 

can also be achieved but with lower success 

rates, but responsiveness to previously ineffec-

tive drugs is achieved in a signifi cant fraction 

of patients who are not completely cured by 

ablation. Finally, the older technique of AV node 

ablation can be used to create complete heart 

block, which when combined with a pacemaker 

permits nonpharmacologic rate control but 

does not prevent ongoing fi brillation within the 

atrium. Patients with pacemakers and prior AV 

node ablation will require ongoing anticoagula-

tion because underlying AF is not prevented by 

simple AV node ablation. With the availability 

of curative AF ablation, AV node ablation has 

taken on a secondary role for patients who can-

not tolerate a complex ablative procedure or are 

otherwise not good candidates for curative AF 

ablation.

Ventricular Arrhythmias and Sudden 
Cardiac Death

Cardiac death is the most common cause of 

death in the United States, and cardiac arrest 

remains the most common mechanism of cardiac 

death. Despite substantial advances in the early 

treatment of cardiac arrest, most persons who 

experience an out-of-hospital cardiac arrest do 

not survive. Those who do survive may have per-

manent neurologic impairment. Sustained VT and 

VF are the most common causes of cardiac arrest; 

in � 90% of cases, obstructive coronary artery dis-

ease is present at autopsy.

Ventricular Ectopy and Nonsustained VT

VT is defi ned as three or more consecutive 

ventricular beats at a rate �100/min. Sustained 
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VT is VT that does not end without specifi c inter-

vention; however, for the purposes of  clinical 

 classifi cation, VT lasting � 30 s is classifi ed as sus-

tained even if spontaneous termination occurs 

after 30 s. VT lasting three beats up to 30 s is clas-

sifi ed as nonsustained. Nonsustained ventricu-

lar arrhythmias including premature ventricular 

contractions and nonsustained VT are common 

in the presence of left ventricular dysfunction, 

and nonsustained VT is associated with a higher 

risk of sudden death in patients with coronary 

artery disease and left ventricular dysfunction. 

Although there is a statistical association, whether 

such asymptomatic ventricular ectopy and non-

sustained arrhythmia is causally linked to death 

or merely an associated fi nding not directly 

linked has been a matter of much debate. In the 

1980s, attempts to systematically suppress these 

arrhythmias with antiarrhythmic drugs in the 

Cardiac Arrhythmia Suppression Trial6 proved 

that the class I drugs in common use at that time, 

despite suppression of nonsustained tachycardia, 

markedly increased sudden death, and overall 

mortality. Subsequent studies in the 1990s testing 

amiodarone in the European Myocardial Infarct 

Amiodarone Trial7 and the Canadian Amioda-

rone Myocardial Infarction Arrhythmia Trial,8 a 

drug with much lower proarrhythmic potential, 

did not demonstrate an increase in mortality but 

again failed to show a signifi cant mortality ben-

efi t despite substantial suppression of spontane-

ous nonsustained arrhythmias. These fi ndings 

have supported the present concept that nonsus-

tained ventricular arrhythmias are not mechanis-

tically linked to the sustained poorly tolerated 

arrhythmias that eventuate in sudden death, and 

that asymptomatic nonsustained arrhythmias 

and ventricular ectopy should not be pursued as 

a therapeutic target in the hopes that such therapy 

will reduce the future risk of death.

Sustained VT and Secondary Prevention 
of Sudden Death

Sustained VT is associated with underly-

ing cardiovascular pathology in �90% of cases, 

most commonly chronic ischemic heart disease 

with prior clinical or subclinical myocardial 

infarction (MI) with associated left ventricular 

dysfunction. The chance of cardiac arrest rises 

progressively with greater degrees of left ven-

tricular dysfunction following MI with very low 

risks with EFs � 40%, and a substantial precipi-

tous rise with EFs � 30 to 35%. The mechanism 

of sustained VT in chronic ischemic heart dis-

ease is macroreentry, similar in mechanism to 

that observed in the case of reentrant AT. VT in 

the chronic phase of ischemic heart disease is 

mediated by reentry through channels or sheets 

of surviving myocardium, especially within the 

partially spared border zone of a region of scar 

resulting from prior MI. Within these channels, 

conduction is abnormally slow due to poor cou-

pling between sparse surviving myocytes, par-

tially decoupled by interstitial fi brosis and cell 

loss. Tachycardia may be initiated by an ecto-

pic beat that fails to enter one end of the chan-

nel due to unidirectional block, but enters the 

other end, traveling for a time within the chan-

nel then reemerging from the initially blocked 

end to reactivate the ventricle. Susceptibility 

to sustained VT increases with worsening left 

ventricular dysfunction and associated greater 

extent of scar. Such circuits may be favorably 

or adversely affected by antiarrhythmic drugs. 

As multiple functioning circuits may coexist in 

a single scar with multiple potential VT mecha-

nisms, a drug may exhibit both favorable effects 

on one tachycardia while exacerbating alternate 

tachycardias.

Several trials have examined the utility of 

antiarrhythmic drugs, mostly amiodarone, com-

pared with implantable cardioverter defi brillator 

(ICD) therapy on survival following an episode 

of sustained poorly tolerated VT or an episode of 

sudden arrhythmic death. The largest trial was 

the Antiarrhythmics Vs. Implantable Defi brillator 

trial,9 which randomized patients with a  history 

of poorly tolerated sustained VT or cardiac arrest 

between a strategy of empiric amiodarone or 

ICD implantation. In this trial,9 as well as several 

smaller similar trials, ICD therapy was associ-

ated with a lower risk of arrhythmic and all-cause 

death than antiarrhythmic therapy. Therefore, for 

secondary prevention of cardiac arrest after an 

episode of sustained VT or VF in the setting of 

cardiac disease, ICD implantation has become the 

fi rst line of therapy.
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Indications for ICD Implantation for Secondary 
Prevention (After a First Episode of Documented 
or Presumed Sustained VT or VF)

Class I

1.  Cardiac arrest due to VF or VT not due to a 

transient or reversible cause.10

2.  Spontaneous sustained VT in association with 

structural heart disease.

3.  Syncope of undetermined origin with clini-

cally relevant, hemodynamically signifi cant 

sustained VT, or VF induced at electrophysi-

ologic study when drug therapy is ineffective, 

not tolerated, or not preferred.

4.  Spontaneous sustained VT in patients without 

structural heart disease not amenable to other 

treatments.

Class IIb

1.  Cardiac arrest presumed to be due to VF when 

electrophysiologic testing is precluded by other 

medical conditions.

2.  Severe symptoms (eg, syncope) attributable to 

ventricular tachyarrhythmias in patients await-

ing cardiac transplantation.

3.  Recurrent syncope of undetermined origin in 

the presence of ventricular dysfunction and 

inducible ventricular arrhythmias at electro-

physiologic study when other causes of syn-

cope have been excluded.

4.  Syncope of unexplained origin or family his-

tory of unexplained sudden cardiac death 

in association with typical or atypical right 

 bundle-branch block and ST-segment eleva-

tions (Brugada syndrome).

5.  Syncope in patients with advanced structural 

heart disease in whom thorough invasive 

and noninvasive investigations have failed to 

defi ne a cause.

Primary Prevention of Cardiac Arrest

Patients with advanced cardiac disease, left 

ventricular dysfunction, and heart failure have 

a substantial risk of death due to both progres-

sive heart failure and sudden death. Except in 

class IV (end-stage heart failure with  symptoms 

at rest), sudden death predominates as the 

most common mode of death in advanced car-

diac disease states. For any degree of left ven-

tricular dysfunction, mortality rates in ischemic 

heart disease are higher than in nonischemic 

cardiomyopathy. Therefore, it has been easier  to

demonstrate mortality benefi ts with primary 

therapy to prevent sudden death in ischemic 

than nonischemic cardiomyopathy. As noted 

above, no form of antiarrhythmic drug, even 

amiodarone, has resulted in a signifi cant mor-

tality reduction in this population. However 

several ICD trials have demonstrated a signifi -

cant reduction in mortality. The fi rst such trial 

was the Multicenter Automatic Defi brillator 

Implantation Trial (MADIT),11 which enrolled 

patients with prior MI, and EF �35%, who had 

frequent ventricular ectopy and inducible VT 

at EP testing. This study demonstrated a sub-

stantial mortality reduction with ICD therapy. 

The MADIT was followed by MADIT II,12 which 

enrolled a simpler-to-identify population con-

sisting of patients with simply a history of prior 

MI and EF �30% in the chronic phase. Again, 

a signifi cant mortality benefi t was associated 

with ICD therapy. Finally the recently com-

pleted Sudden Cardiac Death in Heart Failure 

trial13 enrolled a broader population consisting 

of patients with both ischemic and nonischemic 

cardiomyopathy, symptomatic New York Heart 

Association class II or III heart failure, and 

EF �35%. Again, a survival benefi t was found 

in patients treated with ICD when compared 

with conventional therapy or empiric amioda-

rone therapy. The degree of benefi t was similar 

in patients with both ischemic and nonisch-

emic cardiomyopathy, suggesting that primary 

prevention ICD implantation in patients with 

advanced nonischemic cardiomyopathy and 

heart failure was also appropriate. These three 

major trials combined with generally concor-

dant fi ndings in other smaller trials form the 

basis for the current recommendation for pro-

phylactic primary prevention ICD implanta-

tion in patients with history of prior MI and 

EF �30% as well as patients with symptomatic 

heart failure of any etiology who remain New 

York Heart Association class II or III on opti-

mized medical therapy and have EFs �35%.
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Indications for ICD Implantation for Primary 
Prevention (in the Absence of Prior Sustained 
VT/VF)

Class I

Nonsustained VT in patients with coronary 

disease, prior MI, left ventricular dysfunction, 

and inducible VF or sustained VT at electrophysi-

ologic study that is not suppressible by a class I 

antiarrhythmic drug.10

Class IIa

Patients with left ventricular EF �30% at least 

1 month after MI and 3 months after coronary 

artery revascularization surgery.

Class IIb

Familial or inherited conditions with a high 

risk for life-threatening ventricular tachyarrhyth-

mias such as long-QT syndrome or hypertrophic 

cardiomyopathy. Nonsustained VT with coronary 

artery disease, prior MI, left ventricular dysfunc-

tion, and inducible sustained VT or VF at electro-

physiologic study.

VT and Fibrillation Without Evident 
Heart Disease

Although most sustained VT is related to 

underlying advanced structural heart disease, 

ventricular ectopy, nonsustained VT, at times 

symptomatic, and occasionally sustained VT may 

be seen in patients without evident underlying 

structural heart disease. The occurrence of VT 

in the absence of structural heart disease repre-

sents a heterogenous population of conditions, 

some benign, and some malignant. Several of the 

malignant conditions are familial, and therefore 

it is critical that they be identifi ed to protect the 

welfare of the patient as well as unrecognized 

affected family members. It is easiest to classify 

such patients into three groups: idiopathic VT, 

right ventricular cardiomyopathy/dysplasia, and 

the cardiac ion-channel disorders including the 

long-QT syndrome.

Idiopathic VT

Right Ventricular Outfl ow Tract Tachycardia: 

Idiopathic VT typically presents in a patient with 

recurrent palpitations and occasionally syncope. 

The clinical story initially suggests SVT because 

the ECG is typically normal and cardiac evalu-

ation unrevealing. However if symptoms are 

documented, VT is identifi ed. The most common 

syndrome occurring in 75 to 90% of cases is repet-

itive salvos of nonsustained monomorphic VT as 

well as frequent unifocal premature ventricular 

contractions (PVCs) all with the same morphol-

ogy. This arrhythmia originates in the right ven-

tricular outfl ow tract (RVOT) from a focal origin 

usually immediately below the pulmonic valve. 

Ventricular ectopy is often quite frequent, and 

may be easily documented on 12-lead ECG in 

many patients. If documented, the QRS morphol-

ogy has a deeply negative QRS in V
1
 and strongly 

positive in the inferior leads, giving the beats a left 

bundle-branch block with inferior axis morphol-

ogy (Fig 8). This arrhythmia is focal and automatic 

in mechanism, and its response to pacing and 

drugs suggests that the mechanism is likely due 

to triggered automaticity of the delayed afterde-

polarization type. This arrhythmia is responsive 

to β-blockers, nondihydropyridine calcium-

channel blockers such as verapamil or diltiazem, 

as well as transiently to adenosine infusion. It 

also responds to antiarrhythmic agents but, as the 

arrhythmia is readily cured by catheter ablation, 

patients who fail to respond to calcium-channel 

or β-blockers are commonly referred for catheter 

ablation. This clinical syndrome may also at times 

present with the same clinical pattern but with a 

right bundle-branch block QRS morphology and 

inferior axis. This arrhythmia behaves similarly to 

the RVOT tachycardia, but when mapped it origi-

nates in the left ventricular outfl ow tract instead. 

Although both syndromes most frequently pres-

ent as repetitive bursts of nonsustained monomor-

phic VT, this syndrome may occasionally present 

as sustained monomorphic VT.

Idiopathic Left Ventricular Tachycardia: The sec-

ond idiopathic VT syndrome is clinically distinct 

and much less common than the outfl ow tract 

tachycardias. It commonly presents as sustained 

monomorphic VT. This syndrome is referred to as 

either idiopathic left fascicular tachycardia or simply 
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idiopathic left ventricular tachycardia. It is a peculiar 

arrhythmia with a very stereotyped behavior. The 

arrhythmia is often well tolerated and has an ECG 

appearance that looks like a typical bifascicular 

block pattern with a right bundle-branch block 

and left-axis deviation (Fig 9). The arrhythmia 

may easily be misdiagnosed as SVT with aber-

rancy and if treated with a nondihydropyridine 

calcium-channel blocker such as diltiazem or 

verapamil will abruptly terminate, reinforcing the 

misdiagnosis. This unusual arrhythmia appears 

to be mediated by reentry within the left  posterior 

Figure 8. Idiopathic RVOT tachycardia. Note the characteristic left bundle-branch morphology and inferior right axis. This 
arrhythmia is automatic in mechanism and is likely similar in mechanism to focal AT. Like the focal AT shown in Figure 6, the 
runs have variable cycle length and occur in salvos. Like focal AT, idiopathic RVOT tachycardia responds to calcium-channel 
blockers and also may be helped by β-blockade. When frequent and symptomatic like this patient, most would offer ablation, 
and this is how this patient was treated.

Figure 9. Idiopathic left fascicular tachycardia. This was a sustained arrhythmia in this patient, although it would tend to 
 terminate after minutes back to sinus rhythm. Note that AV dissociation is absent during this tachycardia because there is 1:1 
retrograde atrial activation (arrows). This ECG was done while the patient was already receiving β-blocker therapy, which 
slowed the rate of the tachycardia somewhat. This tachycardia terminated abruptly with IV diltiazem but was hard to suppress 
with oral medication. At EP testing, the tachycardia was mapped to the posterior apical septum in the region of the left posterior 
hemifascicle and ablated there.
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fascicle of the left-sided conduction system, and 

its responsiveness to verapamil or diltiazem is 

surprising but characteristic. This arrhythmia, 

like idiopathic outfl ow tract tachycardia, has an 

excellent prognosis and may be treated medically. 

However, as it is often sustained, it is a common 

target for successful catheter ablation.

Arrhythmogenic Right Ventricular 
Cardiomyopathy/Dysplasia

Arrhythmogenic right ventricular cardiomy-

opathy (ARVC) is a familial degenerative car-

diomyopathy that predominantly affects the free 

wall of the right ventricle. It is also referred to 

commonly as arrhythmogenic right ventricular dys-

plasia; however, it is now believed to be a pro-

gressive cardiomyopathy rather than a dysplastic 

process and ARVC is the preferred term. It is an 

important cause of unexpected sudden death 

in otherwise healthy persons in parts of Europe 

although not as frequent in the United States. 

Due to myocyte death/apoptosis, large portions 

of the right ventricular free wall may become 

replaced with adipose tissue leading to regional 

wall motion abnormalities and aneurysm for-

mation. Although it predominantly affects the 

right ventricle, the left ventricle may also be 

affected late in some patients. As the  mechanical 

consequences of right ventricular dysfunction 

are often subclinical, this condition commonly 

becomes clinically apparent due to the develop-

ment of ventricular arrhythmias originating in 

the affected portions of the right ventricle. The 

ventricular arrhythmias may be nonsustained or 

sustained and tend to exhibit a left bundle-branch 

block morphology consistent with a right ventric-

ular origin. Because the right ventricle is not well 

imaged by routine cardiac testing, the presence 

of right ventricular cardiomyopathy can be eas-

ily missed; for this reason, this condition may be 

misdiagnosed as idiopathic RVOT VT, which is a 

more common condition. However, as ARVC car-

ries a potential risk of sudden death and is com-

monly familial with dominant inheritance, its 

recognition is critical. When advanced, ARVC is 

associated with T-wave inversion in the anterior 

precordial leads, and the  fi nding of unexplained 

T-wave inversion beyond V
2
 is strongly sugges-

tive. Less commonly, a late defl ection at the tail of 

the right precordial QRS complex called an epsi-

lon wave may be present and is due to late activa-

tion caused by slowed conduction in the affected 

right ventricle, which lies immediately under the 

right precordial leads (Fig 10). As the condition is 

a myopathic process, ventricular ectopy is often 

Figure 10. Arrhythmogenic right ventricular cardiomyopathy. This patient presented with sustained VT; while receiving 
 medication for his index VT, he had another distinct sustained VT. Both had a left bundle-branch morphology and were poorly 
tolerated. Right ventriculography showed a dilated and aneurismal right ventricle due to fatty replacement. Note the presence 
of T-wave inversion beyond V

2
 and a high-frequency notch in the early ST-segment following the QRS complex (arrows), which 

is an “epsilon wave” due to late activation of the underlying diseased right ventricle (this ECG is shown at double standard to 
make the epsilon wave easier to see when reproduced). This patient was orphaned, and the family history was unknown. He 
underwent ICD implantation.
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multiform, and this helps to distinguish it from 

the idiopathic arrhythmias that are focal with 

only a single PVC morphology. Finally, a family 

history of sudden death in a fi rst-order relative 

should raise concern. Cardiac magnetic resonance 

imaging is the preferred technique to image the 

fatty infi ltration and wall motion abnormalities 

in the right ventricle in ARVC. However, mild 

abnormalities may be seen in patients with idio-

pathic RVOT VT and make interpretation diffi -

cult in some patients. In the presence of sustained 

VT or symptoms such as syncope believed to be 

due to VT, ICD implantation is indicated to pre-

vent future sudden death.

Cardiac Ion-Channel Disorders 
and Long-QT Syndrome

A number of familial conditions resulting in 

ventricular arrhythmias have been associated 

with point mutations in the cardiac ion channels. 

These conditions are often colloquially referred 

to as the cardiac channelopathies. The most impor-

tant set of cardiac ion-channel disorders are the 

various forms of familial long-QT syndrome. 

These syndromes were historically described as 

the Romano-Ward syndrome, a dominantly inher-

ited condition associated with a long QT interval 

(Fig 11), recurrent syncope, and at times sudden 

death associated with polymorphic VT referred to 

as torsades de pointes. With modern genetic tech-

niques, Romano-Ward syndrome has been found 

to be a set of long-QT syndromes due to one of 

several channel defects, the most common being 

LQT1, a defect in the KVLQT1 gene that encodes 

the cardiac slow potassium channel (IKS); LQT2, 

a defect in the HERG gene that encodes a second 

K channel (IKR); and LQT3, which is a defect in 

the SCN5A gene that encodes the cardiac sodium 

channel. Long-QT syndrome often presents with 

syncope as opposed to palpitations because the 

VT is very fast and hemodynamically ineffective. 

Asymptomatic patients with a long QT who have 

no family history of sudden death are usually 

followed up without treatment. If symptoms of 

 syncope occur or there is a family history of sud-

den death, empiric β-blocker therapy is helpful 

in the most common forms (but may be harmful 

in the less common LQT3). If symptoms persist 

despite β-blocker therapy or the patient  presents

Figure 11. Familial long-QT syndrome. This 26-year-old woman presented with a cardiac arrest while at work at a manufac-
turing facility. She was resuscitated by bystanders and ultimately shocked out of VF by emergency medical technicians. She 
ultimately recovered and underwent ICD implantation. Her older sister had died suddenly 15 years earlier, but no investigation 
was pursued at that time. Her father also had died suddenly in his 40s, attributed to a heart attack. Genetic testing was done, and 
she was found to have LQT1. Her family was screened, identifying her brother and her nephew, the son of her deceased sister, 
as both affected but asymptomatic. A year later, this patient had a normal pregnancy. Her newborn son was found to have a QTc 
of 0.60 on the day of delivery. Her son, who is now 10 years old, received an ICD about a year ago; the patient is doing well but 
has received shocks for torsades; her brother and nephew remain asymptomatic on β-blockers 10 years later.
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with resuscitated sudden death, ICD is indicated. 

Boys and girls have a similar rate of onset of 

s ymptoms, but in adulthood women have a higher 

rate of symptoms likely due to a tendency of women 

to have longer QT intervals than men. As this is a 

dominantly inherited condition, family screening is 

mandatory and vastly simplifi ed by the commer-

cial availability of genetic testing for the common 

forms of long-QT syndrome.

Brugada Syndrome

The Brugada syndrome was described in 

1986 by Pedro and Josep Brugada when a 3-year-

old boy presented with recurrent syncope and 

an unusual ECG. The boy’s sister died at age 

2 years of ventricular arrhythmias and had a simi-

lar ECG. The disorder is now known to be com-

monly related to distinct mutations in the sodium 

channel gene SCN5A, the same gene associated 

with LQT3. The ECG is characteristic but easily 

missed. The Brugada syndrome ECG is character-

ized by upward coved ST-segment elevation in 

leads V
1
 to V

3
 with a right bundle-branch block 

pattern. As the syndrome is associated with a high 

risk of sudden death due to polymorphic VT, is 

dominantly inherited, and displays otherwise nor-

mal cardiac testing and often no apparent arrhyth-

mias between episodes, it is critical to look out for 

this ECG pattern in patients presenting with unex-

plained syncope. Unfortunately, the ECG pattern 

may be inconsistent from one ECG to the next. Of 

importance, β-blockers increase the risk of sud-

den death in Brugada syndrome, and many drugs 

with ability to block the cardiac sodium channel 

make this condition worse, including the class I 

antiarrhythmic agents as well as tricyclic antide-

pressants. When the diagnosis is established, and 

syncope is attributable to VT, or in the case of clini-

cal ventricular tachycardia, ICD implantation is 

indicated because of a high risk of sudden death.

Acquired Long-QT Syndrome

Many drugs have been associated with QT 

prolongation and in susceptible patients with 

the development of torsades de points VT and at 

times sudden death. Table 1 gives a list of com-

monly associated drugs. An up-to-date database of 

drugs with an association with acquired long-QT

syndrome is maintained at www.qtdrugs.org, a 

valuable resource when evaluating a patient with 

unexplained QT prolongation while being treated 

with multiple medications. VT occurring in the 

drug-induced long-QT syndrome is very similar 

to the familial form. However some features differ. 

In the familial form of long-QT syndrome, VT dur-

ing physical or emotional stress is common, occur-

ring at times of elevated sinus rates. By contrast, 

torsades due to drug-induced long-QT syndrome 

tends to occur at rest during periods of low heart 

rates, especially following pauses often provoked 

by a compensatory pause from an antecedent PVC 

(Fig 12). Treatment involves correcting any electro-

lyte disturbance, and identifying and eliminating 

any potentially causative agents. Until the QT nor-

malizes, treatment with IV magnesium sulfate will 

acutely suppress VT. As the VT is pause depen-

dent at initiation, if VT continues to be a problem 

despite magnesium, VVI pacing at modest rates 

will prevent pauses and prevent initiation. Once 

torsades has developed from one drug, an effort 

should be made to avoid future therapy with any 

drug associated with this syndrome.

Summary and Conclusions

Tachyarrhythmias may be broadly classi-

fi ed as supraventricular arrhythmias, which are 

dependent on the atrium, AV node, or both; and 

ventricular arrhythmias, which are exclusively 

dependent on infranodal tissue. Supraventricular 

Table 1. Drugs With a Known Risk of Torsades de Pointes*

Antiarrhythmics Amiodarone, disopyramide, 
dofetilide, ibutilide, 
procainamide, quinidine, 
sotalol

Anticancer Arsenic trioxide
Antianginal Bepridil
Antibiotics/antiparasitics Chloroquine, clarithromycin,

erythromycin, halofantrine, 
pentamidine, sparfl oxicin

Antipsychotics Chlorpromazine, haloperidol,
mesoridazine, pimozide, 
thioridazine

GI Cisapride, domperidone,
droperidol

Opiates Levomethadyl, methadone

*Based on drug lists available from Arizona Center for 
 Education and Research on Therapeutics.14
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arrhythmias fall into two large groups: the parox-

ysmal SVTs, which are commonly seen in other-

wise normal patients with recurrent  paroxysmal 

 sustained  palpitations. More than 90% of these are 

due to either AV node reentry or AV reciprocat-

ing tachycardia related to an accessory pathway. 

The later group includes manifest WPW, in which 

delta waves are present and there is some poten-

tial for sudden death due to rapid conduction of 

AF resulting in VF and concealed WPW, in which 

delta waves are absent and the arrhythmia syn-

drome is similar to the more common AV node 

reentry, and sudden death is not a concern. Atrial 

arrhythmias may be focal or reentrant. Focal AT 

is usually automatic in mechanism and character-

ized by repeated salvos of tachycardia, often with 

frequent atrial ectopy between runs. Reentrant 

atrial arrhythmias include typical AFL, which cir-

culates around the tricuspid valve around natu-

rally present obstacles; AT and atypical fl utters, 

which circulate around acquired obstacles related 

to atrial scar tissue and fi brosis; and fi nally AF, 

which is initiated by focal fi ring involving pre-

dominantly the pulmonary veins and likely main-

tained by chaotic left atrial reentry. The primary 

issues in atrial arrhythmia management are rest-

ing rate control to improve acute cardiac function 

and prevent the development of tachycardia-

induced cardiomyopathy, restoration of sinus 

rhythm in selected patients, and antithrombotic 

therapy with aspirin or warfarin based on esti-

mated long-term thromboembolic risk.

Ventricular arrhythmias are most commonly 

related to underlying structural heart disease, 

although an important subset occur in otherwise 

structurally normal hearts. In the setting of heart 

disease, ischemic heart disease is most commonly 

associated with sustained VT and sudden death. 

Antiarrhythmic therapy is not, based on current 

understanding, indicated to reduce the risk of 

sudden death in patients who are at high risk, 

including those with nonsustained arrhythmias 

and left ventricular dysfunction, as well as those 

with symptomatic sustained VT. Antiarrhythmics 

may have a role for symptomatic arrhythmias 

in low-risk patients as well as an adjunct to ICD 

therapy to prevent frequent ICD shocks. However 

the only rhythm therapy that has been shown to 

reduce risk of sudden death in these high-risk 

populations is ICD implantation. In patients with 

VT but a structurally normal heart, the  important 

syndromes are idiopathic VTs, which have a gen-

erally good prognosis; occult ARVC, in which 

the heart is not, in fact structurally normal, but 

appears so unless the diagnosis is actively sought; 

and fi nally the ion-channel diseases, of which the 

familial long-QT syndromes are the most impor-

tant clinically. The latter two syndromes are famil-

ial and have a potential for malignant arrhythmias 

and sudden death. Once the proband is identifi ed, 

the family must also be screened. Failure to do 

so invites tragedy in follow-up. In managing all 

arrhythmias, it is the clinician’s role to attempt to 

identify the tachycardia mechanism and the likely 

acute precipitants if any so they can be reversed, 

slow or eliminate the tachycardia to restore hemo-

dynamic stability, and assess the likelihood for 

long-term recurrence and need or lack thereof for 

long-term management.
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Objectives:

• Review the defi nition, demographics, and etiology of con-
gestive heart failure  diagnosis

• Understand the pathophysiology of the heart failure syn-
drome

• Review general treatment goals and medical therapy for 
heart failure, with an emphasis on acute heart failure in 
the ICU

Key words: aldosterone antagonism; angiotensin-converting 
enzyme inhibition; angiotensin receptor blockers; cardiogenic 
shock; congestive heart failure; remodeling; vasodilators

Defi nition and Epidemiology

Congestive heart failure (CHF) can be defi ned as 
the inability of the heart to provide an adequate 
cardiac output without invoking maladaptive 
compensatory mechanisms. CHF affects �5 mil-
lion patients in the United States, which is an 
estimated 2.5% of the adult population.1 Heart 
failure develops in 550,000 patients for the fi rst 
time every year, and CHF results in �280,000 car-
diovascular deaths and about 1.1 million hospital 
admissions per year in the United States. CHF is 
now the most common reason for hospitalization 
in the elderly, and annual costs are estimated at 
more than $33 billion.1 The incidence of heart fail-
ure has been increasing, due not only to the aging 
of the population but also because improved 
treatment of hypertension and coronary disease 
is allowing patients to avoid early mortality only 
to have heart failure develop later.

The causes of heart failure are protean and 
are listed in Table 1. The predominant causes, 
however, are ischemia, hypertension, alcoholic 
cardiomyopathy, myocarditis, and idiopathic car-
diomyopathy. Coronary artery disease is increas-
ing, both as a primary cause and as a complicating 
factor of CHF.

Heart failure can be broken down into sev-
eral different classifi cations, as follows: acute vs 
chronic; left-sided vs right-sided; and systolic vs 

diastolic dysfunction. It is important for the clini-
cian to distinguish between systolic and diastolic 
dysfunction, as both the diagnostic workup and 
therapeutic sequence differ. Although CHF results 
most commonly from decreased systolic perfor-
mance, diastolic dysfunction, which is defi ned 
clinically as cardiogenic pulmonary congestion 
in the presence of normal systolic performance, is 
becoming more common as a cause of CHF, par-
ticularly in the elderly. The estimated prevalence 
of diastolic heart failure is 30 to 35% overall, and 
�50% in patients �70 years of age.2,3

The severity of chronic heart failure is most 
commonly delineated using the classifi cation 
developed by the New York Heart Association 
(NYHA). This classifi cation divides patients into 
functional classes depending on the degree of 
effort needed to elicit symptoms (Table 2). More 
recently, stages in the evolution of heart failure 
have been proposed by an American College of 
Cardiology/American Heart Association task 
force to emphasize its progressive nature, and to 
focus on preventive measures and early interven-
tion (Table 3). These stages have been linked to 
therapeutic approaches.

Pathophysiology

Heart failure is a syndrome caused not only 
by the low cardiac output resulting from com-
promised systolic performance, but also by the 
effects of compensatory mechanisms. Myocar-
dial damage from any cause can produce myo-
cardial failure. To compensate for the reduced 
cardiac output of a failing heart, an elevation in 
ventricular fi lling pressure occurs in an attempt 
to maintain output via the Frank-Starling law. 
These elevated diastolic fi lling pressures can com-
promise subendocardial blood fl ow and cause or 
worsen ischemia. With continued low cardiac out-
put, additional compensatory mechanisms come 
into play, including sympathetic nervous system 
stimulation, activation of the renin- angiotensin 
system, and vasopressin secretion. All of these 
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initiated by  hemodynamic stress, involves the left 
ventricle (LV) globally and is associated with dila-
tion that increases over time, distortion of ven-
tricular shape, and hypertrophy of the walls. The 
failure to normalize increased wall stresses results 
in progressive dilatation and deterioration in con-
tractile function. Similar processes are operative 
in other sorts of cardiomyopathy as well. Ven-
tricular remodeling can be considered a primary 
target for treatment and a reliable surrogate for 
long-term outcomes.3

Diagnosis

The symptoms and signs of CHF relate both to 
low cardiac output and elevated ventricular fi lling 
pressures. Low output produces the symptoms of 
weakness and fatigue and an ashen appearance, 
sometimes with mottling. Increased left-sided fi ll-
ing pressures result in symptoms of pulmonary 
congestion such as dyspnea, cough, orthopnea, 
and paroxysmal nocturnal dyspnea as well as 
signs that may include tachycardia; pulmonary 
rales; a diffuse, enlarged, and laterally displaced 
point of maximal impulse; an S3 and S4 gallop; 
and a murmur of mitral regurgitation. Elevated 
right-sided preload can lead to symptoms such 
as anorexia, nausea, and abdominal pain, along 
with signs of systemic congestion such as jugular 
venous distension, a right-sided S3 gallop, a mur-
mur of tricuspid regurgitation, hepatomegaly, 
ascites, and peripheral edema.

The presentation of acute heart failure and pul-
monary edema can be dramatic, with the sudden 
onset of shortness of breath and tachypnea with 
use of accessory muscles. Crackles and, often, 
wheezing can be heard throughout the lung fi elds, 
at times obscuring some of the cardiac  auscultatory 
fi ndings. Hypotension and evidence of peripheral 

Table 1. Etiologies of CHF

Ischemic
Hypertensive
Idiopathic
Valvular
Peripartum
Familial
Toxic

Alcoholic
Radiation
Drug-related (anthracyclines)
Heavy metals (cobalt, lead, or arsenic)

Metabolic/nutritional
Systemic diseases

Hypothyroidism
Connective tissue disease
Diabetes
Sarcoidosis

Infi ltrative
Amyloidosis
Hemochromatosis

Tachycardia-induced
Autoimmune

mechanisms lead to sodium and water retention 
and venoconstriction, increasing both preload and 
afterload. These increases in preload and after-
load, although initially compensatory, can exac-
erbate the heart failure, because elevated preload 
increases pulmonary congestion, and elevated 
afterload impedes cardiac output.

Recent attention has focused on cardiac 
remodeling, the process by which ventricu-
lar size, shape, and function are regulated by 
mechanical, neurohormonal, and genetic factors, 
as a pathophysiologic mechanism in heart failure. 
Remodeling may be physiologic and adaptive 
during normal growth, but excessive remodeling 
after myocardial infarction (MI), cardiomyopa-
thy, hypertension, or valvular heart disease can 
be maladaptive.4 Early local remodeling after MI 
may expand the infarct zone, but late remodeling, 
which likely involves neurohormonal  mechanisms 

Table 2. NYHA Functional Classifi cation of Heart Failure

Class Description

 I  Symptoms of heart failure only at levels that 
would limit normal individuals

 II  Symptoms of heart failure with ordinary 
exertion

 III  Symptoms of heart failure on less than 
ordinary exertion

 IV Symptoms of heart failure at rest

Table 3. Stages of Heart Failure

Stage Description

 A  High risk for heart failure, without structural 
disease or symptoms

 B  Heart disease with asymptomatic LV 
dysfunction

 C Prior or current symptoms of heart failure
 D  Advanced heart disease and severely 

symptomatic or refractory heart failure
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vasoconstriction and hypoperfusion may be pres-
ent if cardiac output is decreased. The differential 
diagnosis of cardiac pulmonary edema includes 
other causes of acute dyspnea, such as pulmonary 
embolism, pneumothorax, and bronchial asthma, 
and causes of noncardiac pulmonary edema, such 
as aspiration, infection, toxins, or trauma.

The initial evaluation of the patient with pul-
monary edema should include an ECG and chest 
radiograph. The ECG may show evidence of myo-
cardial ischemia and can also detect arrhythmias; 
conduction abnormalities such as AV block and 
bundle branch block may be diagnosed. Q waves 
indicative of previous infarction or criteria diag-
nostic of ventricular hypertrophy may provide 
clues about the substrate for heart failure; atrial 
enlargement speaks to the chronicity of elevated 
fi lling pressures. The chest radiograph can dem-
onstrate pulmonary vascular redistribution, with 
or without bilateral hazy pulmonary infi ltrates, 
classically perihilar, as well as cardiomegaly. 
Pleural effusions may be identifi ed but are neither 
sensitive nor specifi c.

Laboratory evaluation should include baseline 
measurement of serum electrolytes and creati-
nine, and blood glucose, liver function tests, and 
a CBC count. The measurement of plasma B-type 
natriuretic peptide (BNP) has been introduced5 
into the diagnostic algorithm for CHF. BNP is 
produced by ventricular myocytes in response to 
increased wall stress (ie, increased fi lling pressures 
and stretch).5 Plasma BNP levels are increased in 
patients with heart failure, and the plasma concen-
tration of BNP has been shown to correlate with 
NYHA functional class. The measurement of BNP 
has been used to distinguish between heart failure 
and pulmonary causes of dyspnea. In the Breathing 
Not Properly study of 1,586 patients presenting to 
the emergency department with a chief complaint 
of dyspnea, a plasma BNP level of �400 pg/mL 
accurately predicted CHF, while levels � 100 pg/mL 
indicated noncardiac dyspnea; values between 100 
and 400 pg/mL were less useful.6 Such intermedi-
ate values may be due to CHF but may also rep-
resent preexisting LV dysfunction or right-sided 
heart failure. The addition of echocardiography 
in the acute setting may be especially valuable in 
patients with intermediate BNP levels.7

Echocardiography can provide important 
information about cardiac size and function, and 

should be performed in all patients with new-onset 
heart failure. Echocardiography is simple and safe, 
and permits the systemic interrogation of cardiac 
chamber size, LV and right ventricular function, 
valvular structure and motion, atrial size, and peri-
cardial anatomy. Regional wall motion abnormali-
ties are compatible with coronary heart disease but 
are not specifi c for ischemia since they are also seen 
in 50 to 60% of patients with idiopathic dilated car-
diomyopathy. Fibrotic and thinned akinetic areas, 
however, indicate  previous infarction. Doppler 
echocardiography can be used to evaluate the 
severity of mitral and tricuspid regurgitation, and 
the tricuspid regurgitation velocity can be used to 
estimate pulmonary artery pressure. In addition, 
Doppler echocardiography is increasingly used in 
the diagnosis of diastolic dysfunction.8

Therapy

Treatment Goals

The goals of CHF therapy are to control symp-
toms, improve exercise tolerance, prolong life, 
and, where possible, correct the underlying cause. 
Different therapies can have disparate effects on 
these goals.

Therapeutic agents can be viewed in the 
light of the pathophysiologic mechanisms of 
CHF development. Traditionally, these have 
been considered in hemodynamic terms. Fluid 
restriction and diuretic and venodilator agents 
decrease cardiac preload. Angiotensin- converting 
enzyme (ACE) inhibitors, angiotensin receptor 
blockers (ARBs), and aldosterone antagonists 
counteract the activation of the renin-angiotensin-
aldosterone system and reduce afterload as well. 
Arterial dilators can also reduce afterload. Ino-
tropic agents can improve cardiac pump function 
and increase output. More recently, the effects of 
therapy on counterproductive neurohormonal 
activation have received attention. β-blockers can 
counteract sympathetic activation and are being 
used more commonly in heart failure manage-
ment. The most current approaches, however, take 
into account the effects of different therapies on 
ventricular remodeling. Agents used for therapy 
that have been shown to have a benefi cial effect 
on  remodeling, such as ACE inhibitors, ARBs, 
aldosterone antagonists, and β-blockers, reduce 
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mortality and are effective across the whole spec-
trum of heart failure severity (Table 4). Mechanical 
approaches to remodeling, most notably cardiac 
resynchronization therapy (CRT), also appear to 
be effective.

General Measures

The fi rst order of business in the therapy 
for patients with new or decompensated CHF 
is to address the precipitating causes, the most 
 prominent of which are listed in Table 5. Bypass 
surgery or percutaneous intervention for cardiac 
ischemia can improve both symptoms and ven-
tricular performance. Registry data consistently 
support the notion that in the presence of signifi -
cant amounts of ischemic yet viable myocardium, 
revascularization confers a survival benefi t.9 For 
patients with arrhythmias, either cardioversion or 
rate control can produce marked improvement.

Patients with acute heart failure should be put 
on bed rest (which by itself can produce a diuresis), 
with sodium restriction to �2 g per day and fl uid 
restriction in severe cases. Attention should be paid 
to prophylaxis for deep venous thrombosis.

Pharmacologic Therapy

Diuretics

Diuretics cause renal sodium and water loss, 
decreasing preload, and thus pulmonary and 
systemic congestion. For inpatient treatment of 

decompensated heart failure, loop diuretics such 
as furosemide are usually chosen initially because 
of their rapid onset, and are administered in IV 
bolus doses. When used for patients who present 
with pulmonary edema, most of the rapid effect 
of furosemide is attributable to venodilation.

If there is no response to a bolus dose of a loop 
diuretic, the dose is titrated to achieve the desired 
effect, usually by doubling the dose. Loop diuret-
ics enter the glomerulus primarily by tubular 
secretion into the proximal tubule and so exhibit 
a threshold effect. Once the effective dose has 
been determined, the degree of diuresis is usually 
adjusted by changing the  frequency of diuretic 
administration. If  intermittent bolus doses of loop 
diuretics are ineffective or are poorly tolerated 
due to large fl uid shifts and  consequent hypo-
tension, continuous infusion may be preferable.10 
Alternatively, another diuretic with a different 
mechanism of action, such as metolazone or chlo-
rothiazide, may be added.

The use of diuretics can lead to signifi cant 
hypokalemia or hypomagnesemia, which can 
predispose the patient to arrhythmias. The care-
ful addition of a potassium-sparing diuretic can 
be considered in some settings.

Nitrates

Nitrates are still the fi rst-line agents for the 
symptomatic relief of angina pectoris and in cases 
when MI is complicated by CHF. Given the high 
incidence of coronary artery disease in patients 
with CHF, the use of nitrates to reduce preload is 
often desirable. In patients with severely decom-
pensated CHF, therapy with IV nitroglycerin is 
preferred because of the questionable absorption 
of oral and transdermal preparations and for the 

Table 4. Remodeling and Survival by Drug Class*

Established 
Therapy

Remodeling 
Effects Survival Effects

ACE-I Benefi t Benefi t

ARB
Benefi t 

(+ACE better)
Benefi t 

(+ACE better)
Aldosterone 

antagonists
Benefi t Benefi t

β-blocker Benefi t Benefi t
Diuretic No benefi t No benefi t
Digoxin No benefi t No benefi t
Other therapies
Endothelin 

antagonists
No benefi t No benefi t

TNF-α No benefi t No benefi t
Inotropes Adverse Adverse

*TNF = tumor necrosis factor.

Table 5. Precipitating Causes of CHF

Myocardial ischemia or infarction
Excess salt or fl uid intake
Noncompliance or inadequate drug regimen
Renal failure
Arrhythmias
Anemia
Infection
Fever
Thyrotoxicosis
Pregnancy
Pulmonary embolism
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ease of titration. IV nitroglycerin should be started 
at 5 μg/min and increased in increments of 5 μg/
min every 3 to 5 min as needed for symptomatic 
relief. The major adverse effects of nitrates are 
hypotension and headache.

Long-term therapy with oral nitrates alone 
does not impact ventricular remodeling and, 
thus, in the absence of ongoing ischemia, is not 
usually a fi rst-line choice. When combined with 
hydralazine, however, salutary effects on outcome 
have been demonstrated, fi rst in the V-Heft,11 
and more recently in the A-HeFT trial.12 These 
trials are described below in the “Hydralazine” 
 subsection.

ACE Inhibitors

ACE inhibitors inhibit the conversion of 
angiotensin I to angiotensin II and also inhibit the 
breakdown of bradykinin. Both of these actions 
produce vasodilation, the latter through brady-
kinin-induced nitric oxide production, but the 
increased inhibition of ventricular remodeling 
seen with ACE inhibitors compared to that seen 
with other vasodilators speaks to the poten-
tial for involvement of other mechanisms. Local 
renin-angiotensin systems, both intracardiac and 
intravascular, contribute to myocardial hyper-
trophy and remodeling, and their inhibition by 
ACE inhibitors may explain part of their benefi -
cial effects.13 ACE inhibitors also modulate sym-
pathetic nervous system activity, and increased 
nitric oxide production may exert direct benefi cial 
effects on cardiac myocytes.

ACE inhibitors improve hemodynamics, 
 functional capacity, and survival in patients across 
the spectrum of severity of chronic CHF and also 
after MI. The CONSENSUS group14  compared 
therapy with enalapril to placebo in 253 patients 
with advanced heart failure (NYHA class III 
or IV) and showed a 40% reduction in 6-month 
mortality; this benefi t was sustained, with a risk 
reduction averaged over the 10-year duration of 
the trial of 30%. The SOLVD treatment trial15 com-
pared therapy with enalapril to placebo in 2,569 
patients with symptomatic heart failure (NYHA 
class II to III) and showed a 16% mortality reduc-
tion. Moreover, therapy with ACE inhibitors also 
prevented the development of CHF in patients 

with asymptomatic LV dysfunction in the SOLVD 
prevention trial.16

ACE inhibitors also improve the outcome 
in patients with asymptomatic LV dysfunction 
or overt heart failure after an acute MI. In the 
Survival and Ventricular Enlargement Trial (or 
SAVE) trial,17 2,231 asymptomatic patients with 
an ejection fraction (EF) of �40% were randomly 
assigned to receive either captopril or placebo. 
Captopril therapy decreased mortality by 19% 
at 42 months, and also decreased hospitaliza-
tion for heart failure and, interestingly, recurrent 
MI.17 The latter effect may have been due to an 
improvement in endothelial function. The Acute 
Infarction Ramipril Effi cacy (or AIRE) trial18 com-
pared therapy with ramipril to placebo in 2,006 
patients with clinical heart failure and showed a 
27% reduction in mortality at 15 months. The sur-
vival benefi t was maintained in the long term in 
both trials.

Patients should be started on therapy with 
low doses and titrated upward to the range 
demonstrated to be benefi cial in clinical trials 
(ie, captopril, 50 mg three times daily, enala-
pril, 20 mg twice daily, or lisinopril, 40 mg once 
daily). The side effects of ACE inhibitors include 
cough, renal failure (usually occurring in the 
setting of renal artery stenosis), hyperkalemia, 
and angioedema.

ARBs

An alternative approach to inhibiting the 
effects of angiotensin II is the use of agents that 
block the angiotensin II receptor (ie, ARBs). Since 
these agents do not increase bradykinin levels, 
the incidence of some side effects, such as cough 
and angioedema, is greatly reduced. The hemo-
dynamic effects of ARBs have been shown in a 
number of trials to be similar to those of ACE inhibi-
tors. Trials comparing ACE inhibitors to ARBs in 
patients with heart failure have suggested similar 
mortality reductions.19 Nonetheless, the number 
of heart failure patients treated with ARBs and 
followed up for mortality is still relatively small 
compared to those treated with ACE inhibitors, 
and so therapy with ARBs is usually reserved 
for patients who cannot tolerate ACE inhibitors; 
however, ARBs are a good alternative.
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The recognition that angiotensin II is pro-
duced by pathways other than ACEs has provided 
a rationale for using ACE inhibitors and ARBs in 
combination therapy. This approach was tested 
in the 2001 V-Heft,20 in which valsartan or pla-
cebo was added to usual therapy in patients with 
heart failure. Although mortality was unchanged, 
a combined end point of mortality and hospital 
admission for CHF was reduced with valsartan 
therapy. A subset analysis of this trial yielded 
the provocative fi nding that although valsartan 
therapy improved mortality in patients who were 
receiving ACE inhibitors but not β-blockers, and 
also those receiving β-blockers but not ACE inhib-
itors, when valsartan was added as triple therapy 
on top of both ACE inhibitors and β-blockers mor-
tality was increased.20 Other trials, however, have 
not shown adverse effects of triple combination 
therapy. In the VALIANT trial,21 which compared 
therapy with valsartan, captopril, and the com-
bination of the two agents in patients with acute 
MI and CHF, an adverse effect of the combination 
of ARBs, ACE inhibitors, and β-blockers was not 
seen. Increased mortality was also not observed 
when the ARB candesartan was added to therapy 
with ACE inhibitors and β-blockers in heart fail-
ure patients in the CHARM-Added trial.22

Aldosterone Antagonists

Although aldosterone is predominantly 
known for its role in the regulation of renal sodium 
and potassium excretion, its neurohumoral effects 
are gaining increasing recognition. Aldosterone 
inhibition impacts ventricular remodeling as well. 
The RALES trial23 randomized 1,653 patients with 
class III and IV heart failure to receive spirono-
lactone or placebo, and found a reduction in the 
24-month mortality rate from 46 to 35% (relative 
risk, 30%; p �0.001). Hyperkalemia was uncom-
mon, and the main side effect was gynecomastia. 
The recently reported EPHESUS trial23a random-
ized 6,632 patients with LV  dysfunction after MI 
to receive eplerenone or placebo, and found a 15% 
reduction in mortality (relative risk, 0.85; 95% con-
fi dence interval, 0.75 to 0.96; p �0.01). In this trial, 
hyperkalemia was noted in 5.5% of the eplerenone 
group compared to 3.9% of the placebo group 
(p �0.01), but, interestingly, the incidence of 
 hypokalemia was reduced from 13.1 to 8.4%.

It should be noted that the doses of aldo-
sterone antagonists used in these heart failure 
trials were well below those used for diuresis. 
 Nonetheless, careful attention to serum potas-
sium levels is warranted when using these agents 
for any  indication.

β-Blockers

Symptomatic heart failure results in the acti-
vation of neurohumoral mechanisms, including 
the sympathetic nervous system, which initially 
support the performance of the failing heart. 
Long-term activation of the sympathetic  nervous 
system, however, exerts deleterious effects. 
 Circulating catecholamine levels correlate with 
survival in these patients.24  Sympathetic activation 
can increase ventricular volumes and pressure by 
causing peripheral vasoconstriction and impair-
ing sodium excretion by the kidneys, and can 
also provoke arrhythmias. The long-term stimu-
lation of β-receptors reduces the responsiveness 
to β-adrenergic agonists due to the down-regu-
lation and desensitization of the β-receptor and 
its coupled signaling pathways; β-blockade can 
up-regulate adrenergic receptor density, restor-
ing inotropic and chronotropic responsiveness.25 
Catecholamines induce oxidative stress in cardiac 
myocytes, potentially leading to programmed cell 
death, which is a process that is counteracted by 
β-blockers.26 β-blockers also reduce the circulat-
ing level of vasoconstrictors and mitigate their 
effects, decreasing afterload. Perhaps most impor-
tantly, catecholamines promote deleterious ven-
tricular remodeling, and β-blockers can decrease 
LV end-systolic and end-diastolic volume.25 Thus, 
although it is perhaps counterintuitive on hemo-
dynamic grounds, there is now compelling evi-
dence that β-blockers are benefi cial not only for 
patients with acute MI complicated by heart fail-
ure but also with chronic heart failure from all 
causes.25

β-blockers have now been evaluated in � 10,000 
patients with heart failure and systolic dysfunc-
tion. This collective experience indicates that 
long-term treatment with β-blockers can relieve 
symptoms, improve ventricular performance, and 
reduce both mortality and the need for hospital-
ization. The following three different agents have 
been shown to decrease mortality in patients with 
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NYHA class II and III heart failure: metoprolol 
XL27; bisoprolol28; and carvedilol.29 Studies30 with 
carvedilol have suggested that the benefi ts extend 
to patients with class IV heart failure. These bene-
fi ts of β-blockers are seen in patients with or with-
out coronary artery disease and in patients with or 
without diabetes, and are also observed in patients 
who are already receiving ACE  inhibitors.

The initiation of therapy with β-blockers, 
however, can be problematic during the acute 
phase of heart failure, as they can depress con-
tractility. When administered for the treatment of 
heart failure indications per se, β-blockers should 
be introduced when the patient is in a well-
 compensated and euvolemic state, typically in 
the ambulatory setting and at low doses. Patients 
who experience an exacerbation of heart failure 
while receiving maintenance β-blocker therapy, 
particularly at a higher dose, present a previ-
ously rare dilemma that is becoming more com-
mon. No controlled observations are available to 
guide therapy, so current practice remains largely 
at the discretion of individual clinicians. Discon-
tinuing therapy with β-blockers, or decreasing 
their dose, may expose myocardial β-receptors to 
endogenous catecholamines and may result in a 
brief increase in contractility. On the other hand, 
the slow titration of β-blockers will need to begin 
anew after the resolution of acute CHF. It is usu-
ally best to attempt to resolve acute episodes of 
heart failure by diuresis and the adjustment of 
other medications while holding β-blocker doses 
constant, and to halve the dose if heart failure 
persists.

Hydralazine

Hydralazine reduces afterload by directly 
relaxing smooth muscle. Its effects are almost 
exclusively confi ned to the arterial bed. In healthy 
subjects, the hypotensive actions of hydralazine 
provoke a marked refl ex tachycardia, but this 
response is often blunted in patients with heart 
failure.

Hydralazine therapy is effective in increasing 
cardiac output in patients with heart failure. Ther-
apy with hydralazine in combination with oral 
nitrates was the fi rst therapy shown to improve 
mortality in CHF patients, reducing mortality in 
patients with class III and IV heart failure in the 

V-Heft trial.11 Enalapril was shown to be superior 
to this combination.31 In addition, oral hydrala-
zine must be administered four times a day, and 
prolonged administration is attended by the 
development of a lupus-like syndrome in up to 
20% of patients; so hydralazine has usually been 
reserved for ACE-intolerant patients.

In 2004, a fi xed dose of both isosorbide dini-
trate and hydralazine administered twice daily 
was tested in black patients with class III and 
IV heart failure, a subgroup that was previously 
noted to have a favorable response to this therapy 
and that may not respond as well to ACE inhi-
bition.12 Therapy with hydralazine and nitrates 
improved mortality, hospitalization for heart fail-
ure, and quality of life.12

Nesiritide

Nesiritide is a recombinant form of human 
BNP. Assays of circulating BNP levels have been 
used in the diagnosis of heart failure and have 
some prognostic value, but the therapeutic use of 
BNP differs. When infused IV, nesiritide is a bal-
anced arterial and venous vasodilator that may 
also have a modest natriuretic effect.

In patients with heart failure, IV nesiritide 
has been shown to increase stroke volume and 
cardiac output and to decrease right atrial and 
pulmonary capillary wedge pressure.32 Its effects, 
compared to those of IV nitroglycerin, in patients 
with acute heart failure were tested in the ran-
domized VMAC trial.33 In this trial, 489 patients, 
including 246 who underwent  pulmonary 
artery catheterization, were randomly assigned 
to receive nesiritide, IV nitroglycerin, or pla-
cebo for 3 h. After this initial placebo- controlled 
period, the placebo-treated patients were ran-
domly reassigned to receive either nesiritide or 
IV nitroglycerin, and all patients were observed 
for 24 h (ie, the active-treatment phase).33 Ther-
apy with nesiritide decreased the mean PCWP 
signifi cantly more than therapy with either IV 
nitroglycerin or placebo at 3 h (5.8 vs 3.8 and 
2.0 mm Hg, respectively) and signifi cantly more 
than therapy with  nitroglycerin at 24 h (8.2 vs 
6.3 mm Hg, respectively). Symptoms of dyspnea 
were decreased and global clinical status was 
improved with nesiritide therapy compared with 
placebo, but there was no signifi cant difference 
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in these parameters when compared to therapy 
with IV nitroglycerin. There was no signifi cant 
difference in 30-day rehospitalization rate or the 
6-month mortality rate.33

Nesiritide is given as an initial IV bolus of 
2 μg/kg, followed by a continuous infusion of 
0.01 μg/kg/min; the dose can be increased every 
3 h by 0.005 μg/kg/min up to a maximum of 
0.03 μg/kg/min. Hypotension is the most com-
mon side effect.

Although nesiritide has natriuretic proper-
ties, it has not been shown to improve either 
the glomerular fi ltration rate or renal plasma 
fl ow.34 In addition, metaanalyses of data from 
the VMAC trial33 and other trials have suggested 
that nesiritide may worsen renal function35 and 
decrease survival at 30 days compared to con-
ventional therapies.36 The degree to which these 
issues are applicable for use in patients with acute 
heart failure and hemodynamic decompensation 
is controversial, but the potential adverse effect 
on long-term outcome is a signifi cant concern, 
the resolution of which awaits the completion 
of appropriately powered  prospective clinical 
 trials.

Digoxin

Digitalis, which has been used to treat heart 
failure for �200 years, works by inhibiting Na-
K-dependent adenosine triphosphatase activity, 
causing intracellular sodium accumulation and 
increasing intracellular calcium via the sodium-
calcium exchange system. Digoxin improves 
myocardial contractility and increases cardiac 
output, but its inotropic effects are mild in com-
parison to those of catecholamines. The effect 
of digoxin on patient survival was defi nitively 
addressed in the Digoxin Investigators’ Group 
(or DIG) trial,37 a study of 6,800 patients with 
symptomatic CHF and systolic dysfunction. 
There was no difference in survival between 
the digoxin and placebo groups, but survival 
did signifi cantly decrease during hospitaliza-
tion for heart failure patients.37 Thus, apart from 
its use as an antiarrhythmic agent, digoxin is 
recommended for therapy in patients with sys-
tolic dysfunction and  symptomatic heart failure 
despite therapy with diuretics, ACE inhibitors, 
and β-blockers.

Inotropic Agents

In severe decompensated heart failure, ino-
tropic support may be initiated. Dobutamine is a 
selective β1-adrenergic receptor agonist that can 
improve myocardial contractility and increase 
cardiac output. Dobutamine is the initial inotropic 
agent of choice in patients with decompensated 
acute heart failure and adequate systolic BP. Dobu-
tamine has a rapid onset of action and a plasma 
half-life of 2 to 3 min; infusion is usually initiated 
at 5 μg/kg/min and then titrated. Tolerance of the 
effects of dobutamine may develop after 48 to 72 h, 
possibly due to the down- regulation of adren-
ergic receptors. Dobutamine has the potential to 
exacerbate hypotension in some patients and can 
precipitate tachyarrhythmias.

Milrinone is a phosphodiesterase inhibitor 
with both positive inotropic and vasodilatory 
actions. Because milrinone does not stimulate 
adrenergic receptors directly, it may be effective 
when added to therapy with catecholamines or 
when β-adrenergic receptors have been down-
regulated. Compared to catecholamines, phos-
phodiesterase inhibitors have fewer chronotropic 
and arrhythmogenic effects.

Although they clearly are useful in improving 
hemodynamics in the acute setting, controversy 
has arisen regarding the use of inotropic agents 
(other than digoxin) as outpatient maintenance 
therapy for chronic heart failure. Concerns have 
included exacerbation of arrhythmic complica-
tions, either by induction of myocardial ischemia 
or by independent pathways, and the perpetu-
ation of neurohumoral activation that might 
accelerate the progression of myocardial dam-
age. Milrinone has been examined in a prospec-
tive manner in the OPTIME-CHF trial38 in order 
to determine whether its use could reduce hospi-
talization time following an exacerbation of acute 
heart failure. Although these observations did 
not demonstrate any advantage for patients who 
were treated with milrinone, patients whom the 
investigators felt “needed” acute inotropic sup-
port were not included in the trial, thereby bias-
ing the enrollment toward a less severely affl icted 
cohort.38 Therefore, the utilization of such agents 
today remains at the discretion of the clinician. 
The proof that these agents have benefi cial effects 
on hard clinical end points remains elusive, but 
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their hemodynamic effects are attractive for treat-
ing decompensated patients.

Inotropic infusions need to be titrated care-
fully in patients with ischemic heart disease to 
maximize coronary perfusion pressure with the 
least possible increase in myocardial oxygen 
demand. Invasive hemodynamic monitoring 
can be extremely useful for the optimization of 
therapy in these unstable patients, because clini-
cal estimates of fi lling pressure can be unreliable, 
and because changes in myocardial performance 
and compliance and therapeutic interventions 
can change cardiac output and fi lling pressures 
precipitously. The optimization of fi lling pres-
sures and serial measurements of cardiac output 
(and other parameters, such as mixed venous 
oxygen saturation) allow for the titration of ino-
tropes and vasopressors to the minimum dosage 
required to achieve the chosen therapeutic goals, 
thus minimizing the increases in myocardial oxy-
gen demand and arrhythmogenic potential.

Arrhythmias

Arrhythmias are common in patients with 
heart failure. Nonsustained ventricular tachycar-
dia may occur in as many as 50% of patients, and 
complex ventricular depolarizations in as many as 
80%. Forty to 50% of deaths are sudden, and many 
of these deaths are attributable to  arrhythmias.

The mortality benefi ts of some of the standard 
therapies for heart failure, particularly β- blockers, 
may be attributable in part to antiarrhythmic 
properties. Specifi c antiarrhythmic agents, how-
ever, have not proven to be very effective for the 
prevention of sudden death in patients with heart 
 failure,39 and so attention has focused on  identifying 
patients who would benefi t from the placement of 
an implantable cardiac defi brillator (ICD).

The insertion of ICDs as secondary prevention 
in survivors of sudden cardiac death or patients 
with hemodynamically signifi cant sustained ven-
tricular tachycardias has been well demonstrated 
to improve survival in clinical trials.39 Virtually 
all of the patients enrolled in the study had LV 
dysfunction, and about half had clinical heart 
failure.

ICDs are effective as primary prevention in 
selected heart failure patients as well. The MADIT 
I trial40 and MUSST41 showed a  mortality benefi t 

with ICD therapy in patients with LV dysfunc-
tion (EF, �35 to 40%) and nonsustained VT in 
whom sustained VT was inducible in an elec-
trophysiologic study.40,41 The MADIT II trial42 
showed a mortality benefi t with ICD therapy in 
a trial in which the entry criterion was simply an 
EF of �30%. Most of the patients in these trials 
had ischemic cardiomyopathy. More recently, the 
SCD-HeFT43 compared ICD implantation to amio-
darone therapy in patients with heart failure due 
either to ischemic or nonischemic cardiomyopa-
thy (EF, �35%) and found a mortality benefi t with 
ICD in both groups.

Cardiac Resynchronization

Left bundle branch block or other conduc-
tion system abnormalities can cause dyssynchro-
nous ventricular contraction. Such dyssynchrony 
causes abnormal septal motion, decreasing con-
tractile performance and myocardial effi ciency, 
reduces diastolic fi lling times, and can increase 
the duration and degree of mitral regurgitation. 
The goal of CRT is to pace the LV and right ventri-
cle to restore physiologic atrioventricular timing 
and contraction synchrony. This is accomplished 
by placing the standard leads in the right atrium 
and right ventricle and also by placing a special 
lead through the coronary sinus to enable pacing 
of the lateral aspect of the LV.

CRT, by optimizing the coordination of con-
traction, improves LV contractile function, stroke 
volume, and cardiac output, with decreased 
pulmonary capillary wedge pressures. This 
improved performance is associated with either 
no increase in myocardial oxygen consumption or 
a decrease, thus increasing myocardial effi ciency. 
Most importantly, biventricular pacing is associ-
ated with reverse ventricular remodeling. In the   
MIRACLE trial,44 biventricular pacing produced 
signifi cant decreases in LV end-systolic and end-
diastolic dimensions, a  signifi cant reduction in 
mitral regurgitation jet area, and a reduction in 
LV mass, all of which are signs of reverse remod-
eling. Cardiac resynchronization also improved 
exercise capacity, functional class, and quality of 
life in this trial.44

Studies of outcomes after CRT are beginning 
to emerge.44 The COMPANION trial45 compared 
optimal medical therapy to CRT with and without 
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an ICD in 1,520 patients with NYHA class III to IV 
heart failure and an LV EF of �35%. The primary 
end point, a combination of all-cause mortality 
and hospitalization, was reduced in both the CRT-
alone arm and the CRT-plus-ICD arm compared 
to medical therapy.45 The reduction in the second-
ary end point of all-cause mortality alone was sig-
nifi cant only in the CRT-plus-ICD arm compared 
to medical therapy. In the recently reported Car-
diac Resynchronization-Heart Failure (or CARE-
HF) trial,46 cardiac resynchronization reduced 
the interventricular mechanical delay, ventricu-
lar volume, and mitral regurgitation, increased 
EF, improved symptoms and quality of life, and 
reduced both death and the combined end point 
of death and hospitalization compared to medical 
therapy.
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Objectives:

• Review the diagnosis of myocardial infarction, with em-
phasis on diagnostic pitfalls

• Understand indications, contraindications, and use of 
thrombolytic therapy

• Understand the role of cardiac catheterization, angioplasty, 
and surgical revascularization

• Review adjunctive medical therapy of acute myocardial 
infarction

• Review complications of acute myocardial infarction

Key words: antiplatelet agents; antithrombotic agents; com-
plications; fi brinolytic therapy; myocardial infarction; non-ST 
elevation; percutaneous coronary intervention; ST elevation

Acute Coronary Syndromes

Terminology

Acute coronary syndromes (ACSs) describe the 
spectrum of disease in patients who present with any 
constellation of clinical symptoms that are compati-
ble with acute myocardial ischemia. ACSs comprise 
a family of disorders that share similar pathogenic 
mechanisms and represent different points along a 
common continuum. These syndromes are caused 
by recent thrombus formation on preexisting coro-
nary artery plaque leading to impaired myocardial 
oxygen supply. In this sense, they differ from stable 
angina, which is usually precipitated by increased 
myocardial oxygen demand (eg, exertion, fever, or 
tachycardia) with background coronary artery nar-
rowing (ie, limitation of the oxygen supply).

ACSs have traditionally been classifi ed into 
Q-wave myocardial infarction (MI), non-Q-wave 
MI (NQMI), and unstable angina. More recently, 
the classifi cation has shifted and is now based 
on the initial ECG fi ndings. Patients are divided 
into the following three groups: patients with ST-
 elevation MI (STEMI); patients without ST eleva-
tion but with enzyme evidence of myocardial 
 damage (ie, non-STEMI [NSTEMI]); and patients 
with unstable angina. Classifi cation according to the 

presenting ECG fi ndings coincides with current 
treatment strategies, since patients presenting with 
ST elevation benefi t from immediate reperfusion 
and should be treated with thrombolytic therapy 
or urgent revascularization, whereas fi brinolytic 
agents are not effective treatment in patients with 
other acute coronary syndromes. The discussion 
in this chapter will follow this schematization.

Pathophysiology

The common link among the various ACSs is 
the rupture of a vulnerable, but previously quies-
cent, coronary atherosclerotic plaque.1 The expo-
sure of plaque contents to the circulating blood 
pool triggers the release of vasoactive amines, 
and the activation of platelets and the coagula-
tion cascade. The extent of the resultant platelet 
aggregation, thrombosis, vasoconstriction, and 
microembolization dictates the clinical mani-
festations of the syndrome. The relative fi brin 
and platelet contents of these lesions vary, with 
unstable angina/NSTEMI more often associ-
ated with platelet-rich lesions and STEMI more 
often associated with fi brin-rich clots, although 
it should be noted that all lesions contain some 
degree of both components.2 These observations 
form the scientifi c rationale for the use of fi bri-
nolytic agents in the treatment of STEMI and 
the use of platelet inhibitors in the treatment of 
unstable angina/NSTEMI.

Diagnosis

Signs and Symptoms

Patients with myocardial ischemia can present 
with chest pain or pressure, shortness of breath, 
palpitations, syncope, or sudden death. The pain 
of MI is typically severe, constant, and  retrosternal. 
The pain commonly spreads across the chest and 
may radiate to the throat or jaw, or down the arms. 
Its duration is most often � 20 min. Diaphoresis, 
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nausea, pallor, and anxiety are often present. Pro-
dromal symptoms of myocardial ischemia occur 
in 20 to 60% of patients in the days preceding the 
infarction. The pain of unstable angina may be 
similar, although it is often milder.

Although these are the classic signs of infarc-
tion, it is important to recognize that the pain of 
MI may sometimes be atypical in terms of loca-
tion or perception. It may be epigastric; confi ned 
to the jaw, arms, wrists, or interscapular region; or 
perceived as burning or pressure.

The physical examination can be insensitive 
and nonspecifi c, but is useful in diagnosing spe-
cifi c complications and in excluding alternative 
diagnoses, both cardiovascular (such as aortic 
dissection or pericarditis) and noncardiac. Dis-
tended jugular veins signal right ventricular dia-
stolic pressure elevation, and the appearance of 
pulmonary crackles (in the absence of pulmonary 
disease) indicates elevated left ventricular fi lling 
pressures. Left ventricular failure is suggested 
by the presence of basal crackles, tachycardia, 
and tachypnea, and an S3 gallop, which usually 
indicates a large infarction with extensive muscle 
damage. A systolic murmur of mitral regurgita-
tion may be present due to papillary muscle dys-
function or left ventricular dilation. A pansystolic 
murmur may also result from an acute ventricular 
septal defect due to septal rupture.

The ECG

The ECG abnormalities in myocardial isch-
emia depend on the extent and nature of coronary 
stenosis and the presence of collateral fl ow, but the 
pattern of ECG changes generally gives a guide 
to the area and extent of the infarction (Table 1). 

The number of leads involved broadly refl ects the 
extent of myocardium involved.

With total acute occlusion of a coronary artery, 
the fi rst demonstrable ECG changes are peaked T-
wave changes in the leads, refl ecting the anatomic 
area of the myocardium that is in jeopardy. As 
total occlusion continues, there is elevation of the 
ST segments in the same leads. With continued 
occlusion, there is an evolution of ECG abnormal-
ities, with biphasic and then inverted T waves. If 
enough myocardium is infarcted, Q waves, which 
represent unopposed initial depolarization forces 
away from the mass of the infarcted myocardium, 
may appear. At times, the diminution of R-wave 
voltage in the affected area may be the only ECG 
evidence for the presence of permanent myocar-
dial damage. Right ventricle infarction may be 
detected by ST elevation in recordings from the 
right precordial leads, particularly the V4R.3

The clinician must also be careful not to be 
fooled by ECG “imposters” of acute infarction, 
which include pericarditis, J-point elevation, 
Wolff-Parkinson-White syndrome, and hypertro-
phic cardiomyopathy. In patients with  pericarditis, 
ST segments may be elevated, but the elevation 
will be diffuse, and the morphology of the ST 
 segments in patients with pericarditis tends to 
be concave upward while that of ischemia is con-
vex. Pericarditis may also be  distinguished from 
infarction by the presence of PR-segment depres-
sion in the inferior leads (and also by PR-segment 
elevation in lead aVR).4

Cardiac Biomarkers

Measurement of enzymes released into 
the serum from necrotic myocardial cells after 

Table 1. Localization of MI by ECG*

Area of Infarction ECG Leads Infarct-Related Artery

Inferior II, III, aVF RCA or posterolateral branch of Cx
Anterior V2, V3, V4 LAD or diagonal branch of LAD
Lateral I, aVL, V5, V6 Cx
True posterior Tall R wave in V1 Posterolateral branch of Cx or posterior descending branch of RCA
Septal V1-V3 LAD or diagonal branch of LAD
Anterolateral I, aVL, V2-V6 Proximal LAD
Inferolateral II, III, aVF, I, aVL, V5, V6 Proximal Cx or large RCA in right dominant system
Right ventricular V3R, V4R RCA

*RCA = right coronary artery; LAD = left anterior descending coronary artery; Cx = circumfl ex coronary artery.
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 infarction can aid in the diagnosis of MI.5 The 
classic biochemical marker of acute MI is the ele-
vation of the CPK-MB isoenzyme, which begins 
to appear in the plasma 4 to 8 h after the onset of 
infarction, peaks at 12 to 24 h after the onset of 
infarction, and returns to baseline at 2 to 4 days 
after the onset of infarction. To be diagnostic 
for MI, the total plasma CPK value must exceed 
the upper limit of normal, and the MB fraction 
must exceed a certain value (usually � 5%, but it 
depends on the CPK-MB assay used).

A newer serologic test for the detection of 
myocardial damage employs the measurement of 
cardiac troponins.5 Troponin T and troponin I are 
constituents of the contractile protein apparatus of 
the cardiac muscle, and are more specifi c than the 
conventional CPK-MB assays for the detection of 
myocardial damage. Their use is becoming more 
widespread and has superceded the use of CPK-
MB assays in most settings.6 Troponins are also 
more sensitive for the detection of myocardial dam-
age, and troponin elevation in patients without ST 
elevation (or in fact, without elevation of CPK-MB) 
identifi es a subpopulation of patients who are at 
increased risk for complications. Rapid point-of-
care troponin assays, which have become avail-
able in the past few years, have further extended 
the clinical utility of this marker. Troponins may 
not be elevated until 6 h after an acute event, and 
so critical therapeutic interventions should not be 
delayed pending assay results. Once elevated, tro-
ponin levels can remain high for days to weeks, 
limiting their utility to detect late reinfarction.

STEMI

Symptoms suggestive of MI are usually simi-
lar to those of ordinary angina but are greater in 
intensity and duration. Nausea, vomiting, and 
diaphoresis may be prominent features, and 
 stupor and malaise attributable to low cardiac 
output may occur. Compromised left ventricular 
function may result in pulmonary edema with the 
development of pulmonary bibasilar crackles and 
jugular venous distention; a fourth heart sound 
can be present with small infarctions or even mild 
ischemia, but a third heart sound is usually indic-
ative of more extensive damage.

Patients presenting with suspected myocar-
dial ischemia should undergo a rapid evaluation, 

and should be treated with oxygen, sublingual 
nitroglycerin (unless systolic pressure is � 90 mm 
Hg), adequate analgesia, and aspirin, 160 to 325 mg 
orally.7 Narcotics, the salutary effects of which have 
been known for decades and must not be under-
estimated, should be used to relieve pain and also 
to reduce anxiety. It is also important to provide 
reassurance to the patient. A 12-lead ECG should 
be performed and interpreted expeditiously.

ST-segment elevation of at least 1 mV in two 
or more contiguous ECG leads provides strong 
evidence of thrombotic coronary occlusion, and 
the patient should be considered for immediate 
reperfusion therapy. The diagnosis of STEMI 
can be limited in the presence of preexisting left 
bundle-branch block (LBBB) or a permanent 
pacemaker. Nonetheless, a new LBBB with a com-
patible clinical presentation should be treated 
as acute MI and treated accordingly. Indeed, 
recent data suggest that patients with STEMI 
and new LBBB may stand to gain greater benefi t 
from reperfusion strategies than those patients 
with ST elevation and preserved ventricular 
conduction.

Fibrinolytic Therapy

Early reperfusion of an occluded coronary 
artery is indicated for all eligible candidates. 
Overwhelming evidence from multiple  clinical 
trials has demonstrated the ability of  fi brinolytic 
agents administered early in the course of an acute 
MI to reduce infarct size, preserve left ventricular 
function, and reduce short-term and long-term 
mortality.8,9 Patients treated early derive the most 
benefi t. Indications and contraindications for 
fi brinolytic therapy are listed in Table 2. Because 
of the small, but nonetheless signifi cant, risk of a 
bleeding complication, most notably intracranial 
hemorrhage, the selection of patients with acute 
MI for the administration of a fi brinolytic agent 
should be undertaken with prudence and caution. 
Some patients may be better treated with emer-
gent coronary angiography with percutaneous 
coronary intervention (PCI) as clinically indicated. 
In contrast to the treatment of STEMI, fi brinolytic 
agents have shown no benefi t when used for the 
treatment of unstable angina/NSTEMI,10 and 
there is currently no role for their use in treating 
these latter syndromes.
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Fibrinolytic Agents

Streptokinase (SK) is a single-chain protein 
produced by α-hemolytic streptococci. SK is given 
as a 1.5 million-unit IV infusion over 1 h, which 
produces a systemic lytic state for about 24 h. 
Hypotension with infusion usually responds to 
the administration of fl uids and a decreased infu-
sion rate, but allergic reactions are possible. Hem-
orrhagic complications are the most feared side 
effect, with a rate of intracranial hemorrhage of 
approximately 0.5%. SK produces coronary arte-
rial patency approximately 50 to 60% of the time 
and has been shown to decrease mortality by 18% 
compared to placebo.8

Tissue plasminogen activator (t-PA) is a 
recombinant protein that is more fi brin-selective 
than SK and produces a higher early coronary 
patency rate (70 to 80%). In the large (41,021 
patients) Global Utilization of Streptokinase 
and Tissue Plasminogen Activator for Occluded 
Coronary Arteries (GUSTO) trial, t-PA demon-
strated a small but signifi cant survival benefi t 
compared to SK in patients with STEMI ( absolute 

reduction, 1.1%; relative reduction, 15%).11 
The GUSTO angiographic substudy showed 
that the difference in patency rates explains the 
 difference in clinical effi cacy between these two 
agents.12 t-PA is usually given in an accelerated 
regimen consisting of a 15-mg bolus, 0.75 mg/
kg (up to 50 mg) IV over the initial 30 min, and 
0.5 mg/kg (up to 35 mg) over the next 60 min. 
Allergic reactions do not occur because t-PA is 
not antigenic, but the rate of intracranial hemor-
rhage may be slightly higher than that with SK 
(approximately 0.7%).

Reteplase (r-PA) is a deletion mutant of t-PA 
with an extended half-life, and is given as two 
10-mg boluses 30 min apart. r-PA was originally 
evaluated in angiographic trials, which demon-
strated improved coronary fl ow at 90 min com-
pared to t-PA, but subsequent trials showed 
similar 30-day mortality rates.13 Why enhanced 
patency attained with r-PA therapy did not trans-
late into lower mortality is uncertain.

Tenecteplase (TNK-tPA) is a genetically 
engineered t-PA mutant with amino acid substi-
tutions that result in prolonged half-life, resis-
tance to plasminogen-activator inhibitor-1, and 
increased fi brin specifi city. TNK-tPA is given as a 
single bolus, adjusted for weight. A single bolus 
of TNK-tPA has been shown to produce coronary 
fl ow rates identical to those seen with acceler-
ated t-PA, with equivalent 30-day mortality and 
bleeding rates.14 Based on these results, therapy 
with single-bolus TNK-tPA is an acceptable 
alternative to t-PA that can be given as a single 
bolus.

Because these newer agents, in general, have 
equivalent effi cacy and side-effect profi les, cur-
rently have no additional cost compared to t-PA, 
and are simpler to administer, they have gained 
popularity. The ideal thrombolytic agent has not 
yet been developed. Newer recombinant agents 
with greater fi brin specifi city, slower clearance 
from the circulation, and more resistance to 
plasma protease inhibitors are being studied.

Primary PCI in Acute MI

As many as one half to two thirds of patients 
presenting with acute MI may be ineligible 
for thrombolytic therapy, and these patients 
should be considered for primary PCI. The major 

Table 2. Indications for and Contraindications to Thrombolytic 
Therapy in Patients With Acute MI

Indications
Symptoms consistent with acute MI
ECG showing 1-mm (0.1 mV) ST elevation in at least two 

contiguous leads or new left bundle-branch block
Presentation within 12 h of symptom onset
Absence of contraindications

Contraindications
Absolute

Active internal bleeding
Intracranial neoplasm, aneurysm, or A-V malformation
Stroke or neurosurgery within 6 wk
Trauma or major surgery within 2 wk that could be 

a potential source of serious rebleeding
Aortic dissection

Relative
Prolonged (� 10 min) or clearly traumatic 

cardiopulmonary resuscitation*
Noncompressible vascular punctures
Severe uncontrolled hypertension (� 200/110 mm Hg)*
Trauma or major surgery within 6 wk (but � 2 wk)
Preexisting coagulopathy or current use of anticoagulants 

with INR � 2–3
Active peptic ulcer
Infective endocarditis
Pregnancy
Chronic severe hypertension

*Could be an absolute contraindication in low-risk patients 
with MI.
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 advantages of therapy with primary PCI over 
thrombolytic therapy include a higher rate of nor-
mal fl ow (thrombolysis in myocardial infarction 
[TIMI] grade 3), a lower risk of intracranial hem-
orrhage, and the ability to stratify risk based on 
the severity and distribution of coronary artery 
disease. Data from several randomized trials15 
have suggested that PCI is preferable to thrombo-
lytic therapy for acute MI patients at higher risk, 
including those patients who are � 75 years old, 
those with anterior infarctions, and those with 
hemodynamic instability. The largest of these 
trials is the GUSTO-IIb Angioplasty Substudy, 
which randomized 1,138 patients. At 30 days, 
there was a clinical benefi t in the combined pri-
mary end points of death, nonfatal reinfarction, 
and nonfatal disabling stroke in the patients 
treated with percutaneous coronary angioplasty 
(PTCA) compared to those treated with t-PA, but 
there was no difference in the “hard” end points 
of death and MI at 30 days.16

It should be noted that these trials were per-
formed in institutions in which a team skilled in 
primary angioplasty for acute MI was immedi-
ately available, with standby surgical backup, 
allowing for prompt reperfusion of the infarct-
related artery. More important than the method of 
revascularization is the time to revascularization, 
and that this is achieved in the most effi cient and 
expeditious manner possible.17 Procedural vol-
ume is important as well.18 A metaanalysis15,19 from 
2003 comparing direct PTCA therapy with throm-
bolytic therapy found lower rates of mortality and 
reinfarction among those patients receiving direct 
PTCA. Thus, direct angioplasty, if performed in a 
timely manner (ideally within 60 min) by highly 
experienced personnel, may be the preferred 
method of revascularization since it offers more 
complete revascularization with improved resto-
ration of normal coronary blood fl ow and detailed 
information about coronary anatomy.

Historically, it has been thought that when 
the performance of PCI requires a substantial 
time delay, thrombolytic therapy may be pref-
erable. Recently reported studies comparing 
in-house thrombolysis to hospital transfer for 
PCI have challenged this notion, however. In 
the PRAGUE-2 study,20 there was no difference 
in mortality between patients treated within 
3 h with either thrombolysis using SK or off-site 

PCI. Interestingly, in patients treated between 3 
and 12 h, transfer for PCI conferred a signifi cant 
mortality benefi t despite adding to the time to 
treatment.20 Similar results were found in the 
DANAMI-2 study,21 in which referral for pri-
mary PCI reduced the occurrence of a composite 
end point of death, reinfarction, or stroke, com-
pared with thrombolysis using t-PA. While these 
data are intriguing, the importance of procedural 
volume and experience has been underscored 
by retrospective studies suggesting that in the 
community setting (as opposed to PCI performed 
as part of a controlled clinical trial), mortality 
rates after MI with routine primary PCI and 
thrombolytic therapy are currently equivalent. 
More controversial is the issue of performing 
PCI at centers without onsite surgical backup. 
While emerging data suggest that this practice 
is not only feasible but also safe,22 further large-
scale investigations will be necessary to clarify 
this issue.

There are certain subpopulations in which 
primary PCI is preferred. In patients who do not 
respond to thrombolytic therapy, salvage PTCA 
is indicated; although the initial success rate is 
lower than that of primary angioplasty, reocclu-
sion is more common, and mortality is higher.23 
Emergent cardiac catheterization is also preferred 
in patients with cardiogenic shock. Other indica-
tions are listed in Table 3.

There is no convincing evidence to support 
empirical delayed PTCA in patients without evi-
dence of recurrent or provocable ischemia after 
thrombolytic therapy. The TIMI IIB trial24 and 

Table 3. Situations in Which Primary Angioplasty Is Preferred 
in Acute MI*

Situations in which PTCA is clearly preferable to therapy 
with thrombolytic agents

Contraindications to thrombolytic therapy
Cardiogenic shock
Patients in whom uncertain diagnosis prompted cardiac 

catheterization, which revealed coronary occlusion
Situations in which PTCA may be preferable to 

thrombolytic agents
Elderly patients (� 75 yr)
Hemodynamic instability
Patients with prior CABG
Large anterior infarction
Patients with a prior MI

*CABG �coronary artery bypass grafting.
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other studies have suggested that a strategy of 
“watchful waiting” allows for the identifi cation of 
patients who will benefi t from revascularization.

Adjunctive Therapies in STEMI

Antiplatelet Agents

Aspirin has been shown to reduce mortality in 
patients with acute infarction to the same degree 
as thrombolytic therapy, and its effects are addi-
tive to thrombolytic agents.25 In addition, aspirin 
reduces the risk of reinfarction. Unless contra-
indicated, all patients with a suspected ACS (ie, 
STEMI, NSTEMI, or unstable angina) should be 
given aspirin as soon as possible.

The effi cacy of the addition of clopidogrel to 
aspirin for therapy in STEMI patients was recently 
shown in the Clopidogrel and Metoprolol Myo-
cardial Infarction Trial (or COMMIT) trial.26 In 
45,852 STEMI patients (half of whom received 
fi brinolytic therapy), the addition of clopidogrel 
to the treatment regimen reduced both total mor-
tality and the composite end point of death, rein-
farction, or stroke; there was no signifi cant excess 
risk of bleeding in this study.26

Heparin

The administration of full-dose heparin after 
thrombolytic therapy with t-PA is essential to 
diminish reocclusion after successful reperfu-
sion.8,25 Dosing should be adjusted to weight, with 
a bolus of 60 U/kg up to a maximum of 4,000 U 
and an initial infusion rate of 12 U/kg/h up to a 
maximum of 1,000 U/h, with adjustment to keep 
the partial thromboplastin time between 50 and 
70 s. Therapy with heparin should be continued 
for 24 to 48 h.

Therapy with enoxaparin was compared 
to therapy with unfractionated heparin in the 
EXTRACT-TIMI 25 trial,27 which randomized 
20,506 patients with STEMI for treatment with 
fi brinolytic therapy, using death or MI at 30 days 
as the primary end point. This combined end 
point was signifi cantly reduced with therapy with 
enoxaparin (although mortality was unchanged) at 
the cost of a small but signifi cant increase in major 
bleeding.27 The composite of death, reinfarction, 
or nonfatal intracranial hemorrhage (termed the 

net clinical benefi t) was also reduced with enoxapa-
rin therapy, suggesting that low-molecular-weight 
heparin (LMWH) is an attractive agent for therapy 
in patients receiving fi brinolysis for STEMI.

Nitrates

Nitrates have a number of benefi cial effects in 
the treatment of acute MI. They reduce myocar-
dial oxygen demand by decreasing preload and 
afterload, and may also improve the myocardial 
oxygen supply by increasing subendocardial per-
fusion and collateral blood fl ow to the ischemic 
region. Occasionally, patients with ST elevation 
due to occlusive coronary artery spasm may have 
dramatic resolution of ischemia with the use of 
nitrates. In addition to their hemodynamic effects, 
nitrates also reduce platelet aggregation. Despite 
these benefi ts, the Gruppo Italiano per lo Studio 
Della Streptochinasi Nell’Infarto Miocardico (or 
GISSI)-3 trial28 and the International Study of 
Infarct Survival (or ISIS)-4 trial29 failed to show 
a signifi cant reduction in mortality from routine 
short-term and long-term nitrate therapy. None-
theless, nitrates are still fi rst-line agents for the 
symptomatic relief of angina pectoris and when 
MI is complicated by congestive heart failure.

ß-Blockers

β-blockers are benefi cial both in the early 
management of MI and as long-term therapy. 
In the prethrombolytic era, early therapy with 
IV atenolol was shown to signifi cantly reduce 
reinfarction, cardiac arrest, cardiac rupture, and 
death.30 In conjunction with thrombolytic therapy 
with t-PA, immediate β-blockade with metopro-
lol resulted in a signifi cant reduction in recurrent 
ischemia and reinfarction, although mortality was 
not decreased.24 These fi ndings were confi rmed in 
a very large (45,852 patient) trial31 randomizing 
patients with STEMI to metoprolol (IV and then 
oral) or placebo (n � 22,923). Although the risk 
of reinfarction or ventricular fi brillation was sig-
nifi cantly decreased, mortality was unchanged.31 
Further analysis showed that an excess of cardio-
genic shock in the metoprolol group, particularly 
in patients presenting with Killip class III heart 
failure (as heart failure on presentation was not 
an exclusion criterion).31
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These fi ndings suggest that IV β-blockade 
should be considered for all patients with STEMI 
who have continued ischemic discomfort, par-
ticularly those with hypertension, but should be 
avoided in patients with moderate or severe heart 
failure, hypotension, severe bradycardia or heart 
block, and severe bronchospastic disease.

Oral β-blockade has been clearly demonstrated 
to decrease mortality after acute MI9,32,33 and should 
be initiated in all patients who can tolerate it, even 
if they have not been treated with IV β-blockers. 
Diabetes mellitus is not a contraindication.

Lipid-Lowering Agents

Extensive epidemiologic, laboratory, and 
clinical evidence links cholesterol and coro-
nary artery disease.34 Impressive results have 
been achieved using hydroxymethylglutaryl-
coenzyme A (HMG-CoA) reductase inhibitors 
(statins) in patients with documented coronary 
artery disease35 in the 4S trial, and also in patients 
after MI,35–37 as well as in the CARE study36 and 
the Long-Term Intervention with Pravastatin in 
Ischaemic Disease (or LIPID) trial.37 More recent 
studies38 have suggested that therapy with statins 
should be started in the hospital, as the benefi ts 
can be demonstrated early, perhaps as a result of 
the antiinfl ammatory effects of statins.

The 2004 PROVE-IT trial39 showed that the 
reduction of low-density lipoprotein (LDL) cho-
lesterol to a mean concentration of 62 mg/dL with 
atorvastatin was associated with improved out-
comes compared to therapy with pravastatin at a 
dose that achieved a mean LDL concentration of 
95 mg/dL. Although current guidelines40  suggest 
an LDL concentration goal of 70 to 100 mg/dL, 
newer recommendations are likely to be even 
more aggressive. Maximum benefi t may require 
the management of other lipid abnormalities (ie, 
elevated triglycerides and low high-density lipo-
protein cholesterol concentrations) and the treat-
ment of other atherogenic risk factors.

Angiotensin-Converting Enzyme Inhibitors

Therapy with angiotensin-converting enzyme 
(ACE) inhibitors is clearly benefi cial in patients 
with congestive heart failure. ACE inhibitors were 
shown to decrease mortality in the SAVE trial,41 in 

which patients with left ventricular dysfunction 
(ejection fraction, � 40%) after an MI had a 21% 
improvement in survival after treatment with the 
ACE inhibitor captopril. A smaller but still sig-
nifi cant reduction in mortality was seen when all 
patients were treated with captopril in the ISIS-4 
study.29 The mechanisms responsible for the ben-
efi ts of therapy with ACE inhibitors probably 
include limitation in the progressive left ventricu-
lar dysfunction and enlargement (remodeling) that 
often occur after infarction, but a reduction in isch-
emic events was seen as well.

Therapy with ACE inhibitors should be started 
early, preferably within the fi rst 24 h after the 
MI. Immediate IV ACE inhibition with enalaprilat 
has not been shown to be benefi cial.42 Patients 
should be started on low doses of oral agents 
(captopril, 6.25 mg three times daily) and rap-
idly increased to the dosage range that has been 
demonstrated to be benefi cial in clinical trials 
(captopril, 50 mg three times daily; enalapril, 
10 to 20 mg twice daily; lisinopril, 10 to 20 mg 
once daily; or ramipril, 10 mg once daily).

Calcium Channel Blockers

Randomized clinical trials have not dem-
onstrated that the routine use of calcium chan-
nel blockers improves survival after MI. In fact, 
metaanalyses have suggested43 that high doses 
of the short-acting dihydropyridine nifedipine 
increase mortality in patients with MI. Calcium 
channel blockers may be useful in the treatment 
of patients whose postinfarction course is compli-
cated by recurrent angina, because these agents 
not only reduce myocardial oxygen demand but 
inhibit coronary vasoconstriction. Diltiazem is the 
only calcium channel blocker that has been proven 
to have tangible benefi ts, reducing reinfarction and 
recurrent ischemia in patients with NQMIs who 
do not have evidence of congestive heart failure.44 
The adverse effects of calcium-channel blockers 
include bradycardia, atrioventricular block, and 
exacerbation of heart failure

For hemodynamically stable patients, diltia-
zem can be given orally, starting at 60 to 90 mg 
every 6 to 8 h. In patients with severe left ven-
tricular dysfunction, long-acting dihydropyridine 
agents without prominent negative inotropic 
effects, such as amlodipine, nicardipine, or the 
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long-acting preparation of nifedipine, may be pref-
erable; increased mortality with these agents has 
not been demonstrated.

Antiarrhythmic Therapy

A major purpose for admitting MI patients to 
the ICU is to monitor for and prevent malignant 
arrhythmias. Ventricular extrasystoles are com-
mon after MI and are a manifestation of electri-
cal instability of periinfarct areas. The incidence 
of sustained ventricular tachycardia or fi brillation 
is highest in the fi rst 3 to 4 h, but these arrhyth-
mias may occur at any time. Malignant ventric-
ular arrhythmias may be heralded by frequent 
complex ectopy but may occur suddenly without 
these preceding “warning” arrhythmias.

Although lidocaine increases the frequency of 
premature ventricular contractions and of early 
ventricular fi brillation, overall mortality is not 
decreased. In fact, metaanalyses45 of pooled data 
have demonstrated increased mortality from the 
routine use of lidocaine. Therefore, the routine 
prophylactic administration of lidocaine is no lon-
ger recommended.

Nonetheless, lidocaine infusion may be use-
ful after an episode of sustained ventricular 
tachycardia or ventricular fi brillation, and could 
be considered in patients with nonsustained 

ventricular tachycardia. Toxic manifestations 
primarily involve the CNS, and can include con-
fusion, lethargy, slurred speech, and seizures

Therapy with IV amiodarone is an alternative 
to therapy with lidocaine for ventricular arrhyth-
mias. Amiodarone is given as a 150-mg IV bolus 
infused over 10 min, followed by infusion of 
1 mg/min for 6 h, then 0.5 mg/min for 18 h.

Perhaps the most important point in the pre-
vention and management of arrhythmias after 
acute MI is correcting hypoxemia, and maintain-
ing normal serum potassium and magnesium 
levels. The serum levels of electrolytes should 
be monitored closely, particularly after diuretic 
therapy. Magnesium depletion is also a frequently 
overlooked cause of persistent ectopy, and serum 
magnesium levels, even within normal limits, may 
not refl ect myocardial concentrations. The routine 
administration of magnesium has not been shown 
to reduce mortality after acute MI,29 but the empiric 
IV administration of 2 g of magnesium in patients 
with early ventricular ectopy is probably a good 
idea. A potential treatment algorithm for treating 
patients with STEMI is shown in Figure 1.

NSTEMI

The key to the initial management of patients 
with ACSs who present without ST elevation is 

Treatment of ST elevation myocardial infarction

ST elevation

Aspirin
Beta blocker

>12 hr<12 hr

Eligible for
thrombolytic

therapy

Thrombolytic
therapy

contraindicated

Not a candidate
for reperfusion

therapy

Thrombolytic
therapy PCI or CABG

Other medical therapy:
ACE inhibitors

Nitrates

Consider
reperfusion

therapy

Persistent
Symptoms?

Secondary prevention

yes
no

Figure 1. Possible treatment algorithm for patients presenting with STEMI.
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risk stratifi cation. The overall risk of a patient 
is related to both the severity of the preexisting 
heart disease and the degree of plaque instability. 
Risk stratifi cation is an ongoing process, which 
begins with hospital admission and continues 
through hospital discharge. The risk of progres-
sion to acute MI or death in patients with ACSs is 
dependent on clinical factors such as age, presen-
tation with heart failure, and ST-segment depres-
sion seen on the ECG.46 Conversely, a normal ECG 
fi nding confers an excellent short-term prognosis. 
Biochemical markers of cardiac injury, in particu-
lar elevated levels of troponin, are associated with 
an increased risk of cardiac events and a higher 
30-day mortality rate.47 Conversely, low levels 
are associated with low event rates, although the 
absence of troponin elevation does not guarantee 
a good prognosis and is not a substitute for good 
clinical judgment.

Antiplatelet Therapy

As previously noted, aspirin is a mainstay 
of therapy for ACSs. Both the Veterans Admin-
istration Cooperative Study Group48 and the 
Canadian Multicenter Trial49 showed that aspirin 
reduces the risk of death or MI by approximately 
50% in patients with unstable angina or NQMI. 
Aspirin also reduces the number of events after 
the resolution of an ACS and should be contin-
ued indefi nitely.

Clopidogrel, a thienopyridine that inhibits 
adenosine diphosphate-induced platelet activa-
tion, is more potent than aspirin and can be used in 
its place if necessary. Clopidogrel is used in combi-
nation with aspirin when intracoronary stents are 
placed. Clopidogrel added to aspirin signifi cantly 
reduced the risk of MI, stroke, or cardiovascular 
death in 12,562 patients with unstable angina in 
the randomized CURE trial,50 both in patients 
managed invasively with stents and those man-
aged medically. It should be noted that this benefi t 
came with a 1% absolute increase in major, non-
life-threatening bleeds as well as a 2.8% absolute 
increase in major/life-threatening bleeds associ-
ated with coronary artery bypass grafting (CABG) 
within 5 days.50 These data have raised concerns 
about administering clopidogrel prior to having 
information about the  coronary anatomy.

Anticoagulant Therapy

Heparin is an important component of pri-
mary therapy for patients with unstable coronary 
syndromes without ST elevation. When added to 
therapy with aspirin, heparin has been shown to 
reduce refractory angina and the development 
of MI,51 and a metaanalysis52 of the available 
data has indicated that the addition of heparin 
to therapy reduces the composite end point of 
death or MI.

Heparin, however, can be diffi cult to adminis-
ter, because the anticoagulant effect is unpredict-
able in individual patients; this is due to heparin 
binding to heparin-binding proteins, to endothe-
lial cells and other cells, and heparin inhibition 
by several factors released by activated platelets. 
Therefore, the activated partial thromboplastin 
time must be monitored closely. The potential for 
heparin-associated thrombocytopenia is also a 
safety concern.

LMWHs, which are obtained by the depoly-
merization of standard heparin and the selection 
of fractions with lower molecular weight, have 
several advantages. Because they bind less avidly 
to heparin-binding proteins, there is less variabil-
ity in the anticoagulant response and a more pre-
dictable dose-response curve, obviating the need 
to monitor activated partial thromboplastin time. 
The incidence of thrombocytopenia is lower (but 
not absent, and patients with heparin-induced 
thrombocytopenia with antiheparin antibodies 
cannot be switched to LMWH). Finally, LMWHs 
have longer half-lives and can be given by subcu-
taneous injection.

The benefi cial effects of LMWH therapy in 
patients with unstable coronary syndromes were 
documented in the ESSENCE trial53 and the TIMI 
IIB trial,54 which showed that the LMWH enoxa-
parin reduced the combined end point of death, 
MI, or recurrent ischemia compared to unfrac-
tionated heparin. In these early trials, most of 
the patients were managed conservatively. In 
the SYNERGY trial,55 which was performed in 
high-risk patients, most of whom were treated 
invasively, no difference was found in effi cacy 
between enoxaparin and unfractionated hepa-
rin, with a slightly higher major bleeding rate 
with enoxaparin. Specifi c considerations with 
the use of LMWH include decreased clearance 
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in renal insuffi ciency and the lack of a  readily 
available test to measure the anticoagulant 
effect.

Recently, fondaparinux, a pentasaccharide 
that inhibits factor Xa, was tested in patients 
with non-ST-elevation ACSs. The OASIS-5 trial56 
compared fondaparinux to enoxaparin in 20,078 
patients with ACSs (most of whom were treated 
conservatively), with death, MI, or refractory isch-
emia at 9 days as the primary outcome. This out-
come was equivalent, satisfying noninferiority for 
fondaparinux, and major bleeding was lower in 
the fondaparinux group.56 A secondary end point, 
mortality at 30 days, was signifi cantly reduced 
with fondaparinux therapy.56

These studies suggest that alternatives to 
therapy with unfractionated heparin are safe and 
effective. Further testing of their effects when 
combined with an invasive strategy will clarify 
their appropriate role.

Glycoprotein IIb/IIIa Antagonists

Given the central role of platelet  activation 
and aggregation in the pathophysiology of 
unstable coronary syndromes, attention has 
focused on platelet glycoprotein IIb/IIIa antago-
nists, which inhibit the fi nal common pathway 
of platelet aggregation.57 The following three 
agents are currently available: abciximab, a chi-
meric murine-human monoclonal antibody Fab 
fragment; eptifi batide, a small-molecule cyclic 
heptapeptide; and tirofi ban, a small-molecule, 
synthetic, nonpeptide agent. The benefi ts of 
therapy with glycoprotein IIb/IIIa inhibitors 
as adjunctive treatment in patients undergo-
ing PCI have been substantial and consistently 
observed.57 Abciximab has been most extensively 
studied, but a benefi t for eptifi batide has also 
been demonstrated.

In patients with ACSs, the evidence support-
ing the effi cacy of therapy with glycoprotein 
IIb/IIIa inhibitors is somewhat less impressive. 
Taken together, the major trials58-61 show a small 
but  signifi cant reduction in composite end points 
(ie, death and MI, with refractory ischemia in 
some patients). Additional analysis suggests 
that glycoprotein IIb/IIIa inhibition is most 
effective in high-risk patients, those with either 

ECG changes or elevated troponin levels.57 The 
benefi ts appear to accrue primarily to patients 
undergoing PCI, which may not be entirely 
surprising.

Interventional Management

Cardiac catheterization may be undertaken 
in patients presenting with symptoms suggestive 
of unstable coronary syndromes for one of the 
 following reasons: to assist with risk stratifi cation; 
as a prelude to revascularization; and to exclude 
signifi cant epicardial coronary stenosis as a cause 
of symptoms when the diagnosis is uncertain.

An early invasive approach has now been 
compared to a conservative approach in several 
prospective studies. The results of two earlier 
trials, the TIMI IIIb study10 and the VANQWISH 
trial,62 both of which were performed before 
use of coronary stenting and platelet glycopro-
tein IIb/IIIa inhibitors was widespread, were 
negative. More recently, several trials, including 
a substudy of the FRagmin and Fast Revascu-
larisation during InStability in Coronary artery 
disease (or FRISC) II study,63 the TACTICS TIMI-
18 study,64 and the RITA-3 study65 found a sig-
nifi cant reduction in the combined end point 
of death, MI, or recurrent angina with invasive 
management. The most recent comparison, the 
ICTUS study,66 found no difference in a compos-
ite end point of death, MI, or rehospitalization 
for angina at 1 year between a group assigned 
to early invasive management and another 
assigned to selectively invasive management. 
As � 40% of patients in the selectively invasive 
group were revascularized in the fi rst month, 
this trial likely argues not so much against an 
early invasive strategy as for the selection of 
those patients who are most likely to benefi t. 
Alternatively (or in parallel), improved adjunc-
tive antiplatelet, antithrombin, and lipid-lower-
ing therapy may have narrowed the difference 
between strategies.

Risk stratifi cation is the key to manag-
ing patients with NSTEMI ACSs. One possible 
 algorithm for managing patients with NSTEMI 
is shown in Figure 2. An initial strategy of medi-
cal management with attempts at stabilization 
is warranted in patients with lower risk, but 
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patients at higher risk should be considered 
for cardiac catheterization. Pharmacologic and 
mechanical strategies are intertwined because 
the selection of patients for early revasculariza-
tion will infl uence the choice of antiplatelet and 
anticoagulant medication. When good clinical 
judgment is employed, early coronary angiog-
raphy in selected patients with ACSs can lead 
to better management and lower morbidity and 
mortality.

Complications of Acute MI

Postinfarction Ischemia

Ischemia after MI can be due to mechani-
cal problems that increase myocardial oxygen 
demand and to extracardiac factors, such as hyper-
tension, anemia, hypotension, or hypermetabolic 
states, but it usually results from decreased myo-
cardial oxygen supply due to coronary reocclu-
sion or spasm. Immediate management includes 
therapy with aspirin, β-blockers, IV nitroglycerin, 
heparin, the consideration of calcium-channel 
blockers, and diagnostic coronary angiography. 

Post-infarction angina is an indication for revas-
cularization. PTCA can be performed if the culprit 
lesion is suitable. CABG should be considered for 
patients with left main artery disease and three-
vessel disease, and in those patients who are 
unsuitable to undergo PTCA. If the angina can-
not be controlled medically or is accompanied by 
hemodynamic instability, an intraaortic balloon 
pump should be inserted.

Ventricular Free-Wall Rupture

Ventricular free-wall rupture typically 
occurs during the fi rst week after MI. The classic 
patient is elderly, female, and hypertensive. The 
early use of thrombolytic therapy reduces the 
incidence of cardiac rupture, but late use may 
actually increase the risk.67 Free-wall rupture 
presents as a catastrophic event with shock and 
electromechanical dissociation. Salvage is possi-
ble with prompt recognition, pericardiocentesis 
to relieve acute tamponade, and thoracotomy for 
repair.68 Emergent echocardiography or pulmo-
nary artery catheterization can help to make the 
diagnosis.

Figure 2. Possible treatment algorithm for patients with non-ST-elevation ACSs. Hep = heparin; ASA = aspirin; Tn = troponin.
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Ventricular Septal Rupture

Septal rupture presents as severe heart failure 
or cardiogenic shock, with a pansystolic murmur 
and parasternal thrill. The hallmark fi nding is a 
left-to-right intracardiac shunt (ie, a “step-up” in 
oxygen saturation from the right atrium to the 
right ventricle), but the diagnosis is most easily 
made with echocardiography.

The rapid institution of intraaortic balloon 
pumping and supportive pharmacologic mea-
sures is necessary. Operative repair is the only 
viable option for long-term survival. The tim-
ing of surgery has been controversial, but most 
authorities now suggest69,70 that repair should be 
undertaken early, within 48 h of the rupture.

Acute Mitral Regurgitation

Ischemic mitral regurgitation is usually associ-
ated with inferior MI and ischemia or with infarc-
tion of the posterior papillary muscle, although 
anterior papillary muscle rupture can also occur. 
Papillary muscle rupture typically occurs 2 to 7 days 
after an acute MI, and presents dramatically with 
pulmonary edema, hypotension, and cardiogenic 
shock. When a papillary muscle ruptures, the mur-
mur of acute mitral regurgitation may be limited to 
early systole because of the rapid equalization of 
pressures in the left atrium and left ventricle. More 
importantly, the murmur may be soft or inaudible, 
especially when cardiac output is low.71

Echocardiography is extremely useful in the 
differential diagnosis, which includes free-wall 
rupture, ventricular septal rupture, and infarct 
extension with pump failure. Hemodynamic mon-
itoring with pulmonary artery catheterization may 
also be helpful. Management includes afterload 
reduction with nitroprusside and intraaortic bal-
loon pumping as temporizing measures. Inotro-
pic or vasopressor therapy may also be needed to 
support cardiac output and BP. Defi nitive therapy, 
however, is surgical valve repair or replacement, 
which should be undertaken as soon as possible 
since clinical deterioration can be sudden.71,72

Right Ventricular Infarction

Right ventricular infarction occurs in up to 
30% of patients with inferior infarction and is 

clinically signifi cant in 10% of patients.73 The 
combination of a clear chest radiograph with 
jugular venous distention in a patient with an 
inferior wall MI should lead to the suspicion 
of a coexisting right ventricular infarction. The 
diagnosis is substantiated by the demonstration 
of ST segment elevation in the right precordial 
leads (ie, V3R to V5R) or by characteristic hemo-
dynamic fi ndings on right heart catheterization 
(ie, elevated right atrial and right ventricular 
end-diastolic pressures with normal to low pul-
monary artery occlusion pressure and low 
cardiac output). Echocardiography can demon-
strate depressed right ventricular contractility.74 
Patients with cardiogenic shock due to right ven-
tricular infarction have a better prognosis than 
those with left-sided pump failure.73 This may 
be due in part to the fact that right ventricular 
function tends to return to normal over time with 
supportive therapy,75 although such therapy may 
need to be prolonged.

In patients with right ventricular infarction, 
right ventricular preload should be maintained 
with fl uid administration. In some cases, how-
ever, fl uid resuscitation may increase pulmonary 
capillary occlusion pressure but may not increase 
cardiac output, and overdilation of the right ven-
tricle can compromise left ventricular fi lling and 
cardiac output.75 Inotropic therapy with dobu-
tamine may be more effective in increasing car-
diac output in some patients, and monitoring 
with serial echocardiograms may also be useful 
to detect right ventricular overdistention.75 The 
maintenance of atrioventricular synchrony is 
also important in these patients to optimize right 
ventricular fi lling.74 For patients with continued 
hemodynamic instability, intraaortic balloon 
pumping may be useful, particularly because 
elevated right ventricular pressures and volumes 
increase wall stress and oxygen consumption, 
and decrease right coronary perfusion pressure, 
exacerbating right ventricular ischemia.

Reperfusion of the occluded coronary artery 
is also crucial. A study76 using direct angioplasty 
demonstrated that the restoration of normal fl ow 
resulted in dramatic recovery of right ventricular 
function and a mortality rate of only 2%, whereas 
unsuccessful reperfusion was associated with 
persistent hemodynamic compromise and a mor-
tality rate of 58%.
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Objectives:

• Describe the clinical evaluation of patients with shock
• Describe the different types of shock
• Describe resuscitation of shock
• Describe new therapies for septic shock
• Describe vasoactive drugs used for treatment of shock

Key words: left ventricular failure; right ventricular failure; 
sepsis; shock; vasopressors

Shock is a common condition necessitating admis-
sion of the patient to the ICU or occurring in the 
course of critical care. This chapter discusses the 
pathophysiology of various shock states, followed 
by recommendations for the diagnosis and treat-
ment of each category of shock. Last, a brief review 
of commonly used vasoactive agents is presented.

Shock Defi ned

Shock is defi ned by the presence of multisys-
tem end-organ hypoperfusion. Clinical indicators 
include reduced mean BP, tachycardia, tachypnea, 
cool skin and extremities, acute altered mental sta-
tus, and oliguria. Hypotension is usually, though 
not always, present. The end result of multiorgan 
hypoperfusion is tissue hypoxia, which is often 
clinically seen as lactic acidosis.

Clinical Evaluation of Patients in Shock

Most patients who present with shock are 
hypotensive. Since the mean BP is the product of 
the cardiac output (CO) and the systemic vascular 
resistance (SVR), reductions in BP can be catego-
rized by decreased CO and/or decreased SVR. 
Accordingly, the initial evaluation of a hypoten-
sive patient should evaluate the adequacy of the 
CO. Clinical evidence of diminished CO includes 
a narrow pulse pressure (a surrogate marker for 
stroke volume) and cool extremities with delayed 
capillary refi ll. Signs of increased CO include 

a widened pulse pressure (particularly with a 
reduced diastolic pressure), warm extremities 
with bounding pulses and rapid capillary refi ll. 
If a hypotensive patient has clinical signs of 
increased CO, one can infer that the reduced BP is 
a result of decreased SVR.

In hypotensive patients with clinical evidence 
of reduced CO, an assessment of intravascular 
and cardiac volume status is appropriate. A hypo-
tensive patient with decreased intravascular and 
cardiac volume status may have a history sug-
gesting hemorrhage or other volume losses (eg, 
vomiting, diarrhea, and polyuria). The jugular 
venous pulse is often reduced in such a patient. 
A hypotensive patient with an increased intra-
vascular and cardiac volume status may have S3 
and/or S4 gallops, increased jugular venous pres-
sure (JVP), extremity edema, and crackles on lung 
auscultation. The chest radiograph may show 
cardiomegaly, congestion of the vascular pedicle,1 
Kerley B lines, and pulmonary edema. Chest pain 
and ECG changes consistent with ischemia may 
also be noted.

In hypotensive patients with clinical evi-
dence of increased CO, a search for the causes of 
decreased SVR is appropriate. The most common 
cause of high-CO hypotension is sepsis. Accord-
ingly, one should search for signs of the systemic 
infl ammatory response syndrome (SIRS), which 
include abnormalities in temperature (�38°C or 
 �36°C), heart rate (�90 beats/min), respiratory 
rate (�20 breaths/min), and WBC count (�12,000 
or �4,000 cells/μL or �10 bands).2 A person with 
SIRS and a presumed or confi rmed infectious pro-
cess fulfi lls the criteria for sepsis. A person with 
sepsis and one or more organ failures fulfi lls the 
criteria for severe sepsis. Other causes of high-
CO hypotension include the following: liver fail-
ure; severe pancreatitis; burns and other trauma 
that elicit SIRS; anaphylaxis; thyrotoxicosis; and 
peripheral arteriovenous shunts.

In summary, the three most common catego-
ries of shock include cardiogenic, hypovolemic, 
and high CO with decreased SVR. Certainly, these 
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categories may overlap and occur simultaneously 
(eg, hypovolemic and septic shock, or septic and 
cardiogenic shock).

The initial assessment of a patient in shock as 
outlined above should take only a few minutes. It 
is important that aggressive, early resuscitation is 
instituted based on the initial assessment, particu-
larly since there are data suggesting that the early 
resuscitation of shock (both septic and cardio-
genic) may improve survival.3,4 If the initial bed-
side assessment yields equivocal or confounding 
data, more objective assessments such as echocar-
diography and/or central venous or pulmonary 
artery catheterization may be useful. The goal of 
early resuscitation is to reestablish adequate per-
fusion to prevent or minimize end-organ injury.

During the initial resuscitation of patients in 
shock, the principles of advanced cardiac life sup-
port should be followed. Since patients in shock 
may be obtunded and unable to protect the air-
way, an early assessment of the patient’s airway 
is mandatory during resuscitation from shock. 
Early intubation and mechanical ventilation are 
often required. The reasons for the institution of 
endotracheal intubation and mechanical ventila-
tion include acute hypoxemic respiratory failure 
as well as ventilatory failure. Acute hypoxemic 
respiratory failure may occur in cardiogenic shock 
(pulmonary edema) as well as septic shock (pneu-
monia or ARDS). Ventilatory failure often occurs 
as a result of an increased load on the respira-
tory system. This load may present in the form 
of acute metabolic acidosis (often lactic acidosis) 
or decreased compliance of the lungs as a result 
of pulmonary edema. Inadequate perfusion to 
respiratory muscles in the setting of shock may be 
another reason for early intubation and mechani-
cal ventilation. Normally, the respiratory muscles 
receive a very small percentage of the CO.5 How-
ever, in patients who are in shock with respiratory 
distress for the reasons listed above, the percent-
age of CO dedicated to respiratory muscles may 
increase �10-fold.6,7 Mechanical ventilation may 
relieve the patient of the work of breathing and 
permit the redistribution of a limited CO to other 
vital organs. Such patients often demonstrate 
signs of respiratory muscle fatigue, including 
the following: inability to speak full sentences; 
accessory respiratory muscle use; paradoxical 
abdominal muscle activity; extreme tachypnea  

(�40 breaths/min); and decreasing respiratory 
rate despite an increasing drive to breathe.

Endotracheal intubation and mechanical ven-
tilation with sedation, and, if necessary, muscle 
paralysis will decrease oxygen demand of the respi-
ratory muscles allowing improved oxygen deliv-
ery to other hypoperfused tissue beds.8 Patients in 
shock should be intubated before other procedures 
are performed, since attention to the airway and 
breathing may wane during such procedures.

Resuscitation

Resuscitation should focus on improving 
end-organ perfusion, not simply raising the BP. 
Accordingly, a patient with a reduced CO by clini-
cal assessment with a decreased intravascular and 
cardiac volume status should receive aggressive 
IV resuscitation. The question of which type of 
IV fl uid to use is controversial,9,10 although data10 
from 2004 suggest that colloid (albumin) is not 
better than crystalloid, and indeed may be asso-
ciated with increased morbidity and mortality. 
Though one study11 reported improved outcomes 
in trauma patients whose volume resuscitation 
was delayed until defi nite surgical repair (aver-
age time to operation, approximately 2 h), aggres-
sive volume resuscitation in patients with reduced 
intravascular and cardiac volume status is merited 
in virtually all patients except for torso trauma 
patients, who can undergo surgical repair quickly. 
The early administration of vasoactive drugs in 
hypovolemic patients in order to increase BP is 
not recommended. This practice may impair the 
assessment of the patient’s circulatory status and 
potentially delay defi nitive treatment. The transfu-
sion of packed RBCs to anemic patients in order to 
improve oxygen delivery is physiologically ratio-
nal; however, some data12 have suggested that, as 
long as hemoglobin levels remain �7 g/dL, this 
practice may not improve outcomes and perhaps 
may even worsen outcomes in select subgroups 
of patients. Certainly, a conservative transfusion 
strategy does not apply to hemorrhaging hypovo-
lemic patients who are in shock. Blood products 
should be administered through a blood warmer 
to minimize hypothermia and subsequent distur-
bances in coagulation. In summary, it is important 
to remember that oxygen delivery is the product 
of CO, the oxygen-carrying  capacity of the blood, 
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and arterial oxygen saturation. Each of these com-
ponents must be considered and optimized when 
addressing the resuscitation of patients who are 
in shock.

Early reassessment of the patient with pur-
ported hypovolemic shock after the initial resus-
citation is extremely important. Concrete end 
points such as increased BP and pulse pressure, 
improved capillary refi ll, urine output, and men-
tal status should be sought. The absence of a 
response suggests that the volume challenge may 
not be adequate. Careful and repeated searches 
for signs of volume overload (ie, increased JVP, 
new gallop or extra heart sounds, and pulmonary 
edema) should be performed while the resuscita-
tion is ongoing.

If the patient remains in shock despite ade-
quate volume resuscitation, support with vasoac-
tive drugs is appropriate. Occasionally, vasoactive 
drugs must be started “prematurely” when vol-
ume resuscitation needs are large. When severe 
hypotension and hypovolemia are present, this 
approach is occasionally needed to “buy time” 
while volume resuscitation is ongoing. This strat-
egy is only rarely necessary and should only be 
instituted temporarily until volume resuscitation 
is accomplished. It is important to remember that 
vasoactive drugs may obscure hypovolemic shock 
by raising BP despite a low CO state.

Once intravascular volume has been restored, 
patients who remain in shock may benefi t from 
therapy with vasoactive drugs. These drugs 
should be titrated to end-organ perfusion, rather 
than to an arbitrary BP value. Accordingly, mental 
status, urine output, lactic acidosis, capillary refi ll 
and skin temperature, and venous oxygen satura-
tion are reasonable end points to target in these 
patients. If evidence of hypoperfusion persists, 
one should consider inadequate volume resusci-
tation, impaired CO, inadequate hemoglobin con-
centration, and/or inadequate oxygen saturation 
as likely explanations. If the objective informa-
tion obtained by physical examination is unclear 
or ambiguous, additional information obtained 
via invasive monitoring (ie, central venous pres-
sure, pulmonary artery catheterization, or echo-
cardiography) may be useful. Echocardiography 
is a useful adjunct or even replacement to inva-
sive pressure measurements and can be used to 
distinguish poor ventricular pumping function 

from hypovolemia; a good study can exclude or 
confi rm tamponade, pulmonary hypertension, or 
signifi cant valve dysfunction, all of which infl u-
ence therapy and may supplement or replace the 
more invasive right heart catheterization. These 
topics are covered separately in another chapter 
in the syllabus.

Cardiogenic Shock

The model of the heart as a pump is useful 
in considering cardiogenic shock. By defi nition, 
pump failure is seen when CO is inappropriately 
low despite adequate input in the form of venous 
return (determined by right atrial pressure). The 
specifi c cause of decreased pump function must 
be considered. Left ventricular (LV) and/or right 
ventricular (RV) dysfunction may occur due to 
decreased systolic contractility, impaired diastolic 
relaxation, increases in afterload, valvular dys-
function, or abnormal heart rate and rhythm.

LV Failure

Systolic Dysfunction: This is the classic exam-
ple of cardiogenic shock. When LV systolic func-
tion is impaired, the most common reason is 
acute coronary ischemia. The result is a reduc-
tion of CO relative to the increases in preload. 
Attempted compensation for this impaired pump 
function occurs via the Frank-Starling mecha-
nism as well as by fl uid retention by the kidneys 
and by increased venous tone mediated by the 
sympathetic nervous system. Patients present 
with reduced CO and a resulting increased oxy-
gen extraction ratio by the peripheral tissues. 
The low mixed venous oxygen saturation may 
exacerbate hypoxemia, especially in patients 
with pulmonary edema and intrapulmonary 
shunt physiology. As mentioned above, acute 
myocardial infarction or ischemia is the most 
common cause of LV failure leading to shock. 
Cardiogenic shock is reported to complicate up 
to 10% of acute myocardial infarctions.13 Some 
evidence4 supports the use of early aggressive 
revascularization using angioplasty or coro-
nary artery bypass grafting in patients with car-
diogenic shock. A survival benefi t was seen in 
patients subjected to this strategy compared to 
the medical management of cardiogenic shock, 
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including those patients to whom thrombolytic 
therapy was administered. The treatment of 
cardiogenic shock due to systolic dysfunction 
includes the judicious administration of intra-
venous crystalloid if hypovolemia is present. A 
more precise characterization of the circulation 
can be obtained with the use of pulmonary artery 
catheterization and/or echocardiography, topics 
that are discussed in more detail in another chap-
ter of the syllabus. Inotropic support includes the 
use of agents such as dobutamine, milrinone, or 
levosimendan. Intraaortic balloon counterpulsa-
tion may be used to support the circulation as a 
bridge to coronary artery revascularization.

Diastolic Dysfunction: Increased LV diastolic 
chamber stiffness and impaired LV fi lling occur 
most commonly as a result of myocardial ischemia, 
although LV hypertrophy and restrictive myocar-
dial diseases may also contribute. Patients usually 
present with increased cardiac fi lling pressures 
despite a small LV end-diastolic volume, as docu-
mented by echocardiography (usually best seen 
in the short-axis view at the level of the papillary 
muscles). Aside from the management of acute 
ischemia, this condition may be diffi cult to treat. 
Volume administration can be tried, but many 
times there are only further increases in diastolic 
pressure with little change in diastolic volume. 
Therapy with inotropic agents are usually inef-
fective. The aggressive management of tachycar-
dia with volume administration and the cautious 
use of negative chronotropic agents is a rational 
approach to therapy. Since very little ventricular 
fi lling occurs late in diastole in these patients, a 
very low heart rate (eg, sinus bradycardia) may be 
detrimental. Often, the careful titration of chrono-
tropic agents to achieve the “optimal” heart rate 
that maximizes CO is necessary. The maintenance 
of a normal sinus rhythm is important to maxi-
mize ventricular fi lling.

Valvular Dysfunction: The management of 
valvular disease contributing to cardiogenic 
shock is guided by interventions to counter the 
specifi c pathophysiology. Accordingly, aortic 
stenosis is managed by efforts to decrease heart 
rate while maintaining sinus rhythm. Preload 
should be maintained, and afterload must not be 
reduced, since there is a fi xed afterload imposed 
by the aortic stenosis, which may not tolerate 
further reductions in afterload via arteriolar 

dilation. Surgical evaluation or palliative valvu-
loplasty are other important considerations in 
patients with cardiogenic shock complicated by 
aortic stenosis.  Cardiogenic shock due to  aortic 
insuffi ciency may present acutely and may 
require urgent surgical repair. Medical manage-
ment includes the use of chronotropic agents to 
decrease regurgitant  fi lling time and afterload-
reducing agents to facilitate forward fl ow. Mitral 
regurgitation may occur acutely as a result of 
ischemic injury to papillary muscles. Medi-
cal management includes attempts to establish 
and maintain sinus rhythm, as well as afterload 
reduction to decrease the percentage of regurgi-
tant blood fl ow. This may be accomplished with 
medications such as nitroprusside or intraaortic 
balloon counterpulsation as a bridge to mitral 
valve repair or replacement. Mitral stenosis 
contributing to cardiogenic shock is managed 
by negative chronotropic agents, which seek to 
maximize diastolic fi lling time across the ste-
notic valve. Last, hypertrophic cardiomyopa-
thy may contribute to cardiogenic shock. This 
lesion is managed by the maintenance of pre-
load with volume administration and therapy 
with negative inotropic and chronotropic agents, 
which serve to decrease the obstruction of the 
LV  outfl ow tract during systole. Rarely, acute 
obstruction of the mitral valve by left atrial 
thrombus or myxoma may also result in cardio-
genic shock. These  conditions generally require 
acute surgical interventions.

Cardiac Arrhythmias: Dysrhythmias may exac-
erbate shock in critically ill patients. A detailed 
discussion on the management of dysrhythmias 
is beyond the scope of this chapter, and the reader 
is referred to other chapters of the syllabus for 
further discussion of this topic.

RV Failure

RV failure resulting in cardiogenic shock is 
typically associated with increased right atrial 
pressure and reduced CO.14 Although the most 
common reason for RV failure is concomitant LV 
failure, this section will discuss the management 
of isolated RV failure. RV infarction may result in 
RV failure, usually accompanied by inferior myo-
cardial infarction. Elevated JVP in the presence 
of clear lungs is the classic physical fi nding seen 
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in patients with acute RV infarction. It is impor-
tant to distinguish RV infarction from  cardiac 
 tamponade. Echocardiography may be helpful in 
making this distinction. Therapy includes  careful 
volume administration to maintain preload; 
however, volume overload is common with RV 
failure, and RV dilation may increase tricuspid 
regurgitation, leading to worsening hepatic and 
renal congestion. Therapy with dobutamine may 
be used to increase RV inotropy,15 and therapy 
with norepinephrine may improve RV endocar-
dial perfusion.

RV failure as a result of increases in right 
heart afterload may be due to pulmonary embo-
lism, ARDS, and other causes of alveolar hypoxia, 
hypercapnia, and metabolic acidosis. Manage-
ment is focused on treating the underlying physi-
ologic derangement, with circulatory support 
again centered around inotropic agents as well 
as norepinephrine.16,17 Norepinephrine is more 
effective at improving RV function and RV coro-
nary perfusion pressure than phenylephrine.18 
The treatment of RV failure is complicated, since 
volume administration may result in worsening 
RV function by causing mechanical overstretch 
and/or by refl ex mechanisms that depress con-
tractility.19 However, some investigators20 have 
found volume administration to result in favor-
able hemodynamics in patients with acute RV 
failure due to increased RV afterload. Optimal 
management is often facilitated by echocardio-
graphic or pulmonary artery catheter-directed 
therapy. Thrombolytic therapy for acute pul-
monary embolism complicated by cardiogenic 
shock has been shown to improve survival21 and 
is currently accepted as a recommended strat-
egy.22 Hypoxic pulmonary vasoconstriction may 
be reduced by improving alveolar and mixed 
venous oxygenation with the administration of 
supplemental oxygen. More aggressive correc-
tion of hypercapnia and acidemia may be neces-
sary in patients with acute right heart syndromes. 
Pulmonary vasodilator therapy (eg, inhaled nitric 
oxide and prostaglandin E1) may be considered, 
although outcome benefi ts in the acute setting are 
largely lacking. Recently, levosimendan (the fi rst 
of a new class of drugs known as calcium sensi-
tizers) has become available. Levosimendan is 
discussed in more detail in the section on “Vaso-
active Agents.”

Pericardial Tamponade and Other Syndromes 
Causing External Compression of the Heart

Cardiac tamponade impairs diastolic fi ll-
ing, resulting in shock. The diagnosis is estab-
lished by the presence of elevated jugular venous 
pulse with Kussmaul sign and pulsus paradoxus. 
Pulmonary artery catheterization may reveal a 
decreased CO with equalization of right atrial, left 
atrial (ie, pulmonary capillary wedge pressure), 
and RV diastolic pressures. Echocardiography 
reveals pericardial fl uid with diastolic collapse 
of the atria and RV, and right-to-left septal shift 
during inspiration. Other causes of external car-
diac compression include tension pneumothorax, 
elevated intraabdominal pressure (eg, tense asci-
tes), so-called abdominal tamponade, large pleural 
effusions, and pneumopericardium. Treatment 
is focused at the underlying cause and includes 
pericardial drainage with a catheter or surgical 
“window” in the case of pericardial tamponade. 
In unstable patients, blind drainage of the pericar-
dial sac with a needle may be necessary. Medical 
management of the circulatory pathophysiology 
of tamponade includes the use of aggressive vol-
ume administration as well as inotropic and chro-
notropic support to increase heart rate and thus 
maintain forward fl ow.

Decreased Venous Return

Hypovolemia is the most common cause of 
shock due to decreased venous return. The venous 
circuit has tremendous capacitance potential, and 
venoconstriction in response to hypovolemia can 
compensate for the initial decreases in intravascu-
lar volume. Orthostatic changes in BP and heart 
rate may be seen early in patients in hypovole-
mic shock.20 At a level of approximately 40% loss 
of intravascular volume, venoconstriction driven 
by the sympathetic nervous system can no longer 
maintain mean arterial BP.

In patients with hypovolemic shock, tissue 
injury (especially gut ischemia) and the resulting 
systemic infl ammation may lead to ongoing shock 
despite the replacement of volume losses.21 This is 
particularly relevant if resuscitation is delayed and 
underscores the importance of early aggressive 
resuscitation in patients with hypovolemic shock. 
The phenomenon of systemic  infl ammation as it 
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pertains to shock will be discussed in more detail 
in the section on “Septic Shock.”

Other causes of shock due to decreased venous 
return include severe neurologic damage or drug 
exposure resulting in hypotension due to a loss 
of venous tone. The prototypical example of loss 
of venous tone due to drug exposure is anaphy-
laxis. This unregulated immunologically mediated 
release of histamine can result in profound shock 
requiring aggressive catecholamine support (epi-
nephrine is the drug of choice). Septic shock is a 
common cause of shock due to decreased venous 
tone and is discussed separately in the next sec-
tion. All of these processes result in decreased 
venous tone and impaired venous return, resulting 
in decreased CO and BP. The obstruction of veins 
due to compression (eg, pregnancy or intraabdom-
inal tumor), thrombus formation, or tumor inva-
sion increases the resistance to venous return and 
may occasionally result in shock.

The principal therapy of hypovolemic shock 
and other forms of shock due to decreased venous 
return is aggressive volume resuscitation while 
attempting to reverse the underlying problem 
driving the pathophysiology. This has been des-
cribed in more detail above. In patients with hem-
orrhagic shock, resuscitation with packed RBCs 
should be performed through a blood warmer. 
The optimal hemoglobin concentration is contro-
versial, and transfusion should be paced by the 
extent of ongoing blood loss. After large-volume 
RBC transfusions, dilutional thrombocytopenia 
and reduction in clotting factors should be antici-
pated, sought out, and corrected with platelet 
and plasma product transfusions, as directed by 
the fi ndings of a platelet count and coagulation 
assays.

High-CO Hypotension

Septic Shock

Septic shock is the most extreme presentation 
of a spectrum of pathophysiologic responses to an 
infectious insult. Sepsis is defi ned by the presence 
of SIRS in the presence of known or suspected 
infection.2 Severe sepsis occurs when patients 
with sepsis accrue one or more organ failures. 
Septic shock is seen in patients with severe sep-
sis who manifest shock, as described above. Any 

 infectious organism may result in sepsis and sep-
tic shock, including all bacteria, fungi, viruses, and 
parasites. As noted above, patients typically pres-
ent with evidence of high CO (assuming hypovo-
lemia has been resuscitated). These patients have 
a widened pulse pressure, warm extremities, brisk 
capillary refi ll, and a reduced diastolic and mean 
BP. A subgroup of patients with septic shock may 
present with depressed cardiac function. Circu-
lating myocardial depressant factors have been 
identifi ed in some septic patients,23–25 but the rea-
son that only a small subgroup of patients mani-
fest cardiac depression is not well understood.

Sepsis is a signifi cant problem in the care of 
critically ill patients. It is the leading cause of 
death in noncoronary ICUs in the United States.26 
Current estimates suggest that > 750,000 patients 
are affected each year,27 and these numbers are 
expected to increase in the coming years as the 
population continues to age and a greater per-
centage of people who are vulnerable to infection 
seek medical care.

Decades of research have focused on modify-
ing the pathophysiologic responses of the body to 
severe infection. For many years, an unregulated 
proinfl ammatory state was thought to be the driv-
ing force behind severe sepsis and septic shock. 
Numerous trials28 attempting to block a particular 
infl ammatory pathway were conducted without 
any survival benefi ts noted. More recently, the 
pathophysiology behind severe sepsis has become 
better understood. Currently, the pathophysiol-
ogy of severe sepsis is thought to be driven by 
unregulated infl ammation (via cytokines such 
as interleukin 6 and tumor necrosis factor) cou-
pled to a hypercoagulable state favoring micro-
vascular coagulation and impaired fi brinolysis. 
Such unregulated microvascular coagulation is 
thought to lead to impaired tissue perfusion and 
to predispose patients to the multiple organ dys-
function syndrome that is commonly observed 
in patients with severe sepsis.29 Therapy with 
activated protein C has a salutary impact on all 
three pathophysiologic derangements noted in 
patients with severe sepsis. A survival benefi t 
has been reported30 in patients with severe sep-
sis who were treated with recombinant activated 
protein C. This study was the fi rst ever to demon-
strate a survival benefi t from a therapy directed 
at modifying the underlying pathophysiology of 
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severe sepsis. Because of its anticoagulant proper-
ties, there was a small but signifi cant increase in 
bleeding complications associated with activated 
protein C.

The mainstay of therapy for septic shock is 
aggressive supportive care. This includes early 
identifi cation of the source of infection with erad-
ication by surgical or percutaneous drainage, if 
possible. More than 80% of patients with severe 
sepsis will require ventilatory support for respi-
ratory failure, which should be instituted early 
for the reasons outlined earlier in this chapter. 
Circulatory failure is supported with aggressive 
volume administration to correct any component 
of hypovolemia. Objective monitoring using cen-
tral venous catheterization, pulmonary artery 
catheterization, and echocardiography should be 
used early to guide therapy. Vasoactive support 
is directed by the underlying circulatory derange-
ment. The optimal extent of volume resuscitation 
is controversial. Some clinicians favor aggressive 
volume administration, while others favor the ear-
lier use of vasoactive drugs (ie, keeping patients 
“dry”). Trials are ongoing to attempt to better 
answer this diffi cult question. The early institution 
of broad-spectrum antibiotic therapy focused on 
potential pathogens has been shown to improve 
survival.31,32 Acute renal failure in patients with 
septic shock carries a poor prognosis. Some more 
recent studies33 in the literature supports the use 
of an aggressive approach to renal replacement 
therapy, with a survival benefi t demonstrated 
with daily  hemodialysis compared to alternate-
day hemodialysis. The use of low-dose dopamine 
as a renal protective strategy has been found34 
to be of no benefi t in preventing acute tubular 
necrosis in patients with SIRS and acute renal 
insuffi ciency. Other therapeutic interventions in 
patients with severe sepsis await further evalu-
ation. Early trials evaluating the utility of high-
dose corticosteroids in patients with septic shock 
have failed to demonstrate a survival benefi t.35, 36 
Corticosteroid therapy remains controversial, and 
further studies are needed before it can be recom-
mended for widespread use. Some data37 suggest 
that the response to an adrenocorticotropic hor-
mone (ACTH) stimulation test may have impor-
tant prognostic implications. Furthermore, a 2002 
multicenter trial38 found that a combination of 
low-dose hydrocortisone and  fl udrocortisone 

improved survival in patients with septic shock 
who had relative adrenal insuffi ciency.

Other Types of Shock

Adrenal insuffi ciency is often viewed as a rare 
occurrence in critically patients. However, one 
study39 has reported a 54% incidence of blunted 
adrenal response to ACTH in patients with septic 
shock. This number may be a generous estimate 
since the parameters for defi ning adrenal insuf-
fi ciency have not been universally agreed on39; 
nevertheless, adrenal insuffi ciency may not be as 
rare as previously thought. It is reasonable to con-
sider testing all patients who present with septic 
or other occult reasons for shock with an ACTH 
stimulation test. Conventionally, this test is per-
formed in the morning with a baseline cortisol 
level drawn and then 250 μg of ACTH adminis-
tered IV. Thirty-minute and 60-min cortisol levels 
are then drawn. A level of > 20 μg/dL is viewed as 
an appropriate response. If adrenal insuffi ciency is 
suspected, dexamethasone (which does not cross-
react with the cortisol laboratory assay) should be 
administered while the ACTH stimulation test is 
being performed.

Neurogenic shock typically occurs as a result 
of severe injury to the CNS. The loss of sympa-
thetic tone results in venodilation and venous 
blood pooling. The mainstays of therapy include 
volume repletion and vasoactive support with 
drugs that have venoconstricting properties.

Severe hypothyroidism or  hyperthyroidism 
may result in shock. Myxedema presenting as 
shock should be treated with the administration 
of IV thyroid hormone. One should watch care-
fully for myocardial ischemia and/or infarction, 
which may complicate aggressive thyroid replace-
ment. Thyroid storm requires urgent therapy with 
Lugol solution, propylthiouracil, steroids, pro-
pranolol, fl uid resuscitation, and the identifi cation 
of the precipitating cause. Pheochromocytoma 
often presents with a paradoxical hypertension 
despite a state of shock and impaired tissue per-
fusion. Intravascular volume depletion is masked 
by extreme venoconstriction from therapy with 
endogenous catecholamines in patients with pheo-
chromocytoma. The increase in afterload caused by 
endogenous catecholamines may also precipitate 
a shock-like state. Treatment includes  aggressive 
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volume replacement as well as α-adrenergic and 
β-adrenergic blockades. A search for the location 
of the pheochromocytoma with subsequent surgi-
cal removal is indicated.

Vasoactive Agents

The choice of vasoactive medications should 
be based on the underlying pathophysiology of 
the circulation as gleaned by the physical exam-
ination and supplemented by more sophisti-
cated measurements. It is sobering to realize that 
despite the widespread use of these agents for 
many decades, there are no outcome studies to 
guide clinicians with regard to the use of a par-
ticular agent in the management of shock.

Dobutamine

Dobutamine is a powerful inotrope, which 
stimulates both β1 and β2 receptors. The end result 
is typically an increase in CO with diminished 
SVR. This reduction in afterload may benefi t 
patients with LV systolic dysfunction.

Milrinone

Milrinone is an inotropic agent that induces 
a positive inotropic state via phosphodiesterase 
inhibition. It has potent vasodilating properties 
that decrease both systemic and pulmonary vas-
cular resistance. One study42 of patients with acute 
exacerbations of congestive heart failure did not 
demonstrate a benefi t with regard to the number 
of days hospitalized for cardiovascular causes, 
the in-hospital mortality rate, the 60-day mortal-
ity rate, or the composite incidence of death or 
hospital readmission. Rather, hypotension and 
new atrial arrhythmias were found to occur more 
frequently in patients who received milrinone 
compared to placebo.40

Levosimendan

Levosimendan is the fi rst clinically avail-
able agent from a new class of drugs known as 
calcium sensitizers. Calcium sensitizers improve 
myocardial contractility without signifi cantly 
increasing intracellular calcium levels. Levosi-
mendan increases the sensitivity of the cardiac 

 myofi laments to calcium during systole, which 
increases the force and rate of contraction. It 
appears to enhance CO without increasing myo-
cardial oxygen consumption. These drugs may 
improve diastolic relaxation or at least are neutral 
with regard to diastolic function.41,42 Levosimen-
dan causes the dilation of systemic, pulmonary, 
and coronary arteries.43,44 Studies have shown 
levosimendan to be superior to placebo and dobu-
tamine in patients with chronic congestive heart 
failure.45,46 Preliminary studies have suggested 
that levosimendan may improve RV mechanical 
effi ciency.42 The role of levosimendan in the man-
agement of shock or RV failure has not been stud-
ied extensively.

Dopamine

Dopamine is purported to have varying phys-
iologic effects at different doses. Classically, “low-
dose” dopamine (1 to 3 μg/kg/min) is thought to 
stimulate dopaminergic receptors and to increase 
renal and mesenteric blood fl ow. This notion has 
been disproven, however.34,47 Indeed, there is evi-
dence that dopamine may impair mesenteric per-
fusion to a greater degree than norepinephrine.48 
Because data are accumulating that report the ill 
effects of dopamine in patients with shock, this 
agent has fallen out of favor in the view of many 
clinicians, with other agents such as norepineph-
rine being more widely used (see next section).49

Norepinephrine

Norepinephrine stimulates β1 receptors as well 
as α receptors. Data are now accumulating that 
suggest that norepinephrine may be a preferred 
drug in the treatment of septic shock and other 
vasodilatory types of shock. It appears to have a 
lesser propensity to cause renal injury50 and pro-
vides a more reliable increase in BP compared to 
dopamine.51 A prospective observational cohort 
study52 found a signifi cant reduction in mortality 
when compared to therapy with dopamine and/
or epinephrine in patients with septic shock.

Phenylephrine

Phenylephrine is a pure α1-agonist, which 
results in venous and arteriolar constriction. It 
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often elicits a refl ex bradycardia that is medi-
ated via baroreceptors. This may prove useful in 
patients with tachydysrhythmias accompanied 
by hypotension. In a prospective observational 
study53 of patients with septic shock, phenyleph-
rine was found to increase BP, SVR, and cardiac 
index when added to low-dose dopamine or 
dobutamine after volume resuscitation. There is 
a theoretical concern that α-agonism may precipi-
tate myocardial ischemia, though there are few 
objective data to support or refute this concern.

Epinephrine

Epinephrine has both β-agonist as well as α-
agonist properties. It has potent inotropic as well 
as vasoconstricting properties. It appears to have 
a higher propensity toward precipitating mesen-
teric ischemia,54 a property that limits its utility 
as a fi rst-line agent for the management of shock, 
regardless of the underlying etiology.

Vasopressin

The use of vasopressin as a vasoactive agent 
has increased tremendously in the last few years. 
Patients who present with septic shock or late-
phase hemorrhagic shock have been shown to 
have a relative defi ciency of vasopressin. A 2001 
study55 found that patients with septic shock dem-
onstrate an increase in BP and urine output with-
out evidence of impaired cardiac, mesenteric, or 
skin perfusion when treated with “low-dose” (ie, 
40 mU/min) vasopressin. The exact role of vaso-
pressin in the treatment of patients who are in var-
ious shock states requires further investigation.

References

 1. Ely EW, Smith AC, Chiles C, et al. Radiologic de-
termination of intravascular volume status using 
portable, digital chest radiography: a prospective 
investigation in 100 patients. Crit Care Med 2001; 
29:1502–1512

 2. Bone RC, Balk RA, Cerra FB, et al. Defi nitions for 
sepsis and organ failure and guidelines for the use 
of innovative therapies in sepsis: the ACCP/SCCM 
Consensus Conference Committee; American Col-
lege of Chest Physicians/Society of Critical Care 
Medicine. Chest 1992; 101:1644–1655

 3. Rivers E, Nguyen B, Havstad S, et al. Early goal 
 directed therapy in the treatment of severe sepsis 
and septic shock. N Engl J Med 2001; 345:1368–
1377

 4. Hochman JS, Sleeper LA, Webb JG, et al. Early 
 revascularization in acute myocardial infarction 
complicated by cardiogenic shock: SHOCK Investi-
gators; should we emergently revascularize occlud-
ed coronaries for cardiogenic shock. N Engl J Med 
1999; 341:625–634

 5. Rochester DF, Pradel-Guena M. Measurement of 
diaphragmatic blood fl ow in dogs from xenon 133 
clearance. J Appl Physiol 1973; 34:68–74

 6. Hussain SNA, Roussos C. Distribution of respirato-
ry muscle and organ blood fl ow during endotoxic 
shock in dogs. J Appl Physiol 1985; 59:1802–1808

 7. Robertson CH Jr, Foster GH, Johnson RL Jr. The 
 relationship of respiratory failure to the oxygen con-
sumption of, lactate production by, and distribution 
of blood fl ow among respiratory muscles during 
increasing inspiratory resistance. J Clin  Invest 1977; 
59:31–42

 8. Hall JB, Wood LDH. Liberation of the patient from 
mechanical ventilation. JAMA 1987; 257:1621-1628

 9. Cochrane Injuries Group Albumin Reviewers. 
Human albumin administration in critically ill 
patients: systematic review of randomised con-
trolled trials. BMJ 1998; 317:235–240

10. Finfer S, Bellomo R, Boyce N, et al. A comparison 
of albumin and saline for fl uid resuscitation in the 
intensive care unit. N Engl J Med 2004; 350:2247–
2256

11. Bickell WH, Wall MJ Jr, Pepe PE, et al. Immediate 
versus delayed fl uid resuscitation for hypotensive 
patients with penetrating torso injuries. N Engl J 
Med 1994; 331:1105–1109

12. Hebert PC, Wells G, Blajchman MA, et al. A mul-
ticenter, randomized, controlled clinical trial of 
transfusion requirements in critical care: Transfu-
sion Requirements in Critical Care Investigators, 
Canadian Critical Care Trials Group. N Engl J Med 
1999; 340:409–417

13. Goldberg RJ, Gore JM, Alpert JS, et al. Cardiogenic 
shock after acute myocardial infarction: incidence 
and mortality from a community-wide perspec-
tive, 1975 to 1988. N Engl J Med 1991; 325:1117–
1122

14. Mebazaa A, Karpati P, Renaud E, et al. Acute right 
ventricular failure: from pathophysiology to new 
treatments. Intensive Care Med 2004; 30:185–196

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



154 Shock (Kress)

15. Dell’Italia LJ, Starling MR, Blumhardt R, et al. 
Comparative effects of volume loading, dobuta-
mine and nitroprusside in patients with predomi-
nant right ventricular infarction. Circulation 1985; 
72:1327–1335

16. Hirsch LJ, Rooney MW, Wat SS, et al. Norepineph-
rine and phenylephrine effects on right ventricular 
function in experimental canine pulmonary embo-
lism. Chest 1991; 100:796–801

17. Layish DT, Tapson VF. Pharmacologic hemody-
namic support in massive pulmonary embolism. 
Chest 1997; 111:218–224

18. Hirsch LJ, Rooney MW, Wat SS, et al. Norepineph-
rine and phenylephrine effects on right ventricular 
function in experimental canine pulmonary embo-
lism. Chest 1991; 100:796–801

19. Ghignone M, Girling L, Prewitt RM. Volume ex-
pansion versus norepinephrine in treatment of a 
low cardiac output complicating an acute increase 
in right ventricular afterload in dogs. Anesthesiol-
ogy 1984; 60:132–135

20. Mathru M, Venus B, Smith R, et al. Treatment of 
low cardiac output complicating acute pulmonary 
 hypertension in normovolemic goats. Crit Care 
Med 1986; 14:120–124

21. Jerjes-Sanchez C, Ramirez-Rivera A, Gareia M de 
L, et al. Streptokinase and heparin versus heparin 
alone in massive pulmonary embolism: a random-
ized controlled trial. J Thromb Thrombolysis 1995; 
2:227–229

22. Arcasoy SM, Kreit JW. Thrombolytic therapy of 
pulmonary embolism: a comprehensive review of 
current evidence. Chest 1999; 115:1695–1707

23. Parker MM, Shelhamer JH, Bacharach SL, et al. 
Profound but reversible myocardial depression in 
patients with septic shock. Ann Intern Med 1984; 
100:483–490

24. Schremmer B, Dhainault J. Heart failure in septic 
shock: effects of inotropic support. Crit Care Med 
1990; 18:S49–S55

25. Parrillo JE, Burch C, Shelhamer JH, et al. A circu-
lating myocardial depressant substance in humans 
with septic shock. J Clin Invest 1985; 76:1539–1553

26. Sands KE, Bates DW, Lanken PN, et al. Epidemiol-
ogy of sepsis syndrome in eight academic medical 
centers. JAMA 1997; 278:234–240

27. Angus DC, Linde-Zwirble WT, Lidicker J, et al. 
Epidemiology of severe sepsis in the United States: 
analysis of incidence, outcome, and associated 
costs of care. Crit Care Med 2001; 29:1303–1310

28. Bone RC. Why sepsis trials fail. JAMA 1996; 
276:565–566

29. Kidokoro A, Iba T, Fukunaga M, et al. Alterations 
in coagulation and fi brinolysis during sepsis. 
Shock 1996; 5:223–228

30. Bernard GR, Vincent JL, Laterre PF. Recombinant 
human protein C Worldwide Evaluation in Severe 
Sepsis (PROWESS) study group: effi cacy and safe-
ty of recombinant human activated protein C for 
severe sepsis. N Engl J Med 2001; 344:699–709

31. Ibrahim EH, Sherman G, Ward S, et al. The in-
fl uence of inadequate antimicrobial treatment of 
bloodstream infections on patient outcomes in the 
ICU setting. Chest 2000; 118:146–155

32. Kollef MH, Sherman G, Ward S, et al. Inadequate 
antimicrobial treatment of infections: a risk factor 
for hospital mortality among critically ill patients. 
Chest 1999; 115:462–474

33. Schiffl  H, Lang SM, Fischer R. Daily hemodialysis 
and the outcome of acute renal failure. N Engl J 
Med 2002; 346:305–310

34. Bellomo R, Chapman M, Finfer S, et al. Low-dose 
dopamine in patients with early renal dysfunc-
tion: a placebo-controlled randomised trial: Aus-
tralian and New Zealand Intensive Care Society 
(ANZICS) Clinical Trials Group. Lancet 2000; 
356:2139–2143

35. Bone RC, Fisher CJ, Clemmer TP, et al. A controlled 
clinical trial of high-dose methylprednisolone in 
the treatment of severe sepsis and septic shock. N 
Engl J Med 1987; 317:653–658

36. Veterans Administration Systemic Sepsis Coopera-
tive Study Group. Effect of high-dose glucocorti-
coid therapy on mortality in patients with clini-
cal signs of systemic sepsis. N Engl J Med 1987; 
317:659–665

37. Annane D, Sebille V, Troche G, et al. A 3-level prog-
nostic classifi cation in septic shock based on cor-
tisol levels and cortisol response to corticotropin. 
JAMA 2000; 283:1038–1045

38. Annane D, Sebille V, Charpentier C, et al. Effect of 
treatment with low doses of hydrocortisone and 
fl udrocortisone on mortality in patients with  septic 
shock. JAMA 2002; 288:862–871

39. Zaloga GP. Sepsis-induced adrenal defi ciency syn-
drome. Crit Care Med 2001; 29:688–690

40. Cuffe MS, Califf RM, Adams KF, et al. Short-term 
intravenous milrinone for acute exacerbation of 
chronic heart failure: a randomized controlled tri-
al. JAMA 2002; 287:1541–1547

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 155

41. Haikala H, Nissinen E, Etemadzadeh E, et al. Tro-
ponin C-mediated calcium sensitization induced 
by levosimendan does not impair relaxation. J Car-
diovasc Pharmacol 1995; 25:794–801

42. Ukkonen H, Saraste M, Akkila J, et al. Myocardial 
effi ciency during levosimendan infusion in con-
gestive heart failure. Clin Pharmacol Ther 2000; 
68:522–531

43. Yokoshiki H, Katsube Y, Sunagawa M, et al. Levo-
simendan, a novel calcium sensitizer, activates the 
glibenclamide-sensitive K+ channel in rat arterial 
myocytes. Eur J Pharmacol 1997; 333:249–259

44. Slawsky MT, Colucci WS, Gottlieb SS. Acute he-
modynamic and clinical effects of levosimendan in 
patients with severe heart failure. Circulation 2000; 
102:2222–2227

45. Follath F, Cleland JG, Just H, et al. Effi cacy and 
safety of intravenous levosimendan compared 
with dobutamine in severe low-output heart fail-
ure (the LIDO study): a randomised double-blind 
trial. Lancet 2002; 20:196–202

46. Moiseyev VS, Poder P, Andrejevs N, et al. Safety 
and effi cacy of a novel calcium sensitizer, levosi-
mendan, in patients with left ventricular failure due 
to an acute myocardial infarction: a randomized, 
placebo-controlled, double-blind study  (RUSSLAN). 
Eur Heart J 2002; 23:1422–1432

47. Hannemann L, Reinhart K, Grenzer O, et al. Com-
parison of dopamine to dobutamine and norepi-
nephrine for oxygen delivery and uptake in septic 
shock. Crit Care Med 1995; 23:1962–1970

48. Marik PE, Mohedin M. The contrasting effects of 
dopamine and norepinephrine on systemic and 
splanchnic oxygen utilization in hyperdynamic 
sepsis. JAMA 1994; 272:1354–1357

49. Nasraway SA. Norepinephrine: no more “leave 
‘em dead”? Crit Care Med 2000; 28:3096–3098

50. Desjars P, Pinaud M, Bugnon D, et al. Norepi-
nephrine therapy has no deleterious renal ef-
fects in human septic shock. Crit Care Med 1989; 
17:426–429

51. Martin C, Papazian L, Perrin G, et al. Norepi-
nephrine or dopamine for the treatment of hy-
perdynamic septic shock? Chest 1993; 103:
1826–1831

52. Martin C, Viviand X, Leone M, Thirion X. Effect 
of norepinephrine on the outcome of septic shock. 
Crit Care Med 2000; 28:2758–2765

53. Gregory JS, Bonfi glio MF, Dasta JF, et al. Experi-
ence with phenylephrine as a component of the 
pharmacologic support of septic shock. Crit Care 
Med 1991; 19:1395–1400

54. Levy B, Bollaert PE, Charpentier C, et al. Com-
parison of norepinephrine and dobutamine to epi-
nephrine for hemodynamics, lactate metabolism, 
and gastric tonometric variables in septic shock: 
a prospective, randomized study. Intensive Care 
Med 1997; 23:282–287

55. Tsuneyoshi I, Yamada H, Kakihana Y, et al. Hemo-
dynamic and metabolic effects of low-dose vaso-
pressin infusions in vasodilatory septic shock. Crit 
Care Med 2001; 29:487–493 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



Notes

156 Shock (Kress)

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 157

Objectives:

• Provide a rationale for distinguishing two aspects of me-
chanical ventilation: oxygen and ventilation

• Review new evidence regarding the role of positive  
end-expiratory pressure in the treatment of patients with 
acute lung injury (ALI)/ARDS

• Describe the role of pressure and fl ow waveforms in de-
termining respiratory mechanics

• Recommend disease-specifi c ventilator strategies aimed 
at reducing the adverse consequences of mechanical 
ventilation

• Review new information regarding lung-protective ven-
tilation and effective strategies in patients with ALI and 
ARDS

• Address the role of noninvasive ventilation
• Discuss the complications of mechanical ventilation

Key words: acute lung injury; ARDS; assist-control ventila-
tion; COPD; inverse ratio ventilation; lung-protective ventila-
tion; mechanical ventilation; noninvasive ventilation; pressure 
control; pressure support; status asthmaticus; synchronized 
intermittent mandatory ventilation; tidal volume;  ventilator-
induced lung injury

This chapter offers an approach in which two 
aspects of mechanical ventilation, oxygenation 
(largely determined by fraction of inspired oxy-
gen [Fio2] and positive end-expiratory pressure 
[PEEP]) and ventilation (depending mostly on 
mode, rate, and tidal volume [Vt] or set inspiratory 
pressure [Pinsp]) are considered separately. Then, 
the ventilator is used as a probe of the patient’s 
respiratory system mechanical derangements, 
and ventilator settings are tailored to the patient’s 
mechanical and gas exchange abnormalities. This 
facilitates early stabilization of the patient on the 
ventilator in such a way as to optimize carbon 
dioxide removal and oxygen delivery within the 
limits of abnormal neuromuscular function, lung 
mechanics, and gas exchange. The impact of new 
information regarding ventilator-induced lung 
injury (VILI) on current practice will be covered, 
as well as the potential roles of high-frequency 
ventilation (HFV), prone positioning, and recruit-
ment maneuvers.

The fundamental purpose of mechanical venti-
lation is to assist in the elimination of carbon diox-
ide and the uptake of adequate oxygen while the 
patient is unable to do so or should not be allowed 
to do so. Such patients fall into the following two 
main groups: (1) patients in whom full rest of the 
respiratory muscles is indicated (eg, during shock; 
severe, acute pulmonary derangement; or deep 
sedation or anesthesia); and (2) patients in whom 
some degree of respiratory muscle use is desired 
(eg, to strengthen or improve the coordination 
of the respiratory muscles, to assess the ability of 
the patient to sustain the work of breathing, or 
to begin spontaneous ventilation). It is important 
for the intensivist to be explicit about whether the 
respiratory muscles should be rested or exercised 
because the details of ventilation (ie, mode and 
settings) usually follow logically from this fun-
damental point. For example, in a patient who is 
in profound shock, the ventilator should be set to 
fully take over the work of breathing (eg, using vol-
ume assist- control ventilation [ACV] mode) while 
the fl ow and pressure waveforms are examined to 
determine whether this goal has been met.

Using the Ventilator To Control 
Oxygenation

The ventilator settings most concerned with 
oxygenation are the Fio2 and PEEP. Generally, 
mode, Vt, rate, and other settings have only very 
modest effects on Pao2. For example, in the ARDS 
Network Vt trial, use of the 6 vs 12 mL/kg pre-
dicted body weight was associated with a small but 
real decrement in the Pao2/Fio2 ratio (156 vs 178, 
respectively).1

Oxygen is clearly toxic in high concentrations, 
likely due to the effects of reactive oxygen spe-
cies on many biological systems. The threshold 
for toxicity is uncertain, especially in the injured 
lung. Generally, an Fio2 of �0.6 is considered non-
toxic, while higher fractions are avoided when 
possible. There is some experimental evidence 
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that the injured lung may be more resistant to 
oxygen-induced injury. Given the uncertainties 
in this area, most clinicians strive to limit expo-
sure to concentrations in excess of 0.6 to less than 
24 h, using PEEP, diuresis, positional maneuvers, 
or inhaled vasodilators.

Evidence arose �30 years ago that PEEP could 
protect the injured lung. Repeated recruitment 
and derecruitment was postulated to amplify lung 
injury. By keeping some portion of the lung open 
at end-expiration, PEEP was postulated to reduce 
this aspect of VILI. In a clinical study performed 
more than a decade ago, Amato and colleagues2 

used a higher than usual level of PEEP (set 2 cm 
H2O above the Pinsp at which the slope of the 
volume-pressure relationship steepened), com-
bined with low Vts, in an “open-lung approach,” 
which improved outcomes in ARDS patients. The 
two individual components of this ventilatory 
approach (ie, lower Vt and higher PEEP) were 
investigated subsequently by the ARDS Network 
in separate trials. The benefi cial effect of low Vt 
was confi rmed in the ARMA trial.1 The role of 
PEEP was clarifi ed subsequently in the ALVEOLI 

study.3 In this study, various combinations of 
Fio2 and PEEP were allowed, so that in one group 
the PEEP was set higher than in the other (13.2 vs 
8.3 cm H2O on average, respectively). There was 
no signifi cant difference in outcome, suggesting 
that the lower PEEP was suffi cient to adequately 
protect the lung or that PEEP is simply not impor-
tant in the treatment of VILI.

Given these fi ndings, PEEP should be set 
using the ARDS Network table of Fio2 and PEEP, 
or, similarly, the “least PEEP” approach, in which 
PEEP is set at the lowest value that allows ade-
quate saturation of hemoglobin (arterial oxygen 
saturation, �0.87) on a nontoxic Fio2, should be 
used. Some lung lesions are not responsive to 
PEEP (some lesions may even be worsened by 
increasing PEEP), so the effect of PEEP should 
always be judged before further adjustments 
are made. When PEEP is ineffective and oxyhe-
moglobin saturation is unacceptable, additional 
approaches such as prone positioning may be 
useful. By recruiting lung, PEEP raises the pleural 
pressure, a feature that could have hemodynamic 
consequences. Most often, however, the effects 
are modest, probably because if the lung gets very 
much bigger with PEEP (lots of recruitment), not 

much PEEP is needed. Another concern regarding 
PEEP has been the potential to cause pneumotho-
rax. However, Palv is determined largely by Vt, 
not PEEP. The current use of lung-protective Vts, 
combined with the regular assessment of plateau 
airway pressure (Pplat) [see section on “Modes 
of Mechanical Ventilation”], makes this effect of 
PEEP of little consequence.

Using the Ventilator To Eff ect Carbon 
Dioxide Elimination

The Paco2 depends on total body carbon diox-
ide production and alveolar ventilation. The ven-
tilator can be used to set minute ventilation, the 
sum of alveolar ventilation and dead space venti-
lation. Various ventilatory modes control minute 
ventilation by delivering a Vt (either directly, as 
in volume-preset modes, or indirectly, as in pres-
sure-preset modes).

Modes of Mechanical Ventilation

Technologic innovations have provided a 
plethora of differing modes by which a patient 
can be mechanically ventilated.4 Various modes 
have been developed with the hope of improving 
gas exchange, patient comfort, or speed of return 
to spontaneous ventilation. Aside from minor 
subtleties, however, nearly all modes allow full 
rest of the patient, on the one hand, or substantial 
exercise on the other. Thus, in the great majority 
of patients, the choice of mode is merely a matter 
of patient or physician preference. Noninvasive 
ventilation (NIV) should be considered before 
intubation and ventilation in many patients who 
are hemodynamically stable and do not require 
an artifi cial airway, especially those with acute- 
on-chronic respiratory failure, postoperative respi-
ratory failure, cardiogenic pulmonary edema, 
or acute respiratory failure complicating severe 
immunosuppression.

During volume-preset ventilation (and assum-
ing a passive patient), the Pplat is determined by 
the Vt and the static compliance of the respiratory 
system (Crs):

Pplat � Vt/Crs �PEEP

where PEEP also includes auto-PEEP.
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On the other hand, in pressure-preset modes 
a fi xed Pinsp is applied to the respiratory system, 
whatever the resulting Vt. However, the Vt is 
predictable (again, assuming a passive patient) 
when the Crs is known:

Vt � (Pinsp – PEEP) � Crs

assuming time for equilibration between Pinsp 
and Palv. Thus, a patient with a Crs of 50 mL/cm 
H2O ventilated on ACV at a Vt of 500 mL with no 
PEEP (or auto-PEEP) will have a Pplat of about 
10 cm H2O, while the same patient ventilated on 
pressure-control ventilation (PCV) mode at 10 cm 
H2O will have a Vt of about 500 mL. Thus, while 
physicians’ comfort level with volume-preset and 
pressure-preset modes may be very different, the 
modes can be similar as they are tied to each other 
through the patient’s Crs.

A potential advantage of pressure-preset ven-
tilation is greater physician control over the peak 
airway opening pressure (Ppeak) [since Ppeak � 
Pinsp] and the peak Palv, which could lessen the 
incidence of VILI. However, this same reduction 
in volutrauma risk should be attainable during 
volume-preset ventilation if a Vt appropriate 
to the lung derangement is chosen. Indeed, the 
ARDS Network ARMA trial, which demonstrated 
a mortality reduction in the low-Vt group, used 
ACV and a Vt of 6 mL/kg predicted body weight. 
 Pressure-preset modes could make such a lung-
protection strategy easier to carry out by dispens-
ing with the need to repeatedly determine Pplat 
and periodically adjust the Vt. During the use of 
pressure-preset modes, the patient also has greater 
control over inspiratory fl ow rate, and therefore 
potentially increased comfort. Several features of 
pressure-preset modes have raised concern that 
lung protection cannot be assured. Most impor-
tantly, a safe level of maximal Palv is not known. 
Moreover, unless the patient is fully passive, the 
transpulmonary pressure cannot be controlled 
using pressure-preset modes and is not even 
known. A fi nal limitation is that pressure-preset 
modes do not allow ready determination of the 
respiratory system mechanical properties.

In the following descriptions, each mode is 
fi rst illustrated for a passive patient, such as fol-
lowing muscle paralysis, then for the more com-
mon situation in which the patient plays an active 
role in ventilation. On some ventilators, Vt can be 

selected by the physician or respiratory therapist, 
while on others a minute ventilation and respira-
tory rate (f) are chosen, secondarily determining 
the Vt. Similarly, on some machines an inspiratory 
fl ow rate is selected, while on others fl ow depends 
on the ratio of inspiratory time (Ti) to total respira-
tory cycle time and f, or an inspiratory/expiratory 
(I:E) ratio and f.

Conventional Modes of Ventilation

Volume ACV

Volume ACV was found to be the most com-
monly used mode in an international survey of 
mechanical ventilation. Among its advantages 
are that it was the mode used in the ARMA trial 
demonstrating reduced mortality in patients with 
acute lung injury (ALI) and ARDS, and that respi-
ratory mechanics can be measured readily.

Passive Patient: The set parameters of the ACV 
mode are the inspiratory fl ow rate, f, and Vt. The 
ventilator delivers f equal breaths per  minute, 
each of the set Vt. Vt and fl ow determine the Ti, 
expiratory time (Te), and the I:E ratio. Pplat is 
related to Vt, the compliance of the respiratory 
system, and PEEP, while the difference between 
Ppeak and Pplat includes contributions from fl ow 
and inspiratory resistance.

Active Patient: The patient has the ability to 
trigger extra breaths by exerting an inspiratory 
effort exceeding the preset trigger sensitivity, 
each at the set Vt and fl ow, and to thereby change 
Ti, Te, and I:E ratio, and to potentially create or 
increase auto-PEEP. Typically, each patient will 
display a preferred rate for a given Vt and will 
trigger all breaths when the controlled ventilator f 
is set a few breaths per minute below the patient’s 
rate; in this way, the control rate serves as an ade-
quate support should the patient stop initiating 
breaths. When high inspiratory effort continues 
during the ventilator-delivered breath, the patient 
may trigger a second, superimposed (“stacked”) 
breath (rarely a third as well). Patient effort can 
be increased (if the goal is to exercise the patient) 
by increasing the magnitude of the trigger or by 
lowering Vt (which increases the rate of assist-
ing). Lowering f at the same Vt generally has no 
effect on work of breathing when the patient is 
initiating all breaths.
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Synchronized Intermittent Mandatory 
Ventilation

In the passive patient, synchronized intermit-
tent mandatory ventilation (SIMV) cannot be dis-
tinguished from controlled ventilation in the ACV 
mode. Ventilation is determined by the manda-
tory f and Vt. However, if the patient is not truly 
passive, he may perform respiratory work during 
the mandatory breaths. More to the point of the 
SIMV mode, the patient can trigger additional 
breaths by lowering the airway opening pressure 
(Pao) below the trigger threshold. If this triggering 
effort comes in a brief, defi ned interval before the 
next mandatory breath is due, the ventilator will 
deliver the mandatory breath ahead of schedule 
in order to synchronize with the patient’s inspira-
tory effort. If a breath is initiated outside of the 
synchronization window, Vt, fl ow, and I:E ratio 
are determined by patient effort and respiratory 
system mechanics, not by ventilator settings. The 
spontaneous breaths tend to be of small volume 
and are highly variable from breath to breath. The 
SIMV mode has historically been used to gradu-
ally augment the patient’s work of breathing by 
lowering the mandatory breath f, but SIMV has 
been shown to prolong weaning.5,6 Although this 
mode continues to be used widely, there is little 
rationale for it, and the use of SIMV is falling out 
of favor.

PCV

In the passive patient, ventilation is determined 
by f, the Pinsp increment (ie, Pinsp – PEEP), I:E 
ratio, and the time constant of the patient’s respi-
ratory system. In patients without severe obstruc-
tion (ie, the time constant not elevated) given a 
suffi ciently long Ti, there is equilibration between 
the ventilator-determined Pinsp and alveolar 
pressure (Palv) so that inspiratory fl ow ceases. In 
this situation, Vt is highly predictable, based on 
Pinsp (� Palv), and the mechanical properties of 
the respiratory system (Crs). In the presence of 
severe obstruction or if the Ti is too short to allow 
equilibration between ventilator and alveoli, Vt 
will fall below that predicted based on Pinsp and 
Crs. It is typically the case during PCV that alveo-
lar and ventilator pressures do not equilibrate 
either at end-inspiration or at end-expiration. 

Thus, the maximal inspiratory Palv is generally 
less than the set Pinsp on the ventilator and the 
end-expiratory pressure exceeds the set expira-
tory pressure (ie, there is auto-PEEP).

The active patient can trigger additional 
breaths by reducing the Pao below the triggering 
threshold, raising the I:E ratio. The inspiratory 
reduction in pleural pressure combines with the 
ventilator Pinsp to augment the transpulmonary 
pressure and the Vt. This point has led many 
intensivists to be skeptical regarding the ability 
of PCV to assure lung-protective Vts in patients 
with ALI and ARDS. Because Ti is generally set 
by the physician, care must be taken to discern the 
patient’s neural Ti (from the waveform display) 
and adjust the ventilator accordingly; otherwise, 
additional sedation might be necessary.

Pressure-Support Ventilation

The patient must trigger the ventilator in order 
to activate this mode, so pressure support is not 
applied to passive patients. Ventilation is deter-
mined by Pinsp, patient-determined f, patient 
effort, and the respiratory mechanics. Once a breath 
is triggered, the ventilator attempts to maintain Pao 
at the physician-determined Pinsp, using what-
ever fl ow is necessary to achieve this. Eventually, 
fl ow begins to fall as a result of either the cessation 
of the patient’s inspiratory effort or the increasing 
elastic recoil of the respiratory system as Vt rises. 
The ventilator will maintain a constant Pinsp until 
inspiratory fl ow falls by an arbitrary amount (eg, 
to 25% of initial fl ow) or below an absolute fl ow 
rate. Since patients’ respiratory system time con-
stants vary widely (so that the time for fl ow to fall 
to 25% varies widely), many patients have to work 
actively to turn off the Pinsp, raising the work of 
breathing. Some ventilators allow the intensivist to 
adjust the threshold for turning off the expiratory 
fl ow, allowing the ventilator to be tailored to the 
respiratory mechanics. Especially in patients with 
exacerbations of COPD, a threshold well �50% is 
often necessary to minimize this unintended expi-
ratory work. During pressure-support ventilation 
(PSV), the work of breathing can be increased by 
lowering Pinsp or making the trigger less sensi-
tive, and can inadvertently increase if respiratory 
system mechanics change, despite no change in 
ventilator settings. Respiratory system mechanical 
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parameters cannot be determined readily on this 
mode because the ventilator and patient contribu-
tions to Vt and fl ow are not represented by Pao; 
accordingly, these important measurements of 
Pplat, Ppeak – Pplat, and auto-PEEP are measured 
during a brief, daily switch from PSV to volume-
preset ventilation. A potential advantage of PSV is 
improved patient comfort and, for patients with 
very high drive, reduced work of breathing com-
pared with volume-preset modes.

Mixed Modes

Some ventilators allow combinations of 
modes, most commonly SIMV plus PSV. There is 
little reason to use such a hybrid mode, although 
some physicians use the SIMV as a means to add 
sighs to PSV, an option that is not otherwise gener-
ally available. Because SIMV plus PSV guarantees 
some backup minute ventilation (which PSV does 
not), this mode combination may have value in 
occasional patients who are at high risk for abrupt 
deterioration in central drive.

Dual-Control Modes

The sophisticated microprocessors included 
with modern ventilators allow remarkably com-
plex modes of ventilation. These modes typically 
try to meld the best features of the volume-preset 
and pressure-preset modes. Some cause a switch 
of modes between breaths (eg, pressure-regulated 
volume control [PRVC]; volume support ventila-
tion [VSV]) or within a breath (eg, volume-assured 
pressure support). In general, these modes are com-
plex, and their effects may vary greatly depending 
on the details of the patient’s effort. None have 
been shown to be safer or more useful than more 
conventional modes. The greatest problem with 
such newer modes is that they are very complex, 
the algorithm describing their function is not usu-
ally understood by practitioners, and they change 
during a breath, or from breath to breath, depend-
ing on patient effort, sometimes in ways that can 
provoke unanticipated effects.

PRVC

This is a pressure-preset mode with a set Ti (ie, 
it is time cycled) in which the ventilator compares 

the Vt with a physician-set Vt and automatically 
and gradually adjusts the Pinsp of subsequent 
breaths in order to deliver the desired Vt. A down-
side of PRVC is that as patient effort increases, the 
ventilator reduces support. Proponents of PRVC 
argue that this mode provides the benefi ts of pres-
sure-preset modes, while at the same time guar-
anteeing Vt. Whether this guarantee makes the 
mode better or worse for the patient is debated.

VSV

VSV is a pressure-preset mode in which  Pinsp 
is automatically varied to gradually bring Vt in 
line with the desired Vt over several breaths; it 
differs from PRVC in that the Ti is not set but, 
rather, depends on patient effort, as in PSV. It is 
unknown whether this mode speeds or impedes 
weaning.

Volume-Assured Pressure Support

This mode begins as PSV, but, if a desired Vt 
is not met, the ventilator switches to ACV within 
the same breath in order to guarantee Vt. As with 
many dual-control modes, the physician dele-
gates decision making to the ventilator. Complex 
adjustments and their potentially detrimental 
effects on the patient may come into play at any 
time of day or night, depending on changes in the 
mechanical properties of the respiratory system 
or changes in the patient’s level of consciousness, 
comfort, or neuromuscular competence.

Choosing Mode and Settings

If full rest of the respiratory muscles is desired, 
it is incumbent on the physician to assure that this 
is indeed achieved. Although some patients are 
fully passive while being ventilated (eg, patients 
with deep sedation or therapeutic paralysis, some 
forms of coma, metabolic alkalosis, or sleep-
 disordered breathing), most patients will make 
active respiratory efforts, even on volume ACV, 
at times performing extraordinary amounts of 
work. Unintended patient effort can be diffi cult to 
recognize but, aside from obvious patient effort, 
may be signaled by an inspiratory fall in intra-
thoracic pressure (as noted on a central venous 
or pulmonary artery pressure tracing, or with an 
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esophageal balloon) or by triggering of the venti-
lator. Recognizing patient effort has been greatly 
aided by the provision of real-time displays of 
fl ow and pressure waveforms. Using waveforms, 
it is easiest to gather information regarding the 
patient-ventilator interaction when patients are 
ventilated with a volume-preset mode (ie, ACV 
or SIMV). Still, some useful information can be 
gleaned from waveforms during pressure-preset 
ventilation (ie, PSV and PCV).

The fi rst step is to seek signs of inspiratory 
effort in the pressure tracing. In volume-preset 
modes, the signs of persistent effort include the 
presence of triggering, concavity during inspira-
tion, and a variable Ppeak. When the goal of venti-
lation is to rest the respiratory muscles, ventilator 
adjustments, psychological measures, and phar-
macologic sedation all may be effective. Ventilator 
strategies to reduce the patient’s work of breath-
ing include increasing the minute ventilation to 
reduce Pco2 (although this may run counter to 
other goals of ventilation, especially in patients 
with ARDS or severe obstruction), increasing the 
inspiratory fl ow rate, and changing the mode to 
pressure-preset ventilation (ie, PSV or PCV). Only 
rarely is therapeutic paralysis required to achieve 
ventilatory goals.

The next step is to determine whether the 
patient has signifi cant airfl ow obstruction. This 
can be inferred by inserting a brief end-inspiratory 
pause, then determining the difference between 
Ppeak and Pplat. Alternatively, one can examine 
the expiratory fl ow waveform, seeking low-fl ow 
and prolonged expiration, signs that are present 
regardless of the mode of ventilation (eg, ACV, 
SIMV, PSV, or PCV). Bronchodilator therapy can 
be assessed by noting whether expiratory fl ow 
increases, the Te shortens, or there is a reduction 
in Ppeak, Pplat, or auto-PEEP.

Finally, one should ensure that the patient and 
ventilator are synchronized (ie, that each attempt 
by the patient to trigger the ventilator generates a 
breath). The most common situation in which the 
patient fails to trigger breaths occurs in patients 
with severe obstruction when auto-PEEP is pres-
ent. This is recognized at the bedside when the 
patient makes obvious efforts that fail to pro-
duce a breath. Using waveforms, these ineffective 
efforts cause a temporary slowing of expiratory 
fl ow, sometimes halting it completely.

Triggered Sensitivity

In the ACV, SIMV, and pressure-support 
modes, the patient must lower the Pao below a 
preset threshold in order to “trigger” the ventila-
tor. In most situations, this is straightforward. The 
more negative the sensitivity, the greater the effort 
demanded of the patient. This can be used inten-
tionally to increase the work of breathing when 
the goal is to strengthen the inspiratory muscles. 
When auto-PEEP is present, however, the patient 
must lower Palv by the auto-PEEP amount in 
order to have any impact on Pao, then lower it 
further by the trigger amount to initiate a breath. 
This can dramatically increase the required effort 
for breath initiation.

Flow-triggering systems (or fl ow-by systems) 
have been used to further reduce the work of trigger-
ing the ventilator. In contrast to the usual approach 
in which the patient must open a demand valve 
in order to receive ventilatory assistance, continu-
ous-fl ow systems maintain a continuous high fl ow, 
then further augment fl ow when the patient initi-
ates a breath. These systems can reduce the work of 
breathing slightly below that present when using 
conventional demand valves, but do not solve the 
problem of triggering when auto-PEEP is present.

Unconventional Ventilatory Modes

Inverse-Ratio Ventilation

Inverse-ratio ventilation (IRV) is defi ned as 
a mode in which the I:E ratio is �1. There are 
two general ways to apply IRV, as follows: pres-
sure-controlled IRV (PC-IRV), in which a preset 
airway pressure is delivered for a fi xed period 
of time at an I:E ratio �1; or volume-controlled 
IRV (VC-IRV), in which a Vt is delivered at a 
slow (or decelerating) inspiratory fl ow rate (or 
an end-inspiratory pause is inserted) to yield an 
I:E �1. For PC-IRV, the physician must specify 
the inspiratory airway pressure, f, and I:E ratio, 
while Vt and fl ow profi le are determined by 
respiratory system impedance, as discussed for 
PCV above. Commonly, the initial Pinsp is 20 to 
40 cm H2O (or 10 to 30 cm H2O above the PEEP), 
f is 20 breaths/min, and the I:E is 2:1 to 4:1. For 
VC-IRV, the operator selects a Vt, f, fl ow (typi-
cally a low value), fl ow profi le, and, possibly, an 
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end-inspiratory pause. The chosen values result 
in an I:E ratio �1:1 and as high as 5:1.

Compared with conventional modes of ventila-
tion, lung oxygen exchange is often improved with 
IRV, owing to increased mean Palv and volume con-
sequent to the longer time above functional residual 
capacity, or due to the creation of auto-PEEP. It is 
remotely possible that IRV causes better ventilation 
of lung units with long time constants, but these are 
so short in healthy lungs (and shorter in patients 
with acute hypoxemic respiratory failure) that such 
redistribution is unlikely to occur with slower fl ow, 
and could not reduce shunt even if it did. Because 
auto-PEEP is a common consequence of IRV, serial 
determination of its magnitude is essential for the 
safe use of this mode. Both PC-IRV and VC-IRV 
generally require heavy sedation of the patient with 
or without muscle paralysis.

Airway Pressure-Release Ventilation

Airway pressure-release ventilation consists 
of continuous positive airway pressure, which is 
intermittently released to allow a brief expiratory 
interval. Conceptually, this mode is PC-IRV during 
which the patient is allowed to initiate spontane-
ous breaths. An advantage over IRV is that patients 
are more comfortable, requiring less sedation. It is 
not known whether airway pressure-release ven-
tilation can deliver lung- protective ventilation, so 
this mode is not a good choice in patients with 
ALI or ARDS. Whether this mode provides any 
benefi t over modern low-Vt ventilation remains 
to be shown.

Proportional-Assist Ventilation

Proportional-assist ventilation is intended 
only for spontaneously breathing patients. The 
goal of this novel mode is to attempt to normal-
ize the relationship between patient effort and 
the resulting ventilatory consequences.7 The venti-
lator adjusts Pinsp in proportion to patient effort 
both throughout any given breath and from breath 
to breath. This allows the patient to modulate his 
breathing pattern and total ventilation. This is 
implemented by monitoring the instantaneous 
fl ow and volume of gas from the ventilator to the 
patient and varying the Pinsp as follows:

Pinsp � f1 � V � f2 � Flow

where V is volume, and f1 and f2 are selectable 
functions of volume (elastic assist) and fl ow (resis-
tive assist), values that can be estimated from the 
patient’s respiratory mechanics. The potential 
advantages of this method are greater patient 
comfort, lower Ppeak, and enhancement of the 
patient’s refl ex and behavioral respiratory control 
mechanisms.

HFV

Several modes of ventilation have in com-
mon the use of Vt smaller than the dead space 
volume.8 Gas exchange does not occur through 
convection as during conventional ventilation, 
but through bulk fl ow, Taylor diffusion, molecu-
lar diffusion, nonconvective mixing, and pos-
sibly other mechanisms. These modes include 
high-frequency oscillatory ventilation and high-
frequency jet ventilation. The theoretical bene-
fi ts of HFV include a lower risk of barotrauma 
as a result of smaller tidal excursions, improved 
gas exchange through a more uniform distri-
bution of ventilation, and improved healing 
of bronchopleural fi stulas. HFV is attractive as 
a lung-protective mode, since the lung is kept 
open, yet barely tidally distended. A substantial 
risk is that dynamic hyperinfl ation is the rule 
and Palv is greatly underestimated by monitor-
ing pressure at the airway opening. HFV holds 
promise as the natural extension of lowering 
the Vt as a means to prevent volutrauma, and 
there is renewed interest in this old technique. 
In a controlled trial9 in patients with ARDS, HFV 
showed no advantage in terms of gas exchange 
or of short-term or long-term mortality, but did 
appear to be safe, at least during the perfor-
mance of a clinical trial. A nonsignifi cant trend 
toward a short-term mortality benefi t for HFV 
has been interpreted as a reason to pursue addi-
tional clinical studies. It is worth mentioning, 
however, that the control arm ventilation strat-
egy was not lung-protective, potentially biasing 
the study in favor of HFV.

NIV

Mechanical ventilation for acute respira-
tory failure carries a high morbidity and mor-
tality due, in part, to violation of the glottis by 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



164 Mechanical Ventilation (Schmidt)

the endotracheal tube. In patients with acute-
 on-chronic respiratory failure, numerous studies 
have  demonstrated that NIV effectively relieves 
symptoms, improves gas exchange, reduces the 
work of breathing, lessens complications, shortens 
the ICU length of stay, and improves survival.10,11

Nasal, oronasal, and full facial masks, as well 
as full-head helmets have been used success-
fully. Nasal masks are especially diffi cult to use 
in edentulous patients who are unable to control 
mouth leak. Careful attention to mask leaks and 
adjusting air fl ow and pressure-support levels 
are important considerations. Infl atable cuffs, 
nasal bridge protection, and the availability of 
a range of mask sizes to ensure proper fi t can 
minimize mask complications. I fi nd it useful to 
initiate ventilation by briefl y holding the mask 
(already connected to the ventilator) onto the 
patient’s face, rather than fi rst strapping the 
mask on and then initiating ventilatory assis-
tance. Sedative medications are occasionally 
appropriate and can improve tolerance of NIV, 
but carry some risk of respiratory depression 
and aspiration.

Patient-ventilator asynchrony (PVA) de -
scribes patient breathing efforts that are not 
coupled to machine output. During NIV, two 
mechanisms of PVA are common. The fi rst is the 
failure of the patient to suffi ciently lower the 
proximal airway pressure (ie, mask pressure) 
due to the presence of auto-PEEP. As during 
invasive ventilation, counterbalancing the auto-
PEEP with externally applied PEEP provides a 
means by which to lower the work of triggering. 
The second common mechanism for PVA is the 
failure of the ventilator to detect end-inspiration 
because the patient’s subsiding effort is cloaked 
by a mask leak. Most pressure-support ventila-
tors terminate inspiration when inspiratory fl ow 
falls to a preset threshold, often at an arbitrary 
low value of fl ow or at a fi xed percentage of the 
peak inspiratory fl ow. Mask leaks prevent the 
fl ow from falling to this threshold, so the venti-
lator fails to switch off the Pinsp even while the 
patient is making active expiratory efforts. This 
serves to increase patient discomfort and the 
work of breathing. Ventilators designed for NIV 
are very “leak tolerant” as are some newer ICU 
ventilators that have been redesigned with NIV 
in mind. Using other methods for terminating 

inspiration, such as time-cycled PSV or volume 
ACV, can minimize this problem.

Either conventional ICU ventilators or one of 
many portable bilevel pressure-targeted ventila-
tors, which were initially designed for home ven-
tilation, can be used. The limitations of portable 
pressure-targeted ventilators include the lack 
of waveform displays, the inability to deliver a 
high Fio2 (greater than approximately 40%; some 
new machines allow an Fio2 as high as 1.0), and 
the potential for the rebreathing of exhaled gas. 
Whether volume-preset ventilation (eg, ACV) or 
pressure-preset ventilation is superior for NIV 
remains under debate, but nearly all practitioners 
now use a pressure-support mode. Both modes 
have been used successfully, but direct compari-
sons between modes are few.

I believe the following points will minimize 
the chances that NIV will fail:

1.  Develop an individual and institutional com-
mitment to NIV.

2.  Select patients carefully, excluding those with 
hemodynamic instability, inadequate air-
way protective refl exes, or little prospect of 
improvement within the next several days.

3.  Have available a selection of masks to increase 
the probability of a good fi t.

4.  Use the pressure-support mode, beginning 
with modest settings, such as a PEEP of 3 cm 
H2O, a PSV of 8 cm H2O, and the most sensi-
tive trigger, periodically removing the mask to 
allow the patient to sense its effect.

5.  Education, reassurance, and modest sedation 
(when required) may improve tolerance to the 
mask and ventilator.

6.  Increase the PEEP to ease the work of triggering 
with a goal of (typically) 4 to 6 cm H2O; raise the 
level of PSV until the patient’s breathing subjec-
tively improves, the Vt is suffi cient, and the rate 
begins to fall, with a goal of 10 to 15 cm H2O.

7.  Detect and correct mask leaks by reposition-
ing, achieving a better fi t, changing the type 
of mask, removing nasogastric tubes (gastric 
decompression is not recommended during 
NIV), or adjusting the ventilator to reduce peak 
airway pressure.

8.  Pay particular attention in the fi rst hour to 
patient-ventilator synchrony, using waveform 
displays as a guide.
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Management of the Patient

Initial Ventilator Settings

Initial ventilator settings depend on the goals 
of ventilation (eg, full respiratory muscle rest vs 
partial exercise), the patient’s respiratory sys-
tem mechanics, and minute ventilation needs. 
Although each critically ill patient presents myriad 
challenges, it is possible to identify the following 
fi ve subsets of ventilated patients: (1) the patient 
with normal lung mechanics and gas exchange; 
(2) the patient with severe airfl ow obstruction; (3) 
the patient with acute-on-chronic respiratory fail-
ure; (4) the patient with acute hypoxemic respi-
ratory failure; and (5) the patient with restrictive 
lung or chest wall disease.12

In all patients, the initial Fio2 should usu-
ally be 0.5 to 1.0 to assure adequate oxygenation, 
although it can usually be lowered within minutes 
when guided by pulse oximetry and, in the appro-
priate setting, applying PEEP. In the fi rst minutes 
following the institution of mechanical ventila-
tion, the physician should remain alert for several 
common problems. These include, most notably, 
airway malposition, aspiration, and hypotension. 
Positive-pressure ventilation may reduce venous 
return and so cardiac output, especially in patients 
with a low mean systemic pressure (eg, hypovole-
mia, venodilating drugs, decreased sympathetic 
tone from sedating drugs, or neuromuscular dis-
ease) or a very high ventilation-related pleural 
pressure (eg, chest wall restriction, large amounts 
of PEEP, or obstruction causing auto-PEEP). If 
hypotension occurs, intravascular volume should 
be rapidly expanded while steps are taken to 
lower the pleural pressure (eg, smaller Vt or less 
minute ventilation).

The Patient With Normal Respiratory Mechanics 
and Gas Exchange

Patients with normal lung mechanics and gas 
exchange can require mechanical ventilation for 
several of the following reasons: (1) because of the 
loss of central drive to breathe (eg, drug overdose 
or structural injury to the brainstem); (2) because 
of neuromuscular weakness (eg, high cervical 
cord injury, acute idiopathic myelitis, or myas-
thenia gravis); (3) as an adjunctive therapy in 

the treatment of shock; or (4) in order to achieve 
hyperventilation (eg, in the treatment of elevated 
intracranial pressure following head trauma). Fol-
lowing intubation, initial ventilator orders should 
be an Fio2 of 0.5 to 1.0, a Vt of 8 to 15 mL/kg, 
a respiratory rate of 8 to 12 breaths/min, and an 
inspiratory fl ow rate of 40 to 60 L/min. Alterna-
tively, if the patient has suffi cient drive and is 
not profoundly weak, PSV can be used. The level 
of pressure support is adjusted (usually to the 
range of 10 to 20 cm H2O above PEEP) to bring 
the f down into the low 20 breaths/min, usually 
corresponding to a Vt of approximately 400 mL. 
If gas exchange is entirely normal, the Fio2 can 
likely be lowered further based on pulse oximetry 
or arterial blood gas determinations. In patients 
who do not have acute lung injury but are at risk 
of it developing, it may be prudent to use a low 
Vt since there is some evidence that mechanical 
ventilation at Vts of roughly 11 mL/kg predicted 
body weight can induce lung injury.13

Soon after the initiation of ventilation, airway 
pressure and fl ow waveforms should be inspected 
for evidence of patient-ventilator dyssynchrony 
or undesired patient effort. If the goal of ventila-
tion is full rest, the patient’s respiratory drive can 
often be suppressed by increasing the inspiratory 
fl ow rate, f, or Vt; of course, the latter two changes 
may induce respiratory alkalemia. If such adjust-
ments do not diminish breathing effort (despite 
normal blood gas levels) to an undetectable level, 
sedation may be necessary. If this does not abolish 
inspiratory efforts and full rest is essential (as in 
patients who in shock), muscle paralysis should 
be considered. A small amount of PEEP (5 to 
7.5 cm H2O) is used to prevent atelectasis.

Patients With Severe Airfl ow Obstruction

Severe obstruction is seen most commonly in 
patients with status asthmaticus, but also rarely 
in those with inhalation injury or central airway 
lesions, such as a tumor or a foreign body, that are 
not bypassed with the endotracheal tube. Some of 
these patients may benefi t from NIV, but most will 
require invasive ventilation. These patients are 
usually extremely anxious and distressed. Deep 
sedation should be provided in such instances, 
supplemented in some patients by therapeu-
tic paralysis. These interventions help to reduce 
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 oxygen consumption (and hence carbon dioxide 
production) to lower airway pressures and to 
reduce the risk of self-extubation.

Because the gas exchange abnormalities of air-
fl ow obstruction are largely limited to ventilation-
perfusion mismatch, an Fio2 of 0.5 suffi ces in the 
vast majority of patients. Ventilation should be 
initiated using the ACV mode (or SIMV mode), 
the Vt should be small (5 to 7 mL/kg), and the f 
should be 12 to 15 breaths/min. A peak fl ow of 
60 L/min is recommended; higher fl ow rates 
do little to increase Te. For example, if the Vt is 
500 mL/kg, the f is 15 breaths/min, and the fl ow 
is 60 L/min, the Te is 3.5 s. Raising fl ow (dramati-
cally) to 120 L/min increases the Te to only 3.75 s,
which is a trivial improvement. In contrast, a small 
reduction in f to 14 breaths/min increases the Te 
to 3.8 s. This example serves to emphasize not 
only the relative lack of benefi t of raising the fl ow 
rate but also the importance of minimizing minute 
ventilation when the goal is to reduce auto-PEEP. 
Some patients who remain agitated during ACV 
can be made more comfortable by using PSV mode 
(or PCV mode) with a total Pinsp of approximately 
30 cm H2O. Finally, if the patient is triggering the 
ventilator, some PEEP should be added to reduce 
the work of triggering.14 Although this occasion-
ally compounds the dynamic hyperinfl ation, 
potentially compromising cardiac output, usually 
auto-PEEP increases little as long as PEEP is not 
set higher than about 85% of the auto-PEEP. The 
goals are (1) to minimize alveolar overdistention 
(Pplat, �30 cm H2O) and (2) to minimize dynamic 
hyperinfl ation (auto-PEEP, �15 cm H2O; or end-
inspiratory lung volume, �20 mL/kg), a strategy 
that largely prevents barotrauma.15,16 Reducing 
minute ventilation to achieve these goals generally 
causes the Pco2 to rise to � 40 mm Hg, and often 
to �70 mm Hg. Although this requires sedation, 
such permissive hypercapnia is tolerated quite 
well, except in patients with increased intracranial 
pressure, and perhaps in those with ventricular 
dysfunction or critical pulmonary hypertension.17

Patients With Acute-on-Chronic 
Respiratory Failure

Acute-on-chronic respiratory failure is a term 
that is used to describe the exacerbations of 
chronic ventilatory failure, often requiring ICU 

 admission, usually occurring in patients with 
COPD. Unlike patients with status asthmaticus, 
patients in this population tend to have rela-
tively smaller increases in inspiratory resistance, 
their expiratory fl ow limitation arising largely 
from the loss of elastic recoil. As a consequence, 
in the patient with COPD and minimally revers-
ible airway disease, peak airway pressures on the 
ventilator tend not to be extraordinarily high, yet 
auto-PEEP and its consequences are common. At 
the time of intubation, hypoperfusion is common, 
as manifested by tachycardia and relative hypo-
tension, and typically responds to briefl y ceasing 
ventilation combined with fl uid loading.

Because the majority of these patients receive 
ventilation after days to weeks of progressive 
deterioration, the goal is to rest the patient (and 
respiratory muscles) for 24 to 48 h. Also, because 
the patient typically has an underlying com-
pensated respiratory acidosis, excessive ventila-
tion risks severe respiratory alkalosis and, over 
time, bicarbonate wasting by the kidney. Many 
such patients can be ventilated effectively with 
NIV, as described above. For those patients who 
require intubation, the goals of rest and appropri-
ate hypoventilation can usually be achieved with 
initial ventilator settings of a Vt of 5 to 7 mL/kg 
and an f of 20 to 24 breaths/min, with ACV mode 
set on minimal sensitivity. Because gas exchange 
abnormalities are primarily those of ventilation-
perfusion mismatch, supplemental oxygenation 
with Fio2 in the range of 0.4 should achieve �90% 
saturation of arterial hemoglobin.

The majority of patients with COPD will appear 
exhausted at the time when mechanical support is 
instituted and will sleep with minimal sedation. 
To the extent that muscle fatigue has played a role 
in a patient’s functional decline, rest and sleep 
are desirable. Two days of such rest presumably 
will restore biochemical and functional changes 
associated with muscle fatigue, but 24 h may not 
be suffi cient. Small numbers of patients will have 
diffi culty resting while receiving ventilation, con-
tinuing to demonstrate a high work of breath-
ing. An examination of airway pressure and fl ow 
waveforms can be very helpful in identifying this 
extra work of breathing and in suggesting strate-
gies for improving the ventilator settings. In many 
patients, this is the result of auto-PEEP-induced 
triggering diffi culty.  Adding  extrinsic PEEP to 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 167

nearly  counterbalance the auto-PEEP  dramatically 
improves the patient’s comfort.

Patients With Acute Hypoxemic 
Respiratory Failure

Acute hypoxemic respiratory failure is caused 
by alveolar fi lling with blood, pus, or edema, the 
end results of which are impaired lung mechanics 
and gas exchange. The gas exchange impairment 
results from intrapulmonary shunt that is largely 
refractory to oxygen therapy. In ARDS, the sig-
nifi cantly reduced functional residual capacity 
arising from alveolar fl ooding and collapse leaves 
many fewer alveoli to accept the Vt, making the 
lung appear stiff and dramatically increasing the 
work of breathing. The lung of the ARDS patient 
should be viewed as a small lung, however, 
rather than a stiff lung. In line with this current 
conception of ARDS, it is now clearly established 
that excessive distention of the lung of the ARDS 
patient compounds lung injury and may induce 
systemic infl ammation.1,18 Ventilatory strategies 
have evolved markedly in the past decade, chang-
ing clinical practice and generating tremendous 
excitement.

The goals of ventilation are to reduce shunt, 
avoid toxic concentrations of oxygen, and choose 
ventilator settings that do not amplify lung dam-
age. The initial Fio2 should be 1.0 in view of the 
typically extreme hypoxemia. PEEP therapy is 
indicated in patients with diffuse lung lesions 
but may not be helpful in patients with focal infi l-
trates, such as occurs with lobar pneumonia. In 
patients with ARDS, PEEP should be instituted 
immediately, then rapidly adjusted to the lowest 
PEEP necessary to produce an arterial saturation 
of 90% on an Fio2 no higher than 0.6 (ie, the “least-
PEEP approach”). Recruitment maneuvers have 
generally applied a sustained infl ation pressure 
while the patient is therapeutically paralyzed. 
For example, continuous positive airway pres-
sure of 40 cm H2O for 40 s has often been cho-
sen. Although these maneuvers have shown some 
ability to transiently raise the Po2, they have not 
been shown to change clinically meaningful out-
comes. The Vt should be 6 mL/kg while receiv-
ing ACV; a higher Vt is associated with higher 
mortality. Potentially, PCV could be used as well, 
but the parameters that assure lung-protective 

ventilation are not known. In either mode, the f 
should be set at 24 to 36 breaths/min. An occa-
sional consequence of lung-protective ventila-
tion is hypercapnia. This approach of preferring 
hypercapnia to alveolar overdistention, termed 
permissive hypercapnia, is very well tolerated.

The Patient With Restriction of the Lungs 
or Chest Wall

A small Vt (5 to 7 mL/kg) and rapid breathing 
rate (18 to 24 breaths/min) are especially impor-
tant in order to minimize the hemodynamic con-
sequences of positive-pressure ventilation and to 
reduce the likelihood of barotrauma. The Fio2 is 
usually determined by the degree of alveolar fi ll-
ing or collapse, if any. When the restrictive abnor-
mality involves the chest wall (including the 
abdomen), the large ventilation-induced rise in 
pleural pressure has the potential to compromise 
cardiac output. This in turn will lower the mixed 
venous Po2 and, in the setting of ventilation-
 perfusion mismatch or shunt, the Pao2 as well. 
If the physician responds to this falling Pao2 by 
augmenting PEEP or increasing the minute ven-
tilation, further circulatory compromise ensues. 
A potentially catastrophic cycle of worsening gas 
exchange, increasing ventilator settings, and pro-
gressive shock is begun. This circumstance must 
be recognized because the treatment is to reduce 
dead space (eg, by lowering minute ventilation or 
correcting hypovolemia).

The Airway During Split-Lung 
Ventilation

The lungs may be separated for purposes of 
differential ventilation in two major ways: (1) 
blocking the bronchus of a lobe or whole lung 
while ventilating with a standard endotracheal 
tube, or (2) passing a double-lumen tube (DLT). 
A number of different devices have been used 
to obstruct a bronchus, but experience is great-
est with the Fogarty embolectomy catheter. DLTs 
carry the advantages of allowing each lung to be 
ventilated, collapsed, reexpanded, or inspected 
independently.

Split-lung ventilation is only rarely useful 
in the critical care unit, but occasionally its ben-
efi ts are dramatic. Large bronchopleural fi stulas 
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severely compromise ventilation and may not 
respond to HFV. A DLT will maintain ventilation 
of the healthy lung while facilitating closure of the 
bronchopleural fi stula. During massive hemopty-
sis, lung separation may be life-saving by mini-
mizing blood aspiration, maintaining airway 
patency, and tamponading the bleeding site while 
awaiting defi nitive therapy. Finally, patients with 
focal causes of acute hypoxemic respiratory fail-
ure, such as lobar pneumonia or acute total atel-
ectasis, may benefi t from differential ventilation 
and the application of PEEP.
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Objectives:

• Identify acute end-organ dysfunction due to hyper-
tension

• Recognize the importance of lowering BP in a timely but 
fi nite manner

• Match appropriate drugs for the treatment of hypertensive 
emergencies/urgencies based on patient characteristics

• Appreciate the potential toxicities and side effects of the 
drug chosen

Key words: hypertensive emergency; hypertensive encepha-
lopathy; hypotensive urgency; postoperative hypertension

Severe hypertension with acute organ dysfunction 
is a reason for admission to the ICU, and uncon-
trolled hypertension may complicate ICU stay for 
those patients admitted for other reasons. Hyper-
tensive emergency is defi ned as a severe elevation in 
BP that is associated with acute end-organ dam-
age. These conditions require immediate control 
of BP to ameliorate organ injury. IV  medications 
are required, and invasive monitoring and ICU 
admission are typical. The organ systems that are 
most frequently involved include the CNS, the 
cardiovascular system, and the kidneys. Both the 
absolute level of BP and the time to reach that level 
are important in the development of organ injury. 
Therefore, acute end-organ injury may occur at dif-
ferent blood values in different patients. Defi ning 
hypertensive emergency based on acute end-organ 
damage is more appropriate than using specifi ed 
numbers for systolic or diastolic BP. Hypertensive 
urgencies identify patients who are at risk for organ 
dysfunction due to hypertension; based on clinical 
assessment, the lowering of BP needs to be imme-
diate or may be accomplished over hours based on 
the assessment of risk.

Identifi cation of End-Organ Damage

Most patients with hypertensive emergencies 
will have a history of poorly controlled essential 

hypertension. Secondary hypertension (eg, renal 
artery stenosis) should, however, be considered. 
Symptoms and physical examination fi ndings are 
important clues to trigger a search for acute organ 
dysfunction in hypertensive patients. Headache, 
confusion, or seizures may indicate hypertensive 
encephalopathy. Chest pain may signify aortic dis-
section or myocardial ischemia. A physical exami-
nation of the chest may reveal rales associated with 
hypertension-induced pulmonary edema, a mur-
mur of aortic insuffi ciency associated with proxi-
mal aortic dissection, or extremity pulse defi cits 
related to aortic dissection. Pertinent laboratory 
tests performed in the evaluation of patients with 
known or suspected hypertensive emergencies or 
urgencies include a urine analysis in search of glo-
merulonephritis as a secondary cause of hyper-
tension or creatinine measurement as a marker 
of hypertension-induced acute renal dysfunction 
(when the baseline value is known). An ECG may 
reveal myocardial ischemia exacerbated by hyper-
tension, and a chest radiograph may offer clues to 
aortic dissection (eg, widened mediastinum) or 
hypertension-induced pulmonary edema.

Hypertensive Encephalopathy

A 52-year-old man presented with general-
ized seizures and a BP of 244/160 mm Hg. The 
patient received lorazepam IV with the cessation 
of seizures. He was intubated and mechanically 
ventilated. A fundus examination revealed papill-
edema, supporting the diagnosis of hypertensive 
encephalopathy.

Clinical manifestations of a hypertensive en-
cephalopathy-induced increase in intracranial 
pressure include headache, nausea, vomiting, con-
fusion, lethargy, generalized seizures, and coma. 
A differential diagnosis of hypertensive encepha-
lopathy includes severe hypertension in associa-
tion with subarachnoid hemorrhage or stroke. A 
CT scan may be required to assure the absence of 
these entities.

Hypertensive Emergencies and Urgencies

R. Phillip Dellinger, MD, FCCP
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General Principles of IV Drug Therapy 
for Hypertensive Emergencies

In hypertensive encephalopathy, as well as in 
most hypertensive emergencies and urgencies, 
the initial BP therapeutic target is to decrease the 
mean arterial pressure by 15 to 25%. In patients 
with chronic hypertension, the cerebral blood fl ow 
autoregulation curve is shifted to the right. In the 
normotensive patient, cerebral blood fl ow is auto-
regulated such that cerebral blood fl ow remains 
constant between mean arterial pressures of 50 
and 150 mm Hg (Fig 1). In chronically hyperten-
sive patients, this autoregulation shifts to the right, 
and the regulation of cerebral blood fl ow occurs 
at a much higher pressure range. Overzealous 
lowering of the mean arterial pressure in patients 
with severe hypertension to even high normal 
BPs may drop the BP to a level that is below the 
lower range of autoregulation and decrease cere-
bral blood fl ow. This may be particularly problem-
atic in patients with underlying cerebral vascular 
disease, producing iatrogenic strokes.

In patients with hypertensive encephalopathy, 
as in those with other causes of hypertensive emer-
gencies, the ideal drug is an IV vasodilator with 
quick onset of action and quick offset of action. 
Drugs that offer these traits include nitroprusside, 
nicardipine, fenoldopam, and nitroglycerin.

Therapy with sodium nitroprusside, long 
a staple drug in the treatment of hypertensive 
emergencies, is begun with an initial infusion of 
0.5 to 1.0 μg/kg/min with a maximum dosage of 
10 μg/kg/min for 10 min or a maximum sustained 
dose of 3 μg/kg/min. Cyanide and thiocyanate 
toxicity are potential problems with nitroprusside 
infusion. This rarely occurs with recommended 
infusion rates occurring over � 48 h of therapy. 
Even in patients with anuric renal failure, therapy 
with nitroprusside, used at recommended doses 
during the initial stabilization of BP, is safe. Nitro-
prusside is nonenzymatically converted to cyanide 
in the blood, and cyanide is converted to thiocya-
nate in the liver. Thiocyanate is excreted by the kid-
ney. Patients with liver disease are at an increased 
risk of cyanide toxicity, and patients with kidney 
disease are at an increased risk of thiocyanate and 
cyanide toxicity. In patients without renal dysfunc-
tion, thiocyanate levels can be followed as a marker 
for the risk of cyanide and thiocyanate toxicity. An 
arterial line is advised for the administration of 
nitroprusside due to the sudden drops in BP that 
may occur with the titration of nitroprusside.

IV nicardipine is an effective, titratable 
continuous-infusion calcium-channel blocker that 
is used for the treatment of hypertensive emergen-
cies/urgencies. It has a rapid onset and interme-
diate half-life, and is an arterial vasodilator that 
is associated with increased cardiac index. Unlike 
other calcium-channel blockers, it is unlikely to 
produce negative inotropic effects. Infusion is 
begun at 5 mg/h and is increased by 2.5 mg/h 
every 10 min to a maximum rate of 15 mg/h.

IV labetalol is a reliable drug for the treatment 
of hypertensive encephalopathy as well as other 
etiologies of hypertensive emergencies. The onset 
of action of labetalol is 2 to 5 min with peak hypo-
tensive effect occurring at 5 to 10 min and an effect 
lasting up to 4 h. Its combined α/β effect typically 
produces a signifi  cant lowering of peripheral vas-
cular resistance with a minimal decrease in heart 
rate and a minimal change in cardiac output. Drug 
loading is accomplished with incremental dosing 
(an IV bolus of 20 to 80 mg every 10 to 15 min, 
depending on the response). Loading by continu-
ous infusion at 0.5 to 2 mg/min is also possible. 
Unlike nitroprusside, labetalol may be utilized 
in most patients without arterial line placement. 
Although maintenance continuous infusions 

Figure 1. Cerebral autoregulation maintains constant blood 
fl ow (in the absence of acute brain injury) between approxi-
mately 50 and 150 mm Hg mean arterial pressure. With  chronic 
sustained elevations in blood pressure the autoregulation 
curve shifts to the right and puts the patient at risk for cerebral 
hypoperfusion and stroke when blood pressure is aggressively 
lowered, even when the value is within  normal range.
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have been successfully utilized, labetalol was 
primarily developed for the initial control of BP 
through loading followed by conversion to labet-
alol administered orally or other alternative anti-
hypertension therapies. Labetalol should not be 
used in patients with second-degree heart block 
or greater, patients with asthma, or patients with 
signifi  cant systolic cardiac dysfunction.

Fenoldopam is a drug with a very similar 
pharmacodynamic profi le as nitroprusside. As 
a selective dopamine-1 receptor agonist, it has 
been demonstrated to increase renal blood fl ow, 
although clinical studies have not been able to 
demonstrate a renal clinical outcome benefi t com-
pared to that with nitroprusside. Administration 
is begun at 0.03 to 0.10 μg/kg/min and titrated in 
increments of 0.05 to 0.1 μg/kg no more frequently 
than every 15 min. The use of fenoldopam is safer 
than nitroprusside in patients with moderate- to-
severe renal dysfunction (fenoldopam carries no 
risk for cyanide toxicity) but is more expensive. 

Nitroglycerin is a direct-acting vasodilator 
and, unlike nitroprusside, which is a balanced 
arteriolar IV acting drug, has predominately 
venous capacitance effects. It also has the poten-
tial to redistribute coronary artery blood fl ow to 
benefi t the ischemic myocardium. Primary con-
sideration for the use of nitroglycerin should be 
in hypertensive emergencies/urgencies associ-
ated with congestive heart failure, coronary artery 
disease, postcoronary artery bypass surgery, or 
increased left ventricular (LV) fi lling pressures. It 
is particularly useful in patients with active myo-
cardial ischemia, high LV fi lling pressures, and 
mild-to-moderate hypertension.

Hypertension Associated With 
Cardiac Dysfunction

Hypertensive Crisis With High-Pressure 
Pulmonary Edema

Clinical features of a severe hypertension-
induced rise in LV end-diastolic pressure with 
associated high pulmonary capillary pressure and 
pulmonary edema include severe hypoxemia, CO2 
retention, pink frothy sputum, and  pulmonary 
edema seen on a chest radiograph. The typical 
patient will have chronic LV  hypertrophy with 

diastolic function and normal or increased ejection 
fraction. Initial therapy targets any  intervention 
that lowers the LV end-diastolic pressure. This 
includes an increase in venous capacitance, a 
decrease in arteriolar resistance, and increasing 
compliance (softening) of the LV. Diuresis is an 
effective therapy, although studies have demon-
strated that most patients with this diagnosis do 
not have increased intravascular blood volume; 
therefore, vasodilatation is the most effective 
therapy. The use of diuretics, although effec-
tive in abating pulmonary edema, may leave the 
patient’s intravascular volume depleted with pre-
renal azotemia. Since diastolic function is often 
present, therapy with β-blockers is also very effec-
tive. Labetalol may also be useful as a combina-
tion α/β-blocker. Acute ischemia, associated with 
hypertension, may occur during weaning from 
mechanical ventilation, and also may produce an 
increase in BP, an associated rise in LV end-
diastolic pressure, and pulmonary edema as a cause 
of weaning failure. This presentation is likely to be 
more insidious than the presentation of the patient 
presenting to the emergency department with 
acute hypertension-induced pulmonary edema, 
since lower ranges of BP elevation may be pres-
ent with a contribution of  myocardial  ischemia-
induced wall stiffness playing a prominent role in 
the rise in pulmonary capillary pressure.

Hypertension and Systolic Dysfunction

Enalaprilat is an IV drug with a potential to 
treat hypertension and to improve cardiac func-
tion. It is an afterload reducer with an onset of 
action of 15 min and a duration of action of 12 h. 
The dose is 0.625 to 5 mg administered as a single 
bolus every 6 h. It may be chosen to treat mild-to-
moderate hypertension in patients with conges-
tive heart failure due to systolic dysfunction or in 
patients with an activation of the renin- angiotensin 
system such as scleroderma kidney. It is not usu-
ally a “go-to” drug to treat severe life- threatening 
hypertension. The potential disadvantages of 
enalaprilat include idiopathic angioedema. It 
should not be used in patients with bilateral reno-
vascular disease or in pregnant women in the sec-
ond or third trimester. When used on an  ongoing 
basis in the ICU, creatinine levels should be fol-
lowed and therapy should be discontinued if the 
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 creatinine level begins to rise. Therapy with enal-
aprilat can, however, be instituted in patients with 
stable elevated creatinine levels.

Hypertension With Acute CNS Events

An increase in BP is thought to be a normal 
physiologic response to acute CNS strokes, includ-
ing bland stroke, hemorrhagic stroke, intracranial 
hemorrhage, and subarachnoid hemorrhage. The 
optimum method to be used for the manage-
ment of BP following cerebral vascular accidents 
remains controversial. Hypertension is common 
after both ischemic and hemorrhagic strokes, and 
at least some component of the rise is thought to 
be a body-compensatory mechanism. However, 
extreme elevations in BP are associated with poor 
outcomes after both ischemic and hemorrhagic 
cerebrovascular accidents and are thought to play 
a role in this bad outcome. Concerns of severe 
elevations in BP after stroke include reinfarction, 
cerebral edema, increased hemorrhage size, and 

hemorrhagic transformation. Cerebral edema 
is problematic in light of a dysfunctional abil-
ity to autoregulate cerebral blood fl ow following 
a stroke. It is a double-edged sword, however, as 
neurologic deterioration may occur in this circum-
stance with aggressive pharmacologic lowering of 
BP. In general, withholding therapy for hyperten-
sion in the acute phase of ischemic strokes is the 
recommendation, unless thrombolysis is planned, 
acute end-organ damage is occurring, or arbitrary 
selected limits for systolic BP are present.

Although increased BP is considered to put 
the patient at risk for increased edema in areas of 
injury as well as to increase the chance of bleeding 
or rebleeding, equally important in these patients 
are watershed areas of brain penumbra that are at 
risk for further ischemic injury, which might ben-
efi t from higher BP-induced collateral fl ow. There 
is general agreement that in an unclipped sub-
arachnoid hemorrhage BP should be normalized, 
and once the aneurysm is clipped that very high 
BPs may be tolerated as there is no signifi cant risk 

Table 1. Approach to Arterial Hypertension in Acute Ischemic Stroke

Indication that patient is eligible for treatment with intravenous rtPA or other acute reperfu-
sion intervention
  Blood pressure level
  Systolic � 185 mm Hg or diastolic � 110 mm Hg
   Labetalol 10–20 mg IV over 1–2 min, may repreat � 1;
   or Nitropaste 1–2 inches;
   or
    Nicardipine infusion, 5 mg/h, titrate up by 2.5 mg/h at 5- to 15-min intervals, maxi-

mum dose 15 mg/h; when desired blood pressure attained, reduce to 3 mg/h
  If blood pressure does not decline and remains � 185/110 mm Hg, do not administer rtPA
Management of blood pressure during and after treatment with rtPA or other acute reperfu-
sion intervention
   Monitor blood pressure every 15 min during treatment and then for another 2 h, then every 

30 min for 6 h, and then every hour for 16 h
  Blood pressure level
  Systolic 180–230 mm Hg or diastolic 105–120 mm Hg
    Labetalol 10 mg IV over 1–2 min, may repeat every 10–20 min, maximum dose of 300 mg;
   or
   Labetalol 10 mg IV followed by an infusion at 2–8 mg/min
  Systolic � 230 mm Hg or diastolic 121–140 mm Hg
    Labetalol 10 mg IV over 1–2 min, may repeat every 10–20 min, maximum dose of 300 mg;
   or
   Labetalol 10 mg IV followed by an infusion at 2–8 mg/min;
   or
    Nicardipine infusion, 5 mg/h, titrate up to desired effect by increasing 2.5 mg/h every 

5 min to maximun of 15 mg/h
  If blood pressure not controlled, consider sodium nitroprusside

*Reprinted with permission from Adams H, del Zoppo G, Alberts MJ, et al. Stroke 2007; 
38:1655–1711
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of rebleeding, and hypertension may be protec-
tive against a postbleed vasospasm.

Less hypertension is tolerated when throm-
bolysis is planned. The current recommenda-
tion is to administer thrombolytic therapy with a 
systolic BP of � 185 mm Hg and a diastolic BP of 
� 110 mm Hg (Table 1).

In patients who experience intracerebral hem-
orrhage, the penumbra issues are very important. 
The degree of BP rise likely is associated with 
a risk for rebleeding, but it is also likely that a 
higher BP better maintains perfusion of the risk 
area surrounding the stroke. The lowering of BP 
by 15% likely does not put the penumbra at risk 
after intracerebral hemorrhage and may decrease 
the risk of bleeding. Recommended drugs include 
labetalol, nicardipine, and nitroprusside. Main-
taining systolic pressure � 180 seems reasonable.

Severe Hypertension-Induced 
Renal Dysfunction

A patient may present with severe hypertension 
and acute deterioration in renal function. Drugs 
that may be particularly suited to the treatment of 
this group of patients include labetalol and hydral-
azine, where a greater preservation of renal blood 
fl ow may occur. Dialysis is the treatment of choice 
for severe hypertension (and associated hypox-
emia), primarily driven by volume overload.

Postoperative Hypertension

Hypertension-induced postoperative compli-
cations include arrhythmias, myocardial ischemia/
infarction, stroke, and wound hemorrhage. Indi-
cations for the treatment of postoperative hyper-
tension have been arbitrarily defi ned as a systolic 
BP of � 190 mm Hg or a diastolic BP of �100 mg on 
two consecutive readings. A history of hyperten-
sion, high body mass index, age, and the grade of 
the surgical stress are risk factors for postoperative 
hypertension. It is important to evaluate for possible 
causes of hypertension that are secondary to pain, 
hypercarbia, hypoxemia, or urinary retention.

A wide variety of drugs may by used to man-
age postoperative hypertension depending on 
particular patient characteristics. These include 
nitroprusside, nicardipine, hydralazine, labetalol, 
esmolol, and fenoldopam.

Esmolol is a cardioselective β-adrenergic 
blocker with quick onset of action (peak effects 
within 5 to 15 min) and a short half-life (9 to 
10 min). Esmolol is rapidly metabolized by RBCs 
and does not depend on renal or hepatic func-
tion. Esmolol may be administered by IV bolus 
or by continuous infusion. Continuous infusion 
is usually initiated following a loading dose. It is 
a good fi t for patients with tachycardia, hyper-
tension, and good systolic function. Either esmo-
lol or intermittent bolus metoprolol may offer 
an advantage to postoperative patients with 
hypertension, tachycardia, and good systolic 
function. These drugs should be used with cau-
tion in patients with obstructive airways disease 
and avoided in patients with asthma. When a β-
blocker is used in the treatment of patients with 
potential side effects of β-blockade, esmolol is 
preferred over intermittent metoprolol. Table 2 
contrasts esmolol with two other choices of IV 
antihypertensive agents.

Aortic Dissection

Aortic dissection is caused by a tear in the 
intima of the aorta that is propagated by the aortic 
pulse wave. The aortic pulse wave, or “shearing 
force,” depends on a combination of myocardial 
contractility, heart rate, and BP. The risk factors for 
aortic dissection include advanced  atherosclerosis, 
connective tissue diseases, and aortic coarctation. 
Dissections involving the area proximal to the left 
subclavian artery are considered to be type A, and 
when this area is not involved are considered to 
be type B (ie, involving the descending aorta only). 
Chest pain is the typical presenting symptom, 
and the classic chest radiographic fi nding is a wid-
ened mediastinum. Diagnosis is made either with 
a contrast-enhanced CT scan or transesophageal 
echocardiography. Dissection is usually diagnosed 
utilizing CT scanning with and without contrast 
enhancement, which demonstrates a grayish/whit-
ish false lumen predominately fi lled with a clot 
alongside a bright-white, dye-fi lled true aortic 
channel. Dissecting thoracic aortic aneurysms 
involving the arch and descending aorta that do 
not interfere with major vessel outfl ow are typically 
managed medically with BP control. Aneurysms 
involving the ascending aorta or are comprimizing 
organ blood fl ow are typically surgically treated. 
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Aneurysms of the ascending aorta may dissect 
 proximally, producing a murmur of aortic insuf-
fi ciency or acute pericardial tamponade. Distal 
migration may produce an obstruction of the major 
vascular outfl ow vessels or a rupture into the tho-
rax. Occasionally, a leak may occur into the thorax, 
which is diagnosed in time to allow life-saving sur-
gery. The propagating force for a dissection is the 
change in blood pressure over the  shearing force. 
This shearing force is minimized by a combination 
therapy of keeping the heart rate normal, normal-
izing BP, and decreasing inotropy. Dissection of 
the aorta is another circumstance (unclipped aneu-
rysm was discussed earlier) in which the immedi-
ate normalization of BP is indicated.

Severe Hypertension in Pregnancy

Hypertension is responsible for 18% of maternal 
deaths in the United States. Hypertension of preg-
nancy is defi ned as a systolic BP of � 140 mm Hg or a 
diastolic BP of �90 mm Hg. Preeclampsia is defi ned 
by new-onset hypertension accompanied by pro-
teinuria and edema. Eclampsia is defi ned as the 
development of seizures or coma in a preeclamptic 
patient. The treatment of severe preeclampsia and 
eclampsia includes delivery of the fetus combined 
with therapy with magnesium sulfate for the pre-
vention and treatment of seizures and BP control. 
The typical  recommendation is to reduce diastolic 
BP to 110 mm Hg or mean arterial pressure by 20%. 
In addition to magnesium, hydralazine has tradi-
tionally been the drug of choice in the treatment of 
these patients. Potential problems include tachy-
cardia and side effects that mimic the symptoms of 
eclampsia (eg, nausea, vomiting, headaches, and 
anxiety). Excessive hypotension can be dangerous 
to both mother and fetus. Hydralazine is a direct 
arteriolar vasodilator with an onset of action in 15 

to 30 min and a duration of effect of 2 to 4 h. It is also 
advocated as a drug of particular benefi t in patients 
with eclampsia. It is associated with refl ex tachycar-
dia, and its use should be avoided in patients with 
dissecting aortic aneurysm and acute myocardial 
ischemia. Although hydralazine has historically 
been recommended as the antihypertensive agent 
of choice, recent data have suggested that labetalol 
and nifedipine may be more viable options.

Catecholamine-Associated 
Hypertensive Crisis

Catecholamine-induced hypertensive crisis 
may be associated with consumption of sym-
pathomimetic agents such as amphetamines, or 
certain diet pills, decongestants such as ephed-
rine and other agents (alkaloids). A rapid surge 
in catecholamines resulting in hypertension may 
also accompany withdrawal from β-blocker or 
α-blocker agents. In this circumstance, reinitia-
tion of the drug may be suffi cient to treat the 
elevated BP. Rare causes of catecholamine-asso-
ciated hypertensive crisis include pheochromo-
cytoma, autonomic dysfunction (Guillain-Barré 
 syndrome), and tyramine ingestion in the pres-
ence of monoamine oxidase inhibitor therapy. In 
general, the use of β-blocker therapy alone as the 
initial therapy should be avoided because of the 
possibility of the loss of β-adrenergically mediated 
vasodilation leading to an unopposed α effect. 
Pheochromocytoma, which is more likely to be 
encountered on board examinations as opposed 
to in real life, is a rare tumor producing a catechol-
amine-excess state with the potential for severe 
hypertension accompanied by headache, palpita-
tions, diaphoresis, abdominal pain, and anxiety. 
The drug of choice for therapy is phentolamine.

Table 2. Contrasting Effects of Nicardipine, Esmolol, and Labetalol*

 Nicardipine Esmolol Labetalol

Administration Continuous infusion Continuous infusion Bolus continuous infusion
Onset Rapid Rapid Rapid
Offset Rapid Rapid Slower
HR Minimal increase Decreased Minimal decrease
SVR Decreased 0 Decreased
Cardiac output Increased Decreased No change
Myocardial O2 balance Positive Positive Positive

*HR, heart rate; SVR, systemic vascular resistance.
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Objectives:

• Understand the normal physiologic changes of pregnancy
• Review the causes and management of  respiratory disorders 

in pregnancy
• Understand the diagnosis and treatment of venous throm-

boembolism in pregnancy
• Review the causes, diagnosis, and treatment of cardiovas-

cular disorders of pregnancy including preeclampsia

Key words: critical illness; preeclampsia; pregnancy; venous 
thromboembolism

The development of critical illness during 
pregnancy is a rare but potentially devastating 
occurrence because two lives are affected. Under-
standing the normal maternal physiologic adap-
tation to pregnancy is essential to the accurate 
diagnosis and treatment of critical illness in the 
gravid patient. Awareness of the determinants 
of oxygen delivery to the fetoplacental unit is 
important to maintain fetal viability. Critical ill-
nesses in pregnancy may result from worsening 
of an underlying cardiac or pulmonary disease or 
the onset of a unique pregnancy-related illness. 
The need for intensive care in pregnancy ranges 
from 1 to 9 in 1,000 gestations with a mortality of 
12 to 20%.1 In the United States, the overall preg-
nancy-related mortality from 1991 to 1999 was 11.8 
deaths per 100,000 live births.2 During this period, 
the leading causes of death were embolism, hem-
orrhage, and pregnancy-induced hypertension.

This chapter will review the normal physiol-
ogy of pregnancy as well as the diagnosis and 
treatment of disorders of the respiratory and cir-
culatory systems that account for the vast major-
ity of admissions to the ICU during pregnancy. 
Asthma, venous thromboembolism (VTE), and 
preeclampsia are especially important topics that 
will be covered in detail. Assessment, monitor-
ing, and treatment of the gravid patient in the 
ICU must take into account both maternal and 
fetal well-being and require a multidisciplinary 
approach to care.

Physiology of Pregnancy

Adaptive changes occur in the maternal respi-
ratory system, circulation, gastrointestinal sys-
tem, and kidneys to meet the increased metabolic 
demands of the mother, fetus, and placenta.1,3,4 
Knowledge of the normal changes in these organ 
systems is essential to distinguish between ex -
pected adaptive and pathologic fi ndings so that 
early recognition and treatment of critical illness 
during pregnancy is possible.

Adaptation of the Respiratory System

Oxygen consumption increases 20 to 35% in 
normal pregnancy; during labor, there is a further 
increase.5 This occurs to meet fetal and placental 
needs as well as maternal increases in cardiac out-
put and work of breathing. The increased oxygen 
consumption and associated increase in carbon 
dioxide production requires an increase in min-
ute ventilation that begins in the fi rst trimester 
and peaks at 20 to 40% above baseline at term. 
Alveolar ventilation is increased above the level 
needed to eliminate carbon dioxide, and Pco2 
falls to 27 to 32 mm Hg throughout pregnancy. 
The augmented alveolar ventilation is attributed 
to respiratory stimulation due to increased lev-
els of progesterone and results from a 30 to 35% 
increase in tidal volume (from 450 to 600 mL) 
while respiratory rate is unchanged to mildly 
increased (Table 1). Renal compensation results in 
a maternal pH that is only slightly alkalemic, in 
the range of 7.40 to 7.45, with serum bicarbonate 
decreasing to 18 to 21 mEq/L (Table 2).

Maternal Pao2 is increased throughout preg-
nancy by virtue of augmented minute ventilation, 
but this increase does not signifi cantly increase 
oxygen delivery. Mild hypoxemia and an increased 
alveolar-to-arterial oxygen gradient may occur 
in the supine position as pregnancy progresses. 
This results from ventilation-perfusion mismatch 
from airway narrowing or closure in gravid  
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individuals during normal tidal breathing (Table 
2). When possible, arterial blood gas samples 
should be obtained in the seated position to avoid 
the mild positional hypoxemia of pregnancy.

Functional residual capacity decreases pro   -
gressively 10 to 25% at term as a result of 
increased abdominal pressure from the enlarged 
uterus, which results in diaphragmatic elevation 
and decreased chest wall compliance (Table 1). 
Expiratory reserve volume and residual volume 
are decreased during the second half of preg-
nancy. Total lung capacity decreases minimally 
because the function of the diaphragm and tho-
racic muscles is unimpaired, and widening of the 
thoracic cage results in an increased inspiratory 
capacity. FVC remains unchanged during preg-
nancy. Diffusing capacity is unchanged or mildly 
increased early in pregnancy and then decreases 
to normal or just below normal after the fi rst tri-
mester. The decreased functional residual capac-
ity, when combined with the increased oxygen 
consumption in pregnancy, makes the pregnant 
woman and fetus more vulnerable to hypoxia 
in the event of hypoventilation or apnea. This is 
an important consideration during endotracheal 
intubation.

Despite increases in levels of many hormones 
known to affect smooth muscle, the function of 
large airways does not appear to be altered in 

pregnancy. FEV1, the ratio of FEV1 to FVC, and spe-
cifi c airways conductance are unchanged  during 
pregnancy. The fact that fl ow-volume loops are 
also unaffected by pregnancy is further evidence 
of normal airway function. Lung compliance also 
is unchanged.

Adaptation of the Circulation

During pregnancy, numerous circulatory 
adjustments occur that ensure adequate oxygen 
delivery to the fetus.3,5 Maternal blood volume 
increases early, reaching a level 40% above base-
line by the 30th week. The increased number of 
erythrocytes and even greater increase in plasma 
volume result in a mild dilutional anemia, with a 
decrease in hematocrit of approximately 12%. The 
increase in blood volume is greater with multiple 
births. Parallel decreases in colloid osmotic pres-
sure and serum albumin concentration from 4.0 to 
3.4 g/dL occur. Mild peripheral edema is noted in 
50 to 80% of normal pregnancies.

The increase in maternal blood volume con-
tributes to a 30 to 50% increase in cardiac output, 
most of which occurs in the fi rst trimester and 
continues throughout gestation (Table 3). The aug-
mented cardiac output results from an increase 
in heart rate and stroke volume, with heart rate 
reaching a maximum of 15 to 20 beats/min above 
resting nonpregnant levels by weeks 32 to 36. The 
increase in stroke volume is due to an increase 
in preload caused by augmented blood volume 
and a decrease in afterload from a 20 to 30% fall 
in systemic vascular resistance (SVR). The fall in 
SVR is attributed both to arteriovenous shunting 
through the low-resistance uteroplacental bed and 
hormonally mediated vasodilation. Left ventricu-
lar end-diastolic pressure remains normal, but 
left ventricular wall thickness and mass increase. 
There is no increase in ejection fraction as calcu-
lated from echocardiography.

Table 1. Respiratory Changes in Pregnancy

Parameters* Direction

Oxygen consumption Increases

Respiratory rate Unchanged
Vt Increases
Total lung capacity Unchanged
FRC Decreases
FVC Unchanged
FEV1 Unchanged

*FRC � functional residual capacity.

Table 2. Typical Arterial Blood Gas Values*

Variables Pao2, mm Hg Paco2, mm Hg pH
Alveolar-Arterial Pressure 

Gradient, mm Hg

Nonpregnant  98 40 7.40  2
Term pregnancy, seated 101 28 7.45 14
Term pregnancy, supine  95 28 7.45 20

*To convert millimeters of mercury to kilopascals, multiply the value by 0.1333.
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During the course of pregnancy, cardiac out-
put becomes more dependent on body position 
because the gravid uterus can cause signifi cant 
obstruction of the inferior vena cava with reduced 
venous return. This effect is most notable in the 
third trimester. Vena caval obstruction is maximal 
in the supine position and much less pronounced 
in the left lateral decubitus position. During labor, 
uterine contraction can increase cardiac output 
10 to 15% over resting pregnant levels by increas-
ing blood return from the contracting uterus. This 
effect on cardiac output, however, may be tem-
pered by blood loss during delivery.

Blood pressure decreases early in pregnancy 
from peripheral vasodilation. Peak decreases in 
systolic and diastolic pressures average 5 to 9 mm 
Hg and 6 to 17 mm Hg, respectively, and occur 
at 16 to 28 weeks. Blood pressure then increases 
gradually, returning to baseline shortly after deliv-
ery. Diastolic pressures of 75 mm Hg in the second 
trimester and 85 mm Hg in the third trimester 
should be considered the upper limits of normal.

Normal adaptation of the circulatory system 
to pregnancy results in a physiologic third heart 
sound in the majority of pregnant patients. The 
chest radiograph reveals an enlarged cardiac sil-
houette. Right ventricular, pulmonary artery, and 
pulmonary capillary wedge pressures (PCWPs) 
are unchanged from prepartum values in the 
healthy pregnant woman.

Renal and GI  Adaptation

Renal blood fl ow increases greatly during 
pregnancy.1 The glomerular fi ltration rate rises 
early in pregnancy to 50% above baseline at 12 
to 16 weeks and remains increased throughout 
pregnancy. During pregnancy, serum creatinine is 

somewhat lower than baseline (0.5 to 0.7 mg/dL); 
therefore, creatinine levels that would be normal 
in a nonpregnant patient can indicate renal dys-
function in pregnancy.

Lower esophageal sphincter tone decreases 
during the fi rst trimester of pregnancy and 
remains low until near term, perhaps as a result 
of increased plasma progesterone levels.1 The 
gravid uterus displaces the stomach, further 
reducing the effectiveness of the gastroesopha-
geal sphincter. Basal gastric acid secretion and pH 
remain unchanged during pregnancy. Labor and 
narcotic analgesics given during labor delay gas-
tric-emptying time, signifi cantly increasing the 
risk of aspiration.

Fetal Oxygen Delivery

Oxygen delivery to the fetal tissues depends 
on the oxygen content of uterine artery blood, as 
determined by maternal Po2, hemoglobin concen-
tration and saturation, and uterine artery blood 
fl ow.3 The anemia of pregnancy reduces the oxy-
gen content signifi cantly; therefore, the critically 
ill gravid patient is more dependent than the non-
pregnant individual on cardiac output to maintain 
oxygen delivery. Should maternal cardiac output 
fall, uterine artery blood fl ow and fetal oxygen 
delivery decrease.

Numerous factors affect uterine artery blood 
fl ow. The uterine vasculature is maximally dilated 
under normal conditions and therefore unable to 
adapt to stress by increasing fl ow through local 
vascular adjustment. Fetal oxygen delivery can 
be decreased by uterine artery vasoconstriction. 
Exogenous or endogenous sympathetic stimu-
lation and maternal hypotension elicit uterine 
artery vasoconstriction. In addition, maternal 
alkalosis may cause uteroplacental vasoconstric-
tion with decreased uteroplacental perfusion and 
fetal hypoxia.

Despite a low umbilical vein Po2 of 30 to 
40 mm Hg and fetal Pao2 of 20 to 25 mm Hg at 
baseline, compensatory mechanisms maintain 
fetal oxygen delivery. At all levels of Po2, fetal 
hemoglobin has a higher affi nity for oxygen than 
maternal hemoglobin, being 80 to 90% saturated 
at a Po2 of 30 to 35 mm Hg. In addition, the fetus 
has a high hemoglobin concentration (15 g/dL) 
and a high systemic cardiac output, with both left 

Table 3. Circulatory Changes in Pregnancy

Parameters Direction Percentage Time Course

Heart rate Increases 10–30 Peak at 32 wk

BP Decreases 10–20 Nadir at 28 wk
Cardiac output Increases 30−50 Peak at 25−32 wk
Stroke volume Increases First trimester
SVR Decreases 20−30

Pulmonary 
vascular 
resistance 

Decreases 20−30
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and right ventricles delivering blood to the sys-
temic circulation. Protective responses to hypoxic 
stress include a shift to anaerobic metabolism; 
redirection of the fetal cardiac output to the brain, 
heart, and adrenal glands; and decreased oxygen 
consumption.

In summary, during pregnancy, oxygen deliv-
ery to maternal and fetoplacental tissue beds is 
highly dependent on adequate blood fl ow and 
maternal oxygen content. Maternal oxygen con-
sumption increases progressively during gesta-
tion and rises further in labor. The fetoplacental 
unit is unable to increase oxygen delivery by 
local vascular adjustment. The fetus, however, 
is protected from hypoxic insult by the avidity 
of fetal hemoglobin for oxygen relative to mater-
nal hemoglobin, the high fetal hemoglobin con-
tent and cardiac output, and the autoregulatory 
responses of the fetal circulation to hypoxic insult. 
An understanding of these physiologic concepts 
suggests some general principles for manage-
ment of the critically ill gravid patient (Table 4). 
Obstetrical consultation and assessment of fetal 
well-being by monitoring fetal heart rate is 
essential.

US Food and Drug Administration 
Drug Classifi cation

When prescribing medications for pregnant 
patients with critical illness, it is important to be 
aware of the US Food and Drug Administration 
safety ratings for medication use in pregnancy. 
Category A drugs are those in which adequate, 
well-controlled studies in pregnant women have 
not demonstrated a risk to the fetus. Category 
B drugs are those with no evidence of fetal risk 
in humans (if animal studies demonstrate risk, 
human fi ndings do not, or if human studies are 
not adequate, animal fi ndings are negative). 
Category C agents are those in which risk cannot 

be ruled out but potential benefi ts may outweigh 
risk (human studies are lacking and animal stud-
ies are either positive for fetal risk or lacking). 
Category D includes agents with evidence of fetal 
risk by virtue of investigation or postmarketing 
human data (in critical illness, potential benefi ts 
may outweigh risks). Category X includes drugs 
contraindicated in pregnancy.

Respiratory Disorders of Pregnancy

This section focuses on the diagnosis and man-
agement of respiratory disorders in the gravid 
patient.5,6 Asthma is the most common disease 
to complicate pregnancy, affecting 4 to 8% of all 
gravidas. Venous thromboembolic disease is the 
major cause of maternal mortality in the United 
States. ARDS is infrequent but has a high mortal-
ity. Tocolytic-induced pulmonary edema has a 
much better outcome. The institution of mechani-
cal ventilation in the pregnant patient requires 
careful attention to the special needs of both 
mother and fetus.

Asthma

Acute asthma requiring a visit to the emer-
gency department or hospitalization may occur 
in about 10% of pregnant women cared for by an 
asthma specialist.7 In an individual patient, the 
course of asthma during pregnancy is variable. 
In approximately one-third of pregnant asthmatic 
women, asthma does not change; in one-third it 
improves; and in one-third it worsens. Patients 
with more severe asthma are more likely to expe-
rience worsening asthma during pregnancy. 
Asthma typically worsens during the second and 
third trimesters, with improvement during the 
last month of pregnancy. Adverse maternal out-
comes in pregnant woman with asthma have been 
noted, including preterm labor, preeclampsia, and 

Table 4. General Principles of Management in Critical Illness in Pregnancy 

Echocardiogram to assess maternal cardiac function due to high fl ow state of pregnancy
Oxygen delivery to fetus is maximized by adequate maternal circulation, left lateral decubitus position, and supplemental 

oxygen
Early elective intubation and mechanical ventilation for respiratory failure
Continuous monitoring of fetal heart rate to assess fetal well-being 
Delivery of the fetus may be in the best interest of mother and fetus if the fetus is beyond the age of viability
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cesarean delivery. Adverse fetal outcomes include 
preterm birth and infants small for gestational age. 
Studies show that active treatment of the gravid 
patient to control asthma improves both maternal 
and fetal outcomes.

The management of the pregnant patient 
with status asthmaticus is similar to that of the 
nonpregnant patient, with a few exceptions.7,8 
Mild hypoxemia should be treated aggressively 
because it may be detrimental to the fetus. An arte-
rial blood gas with a Paco2 of � 35 mm Hg during 
status asthmaticus may be a sign of impending 
ventilatory failure, given the baseline respiratory 
alkalosis in normal pregnancy. Indications for 
mechanical ventilation include (1) hypercapnia, 
(2) altered consciousness, (3) maternal exhaustion, 
and (4) fetal distress. Cesarean section in refrac-
tory cases has been successful and should be con-
sidered when fetal viability is likely. The specifi cs 
of mechanical ventilation will be discussed later.

Most asthma medications are safe for use 
during pregnancy. Inhaled albuterol should be 
administered every 20 min or continuously and 
may be mixed with ipratropium bromide. Use of 
parenteral β-agonists is limited to the rare situa-
tions in which inhaled agents have been ineffec-
tive. Because epinephrine causes vasoconstriction 
of the uteroplacental circulation in animal stud-
ies, parenteral terbutaline is preferred but may 
inhibit labor and cause pulmonary edema if 
administered near term. Systemic corticosteroids 
are given for acute asthma exacerbations. An IV 
infusion of magnesium sulfate can be considered 
for its potential bronchodilator effect in refractory 
cases as long as the patient is monitored carefully 
for respiratory depression. Heliox, a low-density 
mixture of helium and oxygen, may decrease 

the work of breathing and preclude intubation 
and mechanical ventilation when administered 
to patients in status asthmaticus. Guidelines 
for managing asthma in pregnancy have been 
updated and are readily available online.8

VTE

Pulmonary embolism (PE) is the leading 
cause of pregnancy-related death in the United 
States.2 The risk of VTE is increased fourfold 
during pregnancy. Hypercoagulability, venous 
stasis, and endothelial damage to pelvic vessels 
during delivery or cesarean section all occur in 
normal pregnancy; thus, all pregnant women 
are at increased risk of VTE. Known risk factors 
include age � 35 years, cesarean section, obesity, 
heart disease, lupus, diabetes, sickle cell disease, 
black race, smoking, and multiple pregnancies.9 
Thrombophilia increases the risk even further 
and is noted in approximately 50% of woman 
with VTE during pregnancy. Deep venous throm-
bosis (DVT) and subsequent PE occurs in all three 
trimesters and the postpartum period. More cases 
of DVT in pregnancy are ileofemoral and more 
likely to embolize than in the nonpregnant indi-
vidual. There is a 70 to 90% incidence of left leg 
DVT, thought to be due to stasis in the left iliac 
vein caused by increased compression where it 
is crossed by the right iliac artery as the gravid 
uterus enlarges.

Diagnosis and treatment of both DVT and 
PE are more complicated in pregnancy (Table 5). 
The diagnosis of VTE requires a high index of 
suspicion because dyspnea, tachycardia, and 
mild lower-extremity edema are often noted in 
normal pregnancy. Pregnant women occasionally 

Table 5. Challenging Problems in Management of Pregnant Patients vs Nonpregnant Patients With VTE

Nonpregnant Pregnant

1. Hypercoagulable states less common 1. Underlie 50% of cases of VTE in pregnancy
2. Negative d-dimer result helpful 2. Helpful if compression ultrasonography fi ndings are 

normal
3. Compression ultrasonography of legs helpful 3. Less accurate for isolated calf and iliac vein thrombosis
4. CT angiography safe 4. CT angiography safe for fetus, increases future risk 

maternal breast cancer
5. Thrombolytic therapy an option 5. Riskier and contraindicated at term
6. Inferior vena cava fi lter below renal veins 6. Inferior vena cava fi lter placed suprarenally
7. Partial thromboplastin time monitoring 7. Antifactor Xa (heparin level) may be preferable
8. Warfarin long term 8. Crosses placenta and contraindicated
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present with lower abdominal pain, fever, and an 
elevated WBC count mimicking acute appendici-
tis. It is important to remember that patients may 
be without symptoms and have a normal physical 
examination, so a high clinical suspicion must be 
maintained.

If DVT or PE is suspected, treatment with 
low-molecular-weight heparin (LMWH) should 
be begun while diagnostic testing is pursued.9 
Compression ultrasonography is the diagnostic 
test of choice, although it is less accurate for iso-
lated calf and iliac vein thrombosis. A positive 
study is considered suffi cient to justify treatment, 
and anticoagulation is begun. In patients suspected 
of having DVT who have negative compression 
ultrasonography results, a negative d-dimer test 
result with a highly specifi c assay in the fi rst and 
second trimester makes DVT unlikely. Because the 
d-dimer increases as pregnancy progresses, a pos-
itive d-dimer test requires further imaging with 
magnetic resonance direct thrombus imaging, 
which has a high sensitivity for iliac vein throm-
bosis  and is not harmful to the fetus, or repeat 
compression ultrasonography in 5 to 7 days.

In a pregnant woman with suspected PE, 
with negative-compression ultrasonography of 
the legs, a normal perfusion lung scan rules out 
PE and avoids the extra radiation exposure from 
the ventilation scan. If the lung scan fi nding is 
abnormal, a ventilation scan is performed and 
anticoagulation is begun for a high-probability 
study. In patients with asthma or an abnormal 
chest radiograph, CT pulmonary angiography 
is performed rather than a ventilation-perfusion 
lung scan, with the advantage of providing addi-
tional imaging of the chest. Radiation exposure to 
the fetus from either test is low and within the 
amount considered safe in pregnancy. Ventilation-
perfusion lung scanning, compared with CT 
angiography, slightly increases the risk of child-
hood cancer in the offspring but has a lower risk 
of maternal breast cancer. Echocardiography 
may be useful to document right-sided clot 
or right-heart strain. It is important to make a 
defi nitive diagnosis, and the clinical presenta-
tion alone cannot be relied on to diagnose or 
exclude VTE.

Once a diagnosis of either DVT or PE is made, 
anticoagulation with heparin is begun. This is 
the treatment of choice because heparin does not 
cross the placenta. Adjusted-dose  subcutaneous 

LMWH or IV adjusted-dose unfractionated hepa-
rin is recommended for treatment of acute VTE.10 
Subcutaneous heparin should be continued 
throughout the duration of pregnancy, with anti-
coagulation continued for at least 6 weeks post-
partum. Current guidelines favor LMWH because 
of the decreased risk of bleeding and heparin-
related thrombocytopenia and osteoporosis with 
these agents.10 The half-life of LMWH is shorter in 
pregnancy so twice-daily dosing may be prefer-
able, especially during the initial treatment phase. 
As the pregnancy progresses, the potential vol-
ume of distribution for LMWH changes, so the 
dose may be adjusted based on increased weight 
or periodic antifactor Xa LMWH levels performed 
4 to 6 h after injection with dose adjustments to 
achieve an antifactor Xa level of 0.6 to 1.0 U/mL. 
The current guidelines suggest that the decision 
to make dose adjustments and monitor heparin 
levels should be based on the clinician’s judgment 
and experience. For patients with heparin-induced 
thrombocytopenia, danaparoid (a low-molecular-
weight heparinoid) or fondaparinux (a synthetic 
pentasaccharide and direct inhibitor of factor Xa) 
may be given.9,10 Warfarin crosses the placenta and 
is absolutely contraindicated (category X) because 
of the high incidence of embryopathy in the fi rst 
trimester, small incidence of fetal central nervous 
system abnormalities throughout pregnancy, and 
possible fetal hemorrhage.

Life-threatening VTE should prompt consid-
eration of thrombolytic therapy. Thrombolysis 
can be performed safely in pregnancy, although 
there is the potential risk of maternal or fetal hem-
orrhage and fetal loss. Recombinant tissue plas-
minogen activator does not cross the placenta and 
is the preferred thrombolytic agent.

Amniotic Fluid Embolism

Amniotic fl uid embolism is a rare occurrence 
but is estimated to account for 10% of maternal 
deaths.11,12 Previously the mortality rate has been 
reported to be 80 to 90%,  but more recent series 
suggest it is much lower (25%). Most survivors 
develop permanent neurologic defi cits from cere-
bral hypoxia.

Risk factors may include advanced maternal 
age, multiparity, turbulent labor, and trauma. 
Although most cases occur during labor and 
delivery or immediately postpartum, amniotic 
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fl uid embolism occurs up to 48 h after delivery 
and during fi rst- and second-trimester abortions.

The classic presentation is the abrupt onset 
of severe dyspnea, tachypnea, and hypoxemia 
in association with cardiovascular collapse and 
altered mental status. Disseminated intravascu-
lar coagulation (DIC) is common. Entry of amni-
otic fl uid and fetal products into the maternal 
circulation may result in an infl ammatory cas-
cade or “anaphylactoid syndrome of pregnancy.” 
Vasoconstriction of the pulmonary vasculature 
is thought to cause hypoxia and right-heart fail-
ure followed by left-heart failure with shock and 
pulmonary edema. The third phase involves 
neurologic impairment with seizures and coma. 
Cytologic examination of pulmonary artery cath-
eter blood may show fetal squamous cells and 
lanugo hairs but is not suffi cient to make the diag-
nosis because small numbers of fetal squamous 
cells have been observed in patients without clini-
cal evidence of amniotic fl uid embolism.

Treatment is supportive and aimed at ensuring 
adequate oxygenation, stabilizing the circulation, 
and controlling bleeding. After administration 
of 100% oxygen, intubation, mechanical ventila-
tion, and positive end-expiratory pressure (PEEP) 
often are required. Fluid resuscitation and vaso-
pressors may reverse hypotension. Once DIC is 
established, factor replacement and fresh-frozen 
plasma are given based on laboratory fi ndings 
and bleeding. IV corticosteroid therapy, plasma 
exchange transfusion, continuous hemofi ltration, 
and inhaled nitric oxide are some of the treatments 
described to be of benefi t in small case reports. 

Venous Air Embolism

Venous air embolism may occur during nor-
mal labor or delivery, abortions, orogenital sex, 
central venous access, and surgical procedures, 
especially cesarean delivery.13 Symptoms include 
chest pain, dyspnea, dizziness, tachypnea, tachy-
cardia, and diaphoresis. Sudden hypotension is 
usually followed by respiratory arrest. A “mill-
wheel murmur” or bubbling sound is occasion-
ally heard over the precordium. Right-heart strain, 
ischemia, and arrhythmias have been noted on the 
ECG. ARDS may develop in patients who survive 
the initial cardiopulmonary collapse. 

When venous air embolism is suspected, the 
patient should be placed immediately in the left 

lateral decubitus position and Trendelenburg to 
direct the air embolus away from the right ven-
tricular outfl ow tract. The patient should be given 
100% oxygen in an effort to decrease the size of 
the embolus by removing nitrogen. Hyperbaric 
therapy may benefi t patients with paradoxic cere-
bral embolism.

Tocolytic Therapy

Pulmonary edema associated with β-adrenergic 
agents that are administered to inhibit preterm 
labor is seen in up to 9% of women receiving these 
drugs.3,13 Most of the reported cases have resulted 
from use of IV β-mimetics such as ritodrine, ter-
butaline, isoxuprine, and salbutamol. There is 
an increased incidence in women with multiple 
gestations, concurrent infection, and those receiv-
ing corticosteroid therapy. Most women have 
intact membranes at the time of presentation. 
Pulmonary edema typically develops during 
tocolytic therapy or within 24 h after the discon-
tinuation of these drugs. When pulmonary edema 
develops postpartum, the vast majority of cases 
are encountered within 12 h of delivery.

Most patients complain of chest discomfort 
and dyspnea, they manifest tachypnea and tachy-
cardia with crackles on lung auscultation, and 
have pulmonary edema on chest radiography. A 
positive fl uid balance is often noted in the hours to 
days preceding the onset of symptoms. The history 
and clinical fi ndings should help in distinguishing 
this disorder from acute thromboembolic disease, 
acid aspiration, and amniotic fl uid embolism.

The course of this disease is usually benign, 
and invasive hemodynamic monitoring is usually 
not required. Treatment consists of discontinua-
tion of tocolytic therapy, oxygen administration, 
and diuresis. Response is usually rapid, with res-
olution of tachypnea and hypoxemia often occur-
ring within hours.

Aspiration

Aspiration is an uncommon but well-described 
and ominous complication of the peripartum 
period.13 Factors that increase the risk of aspira-
tion in the pregnant woman include the increased 
intragastric pressure that results from external 
compression by the enlarged uterus, relaxation of 
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the lower esophageal sphincter resulting from use 
of progesterone, delayed gastric emptying during 
labor, and depressed mental status and vocal cord 
closure from analgesia. Injury due to aspiration of 
gastric contents is related to the volume of aspi-
rated material, its acidity, the presence of particu-
late material, the bacterial burden of the aspirated 
material, and host resistance to subsequent infec-
tion. The early injury is a chemical pneumonitis 
followed by the development of ARDS. A late 
complication of aspiration is the evolution to bac-
terial pneumonia.

Prevention of this dread complication should 
be the primary goal of all physicians assessing 
and managing the patient’s airway. Once aspira-
tion has occurred, treatment is supportive and is 
similar to that for the nonpregnant individual. 
Antibiotics should be given only if bacterial pneu-
monia develops.

Pneumonia

Pneumonia during pregnancy most often oc -
curs from community-acquired bacterial organ-
isms, with asthma and anemia increasing the 
risk.14,15 An increased incidence of infl uenza 
pneumonia was noted among pregnant patients 
during the 1918 and 1957 infl uenza pandemics, 
with death from fulminant infl uenza pneumo-
nia, rather than secondary bacterial infection, as 
is usually the case in the nonpregnant popula-
tion. Pregnant women may have more frequent 
infl uenza-related morbidity. Primary infection 
with varicella-zoster virus progresses to pneu-
monia more often in adults than in children. 
Coccidioidomycosis is the fungal infection asso-
ciated with increased risk of dissemination dur-
ing pregnancy, especially if it is contracted in the 
third trimester. With appropriate chemotherapy, 
the prognosis for pregnant women with tubercu-
losis is excellent. Obstetric complications of pneu-
monia include preterm labor, preterm delivery, 
and fetal mortality. Respiratory failure requiring 
mechanical ventilation and maternal mortality 
also occur.

In the pregnant woman, HIV infection is 
complicated by the risk of perinatal transmis-
sion to the fetus, preterm delivery, and oppor-
tunistic infection, especially pneumonia. Testing 

for HIV infection and antiretroviral therapy to 
prevent vertical transmission are standard of 
care in the pregnant patient. Pneumocystis 
pneumonia (PCP) may complicate pregnancy 
and be especially virulent. It is the most com-
mon cause of AIDS-related death in pregnant 
women in the United States, with respiratory 
failure requiring mechanical ventilation occur-
ring in 59% of patients and a mortality rate of 
50%. Fetal mortality is also high and may be 
worse if PCP occurs during the fi rst or second 
trimester. The clinical presentation is not altered 
by pregnancy.

The choice of antibacterial agents should take 
into account potential fetal toxicity. Penicillins, 
cephalosporins, and azithromycin are safe. 
Tetracycline and chloramphenicol are contrain-
dicated, and sulfa-containing regimens should 
be avoided near term except for the treatment of 
PCP. Drugs used to treat infl uenza (oseltamivir, 
zanamivir, amantadine, and rimantadine) are 
category C. Recommendations have been made 
to use them in patients who contract infl uenza 
in the third trimester and in patients with car-
diopulmonary disease. Favorable results have 
been obtained using acyclovir to treat preg-
nant women with varicella pneumonia, espe-
cially when used early. No teratogenic effects 
have been noted in animal studies of acyclovir. 
Amphotericin B should be used to treat dis-
seminated coccidioidal infections in pregnancy. 
Some azole antifungal agents are category D and 
are known teratogens in animals. They should 
not be used in pregnancy. No adverse effects 
on the fetus have been reported for ampho-
tericin. Active tuberculosis during pregnancy 
is treated with isoniazid, rifampin, and etham-
butol plus pyridoxine until drug susceptibility 
testing is complete. These medications cross the 
placenta, but are not teratogenic. Streptomycin 
is the only antituberculosis drug with docu-
mented harmful effects on the human fetus, and 
should not be used in pregnancy. PCP is treated 
with trimethoprim-sulfamethoxazole, which 
results in an improved outcome compared with 
other therapies. Its use near term can increase 
the risk of fetal kernicterus. Corticosteroids 
are added if clinically indicated, as for the 
non pre gnant patient.
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ARDS

Many of the respiratory disorders previously 
discussed can cause acute lung injury and ARDS 
during pregnancy (Table 6). In addition, preg-
nancy-specifi c causes such as placental abruption, 
chorioamnionitis, endometritis, septic abortion, 
and eclampsia as well as the more typical causes 
of ARDS such as sepsis, transfusion, and trauma 
may occur.13 Acute lung injury is more likely to 
result in pulmonary edema given the increased 
plasma volume and decreased plasma oncotic 
pressure noted in pregnancy. Fetal distress and 
premature labor are common. The management 
of ARDS is directed at treatment of the underly-
ing cause, supportive care, and close monitoring 
of the fetus. Intubation and mechanical ventila-
tion are usually necessary. 

Mechanical Ventilation

The indications for intubation and mechani-
cal ventilation are not signifi cantly changed by 
pregnancy, although it is important that intuba-
tion occur in an early and elective fashion.13,16 
Several diffi culties in airway management should 
be anticipated (Table 7). Pharyngeal, laryngeal, 
and vocal cord edema are common, and the 
highly vascular upper airway may bleed from 
even minor intubation-related trauma. Relatively 
small endotracheal tubes (6 to 7 mm in diameter) 

may be necessary, and nasotracheal intubation is 
best avoided. There is an increased risk of aspira-
tion during pregnancy because of delayed gastric 
emptying, increased intra-abdominal pressure 
from compression by the gravid uterus, and 
diminished competence of the gastroesophageal 
sphincter. Use of cricoid pressure to minimize the 
risk of pulmonary aspiration is recommended. 
Control of the airway should be achieved by a 
skilled individual. Noninvasive mask ventilation 
for acute respiratory failure has not been studied 
in pregnancy. In the awake patient needing tempo-
rary ventilatory assistance, noninvasive positive 
pressure ventilation is a reasonable fi rst step but 
the patient must be monitored closely. Theoretical 
limitations include pregnancy-related upper air-
way edema and increased risk of aspiration.

Initial ventilator settings should aim for 
eucapnia (Pco2 of 27 to 34 mm Hg). Respiratory 
alkalosis should be avoided because animal mod-
els suggest that hyperventilation can reduce fetal 
oxygenation by decreasing uteroplacental blood 
fl ow. In the asthmatic patient, the use of a lower 
tidal volume (Vt) and respiratory rate minimizes 
the adverse effects of intrinsic PEEP.

The patient with ARDS should be ventilated 
with a small Vt (4 to 6 mL/kg) and a high respira-
tory rate (24 to 30 breaths/min) to avoid ventila-
tor-induced lung injury. The safety of permissive 
hypercapnia in pregnancy has not been studied 
but in the few case reports of lung-protective 
ventilation in pregnancy, no adverse effects were 
noted when Pco2 was maintained at � 50 mm Hg. 
Ventilatory changes associated with fetal distress 
by fetal heart rate monitoring should be avoided. 
During the third trimester of pregnancy, chest 
wall stiffness from the gravid uterus may cause 
high airway pressures unrelated to lung stiffness 
or overdistention. In summary, continuous fetal 
heart rate monitoring, a low Vt ventilation strat-
egy, avoiding rapid rises in Paco2, and allowing 
plateau airway pressures to be slightly higher 
than normal are recommended in these patients.

When ARDS is present requiring high levels 
of oxygen, suffi cient PEEP should be used to cor-
rect arterial hypoxemia at a nontoxic fraction of 
inspired oxygen (� 0.6). In the pregnant patient, 
the aim is to keep the Pao2 � 70 mm Hg or oxygen 
saturation � 95%, values higher than that used 

Table 6. Causes of ARDS in Pregnancy

Sepsis (chorioamnionitis, endometritis, septic abortion)
Pneumonia
Aspiration
Trauma
Preeclampsia
Obstetric hemorrhage
Amniotic fl uid embolism
Venous air embolism
Obstetric hemorrhage and transfusions

Table 7. Problems With Airway Management

Upper airway edema
Diminished airway caliber
Propensity for bleeding
Increased risk of aspiration
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in the nonpregnant patient, to prevent fetal dis-
tress. To minimize the decrease in venous return 
that occurs with positive pressure ventilation, it is 
important that the pregnant patient be managed 
in a lateral position whenever possible.

In patients with ARDS requiring high levels of 
PEEP, and in patients with hemodynamic instabil-
ity, muscle relaxation and sedation may decrease 
oxygen consumption. Nondepolarizing neuro-
muscular blocking agents, including cisatracu-
rium, pancuronium, vecuronium, and atracurium, 
produce no adverse fetal effects with short-term 
use. Of these, cisatracurium is preferred because 
it does not depend on renal or hepatic function for 
elimination. Benzodiazepines may increase the 
risk of cleft palate when used early in pregnancy. 
Narcotic analgesics such as morphine sulfate and 
fentanyl may be used safely during pregnancy. 
These agents all cross the placenta; therefore, if 
administered near the time of delivery, immediate 
intubation of the neonate may be required.

Circulatory Disorders of Pregnancy

In pregnancy, circulatory impairment may be 
life-threatening because mother and fetus depend 
on cardiac output for oxygen delivery. Common 
causes of hypoperfusion include hemorrhage, car-
diac dysfunction, trauma, and sepsis. Preeclampsia 
is a vascular disorder unique to pregnancy that is 
associated with maternal hypertension.

The initial approach to the critically ill hypo-
perfused gravida is to distinguish between low-
fl ow states, caused by inadequate circulating 
volume, cardiac dysfunction, or trauma, and 
high-fl ow states such as septic shock, while keep-
ing in mind the physiologic alterations of preg-
nancy. Most often the state of perfusion can be 
determined by bedside assessment. Left and right 
ventricular hemodynamics assessed by echo-
cardiography correlated with pulmonary artery 
catheter pressures in a heterogenous group of crit-
ically ill obstetric patients, suggest echocardiogra-
phy may be an alternative to invasive monitoring. 
Right-heart catheterization has not been shown to 
improve mortality in nonobstetric critical illness. 
When this procedure is necessary, a subclavian 
or internal jugular approach is recommended. 
Femoral vein catheterization is relatively contra-
indicated because of obstruction of the vena cava 

by the uterus and the possible need for emergent 
delivery. In the healthy pregnant woman, right 
ventricular, pulmonary artery, and PCWPs are 
unchanged from prepartum values. Cardiac out-
put is increased, and SVR and pulmonary vascu-
lar resistance are decreased during pregnancy.

Should cardiac arrest occur, certain modifi ca-
tions to resuscitation algorithms are required.17,18 
The best hope of fetal survival is maternal sur-
vival. To prevent the gravid uterus from limit-
ing the effectiveness of chest compressions, the 
patient should be placed 15 to 30° from the left 
lateral position by use of a wedge under the right 
hip or by pulling the gravid uterus manually to 
the side. Chest compressions should be performed 
higher on the sternum to adjust for the elevation 
of the diaphragm and abdominal contents caused 
by the gravid uterus. Fetal or uterine monitors 
should be removed prior to delivering shocks. 
The femoral vein should not be used for venous 
access because drugs administered through these 
sites may not reach the maternal heart. An emer-
gency hysterotomy may save the life of both the 
mother and the fetus if gestational age is � 24 
weeks. Should resuscitation be unsuccessful, the 
best survival rate for infants occurs when deliv-
ery is no more than 5 min after the mother’s heart 
stops beating.

Hemorrhagic Shock

The common causes of hemorrhagic shock in 
pregnancy are listed in Table 8. Hemorrhage in 
pregnancy can be massive and swift,  necessitating 
immediate intervention. It is the second most 
common cause of maternal death and a common 
reason for admission to the ICU. Antepartum 
hemorrhage is most often caused by premature 
separation of the normal placental attachment site 
(placental abruption), disruption of an abnormal 
placental attachment (placenta previa), and spon-
taneous uterine rupture.3,5

Placental abruption occurs in patients with 
hypertension, high parity, cigarette or cocaine use, 
and previous abruption. The severity of maternal 
blood loss is correlated with the extent and dura-
tion of abruption and fetal demise. Blood loss 
averages 2 to 3 L when abruption results in fetal 
death, and much of this may remain concealed 
within the uterus. Maternal complications include 
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acute renal failure and DIC. Patients may ini-
tially present with painful vaginal bleeding and 
be misdiagnosed as having premature labor. The 
diagnosis is made using clinical information and 
ultrasound.

Placenta previa infrequently causes massive 
hemorrhage because ultrasound examination 
during pregnancy leads to identifi cation prior 
to delivery. Nonetheless, if vaginal examination 
results in disruption of the placenta over the cervi-
cal os, or if trophoblastic tissue invades the myo-
metrium (placenta previa et accreta), the patient is 
at risk for massive hemorrhage at delivery. Fetal 
mortality is low.

Uterine rupture typically occurs spontane-
ously in the multipara with protracted labor. 
Other risk factors include prior cesarean section, 
operative (assisted) vaginal delivery, and use of 
uterotonic agents. In overt rupture, peritoneal 
signs may be observed. Substantial blood loss 
can occur in the absence of signifi cant physical 
fi ndings.

Common causes of postpartum hemorrhage 
include uterine atony, surgical obstetric trauma, 
uterine inversion, retained placental tissue, and 
coagulopathies due to DIC. Uterine atony occurs 
after prolonged labor, overdistention of the uterus 
from multiple gestation or hydramnios, abruptio 
placentae, oxytocin administration, or cesarean 
section, or as a result of retained intrauterine con-
tents or chorioamnionitis. Hemorrhage from sur-
gical obstetric trauma may be due to cervical or 
vaginal lacerations or uterine incision for cesar-
ean section.

Trauma is a leading cause of nonobstetric 
maternal mortality. Hypoperfusion and shock 
may occur as a result of injury from motor vehicle 

accidents, falls, and assaults. The gravid woman 
is at greater risk of hemorrhage after trauma, 
as blood fl ow to the entire pelvis is increased. 
Some injuries are unique to pregnancy, including 
amniotic membrane rupture, placental abrup-
tion, uterine rupture, premature labor, and fetal 
trauma. Rapid deceleration injury can cause pla-
cental abruption as a result of deformation of the 
elastic uterus around the less elastic placenta. 
In most cases, vaginal bleeding will be present 
when abruption has occurred. The cephalad dis-
placement of abdominal contents in pregnancy 
increases the risk of visceral injury from pene-
trating trauma of the upper abdomen, including 
splenic rupture. The urinary bladder is a target 
for injury because it is displaced into the abdomi-
nal cavity beyond 12 weeks of gestation.

Patients at increased risk of bleeding should 
be identifi ed early so that IV access and blood 
typing can be done.19 The physiologic changes of 
pregnancy make evaluation and treatment of the 
gravid patient more diffi cult. Borderline tachy-
cardia and supine hypotension may be caused 
by pregnancy itself, and thus vital signs may not 
indicate signifi cant blood loss. When hypovole-
mia is clinically evident in gravid patients, it signi-
fi es enormous blood loss because of the expanded 
blood volume associated with pregnancy. The 
initial management of the patient is similar to 
that of the nonpregnant patient, and two or three 
large-bore (� 16-gauge) venous catheters should 
be inserted. Immediate volume replacement with 
crystalloid is instituted until blood is available, 
along with supplemental oxygen. The patient 
should be placed in the left lateral decubitus posi-
tion. Fetal monitoring is important because fetal 
distress in the setting of obstetric hemorrhage 
indicates hemodynamic compromise.

If shock is not immediately reversed by volume 
resuscitation or is accompanied by respiratory 
dysfunction, elective intubation and mechani-
cal ventilation are indicated. Blood replacement 
with packed red blood cells should begin imme-
diately. Massive obstetric hemorrhage is a set-
ting in which initial resuscitation may require 
the use of unmatched type-specifi c blood until 
more complete cross-matching can be accom-
plished. Because critical illness in pregnancy is 
frequently associated with DIC, massive bleeding 
should prompt an evaluation for a coagulopathy. 

Table 8. Etiology of Hemorrhagic Shock in Pregnancy

Early Late (Third Trimester) Postpartum

Trauma Trauma Uterine atony
Ectopic or 

abdominal 
pregnancy

Placenta previa or 
abruption

Surgical trauma

Abortion Uterine rupture Uterine inversion
DIC DIC DIC
Hydatidiform 

mole
Marginal sinus 

rupture
Retained placenta
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Measurement of factor VIII levels is inexpensive 
and can be accomplished more quickly than a 
full DIC screen. Massive blood loss can result in 
a dilutional coagulopathy with secondary throm-
bocytopenia, which needs to be corrected.

Uterine atony is treated with uterine massage, 
draining the bladder, and IV oxytocin. Oxytocin 
can cause hyponatremia by virtue of its antidi-
uretic effect. Alternatively, prostaglandin analogs 
such as carboprost tromethamine can be used to 
improve uterine contraction and decrease bleed-
ing. Side effects include hypertension, broncho-
constriction, and intrapulmonary shunt with 
arterial oxygen desaturation. Ergot preparations 
such as methylergonovine have been associated 
with cerebral hemorrhage and are contraindi-
cated if the patient is hypertensive. Recombinant 
factor VIIa has been used successfully in the man-
agement of severe obstetric hemorrhage and is 
thought to be most effective when used early.20 
Thrombotic complications are a rarely reported 
side effect of this medication. Ultrasonography is 
used to diagnose retained intrauterine products 
of conception that require curettage. Balloon tam-
ponade, compression sutures, and uterine artery 
embolization may control hemorrhage in many 
cases. Surgical exploration to repair lacerations, 
ligate the uterine artery, or remove the uterus may 
be necessary when these measures fail.

Cardiogenic Shock

Shock from cardiac dysfunction is most often 
caused by congestive heart failure due to preex-
isting myocardial or valvular heart disease or to 
a cardiomyopathy arising de novo. Heart disease 
during pregnancy is uncommon but increases 
the likelihood of maternal and fetal morbidity 
and mortality. Prior subclinical heart disease may 
manifest itself for the fi rst time during pregnancy 
owing to the physiologic changes of pregnancy 
previously described.

Patients with Eisenmenger syndrome, cya-
notic congenital heart disease, or pulmonary 
hypertension have a mortality rate of up to 40% 
during pregnancy. Predictors of maternal cardiac 
complications include prior cardiac events, New 
York Heart Association class III or IV or cyano-
sis, aortic or mitral stenosis, and left ventricular 
systolic dysfunction. Neonatal complications are 

associated with poor functional class or cyano-
sis, left-heart obstruction, anticoagulation, smok-
ing, and multiple gestations. In 1 of every 1,300 
to 4,000 deliveries, peripartum cardiomyopathy 
presents in the last month of pregnancy or the fi rst 
6 months after parturition.21 Risk factors include 
race, older age, twin gestations, multiparity, ane-
mia, preeclampsia, and postpartum hypertension. 
Bacterial endocarditis has been reported, particu-
larly in patients with a history of IV drug use. 
Myocardial infarction is uncommon but should be 
considered in the hypoperfused patient with chest 
pain. There is an increased incidence of aortic dis-
section during pregnancy, perhaps related to the 
increased shear stress on the aorta associated with 
pregnancy. Aortic dissection presents most com-
monly during the third trimester, often as a tear-
ing interscapular pain. Pulse asymmetry or aortic 
insuffi ciency may be noted on examination.

It is essential to identify the exact cause of 
the underlying cardiac dysfunction and hypo-
perfusion. The chest radiograph may suggest the 
diagnosis; mediastinal widening is often noted in 
patients with aortic dissection. Echocardiography 
can help determine the volume status and detect 
valvular abnormalities, myocardial dysfunction, 
or ischemia. Transesophageal echocardiography 
and MRI are the most sensitive and specifi c tests 
for detecting aortic dissection, although CT scan 
of the chest is often done fi rst given its ready avail-
ability. Once the cause of cardiac dysfunction is 
determined, the initial management should focus 
on volume status, and hypovolemia should be 
excluded. Vasoactive drugs are reserved for situ-
ations in which hypovolemia has been corrected 
and maternal perfusion remains inadequate. If 
cardiogenic shock persists despite an adequate 
preload, dobutamine is the drug of choice. When 
cardiogenic shock is complicated by pulmonary 
edema, parenteral furosemide should be given.

When cardiogenic shock persists despite ino-
tropic drug support, afterload reduction with 
nicardipine should be considered. IV sodium 
nitroprusside or nitroglycerin is a second-line 
agent, and the dose and duration of therapy should 
be minimized. Oral agents, such as hydralazine 
or labetalol, should be substituted as soon as pos-
sible to avoid nitroprusside toxicity. Angiotensin-
converting enzyme inhibitors are absolutely 
contraindicated during pregnancy because they 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 191

cause fetal growth retardation, oligohydramnios, 
congenital malformations, and anuric renal fail-
ure in human neonates exposed in utero, as well 
as neonatal death.

Labor and delivery is an especially danger-
ous time for women with cardiac disease. The 
optimal method of delivery is an assisted vagi-
nal delivery in the left lateral decubitus position. 
Epidural anesthesia will ameliorate tachycardia in 
response to pain, and its vasodilatory actions may 
be of benefi t in patients with congestive heart fail-
ure. Because decreased SVR may lead to further 
decompensation in patients with aortic stenosis, 
hypertrophic cardiomyopathy, or pulmonary 
hyper  tension, general anesthesia may be pre-
ferred in these patients. Cesarean section should 
be reserved for patients with obstetric complica-
tions or fetal distress, although with improved 
surgical techniques and close hemodynamic 
monitoring, cesarean sections are safer than in the 
past. Invasive monitoring or echocardiography 
may be required to follow shifts in volume sta-
tus that occur from the tremendous “autotrans-
fusions” produced by each uterine contraction 
during labor and the blood loss that occurs with 
delivery.

Septic Shock

The diagnosis of sepsis in the febrile gravid 
patient can be obscured by the normal hemody-
namic changes of pregnancy (ie, increased car-
diac output, decreased SVR). An awareness of the 
usual settings and patients at risk will increase the 
chance of recognizing this life-threatening state.22,23 
Animal data suggest that pregnancy may cause 
increased vulnerability to the systemic effects of 
bacteremia and endotoxemia. In addition, preg-
nant patients have an increased susceptibility to 
infection with Listeria monocytogenes and dissemi-
nated herpesvirus and coccidioidomycosis infec-
tions, perhaps owing to a decreased cell-mediated 
immune response during pregnancy.

The common causes of sepsis in pregnancy 
include septic abortions, antepartum pyelone-
phritis, chorioamnionitis, and postpartum infec-
tions (Table 9). Chorioamnionitis or intra-amniotic 
infection occurs most commonly after prolonged 
rupture of membranes or prolonged labor or 
after invasive procedures such as  amniocentesis 

or  cervical cerclage, but occasionally refl ects 
hematogenous spread from maternal bacteremia. 
Patients present with fever, maternal and fetal 
tachycardia, uterine tenderness, and foul- smelling 
amniotic fl uid.

Sepsis in obstetric patients occurs postpartum 
following cesarean section, prolonged rupture 
of membranes, or prior instrumentation of the 
genitourinary tract. Infection at the placental site 
results in endometritis. Patients with endometri-
tis may present with fever, abdominal pain and 
tenderness, and purulent lochia. Episiotomy sites 
and cesarean section incisions are less common 
sources of postpartum infection. Life-threatening 
wound infection with group A streptococci results 
in necrotizing fasciitis, and Clostridium spp may 
cause gas gangrene of the uterus. A wide range 
of Gram-positive, Gram-negative, and anaerobic 
organisms must be considered. Rarely, toxic strep-
tococcal syndrome may occur as a result of infec-
tion with pyrogenic exotoxin A-producing group 
A streptococci in patients with necrotizing fasciitis 
or may unexpectedly follow an uncomplicated 
pregnancy and delivery. Toxic shock syndrome 
may also result from infection with Clostridium 
sordellii, with recent reports of this occurring after 
medical abortion with oral agents.

The hemodynamic profi le in septic shock is 
similar to that of the nonpregnant septic patient. 
Although evidence of myocardial depression is 

Table 9. Bacterial Infections Associated With Sepsis in 
 Pregnancy and Postpartum*

Obstetric
Postpartum endometritis
Chorioamnionitis (intra-amniotic infection)
Septic abortion
Septic pelvic thrombophlebitis
Antepartum pyelonephritis

Nonobstetric
Appendicitis
Cholecystitis
Pyelonephritis
Pneumonia

Invasive procedures
Abdominal wall or perineal incisions (necrotizing 
 fasciitis)
Amniocentesis/chorionic villus sampling (septic 
 abortion)
Infected cerclage (chorioamnionitis)

*Reprinted with permission from Fein AM, Duvivier R. 
Sepsis in pregnancy. Clin Chest Med 1992; 13:709
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often present, the predominant abnormality is 
high-output hypotension with a decreased SVR. 
Complications of sepsis in pregnancy include 
ARDS and DIC.

The septic gravid patient requires thorough 
culturing and evaluation of pelvic sites. Empiric 
antibiotic therapy to cover polymicrobial infec-
tion involving Gram-positive, Gram-negative, 
and anaerobic organisms is administered until 
specifi c cultures are available. Reasonable regi-
mens include clindamycin and a third-generation 
cephalosporin; in certain patients, it is necessary 
to expand the initial regimen to a semisynthetic 
penicillin, an aminoglycoside, or another broad-
spectrum agent. It is best to avoid aminoglyco-
sides in patients with sepsis antepartum because 
these agents can be ototoxic and nephrotoxic to 
the fetus. Chorioamnionitis associated with sepsis 
requires delivery of the fetus. Postpartum deterio-
ration in septic patients receiving antibiotics sug-
gests a localized abscess, a resistant organism, or 
septic pelvic thrombophlebitis. Surgical drainage 
of appropriate pelvic and abdominal sources, with 
possible hysterectomy, may be required, particu-
larly in patients with myometrial microabscesses 
or gas gangrene from clostridial species.

Early goal-directed therapy improves sur-
vival in the non-pregnant population. Goals 
include fl uid to achieve a central venous pressure 
� 8 to 12 mm Hg, the use of vasoactive agents to 
achieve a mean arterial pressure � 65 to 90 mm 
Hg, and packed RBCs and inotropes to increase 
central venous oxygen saturation of � 70%.24 
Recommended vasoactive drugs are ephedrine 
and dopamine, with dobutamine the inotrope of 
choice.25 When necessary, norepinephrine may be 
used, but epinephrine should be avoided. Close 
fetal monitoring is required as dopamine and nor-
epinephrine can decrease uterine blood fl ow. The 
role of vasopressin in the pregnant patient with 
septic shock remains undefi ned, but institution of 
an infusion at 10 to 40 milliunits per hour is rea-
sonable in refractory shock. Mechanical ventila-
tory support should be instituted if needed.

As in the nonpregnant septic patient, cor-
ticosteroids are given if adrenal insuffi ciency 
is documented. The corticotropin stimulation 
test may be diffi cult to interpret in the pregnant 
woman because baseline cortisol may be elevated 
in  pregnancy and stimulation tests have not been 

 studied in this population. Recombinant protein C 
has not been systematically evaluated in pregnant 
patients, and it is impossible to make informed 
commentary on its risk/benefi t profi le in this set-
ting. The essentials of treatment are early appro-
priate antibiotics, identifi cation and control of the 
source of infection with surgical treatment if nec-
essary, and meticulous supportive care.

Preeclampsia

Preeclampsia is a disorder unique to preg-
nancy that accounts for a substantial proportion 
of obstetric ICU admissions.3,5 It complicates 5 
to 10% of all pregnancies, causing 10 to 15% of 
maternal deaths.2 It occurs most often in nullipa-
rous women after the 20th week of gestation, typi-
cally near term, and may even occur postpartum. 
Although the exact pathogenesis is not known, 
it may begin with placental hypoperfusion from 
abnormally formed uteroplacental spiral arter-
ies.26 Excess production of placenta-derived vas-
cular endothelial growth factor receptor, known 
as soluble fms-like tyrosine kinase 1, neutralizes 
the proangiogenic actions of vascular endothelial 
growth factor and placental growth factor, leading 
to maternal endothelial dysfunction.27 Ultimately, 
an exaggerated infl ammatory response, endothe-
lial damage, vasoconstriction, and microthrombi 
affect multiple organ systems. Cardiac output 
and plasma volume are decreased, and SVR is 
increased. Right-heart catheterization reveals low 
normal right atrial pressure and PCWP. Cardiac 
output may be low, normal, or high.

Clinically, preeclampsia is characterized 
by hypertension, proteinuria, and generalized 
edema; however, these features may be mild and 
may not occur simultaneously, making the diag-
nosis of early disease diffi cult in many cases. An 
increased ratio of serum soluble fms-like tyrosine 
kinase 1 to placental growth factor is thought to 
show promise as a biomarker for preeclampsia. 
Risk factors for the development of preeclamp-
sia, besides the primigravid state, include preex-
isting and gestational hypertension, maternal or 
paternal family history of preeclampsia, preex-
isting renal disease, diabetes mellitus, multiple 
gestation, body mass index � 35, maternal age 
� 40 years, and antiphospholipid antibody syn  -
drome.28 Preeclampsia may progress without 
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warning to a convulsive and potentially lethal 
phase, termed eclampsia. An especially fulmi-
nant complication of preeclampsia is the HELLP 
(hemolysis, elevated liver enzymes, low platelets) 
syndrome. Maternal and fetal morbidity and mor-
tality are signifi cant if eclampsia or the HELLP 
syndrome develops or if preeclampsia develops 
prior to 34 weeks of gestation.

Maternal complications of severe preeclamp-
sia include seizures (eclampsia), cerebral hemor-
rhage or edema, renal dysfunction, pulmonary 
edema, placental abruption with DIC, the HELLP 
syndrome, and hepatic infarction, failure, subcap-
sular hemorrhage, or rupture. Although the risks 
of eclampsia are higher when these markers of 
disease severity are present, in one large clinical 
series 20% of eclamptic patients had a diastolic 
BP � 90 mm Hg or no proteinuria prior to expe-
riencing convulsions. Renal dysfunction may 
result from intravascular volume depletion, renal 
ischemia, and glomerular disease characterized 
by swollen glomerular endothelial cells known 
as glomeruloendotheliosis. Acute renal failure is 
rare and most often seen in patients with the 
HELLP syndrome. Pulmonary edema most com-
monly occurs after parturition. In a subgroup of 
patients who are obese and chronically hyperten-
sive with secondary left ventricular hypertrophy, 
antepartum pulmonary edema may develop. The 
increased intravascular volume of pregnancy and 
the hemodynamic derangements of preeclamp-
sia cause diastolic dysfunction with an elevated 
PCWP and pulmonary edema in these patients.

The HELLP syndrome is characterized by 
multiorgan dysfunction arising from dysfunction 
with secondary fi brin deposition and organ hypo-
perfusion.29 A microangiopathic hemolytic ane-
mia and consumptive coagulopathy develop. The 
liver involvement is characterized by periportal 
or focal parenchymal necrosis with elevated liver 
function tests. Intrahepatic hemorrhage or sub-
capsular hematoma occurs in 2% of patients and 
may progress to hepatic rupture.

The HELLP syndrome occurs in 4 to 20% of 
patients with preeclampsia. Patients are more often 
preterm than those with uncomplicated eclamp-
sia. In up to 30% of patients, the HELLP syndrome 
develops after parturition; it has been reported 
up to 7 days postpartum. Presenting symptoms 
are usually nonspecifi c, the most common being 

malaise, epigastric or right upper quadrant pain, 
nausea, vomiting, and edema. Patients less fre-
quently present with jaundice, GI bleeding, or 
hematuria. Complications include acute renal 
failure, ARDS, hemorrhage, hypoglycemia, hypo-
natremia, and nephrogenic diabetes insipidus. 
Maternal mortality ranges from 0 to 24%, with 
higher perinatal mortality (8 to 60%).

Laboratory values that suggest the HELLP 
syndrome include (1) hemolysis on peripheral 
smear, (2) bilirubin � 1.2 mg/dL or lactate dehy-
drogenase � 600 U/L, (3) increased liver enzyme 
levels, and (4) a platelet count of � 100,000/µL. 
Isolated thrombocytopenia that progresses may 
be one of the fi rst clues to the diagnosis.

The principles of management of preeclamp-
sia include early diagnosis, close medical obser-
vation, and timely delivery. Delivery is curative 
in most cases. The differential diagnosis of pre-
eclampsia includes thrombotic thrombocytope-
nic purpura (TTP), hemolytic uremic syndrome 
(HUS), acute fatty liver of pregnancy, and idio-
pathic postpartum renal failure. Once the diag-
nosis is made, further management is based on 
an evaluation of the mother and fetus. The pres-
ence of symptoms and proteinuria increases the 
risk of placental abruption and eclampsia. These 
patients and those with disease progression 
should be hospitalized and observed closely. In 
patients who have mild preeclampsia at term and 
have a favorable cervix, labor should be induced. 
Based on a number of clinical trials, there is no 
clear benefi t to antihypertensive drug treatment 
in women with mild gestational hypertension or 
preeclampsia.

Immediate delivery is appropriate when there 
are signs of impending eclampsia, multiorgan 
involvement, or fetal distress, and in patients who 
are � 34 weeks pregnant. Early in gestation, con-
servative management with close monitoring to 
improve neonatal survival and morbidity may 
be appropriate in selected cases at tertiary peri-
natal centers. The objective of antihypertensive 
therapy is to prevent cerebral complications such 
as encephalopathy and hemorrhage.30 A sustained 
diastolic BP � 110 mm Hg should be treated to 
keep the mean arterial pressure from 105 to 126 
mm Hg and the diastolic pressure from 90 to 105 
mm Hg. Although hydralazine has been the tradi-
tional treatment, IV labetalol is now favored in the 
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ICU. A loading dose of labetalol, 20 mg, is recom-
mended, followed by either repeated incremental 
doses of 20 to 80 mg at 20- to 30-min intervals or 
an infusion starting at 1 to 2 mg/min and titrated up 
until the target BP is achieved. Nicardipine may be 
an acceptable alternative. Because calcium-chan-
nel blockers may be potentiated by magnesium 
infusion, care should be taken to avoid hypoten-
sion when the two medications are used together. 
Acute nicardipine infusion can induce severe 
maternal tachycardia. Nitroprusside is relatively 
contraindicated, and angiotensin-converting en -
zyme inhibitors are absolutely contraindicated in 
pregnancy. Diuretics should be used with cau-
tion because they may aggravate the reduction 
in intravascular volume that is often seen in pre-
eclampsia. Antihypertensive therapy has no effect 
on the progression of preeclampsia and does not 
prevent complications such as HELLP.

Magnesium sulfate prophylaxis has been 
shown to be better than placebo, phenytoin, or 
nimodipine in the prevention of eclampsia.31 In a 
recent large study, magnesium sulfate was supe-
rior to both phenytoin and diazepam for the treat-
ment and prevention of recurrent convulsions 
in women with eclampsia.32 Magnesium sulfate 
should be administered to all women with either 
preeclampsia or eclampsia and for a minimum of 
24 h postpartum (Table 10). Aspirin has no role in 
the treatment of preeclampsia.

The preeclamptic patient with oliguria may 
benefi t from judicious volume loading. Patients 
with delayed postpartum resolution of the HELLP 
syndrome with persistent thrombocytopenia, 
hemolysis, or organ dysfunction may benefi t 
from plasmapheresis with fresh-frozen plasma. 
These patients may actually have TTP or HUS, 

which can be diffi cult to distinguish from the 
HELLP syndrome. In two studies, administration 
of corticosteroids resulted in improved mater-
nal platelet counts and liver function test results 
and in a trend toward better fetal outcome. No 
signifi cant effect in delaying delivery was noted. 
Management of intrahepatic hemorrhage with 
subcapsular hematoma includes administration 
of blood products, delivery, and control of liver 
hemorrhage. Embolization of the hepatic artery is 
often successful, but evacuation of the hematoma 
and packing of the liver may be required.

Other Disorders of Pregnancy

Acute Renal Failure

The incidence of acute renal failure associated 
with pregnancy is from 0.02 to 0.05%.33  Acute 
renal failure may complicate preeclampsia, the 
HELLP syndrome, and acute fatty liver of preg-
nancy. Acute tubular necrosis may occur from 
hemorrhage or sepsis. Acute cortical necrosis is 
associated with placental abruption, septic abor-
tion, prolonged intrauterine retention of a dead 
fetus, hemorrhage, and amniotic fl uid embolism. 
Acute oliguric renal failure necessitating dialysis 
typically results. Arteriography may demonstrate 
loss of the cortical circulation, and renal biopsy 
can confi rm the diagnosis. Although renal func-
tion often improves, end-stage renal failure is 
the eventual outcome. Idiopathic postpartum 
acute renal failure is an unusual complication of 
pregnancy and may occur days to weeks after a 
normal pregnancy and delivery. The etiology is 
unknown. The disorder may be a variant of HUS 
or TTP because it is clinically and pathologically 

Table 10. Magnesium Dosing in Severe Preeclampsia/Eclampsia

Variables Normal Renal Function Renal Insuffi ciency, Creatinine � 1.0 mL/dL

Initial 6 g IV over 15−20 min 4−6 g IV over 15−20 min
Maintenance 2 g/h infusion 1 g/h infusion
Serum levels 4.8−8.4 mg/dL Monitor every 6 h
Monitor Patellar refl ex present Patellar refl ex present

Respiratory rate � 12 breaths/min Respiratory rate � 12 breaths/min
Urine output � 100 mL / 4 h Urine output � 100 mL / 4 h

Adverse effects Hypotension/asystole Hypotension/asystole
Respiratory depression Respiratory depression

Drug interactions Calcium-channel blockers may enhance 
adverse/toxic effects

Calcium-channel blockers may enhance adverse/
toxic effects
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similar to these entities, although without hemo-
lysis or thrombocytopenia, and many patients 
respond to treatment with prednisone adminis-
tration and plasmapheresis. In general, the treat-
ment of acute renal failure in pregnancy is similar 
to that in the nonpregnant patient, with support-
ive care and dialysis as necessary. Renal dysfunc-
tion associated with preeclampsia and the HELLP 
syndrome should respond to delivery of the fetus, 
while TTP and HUS require plasmapheresis with 
fresh-frozen plasma.

Acute Liver Failure

Acute liver failure is an uncommon compli-
cation of pregnancy. In pregnancy, de novo liver 
function test abnormalities are uncommon and 
occur in � 5% of pregnancies in the United States. 
Serum alkaline phosphatase increases during the 
fi rst 7 months of pregnancy, peaking at two to four 
times normal at term. Serum albumin concentra-
tions decrease in pregnancy. Levels of serum ami-
notransferases and bilirubin are unchanged in 
normal pregnancy.

Liver failure rarely complicates preeclampsia 
and the HELLP syndrome; subcapsular hematoma 
and rupture are more common complications.34 
Acute fatty liver of pregnancy is estimated to occur 
in 1 of 13,000 deliveries. Risk factors include male 
fetus, multiple gestations, and a fi rst pregnancy. 
Mean onset is at 36 weeks of gestation, although 
the disorder can be seen as early as 26 weeks and 
postpartum. Patients present with headache, nau-
sea and vomiting, right upper quadrant or epigas-
tric pain, malaise, and anorexia. The onset of acute 
fatty liver of pregnancy may be similar to the onset 
of preeclampsia with peripheral edema, hyper-
tension, and proteinuria. Jaundice may follow 1 to 
2 weeks later. Cholestasis with mild-to-moderate 
elevations in serum aminotransferases is the rule. 
Ultrasound may show increased echogenicity. 
CT abdominal scans are more sensitive and may 
demonstrate decreased attenuation, although this 
imaging exposes the fetus to signifi cant radiation. 
Liver biopsy is sometimes necessary to make the 
diagnosis but must be undertaken with caution 
because these patients often have a coagulopathy. 
The biopsy is characterized by microvesicular 
fatty infi ltration detected only on frozen sec-
tions. Acute fatty liver of pregnancy progresses to 

 fulminant hepatic failure complicated by enceph-
alopathy, renal failure, pancreatitis, hemorrhage, 
DIC, seizures, coma, and death. Because deterio-
ration may occur rapidly, expectant management 
is generally not advised. The treatment is delivery 
of the fetus. Jaundice, liver dysfunction, and DIC 
may worsen for a few days after delivery but then 
should improve. Maternal and fetal mortality 
has improved with early delivery and is � 20%. 
Full maternal recovery is to be expected. Because 
long-chain 3-hydroxyacyl-coenzyme dehydroge-
nase defi ciency in the fetus has been reported to 
be associated with acute fatty liver of pregnancy 
in women in a recent study, infants may have 
hypoglycemia, hypotonia, acute or chronic skel-
etal and cardiac muscle dysfunction, and sudden 
infant death syndrome.
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Objectives:

• Recognize the risk factors for pulmonary embolism (PE)
• Appreciate the typical clinical presentations of PE
• Choose rationally among perfusion lung scanning, leg ul-

trasound, CT scanning, and d-dimer assay in the diagnostic 
approach to PE

• Understand the place of anticoagulation, inferior vena cava 
fi lter placement, and thrombolytic therapy in the manage-
ment of PE

Key words: anticoagulation; compression ultrasound; deep-
vein thrombosis; pulmonary embolism; thromboembolism; 
thrombolytic therapy; perfusion lung scanning

Risk Factors

Major risk factors for pulmonary thromboem-
boli are processes that predispose a patient to the 
development of deep-vein thrombosis (DVT) [ie, 
any cause of venous stasis, such as venous val-
vular insuffi ciency, right-sided heart failure, the 
postoperative period, and prolonged bed rest, 
or immobilization] (Table 1). Abdominal opera-
tions requiring general anesthesia �30 min place 
the patient at risk for venous thromboembolism 
(VTE). Orthopedic surgery of the lower extrem-
ity has long been recognized as one of the great-
est risk factors for VTE. DVT develops in � 50% 
of patients who do not receive prophylactic ther-
apy while undergoing elective total hip replace-
ment and knee replacement surgery. Over 90% 
of proximal thrombi occur in hip replacement 
patients on the operated side. Since the fi rst con-
trolled trials demonstrating a reduced rate of 
pulmonary embolism (PE) mortality with anti-
coagulant prophylaxis were performed in this 
high-risk group, patients with fractures of the 
pelvis, hip, or femur are of signifi cant historical 
relevance.

Trauma to the extremities, advanced malig-
nancy (increasingly recognized as a major risk 
factor), pregnancy, the postpartum state, and, 
to a lesser degree, birth control pills (current 

 formulations have lower estrogen content) are sig-
nifi cant risk factors. Long-distance air travel has 
also been linked to PE. There is an estimated 40% 
risk of VTE and a 5% incidence of PE in patients 
with traumatic spinal cord injury and associ-
ated paralysis of lower extremities. The period of 
greatest risk is during the fi rst 2 weeks after the 
initial injury; death occurs rarely in PE patients 
after 3 months.

The frequency of VTE increases exponentially 
between the ages of 20 and 80 years. Although an 
age of �40 years has often been used as a break 
point for age-related increase in VTE, increas-
ing age increases risk beginning with  adulthood 
and continues to increase after the age of 40 years, 
nearly doubling with each decade. One study 
demonstrated a 23% incidence of PE in 175,730 
tertiary-care hospital admissions with linear rela-
tion to age. The incidence in women was higher 
in individuals �50 years old but not in those 
�50 years old (Stein et al, 1999). In patients with a 
history of thromboembolic disease who undergo 
hospitalization, there is nearly an eightfold increase 
in acute thromboembolism compared with patients 
without such a history, therefore making acute 
thromboembolism one of the more important risk 
factors for VTE.

Patients with a history of VTE who undergo 
major surgery, periods of immobility, or who are 
hospitalized for serious medical illnesses must 
be aggressively targeted for prophylaxis therapy. 
Although precise estimates of risk increase in 
malignancy are diffi cult to ascertain, advanced 
cancer is associated with a high risk of VTE.

With other risk factors considered equal, sur-
gery for malignant disease results in a twofold 
to threefold increase in thromboembolism com-
pared with surgery for nonmalignant conditions. 
Hypercoagulable states secondary to defi ciencies 
of antithrombin, protein C, or protein S, as well 
as the presence of anticardiolipin antibody, lupus 
anticoagulant, prothrombin G20210A mutation, 
or factor V Leiden mutation are predisposing fac-
tors for thromboembolic disease.

Venous Thromboembolic Disease

R. Phillip Dellinger, MD, FCCP
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Hypercoagulable states include the follow-
ing: (1) antiphospholipid syndrome (lupus anti-
coagulant, anticardiolipin antibody; (2) factor V 
mutation; (3) prothrombin G20210A mutation; (4) 
hyperhomocysteinemia; and (5) defi ciencies (anti-
thrombin, protein C, protein S). Screening for select 
hypercoagulable states is appropriate in patients 
with no obvious risk factors who acquire PE. This 
screening is most appropriate for the three coagu-
lopathies that can be easily accurately measured 
accurately in the presence of acute clot burden/
anticoagulation and have therapeutic implica-
tions: factor V Leiden (most common hypercoag-
ulable state and would warrant more aggressive 
prophylaxis), anticardiolipin antibody or lupus 
anticoagulant (dictates more aggressive warfarin 
therapy), and hyperhomocysteinemia (may ben-
efi t from treatment with B vitamins). Although 
most pulmonary emboli come from deep veins of 
the lower extremities, clinically signifi cant emboli 
also occur from other sites of venous thrombosis 
including the iliac veins, pelvic veins and, less 
frequently, the inferior vena cava (IVC). Central 
venous catheters are risk factors for superior vena 
cava/axillary/subclavian vein thrombosis, as well 
as femoral vein thrombosis.

Clinical Findings

The clinical diagnosis of PE is diffi cult. Clini-
cal acumen falters due to both sensitivity and 
specifi city problems. The most common symp-
toms/signs of dyspnea, tachypnea, and tachy-
cardia are seen with a myriad of other disorders. 
Tachypnea and tachycardia may be transient. 
The physical examination is not typically help-
ful in considering PE, with the exception of the 

presence of fi ndings to support acute increases of 
right-sided pressure such as a new right-axis devi-
ation or new right bundle-branch block, widely 
split- second heart sound, murmur of tricuspid 
regurgitation, or an accentuated pulmonary clo-
sure sound. Examination of the lower extremity is 
unreliable for predicting the presence or absence 
of DVT. Nevertheless, new fi ndings supportive 
of acute deep-vein obstruction, particularly uni-
lateral leg swelling in the setting of pulmonary 
symptoms compatible with thromboembolism, 
should strengthen the possibility of PE.

Pulmonary infarction is the classic presenta-
tion of PE and is characterized by a pulmonary 
infi ltrate that is often peripheral and wedge 
shaped (Hampton hump), pleuritic chest pain, 
hemoptysis and, not infrequently, a bloody pleural 
effusion. These fi ndings represent the “textbook” 
version of PE that is taught to medical students 
but seen in only 10% of pulmonary emboli. Pul-
monary infarction is rare due to three sources of 
oxygen and two sources of nutrient supply to the 
lung: the bronchial and pulmonary arteries and 
the airways. In addition, back-perfusion from the 
pulmonary venous system may also be a poten-
tial source of oxygen and nutrient supply. Pulmo-
nary infarction is more likely to occur in the face 
of preexisting compromise of nutrient or oxygen 
supply, such as in intrinsic lung disease or in the 
presence of reduced cardiac output.

A more frequent presentation of PE is acute 
onset of shortness of breath or hypoxemia in the 
absence of pulmonary infarction, with or without 
chest pain (often pleuritic when present). Radio-
graphic infi ltrates may or may not be present. 
Chest radiographic fi ndings of PE include the 
following: atelectasis and parenchymal densi-
ties; enlarged right descending pulmonary artery; 
decreased pulmonary vascularity; wedge-shaped 
infi ltrate; cardiomegaly; and may be normal (up 
to 25%)

Less frequent, but more lethal, is acute massive 
PE characterized by a large thromboembolus lodg-
ing in the proximal pulmonary circulation result-
ing in hypotension and possible syncope. Chest 
pain may be present and is probably due to right 
ventricular (RV) or left ventricular (LV) myocardial 
ischemia. Infi ltrates are usually absent in massive 
PE unless the embolus has fragmented and moved 
peripherally. Acute pulmonary  hypertension with 

Table 1. Risk Factors for Pulmonary Emboli

Right-sided heart failure
Postoperative period
Prolonged bed rest
Travel “economy class syndrome”
Trauma
Advanced malignancy
Pregnancy
Postpartum state
Birth control pills
Previous DVT
Hypercoagulable states
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central dilated pulmonary arteries may also be 
present (Westermark sign). Hypoxemia is almost 
always present, although hypotension is usually 
the primary clinical concern.

Fever (temperature �100.0�F) has been dem-
onstrated to be present in 14% of angiographi-
cally documented PE with no other cause of fever 
(Stein et al, Chest 2000). Only 2 of 228 patients had 
temperatures �103.0�F (Table 2). Leukocytosis 
may or may not be present.

Tachycardia and nonspecifi c ST-T changes are 
the most common ECG fi ndings in PE. In massive 
PE, right-heart strain may be indicated by P-wave 
pulmonale, S1Q3T3 pattern, right-axis deviation, 
or right bundle-branch block. Chest radiographic 
abnormalities due to PE include pulmonary infi l-
trate, pleural effusion, elevated hemidiaphragm, 
and atelectasis. A pleural-based, wedge-shaped 
infi ltrate called a Hampton hump may be seen in 
some cases of pulmonary infarction. An unremark-
able chest radiograph with signifi cant hypoxemia 
and no obvious cause, such as asthma or exacer-
bation of COPD, should also raise the concern for 
PE. Patients who acquire PE in the ICU typically 
have abnormal chest radiographic fi ndings due to 
preexisting pulmonary disease. One study found 
cardiomegaly to be the most common chest radio-
graphic abnormality.

Analysis of pleural fl uid in a patient sus-
pected of having PE is useful only to confi rm 
other diagnoses. There are no pathognomonic 
pleural effusion fi ndings with PE; the effusion 
may be a transudate or exudate; it may or may not 
be bloody. A bloody pleural effusion that accom-
panies PE usually implies pulmonary infarction. 
Other potential etiologies of bloody pleural effu-
sions include malignancy and trauma.

Echocardiography may be helpful in delineat-
ing other etiologies of clinical fi ndings, such as 
myocardial ischemia or pericardial tamponade. 

However, fi ndings such as acute RV dilation and 
hypokinesis, tricuspid regurgitation, pulmonary 
hypertension estimated from tricuspid regurgita-
tion jet, pulmonary artery dilation, loss of respi-
ratory variation in IVC diameter, interventricular 
septum bulge into the left ventricle, and reduced 
diastolic-shaped LV size may support the diagno-
sis of PE but are not specifi c enough to establish 
the diagnosis. A distinct  radiograph pattern has 
recently been noted in patients with large PE in 
which regional RV dysfunction is noted but the 
apex is spared. (McConnell, Am J Cardiol) Clini-
cally signifi cant PE may also occur in the absence 
of any abnormal RV fi ndings on echocardiography. 
Rarely, a clot may be visualized in the right heart 
and thus allows a specifi c diagnosis.

Recent (nonlatex agglutination) assays are 
clinically useful in the evaluation for possible PE 
since a nonelevated d-dimer makes PE unlikely. 
A d-dimer measured by enzyme-linked immu-
nosorbent assay (ELISA) was noted to be normal 
in �10% of angiographically documented PE in 
one study (Quinn et al). An elevated d-dimer, 
however, may be seen in many circumstances 
other than PE (recent surgery, malignancy, total 
bilirubin � 2 mg/dL, sepsis, late pregnancy, 
trauma, advanced age). The traditional ELISA 
assay typically requires 24 h for results. Newer, 
second- generation tests, including rapid ELISA, 
may offer reliable and rapid bedside testing. The 
d-dimer assay may be particularly important in 
the emergency department, in low pretest clini-
cal suspicion scenarios, and in combination with 
other studies in the inpatient population. A fall 
in end-tidal CO2 may also be useful in raising the 
clinical suspicion of PE, while a decrease in Paco2 

may be a marker of success of thrombolytic ther-
apy in patients with PE.

Respiratory alkalosis is a common fi nding 
in the tachypneic patient with PE. With massive 
pulmonary embolus, respiratory acidosis may be 
present due to increased dead space. Although a 
room air Pao2 � 80 mm Hg (�10.7 kPa) or a normal 
alveolar-arterial gradient makes the diagnosis of 
PE less likely, neither can be relied on to exclude 
PE. Patients with PE may have a normal alveo-
lar-arterial gradient. This fi nding is more likely to 
occur in the presence of previous normal cardio-
pulmonary status. Hypoxemia and an increase in 
alveolar-arterial gradient may also be transient. 

Table 2. Distribution of Temperature in PE

Temperature, °F               No. (%)

� 99.9        268 (86)
100.0–100.9 24 (8)
101.0–101.9 14 (5)
102.0–102.9 3 (1)
103.0–103.9 1 (� 1)
�104.0 1 (� 1)
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Forty-two patients in the Prospective Investiga-
tion of Pulmonary Embolism Diagnosis (PIOPED) 
trial had suspected PE, no prior cardiopulmonary 
disease, and fulfi lled all of the following criteria: 
Pao2 �80 mm Hg (�10.7 kPa), Paco2 � 35 mm 
Hg (�4.7 kPa), and normal alveolar-arterial gra-
dient. Sixteen patients (38%) had angiographi-
cally documented PE. In patients who had prior 
 cardiopulmonary disease and who met all three 
criteria mentioned above, 14% had PE. Therefore, 
normal arterial blood gases, in general, and in 
patients with no prior history of cardiopulmo-
nary disease, in particular, do not allow discon-
tinuation of the pursuit of PE.

Nonmassive PE produces hypoxemia by 
release of bronchoconstrictors, production of 
atelectasis (surfactant depletion over hours), and 
perhaps reperfusion injury to the endothelial-
 epithelial barrier. Massive PE is almost always 
associated with hypoxemia and frequently with 
CO2 retention. In addition to the same causes of 
hypoxemia as related above for nonmassive PE, the 
amputation of pulmonary vascular bed in massive 
PE produces both a large increase in dead space 
(as a cause of increased Paco2) and a large amount 
of blood fl ow diverted to noninvolved areas of the 
lung, causing low ventilation/perfusion ratio due 
to overperfusion with resultant hypoxemia.

Other potential causes of hypoxemia in mas-
sive PE include low mixed venous oxygen due 
to low cardiac output, as well as the potential for 
opening of a probe-patent foramen ovale due to 
high right-sided pressures. A probe-patent fora-
men ovale is present in a small but signifi cant per-
centage of the general population. In the presence 
of very high right-heart pressures, this right-to-
left shunt produces hypoxemia unresponsive to 
oxygen therapy and also places the patient at risk 
for embolic cerebral vascular events.

Diagnosis

The treatment of PE or DVT is essentially the 
same as in patients with suspected PE; therefore, 
either diagnosis is suffi cient for decision making.

CT

CT angiography (CTA; spiral [helical] or electron 
beam) is of signifi  cant value in detecting pulmonary 

emboli. In patients other than those with pretest 
high clinical suspicion (80 to 99%), a negative spiral 
CT result makes pulmonary emboli very unlikely 
when using the most recent CT imaging with digital 
reconstruction and a welltrained reader. It typically 
allows diagnosis and treatment. The same is true for 
a positive result, with the exception of those patients 
with low pretest clinical suspicion (0 to 20%). 

The specifi city of CT for the diagnosis of PE 
has traditionally been better than sensitivity, 
although the latter has improved with newer 
generation scanners (multidetector/digital recon-
struction). It must also be remembered that a CTA 
may allow identifi  cation of other pulmonary pro-
cesses as the cause of clinical fi  ndings. 

The PIOPED II trial was designed to study the 
ability of the CTA to predict presence or absence 
of PE. All patients being evaluated for possible PE 
underwent a ventilation/perfusion scan, leg ultra-
sound, and a CTA that was not used to make or 
exclude the diagnosis of PE and was read blinded 
to the following: (1) other test results, and (2) pre-
test assessment of likelihood of PE. PE was consid-
ered present in the presence of a high- probability 
ventilation/perfusion scan or a positive leg ultra-
sound. PE was considered absent in the presence of 
a normal perfusion scan. All other subjects received 
digital subtraction angiography for defi  nitive diag-
nosis of presence or absence of PE. Sensitivity and 
specifi  city were ascertained. Pretest probability of 
PE was ascertained for all subjects. Positive and 
negative predictive values of CTA referenced to 
pretest clinical probability are shown (Table 3). It is 
apparent that, like perfusion scanning, CTA looses 
diagnostic yield in circumstances of extreme dis-
cordance (high clinical probability/negative CTA 
and low clinical probability/positive CTA).

One sensitivity issue with the CTA diagno-
sis of PE is the decreased ability to detect vessels 
beyond the segmental arteries. This may be of less 
clinical relevance, however, since the natural his-
tory of pulmonary emboli limited to subsegmen-
tal arteries is usually a benign course, especially 
in patients with self-limited risk factors. With-
holding anticoagulant therapy in patients with a 
380 Venous Thromboembolic Disease (Dellinger) 
negative CT scan coupled with a negative ultra-
sonographic study of the legs is a safe strategy, 
except in those patients who present with a high 
pretest clinical probability of embolism.
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Perfusion Lung Scanning

Perfusion lung scanning (usually done in com-
bination with ventilation scanning) is  typically 
classifi ed into high probability, intermediate prob-
ability, low probability, and normal. Probability of 
PE increases with size of perfusion defect, number 
of moderate-to-large size defects, and perfusion 
defects that are signifi cantly larger than ventila-
tion defects or present in the absence of ventila-
tion defects. Although ventilation scanning is 
usually performed in combination with perfusion 
scanning to quantify ventilation defects, chest 
radiographs can be used in place of ventilation 
scanning in patients without chronic pulmonary 
disease or acute bronchospasm. The chance of a 
perfusion defect being due to PE increases with 
increasing number and size of defects, lower-lobe 
distribution, matching of vascular tree distribu-
tion, and defect larger than any ventilation defects 
that may accompany the perfusion defect by chest 
radiograph or ventilation scanning (so-called 
“mismatched defect”). Using these characteris-
tics, perfusion scans are classifi ed as normal, low, 
or intermediate probability scans. The PIOPED 
study is the most frequently utilized reference 
for assessing utility of perfusion scanning in the 
diagnosis of PE.

The PIOPED I study supported the follow-
ing fi ndings: (1) normal lung scans make PE very 
unlikely; (2) reliability of a high-probability scan 
increases with (a) the degree of clinical suspicion 
using history, physical examination, and clinical 
information; (b) no underlying cardiopulmonary 
disease; and (c) no history of pulmonary emboli; 
(3) a minority of patients have high-probability 
perfusion scans; (4) a low-probability scan does 
not exclude PE; (5) a clinical impression of low 

likelihood of PE when combined with a low-
probability scan increases the predictive value 
of the low-probability scan; (6) intermediate-
 probability scans cannot be used for defi nitive 
decision making; (7) the great majority of patients 
with suspected PE cannot have PE excluded with 
perfusion scanning; (8) it is best to call low- and 
intermediate-probability scans “nondiagnostic,” 
with the classifi cation system then becoming high 
probability, nondiagnostic, and normal.

Nondiagnostic scans require additional test-
ing because they do not allow a decision as to 
the presence or absence of PE. In anticipation 
of a later question of failure of heparin therapy, 
a baseline perfusion scan should be considered 
even when the clinical diagnosis of PE is made by 
other  methods. This will allow repeat scanning 
for the presence or absence of additional perfu-
sion defects if new symptoms develop or symp-
toms continue.

Lower-Extremity Ultrasound

Compression ultrasound (CUS) combines 
Doppler venous fl ow detection with venous 
imaging and has become the imaging procedure 
of choice for DVT in most medical centers in the 
United States. The diagnostic utility of CUS is 
related to imaging of a venous fi lling defect that 
persists with compression of the lesion. Impres-
sive sensitivity and specifi city for proximal vein 
thrombosis are usually obtained with this tech-
nique in patients with leg symptoms. This tech-
nique does not detect isolated thrombosis in the 
iliac veins or the superfi cial femoral veins within 
the adductor canal. It is, however, unlikely that 
these areas will be involved unless thrombus is 
also present in the more readily imageable popli-
teal and deep femoral system.

Diagnosis of calf vein thrombosis is more 
challenging because these veins are smaller, have 
slower fl ow, and have more anatomic variability. 
CUS may also diagnose other etiologies of clinical 
fi ndings such as Baker cyst, hematoma, lymph-
adenopathy, and abscess. CUS cannot be per-
formed if the leg is cast. CUS may also be limited 
by pain and edema.

Diagnosis of DVT by CUS allows treatment 
because treatments for PE and DVT are essentially 

Table 3. PIOPED II Results*

Variables 

Clinical Suspicion of PE

High Moderate Low

True-positive CT 
(positive predictive 
value), %

96 92 58

True-negative CT 
(negative predictive 
value), %

60 89 96

*CT sensitivity, 83%; specifi city, 96%.
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the same. Absence of DVT by CUS, in combina-
tion with low-probability perfusion scan or fail-
ure to detect PE on helical CT and the absence of 
high clinical suspicion, usually allows withhold-
ing treatment. One concern with regard to this 
approach, however, is that the sensitivity of CUS 
is signifi cantly diminished in high-risk patients 
without leg symptoms or signs.

Clinically evident pulmonary emboli are 
even more unlikely in the presence of serial 
negative noninvasive leg studies (typically 
repeated one to three times over a period of 3 to 
14 days) and if negative further enhance clinical 
acumen. A negative leg ultrasound in a patient 
with an intermediate-probability scan usually 
implies the need for a spiral CT or pulmonary 
angiography.

Diagnosis of PE With Pulmonary 
Angiography

Pulmonary angiography remains the “gold 
standard” for diagnosis of PE, and morbidity and 
mortality rates are low and usually acceptable. 
Angiography is considered positive when a per-
sistent fi lling defect or cut-off sign is noted. Risk is 
increased if angiography is followed by thrombo-
lytic therapy. The risk of pulmonary angiography 
to the patient is usually greater from anticoagula-
tion in the absence of PE or failure to treat PE that 
is present. The death rate from pulmonary angio-
gram in the PIOPED I study was 0.5%, with a low 
incidence (0.8%) of major nonfatal complications 
(respiratory failure, renal failure or hematoma 
necessitating transfusion). Major nonfatal com-
plications were four times more likely to occur in 
ICU patients.

Despite early studies that suggested a higher 
incidence of mortality due to pulmonary angi-
ography in patients with high pulmonary artery 
pressures, this was not found to be true in the 
PIOPED I study. Pulmonary angiography done 
within 1 week of acute symptoms should reliably 
detect pulmonary emboli even in the presence of 
anticoagulation. In patients with angiographi-
cally proven PE, perfusion defects persist for 
at least 7 days without resolution, and in the 
majority for 14 days. This is an important con-
sideration since patients may be referred to a 
tertiary-care center with uncertain diagnosis of 

PE, having received therapy for a considerable 
period of time.

Diagnosis of PE in Pregnancy

The pursuit of diagnosis of PE in pregnant 
women is challenging. Ventilation/perfusion 
scanning is low risk. In pregnant patients with 
negative leg ultrasound fi ndings, identifying 
the location of perfusion defects on an indeter-
minant diagnosis perfusion scan and following 
with selective pulmonary angiography targeting 
those defects is likely the best approach because 
it potentially minimizes dye load if PE is present. 
Warfarin is an absolute contraindication in the 
fi rst trimester and a relative contraindication in 
the second and third trimesters. Long-term hep-
arin administration in the pregnant woman is a 
signifi cant risk for osteoporosis.

Treatment

Anticoagulation

Heparin therapy is discontinued after a min-
imum of 4 to 5 days of therapy, at least 48 h of 
warfarin therapy, and a warfarin-induced pro-
longation of international normalized ratio for 
prothrombin time �2.0. For patients with anti-
phospholipid syndrome, this target is typically 
higher (�2.5). The activated partial thromboplas-
tin time (aPTT) should be maintained at 1.5 to 
2 times control with heparin therapy. Although 
subtherapeutic aPTT is strongly correlated with 
thromboembolic recurrence, a supratherapeutic 
aPTT does not appear to correlate with important 
bleeding complications. Instead, bleeding compli-
cations correlate with concurrent illness such as 
renal disease, heavy ethanol consumption, aspi-
rin use, and peptic ulcer disease.

Based on this information, targeting an aPTT 
of 2.0 times normal rather than 1.5 times normal 
may be ideal. Adequate heparinization prevents 
additional clot formation, but the body’s own 
fi brinolytic system must clear the clot that is 
already present so that patients who are hemo-
dynamically unstable or who have poor cardio-
pulmonary reserve may remain at risk during 
early anticoagulation therapy. In patients without 
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a contraindication for anticoagulation, heparin 
therapy should be instituted as soon as thrombo-
embolic disease is considered. A loading dose of 
5,000 to 10,000 U of heparin is indicated for PE.

Failure to achieve adequate heparinization 
in the fi rst 24 h of treatment has been demon-
strated to increase the risk of recurrent emboli. 
Additionally, less heparin is typically required 
to maintain adequate anticoagulation after the 
fi rst low-molecular-weight heparin (LMWH) is 
an effective subcutaneous therapy for DVT and 
PE. It is at least as effective as standard heparin 
therapy in inpatient nonmassive PE and may be 
cost effi cacious. An advantage of LMWH over 
unfractionated heparin is a decreased incidence 
of heparin-induced thrombocytopenia. A dis-
advantage in the critically ill patient, for whom 
invasive procedures may be required, is that the 
longer half-life may be problematic. Decreased 
administration costs and no need for monitoring 
coagulation in most patients may make LMWH 
cost effi cacious in the appropriate patient group. 
Thrombocytopenia is uncommon enough that no 
more than one platelet count is recommended 
during a treatment period of 5 to 7 days. If  therapy 
is prolonged �7 days, subsequent platelet counts 
should be done. LMWH does not prolong the 
aPTT. Anti-factor Xa levels refl ect LMWH activ-
ity but are not routinely necessary in most treated 
patients. LMWH dose adjustment is required in 
patients with renal insuffi ciency (creatinine clear-
ance of 30 mL/min) in very large persons (�150 kg) 
or very small persons (�50 kg). Anti-factor Xa lev-
els may be needed to optimize dosing if LMWH 
is used in these groups. When bleeding occurs 
after recent administration of LMWH, protamine 
is recommended for reversal, but the degree of 
effectiveness in this circumstance is diffi cult to 
judge.

It is important to remember that warfarin 
therapy is contraindicated in pregnancy and anti-
coagulation should be maintained with  heparin. 
In addition, heparin dosage requirements are 
increased in pregnancy. Decreases in platelet 
count (heparin-induced thrombocytopenia [HIT]) 
may occur with heparin therapy. A nonimmuno-
logically mediated decrease in heparin (HIT-1) 
may occur, and is usually mild without dramatic 
drops in platelet count, occurs early in treatment, 
and does not usually require discontinuation of 

heparin. A more dramatic and clinically signifi -
cant decrease in platelet count (HIT-2) may rarely 
occur in heparin therapy (days 3 to 4 or earlier 
with previous heparin exposure), is immuno-
logically mediated, and does require immedi-
ate discontinuation of heparin therapy. Arterial 
thrombosis (white clot) and worsening vs throm-
bosis may be a part of this more severe syndrome. 
When the platelet count falls precipitously or in a 
sustained fashion and HIT-2 is suspected, hepa-
rin therapy should be stopped. The addition of a 
direct thrombin inhibitor at this time to prevent 
or treat heparin-induced thrombosis is indicated. 
When the platelet count falls to �100,000/� L, 
heparin therapy should be stopped. There is a 
chance for cross-reactivity with LMWH, and that 
is not advisable as a therapeutic option. There-
fore, although LMWH might be chosen as a bet-
ter option than unfractionated heparin in patients 
with thrombocytopenia at baseline, once throm-
bocytopenia occurs on unfractionated heparin, 
switching to LMWH is not a good option. With 
HIT-2, warfarin should not be instituted for 2 days 
because of the possibility of increased clot forma-
tion. Since 4 to 5 days may be required to achieve 
anticoagulation with warfarin in that circum-
stance, a direct thrombin inhibitor or a heparinoid 
is recommended to protect in the interim.

Thrombolytic Therapy

Indications for thrombolytic therapy are con-
troversial because thrombolytic therapy has not 
been proven to alter clinical end points, such 
as mortality rates in randomized clinical trials. 
Thrombolytic therapy followed by heparin has, 
however, been shown to provide more rapid 
improvement in RV function than heparin alone; 
therefore, its utility in the face of hemodynamic 
instability is assumed. Although rarely encoun-
tered, persistent hypoxemia despite maximum 
oxygen supplementation is also an accepted 
 indication.

Streptokinase and recombinant plasminogen 
activator (rTPA) are both thrombolytic agents 
for consideration of treatment of PE, although 
rTPA is almost exclusively used in the United 
States. Traditional absolute contraindications for 
thrombolytic therapy are active internal bleeding, 
recent acute cerebrovascular event (2 months), 
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or recent cerebrovascular procedure (2 months). 
One report noted, however, the successful use of 
urokinase thrombolytic therapy of PE in nine neu-
rosurgical patients (mean, 19 days after surgery) 
with no intracranial hemorrhage (one subgaleal 
hematoma). Intracranial bleeding, a primary con-
cern, occurs in 1 to 2% of patients with PE who 
are treated with thrombolytic therapy. Retro-
peritoneal hemorrhage can also be life threaten-
ing, and most frequently occurs as a sequela of 
previous femoral vein access for pulmonary angi-
ography or other associated femoral lines. Rela-
tive contraindications to thrombolytic therapy 
include any history of cerebrovascular event; a 
�10-day postpartum period; recent organ biopsy 
or puncture of a noncompressible vessel; recent 
serious internal trauma; surgery within the last 
7 days; uncontrolled coagulation defects; preg-
nancy; cardiopulmonary resuscitation with rib 
fracture; thoracentesis; paracentesis; lumbar 
puncture; and any other conditions that place 
the patient at risk for bleeding. In general, angio-
graphic or CTA documentation of PE should be 
obtained before thrombolytic therapy. Occasion-
ally, thrombolytic therapy may be considered in 
hemodynamically unstable patients with a high-
probability perfusion scan who cannot be moved 
to receive additional testing. Bedside echocardiog-
raphy, if immediately available, offers support for 
diagnosis in this circumstance. When neither angi-
ography, CTA, or perfusion scanning are possible, 
the patient is at risk for death, and the clinical sce-
nario is strongly suggestive, echocardiography 
supporting PE should be adequate for initiating 
therapy. No coagulation tests are typically neces-
sary during thrombolysis. Blood samples should 
be limited during the thrombolytic agent infusion 
period. Heparin should not be administered dur-
ing thrombolysis, but heparin therapy should be 
resumed without a bolus when the aPTT is 1.5 to 
2 times control. If bleeding should occur during 
thrombolytic therapy, drug should be discontin-
ued (half-life is short). If bleeding should persist, 
cryoprecipitate infusion or fresh-frozen plasma 
should be considered.

Although no study has demonstrated throm-
bolytic therapy-induced improvement in survival 
or decrease in recurrent thromboembolic events, its 
use is advocated by some in the presence of large 
clot burden or especially with  echocardiographic 

evidence of acute RV dilation. This latter argu-
ment is based on the fact that RV dysfunction 
strongly correlates with mortality in patients with 
PE. Those who argue against thrombolytic use in 
this circumstance point to the low mortality rate 
once PE is diagnosed in the presence of RV dys-
function, the absence of studies demonstrating 
clinical outcome benefi t in this group, and the 
low but potentially catastrophic incidence of intra-
cranial hemorrhage with thrombolytic therapy. 
One study evaluated 200 consecutive patients 
with documented PE (diagnosis made by high-
probability perfusion scan spiral CT, or angiog-
raphy) who had echocardiography to document 
the presence or absence of acute RV dysfunction. 
Of the 65 normotensive patients with acute RV 
dysfunction (31% of patients), PE-related shock 
developed in 6 patients after admission and 
3 died. A contrasting study comes to an opposite 
opinion. Using a retrospective cohort analysis 
of two matched groups of 64 patients, the study 
concluded that although thrombolytic therapy 
improved lung scan more rapidly, there were 
no differences in recurrences or death rate from 
PE except increased death rate from bleeding. 
Another study showed that although thrombolytic 
therapy of acute RV dysfunction in the absence 
of hemodynamic instability did not decrease mor-
tality, it did decrease escalation of therapy (institu-
tion of vasopressor therapy, intubation/mechanical 
ventilation, and secondary thrombolysis).

The management of free-fl oating RV thrombi 
remains controversial. Echocardiography usually 
demonstrates evidence of RV overload (�90%), 
paradoxical interventricular septal motion (75%), 
and pulmonary hypertension (86%). The clots are 
usually worm-like, mortality rate is high (45%), 
and thrombolytic therapy, if not contraindicated, 
is recommended as the treatment of choice by 
some investigators. Infusion of a thrombolytic 
agent directly onto a pulmonary thrombus via 
the pulmonary artery has never been shown to 
be superior to infusion of the agent through a 
peripheral vein. There are some data in the radi-
ology literature that suggest this approach is use-
ful for DVT. The use of thrombolytic agents in PE 
remains controversial. The American College of 
Chest Physicians (ACCP) consensus statement on 
thromboembolism states that the use of thrombo-
lytic agents continues to be highly  individualized, 
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and clinicians should have latitude in their use. 
They are, however, recommended in general for 
hemodynamic instability and massive ileofemo-
ral thrombosis.

In the United States, the most frequently used 
thrombolytic agent for the treatment of PE is rTPA. 
Food and Drug Administration-approved dosing 
is 100 mg over 2 h. In the patient with massive 
PE in whom death appears imminent without 
thrombolytic intervention, more rapid adminis-
tration may be appropriate. One proposed alter-
native that seems reasonable in that circumstance 
is 40 mg over minutes followed by 60 mg over the 
remainder of the 2-h period. Empiric thrombo-
lytic therapy might be considered in hospitalized 
patients with sudden unexpected arrest who are 
at risk for PE and in whom there is no obvious 
alternative diagnosis. Based on autopsy series, it 
is estimated that up to 70% of sudden unantici-
pated in-hospital arrests are due to either PE or 
acute myocardial infarction, with both diagnoses 
amenable to treatment with thrombolytic therapy. 
If the decision is made to administer thrombolytic 
therapy in this circumstance, the timing and dos-
ing are less clear and best left to the bedside clini-
cian. Timing considerations vary from too early 
(patient was going to be successfully resuscitated 
without thrombolytic therapy) to too late (missed 
opportunity for thrombolytic therapy to make a 
difference). Dosing considerations for initial front 
loading vary from 60 to 100% of standard infusion 
dose as bolus.

IVC Filter

Traditional indications for IVC fi lter place-
ment include contraindication to anticoagulation, 
onset of bleeding with anticoagulation, and fail-
ure of anticoagulation to abate  thromboembolic 
events. Other indications for fi lter placement 
include hemodynamically unstable patients 
who will not be given thrombolytic therapy and 
patients with HIT as a bridge to warfarin therapy. 
Direct thrombin inhibitors, if available, are less 
invasive and more appropriate alternatives in this 
situation. The empiric use of IVC fi lter in patients 
with a large clot burden or poor cardiopulmonary 
reserve is more controversial. Filter placement 
may also be considered in patients with high risk 
for DVT and relative or absolute  contraindications 

for anticoagulation prophylaxis of DVT. The deci-
sion to anticoagulate patients who have had an 
IVC fi lter placed is controversial, but the use of 
anticoagulation may prevent further clot forma-
tion and increase the patency rate of the fi lter over 
time and, therefore, facilitate venous drainage. 
Patency can be maintained, however, without 
concomitant heparin therapy. Documentation of 
DVT disease is usually required before placement 
of an IVC fi lter. This is usually accomplished at 
the time of fi lter placement using dye venogram. 
A fi lter may also benefi t patients at high risk for 
chronic anticoagulation, such as poorly compliant 
patients or patients at risk for falls. Complications 
of fi lter placement include vessel injury at the time 
of insertion, subsequent venous thrombosis at the 
insertion site, fi lter migration and embolization 
into the heart, fi lter erosion through the IVC, and 
IVC obstruction. There are good data to indicate 
that one tradeoff of IVC fi lter ability to decrease 
PE is subsequent development of femoral vein 
thrombosis at the site of insertion. Retrievable fi l-
ters are now available and offer utility in patients 
who have short-term need for fi lter and who are 
expected to return to an active lifestyle. The fi lter 
should be removed within several months.

PE-Induced Tissue Hypoperfusion

The right ventricle cannot increase stroke vol-
ume in response to sudden increases in afterload. 
Instead, the right ventricle dilates as ejection frac-
tion decreases. Failure of the right ventricle to 
compensate for the increased afterload produces 
hypotension and, if severe, syncope. Studies of 
hemodynamic profi les in patients with acute 
PE have demonstrated mean pulmonary artery 
 pressures �40 mm Hg only in patients with pre-
existing cardiopulmonary disease, suggesting that 
the normal right ventricle is incapable of generat-
ing pressures �40 mm Hg in the setting of acute 
pulmonary vascular bed obstruction.

Pulmonary artery catheterization may be use-
ful to optimize therapy in the hypotensive patient, 
but the catheters may be diffi cult to pass due to 
high pulmonary artery resistance and low-fl ow 
state. A right atrial pressure (RAP) of approxi-
mately 15 to 20 mm Hg is probably optimal. Over-
distention of the right ventricle (more likely when 
mean RAP is �20 mm Hg) may be problematic for 
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several  reasons. First, the right ventricle may be 
made ischemic due to decreased coronary perfu-
sion related to the high RV pressure since perfu-
sion pressure of the right ventricle is approximated 
by aortic diastolic pressure minus mean RV pres-
sure. With high right-sided pressures, LV compli-
ance may also be decreased as the interventricular 
septum shifts into the left ventricle.

Based on the above, volume therapy is typi-
cally ineffective and may be deleterious, with 
resultant overdistension of the right ventricle. RV 
ischemia may be a primary cause or a major con-
tributing factor to hypotension. Therapy should 
be targeted toward reducing RV afterload (RV 
work) by reducing pulmonary clot burden, avoid-
ing volume-induced RV overdistension (RAP 
�20 mm Hg), and maintaining adequate aortic 
diastolic pressure (upstream fi lling pressure for 
the left and right ventricles).

RV contractility may be improved by the use 
of inotropic drugs. Dopamine at doses beginning 
at 5 �g/kg/min is the recommended inotrope in 
the presence of hypotension. Dobutamine may be 
preferred in the presence of hypoperfusion but 
absence of hypotension.

Vasopressors may also be benefi cial by 
increasing aortic diastolic pressure when it is criti-
cally low. Combination inotrope/vasoconstrictor 
therapy such as dopamine or norepinephrine is 
recommended in the hypotensive patient. Vaso-
constriction of systemic vascular bed with selec-
tive vasodilation of pulmonary vascular bed 
would be ideal. Inhaled nitric oxide has anec-
dotally been demonstrated to improve hemody-
namics in PE by this mechanism. Benefi t could 
only occur through vasodilation of PE-released 
humorally mediated vasoconstriction because 
clot burden-induced increase in pulmonary vas-
cular resistance is not reversible except through 
dissolution of clot.

Surgical thrombectomy may be considered in 
situations of severe hemodynamic instability with 
a contraindication to thrombolytic therapy and 
close proximity to the operating room. Bypass 
capability is necessary, and the clinical scenario 
should indicate a certain or almost certain clini-
cal diagnosis of massive PE. It should also be con-
sidered when hemodynamic instability persists 
despite thrombolytic therapy. Interventional radi-
ology use of mechanical fragmentation may be 

an alternative to surgery in patients with severe 
hemodynamic instability and contraindication to 
thrombolytic therapy.

Prevention of PE

The most powerful statement that can be 
made for prophylaxis is that, of the patients who 
die of pulmonary emboli, most patients survive 
�30 min after the event, which is not long for 
most forms of treatment to be effective. With-
out prophylaxis, the frequency of fatal PE is 
approximately 7% for emergency hip surgery, 
2% after elective hip surgery, and 1% after elec-
tive surgery. Length of surgery, age, and type of 
surgery (hip, pelvis, knee, prostate) are impor-
tant considerations for risk of emboli. Autopsy 
fi ndings demonstrate that PE causes 5% of deaths 
in patients receiving mechanical ventilation. The 
frequency of PE after myocardial infarction in the 
absence of prophylaxis may be � 5%. The great 
majority of patients in the ICU should receive 
heparin prophylaxis for thromboembolic disease. 
The dose for general surgical patients or in medi-
cal patients is typically 5,000 U bid or tid of unfrac-
tionated heparin subcutaneously or LMWH once 
daily. Hemorrhagic side effects of low-dose hepa-
rin are rare (�2%) in patients without hemor-
rhagic diathesis. High-risk patients or those who 
have contraindications for heparin should receive 
intermittent pneumatic venous compression 
(IPVC), additively or as a replacement, respec-
tively. Low-dose LMWH is the heparin of choice 
in knee surgery patients, hip surgery patients, and 
CNS trauma patients. It also offers the advantage 
of one injection vs three in all patients.

Recent reports of epidural hematoma after 
LMWH use in patients who have had epidu-
ral puncture should alert the physician to this 
potential complication with any anticoagulation 
in place, independent of type. IPVC is a non-
pharmacologic prophylaxis alternative for knee 
surgery. IPVC is contraindicated in the face of 
arterial compromise of extremity. IPVC can be 
added to heparin prophylaxis in patients with ad -
ditive risk factors. In high-risk patients such as 
those undergoing elective hip surgery, the use 
of either LMWH, adjusted-dose unfractionated 
heparin targeting heparin to prolong mid-dos-
ing prothrombin time measurement by 4 to 5 s, 
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or low-dose warfarin is recommended. Low-dose 
warfarin can be instituted at 1 mg/d beginning 
21 days before elective surgery and continuing 
through the postoperative hospitalization. For 
hip fracture surgery, LMWH or full-dose warfa-
rin (international normalized ratio, 2.0 to 3.0) is 
recommended.

Clinically signifi cant DVT develops in many 
trauma cases. Risk factors include advanced age, 
prolonged immobilization, severe head trauma, 
paralysis, pelvic and lower-extremity fractures, 
direct venous trauma, shock, and multiple trans-
fusions. Low-dose heparin or IPVC may not be 
effective in the highest-risk patient. In trauma 
patients at high risk for bleeding and those at high 
risk for pulmonary emboli, prophylactic IVC fi lter 
placement has been recommended by some inves-
tigators, especially if leg injury prevents applica-
tion of pneumatic compression devices. Similar 
rationale has been offered when PE is diagnosed 
in advanced malignancy. Neither of these uses 
has been validated.

One study demonstrated that only 52% of hos-
pitalized patients who had documented PE had 
received prophylactic therapy. Obviously, better 
prophylactic alternatives are needed.

Summary

PE is a treatable condition with a nonspecifi c 
clinical presentation that makes diagnosis diffi -
cult. CT scanning has become the primary diag-
nostic test. Predictive capability of negative CT 
fi ndings in higher-risk patients is enhanced by 
additional studies (nonelevated d-dimer, negative 
leg ultrasound, and low-probability  perfusion 
scan). Occasionally, pulmonary angiography is 
necessary. Thrombolytic therapy is indicated in 
patients with hemodynamic instability and no 
contraindications.
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Objectives:

• Learn readiness testing using clinical factors and weaning 
predictors 

• Discuss use of spontaneous breathing trials to test readi-
ness

• Review causes of weaning failure
• Understand use of modes of progressive withdrawal and 

application of weaning protocols 
• Describe weaning patients with prolonged mechanical 

ventilation

Key words: extubation; mechanical ventilation; reintubation; 
respiratory failure; weaning

Invasive mechanical ventilation reverses some 
causes of acute respiratory failure while providing 
crucial ventilatory support as the respiratory system 
recovers from the initial insult. There is a tradeoff 
because invasive mechanical ventilation is asso-
ciated with substantial complications including 
ventilator-associated pneumonia, sinusitis, air-
way injury, thromboembolism, and gastrointesti-
nal bleeding.1 Increasing duration of mechanical 
ventilation is associated with increased mortality.2 
Once signifi cant clinical improvement occurs, the 
clinician should focus on rapidly removing the 
patient from the ventilator. 

The terms weaning, liberation, and discontinua-
tion have been used to describe the process of free-
ing the patient from the ventilator.3,4 The weaning 
process can be further described as a continuum 
stretching from onset of acute respiratory failure 
through discharge from the hospital.5 An early 
step is “readiness testing,” recognizing that respi-
ratory failure has partially or totally resolved, 
respiratory muscle function has improved, and 
the patient is ready to breathe spontaneously. A 
number of studies demonstrates that respiratory 
therapists and ICU nurses can effectively imple-
ment readiness testing. Approximately three of 
every four patients meeting readiness criteria tol-
erate spontaneous breathing (without ventilator 
assistance or on low levels of support) indicating 

that mechanical support is no longer required.6−8 
Approximately one in four patients fail to toler-
ate spontaneous breathing and require a more 
prolonged process. For these patients, weaning 
consumes 40 to 60% of the total ventilator time.9,10 
Successful weaning depends on identifying and 
correcting treatable causes for weaning failure. 
Once the patient tolerates spontaneous breathing, 
the clinician must address whether the patient is 
ready for extubation (Fig 1).

A new classifi cation of the weaning process 
had been suggested, although not yet prospec-
tively validated.5 Simple weaning refers to those 
who tolerate their fi rst spontaneous breathing trial 
(SBT) and are successfully extubated, all without 
diffi culty. Approximately 70% of patients fall into 
this category. Diffi cult weaning refers to failure to 
tolerate the initial SBT with a need for up to three 
SBTs or taking up to 7 days from fi rst SBT to suc-
cessful weaning. Prolonged weaning is defi ned by 
a failure of at least three SBTs or taking � 7 days 
after the fi rst SBT. Thirty percent experience dif-
fi cult and prolonged weaning and these patients 
experience higher mortality than simple weaning. 

A considerable evidence base is now avail-
able to assist the clinician in making weaning 
and extubation decisions. Readers are referred 
to the published results of two recent consensus 
conferences.5,11

Readiness Testing: Using Clinical 
Factors and Weaning Predictors

Rapid weaning must be weighed against the 
risks of allowing a patient to breathe spontane-
ously before he or she is ready. Those risks include 
precipitating cardiac dysfunction, psychological 
discouragement, and respiratory muscle fatigue 
or structural injury. When mechanical ventilation 
results from a rapidly reversible cause such as drug 
overdose or cardiogenic pulmonary edema, readi-
ness testing can start within hours of intubation. 
In contrast, with other causes of acute  respiratory 
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failure the clinician should employ full ventila-
tory support and respiratory muscle rest for 24 to 
48 h before readiness testing. Because subjective 
assessment is notoriously inaccurate in determin-
ing readiness, objective criteria are used as sur-
rogate markers of recovery (Table 1). Objective 
criteria should serve as guidelines rather than 
infl exible standards as many patients never satis-
fying objective readiness criteria are still success-
fully weaned.12 Similarly, studies have noted that 
neither depressed neurologic status nor anemia 
necessarily preclude successful liberation from 
the ventilator. 

Many objective physiologic tests (weaning 
parameters) have been studied as predictors of 
readiness for spontaneous breathing (Table 2). 
Numerous design problems, infl ating the accuracy 
of weaning predictors, have been identifi ed.11,13,14 
These problems include, for example, weaning 
predictors were used a priori to determine which 
patients undergo weaning, methodology of pre-
dictor measurement differs between studies and 
displays large coeffi cients of variations, insuffi -
cient blinding of physicians determining wean-
ing tolerance, and absence of objective criteria to 
determine weaning tolerance. 

To be clinically useful weaning predictors 
should accelerate liberation from mechanical venti-
lation while avoiding the adverse consequences of 

failed weaning trials. Unfortunately, an evidence-
based systematic review identifi ed few predictors 
associated with clinically signifi cant changes in 
the probability of weaning success or failure.11,13,14 
Only fi ve predictors measured during ventila-
tory support had possible value in predicting 
weaning outcome, but predictive capacity was 
either relatively weak or inadequately studied.14 
The frequency/tidal volume ratio, f/ Vt, measured 
during the initial few minutes of  spontaneous 
unassisted breathing, was more accurate but, 

Table 1. Criteria Used to Determine Readiness for Trials 
of Spontaneous Breathing*

Required Criteria

1.  Pao2/Fio2 ratio, � 150† or Sao2 � 90% on Fio2 � 40% and 
(PEEP), � 5 cm H2O

2.  Hemodynamic stability (no or low-dose vasopressor 
medications) 

Additional Criteria (optional criteria)
1.  Weaning parameters: respiratory rate � 35 breaths/min, 

spontaneous tidal volume � 5 mL/kg, negative inspira-
tory force � -20 to -25 cm H2O, f/Vt , 105 breaths/L/min

2. Hemoglobin, � 8–10 mg/dL
3. Core temperature, � 38–38.5°C
4. Mental status awake and alert or easily arousable 

*Sao2 � arterial oxygen saturation.
†A threshold of Pao2/Fio2 � 120 can be used for patients with 
chronic hypoxemia. Some patients require higher levels of 
PEEP to avoid atelectasis during mechanical ventilation.

Assess Readiness
RCP-RN Driven Protocol

120 min SBT

Extubate*

If
Tolerated

Return to Full 
Ventilatory Support

Rest for ~24h

Identify and then
Treat Reversible

Causes of 
Weaning Failure

Fail

? Progressive 
withdrawal

Ready
Not Ready

Figure 1. Overview of weaning. *Extubation is carried out if the patient has no evidence of upper airway obstruction, is without 
excessive airway secretions, and has an adequate cough (see text for details). RCP � respiratory care practitioner; ICU-RN � 
intensive care unit nurse; SBT� spontaneous breathing trial.
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unfortunately, associated with only a moderate 
change in the probability of success or failure. 
Performance of a weaning predictor also depends 
on how the test is performed. As an example, the 
f/ Vt measured during pressure support or con-
tinuous positive airway pressure will be lower 
than that determined on T-piece.15 An analysis of 
studies of the f/ Vt found a sensitivity of 0.87 and 
concluded that the wide range of pretest probabil-
ity of success explained much of the heterogeneity 
in performance of this test.16 Yet the more impor-
tant question is whether the f/ Vt, or any weaning 
predictor, facilitates weaning decision making 
and improves outcome. One study randomized 
304 patients who required mechanical ventilation 
for at least 24 h.17 All patients underwent a fi ve-
component daily screen, including, Pao2/fraction 
of inspired oxygen (Fio2), positive end-expiratory 
pressure (PEEP), hemodynamic stability, mental 
status, adequate cough, and the f/ Vt. Those pass-
ing the screen automatically underwent a 2-h SBT, 
and were then considered for extubation if the SBT 
was tolerated. Based on randomization, in one 
group the f/ Vt was not used for weaning deci-
sion making, while in the other only patients with 

f/ Vt � 105 breaths/L/min underwent an SBT. 
The group randomized to use of the f/ Vt experi-
ences took longer to wean from the ventilator. This 
result may derive either from the limited predicted 
value of weaning predictors or from the inherent 
safety of a closely monitored SBT. Along those 
lines, Laghi et al18 used phrenic nerve stimula-
tion and found that low-frequency fatigue did not 
occur in patients failing a T-piece trial. The key is 
that patients were returned to ventilatory support 
as soon as signs of weaning intolerance occurred 
(Table 3). It is likely that fatigue, and possibly 
structural respiratory muscle injury, would ensue 
if the failed weaning trial was unduly extended. 

Support for the principle outlined here comes 
from the recently published Awakening and 
Breathing Controlled (ABC) trial.19 The authors 
successfully used SBT screening criteria that did 
not include weaning predictors. Indeed, they used 
very liberal oxygenation criteria (oxygen saturation 
measured by pulse oximetry, � 88% on Fio2 � 0.5; 
PEEP � 8 cm H2O) fi nding that � 50% tolerated the 
resulting SBT. These fi ndings strongly indicate that 
patients are ready to breathe on their own earlier 
than detected by conventional criteria.

Readiness Testing: The Spontaneous 
Breathing Trial

Direct extubation after satisfying readiness 
criteria alone is unwise, as 40% of such patients 

Table 2. Weaning Predictors*

Measurements of oxygenation and dead space
Pao2/Fio2

Pao2/Pao2

Dead space (Vd/Vt) 
Simple tests of respiratory load and muscular capacity

Negative inspiratory force (maximal inspiratory pressure)†

Respiratory system compliance and resistance
Minute ventilation†

Maximal voluntary ventilation
Vital capacity
Respiratory frequency†

Tidal volume†

Tests that integrate more than one measurement
f/Vt†

CROP index (compliance, respiratory rate, oxygenation, 
pressure)†

Complex measurements (usually require special equipment)
Airway occlusion pressure
P0.1/MIP†

Esophageal pressure measurements
Oxygen cost of breathing, work of breathing
Gastric intramucosal pH

*Pao2 � partial pressure of arterial oxygen; MIP � maximal 
inspiratory pressure. 
†Predictors found to be most accurate in a systematic 
review.14

Table 3. Criteria Indicating That a Patient Is Not Tolerating a 
Trial of Spontaneous Breathing*

Objective criteria

Sao2 � 0.90 or Pao2 � 60 mm Hg on Fio2 � 0.40–0.50 or 
Pao2/Fio2 � 150

Increase in Paco2 � 10 mm Hg or decrease in pH � 0.10
Respiratory rate � 35 breaths/min
Heart rate � 140 beats/min or an increase � 20% of 

baseline
Systolic BP � 90 mm Hg or � 160 mm Hg or change of 

� 20% from baseline 
Subjective criteria

Presence of signs of increased work of breathing, including 
thoracoabdominal paradox or excessive use of 
accessory respiratory muscles

Presence of other signs of distress such as diaphoresis or 
agitation

*Sao2 � arterial oxygen saturation.
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require reintubation.20 Therefore a trial of spon-
taneous breathing (SBT) is strongly recommended. 
The SBT can be performed on low-level pressure 
support (PSV, � 7 mm Hg), continuous positive 
airway pressure (CPAP), or unassisted through a 
T-piece. Advocates of T-piece maintain that it best 
estimates work of breathing after extubation. In 
contrast, it has been argued that PSV more effec-
tively counterbalances endotracheal tube-related 
resistive workload, although the level required 
varies from 3 to 14 cm H2O and is challenging 
to determine noninvasively.21 Not surprisingly, a 
given PSV level may either over- or undercom-
pensate for imposed work. CPAP can improve 
ventilator triggering in the setting of signifi cant 
intrinsic PEEP. Automatic tube compensation 
(ATC) has been advocated as it adjusts PSV level 
based on tube characteristics. Randomized con-
trolled trials (RCTs)6,22,23 comparing pressure sup-
port to T-piece and CPAP to T-piece have shown 
the techniques to be essentially equivalent in terms 
of successful weaning and extubation. One study25 
found no difference comparing ATC, PSV, and 
T-piece,24 while another found a trend for better 
SBT success for ATC (96% vs 85% with CPAP). An 
observational study26 examined 31 patients who 
failed a 30-min T-tube trial and were immediately 
placed on a 30-min trial of PSV at 7 cm H2O. Ten 
of these patients failed the PSV trial, but 21 could 
be extubated, 17 of them successfully. Practical 
advantages to conducting an SBT through the 
ventilator include there is no additional equip-
ment is required, ventilator alarm and monitoring 
systems promptly identify weaning intolerance, 
and there is rapid reinstitution of ventilatory sup-
port, if needed. 

In general, tolerance for a 120-min SBT indi-
cates that a patient no longer requires ventilatory 
support. One study, examining only the initial 
SBT attempt, found no difference in success rate 
comparing patients randomized to either 30 or 
120 min of T-piece breathing.7 A smaller study 
compared 30 or 120 min SBT of PSV at 7 cm H2O 
after a weaning strategy of progressive decrease in 
pressure support.27 There was no difference in the 
percentage of patients passing the SBT; although 
it did not reach statistical signifi cance, twice as 
many patients were extubated after 30 min of PSV 
required reintubation. The ideal duration for the 
SBT may depend on the duration of ventilation or 

the underlying cause for respiratory failure. As an 
example, a study of 75 patients with COPD, ven-
tilated for at least 15 days, found a median time to 
trial failure of 120 min.28

Careful assessment during an SBT is based on 
both objective and subjective criteria, although 
these have not been rigorously validated 
(Table 3). Some criteria are nonspecifi c (tachy-
pnea, tachycardia) and may refl ect processes 
other than physiologic weaning intolerance (eg, 
anxiety). The criteria may be insuffi ciently sensi-
tive in detecting incipient respiratory failure: some 
patients satisfying criteria for weaning tolerance 
may demonstrate more sophisticated indicators 
of respiratory dysfunction followed by postextu-
bation respiratory failure.29 

Pathophysiology of Weaning Failure

Fifteen to 35% of patients fail their initial SBT 
and should undergo a thorough investigation 
trying to identify, and treat, reversible factors 
(Fig 2). Adequate oxygenation (eg, Pao2/Fio2 ratio 
� 150) is a prerequisite for initiating SBTs; thus, 
hypoxemia is an unusual cause for weaning fail-
ure. When hypoxemia ensues during weaning, 
another underlying mechanism for failure should 
be sought.

Depressed central respiratory drive (overseda-
tion, neurologic process) can delay weaning initi-
ation or lead to weaning intolerance. Indeed, as a 
consequence of capacity-load imbalance, patients 
with weaning failure usually manifest elevated 
respiratory drive, detected by an elevated airway 
occlusion pressure (P0.1).30 Excessive load may 
be imposed by the endotracheal tube, heat and 
moisture exchange devices, or the ventilator tub-
ing and valves.31,32 Intrinsic factors are more com-
monly responsible. As an example, a study of 31 
patients with COPD found that the patients fail-
ing the SBT had higher loads (increased resistance, 
elastance, and intrinsic PEEP) at SBT onset, and 
these progressively increased until the trial was 
terminated.33 Rapid shallow breathing was noted, 
resulting in more dynamic hyperinfl ation, intrin-
sic PEEP, and increased inspiratory work. Another 
investigation of 30 patients with acute respiratory 
failure used each patient as his or her own con-
trol and observed markedly elevated inspiratory 
loads and reduced respiratory  muscle capacity 
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during weaning failure compared with observa-
tions made at the time of weaning success.34 

Reduced respiratory muscle strength is fre-
quently seen in patients with weaning intolerance. 
This may occur from decreased diaphragmatic 
pressure generation secondary to dynamic 
hyperinfl ation, phrenic nerve injury after cardiac 
surgery, critical illness neuromyopathy,35,36 respi-
ratory muscle remodeling secondary to inactivity 
or muscle atrophy (especially with neuromuscu-
lar blocking agents),37,38 the effects of endocrinop-
athy (eg, hypothyroidism, adrenal insuffi ciency), 
or malnutrition.39,40 

Older studies11 have suggested that respi-
ratory muscle fatigue was an important mani-
festation of weaning failure. But rapid shallow 
breathing and thoracoabdominal paradox have 
been observed to appear immediately after 
ventilator disconnection and do not progress 
during failed weaning, suggesting a response 
to increased loading rather than fatigue.41 
This hypothesis is supported by the observa-
tion that healthy subjects breathing against an 
inspiratory load develop thoracoabdominal 
paradox in the absence of fatigue.42 In contrast, 
other studies33,34 noted that patients with weaning 
intolerance demonstrated a tension-time index 
above the 0.15 threshold at which respiratory 
muscle fatigue occurs in healthy subjects. Using 
the twitch occlusion and magnetic stimulation, 
Laghi et al18 found that patients intolerant of a 

well-monitored SBT failed to develop evidence 
for low-frequency respiratory muscle fatigue. 

Cardiac disease can cause weaning intolerance 
via a number of mechanisms. Increased work of 
breathing, or the associated release in catechol-
amines, can cause myocardial ischemia (detected 
by nuclear technique or continuous ECG moni-
toring).43-45 The transition from positive-pressure 
ventilation to spontaneous (negative pressure) 
breathing can increase left ventricular preload 
and afterload, elevating transmural pulmonary 
artery occlusion pressure and causing pulmonary 
edema.46 Patients intolerant of SBTs often fail to 
appropriately increase cardiac output and stroke 
volume during the trial.47,48

Patients at risk for the latter may demonstrate 
an elevated brain natriuretic peptide (BNP)49 or N-
terminal pro-BNP50 prior to the weaning trial or 
an elevated N-terminal pro-BNP at the end of the 
trial. In one study,49 a pre-SBT BNP of � 275 pg/dL 
correlated with a longer duration of weaning. A 
decrease in left ventricular ejection fraction has 
been observed in COPD patients undergoing 
T-piece trials, an effect that can be partially off-
set by the use of pressure support.51 The stress of 
weaning is considerable as it results in increased 
levels of plasma insulin, cortisol, and glucose.52 
Lastly, positive fl uid balance has been associated 
with weaning failure.53 

Psychological factors can limit weaning but 
few data exist to defi ne how often this occurs. 

Ventilatory demand
Dead space, VCO2
Metabolic acidosis

Anxiety, Pain

Resistive load
Secretions

Bronchoconstriction
Endotracheal tube problems

Elastic load

PEEPi, Pneumonia
Pulmonary edema

Atelectasis
PTX, pleural effusions
Abdomen distension

Neuromuscular capacity
Mg,Ca,K,PO
Steroids

Malnutrition
Sepsis, Medications

Hypothyroidism
Phrenic n. injury
CIP, myopathy

Ventilatory drive

Over-sedation
Metabolic alkalosis

CNS process
OHS

Load

Capacity

Cardiac Disease
Psychological Disease

Figure 2. Potential causes of weaning failure. PEEPi � intrinsic positive end-expiratory pressure; PTX � pneumothorax; 
Vco2 � carbon dioxide production; CNS � central nervous system; OHS � obesity hypoventilation syndrome; Mg+ � magne-
sium; Ca++� calcium; K+ � potassium; PO4

- � phosphorus; CIP � critical illness polyneuropathy.  
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Delirium is present in the majority of ventilated 
patient and its presence is correlated with pro-
longed duration of intubation.54 A confounding 
factor is that criteria used to indicate weaning 
intolerance (eg, agitation, diaphoresis, tachycar-
dia, and tachypnea) are also manifestations of anx-
iety or psychological distress. Nevertheless, small 
uncontrolled reports found that biofeedback, 
relaxation techniques, hypnosis, or therapy for 
depression contributed to successful weaning.55 

Modes of Progressive Withdrawal

Once the reversible factors causing weaning 
intolerance have been addressed, further efforts 
to discontinue mechanical ventilation are indi-
cated (Table 4). One issue is how long to rest a 
patient after a failed weaning effort. In the most 
common clinical scenario, when clinical evi-
dence of respiratory muscle fatigue is absent, 
multiple daily attempts may be appropriate. As 
an example, a large RCT found no difference in 
outcome for patients given multiple daily SBTs 
and those given a single daily trial.56 In contrast, 
if evidence for fatigue is evident, then 24 h of rest 

on full support should precede the next weaning 
effort.57 Interestingly, comparison of data from 
two international surveys indicates that fewer 
ICUs are employing multiple daily SBTs than in 
the past.2,58

The clinician must next decide whether to 
perform another SBT or whether to more gradu-
ally reduce ventilatory support (progressive 
withdrawal). The latter approach theoretically 
slowly shifts work from ventilator to patient. It 
remains unproven whether this process recondi-
tions (or trains) the respiratory muscles or simply 
allows time needed for recovery (eg, reduction in 
respiratory load or increased respiratory muscle 
strength and endurance). Two large multicenter 
RCTs directly compared progressive withdrawal 
techniques in patients who satisfi ed readiness cri-
teria but failed to tolerate a 2-h SBT. 56,59 One study 
found T-piece to be superior and the other found 
PSV the most effi cient. Differences in patient 
populations and study design may explain the 
contrasting results. These studies demonstrate 
that synchronized intermittent mandatory venti-
lation (SIMV) alone slows the process, a fi nding 
that is concordant with physiologic investigations 

Table 4. Examples of Reversible Causes of Weaning Failure and Their Associated Treatments*

Cause Examples of Treatment Comment

↑ Ventilatory demand ↓ CO2 production by suppressing fever and 
avoiding overfeeding; ↓ dead space by 
treating hypovolemia; treat sepsis; give 
NaHCO3 for severe metabolic acidosis

Presence suggested by Ve � 15 L/min

↑ Resistive load Administer bronchodilators or steroids; 
antibiotics for respiratory tract infection; 
airway suctioning for secretions; place 
larger endotracheal tube

Presence suggested by measured airway 
resistance of � 15 – 20 cm H2O/L/s†

↑ Elastic load Diuretics for increased lung water; drainage 
of pleural fl uid and air; decompression of 
abdomen with NG tube, paracentesis; 
bronchodilators to reduce PEEPi; treat 
pneumonia

Presence suggest by clinical examination, 
chest radiograph, and respiratory system 
compliance � 50–70 mL/cm H2O

†

↓ Neuromuscular capacity Correct electrolyte abnormalities; minimize use 
of NMB agents; provide adequate nutrition; 
treat sepsis and hypothyroidism

Presence suggested by poor maximal 
inspiratory pressure (MIP � -20 to 
-30 cm H2O)†

↓ Ventilatory drive Sedation algorithm to avoid oversedation; 
correct metabolic alkalosis with 
acetazolamide

Presence suggested by unexplained 
hypercapnia, respiratory frequency 
� 12 breaths/min

*NG � nasogastric; PEEP � inspiratory PEEP; NMB � neuromuscular blocking.
†An imbalance between respiratory load and neuromuscular capacity is also suggested by an elevated f/Vt ratio (� 100 
breaths/L/min) or increased airway occlusion pressure (P0.1 � 4 − 6 cm H2O).
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 demonstrating that the degree of respiratory mus-
cle rest on SIMV is not proportional to the level 
of ventilatory support. The neuromuscular appa-
ratus poorly adapts to changing loads because 
respiratory muscle contraction during lower 
levels of SIMV is similar during both interven-
ing (unsupported) and mandatory (supported) 
breaths.60 This effect can be overcome by adding 
PSV to the unsupported breaths during SIMV.61 
Indeed, one small RCT of 19 patients with COPD 
noted a trend toward shorter weaning duration 
with SIMV/PSV compared with SIMV alone.62 
One study63 randomized patients to 2-h SBTs with 
T-piece or PSV and found the latter associated with 
decreased weaning time, duration of mechanical 
ventilation, and ICU length of stay. These results 
must be interpreted cautiously as the study was 
unblended, the weaning protocol not explicitly 
stated, and the randomization unequal. 

Finally, one RCT64 examined the use of a 
closed-loop, knowledge-based system compared 
with usual care in 144 patients. The computer-
driven ventilator continuously adjusts the level of 
pressure support based on respiratory rate, mini-
mal tidal volume, and maximal end-tidal carbon 
dioxide to keep the patient in a “zone of comfort.” 
A trial of spontaneous breathing is automatically 
conducted at the point a minimal level of PSV is 
achieved. If the SBT is successful, the physician 
is prompted about extubation. Using this design, 
computer-driven ventilation decreased dura-
tion of weaning, total duration of ventilation, 
and median ICU stay without adverse event or 
increased reintubation. In contrast a subsequent, 
single-center study,65 involving the same comput-
erized system, did not fi nd the closed-loop sys-
tem to be superior. To date, there is no RCT that 
indicates that modes such as volume support, 
volume-assured pressure support, and adap-
tive support ventilation facilitate the process of 
weaning compared with the techniques previ-
ously discussed.

Noninvasive ventilation (NIV) effectively 
treats acute respiratory failure complicating COPD 
and also benefi ts select patients with acute hypox-
emic failure. Six RCTs have explored the use of NIV 
in patients having trouble weaning from mechani   -
cal ventilation. Nava et al66 studied 50 COPD 
patients with acute-on-chronic hypercapnic respira-
tory failure (mean Paco2,  approximately 90 mm Hg) 

who failed an initial T-piece trial. Patients were 
randomized to standard PSV weaning or immedi-
ate extubation to NIV (PSV mode) delivered via a 
full-face mask and standard ICU ventilator. The 
NIV group had statistically signifi cant reductions 
in duration of mechanical ventilation, length of 
ICU stay, and 60-day survival. Another investi-
gation of 53 acute-on-chronic respiratory failure 
patients found NIV reduced duration of invasive 
mechanical ventilation, although other outcomes 
were unchanged.67 

Finally, Ferrer et al68 randomized 43 patients 
who had failed three SBTs, 77% of whom had 
chronic lung disease. This study was stopped at 
an interim analysis fi nding that NIV was associ-
ated with shorter duration of mechanical ventila-
tion, shorter ICU stay, shorter hospital stay, fewer 
tracheostomies, higher ICU survival, and a lower 
incidence of nosocomial pneumonia and septic 
shock. Two additional studies, one presented 
in preliminary form69 and the other a quasi-
 randomized study in the Chinese literature,70 
indicate that NIV is equal or superior to invasive 
weaning. A metaanalysis71 of these fi ve studies 
(80% of patients with COPD) found that NIV was 
associated with decreased mortality, ventilator-
 associated pneumonia, duration of invasive ven-
tilation, and length of stay in ICU and in hospital. 
A subsequent RCT (only one-third of patients with 
COPD) found no difference in survival, duration 
of intubation, and length of stay when compar-
ing invasive weaning with NIV, although the lat-
ter was associated with fewer complications.72 

Taken together, these studies indicate that 
NIV is a reasonable approach in patients with 
COPD for whom the treatment has not allowed 
weaning. Important caveats include the follow-
ing: SBT readiness criteria must be satisfi ed, extu-
bation criteria must be satisfi ed (eg, adequate 
mental status, effective cough, and manageable 
volume of respiratory secretions), and the patient 
must be a good candidate for NIV (able to breath 
spontaneously for at least 5 to 10 min and not 
deemed to have diffi culty in reintubation). The 
benefi ts of NIV include a reduction in the acquisi-
tion of pneumonia, lower sedation requirements, 
and better recognition of readiness for extuba-
tion, particularly when psychological factors or 
the imposed work of breathing is contributing to 
weaning failure. 
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Application of Weaning Protocols

Uncontrolled investigations and RCTs dem-
onstrate improved outcome with weaning driven 
by a protocol and implemented by physicians or 
by respiratory care practitioners and ICU nurses. 
Protocols can be used to perform a daily screen 
to determine readiness for an SBT, to determine 
the pace of weaning using methods of progres-
sive withdrawal, or to direct a search for treat-
able causes for weaning failure. Of these three 
applications, the fi rst is more important than 
the second; the third strategy has yet to be fully 
investigated. 

One study73 randomized mechanically ven-
tilated medical patients to an intervention strat-
egy combined daily readiness testing with SBTs 
compared to standard care. Control patients were 
screened daily but the information was not used 
to make weaning decisions. Intervention patients 
passing the daily screen underwent a 120-min 
SBT and if the trial was passed, the managing 
clinicians received a prompt for extubation. The 
intervention group experienced signifi cant reduc-
tions in weaning time, duration of mechanical 
ventilation, complication rate, and ICU costs; no 
differences were noted in ICU or hospital length 
of stay, hospital costs, or mortality. Subsequent 
RCTs in medical and surgical ICUs74,75 found that 
respiratory care practitioner/ICU nurse-directed 
protocols are also able to shorten the duration of 
mechanical ventilation. Nevertheless, protocols 
must be tailored to the environment in which they 
will be employed. This entails modifying the pro-
tocol for application to a distinct patient popula-
tion. Studies performed in a neurosurgical ICU,76 
a pediatric ICU,77 and in a medical ICU at a lead-
ing academic medical center found no superiority 
to a protocolized approach.78 Although a protocol 
may serve as the default approach to weaning, 
fl exibility and clinical judgment are highly rec-
ommended as too rigid an approach needlessly 
prolongs weaning and extubation. 

Most randomized trials demonstrate that pro-
tocols directed at minimizing the use of sedative 
infusions decrease the duration of mechanical 
ventilation. Strategies designed to avoid overse-
dation by limiting the use of continuous infusions, 
either through sedation assessment scoring79 or by 
daily cessation of sedative  infusions,80 decrease 

 duration of mechanical ventilation and duration 
of ICU stay. In contrast, at least one study81 found 
that a sedation protocol did not hasten weaning 
from mechanical ventilation. Girard et al19 recently 
published the results of a trial that employed a 
“wake up and breathe” strategy (the ABC trial). 
Patients randomized to a daily awakening trial 
followed by an SBT (vs SBT alone) experienced 
increased time off of mechanical ventilation, 
decreased time in coma, decreased ICU and hos-
pital length of stay, and improved survival at 
1 year. Interestingly, the two groups progressed 
to the point of passing an SBT at the same rate. 
Therefore, the improved outcome of combining 
a daily awakening trial and SBT resulted from 
patients being awake and ready for extubation 
once they passed the SBT.

Additional factors are important as studies 
show reduced duration of mechanical ventilation 
when nurse/patient ratios improve82 and when a 
bedside weaning board and fl ow sheet are used 
to enhance communication between critical care 
practitioners.83

Extubation

When a patient has tolerated an SBT the cli-
nician must next determine whether the endotra-
cheal tube is still required. Approximately 10 to 
15% of patients fail extubation (require reintuba-
tion) within 24 to 72 h of extubation.84 A number 
of risk factors for extubation failure have been 
identifi ed (Table 5). Reintubated patients suffer 
increased hospital mortality, prolonged ICU and 
hospital stays, and more frequently need long-
term acute care.6,7,85,86 On the other hand, unnec-
essary delays in extubation prolong ICU stay, 
heighten the risk for pneumonia, and increase 
hospital mortality.87 

Table 5. Risk Factors for Extubation Failure

Medical, pediatric, or multidisciplinary ICU patient
Older age
Pneumonia as cause for mechanical ventilation
Higher severity of illness at the time of extubation
Use of continuous IV sedation
Abnormal mental status, delirium
Semirecumbent positioning
Transport out of ICU for procedures
Physician and nurse staffi ng in the ICU
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As both extubation delay and extubation fail-
ure are linked to adverse outcomes, importance 
has shifted to developing strategies to more accu-
rately predict and prevent postextubation respira-
tory failure. Measuring blood gases at the end of 
the SBT has not been shown to accurately predict 
extubation outcome.88,89 In general, weaning pre-
dictors perform poorly in predicting extubation 
outcome.90 Examining the f/ Vt at SBT conclusion91 
or the time needed to return to baseline minute 
ventilation after resumption of full ventilatory 
support92 shows promise. This is not unexpected 
as extubation failure often results from inability to 
protect the airway and manage respiratory secre-
tions.93 The upper airway can be assessed by iden-
tifying an audible air leak when the endotracheal 
tube balloon is defl ated (cuff-leak test). Air leak 
can be quantifi ed as the difference between the 
inspired and expired tidal volume during assist-
control ventilation. False-positive test fi ndings 
result from secretions adhering to the external 
surface of the endotracheal tube or when an unde-
tected increase in inspired volume (machine tidal 
volume plus spontaneous gas inspired around 
the tube) contributes to an elevated exhaled tidal 
volume. Because these confounders are diffi cult 
to detect prior to extubation, an expert in airway 
management should be available immediately 
when extubating the patient with a positive cuff-
leak test. Recently, several RCTs have demon-
strated that systemic corticosteroids can reduce 
postextubation stridor, especially in high-risk 
patients.94-96 For example, Cheng et al94 random-
ized 128 high-risk patients (cuff-leak volume, 
� 24% of tidal volume) to placebo or methylpred-
nisolone injection (multiple or single dose) during 
the 24 h prior to extubation. Treatment with meth-
ylprednisolone signifi cantly reduced the risk for 
postextubation stridor and need for reintubation. 

The ability to protect the airway also depends 
on cough strength and volume of respiratory secre-
tions (eg, suction requirement more than every 2 h), 
parameters that can be qualitatively and quanti-
tatively measured. Mental status is also impor-
tant, although studies looking exclusively at this 
parameter have come to confl icting conclusions. 
More recently, the integration of parameters has 
been found most useful. For example, Salam et al97 
found that measuring peak cough fl ow rates (cutoff, 
� 60 L/min), secretions (cutoff, � 2.5 mL/h), and 

abnormal mental status (inability to complete four 
simple commands) was highly predictive of extuba-
tion outcome. Failing all three criteria led to certain 
extubation failure, and the absence of all three was 
associated with only a 3% risk for reintubation. 

Despite these advances, accurate prediction 
of extubation outcome remains challenging. The 
success of NIV for acute respiratory failure and 
its recent successful application in facilitating 
weaning has led to renewed interest in application 
to prevent extubation failure. RCTs indicate that 
routine use of nasal intermittent positive pressure 
ventilation after extubation98 or application in het-
erogeneous populations with overt 99 or those with 
early signs of extubation failure100 does not decrease 
need for reintubation or improve survival. In con-
trast, one case-control study101 found that NIV 
effectively reduced reintubation in COPD patients 
with early evidence of postextubation hypercap-
nic respiratory failure. Two recently published 
RCTs102,103 indicate that immediate postextubation 
application of NIV in patients at highest risk for 
extubation failure is effective in preventing rein-
tubation and may reduce mortality. 

Weaning Patients Supported by 
Prolonged Mechanical Ventilation

Approximately 10 to 20% of patients with 
acute respiratory failure require prolonged ven-
tilatory support (� 21 days). Once stable, these 
patients are often transferred to a chronic ventila-
tor or long-term acute care unit. A recent multi-
center observational study104,105 of � 1,400 patients 
transferred to long-term care hospitals found that 
50% could be successfully weaned from mechani-
cal ventilation. As in the acute ICU setting, stan-
dard weaning predictors perform poorly in 
foretelling outcome for patients supported by 
prolonged mechanical ventilation.106 Weaning 
efforts should start as soon as possible after trans-
fer as nearly 30% of patients supported by pro-
longed mechanical ventilation will tolerate their 
initial SBT and be liberated.28 For the remaining 
patients, an imbalance between respiratory load 
and neuromuscular capacity often forms the basis 
of ventilator dependence.107 Therefore, continued 
efforts to identify, and reverse, factors that either 
increase work of breathing or contribute to respi-
ratory muscle weakness should be undertaken. 
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An RCT28 in prolonged mechanical ventilation 
found no difference between PSV weaning and 
tracheotomy collar trials of increasing duration in 
52 COPD patients. Compared with historic con-
trols, weaning protocols in this setting are associ-
ated with shorter weaning duration than that of 
traditional approaches.108 
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Objectives:

• Identify the multisystem manifestations of trauma
• Recognize common patterns of presentation for cardiopul-

monary injury
• Recognize evolving management of secondary brain 

injury
• Identify patients at high risk for venous thrombo embo lism 

following injury
• Recognize burn injury of various degrees and associated 

treatment options
• Assess and manage inhalation injury
• Review the latest available data regarding the outcome of 

burn injury

Key words: blunt cardiac injury; duplex ultrasonography; 
hemothorax; inhalation injury; low-molecular-weight heparin; 
pneumothorax; secondary brain injury; venous thromboem-
bolism

Trauma

Principal decision making in the management of 
multiple organ injury rests with the trauma sur-
geon. The intensivist, however, is a critical compo-
nent of the management team, particularly in the 
setting of blunt injury with multiple system dys-
function and less need for acute operative interven-
tion. Certain types of injury have implications for 
all members of the trauma care team, both emer-
gency department management and critical care 
support. All team members should therefore be able 
to identify and act immediately on identifi cation of 
injury and complications of initial treatment. The 
international process for injury identifi cation and 
treatment is discussed in the Advanced Trauma Life 
Support Course published by the American College 
of Surgeons Committee on Trauma. This chapter 
reviews recent developments and discusses com-
mon patterns of injury or complications of injury 
according to organ system.

Airway and Spine

The initial priority in the management of any 
injured patient is assessment and management of 

the airway. At the same time, care is taken to pre-
vent movement of the cervical spine. All patients 
with blunt trauma are at risk for cervical spine 
injury. Patients with unknown cervical spine sta-
tus and need of emergency airway control may 
be intubated safely by temporary removal of the 
immobilizing cervical collar, while inline stabi-
lization is maintained during intubation. After 
securing the airway, the collar is reapplied and 
the patient remains on log-roll precautions until 
the complete spine status has been assessed. The 
choice of nasotracheal vs orotracheal intubation 
technique is based on provider preference and 
experience. Nasotracheal intubation, however, 
requires spontaneous respiration. In addition, 
no tubes should be passed through the nose of a 
patient who has midfacial trauma with a risk of 
cribriform plate fracture. When other means of 
airway control have failed, a surgical airway may 
be required.

Neurologic examination alone does not 
exclude a cervical spine injury. The integrity of 
the bony components of the cervical spine may 
be assessed in various ways. A variety of plain 
radiographs, CT scans, or MRI scans may be 
obtained. The following patients are excluded 
from examination: (1) those who cannot relate 
neurologic examination changes; (2) those who 
are unresponsive due to either primary injury or 
the effects of pain medication; and (3) those who 
receive muscle relaxants. Thus, recommendations 
were developed to determine the presence or 
absence of cervical spine instability. The follow-
ing recommendations were made for patients at 
risk for cervical spine injury:

• Patients who are alert, awake, and without 
mental status changes and neck pain and who 
have no distracting injuries or neurologic defi -
cits may be considered to have a stable cervical 
spine and need no radiologic studies.

• All other patients should have at least a lateral 
view of the cervical spine, including the base 
of the occiput to the upper border of the fi rst 
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thoracic vertebra, and anteroposterior view 
showing the spinous processes of the second 
cervical through the fi rst thoracic vertebra; 
and an open-mouth odontoid view indicating 
lateral masses of the fi rst cervical vertebra and 
the entire odontoid process. Axial CT scans 
with sagittal reconstruction may be obtained 
for any questionable level of injury or any area 
that cannot be adequately visualized on plain 
radiographs.

• Flexion and extension views of the cervical 
spine may be appropriate in patients complain-
ing of signifi cant neck pain with normal plain 
radiograph results.

• Patients with neurologic defi cits that may refer 
to a cervical spine injury require subspecialty 
consultation and MRI evaluation. MRI may 
also facilitate clearance of ligamentous injury.

• Patients with an altered level of consciousness 
secondary to traumatic brain injury or other 
causes may be considered to have a stable cer-
vical spine if adequate three-view plain radio-
graphs and thin-cut axial CT images through 
C1 and C2 are normal.

• Most recent work suggest that CT scans may 
facilitate evaluation of the cervical spine in any 
head-injured or intubated patient. More and 
more centers are adding CT scans of the cervical 
spine when scans of the head are obtained after 
injury.

Cervical spine injury following blunt trauma 
reportedly occurs at a frequency of 4 to 6%. In the 
literature of cervical spine injury, there is little sup-
porting evidence that defi nes the criteria for deter-
mining who gets cervical spine radiographs and 
who does not. Long-term follow-up to identify all 
cases of cervical spine injury missed in the acute 
setting is frequently unavailable. The true inci-
dence of cervical spine injury is thus not known. 
The three-view plain spine series (anteroposterior, 
lateral, and open-mouth odontoid view), supple-
mented by thin-cut axial CT imaging with sagittal 
reconstruction through suspicious areas or in ade-
quately visualized areas, provides a false-negative 
rate �0.1% if the studies are technically adequate 
and properly interpreted.

The lessons of cervical spine evaluation have 
also been applied to injuries to the thoracic and 
lumbar regions. While plain radiographs in the 

majority of patients are adequate to screen in indi-
viduals with high-risk mechanisms, helical CT 
allows reconstruction of the thoracic and lumbar 
spine from various views. This information can be 
obtained in patients receiving chest and abdominal 
CT scanning protocols for other visceral injuries. 
A dedicated spine CT examination is no longer 
required. In our center, adjacent spine reconstruc-
tions are obtained in any patient receiving torso 
scans as a part of evaluation for injury. When the use 
of helical CT was compared to conventional radio-
graphs of the thoracic and lumbar spine, improved 
sensitivity and specifi city were obtained.

Tracheobronchial Injury

Tracheal or laryngeal disruption or fracture 
most commonly occurs at the junction of the  larynx 
and the trachea. Signs and symptoms may include 
hoarseness, subcutaneous air, edema, or crepitus 
at the neck, but the patient may have minimal evi-
dence of injury. The patient should be allowed to 
assume the position of comfort; this position may 
include sitting if spinal injury is unlikely during 
the patient’s initial assessment. Airway manage-
ment by an experienced physician may include an 
awake tracheostomy. Cricothyroidotomy should 
be avoided.

Injury to the proximal trachea may be caused 
by blunt or penetrating trauma. Blunt injury to the 
cervical trachea occurs in �1% in all patients with 
blunt trauma to the trunk. Injury to the larynx is 
the most common blunt injury. A direct blow to the 
trachea may cause compression or fracture of the 
cartilaginous ring, hematoma formation, bleed-
ing, or airway obstruction. Injury to the trachea 
may also occur from the shoulder restraint har-
ness of a seat belt. Proximal tracheal injuries may 
be caused by gunshot wounds or stab wounds 
to the neck. Hemoptysis and airway obstruction 
indicate the need for urgent access to the airway. 
Patients with subcutaneous air or dissecting air 
within the cervical fascia should be suspected for 
tracheal and/or esophageal injury.

Patients presenting with massive subcutane-
ous or mediastinal emphysema are suspected to 
have a distal tracheal or bronchus injury. Hemop-
tysis, hemopneumothorax, or a collapsed lung 
on a plain chest radiograph confi rm injury in the 
major intrathoracic airways. When chest tubes are 
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placed and there is constant air loss, major airway 
disruption must be suspected. In this situation, 
bronchoscopy should be done as soon as possi-
ble to exclude a tracheal or large bronchial tear 
or proximal bronchial obstruction by a foreign 
body or secretions. More than 80% of traumatic 
tracheobronchial tears occur within 2.5 cm of the 
carina; lobar or segmental bronchi are seldom 
injured. Injury to the distal trachea is associated 
with severe compression trauma to the chest, par-
ticularly when the glottis is closed.

Airway control and ventilation may be  diffi cult 
in these patients. A double-lumen endotracheal 
tube may be required. Placement of these tubes 
requires skill, and secretion management may be 
diffi cult. Surgical repair must be prioritized. If an 
airway can be established and maintained, other 
life-threatening problems, such as intra- abdominal 
hemorrhage, may be addressed. Repair of distal 
tracheal or bronchial injuries typically requires a 
thoracotomy. Postoperative management of these 
patients has several components. Repeat bron-
choscopy may be required for secretion control. 
Mechanical ventilation should be provided to min-
imize the pressure within the airways. Use of pres-
sure control modes of ventilation may be optimal.

Intrabronchial bleeding, manifest as hemop-
tysis and air hunger, is poorly tolerated and may 
lead rapidly to death due to alveolar fl ooding. 
Bleeding is typically caused by injury to bronchial 
arteries or fi stulas between pulmonary veins, pul-
monary arterial branches, and the bronchus. These 
patients may rapidly become hypoxic before 
other evidence of respiratory failure is apparent. 
In general, these patients should be positioned 
to facilitate drainage of blood out of the trachea. 
The uninvolved lung must be free of blood, if pos-
sible. Nasotracheal suctioning or bronchoscopy 
may be necessary to keep the bronchial tree clear 
and the contralateral lung expanded. For severe 
bleeding, a double-lumen endotracheal tube may 
be inserted to confi ne the bleeding and protect 
the uninvolved lung. Where severe bleeding con-
tinues, thoracotomy should be performed with 
clamping of the involved bronchus at the hilum.

Recognizing the paucity of literature on tra-
cheobronchial injuries, Richardson reviewed a 
single institution experienced with a single lead 
surgeon in the management of tracheobronchial 
injuries. He classifi ed injuries into those  involving 

the larynx and trachea and those involving the 
mainstem bronchus. In all, 60 patients were treated 
from 1976 to 2001 for blunt and penetrating inju-
ries. Six injuries involved the larynx and trachea, 
while 27 tracheal wounds and 27 injuries to the 
mainstem bronchus were identifi ed. Only one of 
six laryngotracheal wounds had a good result. One 
patient required tracheal resection, and another 
required permanent tracheostomy. Of  tracheal 
injuries, patients surviving tracheal resection and 
end-to-end anastomosis had good outcomes. Two 
granuloma complications were caused by the use 
of a permanent suture. One patient treated by a 
primary tracheal repair had stenosis requiring 
resection. Of patients with injuries to the mainstem 
bronchus, 14 pneumonectomies were performed 
with eight survivors. Three of these patients had 
stump leaks with empyema, and three of these 
individuals had cor pulmonale on follow-up. Ten 
patients had repair of blunt mainstem bronchial 
injuries; in two cases, bronchial stenosis required 
pneumonectomy. Clearly, these patients frequently 
have suboptimal outcome. Where end-to-end tra-
cheal repairs can be created and direct repair of 
mainstem bronchus injuries provided, improved 
outcome can be anticipated.

Rib and Pulmonary Parenchymal Injury

Rib fractures are frequently not detected on 
chest radiographs; the fracture may be docu-
mented by tenderness on physical examination. 
Pain control is essential for ensuring adequate 
spontaneous ventilation. Where multiple adja-
cent rib segments are fractured, a fl ail chest may 
occur. The clinical manifestation of fl ail chest is 
paradoxical movement of the involved portion 
of the chest wall (ie, inward movement of the 
segments during inhalation). Frequently, fl ail 
chest is associated with contusion of the underly-
ing lung, pain, and hypoxemia. Less common is 
pneumothorax associated with an open thoracic 
wound. Open pneumothorax is generally associ-
ated with soft-tissue defi cit requiring dressings 
or closure and chest tube placement to reexpand 
the involved lung. Another complication of rib 
injury is hemothorax. Massive hemothorax is 
suggested by physical examination and the chest 
radiograph. Rapid loss of 1,000 to 2,000 mL of 
blood or ongoing blood loss � 200 mL/h through 
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a chest tube is an indication for thoracotomy. In 
general, pneumothorax is associated with rib 
fractures and requires chest tube placement. Suc-
tion is applied routinely at approximately 20 cm 
H2O. Any patient with a pneumothorax who 
requires a general anesthetic should have a chest 
tube in place. Perhaps the most feared complica-
tion of rib fracture is tension pneumothorax. Air 
is under pressure in the pleural space, resulting 
in hemodynamic embarrassment and pulmo-
nary dysfunction. This  emergency should not be 
diagnosed using a chest radiograph. This clinical 
diagnosis is based on absent breath sounds, respi-
ratory distress,  jugular venous distention, and car-
diovascular compromise. The trachea may deviate 
away from the side, requiring tube thoracostomy. 
Needle catheter placement into the pleural space 
at the second intercostal level in the midclavicular 
line may be necessary for urgent decompression 
of the involved hemithorax.

A common result of rib and chest wall injury 
is pulmonary contusion. Patients with penetrat-
ing trauma may have areas of hemorrhage sur-
rounding a missile tract. The patient sustaining 
pulmonary contusion from blunt trauma may 
have a more globular or diffuse pattern of injury. 
Pulmonary contusion is usually diagnosed on 
the basis of the history of blunt chest trauma and 
fi ndings of localized opacifi cation on chest radio-
graphs. The extent of pulmonary contusion is usu-
ally underestimated on plain fi lm radiographs. 
CT scans evaluate and quantify pulmonary con-
tusions. A scan demonstrating a large contusion 
(� 20%) increases the likelihood of prolonged ven-
tilatory support for acute respiratory failure.

CT may also be useful in confi rming the 
diagnosis of pulmonary contusion. One third of 
pulmonary contusions do not manifest on plain 
radiographs until 12 to 24 h after injury. More fre-
quently than previously noted, CT scans have also 
demonstrated traumatic pneumatocele and paren-
chymal lacerations to the lung. Hypoxia may be 
the fi rst evidence of severe pulmonary contusion. 
If the contusion is large enough or is bilateral, a 
signifi cant decrease in lung compliance may also 
occur with associated increase in shunt fraction. 
The overall mortality rate of patients with pul-
monary contusion is 15 to 16%. When chest wall 
injury is associated with this problem, particularly 
fl ail chest, the mortality rate approaches 45%.

Treatment is directed primarily at  maintaining 
ventilation and preventing pneumonia. Progres-
sive respiratory therapy to promote deep breath-
ing, coughing, and mobilization is critical. Pain 
relief is essential for chest wall injuries. To this 
end, epidural analgesia is superior to intrapleu-
ral medication administration or rib blocks. The 
patient should be euvolemic, not dehydrated. 
Mechanical ventilation may be required in the 
hypoxic patient. This therapy may also be neces-
sary in the patient with shock, increased work of 
breathing, coma, or signifi cant preexisting lung 
disease.

An intriguing clinical series from the Uni-
versity of Oregon Health and Science University 
describes use of absorbable prostheses for rib 
fracture fi xation in 10 patients. These individuals 
underwent rib fracture fi xation with absorbable 
plates and screws. Indications included fl ail chest 
with failure to wean (fi ve patients), acute pain with 
rib instability (four patients), and a signifi cant 
chest wall defect. All patients with fl ail chest were 
weaned successfully from mechanical ventilation. 
Patients with pain and instability reported subjec-
tive improvement or resolution of symptoms. The 
patient with a chest wall defect returned to full 
athletic activity within 6 months. Muscle-sparing 
incisions were used, and thoracoscopic assistance 
was employed in three cases. Two patients with 
screw fi xation only had loss of rib fracture reduc-
tion, and one patient had a wound infection. Given 
the frequency of rib fractures and the morbidity 
associated with this problem, absorbable plates 
are an option that warrants further evaluation for 
rib fracture repair in selected patients. This tech-
nique may be enhanced with further refi nements 
in minimally invasive surgical methods.

ICU Resuscitation

Patients sustaining major trauma without 
brain injury who survive the fi rst 6 h after injury 
are at risk for multiple organ failure. A statistical 
model suggests that age, injury severity score, 
and severity of shock are independent risk factors 
for this  complication. The University of Texas-
 Houston Medical School has developed a shock 
resuscitation protocol applied to major torso 
trauma patients at known risk for multiple organ 
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failure (Fig 1). This standardized process employs 
much of the contemporary thinking regarding 
protocol-driven resuscitation and comes from a 
group with an extensive database in this area.

Patients likely to require this resuscitation 
were those with injuries including two or more 
abdominal organs, two or more long bone frac-
tures, a complex pelvic fracture, fl ail chest, and/
or major vascular injury. Blood loss is a marker of 
need for aggressive resuscitation. Where patients 
are anticipated to need � 6 U of packed RBCs dur-
ing the fi rst 12 h after hospital admission and 
demonstrate an arterial base defi cit � 6 mEq/L 
during the fi rst 12 h after hospital admission, 
shock resuscitation is employed. Trauma victims 
� 65 years old are also at increased risk if they 
have any two of the previous criteria. Notably, 
patients with severe brain injury (Glasgow coma 
scale [GCS] score �8 or abnormal brain CT scan 
results) were not resuscitated by this protocol.

The resuscitation strategy employed is a goal-
directed, rule-based process emphasizing hemo-
globin and volume loading to attain and maintain 
oxygen delivery for the fi rst 24 h of hospital 
stay. A hierarchy of fi ve therapies including RBC 

 transfusion, lactated Ringers infusion, creation of 
Starling curves for oxygen transport determina-
tion, inotrope, and vasopressor administration 
with data managed in a database.

Use of invasive hemodynamic monitoring 
and related end points of resuscitation remains 
 controversial. In the late 1980s, unrecognized fl ow-
dependent oxygen consumption was a suspected 
cause of late organ failure, and it was thought that 
oxygen delivery should be pushed until oxygen 
consumption plateaued. Shoemaker and cowork-
ers, noting that survivors of severe injury increased 
oxygen delivery to supranormal levels compared 
with nonsurvivors, proposed that supranormal 
oxygen delivery be used as a resuscitation goal. In 
a series of publications, these workers provided 
data to support the concept that early manage-
ment to supranormal oxygen delivery improved 
outcome. These publications prompted contro-
versy that has persisted for � 20 years and has led 
to a host of trials offering confl icting results. A 
more recent metaanalysis of goal-directed resus-
citation suggests that the concept of achieving 
supranormal values for oxygen delivery does 
not work in patients in whom organ failure has 

Figure 1. Shock resuscitation protocol applied to major torso trauma patients at known risk for multiple organ failure.
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developed. Shortly after this metaanalysis, a 
rebirth of early goal-directed resuscitation driven 
by the emergency department work of Rivers 
and others appeared. Optimal results in high-risk 
patients, it appears, come when hemodynamic 
optimization takes place before signifi cant organ 
dysfunction occurs. As evidence of major infl am-
mation with organ failure progresses, the attempt 
to achieve high oxygen delivery is not benefi cial 
and may be harmful. Early use of invasive moni-
toring and aggressive resuscitation is supported by 
a recent retrospective assessment of the National 
Trauma Data Bank for outcome associated with 
management of the pulmonary artery catheter. 
After stratifi cation for injury severity, pulmonary 
artery catheter use was associated with survival 
benefi t in patients aged 61 to 90 years, with arrival 
base defi cit worse than –11 and injury severity 
score of 25 to 75. The role of supranormal targets 
for  oxygen transport remains unclear.

Moore and coworkers in Houston address this 
issue by comparing two cohorts of patients. The 
control patients were resuscitated to an oxygen 
delivery index of 600 mL/min/m2 as compared to 
a more modest, but acceptable, resuscitation end 
point of 500 mL/min/m2. Comparing a wide range 
of hemodynamic variables, these workers suggest 
that outcome with the more modest  resuscitation 
goal was comparable in patients with critical 
injury and that patients could be resuscitated with 
a smaller resuscitation fl uid volume for a lower 
target oxygen delivery index. Other observations 
from this group suggest that female patients have 
a comparable if not better response to resuscitation 
after trauma, and trauma during the later years of 
life is not inevitably associated with resuscitation 
futility. While acceptance of the invasive hemody-
namic monitoring strategy and fl uid resuscitation 
end points of Moore and coworkers is not uniform 
among the trauma community, this is some of the 
best recent data incorporating an ICU resuscita-
tion strategy after injury. An interesting concern 
with such aggressive protocols is an increased rec-
ognition of abdominal compartment syndrome, 
both as a primary consequence of injury and as a 
secondary effect of resuscitation strategy. Clearly, 
we still need to strike a balance.

In an effort to optimize blood product admin-
istration in critically injured patients, a massive 
transfusion policy is being introduced in trauma 

centers in the United States to allow expedient 
and appropriate blood component replacement 
during acute patient management. Individuals 
presenting in extremis typically receive non–cross-
matched blood in the resuscitation room while 
specifi c component replacement begins in the 
ICU, operating room, or angiography suite. On 
presentation of a patient deemed likely to need 
massive transfusion, a blood sample is sent to the 
laboratory for a type and cross-match of products. 
Consistent with recent data supporting increased 
administration of fresh frozen plasma (FFP), 6 to 
8 U of FFP are provided as well as platelets for 
each 10 U of packed RBCs used, a departure from 
previous strategies, which included later admin-
istration of plasma and platelet products. An 
administration cycle providing 4 to 5 U of packed 
RBCs at a time with appropriate amounts of FFP 
and platelets continues with activation of this pro-
tocol until discontinued by the trauma team.

Stimulated by recent work suggesting the 
effi cacy of recombinant activated factor VII in 
hemophilia, factor defi ciency states, and off-label 
administration in surgery and trauma, trauma cen-
ters are incorporating administration of recombi-
nant activated factor VII with massive transfusion 
protocols. In general, this material is employed in 
doses approximating 100 µg/kg after administra-
tion of 8 to 10 U of packed RBCs in �6 h. Use of 
recombinant activated factor VII assumes prior 
administration of appropriate amounts of FFP, 
platelets, and cryoprecipitate (for fi brinogen �100 
mg/dL). Contraindications to use of recombinant 
activated factor VII include pH �7, GCS score 
�8, cardiac arrest, pregnancy, and possibly prior 
venous thromboembolic disorders, myocardial 
infarction (MI), or cerebral vascular accident (CVA) 
[if recent]. Recombinant activated factor VII binds 
to platelets, and effects are concentrated at the site 
of injury where bleeding and hemostatic altera-
tions occur. Thrombin generation is enhanced, and 
tissue factor-dependent and -independent activa-
tion of factor X is seen. Factor IX is activated, and 
platelet activation and aggregation are focused at 
sites of injury. While available multicenter data 
does not support widespread use of recombinant 
activated factor VII in the setting of injury, contem-
porary practice patterns support administration of 
this material in a controlled fashion within institu-
tional massive transfusion protocols (Table 1).
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Another important, but investigational, applica-
tion of recombinant activated factor VII comes in the 
patient sustaining intracranial hemorrhage (ICH) 
while receiving warfarin therapy. In this patient 
group with an elevated international normalized 
ratio, recombinant activated factor VII may be 
administered in a low dose along with FFP, vitamin 
K, and other products as appropriate. This aggres-
sive approach is warranted due to high morbidity 
in patients sustaining head injury while receiving 
various anticoagulant therapies. Contraindications 
to administration of recombinant activated factor 
VII include pregnancy, venous thromboembolic 
disorders, CVA, or MI within 30 days before onset 
of symptoms for ICH. There is a signifi cant need for 
further data in this area (Table 2).

Damage Control

In use for over a decade, the concept of damage 
control has become an accepted, proven  surgical 

method with wide applicability and success. 
Damage control is no longer confi ned to the abdo-
men, and its principles cross surgical disciplines, 
including thoracic, urologic, orthopedic, and vas-
cular surgery. The concept is most often used in 
the massively injured exsanguinating patient with 
multiple competing surgical priorities (Tables 3–6). 
With growing experience and application, the 
technique continues to evolve. The group at the 
University of Pennsylvania Trauma Center fi rst 
published on the contemporary experience with 
damage control in 1993. This experience included 
24 abdominal injury patients. This group has 
noted an improvement in survivability when 
abbreviated laparotomy and abdominal packing 
are combined with physiologic resuscitation and 
more extensive visceral repair at later operations.

The patient receiving damage control treat-
ment is in extremis and undergoes a truncated lap-
arotomy, followed by physiologic optimization in 
the ICU and eventual restoration of GI,  orthopedic, 

Table 1. Use of Recombinant Factor VIIa in Surgery and Trauma*†

Indications for use of recombinant factor VIIa
Active bleeding following the use of two massive 

transfusion packs: 8 U packed RBCs in � 6 h, and
Appropriate use of clotting factor replacement:

8 U FFP
1 U pheresis platelets if platelet count �100, 2 U if 

platelet count �50
12 U of cryoprecipitate if fi brinogen �100

Massive transfusion pack 1 will have:
4 U packed RBCs
4 U FFP

Following administration of pack 1, the following 
laboratory investigations are needed:

Partial thromboplastin time; prothrombin time
Complete blood examination and platelet count
Fibrinogen

Massive transfusion pack 2 will have:
4 U packed RBCs
4 U FFP
1 U apheresis platelets

Contraindications for use of recombinant factor VIIa
pH �7
Preceding cardiac arrest
Patient not salvageable
Pregnancy
Recent VTE, MI, or CVA,  �3-mo relative CI

Dose of recombinant factor VIIa
90 μg/kg rounded to the nearest vial size
Can repeat once if bleeding not controlled in 3 h

*CI � contraindications.
†Transfusion Committee, Regions Hospital, 2007.

Table 2. Use of Recombinant Factor VIIa in ICH Patients 
Receiving Warfarin*

Indications for use of recombinant factor VIIa
Active life-threatening bleeding in a patient receiving 

warfarin, and
International normalized ratio �1.4

Treatment
Recombinant factor VIIa, 1.2 mg, single dose
Vitamin K, 10 mg slow IV
FFP, 15 mL/kg
If international normalized ratio is �1.4 at �2 h after 

recombinant factor VIIa and FFP have been 
administered, repeat FFP dosing

Monitoring
International normalized ratio before and at 1, 2, 4, 8,  

12, 18, and 24 h
Contraindications to recombinant factor VIIa

Deep vein thrombosis, pulmonary embolism, CVA, or MI 
within 30 days prior to the event

Relative contraindications
Pregnancy

*Transfusion Committee, Regions Hospital, 2007.

Table 3. Indications for Damage Control

Inability to achieve hemostasis due to coagulopathy
Inaccessible major venous injury
Time-consuming procedure in a patient with suboptimal 

response to resuscitation
Management of extra-abdominal life-threatening injury
Reassessment of intra-abdominal contents
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or thoracic integrity at a subsequent operation. In 
general, the decision to proceed with a damage 
control approach comes from the operating sur-
geon prompted by the patient’s presenting patho-
physiology and response to resuscitation.

With the escalation of gun violence in the late 
1980s and early 1990s, trauma centers accumu-
lated signifi cant experience in treating severely 
injured patients. They found that efforts to pro-
ceed with defi nitive repair at initial operation 
often led to patient demise despite control of 
anatomic bleeding. Many of the damage control 
techniques used today were developed during 
this period. Various descriptors have been used 
to describe the procedure: temporary abdominal 
closure (“bailout surgery”), abbreviated laparotomy, 
planned reoperation, and staged laparotomy. Damage 
control is a term used by the US Navy to describe 
the capacity of a ship to absorb damage and main-
tain mission integrity. It has become the preferred 
descriptor of this modern, three-phase surgical 
approach to the catastrophically injured patient. 
Damage control is neither a bailout procedure nor 

an abandonment of proper surgical technique. It 
is a deliberate and calculated surgical approach 
requiring mature surgical judgment. The decision 
to use damage control is now often made on pre-
sentation on the basis of patient pathophysiology 
(coagulopathy, hypothermia, and acidosis), sub-
sequent response to fl uid therapy, and magnitude 
of blood loss. Classic triggers for damage control 
are well described and may include pH �7.30, 
transfusion of � 10 U of packed RBCs (estimated 
blood loss � 4 L), and temperature �35°C. Suc-
cess with damage control requires its application 
prior to onset of profound acidosis when rapid 
control of hemorrhage, simultaneous resuscita-
tion, and reversal of hypothermia can best limit 
 coagulopathy.

Damage control philosophy has undergone 
maturation with involved personnel understand-
ing the pathophysiology and supporting the steps 
necessary to reverse the cascade of events leading 
to resuscitation failure. It has become increasingly 
apparent that damage control does not simply 
describe the initial truncated operation but the 
entire process from the fi rst moment of patient 
contact in the fi eld until defi nitive repair has been 
successfully completed.

The best prospective data on the impact of 
damage control surgery came from the Shock 
Trauma Center at the University of Maryland. 
These investigators gathered data prospectively 
on 56 consecutive patients admitted from May 
2000 to January 2002. After stratifying patients 

Table 4. Stages of Damage Control

Abbreviated resuscitative surgery
Hemorrhage control
Control of fecal spillage
Packing
Temporary abdominal closure
Splinting, external fi xation

Critical care unit resuscitation
Rewarming
Control acidosis
Treat coagulopathy
End-organ support

Defi nitive reconstructive surgery
GI continuity
Removal of packs
Abdominal closure
Defi nitive stabilization of fractures, other injuries

Table 5. Complications of Damage Control

Type Rate, %

Wound infection 5–100
Abdominal abscess 0–83
Dehiscence 9–25
Bile leak 8–33
Enterocutaneous fi stula 2–25
Abdominal compartment syndrome 2–25
Multisystem organ failure 20–33
Mortality 12–67

Table 6. Damage Control Approach to Specifi c Organ Injury

Organ Treatment

Liver Packing, embolization
Spleen Splenectomy, not splenorrhaphy
Duodenum Treat associated vascular injury drain 

succus
Pancreas Treat associated vascular injury drain 

pancreatic bed
Urology Rapid nephrectomy if hematoma 

expanding; pack stable hematoma; 
transurethral or suprapubic bladder 
catheter; ureteral stents (internal/
external)

Pelvic fracture Pelvic compression (military anti-shock 
trousers, sheet); external fi xator; 
embolization (5–10%)

Extremity fracture External fi xator; temporary soft-tissue 
coverage
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based on physiologic parameters, readmissions, 
complications, and long-term outcome were 
recorded. Blunt and penetrating injuries were 
seen in equal proportions. Liver injuries were the 
most common solid-organ injury, followed by 
bowel, spleen, great-vessel, and pancreatic inju-
ries. Initial management entailed four abdominal 
surgical procedures per patient. The mortality rate 
during the initial admission to the trauma center 
was 27%. Hospital length of stay was 30 days. 
Seventy-four readmissions and 58 subsequent 
surgical procedures took place in the 41 patients 
during the follow-up interval of this study. Sev-
enty-six percent of damage control patients were 
readmitted at least one time. Infection, ventral 
hernia repair, and fi stula management were 
the most common reasons for readmission. No 
patient who survived index hospitalization died 
during the follow-up interval. The initial patient 
group managed with damage control interven-
tion had a 58% survival in 1993. Two reports in 
2001 and 2007 document survival of 73% and 
90%, respectively.

Abdominal Closure

A variety of methods to accomplish tempo-
rary abdominal closure have evolved with dam-
age control techniques. Most operators now do 
not close skin or fascia after the initial operation. 
A variety of temporary dressings including the 
“vacuum pack” technique are used for temporary 
abdominal closure in damage control patients. 
In our center, the nonadherent aspect of a small 
bowel bag is placed on the intestine with inter-
position of omentum between the dressing and 
intestine if possible. Our temporary abdominal 
dressing allows rapid and effective temporary 
abdominal coverage and increase in abdomi-
nal capacity. Controlled egress of fl uid from the 
abdomen is permitted by drains, which are laid 
within the layers of the dressing, and the sterile 
barrier created in the operating room is main-
tained. Prior to use of temporary abdominal clo-
sure techniques, which increase the abdominal 
domain, intra-abdominal hypertension (IAH) 
was a common complication in patients receiv-
ing standard closure of the abdomen after mas-
sive fl uid resuscitation. During this earlier time 
period, abdominal compartment pressures were 

not routinely measured and abdominal compart-
ment syndrome less well recognized as a cause of 
refractory shock.

Contemporary approaches allow rapid detec-
tion of IAH and abdominal compartment syn-
drome when clinical signs (distended abdomen, 
elevated peak infl ation pressures, decreased urine 
output, elevated bladder pressures) are sugges-
tive of its presence. The use of temporary abdomi-
nal closure does not eliminate the possibility of 
abdominal compartment syndrome, but these tech-
niques allow suffi cient expansion of the abdominal 
domain that makes this problem  infrequent.

Abdominal Compartment Syndrome

IAH has a variety of physiologic effects. In 
experimental preparations, animals die from 
 congestive heart failure when abdominal pres-
sure passes a critical threshold. Increased intra-
abdominal pressure (IAP) signifi cantly decreases 
cardiac output and left and right ventricular stroke 
work and increases central venous pressure, pul-
monary artery wedge pressure, and systemic 
and pulmonary vascular resistance. Abdominal 
decompression reverses these changes. As both 
hemidiaphragms are displaced upward with 
increased IAP, decreased thoracic volume and 
compliance are seen. Decreased volume within 
the pleural cavities predisposes to atelectasis and 
deceases alveolar clearance. Pulmonary infec-
tions may also result. Ventilated patients with 
abdominal hypertension require increased air-
way pressure to deliver a fi xed tidal volume. As 
the diaphragm protrudes into the pleural cavity, 
intrathoracic pressure increases with reduction of 
cardiac output and increased pulmonary vascular 
resistance. Ventilation and perfusion abnormali-
ties result and blood gas measurements dem-
onstrate hypoxemia, hypercarbia, and acidosis. 
Elevation of IAP also causes renal dysfunction. 
Control of IAP leads to reversal of renal impair-
ment. IAP as low as 15 to 20 mm Hg may pro-
duce oliguria. Anuria is seen with higher IAPs. 
Clearly, deterioration in cardiac output plays 
a role in diminished renal perfusion, but even 
when cardiac output is maintained at normal or 
supranormal values by blood volume expansion, 
impairment of renal function persists in the set-
ting of IAH. Renal dysfunction is also caused by 
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compression of the renal vein, which creates par-
tial renal blood outfl ow obstruction. Compression 
of the abdominal aorta and renal arteries may 
contribute to increased renal vascular resistance. 
Direct pressure on the kidneys may also elevate 
cortical pressures (Table 7).

Other organs affected by increased IAP include 
the liver, where hepatic blood fl ow has been dem-
onstrated to decrease with abdominal hyperten-
sion. It may be assumed that hepatic synthesis 
of acute phase proteins, Igs, and other factors of 
host defense may be impaired by reduced hepatic 
fl ow. Other GI functions may be compromised 
by increased IAP. Splanchnic hypoperfusion may 
begin with IAP as low as 15 mm Hg. Reduced 
perfusion of intra-abdominal arteries, veins, and 
lymphatics may create changes in mucosal pH, 
translocation, bowel motility, and production of 
GI hormones. Finally, intracranial hypertension 
is seen with chronic increase in IAP. Intracranial 
hypertension has been demonstrated to decrease 
when IAP is reduced in morbidly obese patients. 
Abdominal hypertension signifi cantly increases 
intracranial pressures at IAPs routinely used dur-
ing laparoscopy.

A recent international conference has 
attempted to standardize defi nitions of intra-
abdominal hypertension and abdominal com-
partment syndrome. IAP should be expressed 
in millimeters of mercury and measured at end-
expiration in the complete supine position after 
ensuring that abdominal muscle contractions are 
absent with a transducer zeroed at the level of the 
midaxillary line. The current reference  standard 

for IAP measurement is the pressure measured 
via an indwelling urinary drainage catheter 
within the bladder. Using a bladder catheter, the 
aspiration port may be connected to a pressure 
transducer, and IAP read from the bedside moni-
tor. An alternative and less expensive technique 
is to read the height of the urine column in uri-
nary catheter drainage tubing (for either pressure 
measurement, 50 mL of sterile room temperature 
saline solution is instilled in the bladder, and 
a stabilization period of 30 to 60 s is allowed). 
Abdominal perfusion pressure (APP) assesses 
not only severity of IAH but also the adequacy of 
the systemic perfusion. APP � mean arterial pres-
sure minus IAP. IAH is the pathologic evaluation 
of IAP. IAH is defi ned by sustained or repeated 
IAP � 12 mm Hg or an APP �60 mm Hg. Grades
of IAH have been proposed: grade I, IAP from 12 
to 15 mm Hg; grade II, IAP from 16 to 20 mm Hg; 
grade III, IAP from 21 to 25 mm Hg; and grade 
IV, IAP � 25 mm Hg. IAH may be divided into
two types. Acute IAH develops within hours as a 
result of trauma, intra-abdominal hemorrhage, or 
over days as a result of sepsis, capillary leak, or 
other critical illness. Chronic IAH develops over 
months to years as a result of morbid obesity, 
intra-abdominal tumor growth, chronic ascites, 
or pregnancy, and is characterized by progressive 
abdominal wall adaptation to increase in IAP.

Abdominal compartment syndrome (ACS) is 
present when organ dysfunction occurs as a result 
of IAH. ACS is defi ned by sustained or repeated 
IAP � 20 mm Hg and/or APP �60 mm Hg in asso-
ciation with new-onset single or multiple organ 
failure. ACS is not graded but rather considered as 
an all-or-none phenomenon. ACS may be further 
divided into three types. Primary ACS develops 
due to conditions associated with injury or disease 
in the abdominal/pelvic region requiring emer-
gent surgical or angioradiographic intervention. 
Secondary ACS develops due to conditions outside 
the abdomen, such as sepsis, capillary leak, major 
burns, or other conditions requiring massive fl uid 
resuscitation. Recurrent ACS develops following 
initial successful surgical or medical treatment of 
either primary or secondary ACS or following clo-
sure of a previous decompressive laparotomy.

Operative decompression is the method of 
choice in the patient with severe abdominal hyper-
tension and evidence of intra-abdominal organ 

Table 7. Causes of Abdominal Hypertension*

Peritoneal tissue edema
Diffuse peritonitis
Severe abdominal trauma

Fluid overload secondary to hemorrhagic or septic shock
Retroperitoneal hematoma
Reperfusion injury after bowel ischemia
Infl ammatory edema secondary to acute pancreatitis
Ileus and bowel obstruction
Intra-abdominal masses
Abdominal packing for hemorrhage
Closure of the abdomen under tension
Intra-abdominal fl uid accumulations

*Modifi ed from Wittman DH. Compartment syndrome of 
the abdominal cavity. In: Irwin RS, Rippe JM, eds.  Intensive 
care medicine. 5th ed. Philadelphia, PA: Lippincott, 
Williams & Wilkins, 2003; 1694–1709.
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dysfunction. After decompression, improve-
ments in hemodynamics, pulmonary function, 
tissue perfusion, and renal function have been 
demonstrated in a variety of clinical settings. To 
prevent hemodynamic decompensation during 
decompression, intravascular volume should be 
restored, oxygen delivery maximized, and hypo-
thermia and coagulation defects corrected. The 
abdomen should be opened under optimal condi-
tions in the operating room, including hemody-
namic monitoring with adequate venous access 
and controlled ventilation. Adjunctive measures 
to combat expected reperfusion wash out from 
byproducts of anaerobic metabolism include pro-
phylactic volume loading and use of vasoconstric-
tor agents to prevent sudden changes in BP. After 
decompression, the abdomen and the fascial gap 
is left open using one of a variety of temporary 
abdominal closure methods.

Abdominal Organ Injury

The focus on management for intra- abdominal 
organ injury remains nonoperative. The prac-
titioner must be aware, however, of patients at 
greater risk for failure of that approach. Nonop-
erative management should be entertained only 
in hemodynamically stable patients. Identifying 
hemodynamically stable patients may be chal-
lenging in the setting of multiple injuries. A recent 
multicenter study of blunt splenic injury from the 
Eastern Association for the Surgery of Trauma 
(EAST) included � 1,400 patients (age �15 years) 
from 26 centers. Nonoperative management was 
attempted in 61% of these patients, with a result-
ing failure rate of 10.4%. Failure was associated 
with increasing age, injury severity score, GCS, 
grade of splenic injury, and quantity of hemo-
peritoneum. Interestingly, other studies of non-
operative management of splenic injury suggest 
that many patients in high-risk categories can 
be managed nonoperatively, and that there is no 
increased mortality with failure of this approach.

Advances in nonoperative management have 
indicated differences between the spleen and 
liver. A high percentage of liver injuries appear 
to be manageable nonoperatively, and a some-
what lower proportion of liver injuries fail non-
operative management in comparison with blunt 
injury to the spleen. It has been speculated that 

liver injuries are more commonly associated with 
low-pressure venous injuries, and a greater pro-
portion of spleen injuries are associated with 
arterial or arteriolar injury. Planned nonopera-
tive management of the liver may be attempted 
in as many as 85% of patients with liver injuries; 
a failure rate of only 7% was found. In addition, 
signifi cant improvement in outcome with nonop-
erative management was identifi ed compared to 
operative management with respect to abdomi-
nal infection rates, transfusions, and length of 
hospital stay. Patients requiring operation due 
to hemodynamic instability may be successfully 
treated with packing. Evolution to nonoperative 
management in stable patients with high-grade 
injury results in lower mortality. In another major 
report from the University of Louisville, death 
secondary to blunt liver injury dropped from 8 to 
2%; this improvement was attributed to improved 
methods of managing hepatic venous injuries. 
Proposed improvements in the management of 
hepatic venous injury include nonoperative man-
agement in stable patients and willingness to 
employ gauze packing in unstable individuals.

As nonoperative management of abdominal 
solid-organ injury continues to advance, missed 
blunt bowel injury has received increased atten-
tion. The sensitivity of CT scanning in defi ning 
bowel injury has been assessed by a variety of 
investigators. Recent reports suggest that sensi-
tivity with latest-generation CT scans is as high as 
94% for bowel injury particularly if unexplained 
free fl uid is considered a critical fi nding. A num-
ber of patients explored after CT scanning, how-
ever, undergo nontherapetic laparotomies for 
bowel hematomas or contusions.

Late-generation CT scanners, contrast-enhanced 
CT scans, and angiography support are changing 
the face of management for injury to the solid 
abdominal and retroperitoneal organs. As abdom-
inal CT scans replace laparotomy as the defi nitive 
diagnostic procedure in injury, the contrast blush 
is a useful tool in identifi cation of slow bleeding 
sites associated with lacerations to solid organs. 
In patients who are hemodynamically stable, 
these sites may then be embolized with a high 
degree of success in both the liver and the spleen. 
Aggressive application of CT scanning and angio-
graphic intervention has increased the rate of sal-
vage and decreased length of stay and resource 
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 consumption for patients with these solid-organ 
injuries. It is important to note that patients with 
signifi cant solid-organ injury may present without 
signifi cant free intraperitoneal blood. Therefore, 
up to 5% of patients with signifi cant trauma may 
not be appreciated with abdominal ultrasound, 
which is designed to examine the abdomen for 
the fl uid stripe indicative of free intraperitoneal 
blood. Many investigators now recommend that 
abdominal ultrasound not be used as the sole 
diagnostic modality in stable patients at risk for 
blunt solid-organ injury. Finally, it appears that 
the approach to blunt organ injury may vary with 
the type of hospital treating the patient. A recent 
multicenter study in Pennsylvania suggested that 
patients treated at level II trauma centers had a 
higher rate of operative treatment and lower rate 
of failure for nonoperative management than level 
I trauma centers. Mortality for patients managed 
nonoperatively was lower at level I trauma cen-
ters. Level I trauma centers were also more likely 
to repair rather than remove the spleen.

Perforation of the GI tract, whether due to 
blunt or penetrating injury, is being managed 
with direct repair rather than diverting ileostomy 
or colostomy in an increasing number of patients. 
Indications for consideration of primary repair 
of injury perforating the GI tract include good 
response to resuscitation, lack of acidosis, lim-
ited blood loss, limited fecal spillage, and a small 
number of associated injuries. Where additional 
life-threatening injuries that complicate evalu-
ation or limit available time for primary bowel 
repair are present, immediate control of spillage 
from the gut is appropriate with diversion of the 
fecal stream at the primary operation or during 
staged repair in the patient receiving damage con-
trol management.

Traumatic Brain Injury

Traumatic brain injury accounts for 40% of all 
deaths from acute injuries. It is the single most 
important factor in determining the outcome of 
various forms of trauma. Two hundred thousand 
victims with such injuries require hospitalization 
each year and often are permanently disabled. 
Many more persons suffer mild traumatic brain 
injury resulting in a physician visit or temporary 
disability. Individuals at greatest risk for  traumatic 

brain injury are typically young and at the begin-
ning of potentially productive life. Thus, loss of 
potential income, cost of acute care, and contin-
ued expenses of rehabilitation and medical care 
are enormous. These realities mandate aggres-
sive attention to the management of brain injury. 
Clinical factors associated with poorer outcome 
with head injury include the following: (1) mid-
line shift on CT scan; (2) systolic BP �90 mm Hg; 
(3) intracranial pressure (ICP) � 15 mm Hg; (4) 
age � 55 years; and GCS score �8. Notably, head 
injury outcomes are determined by the number of 
secondary insults, not the injuries to other organ 
systems or body regions.

Given these realities, the most important 
concept in the recent treatment of brain-injured 
patients is the distinction between primary and 
secondary brain injury. Primary injury is injury 
that occurs at the time of the traumatic incident 
and includes brain lacerations or other mechani-
cal injuries to the brain at the moment of impact. 
After impact, the brain continues to be injured 
by various mechanisms including the mechani-
cal injury from cerebral edema or intracranial 
hematomas, ischemia from hypotension, cerebral 
edema or cerebral vascular dysregulation, hypoxia 
from inadequate ventilation, and secondary dam-
age from a wide array of infl ammation mediators. 
While prevention is the only strategy to avert pri-
mary brain injury, secondary injury can be pre-
vented or at least blunted. Thus, the management 
of traumatic brain injury now includes increasing 
emphasis on the prevention of secondary insults.

The most important feature of the initial neu-
rologic examination, the GCS, is designed to iden-
tify rapidly the severity of patient injury. Patients 
with GCS scores of 13 to 15 are considered to have 
mild head injuries. These individuals have an 
excellent prognosis and may not require hospi-
talization. They have a 3% chance of deteriorat-
ing into coma, and serial neurologic examinations 
make this deterioration easy to detect. Individu-
als with GCS scores of 8 to 12 have moderate head 
injury. These patients do not have normal neuro-
logic examinations, but the severity of their inju-
ries usually is not appreciated until the full GCS 
score is obtained. This group of patients has a 20% 
chance of declining into coma (GCS score �8). 
Patients with severe head injury have the worst 
prognosis and require the most immediate care. 
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All of these individuals require head CT scan-
ning; except for select subpopulations, all of them 
require ICP monitoring. As a group, there is a 
� 50% chance of an increased ICP; their depressed 
clinical examinations often preclude detection of 
changing neurologic status until their condition 
reaches catastrophic deterioration.

Evacuation of mass lesions has been the 
traditional focus of brain injury management 
throughout this century. The goal of removing 
space-occupying lesions is to prevent cerebral 
herniation. In previous studies among patients 
who talk and die, undetected hematomas were 
the principal cause of death. These are examples 
of patients who survive primary brain injury 
with the ability to talk and interact at some level 
but who later succumb to preventable secondary 
brain injury. Cerebral herniation, representing the 
compression of critical neurologic centers against 
the retaining structures of the skull, is the com-
mon fi nal pathway in these patients. Once hernia-
tion (regardless of the type) has occurred, patient 
outcome is dramatically affected. Studies over the 
last 50 years have demonstrated that once hernia-
tion occurs and the patient slips into coma, the 
mortality rate reaches 33 to 41%, compared with 
mortality rates of 0 to 21% in patients who pres-
ent with herniation before coma. Once herniation 
occurs and the patient progresses to coma, hema-
tomas must be evaluated within hours to avoid a 
signifi cant risk of mortality.

After evacuation of mass lesions, emphasis is 
given to monitoring and control of ICP. ICP moni-
toring was introduced � 40 years ago as a means to 
quantify the study of brain swelling and cerebral 
edema. While the study of ICP initially focused on 
prevention of herniation by preventing swelling, 
it was soon apparent that keeping ICP from rising 
was a desirable end. As ICP rises, cerebral perfu-
sion decreases and the threat of brain ischemia 
increases. Data are now emerging, however, that 
even in patients with adequate cerebral perfusion 
pressure (CPP), high ICP is associated with poor 
outcome. In the past, a variety of guidelines have 
been proposed for the optimal ICP level for treat-
ment. Most current data place 25 mm Hg as the 
highest acceptable level for ICP at which treatment 
must begin. Modern methods of ICP monitoring 
include the ventriculostomy and intraparenchymal 
fi beroptic or strain-gauge devices. Subarachnoid 

bolts and epidural monitoring are used rarely or 
in select patient populations. Ventriculostomy car-
ries an increased risk of infection and a slightly 
increased risk of bleeding. It is, however, the “gold 
standard” for ICP measurement.

Experimental work beginning in the mid-
1980s demonstrated that ischemia is a signifi cant 
threat to the head-injured patient. Ischemia had 
long been recognized as a factor in the outcome of 
head injury, but recent work has changed the para-
digm through which head injury was viewed. Up 
to this time, the treatment priority has been control 
of cerebral edema and prevention of cerebral her-
niation. Any technique reducing ICP was thought 
to be good for the head-injured patient. By giving 
equal attention to ischemia, the current approach 
to the head-injured patient has evolved.

Ischemia is common following head injury. 
Autopsy fi ndings have indicated that 60% of head-
injured patients had ischemia. Cerebral blood fl ow 
on the fi rst day after injury is less than half that of 
healthy individuals and may approach the isch-
emic threshold. In normal gray matter, cerebral 
blood fl ow is 50 mL/100 g/min of tissue; in white 
matter, cerebral blood fl ow is 18 mL/100 g/min 
of tissue. Typical blood fl ow to gray matter within 
the fi rst 8 h after head injury is 30 mL/100 g/min 
of tissue; in individuals with more severe injuries, 
cerebral blood fl ow as low as �20 mL/100 g/min 
of tissue has been noted.

Improved recent understanding of cerebral 
blood fl ow coincides with multiple studies dem-
onstrating disastrous consequences of hypoten-
sion in the setting of head injury. An increased 
death rate in head-injured patients with hypoten-
sion was documented in the National Traumatic 
Coma Data Bank, in which the two most impor-
tant factors related to outcome from head injuries 
were time spent with an ICP � 20 mm Hg and
time spent with a systolic pressure �90 mm Hg. 
These data suggest that patients with only a single 
 episode of systolic BP �90 mm Hg have a signifi -
cantly worse outcome than those individuals who 
never experience this degree of hypotension.

Recent head injury management therefore 
places maintenance of adequate CPP as a goal 
equivalent to prevention of high ICP. The auto-
regulatory mechanisms in the brain are designed 
to maintain cerebral blood fl ow constant over a 
range of CPP ranging from 50 to 150 mm Hg. This 
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highly adaptive capacity allows the brain to see 
constant blood supply, despite changes in position 
and activity. In the severely injured brain, cerebral 
blood fl ow passively follows CPP. In the extreme 
case, with cerebral autoregulation disabled, cere-
bral ischemia results as patients are maintained in a 
hypovolemic state with low mean arterial pressure 
to reduce cerebral blood volume and thereby ICP. In 
this practice, CPP was maintained below the auto-
regulatory threshold. Seemingly paradoxically, the 
best way to reduce ICP is to increase CPP into the 
autoregulatory range. This practice avoids hypo-
tension and the ischemic damage that almost cer-
tainly attended the old practice of keeping patients 
with severe head injury “dry” and their arterial 
pressure low. At present, it is unclear what an ade-
quate CPP is. Based on available data, including 
stepwise regression analysis, a CPP of 70 mm Hg 
has been suggested as a desirable level. Most head 
injury research protocols maintain this level.

Cerebral edema was thought to be aggra-
vated by overzealous fl uid administration, lead-
ing to increased intracranial pressure, brain 
ischemia and, ultimately, a poor outcome. How-
ever, in the patient with multiple injuries without 
head injury, aggressive volume resuscitation is a 
widely accepted method to maintain end-organ 
perfusion and adequate oxygen delivery. Tra-
ditional management strategies of the patient 
with severe head injury have changed with the 
knowledge of adverse effects of secondary brain 
insults. Much like the treatment of MI for which 
the original zone of injury cannot be restored to 
normal, emphasis in the management of brain 
injury must be placed on avoidance of second-
ary insults to prevent extension of injury result-
ing from ischemia. An analysis of the Traumatic 
Coma Data Bank demonstrated that hypoxia and 
hypotension in the immediate period after head 
injury resulted in mortality rates of 28% and 50%, 
respectively. When the combined effect of hypoxia 
and hypotension during resuscitation was ana-
lyzed, the mortality rate increased to 57%. Later 
studies by other workers, using an algorithm 
guided by optimization of CPP, demonstrated a 
lower mortality in a cohort of patients thought 
to be similar to those enrolled in the Traumatic 
Coma Data Bank.

The second important consideration after 
avoidance of hypotension during resuscitation 

of the head-injured patient is the prevention of 
hypoxia. Hypoxia is one of the fi ve top predic-
tors of poor outcome in the National Traumatic 
Coma Data Bank, with 30 to 60% of severely head-
injured patients presenting with hypoxia. While 
the optimal Pao2 level in the head-injured patient 
has not been determined, available data suggest 
that a level of �60 mm Hg (� 8.0 kPa) is associated 
with poor outcome.

ICP is controlled with a variety of modali-
ties. Our views on the use of these modalities 
and the management of head injury continue to 
evolve. Hyperventilation reduces ICP by reduc-
ing cerebral blood volume with increased cere-
bral vascular tone and induction of hypocapnia. 
Reduction in cerebral blood volume leads to 
intracranial blood volume loss and lower ICP. 
For many years, hyperventilation has been a 
primary means of reducing ICP. Hyperventila-
tion can cause vasoconstriction independent of 
the metabolic demands of the brain. Hyperven-
tilation may, therefore, reduce blood fl ow to the 
brain even if that reduction results in an ischemic 
injury. Recent studies using jugular venous oxim-
etry have indicated that hyperventilation may 
produce cerebral ischemia. Other studies demon-
strated that desaturation found in jugular venous 
blood is more common with hyperventilation 
than with other means employed for reduction 
in ICP. One prospective, randomized trial evalu-
ated severely head-injured patients managed 
with hypocapnia vs normocapnia. The normo-
capnic group had better outcome at 3-month and  
6-month follow-ups. Increasing evidence indicates 
that hyperventilation is an ICP treatment with 
high cost, the threat of ischemia. Current manage-
ment therefore includes use of less toxic means of 
reducing ICP, if available, rather than the use of 
hyperventilation. For example, drainage of cere-
brospinal fl uid (CSF) through ventricular drains 
should be started early with aggressive use of 
sedation, muscle relaxants, and administration of 
mannitol before resorting to hyperventilation.

Drainage of CSF and use of mannitol may be 
employed to control ICP and to optimize CPP. 
Some medical centers are facilitating drainage of 
CSF by placing ventriculotomy catheters when 
possible, as opposed to subarachnoid monitors, 
which do not allow for CSF removal. Drainage 
of CSF may be the fi rst choice for the treatment 
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of increased ICP. Mannitol is an osmotic diuretic 
administered as a bolus that develops an osmotic 
gradient between the blood and the brain. Man-
nitol may also act by improving cerebral blood 
fl ow through reduction in hematocrit and viscos-
ity. Mannitol, however, cannot be administered 
to hypotensive patients because it will magnify 
shock states. In large doses, mannitol may lead to 
acute renal failure. If administered as a constant 
infusion, mannitol may also open the blood-brain 
barrier and result in rebound cerebral edema. 
Mannitol drips therefore are not recommended. 
Serum osmolarity must be monitored in individu-
als who receive mannitol for control of ICP and 
optimization of CPP.

Recent developments in the care of the head-
injured patient focus on the importance of second-
ary brain injury as a determinant of prognosis. In 
studies of long-term outcome, the key elements 
of secondary brain injury, hypoxia, and hypo-
tension with secondary ischemia are recognized 
as occurring with increasing frequency. Optimal 
modalities to control secondary brain injury focus 
on maintenance of optimal CPP with the lowest 
possible ICP consistent with avoidance of cerebral 
ischemia. To control ICP, hyperventilation is now 
employed as an emergency tool rather than as a 
primary therapy.

Injury to Thoracic Aorta

Injury to the thoracic aorta is common among 
victims of high-speed motor vehicle crashes with 
an acute deceleration mechanism. Many victims 
of this injury are dead at the scene. An estimated 
20% of the persons who sustain deceleration injury 
to the thoracic aorta live to reach the hospital due 
to containment of aortic rupture by connective tis-
sue covering the aorta. Without recognition and 
treatment of this injury, 30% of these individuals 
will die within 12 h and 50% within 1 week. The 
mechanism of injury is a combination of differen-
tial deceleration of the mediastinal contents and 
force provided by the steering wheel or dashboard 
impacting the chest. Falls may also produce this 
injury. Most often, disruption occurs at the aortic 
isthmus, just distal to the origin of the left subcla-
vian artery at the ligamentum arteriosum.

The initial anteroposterior chest radiograph is 
the single most important screening tool for injury 

to the thoracic aorta. Arteriography is the “gold 
standard” diagnostic study because of its abil-
ity to demonstrate the specifi c injury and reveal 
unsuspected vascular anomalies. Unfortunately, 
intimal fl aps are being reported in up to 10% of 
studies. Most of these lesions resolve spontane-
ously and may be managed nonoperatively. In the 
emergency setting, newer spiral CT scans have 
become useful at rapidly diagnosing thoracic aor-
tic injuries (particularly to the descending aorta) 
because of their greater speed and resolution. 
With a suspicious mechanism of injury, a clear 
chest radiograph is inadequate to rule out aortic 
injury. While mediastinal widening warrants aor-
tography, 80% of the time the angiogram does not 
show injury to the thoracic aorta as the cause of 
mediastinal widening. Thus, latest-generation CT 
imaging is becoming an acceptable method for 
evaluation of the widened mediastinum with aor-
tography in cases requiring further defi nition.

Patients who are unstable at the scene of a 
crash or during the fi rst 4 h of hospitalization 
have a mortality rate � 90%. Hemodynamically 
stable patients whose systolic BP does not exceed 
120 mm Hg during the fi rst to 6 to 8 h after injury 
have a survival rate � 90%. Of the operative pro-
cedures for repairing injuries to the descending 
aorta, the most dreaded complication is paraple-
gia. Unfortunately, no one causative or preventa-
tive factor has been identifi ed.

Various reports have suggested that operative 
management of injury to the descending aorta 
may be delayed in stable patients for a period that 
can range from hours to months. These individu-
als should receive an afterload-reducing agent or 
a drug to alter dP/dT (change in pressure over 
time), have their BP maintained at or �120/
80 mm Hg, and have a stable mediastinal hema-
toma. Delayed reconstruction of chronic posttrau-
matic aneurysm of the descending aorta, using 
endovascular stented grafts, is also being reported. 
At this time, expeditious repair of injury to the 
descending aorta remains the most cost-effective 
approach with no additional risk of complications 
in adequately resuscitated patients.

Esophageal Perforation

Esophageal perforation is a true emergency 
and therapeutic challenge because delay affects 
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 survival. Broad-spectrum antibiotics, improved 
nutrition, and improved critical care have led to 
better results. Iatrogenic esophageal disruption 
(60%), spontaneous perforation (15%), and exter-
nal trauma (20%) are responsible for the majority 
of esophageal ruptures. Esophageal perforation 
from penetrating or blunt trauma is frequently 
obscured by associated injuries and has a poor 
prognosis if diagnosis is delayed. Self-induced 
esophageal injury by acid or alkali may cause 
extensive necrosis and esophageal destruction.

Symptoms and signs vary with the cause and 
location of perforation as well as the time delay 
between perforation and diagnosis. Pain is the 
most consistent symptom, present in 70 to 90% 
of patients, and it is usually related to the site of 
disruption. Neck ache and stiffness suggest per-
foration after endoscopy. In the abdomen, dull 
epigastric pain radiating to the back may occur 
if the disruption is posterior and communicates 
with the lesser sac. Severe chest pain suggests 
thoracic perforation. Misdiagnosis of dissecting 
thoracic aneurysm, spontaneous pneumothorax, 
or MI is common. Acute pain in the epigastrium 
often suggests perforated peptic ulcer disease or 
acute pancreatitis. Dysphasia appears late and is 
generally related to thoracic perforation. Tachy-
cardia and tachypnea are documented in 50 to 
70% of patients. Hypotension and shock are pres-
ent when sepsis or signifi cant infl ammatory third 
spacing occurs. Subcutaneous emphysema is seen 
frequently when perforation is cervical and less 
often with thoracic or abdominal injury.

Plain chest radiography suggests the diagno-
sis in 90% of patients with esophageal perforation. 
However, immediately after disruption, chest 
radiographic fi ndings may be normal. Pneumo-
mediastinum, subcutaneous emphysema, medi-
astinal widening, or a mediastinal air fl uid level 
must prompt investigation to rule out esophageal 
perforation. Perforation of the distal third of the 
esophagus leads to hydropneumothorax on the 
left. Contrast esophagogram with water-soluble 
material followed by dilute barium reveals pri-
mary sites or areas of leakage and determines 
whether perforation is confi ned to the medias-
tinum or communicates freely with the pleural 
or peritoneal cavities. Unfortunately, the rate of 
false-negative esophagogram results may be as 
high as 10%. CT of the chest can often show the 

site of perforation and is used when presentation 
is atypical, when signs or symptoms are vague 
or misleading, or when perforation involves the 
lesser sac. Mediastinal fl uid and air on CT of the 
chest are strongly suggestive of esophageal per-
foration. Esophagoscopy can easily miss a perfo-
ration or enlarge a hole. This test is usually not 
performed to identify perforation.

Three factors affect management of esopha-
geal perforation: origin, location, and delay 
between rupture and treatment. For example, 
postemetic perforation with massive contamina-
tion is the most morbid, whereas pharyngeal per-
foration rarely ends in fatality because of relative 
ease of diagnosis, drainage, and repair. Morbidity 
and mortality increase as perforation extends into 
the thorax. Patients with perforations of the cervi-
cal esophagus have an 85% survival, whereas tho-
racic disruption is associated with survival rates 
of 65 to 75%. Abdominal esophageal perforation 
is associated with 90% survival.

Conservative management is associated with 
a 22 to 38% mortality. The diffi culty with non-
operative management is determination that 
perforation will remain contained and not cause 
continued contamination with subsequent uncon-
trolled infection. Surgery remains the mainstay of 
treatment. Early surgical reinforced repair with 
drainage of contaminated spaces provides the best 
chance of survival after esophageal perforation. 
Before repair, all nonviable and grossly contami-
nated tissue in the mediastinum and around the 
esophagus is debrided. Decortication of trapped 
lung tissue may be necessary.

Sepsis, shock, pneumothorax, pneumoperi-
toneum, mediastinal emphysema, and respira-
tory failure are absolute indications for rapid 
surgical intervention. Preoperative prepara-
tion includes nasogastric intubation for gastric 
decompression, broad-spectrum antibiotics, and 
IV fl uid resuscitation. Cervical perforation is 
best treated by direct suture closure and drain-
age of the neck. Thoracic esophageal perforation 
requires right thoracotomy for exposure of the 
upper two thirds and left thoracotomy for control 
of the lower third. Lesions at the esophagogastric 
junction are approached by left thoracotomy or 
upper midline laparotomy, and repairs may be 
buttressed by gastric fundoplication. Late per-
forations usually can be repaired primarily with 
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muscle or pleural reinforcement. If repair is not 
possible, most operators favor esophageal resec-
tion, cervical esophagostomy, and enteral feeding 
tube placement with later reconstruction. Perfora-
tions encountered late may initially be treated by 
wide drainage of the mediastinum by opening the 
pleura along the length of the esophagus. Patients 
with complex perforations should preferably be 
administered a jejunostomy, enteral nutrition, or 
parenteral hyperalimentation because gastros-
tomy should be avoided for later reconstruction. 
Alternative procedures (esophageal exclusion, 
T-tube drainage, and esophageal resection) have 
been proposed for patients with late esophageal 
disruption. Exclusion of the perforated esopha-
gus by division of the esophagus adjacent to the 
stomach and at the neck allows partial or total 
exclusion of the perforation. One of the major dis-
advantages of this approach is the obligation to 
perform a second major reconstructive procedure. 
T-tube drainage of the perforation creates a con-
trolled esophagocutaneous fi stula, but continued 
leakage may progress to mediastinal and pulmo-
nary sepsis. If extensive mediastinitis and sepsis 
are present with continued contamination, resec-
tion of the esophagus with delayed reconstruction 
is preferable.

In summary, treatment of esophageal perfora-
tion is directed toward fl uid resuscitation, control 
of sepsis, operative drainage of the mediastinum 
and pleural cavity, suture repair of the esopha-
gus if possible, and reinforcement of the suture 
line with vascularized tissue particularly muscle. 
Delay in diagnosis makes repair more diffi cult 
because of friability and necrotic tissue at the site 
of the tear. Primary repair may be possible, but 
cervical diversion with esophageal exclusion and 
long-term tube feeding may be necessary. Postop-
erative care emphasizes control of infection and 
nutrition support until healing of an esophageal 
injury is demonstrated.

Blunt Cardiac Injury

Cardiac injuries from blunt chest trauma are 
usually the result of high-speed motor vehicle 
crashes. Falls from heights, crushing injuries from 
motor vehicle crashes and falling objects, blast 
injuries, and direct violent trauma from assault are 
less common causes of blunt cardiac injury. Blunt 

trauma to the heart ranges from minor injuries to 
frank cardiac rupture. Minor injury is a nonspe-
cifi c condition frequently termed cardiac contusion, 
or myocardial contusion. Moderately severe lesions 
may include injury to the pericardium, valves, 
papillary muscles, and coronary vessels. The most 
severe of blunt cardiac injuries is the dramatic and 
often fatal condition of cardiac rupture.

The reported incidence of blunt cardiac injury 
depends on the modality and criteria used for 
diagnosis. The occurrence rate ranges from 8 to 
71% in patients sustaining blunt chest trauma. The 
true occurrence rate remains unknown because 
there is no diagnostic “gold standard.” The lack 
of such a standard leads to confusion with respect 
to making the diagnosis, thereby making the 
available literature diffi cult to interpret. Key 
issues involve identifi cation of a patient popula-
tion at risk for adverse events from blunt cardiac 
injury and then appropriately monitoring and 
treating these individuals. Conversely, patients 
who are not at risk for complications could be 
discharged from the hospital with appropriate 
follow-up.

EAST has recently reviewed studies that 
focused on the identifi cation of blunt cardiac 
injury. Based on randomized, prospective data, 
they recommend that an admission ECG should 
be performed in all patients in whom blunt car-
diac injury is suspected. Additional recommen-
dations included continuous ECG monitoring 
for 24 to 48 h in patients in whom the initial ECG 
was  abnormal. Similarly, if patients are hemody-
namically unstable, evaluation should proceed 
with transthoracic echocardiography followed 
by transesophageal echocardiography if an opti-
mal study cannot be obtained. Finally, patients 
with coexisting cardiac disease and those with an 
abnormal admission ECG fi nding may undergo 
surgery if they are appropriately monitored. These 
individuals may require placement of a pulmo-
nary artery catheter. The presence of sternal frac-
ture does not predict the presence of blunt cardiac 
injury. To date, enzyme analysis is inadequate for 
identifying patients with blunt cardiac injury.

Pelvic Fracture

Substantial blunt force is required to disrupt 
the pelvic ring. The extent of injury is related to 
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the direction and magnitude of the force. Associ-
ated abdominal, thoracic, and head injuries are 
common. Forces applied to the pelvis can cause 
rotational displacement with opening or com-
pression of the pelvic ring. The other type of dis-
placement seen with pelvic fractures is vertical, 
with complete disruption of the pelvic ring and 
the posterior sacroiliac complex.

Patients with pelvic ring injuries are eas-
ily subclassifi ed into two groups on the basis of 
clinical presentation: (1) those who are hemody-
namically stable; and (2) those who are hemody-
namically unstable. There is a dramatic difference 
in the mortality rates between pelvic fracture 
patients who are hypotensive (38%) and those 
who are hemodynamically stable (3%). Hemo-
dynamic instability and biomechanical pelvic 
instability are separate though related issues, 
which tend to confuse the clinical picture. The 
source of bleeding may be multifactorial and not 
directly related to the pelvic fracture itself. How-
ever, pelvic fracture blood loss that contributes 
to hemodynamic instability is a signifi cant risk 
factor. Early fracture diagnosis and stabilization, 
using external skeletal fi xation, are extremely 
important in the acute phase of patient manage-
ment. Treatment of the patient is also directed 
by response to initial fl uid resuscitation. It is 
essential to examine for other sources of hemor-
rhage (intrathoracic, intraperitoneal, external) in 
patients with evidence of ongoing bleeding. Ret-
roperitoneal bleeding in a pelvic fracture patient 
usually arises from a low-pressure source, the 
cancellous bone at the fracture site or adjacent 
venous injury. Signifi cant retroperitoneal arte-
rial bleeding occurs in only approximately 10% 
of patients. Clinical evidence has suggested that 
provisional fracture stabilization using a simple 
anterior external fi xator or even “wrapping” in 
a bed sheet can control low-pressure bleeding. 
Continued unexplained bleeding after provi-
sional fracture stabilization suggests an arterial 
source. Angiography with embolization of the 
involved vessel is then indicated. Therapeutic 
angiography may also be required after abdomi-
nal exploration if a rapidly expanding or pulsa-
tile retroperitoneal hematoma is encountered. In 
general, defi nitive operative stabilization of pel-
vic fractures is delayed 3 to 5 days to allow the 
patient to recover from acute injury.

Deep Venous Thrombosis 
and Thromboembolism

That deep venous thrombosis and thrombo-
embolism occur after trauma is incontrovertible. 
The optimal mode of prophylaxis has yet to be 
determined. Low-dose heparin (5,000 U subcu-
taneously bid or tid) represents one pharmaco-
logic treatment modality used for prophylaxis 
against deep venous thrombosis and pulmonary 
embolism. A metaanalysis of 29 trials and � 8,000 
surgical patients demonstrated that low-dose 
heparin signifi cantly decreased the frequency of 
deep venous thrombosis from 25.2% in patients 
with no prophylaxis to 8.7% in treated individu-
als. Similarly, pulmonary embolism was halved 
by low-dose heparin treatment (0.5% with treat-
ment compared with 1.2% in control subjects). In 
double-blind trials, the occurrence rate of major 
hemorrhage was higher in patients treated with 
anticoagulation than in control subjects, but the 
difference in incidence was not signifi cant. Minor 
bleeding complications, such as wound hema-
tomas, were more frequent in low-dose heparin 
treatment patients (6.3%) than in control subjects 
(4.1%).

Unfractionated low-dose heparin has not been 
shown to be particularly effective in prevent-
ing venous thromboembolism (VTE) in trauma 
patients. Two recent prospective trials demon-
strated that low-dose heparin was not better in 
preventing deep venous thrombosis than no pro-
phylaxis in patients with an injury severity score 
of � 9. Sample sizes in these studies were small, 
and statistical error could not be excluded. The 
results of low-dose heparin administration after 
injury with regard to pulmonary embolism were 
even more vague.

Defi ning the trauma patient at risk for VTE 
is subjective and variable in the literature. The 
following injury patterns appear to differentiate 
high-risk patients for VTE: closed-head injury 
(GCS score �8), pelvis plus long-bone fractures 
(multiple long-bone fractures), and spinal cord 
injury. Greenfi eld and associates have developed 
a risk factor assessment tool for VTE; preliminary 
evidence supported this risk factor assessment 
tool as a valid indicator of the development of 
VTE. In this scale, risk factors are weighted; scores 
of �3 represent low risk, scores of 3 to 5 represent 
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moderate risk, and scores of � 5 represent high 
risk (Table 8).

There is a wealth of randomized, prospective 
data supporting the use of low-molecular-weight 
heparin as VTE prophylaxis in orthopedic sur-
gery. This literature is derived primarily from 
total hip replacement and knee replacement 
patients. We now have data suggesting that low-
molecular-weight heparin is superior to unfrac-
tionated heparin for prophylaxis in moderate- to 
high-risk trauma patients. Most data in many dif-
ferent types of patients confi rm improved effi cacy 
of low-molecular-weight heparin with the same 
or even less bleeding risk compared with prophy-
laxis with unfractionated heparin. Low-molecular-
weight heparin should be the standard form of 
VTE prophylaxis in trauma patients with com-
plex pelvic and lower-extremity injuries as well 
as in those patients with spinal cord injuries. This 
agent is also safe for patients receiving craniot-
omy or nonoperative management of solid organ 
injury if started 24 or 72 h after injury respectively. 
Finally, the literature is beginning to support the 
use of inferior vena cava fi lters in high-risk trauma 
patients without a documented occurrence of 
deep venous thrombosis or pulmonary embolism 
and who cannot receive prophylactic therapy.

For established deep venous thrombosis or 
pulmonary embolism, anticoagulation is a well-
established treatment. Current evidence suggests 
that a 3- to 6-month period provides adequate 
treatment for the fi rst episode of deep venous 
thrombosis or pulmonary embolism in a patient 
without clotting abnormality. Patients in whom 
the risk of recurrent VTE extends � 6 months may 
have anticoagulation extended indefi nitely. In 
addition, patients whose injuries preclude the use 
of anticoagulants because bleeding would exacer-
bate their injury should have consideration given 
to placement of a vena cava fi lter. Recent evidence 
also supported initial treatment of VTE with low-
molecular-weight heparin.

Evaluation for deep venous thrombosis in the 
setting of injury receives continued study. Early 
identifi cation of this complication would allow 
treatment to be initiated, thus decreasing the fre-
quency and severity of complications. Studies in 
the nontrauma literature support the accuracy of 
both Doppler and duplex ultrasonography in the 
detection of deep venous thrombosis in the symp-
tomatic patient. The overall accuracy of screening 
ultrasonography in the asymptomatic patient is 
less clear. Similarly, impedance plethysmography 
has high sensitivity and specifi city in the detection 
of proximal deep venous thrombosis in symptom-
atic patients. Its low sensitivity in detecting deep 
venous thrombosis in asymptomatic patients pre-
cludes use as a surveillance technique in trauma 
patients at high risk for deep venous thrombosis. 
Logistical problems and complications associated 
with venography make the procedure less appeal-
ing than other noninvasive diagnostic measures. 
Venography still has a role in confi rming deep 
venous thrombosis in trauma patients if diagnos-
tic studies are equivocal. At present, it appears 
that future investigational efforts are best directed 
at developing the role of duplex ultrasonography 
in screening for deep venous thrombosis in the 
setting of injury.

Antibiotic Management

Much of the data surrounding antibiotic use 
in patients following injury comes from studies 
of patients with penetrating abdominal trauma. 
There are a wide variety of randomized pro-
spective data available, which support clear 

Table 8. Risk Factors Associated With VTE in Trauma*

Underlying condition
Obesity
Malignancy
Abnormal coagulation factors on hospital admission
History of VTE

Iatrogenic factors
Central femoral line �24 h
�4 transfusions in fi rst 24 h
Surgical procedure �2 h
Repair or ligation of major vascular injury

Injury-related factors
Abbreviated injury scale �2 for chest
Abbreviated injury scale �2 for abdomen
Abbreviated injury scale �2 for head
Coma (GCS score �8 for � 4h
Complex lower-extremity fracture
Pelvic fracture
Spinal cord injury with paraplegia or quadriplegia

Age (sequential increased risk with age)
�40 but �60 yr
�60 but �75 yr
�75 yr

*From J Trauma 1997; 42:100–103.
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 recommendations regarding the use of antibiot-
ics in this patient group. While antibiotic ther-
apy must be initiated prior to operation or in the 
emergency department, the intensivist should be 
aware of available recommendations regarding 
appropriate agents, duration of therapy, and the 
impact of shock and resuscitation.

In a clinical management update produced by 
the Practice Management Guidelines Workgroup 
of EAST, evidence regarding antibiotic use in pen-
etrating abdominal trauma was reviewed. These 
writers suggest that there are suffi cient random-
ized prospective data to recommend the use of only 
a single preoperative dose of prophylactic antibi-
otics with broad-spectrum aerobic and anaerobic 
coverage as a standard of care for trauma patients 
sustaining penetrating abdominal wounds. If no 
hollow viscus injury is noted subsequently, no fur-
ther antibiotic administration is warranted. The 
second issue addressed is the duration of therapy 
in the presence of injury to any hollow viscus. 
Based on available prospective randomized data, 
there is suffi cient evidence to recommend continu-
ation of prophylactic antibiotics for only 24 h even 
in the presence of injury to any hollow viscus. 
Unfortunately, there are insuffi cient data to pro-
vide meaningful guidelines for reducing infection 
risks in trauma patients with hemorrhagic shock. 
Vasoconstriction alters the normal distribution of 
antibiotics, resulting in reduced tissue penetra-
tion. To alleviate this problem, administered anti-
biotic doses may be increased twofold to threefold 
and repeated after every tenth unit of blood trans-
fusion until there is no further blood loss. As the 
patient is resuscitated, antibiotics with activity 
against obligate and facultative anaerobic bacteria 
should be continued for periods dependent on the 
degree of identifi ed wound contamination. Nota-
bly,  aminoglycosides have been demonstrated to 
exhibit suboptimal activity in patients with seri-
ous injury, probably due to altered pharmacoki-
netics of drug distribution. Finally, a metaanalysis 
has examined studies assessing effectiveness of a 
single agent vs combination therapy containing 
aminoglycosides for penetrating wounds. This 
report concludes that single β-lactam agents were 
as effective as combination therapy in the setting 
of penetrating abdominal trauma.

Controversy continues regarding appropriate 
antibiotic therapy for open fractures. Where lesser 

degrees of soft-tissue injury are present, a fi rst-
generation cephalosporin with 24 h of coverage 
is appropriate. The most diffi cult open fracture 
is the tibial fracture with signifi cant soft-tissue 
damage. These wounds require Gram-negative as 
well as Gram-positive coverage. The likelihood of 
infection is generally associated with the degree 
of soft-tissue injury. Antibiotic support may be 
continued until closure is accomplished.

Fewer data are available regarding the use of 
antibiotics in patients following blunt injury. In 
the absence of monitoring device placement or 
the use of tube thoracostomy, antibiotics are not 
warranted. Many practitioners, however, believe 
Gram-positive antibiotic coverage is appropri-
ate in the patient with tube thoracostomy or with 
invasive monitors of ICP. There are no random-
ized prospective data or multidisciplinary guide-
lines available to address this issue.

Thermal Injury

Thermal injury is a major public health prob-
lem for 2 to 2.5 million people who seek medical 
treatment in the United States each year. Thermal 
injury results in 100,000 to 150,000 hospitaliza-
tions and 6,000 to 12,000 fatalities. Death rates are 
highest in the very young and the very old. Scalds 
are the most common form of childhood thermal 
trauma, while electrical and chemical injuries 
affect adults in the workplace. Factors shown to 
relate to mortality in thermal injury include the 
size of cutaneous involvement, age, and the pres-
ence or absence of inhalation injury.

Nearly 70% of burn patients in the recent itera-
tion of the National Burn Repository (2005) were 
men. Mean age for all cases was 33 years. Infants 
accounted for 10% of cases, and patients � 60 years 
old represented 14% of individuals. Sixty-two per-
cent of reported total burn sizes were �10% total 
body surface area (TBSA). Inhalation injury was 
present in 7% of the total reported cases but played a 
signifi cant role in increasing hospital length of stay 
and risk of death. The two most common reported 
etiologies were fl ame burns and scalds, accounting 
for almost 80% of cases. There were � 6,000 scald 
injuries in patients � 2 years of age, making up 28% 
of all scald injuries, and 70% of all reported injuries 
to the population �2 years old. Forty-three percent 
of burn injuries occurred in the home.
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Wound

Characteristics of skin affect patterns of cuta-
neous injury. Skin is very thin in infants and 
increases in thickness until 30 to 40 years of age. 
After this, skin progressively thins. Male subjects 
have thicker skin than female subjects. Average 
skin thickness is 1 to 2 mm. In general, the dermis 
is 10-times thicker than the associated epidermis. 
Cell types in the epidermis are predominately 
keratinocytes and melanocytes. The latter cells 
provide pigment generation against ultravio-
let radiation. The predominant cell type in the 
underlying dermis (derived from the mesoderm) 
is the fi broblast, which produces collagen and 
elastin, ground substance of glycosaminoglycans 
and proteoglycans. The dermis itself consists of a 
superfi cial papillary dermis and a thicker reticu-
lar dermis.

The skin serves a number of critical functions. 
Unfortunately, all of these functions may be lost 
with thermal injury. Most importantly, the skin is 
a principal barrier against infection. Sebum has 
noted antibacterial properties. Skin also helps to 
maintain antigen presentation to immune cells 
and protects fl uid, protein, and electrolyte homeo-
stasis. Skin has various sensory functions, affects 
heat preservation, and is associated with vitamin 
production.

In thermal injury, damage to the skin results 
from temperature of the thermal source and the 
duration of exposure. At 40 to 44°C, enzymatic 
failure occurs within the cell with rising intracel-
lular sodium concentration and swelling due to 
failure of the membrane sodium pump. At expo-
sure to 60°C, necrosis occurs in 1 h with release 
of oxygen free radicals. Three cutaneous zones of 
injury have been described:

• The zone of coagulation is the site of irreversible 
cell death with new eschar formation from local 
degradation of protein.

• The zone of stasis is the site of local circulatory 
impairment with initial cell viability. If isch-
emia follows in this zone, cell death will occur. 
Impaired circulation is thought to be second-
ary to platelet and neutrophil aggregates, fi brin 
deposition, endothelial cell swelling, and loss 
of erythrocyte deformability. These tissues 
are susceptible to secondary insults such as 

dehydration, pressure, overresuscitation, and 
infection. Measures implemented to minimize 
further tissue loss include nondesiccating 
dressings, careful fl uid resuscitation, and topi-
cal antimicrobials.

• The zone of hyperemia is characterized by mini-
mal cellular injury but prominent vasodilation 
and increased blood fl ow. Cell recovery gener-
ally occurs in this zone.

Neutrophils are a major source of oxidants 
released in the burn wound and arrive during 
early infl ammation. Neutrophils are part of the 
ischemia reperfusion injury, which occurs in the 
burn wound as suggested by increases in xan-
thine oxidase activity. Neutrophils are present in 
large numbers in the dermis within hours after a 
superfi cial burn, peaking at 24 h then beginning 
to resolve by 72 h. The rate of neutrophil seques-
tration in the deeper burn is slower but persists 
for a longer time. The longer time to accumula-
tion in the deeper burn is the result of occlusion 
of superfi cial vessels in the upper dermis and 
damage to deeper vessels. Lymphocytes begin to 
accumulate in the superfi cial burn at 12 h as well 
as macrophages. Lymphocytes do not appear to 
accumulate in the deeper burn. Therefore, super-
fi cial burns have more infl ammatory cells earlier 
but progressive damage usually does not occur, 
whereas measurable progression of dermal micro-
vascular damage occurs in deeper burns but with 
fewer initial neutrophils.

Cellular Changes

Baxter described the cellular changes that 
provide the foundation of our present resuscita-
tion strategies. He noted a decrease in cell mem-
brane potential involving burned and unburned 
tissues. This potential change is associated with 
increased intracellular sodium, probably due to 
a decrease in sodium-adenosine triphosphate 
activity. Resuscitation only partly restores nor-
mal intracellular sodium and membrane poten-
tials. Inadequate resuscitation leads to further 
decline in cell membrane potential and cell 
death. Later work on burn shock concluded that 
this phenomenon is due not only to intravascu-
lar hypovolemia but also extracellular sodium 
depletion.
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Edema

Tissue edema after thermal injury is a well-
recognized entity. Clinical edema, as seen after 
burns, is an expansion of the interstitial liquid 
volume. The interstitium is the intervening space 
between the vascular and cellular compartments. 
It binds together structural and cellular elements 
into a tissue such as the skin dermal matrix. Com-
plications of edema formation are familiar to 
all who treat burn patients. The edema process 
is responsible for losses of intravascular fl uid. 
Hypovolemia will occur after large burns if mas-
sive volume resuscitation is not provided, partic-
ularly in the initial hours after injury when edema 
formation is most rapid. Hypoproteinemia occurs 
from the loss of protein in the edema fl uid. Edema 
itself results in tissue hypoxia and increased tissue 
pressure with circumferential injuries, which can 
result in further downstream damage. Increased 
interstitial pressure in burn soft tissue compart-
ments often requires escharotomy or even fas-
ciotomy. It is not unusual to see patients with a 
20% increase in body weight after a major burn, 
owing to the large fl uid loads employed in resus-
citation. Edema formation is found in burned and 
unburned tissue.

Peak burn edema formation after a 10% par-
tial-thickness burn occurs at approximately 3 h, 
whereas after a 40% burn, peak edema does not 
occur until after 12 h. Total edema is usually less 
after a larger burn. This is because intravascular 
volume depletion, which occurs after a larger 
burn, decreases blood volume and blood fl ow 
to burned tissue, allowing less edema. If volume 

resuscitation keeps up with losses in large burns, 
severe edema formation occurs. Even with mas-
sive fl uid infusion, hematocrits of 55 to 60% are 
not uncommon in the early post-burn period,
indicating continued loss of plasma volume into 
burn soft tissues. Where fl uid fl ux has been stud-
ied, rate of edema production was matched by 
rate of fl uid clearance after 12 h. Increased protein 
permeability persists for several days after burn 
injury. Additional edema is not visible because 
clearance appears to keep up with fl uid deposi-
tion (Table 9).

Virtually all components controlling fl uid and 
protein loss from the vascular space are altered 
after burns. Marked increase in fl uid fl ux into 
the interstitium is seen due to a combination of 
decrease in interstitial pressure, an increase in cap-
illary permeability to protein, and further imbal-
ance in hydrostatic and oncotic forces favoring 
fl uid movement into the interstitium. Increased 
vascular permeability causes marked increase in 

Table 9. Pathophysiologic Changes in Burn Tissue Leading to Edema*

Marked immediate and sustained increase in the rate of fl uid and protein crossing from the capillary to the interstitial space
Rate of edema formation is extremely rapid in the fi rst 1–2 h
Early disruption of the integrity of the interstitial space with disruption of collagen and hyaluronic acid scaffolding
Progressive increase interstitial space compliance as edema forms
Marked transient decrease in interstitial pressure caused by the release of osmotically active particles, causing a vacuum effect 

“sucking” in fl uid from the plasma space
Marked and sustained increase in capillary permeability in the burn wound
Decrease in plasma proteins and oncotic pressure and increase in interstitial protein and oncotic pressure due to increased 

capillary permeability to protein
Inability to maintain a plasma to interstitial oncotic gradient
Likely a transient increase in capillary hydrostatic pressure in the burn capillaries
Marked and sustained decrease in the surface area of the perfused capillaries and lymphatics, especially in the deep burn
Increase in the ease of fl uid accumulation in the interstitium (increase in hydraulic conductivity)

*From J Burn Care Rehabil 2005; 26:207–227.

Table 10. Mediators Involved With Burn Edema*

Marked early and sustained increase in oxidant activity 
leading to oxidant damage to the following: interstitial 
gel, fragmenting collagen, and hyaluronic acid; capillary 
membrane, leading to increased permeability; distant 
nonburn tissues

Local increase in a large number of vasoactive mediators 
that can damage the capillary and interstitium

Prostaglandins, leukotrienes
Cytokines, protease
Histamine, bradykinin
Neuropeptides
Complement components

*From J Burn Care Rehabil 2005; 26:207–227.
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protein content of edema fl uid. The combination 
of abnormalities favoring edema further acceler-
ates plasma protein losses. Some of these changes 
are transient, such as negative interstitial pressure, 
whereas other abnormalities such as increased 
permeability persist as noted above. As edema 
forms, the interstitium is altered such that more 
edema is easier to accumulate for the same intra-
vascular and interstitial physical changes. In all 
probability, this refl ects breakdown of the matrix 
molecules in the interstitium.

There is overwhelming evidence that bio-
chemical mediators released into the burn also 
play a signifi cant role in the edema process. These 
mediators are released from injured cells as well 

as from neutrophils, which rapidly accumulate in 
injured dermis. These agents are numerous, and 
it remains diffi cult to sort out the most important 
agents, cause, and effect (Table 10).

Wound Care

The degree of injury is assessed by the well-
known rule of “nines” (Fig 2). Anatomic criteria can 
also be employed to recognize the depth of injury 
and coincident likelihood of healing (Table 11). 
Partial-thickness injuries should heal within 3 
weeks and leave the stratum germinosum intact. 
Third-degree or full-thickness injuries involve all 
layers of epidermis and dermis. Some authors 

Figure 2. Rule of “nines.”
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speak also of fourth-degree injuries, which involve 
deep structures such as tendon, muscle, and bone.

Local care begins with serial debridement of 
nonviable tissue and blisters. Topical antimicro-
bials, one of the major advances in burn wound 
care, are applied once or twice daily after washes 
with antiseptic solutions (Table 12). These topi-
cal antimicrobials are applied in occlusive dress-
ings that also help maintain fl uid balance. The 
burn wound affords a warm, moist, protein-laden 
growth medium to Gram-positive and later Gram-
negative bacteria. In general, systemic  antibiotics 
are not employed in the initial days after injury.

Biological dressings (cadaver allograft, por-
cine xenograft) are used for relatively clean 

wounds to reduce pain, bacterial colony counts, 
and fl uid and protein loss. Rate of epithelializa-
tion is also increased, more so than with topical 
antimicrobials, which tend to cause relative inhibi-
tion of wound epithelialization.

• Biological dressings may be placed on newly 
debrided partial-thickness wounds in anticipa-
tion of healing without surgery.

• Biological dressings cover granulating excised 
wounds awaiting autografts.

• Biological dressings gauge readiness of a 
wound for autografting (via early “take”).

• Biological dressings may facilitate removal of 
necrotic tissue from granulating wounds.

Table 11. Classifi cation of Burn Depth*

Degree of Burn Depth of Tissue Penetration Characteristics

First degree Partial thickness Injury to the superfi cial epidermis, usually caused by overexposure to 
sunlight or brief heat fl ashes; classically described as sunburn.

Second degree Superfi cial partial thickness Injury is to the epidermis and upper layers of the dermis. Wounds 
characteristically appear red, wet, or blistered, blanchable, and extremely 
painful. Will heal within 3 wk from epidermal regeneration from 
remaining remnants found in the tracts of hair follicles.

Deep partial thickness Injury is through the epidermis and may affect isolated areas of the deep 
thermal strata from which cells arise. This wound may appear red and 
wet or white and dry, depending on the extent of deep dermal damage.  
It heals without grafting but requires �3 wk with suboptimal cosmesis. 
Excision and split-thickness skin grafting are recommended.

Third degree Full thickness Injury has destroyed both the epidermis and the dermis. The wound appears 
white, will not blanch, and is anesthetic. Tough, nonelastic, and tenacious 
coagulated protein (eschar) tissue may be present on the surface. This 
wound will not heal without surgical intervention.

*Reproduced with permission from the Society of Critical Care Medicine.

Table 12. Topical Antimicrobial Agents*

Agents Advantages Disadvantages

Silver sulfadiazine Painless application; broad 
spectrum; easy application

May produce transient leukopenia; minimal penetration 
of eschar; some Gram-negative species resistant

Mafenide acetate Broad spectrum; easy application; 
penetrates eschar

Painful application; promotes acid-base imbalance; 
frequent sensitivity

Bacitracin, Painless application No eschar penetration
Polysporin Nonirritating; transparent; may 

be used on nonburn wounds
Silver nitrate (0.5% solution) Painless application; broad 

spectrum; rare sensitivity; 
must be kept moist

No eschar penetration; electrolyte imbalances; discolors 
the wound and environment

Povidone-iodine Broad spectrum Painful application; systemically absorbed; requires 
frequent reapplication; discolors wounds

Gentamicin Painless application; broad 
spectrum

Oto/nephrotoxic; encourages development of resistant 
organisms

*Reproduced with permission from the Society of Critical Care Medicine.
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Where circumferential injury with second-
degree or third-degree depth exists, the wound 
may need to be divided at the lateral aspects of 
extremities or on the torso to facilitate extremity 
perfusion or chest wall movement respectively. 
Division of wound eschar for this purpose is 
termed escharotomy. Usually, the need for escha-
rotomy is clear within 48 h of injury. Progressive 
tissue edema during resuscitation creates the need 
for escharotomy even if initial perfusion of cir-
cumferential torso burns is adequate. Abdominal 
wall escharotomy or laparotomy for abdominal 
compartment syndrome with respiratory embar-
rassment is sometimes required.

Wound Excision

Excision of burned tissue that will clearly not 
heal (determined by clinical assessment) is gener-
ally performed within 3 to 5 days of injury. Gen-
erally, we do not excise � 20% TBSA at a time. 
If possible, wounds are covered with sheet or 
meshed autograft, harvested 3/ to 10/1,000-inch 
thickness with a power dermatome from unburned 
sites. Good harvest sites are the thighs, back, and 
scalp. Grafts can be meshed onto the burn area in 
a ratio from 1:1 to 1:9 to increase coverage with 
the assumption that the wound will re-epithelial-
ize within the mesh network. We generally do not 
use meshing � 1:3 due to increased incidence of 
contractures and graft shear. Cadaveric allograft 
can be used to cover excised areas where donor 
skin is unavailable.

Sequential layered tangential excision of 
burned tissue is employed to reach viable tissue 
with visible punctate bleeding. While blood loss 
is greater with this method, cosmetic outcome is 
improved and the maximum amount of viable 
 tissue is preserved. Excision to fascia is limited 
to large, full-thickness injuries, where the risks of 
blood loss and potential graft compromise from 
a suboptimal recipient bed may cause increased 
mortality.

Management of deeper thermal injury has 
always been complicated by loss of dermal tis-
sue. Because the body does not naturally regen-
erate dermal tissue, surgeons are often left with 
few choices for wound coverage that will eventu-
ally result in minimal contraction and scarring. In 
addition, open wounds lead to fl uid loss and an 

increase in metabolic rate that may impact overall 
physiologic condition of the patient.

Over the past decade, burn treatment has 
evolved to include early excision of necrotic 
tissue and immediate coverage of excised open 
wounds. A recent option for permanent wound 
coverage is a commercially available crosslinked 
collagen and chondronitin sulfate dermal replace-
ment covered by a temporary silicone epidermal 
substitute. Within 2 to 3 weeks of application 
of this material, a new dermis forms and ultra-
thin autografts may then be placed over the 
neodermis. After healing, the synthetic dermis-
 supported skin graft appears to have histologic 
structure and physical properties similar to those 
of normal skin.

A large postapproval study of this material 
was performed involving � 200 burn patients at 
13 burn care centers. These patients had large 
injuries (average 36.5% TBSA). A low incidence 
of invasive infection or early application of the 
dermal substitute was noted (3.1%). Excellent 
mean rate of take for the dermal substitute was 
noted at � 75%. Median take rate was 95%. Mean 
rate of healing for epidermal overlying autografts 
was 87%, with a median healing rate of 98%. This 
large study supports the role of dermal substi-
tutes as a standard of care for reconstruction of 
deep, large thermal injuries.

Hemodynamic Response

Global hemodynamic changes include a 
decrease in extracellular fl uid of as much as 30 
to 50% in unresuscitated animal models by 18 h 
after burn. In one study, cardiac output decreased 
to 25% of control at 4 h after injury and increased 
to only 40% of control at 18 h after a 30% TBSA 
injury. The principal site of volume loss was the 
functional extracellular intravascular fl uid.

• Subsequent studies with salt solutions con-
fi rmed a variety of approaches to minimize 
extracellular fl uid loss and maximize hemody-
namic response in the fi rst 24 h after burn.

• During the fi rst 24 h, the work of Baxter showed 
that plasma volume changes were indepen-
dent of the fl uid type employed. Thus, colloids 
should not be used in the fi rst 24 h of burn 
resuscitation.
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• After 24 h, infused colloids can increase plasma 
volume by anticipated amounts as capillary 
integrity is restored.

• Peripheral vascular resistance was actually very 
high in the initial 24 h after burn but decreased 
as cardiac output improved to supranormal 
levels coincident with the end of plasma and 
blood volume losses.

Burn wound edema is caused by dilation of 
precapillary arterioles and increased extravascu-
lar osmotic activity due to various products of 
thermal injury. All elements in the vascular space 
except RBCs can escape from this site during the 
initial period of increased permeability.

Burn Resuscitation Strategies

In burn injury, intracellular and interstitial vol-
ume increase at the expense of plasma and blood 
volume. Edema formation is affected by resusci-
tation fl uid administration. Thus, two principles 
are agreed on: (1) administer the least amount of 
fl uid necessary to maintain adequate organ perfu-
sion (as determined by vital signs, urine output, 
or function studies); and (2) replace extracellular 
salt lost into cells and burned tissue with crystal-
loids and lactated Ringers solution.

Probably the most popular resuscitation 
approach utilizes a modifi ed Parkland formula, 
giving 4 mL/kg/percentage of TBSA burn of 
fl uid (lactated Ringers solution) with half of 
the 24-h volume required administered in the 
fi rst 8 h. A variety of other formulas have been 
described (Table 13). All represent guidelines for 
the initiation of resuscitation. Continuation of 

this process requires perfusion as indicated by a 
urine output of 30 to 50 mL/h in the adult. Hypo-
proteinemia and edema formation complicate 
the use of isotonic crystalloids for resuscitation. 
Hypertonic resuscitation solutions have the theo-
retical advantages of improved hemodynamic 
response and diminished overall fl uid needs as 
intracellular water is shifted into the extracellu-
lar space by the hyperosmolar solution. A clear 
role for hypertonic resuscitation has not yet been 
defi ned. Some groups add colloid to resuscitation 
fl uids as protein formulations or dextran after 
the fi rst 8 h when much of the capillary leak has 
subsided. Groups most likely to benefi t from sup-
plemental colloid are the elderly, patients with 
large burns (� 50% TBSA), and/or patients who 
have inhalation injury. Inhalation injury increases 
the overall fl uid requirement of the burned 
patient from volume and total salt requirement 
standpoints.

Overall, patients in good health with burns 
of �40% TBSA can be resuscitated with crystal-
loids alone. Where coexistent injury, comorbid 
conditions, limited cardiac reserve, and inhala-
tion injury complicate burn trauma, a combina-
tion of crystalloid and colloids may be optimally 
employed. The resuscitation target is generally 30 
to 50 mL/h of urine output with acceptable vital 
signs. In the patient with complicated trauma or 
thermal injury management, a pulmonary artery 
catheter may be needed.

Patients receiving crystalloid resuscitation will 
frequently require supplemental colloid during 
the second 24 h after burn injury. Maintenance fl u-
ids must include allowance for evaporative losses. 
This fl uid may come from IV repletion or enteral 

Table 13. Resuscitation Formulas*

Formula Calculation: First 24 Hours Calculation: Thereafter

Parkland 4 L/kg/% TBSA burn lactated Ringers solution; administer 
50% total volume during fi rst 8 h after burn and the 
remaining 50% over the subsequent 16 h

% dextrose in water, potassium, plasma to 
maintain normal serum sodium and potassium 
levels and colloid oncotic pressure

Brooke 2 mL/kg/% TBSA burn lactated Ringers solution; 
administer 50% total volume during the fi rst 8 h after 
burn and the remaining 50% over the subsequent 16 h

Maintain urine output 0.5 to 1.0 mL/kg/h

Shrine 5,000 mL/m2 TBSA burn � 2,000 mL/m2 BSA lactated 
Ringers solution; administer 50% total volume during 
the fi rst 8 h after burn and the remaining 50% over the 
subsequent 16 h

3,750 mL/m2 TBSA burn � 1,500 mL/m2 BSA; 
may replace IV fl uid with enteral feedings 
if GI function is normal

*Reproduced with permission from the Society of Critical Care Medicine.
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feeding. Evaporative losses � (25 � percentage of 
TBSA burn) � body surface area (BSA) [in meters 
squared] � 24 h. Potassium, calcium, magnesium, 
and phosphorus losses should be monitored and 
aggressively replaced. After 24 to 48 h, a urine 
output of 30 to 50 mL/h is an inadequate guide 
to perfusion due to relative osmotic diuresis with 
the metabolite loss of burns and deranged antidi-
uretic hormone metabolism. Adults require 1,500 
to 2,000 mL/24 h of urine output to excrete the 
osmolar products of large burns. Serum sodium 
concentration, weight change, intake and output 
records, and physical examination also guide 
ongoing fl uid administration.

Inhalation Injury

Inhalation injury has emerged as a persist-
ing cause of increased mortality in burn victims. 
Upper airway injury is frequently due to direct 
heat exposure, while laryngeal refl exes protect 
the lung from thermal injury in all cases except 
possibly high-pressure steam exposure. The 
upper airway is also an extremely effi cient heat 
sink. Lower airway injury is predominantly due 
to chemical products of combustion carried to the 
lung on particles of soot (particle size, 5 μm). To a 
degree that varies unpredictably among affected 
patients, inhalation injury causes several physi-
ologic derangements including:

• Loss of airway patency secondary to mucosal 
edema

• Bronchospasm secondary to inhaled irritants
• Intrapulmonary shunting from small air-

way occlusion caused by mucosal edema and 
sloughed endobronchial debris

• Diminished compliance secondary to alveo-
lar fl ooding and collapse with mismatching of 
ventilation and perfusion

• Pneumonia and tracheobronchitis secondary to 
loss of ciliary clearance endotracheal bronchial 
epithelium

• Respiratory failure secondary to a combination 
of the above factors

Injuries evolve over time and parenchymal 
lung dysfunction is often minimal for 24 to 72 h.

• Aldehydes, oxides of sulfur and hydrochlo-
ric acid, combine with water in the lung to 
yield corrosive acids and oxygen radicals. 

Degradation of polyvinyl chloride, for exam-
ple, yields up to 75 toxic compounds.

• Carbon monoxide exposure is also associated 
with inhalation injury but does not defi ne this 
process because the true degree of exposure to 
carbon monoxide is frequently not detected. The 
half-life of carboxyhemoglobin in room air is 
4 h, 30 min at 100% oxygen. Therefore, increased 
carboxyhemoglobin levels are not often found.

• Diagnosis of inhalation injury is most com-
monly made with bronchoscopy, which reveals 
airway edema, erythema, soot accumulation, 
and sometimes mucosal sloughing. This test 
picks up far more injuries than standard clini-
cal criteria including history of closed-space 
burn injury, facial burns with nasal hair singe-
ing, wheezing, and soot in the sputum. Chest 
radiography is frequently normal on hospital 
admission, and hypoxia on blood gases is not 
frequently seen.

Chemical injury to the lung stimulates release 
of substances including histamine, serotonin, and 
kallikreins with recruitment of leukocytes to air-
ways and lung parenchyma. Edema of airway 
mucosa and sloughing can combine with forma-
tion of plugs of fi brin and purulent material to 
create casts, which obstruct small airways. Neu-
trophils and other activated infl ammatory cells 
also release oxygen radicals and lytic enzymes, 
which magnify tissue change. Pulmonary edema 
is also seen due to increased capillary perme-
ability, which is magnifi ed by cutaneous burns if 
present. Patients with cutaneous injury alone do 
not increase extravascular lung water.

Three stages of clinical inhalation injury have 
been identifi ed. Acute hypoxia with asphyxia 
typically occurs at the fi re scene, sometimes in 
association with high carbon monoxide exposure, 
and is followed by acute upper airway and pul-
monary edema. Pulmonary edema with acute air-
way swelling usually resolves by the passage of 
the fi rst several days after injury. Later complica-
tions are infections with the morbidity of pneu-
monia complicating that of inhalation exposure to 
heat and chemical irritants.

Optimal initial management of inhalation 
injury requires directed assessment and ensur-
ance of airway patency. Prophylactic intubation 
is not indicated for a diagnosis of inhalation 
injury alone. However, if there is concern over 
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 progressive edema, intubation should be strongly 
considered. Intubation is indicated if upper air-
way patency is threatened, gas exchange or com-
pliance mandate mechanical ventilatory support, 
or mental status is inadequate for airway protec-
tion. Prophylactic use of steroids and antibiot-
ics is not indicated in the initial management of 
inhalation injury. In patients requiring mechani-
cal ventilatory support, transpulmonary infl ating 
pressures � 40 cm H2O should be avoided except 
in exceptional circumstances (eg, pH �7.2 or Pao2 
�60 mm Hg), or if impaired chest wall compli-
ance suggests that infl ating pressures measured 
at the endotracheal tube did not refl ect transpul-
monary pressures. Any mode of mechanical ven-
tilation consistent with these limits is appropriate. 
Survivors of inhalation injury may have perma-
nent pulmonary dysfunction, late endobronchial 
bleeding from granulation tissue, and upper air-
way stenosis. While there is no specifi c therapy 
for inhalation injury, proper initial management 
can have a favorable infl uence on outcome. Man-
agement goals during the fi rst 24 h are to prevent 
suffocation by ensuring airway patency, to ensure 
adequate oxygenation and ventilation, to forego 
the use of agents that may complicate subsequent 
care, and to avoid ventilator-induced lung injury.

In any situation where carbon monoxide expo-
sure is possible, 100% oxygen should be provided 
to eliminate carbon monoxide. Resuscitation fl uid 
administration should not be delayed or withheld 
in inhalation injury patients. These individuals 
may, in fact, require additional fl uid. Humidifi ca-
tion of inhaled gases may help to reduce desicca-
tion injury. The role of early hyperbaric oxygen 
is minimized in the burn care community but 
remains popular among pulmonologists; pro-
spective randomized clinical data are limited. 
Heparin nebulization is now employed in some 
centers over the initial days after inhalation injury 
due to presumed mucolytic and antiinfl ammatory 
effects. This process may stimulate expectoration 
of accumulated proteinaceous material.

Carbon Monoxide Poisoning

Carbon monoxide poisoning is a serious 
health problem resulting in approximately 40,000 
visits to emergency departments annually in 
the United States. In thermal injury, it may be a 

signifi cant source of additional morbidity. Cogni-
tive sequelae (memory, attention span or concen-
tration, and affect) may occur immediately after 
exposure and persist or can be delayed. In gen-
eral, neurologic changes occur within 20 days after 
carbon monoxide exposure. Cognitive sequelae 
lasting � 1 month appear to occur in 25 to 50% of 
patients with loss of consciousness or carboxyhe-
moglobin levels � 25%. Recommended treatment 
for acute carbon monoxide intoxication is 100% 
normobaric oxygen. This is commonly delivered 
through a face mask or endotracheal tube. Hyper-
baric oxygen therapy is sometimes recommended 
for patients with acute carbon monoxide poison-
ing, particularly if they have lost consciousness or 
have high carboxyhemoglobin levels.

Carbon monoxide is an odorless, tasteless, 
and nonirritating gas. It is a product of incom-
plete combustion. Carbon monoxide poisoning 
is a major source of early morbidity in the burn-
injured patient with many fatalities occurring at 
the scene of injury. Carbon monoxide levels may 
be � 10% in a closed space fi re (signifi cant injury 
may occur in a short period of time with exposure 
to as little as 1% carbon monoxide). With affi nity 
for hemoglobin 200 times greater than for oxygen, 
carbon monoxide effectively competes with oxy-
gen for hemoglobin binding. This competition not 
only shifts the oxyhemoglobin dissociation curve 
to the left but it alters its shape. Oxygen delivery 
to tissues is severely compromised as the result of 
both reduced oxygen carrying capacity of blood 
and less effi cient dissociation of oxygen from 
hemoglobin at the tissue level. Carbon monoxide 
competitively inhibits intracellular cytochrome 
oxidase enzyme systems, most notably cyto-
chrome P-450 resulting in an inability of cellular 
systems to use oxygen. Inhaled hydrogen cya-
nide, produced during combustion of household 
materials, also inhibits the cytochrome oxidase 
system and may have a synergistic effect with 
carbon monoxide. Cerebral oxygen consumption 
and metabolism are decreased.

Carbon monoxide poisoning may be diffi cult 
to detect. As the absorbent spectrum of carboxy-
hemoglobin and oxyhemoglobin are very similar, 
pulse oximeters cannot distinguish between the 
two forms of hemoglobin. Oximeter readings will 
be normal even if lethal amounts of carboxyhe-
moglobin are present. The Pao2 measured from an 
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arterial blood gas refl ects the amount of oxygen 
dissolved in the plasma but does not quantitate 
hemoglobin saturation, which is the most impor-
tant determinant of oxygen carrying capacity of 
the blood. Carboxyhemoglobin levels may be 
measured directly, but this test is rarely available 
at the scene of injury. Because of the delay between 
exposure and testing, levels measured on arrival 
at a health-care facility will not refl ect the extent 
of poisoning, particularly when the patient has 
been breathing high concentrations of oxygen.

The half-life of carboxyhemoglobin is 250 min 
for the victim breathing room air; this is reduced 
to 40 to 60 min with inhalation of 100% oxygen. If 
the patient is unconscious or cyanotic, intubation 
for administration of high oxygen concentrations 
is indicated. Although hyperbaric oxygen will 
further reduce the half-life of carboxyhemoglobin, 
the hyperbaric chamber is a diffi cult environment 
in which to monitor the patient, perform resus-
citation, and provide early burn care. Most burn 
experts reserve hyperbaric oxygen for the patient 
with minimal to no other injuries.

In the setting of pregnancy, greater sensitiv-
ity of the fetus to harmful effects of carbon mon-
oxide has been noted. Data from animal studies 
suggest a lag time in carbon monoxide uptake 
between the mother and the fetus. Fetal studies 
state that carbon monoxide levels occur up to 40 h 
after maternal steady-state levels are achieved. 
Final carboxyhemoglobin levels in the fetus may 
signifi cantly exceed levels in the mother. Exagger-
ated leftward shift of the fetal carboxyhemoglo-
bin dissociation curve makes tissue hypoxia more 
severe by causing even less oxygen to be released 
to fetal tissues.

Hyperbaric oxygen has been proposed as a 
treatment for acute carbon monoxide exposure. 
Reported advantages include increased dissolved 
oxygen content in the blood and accelerated elim-
ination of carbon monoxide. Potential benefi ts of 
hyperbaric oxygen treatment include prevention 
of lipid peroxidation in the CNS and preserva-
tion of adenosine triphosphate levels in tissue 
exposed to carbon monoxide. Signifi cant disad-
vantages of hyperbaric oxygen therapy include 
the risks associated with transport of patients 
and maintenance of critically ill individuals in 
the hyperbaric setting. Recent work with patients 
with signifi cant carbon monoxide exposure in the 

absence of signifi cant thermal injury suggests that 
neurologic outcome measured at 6 weeks and 
12 months after acute exposure will improve with 
acute hyperbaric oxygen administration. Notably, 
the patient sustaining signifi cant thermal cutane-
ous injury is not represented in these studies. The 
optimal management of carbon monoxide expo-
sure in the setting of signifi cant thermal cutane-
ous injury remains unclear, and the challenges of 
early administration of hyperbaric oxygen in the 
setting of multisystem trauma remain daunting.

Electrical Injury

In 2001, the American Burn Association pub-
lished a set of practice guidelines for various 
aspects of burn care. Guidelines for the manage-
ment of electrical injury were not included. This 
shortcoming is now being addressed by the Amer-
ican Burn Association with additional guidelines 
for the management of electrical injuries.

The critical care practitioner should be aware 
that an ECG should be performed on all patients 
sustaining electrical injuries (high and low volt-
age). Children and adults sustaining low-voltage 
electrical injuries, having no ECG abnormalities, 
no loss of consciousness, and no other indica-
tions for admission can be discharged from the 
emergency department. In the presence of loss 
of consciousness or documented dysrhythmia 
either before or after admission to the emergency 
department, telemetry monitoring and hospital 
admission are recommended. Cardiac monitor-
ing is also advised for patients with ECG evi-
dence of ischemia. Creatine kinase levels are not 
reliable indicators of cardiac injury after electri-
cal burns and should not be used in decisions 
regarding patient disposition. There are insuffi -
cient data regarding troponin levels to formulate 
a guideline. Beyond recommendations pertaining 
to ECG, the duration of monitoring and role of 
other testing has not been established. Additional 
recommendations from the American Burn Asso-
ciation regarding management of electrical injury 
are in preparation.

Outcome

Three contemporary articles detail outcome 
of burn patients. The most recent comes from 
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the National Burn Repository, which published a 
10-year review in 2006. In all, � 125,000 acute burn 
admissions to US burn centers were described. 
Seventy percents of hospital admissions were 
male (mean age, 33 years). Infants accounted for 
10% of cases, and patients aged � 70 years com-
prised 8.5% of cases. Thirty-two percent of admis-
sions were �20 years old. Sixty percent of patients 
were from 5 to 50 years old. Sixty-two percent of 
patients had a total burn size �10% TBSA, with 
21% of patients having a burn size between 10% 
and 19.9% of TBSA. Only 10% of patients had 
a burn size � 30% TBSA. Inhalation injury was 
reported in 6.5% of patients. In patients sustaining 
inhalation injury, mortality was 30% as opposed to 
5% for the patient group as a whole. Thus, inhala-
tion injury continues to have a disproportionate 
effect on mortality following burns.

Flame and scald burns accounted for 78% of 
total cases, with the largest fraction of injuries 
occurring in the home (43%). Work-related inju-
ries comprised 17% of all cases. Intentional inju-
ries accounted for 5% of cases. Survival in the 
study cohort has remained constant over recent 
years (approximately 94.5%). Deaths from burn 
injury increased with advanced age and burn 
size and in the presence of inhalation injury. The 
leading cause of death was multiple organ failure. 
Leading complications were pneumonia, wound 
infection, and cellulitis. During the 10-year period 
from 1995 to 2005, average length of stay declined 
from 13 days to 8 days.

A second review of �1,600 patients admitted to 
Massachusetts General Hospital and the Schriners’ 
Burn Institute in Boston was published in early 
1998. Logistic progression analysis was employed 
to develop probability estimates for mortality 
based on a small set of well-defi ned variables. 
Mean burn size and survival were similar to the 
larger report above. The following three risk fac-
tors for death were identifi ed: age � 60 years; TBSA 
burned � 40%; and inhalation injury. The mortality 
formula developed from these data predicts 0.3%, 
3%, 33%, or 90% mortality depending on whether 
0, 1, 2, or 3 risk factors are present, respectively.

Trends in mortality according to age among 
adult burn patients have recently been exam-
ined over a 25-year period. In this important 
study, patients admitted to a regional burn center 
between 1973 and 1997 were classifi ed into three 

age groups (18 to 34 years, 35 to 54 years, and � 55 
years), and mortality rates were examined over 
time (Table 14).

Examination of relative rates of  mortality 
suggests a reduction in death among adult 
burn patients across the age spectrum over the 
25-year study. Reduction in mortality is greatest 
for young patients at approximately 3%/yr, while 
the middle-aged group saw an annual change in 
mortality of approximately 2%/yr, and the older 
patients saw a decline in mortality of approxi-
mately 1%/yr.
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Objectives:

• Review basic postanesthesia care including  awakening, 
delayed emergence, sedation, and postoperative 
 hypothermia

• Understand basic aspects of postoperative extubation
• Review and understand general postoperative and post-

trauma management including deep vein thrombosis pro-
phylaxis, timing and route of nutrition, drain care, wound 
care, and postoperative hemorrhage

• Review the defi nition, pathophysiology, and treatment of 
malignant hyperthermia

• Discuss the mechanisms, clinical signs, and treatment of 
several postoperative cardiac surgery crises

Key words: acute pulmonary hypertension; awakening; car-
diac tamponade; deep vein thrombosis; delayed emergence; 
enteral nutrition; malignant hyperthermia; parenteral nutri-
tion; postoperative agitation; postoperative atrial fi brillation; 
postoperative extubation; postoperative hypothermia; right 
ventricular failure; surgical drains; vacuum assisted-closure 
devices; wound care

Overview

The general postoperative management treat-
ment guidelines and postoperative emergencies 
have been historically glossed over in  critical 
care board review courses. Any critical care pro-
vider who cares for surgical, cardiothoracic, 
and/or trauma patients should be acutely aware 
of their general management and be able to recog-
nize and respond to postoperative emergencies. 
As with all aspects of patient care, communica-
tion with nursing, ancillary personnel, and other 
health-care providers is essential to appropri-
ate care. Communication with the surgical team 
bringing the patient to the ICU should occur 
to ensure that the critical care provider under-
stands what surgical procedure occurred, what 
events may be expected, and what potential 
complications may occur. General aspects of the 
postoperative anesthesia care and postoperative 
extubation will be discussed because this may 

differ from the nonsurgical patient. Malignant 
hyperthermia (MH) will be discussed because 
patients with this condition require care in an ICU 
following the initial event; plus, the understanding 
of the disease and how it is treated is imperative to 
good outcomes. Following this, postsurgical deep 
vein thrombosis (DVT) prophylaxis, timing and 
route of nutrition, postoperative bleeding, estab-
lishing an understanding of drains, and postoper-
ative wound care will be discussed. Finally, I will 
discuss several postoperative crises involving 
cardiac surgery patients. This discussion is not all 
inclusive because many aspects are discussed in 
other chapters within this text; instead, this dis-
cussion covers the fi rst several postoperative days 
from surgical intervention. Care has been taken to 
avoid duplication of more common postoperative 
problems, such as sepsis, ARDS, and renal failure, 
which are covered throughout this text.

Awakening From Anesthesia

When the patient presents to the ICU  following 
surgery, he or she is unconscious because of a 
 variety of medications, including volatile anes-
thetics, benzodiazepines, narcotics, and neuro-
muscular blockers. Volatile anesthetics tend to 
dissipate quickly but can maintain their effects for 
20 to 60 min postoperatively. The speed of emer-
gence is directly proportional to alveolar ventila-
tion, but inversely proportionate to solubility of 
the agent within the blood. The longer the anes-
thesia time, the more total tissue uptake occurs, 
which can affect the duration of time it takes to 
emerge from the anesthesia. Recovery is gener-
ally fastest with desfl urane and nitrous oxide and 
slowest with isofl urane. If the patient has been 
hypoventilated during and after the surgery, this 
may also lead to delayed emergence from anes-
thesia.1 Narcotics and benzodiazepines have vari-
able duration of action depending on the amount 
administered during surgery. Recovery from IV 
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anesthetics is mainly dependent on redistribution 
rather than the elimination half-life of the drug. As 
the total dose administered during an anesthetic 
application increases, cumulative effects become 
apparent and lead to prolonged emergence; the 
half-life will become more involved in the dura-
tion of emergence. Propofol and remifentanil lead 
to the shortest emergence time. Advanced age, 
renal impairment, and/or hepatic disease can all 
affect duration of action of IV anesthetics.1 An ade-
quate amount of time should be given for these to 
wear off before becoming unduly concerned about 
mental status. The anesthetic record is an excel-
lent resource, as well as the verbal report from the 
anesthesia team, which is imperative to obtain on 
patient arrival to the ICU. Neuromuscular block-
ade can have prolonged duration of action in some 
cases and should be considered when a patient 
is unable to move adequately or cannot hold up 
the head for 10 s. In some instances, a false sense 
that the blockade has worn off can be seen and, 
following extubation, the patient has diffi culty 
maintaining ventilation without assistance. A 
train-of-four twitch monitor can assist with deter-
mining whether or not paralysis has been reversed. 
If paralysis is persistent, neostigmine (0.5 to 2 mg) 
and glycopyrrolate can be used to reverse the 
action of the neuromuscular blockers.2

Delayed emergence can occur because of sev-
eral reasons, the most common being residual 
anesthetic, sedative, and analgesic drug effects. 
Emergence can also be delayed by electrolyte 
abnormalities such as hyperglycemia and hypo-
natremia. A basic metabolic profi le should be 
checked if emergence appears delayed. Use 
of other sedating or interacting agents such as 
alcohol or recreational drugs prior to anesthe-
sia may also contribute. If the length of emer-
gence becomes prolonged, then naloxone in 
0.04-mg increments and/or fl umazenil in 0.2 mg-
increments can be given to rule out opioid or ben-
zodiazepine effects, respectively.1

Agitation and CNS Depression

Patients may become restless before they 
are fully responsive or they may experience dis-
orientation, anxiety, and pain. Generally, this is 
self-limited; however, hypoxemia, acidosis, hypo-
tension, bladder distention, or other  complications 

should be considered and evaluated.1 Much of 
the time, despite this restlessness, it is possible to 
have patients follow commands and participate 
in working toward extubation. Small doses of 
narcotics and/or benzodiazepines may be neces-
sary to help relax the patient enough to avoid 
self-harm, self-extubation, or other complica-
tions. This usually can be accomplished without 
causing further sedation.2 Generally, the use 
of low-dose fentanyl or morphine for pain 
and/or 0.5 to 1 mg of midazolam intermittently 
can control agitation.1 In most cases, agitation or 
somnolence should improve within 30 to 60 min 
with appropriate management and monitoring. 
If not, then conditions such as sepsis, shock, and 
encephalopathy should be considered. In these 
patients, decisions regarding extubation can 
be diffi cult. In general, although controversial, 
patients should be able to protect their airway 
before extubation should occur.

Postoperative Hypothermia

Patients returning from the operating room 
frequently have moderate-to-severe hypother-
mia. The causes are multifactorial and include 
IV fl uids and blood products that are not 
warmed prior to infusion, cool air temperature 
for  operating personnel comfort, vasodilation 
from the use of volatile anesthetics, large open 
wounds and raw surfaces, and, fi nally, evapora-
tion. Although there may be times when hypo-
thermia is useful, such as in postcardiac arrest 
or traumatic/anoxic brain injury, the majority 
of postoperative patients should be returned to 
normothermia.3 Postoperative hypothermia has 
been shown to worsen coagulopathy, increase 
transfusion requirements, increase susceptibility 
to infection, increase risk of cardiac ischemia, and 
increase shivering and overall discomfort.4 The 
goal should be rewarming during emergence and 
on presentation to the ICU. Forced-air rewarming 
devices should be used to normalize temperature 
(36°C) and reduce shivering, which will reduce 
the risk of further complications.5

Postoperative Extubation

In the immediate postoperative period, many 
patients can be extubated quickly  following 
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 surgery; however, several factors may neces-
sitate increased weaning time. In patients who 
undergo major surgery, extubation may need 
to be delayed if there are plans to return to the 
operating room within the next 24 h. The overall 
ease of intubation and any complications during 
the initial intubation need to be considered in the 
assessment. Patients should be adequately resus-
citated; hemostasis should be ensured and main-
tained; signifi cant metabolic acidosis resolved; 
and any vasoactive agents should be minimized. 
Patients requiring vasoactive agents because of 
hypotension from inadequate fl uid resuscitation 
and/or any form of shock would most likely ben-
efi t from remaining intubated until these issues 
are resolved. Patients should be assessed for their 
ability to protect their airway. Postoperative neu-
rosurgical patients or patients who have recently 
suffered a stroke should be able to understand 
and respond to requests to follow commands, and 
a gag/cough refl ex should be present. The previ-
ous statement is controversial in the medical com-
munity, but studies indicate that those patients 
extubated with a decreased neurologic status suf-
fer increased rates of reintubation and increased 
risks of morbidity.5a Finally, anesthetic agents 
should be adequately cleared and gas exchange 
abnormalities should be corrected to reduce risk 
of postextubation complications.6

If patients are unable to be extubated within a 
short time following surgery, daily reassessment 
should be performed. Assessments of physiologic 
reserve are paramount to ensure successful extu-
bation. Patients should breathe without mechani-
cal assistance to allow assessment of respiratory 
rate, vital signs stability, end-tidal carbon dioxide 
levels, and comfort. If trauma is involved, espe-
cially if the chest wall has been damaged, assess-
ment of coordination of the chest wall with the 
respiratory pattern is important. If patients were 
not intubated prior to the surgery, the patient has 
been stable for 60 to 90 min after surgery, tachy-
pnea is not present, and vital signs are relatively 
stable, then extubation can be performed. In gen-
eral, these are many of the factors involved with 
consideration of extubation of any patient. One 
main difference in the postoperative patient is the 
assessment of when the diaphragm is ready for 
respiration without mechanical assistance. The 
diaphragm has been shown to be the last muscle 

that is paralyzed during an anesthetic application 
and tends to be the fi rst to recover. Pavlin et al7 
found that patients who were able to hold either 
their head or leg up for 5 s were able to perform 
all airway-protection tests necessary for postop-
erative extubation.

MH

MH was fi rst reported in 1962 after Denbo-
rough described a series of anesthetic deaths 
within a particular family.1 MH is a hypermetabolic 
crisis that is induced by certain anesthetic agents, 
including succinylcholine, sevofl urane, isofl urane, 
desfl urane, and halothane. A familial relationship 
does seem to exist but is not a  reliable indicator, 
and the overall incidence is relatively rare (approx-
imately 1 in 15,000 patients).1 Approximately 50% 
of those who experience an MH crisis have had a 
previous anesthetic agent without any complica-
tions. The frequency is more prevalent in men than 
women and seems to be reduced after the age of 50 
years. Pediatric patients seem to be most affected.1

Patients who fall into groups with musculo-
skeletal disorders have the highest prevalence. 
These diseases include myotonia, osteogenesis 
imperfecta, King-Denborough syndrome, and 
Duchenne muscular dystrophy. Certain surgical 
procedures have also been identifi ed as being at 
increased risk, including repair of cleft palate, 
tonsillectomy and adenoidectomy, repair of pto-
sis, strabismus correction, and orthopaedic pro-
cedures.1 The mortality rate, if the condition is 
not recognized, is approximately 80%. If treated 
aggressively, the mortality rate is � 10%.

Clinical and Laboratory Findings

The earliest indication that an MH crisis is 
developing is an increase in end-tidal carbon 
dioxide levels. Once other reasons are ruled out, 
the MH crisis must be aggressively treated. Fever, 
tachycardia, tachypnea, and rigidity of the mas-
seter muscle (known as trismus) will generally 
develop in patients. Patients will then quickly 
become unstable if not aggressively treated; fur-
ther symptoms and fi ndings will include hypo-
tension, cyanosis, cardiac arrhythmias, and severe 
hyperpyrexia. As the crisis develops, temperature 
may rise as much as 1 to 2°C every 5 min.8
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Treatment

The Association of Surgical Technologists 
maintains an active Web site focusing on MH, 
and in 2005 they developed a guideline state-
ment to assist with treatment recommendations.9 
Treatment includes:

 1.  Immediate discontinuation of anesthesia and 
the paralytic succinylcholine. If the surgery 
is life threatening or cannot be immediately 
stopped, then continue with use of different 
anesthetic agent and machine.

 2.  Hyperventilate with 1.0 fraction of inspired 
oxygen at high fl ow rate to treat hypercap-
nia, metabolic acidosis, and increased oxygen 
consumption.

 3.  Dantrolene at a dose of 2.5 mg/kg IV imme-
diately and every 5 min until symptoms 
subside.

 4.  Change ventilator tubing and soda lime canis-
ter. Newer research indicates this may not be 
necessary with aggressive oxygen delivery.

 5.  Administer sodium bicarbonate, 1 to 2 
mEq/kg IV, because of signifi cant metabolic 
acidosis from increased lactate.

 6.  Apply ice packs to the groin, axillary region, 
and sides of the neck.

 7.  In some instances, ice lavage of the stomach 
and rectum can be performed, but be cautious 
not to induce hypothermia. Cooling measures 
should be stopped when the core body tem-
perature reaches 38°C.

 8.  Administer mannitol at 0.25 g/kg IV and/or 
furosemide at 1 mg/kg IV, up to four doses 
of each, in order to promote and maintain 
urinary fl ow to help reduce the amount 
of myoglobin in the kidneys. It is recom-
mended to maintain urinary output of at least 
2 mL/kg/h to help reduce the incidence of 
renal failure.

 9.  If cardiac arrhythmias develop, the use of 
procainamide, 200 mg IV, may be helpful.

10.  Monitor potassium closely because hyper-
kalemia can develop rapidly from destruc-
tion of muscle cells. Treat hyperkalemia with 
dextrose, 50 g IV, and regular insulin, 10 U IV, 
as well as sodium bicarbonate, as previously 
mentioned.

11.  Insert a Foley catheter, if not already in place, 
to monitor urinary output.

12.  Monitor potassium, sodium chloride, calcium, 
phosphate, and magnesium levels every 10 
min until symptoms subside.

13.  Check arterial blood gases every 5 to 10 min 
to monitor oxygenation and acidosis.

14.  Insert arterial and central lines if not already 
present. Dantrolene should be administered 
via a central line. Monitor end-tidal carbon 
dioxide levels through a ventilator. 

Dantrolene is a skeletal muscle relaxant that 
must be administered IV; it was developed specif-
ically for use in an MH crisis. In an average 70-kg 
patient, thirty-six 20-mg vials will be needed for 
stabilization. Dantrolene comes in powder form 
and must be reconstituted. After the patient is 
stabilized, dantrolene is administered at 1 mg/kg 
every 6 to 8 h for 24 to 72 h to prevent recurrence. 
Patients generally require ICU care for 2 days fol-
lowing an event.1

Several anesthetic agents are considered 
nontriggering in patients with a history of MH 
crisis. These agents include thiopental sodium, 
pancuronium, droperidol, benzodiazepines, and 
ester-type local anesthetics. Nitrous oxide and 
ketamine are relatively safe for use.1

Prevention of DVT

All postsurgical patients requiring the ICU 
should have consideration given for chemical 
anticoagulation in addition to mechanical mech-
anisms for DVT because they are inherently at 
risk for the development of this complication. 
Numerous guidelines exist for assistance with 
determining which anticoagulation is best for 
certain patient populations; however, in general, 
prevention should be anticoagulant based for any 
general surgery patient who is considered to be at 
moderate-to-high risk for DVT.10 Major risk fac-
tors include physical immobility, the fact that the 
patient has had an operation, age, malignancy, 
obesity, and smoking history.11 Low-dose unfrac-
tionated heparin or low-molecular-weight heparin 
should be used. Low-molecular-weight heparin 
can be administered in most cases, unless obesity 
is a factor. Recent evidence suggests that low-dose 
unfractionated heparin should be administered 
three times daily (instead of twice daily, as previ-
ously recommended).10 In very high-risk patients, 
mechanical devices should be used in addition to 
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anticoagulation. If the postoperative bleeding risk 
is considered too high to administer chemical pro-
phylaxis, mechanical prophylaxis should be used 
until chemical agents can be started.

DVT prophylaxis in the neurosurgical patient 
is imperative but routinely is not started within an 
appropriate time frame. This is generally because 
of the hesitation of the neurosurgeons, rather than 
the intensivists. Because of the increased risk in 
this patient population, mechanical prophylaxis 
should be used routinely and initiated immedi-
ately. Frim et al12 published an article suggesting 
that the use of heparin (5,000 U subcutaneously 
q12h) signifi cantly reduced the risk of DVT in 
neurosurgical patients without increasing the risk 
of bleeding, as long as there is no active hemor-
rhage or bleeding problems at the time it is initi-
ated. In general, chemical prophylaxis should be 
added within 24 h of surgery. In many cases, this 
will have to be worked out on a case-by-case basis 
with the neurosurgeons. One caveat is that chemi-
cal prophylaxis should not be administered while 
an epidural catheter is being placed or removed. 
Unfractionated heparin administered subcutane-
ously can be administered while an epidural cath-
eter is in place, but close monitoring for signs of 
complications should be performed.13

Trauma patients are a group that is at sig-
nifi cant risk for the development of DVT and its 
complications. It is also one of the most diffi cult 
groups for which to provide adequate prophy-
laxis to prevent DVT from occurring. Risk factors 
for DVT are numerous and debated; they include 
spinal fractures, traumatic brain injury, spinal cord 
injuries, prolonged mechanical ventilation, mul-
tiple operative procedures, and pelvic fractures. 
Although there are few studies validating specifi c 
anticoagulation practices in patients with these 
factors, there is ample evidence that low-dose 
unfractionated heparin offers no benefi t at all in 
trauma patients.14 Low-molecular-weight hepa-
rin, in comparison, has been shown to reduce the 
incidence of DVT in trauma patients, but it must 
be administered twice daily and patients should 
be monitored closely for bleeding complications.15 
Despite several studies16 with good evidence and 
creation of guidelines, the low-molecular-weight 
heparin prophylaxis is underused in many 
trauma centers. Patients with active bleeding or 
at high risk for bleeding complications should 

receive mechanical prophylaxis; however, there 
are no data proving effi cacy in this population. 
Sequential compression devices are also contrain-
dicated or diffi cult to place with lower- extrem-
ity fractures, fasciotomies, or external fi xators. 
Patients who are at high risk for venous throm-
boembolism who cannot receive anticoagulation 
should be considered for inferior vena cava fi lter 
placement. Use of removable fi lters should be 
considered.17

Timing and Route of Nutrition in 
Surgical Patients

A review of nutritional guidelines and rec-
ommendations is covered by another chapter 
in this text. This chapter will discuss timing 
and route of nutrition support in postsurgical 
patients. Postoperative patients have increased 
nutritional needs because of wound healing, 
changes in bowel motility, swallowing, and sup-
port of surgical anastomoses. In most postopera-
tive patients who are relatively well nourished, 
enteral or parenteral support may not be needed 
unless it is anticipated that oral nutrition can-
not be started within 7 days after surgery. In 
the critically ill patients, in whom metabolic 
demands are increased, nutritional support may 
be needed earlier than in hospitalized patients 
on regular wards.18 In patients, including many 
critically ill patients, in whom the duration of 
illness is expected to be � 10 days, nutritional 
support should be considered early. Examples of 
patients include those with severe intraabdomi-
nal sepsis, pancreatitis, major trauma, or burns.

In general, enteral nutrition should be the 
route of choice when oral feeding is not feasible. 
Parenteral nutrition has not been shown to reduce 
morbidity or mortality,19 and it is associated with 
increased risk of catheter- and non-catheter-related 
infections.20 Enteral nutrition may also reduce 
gut mucosal atrophy and bacterial translocation; 
however, there is still not suffi cient evidence to 
state that this aspect has any outcome advan-
tage.21 Early enteral nutrition has been shown to 
decrease length of stay and decrease risk of infec-
tion compared with delayed initiation.22 Enteral 
nutrition, in general, is associated with lower 
rates of infection and should be used when pos-
sible.23 The combination of parenteral nutrition 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



266 Postoperative Critical Care Management and Selected Postoperative Crises (Simmons)

and early enteral nutrition has also been stud-
ied, and no benefi t has been found in those who 
are not malnourished.24 In general, patients who 
are not expected to be able to tolerate oral feed-
ing within 7 days or have baseline malnutrition 
should begin enteral nutrition as soon as bowel 
function allows. Patients who cannot assume nor-
mal nutritional requirements by oral feeding may 
need some enteral nutritional support.

In trauma patients, those with penetrating 
and blunt abdominal injuries should be fed enter-
ally because there is a lower incidence of infec-
tion with this route, unless the enteral route is not 
available or is not feasible. Beginning nutrition 
within 24 h has no outcome advantage to start-
ing it within 72 h. In patients with severe head 
injuries, early enteral nutrition should be used 
because it is unlikely they will be able to take oral 
feeding within 7 days. The use of parenteral nutri-
tion should be used only when bowel function or 
injury will not allow enteral nutrition. In those 
with severe injuries, if enteral nutrition cannot 
be started within 7 days or is not anticipated to 
be able to start in this period, parenteral nutrition 
should be used. If patients fail to reach at least 
50% of their goal enteral rate by day 7, paren-
teral nutrition should be started. In burn patients, 
enteral nutrition should be started immediately 
as studies25 have shown that delaying initiation 
� 18 h results in a higher rate of parenteral nutri-
tion requirement.

The use of intragastric vs postpyloric  feeding 
has also been evaluated by the Eastern Asso-
ciation for the Surgery of Trauma (EAST) group 
and certain recommendations have been made.25 
In patients who have not had adequate resus-
citation, the use of direct small-bowel feeding 
may lead to intestinal necrosis. If patients with 
severe head injury do not tolerate intragastric 
feeding within 48 h, they should have postpyloric 
 feeding initiated. If patients who have penetrating 
or blunt abdominal trauma undergo laparotomy, 
direct small-bowel access should be obtained and 
enteral nutrition started immediately once resus-
citation is complete. In most critically injured 
patients, except those previously described, gas-
tric feeding is well tolerated and easier to accom-
plish than small-bowel feeding.25

In most postoperative patients who have 
undergone a laparotomy, bowel function will 

return and enteral nutrition can be initiated. 
Gastroparesis can occur and will delay gastric 
emptying. Clinical signs of gastroparesis include 
abdominal distention, 500 mL/d of nasogas-
tric tube output, or high residual volumes in the 
stomach after feeding of � 300 mL. One method 
to combat this would be to initiate postpyloric 
feeding. However, postpyloric feeding has not 
been shown to decrease ICU length of stay, mor-
tality rate, or pneumonia rate when compared 
with gastric feeding.26 Prokinetic agents, such as 
metoclopramide and erythromycin, can be used 
with some positive results.27 Gastric residual vol-
umes should be checked frequently while enteral 
nutrition is being used. Continuation of feeding 
can occur even with residual volumes of 150 to 
300 mL as long as there is no evidence of abdomi-
nal distention and/or nausea and vomiting.

Special Circumstances

In those patients with an enterocutaneous fi s-
tula, enteral nutrition can worsen fi stula output. 
In general, these patients should have complete 
bowel rest and parenteral nutrition. In addition, 
nutritional requirements may need to be adjusted 
by 1.5 to 2 times the normal nonprotein calorie 
complement.28 In cases of acute pancreatitis, the 
degree of infl ammation plays a role in route of 
nutrition. In mild pancreatitis, enteral nutrition 
will not be needed unless oral feeding cannot be 
tolerated after 5 to 7 days.29 In patients with severe 
acute pancreatitis, early enteral feeding should be 
used. This route has been shown to have reduced 
infection, need for surgery, and length of stay 
compared with parenteral nutrition.30 In addition, 
gastric feeding can be used in many patients with 
acute pancreatitis. If unable to advance to the goal 
rate of enteral feedings based on nutritional guide-
lines, without signifi cant residual volumes or 
complications, postpyloric feeding can be used.31 
Patients with esophageal resection or repair will 
generally have distal feeding tubes placed during 
surgery to allow for early enteral nutrition. If this 
does not occur and the patient is unable or is not 
anticipated to be able to resume oral or enteral 
feedings by day 7, the patient should receive early 
parenteral nutrition. Gastric surgery can result 
in delay of gastric emptying. If it is anticipated 
that this will occur for a prolonged period, a 
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postpyloric feeding tube should be placed during 
surgery. In patients with new gastrostomy tubes, 
delay of feeding for 24 h is generally considered 
in case gastric emptying is delayed.

Surgical Drains

The monitoring and management of drains in 
the postoperative patient is an important task that 
is frequently overlooked or not given the atten-
tion that it deserves. The surgical team should be 
queried during the handoff communication with 
the critical care team regarding the location, type, 
and purpose of each drain that is in place. Some 
surgeries, specifi cally abdominal and pelvic sur-
geries, can involve numerous drains in various 
locations. Sometimes a pictorial representation 
on the patient chart can help simplify the task of 
monitoring drain output. Each drain has a specifi c 
purpose, and either the increase in fl ow, change in 
nature of the fl uid within the drain, or a decrease 
in fl ow can be signifi cant. The knowledge of where 
these drains lie can aid in diagnosing problems 
that may be occurring with the patient.

Many different types of drains exist that have 
different purposes in the postsurgical patient. 
There are passive and active drains. Passive drains 
provide a route of low resistance for the movement 
of material out of the body. They work via capil-
lary action and pressure gradients. An example of 
a passive system is a Penrose drain. Active drains 
use some sort of external source to create negative 
pressure, thus creating a pressure gradient. This 
external source can be either a mechanical unit 
or a bulb placed on suction. Examples of active 
drain systems include Hemovac, Jackson-Pratt, 
and Blake drains. The drainage of the GI tract and 
abscess cavities uses an active drainage system 
known as sump drainage. These drains draw air 
into one lumen and then remove fl uid through 
another to avoid drawing mesentery and bowel 
into the drainage system.2 Drains are generally 
soft and fl exible and are made of either a silicon 
material or polyvinyl chloride. Latex is generally 
avoided because of the irritating nature of the 
rubber and the increase in associated allergies.

Drains can be either prophylactic or thera-
peutic in their purpose. If the drain is placed for 
therapeutic reasons, it is to remove pus, debris, 

and fi stula drainage, or to prevent premature 
closure of a wound. If the drain is placed for 
prophylactic reasons, it is designed to prevent 
the accumulation of bile, pus, intestinal fl uid, 
and blood, or to monitor for complications of a 
diffi cult operation with high risk of anastomotic 
breakdown.32

The use of drains has decreased over time as 
there are now multiple randomized controlled 
trials demonstrating that routine use of drains 
in many intraabdominal (including appendec-
tomy, colorectal, and hepatic) surgeries, as well 
as thyroid and parathyroid surgeries, do not pre-
vent anastomotic leaks or other complications.33,34 

There exists some evidence that drains prevent 
seroma formation and can also aid in diagnosing 
anastomotic and biliary leaks following surgery. 
In addition to locations of drains, critical care phy-
sicians need to determine from the surgical team 
whether specifi c drains should be used for grav-
ity or suction, and what are the expected fl uid 
contents and output. Routine care of the drains is 
generally performed by critical care nurses.

The main current indications for drain place-
ment include closure of soft-tissue wounds to 
minimize dead space; drainage of the pleural 
space resulting from air, blood, or fl uid present 
in the pleural cavity; drainage of large pericardial 
effusions; removal of cerebrospinal fl uid from the 
ventricles or spinal canal; removal of blood from 
the subdural space; drainage of abscess cavities; 
surveillance drainage of complicated abdominal 
surgeries; and drainage of fi stulas.2 A few com-
mon drains will be described.

Biliary tract drains are commonly placed fol-
lowing exploration or repair of the common bile 
duct. Part of the drain is left within the common 
bile duct, and the longer portion is brought to the 
skin for drainage. This is generally performed so 
surgeons are able to better determine when the 
common bile duct has healed, which is signaled 
by decreased drain output. In general, a cholan-
giogram will be performed prior to removal of the 
drain in order to ensure that decreased drainage is 
not due to obstruction.35 Another common drain 
in the critical care unit is a cholecystostomy tube. 
These are generally placed percutaneously with 
ultrasound or fl uoroscopic guidance via inter-
ventional radiology to decompress the gallblad-
der when patients are either considered critical 
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and unlikely to tolerate surgery, or when severe 
infl ammation leads to an increased operative risk.

Drains left in the abdominal cavity that are not 
in abscess cavities or designed to control  fi stula 
output should have little output on a daily basis. 
Clinicians should monitor both the quality and 
quan tity of the output. Both an increase in drain age 
and change in content with new bile, debris, or stool 
may suggest a leak or anastomotic breakdown.

In the neurosurgical ICU, intraventricu-
lar catheters are used both to drain cerebrospi-
nal fl uid and monitor intracranial pressure. The 
drainage of cerebrospinal fl uid can also be used 
to decrease intracranial pressure. Although this 
catheter is effective and necessary, several com-
plications can occur, including hemorrhage and 
infection. The risk of hemorrhage is 1 to 6% and 
can either be immediate or delayed, and can 
occur at several anatomic locations. Infection can 
also occur in any of the spaces where the catheter 
passes,  including skin, osteomyelitis of the cal-
varium, subdural empyema, meningitis, paren-
chymal abscess, and/or ventriculitis.36 Infection 
rates have been reported from 2 to 22%.37,38 The 
literature does not directly support the use of 
prophylactic antibiotics in patients with these 
 catheters, but clinical practice generally employs 
their use. The best care for these catheters is to 
maintain sterile technique, remove them as soon 
as feasible, and avoid fl ushing the catheter as this 
increases risk of infection.38

In summary, when patients present to the criti-
cal care unit with drains in place, the following ques-
tions should be answered by the surgical team2: 

 1. Where is the location of the drain?
 2.   How can the location be confi rmed, or is it 

necessary?
 3.  What is the expected quantity and quality of 

the drain output?
 4.  Is the drain functional normally, or is there 

something special about the drain that needs 
to be communicated?

 5.  What criteria will decide when the drain can 
be removed? 

If the critical care clinician is able to understand 
these aspects of surgical drains, overall improve-
ment in care, avoidance of infections, and identifi -
cation of complications will be attained.

Wound Care

The topic of wound care is broad and far-
reaching. This discussion will concentrate on 
initial postoperative dressings and their care, as 
well as the increased use of vacuum-assisted clo-
sure devices, which are becoming more abundant 
in ICUs across the world. Initial management of 
wounds involves the placement of a sterile dress-
ing that covers the operative incision. It is recom-
mended to keep this dressing dry and in place 
for the fi rst 48 h following surgery. During this 
initial 48 h, an epithelial barrier develops over 
the wound when it has been closed by primary 
intention. After this initial period, the skin can be 
cleansed with water, and no further dressing is 
necessary.

Surgical wounds that are left open to heal 
by secondary intention or that have necrotic tis-
sue, wound exudates, or infl ammatory cells do 
not form this epithelial barrier. The larger, open 
wounds require a moist, occlusive dressing with 
frequent removal of exudates and necrotic tissue 
to allow for appropriate epithelialization. The 
wet-to-dry dressing provides a moist environ-
ment, traps the wound exudates, has bacteriostatic 
properties, and does not adhere to the wounds.2  
Dressing changes will occur at least twice daily for 
clean wounds, but more frequently for wounds 
with a greater amount of exudative and infl am-
matory material. Normal saline solution is used 
to soak the dressing prior to application.39

In the last decade, vacuum-assisted wound-
closure devices have become popular and are 
being employed in more postoperative patients 
every day. These devices place the wound under 
subatmospheric pressures that increase blood 
fl ow to the affected area, reduce edema and 
excess fl uid, and increase wound contraction. 
This allows for enhancement of wound granula-
tion. It is important to ensure that wounds are not 
highly  contaminated or have signifi cant amounts 
of necrotic tissue before the use of these devices. 
Many of these devices use a sponge that is placed 
over the wound and then covered by an occlu-
sive dressing.40 Some advantages of this type of 
therapy—such as reduced frequency of dressing 
changes, improved patient comfort, improved effi -
ciency of wound closure, and improved removal 
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of edema fl uid—have been cited. There are few 
clinical data available to support the superiority of 
these devices over other, simpler dressings. There 
is some evidence that this  negative- pressure ther-
apy may hasten time to  grafting or secondary 
 closure, and may help improve wound contrac-
tion over abdominal wounds. The use of these 
devices in complicated abdominal injuries, evis-
ceration, and abdominal compartment syndrome 
has increased and studies41 show some benefi t; 
however, there is also evidence that these may 
increase rates of new enterocutaneous fi stula 
formation.41

The overall supportive care of the patient 
is also important when attempting to enhance 
wound care. Hyper- and hypoglycemia should be 
avoided by controlling blood sugars, the routine 
use of postoperative antibiotics should be avoided 
(unless a surgical site infection exists), and opti-
mization of nutrition should be employed to fur-
ther enhance wound healing. Wounds should be 
evaluated at least daily to monitor for progression 
of healing and for signs of infection. Most normal 
surgical wounds will have a small, dry scab and 
a small border of erythema that will resolve over 
approximately 1 week. Wounds in which develop 
progressive erythema and induration without 
purulent drainage may indicate the presence of 
a cellulitis in deeper structures. If the drainage is 
frankly purulent, this may indicate abscess or a 
surgical site infection. Surgical site infections will 
require opening the incision for irrigation and 
drainage and evaluation of extent of infection. In 
most instances, systemic antibiotics will be needed 
to treat the infection. It is important to ensure that 
the infection has not spread to the fascia and soft 
tissues, indicating necrotizing fasciitis, which is a 
surgical emergency.42

Postoperative Hemorrhage

A patient in whom shock develops following 
either trauma or surgery should be considered 
hemorrhagic until proven otherwise. Patients 
demonstrate clinical signs including tachycardia, 
decreased peripheral pulses, cool extremities, agi-
tation, and hypotension. Generally, 25 to 30% of 
blood volume loss occurs before signs of shock are 
evident, but younger patients or elderly patients 

receiving certain cardiovascular medications may 
lose a greater percentage of blood volume prior to 
demonstrating signs. Most adult patients can lose 
up to 15% of their blood volume without  showing 
any overt symptoms. If patients lose � 40% of 
their circulating blood volume, this becomes life 
threatening and generally will require operative 
(or interventional) control of the bleeding. The 
absolute hemoglobin and hematocrit values are 
not necessarily a reliable indicator of hemorrhage 
because this may be affected by intraoperative 
losses and fl uid resuscitation. These values can be 
used with concurrent checks to follow trends that 
may suggest postoperative bleeding. If clinical 
signs of shock are present, the absolute hemoglo-
bin and hematocrit values also may not be useful 
if there is acute and active bleeding.

Patients can present from the operating room 
with hypothermia, acidosis, and coagulopathy, 
which should be corrected unless an obvious 
source of bleeding is seen prior to returning to 
the operating room. In many cases, the bleeding 
is venous oozing that will correct once these fac-
tors are considered. Patients should be actively 
warmed with an external warming device (eg, 
Bair Hugger, Arizant Inc.), and fresh-frozen 
plasma and platelets administered to correct the 
coagulopathy. Consideration should be given to 
checking fi brinogen levels, especially if massive 
transfusion has occurred. This is covered in more 
detail in another section of this text.

In reviewing the literature on postopera-
tive bleeding, most of the articles and reviews 
are related to coagulopathy and other disorders 
of bleeding, which is outside the scope of this 
chapter. The most important point for any critical 
care practitioner is that if clinical signs of shock 
develop in a postoperative or trauma patient, 
hemorrhage is the answer until it is proven not 
to be present. Assessment of the surgical wound 
for signs of bleeding should be performed but is 
not useful in most cases. In a patient who has had 
thoracic or cardiac surgery, monitoring of chest 
tube output can aid in the diagnosis of postop-
erative bleeding. In the trauma patient who is 
not postoperative, a FAST (focused assessment 
with sonography for trauma) examination can 
be performed at the bedside to look for intra-
abdominal fl uid. If the patient is relatively stable, 
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a CT scan can be performed, but this takes time 
and, in many cases, contrast dye must be used 
to look for extravasation, which may put a 
patient who is already at risk at higher risk for 
acute kidney injury. In selected trauma patients, 
hemorr hage can be controlled by vessel coiling or 
embolization in the interventional radiology suite. 
In the postoperative patient, emergent return to 
the operating room is indicated if hemorrhage 
cannot be ruled out as the cause of shock.

Postoperative Myocardial Infarction in 
the Cardiac Surgery Patient

Perioperative myocardial infarction is identi-
fi ed in approximately 2 to 4% of patients follow-
ing coronary artery bypass grafting (CABG) and 
is associated with increased mortality.43 This is 
identifi ed by Q waves on the ECG that were not 
present prior to surgery. The actual diagnosis is 
diffi cult in this patient population, and the dam-
age can be due to either the native vessel or a 
problem with the coronary graft.

Biochemical markers can be used to identify 
myocardial injury; however, small rises in the tro-
ponin level are normal after CABG is performed. 
Signifi cant increases in the troponin level can indi-
cate myocardial infarction in this setting. Hospitals 
use either troponin I or troponin T level as mark-
ers. Studies have demonstrated that a troponin I 
value of � 20 μg/L is associated with increased 
length of stay43a and early graft failure.43b A tro-
ponin T value of � 1.58 μg/L at 24 h after surgery 
is predictive of adverse outcomes, which includes 
death.44 Evaluation of creatine kinase-MB levels 
has not been shown to be as useful as that of tro-
ponin levels.

Patients who have undergone cardiac surgery 
have signifi cant chest wall pain from the inci-
sion, which is diffi cult to distinguish from angina. 
Many patients are receiving mechanical ventila-
tion for at least several hours following surgery, 
which makes assessment diffi cult. Urgent atten-
tion should be given to a patient in whom hypo-
tension develops and low cardiac output with 
ECG changes indicative of myocardial ischemia.

As stated earlier, new Q waves may be indica-
tive of myocardial infarction, but do not develop 
immediately. A patient should be monitored for 
ST-segment elevation and/or depression on ECG. 

If this occurs throughout a majority of the leads, 
it is most likely normal postoperative changes. If 
acute changes are seen in one specifi c region, such 
as inferior, anterior, and lateral, this may be more 
indicative of acute ischemia.45 If recurrent ven-
tricular arrhythmias develop, this is strongly sug-
gestive that ECG changes are due to ischemia.

Echocardiography will be the main diagnos-
tic tool to verify that a myocardial infarction has 
occurred. All postcardiac surgery patients with 
suspected myocardial infarction should undergo 
transesophageal echocardiography to identify 
segmental wall motion abnormalities. As in ECG 
fi ndings, some wall motion abnormalities are nor-
mal following cardiac surgery, so they should be 
compared with pre- and intraoperative echocar-
diograms to look for changes in the postoperative 
period.

The treatment of postcardiac surgery myocar-
dial infarction is multifaceted. If a specifi c wall 
motion abnormality is associated with a graft, 
graft spasm or occlusion should be ruled out and 
treated. If the patient is hypertensive, a vasodila-
tor, such as nitroglycerin or nitroprusside, should 
be started. If the patient is hypotensive, volume 

resuscitation followed by norepinephrine, should 
be administered. If overt cardiogenic shock devel-
ops in a patient, an intraaortic balloon pump 
should be placed. If the patient fails to respond 
to therapy, emergent coronary angiography or a 
return to the operating room should occur.

Cardiac Tamponade

Cardiac tamponade in the postoperative set-
ting can be a life-threatening compression of the 
heart that can either occur rapidly or over time. 
There are multiple causes of cardiac tamponade, 
but traumatic tamponade is the most common 
following cardiac surgery. The main problem that 
occurs in a postoperative patient is a rapid (or 
rarely, slow) compression of the chambers of the 
heart by increasing intrapericardial pressure. The 
pericardium is able to stretch; however, the rate at 
which the fi lling occurs can easily overcome this 
ability to compensate. As the chambers become 
smaller and compliance is reduced, the cardiac 
infl ow is reduced appreciably. In the postopera-
tive period, hemorrhage into the pericardium 
occurs at a time when the pericardium is stiff and 
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unable to compensate well. This can quickly lead 
to a life-threatening tamponade.46

The pressure within the pericardium initially 
has a slow ascent due to accumulating volume 
of fl uid but then there is a dramatic rise in the 
pressure as a fi nal increment, which produces 
critical cardiac compression. Conversely, when 
drainage occurs, the initial amount of fl uid that 
is removed produces the most dramatic de-
compression. Although coronary blood fl ow is 
reduced with tamponade, it is proportional to the 
reduced workload and operational components 
of the heart, so ischemia is rare.46

Postoperative cardiac tamponade occurs more 
frequently with valve surgery than with coronary 
artery bypass surgery. The main cause is trauma-
induced effusion and bleeding, and this occurs 
more frequently when postoperative anticoagula-
tion is used.47 Classic signs that will be described 
later are relatively rare fi ndings in postoperative 
tamponade, so prompt echocardiographic imaging 
is required when tamponade is suspected. If hypo-
tension develops in any patient � 5 days  following 
cardiac surgery, tamponade must be suspected 
and ruled out. Tamponade has also been known 
to occur � 2 weeks following surgery and may not 
be recognized by physicians who are less familiar 
with the diagnosis in the outpatient setting.48

Clinical Findings

Tamponade is a form of cardiogenic shock, so 
the differential diagnosis is initially numerous and 
complex. Subjective complaints can include tachy-
pnea and dyspnea on exertion. Patients can also 
have anorexia, dysphagia, and cough. However, 
in the postoperative period, especially in the ini-
tial hours following cardiac surgery, these symp-
toms may be diffi cult to elucidate from patients 
because they are still intubated and recovering 
from anesthetic medications.

Physical examination fi ndings can also be 
relatively obscure, with tachycardia being the 
main fi nding.46 This is also present often in the 
postoperative period. It is possible for people to 
be bradycardic when tachycardia is a preexist-
ing condition or they have hypothyroidism. In 
most cases, relative or absolute hypotension will 
develop when signifi cant tamponade develops. 
Patients may also show signs of shock, including 

cool extremities and, possibly, peripheral cyano-
sis. Jugular venous distention is generally pres-
ent but may not occur with rapid accumulation 
of blood. Venous waves generally lose the early 
diastolic y descent.

Pulsus paradoxus is a key diagnostic fi nding. 
It is defi ned as a fall in inspiratory systolic arterial 
pressure of � 10 mm Hg during normal  breathing. 
In the postoperative cardiac surgery patient, this 
may be diffi cult to detect. This fi nding is also 
nondiagnostic and can also be seen in pulmonary 
embolism, hemorrhagic shock, COPD, and severe 
hypotension, all of which can be factors in the 
postoperative setting.49

Diagnostic Studies

Cardiac catheterization tends to be diagnostic, 
but this is not feasible in most patients emergently. 
Catheterization will confi rm equilibration of aver-
age diastolic pressures and also respiratory recip-
rocation, which causes pulsus paradoxus. Chest 
radiograph is generally nondiagnostic because at 
least 200 mL of fl uid are required before the fi nd-
ing can be suggested on fi lm.46

An ECG is obtained in most circumstances, but 
is relatively nondiagnostic for tamponade. A fi nd-
ing known as electrical alternation can be seen and 
can involve all of the wave or just the QRS com-
plex. Every other QRS complex will be a smaller 
voltage and may also have reverse polarity.50

Echocardiography, specifi cally with the use of 
Doppler, is currently the main tool used to diag-
nose both pericardial effusion and cardiac tam-
ponade. Echocardiography can pick up chamber 
collapse of the right atrium and ventricle. The 
classic fi nding is the invagination of the right ven-
tricular free wall during early diastole, and the 
subsequent right atrial wall invagination during 
end diastole. Right ventricular collapse can also 
be seen and generally indicates the presence of 
tamponade. In approximately 25% of the patients 
with tamponade, the left atrium will also collapse, 
and this is a highly specifi c fi nding.51

Management of Acute Cardiac Tamponade

The primary treatment of acute tamponade 
is drainage of the pericardial contents. In gen-
eral, this is performed using needle paracentesis; 
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however, in the postoperative cardiac surgery 
patient, tamponade is generally due to hemo-
pericardium, and surgical drainage is warranted 
in most cases. The treatment of tamponade in the 
noncardiac surgery patient is multifaceted and 
can include inotropic support and adjustment 
of volume status; however, in the postoperative 
patient population, surgical drainage is the best 
option and discussion will be limited to this for 
purposes of this review. While the patient is being 
prepared for surgery, fl uids and inotropes will be 
needed to ensure BP and cardiac output optimi-
zation. Positive end-expiratory pressure (PEEP) 
as indicated on the ventilator should be kept at 
a minimum to avoid decreasing venous return.52 
If a patient presents with late tamponade and the 
condition is emergent, needle pericardiocentesis 
could be attempted because the fl uid may be ame-
nable to drainage, but clot may also be present.

Right Ventricular Failure due to Acute 
Pressure Overload

In general, pulmonary hypertension in the 
perioperative period does not require treatment; 
however, in some perioperative and postopera-
tive situations, volume overload can lead to acute 
right ventricular dysfunction. Volume overload 
will induce an increase in pulmonary vascular 
resistance, which can then lead to reduced right 
ventricular end-diastolic pressure and, ultimately, 
reduction in right ventricular perfusion pressure. 
This will be further complicated by hypoten-
sion. The problem will induce myocardial isch-
emia, right ventricular systolic dysfunction, and 
a decrease in cardiac output.

Clinical Findings

Patients will exhibit signs of cardiogenic 
shock; as in tamponade, the differential diagno-
sis can be large. Patients will have cool, clammy 
extremities, tachycardia, and hypotension. The 
patient most likely will have distended neck veins 
and a prominent murmur consistent with tricus-
pid regurgitation will develop. Patients may expe-
rience acute elevation in hepatic transaminases 
due to backfl ow of fl uid within the liver, and right 
upper quadrant abdominal pain some may even 
develop in some patients.53

If central venous pressure is being followed, 
an acute rise will be seen and giant V waves may 
be present due to the acute tricuspid regurgita-
tion. Many of these patients will have preexisting 
pulmonary hypertension, which may complicate 
diagnosis. However, if the central venous pressure 
is rising and hypotension is developing, right ven-
tricular failure should be considered. Pulmonary 
artery catheters are used much less frequently in 
modern ICUs; however, if being used, a low car-
diac output state will be found. Overall, there 
will also be a falling pulmonary arterial pressure, 
which can be used for following a trend, but the 
absolute value is nondiagnostic. The interven-
tricular septum may become displaced, leading 
to a falsely elevated pulmonary artery wedge 
pressure.53

Echocardiography is the main diagnostic 
tool that is used. Echocardiography fi ndings will 
include a grossly dilated and hypokinetic right 
ventricle. Severe tricuspid regurgitation is also 
present in many cases. The interventricular septum 
will be displaced to the left in late diastole, which 
may give the false appearance of hypovolemia.

A patent foramen ovale (PFO) is present in 
approximately 25% of adults. A PFO is an atrial 
septal defect that allows fl ow from right to left 
only. In normal circumstances, the right atrial 
pressure is less than that of the left atrial pressure, 
so no fl ow occurs across the PFO. When right ven-
tricular dysfunction occurs, right atrial pressure 
exceeds left atrial pressure and a signifi cant shunt 
occurs, which can lead to signifi cant hypoxemia. 
In a patient receiving mechanical ventilation, 
many clinicians will automatically increase PEEP 
to help compensate for the hypoxia; however, this 
increase in PEEP may worsen right ventricular 
dysfunction, thereby worsening the hypoxemia 
through an increased shunt. A transesophageal 
echocardiogram may be needed to determine if a 
PFO is present.53

Treatment

General measures should include methods to 
reduce an increase in pulmonary vascular resis-
tance. Patients receiving mechanical ventilation 
should be heavily sedated and administered 
appropriate analgesia. It is recommended that the 
fraction of inspired oxygen level be maintained 
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� 0.50 in the early postoperative period to avoid 
hypoxemia because this will increase pulmonary 
vascular resistance. Although it has been shown 
that the use of mechanical ventilation can worsen 
right ventricular dysfunction, when hypoxemia or 
acidosis is present the benefi ts of mechanical ven-
tilation outweigh the risks. High airway pressures 
and high PEEP should be avoided if possible.

The use of volume replacement may be 
needed when acute right ventricular failure is 
present; however, the overall amount of fl uids 
should be monitored closely and increasing pres-
sure can reduce perfusion pressure, as previously 
described. Right ventricular perfusion pressure 
must be maintained while treating right ventricu-
lar failure. This involves the use of vasopressors to 
maintain BP. Norepinephrine is the vasopressor of 
choice.54 If systemic hypotension is controlled and 
right ventricular systolic dysfunction is present, 
an inotrope, such as milrinone or dobutamine, 
may be needed.

Systemic vasodilators, such as nitroglycerin or 
sodium nitroprusside, may be needed to reduce 
ventricular afterload, which can potentially re-
verse right ventricular failure. However, use of 
these agents can cause both systemic hypotension 
and signifi cant hypoxemia.

Inhaled pulmonary vasodilators can be used 
and have several advantages, including lack of 
systemic hypotension and improvement of venti-
lator-perfusion mismatch. Inhaled nitric oxide has 
been used commonly to treat pulmonary hyper-
tension following cardiac surgery. Nitric oxide 
will improve oxygenation, reduce pulmonary 
arterial pressure, and increase cardiac output in 
most cases.55 Dose range for initiation of therapy 
is generally 20 to 40 ppm, which is reduced to the 
lowest effective dose if benefi ts are seen at all. 
Nitric oxide should be weaned off slowly to avoid 
rebound pulmonary hypertension.

Inhaled prostacyclin (epoprostenol) can also 
be used after cardiac surgery for treatment of pul-
monary hypertension. It is signifi cantly cheaper 
than nitric oxide. It has similar effects of reduc-
ing pulmonary vascular resistance, increasing 
cardiac output, and improving oxygenation, as 
in nitric oxide. The dose range is generally 5 to 
50 ng/kg/min. It is administered via continuous 
nebulization through the inspiratory limb of the 
ventilator. Methods to deliver this medication 

have improved signifi cantly over the past several 
years. Impaired platelet function can be seen but 
in most cases has not led to increased bleeding. 
This medication does not cause rebound pulmo-
nary hypertension.56

A newer analog of prostacyclin, iloprost, is 
also available. It has been used in postcardiac sur-
gery with success.53 It has a longer half-life than 
epoprostenol, so it can be used intermittently 
instead of via continuous aerosol. Dose range for 
iloprost is 12 to 20 μg every 4 to 6 h by nebulizer. 
Disadvantages to epoprostenol involve cost and 
the requirement to break the ventilator circuit 
every few hours.57

Postcardiac Surgery Atrial Fibrillation

Atrial fi brillation (AF) and atrial fl utter are 
common following any type of cardiac surgery. 
Studies58,59 report varying numbers, but in general, 
AF will develop in up to 15 to 40% of post-CABG 
patients, as well as 37 to 50% of valve patients, 
and up to 60% of those who have both a valve 
replacement and CABG. Heart transplantation 
patients are also at risk in the immediate postop-
erative period, with a reported rate of 11 to 24%.60 
Studies61 differ on whether or not postoperative 
AF increases length of stay; however, there are 
numerous studies62 suggesting a twofold increase 
in ICU length of stay and overall increase in hos-
pital stay related to this common problem.

The pathophysiology behind the common 
occurrence of AF following cardiac surgery is com-
plex and will not be covered in detail in this text. 
However, pathophysiology is thought to be gen-
erally related to age-related changes in the atrial 
myocardium and perioperative conditions that 
affect the atrium, including conduction velocities 
and transmembrane potentials. Infl ammation may 
also play a role because the incidence of AF in off-
pump CABG is less than that of on-pump, and off-
pump CABG is associated with less infl ammation. 
In a metaanalysis63 of 37 randomized trials and 22 
observational trials, off-pump CABG was consis-
tently associated with reduced rates of AF. Several 
other factors are most likely involved, in addition 
to the differences in infl ammation between the 
two types of surgery.64 There is also some evi-
dence that rapid focal discharges from cells within 
the pulmonary vein may be responsible for AF.64a 
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Clinical risk factors are varied, depending on 
the results of the study that was consulted; how-
ever, advancing age has been consistently shown. 
Other risk factors include previous episodes of 
AF, increased left atrial size, repeat cardiac sur-
gery, mitral valve disease, increased bypass or 
cross-clamp times, absence of previous treatment 
with β-blockers, and obesity, among others.60,65,66

Prophylactic Therapy

Because of the high incidence of postopera-
tive AF, prophylactic therapy is administered 
to patients with risk factors in many centers. β-
Blockers are the most commonly used therapy; 
they reduce the overall AF incidence to 12 to 16% 
in CABG patients and to 15 to 20% in valve sur-
gery patients.67 β-Blockers should be started either 
before surgery or immediately following surgery 
for the best results. This is considered a class I rec-
ommendation based on the American College of 
Cardiology/American Heart Association guide-
lines for CABG.68

Amiodarone has also been shown to reduce 
the incidence of AF by 40 to 50%. In addition, the 
combination of amiodarone and β-blockers may 
even be more effi cacious. A metaanalysis69 in 2005 
provided evidence that both AF and atrial fl ut-
ter were reduced. There was a lower incidence 
of ventricular tachycardia and ventricular fi bril-
lation, as well as reduced incidence of stroke. A 
randomized controlled trial 70 of prophylactic ami-
odarone use was also published in 2005. Patients 
were randomized to receive either 10 mg/kg po 
of amiodarone daily for 6 days prior to and 6 days 
following CABG or valve surgery or to receive 
placebo. Overall, there was a 48% reduction in 
AF and atrial fl utter, which was similar across 
all groups, including those receiving and not 
receiving β-blockers. It also demonstrated fewer 
ventricular arrhythmias as shown in the meta-
analysis. There was, however, increased risk of 
bradycardia and QT prolongation compared with 
placebo.70 Other perioperative regimens have also 
been studied and have demonstrated effi cacy. In 
2008, a study71 investigating cost-effectiveness 
of amiodarone use to prevent AF was released 
that demonstrated that routine use of amioda-
rone, administered as a bolus dose of 300 mg IV 
at the time of surgery, and 5 days of 600 mg po 

bid amiodarone, was both effi cacious and cost-
effective in reducing AF and its associated increa-
sed length of stay.

Sotalol is a class III antiarrhythmic that can be 
administered to help prevent AF in postcardiac 
surgery patients. If administered, it can be started 
either 24 to 48 h before surgery or 4 h after surgery 
for effi cacy. The 2004 American College of Car-
diology/American Heart Association  guidelines 
on CABG give the use of Sotalol  a class IIb rec-
ommendation for those who cannot tolerate 
β-blockers.68

One of the hypotheses mentioned earlier 
was that postcardiac surgery AF may be related 
to infl ammation. Because of this, glucocorticoids 
have been studied as prophylactic therapy. A 2008 
metaanalysis73 was performed, and it was found 
that glucocorticoids signifi cantly reduced the rate 
of postoperative AF, from about 35.5 to 24.7%. 
Mortality benefi t data are not available, so this is 
currently not a fi rst-line recommendation.72

Treatment

AF following cardiac surgery can occur 
either with hemodynamic stability or instability. 
Treatment is based on the same general principles 
of nonoperative AF. Depending on the source, the 
recommendations vary on what therapy is best in 
this patient population. In the unstable patient, car-
dioversion should be attempted. Some evidence 
exists that electrical cardioversion may not be as 
effi cacious as in nonoperative AF.73 Amiodarone 
is used frequently, and it is recommended to 
give either the standard 150 mg load over 10 min 
then IV infusion over 24 h; some sources state 
5 mg/kg over 30 min (or 2 mg/min over 4 h) as an 
alternative. If amiodarone itself does not lead to 
cardioversion, electrical cardioversion can be reat-
tempted. An amiodarone infusion at 1 mg/min 
should then be continued until oral medications 
can be tolerated. The use of atrial pacing may min-
imize chance of AF recurrence.74 Some studies58 
state that even without treatment, most AF after 
cardiac surgery will spontaneously convert to 
sinus rhythm within 24 h. If all of these measures 
are unsuccessful, then attempted rate control with 
IV β-blockers and/or diltiazem may be useful.75

In patients who are hemodynamically stable, 
it is reasonable to attempt chemical cardioversion 
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with either amiodarone or a β-blocker. If AF per-
sists after 24 h, attempt cardioversion followed by 
atrial pacing. Treatment should then be continued 
for 4 to 6 weeks following surgery. If AF contin-
ues after 6 weeks, recommendations are for rate 
control and anticoagulation.76 Anticoagulation 
should be prescribed in accordance with that for 
similar patients in whom AF develops for other 
reasons than cardiac surgery. This topic is covered 
in another chapter within this text.
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Objectives:

• Describe the epidemiology of ARDS
• Explain the pathophysiology of ARDS
• Discuss the treatment of ARDS

Key words: respiratory failure; sepsis, aspiration; mechanical 
ventilation; lung injury; ARDS

ARDS and the related acute lung injury (ALI) 
syndromes are forms of type I or acute hypox-
emic respiratory failure. This form of lung dys-
function arises from diseases causing the collapse 
and/or fi lling of alveoli, with the result that a 
substantial fraction of mixed venous blood tra-
verses nonventilated airspaces, effecting a right-
to-left  intrapulmonary shunt (Fig 1, right, b). 
In addition to the adverse consequences on gas 
exchange, interstitial and alveolar fl uid accumula-
tion result in an increase in lung stiffness, impos-
ing a mechanical load with a resulting increase in 
the work of breathing (Fig 1, left, a). Uncorrected, 
the gas exchange and lung mechanical abnor-
malities may eventuate in tissue hypoxia, respi-
ratory arrest, and death (Fig 2). When this form 
of respiratory failure arises from ALI with diffuse 
alveolar damage (DAD) and fl ooding, it is termed 
ARDS.

Classifi cation and Defi nition

To a fi rst approximation, the disorders caus-
ing acute hypoxemic respiratory failure may be 
divided into diffuse lesions, such as pulmonary 
edema, and focal lung lesions, such as lobar 
pneumonia (Table 1). Since the distribution of air-
space involvement may have implications for the 
response to interventions such as positive end-
expiratory pressure (PEEP), this nosology is of 
both therapeutic and didactic value.

Acute Lobar Atelectasis

Low-pressure pulmonary edema, termed 
ARDS as a clinical entity, results from injury to 
the lung microcirculation sustained from direct 
lung insults (eg, aspiration, inhalation, or infec-
tious agents) or indirectly by systemic processes 
(eg, sepsis or traumatic shock with large vol-
ume blood product resuscitation). The former is 
termed pulmonary ARDS, and the latter extrapul-
monary ARDS. Some studies have suggested dif-
ferent lung mechanical properties for these entities 
and a different response to ventilator maneuvers 
directed at alveolar recruitment. In addition to the 
distinction between pulmonary and extrapulmo-
nary forms of ARDS/ALI, it is also useful to dis-
tinguish between the early phases of ALI and the 
events occurring subsequently (Fig 3).

By light microscopy, early ARDS/ALI is charac-
terized by fl ooding of the lung with proteinaceous 
fl uid and minimal evidence of cellular injury. By 
electron microscopy, changes of endothelial cell 
swelling, widening of intercellular junctions, 
increased numbers of pinocytotic vesicles, and 
disruption and denudation of the basement mem-
brane are prominent. This early phase of DAD has 
been termed exudative; it is a period of time during 
which pulmonary edema and its effects are most 
pronounced and intrapulmonary shunt is a pri-
mary problem dictating ventilatory strategies.

Over the ensuing days, hyaline membrane 
formation in the alveolar spaces is prominent and 
infl ammatory cells become more numerous. The 
latter phase of DAD is dominated by disordered 
healing. This can occur as early as 7 to 10 days 
after the initial injury and often exhibits extensive 
pulmonary fi brosis, which is not dissimilar micro-
scopically to the case with patients with long-
standing pulmonary fi brosis. This has been termed 
the proliferative phase of DAD. Pulmonary edema 
may not be as prominent in this latter phase of 
lung injury, and the clinician managing the patient 
is challenged by the large dead space fraction 
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and high minute ventilation requirements. These 
patients may also exhibit progressive pulmonary 
hypertension, even if the pulmonary circulation 
was normal at baseline, slightly improved intra-
pulmonary shunt that is less responsive to PEEP, 
further reduction in lung compliance, and a ten-
dency toward creation of zone I conditions of the 
lung if hypovolemia develops in the patient.

Patients with ARDS/ALI have a large num-
ber of underlying medical and surgical etiolo-
gies, and there has been broad recognition of a 
need for specifi c defi nitions of these entities. 
The widely applied defi nitions offered by a joint 
American-European Consensus Conference pub-
lished in 1994 are given in Table 2.

Figure 1. Gas exchange (left, a), and interstitial and alveolar fl uid accumulation (right, b) in ARDS.

Figure 2. Left: the impact of shunt fraction on oxygenation. 
Note that when shunt is 30% and above, the response to oxy-
gen as judged by arterial Po2 is minimal. Right: Even though 
the arterial Po2 changes with oxygen are minimized by large 
shunt fraction, the increase in arterial oxygen content are 
large given the steep slope of the hemoglobin-oxygen dis-
sociation curve in this range.

Table 1. Causes of Acute Hypoxic Respiratory Failure

Homogenous lung lesions (producing pulmonary edema)
Cardiogenic or hydrostatic edema
LV failure
Acute LV ischemia
Accelerated or malignant hypertension
Mitral regurgitation
Mitral stenosis
Ball-valve thrombus
Volume overload, particularly with coexisting renal and 

cardiac disease
Permeability or low-pressure edema (ARDS)

Most common
Sepsis and sepsis syndrome
Acid aspiration
Multiple transfusions for hypovolemic shock

Less common
Near drowning
Pancreatitis
Air or fat emboli
Cardiopulmonary bypass
Pneumonia
Drug reaction or overdose
Leukoagglutination
Inhalation injury
Infusion of biologics (eg, interleukin 2)
 Ischemia-reperfusion (eg, postthrombectomy or 

posttransplant)
Edema of unclear or “mixed” etiology
Reexpansion
Neurogenic
Postictal
Tocolysis-associated
Diffuse alveolar hemorrhage
Microscopic angiitis
Collagen vascular diseases
Goodpasture syndrome
Severe coagulopathy and bone marrow transplant
Retinoic-acid syndrome
Focal lung lesions
Lobar pneumonia
Lung contusion
Acute lobar atelectasis

*LV � left ventricular.
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Scoring systems have also been used to 
grade patients with ALI/ARDS. Despite the 
large derangements in lung physiology in these 
patients, initial measurements of gas exchange 
and lung mechanics have not been very useful in 
predicting mortality in these patients. One report,
however, indicated that the dead space fraction mea-
sured during the fi rst day of mechanical  ventilation 
was a powerful determinant of survival; the odds 
ratio for mortality associated with each increase 
of dead space fraction of 0.05 was 1.45 (95% confi -
dence interval, 1.15 to 1.83; p � 0.002) (Fig 4).

Treatment

This discussion will focus on ventilator and 
circulatory strategies for patients with ARDS/
ALI, but it cannot be overemphasized that simul-
taneously a search for and treatment of the under-
lying cause of the lung failure must be conducted. 
Absent an identifi cation and treatment of the 
underlying processes causing lung injury, sup-
portive therapy alone will likely ultimately result 
in mounting complications and irreversible organ 
failures.

Ventilatory Management of ARDS

Lung Mechanics, Ventilator-Induced 
Lung Injury, and Ventilator-Associated 
Lung Injury

Over the past decade or more, a body of 
knowledge has accrued from both bench and 
clinical investigations that has motivated inten-
sivists to reconsider how they ventilate patients 
with ARDS. Much of this work was based on 
early observations that mechanical ventilation 
using large tidal volumes (Vts) and high infl ation 
pressures could cause lung injury in animals with 
normal lungs or worsen a baseline lung injury. 
This phenomenon was termed ventilator-induced 
lung injury (VILI). VILI is indistinguishable mor-
phologically, physiologically, and radiologically 
from DAD caused by other etiologies of ALI. VILI 
is unique because one can identify that mechani-
cal ventilation is the cause of lung injury, hence 
the term ventilator-induced lung injury. Ventilator-
associated lung injury (VALI) is defi ned as lung 
injury that resembles ARDS and occurs in patients 
receiving mechanical ventilation. VALI is invari-
ably associated with a preexisting lung pathology 

Figure 3. Depiction of the pathologic phases of ALI/ARDS.

Table 2. The 1994 American-European Consensus Conference Defi nitions of ALI and ARDS*

Criteria Timing Oxygenation CXR PCPW

ALI Acute onset Pao2/Fio2 ratio, �300 mm Hg 
(regardless of PEEP level)

Bilateral infi ltrates �18 mm Hg or no clinical evidence 
of right atrial hypertension

ARDS Acute onset Pao2/Fio2 ratio, �200 mm Hg 
(regardless of PEEP level)

Bilateral infi ltrates �18 mm Hg or no clinical evidence 
of right atrial hypertension

*CXR � chest radiograph.
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Figure 4. The observed mortality according to the quintile of 
dead space fraction in 179 patients with ARDS (from Nuck-
ton et al; N Engl J Med, 2002; 346:1281).

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



282 Acute Respiratory Distress Syndrome (Kress)

such as ARDS. However, while the experimental 
data are overwhelming in demonstrating the exis-
tence of VILI, one cannot be sure in any particular 
case whether and to what extent VALI is caused 
by a particular ventilator strategy; rather, VALI is 
only associated with mechanical ventilation.

Studies in animal models of VILI have dem-
onstrated that lung injury during mechanical 
ventilatory support appears to be related to the 
distending volume to which the lung is subjected, 
rather than to distending pressure as measured at 
the mouth. For instance, in animal experiments 
in which the chest is banded and mechanical 
 ventilation is conducted with high airway pres-
sures but low Vts resulting from the restricted 
chest wall, lung injury is not present. Such obser-
vations have caused the term volutrauma to be 
coined for this form of microstructural injury, a 
refi nement of the standard term barotrauma, which 
is applied to the grosser forms of extraalveolar 
air collections that are sought on routine radio-
graphs obtained in patients receiving mechanical 
ventilation.

In addition to the detrimental effects of over-
distension, numerous investigations have sug-
gested a protective or ameliorating effect of PEEP 
on VILI. This protective effect has been postulated 
to result from the action of PEEP to avoid alveo-
lar collapse and reopening. In the aggregate, these 
studies offer a view of VILI that is portrayed in 
Figure 5. During the respiratory cycle,  alveolar 

opening and collapse occur if end-expiratory 
pressure is zero or only modestly positive, and 
depending on end-inspiratory lung volume, alve-
olar overdistension may occur.

Both in animal models of lung injury and in 
patients with ARDS, the respiratory system infl a-
tion pressure-volume (PV) curve exhibits a sig-
moidal shape, with a lower infl ection point (LIP) 
and an upper infl ection point. Marked hysteresis 
is often noted when the infl ation and defl ation 
limbs are compared. The presence of the LIP is 
consistent with the edematous lung behaving as 
a two-compartment structure, one population of 
alveoli exhibiting near-normal compliance and 
another population recruitable only at higher 
transpulmonary pressure. As transpulmonary 
pressure is raised to the LIP, effecting alveo-
lar recruitment, lung compliance improves, as 
refl ected by the increase in the slope of the PV 
curve. Volume tends to increase in a nearly linear 
fashion as pressure is increased, until the upper 
infl ection point is reached, with a fl attening of the 
curve taken to represent alveolar overdistension 
with the attendant risks of alveolar injury.

Clinical Studies of Ventilator Strategies for ARDS

These descriptions of VILI in animals and 
physiologic observations in patients resulted in 
strategies that have been tested at the bedside and 
have demonstrated improved patient outcome. 
In the fi eld of critical care medicine, this is one 
of the most substantive examples of bench-to-
bedside transfer of knowledge that now provides 
an evidence-based approach to patient care.

Hickling and colleagues reported a favorable 
impact on survival of Vt reduction and permis-
sive hypercapnea in the management of patients 
with ARDS, comparing their outcome to those 
of historical control subjects. These studies were 
limited by the lack of a randomized, prospective, 
controlled design, particularly in light of fi ndings 
that the survival of patients with ARDS in the 
same time frame is likely improving apart from 
the details of mechanical ventilatory support.

The fi rst prospective randomized trial test-
ing a strategy of limiting Vt and utilizing PEEP 
to avoid alveolar recruitment-derecruitment (so-
called open lung ventilation) was conducted by 
Amato and colleagues, who randomized patients 

Figure 5. An idealized and simplifi ed depiction of the PV 
curve of the injured lung during infl ation, with the state of 
alveolar collapse and infl ation. 
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with ARDS to the following two treatments: (1) 
assist-control ventilation with Vts of 12 mL/kg, 
PEEP suffi cient to maintain an adequate arterial 
oxygen saturation on a fraction of inspired oxygen 
(Fio2) of � 0.6, respiratory rates suffi cient to main-
tain arterial carbon dioxide levels of 25 to 38 mm 
Hg, and no effort made to control peak inspiratory 
or plateau airway pressures (Pplat) [ie, the conven-
tional approach]; or (2) pressure-controlled inverse-
ratio ventilation, pressure-support ventilation, 
or volume-assured pressure-support ventilation 
with Vts of �6 mL/kg, recruitment maneuver, 
peak pressures of �40 cm H2O, and PEEP titrated 
to maintain lung  infl ation above the LIP (ie, the 
open-lung approach). Patients managed with the 
open-lung approach demonstrated a more rapid 
recovery of pulmonary compliance, a decreased 
requirement for high Fio2, a lower rate of baro-
trauma, a higher rate of liberation from the ven-
tilator, a decreased rate of death associated with 
respiratory failure, and a decreased mortality rate 
at 28 days (although not at hospital discharge).

While these results were striking, a number 
of concerns regarding this study deserve consid-
eration. The number of patients included in the 
study was small (only 53). Furthermore, there were 
multiple treatment differences between the two 
groups, including PEEP strategy, Vt, Pco2, min-
ute ventilation, lung recruitment maneuvers, and 
mode of ventilation. Importantly, the mortality rate 
was extremely high in the conventional ventilation 
group (71%), and the early differences in mortality 
rate seen between the groups did not seem con-
sistent with those of the two ventilator strategies 
differing by the accrual of progressive lung injury. 
Finally, patients with severe metabolic acidosis, 
which is a common feature of patients with over-
whelming sepsis and ARDS, were excluded from 
study. Even if one accepts the results of this study, 
perhaps the benefi t was simply due to Vt reduc-
tion, not to the PEEP strategy. Even if this PEEP 
strategy prevented VILI, the PEEP value selected 
from the LIP on the infl ation of edematous lungs 
from zero end-expiratory pressure is considerably 
larger than the PEEP value required to maintain 
alveolar recruitment during tidal ventilation while 
receiving PEEP. In addition, several other investi-
gations evaluating the effect of Vt manipulation 
on outcome did not show a similar salutary effect 
of low-Vt ventilation.

The controversy over proper Vts for the ven-
tilation of patients with ARDS has been largely 
resolved by the performance of a trial conducted 
by the National Institutes of Health-funded ARD-
Snet, a network of 10 centers in 24 hospitals com-
prising 75 ICUs that enrolled 861 patients. Patients 
were randomized to a Vt strategy of either 12 or 
6 mL/kg, based on ideal body weight. If Pplat, 
used as a surrogate of end-inspiratory lung 
“stretch,” exceeded 30 cm H2O pressure in the 
low-Vt group, Vt was further reduced as nec-
essary to reduce Pplat to this target value. The 
experimental protocol is summarized in Table 3.

The trial was stopped sooner than the antici-
pated end point since the fi ndings were striking. 
The strategy achieved a signifi cant difference 
in Vts as intended. The mean Vts on days 1 to 
3 were 6.2 and 11.8 mL/kg, respectively, in the 
low-Vt and high-Vt groups (p �0.001), and were 
associated with Pplat values of 25 and 33 cm H2O, 
respectively (p �0.001). PEEP levels were mini-
mally higher in the low-Vt group from days 1 to 3 
(averaging �1 cm H2O, lower on day 7). The low-
Vt group had a modest increase in Paco2 rela-
tive to the traditional group and a very modest 
decrease in pH; the potential for greater degrees 
of respiratory acidosis between the groups was 
minimized by the higher respiratory rates used 

Table 3. ARDSnet Low-Vt Protocol*

Variables Protocol

Ventilator mode Volume assist-control
Vt �6 mL/kg predicted body weight
Plateau airway 

pressure
�30 cm H2O

Ventilation rate/pH 
goal

6–35/min, adjusted to achieve 
arterial pH of > 7.30 if possible

Inspiratory fl ow Adjust for I:E of 1.1:1.3
Oxygenation Pao2 �55 and �80 mm Hg or Sao2 

�88% and �95%
Combinations of Fio2, 

mm Hg/PEEP, mm 
Hg

0.3/5, 0.4/5, 0.4/8, 0.5/8, 0.5/10, 
0.6/10, 0.7/10, 0.7/12, 0.7/14, 
0.8/14, 0.9/14, 0.9/16, 0.9/18, 
1.0/18, 1.0/22, and 1.0/24

Weaning Attempt by PS when Fio2/PEEP 
combination is �0.4 mm Hg/
8 mm Hg

*I:E � inspiratory/expiratory fl ow ratio. Predicted body 
weight for men: 50 � (2.3 � [height in inches − 60]) or 50 
� (0.91 � [height in centimeters − 152.4]). Predicted body 
weight for women: 45 � (2.3 � [height in inches − 60]) or 
45 � (0.91 � [height in centimeters − 152.4]).
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in the low Vt group. The primary end point of 
the study, 28-day mortality, was signifi cantly 
improved with low-Vt ventilation, falling from 
39.8% in the traditional group to 31.0% with low-
Vt ventilation (p � 0.007). In addition, the num-
ber of ventilator-free days in the fi rst 28 days was 
greater in the low-Vt group.

This trial is a benchmark and confi rms ear-
lier basic and clinical studies suggesting that 
low-Vt ventilation can be protective for patients 
with ARDS and will improve outcome. Perhaps 
the best evidenced-based recommendation for 
the routine management of patients with ARDS 
undergoing mechanical ventilation is to imple-
ment the ARDSnet protocol. While questions 
surround other elements of ventilatory strategy 
(eg, the “best PEEP” level, the trade-off between 
Fio2 and PEEP, the use of recruitment maneu-
vers, and patient positioning), the current evi-
dence strongly supports the use of the ARDSnet 
strategy, pending additional information to 
guide these other components of ventilatory 
support.

Despite these very convincing data from a 
well-conducted trial and the peer review of the 
report of this study, some have called the results 
into question. A 2002 metaanalysis by Eichacker 
and colleagues has suggested that the ARDSnet 
Vt trial may have “missed” the ideal Vt for these 
patients by not testing Vt in the range between 6 
and 12 mL/kg, and that, while survival was bet-
ter for patients with lower Vt, these results point 
more to the detrimental effects of very high Vts 
and not to the superiority of lower Vts. While 
this argument is interesting in a theoretical sense, 
there are really no data to support this contention, 
and most experts would agree that the ARDSnet 
trial indeed tested the general range of Vt used in 
managing these patients, and that the results sup-
port the low-Vt approach.

Practical Points for Managing 
the Patient With ALI/ARDS

On presentation the patient should receive 
oxygen provided by high-fl ow or rebreather mask, 
although these devices rarely achieve a tracheal 
Fio2 much > 0.6 in dyspneic, tachypneic patients. 
The administration of supplemental oxygen is 
a diagnostic as well as therapeutic maneuver. 

Patients whose oxygenation improves dramati-
cally with supplemental oxygen generally have a 
small shunt and a larger component of ventilation-
perfusion mismatch (or hypoventilation). Even 
when the Pao2 improves only slightly, indicating 
a large shunt, oxygen delivery may rise impor-
tantly, due to the steep nature of the hemoglobin 
saturation relationship at low Pao2 (Fig 2). The 
role of noninvasive positive-pressure ventilation 
(NIPPV) has not been established in the treatment 
of ARDS. Although we have used NIPPV success-
fully in this setting, we believe that it is generally 
not a good choice, and patients must be carefully 
selected. Since the course of ARDS is usually lon-
ger than the length of time that patients will toler-
ate NIPPV, and since ARDS is so often associated 
with hemodynamic instability, coma, and multi-
organ system failure (including ileus), we believe 
that all but exceptional patients should be endo-
tracheally intubated.

Intubation should be performed early and 
electively when it is clear that mechanical ven-
tilation will be required, rather than waiting 
for frank respiratory failure. If hypoperfusion 
is present, as in the patient with hypotension, 
cardiovascular instability, or the hyperdynamic 
circulation of sepsis, oxygen delivery may be 
compromised not only by hypoxemia but by 
an inadequate cardiac output as well. In this 
circumstance, sedation and muscle relaxation 
should be considered as a means to diminish 
the oxygen requirement of the skeletal muscles. 
Patients with extreme hypoxemia despite venti-
lator management may also benefi t from seda-
tion or paralysis.

The initial ventilator settings should pursue 
the protocol given in Table 3. While the use of low 
Vt is strongly supported by current evidence, the 
proper PEEP level is less clear. Some intensiv-
ists recommend a “least PEEP” approach, using 
PEEP only as necessary to achieve adequate oxy-
genation and avoid toxic levels of Fio2 (although 
these thresholds are not well established). Oth-
ers would recommend higher PEEP levels with a 
goal of achieving maximal lung recruitment and 
avoiding mechanical events such as collapse-
 reinfl ation that could lead to VALI. Some even 
advocate the use of the PV curve of the lung mea-
sured during the respiratory cycle as a guide to this 
PEEP titration. A trial completed by the ARDSnet 
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 comparing the PEEP strategy as implemented in 
the trial of low Vt vs high Vt against a higher 
PEEP level did not show a difference in survival; 
although, even though this study was prospective 
and randomized, a difference in age and severity 
of illness existed between the two cohorts, some-
what confounding interpretation.

Regardless of specifi c strategy, reducing PEEP, 
even for short periods of time, is often associated 
with alveolar derecruitment and hence rapid 
arterial hemoglobin desaturation. Thus, once 
endotracheal tube suctioning has been accom-
plished for diagnostic purposes, nursing and 
respiratory therapy staff should be instructed to 
keep airway disconnections to a minimum or to 
use an in-line suctioning system that maintains 
sterility and positive pressure, usually via the 
suctioning catheter residing in a sterile sheath 
and entering the endotracheal tube via a tightly 
sealed diaphragm. These suctioning systems are 
generally effective for lower levels of PEEP (ie, 
�15 cm H2O) but often leak if higher levels are 
attempted.

Innovative Therapies for ARDS

While the general strategy described above 
will provide adequate ventilatory support for the 
majority of patients with ALI/ARDS, a fraction 
of patients will have severe hypoxemia or other 
adverse consequences of these approaches, and 
innovative or salvage therapies have been reported 
in the literature. In general, these approaches are 
not supported by large prospective trials (or trials 
have been conducted without seeing a benefi t), 
but they may have some role in individual patient 
management.

Prone Position: Multiple studies have shown 
that a substantial fraction of patients with ARDS 
exhibit improved oxygenation with prone posi-
tioning. Some studies have suggested that this 
maneuver enhances lower lobe recruitment 
and thus would have the potential to not only 
improve gas exchange but perhaps reduced VALI 
and ultimate patient outcome. A large prospective 
trial evaluated prone positioning in patients with 
ALI/ARDS and did not see a benefi t. In a sub-
set analysis, there appeared to be a trend toward 
improved outcome in patients with more severe 
physiologic derangement. In addition, this study 

has been criticized for the relatively short periods 
of prone positioning that were employed. Further 
studies of this strategy are ongoing.

High-Frequency Ventilation: If excessive lung 
excursion is associated with injury to the lung, 
then it seems reasonable that ventilation with very 
small Vts at high frequencies would be associated 
with the least possible VILI and would be associ-
ated with improved outcome. High-frequency jet 
ventilation (HFV) typically employs Vts of 1 to 
5 mL (or higher) and respiratory rates of 60 to 300 
breaths/min. Gas exchange is poorly understood 
under these conditions but is thought to occur 
as much through augmented axial diffusion as 
through bulk fl ow. Unfortunately, multiple trials 
of high-frequency ventilation in adults have failed 
to demonstrate any benefi t compared to mechani-
cal ventilation. It is interesting to note that HFV 
has never been associated with improved oxygen-
ation, reduced barotrauma, or decreased number 
of days of mechanical ventilation. These are all 
outcomes that would be reasonably expected as a 
logical extension of the physiology and concerns 
driving open lung ventilation. That they have not 
been observed suggests that all previous investi-
gations of HFV were conducted using the wrong 
guidelines for ventilation (ie, striving to maintain 
normocarbia) or that some other effect not yet 
understood precludes benefi t from this technique. 
Future studies of HFV should compare this tech-
nique to ventilation using the low-Vt ventilation 
as described in the ARDSnet trial and will have to 
demonstrate benefi t compared to these strategies 
to gain acceptance.

Extracorporeal Gas Exchange: The use of extra-
corporeal gas exchange (ie, extracorporeal mem-
brane oxygenation) to adequately oxygenate and 
ventilate the blood while allowing the lung to 
rest remains an attractive strategy for the man-
agement of patients with ALI, but has not been 
supported by clinical outcome studies. There is 
little apparent future for this technique in adult 
patients with ARDS. Extracorporeal membrane 
oxygenation is best regarded at this time as heroic 
salvage therapy for patients with isolated respi-
ratory failure in whom all other supportive mea-
sures have failed.

Inhaled Nitric Oxide: Nitric oxide (NO) is a 
potent endogenous vasodilator, which, when adm-
inistered by inhalation, selectively  vasodilates the 
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 pulmonary circulation. Inhaled NO (iNO) has 
several potentially salutary effects in ARDS 
patients. It selectively vasodilates pulmonary 
vessels, which subserve ventilated alveoli, divert-
ing blood fl ow to these alveoli (and away from 
areas of shunt). The fi rst effect, the lowering of 
the pulmonary vascular resistance, accompanied 
by a lowering of the pulmonary artery pressure, 
appears maximal at very low concentrations 
(approximately 0.1 ppm) in patients with ARDS. 
The benefi cial effects on oxygenation take place 
at somewhat higher inspired concentrations 
of NO (1 to 10 ppm). The rapid inactivation of 
iNO via hemoglobin binding prevents unwanted 
systemic hemodynamic side effects but also 
mandates the continuous delivery of gas to the 
ventilator circuit. In numerous studies evaluating 
the short-term response to iNO, there has been a 
consistent fi nding of approximately 50 to 70% of 
patients improving oxygenation. However, two 
prospective trials have failed to demonstrate 
improved long-term outcome from iNO admin-
istration in ARDS patients receiving mechanical 
ventilation; thus, this remains a salvage therapy 
at best.

Circulatory Management of ARDS

For many years, debate has surrounded the 
proper circulatory management of patients with 
ARDS. On the one hand, animal studies and 
some clinical studies have suggested that edema-
genesis can be reduced by reducing pulmonary 
microvascular pressures in patients with ALI in 
a fashion similar to the management of cardio-
genic pulmonary edema. Of course, since these 
microvascular pressures are normal in these 
patients despite their lung fl ooding, the pos-
sibility of reducing cardiac preload exists, thus 
engendering inadequate organ perfusion in a 
patient population known to be at risk of multi-
ple organ failure, and, indeed, in whom outcome 
appears dictated in large part by the accrual of 
organ failures.

In addition, the proper monitoring tools for 
assessing the adequacy of the circulation in these 
patients and whether monitoring should include 
invasive hemodynamic measurement was equally 
controversial. It seemed reasonable to state that 
mere monitoring with invasive  measurements 

that were not coupled to a strategy to achieve pre-
defi ned goals would be unlikely to be helpful.

This past year, the ARDSnet completed a 
large multicenter trial addressing these questions. 
Patients were randomized to receive manage-
ment with either a central venous catheter or right 
heart catheter, and then each group was addition-
ally randomized to receive a liberal or conser-
vative fl uid strategy. This 2 � 2 factorial study 
showed no discernable benefi t for the use of the 
right heart catheter with a protocolized manage-
ment algorithm. However, the use of a conserva-
tive fl uid strategy (ie, central venous pressure, 
�4 mm Hg; pulmonary capillary wedge pres-
sure [PCWP], �8 mm Hg) as opposed to a liberal 
fl uid strategy (ie, central venous pressure, 10 to 
14 mm Hg; or PCWP, 14 to 18 mm Hg) was 
associated with improvements in oxygenation 
index and lung injury score, as well as with 
increased ventilator-free days and days not spent 
in the ICU. There was no difference in shock or 
the need for renal replacement therapy between 
the groups. A mortality difference between the 
conservative and liberal fl uid strategy groups 
was not seen.

Management of Proliferative Phase of ARDS

A subset of patients with ARDS will progress 
over the fi rst week of mechanical ventilation to 
disordered healing and severe lung fi brosis. This 
is usually characterized by increasing airway 
pressures or a falling Vt while receiving pressure-
control ventilation, a further fall in lung com-
pliance, less response to PEEP, a “honeycomb”’ 
appearance on chest radiograph, progressive pul-
monary hypertension, and rising minute ventila-
tion requirements (�20 L/min). Barotrauma is a 
prominent feature, and multiple organ failures 
often accrue. A number of observations regard-
ing their supportive therapy should be made. 
Increased vascular permeability at this point in the 
course of treatment may be minimal, and strate-
gies to reduce preload and edema are fraught with 
complications. Patients are prone to increases in 
zone I lung conditions, and attempts to reduce 
the PCWP may result in increased dead space 
and hypoperfusion. Thus, seeking the lowest 
PCWP providing adequate cardiac output is no 
longer appropriate; instead, the liberalization of 
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fl uid intake to provide a circulating volume in 
excess of one that is just adequate is a better stra-
tegy in this later phase of ARDS.

Interventions to directly infl uence the course 
of lung fi brosis are not well established, but high-
dose corticosteroid therapy has its advocates. One  
prospective trial has shown an improved survival 
with the use of corticosteroids in patients with 
late ARDS, but routine use in late ARDS remains 
controversial. The utility of corticosteroids was 
studied by the ARDSnet in a randomized trial. 
Survival differences were not seen to be related to 
corticosteroid therapy.

If corticosteroids are used in this setting, 
aggressive measures to monitor for ventilator-
associated pneumonia are warranted. This com-
plication of mechanical ventilation has a high 
incidence and high mortality in patients with 
ARDS. In view of the abnormal chest radiograph 
fi ndings and gas exchange, the multiple causes of 
fever and leukocytosis, and the high incidence of 
colonization of the airway, diagnosis is diffi cult 
and may be aided by various techniques to obtain 
protected specimens.

Long-term Sequelae of ARDS

There is a variability to the recovery of lung 
function following ALI. Patients may recover 
with minimal or no abnormality by routine lung 
function testing shortly after acute lung insult, 
or they may remain substantially impaired for a 
year or longer, if not permanently. In most stud-
ies, approximately a fourth of patients show 
no impairment at 1 year, a fourth of patients 
show moderate impairment, roughly half show 
only mild impairment, and a very small frac-
tion show severe impairment. Exertional dys-
pnea is the most commonly reported respiratory 
symptom, although cough and wheezing are 
common as well. A reduced single-breath car-
bon monoxide diffusing capacity is the most 
common pulmonary function abnormality. Spi-
rometry and lung volumes tend to reveal mixed 
restrictive-obstructive abnormalities. Determin-
ing the prognosis after ARDS may be aided by 
obtaining complete lung function tests at the 
time of hospital discharge. Those patients with 
substantial abnormalities should be referred for 
appropriate follow-up. Herridge and colleagues 

also have reported that lung dysfunction may be 
of only minor signifi cance in terms of regaining 
general function, and that weight loss, neuro-
muscular weakness, and neuropsychiatric dys-
function related to critical illness or supportive 
management may be much more signifi cant than 
respiratory dysfunction per se.
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Objectives:

• Understand the defi nitions, differential diagnosis, and the 
diagnosis and management of coma

• Understand the defi nitions, differential diagnosis, and the 
diagnosis and management of delirium

• Understand the prognosis of patients with coma, delirium, 
and other syndromes of acute brain disfunction in the ICU

Key words: coma; delirium; prognosis; vegetative state

Global alteration in cognitive function devel-
ops in a high percentage of ICU patients.1 Some 
patients come to the ICU with chronic brain dys-
function in the form of cognitive impairment or 
dementia.2 Acute brain dysfunction develops in 
many other patients. A number of terms have 
been used to describe acute brain dysfunction 
including critical illness brain syndrome, criti-
cal illness-associated cognitive dysfunction, and 
critical illness encephalopathy. Acute brain dys-
function can occur as a consequence of direct 
cerebral injury (eg, traumatic brain injury, stroke, 
subarachnoid hemorrhage, and status epilepti-
cus) or as a manifestation of systemic disease (eg, 
sepsis). No matter what the mechanism, acute 
brain dysfunction is associated with an increase 
in ICU mortality. Two forms of acute brain dys-
function are coma and delirium. Acute brain 
dysfunction must be distinguished from states 
in which consciousness is preserved such as the 
locked-in syndrome. 

Disorders of consciousness can impact two 
related cerebral functions.3 There may be an abnor-
mality in wakefulness (eg, arousal, vigilance, and 
alertness), a result of dysfunction of the reticular 
activating system. There can also be abnormal cog-
nitive function or awareness, manifested as disor-
dered attention, executive function, sensation and 
perception, motivation, and memory. Awareness 
depends on the cerebral cortex and subcortical 
connections.3 The relationship between wakeful-
ness and awareness is hierarchical; that is, one 
cannot have awareness without wakefulness, but 

one can have wakefulness without awareness (eg, 
the vegetative state).

Defi nitions

Coma

Coma is defi ned as the total absence of wake-
fulness (arousal) and awareness: “unarousable 
unresponsiveness.”4 To distinguish coma from 
transient states (eg, seizure) this set of conditions 
must last at least 1 h. In coma, the typical sleep-
wake cycle is absent, an important distinguish-
ing characteristic from the persistent vegetative 
state. On physical examination the comatose 
patient does not open his or her eyes. The patient 
does not speak or move spontaneously, although 
refl exive movements may be present. Indeed, the 
patient demonstrates no purposeful movements 
and does not localize to noxious external stimuli. 

Coma results either from injury to the brain-
stem (reticular activating system [RAS]) above 
the level of the mid pons or from bilateral cerebral 
hemispheric dysfunction. The RAS is a neuronal 
system that projects from the upper pons and 
midbrain to the thalamus, hypothalamus, basal 
forebrain, and hemispheres.

Coma can be thought of as a transitional 
state, rarely lasting � 4 weeks.1 If patients are to 
improve they will typically do so within 2 weeks, 
often passing through a state of delirium before 
 attaining normal consciousness. Alternatively, 
patients can deteriorate to a state of brain death (see 
later discussion). Lastly, some patients evolve into 
a vegetative state, which is also transitional with 
some patients improving (fi rst to a minimally con-
scious state and then normal consciousness) and 
others remaining in a persistent vegetative state. 

Vegetative State

The vegetative state usually follows, within 
2 to 4 weeks, severe brain injury and coma.5 The 
injury typically involves the bilateral cerebral 
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hemispheres but spares the brainstem. Prognosis 
is poorest when injury results from ischemia-
hypoxia compared with traumatic brain injury. 
The vegetative state is said to be persistent when 
it lasts for � 1 month. It is estimated that in the 
United States there are between 10,000 and 25,000 
individuals in the vegetative state. Life expec-
tancy for these patients is 2 to 5 years, with death 
resulting from pneumonia, urinary tract infection, 
multisystem organ failure, respiratory failure, or 
sudden death.

Patients in the vegetative state are awake but 
not aware; arousal is present but there is a total lack 
of cognition. There may be spontaneous eye open-
ing to verbal stimuli. There are no discrete local-
ized motor responses. Vegetative patients utter no 
comprehensible words and do not follow com-
mands. Unlike those in the comatose state, vegeta-
tive patients have a preserved sleep-wake cycle.1 

Other

Coma and the vegetative state must be dis-
tinguished from other conditions characterized 
by abnormal consciousness.6 The minimally con-
scious state results from injury to the hemispheres 
with possible sparing of the corticospinal and 
corticothalamic fi bers.7 Patients with the mini-
mally conscious state are more likely to recover 
than those in the vegetative state. Indeed, patients 
destined to recover from a vegetative state typi-
cally pass through a minimally conscious state on 
their way to normal consciousness. As with most 
syndromes of acute brain dysfunction, recovery 
is more likely with a traumatic compared with 
an anoxic mechanism of injury. Patients in the 
minimally conscious state demonstrate wakeful-
ness and cyclic arousal. They may demonstrate 
intermittent awareness manifested as following 
commands, responding appropriately to yes/no 
questions, and uttering intelligible speech. 

Akinetic mutism must be distinguished from 
the minimally conscious state.8 The former is char-
acterized by wakefulness with limited awareness. 
These patients demonstrate no responsiveness to 
commands. There may be evidence of visual pur-
suit, suggesting sparing of the corticospinal tracts. 
Physical examination reveals neither spasticity 
nor abnormal motor refl exes. A striking feature 
of this state is a lack of motivation; these patients 

do not plan and do not initiate activities. There 
is often evidence of frontal lobe dysfunction, spe-
cifi cally with cingulated gyrus.

The locked-in syndrome (or pseudocoma) 
results from acute focal injury to the ventral 
pons below the level of the third nerve.9 Injury 
may result from pontine infarction, hemorrhage, 
trauma, or central pontine myelinolysis (from too 
rapid correction of hyponatremia). In contrast to 
coma and the vegetative state, both arousal and 
awareness are preserved. Although it is not a dis-
order of consciousness, it can be confused for one. 
Patients demonstrate quadriplegia and anarthria. 
Vertical eye movements and blinking are typically 
preserved. If the injury involves the rostral pons 
and midbrain, eye movements may be lost (total 
locked-in syndrome). The differential diagnosis 
includes Guillain-Barre syndrome, botulism, neu-
romuscular blockade without adequate sedation, 
and critical illness neuromyopathy.

A number of other conditions can mimic coma 
and the vegetative state. These conditions gener-
ally display intact pupils, ocular movements, 
motor tone, and movement during sleep.

• Hypersomnia is defi ned as increased sleep 
with preserved sleep-wake cycle. Patients 
with this condition demonstrate a normal 
neurologic examination when aroused. Hyper-
somnia often occurs in the setting of sleep 
deprivation. It can also be seen in the presence 
of sleep disorders, narcolepsy, drug toxicity, 
metabolic encephalopathy, or RAS damage.

• Catatonia is manifested as a state in which the 
eyes are open but the patient does not speak 
or move spontaneously. Patients do not follow 
commands. The neurologic examination is nor-
mal. The EEG will display low voltage. Catatonia  
occurs as a complication of psychiatric illness 
(eg, depression, bipolar, and schizophrenia).

• The effects of general anesthesia, sedatives, or 
barbiturates can mimic coma.

• Seizures or the postictal state (eg, Todd paralysis) 
can mimic coma but the effect is short lived.

Brain Death

Brain death, or death by neurologic crite-
ria, refers to irreversible loss of all cerebral and 
brainstem function.10 There is an absence of 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 291

 consciousness and no response to noxious stim-
uli. There is an absence of cerebral metabolism. 
Spinal refl exes may persist, indicating some intact 
neuromuscular transmission. There is an absence 
of brainstem refl exes including cervico-ocular, 
vestibulo-ocular, cough, gag, corneal, and pupil-
lary refl exes. There is no respiratory response, a 
condition that can be demonstrated with “apnea 
 testing.” In this test, the patient is preoxygena-
ted with 100% oxygen or 10 cm H2O continuous 
positive airway pressure with 10 L/min of oxy-
gen delivered through a catheter in the trachea (to 
avoid injurious hypoxemia  during the test). All 
ventilatory support is discontinued. Apnea is said 
to be present when the patient makes no respiratory 
efforts and the Paco2 rises from 40 to 60 mm Hg. 

In making a diagnosis of brain death, one must 
exclude (or correct) metabolic causes (eg, severe 
electrolyte abnormalities), physiologic causes (eg, 
severe hypothermia), and pharmacologic causes 
(eg, effects of sedatives, barbiturates, or narcotics). 
In general, confi rmatory tests are not needed to 
make a diagnosis of brain death. One exception 
would be when safe apnea testing is not possible 
because of hypotension or hypoxemia. Available 
confi rmatory tests include cerebral angiography 
(absence of cerebral blood fl ow), electroencepha-
lography (isoelectric tracing), transcranial Dopp-
ler ultrasound (reverberating fl ow with small 
systolic peaks), and cerebral scintigraphy (no intra  -
cranial fi lling, the “hollow skull” sign).

Coma

The etiology of coma consists of bilateral 
(diffuse) cerebral hemispheric injury, unilateral 
hemispheric injury with displacement of midline 
structures, or injury to midline structures (pons, 
midbrain). Coma may occur as a result of a sys-
temic, nonstructural process (Table 1) or direct, 
structural brain injury (Table 2). In the United 
States the most common causes of primary cere-
bral injury are hypoxic-ischemic encephalopathy 
and trauma. The most common systemic cause in 
the United States is drug overdose. 

Prevalence of Coma

Cardiac arrest is complicated by coma in 80 
to 90% of patients at some point  during their 

 hospitalization with only 10 to 30%  experiencing 
meaningful neurologic recovery. Five to 30% 
of patients remain comatose at discharge.11,12  
Heterogeneous patients who must have mechani-
cal ventilation support because of acute respiratory 
failure will develop coma in 15 to 20% of cases.13,14 
As many as one in four patients who fail to wean 
from the ventilator, do so because of coma. Among 
elderly patients (age � 65 years) admitted to the 
medical ICU, up to 33% have coma on admission 
and 8% will develop coma during their ICU stay.15  

Table 1. Nonstructural Causes of Coma 

Drugs
Alcohol
Amphetamines
Anticholinergics
Antidepressants
Antipsychotics
Barbiturates
Benzodiazepines
Drugs of abuse
Opiates
Salicylates
Sedative
Tranquilizers

Toxins
Carbon monoxide
Cyanide
Ethylene glycol
Lead
Methanol

Metabolic
Diabetic ketoacidosis
Hepatic failure
Hypercapnia
Hypoxia
Hypo- or hypernatremia
Hypoglycemia
Hypo- or hypercalcemia
Hypo- or hyperthermia
Hypothyroidism 
Nonketotic hyperosmolar coma 
Porphyria
Renal failure (uremia)
Wernicke encephalopathy

Infection
Encephalitis
Meningitis (bacterial, viral)
Sepsis

Other
Diffuse ischemia
Fat embolism
Hypertensive encephalopathy
Hypotension
Seizures, postictal
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Sixteen percent of sepsis patients develop coma 
(defi ned as a Glasgow Coma Scale  [GCS] score of 
� 8) and this is associated with increased mortality.16  
Among patients admitted to long-term care units 
with chronic critical illness, 30% are in coma.17 

Diagnosis of Coma

Diagnosis of the comatose patient can be car-
ried out using the four-part neurologic evalua-
tion outlined by Plum and Posner.4 Using this 
approach the clinician focuses on level of con-
sciousness, brainstem function, motor activity, 
and respiratory pattern. 

The level of consciousness is best assessed using 
one of several scoring system. The GCS score 
(Table 3) was fi rst developed by Teasdale and 
Jennett18  for use in patients with traumatic brain 
injury. For patients without motor activity, the 
motor response should be assessed with a cen-
tral painful (supraorbital or sternal) stimulus to 
avoid a misleading refl ex response. The GCS has 
a number of limitations. It has low sensitivity to 
subtle changes in arousal. It does not assess brain-
stem function. The verbal score can be diffi cult or 
impossible to determine in patients who are intu-
bated, sedated, or aphasic.

Another tool for assessing consciousness is 
the Glasgow Liege Score, which combines the 
Glasgow Scale with an assessment of fi ve brain-
stem refl exes (points): fronto-orbicular (score 5), 
vertical oculocephalic or “doll’s eyes” (score 4), 
pupillary light (score 3), horizontal oculocephalic 
(score 2), oculocardiac (heart rate slows with pres-
sure applied to eye; score 1), and none (score 0).19 

If the oculocephalic refl exes are absent or testing 
is not possible (eg, immobilized cervical spine), 
oculovestibular testing should be used. A third 
approach to assessing consciousness is the FOUR 
score (Full Outline of UnResponsiveness score), 
which combines assessment of eye response, motor 
response, brainstem, and respiration20 (Table 4).

As previously indicated, brainstem func-
tion is best evaluated by assessing a number of 

Table 2. Structural Causes of Coma

Brain abscess
Brain tumor
Brainstem hemorrhage
Brainstem infarction
Cerebral artery occlusion
Cerebral vasculitis
Herniation
Hydrocephalus
Intracranial hemorrhage
Multifocal leukoencephalopathy
Sagittal sinus thrombosis
Subarachnoid hemorrhage
Subdural empyema
Subdural hemorrhage
Trauma

Table 3. Glasgow Coma Scale Score (3 to 15 points)

Best motor response (6 points)
6 - Obeying commands
5 - Localizing to pain
4 - Withdrawing to pain
3 - Abnormal fl exion (decorticate)
2 - Extensor response (decerebrate)
1 - None

Best verbal response (5 points)
5 - Oriented
4 - Confused conversation
3 - Inappropriate words
2 - Incomprehensible sounds
1 - None

Eye opening (4 points)
4 - Spontaneously
3 - To speech
2 - To pain
1 - None

Table 4. FOUR Score (0 to 16 points)

Eye response (0−4 points)
4 -  Eyelids open or opened, tracking, or blinking to 

command 
 3 - Eyelids open but not tracking 

2 - Eyelids closed but open to loud voice 
1 - Eyelids closed but open to pain 
0 - Eyelids remain closed with pain

Motor response (0−4 points)
4 - Thumbs-up, fi st, or peace sign 
3 - Localizing to pain 
2 - Flexion response to pain 
1 - Extension response to pain 
0 - No response to pain or generalized myoclonus status 

Brainstem refl exes (0−4 points)
4 - Pupil and corneal refl exes present 
3 - One pupil wide and fi xed 
2 - Pupil or corneal refl exes absent 
1 - Pupil and corneal refl exes absent 
0 - Absent pupil, corneal, and cough refl ex

Respiration (0−4 points)
4 - Not intubated, regular breathing pattern
3 - Not intubated, Cheyne-Stokes breathing pattern
2 - Not intubated, irregular breathing
1 - Breathes above ventilator rate
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brainstem refl exes (Table 5). In performing oculo-
vestibular evaluations, it is important that the head 
is at 30 degrees and the tympanic membranes are 
not obstructed (eg, cerumen) and not perforated. 
With an intact brainstem, there will be tonic devi-
ation of eyes toward the irrigated ear. 

The pupils are under control of the sympa-
thetic (dilation) and parasympathetic (constric-
tion) nervous systems. Pupillary responses are 
also helpful in localizing the sight of brain injury 
and in defi ning etiology. For example, intact 
responses suggest a toxic-metabolic cause while 
abnormal responses point toward injury to the 
reticular activating system. Small, reactive pupils 
suggest disease of the hypothalamus. A Horner 
pupil indicates injury to the unilateral diencepha-
lon (thalamus, hypothalamus). Dorsal midbrain 
disease is manifest as slightly large, unreac-
tive pupils, while central midbrain dysfunction 
is associated with fi xed, irregular, midposition 
pupils. Pontine injury produces characteristic 
pinpoint pupils. A unilateral, fi xed, and dilated 
pupil results from third nerve dysfunction and 
may be a sign of herniation. Pupillary responses 
can also provide insight into possible toxic-meta-
bolic states. Opiates produce small reactive pupils 
that can become pinpoint pupils with severe 
intoxication. Large barbiturate doses can lead to 
unreactive pupils. Anticholinergics result in large, 
unreactive pupils. Anoxia can also result in fi xed 
dilated pupils, although this can reverse if cere-
bral oxygen supply is rapidly reestablished. 

Motor response may be assessed as part of the 
determination of the GCS, the Glasgow Liege score, 
and the FOUR score. The presence of purposeful 

motor movements is an important fi nding as it indi-
cates that the cortex is processing and integrating 
information. Such movements may include reach-
ing for the endotracheal tube or assuming “com-
fort” positions. Other abnormal movements may be 
involuntary (eg, seizure, myoclonus, and tremor). 
Refl ex movements indicate a loss of  descending 
hemispheric modulation. Abnormal motor 
responses provide a clue to the underlying cause 
of coma. For example, “metabolic coma” is often 
associated with tremor, asterixis, and myoclonus. 
Muscle tone is often decreased in metabolic coma. 
In contrast, conditions associated with increased 
motor tone (rigidity) are often not metabolic. For 
example, extension posturing (decerebrate rigidity) 
is characterized by extension of the lower extremi-
ties and adduction, extension, and pronation of the 
upper extremities. Decerebrate posturing is seen 
with injury to the caudal diencephalons, midbrain, 
or pons. This should be contrasted from abnormal 
fl exion (decorticate rigidity), which is seen with 
injury to the hemispheres or thalamus. Decorticate 
posturing is manifested as extension of the lower 
extremities and adduction and fl exion of the upper 
extremities. In general, patients with a decorticate 
response to pain have a better prognosis than those 
demonstrating a decerebrate response to pain. 

The fourth element of the Plum and Posner4 
assessment to coma is the respiratory response 
with four major patterns observed: Cheyne-Stokes, 
hyperventilation, ataxic, and apneustic  breathing. 
Cheyne-Stokes respiration is characterized by 
periodic breathing with hyperpnea alternating 
with apnea. Its presence can indicate bilateral 
hemispheric or diencephalon injury. It must be 
remembered that Cheyne-Stokes respiration may 
also be seen in heart failure and in some normal 
elderly patients during sleep. Hyperventilation 
is seen with injury to the pons or midbrain teg-
mentum. Apneustic breathing, a result of mid or 
caudal pons injury, is characterized by prolonged 
pauses at end-inspiration. Ataxic breathing, 
resulting from injury to the medulla, consists of a 
very irregular pattern with varying rate and tidal 
volume. 

Herniation Syndromes

Brain herniation is a life-threatening event that 
can lead to irreversible brain damage or death. 

Table 5. Brainstem Refl exes

Refl ex Technique Normal Response

Pupils Response to light Direct and consen-
sual constriction

Oculocephalic 
(doll’s eyes)

Turn head from 
side to side

Eyes move conju-
gately in oppo-
site direction

Oculovestibular 
(cold water 
calorics)

Irrigate external 
 auditory canal 
with cold water

Sustained deviation 
of eyes toward 
irrigated ear

Corneal Stimulate cornea Eyelid closure
Cough Stimulate cough Cough
Gag Stimulate soft 

palate
Symmetric 

elevation
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Measures to emergently reduce intracranial pres-
sure (ICP) are indicated. It must be remembered 
that brain tissue is highly inelastic. Therefore, 
in response to a mass lesion (tumor, blood, or 
edema) that increases ICP, brain tissue will shift to 
a different cranial compartment. When this shift 
results in compression of the reticular activating 
system coma will result. Three major herniation 
syndromes may occur. Central herniation occurs 
when brain tissue is forced toward the foramen 
magnum. This compresses the midbrain, leading 
to miosis and decerebrate posturing. The sixth 
cranial nerve is stretched, producing lateral gaze 
palsy. Finally, the medulla is compressed, leading 
to cardiovascular (hypertension and bradycardia) 
and respiratory (ataxic breathing) changes. Uncal 
herniation occurs when the medial temporal lobe 
is pushed across the tentorial edge affecting the 
lateral midbrain (“blown pupil” from compression 
of the third nerve and parasympathetics). The con-
tralateral cerebral peduncle can be compressed, 
resulting in hemiparesis. Finally, the medulla can 
be compressed. Cerebellar herniation causes com-
pression of the pons or medulla, resulting in ataxic 
breathing, bradycardia, and hypertension. 

Management of Coma

Acute coma represents a medical emer-
gency with resuscitation, diagnosis, and therapy 
all taking place rapidly and simultaneously.3 
Resuscitation takes the form of ensuring adequate 
airway, breathing, and circulation (ABCs) and, 
unless neck injury can be ruled out, cervical stabi-
lization must be performed. Indeed, as a general 
rule all comatose patients should be assumed to 
have cervical spine injury unless ruled out by a 
reliable observer or diagnostic testing. In general, 
patients with GCS � 8 should be intubated to pro-
tect the airway from aspiration and upper airway 
obstruction. If the patient is in a hard collar, nasal 
intubation (unless otherwise contraindicated) is 
preferred. If there is evidence of increased ICP, 
lidocaine or thiopental should be given for the 
intubation. Oxygen saturation must be main-
tained at � 90%. Hypotension must be corrected 
with a general target of a mean arterial pressure 
of � 70 mm Hg. 

Laboratory evaluation must include a full 
metabolic panel (electrolytes, glucose, thyroid, 

and hepatic function tests), complete blood count, 
toxic screen, and arterial blood gas. The general 
strategy should be to treat common and rapidly 
reversible processes including hypoglycemia, 
hypoxemia, and hypothermia. Thiamine should 
be given prior to glucose to decrease the risk of 
Wernicke encephalopathy. Appropriate antidotes 
(eg, naloxone, fl umazenil) should be given for 
suspected (or proven) intoxication and consider-
ation should be given to administering charcoal 
and performing gastric lavage (once the airway 
is protected). Antibiotics should be administered 
for suspected meningitis. Anticonvulsants should 
be given if seizures are present or suspected. 
Consideration should be given to hyperventila-
tion and mannitol if there is clinical evidence of 
increased ICP. Additional supportive or preven-
tive strategies should be considered (eg, deep 
venous thrombosis and gastrointestinal prophy-
laxis, vigilance for infection, early nutrition). 

Neurologic examination must rapidly assess 
for signs of existing or impending herniation. 
Focal fi ndings on neurologic examination sug-
gest stroke, CNS infection, tumor, intracranial 
hemorrhage, or increased ICP. Unfortunately the 
absence of focal fi ndings on neurologic exam does 
not rule out these entities. In acute coma, imme-
diate CNS imaging is indicated. CT scanning can 
demonstrate the presence of intracranial  bleeding, 
hydrocephalus, brain edema, herniation, malig-
nancy, or abscess. A negative fi nding on head 
CT suggests an alternative diagnosis including 
hypoxic-ischemic insult or toxic-metabolic coma. 
In the hyperacute phase of stroke, the CT can be 
unremarkable. When coma occurs during the 
course of ICU care, the head CT is unlikely to be 
abnormal unless the patient demonstrates a new 
neurologic defi cit or has a seizure.21 MRI may have 
a role when the cause of coma is unexplained and 
the CT is normal or equivocal.22 MRI of the brain 
can demonstrate acute ischemic stroke, cavernous 
venous sinus thrombosis, tumor, brain edema, 
infl ammation, abscess, and changes consistent 
with diffuse axonal injury. In sepsis and cardiac 
surgery, MRI can detect lesions not suspected from 
clinical examination or seen on CT. Lumbar punc-
ture should be performed whenever meningitis is 
suspected. EEG should be carried out if seizure is 
suspected. Indeed, nonconvulsive status epilepti-
cus may be present in up to 20% of ICU patients 
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with an unexplained alteration in consciousness 
and in 8% with coma.23,24

Prognosis of Coma

Coma is of great prognostic signifi cance in 
the setting of brain injury. Coma is an indepen-
dent predictor of increased mortality when pres-
ent in the setting of ischemic stroke, intracranial 
hemorrhage, traumatic brain injury, sepsis, and 
cardiac arrest. The etiology of coma is an impor-
tant determinant of prognosis. For example, coma 
adversely affects outcome in sepsis more than 
it does in trauma. At 1 year, patients with coma 
resulting from trauma are more likely to be alive 
and less likely to be in a persistent vegetative state 
compared with those with coma from hypoxic-
ischemic causes.5 

In general, clinical examination provides a 
more accurate predictor of outcome in coma when 
compared with other modalities such as imag-
ing, EEG, and biomarkers. Predictors tend to be 
less accurate in traumatic brain injury compared 
with other causes of coma. Factors associated 
with a poor prognosis (death or persistent vegeta-
tive state) include the duration of anoxia (� 8 to 
10 min), duration of cardiopulmonary resuscita-
tion (� 30 min), the length of time in coma, absent 
motor response (day 3), and signs of brainstem 
damage (absent pupillary response at day 1 or 3, 
absent corneal refl exes at day 1). The GCS score 
can be used to predict outcome, including both 
survival and neurologic function. For example, 
a day 3 GCS score � 5 is associated with poor 
prognosis in head trauma, nontraumatic coma, 
ischemic stroke, subarachnoid hemorrhage, intra-
cranial hemorrhage, meningitis, and in the gen-
eral ICU population. That said, the GCS does not 
appear to be as accurate as the individual motor 
and brainstem refl exes listed here. The GCS is 
subject to limitations: it is diffi cult to measure in 
intubated and sedated patients, it is insensitive to 
subtle alterations in wakefulness, and brainstem 
fi ndings are not detected. 

When coma occurs in cardiac arrest, 90% of 
patients who will awaken do so within the fi rst 
3 days. A metaanalysis examined 11 studies com-
prising nearly 2,000 patients with cardiac arrest.25 
Five clinical signs were found to be predictive 
of death or poor neurologic outcome: at 24 h, 

absent corneas, absent pupillary response, absent 
withdrawal response to pain, and absent motor 
response, and at 72 h, absent motor response. 
The analysis showed that immediately after the 
arrest there are no clinical fi ndings that accurately 
predict outcome. Furthermore, no clinical fi nd-
ings were strongly predictive of a good neurologic 
outcome. Two systematic reviews 26,27 found that 
two day 3 clinical criteria were highly specifi c 
for a poor outcome: absent or extensor motor 
response or absent pupillary or corneal refl exes.  
These reviews did note that metabolic derange-
ments and medications may impair the accuracy 
of prediction. An analysis of 596 nontraumatic 
coma patients in the SUPPORT trial showed that 
at 2 months 69% were dead, 19% were severely 
disabled, and just 7% survived without severe 
disability. The investigators identifi ed fi ve day 3 
factors associated with poor prognosis: age � 70 
years, abnormal brainstem response (pupils, cor-
neas), absent verbal response, absent withdrawal 
to pain, and creatinine � 1.5 mg/dL.28 When 
none of these factors were present, mortality at 2 
months was 20% but rose to � 90% when three or 
more factors were present.

Myoclonus affects the face, limbs, or axial 
skeleton and it may be incessant, myoclonus 
status epilepticus. Myoclonus has been associ-
ated with poor prognosis.29 On rare occasions 
patients may recover if the cause is respiratory 
failure. Treatment with valproate or clonazepam 
can decrease myoclonus. Nevertheless, there is 
no evidence that treating myoclonus improves 
outcome. 

Of the ancillary tests available, median nerve 
somatosensory evoked potentials (SSEPs; aver-
aged electric cortical responses to somatosen-
sory stimulation) are the most accurate. Bilateral 
absence of cortical responses at 24 to 72 h indi-
cates an extremely poor prognosis. For example, 
among adults with hypoxic-ischemic encepha-
lopathy there is a � 1% chance of awakening 
(eg, 99% die or have persistent vegetative state) 
if there is an absent response.30 SSEPs appear less 
accurate in trauma and in adolescents and chil-
dren. Unfortunately the presence of SSEPs does 
not guarantee a good prognosis; 50% with present 
SSEPs die without regaining consciousness. 

EEGs have been used to assess prognosis.3 In 
postanoxic coma, isoelectric or burst-suppression 
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patterns are associated with poor outcome. An 
alpha pattern is associated with mortality of 61 
to 90% in hypoxic-ischemic coma and traumatic 
brain injury but only 27% in metabolic coma. 
There are limitations to the use of EEG in this set-
ting, including alterations resulting from seda-
tive drugs, sensitivity to electrical environmental 
noise, and an inability to assess the brainstem. 
The real value of an EEG is to rule out seizures.

Neuroimaging has been used to assess prog-
nosis. In traumatic brain injury, CT diagnosis of 
brainstem lesions, encroachment of the basal 
cisterns, and diffuse axonal injury have been 
associated with poor prognosis. CT fi ndings in 
intracranial hemorrhage and subarachnoid hem-
orrhage may also have prognostic value. MRI has 
proved predictive of outcome in several settings 
including coma in ischemic stroke. Finding lesions 
in the corpus callosum and dorsolateral brainstem 
is associated with poor prognosis in patients with 
persistent vegetative state after traumatic brain 
injury. That said, MRI is a less accurate predictor 
of outcome than clinical fi ndings and SSEPs. 

Several biomarkers, measured in the blood 
or in the cerebrospinal fl uid, have been exam-
ined for prognostic signifi cance.12 For example, 
elevated levels of neuron-specifi c enolase, glial 
protein S100, and creatine phosphokinase isoen-
zyme BB isoform are associated with poor prog-
nosis. Although these are sensitive markers for 
detecting brain injury, a metaanalysis concluded 
they are less predictive of outcome than clinical 
fi ndings and SSEPs.31 A subsequent prospective 
study32 found that an elevated neuron-specifi c 
enolase performed comparably to bilaterally 
absent SSEPs in predicting poor outcome.

Delirium

Delirium is an acute condition characterized 
by impaired attention, disorganized thinking, a 
changing level of consciousness, and a fl uctuating 
course. This condition is sometimes referred to as 
ICU psychosis, ICU syndrome, acute confusional 
state, septic encephalopathy, and acute brain fail-
ure. In may go unrecognized in up to 84% of ICU 
patients. Delirium occurs in 30% of patients on 
general medical wards and 10 to 60% of surgi-
cal patients (especially hip and cardiac surgery). 
It is present in 50 to 90% of ICU patients. Two 

 psychomotor types have been recognized, hyper-
active and hypoactive.33,34 Hyperactive delirium is 
characterized by a patient who is restless, agitated, 
combative, with emotional lability and pulling at 
catheters. Hypoactive delirium in characterized by 
a patient who demonstrates, lethargy, fl at affect, 
apathy, and decreased responsiveness. Hypoactive 
and mixed hypo- and hyperactive delirium are 
much more common than isolated hyperactive 
delirium In surgical and trauma patients, the over-
whelming majority of cases are hypoactive, with a 
minority having mixed or pure hyperactive delir-
ium. In medical ICU patients, hypoactive delirium 
is most common in patients � 65 years and a mixed 
pattern is more common in those � 65. 

Delirium results from many of the same sys-
temic and metabolic processes and medications that 
can lead to coma. It can also result from focal brain 
injury including cerebrovascular accidents affecting 
the frontal lobe, right parietal lobe, and the basal gan-
glia. A common underlying mechanism is an imbal-
ance in neurotransmitters than modulate behavior, 
mood, and cognition.35  These include activation of 
glutamate and dopamine, excess cortisol and cyto-
kines, both activation and defi ciency of γ-aminobu-
tyric acid, serotonin, and cholinergic activity.

A number of risk factors for delirium have 
been identifi ed (Table 6). These include host fac-
tors, acute illness, and iatrogenic or environmen-
tal factors. Sepsis has repeatedly been identifi ed 
as a major risk factor with delirium, developing 
in 21 to 73% of patients. Delirium in sepsis is asso-
ciated with increased mortality compared to sep-
sis without delirium. If obtained, the EEG shows 
diffuse slowing, while neuroimaging and lumbar 
puncture results are normal.

A number of delirium scoring systems have 
been developed. The confusion assessment 
method (CAM) has been adapted for use in the 
ICU (CAM-ICU) by substituting the minimental 
status examination with the attention screening 
examination (ASE).36 The ASE is performed by 
showing the patient 5 pictures and then asking the 
patient to recall these (eg, nod yes/no) among 10 
subsequent pictures (including the fi ve previously 
shown). Visually impaired patients are asked to 
squeeze the tester’s hand when the letter “A” is 
heard. Delirium is present when there is acute 
onset of mental status change or a fl uctuating 
course, inattention on the ASE, and either altered 
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level of consciousness (Richmond agitation-seda-
tion score not equal to zero) or disorganized 
thinking (assessed by four yes or no questions 
and the ability to follow simple commands).The 
CAM-ICU has � 90% sensitivity and specifi city. 
The ICU Delirium Screening Checklist consists 
of eight items, with one point given for each and 
four or more points indicating the presence of 
delirium. The checklist is more sensitive (99%) 
than the CAM-ICU but much less specifi c (64%).37 
A third scoring system, the Delirium Detection 
Score, is composed of eight criteria including 
orientation, hallucination, agitation, anxiety, sei-
zures, tremor, paroxysmal sweating, and altered 
sleep-wake rhythm.38  

Delirium adversely affects prognosis. It is asso-
ciated with prolonged duration of mechanical ven-
tilation, increased risk for reintubation, increased 
length of stay in the ICU and in the hospital, and 
higher costs of care. It is associated with a three-
fold increased mortality at 6 months. The risks 
associated with delirium are cumulative: each day 
with delirium is associated with a 20% increased 
risk for prolonged hospital stay and 10% increased 
risk of death. One-third of ventilated patients 

with  delirium have prolonged cognitive impair-
ment.13,39-42 It remains unproven whether delirium 
is a marker or the cause of poor outcome.

The management of delirium can be divided 
into three components: prevention, identifi cation of 
precipitating factors, and pharmacologic therapy. 
In non-ICU settings, prevention results in a 40% 
reduction in the incidence of delirium. Delirium-
prevention efforts are aimed at reorientation, 
reducing noise, normalizing sleep patterns, physi-
cal therapy and mobilization, removing catheters 
and restraints, and improving interaction with the 
environment by providing (if necessary) glasses 
and hearing aids. Whether these approaches work 
in ICU patients remains to be proven. Precipitating 
factors can be categorized as physiologic, meta-
bolic, pharmacologic, and environmental (Table 6). 

There has been resurgent interest in the phar-
macologic treatment (and prevention) of delirium. 
Indications for treatment include concerns for 
patient safety in the setting of hyperactive delir-
ium, persistence of delirium despite elimination 
of precipitants, and when precipitating factors 
are unknown or cannot be rapidly corrected. In 
a retrospective study43 of mechanically ventilated 
patients, haloperidol, a drug often used for hyper-
active delirium, was associated with decreased 
mortality, although the mechanism remains spec-
ulative. In a randomized controlled trial44 com-
paring haloperidol with olanzapine, both agents 
were found to be safe, with comparable treatment 
effect when assessed using the ICU Delirium 
Checklist. Benzodiazepines may prevent delirium 
when used in alcohol or sedative withdrawal. In 
contrast, they may exacerbate other types of delir-
ium. A Cochrane analysis45 found there were no 
adequate randomized controlled trials to support 
the use of benzodiazepines to treat nonalcohol 
withdrawal-related delirium. A randomized con-
trolled trial46 comparing lorazepam with dexme-
detomidine in mechanically ventilated patients 
found the latter to be associated with an increase 
in days alive without delirium or coma. A sub-
sequent randomized trial compared midazolam 
with dexmetedomidine, in ventilated medical and 
surgical patients, titrated to achieve light sedation 
from enrollment until  extubation or a total of 30 
days. Dexmetedomidine was  associated with a 
lower incidence of delirium (54%) compared with 
midazolam (77%).47

Table 6. Risk Factors for Delirium*

Host factors
Age
Baseline cognitive function
Poor Functional status
Visual or hearing impairment
Poor nutritional status
Low education level
Substance or alcohol abuse
Chronic comorbid conditions

Acute illness
Sepsis
Shock 
High severity of illness (eg, APACHE II, SAPS)
Respiratory failure, hypoxemia
Fever
Hypothermia
Electrolyte abnormalities
Metabolic abnormalities

Iatrogenic/environmental
Sleep deprivation
Catheters
Restraints
Mechanical ventilation
Medications (anticholinergics, sedatives, narcotics)

*APACHE II � Acute Physiology and Chronic Health Evalu-
ation II; SAPS � Simplifi ed Acute Physiology Score
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Objectives:

• Discuss the presentation, causes, diagnosis, and treatment 
of acute abdomen in the critically ill patient

• Discuss the presentation, diagnosis, and treatment of acute 
pancreatitis in the ICU setting

• Discuss the presentation, diagnosis, and treatment of biliary 
tract diseases, specifi cally acute cholecystitis and cholangitis, 
in the ICU patient

Key words: abdominal pain; bowel obstruction; cholangitis; 
ileus; pancreatitis

The Acute Abdomen

The development of acute abdomen can result in 
a patient entering the ICU. Alternatively, acute 
abdominal pain can develop in a patient who is 
in the ICU for another reason. Both of these situ-
ations can present a diagnostic dilemma. In par-
ticular, patients who are already critically ill may 
not be able to manifest typical physical fi ndings 
of peritonitis. This chapter will focus on the pre-
sentation, diagnosis, and management of patients 
with acute abdominal problems coincident with 
or resulting in ICU care.

Pain

In 1986, Zoltie and Cust described a group 
of inpatients with acute abdominal pain treated 
with a semisynthetic opiate or placebo to deter-
mine whether analgesia could alleviate discom-
fort without reducing diagnostic accuracy. Before 
the publication of this article, clinicians followed 
the surgical dictum in the classic monograph of 
Sir Zachary Cope on acute abdominal pain: avoid 
early analgesic administration in patients present-
ing with severe, acute undifferentiated abdominal 
pain because it would impair diagnostic accu-
racy. Despite moderation of this position over 

the  subsequent 10 to 20 years, the  surgical and 
emergency medicine literature refl ect  widespread 
reluctance to administer analgesia for patients pre-
senting with undiagnosed acute abdominal pain.

As this issue has moved largely to the emer-
gency medicine literature, multiple studies have 
demonstrated that diagnostic accuracy and out-
come are not affected by administration of anal-
gesia. Nonetheless, contemporary publications 
indicate the continued reluctance of many sur-
geons to accept analgesia administration during 
evaluation of acute abdominal pain.

Despite methodologic limitations, all published 
clinical studies indicate that early administration of 
analgesia does not appear to impair clinical diag-
nostic accuracy in patients with acute undifferenti-
ated abdominal pain. Studies have appeared in the 
emergency medicine, surgical, and pediatric litera-
ture. More recent editions of Cope’s monograph on 
abdominal pain changes initial recommendations 
concerning withholding analgesia in these patients: 
Silen, the current author of Cope’s monograph, 
condemns withholding analgesia for patients who 
are in pain and suffering. Recent work in the surgi-
cal literature supports early provision of analgesia 
to patients with undifferentiated abdominal pain.

The available literature has focused primarily 
on evaluation of acute undifferentiated abdomi-
nal pain in the uncompromised adult capable of 
participating in a clinical trial. The role of anal-
gesia in infants, children �5 years old, and vul-
nerable adults, in whom a comparable pattern 
of more sophisticated interaction is not possible, 
continues to be controversial.

Presentation

Patients with acute abdominal pain present 
with sudden or gradual onset of discomfort. Sud-
den abdominal pain may develop as a consequence 
of rupture of a hollow viscus, acute bleeding into 
the abdomen as with aortic or  visceral artery 
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 aneurysm, or progressive expansion of a structure 
in the abdomen. Gradual or nonspecifi c abdomi-
nal pain may begin with an infl ammatory process 
such as appendicitis or diverticulitis. Associated 
symptoms of fever, tachycardia, tachypnea, nau-
sea, and vomiting may be associated with any of 
these processes. However, the critical care patient 
may not manifest these changes. I have frequently 
received surgical consultation for patients with 
abdominal pain culminating in respiratory failure 
and admission to the pulmonary service. Thus, 
acute abdominal conditions may frequently be 
refl ected by remote organ dysfunction.

Peritonitis is caused by irritation of the lining of 
the abdominal cavity. The peritoneum has visceral 
and parietal surfaces. Pain is said to be better local-
ized when a portion of the parietal rather than vis-
ceral peritoneum is involved in the intra-abdominal 
process. Thus, the classic presentation of appen-
dicitis is periumbilical abdominal pain (visceral 
localization of the mid-gut), which progresses to 
right lower quadrant discomfort (parietal innerva-
tion, which is more localized). Generalized perito-
nitis is caused by irritation of the entire abdominal 
lining. Localized peritonitis refl ects focal irritation 
of the peritoneum. Generalized peritonitis is more 
likely to result in a surgical emergency.

Patients with generalized peritonitis may lie 
quietly on the bed, as motion leads to peritoneal irri-
tation and pain. A second type of patient is writhing 
in discomfort with nonspecifi c visceral but not pari-
etal peritoneal irritation. These patients are classi-
cally described as having pain out of proportion to 
examination. Patients with an acute abdomen may 
have rapid shallow breathing, as diaphragmatic 
excursion is associated with pain. Thus, respiratory 
dysfunction may be a prominent presenting symp-
tom if the location and the severity of the inciting 
process are not apparent. Physical fi ndings of peri-
tonitis include hypoactive or absent bowel sounds, 
rebound tenderness, and percussion tenderness.

Diagnostic Approach to the Patient With Acute 
Abdominal Pain

If the physical fi ndings of an acute abdomen 
(diffuse peritonitis) are elicited, little other diag-
nostic testing is necessary. Routine laboratory 
tests are sent with an upright chest radiograph to 
enhance preoperative preparation and as a rapid 

screen to determine if there is free air in the abdo-
men. In some cases, additional plain radiographs 
including supine and upright abdominal fi lms as 
well as lateral decubitus views are also obtained 
as part of a routine abdominal pain workup.

A CT scan is often obtained prior to or with a 
surgical consult. However, with the clinical diag-
nosis of generalized peritonitis, operative therapy 
is generally required and is delayed for additional 
imaging only with the consent of the surgeon. 
Patients with signifi cant comorbidities may be 
candidates for further imaging, as the morbidity 
associated with negative laparotomy is signifi cant. 
If the patient is otherwise stable, a CT scan may be 
obtained to corroborate a clinical diagnosis. A non-
diagnostic CT scan in a patient with generalized 
peritonitis, however, should not deter operation.

Before operation in a patient with generalized 
peritonitis, a Foley catheter is placed and abnor-
malities of electrolytes, blood counts, and coagula-
tion factors are corrected. Critical care admission 
may be required in those patients with comorbid 
conditions that require monitoring or additional 
treatment and those individuals whose volume 
status is inadequate to immediately tolerate the 
vasodilating effects of anesthetics and blood loss 
associated with anticipated surgery. Aggressive 
volume resuscitation is frequently required, and 
the arterial blood gas with base defi cit can be 
useful in determining adequacy of resuscitation. 
However, in patients who are bleeding into the 
abdomen (the patient with a visceral artery lacera-
tion), adequate resuscitation cannot be attempted 
prior to achieving control of bleeding; in fact, 
these patients are better treated without aggres-
sive fl uid administration prior to surgery. General 
principles of surgical intervention are to control 
perforation of the GI tract and the leakage of suc-
cus, manage bleeding, drain purulence, resect 
bowel, and divert the fecal stream if necessary to 
permit treatment of an area of enteric leakage.

GI Conditions Resulting in Acute 
Abdominal Pain

Postoperative Ileus (Stomach, 
Small Bowel, Colon)

Ileus has been defi ned as the functional inhi-
bition of propulsive bowel activity irrespective 
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of pathogenic mechanisms. Postoperative ileus 
resolves spontaneously within 2 to 3 days, while 
paralytic postoperative ileus is defi ned as that 
form of ileus lasting � 3 days after surgery. In post-
operative ileus, inhibition of small-bowel  motility 
is transient and the stomach recovers within 24 
to 48 h, whereas colonic function takes 48 to 72 h 
to return. Determination of the end of postop-
erative ileus is controversial. Bowel sounds are 
sometimes used as an end point, but they require 
frequent auscultation, and their presence does not 
indicate propulsive activity. Bowel sounds may be 
the result of small-bowel activity and not colonic 
function. Flatus also is not an ideal end point, as 
careful reporting is required, and there is some 
question as to the correlation between fl atus and 
bowel movements. Bowel movements are a reli-
able end point, but may be too nonspecifi c or rep-
resentative of distal bowel evacuation as opposed 
to global function.

A variety of factors contribute to postop-
erative ileus. In the stomach and small intestine, 
normal basal electrical activity is impaired after 
surgical procedures. The colonic electrical activity 
is also affected and is the last to return to normal 
(approximately 72 h after surgery). Sympathetic 
nervous system input, which is increased during 
the postoperative period, is an inhibitory factor 
for bowel activity. Neurotransmitters including 
nitric oxide, calcitonin gene-related peptide, and 
corticotropin-releasing factor may play a role. 
Finally, manipulation of the bowel and infl amma-
tion contribute to delayed return of postoperative 
bowel function.

Management of postoperative ileus begins 
with the choice of anesthetic. Anesthetic agents 
exert their strongest effects on regions of the 
bowel depending on neural integration. The large 
intestine is devoid of intercellular gap junctions, 
which makes the colon most susceptible to inhibi-
tory actions of anesthetics. In theory, epidural 
anesthetics, which utilize local anesthesia, can 
block afferent and efferent inhibitory refl exes, 
increase splanchnic blood fl ow, and have antiin-
fl ammatory effects. Epidural anesthetics have the 
added benefi t of blocking the afferent stimuli that 
trigger the endocrine metabolic response to sur-
gery and thus inhibit catabolic hormones released 
during this process. Thoracic epidurals with local 
anesthetics signifi cantly reduce ileus, as opposed 

to systemic opioid therapy in patients undergoing 
abdominal surgical procedures. Other traditional 
therapies such as early postoperative feeding and 
the nasogastric tube are not supported by a consis-
tent body of literature. In fact, inappropriate use 
of nasogastric tubes may contribute to postopera-
tive complications such as fever, pneumonia, and 
atelectasis.

A number of additional drug strategies have 
been evaluated to improve outcomes with post-
operative ileus. The most widely used are nonste-
roidal antiinfl ammatory drugs, which can reduce 
the amount of opioid administered by 20 to 30%. 
An additional benefi t in bowel motility may be 
derived from antiinfl ammatory properties of these 
agents. In both clinical and experimental studies, 
nonsteroidal antiinfl ammatory drugs resulted in 
decreasing nausea and vomiting and improved 
GI transit. Other stimulants including laxatives, 
prostaglandins, sympathetic inhibitors (edropho-
nium chloride) neostigmine, metaclopramide, and 
erythromycin have also been evaluated in small 
numbers of studies. Finally, hormone antagonists 
including cisapride (seratonin antagonist), cerula-
tide (cholecystokinin antagonist), and octreotide 
have been evaluated without consensus regard-
ing their use.

The best treatment currently available is a 
multimodal regimen. Included in contemporary 
reports are utilization of epidural analgesia, early 
oral nutrition and mobilization, cisapride, and lax-
ative stimulation. Perhaps it is best to recommend 
an approach that decreases factors contributing to 
postoperative ileus. Thus, limitation of narcotic 
administration and increased use of nonsteroidal 
antiinfl ammatory drugs with thoracic epidural 
catheter placement using local anesthetics should 
be employed. Nasogastric decompression is used 
selectively, and correction of electrolyte imbal-
ances is also important.

Stomach

Early understanding of gastric physiology 
led to logical and time-tested surgical procedures 
aimed at acid reduction and lowering of ulcer 
recurrence rates. A shift in treatment occurred 
with the recognition and knowledge of Helico-
bacter pylori. Whereas surgery once dominated 
therapy for ulcer diathesis, medical therapy has 
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now superseded. Despite a shrinking role for the 
surgeon in the management of this problem, sev-
eral comments can be made.

Classic indications for surgery—perforation, 
bleeding, and gastric outlet obstruction—remain 
important. However, recent innovations in ther-
apy have changed the natural history of ulcer 
disease. Acute perforations of the duodenum are 
estimated to occur in 2 to 10% of patients with 
ulcers. At present, simple patch closure is rec-
ommended for this patient population, and the 
importance of H pylori as a pathogen and thera-
peutic target has been emphasized. In addition 
to H pylori as a source of gastroduodenal perfora-
tion, cocaine ingestion has recently been reported 
by the Emory group. Feliciano and coworkers 
reported 50 patients with cocaine-related perfora-
tions in their series, representing approximately 
40% of patients with juxtapyloric gastroduodenal 
perforations in an inner-city hospital. Omental 
patch closure again was most often used. More 
extensive ulcer surgery should be reserved for 
patients with an ongoing history of gastroduo-
denal ulceration or due to compliance issues. 
If H pylori is effectively treated, a simple patch 
approach should be adequate.

The incidence of gastroduodenal bleeding 
secondary to peptic ulcer disease and hospital 
admission for this complication have not changed 
in recent decades. Despite improvements in 
nonsurgical modalities such as proton-pump 
inhibitors and therapeutic endoscopy, operation 
for bleeding peptic ulcer disease has remained 
constant; such operations are performed on 10 
to 20% of all patients hospitalized for upper-
GI tract hemorrhage. Bleeding is more common 
as age increases. Mortality rates following ulcer 
bleeding have remained at approximately 10%. 
In general, when surgery is required, this occurs 
within 48 h of initial presentation with bleeding. 
The role of serial endoscopic procedures in reduc-
ing the need for emergency surgery continues 
to be discussed. At issue are delays to defi nitive 
therapy with increasing complication rates, as 
opposed to the reduced morbidity of early acid 
control operations. Factors associated with failure 
of repeat endoscopy for control of bleeding pep-
tic ulcer disease include hypotension prior to the 
second endoscopic procedure or an ulcer known 
to be �2 cm in size. Of interest is a reported lower 

 incidence of H pylori infection in those patients 
with signifi cant upper-GI tract bleeding second-
ary to peptic ulcer disease than in those individu-
als with uncomplicated ulcers or minor degrees 
of hemorrhage. At this time, no role for empiric 
treatment of H pylori in this bleeding cohort is 
believed to be present. Thus, surgical procedures 
for bleeding should be more aggressive due to the 
lower incidence of H pylori infection. A minimal 
surgical approach would therefore leave up to 
50% of the population presenting with bleeding 
at risk for further hemorrhage.

Benign gastric outlet obstruction second-
ary to peptic ulcer disease represents 5 to 8% of 
ulcer-related complications. Approximately 2,000 
patients per year in the United States are operated 
on for this problem. Pyloric channel stenosis leads 
to stasis raising the gastric pH and  resulting in 
gastrin release with excess acid production. Both 
surgical and nonsurgical approaches are available. 
Endoscopic pneumatic dilatation has been avail-
able since 1982 and continues to be used, often as 
primary therapy. Long-term data, however, are 
limited. Unfortunately, it is also unclear whether 
H pylori infection is prominent in this patient 
 population. Case reports suggest resolution of 
symptomatic and endoscopic outlet obstruction 
with medical treatment directed at H pylori infec-
tion without concurrent pyloric manipulation. 
Large series as yet have not confi rmed this mode 
of therapy. Surgical options include highly selec-
tive vagotomy with some form of pyloroplasty, 
truncal vagotomy with gastroenterostomy, or 
truncal vagotomy with resection of the gastric 
antrum. Good results have been reported for all 
of these procedures.

Small-Bowel Obstruction

Obstruction of the small bowel due to adhe-
sive bands is a common problem presenting in the 
ICU in the setting of deranged GI or remote organ 
physiology. Adhesions will not develop overnight 
in patients with this problem. Rather, obstruction 
is a manifestation of a mismatch between the char-
acter and volume of succus for passage and the 
capability of the bowel. Both factors, succus and 
bowel performance, can be affected by critical ill-
ness, which in my opinion contributes to frequent 
consults for bowel obstruction in the ICU.
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Adhesive obstruction is a frequent complica-
tion of abdominal surgery. While the likelihood 
of surgical intervention in adhesive small-bowel 
obstruction increases with the number of epi-
sodes, the majority of patients presenting for 
operative management have undergone only 
one abdominal procedure. While surgeons fre-
quently prefer, due to technical concerns, to man-
age bowel obstruction nonoperatively, at least 
one large study suggests that the risk of recur-
rence is signifi cantly lower when the last bowel 
obstruction episode was treated surgically rather 
than without operation. Perhaps the greatest 
concern is bowel loss due to strangulation and 
destruction of blood supply. A large series of 
operative procedures places the rate of strangu-
lation in bowel obstruction from 20 to 30%, with 
bowel resection required in 20% of cases. Sur-
geons are frequently concerned about creating 
bowel injury. Accidental enterostomy requiring 
repair occurs in approximately 5% of operations. 
The requirements for creation of colostomy or 
enterostomy are 0.2% and 0.8%, respectively. In 
patients receiving operative therapy for small-
bowel obstruction, the initial episode requiring 
surgery occurred within 1 year of the last abdom-
inal operation in 40% of patients and from 1 to 
5 years after the last abdominal operation in 25% 
of patients.

It is important to note that abdominal pain 
presentation varies in adhesive small-bowel 
obstruction. Forty percent of patients reported 
pain greater than normal in a large survey. This 
group of patients described pain as moderate to 
fairly strong. Patients with bowel obstruction fre-
quently report a history of abdominal pain, which 
can extend back months prior to the crisis precipi-
tating ICU admission.

Malignant Bowel Obstruction

There are many primary cancers known to 
cause malignant bowel obstruction. Knowledge 
of primary disease and individual patient history 
are important because treatment can be affected. 
Bowel obstruction occurs in 5 to 43% of patients 
with a diagnosis of advanced malignancy or meta-
static intraabdominal malignancy. The most com-
mon causes are ovarian (5 to 50%) and colorectal (10 
to 28%) cancers; nonabdominal cancers  including 

lung, breast, and melanoma  occasionally lead to 
obstruction. Long-term survival for these indi-
viduals is poor. Lower-grade tumors can have a 
better outlook, warranting consideration of more 
invasive treatment approaches.

A “gold standard” for diagnosing bowel 
obstruction, both benign and malignant, is 
emerging with the use of CT. The American 
College of Radiology endorses CT as highly 
appropriate in the evaluation of bowel obstruc-
tion. Studies have demonstrated CT to be highly 
sensitive in identifying small-bowel obstruction 
with specifi city �90%. Additionally, the great-
est use of CT can be in identifying the cause of 
obstruction including metastases. CT can distin-
guish among pathologic processes resulting in 
bowel obstruction including tumor involvement 
of bowel wall, mesentery, mesenteric vessels, 
and peritoneum. Small- or large-bowel contrast 
studies can be used when patterns of motility 
are unclear or the CT suggests multiple potential 
levels of obstruction.

Malignant bowel obstructions are usually 
partial and rarely urgent situations. The rarity 
of intestinal gangrene in malignant obstruction 
gives all parties involved some breathing room 
for making diffi cult management decisions. It is 
important to note that operative mortality in this 
setting is frequent (5 to 32%), most often related to 
progression of neoplasm. Morbidity is also com-
mon (42%), and reobstruction after operation can 
be as high as 10 to 50%. Prognostic criteria that 
have been identifi ed in patients less likely to ben-
efi t from surgery include the presence of ascites, 
carcinomatosis, palpable intraabdominal masses, 
multiple sites of obstruction, and advanced dis-
ease with poor overall clinical status.

Treatment options for malignant bowel obst-
ruction include simple lysis of adhesions or 
bowel resection. However, in this setting, resec-
tion might not allow restoration of bowel con-
tinuity. Operation may leave the patient with 
 multiple stomas. Intestinal bypass is also an 
option. Nonsurgical management of these patients 
frequently includes the use of opioids, which 
produce an ileus pattern and may alleviate pain 
and/or octreotide for  control of intestinal secre-
tions. The  nasogastric tube should be considered 
only as a proximal means of temporary decom-
pression. Percutaneous gastrostomy can provide 
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signifi cant relief as a vent in proximal small-bowel 
obstruction.

Short-Bowel Syndrome

Short-bowel syndrome is a potential postop-
erative complication after intraabdominal pro-
cedures. One fourth of patients presenting at 
tertiary centers with short-bowel syndrome expe-
rience this complication from previous abdominal 
surgery. Gynecologic and colon procedures are 
most frequently associated with short-bowel syn-
drome. As a rough rule of thumb, 100 cm of small 
bowel is required for adequate enteral nutrition. 
Even if intestinal length greater than this is avail-
able, adequate tolerance of enteral feeding may 
come slowly and combinations of parenteral and 
enteral nutrition may be required for extended 
periods of time.

Colon Obstruction

Colonic obstruction has three major etiolo-
gies: malignancy, diverticular disease, and tor-
sion or volvulus. In each case, surgical resection 
is appropriate but resuscitation prior to opera-
tive intervention is essential. CT scanning can be 
invaluable in determining the site and character-
istics of the obstructing lesion. CT is the key study 
for working through the differential diagnosis of 
large-bowel obstruction. Newly diagnosed malig-
nancy is generally resected with either primary 
anastomosis or more commonly end-proximal 
colostomy or ileostomy, as adequate bowel prepa-
ration may not be possible.

Endoscopic stent placement has success-
fully relieved obstruction in a high percentage of 
patients with lower colorectal lesions (64 to 100%). 
This approach may be considered if necessary 
equipment and expertise are available. Typically, 
endoscopy is utilized in the high-risk patient with 
signifi cant comorbidities. Risks of stent place-
ment for colorectal disease include perforation (0 
to 15%), stent migration requiring replacement (0 
to 40%), or reocclusion (0 to 33%). Stents can fre-
quently lead to adequate palliation for extended 
periods of time. Diverticular disease causing 
obstruction is typically treated with resection and 
reconstruction or proximal colostomy and later 
restoration of GI continuity.

Diverticulitis

A growing body of data suggests that early 
management of acute diverticulitis can be non-
operative. A recent large population study with 
acute diverticulitis noted a relatively low risk of 
recurrent diverticulitis after initial nonoperative 
management. The overall recurrence rate was 
approximately 13%, and the annual recurrence 
rate was 2% per year. These data argue against 
routine elective colectomy after an initial episode 
of acute diverticulitis. A higher rate of recurrent 
diverticulitis is found in patients �50 years old. 
Patients with organ system dysfunction or requir-
ing drainage procedures are often better served 
by resection and elective reconstruction of the GI 
tract.

Notably, a large recent trial found no associa-
tion between higher recurrence rates for diver-
ticulitis and percutaneous drainage procedures. 
This challenges conventional teaching including 
the standards of the American Society of Colon 
and Rectal Surgeons. The traditional view pre-
sumes that patients with a drainable percutaneous 
abscess (ie, complicated diverticulitis) have worse 
disease. The fi ndings in a large trial conducted 
in the Kaiser System suggest that patients who 
have undergone successful percutaneous drain-
age during initial hospitalization do not require 
subsequent elective colectomy. For the intensiv-
ist, therefore, aggressive and immediate surgical 
intervention should not be the expectation or the 
norm in patients presenting with diverticulitis 
even if a drainage procedure is required.

Colitis

Colitis can be broken down into ischemic 
and infectious etiologies. Causes of ischemic coli-
tis are many, but the ultimate result is intestinal 
shock or end-organ hypoperfusion. Cardiac fail-
ure, systemic shock states, drugs, and underlying 
mesenteric vascular disease contribute to colonic 
ischemia. Initial management of ischemic coli-
tis is nonoperative. Patients are resuscitated and 
placed on broad-spectrum antibiotics. This strat-
egy is continued even if pneumatosis is identifi ed 
with small amounts of free air. Where patients go 
on to multiorgan system dysfunction, emergent 
colectomy is appropriate. Patients who improve 
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may resume enteral intake, discontinue antibiot-
ics, and should receive endoscopy �6 weeks after 
the ischemic insult.

Patients with megarectum or megacolon can 
frequently present with primary or secondary 
colon toxicity associated with other organ dys-
function. In some cases, resection of the involved 
colon is the optimal approach. In patients with 
megacolon and a nondilated functional rectum, 
subtotal colectomy with ileorectal anastomosis is 
the procedure of choice, as a segmental colon resec-
tion results in a higher incidence of postoperative 
dysmotility. There is a defi nite mortality with this 
procedure and 20% morbidity, and further surgi-
cal intervention is commonly secondary to bowel 
obstruction. Patients with dilatation involving 
the entire colon and rectum may require removal 
of the entire affected large bowel and creation of 
an ileal pouch. Success rates in limited studies 
appear to be 70 to 80%, although this procedure is 
complex and may require a series of procedures in 
patients with multiorgan dysfunction. A coloanal 
anastomosis may be recommended in patients 
with distal large intestine dilatation or dysmotility. 
While patients with megabowel require complex 
surgical management, acute surgical intervention 
should be reserved for patients with intractable 
symptoms or acute organ dysfunction. Ideally, 
patients should be supported through acute ill-
ness and undergo multidisciplinary evaluation 
including clinical, psychological, and physiologic 
assessments.

Approximately 3% of healthy adults and 20 
to 40% of hospitalized patients have Clostridium 
diffi cile colonization, which in healthy persons is 
inactive in the spore form. Reduction of compet-
ing fl ora with antibiotic use promotes conversion 
to vegetative forms that replicate and produce 
toxins. The characteristic clinical expression is 
watery diarrhea and cramps, with the pathologic 
fi nding of pseudomembranous colitis. Recently, C 
diffi cile with greater virulence has been reported 
in multi-institutional studies. Identifi ed risk fac-
tors include fl uoroquinolone use and age �65 
years. These recent reports document the pres-
ence of more virulent strains of C diffi cile causing 
epidemic disease associated with more frequent 
and more severe presentation as indicated by 
higher rates of toxic megacolon, leukemoid reac-
tion, shock, requirement of colectomy, and death.

In most cases, management of infectious coli-
tis begins with identifi cation of the offending 
 organism and appropriate infection control proce-
dures. Implicated antimicrobials must be stopped 
and administration of oral metronidazole or van-
comycin initiated. C diffi cile is the most promi-
nent organism associated with toxic colitis, but 
toxic colitis can also be seen in the absence of this 
organism. Again, fl uid resuscitation and antibi-
otic management are initial steps in care of these 
patients, but colectomy must be considered for 
the patient with progressive organ dysfunction or 
hemodynamic instability.

Appendix

More than 250,000 appendectomies are per-
formed in the United States each year, making 
appendectomy the most common abdominal 
operation performed on an emergency basis. 
While the diagnosis of appendicitis in young men 
with abdominal pain is usually straightforward, 
diagnostic considerations are far broader for pre-
menopausal women and patients at the extremes 
of age. The latter group, which may be in the ICU, 
presents a diagnostic challenge because of delays 
in seeking medical care or diffi culty in obtaining a 
history and performing accurate physical exami-
nation. As delayed diagnosis and treatment of 
appendicitis are associated with an increased rate 
of perforation with resulting increase in morbid-
ity and mortality, timely intervention is crucial.

If laparotomy is performed on the basis of 
physical examination, the appendix is normal in 
approximately 20% of patients. When advanced 
age or female gender confounds the usual signs or 
symptoms of appendicitis, the error rate in manag-
ing pain in the right lower quadrant can approach 
40%. To improve diagnostic accuracy, imaging 
is seeing increasing use. Nonetheless, physical 
examination and history remain the diagnostic 
cornerstone for evaluating the patient with right 
lower quadrant pain. No single aspect of clinical 
presentation predicts the presence of disease, but 
a combination of signs and symptoms support 
the diagnosis of appendicitis. Three signs and 
symptoms most predictive of acute appendicitis 
are right lower quadrant pain, abdominal rigid-
ity, and migration of discomfort from the umbili-
cal region to the right lower quadrant.
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As plain radiographs and laboratory tests 
are marked by low sensitivity and specifi city for 
the diagnosis of appendicitis, CT has become 
the cornerstone of diagnostic modalities. With 
improvements in CT, the entire abdomen can be 
scanned at high resolution in thin slices during 
a single period of breath holding. Such scanning 
virtually eliminates motion and misregistration 
artifacts and routinely results in high- quality, 
high-resolution images of the appendix and 
periappendiceal tissue. For patients with sus-
pected appendicitis, spiral CT has sensitivity of 
90 to 97%, with accuracy of 94 to 100%. CT also 
provides an opportunity to diagnose alternative 
disorders should the appendix be normal. The 
differential diagnosis of appendicitis is broad 
and includes colitis, diverticulitis, small-bowel 
obstruction, infl ammatory bowel disease and 
ovarian cysts, cholecystitis, pancreatitis, and ure-
teral obstruction.

Treatment of appendicitis routinely involves 
right lower quadrant investigation through a 
transabdominal or laparoscopic approach. The 
patient with perforated appendicitis can be man-
aged with antibiotics followed by interval appen-
dectomy, although follow-up data suggest that 
antibiotic treatment may reduce the need for later 
removal of the appendix. In patients who are criti-
cally ill, with consultation by the surgeon, appen-
dicitis can be managed with antibiotics when the 
operative risk is prohibitive. Late management of 
such patients is unclear, as clinical series follow-
ing such individuals are small and infrequent.

Acute Pancreatitis

Acute pancreatitis frequently has rapid-onset 
manifest by upper abdominal pain, vomiting, 
fever, tachycardia, leukocytosis, and elevated 
serum levels of pancreatic enzymes. Common 
causes in the United States are gallstones and 
alcohol use. The two common severity-of-illness 
classifi cations for acute pancreatitis are the time-
honored Ranson score and the more commonly 
used ICU scale, APACHE (acute physiology and 
chronic health evaluation) II. Severe acute pancre-
atitis is diagnosed if three or more of the Ranson 
criteria are present, if the APACHE II score is �8, 
or if shock, renal insuffi ciency, or pulmonary fail-
ure are present.

Pancreatitis may also be classifi ed histo-
logically as interstitial edematous or necrotizing 
disease according to infl ammatory changes in 
pancreatic parenchyma. An international sym-
posium in 1992 defi ned pancreatic necrosis as 
the presence of one or more diffuse or focal areas 
of nonviable pancreatic parenchyma. Pancreatic 
necrosis is typically associated with peripancre-
atic fat necrosis. Pancreatic necrosis represents a 
severe form of acute pancreatitis and is present in 
approximately 20 to 30% of the 185,000 new cases 
of acute pancreatitis reported each year in the 
United States.

Diagnosis

Initial evaluation reveals signs of peritonitis 
that are sometimes generalized. Laboratory test-
ing is often consistent with volume contraction 
related to sequestration of fl uid into the retroperi-
toneum, and vomiting. Correlating data include 
elevated hematocrit and bicarbonate levels, 
hypokalemia, and acidosis. Amylase and lipase 
levels are frequently sent to evaluate pancreati-
tis. Amylase elevation is less specifi c than lipase, 
as the former can be released by salivary glands. 
Bowel obstruction and other forms of small-bowel 
pathology are also associated with mild elevation 
in amylase (Table 1).

With suspicion of the diagnosis of acute pan-
creatitis, the cause of this problem is sought. As 
most cases correspond to alcohol use or gall-
stones, history and diagnostic testing initially are 
focused on these entities. Right upper  quadrant 

Table 1. Etiologies of Acute Necrotizing Pancreatitis*

Most common
Choledocholithiasis
Ethanol abuse
Idiopathic

Less common
Endoscopic retrograde cholangiopancreatography
Hyperlipidemia (types I, IV, and V)
Drugs
Pancreas divisum
Abdominal trauma

Least common
Hereditary (familial)

*Reproduced with permission from N Engl J Med 1999; 
340:1412–1417.
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ultrasound is the initial test for gallstones. 
 Identifi cation of  gallstones in a patient with 
acute pancreatitis should lead to the presump-
tive diagnosis of biliary or gallstone pancreatitis. 
Occasionally, ultrasound will demonstrate cho-
ledocholithiasis, a stone in the common bile duct. 
Cholangitis is also possible in this setting. Where 
gallstones are absent and a history of alcohol 
use cannot be obtained, other etiologies of acute 
pancreatitis must be considered including hyper-
lipidemia, drugs (steroids and anticonvulsants), 
trauma, pancreas divisum, and other mechanical 
insults such as endoscopic retrograde cholangio-
pancreatography (ERCP).

In the presence of diagnostic uncertainty at the 
time of presentation, a CT scan of the abdomen 
with IV contrast (in the absence of contraindica-
tions) should be performed after fl uid resusci-
tation to confi rm the diagnosis. CT also allows 
alternative diagnoses to be ruled out. The admis-
sion CT scan may serve as a baseline for future 
studies. Some authors recommend delaying the 
initial CT to identify local complications for 48 to 
72 h if possible as necrosis may not be visualized 
earlier.

While CT is the preferred imaging modality 
for the pancreas in the setting of acute pancre-
atitis, magnetic resonance cholangiopancreatog-
raphy (MRCP) is gaining favor as a means to 
detect common bile duct stones with resolution 
of gallstone pancreatitis. Surgical authors are now 
suggesting that if MRCP is negative, ERCP is not 
required in patients with gallstone pancreatitis 
and cholecystectomy may be performed. In the 
majority of patients with mild gallstone pancre-
atitis, the common bile duct stones pass sponta-
neously into the duodenum. Thus, the morbidity 
of nontherapeutic ERCP may be avoided with 
MRCP. Only 20% of patients with resolving gall-
stone pancreatitis are found to have stones in the 
extrahepatic biliary tree.

Management

Patients with acute pancreatitis require 
aggressive resuscitation and are at risk for early 
development of organ dysfunction as a result 
of inadequate resuscitation as well as systemic 
and local complications of pancreatitis. Clinical 
monitoring should focus on intravascular  volume 

assessment including urine output and acid base 
status along with pulmonary function. It is impor-
tant to note that aggressive fl uid resuscitation may 
result in accumulation of ascites, pleural effusions, 
and hypoxemia. In severe cases, abdominal com-
partment syndrome may complicate resuscitation 
of severe pancreatitis.

Early antibiotic administration has received 
attention in recent years as a therapy in acute 
pancreatitis. Despite initial studies favoring 
administration of broad-spectrum antibiotics and 
selective gut decontamination, recent consensus 
reports debate the value of routine antibiotic pro-
phylaxis or administration of antifungal agents in 
patients with acute pancreatitis and/or pancreatic 
necrosis in light of contradictory evidence. When 
patients are strongly suspected of having pancre-
atic infection, imipenem, meropenem, fl uoroqui-
nolones, and metronidazole may be considered. 
In general, infection of necrotic pancreas involves 
bacteria from the GI tract. Because of this observa-
tion, gut decontamination has been advocated by 
some authors. Current data do not support rou-
tine use of this practice (Table 2).

Nasogastric tube suctioning is warranted in 
patients with acute pancreatitis who are intu-
bated or vomiting. Acid-suppression therapy 
with proton-pump inhibitors is reasonable, as 
stress-related ulcers are a risk and proton-pump 
inhibitors decrease GI tract fl uid production. 

Table 2. Recognition of Clinically Severe Acute Pancreatitis*

Ranson score � 3, criteria of severity 
At hospital admission

Age � 55 yr
WBCl count � 16,000/mm3

Blood glucose level �200 mg/dL (11.1 mmol/L)
Serum lactate dehydrogenase level � 350 IU/L
Serum aspartate transaminase � 250 IU/L

During initial 48 h
Absolute decrease in hematocrit �10%
Increase in blood urea nitrogen �5 mg/dL (1.8 mmol/L)
Serum calcium � 8 mg/dL (2 mmol/L)
Arterial Pao2 �60 mm Hg
Base defi cit �4 mmol/L
Fluid sequestration � 6 L

APACHE II score �8
Organ failure
Substantial pancreatic necrosis (at least 30% glandular 

necrosis according to contrast-enhanced CT)

*Reproduced and modifi ed with permission from N Engl J 
Med 1999; 340:1412–1417.
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Enteral nutrition is used in preference to paren-
teral nutrition in patients with acute pancreati-
tis. This therapy should be initiated when initial 
resuscitation is completed. Placement of the feed-
ing tube into the jejunum should be accomplished 
if possible. Parenteral nutrition is associated with 
an increased risk of infection and is used only if 
attempts at enteral nutrition have failed despite 
trials of 5 to 7 days.

Surgical Therapy

Sonographic or CT-guided fi ne-needle aspi-
ration with Gram stain and culture should be 
obtained of pancreatic or peripancreatic tissue 
to discriminate between sterile and infected tis-
sue in patients with radiologic evidence of pan-
creatic necrosis and clinical features consistent 
with infection. In general, debridement or drain-
age of patients with sterile pancreatic necrosis are 
not recommended. Pancreatic debridement or 
drainage are recommended in patients in whom 
infected pancreatic necrosis is documented and/
or the presence of abscess is confi rmed by radio-
logic evidence of gas in pancreatic or peripancre-
atic tissue or by results of fi ne-needle aspiration. 
The “gold standard” for pancreatic debridement is 
open operative debridement. Minimally invasive 
techniques including laparoscopy or percutane-
ous intervention are options in selected patients. 
Operative necrosectomy and/or drainage should 
be delayed 2 to 3 weeks to allow demarcation of 
necrotic pancreas. The clinical course of pancre-
atitis is the primary determinant of the timing of 
operative intervention.

Conventional surgical drainage involves 
removal of necrotic pancreas with placement 
of standard surgical drains and reoperation as 
required by the presence of fever, leukocytosis, 
or lack of improvement based on imaging stud-
ies. Open or semiopen management of the abdo-
men involves removal of necrotic pancreas and 
either scheduled repeated laparotomies or open 
abdominal packing allowing for frequent changes 
of dressing material. Closed management involves 
removal of necrotic pancreas with extensive intra-
operative lavage of the pancreatic bed with closure 
of the abdomen over large-bore drains for continu-
ous high-volume postoperative lavage of the lesser 
sac. Effective debridement of necrotic pancreas is 

important since inadequately removed necrotic 
tissue remains infected with mortality rates as 
high as 40%.

In general, frequent operations are required 
to remove necrotic pancreas and peripancreatic 
material. If the abdomen is left open, the need for 
repeated laparotomy is eliminated and packing 
may be changed in the ICU. Repeated debride-
ment and manipulation of abdominal viscera 
with contemporary operative techniques results 
in a high rate of postoperative local complications 
including pancreatic fi stula, small- and large-
bowel injury, and bleeding from the pancreatic 
bed. Pancreatic or GI tract fi stulas occur in up to 
40% of patients after surgical removal of necrotic 
pancreas and often require additional surgery for 
closure.

ERCP

When obstructive jaundice or other evidence 
of acute obstruction of the biliary or pancreatic 
duct are present and acute pancreatitis is due to 
suspected or confi rmed gallstones, urgent ERCP 
should be performed within 72 h of the onset of 
symptoms. This intervention showed improved 
outcome in patients with severe acute pancreati-
tis. While benefi t has been attributed to relief of 
pancreatic ductal obstruction by impacted gall-
stones at the ampulla of Vater, other recent work 
suggests that improved outcome after endo-
scopic retrograde cholangiopancreatography and 
sphincterotomy in gallstone pancreatitis results 
from reduced biliary sepsis. Another theoretical 
concern is introduction of infection by inciden-
tal pancreatography during ERCP transforming 
sterile to infected acute necrotizing pancreatitis. 
Therefore, ERCP is used judiciously in patients 
with severe acute gallstone pancreatitis and should 
be reserved for those individuals in whom biliary 
obstruction is identifi ed. MRCP, as noted above, is 
valuable in identifying the need for ERCP.

Complications

A variety of systemic and local complications 
of severe acute pancreatitis may occur. Systemic 
complications include ARDS, acute renal fail-
ure, shock, coagulopathy, hyperglycemia, and 
hypercalcemia. Local complications include GI 
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 hemorrhage, infected pancreatic necrosis, and 
adjacent bowel necrosis. Later local complications 
include pancreatic abscess and pancreatic pseu-
docysts. Infected necrosis develops in 30 to 70% 
of patients with acute necrotizing pancreatitis and 
accounts for �80% of deaths from acute pancre-
atitis. The risk of infected necrosis increases with 
the volume of pancreatic glandular necrosis.

The overall mortality rate in severe pan-
creatitis is approximately 30%. Deaths occur in 
two phases. Early deaths occurring within 1 to 2 
weeks are due to multisystem organ failure asso-
ciated with release of infl ammatory mediators 
and cytokines. Late deaths result from local or 
systemic infection. If acute necrotizing pancreati-
tis remains sterile, overall mortality is approxi-
mately 10%. The mortality rate triples if there is 
infected necrosis.

Late Complications

Long-term endocrine and exocrine conse-
quences of severe acute pancreatitis depend on 
a variety of factors, including severity of necro-
sis, etiology, whether the patient continues to 
use alcohol, and the degree of surgical pancreatic 
debridement. Persistent functional insuffi ciency 
has been noted in the majority of patients up 
to 2 years after severe acute pancreatitis. Use of 
pancreatic enzymes is restricted to patients with 
symptoms of steatorrhea and weight loss due to 
fat malabsorption. While glucose intolerance is 
frequent, overt diabetes is relatively uncommon. 
Obstructive pancreatic ductal abnormalities may 
account for persistent symptoms of abdominal 
pain or recurrent pancreatitis.

Management of pain is an important prob-
lem in patients progressing to chronic pancreati-
tis. Pancreatic duct obstruction is considered an 
important etiologic factor; thus, ductal decom-
pression is advocated for patients with pain and 
pancreatic duct dilatation. Endoscopic and sur-
gical treatment are options. Surgical drainage is 
accomplished by longitudinal pancreaticojejunos-
tomy and has a complication rate of 6 to 30% and 
a mortality rate of 0 to 2 %. Success in achieving 
long-term pain relief is 60 to 85%. Endoscopic 
drainage includes sphincterotomy, dilatation of 
strictures, and removal of stones, and has a suc-
cess rate of 30 to 100%. 

A recent randomized prospective trial com-
pared endoscopic and surgical drainage of the 
pancreatic duct in chronic pancreatitis. Thirty-
nine patients were randomized, with 19 patients 
receiving endoscopic treatment while 20 patients 
underwent operative pancreaticojejunostomy. With 
2 years of follow-up, patients undergoing surgery 
had lower pain scores and better physical health 
summary scores. At the end of follow-up, com-
plete or partial pain relief was achieved in 32% of 
patients assigned to endoscopic drainage, as com-
pared with 75% of patients assigned to surgical 
drainage. Complications, length of hospital stay, 
and changes in pancreatic function were similar 
with endoscopy or surgery. Patients receiving 
endoscopy required more procedures than did 
patients in the surgical arm of this trial.

Key Points in Management of Severe 
Pancreatitis, Modifi ed From Crit Care 
Med 2004; 32:2524–2536 

• In the presence of diagnostic uncertainty at the 
time of presentation, CT scan of the abdomen 
(with IV contrast if possible) should be per-
formed after fl uid resuscitation to confi rm the 
diagnosis and rule out alternative diagnoses.

• When CT is employed to identify local com-
plications of pancreatitis, this study may be 
delayed for 48 to 72 h if possible, as necrosis 
might not be visualized earlier.

• Routine antibiotic prophylaxis for bacterial and 
fungal pathogens is not warranted (a contro-
versial topic!).

• Routine use of selective decontamination of the 
digestive tract is not warranted.

• Enteral nutrition is preferred to parenteral 
nutrition.

• The jejunal route should be used as possible.
• If used (after a 5- to 7-day trial of enteral nutri-

tion fails), parenteral nutrition should be 
enriched with glutamine.

• Routine use of immune-enhancing enteral feeds 
is not recommended at this time.

• CT-guided fi ne-needle aspiration with Gram 
stains and culture of pancreatic or peripan-
creatic tissue is used to discriminate between 
sterile and infected necrosis. Debridement or 
drainage of patients with sterile necrosis are 
not recommended.
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• Debridement or drainage in patients with 
infected pancreatic necrosis or abscess are best 
accomplished by open operative procedures.

• Open operative debridement of the pancreas 
should be delayed 2 to 3 weeks if possible to 
allow demarcation of necrotic pancreas.

• Gallstone pancreatitis should be suspected 
in all patients with acute pancreatitis, and 
sonography and biochemical test should be 
performed.

• In the setting of obstructive jaundice or other 
fi ndings consistent with gallstones, ERCP 
should be performed within 72 h of the onset of 
symptoms.

• In the absence of obstructive jaundice but with 
acute pancreatitis due to suspected or con-
fi rmed gallstones, ERCP should be considered 
within 72 h of onset of symptoms.

• Aggressive, early resuscitation is important to 
address the infl ammatory response in acute 
pancreatitis.

• When infection has been documented in the 
setting of acute pancreatitis, management 
according to current sepsis guidelines should 
be initiated.

• Immune-modulating therapies are not recom-
mended in management of acute pancreatitis.

• Routine use of markers such as C-reactive 
protein or procalcitonin should not be used to 
guide decision making or predict clinical course 
of pancreatitis.

Biliary Tract Problems

Acute Cholecystitis

Acute cholecystitis is caused by obstruction of 
the cystic duct by an impacted gallstone or by local 
edema and infl ammation. Obstruction results in 
gallbladder distension, subserosal edema, muco-
sal sloughing, venous and lymphatic congestion, 
and localized ischemia. The role of bacteria is 
debated, although positive culture results from 
bile or gallbladder wall tissue are found in most 
patients. If bacteria infi ltrate the gallbladder wall, 
gangrenous or emphysematous cholecystitis may 
follow. Other complications include perforation, 
bile peritonitis, abscess, sepsis, gallstone ileus, 
or enteric fi stula with the gallbladder. Sixty-fi ve 

percent of patients with acute cholecystitis will 
also have evidence of chronic cholecystitis char-
acterized by gallbladder wall fi brosis and chronic 
infl ammation. While acute cholecystitis is com-
monly a disease of women aged 30 to 60 years, 
the female to male ratio decreases from 3:1 after 
the age of 50 years to 1.5:1.

The classic presentation is right upper quad-
rant tenderness with fever and leukocytosis. 
Clinical diagnosis is verifi ed by gallbladder wall 
thickening with stones. Ultrasound is most com-
monly used to assess patency of the biliary tree; 
identify stones or sludge in the gallbladder; deter-
mine whether the gallbladder wall is thickened, 
infl amed, gangrenous, scarred, or calcifi ed; and 
evaluate surrounding structures. Pericholecystic 
fl uid or impacted stones with a distended, thick-
ened gallbladder are consistent with the diagno-
sis. The hydroxy iminodiacetic acid (HIDA) scan 
(cholescintigraphy) can contribute to diagnostic 
accuracy in cases in which ultrasound is inde-
terminate or additional information is required 
regarding the patency of the cystic duct. In a posi-
tive HIDA scan fi nding, obstruction of the cystic 
duct is evident when the radionuclide does not 
outline the gallbladder and fl ow normally into 
the common bile duct. HIDA scanning has high 
sensitivity and specifi city and diagnostic accuracy 
of approximately 98% in patients with signs and 
symptoms of acute calculus cholecystitis. This test 
is less helpful (false-positive rates of 40%) if the 
patient has fasted for �5 days. CT with oral and 
IV contrast evaluates late complications of undi-
agnosed or misdiagnosed acute cholecystitis such 
as perforation, abscess, or enteric fi stula.

In general, initial management is surgical 
resection of the gallbladder. Cholecystectomy 
is associated with a low complication rate and 
mortality rate � 0.2%, and a bile duct injury rate 
of 0.4%. Open or laparoscopic procedures may be 
used to remove the gallbladder. Antibiotic cover-
age should include aerobic Gram-negative and 
anaerobic organisms. Patients presenting with 
elevated liver function test results or dilated bile 
ducts (�7.0 mm on ultrasound) should be evalu-
ated for the presence of common bile duct stones. 
ERCP is the traditional approach employed. In 
some cases, MRCP may be considered. Endo-
scopic sphincterotomy and stone extraction 
before cholecystectomy is the preferred approach, 
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with operative intervention as a fallback position 
for patients with failed ERCP or retained common 
bile duct stones.

ICU patients with acute cholecystitis have his-
torical mortality rates �40%. Patients with acute 
cholecystitis in the ICU often present with atypi-
cal or nonspecifi c fi ndings of abdominal sepsis 
including fever, leukocytosis, distension, and 
acidosis. Standard diagnostic strategies includ-
ing ultrasound, HIDA scanning, and CT are more 
diffi cult in this population and may be less accu-
rate due to comorbidities or sepsis. Early opera-
tive intervention should be attempted if patients 
are stable enough to tolerate laparoscopic or open 
cholecystectomy. Percutaneous drainage is effec-
tive and less risky in the critical care population. 
Percutaneous approaches will be inadequate if 
emphysematous cholecystitis occurs.

Percutaneous transhepatic cholecystostomy is 
performed under CT or ultrasound guidance and 
has a reported success rate of 95 to 100%. Compli-
cations include bleeding, catheter dislodgement, 
bile peritonitis, bowel perforation, and respira-
tory distress. Use of percutaneous cholecystos-
tomy in the critical care context facilitates delayed 
laparoscopic or open removal of the gallbladder 
in � 50% of patients. Some surgeons never attempt 
removal of the gallbladder in high-risk patients 
after cholecystostomy if the cystic duct is patent. 
Another prospective, randomized trial suggested 
that percutaneous cholecystostomy did not 
decrease mortality in comparison to conservative 
management.

Acalculous Cholecystitis

Acalculous cholecystitis is identifi ed in 4 to 
8% of acute cholecystectomy cases. It is more com-
mon in male than female patients and has been 
associated with recent surgery, major trauma, 
burns, multiple transfusions, childbirth, sepsis, 
shock, total parenteral nutrition, narcotic admin-
istration, and rheumatologic disorders. Patients 
are typically critically ill and require advanced 
monitoring. Where cholecystitis occurs in the 
perioperative period, two thirds of the cases are 
acalculous. Fifteen percent of cholecystitis fol-
lowing major trauma is acalculous. Pathogenesis 
includes gallbladder ischemia, biliary stasis or 
sludge, and local or systemic infection.

Diagnosis is often delayed, as symptoms 
are diffi cult to appreciate in noncommunicative 
patients in the ICU setting. Patients with recent 
major surgery, multisystem trauma, or compli-
cated clinical conditions will not show charac-
teristic clinical fi ndings. Signs and symptoms are 
generally similar to those of calculus cholecysti-
tis with right upper quadrant tenderness, fever, 
abdominal distension, diminished bowel sounds, 
leukocytosis, and elevated hepatic enzymes. The 
reported accuracy of HIDA scanning in these 
patients is variable, with sensitivity as low as 70% 
and specifi city of 90%. Ultrasound may show 
nonspecifi c signs of gallbladder wall thickening, 
sludge, or distention. Sensitivity and specifi city of 
ultrasound are reduced in acalculous cholecysti-
tis. These patients have a high risk of gallbladder 
wall gangrene and perforation as well as higher 
morbidity and mortality because of delayed diag-
nosis and comorbid conditions. Cholecystostomy 
or cholecystectomy are preferred interventions. 
If the patient has progressed to gallbladder wall 
gangrene, percutaneous drainage may be inad-
equate therapy.

Acute Cholangitis

Acute cholangitis is caused by proliferation of 
microorganisms in the bile ducts. Management of 
the patient with acute cholangitis requires resto-
ration of bile fl ow from the liver and gallbladder 
into the GI tract. Constant unimpeded fl ow of bile 
into the GI tract and the presence of Igs in the bili-
ary mucosa keep bile ducts almost sterile in the 
normal state. Cholangitis will not develop with 
a properly functioning sphincterotomy or biliary 
enteric anastomosis. Cholangitis occurs when bile 
stasis promotes the growth of suffi cient micro-
organisms to damage tissue, produce systemic 
infl ammation, and ultimately seed the circulation. 
Biliary stones most commonly cause cholangitis, 
which can have iatrogenic causes with inadver-
tent biliary tract injury. The classic diagnostic trial 
of Charcot (abdominal pain, fever, and jaundice) 
describes the most common presenting symptoms 
of acute cholangitis. The Reynold pentad includes 
these fi ndings with the addition of hypotension 
and mental status changes.

Imaging of patients with suspected acute 
cholangitis begins with ultrasound to assess 
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biliary tree dilatation, state of the gallbladder 
(presence or absence of stones), and occasion-
ally identify foreign bodies in the bile ducts. 
Radionuclide studies are less useful in the man-
agement of patients with acute cholangitis. CT 
scanning is more sensitive than ultrasound in 
evaluation of nonbiliary causes of obstruction 
in cholangitis such as periportal malignancy. 
It is also high sensitive for early biliary dilata-
tion. MRCP is becoming more common in the 
diagnosis of biliary pathology but may be less 
effective in the critically ill patient due to logis-
tic challenges associated with obtaining this test. 
Percutaneous transhepatic cholangiography has 
a long track record of success but greater associ-
ated morbidity than ERCP, which is the present 
“gold standard” for the diagnosis of intraluminal 
biliary pathology.

Patients frequently require fl uid resuscita-
tion and antibiotic support. Typical pathogens 
include Escherichia coli, Klebsiella species, Entero-
bacter, and enterococcus. After stabilization, the 
type and timing of interventions are determined. 
The choice of interventions includes open opera-
tion, percutaneous transhepatic drainage, or 
ERCP. In general, surgical procedures are not 
preferred due to greater associated morbidity. 
ERCP successfully removes �90% of common 
duct stones. If stones cannot be safely removed 
at the initial procedure, a stent will allow relief 
of biliary obstruction, and remaining stones can 
be removed by subsequent ERCP, lithotripsy, or 
surgical common bile duct exploration. Bile duct 
strictures causing cholangitis can be treated with 
balloon dilatation utilizing ERCP or percutane-
ous methods. Percutaneous approaches are excel-
lent for rapid decompression of intrahepatic bile 
ducts but offer fewer options for defi nitive, inter-
mediate, and long-term treatment of cholangitis. 
For example, larger stones can only be removed 
after serial dilatation of the tube tract, and mul-
tiple procedures may be required to address stric-
tures and malignancies.

ERCP combines the relative benefi ts of mini-
mally invasive diagnosis and treatment with a 
variety of therapeutic options. Emergent stents 
can be placed in unstable or coagulopathic 
patients, and sphincterotomy allows later stone 
removal if initial basket procedures are unsuc-
cessful. While all of these interventions depend 

on the skill of the endoscopist, in experienced 
hands in-hospital mortality with cholangitis is 
now well �10%.

Biliary Tract Injury

Following open and laparoscopic cholecys-
tectomy, rapid recovery is commonplace, with 
patients returning to normal activity within 7 to 
10 days after laparoscopic procedures. Patients 
in the early postoperative period with persist-
ing abdominal complaints such as pain, anorexia, 
nausea, vomiting, and jaundice or evidence of 
infection require careful evaluation to rule out 
complications of cholecystectomy. After obtain-
ing history and a physical examination, labora-
tory testing includes liver function tests, amylase, 
lipase, and CBC count. Iatrogenic biliary tract 
injuries result in signifi cant morbidity and require 
further intervention. Approximately 75% of these 
complications go unnoticed intraoperatively. Inju-
ries include bile duct leaks, strictures, division, or 
ligation.

Postoperative bile leaks occur in up to 1% of 
patients undergoing laparoscopy and cholecys-
tectomy. Patients complaining of upper abdomi-
nal pain in the postoperative period must be 
evaluated for a bile leak. A variety of imaging 
methods may be utilized, beginning with ultra-
sound and CT scanning. Either of these modali-
ties will identify a fl uid collection adjacent to 
the liver. MRCP and ERCP provide greater 
anatomic detail but are more costly. Nuclear 
medicine studies of the hepatobiliary tree and 
percutaneous transhepatic cholangiography 
may also be employed. Studies demonstrating 
intraabdominal fl uid near the liver and bile 
duct dilatation (ultrasound or CT) should raise 
suspicion of bile leakage or obstruction. ERCP 
then can delineate bile duct anatomy, diagnose 
leaks, and identify retained common bile duct 
stones. ERCP not only helps diagnose the site of 
biliary leak after bile duct injury, as a therapeu-
tic modality it allows interventional procedures 
such as sphincterotomy, nasobiliary drainage, 
or stent placement. For example, after laparos-
copy and cholecystectomy, the cystic duct stump 
can be the site of bile leakage. In this case, endo-
scopic, sphincterotomy, and stent placement 
to occlude the cystic duct remnant are usually 
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adequate therapy. MRCP is less invasive but 
effectively demonstrates biliary tree anatomy 
and the presence of retained stones in the  cystic, 
hepatic, or common bile ducts. Hepatobilary 
isotope imaging reveals hepatocellular function 
and fl ow of bile into the duodenum. Extrabiliary 
collections of radioisotope suggest duct injury 
with bile leakage.

Intraabdominal fl uid collections in the early 
postoperative period may be secondary to bile, 
blood, or enteric contents secondary to unrecog-
nized bowel injury. These may be drained per-
cutaneously under ultrasound or CT guidance. 
Morbidity and mortality rates in patients with 
undrained bile collections are high. Prompt drain-
age is crucial to prevent sepsis and multiorgan 
failure. After drains have evacuated a bile col-
lection, ERCP or percutaneous transhepatic chol-
angiography should be performed to defi ne the 
site of a bile leak and the anatomy of the biliary 
tree. When major ductal injury has occurred, an 
operative treatment plan can be devised with this 
information. Once bile collections are drained, 
the major potential for immediate serious illness 
is generally eliminated. Then injury can be fully 
investigated with operative treatment executed in 
a controlled manner.

Special Problems

Anastomotic Leaks

Anastomotic disruption is perhaps the most 
dreaded complication after intestinal surgery. 
Some leaks present in dramatic fashion early in 
the postoperative period, leaving little doubt 
about the diagnosis. Many others present in a 
far more subtle fashion, often relatively late in 
the postoperative period and can be diffi cult to 
distinguish from other postoperative infectious 
complications.

Patients with early anastomotic disruption 
classically have agonizing abdominal pain, tachy-
cardia, fever, and a rigid abdomen often accompa-
nied by hemodynamic instability. Urgent return 
to the operating room for peritoneal washout and 
fecal diversion is generally required. The mor-
tality rate for anastomotic leak in the literature 
typically is in the 10 to 15% range. Anastomotic 
leakage has been associated with increased local 

recurrence and diminished survival after colorec-
tal cancer surgery.

A growing number of patients ultimately 
found to have an anastomotic leak have a more 
insidious presentation, often with low-grade 
fever, prolonged ileus, or failure to thrive. In these 
patients, making the diagnosis may be more dif-
fi cult because the clinical course is often similar 
to other postoperative infectious complications. 
Even with radiologic imaging, the diagnosis may 
be elusive or uncertain. This group of patients 
may escape detection in standard retrospective 
analyses, thus underestimating the true incidence 
of anastomotic leakage after intestinal anastomo-
sis. Patients with late intestinal anastomotic leaks 
are often discharged from hospital without the 
correct diagnosis because nonspecifi c symptoms 
(poor appetite, failure to thrive) are insuffi cient 
to justify continued hospitalization. In a recent 
series, 42% of patients ultimately demonstrated 
to have anastomotic leakage had been sent home 
from hospital.

Distinguishing an anastomotic leak from a 
postoperative abscess, particularly retrospec-
tively, is diffi cult. In fact, the defi nition of anas-
tomotic leaks after GI surgery varies widely in 
the literature. A leak may be defi ned by the need 
for reoperation, clinical fi ndings, or radiologic 
criteria making comparison between studies dif-
fi cult. The typical cutoff for perioperative data at 
30 days will fail to capture many leaks. Nonethe-
less, a low mortality rate (5.7%) is seen in con-
temporary series.

CT scanning is the key diagnostic study in 
patients in whom an anastomotic failure is sus-
pected. Contrast enemas fail to identify anas-
tomotic leakage 60% of the time. Occasionally, 
however, CT scan fi ndings are negative and con-
trast placed in a prograde or retrograde fashion is 
helpful.

In general, a leak rate from 1 to 3% is reported. 
Higher leak rates are associated with procedures 
requiring pelvic anastomoses or anastomoses to 
the anal canal.

As patients may be admitted to nonsurgical 
services after discharge from hospital, awareness 
of anastomotic leakage becomes important. Drain-
age of fl uid, which may precipitate peritonitis and 
shock, is the initial intervention of choice. Fre-
quently, this objective can only be  accomplished 
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in the operating room. In other settings, with 
localized anastomotic failure, drains guided by 
imaging may be suffi cient.

Corrosive Ingestion

In the United States, approximately 35,000 
patients require treatment in a health-care facility 
each year after exposure to corrosives. Alkalis and 
acids are most likely to cause major injury and 
death. In past decades, liquid sodium hydroxide 
preparations such as drain cleaners accounted for 
the majority of corrosive ingestions. Successful 
lobbying by the medical profession resulted in the 
concentration of sodium hydroxide in this prod-
uct being reduced from 30 to 5%.

Animal studies indicate that soon after 
ingested corrosives enter the stomach, there is 
refl ex pyloric spasm, which limits passage of the 
damaging agent to the duodenum. Regurgita-
tion then occurs propelling gastric contents into 
the esophagus against a closed cricopharyngeus 
muscle. This phenomenon lasts 3 to 5 min, after 
which there is esophagogastric atonia and the 
pylorus relaxes allowing gastric contents to enter 
the duodenum. Major corrosive injury may be fol-
lowed by rapid collapse, but most patients reach 
the hospital. If injury is not rapidly fatal, signifi -
cant destruction of esophageal and gastric mucosa 
is noted within 24 h. In less severe injuries, the 
submucosa is heavily infi ltrated with infl amma-
tory cells. Occasionally, there may be thrombosis 
of submucosal arteries and veins leading to gan-
grene of the mucosa. Within 2 weeks after injury, 
granulation tissue replaces necrotic material, and 
by the third week fi broblasts proliferate and stric-
turing commences. The amount of paraesopha-
geal fi brosis developing is related to the severity 
of the initial injury. In longstanding corrosive 
esophageal strictures, squamous cell carcinoma 
of the esophagus may occur, and squamous cell 
carcinoma has also been reported in the strictured 
stomach. Ninety-fi ve percent of severe strictures 
are situated in the distal esophagus, with frequent 
sparing of the lower esophageal sphincter.

The most common clinical symptoms are oro-
pharyngeal pain, chest pain, and dysphagia. Other 
symptoms include vomiting, salvation, drooling, 
and stridor. Half of the patients with two or more 
of these features had major esophageal injury. 

Retrosternal and epigastric pain are suggestive of 
full-thickness injury to the esophagus or stomach, 
particularly with radiation to the back. The mouth 
and pharynx should be inspected for evidence 
of burning in the form of black slough or gray 
opaque membranes. Absence of visible oral injury 
does not rule out esophageal or gastric involve-
ment. In severe injuries, there may be abdominal 
tenderness and rigidity suggesting full-thickness 
involvement of the stomach or duodenum, or 
there may be respiratory distress, pleural pain, or 
surgical emphysema in the neck, all suggesting 
esophageal perforation with mediastinitis.

Immediate management is directed at secur-
ing the airway, relieving pain, and attending to 
fl uid replacement. Laryngeal edema may cause 
stridor and prevent endotracheal intubation. Tra-
cheostomy is occasionally necessary. Oral intake is 
prohibited. Attempts to neutralize acids or alkalis 
are unwise because exothermic reactions may be 
produced causing additional thermal damage.

Chest and abdominal fi lms allow identifi cation 
of mediastinal emphysema or free intraperitoneal 
air. These fi ndings confi rm full-thickness injury and 
the need for immediate operation. The superiority 
of endoscopy in detecting mucosal lesions is such 
that endoscopic examination has replaced contrast 
studies in most centers. Unfortunately, there are 
scant data to indicate the optimum timing of endos-
copy after corrosive injury. Experimental studies 
suggest that mucosal injury is generally apparent 
by the time a patient arrives at the hospital. Thus, 
endoscopy can be carried out as resuscitation is 
completed. Fears that endoscopy may precipitate 
perforation are unfounded. Rather, endoscopic data 
are vital in planning subsequent management.

Oral antibiotics should be administered to all 
patients with severe corrosive injury. Corticosteroid 
administration has no proven benefi t in recent tri-
als, and disadvantages of steroids in masking sepsis 
suggest that they be avoided. Gastric acid suppres-
sion is sometimes used, although no data supports 
this treatment. There are no removal stents avail-
able for endoscopic insertion, and there is no uni-
form agreement about the role of stenting in acute 
injury. Oral intake is prohibited until the patient is 
able to swallow saliva with ease. Nutritional sup-
port is generally administered parenterally.

Early identifi cation of patients with full-
thickness injury of the esophagus, stomach, or 
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duodenum is vital because this allows immedi-
ate resection of affected organs. Although the 
operative procedures may be extensive, lives are 
saved by prompt intervention that may limit fur-
ther extension of evolving injury. Full-thickness 
injury to the stomach or duodenum is invariably 
accompanied by severe esophageal injury and is 
frequently an indication for resection of the esoph-
agus and stomach. Resection should also be con-
sidered if there is extensive injury involving the 
full-thickness of the esophageal mucosa circum-
ferentially even without muscle necrosis because 
such patients usually require later removal or 
bypass of the damaged area. Short segments of 
full-thickness mucosal loss may be managed con-
servatively with subsequent dilation if necessary.

The single most important factor contributing 
to mortality in corrosive injury is to delay in the 
diagnosis and treatment of transmural esophago-
gastric necrosis. An aggressive surgical approach 
is advised if this is suspected. In patients with sig-
nifi cant injury who survive the initial crisis, the 
most important physical consequence is devel-
opment of circumferential contracture in burned 
areas. These late consequences may be grouped 
in pharyngolaryngeal stenoses and more distal 
digestive tract strictures.

Although the upper digestive tract may often 
be relatively spared in corrosive injury, severe 
damage to the pharynx and larynx occurs in 
approximately 2% of patients and is especially 
likely when crystals of caustic soda are ingested. 
Urgent tracheotomy may be required; in the 
recovery phase, circumferential stenosis may 
be severe. Complications include fi xation of the 
tongue, destruction of the epiglottis, and oblit-
eration of the pharynx and trismus that may hin-
der examination. Most authors advise waiting 
at least 4 months after corrosive injury to allow 
initial infl ammation to subside before pharyngeal 
reconstruction is attempted. Laryngeal injury may 
occur from transmural spread of corrosive mate-
rial from the esophagus or by aspiration. As glot-
tic refl uxes usually protect the pharyngeal inlet, 
laryngectomy is rarely needed.

Esophageal stricture becomes evident as dys-
phagia 3 to 4 weeks after injury, when radiologic 
evaluation with oral contrast may be  helpful. 
Nutritional support must be continued until 
esophageal patency has been restored. If surgical 

feeding access is desired, jejunostomy is prefer-
able to gastrostomy, which may compromise the 
use of the stomach if needed for later reconstruc-
tion. If esophageal reconstruction is likely to be 
necessary, incidental procedures such as jejunos-
tomy or gastrostomy are best avoided if possible 
because they may increase the diffi culties of sub-
sequent operations. Nasogastric feeding may be 
possible through a tube passed into the stomach 
over a guide wire passed through the stricture.

Dilation as treatment for esophageal stric-
tures is satisfactory in less severe lesions. How-
ever, patients with more severe injury eventually 
require resection. In relatively young patients 
with less severe stricture, surgery may be more 
appropriate than dilation. Outcome data after 
dilation therapy for corrosive stricture are few, 
and those studies that are available contain small 
numbers of patients. Patients experiencing dila-
tion of corrosive strictures have a high rate of 
perforation with standard bougie and balloon 
techniques. Lower perforation rates have recently 
been reported with later- generation dilators if 
used with fl uoroscopic control.  Dilation-related 
perforation may be fatal, and some patients 
treated with dilation have a poorer quality of life 
with dysphagia between dilations and are at risk 
for aspiration and its consequences.
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Objectives:

• Understand the physiologic responses associated with 
hypothermia

• Outline supportive measures and rewarming techniques 
for the management of hypothermia

• Describe predisposing factors for heat stroke, its clinical 
manifestations, and cooling methods

• Discuss the clinical presentations and management of malig-
nant hyperthermia and neuroleptic malignant syndrome

• Describe the etiologies, clinical presentation, and treatment 
of rhabdomyolysis

Key words: heat stroke; hyperthermia; hypothermia; 
malignant hyperthermia; neuroleptic malignant syndrome; 
rhabdomyolysis

Temperature Regulation

The balance between heat production and heat 
loss normally maintains the core body tempera-
ture at a mean of 36.6 � 0.38°C (97.9 � 0.7°F). Heat 
is produced from the dissolution of high-energy 
bonds during metabolism. At rest, the trunk 
viscera supply 56% of the heat; during exercise, 
muscle activity may account for 90% of gener-
ated heat. Heat production may increase twofold 
to fourfold with shivering and more than sixfold 
with exercise. Most heat loss (50 to 70%) normally 
occurs through radiation. The conduction of heat 
through direct contact with cooler objects or loss 
of heat due to convection accounts for a smaller 
percentage of heat loss. The evaporation of sweat 
from the skin is the major mechanism of heat loss 
in a warm environment.

The anterior hypothalamus is responsible for 
the perception of temperature and the initiation 
of physiologic responses. Information is received 
from temperature-sensitive receptors in the skin, 
viscera, and great vessels, as well as receptors 
located in the hypothalamus. When a tempera-
ture increase is sensed, hypothalamic modulation 
results in increased sweating (a cholinergically 
mediated response), cutaneous vasodilation, and 

decreased muscle tone. Conversely, a decrease in 
temperature results in decreased sweating, cuta-
neous vasoconstriction, and increased muscle tone 
and shivering. These homeostatic mechanisms 
deteriorate with age.

Hypothermia

Defi nition and Etiologies

Hypothermia is defi ned as the unintentional 
lowering of core body temperature (tympanic, 
esophageal, or rectal) to � 35°C (� 95°F). Multiple 
factors may lead to increased heat loss, decreased 
heat production, or impaired thermoregulation 
(Table 1). Hypothermia may be characterized as 
primary (accidental), due to exposure to cold tem-
peratures, or secondary, resulting from a disease 
process such as myxedema or sepsis. Exposure is 
often found in hypothermic patients, along with 
underlying chronic disease processes or impair-
ment from ethanol, drugs, or mental illness. 
Immersion hypothermia is often distinguished 
from nonimmersion hypothermia because it 
occurs more rapidly and is more often accom-
panied by asphyxia. Hypothermia is frequently 
noted in trauma patients and is associated with 
increased mortality rates.

To facilitate management and anticipate phys-
iologic changes, hypothermia can be classifi ed by 
the degree of temperature reduction. Mild hypo-
thermia refers to core temperatures of 32 to 35°C 
(90 to 95°F); moderate hypothermia, 28 to 32°C (82 
to 90°F); and severe hypothermia, � 28°C (� 82°F). 
The classifi cation for trauma victims is more con-
servative with temperatures of � 32°C (90°F) con-
sidered to be severe hypothermia related to the 
poor prognosis associated with hypothermia.

Pathophysiology

General Metabolic Changes: Hypothermia pro-
duces multisystemic involvement that varies with 
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core temperature (Table 2). The initial response to 
cold is cutaneous vasoconstriction, which results 
in the shunting of blood from colder extremi-
ties to the body core. Vasodilation secondary to 
ethanol can prevent this normal compensatory 
response. Vasoconstriction fails at temperatures 
� 24°C (� 75°F), and the rate of heat loss increases 
because of relative vasodilation. Heat production 
is increased twofold to fi vefold by the onset of 

shivering with core temperatures of 30 to 35°C 
(86 to 95°F). Shivering continues until glycogen 
stores are depleted, which usually occurs when 
the body temperature reaches 30°C (86°F).

Cardiovascular System: An initial tachycardia is 
followed by progressive bradycardia. The pulse 
rate decreases by 50% when the core temperature 
reaches 28°C (82°F). Bradycardia is secondary 
to alterations in conductivity and automaticity 
that are generally refractory to standard treat-
ment (eg, atropine). Cardiac function and BP also 
decline proportionately as the core temperature 
decreases. Systemic vascular resistance predict-
ably increases.

Hypothermia produces a variety of myocar-
dial conduction abnormalities. Atrial fi brillation 
is common and usually converts to sinus rhythm 
spontaneously during rewarming. At tempera-
tures of � 29°C (� 84°F), ventricular fi brillation 
(VF) can occur spontaneously or be induced by 
movement or invasive procedures (eg, central line 
or nasogastric tube). Asystole occurs at tempera-
tures � 20°C (� 68°F). VF and other arrhythmias 
are extremely refractory to defi brillation and drug 
treatment until the core temperature increases to 
approximately 30°C (approximately 86°F).

Although many ECG abnormalities have been 
described, the most characteristic of hypothermia 
is the J wave (also called the Osborne wave) at 
the junction of the QRS complex and ST segment 
(Fig 1). The J wave can occur in patients with core 
temperatures of � 32°C (� 90°F), and it is almost 
always present at temperatures of � 25°C (� 77°F). 
It has been observed that the size of the J wave 
may be inversely correlated with temperature. 
The presence of this wave is not pathognomonic 
for hypothermia, nor does it have prognostic 
value. It is important to distinguish J waves from 
ST-segment elevation, indicating myocardial 
infarction. Prolongation of the PR, QRS complex, 
and QT intervals may be noted.

Other Organ Systems: As temperature 
de creases, tidal volume and respiratory rate will 
decrease. The cough refl ex may be blunted, and 
cold-induced bronchorrhea may contribute to atel-
ectasis. Hypoxemia may develop early depending 
on the circumstances (eg, water immersion or aspi-
ration). Although renal blood fl ow and the glomer-
ular fi ltration rate decrease during hypothermia, 
there is an initial cold-induced diuresis due to 

Table 1. Factors Predisposing to Hypothermia

Increased heat loss
 Environmental exposure
 Skin disorders
  Burns
  Dermatitis
  Psoriasis
 Vasodilation
  Alcohol
  Drugs (phenothiazines)
 Iatrogenic
  Heat stroke treatment
  Environmental cold (operating suite)
Decreased heat production
 Endocrine disorders
  Hypopituitarism
  Hypothyroidism
  Hypoadrenalism
 Insuffi cient fuel
  Hypoglycemia
  Anorexia nervosa
  Malnutrition
  Extreme exertion
 Neuromuscular ineffi ciency
  Extremes of age
  Inactivity
  Impaired shivering
Impaired thermoregulation
 Peripheral dysfunction
  Neuropathies
  Spinal cord transection
  Diabetes
 Central dysfunction
  CNS hemorrhage/trauma
  Cerebrovascular accident
  Drugs
   Sedatives
   Alcohols
   Cyclic antidepressants
   Narcotics
  Neoplasm
  Parkinson’s disease
  Anorexia nervosa
Miscellaneous states
 Sepsis
 Pancreatitis
 Carcinomatosis
 Uremia
 Sarcoidosis
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the relative central hypervolemia resulting from 
peripheral vasoconstriction. Additional contribu-
tory factors include the inhibition of antidiuretic 
hormone release and renal tubular concentrat-
ing defects. Ethanol exacerbates the diuresis. 
With warming, volume depletion may become 
evident.

With mild hypothermia, patients may exhibit 
confusion, lethargy, or combativeness. Below 
a core temperature of 32°C (90°F), the patient is 
usually unconscious with diminished brainstem 
function. Pupils dilate below a core temperature 
of 30°C (86°F). Intestinal motility decreases at 
temperatures of � 34°C (� 93°F), resulting in the 
common fi nding of ileus. Hepatic dysfunction 
affects the generation of glucose as well as drug 
metabolism.

Laboratory Findings: The physiologic changes 
described are refl ected by clinical laboratory tests. 
An increased hematocrit is usually found, with 
normal or low platelet and WBC counts. The 
increase in hematocrit is due to hemoconcentra-
tion and splenic contraction. However, the resto-
ration of intravascular volume and warming often 
result in a mild anemia. Platelet and WBC counts 
may drop as temperatures decrease because of 
sequestration. Platelet dysfunction occurs with 
hypothermia and may compromise hemostasis. 
Although disseminated intravascular coagula-
tion (DIC) may develop, initial coagulation study 
results (ie, prothrombin time and partial throm-
boplastin time) are often normal as these labora-
tory measurements are performed on warmed 
blood. Electrolyte levels are variable, and no con-
sistent changes are predictable. Increased values 
of BUN and creatinine result from hypovolemia. 
Hyperglycemia is common as a result of catechol-
amine-induced glycogenolysis, decreased insulin 
release, and inhibition of insulin transport. Hypo-
glycemia may be evident in malnourished and 
alcoholic patients. Hyperamylasemia is common 
and may be related to a preexisting pancreati-
tis or pancreatitis induced by hypothermia. The 
acid-base status is diffi cult to predict in hypo-
thermia, but factors such as respiratory acidosis, 
lactate generation from shivering, decreased acid 

Figure 1. ECG of hypothermic patient showing J wave 
 (arrow).

Table 2. Manifestations of Hypothermia*

Core Temperature, °C Musculoskeletal Neurologic Other

Mild hypothermia
 38
 36 Shivering begins Slurred speech
 34 Maximal shivering Increased confusion
 33 Decreased shivering Stupor Decreasing BP; respiratory 

alkalosis, cold diuresis
Moderate hypothermia
 32 Shivering nearly absent; onset 

of muscle rigidity
Pupils dilated Arrhythmias; J waves on ECG

 30 DTRs absent Severe hypoventilation
 28 Extreme muscle rigidity No voluntary movement Shock; inaudible heart sounds

Severe hypothermia
 26
 24 Patient appears dead Severe risk of VF; minimal 

cardiac activity
 22
 20 Isoelectric EEG Asystole
 18 Isoelectric EEG Asystole

*DTR � deep tendon refl ex.
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 excretion, and decreased tissue perfusion contrib-
ute to acidemia. There is general agreement that 
arterial blood gas values do not need to be cor-
rected for temperature. However, the Pao2 should 
be corrected to evaluate oxygen delivery and the 
alveolar-arterial Po2 gradient.

Diagnosis

The clinical manifestations of hypothermia 
vary with the etiology, acuteness of onset, sever-
ity, and duration. It is imperative to recognize 
the early signs of mild hypothermia, especially 
in the elderly. These patients may present with 
confusion, lethargy, impaired judgment, and the 
unusual manifestation of “paradoxical undressing.” 
More severe hypothermia results in the following 
manifestations that are easily recognizable: mus-
cle rigidity, decreased refl exes, decreased respi-
ratory rate, bradycardia, hypotension, and even 
the appearance of death. The clinical suspicion of 
hypothermia should be confi rmed with an accu-
rate core temperature measurement. Any low 
temperature (35°C or 95°F) should be checked 
with a thermometer capable of registering lower 
temperatures. A rectal probe is most practical even 
though it may lag behind core changes. The probe 
should be inserted to an adequate depth (approxi-
mately 15 cm), avoiding cold fecal material. An 
esophageal probe is an alternative, but readings 
may be falsely elevated in the intubated patient 
who receives heated oxygen. Thermistors in blad-
der catheters provide readings that are similar to 
those of intravascular devices. The reliability of 
tympanic temperature devices has not been estab-
lished in patients with hypothermia.

Management

Hospital Management: The severity of hypo-
thermia, clinical fi ndings, and comorbid condi-
tions of the patient determine the aggressiveness 
of the resuscitation techniques. The following 
measures should be instituted as indicated:

 1.  Airway management. Intubation is often neces-
sary for airway protection and/or the deli-
very of supplemental oxygen. The oro tracheal 
route is preferred because of the risk of trau-
matic bleeding with the nasal route. However, 
muscle rigidity may preclude orotracheal 

intubation. Blind nasotracheal intubation in 
a patient with spontaneous respiration may 
be facilitated by topical vasoconstrictors and 
a smaller endotracheal tube. Endotracheal 
tube cuff pressures should be monitored after 
rewarming because volume and pressure will 
increase.

 2.  Supplemental oxygen. Pulse oximetry cannot 
be relied on to guide therapy in conditions 
of hypothermia and hypoperfusion.

 3.  Cardiopulmonary resuscitation. Cardiopulmo-
nary resuscitation should be initiated if the 
patient is pulseless (assess for 30 to 45 s) or 
has a nonperfusing rhythm such as asystole 
or VF. Chest wall compression is often dif-
fi cult and compressors may need to rotate 
more frequently than every 2 min.

 4.  ECG monitoring. In patients with bradycardia, 
avoid pharmacologic manipulation and 
pacing. In patients with VF, initial defi brillation 
should be attempted once even if the tem-
perature is � 30 to 32°C (� 86 to 90°F). If the 
attempt is unsuccessful, institute rewarming. 
Defi brillation can be attempted after every 
1 to 2°C (2 to 3.6°F) increase in temperature 
or when the core temperature reaches 30 to 
32°C (86 to 90°F). Avoid the IV administra-
tion of drugs until the temperature increases 
to approximately 30°C (approximately 86°F) 
and then use the lowest effective dose. Dosing 
intervals should be increased in hypother-
mic patients. The effi cacy of amiodarone 
has not been established in patients with 
hypothermia, but it is a reasonable initial 
antiarrhythmic drug. Magnesium sulfate 
has also been used successfully. Lidocaine 
has limited effi cacy, and procainamide may 
increase the incidence of VF. In patients with 
asystole, follow advanced cardiac life support 
guidelines and administer pharmacologic 
agents when the temperature approaches 
30°C (86°F).

 5.  Core temperature monitoring. Utilize a bladder, 
esophageal, or rectal thermometer device for 
temperature monitoring.

 6.  Rewarming (see the “Rewarming Methods” 
section).

 7.  IV fl uids. All patients require fl uids for 
hypovolemia. Warm normal saline solution 
containing glucose is a reasonable choice.
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 Increased fl uid requirements are often nec-
essary during rewarming to prevent or treat 
hypotension that may occur with vasodi-
lation. Lactated Ringer solution should be 
avoided because of the potential impaired 
hepatic metabolism of lactate.

 8.  Vasopressor drugs. Hemodynamic instabil-
ity should fi rst be managed with volume 
replacement. Vasopressor drugs have a mini-
mal effect on constricted vessels and increase 
the risk of dysrhythmias.

 9.  Nasogastric or orogastric tube. Insert to relieve 
gastric distention.

 10.  Urinary catheter. Insert to monitor urine out-
put and/or monitor bladder temperature.

 11.  Venous access. Peripheral venous catheters are 
preferred. The use of central venous lines (eg, 
subclavian or internal jugular) is not routinely 
recommended because they may precipitate 
dysrhythmias.

 12.  Laboratory studies. Studies should include CBC 
count, prothrombin time, partial thrombo-
plastin time, electrolyte levels, creatine kinase 
level, and arterial blood gas levels. Thyroid 
function evaluation, toxicology screening, and 
blood cultures are obtained as warranted.

 13.  Search for associated conditions requiring urgent 
intervention, such as hypoglycemia, sepsis, 
adrenal insuffi ciency, and hypothyroidism.

Rewarming Methods: Choices and Controversies—
Although warming is the primary treatment for 
hypothermia, controversy exists as to the optimal 
method, duration, and rate of rewarming. Rapid 
rewarming has not been proven to improve sur-
vival. No controlled studies comparing rewarming 
methods exist, and rigid treatment protocols can-
not be recommended. The following three types 
of rewarming techniques exist: passive external 
rewarming (PER), active external rewarming 
(AER), and active core rewarming (ACR).

PER is the least invasive and slowest method. 
It involves placing the patient in a warm environ-
ment, providing an insulating cover, and allowing 
the body to regain heat. This technique should be 
applied as the sole method only in patients with 
mild hypothermia, and as an adjunct in patients 
with moderate and severe hypothermia. The 
patient must be able to generate heat for PER to be 
effective. Rewarming rates with PER in patients 

with mild hypothermia range from 0.5 to 2.0°C/h 
(1 to 3.6°F/h).

AER involves the external application of heat, 
such as warming blankets, heating pads, radi-
ant heat lamps, or immersion in warm water. 
Currently, forced-air warming devices or resistive 
polymer blankets are the most effective and prac-
tical means of applying AER, particularly in the 
perioperative period. A potential disadvantage of 
this method is the theoretical concern of “after-
drop.” When a heat source is applied, peripheral 
vasodilation occurs and colder peripheral blood is 
transported to the relatively warmer core, thereby 
reducing the core temperature. After-drop has 
been hypothesized to increase the incidence of VF. 
In response to this concern, it has been suggested 
that heat be applied only to the thorax, leaving 
the extremities vasoconstricted. The advantages 
of AER are its ease of institution, ready availabil-
ity, low cost, and noninvasiveness. Earlier studies 
showing high mortality when AER was used are 
not supported by more recent experience. AER is 
often combined with ACR techniques in patients 
with moderate or severe hypothermia.

ACR is the most rapid and most invasive 
method, and involves the application of heat to 
the body core. ACR is indicated in patients with 
a core temperature of � 28°C (� 82°F) or with 
an arrested cardiac rhythm. Techniques for ACR 
include heated humidifi ed oxygen, heated IV fl u-
ids, thoracic lavage, peritoneal lavage, gastric/
rectal lavage, hemodialysis, continuous arteriove-
nous/venovenous rewarming, and cardiopulmo-
nary bypass.

One of the simplest methods to institute is 
warm, humidifi ed, inhaled oxygen (42 to 45°C or 
107.6 to 113°F), which prevents further respiratory 
heat loss and may result in a modest heat gain. A 
rewarming rate of 1 to 2.5°C/h (2 to 4.5°F/h) can 
be expected. This technique should be used rou-
tinely on most patients with  moderate-to-severe 
hypothermia. Heated IV fl uids (40 to 42°C or 104 
to 107.6°F) are also easy to administer. If blood 
transfusion is indicated, it should be warmed. 
Although gastric, bladder, and rectal lavage with 
warm fl uids are simple procedures, there is little 
information regarding the effi cacy of these meth-
ods. Gastric lavage may predispose the patient 
toaspiration, and it cannot be performed during 
chest compressions. These methods should be 
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used only as an adjunct until more effective rewarm-
ing methods can be initiated.

For patients with severe hypothermia, the 
following more invasive methods of ACR are 
preferred: peritoneal lavage, thoracic lavage, 
hemodialysis, continuous arteriovenous/venove-
nous rewarming, and cardiopulmonary bypass. 
These procedures require specialized equipment 
and intensive care. However, they are very effi -
cient at rewarming and, in the case of cardiopul-
monary bypass, may provide for hemodynamic 
stabilization of the patient. Peritoneal lavage can 
be instituted through a peritoneal dialysis cath-
eter, using dialysate heated to 40 to 45°C (104 
to 113°F). Closed thoracic lavage involves the 
placement of anterior and posterior chest tubes, 
the infusion of heated saline solution (40 to 42°C 
or 104 to 107.6°F) through the anterior tube, 
and gravity drainage from the posterior tube. 
Hemodialysis, using a two-way-fl ow catheter, 
may be best suited for hemodynamically stable 
patients. Continuous arteriovenous/venovenous 
rewarming uses a modifi ed fl uid warmer with 
40°C (104°F) water infused through the inner 
chamber. Cardiopulmonary bypass (femoral-
femoral or atrial-aortic) is the most invasive and 
labor-intensive technique for rewarming. It has 
the advantage of providing complete hemody-
namic support and rapid rewarming rates (1 to 
2°C every 3 to 5 min).

The choice of rewarming methods may com-
bine techniques, such as AER with ACR, using 
heated oxygen and IV fl uids. The availability 
of resources may be a decisive factor in choos-
ing the method of rewarming. In all cases, the 
complications of rewarming, such as DIC, pul-
monary edema, compartment syndromes, rhab-
domyolysis, and acute tubular necrosis, must be 
anticipated.

Future Therapies

IV fl uids heated to 65°C (149°F) have been 
used in animal studies and have demonstrated 
rewarming rates of 2.9 to 3.7°C/h with minimal 
intimal injury. Diathermy (ie, ultrasound or low-
frequency microwave radiation) involves the con-
version of energy waves into heat. It can deliver 
large amounts of heat to deep tissues. Further 

investigation is needed to determine the optimum 
clinical use.

Outcome From Hypothermia

There are currently no strong predictors of 
death or permanent neurologic dysfunction in 
patients with severe hypothermia. Therefore, 
there are no defi nitive indicators to suggest which 
patients can or cannot be resuscitated success-
fully. Core temperature before rewarming and 
time to rewarming do not predict outcome. Severe 
hyperkalemia (� 10 mEq/L) may be a marker of 
death. In general, resuscitative efforts should con-
tinue until the core temperature is 32°C (90°F). 
However, the decision to terminate resuscitation 
must be individualized based on the circum-
stances. Patients found indoors are more severely 
affected and have higher mortality.

Hyperthermia

Heat Stroke

Defi nition: Heat stroke is a life-threatening 
medical emergency that occurs when homeostatic 
thermoregulatory mechanisms fail. This failure 
usually results in the elevation of body tempera-
ture to � 41°C (� 105.8°F), producing multisystem 
tissue damage and organ dysfunction. The fol-
lowing two syndromes of heat stroke occur: clas-
sic heat stroke (nonexertional) and exertional heat 
stroke. Classic heat stroke typically affects infants 
and elderly individuals with underlying chronic 
illness. The occurrence of classic heat stroke is usu-
ally predictable when heat waves occur. The syn-
drome develops over several days and results in 
signifi cant dehydration and anhidrosis. Exertional 
heat stroke typically occurs in young individuals 
such as athletes and military recruits exercising 
in hot weather. These individuals usually have 
no chronic illness, and this syndrome occurs spo-
radically and often unpredictably. Dehydration is 
less severe, and approximately 50% of individuals 
will have profuse sweating.

Predisposing Factors: Heat stroke results from 
increased heat production and/or decreased heat 
loss (Table 3). Environmental factors of high heat 
and humidity contribute to heat production as well 
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as to the limitation of heat loss. Sympathomimetic 
drugs, such as cocaine and amphetamines, increase 
muscle activity and may also disrupt hypothalamic 
regulatory mechanisms. Numerous drugs interfere 
with the ability to dissipate heat. Drugs with anti-
cholinergic effects, such as cyclic antidepressants, 
antihistamines, and antipsychotics, inhibit sweat-
ing and disrupt hypothalamic function. Ethanol 
may contribute to heat stroke by several mecha-
nisms, as follows: vasodilation resulting in heat 
gain, impaired perception of the environment, and 
diuresis. β-Adrenergic blockers may impair car-
diovascular compensation and decrease cutaneous 
blood fl ow. Factors that increase the risk of death 
include being confi ned to bed because of medical 
problems, living on the top fl oor of a building, lack 
of insulation, and living alone.

Diagnosis: The diagnosis of heat stroke requires 
a history of exposure to a heat load (either internal 
or external), severe CNS dysfunction, and elevated 
temperature (usually � 40°C or � 104°F). The 
absolute temperature may not be critical because 
cooling measures are often instituted before the 
patient is admitted to a health-care facility. Sweat-
ing may or may not be present.

Clinical Manifestations: Symptoms of heat 
stroke vary with the rapidity of onset, severity of 
exposure (temperature and duration), and comor-
bid conditions. Profound CNS dysfunction is a 
defi ning characteristic of heat stroke. Dysfunc-
tion may range from bizarre behavior, delirium, 

and confusion to decerebrate rigidity, cerebellar 
dysfunction, seizures, and coma. These changes 
are potentially reversible, although permanent 
defi cits can occur. Lumbar puncture results may 
show increased protein, xanthochromia, and lym-
phocytic pleocytosis.

Tachycardia, an almost universal cardiovas-
cular fi nding in patients with heat stroke, occurs 
in response to peripheral vasodilation and the 
need for increased cardiac output. The peripheral 
vascular resistance is usually low unless severe 
hypovolemia is present. Compensatory vasocon-
striction occurs in the splanchnic and renal vascu-
lar beds. If the patient is unable to increase cardiac 
output, hypotension develops. A variety of ECG 
changes have been described in patients with heat 
stroke, including conduction defects, increased 
QT interval, and nonspecifi c ST-T changes.

Tachypnea may result in a signifi cant respi-
ratory alkalosis. However, patients with exer-
tional heat stroke usually have lactic acidosis. 
Hypoglycemia may be present in patients with 
exertional heat stroke as a result of increased glu-
cose use and impaired hepatic gluconeogenesis. 
Rhabdomyolysis and renal failure occur more 
commonly with exertional heat stroke and may 
be caused by myoglobinuria, thermal parenchy-
mal damage, or decreased renal blood fl ow due to 
hypotension. Hematologic effects include hypoco-
agulability, which may progress to DIC. Hepatic 
injury results in cholestasis and the elevation of 
transaminase levels.

An infl ammatory response may cause or con-
tribute to the clinical manifestations of heat stroke. 
Increased concentrations of endotoxin, tumor 
necrosis factor, soluble tumor necrosis factor recep-
tor, and interleukin-1 have been demonstrated in 
heat stroke victims. Interleukin-6 and nitric oxide 
metabolite concentrations correlate with the sever-
ity of illness. Endothelial cell activation/injury is 
suggested by fi ndings of increased concentrations 
of circulating intercellular adhesion molecule-1, 
endothelin, and von Willebrand factor antigen.

Electrolyte concentrations are variable in 
patients with heat stroke. Hyperkalemia can 
result from rhabdomyolysis, but hypokalemia 
occurs more commonly. Hypocalcemia can occur, 
particularly with rhabdomyolysis, but usually 
does not require therapy.

Table 3. Predisposing Factors for Heat Stroke

Increased heat production
 Exercise
 Fever
 Thyrotoxicosis
 Hypothalamic dysfunction
 Drugs (sympathomimetic agents)
 Environmental heat stress
Decreased heat loss
 Environmental heat stress
 Cardiac disease
 Peripheral vascular disease
 Dehydration
 Obesity
 Skin disease
 Anticholinergic drugs
 Ethanol
 β-Blockers
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Differential Diagnosis: The history and physi-
cal fi ndings usually indicate the diagnosis of heat 
stroke. In the absence of an adequate history, other 
processes to be considered include CNS infection, 
hypothalamic lesions, thyroid storm, and other 
hyperthermic syndromes such as neuroleptic 
malignant syndrome (NMS).

Treatment: Along with resuscitative measures, 
immediate cooling should be instituted for any 
patient with a temperature of � 41°C (� 105.8°F). 
The following two methods of cooling have been 
used: conductive cooling and evaporative cooling. 
Because defi nitive human studies are lacking, the 
optimal cooling method remains controversial.

Direct cooling by enhancing conduction of 
heat from the body is accomplished by immersing 
the patient in cold water. Skin massage to prevent 
cutaneous vasoconstriction in the limbs has been 
recommended. Shivering can result in an unde-
sirable increase in heat production. This method 
requires considerable staff time and makes it dif-
fi cult to treat seizures and perform other resusci-
tative measures. Variants of this method include 
ice water soaks; the application of ice packs to 
the axillae, groin, and neck; and ice applied to the 
entire body.

Evaporative cooling is a widely used practical 
cooling method. The patient is placed nude on a 
stretcher and sprayed with warm (not cold) water. 
Air fl ow is created with the use of fans to enhance 
evaporative cooling. This method allows person-
nel to institute other resuscitative measures while 
cooling occurs. Other cooling methods, such as 
peritoneal lavage, iced gastric lavage, or cardio-
pulmonary bypass, have not been effectively 
tested in humans. There are a few reports of sur-
face and endovascular cooling devices used for 
induced hypothermia after cardiac arrest being 
used in heat stroke victims but their use cannot 
be recommended at this time because of cost and 
invasiveness. The use of antipyretic agents is not 
indicated, and dantrolene is ineffective.

In addition to cooling, most patients will 
require intubation for airway protection. Supple-
mental oxygen therapy should be instituted for 
all patients. The type and quantity of IV fl uids 
should be individualized based on the assess-
ment of electrolyte levels and volume status. 
Overaggressive hydration may result in cardiac 

decompensation during cooling, especially in the 
elderly. Hypotension usually responds to  cooling 
as peripheral vasodilation decreases. Therapy 
with vasopressor agents that results in vaso-
constriction can decrease heat exchange and is 
not recommended for the initial management of 
hypotension. A thermistor probe should be used 
for the monitoring of core temperature during 
cooling efforts. Cooling should be stopped at 38.0 
to 38.8°C (100.4 to 102°F) to prevent hypothermic 
overshoot.

Outcome: With appropriate management, the 
survival rate of patients with heat stroke 
approaches 90%. However, morbidity is related 
to the duration of hyperthermia and to under-
lying conditions. Advanced age, hypotension, 
coagulopathy, hyperkalemia, acute renal failure, 
and prolonged coma are associated with a poor 
prognosis. Elevated lactate levels are associated 
with a poor prognosis in patients with classic heat 
stroke but not those with exertional heat stroke. In 
retrospective studies, rapid cooling (in � 1 h) was 
associated with a decreased mortality.

Malignant Hyperthermia

Defi nition: Malignant hyperthermia (MH) is a 
drug-induced or stress-induced hypermetabolic 
syndrome that is characterized by hyperthermia, 
muscle contractures, and cardiovascular instabil-
ity. It results from a genetic defect of calcium trans-
port in skeletal muscle. The primary defects are 
postulated to be the impaired reuptake of calcium 
into the sarcoplasmic reticulum, the increased 
release of calcium from the sarcoplasmic reticu-
lum, and a defect in the calcium-mediated cou-
pling contraction mechanism. Sustained muscle 
contraction results in increased oxygen consump-
tion and heat production. It is genetically trans-
mitted as an autosomal-dominant trait and occurs 
in 1 in 50 to 1 in 150,000 adults who receive anes-
thesia.

Triggers: Halothane and succinylcholine have 
been involved in the majority of reported cases of 
MH. Additional potentiating drugs include muscle 
relaxants, inhalational anesthetic agents, and drugs 
such as ethanol, caffeine, sympathomimetics, 
parasympathomimetics, cardiac glycosides, and 
quinidine analogs. Less commonly, MH can be 
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precipitated by infection, physical or emotional 
stress, anoxia, or high ambient temperature.

Clinical Manifestations: Manifestations of MH 
usually occur within 30 min of anesthesia in 90% 
of cases. However, onset of the syndrome may 
occur postoperatively. Muscle rigidity begins 
in the muscles of the extremities or the chest. In 
patients receiving succinylcholine, the stiffness 
most commonly begins in the jaw. The develop-
ment of masseter spasm after the administration 
of a paralyzing agent should be considered an 
early sign of possible MH. Tachycardia is another 
early, although nonspecifi c, sign. The monitoring 
of arterial blood gas or end-tidal CO2 levels 
may detect an early increase in CO2. Hyperten-
sion and mottling of the skin also occur. The 
increase in temperature usually occurs later, 
but it is followed rapidly by acidosis, ventricu-
lar arrhythmias, and hypotension. Laboratory 
abnormalities include increased sodium, cal-
cium, magnesium, potassium, phosphate, cre-
atine kinase, and lactate dehydrogenase levels. 
Lactate levels are increased, and arterial blood 
gas levels indicate hypoxemia and an increase 
in Paco2.

Treatment: Once the diagnosis of MH is enter-
tained, therapy with the inciting drug should be 
discontinued immediately. The most effective 
and safest therapy is dantrolene, which prevents 
the release of calcium into the cell by the sarco-
plasmic reticulum. Uncoupling of the excitation-
contraction mechanism in skeletal muscle 
decreases thermogenesis. Dantrolene should be 
administered by rapid IV push, beginning at a 
dose of 2.5 mg/kg and repeated every 5 min until 
the symptoms subside or the maximum dose of 
10 mg/kg has been reached. Decreasing muscle 
rigidity should be evident within minutes. Subse-
quent doses of 1 mg/kg every 4 to 6 h should be 
continued for 36 to 48 h. If dantrolene is ineffec-
tive or slowly effective, evaporative cooling meth-
ods can also be used. Calcium channel blockers 
are of no benefi t in patients with MH and should 
not be used to treat arrhythmias.

The Malignant Hyperthermia Association 
of the United States provides a hotline for assis-
tance in managing MH (1-800-MH-HYPER, 
1-800-644-9737, or 1-315-464-7079 if outside of the 
United States.) The organization also maintains a 

Web site with useful information online (www.
mhaus.org).

NMS

Defi nition: NMS is an idiosyncratic reaction, 
usually to neuroleptic drugs, that is characterized 
by hyperthermia, muscle rigidity, alterations 
in mental status, autonomic dysfunction, and 
rhabdomyolysis. It may occur in up to 1% of 
all patients receiving therapy with neuroleptic 
agents; it affects the young more than the old, and 
affected individuals are more likely to be male 
than female. The pathogenesis is unknown, but it 
is thought to be related to CNS dopamine antago-
nism and altered hypothalamic temperature set 
point.

Triggers: Although the majority of cases have 
been associated with haloperidol, the following 
agents have been associated with NMS: butyro-
phenones (eg, haloperidol), phenothiazines (eg, 
chlorpromazine and fl uphenazine), thioxanthenes 
(eg, thiothixene), dopamine-depleting agents (eg, 
tetrabenazine), dibenzoxazepines (eg, loxapine), 
and withdrawal of levodopa/carbidopa or aman-
tadine. The newer atypical antipsychotic drugs 
such as clozapine, risperidone, olanzapine, zipra-
sidone, aripiprazole, and quetiapine have also 
been reported to induce NMS. Rechallenge with 
an inciting drug may not result in the recurrence 
of NMS. Various diagnostic criteria have been 
proposed (Table 4), but NMS remains a clinical 
diagnosis based on exposure to neuroleptic agents 

Table 4. Diagnostic Criteria for NMS*

Major criteria
 Fever
 Muscle rigidity
 Increase in creatinine kinase level

Minor criteria
 Tachycardia
 Abnormal BP
 Tachypnea
 Altered consciousness
 Diaphoresis
 Leukocytes

*Diagnosis of NMS is suggested by the presence of all three 
major criteria or by the presence of two major and four 
minor criteria.
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or other dopamine antagonists in association with 
characteristic manifestations.

Clinical Manifestations: NMS usually occurs 1 
to 3 days after initiating therapy with a neurolep-
tic agent or changing the dose, and the syndrome 
may last for a period of 1 to 3 weeks. Hyper-
thermia is universally present, and the average 
maximal temperature is 39.9°C (103.8°F). How-
ever, NMS has been reported to occur without 
temperature elevation. Autonomic dysfunction 
includes tachycardia, diaphoresis, BP instabil-
ity, and arrhythmias. Autonomic dysfunction 
may precede changes in muscle tone. A gen-
eral increase in muscle tone or tremors occurs 
in � 90% of patients. Early manifestations of 
changes in muscle tone include dysphagia, dys-
arthria, or dystonia. Altered mental status occurs 
in 75% of patients and can range from agitation 
to coma. Rhabdomyolysis occurs frequently with 
elevations of creatine kinase levels and may lead 
to serious electrolyte abnormalities. WBC counts 
are often increased (10,000 to 40,000 cells/μL) and 
may demonstrate a left shift. DIC has also been 
reported. Volume depletion or renal injury from 
rhabdomyolysis can result in elevated BUN and 
creatinine levels.

Treatment: Dantrolene is the most effective 
agent for reducing muscle rigidity and decreasing 
temperature. It is administered in the same doses 
as those described for MH. In addition, dopa-
mine agonists have been reported to have ben-
efi cial effects in patients with NMS. These drugs 
include bromocriptine (2.5 to 10 mg tid), amantadine 
(100 mg bid), and levodopa/carbidopa. Support-
ive therapies must also be instituted as indicated. 
Complications may include respiratory failure, 
cardiovascular collapse, renal failure, arrhyth-
mias, or thromboembolism. The Neuroleptic 

Malignant Syndrome Information Service (www.
nmsis.org) maintains a hotline for medical profes-
sionals (1-888-667-8367) if assistance is needed.

Rhabdomyolysis

Defi nition

Rhabdomyolysis is a clinical and laboratory 
syndrome resulting from skeletal muscle injury 
with the release of cell contents into the plasma. 
Rhabdomyolysis occurs when demands for oxy-
gen and metabolic substrate exceed availability. 
This syndrome may result from primary muscle 
injury or secondary injury due to infection, vas-
cular occlusion, electrolyte disorders, or toxins. 
Table 5 provides an overview of the causes of 
rhabdomyolysis. Statin use is currently one of 
the most frequent causes of mild rhabdomyolysis 
but severe cases also occur. Rhabdomyolysis can 
develop postoperatively following bariatric sur-
gery due to elevated deep tissue pressures.

Manifestations

Clinical manifestations of rhabdomyolysis 
consist of myalgias, muscle swelling and tender-
ness, discoloration of the urine, and features of the 
underlying disease. However, overt symptoms or 
physical fi ndings may not be present. The results of 
a laboratory evaluation refl ect muscle cell lysis with 
elevation of the levels of muscle enzymes (ie, cre-
atine kinase, lactate dehydrogenase, aldolase, and 
aspartate aminotransferase), hyperkalemia, hyper-
phosphatemia, and hypocalcemia. Coagulation 
abnormalities consistent with DIC may occur. 
Renal failure may result secondary to the release 
of myoglobin and other toxic muscle components. 

Table 5. Causes of Rhabdomyolysis

Traumatic Infections Toxins/Drugs Metabolic Disorders

Crush syndrome Coxsackievirus Alcohol Enzyme defi ciencies
Muscle compression Gas gangrene Amphetamines Hyperosmolar states
Hyperthermic syndromes Hepatitis Carbon monoxide Hypokalemia
Burns Infl uenza B virus Cocaine Hypomagnesemia
Electrical injury Legionella Phencyclidine Hypophosphatemia
Exertion Salmonella Snake/spider venom Infl ammatory muscle disease
Seizures Shigella Statins Thyroid disease
Vascular occlusion Tetanus Steroids Vasculitis
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A urine dipstick that is positive for blood and an 
absence of RBCs on microscopic examination sug-
gests the presence of myoglobinuria.

Treatment

The treatment of rhabdomyolysis is aimed at 
treating the underlying disease and preventing 
complications. The maintenance of intravascular 
volume and renal perfusion is the most impor-
tant aspect of preventing renal failure. Volume 
resuscitation should target a urine output of 2 to 
3 mL/kg/h. Although increased urine output is 
benefi cial, other interventions to prevent renal 
failure are more controversial. Alkalinization of 
the urine may be helpful, but clinical relevance 
has not been established. The greatest benefi t of 
administering sodium bicarbonate may be the 
restoration of intravascular volume rather than a 
change in pH. Treatment with bicarbonate should 
be individualized, based on the patient’s ability to 
tolerate the sodium and fl uid load. Therapy with 
loop diuretics and osmotic diuretics has been 
advocated as being protective of the kidneys, but 
convincing clinical data are lacking. Loop diuret-
ics theoretically can worsen renal tubular acidosis, 
which is thought to potentiate myoglobin-induced 
nephropathy. Diuresis should not be attempted 
without adequate volume replacement.

Electrolyte abnormalities should be antici-
pated and treated expeditiously. The most 
life-threatening abnormality is hyperkalemia. 
Hypocalcemia does not usually require treat-
ment, and the empiric administration of calcium 
may exacerbate muscle injury.

The patient with rhabdomyolysis must be 
closely observed for the development of a com-
partment syndrome. The monitoring of intracom-
partmental pressures may be required. Fasciotomy 
is often recommended for intracompartmental 
pressures of � 30 to 35 mm Hg.
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Objectives:

• Describe a systematic approach to the patient receiving 
mechanical ventilation in acute, life-threatening crisis

• Delineate the differential diagnosis and diagnostic plan for 
the agitated patient receiving mechanical ventilation

• Examine the underlying causes for high- and low-pressure 
alarms and acute deteriorations of gas exchange

Key words: auto-positive end-expiratory pressure; baro trauma; 
endotracheal tube; hypercapnia; hypoxemia; mechanical 
ventilation; patient-ventilator synchrony; pneumothorax 
ventilator alarm 

An Approach to the Ventilated Patient 
in Crisis

The ICU course of mechanical ventilation is 
characterized typically by an apparently com-
fortable patient, quiet ventilator alarms, and ade-
quate gas exchange. This peaceful picture may be 
punctuated, however, by abrupt crises of distress, 
alarming, or severe hypoxemia or hypercapnia. 
By their very nature, such crises demand a rapidly 
paced response. At the same time, the stakes are 
high: the treatment (eg, needle thoracostomy or 
a sedative bolus) may be lifesaving  (if accurate) 
or life ending (if wrong). This chapter describes 
the most common crises during mechanical ven-
tilation; provides a framework for rapid, bedside 
evaluation; and emphasizes the use of ventila-
tor fl ow and pressure waveforms and bedside 
ultrasonography to guide therapy. This chapter is 
divided into the following categories: (1) the dis-
tressed patient; (2) high- and low-pressure alarms; 
(3) critically impaired gas exchange; and (4) high 
levels of auto-positive end-expiratory pressure 
(autoPEEP) a particular scenario that may pro-
voke distress, alarming, or gas exchange failure.

The Distressed Patient

One of the fi rst principles of dealing with the 
acutely distressed patient receiving mechanical 

ventilation is that either the ventilator or the 
patient may be the source of the distress. It is 
often helpful to bag ventilate the patient briefl y in 
order to separate man from machine, potentially 
clarifying what is provoking the crisis. Possible 
machine-induced bases for the crisis include 
mechanical failure of the ventilator; disconnections 
of tubing (from source to ventilator or from ven-
tilator to patient); endotracheal (or tracheostomy) 
tube malfunction, obstruction, or dislodgement; 
and ventilator settings that fail to match patient 
demands (most notably of inspiratory fl ow rate). 
Patient-related sources of distress include baro-
trauma; pain; myocardial ischemia; hypoxemia or 
hypercapnia; delirium; and anxiety.

The differential diagnosis is aided by a 
focused, 60-s examination, during which the 
patient should be bag ventilated by hand, with 
attention to endotracheal tube (position, patency, 
cuff integrity); evidence of pneumothorax (tra-
cheal deviation; absence of breath sounds); oxim-
etry; and vital signs. Generally, the respiratory 
therapist should attempt to provide ventilation 
suffi ciently to suppress vigorous respiratory effort 
because this facilitates measurement of respira-
tory mechanical properties. Also, if bag ventilation 
calms the patient, the cause of distress is likely to 
be related to ventilator settings or function, rather 
than something intrinsic to the patient (such as 
pneumothorax or a distended urinary bladder). 
If the patient becomes calm, a return to machine 
ventilation may allow a careful measurement of 
respiratory mechanical properties, as detailed 
later, to provide further diagnostic information. If 
oximetry reveals new hypoxemia, both lung and 
circulatory function need further assessment, as 
discussed later.

Often, this brief, initial survey identifi es the 
source of distress or narrows the list of possibili-
ties suffi ciently to suggest one of a few, discrete 
confi rmatory tests. Other patients should have 
immediate blood gas analysis, bedside pleural 
ultrasound, chest radiography, and, in appropri-
ate circumstances, ECG or other examinations.

Ventilatory Crises 

Gregory A. Schmidt, MD, FCCP
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Typically, the question of sedative administra-
tion arises from the onset of the crisis. An agitated 
patient presents an immediate threat to self and 
staff, and a sedative (occasionally to include a par-
alytic drug) may be just the right treatment, espe-
cially when pain or delirium is the fundamental 
problem. However, if agitation is merely signal-
ing some underlying problem, a sedative may (at 
best) mask it or (at worst) unravel the patient’s 
last efforts to compensate. Thus, sedative treatment 
must always be paired with an understanding of 
the cause of the crisis or with a continuing plan to 
solve it.

Barotrauma as the Basis for Crisis

Pneumothorax complicates approximately 
3% of courses of mechanical ventilation, and 
most of these occur near the onset of ventilation,1 
especially in the fi rst 24 h. Nevertheless, the risk 
persists even in patients receiving mechanical 
ventilation for weeks and, because this compli-
cation is both lethal and treatable, it should be 
considered in the evaluation of any distressed 
patient. Signs may include hemodynamic dete-
rioration, tracheal shift, reduced chest wall move-
ment and increased size on the affected side, a 
change in breath sounds, increased airway pres-
sures (or, during pressure-preset modes of ven-
tilation, reduced tidal volume [Vt]), and falling 
oxygen saturations. The sensitivity and specifi city 
of all of these signs are unknown, so they cannot 
be relied on except in dire circumstances. Rather, 
confi rmatory tests (ultrasonography or radiogra-
phy) should be performed to confi rm or refute the 
clinical impression.

Suboptimal Ventilator Settings and 
Patient-Ventilator Dyssynchrony

Ventilator settings may be guided by protocol 
(eg, to protect the lungs from overdistention) or 
may be tailored to achieve particular gas exchange 
goals. The settings achieved may or may not meet 
the patient’s demand for fl ow rate, fl ow pattern, 
Vt, or minute ventilation ( 

.
Ve). Alternatively, the 

settings may be adjusted primarily to attain com-
fort, at the cost of deleterious alveolar overdisten-
tion or autoPEEP. Most often, both comfort and 
safe ventilatory settings can coexist, but this often 

requires sedation. Patients are at risk for distress, 
occasionally of crisis proportions, when sedation 
is interrupted or reduced, or when resolving ill-
ness allows a greater level of alertness. Evidence 
that ventilator settings are not meeting patient 
demand can be inferred readily by examining the 
fl ow and pressure waveforms. Specifi c examples 
follow.

Lung-Protective Ventilation in Acute Lung 
Injury/ARDS 

Most patients with acute lung injury (ALI)/
ARDS should receive ventilation with Vt levels 
of 6 mL/kg predicted body weight. At this Vt, 
a high respiratory rate is necessary to meet the 
demand for 

.
Ve. In the ARMA trial2 (the Acute 

Respiratory Distress Syndrome Network trial of 
low Vt ventilation), the mean respiratory rate in 
the low-Vt group was 30 breaths/min, and some 
patients will need rates well in excess of this num-
ber. A common error in the patient with ALI is 
to set a low rate, such as 18 breaths/min, which 
may suffi ce in the initial hours when the patient is 
deeply sedated but will be insuffi cient on awak-
ening. In that situation, sedative discontinuation 
may unmask the discrepancy between what is set 
and what is needed, provoking distress and agita-
tion. This crisis can often be averted by attention 
to the airway pressure waveform by recognizing 
triggered breaths (especially double triggering), 
concavity of the inspiratory pressure rise, or breath-
to-breath variability in pressure, as illustrated in 
Figure 1.

AutoPEEP and the Eff ort To Trigger

The presence of autoPEEP presents an inspi-
ratory threshold load, making it diffi cult for the 
patient to trigger the ventilator. When the end-
expiratory pressure greatly exceeds PEEP (as in 
severe airfl ow obstruction), the patient must exert 
suffi cient effort to lower alveolar pressure from 
the autoPEEP level to the PEEP level (and further 
to trigger the ventilator). The work of trigger-
ing may be so high that the patient becomes dis-
tressed. This is apt to occur when ventilator rates 
are reduced, transitioning the patient from full 
ventilation (no need to trigger) to only partial sup-
port (must  trigger) or, similarly, when  sedatives 
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are withdrawn. Recognizing this  scenario entails 
knowing when it is likely to occur—in the patient 
with status asthmaticus or severe COPD exac-
erbation. Ventilator waveforms provide clues: 
end-expiratory fl ow, delayed triggering, and 
failed trigger efforts (Fig 2) all may signal the 
presence of autoPEEP. In passive patients, the 
end- expiratory port occlusion  technique allows 

quantitation of its  magnitude. One solution to 
the triggering diffi culty of auto  PEEP is to raise 
the PEEP level, which has the effect of reducing the 
inspiratory threshold load. It is worth empha-
sizing that changing the level of the pressure 
trigger, or shifting from pressure triggering to 
fl ow triggering, has no meaningful impact on the 
work of breathing.

Patient-Ventilator Dyssynchrony

Both examples given here involve patient-
ventilator dyssynchrony, but a mismatch between 
the patient’s desires and what the intensivist 
has ordered can arise in any patient receiving 
mechanical ventilation. Such a mismatch is often 
subclinical, rising to the level of crisis only when 
sedatives are withheld or the patient’s ventilatory 
demand rises, such as during bathing or use of the 
bedpan. In both this setting and that previously 
described for ALI, sedating the patient again can 
“solve” the crisis, but a superior approach may 
be to adjust the ventilator instead. Patients at risk 
for clinically important dyssynchrony can often 
be identifi ed by regular examination of ventilator 
waveforms, with attention to the signs exhibited 
in Figure 1.

Figure 2. The end-expiratory fl ow is approximately 0.3 L/s (should be zero).

Figure 1. Airway pressure waveform with triggered breaths, 
concavity of the inspiratory pressure rise, and breath-to-
breath variability in pressure.
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High Ventilator Pressure Alarm

During volume-preset modes of ventilation, 
the high-pressure alarm is one of the most useful 
clues to a new problem. At any point during inspi-
ration, the pressure at the airway opening is the sum 
of pressures to (1) overcome the end-expiratory 
alveolar pressure (PEEP or autoPEEP); (2) drive 
fl ow across the inspiratory resistance; (3) distend 
the lungs and chest wall; and (4) counter any 
effect of expiratory muscles. Surely the most com-
mon cause of a high-pressure alarm is coughing 
or expiratory muscle activity during inspiration, a 
form of patient-ventilator dyssynchrony typically 
called bucking. Other reasons for the airway pres-
sure to rise include biting, kinking, or occlusion of 
the endotracheal tube; bronchospasm; pulmonary 
edema; atelectasis; pneumothorax; and abdominal 
distention (Table 1). The basis for an elevated air-
way opening pressure may not be clear initially. A 
systematic approach to gaining useful physiologic 
information follows: (1) get the patient into a rela-
tively passive state; (2) measure the peak  airway 

pressure; (3) stop fl ow briefl y at end-inspira tion, 
measuring the plateau airway pressure; and 
(4) seek and quantitate autoPEEP.

Get the Patient Into a Passive State

Effort can greatly affect the airway pressure 
waveform (Fig 1), confounding the interpreta-
tion of respiratory mechanics, making it neces-
sary that the patient become relatively passive. 
Many patients will already be passive as a result 
of illness, sedatives, paralytics, or high level of 
ventilator support. For those who are not, simple 
ventilator maneuvers (raising modestly the rate 
or Vt) may suffi ce. In others, additional sedatives 
would be necessary to accommodate them to the 
ventilator settings, and the intensivist must bal-
ance the gain from additional information against 
the adverse effects of sedation.

Measure the Peak and Plateau Airway Pressures

The peak airway pressure is found at end-
inspiration and, in the passive patient, represents 
the sum of fl ow-related pressure, the pressure 
to distend lungs and chest wall, and pressure 
to overcome PEEP (or autoPEEP). A 0.3-s end-
inspiratory pause stops fl ow, removing the fl ow-
related component, so the airway pressure falls 
by an amount related to the fl ow resistance and 
the inspiratory fl ow rate. When the endotracheal 
tube is � 7.5 and the fl ow is set at 60 L/min, the 
resistive pressure (peak pressure minus plateau 
pressure) is approximately 5 cm H2O. The plateau 
pressure represents the sum of only the pressure 
to distend lungs and chest wall and the pressure 
to overcome PEEP.

Measure PEEP or AutoPEEP

When there is no autoPEEP, the end-expira-
tory pressure equals PEEP. Thus, the pressure to 
distend lungs and chest wall is the plateau airway 
pressure minus PEEP. The Vt divided by the pres-
sure to distend lungs and chest wall is the static 
compliance of the respiratory system and has val-
ues normally between 70 and 100 mL/cm H2O. 
The presence of autoPEEP is usually signaled by 
the presence of end-expiratory fl ow. Its magnitude 
can be found by stopping fl ow at end-expiration 

Table 1. Differential Diagnosis of Elevated Airway Opening 
Pressure

Classifi cation Cause

Expiratory effort Coughing, bucking
Respiratory distress

Elevated resistive pressure Endotracheal tube secretions, 
concretions

Biting the endotracheal tube
Bronchospasm
Fixed airway obstruction
Malignant or infl ammatory 

airway masses
Excessive inspiratory fl ow rate

Elevated plateau pressure 
due to lungs

Pulmonary edema

Pulmonary fi brosis
Atelectasis
Acute lung injury/ARDS
Severe pneumonia
Lung cancer

Elevated plateau pressure 
due to chest wall

Abdominal compartment 
syndrome

Massive obesity
Pneumothorax
Large pleural effusions

Elevated autoPEEP Status asthmaticus
Severe COPD

 Other obstruction or very high 
minute ventilation

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 337

and reading the pressure at the airway opening. 
Calculations of compliance must take autoPEEP 
into account.

By examining the airway pressure wave-
form and using a brief end-inspiratory pause, it 
becomes possible to narrow the differential diag-
nosis for high peak airway pressure into resis-
tive causes, compliance-related causes, or (rarely) 
high autoPEEP. Moreover, by remeasuring these 
mechanical parameters following interventions, it 
becomes possible to determine the impact of the 
intervention.

Low Ventilator Pressure Alarm

Low-pressure alarms are uncommon and gen-
erally are due to leaks in the system (most often a 
disconnection between the wye connector and the 
endotracheal tube). A patient will rarely make so 
much effort as to suck the airway pressure below 
an alarming threshold. Leaks are readily evident 
with a brief bedside examination with attention to 
the endotracheal or tracheostomy tube, ventilator 
tubing, and (if present) chest tube.

Worsened Oxygenation

There are many potential explanations for 
acutely deteriorating oxygenation. These can be 
classifi ed into three main groups: (1) a ventilator 
or interface problem; (2) worsened gas exchange 
in the lung; and (3) circulatory disruption. Many 
patients with severe lung derangement depend 
critically on the fraction of inspired oxygen (Fio2), 
PEEP level, or some other inhaled gas (eg, nitric 
oxide or prostacyclin). Empty tanks, disconnected 
lines, dislodged endotracheal tubes, changes in 
PEEP, and various forms of ventilator malfunc-
tion may provoke acute hypoxemia.

Several forms of new or worsened lung gas 
exchange may present abruptly, including pulmo-
nary edema, atelectasis, pneumothorax, pulmo-
nary embolism, or rapid advancement of ARDS, 
alveolar hemorrhage, or pneumonia. At times, lung 
gas exchange deteriorates because of distress or 
increased work of breathing, without requiring any 
fundamental change in lung function. These con-
ditions are most likely to follow reductions in level 
of sedation or some new stimulus provoking 
agitation. It is often useful to get the patient 

into a passive state and then remeasure respira-
tory mechanical properties to gain insight into 
the crisis. Bedside ultrasound testing can also be 
revealing3 and is more quickly available than a por-
table chest radiograph (although this, too, may be 
useful). With this approach, many patients can 
be managed comfortably without performing 
helical CT angiography to exclude pulmonary 
embolism.

Finally, in patients with diseased lungs, the 
arterial oxyhemoglobin saturation depends, in 
part, on the venous oxyhemoglobin saturation. 
This, in turn, is a function of oxygen delivery and 
systemic consumption. Thus, a crippled circula-
tion can reveal itself as worsened oxygenation. 
Measuring the central venous saturation (or oth-
erwise assessing the circulation) may be useful.

When hypoxemia is severe and the Fio2 is 
� 0.6, concerns arise regarding oxygen toxic-
ity. The threshold for oxygen toxicity in humans 
is unknown. Further, diseased lungs and those 
already exposed to moderate increased oxy-
gen may be relatively resistant to high frac-
tions. Nevertheless, common practice stresses an 
attempt to get the Fio2 to � 0.6 within 24 h. Several 
maneuvers can help accomplish this. First, efforts 
should be made to accommodate the ventilator to 
the patient’s demand or to sedate the patient to 
accept the ventilator settings. A trial of PEEP or 
recruitment maneuvers may show the capacity to 
open additional alveoli. Other ventilator tactics, 
such as high-frequency or inverse-ratio ventila-
tion, have been tried as salvage measures. Prone 
positioning is often helpful in improving oxy-
genation, although, as with high-frequency ven-
tilation, no effect on mortality or other relevant 
clinical outcomes has been demonstrated. Using 
the dependence of arterial saturation on venous 
saturation to advantage, measures to raise cardiac 
output or arterial oxygen content or to reduce oxy-
gen consumption may be useful. Inhaled gases 
that redistribute blood fl ow, such as inhaled nitric 
oxide or prostacyclin, can raise arterial saturation 
and favor a reduction in oxygen fraction. Finally, 
it is surprising how often simply turning the Fio2 
down leads to little deterioration in saturation 
(recall that large shunts are relatively refractory 
to oxygen, both increased and decreased). This, 
combined with lowering the target for arterial 
saturation (eg, there is little reason to think that 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



338 Ventilatory Crises (Schmidt)

maintaining an arterial oxygen saturation of 0.92 
is superior to 0.88), often allows a prompt reduc-
tion in Fio2.

Worsening Hypercapnia

A rising Pco2 can be explained by referring to 
the determinants of the arterial Pco2, including 
the carbon dioxide production rate, dead space 
fraction, and 

.
Ve. An increase in the Pco2 implies 

that more carbon dioxide is being produced (eg, 
fever, seizure, overfeeding), the dead space frac-
tion is up (eg, higher PEEP, hypovolemia, pul-
monary embolism), or 

.
Ve has fallen (lower Vt or 

rate). Examining trends in ventilator parameters, 
hemodynamic values, and other vital sign and 
laboratory data may be useful. Sometimes sim-
ply increasing the 

.
Ve is suffi cient to normalize the 

Pco2 while the underlying problem is addressed. 
However, many patients receiving mechanical 
ventilation and who have hypercapnia have such 
profound lung derangement that raising the 

.
Ve 

may be ineffective (eg, when the consequence is 
to raise autoPEEP, boosting the dead space frac-
tion, and preventing any fall in Pco2) or harmful 
(as when the acutely injured lung is overstret-
ched or the dynamically infl ated lung is further 
hyperinfl ated).

At the same time, it is worth emphasizing 
that hypercapnia is generally well tolerated in 
the adequately sedated patient.4 Multiple studies4 
examining permissive hypercapnia have shown 
that the physiologic effects are modest and gener-
ally transient.In particular, BP and cardiac output 
are not depressed by hypercapnia. The tolerabil-
ity of elevated Pco2 is less certain when there is 
active myocardial ischemia, severe pulmonary 
hypertension, raised intracranial pressure, or 
pregnancy. Evaluation of the patient with wors-
ening hypercapnia should focus on the endotra-
cheal tube; ventilator settings; central drive to 
breathe; evidence of new or worsened systemic 
infl ammation; radiographic changes; magnitude 
of autoPEEP; the intravascular volume state; and 
the end-tidal carbon dioxide trend.

High Levels of AutoPEEP

Persistent end-expiratory fl ow signals the 
presence of autoPEEP. In passive patients, the 

magnitude of autoPEEP can be quantitated with 
an end-expiratory port occlusion. The maneuver 
closes the inspiratory and expiratory limbs of the 
ventilator at the time that the subsequent breath is 
due, allowing equilibration of pressure between 
lung and ventilator, a pressure that can be dis-
played graphically.

High levels of autoPEEP are potentially harm-
ful because they risk hypoperfusion5 and pneumo-
thorax. Further, a major component of the work 
of breathing in the severely obstructed patient 
is the inspiratory threshold load presented by 
autoPEEP. This load can be counterbalanced by 
externally applied PEEP, explaining the dramatic 
benefi t of continuous positive airway pressure in 
patients with severe airfl ow obstruction. It is also 
appropriate to use PEEP in the intubated and ven-
tilated patient with status asthmaticus (or COPD) 
for the same reason. As long as the PEEP is set 
at approximately � 85% of the autoPEEP, there is 
little to fear from further hyperinfl ation. Because 
most patients receiving mechanical ventilation 
tend to trigger the ventilator, PEEP should always 
be used. This is especially true when sedation (or 
paralysis) is reduced.

When autoPEEP is high, the two most impor-
tant approaches to reducing it are to ease the 
airfl ow obstruction and to limit the 

.
Ve. For an 

average-sized adult, an initial  
.
Ve of approximately 

8 L/min (achieved by a Vt between 5 and 7 mL/
kg and a respiratory rate of 14 breaths/min), com-
bined with an inspiratory fl ow rate of 60 L/min, 
is a good starting point. After making these set-
tings (and assuming the patient is adequately 
sedated), the degree of lung hyperinfl ation should 
be measured. Reasonable targets are autoPEEP 
� 15 cm H2O and plateau pressure � 30 cm H2O. 
Occasional patients can be severely hyperin-
fl ated with low measured autoPEEP because of 
completely trapped, noncommunicating areas of 
obstructed gas.6 Once the 

.
Ve is set at a reasonable 

level, such as 8 L/min, further reductions in rate 
have only a very small impact on autoPEEP.7

Heliox may also be administered during 
mechanical ventilation and is effective in reducing 
autoPEEP, but many practical problems arise. 
The fl owmeters on the ventilator that measure Vt 
depend on gas density and will underestimate Vt 
during heliox administration unless recalibrated. 
Thus, the benefi t of diminished airway resistance 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 339

may be confounded by adjustments of V̇e upward 
if this phenomenon is not appreciated. Before a 
heliox ventilator is used, it should be validated 
in a lung model by the respiratory therapists and 
physicians who will use it clinically. A useful 
device is a simple spirometer on the expiratory 
port of the ventilator to confi rm Vt during adjust-
ments of heliox.

As long as inspiratory fl ow is not unusually 
low (or decelerating), there is little to be gained by 
increasing it further. To illustrate this point, con-
sider the consequences of the following ventilator 
settings: Vt, 500 mL; respiratory rate, 15 breaths/
min; and peak inspiratory fl ow rate, 60 L/min. 
These settings result in an inspiratory time of 0.5 s 
and an expiratory time of 3.5 s. Raising the inspira-
tory fl ow rate dramatically (and unrealistically) to 
120 L/min shortens inspiratory time to 0.25 s, but 
increases expiratory time only from 3.5 to 3.75 s, 
a trivial gain. On the other hand, simply lower-
ing the respiratory rate from 15 to 14 breaths/min 
(without changing the fl ow rate or Vt) increases 
expiratory time to 3.8 s. When the goal is to reduce 
hyperinfl ation, it is generally more effective to 
reduce V̇e than to change any other ventilator 
setting.

Hypotension Following Intubation

Postintubation hypotension in patients with 
severe airfl ow obstruction is extremely common. 
Causative factors are pulmonary hyperinfl ation, 
hypovolemia, and sedation. The degree of pul-
monary hyperinfl ation is directly proportional to .
Ve. Dangerous levels of pulmonary hyperinfl ation 
can develop if patients are “bagged” excessively 
in a misguided attempt to stabilize or resuscitate. 
With severe airfl ow obstruction, delivery of even 
a normal  

.
Ve may impair the circulation. Clinically, 

inspired breaths become diffi cult to deliver (as 
there is essentially no room for additional air), 
breath sounds are diminished, and neck veins are 
distended. Systemic BP and pulse pressure fall, 
and the pulse rate increases. In the same patients, 
hypovolemia related to previous dehydration, se-
dation, and muscle relaxation all act to decrease 
mean systemic vascular pressure, further decreas-
ing venous return to the heart. This pathophysiol-
ogy can be demonstrated by ceasing ventilation 

temporarily: mean intrathoracic pressure falls and, 
within 30 to 60 s, BP rises, and heart rate falls. The 
treatment is augmentation of intravascular vol-
ume combined with strategies to minimize lung 
hyperinfl ation (see previous discussion). Note 
that the clinical features of pulmonary hyperin-
fl ation mimic tension pneumothorax; and indeed, 
if cessation of ventilation does not remedy the 
hypotension, pneumothorax should be excluded 
or treated empirically (bilateral chest tubes). Just 
as important, chest tubes should not be inserted 
in unstable patients until there has been a trial of 
hypoventilation.
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Objectives:

• Describe physical examination and laboratory fi ndings 
suggestive of intoxications

• Outline measures for the resuscitation and stabilization of 
the overdose patient

• Discuss the use of interventions to decrease absorption of 
poisons and enhance elimination

• Review indicated interventions and antidotes for poisons 
and substances of abuse likely to be encountered in the 
ICU

• Describe management of ethanol and narcotic withdrawal 
syndromes

Key words: antidotes; overdose; poisoning; substance abuse; 
toxicology

Intentional and accidental poisonings and 
 substance abuse can result in the need for criti-
cal care. In many cases, only supportive care is 
necessary until the effects of the toxin diminish. 
However, some poisonings require specifi c anti-
dotes or interventions to decrease morbidity and 
mortality. General management principles of poi-
sonings and substance abuse that are pertinent 
to intensive care management are presented, as 
well as interventions for specifi c overdoses and 
withdrawal syndromes that the intensivist is 
likely to encounter. Little evidence-based infor-
mation is available; current recommendations 
are based on animal data, volunteer studies, case 
reports, pharmacologic data, and/or consensus 
opinion.

Clinical Presentation

Patients with possible overdose may be asymp-
tomatic or present with life-threatening toxicities. 
The absence of symptoms on the initial examina-
tion does not preclude potential deterioration and 
the development of more severe symptoms. Life-
threatening toxicities that often require intensive 
management include coma, seizures, respiratory 
depression, hypoxemia, arrhythmias, hypoten-
sion, hypertension, and metabolic acidosis.

Diagnosis

The diagnosis of the exact substance involved 
in an overdose or poisoning does not take pre-
cedence over the resuscitation and stabilization 
of the patient (see the “Management” section). 
However, the initial evaluation of the patient may 
identify characteristic signs and symptoms that 
will enable the physician to make a specifi c diag-
nosis quickly and/or assist in directing optimal 
therapy.

History

Accurate information regarding the substance 
ingested, the quantity taken, and the time of inges-
tion should be collected, if possible. Establishing 
the time of ingestion is important to assess the sig-
nifi cance of presenting symptoms. It is also help-
ful to identify the form of the drug involved (ie, 
regular or sustained-release) and the chronicity of 
use. Drugs that may be accessible to the patient 
should be determined.

Physical Examination

Vital signs and the neurologic examination 
fi ndings are particularly helpful in the initial 
evaluation of a patient. Tables 1 and 2 list drugs 
that are associated with changes in vital signs 
and with neurologic alterations. BP may not be 
helpful in determining the toxin because of other 
systemic infl uences. Tachypnea is also fairly non-
specifi c and may be a compensatory response to 
metabolic acidosis or hypoxemia. Although the 
initial neurologic examination may be pertinent, 
it is also important to follow changes in neuro-
logic function over time. The evaluation should 
include an assessment of level of consciousness, 
pupillary reactivity, ocular movements, and 
motor responses. Hypoactive bowel sounds may 
be associated with narcotic or anticholinergic 
agents, and hyperactive bowel sounds may result 
from poisoning with organophosphates.

Poisonings and Overdoses

Janice L. Zimmerman, MD, FCCP
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Toxidromes

Findings on physical examination may 
enable the physician to categorize the poisoning 
into a classic “toxidrome,” or clinical syndrome 
of  poisoning. This classifi cation may allow the 
physician to direct the diagnostic evaluation and 
defi ne appropriate therapy (Table 3).

Laboratory Examination

The effective use of laboratory data supple-
ments the history and physical examination 

 fi ndings. An arterial blood gas measurement will 
detect hypoxemia, hypercarbia, and signifi cant 
acid-base disorders. In combination with electro-
lytes, a signifi cant anion-gap metabolic acidosis 
may be diagnosed. The detection of an osmolal 
gap (ie, �10 mosm) through comparison of the 
measured osmolality with calculated osmolality

(2 � Sodium � Glucose / 18) � (BUN / 2.8)

may indicate the presence of methanol, ethanol, 
ethylene glycol, acetone, or isopropyl alcohol. An 
ECG should be obtained in unstable patients and 
when cardiotoxic drug ingestion is suspected.

Qualitative toxicology screens are performed 
on urine samples. These tests report only the pres-
ence or absence of a substance or class of drugs and 

Table 2. Clues to Diagnosis in Poisoning: Neurologic Findings

Neurolgic Findings Substances Ingested

Pupils pinpoint (miotic) Barbiturates (late)
Cholinergics
Narcotics (except meperidine)
Organophosphates
Phenothiazine
Phencyclidine

Pupils dilated (mydriatic) Alcohol
Anticholinergics
Antihistamines
Barbiturates
Ethanol
Meperidine
Phenytoin
Sympathomimetics

Nystagmus Alcohols
Carbamazepine
Carbon monoxide
Phencyclidine
Phenytoin
Sedative/hypnotics

Seizures Amphetamines
Anticholinergics
Carbon monoxide
Cocaine
Cyanide
Cyclic antidepressants
GHB
Isoniazid
Lithium
Organophosphates
Phencyclidine
Phenothiazines
Salicylates
Strychnine

 Theophylline

Table 1. Clues to Diagnosis in Poisoning: Vital Signs

Vital Sign Increased Decreased 

BP Amphetamines/
cocaine

Antihypertensives

Anticholinergics Cyanide
Caffeine Cyclic 

antidepressants
Ephedrine Ethanol
Sympathomimetics Narcotics

Organophosphates/
carbamates

Sedative/hypnotics
Heart rate Amphetamines/

cocaine
Barbiturates

Anticholinergics β-Blockers
Carbon monoxide Calcium channel 

blockers
Cyanide Cholinergics
Cyclic 

antidepressants
Digitalis glycosides

Ethanol GHB
Sympathomimetics Sedative/hypnotics
Theophylline Organophosphates/

carbamates
Respiratory 

rate
Amphetamines
Anticholinergics
Carbon monoxide
Hydrocarbons
Organophosphates/

carbamates
Salicylates
Theophylline

Alcohols
Barbiturates
GHB
Narcotics
Sedative/hypnotics

Temperature Amphetamines/
cocaine

Barbiturates

Anticholinergics Carbon monoxide
β-Blockers Ethanol
Cyclic antidepressants Hypoglycemic 

agents
Salicylates Narcotics
Sympathomimetics Sedative/hypnotics

 Theophylline  
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are limited by the testing available at an institution. 
Qualitative toxicology screens are helpful in eval-
uating coma of unknown cause, distinguishing 
between toxicosis and psychosis, and (rarely) 
choosing a specifi c antidote. Qualitative test results 
seldom change the initial management of poisoned 
patients. Quantitative analyses provide serum lev-
els of a substance and may direct specifi c therapies in 
selected cases. Quantitative levels that may be useful 
to obtain include those for acetaminophen, carbam-
azepine, carboxyhemoglobin, ethanol, metha-nol, 
ethylene glycol, theophylline, phenytoin, lithium, 
salicylates, barbiturates, digoxin, valproic acid, and 
cyclic antidepressants. Cyclic antidepressant lev-
els confi rm antidepressant ingestion, but the levels 
correlate poorly with toxicity.

Management

Resuscitation and Stabilization

The initial priorities in management of poi-
soned patients are airway, breathing, and circu-
lation. Intubation may be necessary to support 
oxygenation and ventilation or to protect the air-
way. Hypotension from toxins is more commonly 
due to venous pooling than to myocardial depres-
sion and should be treated initially with isotonic 
fl uids, rather than vasopressor agents. Oxygen 
should be routinely administered to the poisoning 
victim, pending an assessment of oxygenation by 
arterial blood gas measurement or pulse oximetry.

In the patient with a depressed level of con-
sciousness, the following additional interventions 
should be considered:

• 50% glucose (25 to 50 g);
• Thiamine (100 mg IV);

• Naloxone (0.4 to 2 mg IV), especially with clas-
sic fi ndings of miosis and respiratory depres-
sion; and

• Flumazenil therapy is not routinely recom-
mended. Consider its administration in patients 
who have a clinical course compatible with a 
sedative overdose; however, it is contraindi-
cated in patients with known overdoses of 
cyclic antidepressants and in long-term users of 
benzodiazepine because of the risk of seizures.

Nonspecifi c Therapy

After stabilization, nonspecifi c interventions 
may be considered to decrease absorption of the 
toxin from the GI tract or to enhance elimination. 
GI decontamination can be attempted with gas-
tric-emptying procedures (ie, induced emesis and 
gastric lavage), adsorption of drugs (ie, activated 
charcoal therapy), and increasing transit through 
the GI tract (ie, administration of cathartic agents 
or whole-bowel irrigation).

Induced Emesis: Induced emesis with ipecac is 
not recommended in adults or children. Ipecac is 
effective in inducing vomiting but is not necessar-
ily effective in recovering toxins. Contraindica-
tions to the use of ipecac include hydrocarbon or 
corrosive ingestion, absent gag refl ex, depressed 
mental status, a risk for CNS depression or sei-
zures, and pregnancy. Potential complications 
include aspiration pneumonitis, Mallory-Weiss 
tear, and protracted emesis that delays the use of 
activated charcoal.

Gastric Lavage: Gastric lavage is performed in 
the adult with a 36F to 40F tube inserted orally. 
Lavage is performed with aliquots of 100 to 200 
mL of normal saline solution or water. There are 

Table 3. Toxidromes

Poisoning Syndrome Symptoms

Cholinergic (SLUDGE syndrome) Salivation, bronchorrhea, lacrimation, urination, defecation, GI upset, and emesis; 
also, bradycardia, fasciculations, confusion, and miosis

Anticholinergic Dry skin, hyperthermia, mydriasis, tachycardia, delirium, thirst, and urinary 
retention

Sympathomimetic Hypertension, tachycardia, seizures, CNS excitation, mydriasis, and diaphoresis
Narcotic Miosis, respiratory depression, depressed level of consciousness, 

hypotension, and hyporefl exia
Sedative/hypnotic Depressed level of consciousness, respiratory depression, hypotension, and 

hyporefl exia
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no defi nite indications for use of gastric lavage 
because of the lack of confi rmed benefi t. Cur-
rent recommendations suggest that gastric lavage 
should not be used routinely and should be con-
sidered only in cases of life-threatening ingestion 
when lavage can be instituted within 1 h of inges-
tion. The airway must be protected in patients 
with a depressed level of consciousness. Lavage 
is contraindicated in acid or alkali ingestions 
because of possible esophageal perforation and in 
the presence of a severe bleeding diathesis. Com-
plications of lavage include aspiration pneumo-
nitis, esophageal perforation, and cardiovascular 
instability.

Activated Charcoal: Activated charcoal is prob-
ably the best intervention for orally ingested poi-
sons. The greatest benefi t occurs if charcoal is 
administered within the fi rst hour after ingestion. 
The current recommendations for decreasing GI 
absorption of toxins emphasize the use of acti-
vated charcoal despite the lack of proven benefi t. 
The appropriate dose of charcoal (1 g/kg) may 
be administered by an orogastric or nasogastric 
tube if patient cooperation is limited. Substances 
not adsorbed by activated charcoal include iron, 
lithium, cyanide, strong acids or bases, alcohols, 
and hydrocarbons. The only contraindication 
to the use of charcoal is known or suspected GI 
 perforation.

Cathartics: Cathartic agents have been rou-
tinely administered with charcoal, based on the 
assumption that they decrease GI transit time, 
help to limit drug absorption, and serve as an 
adjunct to charcoal therapy. However, there is 
no evidence of effi cacy. Sorbitol is the most com-
monly used cathartic. Care must be taken with 
very young and elderly patients because electro-
lyte abnormalities can ensue due to  diarrhea.

Whole-Bowel Irrigation: Whole-bowel  irrigation 
involves large volumes of polyethylene  glycol 
electrolyte solution administered over time (1 to 
2 L/h in adults) to mechanically cleanse the bowel. 
This method has been  suggested for the treatment 
of ingested substances that are not adsorbed by 
activated charcoal (eg, iron and lithium), inges-
tions of sustained-release or enteric-coated prod-
ucts, and ingestions of illicit drug packets. This 
method may not be practical for many patients; 
further study is required to determine whether 
there is any benefi t in cases of toxic ingestion. 

Contraindications to this  intervention include 
ileus, GI obstruction or perforation, hemody-
namic instability, and intractable vomiting. CNS 
or respiratory  depression and the inability to 
cooperate are relative  contraindications.

Enhanced Elimination: Measures to increase the 
elimination of toxic substances attempt to use the 
normal detoxifi cation mechanisms performed by 
the liver and kidney. Multiple doses of charcoal 
for the elimination of drugs with an enterohepatic 
circulation may have the greatest potential utility. 
This technique may be helpful in poisonings with 
barbiturates, carbamazepine, quinine, dapsone, 
and theophylline. Although multiple doses of 
charcoal have been used in the treatment of poi-
sonings with cyclic antidepressants, digoxin, and 
phenytoin, proof of effectiveness is lacking. The 
dosing regimen has not been standardized, but 
currently � 12.5 g/h or an equivalent amount at 
other intervals is not recommended. Smaller doses 
administered more frequently may decrease the 
occurrence of vomiting. Repeat doses of charcoal 
should not contain a cathartic. Adequate gastric 
emptying must be assured before the administra-
tion of a subsequent dose.

Forced diuresis to accelerate the renal excre-
tion of drugs has little clinical effect and may 
 predispose the patient to volume overload. 
Alkaline diuresis is effective in promoting the 
elimination of barbiturates, primidone, and salic-
ylates. Sodium bicarbonate (88 to 132 mEq) can 
be added to 1 L of dextrose 5% in a water solu-
tion; the rate of administration should be deter-
mined by the patient’s ability to handle the fl uid 
load and the maintenance of urine pH at � 7. 
Hypokalemia is likely and requires correction 
to achieve urinary alkalinization. Acidifi cation 
of urine has been proposed for the treatment of 
ingestions involving phencyclidine, strychnine, 
amphetamines, and quinine. However, the meta-
bolic consequences of acidifi cation weigh against 
any clinical usefulness of this measure. Dialysis 
is an invasive method of eliminating toxins and 
may be considered for life-threatening inges-
tions involving water-soluble substances of low 
molecular weight. Substances in drug overdoses 
for which dialysis may be benefi cial include 
alcohols, amphetamines, phenobarbital, lith-
ium, salicylates, theophylline, and thiocyanate. 
Hemoperfusion is useful in eliminating the same 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 345

compounds that are dialyzable and involves the 
passing of blood through a fi ltering device that 
contains charcoal or a synthetic resin as an absor-
bent. Charcoal hemoperfusion may be helpful 
in the elimination of carbamazepine, phenobar-
bital, phenytoin, theophylline, and valproate. 
Hemodialysis and hemoperfusion are effi cient 
methods of removing poisons but are costly, 
require trained personnel, and may be associated 
with complications. The use of continuous arte-
riovenous or venovenous hemoperfusion in the 
treatment of poisonings has been reported on a 
limited basis.

Specifi c Therapy

Although the management of many toxic 
ingestions involves only the nonspecifi c therapy 
previously outlined, ingestions of some toxins 
have specifi c interventions or antidotes. Table 4 
lists toxins and their respective antidotes. Specifi c 
poisonings are discussed in detail in the following 
section. Attention should be directed to managing 
those poisonings that most frequently result in 
death, as follows: analgesics, sedatives and hyp-
notics, narcotics, antidepressants, stimulants and 
street drugs, cardiovascular drugs, and alcohols.

Specifi c Drug Poisonings

Acetaminophen

Knowledge of the appropriate management of 
acetaminophen ingestions is important to prevent 
signifi cant toxicity and mortality. Acetaminophen 
levels should be obtained in all multiple-drug over-
doses � 4 h after ingestion. For single acute inges-
tions, the Rumack-Matthew nomogram determines 
the need for N-acetylcysteine (NAC) therapy if the 
level plots above the “possible hepatic toxicity” 
line. The oral regimen for NAC therapy includes 
a loading dose of 140 mg/kg  followed by 17 oral 
maintenance doses of 70 mg/kg administered 
4 h apart. A nasogastric tube may be placed for its 
administration, and antiemetic therapy is often 
needed to control vomiting. If the patient vomits 
the loading dose or any maintenance dose within 
1 h of administration, the dose should be repeated. 
IV NAC is administered as a loading dose of 
150 mg/kg over 15 min followed by 50 mg/kg 

infused over 4 h and then 100 mg/kg infused over 
16 h. Anaphylactoid reactions may occur in 14 
to 18% of patients with IV NAC administration. 
NAC serves as a substitute for glutathione, which 
normally metabolizes toxic metabolites of acet-
aminophen. Activated charcoal adsorbs acetamin-
ophen and many coingestants. Charcoal interferes 
only slightly with the effectiveness of oral NAC, 
and the dose of NAC does not require adjustment. 
NAC is most effective when administered in the 
fi rst 8 h following ingestion but is recommended 
up to 24 h after a signifi cant toxic ingestion. It is 
also reasonable to administer NAC � 24 h after 
ingestion if toxic levels of acetaminophen are pres-
ent. The late administration of NAC may also be 
benefi cial in patients with fulminant hepatic fail-
ure due to acetaminophen toxicity. 

Table 4. Antidotes and Interventions for Specifi c Toxins

Toxin Antidote or Intervention

Acetaminophen NAC
Amphetamines Benzodiazepines
Arsenic/mercury/

gold/lead
Dimercaprol

Benzodiazepines Flumazenil
β-Blocker Glucagon, calcium (?), 

and pacing
Calcium channel blocker Calcium, glucagon, 

and pacing
Carbon monoxide 100% oxygen and hyperbaric 

oxygen
Coumarin derivatives Vitamin K1
Cyanide Nitrites, thiosulfate, and 

hydroxocobalamin
Cyclic antidepressants Blood alkalinization, alpha 

agonists
Digoxin Digoxin-specifi c Fab 

fragments
Ethylene glycol Ethanol, fomepizole
Heparin Protamine
Oral hypoglycemic 

agents/insulin
Glucose 50%, 

somatostatin
Iron Deferoxamine
Isoniazid Pyridoxine
Lithium Hemodialysis
Methanol Ethanol, fomepizole
Narcotics Naloxone
Nitrites Methylene blue
Organophosphates/

carbamates
Atropine and pralidoxime

Salicylates Urinary alkalinization, 
hemodialysis

Theophylline Multiple-dose charcoal,
 hemoperfusion
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There are no fi rm guidelines for the adminis-
tration of NAC in chronic ingestions or multiple 
ingestions over time. A marker of toxicity that 
may be useful is the evaluation of aspartate ami-
notransferase and alanine aminotransferase. If 
enzyme levels are elevated at the time of presen-
tation (ie, �50 IU/L) or the acetaminophen level is 
� 10 μg/mL (66 μmol/L), a course of NAC should 
be strongly considered. Treatment is continued 
until the transaminases are stable or decreasing 
and the acetaminophen level is � 10 μg/mL. The 
local poison control center should be contacted 
for other NAC regimens, such as shorter courses 
of therapy. Recommendations for the manage-
ment of extended-release forms of acetaminophen 
include the determination of acetaminophen lev-
els 4 and 8 h after ingestion, and the initiation of 
NAC therapy if either level is potentially toxic.

Alcohols

Ethylene glycol and methanol ingestions can 
result in signifi cant morbidity and mortality. 
Clinical manifestations, metabolic derangements, 
and management are similar for the ingestion of 
both alcohols.

Cardiopulmonary and neurologic symptoms 
may include pulmonary edema, hypotension, 
ataxia, seizures, and coma. Abdominal pain, nau-
sea, and vomiting are frequent. Visual distur-
bances (eg, blurred vision, photophobia,  blindness, 
and optic disk hyperemia) suggest methanol tox-
icity, and the fi nding of urinary calcium oxalate 
crystals may indicate ethylene glycol ingestion. 
Signifi cant symptoms may be delayed for up to 
24 h after methanol ingestion. Both ingestions are 
classically characterized by an anion-gap meta-
bolic acidosis and an osmolal gap. An anion-gap 
metabolic acidosis may not be present initially if 
suffi cient time has not elapsed for metabolizing 
to toxic acids or if high levels of ethanol prevent 
the metabolism of other alcohols. An osmolal 
gap may not be present in late presentations if 
the alcohol has already been metabolized to acid. 
Many institutions are unable to provide blood 
levels of methanol or ethylene glycol in a timely 
manner, and treatment is initiated based on the 
clinical history and acid-base status.

Treatment of ethylene glycol and methanol 
ingestion includes the following:

• Maintenance of a secure airway;
• Gastric lavage may be considered within 1 h of 

ingestion;
• Activated charcoal, if other substances have 

potentially been ingested (activated charcoal 
does not adsorb alcohols);

• 50% glucose if indicated;
• Thiamine, folate, and multivitamin supple-

ment;
• Folinic acid (leucovorin, 50 mg) can be admin-

istered every 4 to 6 h for 24 h in cases of metha-
nol ingestion to provide the cofactor for formic 
acid elimination;

• Hydration to maintain urine output;
• Ethanol orally or IV to maintain blood lev-

els at 100 to 150 mg/dL (ethanol is preferen-
tially metabolized by alcohol dehydrogenase). 
A loading dose is followed by a maintenance 
infusion;

• Fomepizole (4-methylpyrazole), an inhibitor 
of alcohol dehydrogenase that does not cause 
CNS depression, may substitute for ethanol;

• Hemodialysis for visual impairment, renal fail-
ure, pulmonary edema, signifi cant or refractory 
acidosis, a methanol or ethylene glycol level of 
� 25 mg/dL; and

• Bicarbonate administration for the treatment of 
acidosis is advocated by some clinicians.

Isopropyl alcohol is more potent than etha-
nol and results in similar manifestations at lower 
doses. The intoxication of hospitalized patients 
by the ingestion of hand sanitizers that contain 
isopropyl alcohol in concentrations of � 60% has 
been reported. Isopropyl alcohol ingestions are 
characterized by an osmolal gap and ketonemia/
ketonuria but no metabolic acidosis. Treatment 
is supportive and may require intubation and 
mechanical ventilation for the treatment of respi-
ratory depression. Hemodialysis is reserved for 
evidence of hypoperfusion and failure to respond 
to supportive therapy.

Amphetamines/Methamphetamines

Amphetamines, methamphetamines, and 
related agents cause the release of catecholamines, 
which results in a sympathomimetic toxidrome 
that is characterized by tachycardia, hyperther-
mia, agitation, hypertension, and mydriasis. 
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Hallucinations (visual and tactile) and acute psy-
chosis are frequently observed. Acute adverse 
consequences include myocardial ischemia and 
arrhythmias, seizures, intracranial hemorrhage, 
stroke, rhabdomyolysis, renal failure, necrotizing 
vasculitis, and death. The long-term use of these 
drugs can result in dilated cardiomyopathy.

Methamphetamine hydrochloride in a crys-
talline form called “ice,” “crank,” or “crystal” 
is popular in this class of drugs. It can be orally 
ingested, smoked, insuffl ated nasally, or injected 
IV. An amphetamine-like drug, 3-4-methylene-
dioxymethamphetamine, is a designer drug 
that is associated with “rave” parties. It is com-
monly known as “ecstasy,” “XTC,” “E,” and 
“MDMA,” and acts as a stimulant and halluci-
nogen. It increases the release of serotonin and 
inhibits serotonin reuptake in the brain. Bruxism 
and jaw clenching are clues to the use of ecstasy. 
Complications are usually a result of drug effects 
and nonstop physical activity. Hyponatremia and 
liver injury progressing to fulminant failure have 
also been reported.

The management of amphetamine intoxication 
is primarily supportive. Gastric lavage has little 
role as absorption after oral ingestion is usually 
complete at the time of presentation. The patient 
should be carefully assessed for complications, 
including measuring core temperature, obtain-
ing an ECG, and evaluating laboratory data for 
evidence of renal dysfunction and rhabdomyoly-
sis. IV hydration for possible rhabdomyolysis is 
warranted in individuals with known exertional 
activities pending the measurement of creatine 
phosphokinase levels. Benzodiazepines, often in 
high doses, are useful for the control of agitation.

Benzodiazepines

Benzodiazepine overdoses rarely result in 
death unless other sedating drugs (eg, alcohol or 
narcotics) are also ingested. Overdose results in a 
typical sedative-hypnotic toxidrome that is char-
acterized by a depressed level of consciousness, 
respiratory depression, hyporefl exia, and, poten-
tially, hypotension and bradycardia. Alprazolam 
is one of the most common benzodiazepines 
found in overdose cases and may result in greater 
toxicity. Flunitrazepam is a potent benzodiaz-
epine that is banned in the United States and is 

associated with rape. It may not be detected by 
most urine drug screens.

Benzodiazepine ingestions should be man-
aged according to the clinical presentation of the 
patient. Activated charcoal is the primary method 
of GI decontamination for recent ingestion. 
Supportive care with intubation and mechanical 
ventilation may be needed for patients with sig-
nifi cant toxicity. Hypotension should be treated 
initially with volume infusion. A benzodiazepine-
receptor antagonist, fl umazenil, is available as 
a diagnostic tool and for adjunctive treatment. 
Flumazenil should not be considered a substi-
tute for intubation in patients with signifi cant 
respiratory depression. Its use is contraindicated 
in patients with suspected cyclic antidepres-
sant overdoses and in patients who are physi-
cally dependent on benzodiazepines, because 
of the risk of seizures. The initial dose of fl uma-
zenil is 0.2 mg over an interval of 30 s, followed 
by doses of 0.3 and 0.5 mg every minute up to a 
maximum cumulative dose of 3 mg. A fl umazenil 
dose � 1 mg is usually not required. Resedation is 
likely due to the short half-life of fl umazenil (0.7 
to 1.3 h) compared with benzodiazepines.

β-Blockers

β-Adrenergic blockers produce toxicity pri-
marily through bradycardia and hypotension, 
although a depressed level of consciousness may 
occur with lipid-soluble agents (eg, propranolol, 
timolol, metoprolol, and acebutolol). Hypotension 
often results from negative inotropic effects rather 
than bradycardia. Glucagon is considered to be 
the initial drug of choice because it produces 
 chronotropic and inotropic effects and does not 
act via β-receptors. An initial dose of 2 to 5 mg of 
glucagon is given IV, and an infusion of 2 to 10 mg/h 
can be initiated, adjusted for desired clinical effects, 
and then tapered over 12 h as indicated. The 
goal of treatment is an improvement in BP and 
perfusion rather than an increase in heart rate. 
Transcutaneous pacing and transvenous pacing 
may be considered in patients who are refractory 
to treatment with glucagon. Additional drugs that 
have had variable effi cacy in β-blocker overdoses 
include atropine, epinephrine, isoproterenol, and 
dopamine. Treatment with phosphodiesterase 
inhibitors such as milrinone, intraaortic balloon 
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pump, or cardiopulmonary bypass may be con-
sidered if there is no response to the usual inter-
ventions. In some cases, therapy with calcium 
and insulin euglycemia (see later discussion for 
dosing) has been reported to be benefi cial.

Calcium Channel Blockers

A diagnosis of calcium channel blocker over-
dose should be considered in the hypotensive, 
bradycardic patient, particularly if there is a his-
tory of use of antihypertensive agents. In the 
presence of hemodynamic instability, 10 mL of 
10% calcium chloride should be administered 
IV. Calcium is effective in reversing negative ino-
tropic effects and conduction abnormalities in 
approximately 50% of cases of overdose. Higher 
doses of calcium and continuous infusions may 
be required for benefi cial effects, and ionized cal-
cium levels should be monitored in these patients. 
As in β-blocker overdoses, glucagon therapy may 
have benefi cial effects. Transcutaneous and trans-
venous pacing are additional options in refractory 
cases. Successful treatment has also been reported 
with amrinone and insulin euglycemia (insulin, 
0.1 to 10 U/kg/h; and glucose, 10 to 75 g/h).

Carbon Monoxide

Carbon monoxide is a colorless, odorless gas 
that has 240 times greater affi nity for hemoglobin 
as oxygen. Carboxyhemoglobin reduces the oxy-
gen-carrying capacity and shifts the oxyhemoglo-
bin dissociation curve to the left. Carbon monoxide 
also exerts direct cellular toxic effects. The clinical 
manifestations of carbon monoxide poisoning are 
nonspecifi c. The most common fi ndings are head-
ache, dizziness, and nausea; more severe exposure 
can result in chest pain, disorientation, seizures, 
coma, dyspnea, weakness, arrhythmias, and hypo-
tension. Although the diagnosis of carbon monox-
ide poisoning is confi rmed by an increased venous 
or arterial carboxyhemoglobin level, decisions for 
aggressive therapy with 100% oxygen should be 
based primarily on a clinical history that is sug-
gestive of exposure. High-fl ow oxygen therapy or 
intubation with the administration of 100% oxy-
gen should be initiated as soon as possible while 
confi rmatory tests are performed. An ECG, chest 
radiograph, and arterial blood gas measurement 

should be obtained to assess the severity of toxicity. 
The fi nding of metabolic acidosis implies signifi -
cant exposure with inadequate oxygen availability 
at the tissue level. The use of hyperbaric oxygen 
in the setting of carbon monoxide poisoning is 
debated but may be considered for any patient 
with a depressed level of consciousness, loss of 
consciousness, neurologic fi ndings other than 
headache, cardiac ischemia or arrhythmia, car-
boxyhemoglobin level of � 25 to 40%, or persistent 
symptoms after normobaric oxygen treatment for 
4 to 6 h. Hyperbaric oxygen may decrease the inci-
dence of postexposure cognitive defi cits.

Cocaine

Signifi cant morbidity and mortality are asso-
ciated with cocaine use by all routes, including 
nasal insuffl ation, IV administration, smoking, 
and oral ingestion. Toxicities include intracranial 
hemorrhage (subarachnoid and intraparenchy-
mal), cerebrovascular accidents, seizures, non-
cardiogenic pulmonary edema, arrhythmias, 
hypertension, myocardial ischemia, barotrauma, 
bronchospasm, bowel ischemia, hyperthermia, and 
rhabdomyolysis. These potential morbidities 
should be considered in any critically ill cocaine 
abuser, and treatment should be initiated as indi-
cated. Chest pain that is thought to be ischemic 
usually responds to nitroglycerin and/or ben-
zodiazepines. Aspirin should be administered. 
Phentolamine and calcium channel blockers 
are considered to be second-line agents for the 
treatment of chest pain but are rarely needed. It 
may be appropriate to avoid the administration 
of β-blockers in patients manifesting acute sym-
pathomimetic fi ndings, but the benefi ts of these 
agents should be considered in patients with 
ongoing myocardial ischemia. Thrombolysis 
for myocardial infarction should be considered 
only when other interventions have failed and 
immediate angiography and angioplasty are not 
available. In patients with severe hypertension, 
labetalol may be considered because it has both 
α- adrenergic and β-adrenergic blocking proper-
ties. In most cases, IV fl uid hydration should be 
instituted until rhabdomyolysis can be excluded. 
The risk of rhabdomyolysis is enhanced by high 
 environmental temperatures and increased phys-
ical activity. The agitation and combativeness 
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frequently associated with cocaine use can usu-
ally be controlled with benzodiazepines. If frank 
psychosis is present, the administration of neuro-
leptics such as haloperidol is indicated, although 
there is a potential concern with lowering the sei-
zure threshold.

Cyanide

Cyanide exposure is rare, but may occur in 
occupational settings involving metal extrac-
tion, electroplating, chemical synthesis, and fi re-
fi ghting. Cyanide inhibits cytochrome oxidase, 
which halts oxidative phosphorylation. Metabolic 
acidosis and decreased oxygen consumption 
result. Symptoms include nausea and vomiting, 
agitation, and tachycardia. Serious poisonings can 
result in seizures, coma, apnea, hypotension, and 
arrhythmias. Additional compli -cations include 
rhabdomyolysis, hepatic necrosis, and ARDS. 
Diagnosis may be diffi cult in the absence of an 
exposure history. A cyanide antidote kit is used 
for management, including the following:

• Amyl nitrite pearls are an immediate source of 
nitrite to induce methemoglobinemia. Methe-
moglobin has a higher affi nity for cyanide than 
cytochrome oxidase;

• 10% sodium nitrite IV to induce methemoglo-
binemia; and

• 25% sodium thiosulfate IV enhances conversion 
of cyanide to thiocyanate, which is excreted by 
the kidneys.

Hydroxocobalamin has also been used for cyanide 
poisoning and relies on the formation of nontoxic 
cyanocobalamin (vitamin B12). Mixed evidence 
exists for the use of therapy with hyperbaric oxy-
gen in patients with cyanide poisoning.

Cyclic Antidepressants

Deaths due to overdose with cyclic antide-
pressants are declining because of the increasing 
use of newer, safer antidepressants. Toxicities 
include arrhythmias, seizures, depressed level 
of consciousness, and hypotension. Life-threat-
ening events usually occur within the fi rst 6 h of 
hospitalization; most often, they occur within 2 h 
of presentation. Serum levels may confi rm inges-
tion but do not correlate with toxicity. Altered 

mental status is the best predictor of a signifi -
cant ingestion and the risk of complications. 
Cyclic antidepressants slow sodium infl ux into 
myocardial cells, resulting in intraventricular 
conduction delays, wide complex arrhythmias, 
and negative inotropy. The ECG fi ndings may be 
normal in patients with signifi cant ingestions or 
may demonstrate a QRS complex of � 0.10 s or 
amplitude of the terminal R wave in lead aVR of 
� 3 mm. Management should include the follow-
ing measures:

• Maintain a secure airway;
• Stabilize vital signs;
• Monitor ECG;
• Consider gastric lavage if ingestion occurred 

within 1 h of presentation;
• Administer activated charcoal;
• Alkalinize blood and sodium loading with 

sodium bicarbonate to a pH of 7.45 to 7.55 
for prolonged QRS complex or wide complex 
arrhythmias. If effective, maintain an infusion 
for 4 to 6 h and then taper;

• Administer mgSO4 for treatment of torsades de 
pointes;

• Administer benzodiazepines for treatment of 
seizures; and

• Administer norepinephrine or phenylephrine, 
rather than dopamine, for the treatment of 
refractory hypotension.

Sodium bicarbonate uncouples the cyclic antide-
pressant from the myocardial sodium channels, 
and alkalinization therapy with bicarbonate may 
be superior to hyperventilation. In an animal 
study, hypertonic saline solution was most effec-
tive in the treatment of a wide QRS complex. The 
administration of hypertonic saline solution has 
also been reported to be effective in the treat-
ment of patients with refractory cardiotoxicity. 
Bicarbonate may also be benefi cial for hypoten-
sion associated with myocardial depression that 
is unresponsive to other interventions. Physostig-
mine is not indicated in patients with cyclic anti-
depressant overdoses.

γ-Hydroxybutyrate

γ-Hydroxybutyrate (GHB) is a naturally 
occurring metabolite of γ-aminobutyric acid, 
which was banned in 1991 because of reported 
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toxicities. The clinical effects of GHB ingestion 
may include hypothermia, loss of consciousness, 
coma, respiratory depression (including arrest), 
seizurelike activity, bradycardia, hypotension, and 
death. The concomitant use of alcohol results in 
synergistic CNS and respiratory effects. More 
recently, γ-butyrolactone, 1,4-butanediol, and 
γ-hydroxyvalerate, which are precursors of GHB, 
have been abused with resultant manifestations 
similar to those of GHB. Treatment with acti-
vated charcoal offers little benefi t because of the 
rapid absorption of these substances. Although 
patients usually recover spontaneously in 2 to 
96 h, supportive therapy with airway protection 
and mechanical ventilation may be necessary. The 
use of physostigmine to reverse CNS effects is not 
recommended. A GHB withdrawal syndrome of 
agitation and delirium has been reported in high-
dose, frequent abusers.

Isoniazid

Isoniazid toxicity produces seizures (often 
intractable), an anion-gap metabolic acidosis, 
coma, and hepatic toxicity. The treatment of choice 
is intensive supportive care and the use of pyri-
doxine (vitamin B6, 5 g IV, or a dose equivalent 
to the amount of isoniazid ingested). Treatment 
with hemoperfusion or hemodialysis may be 
considered, particularly in patients with renal 
insuffi ciency.

Lithium

Although arrhythmias have been reported, 
neurologic abnormalities are the major manifes-
tation of acute and chronic lithium toxicity. CNS 
manifestations include lethargy, dysarthria, delir-
ium, seizures, and coma. Symptoms of GI dis-
tress, polyuria, and polydipsia may be present. 
A decreased anion gap is suggestive of a severely 
elevated lithium level. Patients with a history of 
chronic ingestion of lithium are more prone to 
toxic effects. The serum lithium level should be 
assessed at presentation and 2 h later to assess 
for increasing concentration. Serum lithium lev-
els of � 2.5 to 4 mmol/L may be considered 
to be life-threatening, depending on the clinical 
fi ndings. Treatment with whole-bowel irriga-
tion may be considered in patients with serious 

toxicity because lithium is not adsorbed by char-
coal. Volume resuscitation should be aimed at 
restoring adequate urine output, but forced diure-
sis is not effective in enhancing lithium excretion. 
Therapy with diuretics can worsen toxicity and 
should be avoided. Hemodialysis is indicated 
in life-threatening cases of toxicity, which may 
include renal dysfunction, severe neurologic dys-
function, volume overload or levels of � 4 mmol/L 
in patients with short-term ingestion or � 2.5 
mmol/L in patients with long-term ingestion. The 
lithium level, duration of exposure, and severity 
of clinical symptoms should be balanced against 
the risks of hemodialysis. Redistribution between 
intracellular and extracellular compartments may 
result in a rebound increase in lithium level 6 to 
8 h after dialysis. Improvement in neurologic 
status lags behind the decrease in serum lithium 
level. Continuous arteriovenous hemodiafi ltration 
and venovenous hemodiafi ltration have also been 
used to remove lithium and may be associated 
with less rebound. Treatment with sodium poly-
styrene sulfonate has been suggested to decrease 
lithium absorption, but evidence of clinical ben-
efi t is lacking, and complications of hypokalemia, 
hypernatremia, and fl uid overload may result.

Narcotics

The classic clinical fi ndings in patients with 
narcotic overdoses are depressed level of con-
sciousness, respiratory depression, and miosis. 
However, manifestations may vary depending on 
the specifi c narcotic used and the presence of other 
drugs or alcohol. Miosis is not seen in patients 
with meperidine, propoxyphene, and tramadol 
toxicity. Additional clinical fi ndings may include 
hypotension, pulmonary edema, bronchospasm 
(with heroin overdoses), ileus, nausea, vomiting, 
and pruritus. Methadone abuse has been asso-
ciated with sudden death. Seizures may be a 
manifestation of toxicity with meperidine and 
propoxyphene. The diagnosis of a narcotic over-
dose is made by characteristic clinical fi ndings, 
exposure history, qualitative toxicology assay, 
and response to naloxone.

Naloxone should be used to reverse the mor-
bidity of respiratory depression and depressed 
level of consciousness that are associated with 
narcotic overdose. An initial dose of 0.4 to 2 mg 
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should be administered IV, with the lower dose 
for patients known to be addicted and likely to 
develop acute withdrawal symptoms. Doses of 
� 2 mg may be required to reverse the effects of 
propoxyphene, codeine, pentazocine, methadone, 
oxycodone, hydrocodone, and fentanyl. Naloxone 
can be administered at doses up to 10 mg, and 
occasionally up to 20 mg. Naloxone can also be 
administered by the IM, sublingual, and endo-
tracheal routes if IV access is not established. 
Continuous infusion may be necessary because 
all narcotics have a longer half-life than naloxone. 
The initial hourly infusion dose should be one-
half to two-thirds of the amount (in milligrams) 
that was needed to initially reverse the respiratory 
depression. Noncardiogenic pulmonary edema 
may also occur with overdoses of narcotics, and 
it can be managed with supportive care that may 
require intubation and mechanical ventilation.

Organophosphates/Carbamates /Nerve Gas

Organophosphate and carbamate poisoning 
producing a cholinergic syndrome is uncommon 
in the United States but is prevalent in developing 
countries. Some nerve gases (eg, sarin) that may 
be used in terrorist attacks produce similar tox-
icity. Cholinergic poisoning exerts potential del-
eterious effects on the following three systems: 
(1) the muscarinic (parasympathetic) system, 
inducing bronchorrhea, bradycardia, and saliva-
tion, lacrimation, urination, defecation, GI upset, 
and emesis (ie, the SLUDGE syndrome; Table 3); 
(2) the nicotinic autonomic system, resulting in 
muscle weakness; and (3) the CNS, including 
confusion, slurred speech, and central respiratory 
depression. Pulmonary toxicity from bronchor-
rhea, bronchospasm, and respiratory depression 
is the primary concern. Both IV atropine and pral-
idoxime (30 mg/kg bolus followed by an infusion 
of � 8 mg/kg/h, which is recommended by the 
World Health Organization) are indicated. If there 
are no CNS symptoms, therapy with glycopyrro-
late may be substituted for atropine. Atropine does 
not reverse nicotinic manifestations; therefore, 
patients with signifi cant respiratory muscle weak-
ness require the use of pralidoxime. Large amounts 
of atropine may be required, and the initial dose 
is usually 2 to 4 mg, repeated every 2 to 5 min 
as needed. A continuous infusion of atropine can 

be used. The end point of atropinization is the 
clearing of secretions from the tracheobronchial 
tree. An intermediate syndrome of respiratory 
paralysis, bulbar weakness, proximal limb weak-
ness, and decreased refl exes may develop 24 to 96 h 
after resolution of the cholinergic crisis.

Salicylates

Salicylates are found in many over-the-coun-
ter preparations. Patients with a history of chronic 
ingestion of salicylates, rather than acute inges-
tion, are more likely to require intensive care. 
Symptoms of salicylate poisoning include tinni-
tus, nausea and vomiting, and depressed level of 
consciousness. In addition, fever, an anion-gap 
metabolic acidosis, coagulopathy, prolonged pro-
thrombin time, transient hepatotoxicity, and non-
cardiogenic pulmonary edema may be present. 
The clinical presentation of salicylate toxicity may 
be mistaken for sepsis. A salicylate level should be 
measured initially and may need to be repeated to 
assess for continued absorption (especially with 
enteric-coated products). The Done nomogram 
that is used to estimate the severity of an acute 
salicylate overdose may not reliably correlate 
with observed toxicity. Acidemia predisposes the 
patient to more severe toxicity because more of 
the drug crosses the blood-brain barrier. Gastric 
lavage may be considered for signifi cant inges-
tions, and activated charcoal should be adminis-
tered. Alkalinization of the urine (ie, pH � 7.5) is 
indicated to enhance salicylate excretion if serum 
levels are � 35 mg/dL. Supplemental potassium 
is often needed. Hemodialysis may be indicated 
with levels of � 100 mg/dL, refractory seizures, 
persistent alteration in mental status, or refrac-
tory acidosis.

Selective Serotonin Reuptake Inhibitors

Poisoning with selective serotonin reuptake 
inhibitors (SSRIs) is usually less severe than poi-
soning with cyclic antidepressants. Acute over-
doses may result in nausea, vomiting, dizziness, 
and, less commonly, CNS depression and arrhyth-
mias. There have been reports of cardiac toxicity 
responding to the administration of sodium bicar-
bonate. Therapeutic doses, overdoses of SSRIs 
alone, or overdoses of SSRIs in combination with 
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other agents can cause serotonin syndrome, which 
may be life-threatening. This syndrome may be 
precipitated by the ingestion of SSRIs, mono-
amine oxidase inhibitors, serotonin precursors 
(eg, l-tryptophan), lithium, meperidine, and non-
SSRIs (eg, imipramine, meperidine, or trazodone). 
Clinical manifestations include altered mental sta-
tus (ie, agitation and coma), autonomic dysfunc-
tion (ie, BP fl uctuation, hyperthermia, tachycardia, 
diaphoresis, and diarrhea), and neuromuscular 
abnormalities (ie, tremor, rigidity, myoclonus, and 
seizures). The management of an overdose should 
include activated charcoal, but the benefi t of gas-
tric lavage has not been determined. Intensive sup-
portive care may be necessary, including cooling, 
sedatives, anticonvulsants, and mechanical ven-
tilation. Cyproheptadine (a serotonin antago-
nist) in varying dose regimens (12 to 32 mg over 
24 h) has been most commonly recommended as a 
treatment option. There is currently no role for the 
use of bromocriptine or dantrolene. Most cases of 
serotonin syndrome resolve in 24 to 72 h.

Valproic Acid

Acute and chronic valproic acid (VPA) intoxi-
cation is an increasing problem because of greater 
utilization of this agent. CNS depression is the 
most common manifestation in an acute over-
dose. Higher drug levels are associated with an 
increased incidence of coma and respiratory 
depression requiring intubation. Cerebral edema 
has been reported 48 to 72 h after ingestion and 
may be related to hyperammonemia, which can 
occur in the absence of hepatotoxicity. Massive 
VPA ingestions can result in refractory hypoten-
sion. Pancreatitis has been associated with both 
chronic ingestion and acute overdose. Metabolic 
abnormalities include hypernatremia, anion-
gap metabolic acidosis, hypocalcemia, and acute 
renal failure. Serial VPA levels should be obtained 
because of delayed peak serum levels in patients 
with overdoses. Ammonia levels should also be 
measured in patients with an altered level of con-
sciousness. Activated charcoal should be admin-
istered if the patient presents early after ingestion. 
Treatment with whole-bowel irrigation has been 
proposed, but further studies are needed to deter-
mine whether there is any indication for use in 

patients who have ingested VPA. Although a 
potential enterohepatic recirculation of the drug 
suggests that multiple doses of activated charcoal 
may be benefi cial, routine use is not currently rec-
ommended. Hemoperfusion, combined hemodi-
alysis-hemoperfusion, or high-fl ux hemodialysis 
may be considered in patients with persistent 
hemodynamic instability or metabolic acidosis. 
No antidote exists for VPA toxicity. l-Carnitine has 
been proposed for supplementation in patients 
with VPA toxicity and hyperammonemia.

Herbal Medicine/Dietary Supplements

Herbal medicines are the most common form 
of alternative therapy in the United States, and can 
be marketed without testing for safety or effi cacy. 
Poisoning may result from product misuse, from 
contamination of the product, or through inter-
action with other medications. Cardiac toxicity 
may result from the use of aconitine and cardiac 
glycosides. Aconitine or related compounds are 
common ingredients in Asian herbal medications. 
Symptoms include paresthesias, hypersalivation, 
dizziness, nausea, vomiting, diarrhea, and mus-
cle weakness. Sinus bradycardia and ventricular 
arrhythmias can occur. No antidote is available, 
but atropine may be considered for the treatment 
of bradycardia or hypersalivation. Cardiac gly-
cosides or digoxin-like factors can be found in 
many herbal preparations, particularly teas and 
laxatives. Manifestations of toxicity are similar to 
those of digoxin toxicity, with visual disturbances, 
nausea, vomiting, and arrhythmias. Digoxin lev-
els should be measured but may not correlate 
with clinical fi ndings because numerous cardiac 
glycosides will not cross-react in the digoxin 
immunoassay. With signifi cant toxicity, digoxin-
specifi c antibodies should be administered. CNS 
stimulation is characteristic of preparations con-
taining ephedrine and pseudoephedrine, which 
are often found in products marketed as “herbal 
ecstasy.” A typical sympathomimetic syndrome 
can result with tachycardia, hypertension, mydri-
asis, and agitation. Seizures, stroke, myocardial 
infarction, arrhythmias, liver failure, and death 
have also been reported. Ephedra-free products 
have also been associated with cardiovascular 
toxicity. Supportive care is indicated as in the case 
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of the management of other sympathomimetic 
 syndromes. Ginkgo biloba has been reported 
to result in episodes of spontaneous bleeding, 
including subdural hematomas, which may be due 
to antiplatelet-activating factor effects. Treatment 
for bleeding includes supportive care and the 
administration of blood products as needed. 
Garlic ingestion may also result in bleeding as 
a result of the inhibition of platelet aggregation, 
and ginseng has been associated with hypogly-
cemia. Kava- containing dietary supplements are 
possibly associated with hepatic failure requiring 
transplantation. Contaminants such as mercury, 
arsenic, lead, or antihistamines that found in some 
products may cause toxicities.

Withdrawal Syndromes

Ethanol

Four stages of alcohol withdrawal have been 
described (Table 5), but symptoms are a contin-
uum of neuropsychiatric and hemodynamic man-
ifestations. Patients may manifest one or more 
of these syndromes on presentation or develop 
additional manifestations and progress from 
less severe to more severe stages while hospital-
ized. The presence of an intact or altered senso-
rium is a key distinction. Sensorium is clear with 
tremulousness but altered with delirium tremens 
(delusions, hallucinations, confusion). Delirium 
tremens is also associated with more severe auto-
nomic abnormalities such as tachycardia, hyper-
tension, hyperthermia, and diaphoresis.

The choice of treatment depends on assess-
ment of the severity of withdrawal. Minor with-
drawal symptoms can usually be treated with 
IV or oral benzodiazepines. Benzodiazepines 
act as an alcohol substitute to dampen the excit-
atory neuronal activity and prevent seizures and 

delirium tremens. The choice of benzodiazepine 
should take into account hepatic dysfunction, 
duration of action, and available routes of admin-
istration. All benzodiazepines are effective when 
appropriate doses are used. Scheduled dosing 
and symptom-triggered regimens have been used 
effectively. Hallucinosis also responds well to ben-
zodiazepines. Patients with alcohol withdrawal 
should receive supportive measures with thiamine 
IV or orally to prevent Wernicke encephalopa-
thy. Magnesium sulfate may be needed to correct 
hypomagnesemia.

Patients with untreated mild alcohol with-
drawal symptoms may progress to seizures. Most 
alcohol withdrawal seizures are brief and self-
limited in duration. Alcohol withdrawal seizures 
are usually generalized tonic-clonic but focal sei-
zures may also occur. Multiple seizures (two to 
six episodes) can occur and usually occur within 
a 12-h period. Other causes of seizures such as 
hypoglycemia, metabolic abnormalities, trauma, 
infection, and other drug intoxication must be 
considered. Alcohol withdrawal seizures can be 
terminated with IV lorazepam or midazolam. 
If the seizure terminates without intervention, 
a benzodiazepine should be administered as 
soon as possible to prevent subsequent seizures. 
Lorazepam (2 mg) signifi cantly reduces the risk 
of recurrent seizure, whereas phenytoin has no 
effect. Status epilepticus is infrequent and should 
be treated with benzodiazepines or propofol. 
Phenytoin is not as effective.

Patients with delirium tremens should be 
cared for in an ICU setting. Some patients with 
severe withdrawal symptoms may need intuba-
tion during treatment. High-dose IV benzodiaz-
epines administered at frequent intervals or as a 
continuous infusion are needed to control hyper-
adrenergic symptoms. Dosing should be individ-
ualized to achieve light somnolence. High doses 
of lorazepam or diazepam over long periods of 
time can result in propylene glycol toxicity. Daily 
dose reductions of 25% can be initiated after the 
second or third day of treatment. Propofol may 
be an option for patients who are refractory to 
benzodiazepines. Cardiac monitoring is neces-
sary to detect and treat arrhythmias. β-Blockers 
may be needed to treat hypertension or tachycar-
dia but they should not be administered to treat 
delirium.

Table 5. Stages of Alcohol Withdrawal

Symptoms Time Frame*

Tremulousness Onset within hours, peak in 
10−30 h

Seizures Onset 6−48 h, peak 13−24 h
Hallucinations Onset 8−48 h, may last 1−6 days
Delirium tremens Onset 60−96 h, 48−72 h

*Time after last drink.
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Narcotics

The clinical manifestations of narcotic with-
drawal vary according to the drug that is abused 
and the temporal relationship to the last narcotic 
dose. Onset of symptoms can begin within 6 to 
12 h of the last dose with short-acting narcotics 
such as heroin and within 36 to 48 h with 
long-acting narcotics. Early symptoms include 
yawning, lacrimation, rhinorrhea, and sweating. 
Manifestations progress to restlessness, irritabil-
ity, fl ushing, tachycardia, fever, tremor, nausea, 
vomiting, abdominal pain, and diarrhea. Narcotic 
withdrawal alone is rarely life- threatening and 
usually does not require intensive care. If it is 
necessary to control withdrawal symptoms, 
most narcotics in suffi cient dosage will allevi-
ate symptoms. Clonidine (0.1 to 0.3 mg) has 
also been used to treat the autonomic effects of 
narcotic withdrawal. Side effects of clonidine 
are hypotension, drowsiness, dry mouth, and 
bradycardia.
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Objectives:

• Discuss the pathophysiology, causes, and categorization of 
anemia in ICU patients

• Describe the indications and appropriate clinical use of 
commonly available RBC products

• Discuss the infectious and noninfectious complications 
of blood product transfusions including transfusion reac-
tions, viral transmission, and transfusion-associated lung 
injury

• Discuss the role of erythropoietin and blood substitutes in 
the management of ICU patients

Key words: anemia; erythropoietin; hemolysis; hemorrhage; 
schistocyte; TRALI

Anemia, thrombocytopenia, and coagulopathies 
are commonly encountered in ICU patients. 
These disorders rarely occur in isolation and are 
closely associated with ICU outcomes. Rapid 
and effi cient classifi cation and recognition of 
these disorders is essential to the provision of 
timely and appropriate care. When present, these 
disorders require a clinical approach based on 
systematic examination of RBCs, platelets, and 
coagulation factor parameters. This chapter will 
focus specifi cally on the clinical evaluation and 
management of anemia and RBC transfusion. 
This chapter will review the pathophysiology, 
epidemiology, and management of ICU patients 
with anemia. This chapter will conclude with a 
discussion of blood substitutes and erythropoi-
etin in ICU patients.

Epidemiology of Anemia and RBC 
Transfusion in ICU Patients

Observational studies have demonstrated 
that one-third of patients admitted to the ICU 
will have a baseline hemoglobin level � 10 g/dL.2 
Furthermore, two-thirds will have a baseline 
hemoglobin level � 12 g/dL.1 By day 3 after admis-
sion to an ICU, below-normal hemoglobin levels 
will develop in � 90% of patients The  average 
hemoglobin concentration in ICU patients will 

then show a measurable decline every day until 
discharge from the ICU. Patients in whom ane-
mia develops or who have anemia prior to ICU 
admission are highly likely to have persistent 
anemia throughout their entire ICU stay despite 
treatment with transfusion.2,3

One-third to one-half of all patients admitted 
to an ICU will receive one or more RBC transfu-
sions. The occurrence and degree of ICU anemia 
has a direct relationship with patient outcomes. 
Anemia and transfusion in critically ill patients 
consistently correlates with increased ICU mor-
tality, increased ICU length of stay, prolonged 
mechanical ventilation, severe organ dysfunc-
tion, and higher costs.1,3 Although transfusion 
is clearly associated with immediate complica-
tions, the association with worse overall out-
comes is based on consistent and reproduced 
observational data. Direct causality between RBC 
transfusion and increased mortality has not been 
demonstrated in randomized, placebo- controlled 
trials.

Hemodynamic Pathophysiology and 
Clinical Manifestations of Anemia

The pathophysiologic effects of anemia are 
related to reduced oxygen-carrying capacity of 
the blood and the cardiovascular response to 
maintain the delivery of oxygen to the tissues 
and organs. Global delivery of oxygen (Do2), is 
determined by the volume of blood delivered 
and the content of oxygen in that blood. This 
relationship can be written with cardiac output 
(CO) and arterial blood oxygen content (Cao2) as 
follows:

Do2 � Cao2 � CO

The content of oxygen in blood is determined by 
the formula:

Cao2 � (1.39 � Hb � Sao2) � (0.003 � Pao2)
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where Sao2 � hemoglobin oxygen saturation and 
Pao2 � partial pressure of arterial oxygen. 

The systemic oxygen consumption ( 
.
Vo2) is the 

difference between the amount of oxygen that is 
delivered in arterial blood minus the amount that 
is returned to the heart in venous blood.  

.
Vo2 can 

therefore be represented by the following simpli-
fi ed formulas: 

 
.
Vo2 � CO (Cao2� Cvo2)

Vo2 � Hr � SV � 1.39 � Hb � (Sao2 – Svo2)

where Hr � heart rate, SV � stroke volume, 
and Svo2 � mixed venous hemoglobin oxygen 
 saturation.

This formula can be used to illustrate and 
understand the expected hemodynamic responses 
to anemia. This relationship predicts that the 
acute compensatory mechanisms for anemia are 
increased heart rate and increased extraction 
of oxygen from arterial blood (leading to lower 
mixed venous oxygen saturation). Chronic com-
pensation occurs by fl uid retention to increase 
preload and SV as well as stimulation of eryth-
ropoietin production to increase hemoglobin. 
Hemorrhagic shock can be viewed as a hemody-
namic state with inadequate delivery of oxygen 
to the tissues arising from decreased hemoglobin 
concentration as well as loss of venous return, 
leading to decreased SV.

Under normal circumstances, the delivery of 
oxygen in arterial blood is signifi cantly greater than 
tissue metabolic requirements. In the circumstance 
in which hemoglobin concentration, oxygen satu-
ration, or CO is not matched to metabolic require-
ments, anaerobic metabolism and decreased  

.
Vo2 

occurs. The critical threshold for oxygen deliv-
ery is defi ned as the point below which oxygen 
delivery is inadequate and  

.
Vo2 begins to decrease. 

Normal individuals may tolerate decreases in 
hemoglobin to approximately 5 g/dL.4 However, 
systemic diseases, such as sepsis, that affect vaso-
regulation and alter cellular oxidative metabolism 
disrupt the normal relationship between oxygen 
delivery and oxygen utilization. Coexisting car-
diac dysfunction also directly impairs the physi-
ologic compensation for anemia.

The physiologic effect of anemia is clinically 
assessed by examination of indicators of global 

and organ-specifi c oxygen delivery. The goal of 
this clinical evaluation is to determine if the ane-
mia is uncompensated and acute, or compensated 
and subacute/chronic. This assessment deter-
mines the need for immediate RBC transfusion 
and hemodynamic support (Fig 1). Serum lactate, 
mixed venous oxygen saturation, and oxygen 
extraction ratio are indicators of the adequacy 
of systemic oxygenation. In a cohort of patients 
with severe sepsis, early goal-directed therapy 
with RBC transfusion in anemic patients with 
decreased venous oxygen saturation improved 
survival.5 This fi nding establishes some clinical 
utility in assessing venous oxygen saturation in 
acutely ill patients when considering transfu-
sion. Organ-specifi c clinical indicators of anemia 
include confusion, headaches, fatigue, tachycar-
dia, angina, congestive heart failure, dyspnea, 
and claudication. Any anemic patient with these 
fi ndings that are not attributable to other fac-
tors should be considered for transfusion. RBC 
transfusions should only be administered to pre-
serve or augment oxygen delivery. Patients with-
out indicators of threatened or impaired oxygen 
delivery do not require immediate blood transfu-
sion. Blood should not be used for intravascular 
volume expansion.

Causes of Anemia in ICU Patients

The clinical evaluation of patients with ane-
mia should focus on determining whether the 
anemia is primarily the result of RBC loss, RBC 
underproduction, or RBC destruction. ICU 
patients are likely to have multiple contributing 
factors to anemia. Table 1 lists the most common 
causes of anemia in ICU patients. In general, most 
patients have risk factors for decreased RBC pro-
duction, increased RBC loss, and increased RBC 
destruction.

As the result of diagnostic testing, all ICU 
patients are subjected to high rates of phlebot-
omy. This results in up to 40 to 70 mL/d aver-
age blood losses.1,6 This high rate of RBC loss is 
a major contributor to ICU anemia. Conditions 
that predispose to ICU admission and anemia are 
often the same as conditions that predispose to 
coagulopathy and extravascular blood loss. This 
compounds the problem and makes ICU anemia 
a multifactorial condition.
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ASSESS PATHOPHYSIOLOGIC 
CONSEQUENCES

SIMULTANEOUS EVALUATION 

ASSESS ETIOLOGY 

•Heart rate 
•Lactic acid 
•Mixed venous oxygen 
saturation
•Examine individual organ 
function and symptoms 
including fatigue, dyspnea, 
angina, confusion 

Uncompensated,
life threatening

anemia

Compensated,
subacute
anemia

Search for Bleeding 
Evaluate RBC 
Features and 
Coagulation

•Phlebotomy
•GI bleeding 
•Surgical/trauma
•Occult body cavity 

•Reticulocyte count 
•WBC and Plt count 
•RBC Volume 
•Peripheral smear 

Etiology Established? 

YES NO

Treat underlying 
disorder Additional

Testing

LDH, Haptoglobin, Iron, 
Bilirubin
RBC antibody 
Bone marrow biopsy 

• Hemodynamic 
Resuscitation

• RBC 
Transfusion

Figure 1. Clinical approach to anemia in the ICU. Plt � platelet; LDH � lactate dehydrogenase.

In acutely ill medical and surgical ICU 
patients, contributing factors for decreased RBC 
production include suppression of erythropoi-
etin production, blunted erythropoietin response, 
nutritional defi ciency, and abnormal iron metab-
olism. This closely resembles and is virtually 
indistinguishable from the pathophysiologic pro-
cesses in patients with anemia of chronic disease. 
The characteristic laboratory features of anemia 
of chronic disease include low reticulocyte count, 
reduced serum iron, and reduced total iron-
binding capacity. It is not unusual for patients 
with preexisting anemia of chronic disease to 
have acute illness develop, have additional blood 
loss, and require ICU care.

For most ICU patients, and particularly for 
those with hemodynamic instability, the clinical 
approach to anemia should simultaneously assess 
the physiologic effect of anemia and determine 

Table 1. Causes of Anemia in ICU Patients

Blood loss
 Phlebotomy
 Trauma or surgery
 GI blood loss
 Retroperitoneal, thigh, or intraabdominal hemorrhage
Decreased RBC production 
 Anemia of chronic disease
 Iron defi ciency
 Chronic renal disease
 Nutritional defi ciencies (vitamin B12, folate)
 Toxins (alcohol, drugs, chemotherapy, lead)
 Endocrinopathy (hypothyroidism, hypopituitarism)
 Myelodysplastic syndromes
RBC destruction
 Immune-mediated hemolysis
 Inherited RBC disorders (hemoglobinopathies)
 Enzyme disorders (G-6-PD defi ciency)*
 Microangiopathic hemolytic anemia (disseminated intra-

vascular coagulopathy [DIC])
 Infection (malaria)

*G-6-PD = glucose-6-phosphate dehydrogenase.
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the primary causes of anemia. The physiologic 
effect should be determined by examining hemo-
dynamic status, organ dysfunction, and markers 
of systemic oxygen delivery. These fi ndings will 
determine the urgency of response and will deter-
mine whether or not transfusion is indicated. The 
etiology of anemia is determined by a systematic 
search for sources of blood loss and systematic 
laboratory analysis. The laboratory analysis of 
patients with anemia should include assessment 
of general hematopoiesis (reticulocyte, WBC, and 
platelet counts), and assessment of RBC features 
including corpuscular volume and peripheral 
smear. Additional testing should include assess-
ment of coagulation function with prothrombin 
time and activated partial thromboplastin time. 
Focused testing will be performed as indicated 
including measurement of serum ferritin, iron, 
haptoglobin, lactate dehydrogenase, bilirubin, 
RBC antibody tests (Coombs test), and bone mar-
row biopsy (Fig 1).

The RBC morphology and peripheral blood 
smear features are a critical source of information 
in establishing the cause of anemia. The RBC mor-
phology can indicate the mechanism of hemoly-
sis or anemia (Table 2). The  reticulocyte count is 
a critical marker of bone marrow  function and 

response. The majority of ICU patients will have 
normocytic anemia. The presence of macrocytic or 
microcytic anemia serves as an important indica-
tor of a primary hematologic disease. Intravascular 
hemolysis is suggested by the presence of sphe-
rocytes, schistocytes, and bite cells. Spherocytes 
refl ect destruction of the RBC membrane (eg, auto-
immune hemolytic anemia). Schistocytes refl ect 
destruction of RBC in microangiopathic hemoly-
sis (eg, disseminated intravascular coagulation) or 
microangiopathic hemolysis (eg, turbulent blood 
fl ow with shear stress across an endovascular 
device). Finally, bite cells occur as the result of 
focal destruction of RBC membranes from oxidant 
stress or macrophage binding, as seen in methe-
moglobinemia and G-6-PD (glucose-6-phosphate 
dehydrogenase defi ciency). Additional laboratory 
fi ndings of hemolysis or RBC destruction include 
elevations in serum lactate dehydrogenase, biliru-
bin, and decreased haptoglobin.

RBC Transfusion

Clinical Approach

Patients being considered for RBC transfu-
sion require an assessment of the cause of  anemia 

Table 2. Morphologic Categorization of Anemia in the ICU*

Macrocytic anemias (MCV � 100 fL) Clinical Characteristics
 Nutritional defi ciency, alcoholism 

(folate defi ciency) Oval macrocytes, hypersegmented neutrophils
 Pernicious anemia Cobalamin defi ciency
 Liver disease Target cells, spur and burr cells
 Asplenia/hyposplenism Acanthocytes, Howell-Jolly bodies, nucleated RBCs
Microcytic anemias (MCV � 80 fL)
 Iron defi ciency or reduced iron availability Poikilocytosis, hypochromia, pencil forms
 Chronic blood loss Poikilocytosis, hypochromia
 Thalassemia Basophilic stippling, target cells, polychromasia
 Chronic exposure to drugs, toxins Basophilic stippling
 Sideroblastic anemias (hereditary/idiopathic) Dimorphic cells, reduced reticulocyte count
Normocytic and variable MCV anemias
 Anemia of chronic disease May have microcytic features; low serum iron and TIBC
 Acute extravascular blood loss Clinical and pathophysiologic fi ndings of hemorrhage
 Hemolytic anemias Elevated bilirubin, LDH, haptoglobin, reticulocyte count
  Micro- or macroangiopathic (eg, DIC) RBC fragmentation/schistocytes
  Sickle cell anemia Sickle cells, chronic disorder
  Autoimmune hemolytic anemias Spherocytes, direct antiglobulin test positive
  Metabolic defects (eg, G-6-PD defi ciency) Bite cells
 Myelodysplastic syndromes Round macrocytes, bilobed neutrophils

*MCV � mean corpuscular volume; fL � femtoliter; TIBC � total iron-binding capacity.
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and the physiologic effect of the anemia (Fig 1). 
The underlying etiology of anemia should be 
established and treated simultaneously with the 
consideration of blood transfusion. For virtu-
ally all ICU patients, phlebotomy for laboratory 
testing is a signifi cant factor; every attempt to 
minimize phlebotomy should be made. The deci-
sion to administer a blood transfusion should be 
approached within the context of three factors: 
(1) the patient’s known comorbidities; (2) the 
adequacy of hemodynamic compensation; and 
(3) whether or not the underlying condition lead-
ing to anemia can be treated.

The decision to give an RBC transfusion 
should not be made on the basis of hemoglobin 
concentration or hematocrit alone. For example, 
patients with bleeding esophageal varices and 
portal hypertension may require emergent trans-
fusion before the hematocrit drops and prior to 
endoscopic intervention. In comparison, a patient 
with chronic iron defi ciency anemia from peptic 
ulcer disease may benefi t from endoscopic evalu-
ation of the source of blood loss and iron replace-
ment without the need for transfusion.

Review of actual transfusion patterns indi-
cates that there is signifi cant variation in blood 
transfusion practice based on medical center, 
individual provider, admission diagnosis, and 
severity of illness. Studies in North America 
and Europe1,3 have demonstrated that the most 
common indications for transfusion include low 
hemoglobin level, active bleeding, and hemo-
dynamic instability. In these studies, the mean 
pretransfusion hemoglobin levels were 8.4 g/dL 
and 8.6 g/dL. Patients who received transfusion 
had higher admission APACHE (acute physiol-
ogy and chronic health evaluation) scores, lower 
admission hemoglobin levels, and longer hospi-
tal length of stay.1,3

Best Clinical Evidence

The most robust clinical evidence linking 
hemoglobin concentration, transfusion trigger, 
and ICU outcomes comes from the Canadian 
Critical Care Trials Group prospective, random-
ized trial of restrictive transfusion practice vs 
liberal transfusion practice. A mixed popula-
tion of 838 medical and surgical patients with 

 hemoglobin levels � 9 g/dL were randomized 
in this study. Patients assigned to the restric-
tive group did not receive transfusion until the 
hemoglobin level was � 7 g/dL and was main-
tained from 7.0 to 9.0 g/dL. The liberal transfu-
sion group received transfusion for hemoglobin 
levels � 10.0 g/dL and maintained between 10.0 
and 12.0 g/dL. In the overall analysis, there was 
no difference in 30-day mortality between the 
two groups. Subgroup analysis demonstrated 
that patients � 55 years of age and those with 
lower APACHE scores had signifi cantly lower 
mortality with restrictive transfusion. Patients 
with angina, acute cardiovascular disease, septic 
shock, and trauma had no mortality difference.7 
These results suggest that the transfusion deci-
sions should account for the underlying comorbid 
conditions, the severity of illness, and presence 
of cardiac disease. In general, there does not 
appear to be a benefi t of maintaining hemoglobin 
levels � 7 to 9g/dL in the absence of signifi cant 
heart disease. The restrictive transfusion strategy 
appears to be safe and was not associated with 
higher rates of adverse outcomes. Although the 
hemoglobin level remains an important consid-
eration, the status of the patient should be critical 
factor in decisions to transfuse.

For the subset of patients with acute coro-
nary syndromes and hemodynamically signifi -
cant cardiac disease, available evidence is less 
defi nitive. A retrospective analysis of patients 
who entered the GUSTO IIb, PURSUIT, and 
PARAGON B cardiac treatment trials has pro-
vided some evidence to guide transfusion in this 
group.8 This analysis of 24,000 patients demon-
strated that blood transfusion for patients with 
acute coronary syndromes was associated with 
higher 30-day mortality rates for the entire 
patient group.8 However, patients who received 
transfusion were older, had more comorbid ill-
ness, and had higher unadjusted 30-day mortal-
ity rates. This effect of higher mortality appeared 
most signifi cant in patients who received trans-
fusion but had baseline hematocrits � 25%.8 
Subgroup analysis of cardiac patients in the 
Canadian Clinical Trials Group restrictive vs 
liberal transfusion requirement demonstrated 
no signifi cant benefi t or harm with restrictive 
transfusion strategy.7
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RBC Products

RBC transfusions may be administered in the 
form of packed RBCs, whole blood, leukoreduced 
blood, autologous stored blood, and autologous 
reinfused blood. Additional variations include 
RBC preparations selected on the basis of removal 
of other plasma components such as Igs or viral 
infections such as cytomegalovirus-seronegative 
blood (Table 3).

All stored RBC products must undergo 
component separation to remove plasma and 
platelets, treatment with preservatives and 
anticoagulants, and refrigerated storage. After 
 collection, whole blood is subject to centrifuga-
tion to remove WBCs, platelets, and most plasma 

 components. Each unit of RBCs is then resus-
pended in a storage solution that contains citrate, 
phosphate, dextrose, and adenine; other nutri-
ents are added at the time of collection to give the 
unit a shelf life of 40 days. Although rare blood 
types may be frozen in solutions containing glyc-
erol and dimethyl sulfoxide, most blood is stored 
at 4°C and warmed immediately prior to trans-
fusion. Storage of packed RBCs results in mild 
hemolysis, release of potassium into the storage 
solution, decreased pH of the solution, accumu-
lation of ammonia, and gradual depletion of RBC 
2,3-diphosphoglycerate levels. These storage-
related factors may become clinically relevant 
for patients with renal failure and in situations of 
massive transfusion.

Table 3. Features and Clinical Indications for RBC Transfusion Products

RBC Transfusion Product Specifi c Features Clinical Indication(s) and Use

Whole blood Plasma and platelet components not 
removed

Rarely used and infrequently available; 
may be indicated for patients who have 
massive transfusion requirements to 
simultaneously replace multiple blood 
components

Packed RBCs Plasma and platelet components removed Most common in general use
Specialized RBCs Rare donor phenotypes Often stored frozen and shipped to hospital 

on demand; indicated for patients with 
unusual antibodies and rare blood types, 
and patients with IgA defi ciency

Washed RBCs RBCs are centrifuged and resuspended in saline to 
remove additional plasma and WBCs

Used to prevent febrile transfusion reactions 
and in patients with history of allergic 
transfusion reactions

Leukoreduced or 
leukofi ltered blood

Blood passed through fi lter to remove donor leuko-
cytes, reduces WBC contamination 99.9%

Used to prevent febrile transfusion reac-
tions; preferred in chronically transfused 
patients, potential transplant recipients, 
some oncology patients, and CMV-
 seronegative patients; may reduce risk of 
viral disease transmission

Irradiated blood Blood subjected to gamma or x-irradiation to elimi-
nate donor lymphocyte proliferation

Used to prevent graft-vs-host disease 
(GVHD) in high-risk patients

CMV-safe blood Packed RBCs only from donors who are 
CMV-negative*

CMV-negative infants, CMV-negative bone 
marrow. and solid organ transplant re-
cipients, patients with immunodefi ciency 
syndromes

Autologous stored blood Patient donates blood for storage prior to 
anticipated need

Often used by patients in anticipation of op-
erative blood loss; prepared and stored 
as either whole blood or packed RBCs

Autologous salvage/
rein fusion

Blood collection pumps, centrifuges, and washes 
used to retrieve blood from site of massive 
hemorrhage and rein fuse into same patient

Intraoperative blood salvage; may be 
acceptable to Jehovah’s Witness 
patients; reduces need for allogenic 
blood products.

*CMV � cytomegalovirus.
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The Crossmatch Test and Bedside 
Administration of Blood

Crossmatching and pretransfusion laboratory 
testing must be conducted to determine three 
critical pieces of data: (1) the ABO/RhD blood 
type of the patient; (2) the presence of patient 
antibodies to common red cell antigens; and (3) 
specifi c crossmatch compatibility of the indi-
vidual blood unit with the patient. Each of these 
three tests must be completed prior to transfusion 
and are the primary method of preventing trans-
fusion of incompatible blood and major transfu-
sion reactions. RhD typing is necessary to prevent 
exposure of RhD antigen in girls and women of 
childbearing age. Many steps of pretransfusion 
testing are performed manually and thus sub-
ject to human error. Recent development of com-
puter-based blood-dispensing systems based on 
bar code verifi cation of the patient and the indi-
vidual blood unit bag may be used in place of the 
manual crossmatch.9 Exceptions to pretransfusion 
testing exist only for patients with life-threaten-
ing hemorrhage when the delay of crossmatch 
testing will increase the likelihood of death of the 
patient. In this situation, the hierarchy of blood 
products is O-negative blood followed by type-
 specifi c blood that is not crossmatched followed 
by crossmatched blood.

Each unit of packed RBCs is delivered in 200 
to 300 mL of electrolyte/nutrient/anticoagulant 
solution. In nonemergent conditions, RBCs may 
be infused over � 1 to 4 h. Rapid infusion over 
minutes may be administered in trauma and acute 
resuscitation. Monitoring during blood transfu-
sion should include continuous bedside presence 
of nursing staff for the fi rst 15 min to observe for 
severe transfusion reactions. RBC units are typi-
cally warmed to room temperature at the time 
of transfusion. However, if the blood is rapidly 
removed from refrigeration and brought to the 
bedside, it may arrive below room temperature. 
Blood-warming devices should be considered for 
patients receiving � 2 to 3 U/h, and attention must 
be given to patients receiving multiple transfu-
sions to prevent and treat hypothermia. Optional 
premedication for transfusion typically includes 
acetaminophen as prophylaxis for febrile transfu-
sion reactions.

Clinical Outcomes in Patients 
Receiving RBC Transfusion

The benefi ts of RBC transfusion are clearly 
established from a practical bedside viewpoint 
in patients with severe anemia, impaired oxygen 
delivery, and hemorrhage. However, transfusion 
is associated with important pathophysiologic 
reactions as well as negative overall ICU outcomes 
(Table 4). Results of an observational trial in a large 
US population of 4,892 patients demonstrated 
that 4% of all RBC transfusions were associated 
with complications. The most common complica-
tions in this group were fever, fl uid overload, and 
hypotension.3 The potential negative impact of 
RBC transfusions is clinically signifi cant. Patients 
who receive RBC transfusions generally demon-
strate worse outcomes compared with patients 
who do not receive transfusion. Multiple clini-
cal observational trials show higher mortality in 
patients who have received blood transfusion in 
the ICU.1,3,6,8 RBC transfusion may contribute to 
increased mortality in patients with established 
acute lung injury.10 Although  univariate and 

Table 4. Adverse Effects and Noninfectious Complications 
Associated With RBC Transfusion

Immune and infl ammatory reactions
 Acute hemolytic reaction
 Delayed hemolytic reaction
 Allergic and anaphylactic reactions
 Febrile transfusion reaction
 Posttransfusion purpura
 TRALI
 Alloimmunization to RBCs
 Relative immunosuppression/transfusion-related 

immunomodulation
 GVHD
Nonimmune adverse consequences (more commonly 

associated with massive transfusion)
 Transfusion-associated circulatory overload 
 Hypothermia
 Intravascular volume overload
 Coagulopathy
 Citrate toxicity (metabolic alkalosis)
 Hypocalcemia (ionized calcium)
Patient outcomes associated with RBC transfusion (not 

directly causal)
 Increased mortality
 Longer ICU length of stay
 Higher APACHE and sequential organ failure assessment 

(SOFA) scores

 Increased rate of nosocomial infection
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 multivariate association analyses cannot establish 
a causal relationship between transfusion and 
 mortality, at least one propensity scoring model 
has shown increased mortality in patients who 
have had blood transfusion. Additional fi ndings 
in patients who require blood transfusion include 
higher APACHE scores, higher sequential organ 
failure assessment (SOFA) scores, increased length 
of ICU stay, and increased costs.1,3

Specifi c complications that appear to be 
related to immunosuppressive or immunomodu-
latory effects of RBC transfusion may contribute 
to worse clinical outcomes associated with trans-
fusion. A prospective observational study11 in a 
single medical center of 2,000 patients has dem-
onstrated that RBC transfusion demonstrated an 
increase in the risk of nosocomial infection rate 
(14% in patients receiving transfusion vs 5.8% 
in those who did not receive transfusion). The 
adverse effects of RBC may correlate with deterio-
ration of the donor cells with prolonged storage. 
An observational study12 of patients undergo-
ing cardiac surgery has demonstrated increased 
in-hospital mortality, intubation period beyond 
72 h, renal failure, and sepsis in patients receiving 
blood stored for � 14 days compared with blood 
stored � 14 days.

Noninfectious Complications in ICU 
Patients Receiving RBC Transfusion

Acute hemolytic transfusion reactions are esti-
mated to occur in 1 in 12,000 to 1 in 100,000 of all 
RBC transfusions. Fatality associated with acute 
hemolytic transfusion reactions occur in approxi-
mately 1 in 600,000 of RBC transfusions. In many 
cases, the cause of these reactions are preventable 
“clerical” errors in blood specimen processing, 
crossmatching, and blood product administra-
tion.13,14 Hemolytic transfusion reactions occur 
as the result of ABO blood group, RhD, or, less 
commonly, other types of RBC surface antigen 
incompatibility. Hemolysis of donor RBCs occurs 
as the result of recipient antibody binding. The 
severity of the reaction is proportional to the vol-
ume of blood infused. Rapid clinical deterioration 
and organ failure results from massive cytokine 
release, vascular endothelial cell dysfunction, 
complement activation, and shock. The most 
severe consequences of hemolytic  transfusion 

reactions include renal failure, ARDS, and DIC. 
Clinical manifestations of acute hemolytic trans-
fusion reaction include fever, pain at the infu-
sion site, back pain, chest discomfort, anxiety, 
nausea, dyspnea, tachycardia, tachypnea, and 
hypotension. Hemolytic reactions may be identi-
fi ed in comatose or unresponsive patients by the 
development of hypotension, hemoglobinuria, 
and coagulopathy manifested by bleeding from 
venipuncture sites, mucosal surfaces, and surgi-
cal wounds.

Treatment of acute hemolytic  transfusion 
re actions should include the following: (1) 
im me diate discontinuation of the transfusion; 
(2) cardiopulmonary monitoring; (3)  laboratory 
mon itoring including hemoglobin, direct anti-
globulin (Coombs) testing, and haptoglobin; 
and (3) IV fl uids to maintain urine output of 100 
to 150 mL/h. The role of diuretics and mannitol 
has not been defi nitively established. However, 
furosemide may be used if intravascular volume 
overload develops. There is no role for steroids or 
antihistamines.

Delayed hemolytic reactions occur as the 
result of development of alloantibodies to non-
ABO RBC antigens. The alloimmunization results 
from prior transfusion or pregnancy of the recipi-
ent. Hemolysis may begin and continue � 3 to 14 
days and is related to development of an amnestic 
immune response. Presenting symptoms include 
fever, chills, jaundice, hemolytic anemia with 
positive Coombs test, elevated lactate dehydro-
genase levels, and decreased haptoglobin. Shock, 
DIC, and renal insuffi ciency are unlikely to occur. 
A signifi cant number of patients will be asymp-
tomatic or have very subtle manifestations. There 
are no specifi c treatments for delayed hemolytic 
reactions; however, the occurrence should be doc-
umented for the patient. This history is important 
for appropriate screening and crossmatching for 
future transfusion requirements.

Allergic and anaphylactic reactions occur as 
the result of recipient antibody reaction against 
a noncellular protein such as Igs found in low 
concentration in the transfused blood. The most 
severe anaphylactic reactions usually result from 
recipient reaction against IgA found in the trans-
fused blood when the recipient is IgA defi cient. 
Anaphylactic reactions manifest with a range of 
symptoms and signs, ranging in severity from 
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fl ushing, dyspnea, hypotension, bronchospasm, 
abdominal pain, diarrhea, and shock. Mild allergic 
reactions are characterized by urticaria and pruri-
tus. Patients with anaphylaxis may require treat-
ment with epinephrine, IV fl uids, and respiratory 
support. Antihistamines may be used in urticarial 
reactions. Patients who are IgA defi cient and have 
anaphylaxis require special attention and should 
receive blood products including RBCs, plasma, 
and Ig from IgA-defi cient donors. These blood 
products are rare and may be diffi cult to obtain. 
Patients with urticaria reactions should be con-
sidered for washed cell transfusions if the future 
need arises.

Febrile nonhemolytic reactions result from 
donor reaction to recipient leukocytes or the pres-
ence of elevated cytokines that have accumulated 
in the transfused blood. These are the most com-
mon form of acute transfusion reaction and may 
occur in 0.5 to 5% of all transfusions. These reac-
tions usually do not have signifi cant consequences 
and require management with antipyretics. 
The greatest diffi culty in the management of 
febrile nonhemolytic reactions is testing to 
exclude hemolytic reaction because fever is also 
a manifestation of that more severe complication. 
Patients in whom febrile reactions develop should 
receive WBC-fi ltered blood if future transfusion is 
necessary.

Posttransfusion purpura results from induc-
tion of platelet antibodies following transfusion. 
Although this complication may develop in men, 
it has been described more often in multiparous 
women, suggesting the possibility of sensitiza-
tion to platelet antigens during pregnancy. The 
recipient may also have become sensitized to 
platelet antigens through prior transfusion. The 
reaction occurs 3 to 12 days after transfusion and 
is characterized by thrombocytopenia and bleed-
ing that may be severe. The differential diagno-
sis for posttransfusion purpura includes DIC and 
 heparin-induced thrombocytopenia. The diagno-
sis is established by the presence of platelet allo-
antibodies (usually to human platelet antigen-1a) 
in patients who have received recent transfu-
sion.15 Treatment includes IV Ig. Alternative pro-
posed treatments include corticosteroids and 
plasmapheresis.

Transfusion-related acute lung injury (TRALI) 
is characterized by the development of acute lung 

injury following transfusion of RBCs or any other 
plasma-containing blood product. Given multiple 
confounding factors and diffi culty establishing sen-
sitive and specifi c clinical criteria for this reaction, 
the etiology has not been established. However, 
TRALI is likely related to infusion of antileukocyte 
antibodies or blood storage-related lipids. The 
symptoms and clinical features of TRALI are the 
abrupt and rapid development of dyspnea, respi-
ratory distress, hypoxemia, and fever. Both hyper-
tension and hypotension have been described. 
Chest radiography demonstrates bilateral infi l-
trates that have been described as white out. A pre-
cise defi nition of TRALI is the occurrence of acute 
respiratory distress and bilateral pulmonary infi l-
trates within 6 h of transfusion in patients without 
prior lung injury and without evidence of intra-
vascular volume overload or cardiogenic pulmo-
nary edema. The temporal relationship between 
transfusion and development of respiratory dis-
tress must be present to establish the diagnosis. 
The rate of TRALI is 1 in 1,000 to 1 in 2,000 trans-
fusions and is more likely to occur in patients with 
sepsis and more likely to occur when blood prod-
ucts from female donors are given.16,17 Treatment is 
supportive but respiratory failure develops in the 
majority of patients and they require mechanical 
ventilation. TRALI often resolves within several 
days and is associated with a lower mortality rate 
(estimated 5 to 10%) than other causes of acute 
lung injury or ARDS.18 The main differential diag-
nosis for TRALI includes ARDS and hydrostatic 
pulmonary edema from transfusion-associated 
circulatory overload.

Transfusion-related GVHD results from the 
engraftment of immunocompetent donor lym-
phocytes in severely immunocompromised 
 recipients. The donor lymphocytes proliferate 
and react against recipient human leukocyte anti-
gen antigens. This reaction typically becomes 
evident 10 to 30 days following transfusion, and 
is characterized by skin rash, liver disease, GI 
disease, and bone marrow suppression. Specifi c 
 fi ndings include erythematous scaly rash, jaun-
dice,  elevated lung function test results, diar-
rhea, and cytopenias. Neonates, organ transplant 
patients, bone marrow transplant patients, and 
leukemia and lymphoma patients are at the high-
est risk for development of this complication. 
Transfusion-related GVHD is associated with 
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high mortality rates, and treatment options are 
limited. Prevention of transfusion-related GVHD 
should include irradiation of any blood product 
including RBCs and platelets prior to transfusion. 
It is not necessary to irradiate fresh-frozen plasma 
or cryoprecipitate.

Infectious Complications of RBC and 
Blood Product Transfusion

All blood products are associated with risks 
of transmission of viral, bacterial, and parasitic 
infections. The risks are directly proportional 
to the origin, behaviors, and social factors of 
the donor. Prevention of disease transmission 
revolves around careful screening of donors to 
identify risks for infectious disease and eliminate 
high-risk donors from the donor pool. In general, 
directed donations to patients from friends and 
family members should not be considered to have 
lower risk of disease transmission than random 
donor products. Testing after donation testing 
includes a standardized series of tests to detect 
proteins, antibodies, and nucleic acids associated 
with infectious risk. The most signifi cant limita-
tions of disease testing are the time window for 
disease transmission between initial infection of 
the donor and development of detectable nucleic 
acid or antibodies in the donated product. A gen-
eral principle is that pooled products (platelets 
and plasma components) from multiple donors 
are likely to have higher risk of disease transmis-
sion than single-donor products. The most impor-
tant infectious etiologies and risks of transmission 
are listed in Table 5.19

Erythropoietin in ICU Patients

Recombinant erythropoietin stimulates RBC 
production and increases hematocrit in many 
subsets of patients with chronic diseases, includ-
ing chronic renal failure and cancer. The effect of 
erythropoietin does not occur for several days 
following administration. This delayed effect is 
the primary factor that limits its role in the ICU 
for treatment of acute anemia and diminished 
oxygen delivery to the organs and tissues. Early 
clinical trials have demonstrated that administra-
tion of erythropoietin can signifi cantly reduce the 
need for RBC transfusion, decrease the number 

of transfused units per patient, and increase the 
mean hemoglobin concentration. However, these 
trials20,21 did not demonstrate an improvement in 
other clinical outcomes, including mortality. The 
most recent prospective, placebo-controlled ran-
domized clinical trial of 40,000 U/wk of eryth-
ropoietin failed to demonstrate a decrease in the 
use of RBC transfusion and did not show a ben-
efi t in overall mortality except in the subgroup of 
patients with trauma. This trial22 demonstrated 
an increase in the risk of thrombotic events in 
patients receiving erythropoietin.

Blood Substitutes

Considerable research has been conducted 
for the development of blood substitutes and 
oxygen-carrying solutions. There are two general 
categories of these replacements: cell-free hemo-
globin solutions, and perfl uorocarbon-based 
solutions. The hemoglobin solutions are derived 
from human or bovine sources and are partially 
polymerized to decrease the rate of clearance 
from the blood after infusion. The safety and 
effi cacy of these cell-free hemoglobin treatments 
have not been clearly established in the general 
ICU population. There are reports23 of effi cacy of 
polymerized hemoglobin in surgical patients, but 
their effi cacy has not been determined in general 
populations. Perfl uorocarbon solutions do not 
have an established clinical indication in the treat-
ment of anemia.

Table 5. Risks of Infectious Disease Transmission With Blood 
Product Transfusion*

Infectious Agent Estimated Risk Rate
HIV 1 and 2 1/2,135,000 per unit with PCR for HIV 

nucleic acids
Hepatitis C virus 1/1,935,000 using nucleic acid testing
Hepatitis B virus 1/205,000 using antigen/antibody 

testing
Hepatitis A virus 1/1,000,000
Syphilis No cases reported since 1968
CMV Recommended that CVM-negative 

patients at risk for CMV disease 
receive CMV-safe products or 
high-effi ciency leukofi ltration

Malaria 1/4,000,000 (depending on country of 
origin)

*PCR � polymerase chain reaction. Modifi ed from Pomper 
GJ, Wu Y, Snyder EL. Risks of transfusion-transmitted infec-
tions: 2003. Curr Opin Hematol 2003; 10:412–418  
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Objectives:

• Recognize the etiologies and clinical manifestations of 
endocrine crises involving the adrenal, thyroid, pancreas, 
and pituitary glands

• Review the confi rmatory laboratory tests for these disorders 
in the acute care setting

• Delineate the specifi c initial treatment for each endocrine 
emergency

• Point out selected pearls and caveats related to the diagnosis 
and management of endocrine emergencies

Key words: adrenal failure; diabetes insipidus; diabetic keto-
acidosis; hyperosmolar nonketotic dehydration syndrome; 
hypoglycemia; myxedema coma; pheochromocytoma; 
thyroid storm 

Most endocrine emergencies necessitate ICU 
admission. Some of these endocrine crises develop 
in patients who are already in the ICU with a 
 nonendocrine critical illness. Every intensivist 
should be able to recognize an endocrine emer-
gency, confi rm the diagnosis, ascertain the likely 
cause, and provide acute treatment.

A common thread running through each of 
the endocrine emergencies discussed herein is the 
concept of a precipitating factor. The precipitant 
may be an intercurrent medical illness, a surgical 
procedure, trauma, pregnancy, noncompliance 
with outpatient treatment, or some other factor 
that provokes development of the crisis. Often 
there is a known underlying endocrine disorder 
that has been under control, and the patient has 
been in a compensated state prior to the precipi-
tating event. In other cases, the precipitating fac-
tor uncovers a latent endocrine disease that was 
not previously diagnosed.

Adrenal Failure

Critically diminished endogenous synthesis of 
corticosteroids constitutes adrenal failure. In pri-
mary adrenal failure, the problem lies in the adrenal 
glands, and the result is usually  underproduction 

of both glucocorticoid and mineralocorticoid hor-
mones. In secondary adrenal failure, the problem 
lies with the anterior pituitary or hypothalamus 
(ie, lack of suffi cient adrenocorticotropic hormone 
[ACTH] production). There are numerous poten-
tial etiologies of adrenal failure (Table 1).

Because higher levels of cortisol are needed in 
times of physiologic stress, adrenal crisis is often 
precipitated by some type of acute illness, injury, 
surgery, decompensation of a chronic illness, or 
some other physiologically stressful event. Most 
of the clinical (Table 2) and laboratory (Table 3) 
manifestations of adrenal insuffi ciency are non-
specifi c, but fi nding a constellation of indicative 
fi ndings in the relevant clinical context usually is 
enough to prompt biochemical testing to confi rm 
or exclude the diagnosis.

Plasma cortisol concentrations � 3 �g/dL sig-
nify adrenal insuffi ciency. In otherwise healthy 
subjects, levels � 12 �g/dL exclude adrenal 
insuffi ciency. Critical illness physiologically 
neces sitates higher levels, but determining the 
appropriate level for the degree of illness is not 
possible. Therefore, adrenal reserve is assessed in 
the ICU setting using the rapid  cosyntropin stim-
ulation test. The concept is to determine whether 
the adrenal glands are capable of producing extra 
cortisol beyond the prevailing concentration. If 
the glands are capable, then it can be assumed 
that the prevailing plasma concentration is ade-
quate. If the glands cannot produce additional 
cortisol when stimulated by exogenous ACTH, 
there is no adrenal reserve and the prevailing cor-
tisol level is unlikely to be adequate. In practice, 
the stimulation test is performed using cosyntro-
pin, a synthetic subunit of ACTH. In the conven-
tional version of the test, 250 �g of cosyntropin is 
administered by IV injection after fi rst obtaining 
a plasma sample for baseline cortisol assessment. 
Plasma samples are then obtained at 30 min and 
60 min after injection.

Although there is wide debate regarding 
interpretation, adequate adrenal reserve is gen-
erally signaled by a peak rise of plasma cortisol 
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level � 9 �g/dL, to an absolute concentration 
of � 20 �g/dL. A low baseline level and little or no 
response to cosyntropin signify absolute adrenal 
insuffi ciency. In the face of a high baseline cortisol 
level, a peak rise of � 9 �g/dL after stimulation 
indicates relative adrenal insuffi ciency. Absolute 
adrenal insuffi ciency requires hormone replace-
ment. Whether relative adrenal insuffi ciency is an 
indication for hormone treatment is less clear. In the 
setting of relative adrenal insuffi ciency  associated 

with septic shock, information from recent clini-
cal trials, including the Corticus trial, suggest that 
hormone supplementation may only be useful 
if there is circulatory shock that is refractory to 
IV volume expansion and IV vasopres sor use.

Absolute adrenal insuffi ciency is treated with 
a 200-mg IV injection of hydrocortisone followed 
by 100 mg IV q8h. Relative adrenal insuffi ciency 
associated with refractory septic shock is treated 
with 50 mg of hydrocortisone IV q6h. If cosyntro-
pin testing is to be performed, administration of 
hydrocortisone will invalidate the test because the 
cortisol assay will refl ect the administered hydro-
cortisone. To avoid delaying hormone replacement, 
a one-time equivalent dose of dexamethasone 
may be administered initially until prompt cosyn-
tropin testing is completed. Hydrocortisone can 
be started once the all blood specimens have been 
obtained for plasma cortisol analysis.

Adrenal crisis represents a state of critical vol-
ume contraction involving the extracellular fl uid 
(ECF) space, such that rapid intravascular volume 
expansion may be lifesaving. Normal saline solu-
tion is the IV fl uid of choice. Dextrose in normal 
saline solution should also be provided to prevent 
or treat hypoglycemia.

Pheochromocytoma

Pheochromocytoma is an uncommon cause of 
secondary hypertension that represents a chromaf-
fi n tumor, usually arising in the adrenal medulla 
and capable of elaborating epinephrine, norepi-
nephrine, or dopamine, or some combination of 
these catecholamines. The tumor can also appear 
at extraadrenal sites, with the most common loca-
tion being near the organs of Zuckerkandl.

The signs and symptoms of pheochromocy-
toma (Table 4) are due to catecholamines released 
from the tumor. Most commonly the manifesta-
tions are episodic and brief. Once the diagnosis 

Table 1. Etiologies of Adrenal Insuffi ciency

Primary Adrenal Failure Secondary Adrenal Failure

Autoimmune adrenalitis Corticosteroid withdrawal 
Polyglandular autoimmune 

syndromes
Cranial trauma

Bilateral adrenalectomy Panhypopituitarism 
Malignancy Craniopharyngioma
Meningococcemia Other brain tumors
Pseudomonal infection After pituitary surgery
Septic shock Pituitary apoplexy 
Viral infections Other brain hemorrhage 
Sarcoidosis Postpartum pituitary 

infarction 
Amyloidosis Other brain infarction 
Adrenal hemorrhage Anoxic encephalopathy
Adrenal infarction Cranial irradiation
Adrenoleukodystrophy Lymphocytic hypophysitis
Disseminated fungal 

infection
Sarcoidosis

Tuberculosis Hemochromatosis
Acquired immune 

defi ciency
Histiocytosis

Syphilis Tuberculosis
Trypanosomiasis Histoplasmosis
Etomidate Rare forms of congenital 

ACTH defi ciency
Ketoconazole Withdrawal of megestrol 

acetate

Table 2. Manifestations of Adrenal Insuffi ciency

Symptoms Physical Findings

Malaise Orthostatic hypotension
Fatigue Frank hypotension
Anorexia Tachycardia
Nausea Abdominal tenderness
Vomiting Weight loss
Abdominal pain Depression
Diarrhea Psychosis
Constipation Confusion
Orthostatic symptoms Hyperpigmentation
Myalgias Vitiligo
Arthralgias Amenorrhea
Salt craving Auricular calcifi cation

Table 3. Nonspecifi c Laboratory Findings in Adrenal Insuffi ciency

Hypoglycemia Metabolic acidosis
Hyponatremia Normal anion gap
Hyperkalemia Anemia
Hypercalcemia Neutropenia
Prerenal azotemia Eosinophilia
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is suspected, confi rmation is performed biochemi-
cally by assaying for plasma metanephrine and 
normetanephrine. An alternative diagnostic test is 
24-h urine assay for epinephrine, norepinephrine, 
metanephrine, and normetanephrine. Perform-
ing these tests while the patient is in the ICU is 
not recommended because various acute illnesses 
and commonly used drugs can result in false-
positive and false-negative test results. Thus, it 
is preferable to defer testing until the patient is 
suffi ciently stable and discharged from the ICU. 
Once the diagnosis is confi rmed biochemically, the 
tumor is localized using imaging studies such as 
CT, MRI, or radiolabeled m-iodobenzylguanidine 
scintigraphy.

There are two situations in which patients 
with pheochromocytoma may be encountered in 
the ICU setting. The fi rst situation is the patient 
who has a hypertensive crisis due to pheochro-
mocytoma and requires emergency management 
of hypertension and any resulting end-organ 
dysfunction. The second situation is the periop-
erative management of patients having surgical 
excision of their tumor, which is defi nitive treat-
ment. There is a high risk of intraoperative and 
postoperative hypertensive crisis due to manipu-
lation of the tumor. Therefore, patients must be 
preoperatively stabilized from the standpoint of 
achieving normotension, normal fl uid balance, 
optimal treatment of comorbidities, and adequate 
pharmacologic �-adrenergic blockade, preferably 
over a period of weeks.

In an acute episode of hypertensive crisis, 
the conventional pharmacologic agent of choice 
is the short-acting �-adrenergic blocker phentol-
amine mesylate, administered in increments of 
2 to 5 mg IV � 5 min apart until the BP target is 
achieved. IV sodium nitroprusside has also been 

used  successfully. As long-term treatment, the �-
blocker phenoxybenzamine is used. Supplemen-
tary treatment with a �-adrenergic blocker can 
be considered, but �-blockers are contraindicated 
unless adequate �-blockade is fi rst achieved.

Myxedema Coma

The most severe form of hypothyroidism is 
that associated with profound CNS depression 
and is called myxedema coma. Although by literal 
interpretation, the term only refers to patients in 
coma ascribed to hypothyroidism, in practice any 
degree of obtundation ascribable to hypothyroid-
ism should be considered myxedema coma or 
impending myxedema coma. There are numerous 
causes of hypothyroidism (Table 5), but myxedema 
coma can obviously occur in patients who have 
previously undergone radioactive iodine abla-
tion or thyroidectomy and then stop taking their 
prescribed thyroid hormone replacement therapy. 
Among the factors that can precipitate myxedema 
coma in a patient with otherwise compensated 
hypothyroidism is the use of sedating drugs.

Any of the signs and symptoms of hypothy-
roidism (Table 6) may be present in myxedema 
coma, but signifi cant depression of the sensorium 
is required. In addition to abnormal thyrotropin 
(thyroid-stimulating hormone [TSH]) and thyroid 
hormone levels, a variety of nonspecifi c labora-
tory fi ndings may be seen (Table 7).

Critically ill patients can manifest abnormali-
ties in thyroid function testing when there is no 
underlying thyroid disorder and no clinical mani-
festations of hyperthyroidism or hypothyroidism. 

Table 4. Manifestations of Pheochromocytoma

Symptoms Physical Findings

Anxiety Hypertension
Headache Tachycardia
Palpitations Flushing
Chest pain Tremors
Nausea Diaphoresis
Vomiting Tachydysrhythmias
Abdominal pain Orthostatic hypertension 
Visual disturbances Orthostatic hypotension 

Table 5. Etiologies of Hypothyroidism

Thyroidectomy with inadequate hormone replacement
Neck irradiation or 131I therapy with inadequate hormone 

replacement
Thyroiditis (eg, painless, subacute, postpartum, or 

Hashimoto thyroiditis)
Drugs (eg, propylthiouracil, amiodarone, lithium, iodides, 

sulfonamides, ethionamide) 
Thyroid infi ltration (eg, amyloidosis, sarcoidosis, 

scleroderma, hemochromatosis)
Iodine related (eg, iodine defi ciency [endemic goiter] or 

iodine induced)
Pituitary or hypothalamic dysfunction (� 1% of cases)
Congenital (eg, thyroid dysplasia, thyroid agenesis, TSH 

unresponsiveness)
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This potential situation, called the euthyroid 
sick syndrome, complicates interpretation of thy-
roid function tests in ICU patients. The free tri-
iodothyronine (T3) level is invariably depressed 
in critically ill patients; however, thyroxine (T4) 
levels may be elevated, normal, or low in the 
euthyroid sick syndrome. T4 levels are more 
likely to be elevated early in the course of a criti-
cal illness and then return to normal or fall below 
normal when the severity of illness worsens. The 
TSH level can be mildly increased or decreased 
in the euthyroid sick syndrome. Although not 
widely available, levels of reverse T3, an inactive 
isomer of T3, are elevated in the euthyroid sick 
syndrome. Treatment with thyroid hormone is 
not recommended for euthyroid sick syndrome.

Myxedema coma is treated with thyroid hor-
mone replacement. This can be accomplished 
using a loading dose of 300 �g of thyroxine 
IV, followed by daily doses of 50 to 100 �g IV. 
Hydrocortisone, 300 mg/d IV in divided doses, is 

administered empirically for possible coexisting 
adrenal insuffi ciency. As an alternative to giving 
hydrocortisone, a single dose of dexamethasone 
may be administered while the rapid cosyntro-
pin stimulation test is performed. Once the test 
is completed, hydrocortisone is initiated. If the 
stimulation test results show adequate adrenal 
reserve, hydrocortisone may be discontinued. 
Passive rewarming is used to treat hypothermia 
because active rewarming measures may cause 
hemodynamic instability by lowering systemic 
vascular resistance. Respiratory failure is a com-
mon complication of myxedema coma. Therefore, 
endotracheal intubation and mechanical ventila-
tion are frequently required.

Thyroid Storm

Hyperthyroidism manifests clinically as a 
syndrome called thyrotoxicosis. Thyrotoxicosis 
can also occur without any underlying disease of 
the thyroid gland, for example, from oral thyroid 
hormone abuse or overdose, ingestion of bovine 
thyroid tissue, or from ectopic thyroid hormone 
production (Table 8).

Thyroid storm is the most extreme form of 
thyrotoxicosis. Any of the fi ndings of thyrotoxi-
cosis (Table 9) can occur, but signifi cant cardiac 
manifestations, CNS manifestations, or both are 
required for the designation of thyroid storm. The 
most common cause of thyroid storm is Graves 
disease, an autoimmune form of hyperthyroid-
ism. As with most other endocrine emergencies, 
thyroid storm is often precipitated by an acute ill-
ness, trauma, surgery, pregnancy, or some other 

Table 6. Manifestations of Hypothyroidism

Symptoms Physical Findings

Fatigue Weakness
Cold intolerance Hyporefl exia
Cognitive dysfunction Apathetic affect
Somnolence Lethargy
Constipation Obtundation
Myalgia Stupor or coma
Headache Alopecia
Hearing loss Hypothermia

Hoarseness
Goiter
Bradycardia
Distant heart sounds
Heart block
Periorbital edema
Coarse dry skin

 Psychiatric disorders

Table 7. Laboratory Findings in Hypothyroidism

Thyroid-Related Tests Nonspecifi c Laboratory Tests

↑  Thyrotropin level (may 
be decreased in secondary 
hypothyroidism)

↑ Paco2 and ↓ Pao2 

↓ Free thyroxine level ↓ Serum sodium concentration
↓ Free thyroxine index ↑ Serum lipid concentration
Normal or ↓ 

tri-iodothyronine level
↑  Creatine phosphokinase 

activity

Table 8. Etiologies of Thyrotoxicosis

Hyperthyroidism Non–Hyperthyroid-Related Causes

Graves disease Excessive thyroid hormone 
replacement

Multinodular 
goiter

Transient thyrotoxicosis of 
thyroiditis 

Toxic adenoma Subacute thyroiditis 
Iodine-induced Thyrotoxicosis factitia
Amiodarone-

induced
Struma ovarii and other teratomas

Pituitary tumor Metastatic thyroid neoplasm
Trophoblastic 

disease
“Hamburger thyrotoxicosis”
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signifi cant physiologic stress in patients with an 
underlying endocrinopathy, in this case hyper-
thyroidism. Subtotal thyroidectomy can precipi-
tate thyroid storm if preoperative pharmacologic 
control of the hyperthyroidism is not achieved.

Usual laboratory fi ndings that may be seen in 
thyrotoxicosis and hyperthyroidism are shown 
in Table 10. Most manifestations of thyrotoxico-
sis are attributable to high systemic levels of the 
thyroid hormones T3 and T4. TSH levels are low 
except in the rare case of central hyperthyroidism, 
which is due to increased TSH production by the 
anterior pituitary. The T3 level may be elevated; 
however, in severely ill patients with thyrotoxi-
cosis, it may be low. Free T4 levels are elevated 
except in an uncommon form of hyperthyroidism 
known as T3 thyrotoxicosis, in which case the T4 
level is normal but the T3 level is high. No cutoff 
levels defi ne thyroid storm per se, although thy-
roid hormone levels tend to be higher in thyroid 
storm compared to thyrotoxicosis without storm.

Management can be divided into specifi c 
and nonspecifi c treatments. Specifi c treatment 
 consists of four components. The fi rst is pharma-
cologic inhibition of thyroid hormone synthesis 
using a thioamide drug, either propylthiouracil 
or methimazole. Second, some form of iodine is 
administered to stop the release of stored hormone 
from the thyroid gland. This can consist of IV 
sodium iodide, or oral treatment with either Lugol 
solution, a cholecystographic agent (eg, sodium 
ipodate or iopanoic acid), or a saturated solution 
of potassium iodide. Administering iodine prior 
to thioamide administration risks stimulating 
thyroid hormone synthesis. Third, a �-adrenergic 
blocker is administered to blunt the hyperadrener-
gic manifestations of thyrotoxicosis and to control 
tachydysrhythmias. Propranolol is the agent of 
choice, and it is administered IV initially. Fourth, 
an agent is administered to slow peripheral con-
version of T4 to the biologically more active hor-
mone T3. Several drugs have this effect, including 
propylthiouracil, dexamethasone, and high doses 
of propranolol.

Nonspecifi c management includes the use 
corticosteroids (in case of coexisting hypoadre-
nalism), cooling measures (if there is hyperther-
mia), and cardiac monitoring. Rapid cosyntropin 
stimulation testing may be employed in lieu of 
empiric hydrocortisone coverage. For antipyretic 
therapy, acetaminophen is used rather than 
acetylsalicylate. The latter displaces thyroxine 
from plasma-binding proteins and could exacer-
bate the thyrotoxicosis. However, aspirin should 
nevertheless be administered if there is associ-
ated acute coronary syndrome. Use of active 
cooling measures may be needed in some cases. 
High doses of �-blocker may be needed to control  

Table 9. Manifestations of Thyrotoxicosis

Symptoms Physical Findings

Heat intolerance Goiter
Nervousness Fine, friable hair
Palpitations Skin changes
Diaphoresis Onycholysis
Hyperphagia Palmar erythema
Diarrhea Pretibial myxedema 
Weight loss Tremor
Nausea or emesis Hyperrefl exia
Abdominal pain Apathetic affect
Fatigue Weakness
Ocular complaints Altered mentation
Dyspnea Delirium
Anorexia Psychosis
Restlessness Stupor or coma
Sexual dysfunction Gynecomastia

Sinus tachycardia
Atrial fi brillation
Atrial fl utter
Systolic hypertension 
Wide pulse pressure
Signs of high-output heart failure
Heart block
Thyroid bruit
Splenomegaly
Thyroid stare
Lid lag or globe lag
Exophthalmos
Chemosis
Ophthalmoplegia

 Visual acuity loss

Table 10. Laboratory Findings in Hyperthyroidism

Thyroid-Related Tests 
(Exceptions Are Given 
in Text)

Nonspecifi c Laboratory 
Tests

↓ Thyrotropin level Hypercalcemia and 
hypercalcuria

↑ Free thyroxine level Hyperbilirubinemia
↑ Free thyroxine index ↑  Alkaline phosphatase and 

alanine aminotransferase 
↑ Tri-iodothyronine level Neutropenia with relative 

lymphocytosis
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tachydysrhythmias. In some cases, IV diltiazem 
may be required adjunctively. However, the simul-
taneous administration of an IV �-blocker and IV 
diltiazem is not without risk because combined 
use could precipitate symptomatic heart block.

Hypoglycemia

Common causes of hypoglycemia in ICU 
patients are insulin administration, renal or 
hepatic dysfunction, adrenal insuffi ciency, and 
drug effects. Although there are many etiologies, 
most are either obvious or uncommon (Table 11), 
and therefore extensive evaluation of the cause is 
not required in the ICU setting unless the hypo-
glycemia is persistent or recurrent.

The Whipple triad defi nes the textbook criteria 
for diagnosis: (1) hypoglycemia (ie, a blood glucose 
concentration � 50 mg/dL), (2) associated manifes-
tations of hypoglycemia, and (3) resolution of the 
manifestations after treatment with dextrose. Man-
ifestations can be classifi ed as neurologic effects of 
hypoglycemia and adrenergic effects triggered by 
hypoglycemia and mediated by counterregulatory 
hormones (Table 12). The adrenergic manifesta-
tions may be blunted or entirely absent in patients 
receiving �-adrenergic blocking drugs.

Because severe hypoglycemia can cause per-
manent neurologic injury, acute treatment must be 
instituted without delay. Laboratory confi rmation 
can be performed using a point-of-care glucose 
instrument, if readily available, but IV dextrose 
(eg, 50 mL of a 50% dextrose solution) should not 
be delayed for more than a minute or so if the 
diagnosis is suspected. It should be assumed that 
the hypoglycemia will recur within an hour or 
so after administration of 25 g of dextrose, once 
the bolus of dextrose is metabolized. A continu-
ous IV infusion of dextrose is therefore routinely 

begun after the bolus dextrose dose. If the patient 
was receiving a 5% dextrose IV infusion when 
the hypoglycemia developed, the infusion rate 
should be increased, the concentration increased 
to 10%, or both. Finally, serial blood glucose assays 
should be performed on an hourly basis initially 
to monitor for potential recurrences and to adjust 
the rate of the dextrose infusion. Refractory hypo-
glycemia usually responds to simply administer-
ing additional dextrose, by increasing the bolus 
dose as well as the IV infusion concentration or 
rate. Glucagon, diazoxide, hydrocortisone, and 
octreotide are among the adjunctive agents that 
have been used to treat hypoglycemia refractory 
to IV dextrose.

Diabetic Ketoacidosis

When pancreatic endocrine function is severe 
enough that the gland produces essentially no 
insulin, hyperglycemia and ketoacidosis develop 
unless exogenous insulin is administered. Most of 
the signs and symptoms of diabetic ketoacidosis 
(DKA) are nonspecifi c (Table 13), but the diagnosis 
should be suspected in any acutely ill patient with 
known underlying insulin-dependent diabetes. 
DKA may also occur with new-onset (ie, not previ-
ously diagnosed) diabetes mellitus. The diagnosis 
of DKA is usually straightforward based on rou-
tine laboratory test results, which reveal hyper-
glycemia and a high anion gap metabolic acidosis, 
with evidence of ketosis (Table 14).

ECF volume depletion occurs in DKA as a 
result of the osmotic diuresis caused by glycos-
uria. This depletion can be severe, in some cases 
causing hypovolemic shock. IV fl uid resuscitation 
aimed at expanding intravascular volume is there-
fore extremely important. Normal saline solu-
tion should be administered IV, at least until the 

Table 11. Etiologies of Hypoglycemia

Systemic Illness Neoplasia Drugs Other Causes

Hepatic failure �-Cell tumor Insulin Dumping syndrome
Renal failure Hepatoma Ethanol Reactive hypoglycemia
Heart failure Lymphoma �-Blockers Glycogen storage disease
Adrenal failure Leukemia Sulfonylureas Hereditary fructose intolerance
Severe sepsis Sarcoma Disopyramide Galactosemia
Severe inanition Carcinoid Quinidine Insulin antibodies
Hypopituitarism Adrenal tumor Pentamidine Insulin receptor antibodies
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intravascular volume defi cit is corrected, because 
hypotonic IV fl uid does not expand intravascu-
lar volume as effectively as isotonic crystalloid 
solution. Regular insulin is administered as an IV 
bolus of 0.10 to 0.15 U/kg/h followed by a con-
tinuous IV infusion at 0.10 U/kg/h. Blood glu-
cose is monitored hourly, and the insulin infusion 
is adjusted to ensure a fall in the glucose level of 
approximately 50 mg/dL/h. Controlling the rate 
of glucose correction is of particular importance 
in pediatric patients because cerebral edema has 
been observed in this population during overly 
rapid correction.

Although there are concomitant kaluresis and 
total body potassium depletion, hyperkalemia 
frequently occurs due to shift of potassium from 
the interior of cells to the interstitial and plasma 
compartments mediated by lack of insulin. Thera-
peutic administration of insulin reverses this shift 
and causes the potassium depletion to manifest 
as hypokalemia, which can be severe enough to 
be a threat to life. Serial serum potassium lev-
els and administration of supplemental potas-
sium are therefore an important part of clinical 
management. Hypophosphatemia can also occur 
in some cases, but phosphorus administration 
is not required unless hypophosphatemia is 
 demonstrated. Sodium bicarbonate therapy has 

 conventionally been employed to lessen the 
severity of the metabolic acidosis; however, no 
evidence-based benefi cial outcome effects have 
been demonstrated. Diagnostic evaluation of the 
precipitating factor responsible for the DKA epi-
sode is routinely pursued. Blood cultures are rou-
tinely considered because infection is one of the 
most common precipitating events.

Once the blood glucose level reaches approx-
imately 200 mg/dL, IV fl uid is changed to a 
 dextrose-containing solution to allow continua-
tion of the IV insulin without risking hypoglyce-
mia. Even though the blood glucose level may be 
essentially normalized at this point, IV insulin must 
continue until the ketoacidosis resolves. This reso-
lution is signaled by normalization of the serum 
anion gap. Once both hyperglycemia and keto-
acidosis have resolved and the patient is receiving 
oral calories, IV dextrose is stopped, a subcutane-
ous injection of regular insulin is administered, and 
IV insulin is discontinued 30 min to 1 h later.

Hyperosmolar Nonketotic 
Dehydration Syndrome

Some patients with diabetes have severe 
hyperglycemia but little or no ketoacidosis. Severe 
hyperglycemia raises plasma osmolality and 
results in CNS depression, which, if suffi ciently 
severe, can cause coma. This syndrome has vari-
ous designations, including hyperglycemic hyperos-
molar nonketotic coma, and hyperosmolar nonketotic 
dehydration syndrome (HONK). These patients are 
able to produce enough insulin to stave off keto-
acidosis but not enough to prevent hyperglyce-
mia. The syndrome occurs in older adults, often 
those with a history of type II diabetes mellitus 
or no prior history of diabetes at all. As a result, 

Table 12. Manifestations of Hypoglycemia

Neuroglycopenic Manifestations
Adrenergic 
Manifestations

Headache Anxiety
Diffi culty concentrating Tremor
Behavioral changes Diaphoresis
Visual disturbances Palpitations
Confusion Tachycardia
Stupor or coma Nausea 
Seizures Vomiting

Table 13. Manifestations of DKA

Symptoms Physical Findings

Malaise Tachycardia
Fatigue Orthostatic or frank hypotension
Polyuria Abdominal tenderness
Polydipsia Kussmaul breathing pattern
Nausea Acetone odor on breath 
Vomiting Lethargy
Abdominal pain Depressed sensorium

Table 14. Laboratory Findings in DKA

Hyperglycemia
Metabolic acidosis
Glycosuria
Ketonemia
Ketonuria
Elevated serum anion gap
Hyperkalemia (before insulin treatment)
Hypokalemia (after insulin treatment)
Hypophosphatemia
Prerenal azotemia
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noncompliance is less often a precipitating factor 
in these patients compared to those in whom 
DKA develops; acute complications of chronic 
cardiovascular disease, including cerebral vascu-
lar accidents and acute coronary syndrome, are 
more common.

The signs and symptoms of HONK are similar 
to those encountered in DKA, with a few notable 
exceptions (Table 15). Similarly, there are several 
differences in the laboratory manifestations of 
HONK compared to DKA. Blood glucose concen-
tration is � 800 mg/dL in HONK and sometimes 
reaches extreme values (� 2,000 mg/dL). Because 
there is commonly a degree of overlap between 
HONK and DKA, some patients have features of 
both syndromes.

ECF sodium concentration is often low in 
both DKA and HONK. This is due to osmotic 
shifting of water from the intracellular fl uid (ICF) 
compartment to the ECF compartment mediated 
by ECF hyperosmolality from the hyperglyce-
mia. This movement of water results in dilu-
tion of ECF solutes, including sodium, causing 
hyponatremia. Because hyperosmolality is more 
extreme in HONK than DKA, the hyponatremia 
in HONK can be extreme in some cases. Although 
this movement of pure water to the ECF compart-
ment would by itself tend to expand the plasma 
volume, hypervolemia does not occur because of 
the concomitant osmotic diuresis caused by gly-
cosuria. In some cases, marked hypotonic fl uid 
loss predominates to a degree that surpasses 
the aforementioned dilutional effect on plasma 
sodium and results in hypernatremia, indicating 
a profound degree of ICF dehydration.

Hypernatremia is often used clinically as a 
surrogate marker for hyperosmolality to assess 
the degree of electrolyte-free water defi cit and 
hence the degree of intracellular dehydration. 
However, the sodium concentration can be mis-
leading in HONK because the increase in plasma 
osmolality is due predominately or entirely to 
hyperglycemia. By taking into account the degree 
of hyperglycemia and proportionately scaling the 
sodium concentration upward, the clinician can 
use this “corrected” sodium concentration to more 
accurately gauge the degree of free water defi cit 
compared to using the measured sodium concen-
tration alone. This is conventionally accomplished 
using the following equation:

Na-c � Na-m 	0.016 
 (Glu – 100)

where Na-c is the “corrected” sodium concentra-
tion, and Na-m is the measured sodium concen-
tration, both in milliequivalents per liter, and Glu 
is the glucose concentration in milligrams per deci-
liter. Although the adjective “corrected” is often 
used to describe this derived value of sodium con-
centration, the measured sodium is not incorrect. 
There is no methodologic problem that results in 
pseudohyponatremia, as occurs in hyperlipid-
emia. The “corrected” value simply affords the 
clinician a means for assessing the degree of ICF 
volume depletion and hyperosmolality without 
measuring or deriving serum osmolality.

The initial treatment of HONK is the same as 
for DKA. Additional fl uid replacement is often 
required due to the more severe fl uid defi cit. Nor-
mal saline solution is administered until the ECF 
defi cit is replenished, and then half-normal saline 
solution is substituted. The rate of correction of 
the hyperglycemia may be more important in 
HONK than in adult patients with DKA.

Diabetes Insipidus

Water delivered to the distal nephron is 
reclaimed by absorption from the collecting tubule 
lumen. However, the luminal membrane of the 
collecting tubule is impermeable to water. Expres-
sion of aquaporin channels on this membrane 
allow water resorption, but only in the presence 
of the antidiuretic hormone arginine vasopressin 
(AVP), which is produced in the hypothalamus 

Table 15. Key Differences Between DKA and HONK*

Manifestation DKA HONK 

Kussmaul breathing 	 0
Acetone odor on breath 	 0
Sensorium ↓ –↓ ↓ ↓ ↓ –↓ ↓ ↓ ↓ 
Total body water ↓ ↓ ↓ ↓ ↓ ↓ ↓ 
Blood glucose ↑ ↑ ↑ ↑ ↑ ↑ 
Serum osmolality ↑  ↑ ↑ ↑ 
Ketosis 	 0–trace
Metabolic acidosis 	 0–trace
Serum anion gap ↑ –↑ ↑ ↑ ↑ 0–↑ 
Serum sodium ↓ –↓ ↓ ↓ ↓ ↓ ↓ –↑ ↑ ↑

*	 � present; 0 � absent; ↓ to ↓ ↓ ↓ ↓ � mild to severe 
 decrease; ↑ to ↑ ↑ ↑ ↑ = mild to severe increase.
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and released at the pituitary hypophysis. Diabe-
tes insipidus (DI) results from either lack of AVP 
or unresponsiveness of the distal nephron to its 
normal action. The former is termed central DI, 
and the latter nephrogenic DI. Each variety has 
many possible causes (Table 16).

The hallmark manifestations of DI are poly-
uria and polydipsia, with a propensity for dehy-
dration, hypernatremia, and hyperosmolality to 
develop. Patients who can experience thirst and 

can obtain water will not have signifi cant dehy-
dration or hypernatremia. However, in patients 
with encephalopathy and those who are sedated 
or cannot obtain water, these complications can 
develop rapidly if adequate enteral water or 
hypotonic IV fl uid is not supplied.

Prior to making the diagnosis of DI, other 
causes of polyuria must be considered and 
excluded (Table 17). Some DI classifi cation sys-
tems include generalized tubulointerstitial renal 
disorders that result in unresponsiveness to AVP 
as causes of nephrogenic DI. However, other 
authors, including the National Kidney Founda-
tion, restrict the rubric nephrogenic DI to tubular 
dysfunction that specifi cally involves distal neph-
ron water reabsorption in the absence of other 
tubular dysfunction.

Most critically ill patients with DI tend to 
have hypernatremia due to the inappropriate loss 
of dilute urine. As long as the patient is hyperna-
tremic, even if only slightly, the diagnosis is readily 
made by demonstrating inappropriately hypo-
tonic urine. In otherwise healthy subjects, hyper-
natremia will be sensed by the hypothalamus, 
which will elaborate AVP by way of the hypophy-
sis. The elaborated AVP will cause pure water to 
be reabsorbed by the distal nephron, mitigating 
exacerbation of the hypernatremia and producing 
concentrated urine with an osmolality of � 800 
mOsm/kg H2O. In complete DI, urine osmolality 
will be dilute, ie, � 300 mOsm/kg H2O, in the face 
of mild or severe hypernatremia. Partial DI in this 
situation yields a urine osmolality in the range of 
300 to 700 mOsm/kg H2O.

Although the assay is generally more time 
consuming, AVP levels can be assessed in lieu of 
urine osmolality measurements. AVP measure-
ments also allow differentiation of central from 

Table 16. Etiologies of DI

Central DI Nephrogenic DI

Congenital Specifi c tubular defects
Cranial trauma Congenital causes
Hypophysectomy V2 receptor defect
Other brain surgery Aquaporin gene defect
Brain neoplasms Acquired causes
Cerebral infarction Hypokalemia
Sheehan syndrome Hypercalcemia
Intracranial hemorrhage General tubular defects*
Cerebral aneurysm Sickle-cell disease
Anoxic encephalopathy Polycystic disease
Brain death Medullary sponge kidney
Encephalitis Sjögren syndrome
Meningitis After renal infarction
Neurosarcoidosis Sarcoidosis
Neurotuberculosis Obstructive uropathy
Neurosyphilis Other interstitial disease
Lymphoma Hypergammaglobulinemia
Leukemia Medullary gradient loss*
Hand-Scüller-Christian Polyuria of any cause
Infundibulohypophysitis Very low protein diet
Wegener granulomatosis Drug-induced causes
Idiopathic Lithium carbonate

Demeclocycline
Amphotericin B
Vinblastine
Foscarnet
Orlistat
Ofl oxacin
Rifampin
Netilmicin
Ifosfamide
Cidofovir
Indinavir
Tenofovir
Epirubicin
Cyclophosphamide
Methotrexate
Streptozocin
Cholchicine
Methyoxyfl urane
Triamterene

 Pimocide

*See text regarding classifi cation as DI.

Table 17. Etiologies of Polyuria

DI
Excessive IV fl uid administration
Hyperglycemia
Diuretic administration 
Primary polydipsia 
Nonoliguric renal failure (recovery phase)*
After obstructive uropathy*
Renocorticomedullary gradient loss*
Generalized renotubulointerstitial disease*

*See text regarding classifi cation.
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nephrogenic DI. Otherwise normal subjects who 
are hypernatremic will have AVP levels � 2 pg/
mL. Patients with complete central DI will have 
undetectable AVP levels. Patients with partial cen-
tral DI may have AVP levels as high as 1.5 pg/mL. 
Nephrogenic DI will lead to high AVP values, 
sometimes � 5 pg/mL.

Urine osmolality can be used to differentiate 
central from nephrogenic DI if assessed before and 
after providing exogenous AVP. If urine osmolality 
is inappropriately low in the face of hypernatre-
mia, administration of exogenous AVP will cause 
the urine osmolality to increase by at least 50% if 
there is complete DI on a central basis. In partial 
central DI, the urine osmolality will increase by 
10 to 50%. In nephrogenic DI, the urine osmolality 
will generally not increase after AVP administra-
tion. In practice, the AVP analog desmopressin is 
more commonly used for this purpose rather than 
exogenous AVP. After collecting a spot urine sam-
ple for osmolality, desmopressin is administered 
as a 1-�g subcutaneous dose, and a second urine 
collection is obtained over the next hour or so for 
reassessment of osmolality.

Polyuria may be � 20 L/d in some cases of DI. 
To prevent rapid development of severe dehydra-
tion and severe hypernatremia, either the fl uid 
defi cit and ongoing fl uid loss must be replaced 
or the polyuria stopped. The latter approach is 
preferred in all but the mildest cases of central 
DI, accomplished by administering either AVP 
or desmopressin. Desmopressin is the preferred 
agent (eg, 1 to 2 �g subcutaneously q12h) because 
it stimulates only V2 receptors, which are located 
in the collecting tubules. AVP stimulates V2 recep-
tors in the kidney, but it also stimulates vascular 
V1 receptors, resulting in the potentially undesir-
able effect of vasoconstriction.

Even if the polyuria is completely controlled 
with desmopressin, IV fl uid administration will 
likely be needed to replace any defi cit that devel-
oped prior to administering desmopressin, and 
as maintenance. Because the urinary fl uid losses 
in DI are hypotonic, the IV fl uid is also hypo-
tonic. The only exception is in patients who have 
a signifi cant degree of concomitant intravascular 
volume depletion. Thus, patients who are hypo-
tensive secondary to hypovolemia should initially 
receive isotonic IV fl uid until intravascular vol-
ume is restored, and then hypotonic fl uid can be 

substituted. Close monitoring of fl uid intake and 
output, frequent measurement of serum sodium 
concentration, and careful adjustment of IV fl uid 
infusion rates are key to correction and preven-
tion of hypernatremia and dehydration.

Exogenous AVP and desmopressin are gener-
ally not useful in treating nephrogenic DI. There-
fore, fl uid and electrolyte monitoring and IV fl uid 
titration assume even greater importance in man-
aging this form of DI. Any drugs that could be 
causing the nephrogenic DI must be stopped. A 
thiazide diuretic is administered to induce mild 
ECF volume depletion, which causes increased 
water reabsorption at the proximal tubule. As a 
result, there is less water delivered to the distal 
nephron and therefore less urine is produced.
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Objectives:

• Distinguish and initiate appropriate treatment for com mon 
causes of thrombocytopenia including immune thrombo-
cytopenic purpura, thrombotic thrombocytopenic purpura, 
and heparin-induced thrombocytopenia

• Understand and discriminate between clinical features of 
disseminated intravascular coagulation and the coagulo-
pathy of liver disease

• Discuss the clinical monitoring and management of patients 
with coagulopathy of massive transfusion

• Determine the appropriate clinical use for platelets, fresh-
frozen plasma, and cryoprecipitate 

• Briefl y discuss the role of blood substitutes and adjunctive 
treatments such as desmopressin and activated fac tor VII

Key words: coagulopathy; cyroprecipitate; heparin; plasma; 
platelet; thrombocytopenia; warfarin

Anemia, thrombocytopenia, and coagulopathies 
are commonly encountered in ICU patients. 
These disorders rarely occur in isolation and 
are directly related to ICU outcomes. Rapid and 
effi cient classifi cation and recognition of these 
disorders is essential to the provision of timely 
and appropriate care. These disorders require 
a clinical approach based on systematic exami-
nation of RBC, platelets, and coagulation factor 
parameters. This chapter will review and apply 
basic laboratory testing including examina-
tion of coagulation times, fi brin levels, d-dimer 
levels, the peripheral blood smear, and the 
platelet count. Disorders including thrombocy-
topenia, disseminated intravascular coagula-
tion (DIC), immune thrombocytopenic purpura 
(ITP), thrombotic thrombocytopenic purpura 
(TTP), heparin-induced thrombocytopenia (HIT), 
and massive transfusion will be reviewed, with 
a focus on key identifying features. This chap-
ter will also review the clinical indications and 
use of fresh-frozen plasma (FFP) and platelet 
transfusion.

Incidence and Clinical Signifi cance of 
Thrombocytopenia

Thrombocytopenia develops in up to 45% 
of ICU patients; this is defi ned as platelet count 
� 150,000 cells/μL. For ICU patients, observa-
tional studies have consistently associated throm-
bocytopenia with increased mortality, major 
bleeding, and increased blood product transfusion 
requirements. For both medical and surgical ICU 
patients, platelet counts typically fall and reach 
a nadir by days 3 to 4 of the ICU stay. Although 
ICU survivors typically have return of platelet 
counts to baseline or above, nonsurvivors more 
frequently have persistent thrombocytopenia. 
Thus, the dynamic changes of the platelet count 
are related to outcome, and persistent thrombo-
cytopenia has negative prognostic value.1,2 In 
the absence of other coagulopathy, signifi cant 
bleeding is unlikely for patients undergoing sur-
gery until the platelet count is � 50,000 cells/μL. 
Spontaneous bleeding from superfi cial cuts or 
mucosal surfaces is unlikely until the platelet 
count decreases below 10,000 to 20,000 cells/μL.

Etiology of Thrombocytopenia

Thrombocytopenia may result from decreased 
production, increased destruction, or from dis-
tribution/dilution effects (Table 1). Causes of 
decreased platelet production include infections 
(eg, parvovirus, Epstein-Barr virus, HIV), drugs, 
and toxins (eg, chemotherapy, alcohol), nutri-
tional defi ciencies (eg, folate, cobalamin), and 
bone marrow diseases including myelodysplastic 
or myeloproliferative syndromes.

Increased platelet destruction or shortened 
platelet survival may result from either immune-
mediated or nonimmune-mediated processes. 

Coagulopathies, Bleeding Disorders, and 
Blood Component Therapy 
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The most common immune-mediated disorders 
of thrombocytopenia include HIT, TTP, and ITP. 
Infection, sepsis, septic shock, and chronic liver 
disease with hypersplenism are the underlying 
disorders in about one-half of all ICU patients 
with thrombocytopenia.3 The mechanism for 
thrombocytopenia in sepsis is likely multifactorial 
and includes immune-mediated platelet destruc-
tion, hemophagocytic histiocytosis, and DIC.4 
Distributional thrombocytopenia has been attrib-
uted to hypersplenism and splenic sequestration 
resulting from portal hypertension. Dilutional 
thrombocytopenia commonly occurs in patients 
receiving massive blood transfusion on the order 
of 15 to 20 U of packed RBCs per 24 h.

Specifi c Disorders Associated With 
Thrombocytopenia

HIT 

HIT results from the generation of antibodies 
to complexes of heparin and platelet factor 4 (PF4). 
For patients who have never received heparin, the 
development of HIT typically occurs 5 to 10 days 
after initiation of heparin. For patients who have 
received heparin recently or have antiheparin-PF4 
antibodies, rapid declines in platelet count may 

occur within hours of heparin administration. 
The diagnosis of HIT should be considered in 
any patient receiving therapeutic heparin or has 
been exposed to heparin (eg, heparin line fl ushes) 
and who has an otherwise unexplained platelet 
count � 150,000/μL or a decrease of � 50% from 
baseline. HIT is associated with the development 
of thrombotic complications—including deep 
venous thrombosis, pulmonary embolism, and 
cutaneous or limb ischemia secondary to arterial 
thrombosis—in 30 to 50% of patients. The risk of 
both HIT and thrombosis is highest in patients 
undergoing orthopaedic surgery or cardiac sur-
gery, although general medical patients are also 
at risk. The diagnostic approach to HIT should 
account for the pretest probability (eg, presence of 
signifi cant decline in platelet count, heparin expo-
sure, acute medical, or surgical condition) and 
detection of antibodies directed against heparin-
PF4.5 Treatment of HIT is directed at preventing 
and treating thrombotic complications. Patients 
with HIT should be considered hypercoagulable 
and should receive short-term anticoagulation 
with direct thrombin inhibitors (eg, lepirudin, arg-
atroban) followed by longer-term oral anticoagu-
lation with warfarin.

ITP 

ITP is characterized by isolated thrombocy-
topenia in the setting of normal coagulation time 
measurements and the absence of other RBC or 
WBC abnormalities. ITP results from the pres-
ence of autoantibodies directed against platelet 
glycoproteins and may be primary (idiopathic) or 
secondary to other systemic disorders. Secondary 
causes of ITP include systemic lupus, medications, 
HIV, lymphoproliferative disorders, and immu-
nodefi ciency syndromes. Medications associated 
with ITP include trimethoprim- sulfamethoxazole, 
thiazide diuretics, quinidine, and diphenylhy-
dantoin. If the cause is suspected or known, every 
attempt should be made to remove the inciting 
agent or to treat the underlying disorder. First-
line acute treatment for idiopathic ITP is corti-
costeroids. Refractory cases may be treated with 
IV Ig or anti-Rho(D) Ig in patients who are Rh-
 positive. Platelet transfusions alone do not effec-
tively raise the platelet count in ITP, but may be 
necessary in combination with corticosteroids or 

Table 1. Causes and Contributing Factors in ICU 
Thrombocytopenia*

Decreased platelet production
 Viral infection (Epstein-Barr virus, parvovirus, HIV)
 Drugs and toxins (alcohol, chemotherapy)
 Nutritional defi ciency (folate, vitamin B12)
 Myelodysplastic syndromes
Increased platelet destruction
 Sepsis
 DIC
 TTP
 ITP
 HIT
 Posttransfusion purpura
 Antiphospholipid antibody syndrome
 HELLP syndrome 
Abnormal distribution and dilution
 Hypersplenism
 Massive blood transfusion

*HELLP � hemolytic anemia, elevated liver function tests, 
low platelet count.
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IV Ig if the patient experiences clinically signifi -
cant bleeding.

TTP-Hemolytic Uremic Syndrome 

TTP-hemolytic uremic syndrome (HUS) 
results from the abnormal activation and intra-
vascular aggregation of platelets accompanied 
by intravascular hemolysis. TTP-HUS is charac-
terized as a thrombotic microangiopathy and is 
identifi ed by the presence of hemolytic anemia 
and thrombocytopenia. If untreated, the mortal-
ity rate of TTP approaches 100%. Since the wide-
spread use of plasma exchange, the mortality rate 
for TTP has fallen to 10 to 35%.6,7 Epidemiologic 
data from the United States have demonstrated a 
higher rate of disease in women compared with 
men, and a higher mortality rate in Blacks com-
pared with Whites.8

Both TTP and HUS are thrombotic microan-
giopathies characterized by platelet activation, 
microvascular platelet thrombi, and microangio-
pathic hemolytic anemia. Traditional defi nitions 
of TTP and HUS are based on slightly different 
clinical presentations. TTP has been character-
ized by the clinical pentad of hemolysis, throm-
bocytopenia, neurologic defects, fever, and renal 
dysfunction. TTP may be idiopathic, congenital, 
or may occur secondarily in systemic infections. 
Neurologic defects tend to be more prominent in 
TTP and include a spectrum of manifestations such 
as headache, mental status abnormalities, focal 
defects, seizures, or coma. Renal defects ranging 
from mild renal insuffi ciency to acute renal failure 
may be found in both TTP and HUS, but are more 
prominent in HUS. HUS has been described more 
frequently in childhood and younger adults; it 
typically presents immediately following bacte-
rial infection. Common infection syndromes that 
proceed thrombotic microangiopathy include gas-
troenteritis from  enterotoxin-producing  bacteria 

including Escherichia coli O157:H7 or Shigella 
and acute bacterial infection in patients with HIV 
disease.9 TTP-HUS also occurs sporadically and 
has been well described in postpartum patients, 
patients with recent viral infection including HIV, 
transplant patients receiving immunosuppres-
sion, cancer patients receiving chemotherapy, and 
patients with collagen vascular disease.

The underlying causes of TTP are congenital 
or acquired defects in the von Willebrand fac-
tor cleaving protease (ADAMTS13) and massive 
systemic vascular endothelial injury.10 The labo-
ratory features of TTP-HUS include thrombocy-
topenia, anemia, and schistocytes on peripheral 
blood smear. The thrombocytopenia in TTP-HUS 
tends be severe, with levels usually � 50,000 
cells/μL. Additional features include eleva-
tions of lactate dehydrogenase and serum bili-
rubin, which result from hemolysis. Urinalysis 
may demonstrate decreased creatinine clear-
ance, proteinuria, and hematuria. Unlike DIC 
and liver disease, TTP-HUS is not associated 
with consumption of coagulation proteins. In 
TTP-HUS, the prothrombin time (PT), activated 
partial thromboplastin time (aPTT), and fi brino-
gen levels remain within the normal range (Table 
2). From a clinical standpoint, TTP-HUS may be 
distinguished from DIC by the absence of clini-
cal syndromes of trauma, shock, and sepsis that 
are typically associated with DIC (see the section 
on “DIC”). 

The treatment of TTP-HUS requires emergent 
in  itiation of plasma exchange and ICU monitoring. 
Plasma infusion alone is less effective and is 
limited by the volume of plasma required to 
produce clinical effect.7,11 Shock may develop in 
patients with TTP-HUS; they may also experience 
respiratory failure or neurologic deterioration. 
Although plasma exchange may be performed 
through peripheral venous access, central venous 
hemodialysis catheters are often used. Treatment 

Table 2. Distinguishing Features of Complex Coagulopathies

Coagulopathies PT/aPTT Platelets Fibrinogen d-Dimer

TTP-HUS Normal Decreased Normal Normal
DIC Prolonged Decreased Decreased Elevated
Liver disease Prolonged Normal to decreased Normal to decreased Normal to mild elevation
Massive transfusion Prolonged Decreased Decreased Normal
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with daily plasma exchange is indicated until the 
patient has rising platelet counts, resolving ane-
mia, resolution of renal failure, and normaliza-
tion of neurologic defi cits. Other indicators of 
therapeutic response include decreases in serum 
lactate dehydrogenase level and resolution of the 
abnormal peripheral blood smear. Patients will 
typically require 1 to 2 weeks of plasma exchange 
treatments tapered from daily treatments to every 
other day to every third day. Refractory cases, 
late-responding patients, and relapsed patients 
may require treatment for 4 to 6 weeks. Patients 
who fail to respond to plasma exchange should be 
considered for high-dose steroid therapy, ritux-
imab, or splenectomy.

Coagulation Protein Defects, Complex 
Coagulopathy Syndromes, Heparin, 
and Warfarin

Clinically signifi cant coagulopathies may 
occur as the result of defects in platelets, serum 
coagulation factors, or both. Platelet disorders 
may be quantitative (see the previous discussion 
of thrombocytopenia) or qualitative. Qualitative 
or functional platelet disorders (thrombocyto-
pathy) result from exposure to nonsteroidal anti-
 infl ammatory agents, aspirin, glycoprotein IIb/IIIa 
inhibitors, or may occur in uremia. In general, 
bleeding primarily associated with thrombocyto-
penia is cutaneous (eg, petechiae and superfi cial 
ecchymosis) or mucosal (eg, epistaxis or gingival 
bleeding). In distinction, disorders of coagulation 
protein quantity and function are typically associ-
ated with large palpable ecchymosis and deep-tis-
sue hematomas, hemarthrosis, and severe, often 
delayed, postsurgical bleeding.

Coagulopathies related to disorders of coag-
ulation protein function share the common fi nal 
defect of abnormal generation of fi brin. These 
disorders may be the result heparin, warfarin, 
isolated factor defi ciencies, combined factor defi -
ciencies, coagulation protein inhibitors, or com-
plex combined defects involving both platelets 
and coagulation proteins (Table 3).

DIC 

DIC is characterized by systemic activation of 
the clotting cascade, fi brin deposition throughout 

the microvasculature, fi brinolysis, and consump-
tion of clotting factors. The pathophysiology of 
DIC involves a primary component of throm-
bosis and a secondary bleeding diathesis from 
depletion of clotting components and active 
fi brinolysis. Organ failure and hemodynamic 
collapse occur as the result of tissue ischemia 
from thrombosis or hemorrhagic complications. 
The mechanisms that trigger DIC act through a 
fi nal common pathway of massive thrombin gen-
eration and diffuse fi brin formation. This occurs 
as the result of exposure of the blood to proco-
agulants such as tissue factor and tissue throm-
boplastins. Predisposing factors for DIC include 
massive tissue injury, extensive vascular endo-
thelial injury, shock of any cause, amniotic or fat 
embolism, traumatic brain injury, malignancy, 
severe infection with exposure to endotoxin, 
and massive release of infl ammatory cytokines. 
Systemic activation of thrombosis results in a 
compensatory state of fi brinolysis characterized 
by rapid dissolution of thrombosis, multifocal 
sites of bleeding, and accumulation of plasma 
fi brin degradation products. The rate of devel-
opment of organ failure in patients with DIC 
is highly variable and ranges from 20 to 75%.12 
Specifi c complications of DIC include bleeding, 
renal insuffi ciency, hepatic dysfunction, shock, 
respiratory failure, and thromboembolism.13

Clinical and laboratory features of DIC 
include abnormalities in all aspects of blood and 
coagulation including hemostasis, RBC, platelets, 
coagulation factors (Table 2). Petechiae, ecchy-
mosis, and bleeding from venipuncture sites, 

Table 3. Disorders of Fibrin Formation

Isolated factor defi ciency
 Hemophilia A (factor VIII defi ciency)
 Isolated factor VII, XI, XII, X, V, or II defi ciency
 von Willebrand factor defi ciency
Combined factor defi ciencies
 Warfarin administration
 Vitamin K defi ciency
 Hepatic disease
Coagulation factor inhibitors
 Lupus anticoagulant (usually hypercoagulable)
Complex combined coagulopathies
 DIC
 Massive transfusion
 Hepatic disease
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surgical wounds, and uninjured mucosal sur-
faces may develop. Peripheral blood smear may 
demonstrate microangiopathic hemolysis with 
schistocytes. Thrombocytopenia occurs through 
diffuse intravascular activation and consumption 
of platelets. The diagnosis of DIC is established 
through the presence of clinical conditions that 
predispose the patient to DIC in combination with 
biochemical evidence of thrombosis, thromboly-
sis, and clotting factor depletion. Both the aPTT 
and PT are prolonged and refl ect consumption 
of clotting factors in the common, intrinsic, and 
extrinsic coagulation cascade. A characteristic of 
DIC is the presence of fi brin degradation prod-
ucts and elevated d-dimer levels. Because plasma 
fi brinogen is an acute-phase reactant, patients 
with infl ammation, pregnancy, or malignancy 
may have an elevated baseline fi brinogen level. 
Thus, fi brinogen alone has a poor discrimination 
value, and patients with DIC may have a normal 
or decreased fi brinogen level. Other markers of 
DIC include detectable plasma fi brin monomers, 
decreased plasma antithrombin activity, and 
decreased levels of individual clotting factors, 
particularly factor VIII.

The presence of DIC is associated with 
increased ICU mortality in all patient subgroups. 
Furthermore, combined indexes for DIC, which 
include d-dimer, platelet count, PT, and fi brino-
gen levels, correlate well with acute physiol-
ogy and chronic health evaluation (APACHE)-II 
score and are predictive of mortality in general 
ICU populations.14 The treatment of patients 
with DIC is focused on treatment of the underly-
ing disorder. Hemostatic defi ciencies should be 
treated with transfusions of RBCs, platelets, and 
cryoprecipitate if bleeding develops or if there 
is a high risk of bleeding (eg, recent trauma, sur-
gery, or planned invasive procedure). The benefi t 
of prophylactic transfusion of blood products for 
patients with DIC without active bleeding or with 
low risk for bleeding has not been established. 
High-risk patients or actively bleeding patients 
should receive platelets to maintain a concentra-
tion of at least 20,000 to 50,000 cells/μL and FFP 
and cryoprecipitate to maintain a reasonable PT 
and a fi brinogen concentration of � 50 mg/dL. 
Heparin treatment is indicated for patients with 
DIC in whom clinically apparent thrombosis 
develops. However, routine use of heparin in 

patients with DIC without clinical evidence of 
large vein or arterial thrombosis remains contro-
versial. Patients with fulminant DIC or purpura 
fulminans should be considered for heparin or 
activated protein C infusion. Evidence supporting 
these interventions remains limited, and these 
treatments have high risk of hemorrhage if pro-
found thrombocytopenia is present. Heparin 
for DIC should be administered as a continuous 
infusion without a loading bolus dose and 
with target PTT two to three times baseline. 
Monitoring for patients with DIC should include 
frequent reassessment for bleeding complica-
tions and serial measurements of platelet counts 
and fi brinogen.

Hepatic Disease 

Acute liver failure and severe chronic hepatic 
disease are associated with multiple simultane-
ous defects in hemostasis and coagulation. The 
liver produces clotting factors including fi brino-
gen and prothrombin, as well as factors V, VII, 
IX, X, XII, and XIII. Liver disease is unlikely to 
contribute to signifi cant decreases in fi brino-
gen, but there may be severe decreases in the 
vitamin-K dependent factors (II, VII, IX, and X) 
as indicated by prolonged PTs. In addition to 
coagulation proteins, the liver produces throm-
bopoietin. For patients with advanced liver dis-
ease, thrombopoietin defi ciency, in combination 
with hypersplenism and toxic effects of viral 
hepatitis or alcohol on the bone marrow, com-
bine to produce thrombocytopenia. Laboratory 
features of coagulopathy in liver disease include 
thrombocytopenia, prolonged PT and aPTT, and 
normal or low fi brinogen levels. Primary fi bri-
nolysis associated with mildly elevated d-dimer 
levels may also develop in patients with liver 
disease. Coagulopathy associated with liver dis-
ease is distinguished from DIC by the presence 
of only small-to-moderate elevations in d-dimer 
levels and preservation of factor VIII levels. 
Factor VIII is not synthesized in the liver and 
is consumed only in DIC (Table 2). Treatment 
for patients with coagulopathy of liver failure 
includes platelet transfusion, vitamin K supple-
mentation, and, if bleeding is present, FFP or 
cryoprecipitate.
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Heparin and Warfarin 

Heparin therapy produces a prolonged 
aPTT and thrombin time. If a patient requires 
invasive procedures while receiving heparin, 
it is recommended that unfractionated heparin 
be discontinued 6 h prior to the procedure and 
low-molecular-weight heparin be discontinued 
12 to 24 h prior to the procedure. For patients 
who require urgent intervention or who develop 
severe bleeding complications, protamine may be 
administered to neutralize the effect of unfrac-
tionated heparin.

Warfarin administration results in prolonged 
PT, which may persist for 2 to 5 days following 
its discontinuation. Patients with mild elevations 
(� 5) in international normalized ratio (INR) and 
with no evidence of bleeding should have their 
next warfarin dose withheld and be followed up 
with more frequent PT monitoring. Patients with 
higher elevations of INR (� 5.0) should be treated 
with 1 to 2 mg of oral vitamin K. Patients with 
extreme elevations in INR (� 9) are at elevated 
risk of life-threatening hemorrhage and should 
be hospitalized and treated with 5 to 10 mg of 
oral vitamin K. Patients in whom severe, hemo-
dynamically signifi cant bleeding develops at any 
level of INR while receiving warfarin should be 
treated with slow infusion of 10 mg of IV vitamin 
K. These patients should also receive FFP or pro-
thrombin complex concentrate.15 Recombinant 
activated factor VII should be considered for these 
patients if hemorrhage persists despite these ini-
tial interventions, although this is not a US Food 
and Drug Administration-approved indication 
for the drug.

Massive Transfusion and 
Coagulopathy of Trauma

Massive transfusion has been clinically defi ned 
as replacement of � 50% of a patient’s blood vol-
ume within 24 h. Alternative defi nitions range 
from replacement of 100% blood volume within 
12 h to administration of � 10 U of packed RBCs 
within 24 h. The primary cause of complex coagu-
lopathy in patients receiving massive transfusion 
is dilution of coagulation factors by crystalloid 
and packed RBC solutions as well as consump-
tion of existing coagulation factors and platelets 

by the underlying disorder. Hypothermia and 
acidosis may exacerbate the coagulopathy. The 
coagulopathy of trauma and massive transfu-
sion is characterized by bleeding from mucosal 
lesions, serosal surfaces, surgical wounds, and 
vascular access sites.16 Risk factors for the devel-
opment of severe coagulopathy in trauma include 
metabolic acidosis, hypothermia, hypotension, 
and severe injury.17 Patients who require massive 
transfusion for treatment of hemorrhagic shock or 
major trauma are also at high risk for DIC. Thus, 
the distinction between coagulopathy associated 
with massive transfusion and DIC may be diffi -
cult. In general, massive transfusion is not associ-
ated with elevated d-dimers or decreases in factor 
VIII (Table 2).

The clinical approach to monitoring and treat-
ing massive transfusion is focused on three main 
priorities: establishment of hemostasis and hemo-
dynamic stability, maintenance of adequate coag-
ulation function, and mitigation of side effects 
of massive transfusion. Hemodynamic stability 
must be established by control of the underlying 
bleeding source, replacement of adequate intra-
vascular volume, and maintenance of adequate 
hemoglobin concentration to support tissue oxy-
genation. Coagulation factors and platelets may 
become rapidly diluted or depleted in patients 
receiving massive transfusion. It is estimated that 
transfusion of approximately 10 U of RBCs in 
an average adult is associated with decreases in 
plasma coagulation proteins to 20 to 30% of base-
line levels. Recommendations for resuscitation 
include anticipation of coagulopathy and close 
monitoring of the PT, aPTT, fi brinogen levels, and 
platelet count. Platelet transfusion and replace-
ment of coagulation proteins with FFP and cryo-
precipitate should be guided by laboratory results 
obtained after transfusion of every 5 to 10 U of 
packed RBCs. Although protocols have been pro-
posed for replacement of blood, plasma, and plate-
lets in fi xed ratios in major trauma victims, these 
protocols have not been systematically evaluated 
in general medical patient populations.18

A wide range of metabolic and electrolyte 
abnormalities requires the monitoring and treat-
ment of massive transfusion patients. Citrate 
used as an anticoagulant in packed RBCs may 
result in hypocalcemia through binding of serum 
calcium. Massively transfused patients should 
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have routine monitoring of serum ionized cal-
cium at regular intervals and replacement with 
calcium gluconate if necessary. Additional elec-
trolyte disorders related to citrate and packed 
RBCs include metabolic alkalosis from metabo-
lism of citrate to bicarbonate and hyperkalemia 
from the presence of excess extracellular potas-
sium in stored blood. Patients with renal failure 
are at elevated risk for these side effects and war-
rant frequent pH and potassium monitoring. As 
the result of refrigerated blood and exposure, 
clinically signifi cant hypothermia will develop in 
many massive transfusion patients. For patients 
who receive � 3 to 4 U of blood, a blood warmer 
should be used.

Platelet Transfusion

Platelets are collected by centrifugation of 
fresh, whole, donated blood or by pheresis from 
a single donor. Generally, one pheresis unit of 
platelets contains fi ve to six times the number of 
platelets from 1 U of donated whole blood. The 
primary indication to use single-donor phere-
sis platelets is to reduce the risk of immuniza-
tion and platelet sensitization in recipients who 
are frequently exposed to transfusion. Although 
“ random-donor” platelets from donated blood 
must be pooled or combined for most clinical uses 
in adults, they are more widely available than 
pheresis units. Platelets should not be refriger-
ated; they are stored up to 5 days from collection 
in plasma and electrolyte solutions in a volume 
of 250 to 350 mL. This warm storage requirement 
increases the risk of bacterial contamination in 
platelet units. In comparison to RBC units, this 

short storage life is more likely to place constraints 
on the supply and availability of platelets, partic-
ularly in smaller institutions. Platelet transfusion 
does not require ABO matching. Nevertheless, 
many  clinicians select ABO-matched products to 
reduce the risk of immune reactions and improve 
the platelet survival. Rh D-negative women and 
girls should receive only Rh D-negative platelets, 
but they may receive Rh D-positive platelets in 
combination with Rh Ig.

There are two main indications for plate-
let transfusion: controlling bleeding in patients 
who have thrombocytopenia, and prevention of 
bleeding in patients with profound thrombocy-
topenia. Indications for platelet transfusion are 
related to the underlying disease process, the 
presence or absence of active bleeding, anticipa-
tion of invasive procedures, and platelet count. 
Indications for platelet transfusion are reviewed 
in Table 4.

In clinical practice, each unit of pooled, ran-
dom-donor platelets increases the circulating 
platelet count by 5,000 to 10,000 cells/μL in 
patients with average body size. By compari-
son, one pheresis platelet unit may increase 
the platelet count by 30,000 to 60,000 cells/μL. 
Routine monitoring of platelet transfusion should 
include posttransfusion platelet count to deter-
mine transfusion responsiveness. Failure of the 
circulating platelet count to increase may result 
from  destruction of the transfused platelets or 
consumption of the platelets at sites of injury 
or clot activation. Risks for ineffective platelet 
transfusion include ITP, presence of antiplatelet 
 antibodies, DIC, drug-induced thrombocytope-
nia, and sepsis. Platelet transfusions are  relatively 

Table 4. Indications for Platelet Transfusion*

Clinical Characteristics Transfusion Trigger, cells/μL†

Thrombocytopenia, acute or chronic
 No active bleeding Observation only; some authors advocate transfusion 

threshold of 5,000
 Active bleeding present 50,000
Leukemia and hematopoietic stem-cell transplantation and patients 

receiving therapy for solid tumors
10,000

Surgical and invasive procedures
 Preoperative 40,000–50,000
 Recent surgery or invasive procedure already performed 20,000–50,000

* Upward adjustments must be considered in the presence of severe concurrent coagulopathy or anticoagulation treatment.
† Transfuse to maintain circulating platelet count, at least.
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contraindicated in patients with TTP-HUS unless 
the patient has severe bleeding. In general, plate-
let transfusions are ineffective if the cause of 
thrombocytopenia is enhanced destruction of 
circulating patients because the transfused plate-
lets are destroyed through the same mechanism. 
Additionally, patients with uremia or who are 
receiving aspirin or clopidogrel are not likely to 
have signifi cant benefi t from platelet transfusion 
unless the medications are discontinued and the 
uremia is corrected.

FFP

FFP is prepared by separating plasma from 
single units of donated whole blood. The plasma 
is frozen at -18°C within 8 h of collection and has 
a storage life of 1 year. Each unit of FFP must be 
thawed immediately prior to use. Delay in trans-
fusion after thawing results in declines in factors 
V and VIII. FFP should be used within 24 h of 
thawing. Each unit of FFP contains 250 mL of vol-
ume, which is administered in IV bolus or rapid 
infusion. FFP must be matched to donor ABO 
blood group. Use of FFP is associated with the 
same risks for infection and transfusion-associ-
ated acute lung injury as packed RBCs.

FFP contains all of the coagulant factors and 
coagulation inhibitors in normal blood. By con-
vention, 1 mL of FFP is equivalent to 1 U of blood 
coagulation factor activity. Typical dosage of FFP is 
10 to 15 mL/kg, which should restore coagulation 
factors to 25 to 30% of normal levels.19 It has been 
suggested that this dosage level is inadequate and 
that 30 mL/kg is more likely to correct all individ-
ual coagulation factors.20 The indications for FFP 
are listed in Table 5. FFP should not be used as a 

primary method for intravascular volume expan-
sion. FFP also should not be used as a primary 
means of replacement of isolated factor defi cien-
cies when concentrated single-factor replacement 
products are available. For example, recombinant 
factor VIII concentrate, rather than FFP, should be 
used preferentially in patients with hemophilia 
A. The decision to use FFP should be guided by 
clinical bedside evidence of coagulopathy and by 
measurements of the PT, aPTT, and other coagula-
tion assays. Approaches to FFP transfusion based 
on formulas such as 2 U of FFP per 4 U of RBC 
transfusion are not appropriate in the majority of 
patients.

The effect of FFP on coagulation times and 
bleeding risk has been diffi cult to measure as 
the result of the large and heterogenous patient 
population treated with FFP and the wide varia-
tion in clinical practice. In general, higher doses 
of FFP than are used in most clinical settings 
may be required to totally correct coagulopathy. 
A retrospective observational study21 described 
the median dose as 17 mL/kg of FFP in patients 
who achieved correction of INR compared with 
10 mL/kg in patients who did not achieve cor-
rection of their PT-INR. Another observational 
trial22 in patients with baseline INR of 1.1 to 1.85 
demonstrated that the usual clinical practice of 
FFP transfusion resulted in normalization of PT-
INR in � 1% of patients and reduced the PT-INR 
to half that of normal in only 15% of patients. 
This suggests that current practice and doses of 
FFP in patients with mild coagulation abnormal-
ities are rarely effective in correcting coagulation 
times.

Cryoprecipitate

Cryoprecipitate is the precipitate that remains 
after FFP is thawed to 4°C. Cryoprecipitate con-
tains fi brinogen, fi bronectin, von Willebrand fac-
tor XIII, and factor VIII. Cryoprecipitate may be 
reconstituted in very low volumes (10 to 15 mL) 
and thus has a signifi cant advantage over FFP in 
volume-overloaded patients. Each unit of cryopre-
cipitate contains the precipitate from the plasma 
of one donated blood unit. The primary indication 
for cryoprecipitate is replacement of fi brinogen 
in patients with hypofi brinogenemia caused by 
dilution or consumptive coagulopathy. The dose 

Table 5. Indications for FFP

Replacement of individual factor defi ciencies if no purifi ed 
fractionated product available

Reversal of warfarin in patients with bleeding or emergent 
surgery

Correction of multiple simultaneous factor defi ciencies
Replacement of antithrombin
Plasma replacement in TTP
Treat coagulopathy of massive transfusion
Coagulopathy of liver disease if bleeding is present
Severe DIC if bleeding is present 
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of cryoprecipitate should be titrated to maintain a 
target plasma level of fi brinogen at � 100 mg/dL. 
This usually requires 5 to 10 U of cryoprecipitate 
for the initial dose. Fibrinogen levels should be 
reassessed frequently to determine the optimal 
dose and dosing interval.

Correction of Thrombocytopenia and 
Coagulopathy for Routine Bedside 
Procedures

A consistent source of variation in clinical 
practice is the use of platelet and FFP transfusions 
prior to bedside procedures, including central 
venous catheter (CVC) placement thoracente-
sis and paracentesis. In general, there is limited 
evidence to support routine preprocedure trans-
fusion for patients with mild elevations in PT, 
aPTT, or thrombocytopenia. In a cohort of 1,825 
patients undergoing CVC placement, the rate 
of bleeding complications was 3 of 88 patients 
with uncorrected coagulopathy (range of plate-
let count, 12,000 to 46,000 cells/μL; and PT-INR, 
1.1 to 1.5). There were no severe complications 
requiring transfusion or surgical intervention.23 
Similarly, a cohort of 76 patients with coagulopa-
thy, thrombocytopenia, or both undergoing CVC 
placement had only one signifi cant bleeding com-
plication requiring blood product transfusion 
and 6.5% minor bleeding complications, which 
were defi ned as oozing from the catheter inser-
tion site.24 Finally, in a cohort of 40 coagulopathic 
liver transplant patients (average PT, 29% of con-
trol; average aPTT, 92 s; average platelet count, 
47,000 cells/μL) who underwent 259 catheteriza-
tions without corrective transfusions, there were 
no reported serious bleeding complications.25 
For paracentesis and thoracentesis, observational 
data are more limited. The overall frequency of 
bleeding complications in a cohort of 608 consec-
utive patients having thoracentesis or paracen-
tesis was 0.2%. The mildly coagulopathic group 
(average PT and aPTT less than twice normal and 
platelet count of 50,000 to 100,000 cells/μL) did 
not have an increased risk of bleeding complica-
tions. Patients with renal failure, however, did 
have higher-than-average blood loss.26 As routine 
adoption of ultrasound-guided testing occurs, it 
is likely that the risk of bleeding complications 
from these bedside procedures in coagulopathic 

patients will decrease further. In summary, bed-
side line insertions, thoracentesis, and paracen-
tesis appears to be safe without increased risk 
of bleeding complications in patients with mild 
coagulation abnormalities.

Desmopressin, Activated Factor VII, 
and Other Hemostatic Agents

Desmopressin is a synthetic vasopressin 
analog that stimulates vascular endothelial cells 
to release von Willebrand factor and increases 
plasma factor VIII:c. Desmopressin was initially 
established for treatment of bleeding in patients 
with hemophilia and von Willebrand disease. 
There are no data to recommend routine use of 
desmopressin in the general population with 
bleeding. There may be a limited role for desmo-
pressin in the treatment of patients with qualita-
tive platelet defects, such as those taking aspirin 
and patients with uremia.

Epsilon-aminocaproic acid and tranexamic 
acid inhibit the binding of plasmin to fi brin and 
thus inhibit fi brinolysis. As with desmopressin, 
there is no clinical evidence to support the routine 
use of these agents in the general ICU population. 
There is a limited role for these agents in patients 
with hemophilia and profound refractory throm-
bocytopenia who have active bleeding. The most 
signifi cant side effect of epsilon-aminocaproic 
acid is an increased risk of thrombosis.

Recombinant activated factor VII was origi-
nally developed to provide specifi c factor replace-
ment and hemostasis in patients with hemophilia 
and congenital factor VII defi ciency. In the United 
States, the only US Food and Drug Administration-
approved indication for the drug is for treatment 
of bleeding in hemophiliac patients with antibody 
inhibitors to coagulation factors VIII and IX. Off-
label uses are well described in case report lit-
erature and have included correction of bleeding 
associated with trauma, intracranial hemorrhage, 
coagulopathy of liver disease, and reversal of 
warfarin-associated bleeding. The use of recom-
binant factor VII in these clinical scenarios is not 
supported by robust clinical trials. The use of 
recombinant-activated factor VII is associated 
with thrombosis and thromboembolic disease, 
and the appropriate dose for off-label uses has not 
been established.
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Objectives:

• Review the use of pulmonary artery catheterization
• Recognize the correlation of pressure to ventricular preload 

and volume
• Outline useful applications of echocardiography in the ICU

Key words: echocardiography; fl uid resuscitation; hemody-
namics; pulmonary artery catheter

Hemodynamic monitoring may be defi ned as the 
collection and interpretation of various parameters 
that inform determination of: (1) the etiology of a state 
of hypoperfusion and/or (2) the response of the car-
diopulmonary unit to interventions such as fl uid 
therapy, vasoactive drugs, or adjustments in positive 
pressure ventilation. For many patients, adequate 
monitoring is achieved by routine vital signs along 
with collection of data such as input/output, physical 
examination, and urine electrolytes. In other patients, 
invasive measurements are made, including use of 
arterial catheters, central venous catheters (CVC), and 
right heart catheters (RHC). These catheters provide 
for continuous transduction of pressure in either the 
arterial or venous circuit and sampling of blood for 
determination of oxygen saturation. Simultaneous 
determination of arterial and mixed venous blood 
gases also permits determination of oxygen 
content, oxygen delivery, oxygen consumption, 
arteriovenous oxygen content difference, and calcula-
tion of cardiac output by Fick determination.

The use of invasive methods of assessing 
hemodynamics—arterial and right heart cathe-
ters—grew during the evolution of critical care 
medicine despite a lack of prospective trials dem-
onstrating effi cacy and improved patient outcome. 
Indeed, one retrospective study suggested that use 
of the RHC is associated with an independent neg-
ative effect on survival. This study has been criti-
cized largely on the basis of design—it was 
retrospective, and thus even reasonably sophisti-
cated methods of case matching may have failed to 
control for the inevitable differences in patient sta-
tus and hence prognosis that might contribute to 

decisions to perform invasive monitoring. How-
ever, prospective trials have been undertaken and 
one recent large multicenter study evaluating the 
use of RHC for high-risk surgical patients failed to 
demonstrate either a benefi t or detriment to its use. 
It is important to note that in order for trials of 
invasive monitoring to demonstrate benefi t, inves-
tigators must identify a patient population at risk 
for or exhibiting a hemodynamic state amenable to 
interventions that will improve outcome—moni-
toring alone is unlikely to confer benefi t. Moreover, 
for many conditions—sepsis, the acute respiratory 
distress syndrome (ARDS)—the proper fl uid and 
vasoactive drug interventions remain to be defi ned. 
For these conditions, trials have been designed and 
implemented that test not only the monitoring 
modality but the proper intervention as well (eg, 
randomizing patients with ARDS to either a RHC 
or CVC and then further to either a “fl uid liberal” 
or “fl uid conservative” management strategy).

Diff erential Diagnosis of 
Hypoperfused States and 
Bedside Assessment

A useful and readily applicable bedside algo-
rithm at the time of resuscitation of patients with 
circulatory inadequacy is—is this low- or high-out-
put hypotension? If the former, is the heart full or 
not? And when fl uid resuscitation has occurred, is 
the response defi nitive or has low-output shock 
now taken on the characteristics of high-fl ow shock 
(eg, septic shock with initial hypovolemia, now 
fl uid-resuscitated)? Often this simple algorithm suc-
ceeds in fully resus citating the patient. If not, further 
information gathering from invasive monitoring 
and/or echocardiography is appropriate (Table 1).

Alternatives to Pulmonary Artery 
Catheterization

Given uncertainties concerning the benefi ts of 
invasive monitoring with the RHC, recent  literature 
has emphasized alternative approaches. In the 
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394 Hemodynamic Monitoring (Hall)

Table 1. Rapid Formulation of an Early Working Diagnosis of the Etiology of Shock

Defi ning Features of Shock
Blood pressure ⇓
Heart rate ⇑
Respiratory rate ⇑
Mentation ⇓
Urine output ⇓
Arterial pH ⇓

 High Output Hypotension Low Cardiac Output
 Septic Shock Cardiogenic and Hypovolemic
Is Cardiac Output Reduced? No Yes
Pulse pressure ⇑ ⇓
Diastolic pressure ⇑ ⇓
Extremities digits Warm Cool
Nailbed return Rapid Slow
Heart sounds Crisp Muffl ed
Temperature ⇑ or ⇓ ⇔
White cell count ⇑ or ⇓ ⇔
Site of infection ++ −

 Reduced Pump Function Reduced Venous Return
 Cardiogenic Shock Hypovolemic Shock
Is the Heart Too Full? Yes No
Symptoms clinical context Angina ECG Hemorrhage dehydration
Jugular venous pressure ⇑ ⇓
S3, S4, gallop rhythm +++ −
Respiratory crepitations +++ −
Chest radiograph Large heart Normal
 ⇑ upper lobe fl ow
 Pulmonary edema

What Does Not Fit?
Overlapping etiologies (septic cardiogenic, septic hypovolemic, cardiogenic hypovolemic)
Short list of other etiologies

High output High right atrial Nonresponsive
hypotension pressure hypotension hypovolemia
Liver failure Pulmonary hypertension Adrenal insuffi ciency
Severe Pancreatitis (most often pulmonary embolus) Anaphylaxis
Trauma with signifi cant Right ventricular infarction Spinal shock
SIRS Cardiac tamponade
Thyroid storm
Arteriovenous fi stula
Paget’s disease

Get more information Echocardiography, right heart catheterization

most signifi cant recent trial evaluating resuscita-
tion of patients with early severe sepsis and septic 
shock, RHC was not used but rather patients were 
randomized to routine care vs early goal-directed 
therapy (EGDT) guided by arterial blood pressure, 
right atrial pressure, right atrial oxygen saturation 
(as a surrogate of mixed venous blood saturation) 
and urine volume. Outcomes were improved with 
EGDT despite no use of RHC, suggesting the use 
of the cardiac output to determine the adequacy of 
the circulation in patients with sepsis may be less 
useful than the concentration of effl uent blood 
returning from the systemic  circulation.

There has also been considerable study of the 
use of the arterial pressure waveform alone as an 
indicator for the adequacy of intravascular vol-
ume and response to fl uid challenge. Numerous 
studies have shown that responders and 
 nonresponders to fl uid challenge are not well 
defi ned by the baseline right atrial pressure or 
pulmonary artery occlusion pressure (Fig 1). This 
relates to many factors to be discussed below.

However, patients with spontaneous respira-
tions will typically exhibit drops in right atrial 
pressure during inspiration related to swings in 
intrathoracic pressure that has been shown to 
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correlate with relative hypovolemia and “pre-
load reserve,” making this observation useful in 
determining the need for further fl uid resuscita-
tion. In addition, patients undergoing mechani-
cal ventilation often have respiratory excursion 
of arterial blood pressure as demonstrated below 
(Fig 2).

The result of these cyclical changes in tidal vol-
ume is to cause a cyclical change in stroke volume 

that is detectable on the arterial pressure waveform 
and signals the existence of hypovolemia (Fig 3).

Empiric investigation has shown that when a 
greater than 13% increase in the pulse pressure 
change between maximal (Ppmax) and minimal 
(Ppmin) pulse pressure exists, patients are highly 
likely to respond to fl uid challenge:

� PP (%) � 100 � ((Ppmax − Ppmin)/
(Ppmax � Ppmin/2))

Figure 1. Mean MAP before volume expansion in responders and nonresponders.

Figure 2.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



396 Hemodynamic Monitoring (Hall)

The receiver operator curve for the pulse pres-
sure variation using this threshold and other mea-
sures or cardiac preload in patients with  sepsis 
and hypoperfusion are shown in Figure 4.

While not validated on large groups of patients, 
this approach is attractive and could eventually 
prove to be more useful than measurements of right 
atrial or pulmonary capillary wedge pressure.

Pulmonary Artery Catheterization

Indications and Complications

Rather than offer a list of many conditions that 
may require PA catheterization, the reader is 
guided to the statement above recommending 
formulation of questions concerning the etiology 
of hypoperfusion or the response to therapy, and 
answer these questions if possible with clinical 
data, including volume or drug challenges. When 
this approach is inadequate, PA catheterization is 
to be considered. Complications of the procedure 
are given in Table 2.

Interpretation of Pressure Waveforms

Under most conditions, the waveforms obtained 
as the PA catheter (PAC) is advanced through the 
right atrium, right ventricle, and into the pulmo-
nary artery to a wedged position are readily identi-
fi ed as characteristic of each segment of the 
circulation as it is traversed, as demonstrated in 
Figure 5. While waveform recognition is extremely 
helpful in positioning the catheter, and often makes 
the use of fl uoroscopic techniques unnecessary, it is 
essential for the measurement and interpretation of 
waveforms displayed during PA catheterization to 
be correlated to the ECG tracing so that specifi c 
components of the waveform can be identifi ed and 
various pitfalls in measurement of intravascular 
pressure can be avoided.

Table 2. Complications of Pulmonary Artery (PA) 
Catheterization

I. Complications related to central vein cannulation
II.  Complications related to insertion and use of the PA 

catheter
 A. Tachyarrhythmias
 B. Right bundle branch block
 C.  Complete heart block (pre-existing left bundle 

branch block)
 D. Cardiac perforation
 E. Thrombosis and embolism
 F. Pulmonary infarction due to persistent wedging
 G. Catheter-related sepsis
 H. Pulmonary artery rupture
 I. Knotting of the catheter
 J. Endocarditis, bland and infective
 K. Pulmonic valve insuffi ciency
 L. Balloon fragmentation and embolization

Figure 3.

Figure 4.

Figure 5.
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The Normal Pressure Waveform:  In sinus rhythm, 
the atrial pressure waveform is characterized by 
two major positive defl ections (A and V waves) 
and two negative defl ections (X and Y descents) 
(Fig 6). A third positive wave, the C wave, is some-
times seen. The A wave results from atrial systolic 
contraction and is followed by the X descent as the 
atria relax following contraction. The C wave 
results from closure of the atrioventricular valves 
and interrupts the X descent. After the X descent, 
the V (ventricular) wave is generated by passive 
fi lling of the atria during ventricular systole. Lastly, 
the Y descent refl ects the reduction in atrial pres-
sure as the atrioventricular valves open. In corre-
lating these waveforms to the ECG, the fi rst positive 
pressure wave to follow the P wave is the A wave. 
The right atrial A wave is usually seen at the begin-
ning of the QRS complex, provided that atrioven-
tricular conduction is normal.  The peak of the right 
atrial V wave normally occurs simultaneously with 
the T wave of the ECG, provided that the Q-T inter-
val is normal.

The pulmonary artery waveform has a systolic 
pressure wave and a diastolic trough. A dicrotic 
notch due to closure of the pulmonic valve may be 
seen on the terminal portion of the systolic pres-
sure wave. Like the right atrial V wave, the PA sys-
tolic wave typically coincides with the electrical T 
wave. The PA diastolic pressure (Ppad) is recorded 
as the pressure just before the beginning of the 
systolic pressure wave.

The Ppw tracing contains the same sequence 
of waves and descents as the right atrial tracing. 
However, when the atrial waveform is referenced 

to the ECG , the mechanical events arising in the 
left atrium (Ppw) will be seen later than those of 
the right atrium, because the left atrial pressure 
waves must travel back through the pulmonary 
vasculature and a longer length of catheter 
(Fig 7). Therefore, in the Ppw tracing the A wave 
usually appears after the QRS complex and the V 
wave is seen after the T wave. As such, the sys-
tolic pressure wave in the PA tracing precedes the 
V wave of the Ppw tracing. An appreciation of the 
latter relationship is critical when tracings are 
being analyzed to ensure that balloon infl ation 
has resulted in a transition from an arterial (PA) to 
atrial (Ppw) waveform, and to detect the presence 
of a “giant” V wave in the Ppw tracing.

Common Problems Producing Erroneous Pressure 
Waveforms: Of the many problems causing artifact 
or erroneous tracings, the most commonly encoun-
tered are overdamping, catheter whip, overwedg-
ing, incomplete wedging, and Zone I catheter 
conditions.

Overdamping results from air bubbles within 
the catheter system or kinking, clotting, and fi brin 
deposition along the catheter course; many times 
these problems can be resolved by catheter  fl ushing. 

Figure 6.

Figure 7.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



398 Hemodynamic Monitoring (Hall)

The main effect of overdamping on the pressure 
waveform is to artifactually lower the systolic pres-
sure and raise the diastolic pressure with conse-
quent effects on interpretation (Fig 8).

Catheter whip arises from cardiac contrac-
tions causing shock transients transmitted to the 
catheter. The results on the right ventricular or 
pulmonary arterial waveforms are an exagger-
ated diastolic pressure in some cycles, highlight-
ing the need to avoid readings obtained by 
electronic systems.

Overwedging (Fig 9) is signaled by a rise in 
recorded pressure with balloon infl ation as the 
balloon herniates over the catheter tip or the tip is 
pushed into the vessel wall with continued fl uid 
ingress elevating the measured pressure. Over-
wedging requires repositioning of the catheter.

Incomplete wedging (Fig 10) and Zone I posi-
tioning of the catheter can be subtle but are impor-
tant to identify since erroneous and often 
overestimation of Ppw occur.

Zone I conditions of the lung refer to those 
segments of the lung in which alveolar pressure 
exceeds pulmonary vascular pressure and hence 
there is no fl ow (Fig 11).

This phenomenon is uncommon when the 
catheter is fl oated into position since this typi-
cally results in Zone II or III positioning. It would 
be more likely to result from forceful position-
ing of the catheter, hypovolemia emerging after 
placement, or with large increases in PEEP. This con-
dition should be considered when changes in Ppw 

Figure 8. Rapid fl ush test: A) appropriately damped system; 
B) over damped system.

Figure 9.

Figure 10. Incomplete wedge pressure (Ppw). Top: With bal-
loon infl ation, there is a decrease in pressure to a value that ap-
proximates pulmonary artery diastolic pressure (Ppad). The 
clinical setting (ARDS) is usually associated with a large Ppad-
Ppw gradient.  Review of the tracings indicates that there is a 
single positive wave coinciding with the electrocardiographic 
T wave after balloon infl ation, a pattern inconsistent with a 
left atrial waveform. Bottom: Waveforms after the catheter had 
been retracted, the balloon infl ated, and the catheter fl oated to 
a full wedge position. Now, there is a large Ppad-Ppw gradi-
ent and the tracing after balloon infl ation is consistent with a 
left atrial waveform. The incomplete wedge tracing yielded an 
incorrect measurement of the wedge pressure as 28 mm Hg, 
substantially higher (in a very clinically relevant sense) than 
the true wedge pressure of approximately 12 mm Hg.

Figure 11.  Lung zones.
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track PEEP changes exactly or when the excursion 
in pulmonary artery systolic pressures with respi-
ration exceed those Ppw signifi cantly (Fig 12).

The Correlation of Pressure to Ventricular Preload 
and Volume: The use of Ppw as a measure of left ven-
tricular end-diastolic pressure and hence preload 
depends on the Ppw closely refl ecting pulmonary 
venous, left atrial, and left ventricular pressures, 
that is, with minimal pressure gradient across the 
system. One potential confounder to interpretation 
of intravascular pressures is the fl uctuation in intra-
thoracic pressure related to the respiratory cycle. 
The effect of varying intrathoracic pressure on the 
wedge (Ppw) pressure is seen in Figure 13. The top 
line is a Ppw tracing and the bottom in the intra-
pleural (Ppl) pressure. In this example the patient 
is receiving assisted ventilation. Arrows indicate 
end expiratory pressures. Negative defl ections 
in Ppl and Ppw pressures result from inspiratory 
muscle activity, and subsequent positive defl ec-
tions represent lung infl ation by the ventilator. At 
end expiration, the respiratory system has returned 
to its relaxed state and Ppl is back to baseline 
(−2 cm H2O). Transmural wedge pressure remains 
approximately constant throughout the ventilating 
cycle. Since Ppl is not usually measured clinically, it 
is necessary that Ppw be recorded at a point where 

Ppl can be reliably estimated (ie, end-exhalation, 
assuming no expiratory muscle activity).

The correlation of pressure to volume is fur-
ther complicated by a variety of conditions that 
cause the ventricle to be effectively stiff (diastolic 
dysfunction or pericardial disease) or conditions 
that cause juxta-cardiac pressure to rise related to 
positive pressure ventilation (PEEP, intrinsic PEEP 
[PEEPi], active expiratory effort) (Fig 14).

The effects of PEEP in conditions such as 
ARDS are often blunted, since the stiff lungs of 
these patients do not distend greatly with high 
ventilator pressures and hence minimal increases 
in juxta-cardiac pressure are encountered. How-
ever, in cases in which PEEPi exists in chronic 
obstructive pulmonary disease (COPD)/asthma 
patients undergoing mechanical ventilation, or in 
agitated/obstructed patients with very active 
expiratory muscle effort, cardiovascular effects 
may be large. This effect is shown in Figure 15, 
where the increase in blood pressure and cardiac 
output despite a fall in wedge pressure and 
esophageal pressure is shown during a brief inter-
ruption in positive pressure ventilation in a patient 
with COPD.

Figure 12. Pressure tracings recorded in the same patient at 
different levels of end-expiratory pressure-zero (ZEEP) on 
the top panel, 15 cm H2O in the center panel, and 20 cm H2O in 
the bottom panel.

Figure 13.

Figure 14.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



400 Hemodynamic Monitoring (Hall)

This constellation of problems is best avoided 
by:

• Awareness of their existence
• Reading pressure tracings at end expiration
• Considering measures (sedation, ventilator 

adjustment, paralysis) that diminish or elimi-
nate PEEPi

• Considering a ventilator disconnect in patients 
with severe airfl ow obstruction and PEEPi to 
demonstrate limitation to venous return

• Using a fl uid challenge when effective “dia-
stolic” dysfunction may be present, to deter-
mine “preload reserve”

In determining the response to a fl uid challenge, 
it is necessary to note that a minimum of 500 mL of 
crystalloid is required and even then small effects 
on cardiac output and arterial blood pressure are 
typically seen. One study has suggested that the use 
of a drop in the right atrial pressure with respiration 
is a useful indicator of preload reserve.

Specifi c Disorders: Tricuspid regurgitation is 
encountered in conditions with direct valvular 
injury (eg, endocarditis) and generally in right 
heart failure. It is characterized by a prominent 
and broad V wave and a steep Y descent; the latter 
is often most useful for making this diagnosis 
(Fig 16). It is useful to note tricuspid regurgitation 
not only for its implications for underlying disor-
ders but also because it will confound thermal 
dilution cardiac output determination.

Mitral regurgitation is characterized by a giant 
V wave that may confound distinction between the 

PA and Pwp tracings (Fig 17).  Signifi cant mitral 
regurgitation may be present without a giant V 
wave (ascribed to enlarged and compliant left 
atrium which does not exhibit a large pressure 
excursion with the additional volume) and a num-
ber of conditions can cause a giant V wave in the 

Figure 15.

Figure 17. A, Acute mitral regurgitation with giant V wave 
in pulmonary wedge tracing.  The pulmonary artery (PA) 
tracing has a characteristic bifi d appearance due to both a PA 
systolic wave and the V wave.  Note that the V wave occurs 
later in the cardiac cycle than the PA systolic wave, which 
is synchronous with the T wave of the electrocardiogram. 
B, Intermittent giant V wave due to ischemia of the papillary 
muscle. Wedge tracings are from same patient at baseline 
and during ischemia. Scale in mm Hg.

Figure 16. Giant V wave in right atrial waveform indicates 
tricuspid regurgitation. 
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absence of mitral regurgitation (hypervolemia, 
VSD).

Right ventricular infarction is characterized by 
an elevated right ventricular end-disatolic pressure 
at initial passage of the catheter with narrow pulse 
pressures when there is hemodynamic compro-
mise. This same pattern can also be present in con-
ditions causing acute right heart failure secondary 
to increases in pulmonary vascular resistance (eg, 
pulmonary embolus) but in these latter conditions 
there will be a large PAD-Ppw gradient refl ecting 
the increase in pulmonary vascular resistance.

Interpretation of Flows and Parameters 
of Oxygen Delivery

In most clinical settings, cardiac output is 
determined by thermal dilution. In addition to a 
number of technical conditions making the mea-
surement unreliable, tricuspid regurgitation may 
be present and cause underestimation (usually) or 
overestimation (rarely) of cardiac output. Under 
this circumstance, determination of cardiac out-
put by Fick may be useful.

Determination of whether a measured fl ow is 
adequate is usually best judged by peripheral 
parameters of perfusion (eg, urine volume, presence 
of lactic acidosis) or by the mixed venous oxygen 
saturation (Svo2). Low Svo2 (< 60 %) strongly sug-
gests inadequate oxygen delivery and anemia, 
hypoxemia, or inadequate cardiac output should be 
sought and corrected. Interpretation of a high Svo2 
in high-output states is diffi cult. Accordingly, the 
greatest utility of modifi ed catheters which permit 
continuous monitoring of Svo2 is in circumstances 
in which there is risk for it to be low and therapy can 
be directed at early recognition of this phenomenon 
(eg, postoperative cardiac surgery patients).

Echocardiography

Many of the problems of relating measured 
pressures to ventricular preload can be addressed 
by cardiac imaging by echo. In addition, this 
diagnostic tool is useful for identifying a host of 
structural abnormalities. It should be considered 
as an adjunct to pulmonary artery catheteriza-
tion. As technology permits more continuous 
monitoring by transesophageal route, its use in 
the ICU is likely to expand.

Useful Applications of Echocardiography in the ICU

• Identifi cation of ischemia
• Correlation of pressure to volume and identifi -

cation of diastolic dysfunction
• Characterization of valve lesions, VSD, ASD
• Identifi cation of pericardial disease
• Identifi cation of right-left heart interactions in 

acute right heart failure
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Objectives:

• Identify three strategies to optimize the benefi ts of enteral 
nutrition

• Identify two strategies to minimize the risk of enteral 
nutrition

• Identify three strategies to optimize the benefi ts and reduce 
the risks associated with parenteral nutrition

• Identify two specifi c nutrients that may improve the out-
comes of critically ill patients

Key words: clinical practice guidelines; critical care; enteral 
nutrition; parenteral nutrition

In critically ill patients, malnutrition is associated 
with impaired immune function; impaired venti-
latory drive and weakened respiratory muscles, 
leading to prolonged ventilatory dependence; and 
increased infectious morbidity and mortality. Mal-
nutrition is prevalent in ICU patients, and has been 
reported as being as high as 40% and to be associ-
ated with increased morbidity and mortality.

The benefi ts of nutritional support in the criti-
cally ill patient include improved wound healing, 
a decreased catabolic response to injury, improved 
GI structure and function, and improved clinical 
outcomes, including a reduction in complication 
rates and length of stay, with accompanying cost 
savings. However, nutritional support is not with-
out adverse effects or risks. Early enteral nutrition 
(EN) can be associated with high gastric residual 
volumes, bacterial colonization of the stomach, 
and an increased risk of aspiration pneumonia. 
Parenteral nutrition (PN) has been associated 
with gut mucosal atrophy, overfeeding, hyper-
glycemia, an increased risk of infectious compli-
cations, and increased mortality in critically ill 
patients. Both forms of nutritional support can 
increase health-care costs and the workloads of 
health-care providers.

A number of reviews have documented that 
nutritional support does infl uence morbidity 
and mortality in critically ill patients. Therefore, 

strategies to improve the delivery of nutritional 
support are relevant, and may result in decreased 
morbidity and mortality. Systematically developed 
practice guidelines that focus on these strategies 
will allow practitioners to make decisions about 
appropriate nutritional support care, and will 
aim at improving the quality of patient care and 
maximizing the effi ciency with which resources 
are used. There have been two published sets of 
clinical practice guidelines1,2 that can help the cli-
nician make evidence-based decisions in the man-
agement of nutritional support in the critically ill 
patient. A rich resource associated with the prac-
tice guidelines developed in Canada is the fol-
lowing Web site: www.criticalcarenutrition.com.3 
This site, which is updated on a regular schedule, 
provides the background discussion for the rec-
ommendations as well as all the references, sys-
tematic reviews, and metaanalyses that form the 
basis for the recommendations. The recommen-
dations in this article are taken from the  Canadian 
Clinical Practice Guidelines project, and the data 
quoted will be from the data available on the 
Web site at the time of writing, unless otherwise 
referenced.

Goals of Nutritional Support

The goals of nutritional support are to pro-
vide (1) the macronutrient needs of the individual 
and (2) the specifi c nutrients that will improve 
outcome specifi c to the disease process. There is 
mounting evidence that specifi c nutrients may be 
useful in the latter context, and these will be dis-
cussed later (under specifi c nutrients).

Nutritional support is indicated in the criti-
cally ill patient when the benefi ts of that support 
will improve the clinically important outcomes of 
the patient. The rest of this treatise will be aimed 
at elucidating the principles that can be used to 
optimize the benefi ts and to minimize the risks 
of nutritional support in the critically ill patient. 
Specifi c decisions about treatment are made at the 
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bedside, and those decisions are best made when 
informed by the best available evidence.

Assessing Energy Requirements

The primary focus for assessing energy 
requirements in the ICU is the need for the deliv-
ery of macronutrients, specifi cally total energy 
(calories) and protein delivery. In adults, the total 
energy needs can be estimated in several ways, 
which include an amount based on usual or pre-
dicted body weight. The target for goal calories in 
the American College of Chest Physicians recom-
mendations4 is 25 kcal/kg/d. The dose of energy 
can also be estimated using one of many equations 
that have been developed for this purpose. The 
best known one is probably the Harris-Benedict 
equation. If available, indirect calorimetry can be 
used to measure energy expenditure to defi ne a 
caloric target. There have been no randomized 
controlled trials (RCTs) showing improved out-
come with the use of this technology, and a recent 
study in trauma patients5 has suggested that it 
does not add any information to the other strate-
gies for estimating caloric requirements. Having 
estimated the total energy requirements, it is rec-
ommended that 50 to 70% of calories be delivered 
as carbohydrates and 15 to 30% as lipids, with a 
target protein dose of 1.2 to 1.5 g/kg/d.

EN

Use of EN  vs PN

When considering nutritional support for 
critically ill patients, it is strongly recommended 
that EN be used over PN. When the results of 
13 studies were aggregated statistically, there was 
no apparent difference in mortality rates across 
groups receiving EN or PN (relative risk [RR], 
1.08; 95% confi dence interval [CI], 0.70 to 1.65; 
p � 0.7). Compared to PN, EN was associated 
with a signifi cant reduction in infectious compli-
cations (RR, 0.61; 95% CI, 0.44 to 0.84; p � 0.003). 
The aggregated effect of PN on infectious compli-
cations across several studies was homogeneous 
and resulted in a large effect size with narrow CIs. 
Safety, cost, and feasibility considerations favor 
the use of EN over PN. The subgroup analysis 
of the studies in which patients in the PN group 

received more calories and had higher blood 
sugar levels than those in the EN group could not 
explain the higher rates of infections.

Early vs Delayed EN

When considering EN for the critically ill 
patient, it is recommended that EN be started 
with 24 to 48 h of hospital admission. There have 
been 11 RCTs6–16 comparing early EN vs delayed 
nutrient intake (ie, delayed EN, PN, or oral diet). 
In all of the trials, EN was started within 24 to 
48 h of resuscitation. When these studies were 
aggregated early EN was associated with a trend 
toward a reduction in mortality (RR, 0.65; 95% CI, 
0.41 to 1.02; p � 0.06) when compared to delayed 
nutrient intake. Eight studies reported infec-
tious complications, but only six studies6,10–12,14,15 
reported the number of patients with infections. 

When these were aggregated, early EN was asso-
ciated with a trend toward a reduction in infec-
tious complications (RR, 0.78; 95% CI, 0.60 to 1.01; 
p � 0.06) when compared to delayed nutrient 
intake. No differences in hospital length of stay 
were observed between groups. All ten studies7–16 
that reported nutritional end points showed a 
signifi cant improvement in the groups receiving 
early EN (ie, calorie intake, protein intake, per-
centage of goal achieved, and better nitrogen bal-
ance achieved). There were no differences in other 
complications between the groups.

It is worth noting that there are inconsistent 
and variable defi nitions of early EN and delayed 
nutrition, and that there is considerable hetero-
geneity in the trial designs. Concerns have been 
expressed about the safety of early intragastric 
EN, given reports from nonrandomized trials17,18 
of increased harm experienced by patients who 
were fed aggressive early EN. However, given the 
potentially large treatment effect with respect to 
reduced mortality and infections, improved nutri-
tional intake, and the minimal cost and feasibil-
ity concerns of early EN, the weight of evidence 
appears to favor the early use of EN.

Use of Feeding Protocols and Motility Agents

In critically ill patients who experience feed-
ing intolerance (ie, high amounts of gastric 
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 residuals and emesis), the use of metoclopramide 
as a motility agent should be considered. A 2002 
systematic review of the literature19 analyzed RCTs 
of cisapride, metoclopramide, and erythromycin. 
Since then, two other RCTs20,21 have studied the 
question. These data demonstrate that this class 
of drugs seems to have a physiologic benefi t on 
GI motility and may improve tolerance to EN in 
critically ill patients. There is no demonstrated 
benefi t on clinically important outcomes, but, 
given the low probability of harm, favorable fea-
sibility, and cost considerations, it is reasonable to 
consider motility agents as a strategy to optimize 
nutritional intake. Cisapride is no longer avail-
able, and, given the concerns about emerging 
bacterial resistance with the use of erythromycin, 
metoclopramide is the preferred agent.

There is only one RCT22 that has compared 
the use of a feeding protocol with higher gas-
tric  residual volume threshold (250 mL) and the 
 routine use of metoclopramide with a feeding 
protocol that used a lower gastric residual volume 
threshold (150 mL). There was a trend toward less 
time taken to reach a target goal rate of feeding 
in the group that received the protocol with the 
higher residual volume threshold and prokinet-
ics, and no harm was noted with the higher gastric 
residual volume threshold. There are insuffi cient 
data to make a recommendation about this issue, 
but, if a feeding protocol is used, this study sup-
ports the use of a higher gastric residual volume 
threshold and metoclopramide.

Small-Bowel Feeding vs Gastric Feeding

The Canadian clinical practice guidelines rec-
ommend the use of small-bowel feeding tubes 
based on the local circumstances that infl uence 
the ability to access the small bowel. If small-
bowel access can be safely and easily achieved, 
then small-bowel feeding is recommended. In 
ICUs where logistic diffi culties make small-bowel 
access more problematic, the use of small-bowel 
feeding should be considered for patients who are 
considered to be at a higher risk of complications 
from gastric feeding or who do not tolerate (ie, 
gastric residuals and emesis) gastric feeding.

There are 11 RCTs12,23–32 that have looked at the 
question of small-bowel feeding vs gastric feed-
ing in the critically ill patient. In one study by 

Taylor et al,31 only 34% of the patients achieved 
small-bowel access (ie, with a large number of 
protocol violations), and hence the metaanalysis 
was performed with and without this study.

The studies that reported nutritional delivery 
generally showed better success at meeting goal 
targets and reaching them sooner in patients who 
were fed via the small bowel. Based on the nine 
studies12,23–25,27,28,30–32 that reported on infections, 
the metaanalysis showed that small-bowel feed-
ing was associated with a signifi cant reduction in 
infections (RR, 0.77; 95% CI, 0.60 to 1.00; p � 0.05) 
when compared to gastric feeding. The study by 
Taylor et al31 contributes greatly to the results of 
this metaanalysis, and when the metaanalysis was 
done without the study by Taylor et al,31 the sta-
tistical signifi cance of the reduction in infectious 
outcomes with small-bowel feeding disappeared 
(RR, 0.83; p � 0.3). With respect to mortality, no 
signifi cant differences between the groups were 
found (RR, 0.93; 95% CI, 0.72 to 1.20; p � 0.6).

Overall, there is a modest effect with respect 
to pneumonia, with wide CIs among studies that 
were heterogeneous. It has been expressed that 
the implementation of small-bowel feeding and 
the associated costs are institution dependent. In 
other words, the cost/benefi t ratio would vary 
from institution to institution, and the recommen-
dation needs to refl ect this fact. The other consid-
erations are improved nutritional end points and 
the ability to provide EN in someone who is other-
wise not tolerating gastric feeding. It is hoped that 
there will be further information to help answer 
this question when a multicenter RCT that is cur-
rently enrolling patients in Australia fi nishes in 
the next few years.

The nutritional management of severe acute 
pancreatitis is a specifi c illness that should be 
addressed here. A recent metaanalysis33 has dem-
onstrated the benefi t of EN compared to PN for 
patients with this condition, with a favorable 
effect on infectious complications and hospital 
length of stay. It is mentioned here as most of the 
studies to date have used small-bowel feeding for 
the delivery of EN in this patient group.

Body Position

Critically ill patients receiving EN should have 
the head of the bed elevated to a 45° angle. Where 
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this is not possible, attempts to raise the head of 
the bed as much as possible should be consid-
ered. Two RCTs34,35 have been performed address-
ing the question of whether semi- recumbency in 
critically ill patients receiving EN reduces the risk 
of pneumonia. One study34 demonstrated a sig-
nifi cant reduction in pneumonia with elevation of 
the head of the bed to a 45° angle, while the other 
study35 failed to show any signifi cant difference. 
However, patients in the latter study35 failed to 
achieve the target elevation of the head of the bed. 
Other observational data support the association 
between pneumonia and the head of the bed being 
at a position below an angle of 30°.

EN in Combination With PN

For critically ill patients starting to receive 
EN, it is recommended that PN not be started at 
the same time as EN. In the patient who is not tol-
erating adequate EN, there are insuffi cient data 
to put forward a recommendation about when 
PN should be initiated. Practitioners will have to 
weigh the safety and benefi ts of initiating PN in 
patients who are not tolerating EN on an individ-
ual case-by-case basis. PN should not be started in 
critically ill patients until all strategies designed 
to maximize EN delivery (eg, the use of small-
bowel feeding tubes and motility agents) have 
been attempted.

There are fi ve RCTs36–40 that have compared a 
strategy of combined EN and PN (started at the 
same time) to EN alone in critically ill patients. 
All fi ve studies reported on mortality, and the 
aggregated results demonstrated a trend toward 
an increased mortality associated with the use of 
combination EN and PN (RR, 1.27; 95% CI, 0.82 to 
1.94; p � 0.3). When a subgroup analysis was done 
comparing the trials that overfed to those that did 
not, there was no difference in effect. Supplemen-
tal PN was not associated with a higher incidence 
of infections (RR, 1.14; 95% CI, 0.66 to 1.96; p � 
0.6), and had no effect on hospital length of stay 
or on the number of ventilator days.

It is important to note that these data pertain 
to patients with an intact GI tract, not to those who 
have an absolute indication for PN. When aggre-
gated statistically, the studies that initiated PN 
at the same time as starting EN suggest a trend 
toward harm. The increase in mortality seen in the 

patients receiving combination EN and PN could 
not be explained by overfeeding. Given the prob-
ability of harm and the excess costs associated 
with the addition of PN when initiating EN, this 
practice is not recommended. However, there is 
an absence of data from randomized trials related 
to patients not tolerating adequate amounts of EN 
and when PN should be used in combination in 
this scenario. It would be reasonable to consider 
this method of nutritional support when strate-
gies to optimize enteral feeding have been unsuc-
cessful over a period of 5 days.

PN

Use of PN vs Standard Care in Patients 
With an Intact GI Tract

In critically ill patients with an intact GI tract, 
the routine use of PN is not recommended. 41In a 
metaanalysis of PN vs standard care in critically 
ill and surgical patients, 6 of 26 studies included 
patients that would routinely be admitted to the 
ICU as part of their management. Two of these 
trials evaluated the use of combination EN and 
PN, and hence were excluded from this current 
analysis and incorporated into the previous sec-
tion (“EN in Combination With PN”). In the only 
study42 that reported the number of patients with 
infectious complications, PN was associated with 
an increase in infectious complications (4.0% vs 
14.0%, respectively; p � 0.36).

In critically ill patients, the current aggregated 
results suggest no effect on mortality except that 
PN may be associated with an increase in com-
plications and length of hospital stay. Given the 
concerns about the possibility of harm and the 
higher cost associated with PN when compared 
to standard treatment, its use in patients with an 
intact GI tract is not recommended. An intact GI 
tract excludes patients in whom PN would be life-
sustaining, such as patients with short bowel syn-
drome, a perforated gut, or a high-output enteric 
fi stula.

Hypocaloric PN

In critically ill patients who are not mal-
nourished or are tolerating some EN, or when 
PN is indicated for short-term use (ie, �10 days), 
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 hypocaloric PN should be considered. There are 
insuffi cient data to make recommendations about 
the use of hypocaloric PN in the following patients: 
those requiring long-term PN (ie, �10 days); obese 
critically ill patients; and malnourished critically 
ill patients. Practitioners will have to weigh the 
safety and benefi ts of hypocaloric PN on an indi-
vidual case-by-case basis in these latter patient 
populations.

Only two small RCTs have evaluated the 
effect of hypocaloric feeding in critically ill 
patients. To achieve a hypocaloric dose of PN, 
Choban et al43 reduced both carbohydrates 
and lipids in obese critically ill patients, while 
McCowen et al44 withheld lipids in a heteroge-
neous group of patients, including critically ill 
patients. Only one study44 reported infectious 
complications, and in that study hypocaloric 
feeding was associated with a trend toward a 
reduction in infectious complications (p � 0.2). 
There were no signifi cant differences in mortal-
ity or length of hospital stay between groups in 
either study.

The recommendation related to hypocaloric 
PN is in the context of an earlier recommenda-
tion that EN be used preferentially to PN and 
that strategies to maximize EN be utilized prior 
to initiating PN. The issue of hypocaloric PN is 
only relevant to those patients tolerating some 
(inadequate) EN where practitioners are, on a 
case-by-case basis deliberating about adding PN 
(see sections on “Use of EN vs PN” and “EN in 
combination With PN”). There is not a consistent 
defi nition of the term hypocaloric PN among the 
studies included, and hypocaloric PN could be 
achieved either by withholding lipids or reduc-
ing the carbohydrate load. Hypocaloric PN may 
be equivalent to standard PN with respect to cost 
and feasibility. However, given that all of the other 
signals related to PN suggest that PN is associ-
ated with no benefi t or possibly harm in critically 
ill patients, despite the weak evidence available 
and equivocal cost considerations, minimizing 
the dose of PN should be the norm; stronger evi-
dence to justify increased dosing of PN is needed. 
Although concerns regarding hypocaloric nutri-
tion and essential fatty acid defi ciency are prob-
ably minimal for those patients tolerating some 
EN and requiring short-term PN (ie, �10 days), 
this cannot be extrapolated to those who have an 

absolute contraindication to EN and need PN for 
a longer duration.

Use of Lipids

In critically ill patients who are not mal-
nourished and are tolerating some EN, or when 
PN is indicated for short-term use (ie, �10 days), 
withholding lipids high in soybean oil should be 
considered. There are insuffi cient data to make a 
recommendation about withholding lipids high 
in soybean oil in critically ill patients who are 
malnourished or in those requiring long-term PN 
(ie, �10 days). Practitioners will have to weigh the 
safety and benefi ts of withholding lipids high in 
soybean oil on an individual case-by-case basis in 
these latter patient populations.

There have been two RCTs44,45 that have com-
pared the use of lipids to no lipids in PN. These 
studies demonstrated no effect of withholding 
lipids on mortality (RR, 1.29; 95% CI, 0.16 to 10.7; 
p � 0.8). A signifi cant reduction in pneumonia (48% 
vs 73%, respectively; p � 0.05), catheter-related 
sepsis (19% vs 43%, respectively; p � 0.04), and 
a signifi cantly shorter stay in both the ICU (18 vs 
29 days, respectively; p � 0.02) and the hospital (27 
vs 39 days, respectively; p � 0.03) were observed in 
trauma patients not receiving lipids compared to 
those receiving lipids.45 In the study by McCowen 
et al,44 the group that received no lipids (the hypo-
caloric group) showed a trend toward a reduction 
in infections (29% vs 53%, respectively; p � 0.2). 
Combining these two studies, the metaanalysis 
showed a signifi cant reduction in infections in the 
group that received no lipids (RR, 0.63; 95% CI, 
0.42 to 0.93; p � 0.02).

The large reduction in infectious complica-
tions associated with withholding lipids may be 
infl uenced by the reduction in calories. How-
ever, the small reduction in calories is unlikely 
to explain such a large reduction in infectious 
complications, particularly when there is such 
supportive experimental data that lipids cause 
immune dysfunction. While the concerns regard-
ing withholding lipids (ie, hypocaloric nutrition 
and essential fatty acid defi ciency) are probably 
minimal for those patients tolerating some EN 
and requiring short-term PN (ie, � 10 days), this 
cannot be extrapolated to those patients who have 
an absolute contraindication to EN and need PN 
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for a longer duration. Given the emerging evi-
dence on the potential benefi ts of omega-3 fatty 
acids, the recommendation is specifi c to lipid 
emulsions that have been studied, which are high 
in soybean oil.

Specifi c Nutrients

Glutamine

The use of enteral glutamine should be con-
sidered in burn and trauma patients. There are 
insuffi cient data to support the routine use of 
enteral glutamine in other critically ill patients. 
There have been seven RCTs46–52 that have  studied 
the effect of glutamine on outcome, but only two 
studies46,47 in select populations of burn and 
trauma patients have shown a favorable effect on 
infectious complications. Other studies48,50 have 
not been able to demonstrate a benefi t in hetero-
geneous ICU patients.

When PN is prescribed for critically ill patients, 
parenteral supplementation with glutamine, where 
available, is recommended. There are insuffi cient 
data to generate recommendations for the use of 
parenteral glutamine in patients receiving EN. 
There have been nine RCTs53–62 aggregated that 
have addressed the issue of parenteral gluta-
mine in association with PN. When aggregated 
in a metaanalysis, glutamine is associated with 
a favorable effect on mortality (RR, 0.67; 95% CI, 
0.48 to 0.92; p � 0.01) and a trend toward reduced 
infectious complications (RR, 0.75; 95% CI, 0.54 to 
1.04; p � 0.08).

Supplemental Antioxidant Nutrients

The use of supplemental parenteral selenium 
alone or in combination with other antioxidant 
nutrients and supplementation with trace ele-
ments and vitamins should be considered in criti-
cally ill patients. There have been � 20 RCTs that 
have studied this question with different combi-
nations of nutrients. For those who want to read 
more about the topic, I would suggest a system-
atic review that was published in 2005.63 There 
is mounting evidence that these micronutrients 
have a favorable effect on mortality. The stron-
gest evidence to date supports the use of sele-
nium alone, but these agents act synergistically to 

reduce oxidative stress; combining them has bio-
logical plausibility.

It is anticipated that there will be further data 
to answer this question with more certainty in the 
next few years as a large multicenter RCT, known 
as the Reducing Deaths due to Oxidative Stress 
(or REDOXS) trial (sponsored by the Canadian 
Critical Care Trials Group), evaluating the use of 
glutamine, selenium, and other antioxidants is 
underway.

Fish Oils

The use of an enteral formula that contains 
fi sh oils, borage oils, and antioxidants (ie, vitamin 
C, vitamin E, beta carotene, and taurine) is recom-
mended for patients with ARDS. When the data 
from three industry-sponsored RCTs are com-
bined in a metaanalysis, the use of the combined 
formulation was associated with a signifi cant 
reduction in mortality (RR, 0.63; 95% CI, 0.48 to 
0.84; p � 0.002). The use of the enteral formula was 
also associated with a reduction in ventilator days 
and a trend toward a reduction in ICU length of 
stay. Currently, only one formula (Oxepa; Abbott 
Laboratories; Abbott Park, IL) has been evaluated 
in this manner. The acquisition costs of this prod-
uct are higher than those of most standard enteral 
formulations, and, since the effect of the fi sh oils 
cannot be distinguished from the effects of the 
borage oils and antioxidants, this recommenda-
tion pertains to the combination product and not 
to fi sh oils generally.

Arginine

Diets supplemented with arginine and other 
select nutrients are not recommended for use in 
critically ill patients. There have been 21 RCTs in 
critically patients that form the basis for this rec-
ommendation, and this specifi cally excludes the 
studies that have been performed using elective 
surgery patients. Discussion of the use of this type 
of enteral formula in surgical patients would form 
a completely different topic that is not addressed 
in this article. The aggregated results from the 
studies in critically ill patients show no improve-
ment in infectious complications or mortality. 
Some studies and a subgroup analysis suggest 
possible harm in patients with sepsis.
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Glycemic Control

In critically ill surgical patients receiving 
nutritional support, intensive insulin therapy to 
tightly control blood sugars at levels between 
4.4 and 6.6 mmol/L should be considered. In all 
critically ill patients, avoiding hyperglycemia (ie, 
blood glucose level, �10 mmol/L) by minimiz-
ing IV dextrose and using insulin administration 
when necessary is recommended.

Of the three RCTs performed, two were with 
surgical patients64,65 and only one was with medi-
cal patients.66 In the 2001 study by van den Berge 
et al,65 patients started therapy by receiving a glu-
cose load (200 to 300 g/d) and then advanced to 
receive PN, combined PN/EN, or EN 24 h after 
hospital admission. Grey et al64 compared strict 
insulin therapy (target blood sugar range, 4.4 to 
6.6 mmol/L) vs standard insulin therapy (target 
blood sugar range, 10 to 12 mmol/L) in surgi-
cal critically ill patients requiring treatment for 
hyperglycemia (blood sugar level, �7.7 mmol/L). 
In the 2006 study by van den Berghe et al in medi-
cal patients,66 the target range for blood sugars 
was the same as that for the earlier study by the 
same authors (in 2001); the calories received from 
EN was similar in both groups.

All three studies reported on hospital mortal-
ity, and only two reported ICU mortality. When the 
data from the three trials were aggregated, inten-
sive insulin therapy was associated with a signifi -
cant reduction in hospital mortality (RR, 0.79; 95% 
CI, 0.59 to 1.07; p � 0.13; I2 interclass correlation, 
55% [suggesting moderate heterogeneity]). When 
a sensitivity analysis was performed on studies in 
surgical patients (excluding the one trial involving 
medical patients66), intensive insulin therapy was 
associated with a signifi cant reduction in hospital 
mortality (RR, 0.65; 95% CI, 0.48 to 0.89; p � 0.007 
[no heterogeneity present]). In the one study of 
medical patients,22 a signifi cant increase in mor-
tality was noted in the subgroup of patients who 
stayed in the ICU for �3 days and received inten-
sive insulin therapy (56 of 433 vs 42 of 433 patients, 
respectively; p � 0.05). However, there were no sig-
nifi cant differences in ICU mortality rate (46% vs 
67%, respectively; p � 0.1) or hospital mortality rate 
(62% vs 73%, respectively; p � 0.4) among patients 
who had hypoglycemia in the intensive insulin 
therapy group when compared to  conventional 

therapy. Intensive insulin therapy was associated 
with a trend toward a reduction in infectious com-
plications compared to conventional insulin ther-
apy in critically ill surgical patients (RR, 0.68; 95% 
CI, 0.41 to 1.11; p � 0.12).

The two studies by van den Berghe et al20,22 
have high internal validity, strong effect size, 
and narrow CIs. However, there is concern that 
the blood sugar levels were elevated by the early 
excessive use of parenteral glucose administration 
and the high use of PN. This limits the applicabil-
ity of the results to other units that do not manage 
their nutritional support in that manner. These 
studies and other observational data have high-
lighted the detrimental effects of hyperglycemia 
on the outcome of critically ill patients. Although 
responding with treatment to blood sugar levels of 
�10 mmol/L (ie, 180 g/dL) is recommended based 
on these data, it is not yet clear what the optimal level 
of blood sugar control is for a heterogeneous group 
of critically ill patients. Ongoing trials will provide 
more information regarding the optimal insulin 
therapy in critically ill patients. One such trial is the 
Normoglycaemia in Intensive Care Evaluation and 
Survival Using Glucose Algorithm Regulation (or 
NICE-SUGAR) study that is jointly sponsored by 
the Australia and New Zealand Intensive Care Soci-
ety and the Canadian Critical Care Trials Group.

Conclusion

Appropriately delivered nutritional support 
can improve the outcomes of critically ill patients. 
It is recommended that the mainstay of this sup-
port be through the enteral route (in patients with 
an intact GI tract) with strategies used to optimize 
the benefi ts and minimize the risks. These strate-
gies include the following: (1) early initiation of 
enteral feeding; (2) the use of feeding protocols 
and motility agents; (3) the use of small-bowel 
feeding; and (4) the provision of care with the 
patient in the semirecumbent position. When ini-
tiating enteral feeding, PN should not be started 
simultaneously but could be considered if strate-
gies to deliver EN are unsuccessful. Hyperglyce-
mia should be avoided by minimizing the use of 
IV glucose and using IV insulin.

When using PN, consideration should be given 
to the time of initiation, and strategies to optimize 
benefi ts and minimize risks. These strategies are 
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as follows: (1) consideration of limiting the dose 
of calories used; and (2) avoidance of the use of 
lipids high in soybean oil. Specifi c nutrients that 
may be used to optimize outcomes for critically ill 
patients include the following: (1) fi sh oils, borage 
oils, and antioxidants for ARDS patients; (2) glu-
tamine; and (3) selenium and other antioxidants.

ACKNOWLEDGMENT: I would like to thank 
my colleagues, Dr. Daren Heyland and Rupin-
der Dhaliwal, who have been instrumental in the 
development of the Canadian Clinical Practice 
Guidelines for the Critically Ill.

References

 1. Kreymann KG, Berger MM, Deutz NE, et al.  ESPEN 
guidelines on enteral nutrition: intensive care. Clin 
Nutr 2006; 25:210–223

 2. Heyland DK, Dhaliwal R, Drover JW, et al. Clini-
cal practice guidelines for nutrition support in the 
adult critically ill patient. JPEN J Parenter Enteral 
Nutr 2003; 27:355–373

 3. Critical Care Connections. Clinical practice guide-
lines. Available at: http://www.criticalcarenutrition.
com. Accessed April 2, 2007

 4. Cerra FB, Benitez MR, Blackburn GL, et al. Applied 
nutrition in ICU patients: a consensus statement of 
the American College of Chest Physicians. Chest 
1997; 111:769–778

 5. Davis KA, Kinn T, Esposito TJ, et al. Nutritional gain 
versus fi nancial gain: the role of metabolic carts in 
the surgical ICU. J Trauma 2006; 61:1436–1440

 6. Moore EE, Jones TN. Benefi ts of immediate jeju-
nostomy feeding after major abdominal trauma— 
a prospective, randomized study. J Trauma 1986; 
26:874–881

 7. Chiarelli A, Enzi G, Casadei A, et al. Very early nu-
trition supplementation in burned patients. Am J 
Clin Nutr 1990; 51:1035–1039

 8. Eyer SD, Micon LT, Konstantinides FN, et al. 
 Early enteral feeding does not attenuate metabolic 
response after blunt trauma. J Trauma 1993; 34:
639–644

 9. Chuntrasakul C, Siltharm S, Chinswangwatanakul 
V, et al. Early nutritional support in severe trau-
matic patients. J Med Assoc Thai 1996; 79:21–26

10. Singh G, Ram RP, Khanna SK. Early postopera-
tive enteral feeding in patients with nontraumatic 
intestinal perforation and peritonitis. J Am Coll 
Surg 1998; 187:142–146

11. Kompan L, Kremzar B, Gadzijev E, et al. Effects 
of early enteral nutrition on intestinal permeabil-
ity and the development of multiple organ failure 
after multiple injury. Intensive Care Med 1999; 
25:157–161

12. Minard G, Kudsk KA, Melton S, et al. Early versus 
delayed feeding with an immune-enhancing diet 
in patients with severe head injuries. J Parenter 
Enteral Nutr 2000; 24:145–149

13. Pupelis G, Selga G, Austrums E, et al. Jejunal feed-
ing, even when instituted late, improves outcomes 
in patients with severe pancreatitis and peritonitis. 
Nutrition 2001; 17:91–94

14. Peck MD, Kessler M, Cairns BA, et al. Early 
enteral nutrition does not decrease hypermetabo-
lism associated with burn injury. J Trauma 2004; 
57:1143–1148

15. Malhotra A, Mathur AK, Gupta S, et al. Early 
enteral nutrition after surgical treatment of gut 
perforations: a prospective randomised study. J 
Postgrad Med 2004; 50:102–106

16. Dvorak MF, Noonan VK, Belanger L, et al. Early 
versus late enteral feeding in patients with acute 
cervical spinal cord injury: a pilot study. Spine 
2004; 29:E175–E180

17. Mentec H, Dupont H, Bocchetti M, et al. Upper 
digestive intolerance during enteral nutrition 
in critically ill patients: frequency, risk factors, 
and complications. Crit Care Med 2001; 29:
1955–1961

18. Ibrahim EH, Mehringer L, Prentice D, et al. Early 
versus late enteral feeding of mechanically venti-
lated patients: results of a clinical trial. JPEN J Par-
enter Enteral Nutr 2002; 26:174–181

19. Booth CM, Heyland DK, Paterson WG. Gastro-
intestinal promotility drugs in the critical care 
 setting: a systematic review of the evidence. Crit 
Care Med 2002; 30:1429–1435

20. Yavagal DR, Karnad DR, Oak JL, et al. Metoclo-
pramide for preventing pneumonia in critically 
ill patients receiving enteral tube feeding: a ran-
domized controlled trial. Crit Care Med 2000; 28:
1408–1411

21. Berne JD, Norwood SH, McAuley CE, et al. Eryth-
romycin reduces delayed gastric emptying in criti-
cally ill trauma patients: a randomized, controlled 
trial. J Trauma 2002; 53:422–425

22. Pinilla JC, Samphire J, Arnold C, et al. Compari-
son of gastrointestinal tolerance to two enteral 
feeding protocols in critically ill patients: a 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 411

 prospective, randomized controlled trial. JPEN J 
Parenter  Enteral Nutr 2001; 25:81–86

23. Kortbeek JB, Haigh PI, Doig C. Duodenal versus 
gastric feeding in ventilated blunt trauma patients: 
a randomized controlled trial. J Trauma 1999; 46:
992–996

24. Davies AR, Froomes PR, French CJ, et al. Random-
ized comparison of nasojejunal and nasogastric 
feeding in critically ill patients. Crit Care Med 
2002; 30:586–590

25. Montecalvo MA, Steger KA, Farber HW, et al. 
Nutritional outcome and pneumonia in critical 
care patients randomized to gastric versus jejunal 
tube feedings. The Critical Care Research Team. 
Crit Care Med 1992; 20:1377–1387

26. Esparza J, Boivin MA, Hartshorne MF, et al. Equal 
aspiration rates in gastrically and transpylorically 
fed critically ill patients. Intensive Care Med 2001; 
27:660–664

27. Neumann DA, DeLegge MH. Gastric versus small-
bowel tube feeding in the intensive care unit: a 
prospective comparison of effi cacy. Crit Care Med 
2002; 30:1436–1438

28. Kearns PJ, Chin D, Mueller L, et al. The incidence 
of ventilator-associated pneumonia and success in 
nutrient delivery with gastric versus small intesti-
nal feeding: a randomized clinical trial. Crit Care 
Med 2000; 28:1742–1746

29. Boivin MA, Levy H. Gastric feeding with erythro-
mycin is equivalent to transpyloric feeding in the 
critically ill. Crit Care Med 2001; 29:1916–1919

30. Montejo JC, Grau T, Acosta J, et al. Multicenter, 
prospective, randomized, single-blind study com-
paring the effi cacy and gastrointestinal compli-
cations of early jejunal feeding with early gastric 
feeding in critically ill patients. Crit Care Med 
2002; 30:796–800

31. Taylor SJ, Fettes SB, Jewkes C, et al. Prospective, 
randomized, controlled trial to determine the effect 
of early enhanced enteral nutrition on clinical out-
come in mechanically ventilated patients suffering 
head injury. Crit Care Med 1999; 27:2525–2531

32.  Day L, Stotts NA, Frankfurt A, et al. Gastric ver-
sus duodenal feeding in patients with neurologi-
cal disease: a pilot study. J Neurosci Nurs 155; 33:
148–149

33. McClave SA, Chang WK, Dhaliwal R, et al. 
 Nutrition support in acute pancreatitis: a system-
atic  review of the literature. JPEN J Parenter  Enteral 
Nutr 2006; 30:143–156

34. Drakulovic MB, Torres A, Bauer TT, et al. Supine 
body position as a risk factor for nosocomial pneu-
monia in mechanically ventilated patients: a ran-
domised trial. Lancet 1999; 354:1851–1858

35. van Nieuwenhoven CA, Vandenbroucke-Grauls 
C, van Tiel FH, et al. Feasibility and effects of the 
semirecumbent position to prevent ventilator-
 associated pneumonia: a randomized study. Crit 
Care Med 2006; 34:396–402

36. Dunham CM, Frankenfi eld D, Belzberg H, et al. 
Gut failure-predictor of or contributor to mortality 
in mechanically ventilated blunt trauma patients? 
J Trauma 1994; 37:30–34

37. Herndon DN, Barrow RE, Stein M, et al. Increased 
mortality with intravenous supplemental feeding 
in severely burned patients. J Burn Care Rehabil 
1989; 10:309–313

38. Herndon DN, Stein MD, Rutan TC, et al. Failure 
of TPN supplementation to improve liver func-
tion, immunity, and mortality in thermally injured 
patients. J Trauma 1987; 27:195–204

39. Chiarelli AG, Ferrarello S, Piccioli A, et al. Total 
enteral nutrition versus mixed enteral and paren-
teral nutrition in patients at an intensive care unit. 
Minerva Anestesiol 1996; 62:1–7

40. Bauer P, Charpentier C, Bouchet C, et al. Parenteral 
with enteral nutrition in the critically ill. Intensive 
Care Med 2000; 26:893–900

41. Heyland DK, MacDonald S, Keefe L, et al. Total 
parenteral nutrition in the critically ill patient: a 
meta-analysis. JAMA 1998; 280:2013–2019

42. Sax HC, Warner BW, Talamini MA, et al. Early to-
tal parenteral nutrition in acute pancreatitis: lack 
of benefi cial effects. Am J Surg 1987; 153:117–124

43. Choban PS, Burge JC, Scales D, et al. Hypoen-
ergetic nutrition support in hospitalized obese 
patients: a simplifi ed method for clinical applica-
tion. Am J Clin Nutr 1997; 66:546–550

44. McCowen KC, Friel C, Sternberg J, et al. Hypoca-
loric total parenteral nutrition: effectiveness in pre-
vention of hyperglycemia and infectious compli-
cations: a randomized clinical trial. Crit Care Med 
2000; 28:3606–3611

45. Battistella FD, Widergren JT, Anderson JT, et al. 
A prospective, randomized trial of intravenous 
fat emulsion administration in trauma victims 
 requiring total parenteral nutrition. J Trauma 1997; 
43:52–60

46. Houdijk AP, Rijnsburger ER, Jansen J, et al. 
Randomised trial of glutamine-enriched enteral 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



412 Nutritional Support in the Critically Ill Patient (Drover)

nutrition on infectious morbidity in patients with 
multiple trauma. Lancet 1998; 352:772–776

47. Zhou YP, Jiang ZM, Sun YH, et al. The effect of 
supplemental enteral glutamine on plasma lev-
els, gut function, and outcome in severe burns: a 
randomized, double-blind, controlled clinical trial. 
J Parenter Enteral Nutr 2003; 27:241–245

48. Jones C, Palmer TE, Griffi ths RD, et al. Random-
ized clinical outcome study of critically ill patients 
given glutamine-supplemented enteral nutrition. 
[see comment]. Nutrition 1999; 15:108–115

49. Brantley S, Pierce J. Effects of enteral glutamine on 
trauma patients. Nutr Clin Pract 2000; 15:S13

50. Hall JC, Dobb G, Hall J, et al. A prospective ran-
domized trial of enteral glutamine in critical 
illness. Intensive Care Med 2003; 29:1710–1716

51. Garrel D, Patenaude J, Nedelec B, et al. Decreased 
mortality and infectious morbidity in adult burn 
patients given enteral glutamine supplements: a 
prospective, controlled, randomized clinical trial 
[see Comment]. Crit Care Med 2003; 31:2444–2449

52. Peng X, Yan H, You Z, et al. Effects of enteral 
supplementation with glutamine granules on 
intestinal mucosal barrier function in severe 
burned patients. Burns 2004; 30:135–139

53. Dechelotte P, Hasselmann M, Cynober L, et al. 
L-alanyl-L-glutamine dipeptide-supplemented total 
parenteral nutrition reduces infectious complica-
tions and glucose intolerance in critically ill patients: 
the French controlled, randomized,  double-blind, 
multicenter study [see Comment]. Crit Care Med 
2006; 34:598–604

54. Griffi ths RD, Jones C, Palmer TE, et al. Six-month 
outcome of critically ill patients given glutamine-
supplemented parenteral nutrition. Nutrition 1997; 
13:295–302

55. Griffi ths RD, Allen KD, Andrews FJ, et al. Infection, 
multiple organ failure, and survival in the intensive 
care unit: infl uence of glutamine- supplemented 
parenteral nutrition on acquired infection. Nutri-
tion 2002; 18:546–552

56. Powell-Tuck J, Jamieson CP, Bettany GE, et al. A 
double blind, randomised, controlled trial of glu-
tamine supplementation in parenteral nutrition 
[see Comment]. Gut 1999; 45:82–88

57. Wischmeyer PE, Lynch J, Liedel J, et al. Glutamine 
administration reduces Gram-negative bacteremia 
in severely burned patients: a prospective, ran-
domized, double-blind trial versus isonitrogenous 
control. Crit Care Med 2001; 29:2075–2080

58. Goeters C, Wenn A, Mertes N, et al. Parenteral 
L-alanyl-L-glutamine improves 6-month outcome 
in critically ill patients [see Comment]. Crit Care 
Med 2002; 30:2032–2037

59. Fuentes-Orozco C, naya-Prado R, Gonzalez-Ojeda 
A, et al. L-alanyl-L-glutamine-supplemented par-
enteral nutrition improves infectious morbidity in 
secondary peritonitis. Clin Nutr 2004; 23:13–21

60. Zhou YP, Jiang ZM, Sun YH, et al. The effects of 
supplemental glutamine dipeptide on gut integri-
ty and clinical outcomes after major escharectomy 
in severe burns: a randomized, double blind, con-
trolled clinical trial. Clin Nutr Suppl 2004; 1:55–60

61. Ziegler TR, Fernandez-Estivariz C, Griffi th DP, 
et al. Parenteral nutrition supplemented with 
alanyl-glutamine dipeptide decreases infectious 
morbidity and improves organ function in criti-
cally ill post-operative patients: results of a double-
blind, randomized, controlled pilot study. JPEN 
J Parenter Enteral Nutr 2004; 28(S):11

62. Xian-Li H, Qing-jiu M, Jian-guo L, et al. Effect of 
total parenteral nutrition TPN. with and without 
glutamine dipeptide supplementation on outcome 
in severe acute pancreatitis (SAP). Clin Nutr Suppl 
2004; 1:43–47

63. Heyland D, Dhaliwal R, Suchner U, et al. Anti-
oxidant nutrients: a systematic review of trace 
elements and vitamins in the critically ill patient. 
Intensive Care Med 2005; 31:327–337

64. Grey NJ, Perdrizet GA, Grey NJ, et al. Reduction of 
nosocomial infections in the surgical  intensive-care 
unit by strict glycemic control. Endocr Pract 2004; 
10(suppl):46–52

65. van den Berghe G, Wouters P, Weekers F, et al. 
Intensive insulin therapy in the critically ill 
 patients. N Engl J Med 2001; 345:1359–1367

66. van den Berghe G, Wilmer A, Milants I, et al. 
 Intensive insulin therapy in mixed medical/ 
surgical intensive care units: benefi t versus harm. 
Diabetes 2006; 55:3151–3159

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 413

Objectives:

• Describe the effects of acidemia and alkalemia in criti-
cally ill patients, especially regarding hemodynamic 
consequences

• Present a structured approach to analyzing acid-base 
disorders

• Discuss the differential diagnoses of the four fundamental 
acid-base derangements

• Discuss the treatment of acid-base disorders and provide 
clinical recommendations

Key words: acidemia; acidosis; alkalemia; alkalosis; bicarbon-
ate; lactic acidosis; permissive hypercapnia; tromethamine

Disturbances of acid-base equilibrium occur in a 
wide variety of critical illnesses and are among 
the most commonly encountered disorders in the 
ICU. These derangements are often signaled by 
commonly obtained screening tests, such as arte-
rial (or venous) blood gas analyses or electrolyte 
determinations. In addition to refl ecting the seri-
ousness of the underlying disease, disturbances 
in H+ concentration have important physiologic 
effects.

A blood pH less than normal is called acide-
mia; the underlying process causing acidemia is 
called acidosis. Similarly, the terms alkalemia and 
alkalosis refer to elevated pH and the underlying 
process, respectively. While acidosis and alkalosis 
may coexist, there can be only one resulting pH. 
Therefore, acidemia and alkalemia are mutually 
exclusive conditions.

The approach to acid-base derangements 
should emphasize a search for the cause, rather 
than an immediate attempt to normalize the pH. 
Many disorders are mild and do not require treat-
ment. Furthermore, treatment may be more detri-
mental than the acid-base disorder itself. Generally 
more important than a specifi c treatment is a full 
consideration of the possible underlying patho-
logic states. This may facilitate a directed inter-
vention that will benefi t the patient more than 
normalization of the pH would.

Approach to Acid-Base Disturbances

This discussion will generally follow the more 
widely accepted “bicarbonate-based” approach to 
understanding acid-base disturbances, although 
a superior method, developed by Peter Stewart, is 
available.1,2 The Stewart method identifi es the fol-
lowing true determinants of the pH: the strong ion 
difference (SID); the total concentration of weak 
acids (Atot); and the Pco2. Using any method, 
diagnosing disorders of acid-base homeostasis 
in the ICU can be challenging. Many critically ill 
patients have combinations of disorders. In addi-
tion, patients admitted to the ICU often have pre-
existing disturbances (eg, respiratory acidosis in 
patients with COPD and metabolic alkalosis in 
patients receiving diuretics) that must be taken 
into account when one is evaluating subsequent 
changes.

A Stepwise, Conventional Approach

Step 1: Do the numbers make sense? Use the 
Henderson equation, as follows: [H+] � 24 � Pco2/
HCO3. If this equation is not true, there is an error 
in at least one of the numbers.

Step 2: Determine whether acidemia (pH �7.36) 
or alkalemia (pH � 7.44) is present. In patients 
with mixed disorders, the pH may be in the nor-
mal range, but the bicarbonate level, the Pco2, or 
the anion gap will signal the presence of an acid-
base disturbance).

Step 3: Is the primary disturbance metabolic or 
respiratory? That is, does any change in the Pco2 
account for the direction of the change in pH?

Step 4: Is there appropriate compensation for 
the primary disturbance? See Table 1.

Step 5: Is the anion gap elevated? If so, is the 
change in the anion gap almost equal to the change 
in HCO3

−? If not, there is an additional non-anion 
gap acidosis or a metabolic alkalosis.

Step 6: Put it all together: what is the most 
likely diagnosis?

Acid-Base Disorders 

Gregory A. Schmidt, MD, FCCP
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Physiologic Eff ects of Alkalemia 
and Acidemia

The effects of alkalemia and acidemia are dif-
fi cult to discern because any physiologic conse-
quences in patients may be obscured or modifi ed 
by the severe illness causing the acid-base disor-
der. For example, a patient with lactic acidosis 
due to sepsis may have severe hypotension and 
depressed left ventricular systolic function. It is 
possible that the acidemia is the basis for circu-
latory failure but it is also possible (even likely, 
in this example) that some other consequence of 
sepsis underlies the hypotension. In an individual 
patient, it may be diffi cult to know how much 
trouble the acidemia is causing, if any. Even treat-
ment with alkalinizing drugs or dialysis typically 
does not clarify the situation since these interven-
tions have additional, nonhydrogen ion, actions 
that may account for clinically recognized effects.

Alkalemia appears to increase myocardial 
contractility, at least to a pH of 7.7. Some animals 
exhibit spontaneous ventricular fi brillation at pH 
levels �7.8. There are reports of alkalemic patients 
with atrial and ventricular arrhythmias who were 
refractory to treatment until the alkalemia was 
corrected. Respiratory alkalosis lowers BP and 
calculated systemic vascular resistance. Most vas-
cular beds demonstrate vasodilation, but vasocon-
striction predominates in the cerebral circulation. 
Cerebral blood fl ow falls maximally, to 50% of 
basal fl ow, at a Pco2 of 20 mm Hg; this effect has 
been utilized to acutely lower intracranial pres-
sure, but the effect lasts only 6 h. Both respiratory 
and metabolic alkalemia can lead to seizures. Alka-
lemia can also cause coronary artery spasm with 
ECG evidence of ischemia. The clinical effect of 

alkalemia-induced changes in oxygen delivery is 
small, but in patients with ongoing tissue hypoxia 
the increased hemoglobin oxygen affi nity may be 
detrimental and clinically signifi cant.

Acidemia causes stimulation of the sympa-
thetic-adrenal axis. In patients with severe aci-
demia, this effect is countered by a depressed 
responsiveness of adrenergic receptors to circu-
lating catecholamines. The net effect on ventricu-
lar performance, heart rhythm, and vascular tone 
depends on the relative effects of these compet-
ing infl uences. For example, mild acidemia causes 
increased cardiac output, a response that can be 
prevented by β-adrenergic blockade. Severe aci-
demia typically causes a decrease in cardiac 
output and vasodilation despite sympathetic 
stimulation. Clinically, no increase in arrhythmias 
is seen in patients with respiratory acidemia dur-
ing permissive hypercapnia, except that attribut-
able to hypoxia. Once ventricular fi brillation is 
established, acidemia has little or no effect on the 
success of conversion to sinus rhythm.

Acute respiratory acidemia causes marked 
increases in cerebral blood fl ow. When Pco2 is 
�70 mm Hg, loss of consciousness and seizures 
can occur. This is likely due to an abrupt lower-
ing of intracellular pH rather than to any effect 
of CO2 per se. The encephalopathy of acute-on-
chronic respiratory failure is poorly understood, 
but may include elements of intracellular acido-
sis, hypoxia, and endogenous neuropeptide secre-
tion. Thus, the term CO2 narcosis, which implies a 
direct effect of CO2, is a misnomer.

Acute hypercapnia causes the depression 
of diaphragmatic contractility and a decrease in 
endurance time. This effect may contribute to the 
downward spiral of respiratory failure in patients 
with short-term CO2 retention.

During intentional hypoventilation, as prac-
ticed in patients with status asthmaticus or ARDS, 
hypercapnia has been tolerated quite well. No sig-
nifi cant impact on systemic vascular resistance, 
pulmonary vascular resistance, cardiac output, or 
systemic oxygen delivery has been seen.3 There 
are several cautions, however. Patients are gener-
ally carefully chosen so as to have no increased 
intracranial pressure or cardiac ischemia; the 
inspired gas must be enriched with oxygen to 
prevent hypoxemia, and patients should be well 
sedated.4 Alkalinizing medications are generally 

Table 1. Appropriate Compensation in Simple Acid-Base Disorders

Acid-Base Disorder Compensation

Metabolic acidosis Pco2 � (1.5 � HCO3
−) � 8 � 2

Metabolic alkalosis Pco2 � (0.7 � HCO3
−) � 21 � 1.5*

Respiratory acidosis Acute: HCO3
− � ([Pco2 − 40]/10) � 24

Chronic: HCO3
− � ([Pco2 − 40]/3) � 24

Respiratory alkalosis Acute: HCO3
− � ([40 − Pco2]/5) � 24

   Chronic: HCO3
− � ([40 − Pco2]/2) � 24

*For a bicarbonate (HCO3
−) level �40 mEq/L, the formula to 

be used is Pco2 � (0.75 � HCO3
−) � 19 � 7.5.
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not administered during episodes of permissive 
hypercapnia.

Respiratory Acidosis

Respiratory acidosis is characterized by a 
primary increase in the arterial Pco2 and a com-
pensatory rise in the bicarbonate concentration. 
Respiratory acidosis represents ventilatory failure 
or disordered central control of ventilation, the 
pathophysiology, etiology, and treatment of which 
have been described elsewhere. In mechanically 
ventilated patients with hypercapnia, it is impor-
tant to consider the consequences of attempting 
to raise the minute ventilation. In many patients, 
normalizing the Pco2 comes at the cost of alveo-
lar overdistention (volutrauma) or exacerbation of 
auto-positive end-expiratory pressure. The point 
here is that normalizing the Pco2 comes at a cost; 
that cost is in the form of volutrauma, frank baro-
traumas, or hypotension. The experience with 
permissive hypercapnia for patients with ARDS 
or status asthmaticus,5 in which hypercapnia and 
acidemia are tolerated in order to avoid alveolar 
overdistention, has changed the perspective of 
many clinicians about the adverse impact of aci-
demia. In sedated and ventilated patients with 
ARDS, rapid intentional hypoventilation (ie, pH 
falling from 7.40 to 7.26 in 30 to 60 min) lowered 
systemic vascular resistance while cardiac output 
rose. Mean systemic arterial pressure and pulmo-
nary vascular resistance were unchanged. Further-
more, in many studies5a of patients undergoing 
permissive hypercapnia, a pH of well below 7.2 
was tolerated well. The feared consequences of 
acidemia, projected from the experience with 
patients having lactic acidosis (and, usually, con-
comitant sepsis), failed to materialize. With data 
now available for many patients who have been 
permissively hypoventilated, the systemic hemo-
dynamic effects are quite small even as the pH 
falls to 7.15, with the typical patient experiencing 
no change or small increases in cardiac output 
and BP. Patients whose pH falls far below 7.0 are 
fewer in number, so fi rm conclusions cannot be 
drawn, but they similarly tolerate their acidemia. 
The current practice of permissive hypercapnia 
does not generally include an attempt to alkalinize 
the blood to compensate for respiratory acidosis. 
When the ventilator is used to correct respiratory 

acidosis, the end-inspiratory plateau pressure and 
auto-positive end-expiratory pressure should be 
monitored routinely to detect any adverse effects 
of ventilation.

Metabolic Acidosis

Metabolic acidosis is characterized by a pri-
mary decrease in bicarbonate concentration and 
a compensatory reduction in the Pco2. The etiolo-
gies of metabolic acidosis are divided into those 
that cause an increase in the anion gap and those 
associated with a normal anion gap (called hyper-
chloremic acidosis). The anion gap is the difference 
between measured cations and measured anions, 
defi ned as [Na+] − [Cl−] – [HCO3

−], with a normal 
value traditionally defi ned as 8 to 14 mEq/L. 
The majority of unmeasured anions normally is 
accounted for by plasma proteins, primarily albu-
min. The remainder consists of phosphate, sul-
fates, lactate, and other organic anions. Seventy 
percent of patients with an anion gap �20 mEq/L 
will have an identifi able organic anion, as will vir-
tually all of those with an anion gap �30 mEq/L. 
However, signifi cant lactic acidosis can be present 
despite a normal measured anion gap, typically 
due to the hypoalbuminemia of critical illness.

Normal-anion-gap acidosis occurs from the 
loss of bicarbonate (through the kidneys or through 
the gut) or from the addition of an acid with chlo-
ride as the accompanying anion. The most com-
mon cause of normal-anion-gap metabolic acidosis 
in the ICU is diarrhea; in the absence of diarrhea, 
renal tubular acidosis is likely. The causes of renal 
tubular acidosis encountered in the ICU are listed 
in Table 2. The other causes of normal-anion-gap 
acidosis are usually obvious from the medical his-
tory and medication list. The etiologies of normal-
anion-gap metabolic acidosis are listed in Table 3. 
The etiologies of increased-anion-gap metabolic 
acidosis are given in Table 4.

Ketoacidosis

Ketoacidosis occurs when free fatty acids are 
overproduced and preferentially shunted to form 
ketones, typically in states of low insulin and 
increased glucagon. Diabetic ketoacidosis is a com-
mon reason for ICU admission and is  easily diag-
nosed from glucose and ketone  measurements. 
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Treatment involves rehydration, insulin adminis-
tration, and attention to electrolyte disturbances. 
Alcoholic ketoacidosis (AKA) generally occurs 
after binge drinking in alcoholics who have no 
food intake and vomit repeatedly. AKA is char-
acterized by a normal or slightly elevated serum 
glucose level with increased ketones. Because of 
the altered redox state of the liver, many of the 
ketones in patients with AKA occur in the form 
of β-hydroxybutyrate, which is not measured by 
some tests (Ketostix or Acetest; Bayer Diagnostics; 
Tarrytown, NY). Specifi c enzymatic testing is nec-
essary to detect β-hydroxybutyrate. Rehydration 
and provision of glucose are generally suffi cient 
therapy for AKA, although insulin administration 
may be useful in some patients. Alkali therapy is 
not useful in the treatment of ketoacidosis.

Toxins

Toxin ingestion is an uncommon but impor-
tant cause of increased-anion-gap acidosis. Any 
patient who presents with an anion-gap acido-
sis that is not explained by tests for ketones and 

Table 2. Etiologies of Renal Tubular Acidosis in the ICU*

RTA Etiologies

Proximal Primary renal disease
Nephrotic syndrome

Systemic diseases
Amyloidosis
Multiple myeloma
Systemic lupus erythematosus

Drugs and toxins
Heavy metal toxicity
Carbonic anhydrase inhibitors

Type I distal Primary renal disease
Obstructive uropathy
Renal transplant rejection
Nephrocalcinosis
Pyelonephritis
Allergic interstitial nephritis

Systemic diseases
Cirrhosis
Multiple myeloma
Sickle cell disease
Amyloidosis
Systemic lupus erythematosus

Drugs and toxins
Amphotericin
Lithium
Analgesic abuse

Type IV distal Primary renal disease
Obstructive uropathy
Hyporeninemia

Systemic diseases
Diabetes mellitus
Addison disease
Sickle cell disease

Drugs and toxins
Spironolactone
Triamterene
Amiloride

 Pentamidine

*RTA = renal tubular acidosis.

Table 3. Etiologies of Normal-Anion-Gap Metabolic Acidosis

Etiologies Description

GI loss of bicarbonate Diarrhea; urinary diversion; small bowel, pancreatic, or bile drainage (fi stulas, 
surgical drains); and cholestyramine

Renal loss of bicarbonate 
(or bicarbonate equivalent)

Renal tubular acidosis; recovery phase of diabetic ketoacidosis; renal insuffi ciency; 
and posthypocapneic

Acidifying substances HCl; NH4Cl; arginine HCl; lysine HCl; CaCl2 or MgCl2 (oral); and sulfur

Table 4. Etiologies of Increased-Anion-Gap Metabolic Acidosis

Etiologies Anion

Ketoacidosis (diabetic, 
alcoholic, or starvation)

Acetoacetate, 
β-hydroxybutyrate

Lactic acidosis Lactate
Uremia Phosphates, sulfates, organic 

anions
Toxins

Ethylene glycol Glycolate, lactate
Methanol Formate, lactate
Salicylate Salicylate, lactate, organic 

anions
Paraldehyde Unknown
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lactate should be suspected of having ingested 
a toxin. However, it should also be remembered 
that lactic acidosis can occur with toxin ingestion, 
so an increased lactate level does not rule out an 
acidosis from toxins. Often, the laboratory diag-
nosis of toxin ingestion is slow; thus, the diagno-
sis must be suspected, and clinical clues sought, 
prior to laboratory confi rmation. Specifi c tests 
must be ordered, as methanol and ethylene glycol 
are not included in a routine toxicology screen. 
Salicylate intoxication is the most common of 
these ingestions, and patients often present with 
mixed respiratory alkalosis and metabolic acido-
sis, which can be an important diagnostic clue.

The toxic effects of ethylene glycol and metha-
nol are mediated by metabolites (glycolate in the 
case of ethylene glycol, and formaldehyde and 
formate in the case of methanol). The osmolal gap, 
which is the difference between the measured 
osmolality and that calculated from the formula 
osm � 2[Na+] � [glucose]/18 � [BUN]/2.8 � [etha-
nol]/4.6, is increased above its normal value of �10 
mosmol/L. The osmolal gap may lack sensitiv-
ity, however, and its value as a screening test has 
been questioned. The loss of retinal sheen or even 
frank papilledema seen with methanol poisoning 
and the characteristic urinary oxalate crystals seen 
with methylene glycol poisoning can be helpful 
diagnostically. Fomepizole, an inhibitor of alcohol 
dehydrogenase, is safe and effective in the treat-
ment of ethylene glycol and methanol poisoning.6

The identifi cation of the anion associated with 
an increased-anion-gap acidosis in the ICU is not 
as precise as it might seem from the relatively 
short list of possibilities. In some cases of acido-
sis, either no anion is found or the rise in anions 
accounts for only a fraction of the rise in the anion 
gap; the identity of the offending anion, or anions, 
in these circumstances has not been determined.

Lactic Acidosis

Lactic acidosis, commonly defi ned as a lactate 
level of �5 mmol/L with an arterial pH of �7.35, 
is the most common and most important meta-
bolic acidosis encountered in the ICU. The aci-
demia serves as a marker for a diverse group of 
serious underlying conditions and has important 
prognostic implications. The etiologies of lactic 
acidosis are numerous and are listed in Table 5. 

Table 5. Etiologies of Lactic Acidosis*

Increased oxygen consumption
Strenuous exercise
Grand mal seizure
Neuroleptic malignant syndrome
Severe asthma
Pheochromocytoma

Decreased oxygen delivery
Decreased cardiac output

Hypovolemia
 Cardiogenic shock (including pericardial and 

pulmonary vascular disease)
Decreased arterial oxygen content

Profound anemia
Severe hypoxemia

Regional ischemia (mesentery or extremity)
Alterations in cellular metabolism

Sepsis
Diabetes mellitus, hypoglycemia
Thiamine defi ciency
Severe alkalemia
Malignancy
Mitochondrial myopathies
AIDS

Toxins and drugs
Carbon monoxide
Ethanol, methanol
Biguanides (eg, metformin)
Ethylene glycol, propylene glycol
Salicylates
Isoniazid
Streptozocin, nalidixic acid
Cyanide, nitroprusside
Papaverine
Acetaminophen
Ritodrine
Terbutaline
Fructose, sorbitol, xylitol
Epinephrine, norepinephrine, cocaine
Zidovudine and other HAARTs
Kombucha tea
Propofol

Congenital
Glucose-6-phosphatase defi ciency
Fructose-1,6-diphosphatase defi ciency
Pyruvate carboxylase defi ciency
Pyruvate-dehydrogenase defi ciency
Oxidative phosphorylation defects

Decreased lactate clearance
Fulminant hepatic failure

d-Lactate
Short-gut syndrome
Antibiotic-induced

*HAART = highly active antiretroviral drug.
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Most cases of lactic acidosis encountered in the 
ICU occur secondarily to a handful of processes; 
shock is the most common cause, with hypoxia, 
seizures, regional ischemia (ie, mesenteric or in 
an extremity), and toxin exposure accounting for 
a majority of the remaining cases.

Sepsis is a common cause of lactic acidosis 
in patients in the ICU, but the mechanism is still 
debated. The belief that the lactic acidosis of sep-
sis is caused by anaerobic metabolism has come 
under question based on several lines of evidence. 
If cellular oxygen lack were the basis of lactic acid 
production, the lactate/pyruvate ratio should be 
elevated, a fi nding that is absent in resuscitated 
septic patients. Furthermore, when the adequacy 
of cellular oxygenation has been assayed by vari-
ous methods, it has been found to be adequate. 
Pathologic supply dependence, a fi nding that 
was often interpreted to support tissue hypoxia, 
now appears to be an artifact of mathematical 
coupling, at least regarding this phenomenon at 
the whole-body level. No dependence of oxygen 
consumption on oxygen delivery can be found 
when each is measured by independent means. 
Additionally, various methods of boosting oxy-
gen delivery fail to lower lactate levels in resusci-
tated septic patients. Finally, in an animal model 
of sepsis and lactic acidosis, hypoxic challenge 
failed to worsen lactic acidosis. Possible alternate 
mechanisms include hypermetabolism-induced 
protein catabolism, leading to increased circulat-
ing levels of alanine, pyruvate, and lactate (con-
sistent with the normal lactate/pyruvate ratio); 
regional (ie, gut) production of lactate, possibly 
due to local hypoxia; mitochondrial dysfunction; 
and many others.

Alkalinizing Therapies

Use of therapy with alkalinizing solutions to 
normalize arterial hydrogen ion concentration 
([H�]) has as its rationale that the correction of 
the acid-base disorder will improve clinical out-
come. While the use of sodium bicarbonate or 
other alkalinizing solutions has been established 
by this empiric approach, there is limited and 
often confl icting experimental evidence to justify 
this practice. Alkali therapies may either improve 
or worsen clinically relevant end points such as 

arterial [H�], Pco2, lactate concentration, SID, or 
cardiac output. The variability in the effects of 
alkali therapy has contributed to a wide range 
of clinical practices and expert recommendations 
regarding these treatments.

Physiologic Rationale

The underlying rationale for the administra-
tion of bicarbonate or alkalinizing solutions to 
patients with acidemia can be summarized within 
the framework of the following four related clini-
cal hypotheses: (1) an elevation in arterial [H+] in 
and of itself contributes to the observed pathology 
(eg, organ dysfunction, hemodynamic instability, 
or death); (2) administering alkali IV will lower 
the arterial [H+] level; (3) lowering the arterial 
[H�] level will mitigate pathology or reduce the 
risk of deterioration; and (4) the benefi ts of alkali 
administration outweigh any adverse effects. The 
physiologic rationale for the use of alkali ther-
apy depends on the validity of these four main 
hypotheses.

Arterial [H+], Organ Dysfunction, and 
Cell Viability

Investigations using isolated cardiac prepa-
rations, whole-animal models, and human tis-
sue have consistently demonstrated depressed 
myocardial contractility when the [H�] level is 
raised. However, the overall effect of increased 
extracellular [H�] on cellular function depends 
on a large number of variables, which limits gen-
eralizations about these effects. For example, in 
the myocardium as well as other organ systems, 
the end result of increased extracellular [H�] lev-
els on intracellular [H�] and cellular function is 
related to the disease state producing the acidosis, 
the organ and cell type in question, catecholamine 
response, intracellular energy stores, and other 
extracellular conditions such as oxygen tension 
and the concentrations of sodium, chloride, and 
lactate. Furthermore, it is likely that diseases that 
cause acidosis (eg, sepsis) also produce profound 
changes in cellular energy metabolism and local 
microcirculatory regulation, which contribute to 
organ dysfunction and confound our understand-
ing of the effect of increased [H+]. Thus, it is little 
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surprise that in experimental whole-animal prep-
arations, acidosis causes a wide range of myo-
cardial consequences, as follows: no change in 
contractility; a marginal decrease in contractility; 
or a transient increase in contractility followed by 
a decrease (despite controlled heart rate, preload, 
and afterload).

In contrast to early assumptions that elevated 
[H�] levels are surely harmful, many protective 
or benefi cial effects have also been described. In a 
wide variety of cell preparations and experimen-
tal conditions, raising extracellular [H�] levels 
has been shown to protect cells against the effects 
of hypoxia and energy depletion. Furthermore, 
acidosis limits myocardial infarction size, stroke 
volume, hepatocyte death, and lung damage in 
models of ischemia-reperfusion injury. Many 
potential salutary effects of acidemia have been 
described with regard to infl ammation, free radi-
cal generation, and regulation of gene expression 
to suppress injury pathways. In conclusion, it is 
not clear that the association of acidemia with 
organ dysfunction or cell death is causal.

Eff ect of Alkalinizing Therapy on Arterial [H+]

Bicarbonate is not one of the fundamental 
determinants of the acid-base state. Rather, the 
independent determinants of the blood [H�] are 
the SID, Atot, and the Paco2. Sodium bicarbon-
ate and other alkalinizing solutions affect arterial 
[H�] by changing these quantities. The adminis-
tration of sodium bicarbonate increases the SID 
because sodium is a strong cation (while −HCO3 
is not a strong anion) but at the same time raises 
Paco2. The net effect of the increase in SID, which 
tends to lower [H�], and the increase in Paco2, 
which tends to raise the [H�] level, may be to 
counteract each other (ie, no change in [H�] level) 
or to raise or lower the [H�] level. The impact in 
an individual patient depends on other factors 
such as ventilatory response and the patient’s 
ability to exhale the generated CO2. Thus, while 
most clinical studies have demonstrated that 
bicarbonate will lower [H�] in acidemic condi-
tions, the effect is modest and in some instances 
(most notably during lung-protective ventilation) 
[H�] may remain constant or even rise after bicar-
bonate infusion.

Eff ect of Alkalinizing Therapy on Critical 
Organ Function

There are several alkalinizing treatments 
that have been evaluated for clinical use includ-
ing sodium bicarbonate, dichloroacetate, carbi-
carb and tromethamine (ie, tris-hydroxymethyl 
aminomethane [THAM]). Sodium bicarbonate 
administered in animal models of lactic acido-
sis, hemorrhagic shock, and respiratory acidosis 
has consistently demonstrated improvements in 
arterial [H�] levels but no signifi cant effects on 
myocardial function or hemodynamic parame-
ters. Two clinical trials7,8 of sodium bicarbonate in 
patients with lactic acidosis failed to demonstrate 
any signifi cant hemodynamic effects following 
the administration of a bicarbonate dose of 1 to 
2 mmol/kg body weight. Animal studies in dogs 
and one clinical study8a in humans with intraop-
erative metabolic acidosis have demonstrated the 
negative effects of bicarbonate administration on 
myocardial contractility and cardiac function. In 
comparison to therapy with saline or dextrose 
solutions, bicarbonate therapy in other clinical 
situations, including neonatal resuscitation and 
cardiopulmonary resuscitation, has no consistent 
benefi t on hemodynamic end points. Therapy 
with bicarbonate solution also has not been shown 
to confer any signifi cant benefi t over therapy with 
saline and dextrose solutions on metabolic recov-
ery in patients with diabetic ketoacidosis. Finally, 
despite the inclusion of options for bicarbonate 
treatment in patients with permissive hypercap-
nia and low-tidal-volume ventilation protocols 
in the ARDS, there are data9 to suggest that arte-
rial [H�] levels may actually rise after bicarbonate 
therapy in this group.

THAM is a weak base that is excreted in 
urine after protonation. Thus, the effect of 
THAM on [H�] levels does not depend on respi-
ratory function to excrete CO2, as is the case with 
sodium bicarbonate. THAM has shown favor-
able effects on the normalization of [H�] levels 
and improvement in myocardial contractility 
in an animal heart model.9a Small clinical trials9 
in patients with metabolic acidosis, ARDS, or 
acute lung injury have demonstrated improve-
ments in [H�] level, no change or decreases in 
arterial Pco2, and improvements in myocardial 
contractility after THAM administration. It is 
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unknown whether these physiologic effects con-
fer a clinical benefi t.

Potential Adverse Eff ects of Alkalinizing Therapy

When treating patients with unproved medi-
cations, safety concerns are paramount. Alkalin-
izing therapies have generally been subjected 
to little scrutiny in this regard, perhaps because 
we fully expect most of our severely acidemic 
patients who have been treated in this way to 
die. Animal and human data have both shown 
the potential for decreased cardiac function and 
cardiac output. Other potential adverse effects of 
these treatments may result from effects on Paco2, 
sodium concentration, ionized calcium level, and 
intravascular volume. Of particular concern is 
the generation of carbon dioxide by bicarbon-
ate infusion. Although the rise in arterial Pco2 
is modest in most patients and the carbon diox-
ide will generally be excreted with time, there 
may be greater effects on intracellular Pco2 (and, 
therefore, on intracellular [H�]). Such effects on 
many tissues have been shown in both animal 
and human studies, although it is not clear that 
any of these are clinically meaningful. Other 
adverse effects of bicarbonate treatment for aci-
dosis include hypernatremia, hyperosmolality, 
hypervolemia, increases in lactate concentration, 
decreases in ionized calcium concentration, and 
heightened risk of cerebral edema. The reported 
adverse effects of THAM include hypoglycemia, 
hyperkalemia, extravasation-related skin necro-
sis, and (in neonates) hepatic necrosis.

Clinical Approach to Alkalinizing 
Therapy

The complexity and diversity of acid-base dis-
orders in critically ill patients, combined with the 
lack of defi nitive evidence of benefi t in human 
clinical trials, has produced signifi cant variability 
in the use of alkali therapy. A survey of nephrol-
ogy and pulmonary/critical care training directors 
has confi rmed the absence of a standard approach 
to treatment recommendations for the treatment 
of acute metabolic acidosis. Surveys of the pub-
lished literature including systematic reviews and 
metaanalyses have demonstrated controversy 
and the absence of consistent recommendations. 

Given the absence of clinical data that demon-
strate improvements in mortality, length of stay, 
or other clinical outcome variables, the decision 
to use alkali therapy remains empiric and can-
not be directly supported by robust experimen-
tal data. Clinical decision making for or against 
alkali therapy thus should depend on (1) treating 
the underlying condition, (2) identifying subsets 
of patients who may be harmed by treatment 
or are very likely to benefi t from treatment, and 
(3) monitoring the impact of treatment.

Treat the Underlying Condition

Patients with lactic acidosis as the result of 
hypoxemia, hypoperfusion, or sepsis, especially 
those who are hemodynamically unstable despite 
vasoactive drug infusions, are commonly consid-
ered for bicarbonate or other alkalinizing therapy. 
There is no published, clinical experimental evi-
dence that has demonstrated an improvement in 
hemodynamic parameters, vasopressor require-
ments, or clinical outcome when bicarbonate is 
administered to these patients. On the other hand, 
effective resuscitation both repairs acidosis and 
improves outcome. Effort should be directed pri-
marily to the timely administration of antibiotics, 
the early initiation of hemodynamic monitoring, 
intravascular volume repletion, lung-protective 
mechanical ventilation, and prophylaxis for 
common intensive care complications, includ-
ing pneumonia, deep venous thrombosis, gastric 
ulceration, and skin breakdown.

Identify Patients Likely To Benefi t From or Be 
Harmed by Alkali Therapy

The specifi c populations of critically ill patients 
who must be identifi ed for alkali therapy include 
those who are most likely to benefi t from treat-
ment and those who are most likely to be harmed 
by treatment. For unstable patients with septic 
lactic acidosis, clinicians should exhaust all effec-
tive treatment strategies before considering sal-
vage therapy with alkali. It is important that alkali 
therapy not interfere with or distract from proven 
interventions. Lacking data on effectiveness, we 
discourage the clinical use of alkalinizing treat-
ments, no matter the degree of acidemia. Never-
theless, since clinical studies are lacking in scope, 
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we recognize that some intensivists will choose to 
administer bicarbonate or provide other treatment, 
but we emphasize that doses and regimens of ther-
apy lack any evidentiary basis. Furthermore, even 
the calculations of doses based on, for example, the 
volume of bicarbonate distribution, rely on out-
moded concepts of acid-base physiology.

Monitor the Eff ects of Alkali Treatment

Given the diversity in both the diseases and 
the patients with metabolic acidosis who may be 
considered for alkali treatment, no uniform rec-
ommendations on therapeutic end points can be 
made. These decisions will depend on the under-
lying disease state, the comorbid conditions, and 
the available treatment options. THAM may not 
be consistently available or routinely supplied by 
hospital pharmacies. If the clinician determines 
that the patient is likely to benefi t from alkalin-
izing therapy, a rational framework for treat-
ment decisions should include careful attention 
to physiologic parameters that can be frequently 
and easily measured. The clinician should actively 
determine the primary variables that will func-
tion as indicators of therapeutic effect (eg, global 
perfusion, work of breathing, or stability of car-
diac rhythm) and the frequency of clinical moni-
toring. Therapeutic monitoring variables should 
include arterial [H�] level; Paco2; hemodynamic 
status; intravascular volume; patient-ventilator 
interaction; and concentrations of serum sodium, 
calcium, and potassium. Further clinical studies 
will be necessary to resolve uncertain aspects of 
alkalinizing therapy such as dosage calculations, 
bolus or continuous dosing regimens, and mean-
ingful end points such as the target [H�] level.

The decision about whether to use bicarbon-
ate is a diffi cult one. It is the choice between (1) a 
long-standing but unproven therapy with poten-
tial deleterious effects and (2) reliance on limited 
studies; neither is an entirely satisfactory choice. 
The debate will most likely continue until addi-
tional trials of bicarbonate therapy are conducted. 
With respect to the primary rationale for bicarbon-
ate use (improvement in cardiovascular function), 
bicarbonate has shown no benefi t. Because of the 
lack of data supporting bicarbonate use in human 
beings and the arguments reviewed above, I do 
not recommend the use of bicarbonate in patients 

with lactic acidosis, regardless of the pH.10 This 
recommendation has been supported by the Sur-
viving Sepsis Campaign.11

Metabolic Alkalosis

Metabolic alkalosis is characterized by a pri-
mary increase in the bicarbonate concentration 
and a compensatory increase in the Pco2. The fact 
that patients will hypoventilate to compensate 
for metabolic alkalosis, even unto hypoxemia, is 
often not fully appreciated.12 For metabolic alka-
losis to persist, there must be both a process that 
elevates serum bicarbonate concentration (gener-
ally, gastric or renal loss) and a stimulus for renal 
bicarbonate reabsorption (typically, hypovolemia, 
hypokalemia, or mineralocorticoid excess). The 
major causes of metabolic alkalosis in the ICU (ie, 
vomiting, nasogastric suction, diuretics, cortico-
steroids, and the overventilation of patients with 
long-term increases in bicarbonate levels) are 
obvious, when present, from a patient’s medical 
history and medication list. A careful search of all 
substances administered to the patient is needed 
to disclose the administration of compounds, 
such as citrate with blood products and acetate 
in parenteral nutrition, that can raise the bicar-
bonate level. If the etiology is not clear, a trial of 
volume and chloride replacement, as well as the 
correction of hypokalemia, can be attempted. If 
this does not effect an improvement in alkalosis, 
a search for increased mineralocorticoids may be 
warranted. The etiologies of metabolic alkalosis 
are listed in Table 6.

In patients who require continued diuresis but 
exhibit rising bicarbonate levels, acetazolamide 
can be used to reduce the bicarbonate level. When 
the rapid correction of severe alkalosis is desired, 
hemodialysis can be performed or hydrochlo-
ric acid can be infused (a 0.1N to 0.2N solution 
infused into a central vein at 20 to 50 mEq/h with 
arterial pH monitored every hour).

Respiratory Alkalosis

Respiratory alkalosis is characterized by a pri-
mary reduction in the arterial Pco2. Respiratory 
alkalosis is very common in patients in the ICU, 
and its causes range from benign (simple anxiety) 
to life-threatening (sepsis or pulmonary  embolism). 
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Distinguishing those episodes of respiratory alka-
losis that are manifestations of serious disease 
requires a thorough clinical review. The etiologies 
of respiratory alkalosis are listed in Table 7.

The primary treatment for respiratory alka-
losis is of the underlying cause of the hyperven-
tilation. The alkalemia itself generally does not 
require treatment. In patients in whom severe 
alkalemia is present (generally, when respiratory 
alkalosis is superimposed on metabolic alkalosis), 
sedation may be necessary. In patients with sepsis, 
in whom a signifi cant portion of cardiac output 
can go to the respiratory muscles, intubation and 
muscle relaxation are occasionally used to control 
hyperventilation and redirect blood fl ow.
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Objectives:

• Understand the implications of pain management practices 
in critically ill patients

• Review the pharmacodynamics and pharmacokinetics of 
commonly used opiates

• Understand the use of intrathecal and epidural opiates and 
local anesthetics

• Understand the importance of the stress response and 
glycemic control in perioperative patients

Key words: epidural analgesia; glycemic control; insulin; 
opiates; pain; stress response

As intensive care therapies have evolved, there is 
now greater understanding as to the importance 
of pain management. Failure to control pain may 
have deleterious effects. Fortunately, because of 
the development of better analgesics and seda-
tives and better methods of drug delivery, signifi -
cant advances have been made in our ability to 
address these issues.

Consensus recommendations to guide anal-
gesic and sedative therapy in the ICU were pub-
lished in 1995 and then revised in 2002; however, 
substantial variability in practice still exists. The 
reasons for this disparity are multifold, but the 
most important reasons are that (1) no single depth 
of sedation or single sedative agent is app ropriate 
for every patient and every situation encountered 
in the ICU, and (2) we still lack reliable methods 
for measuring pain and anxiety. As discussed in 
the chapter entitled, “Issues in Sedation, Paralytic 
Agents, and Airway Management,” excessive 
analgesic or sedative administration may result in 
signifi cant morbidity, and possibly mortality.

Theoretically, the choice of the ideal drug 
should be based on pharmacokinetic and phar-
macodynamic properties, the cost of therapy 
(including the drug and the required delivery 
apparatus), and the cost of treating side effects, 
but the critically ill often have systemic ill-
nesses, multiple organ failure, and hemodynamic 

 instability, which limit drug choices. This chapter 
will discuss complications from inadequate and 
excessive pain and sedation therapy, the assess-
ment of pain and sedation, pharmacokinetic and 
pharmacodynamic properties of analgesics and 
sedatives used in critical care practice, and some 
recent practice guidelines on the use of analgesics 
and anxiolytics in the ICU.

Complications From Pain and Anxiety

Undertreated pain results in many physiologic 
responses that are associated with poor outcomes.1 
Stimulation of the autonomic nervous system and 
the release of humoral factors such as catechol-
amines, cortisol, glucagon, leukotrienes, prosta-
glandins, vasopressin, and β-endorphins following 
injury, sepsis, or surgery are known as the stress 
response. This activation of the sympathetic ner-
vous system increases heart rate, BP, and myocardial 
oxygen consumption, which can lead to myocardial 
ischemia or infarction.2 The altered hormonal milieu 
can lead to hypercoagulability due to increased lev-
els of factor VIII and  fi brinogen- platelet activity and 
the inhibition of fi brinolysis.3 The stress hormones 
also produce insulin resistance, increased metabolic 
rate, and protein catabolism. Immunosuppression 
is common because of a reduction in the number 
and function of lymphocytes and granulocytes.4 
Previously, the stress response was considered a 
homeostatic mechanism that was benefi cial, but 
more recent data have shown that this response 
may be detrimental in part. Many studies5–8 have 
shown that the adequate treatment of pain can 
decrease the magnitude of these changes that occur 
following surgery and thereby decrease some post-
operative complications.

The ICU environment can lead to psychologi-
cal diffi culties as well. Of the patients discharged 
from the ICU, 40% recall having pain and 55% 
recall having anxiety during their stay in the 
ICU.9 Patients who have received  mechanical 
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ventilation, been sedated, and paralyzed have 
reported experiencing hallucinations, delusions, 
and altered sense of reality.10 Although some pro-
cedures can be explained to the patient in order 
to help alleviate anxiety, unfortunately not all 
patients who require procedures during the acute 
illness are in a state receptive to reasoning. These 
experiences lead to the development of posttrau-
matic stress syndromes in some patients after 
their stay in the ICU.11 For these patients, effec-
tive therapy for anxiety and pain can reduce some 
of the emotional suffering and decrease the inci-
dence of postoperative neurosis.12 By the same 
token, excessive usage of sedatives can prolong 
mechanical ventilation and may increase the risk 
of delirium, especially in older patients.

Assessment of Pain and Anxiety

Pain and anxiety are intrinsically subjective. 
They are diffi cult to standardize and monitor 
from one care provider to another unless a stan-
dard is developed for assessing and monitoring 
these states. This is what makes the management 
of sedation in critically ill patients one of the more 
challenging areas of ICU care.

For pain, the most widely used scale is the 
visual analog scale, in which patients point to a 
point on a horizontal line that is a representation 
of the spectrum of pain from “no pain” to “the 
worst pain I’ve ever had.” The scale is simplistic 
and has a high degree of reliability and validity,13 
but ignores other dimensions such as the qualita-
tive aspects of pain. Not all critically ill patients 
can use this scale because of the severity of their 
illnesses. Sometimes, bedside nurses have to 
use behavioral signs such as facial expressions, 
movement, or posturing, or physiologic signs 
such as tachycardia, hypertension, or tachypnea. 
Unfortunately, none of these methods are exact. 
They depend on the cultural interpretation of 
pain, and often the type of illness and use of other 
drugs can alter the hemodynamic parameters.

Monitoring sedation is also inexact, and a 
true “gold standard” has not been established. 
The Glasgow Coma Scale is widely used for the 
assessment of level of consciousness, but valid-
ity is established only in patients with neurologic 
defi cits in the acute setting. A scale that may be 
more applicable to the medical-surgical ICU is 

the 6-point Ramsay Scale.14 The Ramsay Scale is 
a numerical scale of motor responsiveness based 
on increasing depth of sedation. Most compara-
tive studies have used the Ramsay Scale, but 
it also has drawbacks. Because it is based on 
motor response, the scale has to be modifi ed for 
patients receiving muscle relaxants, and, like 
the assessment of pain, there is no consensus as 
to what represents an adequate level of sedation 
in an individual patient. Other scales include the 
Sedation-Agitation Scale and the Motor Activity 
Assessment Scale, but all have similar drawbacks. 
On the horizon, the bispectral index (BIS) of the 
EEG is known to provide information about the 
interaction between cortical and subcortical 
regions.15,16 The BIS, which is based on a score 
between 0 and 100, is an index of the level of con-
sciousness.17 It is more often used in the operating 
room as an index of the degree of the depth of gen-
eral anesthesia, to prevent awareness. Recently, 
attempts have been made to extend the use of BIS 
into the ICU, but preliminary reports have been 
confl icting because of muscle-based electrical 
activity or metabolic or structural abnormalities 
of the brain in ICU patients.18,19 Additional stud-
ies are required to validate this technique in ICU 
patients, but the theoretical benefi ts of a nonin-
vasive monitor of cerebral function are plausible. 
To date, however, no data have been able to show 
that BIS monitoring when used to assess depth of 
sedation signifi cantly alters patient outcomes in 
the ICU.20 Because of the lack of evidence, the rou-
tine use of this device was not recommended by 
the new clinical practice guidelines.21

Analgesics

Pain in the critically ill is best treated with 
a pure opioid agonist. The commonly avail-
able opiates all work at the μ-receptor, so the 
choice of which agent to use should be based 
on pharmacokinetic characteristics. In a recent 
clinical guideline,21 the recommended choices 
have been narrowed to morphine, fentanyl, and 
 hydromorphone. The use of meperidine, nonste-
roidal antiinfl amma tory drugs (NSAIDs), and 
mixed opioid agonist-antagonist agents are dis-
couraged because of potential side effects, but 
their use will not be discussed here. However, 
drugs such as methadone, a long-acting opioid 
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that can be administered parenterally or enter-
ally, and ketamine, a sedative drug with analgesic 
qualities, will be discussed at the end of this sec-
tion because they do have specifi c advantages in 
the ICU patient and can be used for the diffi cult-
to-sedate patient.

Morphine 

Recommended as the fi rst-line opioid for use 
in the ICU, morphine, because of its water solu-
bility, has a delayed peak effect when compared 
with the more lipid-soluble opioids such as fen-
tanyl (30 min vs 4 min, respectively). Morphine 
administration leads to venodilation and 
decreases heart rate through sympatholysis and 
direct effects at the sinoatrial node.22 The primary 
side effect is its propensity to cause respiratory 
depression. Other side effects include sedation, 
nausea, ileus, and spasm of the sphincter of Oddi. 
The primary nonreceptor-based side effect from 
morphine is histamine release, causing hypoten-
sion, tachycardia, and possibly bronchospasm in 
susceptible patients. Morphine has an elimination 
half-life of 2 to 4 h. It does have an active metabo-
lite,  morphine-6-glucuronide, that may accumu-
late and cause excessive sedation in patients with 
renal failure.23

Fentanyl 

Fentanyl is the preferred analgesic agent for 
critically ill patients with hemodynamic instabil-
ity or those with a morphine allergy. Fentanyl is 
a synthetic opioid that is 80 to 100 times more 
potent than morphine. Fentanyl has opioid recep-
tor-based side effects that are similar to mor-
phine, but it does not release histamine. Fentanyl 
causes only minor hemodynamic changes and 
does not affect the inotropic state of the heart. 
Virtually all hemodynamic variables, including 
cardiac output and systemic and pulmonary vas-
cular resistance, are unchanged after large doses 
of fentanyl.24 The rapid administration of large 
doses may be associated with bradycardia and 
chest wall rigidity.

Because of the lipid solubility of fentanyl, 
the duration of action with small doses is short 
because of redistribution from the brain to other 
tissues. This is an example of a context-sensitive 

half-life. Larger cumulative doses become depen-
dent on elimination as opposed to redistribution. 
The duration of action lengthens and becomes 
similar to morphine because the elimination half-
lives of the drugs are similar. The pharmacokinet-
ics of fentanyl are not signifi cantly altered in the 
presence of liver or kidney dysfunction.25 Fentanyl 
metabolites may accumulate, but they are largely 
inactive and nontoxic, and the terminal elimina-
tion half-life of fentanyl is based on release from 
tissue stores rather than hepatic elimination.26 
Only with severe hepatic dysfunction and high-
dose fentanyl will altered pharmacokinetics be 
observed.

Hydromorphone 

Recommended as an acceptable alternative to 
morphine, hydromorphone is a semisynthetic opi-
oid that is fi ve times more potent than morphine. 
Time to onset and duration of action are similar to 
those of morphine. Hydromorphone has minimal 
hemodynamic effects and does not result in hista-
mine release. Studies27 also have shown that pruri-
tus, sedation, and nausea and vomiting may occur 
less often with hydromorphone than with mor-
phine, so it can be a good alternative, especially in 
patients who are unable to tolerate morphine.

Like morphine, hydromorphone is metabo-
lized by conjugation with glucuronide, but it also 
undergoes reduction via a nicotinamide adenine 
dinucleotide phosphate reductase to two active 
metabolites. The metabolites have greater analge-
sic activity than the parent compound but are in 
such small amounts that they are probably insig-
nifi cant except in the presence of renal failure or 
large doses over a prolonged time, when their lev-
els may accumulate to toxic levels.28

Methadone 

Methadone is a synthetic opioid agent with 
morphine-like properties that can be administered 
enterally and parenterally. It is much longer acting 
than morphine and has a similar receptor-associ-
ated side effect profi le, but it is less sedating. The 
oral bioavailability is three times greater than the 
bioavailability of oral morphine.29 Methadone has 
had a negative stigma given its association with 
drug abuse and opioid detoxifi cation, and its long 
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half-life makes titratability very diffi cult for most 
ICU patients. Although methadone is not the drug 
of choice for an acutely ill patient whose hospital 
course is rapidly changing, it is a good alternative 
for the patient who has a long recovery ahead and 
an anticipated prolonged ventilatory wean. Often, 
once things are stable, transition from fentanyl or 
morphine infusions to methadone administered 
via the feeding tube can help simplify care regi-
mens and decrease dependence on infusions.

Methadone, unlike morphine, lacks active 
metabolites.30 It is metabolized in the liver, and 
a small portion of it is eliminated in the kidney. 
Nonrenal routes eliminate 60%, so ketamine does 
not accumulate in patients with renal failure.29

Ketamine 

Ketamine, a phencyclidine compound, is 
an IV anesthetic that has analgesic properties. It 
works via the N-methyl-d-aspartate receptor as 
well as the μ-receptor.31 Traditionally, its primary 
use in the ICU has been during short procedures 
with intense pain such as dressing changes and 
wound debridement in burn patients. An advan-
tage of ketamine is that it causes minimal respira-
tory depression.

Ketamine increases BP, heart rate, and cardiac 
output by causing the release of catecholamines.32 
Patients who have been critically ill for a pro-
longed period may have exhausted their cate-
cholamine stores and may exhibit the myocardial 
depressant effects of ketamine.33

Subhypnotic doses of ketamine infusions 
have been used for patients who are very diffi -
cult to sedate with narcotic and benzodiazepine 
infusions.34 These low-dose ketamine infusions 
(� 5 μg/kg/min) do not seem to be associated 
with the usual side effects of ketamine such as 
hypertension, tachycardia, increased intracra-
nial pressure, excessive secretions, and vivid 
dreams and hallucinations (termed emergence 
reactions).34 Tolerance is known to develop with 
prolonged use of larger bolus doses but has not 
been observed at lower dosages due to limited 
experience. Because of its potential adverse side 
effects, ketamine is not recommended for routine 
sedation of the critically ill patient, but it can be 
helpful for more diffi cult situations. Ketamine 
also has  bronchodilatory effects, which could 

be benefi cial during the intubation of asthmatic 
patients.35 Ketamine also may be useful as an 
adjunct in opiate-tolerant patients.

Postoperative Pain and Pain Relief

Several investigations36,36a (although not all) 
in experimental animals and in patients have 
documented that preemptive analgesia improves 
the quality of postoperative pain management. 
Preemptive analgesia can decrease the sensitiza-
tion of the CNS that would ordinarily amplify 
subsequent nociceptive input (termed windup); 
preemptive analgesia requires the administra-
tion of local anesthesia or other pain medication 
prior to the development of pain.36 Patients who 
have more severe pain preoperatively will require 
larger quantities of pain medication periopera-
tively than patients who deny pain or have infre-
quent pain preoperatively.37

The choices for pharmacologic postopera-
tive pain relief therapy for hospitalized patients 
include the following: the administration of 
NSAIDs, including cyclooxygenase-2 inhibitors,38 
and the administration of narcotic or narcoticlike 
medications parentally into the epidural space 
or into the cerebrospinal fl uid. The administra-
tion of NSAIDs can decrease the total dose of 
narcotic medication required for postoperative 
pain control; there are no signifi cant data that 
 cyclooxygenase-2 inhibitors provide a major 
advantage over traditional NSAIDs.38 Moreover, 
NSAIDs should not be administered to patients 
with renal insuffi ciency, a history of ulcer disease, 
or bleeding tendencies. Therefore, patients who 
have undergone craniotomies or major vascular 
surgery are not considered good candidates for 
these medications.

The intrathecal administration of narcotics 
is not as popular as the administration of these 
medications into the epidural space because of 
the duration of the analgesia and the respiratory 
depression and headaches that can be associated 
with this procedure.39 Usually, only one dose of 
intrathecal opioid is administered; duration of 
pain relief is a problem for some patients. After 
the administration of 0.5 to 1.0 mg of intrathe-
cal morphine, 15 to 22 h of analgesia have been 
reported.39,40 Nonetheless, intrathecal opioids are 
now used for perioperative analgesia for cardiac, 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 429

vascular, and hip arthroplasty surgeries, and 
patients receive parenteral narcotics if the spinal 
narcotic is insuffi cient for pain relief.

Another reason intrathecal opioids have been 
underused is the fear of respiratory depression. The 
incidence of this event in one report41 was 3% of 
6,000 patients (180 patients) who had received intra-
thecal preservative-free morphine, 0.2 to 0.8 mg, 
plus 25 μg of fentanyl; none of the patients required 
intubation, and all of the patients responded to nal-
oxone infusions without reversal of their analgesia. 
Pruritus (37% incidence) and nausea and vomiting 
(25% incidence) occurred at the same frequency 
that is seen after the administration of parenteral or 
epidural opioids.42 (Pruritus should be treated with 
naloxone rather than diphenhydramine hydrogen 
chloride, as the pruritus is not histamine mediated.) 
Finally, there is a fear of severe postdural puncture 
headaches that can require an epidural blood patch 
for relief. This complication and therapy occurred 
in 0.37% of 6,000 patients who received intrathe-
cal opioids.42 However, the investigators admitted 
that intrathecal opioids were not offered to patients 
who had a history of frequent headaches. In addi-
tion, the use of “pencil-point” spinal needles can 
signifi cantly reduce the incidence of postdural 
puncture headaches.

The administration of epidural opioids is 
associated with complications similar to those 
of the intrathecal administration of opioids. 
The incidence of dural puncture with epidurals 
ranges between 0.16% and 1.3%, and the inci-
dence of headache in the group of patients who 
had a puncture is between 16% and 86%.43,44 A 
unique complication to the epidural approach is 
the formation of epidural hematomas. The inci-
dence of epidural hematomas appears to be very 
rare unless the patient is anticoagulated or has a 
coagulation disorder.45 There have been epidu-
ral hematomas reported in patients who have 
received low-molecular-weight heparin and then 
had epidural catheters placed.45 There have been 
three separate national advisory panels on this 
issue; there is now a warning in all packages of 
low-molecular-weight heparins. Because of these 
reports, guidelines have been generated; the prac-
tice at the University of California, San Francisco 
is that epidural catheters not be placed for 12 h 
after the last dose of low-molecular-weight hepa-
rin.45 Close communication is required among the 

anesthesiologist, surgeon, and postoperative pain 
management physicians.

Local anesthetics and narcotics are often 
administered in combination via epidural cath-
eters because investigations40,44 have documented 
improved perioperative outcomes with this tech-
nique, including improved pulmonary func-
tion, decreased pulmonary complications, and 
decreased sedation. Similarly, the administra-
tion of local anesthetics via an epidural catheter 
appears to reduce postoperative ileus, reduce the 
requirements of systemic opioids, and decrease 
the duration of hospitalization after abdominal 
surgeries.40,44 The local anesthetic appears to be 
the important agent in achieving these outcome 
benefi ts. However, as local anesthetics have sig-
nifi cant hemodynamic side effects that depend on 
the extent of the neural blockade and can cause 
motor blockade, which precludes postoperative 
ambulation, small doses of local anesthetic are 
administered in combination with opioids via the 
epidural catheters to obtain pain relief and minor 
nerve blockade, and to produce minimal side 
effects from both agents. For example, a solution 
of 0.05% ropivacaine (a new local anesthetic that 
causes less motor blockade than bupivacaine) and 
1 μg/mL of fentanyl has been administered at 
8 mL/h via an epidural catheter, and postopera-
tive patients obtained optimal pain relief without 
motor blockade.46 Note that patients are allowed 
to ambulate only with assistance when they are 
receiving these agents, and specifi c orders are 
required regarding additional pain medication.

Perioperative Glycemic Control

Critically ill patients are frequently hypergly-
cemic. The metabolic response to critical illness 
includes stimulation of the hypothalamic-pitu-
itary-adrenal axis, resulting in increased growth 
hormone and prolactin levels. Growth hormone 
levels are high early in the course of critical illness 
and then typically become quite low. Takala et al47 

demonstrated that growth hormone administered 
to patients with prolonged critical illness resulted 
in increased mortality when compared with pla-
cebo. Cortisol levels are usually increased, and 
these endocrine changes result in hyperglycemia. 
Catecholamines, both endogenous and exog-
enous, also contribute to the hyperglycemia of 
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 critical  illness. Whereas previous practice had 
been to treat only marked hyperglycemia (eg, 
� 200 mg/dL), recent evidence suggests that con-
trol should be much more rigorous.

van den Berghe and colleagues48 performed a 
prospective, randomized trial of intensive insulin 
therapy in critically ill patients, most of whom 
had undergone cardiac surgery. The interven-
tion group received an insulin infusion to main-
tain serum glucose concentration between 80 and 
100 mg/dL, whereas the control group blood 
glucose concentration was maintained between 
180 and 200 mg/dL. The ICU mortality rate was 
decreased in the treatment group from 8 to 4.6% 
(p � 0.04). In addition to the mortality rate reduc-
tion, the patients with insulin infusion had fewer 
infections, decreased transfusion requirements, 
and a shorter duration of mechanical ventila-
tion. The mechanism for this outcome is unclear. 
Possibilities include both the avoidance of hyper-
glycemia and a therapeutic effect of insulin. Can 
the results of this study be extrapolated to other 
critically ill patients? Unlike the other studies dis-
cussed, the patients in this study did not require a 
diagnosis of sepsis to be enrolled. It is possible that 
because of a longer length of stay, these patients 
may obtain even greater benefi t. This hypothesis, 
however, must be tested prospectively.

A prospective, observational study42 exam-
ined the effects of glucose control in 523 patients 
admitted to a single surgical ICU. In this trial, 
the primary determinant of a bad outcome was 
hyperglycemia, rather than hypoinsulinemia. 
That is, lower mortality was associated with gly-
cemic control, rather than a protective effect of 
insulin administration. Indeed, increased insulin 
dosing was associated with increased mortality 
across all ranges of glycemia. These data sug-
gest that  keeping the blood glucose concentration 
below 140 mg/dL may provide a similar survival 
benefi t as the “tighter” range of 80 to 110 mg/dL 
used by van den Berghe et al.48

Implementation of strict glucose control pro-
tocols is diffi cult, and the consequences of severe 
hypoglycemia are devastating. For example, 
implementation of a similar protocol in our 24-bed 
medical-surgical ICU required extensive nurse 
and physician training. Whereas tight control 
may not be feasible in settings other than the ICU, 
more attention needs to be paid to  perioperative 

glycemic control. A follow-up study by van den 
Berghe et al49 in medical ICU patients was unable 
to replicate their robust fi ndings in surgical ICU 
patients. Mortality rate was not reduced with 
glycemic control; however, in patients with ICU 
stays � 3 days, there was still signifi cant benefi t. 
Two more recent studies have added additional 
doubt to the effi cacy of intensive insulin therapy. 
Brunkhorst et al50 performed a multicenter ran-
domized trial comparing intensive insulin therapy 
with more conservative treatment of hypergly-
cemia. The trial was terminated early because 
of episodes of severe hypoglycemia associated 
with insulin administration. The defi nitive trial, 
termed NICE SUGAR, was recently published in 
the New England Journal of Medicine.51 This was 
also a randomized, controlled trial, enrolling 
� 6,000 patients. Unlike the previous study, NICE 
SUGAR demonstrated increased mortality rate in 
patients receiving intensive insulin therapy.
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Objectives:

• Improve the recognition, differential diagnosis, and man-
agement of seizures occurring in critically ill patients

• Understand the pharmacology and application of newer 
anticonvulsant drugs in the ICU

• Recognize and manage status epilepticus
• Understand the special diagnostic and management issues 

of refractory status epilepticus
• Improve recognition of patients with acute subarachnoid 

hemorrhage
• Recognize and manage the major CNS complications of 

subarachnoid hemorrhage
• Recognize the common systemic complications of subarach-

noid hemorrhage
• Review the role of the critical care service in the manage-

ment of stroke
• Briefl y review other neurologic emergencies in the ICU 

setting

Key words: brain abscess; diazepam; encephalitis; Guil-
lain-Barré syndrome; herpes simplex; ketamine; lorazepam; 
meningitis; myasthenia gravis; neurogenic respiratory failure; 
nonconvulsive status epilepticus; polymerase chain reaction; 
propofol; recombinant tissue-plasminogen activator; seizure; 
status epilepticus; stroke; subarachnoid hemorrhage

Seizures

Seizures complicate about 3% of adult ICU admis-
sions for nonneurologic conditions. The medical 
and economic impact of these seizures confers 
importance on them out of proportion to their 
incidence. A seizure is often the fi rst indication 
of a CNS complication; thus, their rapid etiologic 
diagnosis is mandatory. In addition, because epi-
lepsy affects 2% of the population, patients with 
preexisting seizures occasionally enter the ICU 
for other problems. Because the initial treatment 
of these patients is the province of the intensivist, 
he or she must be familiar with seizure manage-
ment as it affects the critically ill patient. Patients 
developing status epilepticus (SE) will often 
require the care of a critical care specialist in addi-
tion to a neurologist.

Seizures have been recognized at least since 
hippocratic times, their relatively high rate of 

occurrence in critically ill patients has only 
recently been recognized. Seizures complicating 
critical care treatments (eg, lidocaine) are also a 
recent phenomenon. Early attempts at treatment 
included bromide,1 morphine,2 and ice applica-
tions. Barbiturates were fi rst employed in 1912, 
and phenytoin in the 1937.3 Paraldehyde was 
popular in the next decades.4 More recently, 
emphasis has shifted to the benzodiazepines, 
which were pioneered in the 1960s.5

Epidemiology

Limited data are available on the epidemiol-
ogy of seizures the ICU. A 10-year retrospective 
study of all ICU patients with seizures at the Mayo 
Clinic found 7 patients per 1,000 ICU admissions.6 
Our 2-year prospective study of medical ICU 
patients identifi ed 35 with seizures per 1,000 
admissions.7 These studies are not exactly compa-
rable, as the patient populations and methods of 
detection differed. Seizures are probably even 
more frequent in pediatric ICUs.

Certain ICU patients are at higher risk for sei-
zures, but the degree of that increase has not been 
quantifi ed. Renal failure or an altered blood-brain 
barrier increases the seizure likelihood for patients 
receiving imipenem-cilastatin, but other patients 
receiving this antibiotic [or γ-aminobutyric acid 
(GABA) antagonists like penicillin] are also at risk. 
Transplant recipients, especially receiving cyclo-
sporine, are also at increased risk, as are those who 
rapidly become hypo-osmolar from any etiology. 
Nonketotic hyperglycemia patients have an 
unusual predisposition toward partial seizures 
and partial SE.

Incidence estimates for generalized convulsive 
SE (GCSE) in the United States vary from 50,000 
cases/yr8 to 250,000 cases/yr.9 Some portion of this 
difference derives from different defi nitions; the 
latter estimate represents the only population-
based data available, however, and may be more 
accurate. Mortality estimates similarly vary from 
1 to 2% in the former study to 22% in the latter. This 
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disagreement follows from a conceptual discor-
dance: the smaller number describes mortality that 
the authors directly attributed to SE, while the 
larger fi gure estimates the overall mortality rate, 
even though the cause of death was frequently the 
underlying disease rather than SE itself. For exam-
ple, the study by DeLorenzo et al9 included SE due 
to anoxia in its SE mortality estimate. In many of 
the reports surveyed in the earlier review, such 
patients would not have been counted.

Many risk factors emerged from the Richmond 
study. SE lasting �1 h carried a mortality of 32%, 
compared with 2.7% for a duration �1 h. SE caused 
by anoxia resulted in 70% mortality in adults, but 
�10% in children. The commonest cause of SE in 
adults was stroke, followed by withdrawal from 
antiepileptic drug therapy; cryptogenic SE; and SE 
related to alcohol withdrawal, anoxia, and met abolic 
disorders. Systemic infection was the commonest 
cause of childhood SE, followed by congenital 
anomalies, anoxia, metabolic problems, anticonvul-
sant withdrawal, CNS infections, and trauma.

The data in Table 1, based on 20 years of expe-
rience at the San Francisco General Hospital,10–12 
are of interest because almost all patients with SE 
in the city of San Francisco who begin to seize 
outside of a hospital are transported there. About 
10% of epilepsy patients present with SE,13 and 
nearly 20% of seizure patients experience an epi-
sode of SE within 5 years of their fi rst seizure.9

Classifi cation

The most frequently used classifi cation schema 
is that of the International League Against Epi-
lepsy14 (Table 2). This allows classifi cation based on 
clinical criteria without inferring etiology. Simple 
partial seizures start focally in the cerebral cortex, 
without invading other structures. The patient is 
aware throughout the episode, and appears other-
wise unchanged. Bilateral limbic dysfunction pro-
duces a complex partial seizure; awareness and ability 
to interact are diminished (but may not be com-
pletely abolished). Automatisms (movements that 
the patient makes without awareness) may occur. 
Secondary generalization results from invasion of the 
other hemisphere or subcortical structures.

Primary generalized seizures arise from the cere-
bral cortex and diencephalon at the same time; no 
focal phenomena are visible, and consciousness is 
lost at the onset. Absence seizures are frequently 

Table 1. Etiologies of SE at the San Francisco General Hospital*

 1970–1980 (%) 1980–1989 (%) 
 (n � 98) (n � 152)

 Prior No Prior Prior No Prior
Etiology Seizures Seizures Seizures Seizures

Ethanol-related 11 4 25 12
Anticonvulsant 

noncompliance 27 0 41 0
Drug toxicity 0 10 5 10
Refractory epilepsy — — 8 0
CNS infection† 0 4 2 10
Trauma 1 2 2 6
Tumor 0 4 2 7
Metabolic† 3 5 2 4
Stroke† 4 11 2 5
Anoxia† 0 4 0 6
Other 11 5 3 5

*Data from Lowenstein and Alldredge.11

†Indicates conditions most likely to result in ICU admission.

Table 2. International Classifi cation of Epileptic Seizures*

  I. Partial seizures (seizures beginning locally)
A.  Simple partial seizures (SPS)—consciousness not 

impaired
1. With motor symptoms
2.  With somatosensory or special sensory 

symptoms
3. With autonomic symptoms
4. With psychic symptoms

B.  Complex partial seizures—with impairment of 
consciousness
1.  Beginning as SPS and progressing to impairment 

of consciousness
a. Without automatisms
b. With automatisms

2. With impairment of consciousness at onset
a. With no other features
b. With features of SPS
c. With automatisms

C.  Partial seizures (simple or complex), secondarily 
generalized

  II. Primary generalized seizures (bilaterally symmetric, 
without localized onset)
A. Absence seizures

1. True absence (petit mal)
2. Atypical absence

 B. Myoclonic seizures
C. Clonic seizures
D. Tonic seizures
E.  Tonic-clonic seizures (grand mal; generalized 

tonic-clonic)
 F. Atonic seizures

III. Unclassifi ed seizures

*Adapted from Bleck.16
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confi ned to childhood, consisting of the abrupt 
onset of a blank stare, usually lasting 5 to 15 s, 
from which the patient abruptly returns to normal. 
Atypical absence occurs in children with the 
Lennox-Gastaut syndrome. Myoclonic seizures start 
with brief synchronous jerking without initially 
altered consciousness, followed by a generalized 
convulsion. They frequently occur in the genetic 
epilepsies; in the ICU, they commonly follow 
anoxia or metabolic disturbances.15 Tonic-clonic sei-
zures start with tonic extension and evolve to bilat-
erally synchronous clonus, and conclude with a 
postictal phase. Clinical judgment is required to 
apply this system in the ICU. In patients whose 
consciousness has already been altered by drugs, 
hypotension, sepsis, or intracranial pathology, the 
nature of their partial seizures may be diffi cult to 
classify. 

SE is classifi ed by a similar system, altered to 
match observable clinical phenomena (Table 3).16 
Generalized convulsive SE (GCSE) is the common-
est type encountered in the ICU, and poses the 
greatest risk to the patient. It may either be pri-
marily generalized, as in the drug-intoxicated 
patient, or secondarily generalized, as in the brain 
abscess patient in whom GCSE develops. Noncon-
vulsive SE (NCSE) in the ICU frequently follows 
partially treated GCSE. Some use the term for all 

SE involving altered consciousness without con-
vulsive movements; this blurs the distinctions 
among absence SE, partially treated GCSE, and 
complex partial SE (CPSE), which have different 
etiologies and treatments. Epilepsia partialis conti-
nua (a special form of partial SE in which repeti-
tive movements affect a small area of the body) 
sometimes lasts for months or years.

Pathogenesis and Pathophysiology

The reported “causes” of SE can be divided 
into predispositions and precipitants. Predisposi-
tions are static conditions increasing the likelihood 
of SE in the presence of a precipitant. Precipitants 
are events that can produce SE in most, if not all, 
people, but tend to affect those with predisposi-
tions at lesser degrees of severity (eg, barbiturate 
withdrawal). The causes and effects of SE at the 
cellular, brain, and systemic levels are interre-
lated, but their individual analysis is useful for 
understanding them and their therapeutic impli-
cations. Longer SE durations produce more pro-
found alterations with an increasing likelihood of 
permanence, and of becoming refractory to treat-
ment. The processes involved in a single seizure 
and the transition to SE have recently been 
reviewed.17

The ionic events of a seizure follow the open-
ing of ion channels coupled to excitatory amino 
acid (EAA) receptors. From the standpoint of the 
intensivist, three channels are particularly impor-
tant because their activation may raise intracellu-
lar free calcium to toxic concentrations: alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
(AMPA) channels, N-methyl-d-aspartate (NMDA) 
channels, and metabotropic channels. These EAA 
systems are crucial for learning and memory. Many 
drugs affect these systems but are too toxic for 
chronic use. The deleterious consequences of SE, 
and the brief period for which such agents would 
be needed, suggest that they may have a role in SE. 
Counterregulatory ionic events are triggered by 
the epileptiform discharge as well, such as the acti-
vation of inhibitory interneurons, which suppress 
excited neurons via GABA-A synapses.

The cellular effects of excessive EAA channel 
activity include (1) generating toxic concentra-
tions of intracellular free calcium; (2) activating 
autolytic enzyme systems; (3) producing oxygen 

Table 3. Clinical Classifi cation of Status Epilepticus*

   I. Generalized seizures
A. Generalized convulsive SE (GCSE)

1. Primary generalized SE
a. Tonic-clonic SE
b. Myoclonic SE
c. Clonic-tonic-clonic SE

2. Secondarily generalized SE
a.  Partial seizure with secondary 

generalization
b. Tonic SE

B. Nonconvulsive SE (NCSE)
1. Absence SE (petit mal status)
2.  Atypical absence SE 

(eg, in the Lennox-Gastaut syndrome)
3. Atonic SE
4. NCSE as a sequel of partially treated GCSE

 II. Partial SE
A. Simple partial SE

1. Typical
2. Epilepsia partialis continua

B. Complex partial SE (CPSE)
III. Neonatal SE

*Adapted from Lothman.17
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free radicals; (4) generating nitric oxide, which both 
enhances subsequent excitation and serves as a 
toxin; (5) phosphorylating enzyme and receptor 
systems, making seizures likely; and (6) increasing 
intracellular osmolality, producing neuronal swell-
ing. If adenosine triphosphate production fails, 
membrane ion exchange ceases, and the neuron 
swells further. These events produce the neuronal 
damage associated with SE.

Many other biophysical and biochemical 
alterations occur during and after SE. The intense 
neuronal activity activates immediate-early genes 
and produces heat shock proteins, providing indi-
cations of the deleterious effects of SE and insight 
into the mechanisms of neuronal protection.18 
Wasterlain’s group has summarized mechanisms 
by which SE damages the nervous system.19 
Absence SE is an exception among these condi-
tions; it consists of rhythmically increased inhibi-
tion and does not produce clinical or pathologic 
abnormalities.

The mechanisms that terminate seizure activity 
are poorly understood. The leading candidates are 
inhibitory mechanisms, primarily GABAergic neu-
ronal systems. Clinical observation supports the 
contention that human SE frequently follows with-
drawal from GABA agonists (eg, benzodiazepines).

The electrical phenomena of SE at the whole 
brain level, as seen in the scalp EEG, refl ect the 
seizure type that initiates SE, eg, absence SE begins 
with a 3-Hz wave-and-spike pattern. During SE, 
there is slowing of this rhythm, but the wave-
and-spike characteristic remains. GCSE goes 
through a sequence of electrographic changes 
(Table 4).20 The initial discharge becomes less well 
formed, implying that neuronal fi ring is losing 

synchrony. The sustained depolarizations that 
characterize SE alter the extracellular milieu, most 
importantly by raising extracellular potassium. 
The excess potassium ejected during SE exceeds 
the buffering ability of astrocytes. Raising extra-
cellular potassium potentiates more seizures.

The increased cellular activity of SE elevates 
demand for oxygen and glucose, and blood fl ow 
initially increases. After about 20 min, however, 
energy supplies become exhausted. This causes 
local catabolism to support ion pumps (attempt-
ing to restore the internal milieu). This is a major 
cause of epileptic brain damage.

The brain contains systems to terminate sei-
zure activity; GABAergic interneurons and inhib-
itory thalamic neurons are both important.

SE produces neuropathology even in patients 
who are paralyzed, ventilated, and maintained at 
normal temperature and blood pressure. The hip-
pocampus, a crucial area for memory, contains the 
most susceptible neurons, but other regions are 
also vulnerable. In addition to damaging the CNS, 
GCSE produces life-threatening, systemic effects.21 
Systemic and pulmonary arterial pressures rise 
dramatically at seizure onset. Epinephrine and 
cortisol prompt further elevations and also pro-
duce hyperglycemia. Muscular work raises blood 
lactate. Breathing suffers from both airway obstruc-
tion and abnormal diaphragmatic contractions. 
CO2 excretion falls while its production increases 
markedly. Muscular work accelerates heat produc-
tion; skin blood fl ow falls concomitantly, some-
times raising core temperature dangerously.

After about 20 min, motor activity begins 
to diminish, and ventilation usually improves. 
Body temperature may rise further, however. 

Table 4. Electrographic-Clinical Correlations in GCSE* 

Stage Typical Clinical Manifestations Electroencephalographic Features

 1 Tonic-clonic convulsions; hypertension and  Discrete seizures with interictal slowing
 hyperglycemia common
 2 Low- or medium-amplitude clonic activity, with  Waxing and waning of ictal discharges
 rare convulsions
 3 Slight, but frequent, clonic activity, often confi ned to  Continuous ictal discharges
 the eyes, face, or hands
 4 Rare episodes of slight clonic activity; hypotension  Continuous ictal discharges punctuated by fl at periods
 and hypoglycemia become manifest
 5 Coma without other manifestations of seizure activity Periodic epileptiform discharges on a fl at background

*Data from Treiman.20
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Hyperglycemia diminishes; after 1 h, gluconeo-
genesis can fail, producing hypoglycemia. GCSE 
patients often aspirate oral or gastric contents, pro-
ducing pneumonia. Rhabdomyolysis is common, 
and may lead to renal failure. Compression frac-
tures, joint dislocations, and tendon avulsions are 
other sequelae.

Clinical Manifestations

Three problems occur in seizure recognition: 
(1) complex partial seizures in the setting of 
impaired awareness; (2) seizures in patients receiv-
ing pharmacologic paralysis; and (3) misinterpre-
tation of other abnormal movements as seizures. 
ICU patients often have depressed consciousness 
in the absence of seizures, as a result of their dis-
ease, its complications (such as septic encephalop-
athy22), or drugs. A further decline in alertness 
may refl ect a seizure; an EEG is required to diag-
nose one.

Patients receiving neuromuscular junction 
(NMJ) blocking agents do not manifest the usual 
signs of seizures. Because most such patients 
receive sedation with GABA agonists, the likeli-
hood of seizures is small. Autonomic signs of 
seizures (hypertension, tachycardia, pupillary dila-
tion) may also be the effects of pain or the response 
to inadequate sedation. Hence, in patients mani-
festing these fi ndings who have a potential for sei-
zures (eg, intracranial pathology), an EEG should 
be performed. The actual incidence of this problem 
is unknown.

Abnormal movements can occur in patients 
with metabolic disturbances or anoxia. Some can 
be distinguished from seizures by observation, 
but if doubt about their nature persists, an EEG 
should be performed. Psychiatric disturbances in 
the ICU occasionally resemble complex partial 
seizures. Prolonged EEG monitoring may be 
required if the problem is intermittent.

Manifestations of SE: The manifestations of SE 
depend on the type and, for partial SE, the cortical 
area of abnormality. Table 3 depicts the types of 
SE encountered. This focuses on those seen most 
in the ICU.

Primary GCSE begins as tonic extension of the 
trunk and extremities without preceding focal 
activity. No aura is reported and consciousness is 
immediately lost. After several seconds of tonic 

extension, the extremities start to vibrate, quickly 
giving way to clonic (rhythmic) extension of the 
extremities. This phase wanes in intensity over a 
few minutes. The patient may then repeat the 
cycle of tonus followed by clonic movements, or 
continue to have intermittent bursts of clonic 
activity without recovery. Less common forms of 
GCSE are myoclonic SE (bursts of myoclonic jerks 
increasing in intensity, leading to a convulsion) 
and clonic-tonic-clonic SE (clonic activity precedes 
the fi rst tonic contraction). Myoclonic SE is usu-
ally seen in patients with anoxic encephalopathy 
or metabolic disturbances.

Secondarily generalized SE begins with a par-
tial seizure and progresses to a convulsion. The 
initial focal clinical activity may be overlooked. 
This seizure type implies a structural lesion, so 
care must be taken to elicit evidence of lateralized 
movements. 

Of the several forms of generalized NCSE, the 
one of greatest importance to intensivists is NCSE 
as a sequel of inadequately treated GCSE. When a 
patient with GCSE is treated with anticonvulsants 
(often in inadequate doses), visible convulsive 
activity may stop while the electrochemical sei-
zure continues. Patients begin to awaken within 
15 to 20 min after the successful termination of SE; 
many regain consciousness much faster. Patients 
who do not start to awaken after 20 min should be 
assumed to have entered NCSE. Careful observa-
tion may disclose slight clonic activity. NCSE is an 
extremely dangerous problem because the destruc-
tive effects of SE continue even without obvious 
motor activity. NCSE demands emergent treat-
ment under EEG monitoring to prevent further cere-
bral damage, because there are no clinical criteria 
to indicate when therapy is effective.

Partial SE in ICU patients often follows a 
stroke or occurs with rapidly expanding brain 
masses. Clonic motor activity is most easily recog-
nized, but the seizure takes on the characteristics 
of adjacent functional tissue. Therefore, somato-
sensory or special sensory manifestations occur, 
and the ICU patient may be unable to report such 
symptoms. Aphasic SE occurs when a seizure 
begins in a language area, and may resemble a 
stroke. Epilepsia partialis continua involves repeti-
tive movements confi ned to a small region of the 
body. It may be seen with nonketotic hyperglyce-
mia or with focal brain disease; anticonvulsant 
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treatment is seldom useful. CPSE presents with 
diminished awareness. The diagnosis often comes 
as a surprise when an EEG is obtained.

Diagnostic Approach

When an ICU patient seizes, one has a natural 
tendency to try to stop the event. This leads to 
both diagnostic obscuration and iatrogenic com-
plication. Beyond protecting the patient from 
harm, very little can be done rapidly enough to 
infl uence the course of the seizure. Padded tongue 
blades or similar items should not be placed in the 
mouth; they are more likely to obstruct the airway 
than to preserve it. Most patients stop seizing 
before any medication can reach the brain in an 
effective concentration. 

Observation is the most important activity 
during a single seizure. This is the time to collect 
evidence of a partial onset, in order to implicate 
structural brain disease. The postictal examination 
is similarly valuable; language, motor, sensory, 
or refl ex abnormalities after an apparently gen-
eralized seizure are evidence In the ICU patient, 
several potential seizure etiologies must be inves-
tigated. Drugs are a major cause of ICU seizures, 
especially in the setting of diminished renal or 
hepatic function, or when the blood-brain barrier 
is breached. Drug withdrawal is also a frequent 
offender. While ethanol withdrawal is common, 
discontinuing any hypnosedative agent may 
prompt convulsions 1 to 3 days later. A recent 
report suggests that narcotic withdrawal may pro-
duce seizures in the  critically ill.9

The physical examination should emphasize 
the areas listed for the postictal examination. Evi-
dence of cardiovascular disease or systemic infec-
tion should be sought, and the skin and fundi 
closely examined.

Illicit drug screening should be performed on 
patients with unexplained seizures. Cocaine is 
becoming a major cause of seizures.23 Electrolytes 
and serum osmolality should also be measured. 
However, hypocalcemia rarely causes seizures 
beyond the neonatal period; its discovery must not 
end the diagnostic work-up. Hypomagnesemia 
has an equally unwarranted reputation as the cause 
of seizures in malnourished alcoholic patients.

The need for imaging studies in these patients 
has been an area of uncertainty. A prospective 

study of neurologic complications in medical ICU 
patients determined that 38 of 61 patients (62%) 
had a vascular, infectious, or neoplastic explana-
tion for their fi ts. Hence, CT or MRI should be 
performed on most ICU patients with new sei-
zures. Hypoglycemia and nonketotic hyperglyce-
mia can produce seizures, and such patients might 
be treated for metabolic disturbances and observed 
if they lack other evidence of focal disease. With 
current technology, there are almost no patients 
who cannot undergo CT scanning. While MRI is 
preferable in most situations, the magnetic fi eld 
precludes infusion pumps and other metallic 
devices. Whether to administer contrast for a CT 
depends on the clinical setting and on the appear-
ance of the plain scan.

The EEG is a vital diagnostic tool for the sei-
zure patient. Partial seizures usually have EEG 
abnormalities that begin in the area of cortex pro-
ducing the seizures. Primary generalized seizures 
appear to start over the entire cortex simultane-
ously. Postictal slowing or depressed amplitude 
provide clues to the focal etiology of the seizures, 
and epileptiform activity helps to classify the type 
of seizure and guide treatment. In patients who 
do not begin to awaken soon after seizures have 
apparently been controlled, an emergent EEG is 
necessary to exclude NCSE.

Considering the etiologies of seizures in the 
ICU setting, patients who need cerebrospinal fl uid 
(CSF) analysis usually require a CT scan fi rst. 
When CNS infection is suspected, empiric antibi-
otic treatment should be started while these stud-
ies are being performed.

In contrast to the patient with a single seizure 
or a few seizures, the SE patient requires concom-
itant diagnostic and therapeutic efforts. Although 
20 min of continuous or recurrent seizure activity 
usually defi ne SE, one does not stand by waiting 
for this period to start treatment. Because most 
seizures stop within 2 to 3 min, it is reasonable to 
treat after 5 min of continuous seizure activity, or 
after the second or third seizure occurring with-
out recovery between the spells.

GCSE can rarely be confused with decere-
brate posturing, but observation usually makes 
the distinction straightforward. Tetanus patients 
are awake during their spasms, and fl ex their 
arms rather than extending them as seizure 
patients do.18
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Treatment for SE should not be delayed to 
obtain an EEG. A variety of fi ndings may be pres-
ent on the EEG, depending on the type of SE and 
its duration (Table 4). CPSE patients often lack 
such organized discharges of GCSE, but instead 
have waxing and waning rhythmic activity in one 
or several head regions. A diagnostic trial of an IV 
benzodiazepine is often necessary to diagnose 
CPSE. Patients developing refractory SE or hav-
ing seizures during NMJ blockade require con-
tinuous EEG monitoring.

Management Approach

Deciding to administer anticonvulsants to an 
ICU patient who experiences one seizure or a few 
seizures requires a provisional etiology, estima-
tion of the recurrence likelihood, and recognition 
of the utility and limitations of anticonvulsants. 
For example, seizures during ethanol withdrawal 
do not indicate a need for chronic treatment, and 
giving phenytoin will not prevent more with-
drawal convulsions. The patient may need pro-
phylaxis against delirium tremens, but the few 
seizures themselves seldom require treatment. 
Patients who experience convulsions during bar-
biturate or benzodiazepine withdrawal, in con-
trast, should usually receive short-term treatment 
with lorazepam to prevent SE. Seizures related to 
drugs or metabolic disorders should also be 
treated briefl y but not chronically.

The ICU patient with CNS disease who has 
even one seizure should usually start chronic anti-
convulsant therapy, with review of this decision 
before discharge. Initiating this treatment after 
the fi rst unprovoked seizure helps prevent sub-
sequent epilepsy.24 Starting after the fi rst seizure 
in a critically ill patient at risk for seizure recur-
rence may be even more important, especially in 
conditions that would be seriously complicated by 
a convulsion. In the ICU setting, phenytoin is fre-
quently selected for ease of administration and lack 
of sedation. The hypotension and arrhythmias that 
may complicate rapid administration can usually be 
prevented by slowing the infusion to �25 mg/min. 
Because of the rare occurrence of third-degree 
AV block, an external pacemaker should be avail-
able when patients with conduction abnormali-
ties receive IV phenytoin. Fosphenytoin is safer to 
administer from an extravasation standpoint, but 

still carries risks of hypotension and arrhythmias. 
The phenytoin concentration should be kept in the 
“therapeutic” range of 10 to 20 μg/mL unless fur-
ther seizures occur; the level may then be increased 
until signs of toxicity occur. Failure to prevent sei-
zures at a concentration of 25 μg/mL is usually an 
indication to add phenobarbital.

Phenytoin is usually 90% protein-bound. 
Patients with renal dysfunction have lower total 
phenytoin levels at a given dose because the drug 
is displaced from binding sites, but the unbound 
level is not affected. Thus, renal failure patients, 
and perhaps others who are receiving highly pro-
tein-bound drugs (which compete for binding), 
may benefi t from free-phenytoin level determina-
tion. Only the free fraction is metabolized, so the 
dose is not altered with changing renal function. 
The clearance half-time with normal liver func-
tion varies from about 12 to 20 h (IV form) to �24 h 
(extended-release capsules), so a new steady-state 
serum concentration occurs in 3 to 6 days. Phe-
nytoin need not be given more frequently than 
every 12 h. Hepatic dysfunction mandates decreas-
ing the maintenance dose.

Hypersensitivity is the major adverse effect of 
concern to the intensivist. This may manifest itself 
solely as fever, but commonly includes rash and 
eosinophilia. Adverse reactions to phenytoin and 
other anticonvulsants have been reviewed.25

Phenobarbital remains a useful anticonvulsant 
for those intolerant to phenytoin, or who have per-
sistent seizures after adequate phenytoin. The tar-
get for phenobarbital in the ICU should be 
20 to 40 μg/mL. Hepatic and renal dysfunction 
alter phenobarbital metabolism. Because its usual 
clearance half-time is about 96 h, give maintenance 
doses of this agent once a day. A steady-state level 
takes about 3 weeks to be established. Sedation is 
the major adverse effect; allergy occurs rarely.

Carbamazepine is seldom started in the ICU 
because its insolubility precludes parenteral for-
mulation. Oral loading in conscious patients may 
 produce coma lasting several days. This drug causes 
hyponatremia in patients receiving it chronically.

Management Issues in Acute Repetitive
(Serial) Seizures

Despite the near-certainty that acute repeti-
tive seizures not meeting a defi nition of SE must 
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occur more frequently than SE itself, and that 
many cases of SE emerge from such a state, there 
has been little study of the issue of treatment. 
Although the use of IV benzodiazepines has 
become common in many inpatient settings, the 
choice of drug and the appropriate dose are uncer-
tain. Many clinicians use IV diazepam, perhaps 
based more on tradition than pharmacokinetics. 
The anticonvulsant effect of a single dose of diaz-
epam is very brief (about 20 min), while that of 
lorazepam is much longer (4 h or longer). Because 
the risk of serious adverse effects (eg, respiratory 
depression) is potentially greater for diaze-
pam, lorazepam may represent a better choice.26 
If a shorter-acting agent is desired for diagno-
stic purposes when the diagnosis of a seizure is 
uncertain, midazolam may be a better choice. 
The role of other agents, such as intranasal or 
 buccal  midazolam or IV valproate, remain to be 
determined.27

Outside of the hospital setting, there is reason-
ably good evidence that rectal diazepam is 
effective and safe in the management of serial sei-
zures, especially in children, at a dose of 0.2 to 0.5 
mg/kg, with the dose repeated as necessary 
according to an age-based protocol.28 

Management Issues in SE

Once the decision is made to treat the patient 
for SE, considerations for therapy should proceed 
on four fronts simultaneously (Table 5): (1) termi-
nation of SE; (2) prevention of seizure recurrence 
once SE is terminated; (3) management of potential 
precipitating causes for SE; and (4) management of 
the complications of SE and of underlying 
conditions.29 

There is an implicit assumption here that the 
forms of SE that can produce neuronal damage 
should be terminated as rapidly as is safely pos-
sible. While there is no direct proof of this conten-
tion in humans, it appears to be the most reasonable 
approach.

The intensity of treatment for SE should 
refl ect the risk that the patient experiences from 
the SE and its etiology. For example, GCSE puts 
the patient at risk for a panoply of neurologic, 
cardiac, respiratory, renal, hepatic, and orthope-
dic disorders, and should be terminated as rap-
idly one can safely accomplish the task, even if 

such termination requires the full support of a 
critical care unit. Typical absence SE, in contrast, 
probably poses a risk to the patient only if it 
occurs during a potentially dangerous activity 
(eg, driving an automobile), and initial attempts 
at its termination probably should not include 
agents likely to profoundly depress respiration 
and blood pressure. Treatment of CPSE, in which 
the risk of neurologic sequelae is considerable, 
should probably be similar to that recommended 
for GCSE. Simple partial SE appears to pose less 
risk to the patient than CPSE, and furthermore, 
attempts at therapy along the lines recommended 
for GCSE seldom result in prolonged seizure 
control. Therefore, therapy for simple partial SE 
is often pursued with somewhat less vigor that 
GCSE or CPSE. 

The following recommendations were devel-
oped for patients in GCSE. There is very limited 
evidence regarding the optimal therapy for other 
types of SE. Because of the life-threatening nature 
of GCSE, and of the risks associated with its treat-
ment, physicians caring for these patients must 
be constantly vigilant for respiratory and cardio-
vascular compromise, which may develop 
abruptly. Thus, neurologists and others caring for 
these patients should be adept at basic aspects of 
airway and blood pressure management. During 
the termination of SE, the patient should be con-
stantly attended by personnel who can effectively 
perform bag-valve-mask ventilation, and plans 
for the rapid endotracheal intubation of such 
patients should be devised before intubation 
becomes necessary.

Termination of SE: The linchpin of treatment 
for SE is the rapid, safe termination of ictal activ-
ity. Numerous treatment modalities are available 
for this goal, and until recently there were few 
data to guide a decision among the various pos-
sible choices. The publication of the Veterans’ 
Affairs (VA) cooperative trial allows a much 
greater degree of rational choice, and raises many 
new questions for study.30

Within the VA trial, patients were divided into 
the categories of “overt” and “subtle” SE. All 
patients were believed to have GCSE, which could 
be either primarily or secondarily generalized; 
the distinction between overt and subtle depended 
on the intensity of the clinically viewed convul-
sive activity. The subtle-SE patients were much 
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more likely to have a serious underlying medical 
condition, and in general responded poorly to 
therapy. This discussion will concentrate on the 
overt-SE patients, because their results underlie 
the treatment paradigm developed herein.

In the study, 384 patients with overt SE were 
randomly divided into four treatment arms, which 
were chosen based on a survey of North American 
neurologists prior to the study’s inception. These 
arms were (1) lorazepam, 0.1 mg/kg; (2) diazepam, 

0.15 mg/kg, followed by phenytoin, 18 mg/kg; 
(3) phenytoin alone, 18 mg/kg; and (4) phenobar-
bital, 15 mg/kg. Successful treatment required 
both clinical and EEG termination of seizures 
within 20 min of the start of therapy, with nosei-
zure recurrence within 60 min of the start of ther-
apy. Patients in whom the fi rst treatment failed 
received a second, and if necessary, a third study 
drug. These latter choices were not randomized, 
as this would have resulted in some patients 

Table 5. Suggested Management Protocol for Status Epilepticus

   I.  Establish an airway. Whether to perform endotracheal intubation emergently depends primarily on the safety with which 
the airway can be maintained during the control of SE. Should NMJ blockade be needed, one must assume that the patient 
is still in SE despite the appearance of relaxation, unless EEG monitoring is available to demonstrate the actual state of 
brain function. Use a nondepolarizing agent (eg, vecuronium).

  II.  Determine the blood pressure. If the patient is hypotensive, begin volume replacement and/or vasoactive agents as clini-
cally indicated. GCSE patients who present with hypotension will usually require admission to a critical care unit. (Hy-
pertension should not be treated until SE is controlled, as terminating SE will usually substantially correct it, and many of 
the agents used to terminate SE can produce hypotension).

III.  Rapidly determine the blood glucose. Unless the patient is known to be normo- or hyperglycemic, administer dextrose 
(1 mg/kg) and thiamine (1 mg/kg).

 IV.  Terminate SE. We recommend the following sequence:
A.  Lorazepam, 0.1 mg/kg at 0.04 mg/kg/min. This drug should be diluted in an equal volume of the solution being 

used for IV infusion, as it is quite viscous. Most adult patients who will respond will do so by a total dose of 8 mg. 
The latency of effect is debated, but lack of response after 5 min should be considered a failure.

B.  If SE persists after lorazepam, begin phenytoin, 20 mg/kg at 0.3 mg/kg/min. If the patient tolerates this infusion 
rate, it may be increased to a maximum of 50 mg/min. Alternatively, administer fosphenytoin at the same dose, but 
at a rate of up to 150 mg/min. Hypotension and arrhythmias are the major concern. Many investigators believe that 
an additional 5-mg/kg dose of phenytoin or fosphenytoin should be administered before advancing to the next line 
of therapy.

C.  If SE persists, administer either midazolam or propofol. Midazolam can be given with a loading dose of 0.2 mg/kg, 
followed by an infusion of 0.1 to 2.0 mg/kg/h to achieve seizure control (as determined by EEG monitoring). 
Propofol can be given with a loading dose of 1 to 3 mg/kg, followed by an infusion of 1 to 15 mg/kg/h. We routinely 
intubate patients at this stage if this has not already been accomplished. Patients reaching this stage should be treated 
in a critical care unit.

D.  Should the patient not be controlled with propofol or midazolam, administer pentobarbital 12 mg/kg at 0.2 to 
0.4 mg/kg/min as tolerated, followed by an infusion of 0.25 to 2.0 mg/kg/h as determined by EEG monitoring (with 
a goal of seizure suppression). Most patients will require systemic and pulmonary arterial catheterization, with fl uid 
and vasoactive therapy as indicated to maintain blood pressure. 

E.  Ketamine (1 mg/kg, followed by 10 to 50 μg/kg/min) is a potent NMDA antagonist48 with intrinsic sympathomi-
metic properties that may be useful in patients who have become refractory to GABA-A agonists.

  V.  Prevent recurrence of SE. The choice of drugs depends greatly on the etiology of SE and the patient’s medical and social 
situation. In general, patients not previously receiving anticonvulsants whose SE is easily controlled often respond well to 
chronic treatment with phenytoin or carbamazepine. In contrast, others (eg, patients with acute encephalitis) will require 
two or three anticonvulsants at “toxic” levels (eg, phenobarbital at greater than 100 μg/mL) to be weaned from midazol-
am or pentobarbital, and may still have occasional seizures.

VI. Treat complications.
A.  Rhabdomyolysis should be treated with a vigorous saline diuresis to prevent acute renal failure; urinary alkaliniza-

tion may be a useful adjunct.
B.  Hyperthermia usually remits rapidly after termination of SE. External cooling usually suffi ces if the core temperature 

remains elevated. In rare instances, cool peritoneal lavage or extracorporeal blood cooling may be required. High-
dose pentobarbital generally produces poikilothermia.

C.  The treatment of cerebral edema secondary to SE has not been well studied. When substantial edema is present, one 
should suspect that SE and cerebral edema are both manifestations of the same underlying condition. Hyperventila-
tion and mannitol may be valuable if edema is life-threatening. Edema due to SE is vasogenic, so steroids may be 
useful as well.
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receiving two loading doses of phenytoin, but the 
treating physician remained blinded to the treat-
ments being given.

The overall success rates for patients whose 
diagnosis of overt SE was confi rmed by subse-
quent review of clinical and EEG data are pre-
sented in Table 6. The results for patients with 
subtle SE are included for reference. Treatment 
with lorazepam demonstrated a statistically sig-
nifi cant advantage over phenytoin (p � 0.002); 
there were no signifi cant differences among the 
other agents. This differs from the intention-to-treat 
analysis, which showed similar trends but did not 
fi nd a statistically signifi cant difference among the 
treatment arms.

The results of this study may be compared 
with those of Leppik and colleagues,31 who found 
lorazepam to be successful in about 85% of cases. 
However, this study used only clinical cessation 
of seizures as the criterion of success; preliminary 
data from the VA trial indicates that 20% of 
patients in whom SE appears to have been termi-
nated actually remain in electrographic SE.

Preliminary analysis of the results of subse-
quent treatments in patients who did not respond 
to the fi rst-line agents indicates that the aggregate 
response rate to the second-line drug regimen 
was 7.0%, and to the third-line treatment, 2.3% 
(Treiman DM; personal communication; 1998). 
These results call into question the common prac-
tice of using three conventional agents (eg, loraz-
epam, phenytoin, and phenobarbital) in the 
management of SE before using a more defi nitive 
approach.

Based on these results and the experience of 
many workers in the fi eld, we recommend that 
treatment for GCSE begin with a single dose of 
lorazepam, 0.1 mg/kg. The limited data available 

do not suggest that administration of further con-
ventional doses of lorazepam will be useful.31 The 
drug should be administered after dilution with 
an equal volume of the IV solution through which 
it will be administered. If this fails to control SE 
within 5 to 7 min, a second agent should be cho-
sen. The results of the VA trial suggest that a sec-
ond conventional agent is unlikely to be successful. 
At this time, however, we still recommend the use 
of phenytoin (or fosphenytoin), 20 mg/kg, as the 
second drug. This approach carries the advantage 
that if it is effective, the patient may not require 
endotracheal intubation and extended critical 
care. However, it may delay the eventual termina-
tion of SE by more defi nitive treatment.

The introduction of the phenytoin prodrug 
fosphenytoin as a safer way of rapidly achieving 
an effective serum phenytoin concentration may 
prompt some reconsideration of the way in which 
this drug is used.32 At its maximal rate of adminis-
tration (150 mg phenytoin equivalent/min), and 
its 7-min half-time of conversion to phenytoin, a 
free-phenytoin level of about 2 μg/mL can be 
achieved with fosphenytoin in about 15 min, as 
opposed to about 25 min for phenytoin itself. 
Whether this greater speed of administration will 
produce a higher rate of SE control remains to be 
demonstrated. It is clear that fosphenytoin admin-
istration is safer, in that the risk of hypotension 
may be somewhat less, and the adverse effects of 
extravasation are nil with the newer drug. The 
much greater cost of fosphenytoin has discour-
aged many from using it, although pharmacoeco-
nomic simulations suggest that its use may be 
cost-effective.33

Valproate is available in an IV form; its role in 
the termination of SE remains to be defi ned. 
Experimental data suggest that a serum valproate 
concentration of 250 μg/mL or greater may be 
necessary to control secondarily generalized SE.34 
We have limited experience using doses of 60 to 
70 mg/kg to obtain such a concentration in 
patients, and have found the drug effective on 
occasion in situations where in was necessary to 
avoid the risks of hypotension and respiratory 
depression associated with other treatment 
modalities. However, more information is required 
before the role of this agent in SE becomes clear.

Patients who continue in SE after lorazepam 
and phenytoin have traditionally been treated 

Table 6. Treatment Results for First Agents in the VA 
Cooperative Study*

 Overt SE Subtle SE
Agent Success Rate (%) Success Rate (%)

Lorazepam 64.9 17.9
Phenobarbital 58.2 24.2
Diazepam/phenytoin 55.8 8.3
Phenytoin alone 43.6 7.7

*Data from Treiman and colleagues.30
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with conventional doses of phenobarbital, but the 
results of the VA study suggest that this is very 
unlikely to result in the rapid termination of SE. 
At this point, we consider SE to be refractory, and 
go on to one of the more defi nitive forms of treat-
ment.35 These treatment modalities are very likely 
to result in termination of SE, but are also carry 
higher risks of respiratory depression, hypoten-
sion, and secondary complications such as infec-
tion. Patients who are to undergo one of these 
defi nitive therapies should be in a critical care 
unit and be endotracheally intubated if this has 
not yet been accomplished.

Discussion of the entire range of proposed 
defi nitive treatments for SE is beyond the scope of 
this paper. Three categories will be considered: 
high-dose barbiturates, high-dose benzodiaze-
pines, and propofol.

It is our contention that patients reaching this 
stage in the treatment of SE should undergo con-
tinuous EEG monitoring. The technologic aspects 
of continuous EEG monitoring have been reviewed 
elsewhere.36 What the goal regarding the activity on 
the EEG should be remains a matter of debate. 
There is no prospectively collected evidence that a 
burst-suppression EEG pattern is required for, or is 
effi cacious for, the termination of SE. Many patients 
can achieve complete seizure control with a back-
ground of continuous slow activity, and do not 
thereby incur the greater risks associated with the 
higher doses of medication required to achieve a 
burst-suppression pattern. Conversely, a few patients 
will continue to have frequent seizures that emerge 
out of a burst-suppression background, and pre-
sumably need even higher doses of medication, 
which may result in very long periods of suppres-
sion or even a “fl at” EEG. Without continuous EEG 
monitoring, one must rely on occasional samples of 
the EEG, which are thus associated with risks of 
under- and overtreatment.

Most of the published experience with high-
dose barbiturates involves pentobarbital, although 
some of the earlier investigators used thiopental, 
and a few reports discuss phenobarbital. There are 
few data regarding effi cacy rates and adverse 
effects of these drugs. Thiopental is the most rap-
idly acting of these drugs, but may produce more 
hypotension. Pentobarbital has emerged as one of 
the standard choices for refractory SE. A loading 
dose of 5 to 12 mg/kg is usually given IV, followed 

by an infusion of the drug at a dose chosen to 
achieve the desired effect on the EEG; this is usu-
ally in the range of 1 to 10 mg/kg/h. We usually 
increase the infusion rate, along with an additional 
3- to 5-mg/kg loading dose, when a seizure occurs; 
almost all seizures at this stage of treatment are 
electrographic, probably as a consequence of the 
medications suppressing clinical seizure activity 
(twitchless electrical activity), and perhaps also as 
a consequence of the prolonged duration of SE by 
the time defi nitive treatment has commenced. After 
12 h free of seizures, the pentobarbital infusion rate 
is decreased by 50%. If seizures recur, the patient 
again receives the smaller loading dose, and the 
infusion rate is raised to obtain ano ther 12-h sei-
zure-free period. Other medications (eg, phenytoin) 
are continued. Many patients reaching this point 
will require substantial maintenance anticonvul-
sant treatment in order to be weaned from the pen-
tobarbital; we commonly maintain the serum 
phenytoin concentration in excess of 20 μg/mL, 
and load with phenobarbital to achieve a concen-
tration in excess of 40 μg/mL (often, 100 μg/mL or 
an even higher concentration is required to suc-
cessfully wean severely refractory patients, such as 
those with encephalitis, from their pentobarbital 
infusions). High doses of barbiturates are potently 
immunosuppressive, indicating extra care to avoid 
nosocomial infection and aggressive treatment if 
infection is suspected.

High-dose benzodiazepine strategies for SE 
usually employ either midazolam or lorazepam. 
Midazolam has the advantages of rapid onset of 
activity and greater water solubility, avoiding the 
problem of metabolic acidosis from the propylene 
glycol vehicle of the other benzodiazepines and the 
barbiturates. Its major disadvantage is tachyphy-
laxis; over 24 to 48 h, the dose of the drug must 
often be increased several-fold in order to maintain 
seizure control. A loading dose of 0.2 mg/kg is fol-
lowed by an infusion of 0.1 to 2.0 mg/kg/h, titrated 
to produce seizure suppression by continuous EEG 
monitoring.37 High-dose lorazepam, used in doses 
of up to 9 mg/h, was the subject of a report by 
Labar and colleagues.38

Propofol is a pharmacologically unique 
GABA-A agonist that may also have other mecha-
nisms of anticonvulsant action. Soon after its 
introduction as a general anesthetic agent, con-
cerns about a potential proconvulsant effect arose; 
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this apparently represented myoclonus rather 
than seizure activity. At the doses used to control 
SE, it has a very potent anticonvulsant action. A 
loading dose of 3 to 5 mg/kg is frequently admin-
istered, followed by an infusion of 1 to 15 mg/
kg/h,39 titrated to EEG seizure suppression. After 
12 h of seizure suppression, we taper the dose as 
outlined above for pentobarbital. There is evi-
dence that rapid discontinuation of propofol can 
induce withdrawal seizures.

In our experience, propofol is more likely 
than midazolam to provide rapid control of 
refractory SE, exhibits less tachyphylaxis than 
midazolam, and produces less hypotension 
than pentobarbital for an equivalent degree of 
seizure control.40 However, a recent retrospec-
tive analysis of our patients suggests that those 
with APACHE (acute physiology and chronic 
health evaluation) II scores �20 may have bet-
ter survival when treatment is started with mid-
azolam.41 There are few data addressing the 
immunosuppressive effects of the benzodiaze-
pines or propofol42; clinically, these drugs 
appear associated with fewer nosocomial infec-
tions than high-dose pentobarbital. Although it 
is diffi cult to determine functionally equivalent 
doses of these agents because of differing rates 
of tachyphylaxis, in our institution the patient 
charge for midazolam appears to be about 
10 times that for pentobarbital, and propofol 
about 2.5 times that for pentobarbital.

Many other agents have been employed for the 
control of refractory SE.43 The information above 
represents a distillation of our experience; the avail-
able published data are inadequate to support 
more defi nite treatment recommendations.

Prevention of Seizure Recurrence Once SE Is 
Terminated: Once SE is controlled, attention turns 
to preventing its recurrence. The best regimen for 
an individual patient will depend on the cause of 
the patient’s seizures and any previous history 
of anticonvulsant therapy. For example, a patient 
developing SE in the course of ethanol withdrawal 
may not need anticonvulsant therapy once the 
withdrawal phenomena have run their course. 
SE following changes in a previously effective 
anticonvulsant regimen will often mandate a 
return to the former successful mode of treatment. 
In contrast, patients with a new, ongoing epilep-
togenic stimulus (eg, encephalitis) may require 

extraordinarily high serum concentrations of 
anticonvulsant drugs to control their seizures as 
therapy for refractory SE is decreased.

Management of the Complications of SE and of 
Underlying Conditions: The major systemic com-
plications of GCSE include rhabdomyolysis and 
hyperthermia. Patients presenting with GCSE 
should be screened at presentation for myoglo-
binuria (most effectively by a dipstick evaluation 
of the urine for occult blood; the reagent will react 
with myoglobin as well as hemoglobin, and if the 
reaction is present, a microscopic examination 
will determine whether red blood cells are pres-
ent) and elevation of serum creatine kinase (CK). 
If myoglobinuria is present, or if the CK concen-
tration is �10 times the upper limit of normal, one 
should consider instituting a saline diuresis as 
well as urinary alkalinization.

If the patient’s core temperature exceeds 40°C, 
the patient should be cooled. The techniques 
available for managing hyperthermic patients 
have been reviewed elsewhere.44

Cerebral edema may complicate SE. Vasogenic 
edema may develop as a consequence of the sei-
zures themselves, and the underlying cause of SE 
may also produce either vasogenic or cytotoxic 
edema. The management of secondary cerebral 
edema with increased intracranial pressure (ICP) 
depends on the etiology; edema due solely to sei-
zures rarely causes problems with ICP.

Prognosis

Wijdicks and Sharbrough6 report that 34% of 
patients experiencing a seizure died during that 
hospitalization. Our prospective study of neurologic 
complications in medical ICU patients found that 
having even one seizure if in the unit for a nonneu-
rologic reason doubled in-hospital mortality.7 This 
effect on prognosis primarily refl ected the etiology 
of the seizure. 

Three major factors determine outcome in SE: 
the type of SE, its etiology, and its duration. GCSE 
has the worst prognosis for neurologic recovery; 
in contrast, myoclonic SE that follows an anoxic 
episode carries a very poor prognosis for survival. 
CPSE can produce limbic system damage, usually 
manifested as a memory disturbance. Most stud-
ies of outcome concentrate on GCSE mortality. 
Hauser,8 summarizing data available in 1990, 
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 suggested that mortality rates vary from 1 to 53%. 
Those studies attempting to distinguish mortality 
due to SE from that of the underlying disease have 
attributed mortality rates of 1 to 7% to SE and 2 to 
25% to its cause. Population-based studies in Rich-
mond, VA showed the mortality of SE lasting �1 h 
was increased 10-fold over SE lasting �1 h. Etiolo-
gies associated with increased mortality included 
anoxia, intracranial hemorrhages, tumors, infec-
tions, and trauma.

Limited data are available concerning the func-
tional abilities of GCSE survivors, and none reliably 
permit a distinction between the effects of SE and of 
its etiologies. One review concluded that intellectual 
ability declined as a consequence of SE.45 Survivors 
of SE frequently seem to have memory and behav-
ioral disorders out of proportion to structural dam-
age produced by the etiology of their seizures. A 
wealth of experimental data support this observa-
tion, arguing strongly for rapid and effective control 
of SE. Case reports of severe memory defi cits fol-
lowing prolonged CPSE have also been published.46 
Whether treatment of SE reduces the risk of subse-
quent epilepsy remains uncertain. Recent experi-
mental studies indicate that SE lowers the threshold 
for subsequent seizures.47

Subarachnoid Hemorrhage

The management of patients with acute aneu-
rysmal subarachnoid hemorrhage (SAH) has 
changed substantially in the past two decades. Pre-
viously, patients were typically put on bed rest for 
2 weeks, until the periods of maximal risk for 
rebleeding and vasospasm had passed; if they sur-
vived, they were then given the option of surgical 
treatment. Current management strategies recog-
nize (1) improvements in surgical technique that 
make early, defi nitive obliteration of the aneurysm 
more feasible and safer; (2) the consequent ability 
to use induced hypertension and hypervolemia to 
treat cerebral vasospasm; (3) the introduction of 
nitrendipine-class calcium channel blockers to 
relieve or ameliorate the effects of vasospasm; 
(4) the development of interventional neuroradio-
logic techniques (eg, angioplasty and intra-arterial 
papaverine infusion) to treat symptomatic vaso-
spasm; (5) the use of ventricular drainage to treat 
communicating hydrocephalus; and (6) the intro-
duction in several countries, although not in North 

America, of a free-radical scavenger that appears 
to improve outcome in patients who present with 
high-grade SAH.

Future directions in the medical management 
of patients following SAH will probably depend 
primarily on the ability to recognize and manage 
cerebral vasospasm before it becomes symptom-
atic and before it produces cerebral infarction.

Epidemiology

The principal medical complications of aneu-
rysmal SAH include rebleeding, cerebral vaso-
spasm, and volume and osmolar disturbances. 
The risk of rebleeding from unsecured aneurysms 
varies with time after the initial hemorrhage: 
about 4% on the fi rst postbleed day and about 
1.5% per day up to day 28.49 The mortality associ-
ated with rebleeding after the diagnosis of SAH 
exceeds 75%.50 This complication is more frequent 
in patients with higher grades of SAH, in women, 
and in those with systolic blood pressures exceed-
ing 170 mm Hg.51 Cerebral vasospasm produces 
symptoms in up to 45% of patients,52 but is noted 
angiographically in another 25% who appear 
asymptomatic.53 Vasospasm usually starts to occur 
between postbleed days 4 and 6; the risk of its 
development is minimal after day 14. Volume and 
osmolar disturbances are reported in about 30% 
of patients.54 

A number of other complications occur in this 
group of patients that are less directly related to 
the SAH itself.52 Life-threatening cardiac arrhyth-
mias are found 5%, with less ominous rhythm dis-
turbances in 30%. Pulmonary edema is diagnosed 
in 23%, with 6% experiencing a severe form. Some 
degree of hepatic dysfunction is noted in 24% of 
patients, predominantly mild elevation of trans-
aminase levels without symptoms; 4% experience 
severe hepatic dysfunction. Many of these patients 
are probably manifesting hepatic toxicity from 
anticonvulsants or other medications. Thrombo-
cytopenia is reported in 4% of patients, usually 
related to sepsis or medications. Renal dysfunc-
tion is seen in 7%, but rarely requires dialysis.

Although this paper deals primarily with aneu-
rysmal SAH, there are other causes of SAH, and 
their epidemiology is different. SAH following 
rupture of an arteriovenous malformation tends to 
occur at a younger age, with a peak incidence in 
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the mid-20s. Traumatic SAH is a common accom-
paniment of severe head trauma, occurring in 15 to 
40% of patients with severe head trauma. The inci-
dence of the major complications of SAH in these 
patients appears to be lower than in patients with 
aneurysmal SAH, but data are scarce. After arterio-
venous malformation rupture, the time course of 
angiographically diagnosable vasospasm is similar 
to that seen in aneurysmal SAH patients; it is usu-
ally asymptomatic,55 except in rare cases.56 The sig-
nifi cance of vasospasm related to traumatic SAH 
continues to be debated, but in one series, 7 of 29 
patients with large amounts of subarachnoid blood 
(detected by CT scanning) developed symptomatic 
vasospasm (detected angiographically) with sub-
sequent infarction.57 In patients with penetrating 
head trauma, the incidence (detected by transcra-
nial Doppler [TCD] fl ow velocity measurements) 
may be as high as 40%.58

Pathophysiology

Rebleeding: Rebleeding of an aneurysm prior to 
its obliteration presumably refl ects further leakage 
of blood at the site of the initial rupture. The ten-
dency for this to occur appears to increase with 
arterial hypertension, which increases the stress on 
the aneurysm wall and the clot that occludes the 
original rupture site. Lowering the pressure in the 
subarachnoid space (eg, by lumbar puncture, or by 
allowing a ventriculostomy system to have a low 
pop-off pressure) similarly increases the pressure 
gradient across the aneurysm wall. Whether these 
procedures actually increase the risk of rebleeding 
is uncertain, and this theoretical concern does not 
militate against performing diagnostic lumbar 
punctures if needed either to prove the diagnosis 
of SAH or to exclude meningitis. Systemic factors 
that alter the balance between thrombosis and 
fi brinolysis (eg, disseminated intravascular coagu-
lation) would presumably affect the risk of rebleed-
ing as well.

Cerebral Vasospasm: Vasospasm appears to 
be a two-stage process, with an initial vasocon-
strictive phase followed by a proliferative 
arteriopathy, associated with smooth-muscle-
cell necrosis and fi brosis of the arterial wall.59,60 
Vasospasm appears to depend primarily on the 
presence of erythrocytes in the subarachnoid 
space,61 but why it occurs more frequently and 

more symptomatically after aneurysmal SAH 
than after SAH due to other causes remains 
unexplained. The list of potential mediators 
contributing to the development of vasospasm 
is substantial, but the vasoconstrictor peptide 
endothelin-1 appears to be one of the most 
important.62 Endothelin antagonists are promis-
ing experimental agents for the prevention and 
treatment of this condition.63

The maximal risk for vasospasm occurs from 
day 4 through day 14 after SAH, although about 
10% of patients may have some angiographic 
signs of vasospasm at the time of the initial 
angiogram.64

The risk of developing vasospasm is related to 
the amount of blood in the subarachnoid space. 
Fisher and colleagues65 reported that patients with 
thick subarachnoid clots were much more likely 
to develop vasospasm than those without such 
clots. Antifi brinolytic agents (eg, ε-aminocaproic 
acid, tranexamic acid) used to prevent rebleeding 
raise the risk of symptomatic vasospasm and 
delayed ischemic defi cits,66 but whether there is 
an actual increase in the rate of vasospasm, or an 
increase in the rate of occlusion of already spastic 
vessels, is uncertain.

Hyperglycemia probably worsens outcome in 
stroke patients,67 and therefore presumably in SAH 
patients developing delayed ischemia. Plasma glu-
cose concentrations exceeding 120 mg/dL in 
the fi rst postbleed week are associated with 
poor outcome.68 All of these studies suffer from the 
confounding effect of severity of illness on intrin-
sic plasma glucose regulation, but they do 
suggest that maintenance of normoglycemia is a 
reasonable goal.

Volume and Osmolar Disturbances: Although ear-
lier studies attributed the hyponatremia and hypo-
osmolality occurring after SAH to the syndrome 
of inappropriate antidiuretic hormone secretion 
(SIADH),69 most investigators now believe that 
these disturbances are the result of cerebral salt 
wasting.70 The pathophysiology of this condition 
remains to be completely elucidated, but probably 
begins with the release of atrial, brain, and C-type 
natriuretic factors from the brain.71 These pep-
tides produce isotonic volume loss by their renal 
effects, resulting in hypovolemia. This hypovole-
mic state then prompts an appropriate antidiuretic 
hormone response, causing a fall in free water 
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clearance and thereby producing hyponatremia 
and hypo-osmolality. Hypovolemia appears to 
increase the risk of cerebral infarction (delayed 
ischemic defi cits) in patients with vasospasm, and 
should therefore be prevented with prophylactic 
volume replacement.72 

Physical signs of hypovolemia are rare in SAH 
patients, who are usually kept fl at in bed, and in 
whom a putative increase in adrenal catechol-
amine secretion and increased sympathetic ner-
vous system activity often produce hypertension. 
Overly vigorous treatment of this hypertension 
after the aneurysm is secured appears to worsen 
outcome.73

Seizures: Following SAH, patients may experi-
ence any of four patterns of seizures. About 6% of 
patients appear to suffer a seizure at the time of 
the hemorrhage,74 although the distinction 
between a generalized convulsion and an episode 
of decerebrate posturing may be diffi cult to estab-
lish from the reports of nonmedical observers. 
Postoperative seizures occur in about 1.5% of 
SAH patients despite anticonvulsant prophylaxis 
(usually phenytoin).75 Patients developing delayed 
ischemia from vasospasm may seize following 
reperfusion by angioplasty.76 Late seizures occur 
in about 3% of patients over several years of 
 follow-up.75

SAH patients are somewhat more likely to 
have a seizure at the time of presentation than are 
patients with other types of stroke.77

The mechanisms producing seizures in 
SAH patients are uncertain. Patients in whom 
aneurysmal rupture produces a concomitant intra-
cerebral hematoma probably have a direct epilep-
togenic stimulus. Irritation from the aneurysm 
clipping appears to account for some postoperative 
seizures. Reperfusion injury accounts for a small 
percentage.76 Late seizures may refl ect the epilepto-
genic effects of iron on the cerebral cortex.78

Cardiovascular Complications: Cardiac arrhyth-
mias and ECG signs of ischemia are frequent in 
SAH patients.79 In one series, all 61 patients had at 
least one such abnormal fi nding.80 The most seri-
ous of such problems is the development of ven-
tricular tachycardia, typically of the torsades de 
pointes form.81

ECG changes resembling acute myocardial 
infarction, and elevation of the MB isoenzyme 
of CK (and, by inference, elevation of  troponins) 

occur without evidence of coronary arterial 
occlusion. About 10% of patients will have an 
ECG suggesting acute myocardial infarction 
during the fi rst 3 days post-SAH.82 In one study, 
elevation of CK was associated with left ventric-
ular wall motion abnormalities.83 Histopatholog-
ically, these fi ndings correspond to myocardial 
contraction band necrosis, which resembles 
the cardiomyopathic changes associated with 
pheochromocytomas.

Pulmonary edema occurring in SAH patients 
may be either cardiogenic or noncardiogenic in 
 origin. Some patients have echocardiographic evi-
dence of left ventricular dysfunction at the time 
their pulmonary edema is severe.84 However, the 
majority of SAH patients have a defect in pulmo-
nary gas exchange in the absence of evidence of 
cardiac dysfunction or aspiration, suggesting that 
neurogenic pulmonary edema is responsible.85 This 
probably occurs as the consequence of a neurally 
mediated increase in extravascular lung water.86

CNS Infection: Excepting cases of ruptured 
mycotic aneurysms, CNS infections in SAH 
patients are almost always iatrogenic, either from 
organisms introduced during aneurysm clipping 
or, much more commonly, from ventriculostomy 
systems that become colonized with bacteria.

Other Infectious Complications: The non-CNS 
infectious complications of SAH patients vary 
with the severity of their illness. Patients remain-
ing in Hunt and Hess grades 1 and 2 do not seem 
to be at particular risk for aspiration and may not 
need urinary catheters, feeding tubes, or central 
venous lines, which are the proximate causes of 
many ICU infections. Higher-grade patients are 
susceptible to the typical infectious complications 
of critical care. The contribution of corticosteroids 
in decreasing resistance to infection in these 
patients is unquantifi ed. SAH patients in the trials 
of tirilazad mesylate,87 a steroid free-radical scav-
enger without glucocorticoid effects, were not 
given glucocorticoids either before or after proce-
dures to secure their aneurysms; they did not 
appear to suffer ICP problems. Although this 
question has not been formally tested, it raises the 
possibility that routine dexamethasone adminis-
tration may not be necessary in this population. 
Withholding this agent would be expected to 
decrease both infectious and metabolic complica-
tions in these patients.
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Higher-grade patients may need feeding tubes 
for nutritional support, or larger-bore gastric tubes 
should an ileus develop. Placing these tubes via 
the nasal route appears to increase the risk of noso-
comial sinusitis, and probably of pneumonia as 
well.88

Deep Venous Thrombosis and Pulmonary Embo-
lism: SAH patients are at risk for the development 
of deep venous thromboses and subsequent pul-
monary embolism by virtue of immobilization. 
Whether the use of antifi brinolytic agents increases 
the risk of deep venous thrombosis has long been 
debated; the use of these agents for 2 weeks in 
patients undergoing late aneurysm surgery prob-
ably does increase these risks.89 Brief use of these 
agents to decrease the risk of rebleeding prior to 
early surgery probably carries a lower risk.90 
Although the concentration of circulating fi brino-
gen complexes is increased in SAH patients (and 
other stroke patients) compared with controls,91 
the role of this fi nding in the genesis of venous 
thrombosis remains speculative.

Nutrition

Although standard critical care practice 
emphasizes the early institution of nutritional 
support to maintain muscle mass and gut integ-
rity, the importance of nutritional support for 
SAH patients remains unproven. Starvation prior 
to experimental ischemia may result in a shift to 
the metabolism of fuels other than glucose, even 
in the brain, and potentially result in an improved 
outcome after delayed ischemia.92 However, the 
balance between risks and benefi ts of this approach 
remains to be established. SAH patients are 

 markedly catabolic, and may have a defect in the 
utilization of amino acids93; the mechanism of this 
defect is unknown.

Management

The higher-grade SAH patient may require all 
of the skills a critical care team can muster. The 
sickest of these patients can still attain a good 
functional outcome despite what appear to be 
overwhelming diffi culties. Thus, attention to all 
of the details of care in these patients is essential. 
Guidelines for the care of SAH patients have 
recently been published by the American Heart 
Association94 and the Canadian Neurosurgical 
Society.95

Rebleeding: Although aneurysm obliteration is 
the most important method of preventing rebleed-
ing, antihypertensive drugs and antifi brinolytic 
agents may be valuable prior to surgery or inter-
ventional radiologic approaches. Preoperative 
blood pressures are typically elevated; we strive 
to maintain systolic pressures below 150 mm Hg 
and mean arterial pressures below 100 mm Hg in 
these patients. Nimodipine, which is used to try 
to prevent delayed ischemic defi cits, often lowers 
the blood pressure to a modest degree. Labetolol 
(Table 7), which has both α- and β-adrenergic 
blocking effects when given IV, is commonly 
the fi rst drug employed for blood pressure 
control. Hydralazine is also commonly used, 
although there is a theoretical concern about the 
use of pure vasodilators in preoperative SAH 
patients (increasing pulse pressure may increase 
stress on the aneurysm wall). Enalaprilat may 
be useful for patients who do not respond to these 

Table 7. Selected Drugs Useful in the Management of SAH Patients

Agent Dose Comments

Enalaprilat 0.625 to 1.25 mg q6h May decrease renal plasma fl ow and raise creatinine
Esmolol 250 to 500 μg/kg, then 50 to 200 µg/kg/min May produce congestive heart failure
Hydralazine 10 to 20 mg q3-4h Theoretical risk of increasing shear forces
Labetolol 10 mg q10min, up to 300 mg Oral form lacks signifi cant β-adrenergic blocking effect
Nicardipine 0.075 to 0.15 mg/kg/h May produce congestive heart failure
Nimodipine 60 mg q4h for 14 to 21 days Duration of therapy uncertain
Nitroprusside 0.25 to 10 μg/kg/min Rarely necessary
Phenytoin 15 to 20 mg/kg loading dose, then 5 to  Duration of therapy uncertain; maintain serum 
 8 mg/kg/day maintenance (q12h for  concentration between 10 and 20 µg/mL. Hold tube
 suspension, q24h for Dilantin* capsules  feeding 1 h before and after dose.

*Dilantin; Parke-Davis; Morris Plains, NJ.
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agents. We tend to avoid nitrates because of the 
potential for increased ICP, but rarely nitroprus-
side may be the only effective drug. Pain relief 
with acetaminophen, codeine, or fentanyl is often 
necessary, and is frequently helpful in lowering 
blood pressure as well.

Postoperatively, the blood pressure may be 
allowed to rise to higher levels. Patients at risk for 
vasospasm may require higher blood pressures 
for adequate cerebral perfusion. In patients with 
more than one aneurysm, the risk of producing a 
new SAH from a previously unruptured aneu-
rysm appears to be small (but not absent96) during 
the fi rst few postbleed weeks.

Cerebral Vasospasm: Delayed ischemic defi cits 
from vasospasm have emerged as the major cause 
of morbidity and mortality in patients undergo-
ing early aneurysm obliteration. Management 
approaches attempt to prevent both spasm and its 
consequences, although it is not clear that any of 
the currently used techniques actually prevent 
vasospasm. Rather, most attempt to preserve 
either perfusion or neuronal survival in areas 
affected by vasospasm.

Vasospasm is defi nitively diagnosed angio-
graphically, although spasm in vessels below the 
resolution of angiography probably occurs in 
patients whose symptoms suggest vasospasm. 
The initial symptom of vasospasm is typically 
decreased interaction with the unit staff and the 
patient’s family and visitors. The patient may then 
progress to an abulic state, or appear to have bilat-
eral frontal lobe dysfunction. The etiology of these 
symptoms is uncertain, as they do not appear to 
depend on the location of the aneurysm, the local-
ization of subarachnoid blood, or the development 
of complications such as hydrocephalus. At this 
point, the TCD velocity measurements are usually 
elevated (eg, mean velocities �120 cm/s). Xenon-
CT blood fl ow studies suggest that TCD may 
underestimate the incidence and severity of vaso-
spasm.97 Lateralized motor fi ndings suggest the 
development of delayed ischemic lesions.

Nimodipine, a voltage-sensitive calcium chan-
nel blocker, was introduced with the expectation 
that it would prevent vasospasm. Angiographic 
studies did not confi rm this effect, at least in ves-
sels visible by radiologic techniques, but clinical 
trials did confi rm its utility in improving outcome.98 
Nicardipine, a related agent, does appear to 

decrease angiographically diagnosed vasospasm.99 
The outcome of patients treated with nicardipine 
did not differ statistically from that in patients 
receiving placebo, but the placebo patients received 
rescue hypertensive-hypervolemic therapy (HHT) 
more frequently.

Volume replacement and expansion, usually 
practiced by attempts to maintain either a fi xed, 
relatively high saline solution intake (eg, 3 to 6 L/d 
of normal or mildly hypertonic saline solution) or 
a positive fl uid balance, is relatively standard in 
centers caring for SAH patients. While this usu-
ally prevents volume contraction due to cerebral 
salt wasting, it is unlikely that it prevents vaso-
spasm per se. However, it appears to be very use-
ful in preventing or decreasing the extent of 
symptomatic vasospasm and delayed ischemic 
defi cits.

The free-radical scavenger tirilazad may be 
effective in improving outcome in SAH patients, 
primarily those in higher grades. A European-
Australian trial showed effi cacy at a dose of 
6 mg/kg/d only in men,100 presumably because 
the drug is more rapidly metabolized in women. 
A parallel North American trial did not achieve a 
statistically signifi cant result.87 This appears at 
least in part to refl ect a higher percentage of North 
American patients receiving phenytoin, which 
accelerates the metabolism of tirilazad.101 Higher-
dose trials have been concluded, but the results 
have not yet been published. This agent has been 
licensed for SAH in men in 13 countries. The drug 
has poor blood-brain barrier penetration; more 
lipophilic derivatives have been synthesized,102 
and await clinical trials.

Treatment for Vasospasm: Two approaches are 
currently used for the management of vasospasm. 
The fi rst is volume expansion, usually accompa-
nied by induced hypertension (by means of 
HHT).103 Although some consider hemodilution 
(to hemoglobin concentrations between 10 and 
11 g/dL) to be part of this treatment as well, in the 
hope that decreasing blood viscosity will improve 
perfusion, this is the least consistently practiced 
part of this approach. HHT has not been subjected 
to a randomized clinical trial, and substantial 
debate persists regarding its utility.104,105 If it is to 
be employed, careful patient monitoring is neces-
sary, involving an arterial line and either a central 
venous line or, preferably, a pulmonary artery 
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 catheter to guide vasopressor and volume manage-
ment. Angiographic confi rmation of the diagnosis 
of vasospasm is usually obtained before instituting 
vasopressor therapy.

Because SAH patients appear to have low 
thresholds for the development of hydrostatic pul-
monary edema, we try to maintain the pulmonary 
capillary wedge pressure (PCWP) between 15 and 
18 mm Hg. In some patients, this volume expan-
sion alone is adequate to produce an increase in car-
diac index and mean arterial pressure. What mixture 
of colloid and crystalloid to use for volume expan-
sion in this setting is the subject of endless debate 
and absent data. If the patient’s examination does 
not improve, we next raise the mean arterial pres-
sure using phenylephrine, dopamine, norepineph-
rine, epinephrine, or a combination of phenylephrine 
and dobutamine, as suggested by the patient’s heart 
rate, the cardiac index produced, and evidence of 
ectopy, cardiac ischemia, or renal dysfunction. None 
of these medications has a proven advantage over 
the others in this setting, and each case provides 
individual challenges. Hypertensive encephalopa-
thy can apparently complicate overly vigorous 
therapy.106

The second approach to vasospasm patient 
management involves interventional radiologic 
techniques, either angioplasty or papaverine infu-
sion.107 We use both hemodynamic and radiologic 
techniques. Intraventricular infusion of nitroprus-
side may be useful in the future.108

Volume and Osmolar Disturbances: Volume defi -
cits are prevented or corrected as discussed above. 
If SAH patients receive adequate saline solution 
replacement, hypo-osmolality is an infrequent 
occurrence.

Evaluation of the SAH patient whose labora-
tory results indicate a low serum sodium concen-
tration requires both clinical and laboratory 
evaluation. Prior to intervention, serum and urine 
osmolality measurements should be obtained. 
This will prevent the inadvertent treatment of the 
patient for hypo-osmolality when the real problem 
is, for example, a factitious hyponatremia due to 
hyperglycemia or pseudohyponatremia from 
hyperlipidemia. Truly hypo-osmolar SAH patients 
require careful thought, rather than just salt 
administration. Unless the patient has developed 
pulmonary edema or other signs suggesting con-
gestive heart failure, one should not assume that 

hyponatremia is due to combined salt and water 
excess. The likely occurrence of cerebral salt wast-
ing favors a diagnosis of salt loss with water reten-
tion. Osmolality measurements will usually 
indicate that the patient’s urine is inappropriately 
concentrated for a patient with hypotonic serum. 
While this combination may suggest SIADH in 
many circumstances, this condition should rarely 
be diagnosed during the fi rst 2 weeks postbleed. 
Attempts to treat the patient with volume restric-
tion will likely lead to greater problems with 
delayed ischemic defi cits. One potentially useful 
biochemical assay is the serum uric acid level, 
which tends to be low in SIADH but normal in 
cerebral salt wasting.

Management of hypo-osmolar states depends 
critically on their rate of development.109 Rapidly 
developing (eg, over hours) hypo-osmolality pro-
duces neuronal swelling, and is associated with 
elevated ICP and seizures. More slowly develop-
ing (over days) hypo-osmolality is accompanied 
by solute shifts out of neurons, which prevent 
ICP increases and are unlikely to produce sei-
zures; the patient may become confused, lethar-
gic, and weak, but seldom experiences any life-
threatening complications from the osmolality 
itself. However, these are the patients at risk for 
central and extrapontine myelinolysis if their 
osmolalities are raised too rapidly.

Patients who became rapidly hypo-osmolar 
may be treated with small doses of hypertonic 
saline solution (eg, 100 mL of 3N) to begin correct-
ing this problem. They usually respond quickly 
with lower ICP and resolution of seizures. Those 
who became hypo-osmolar more slowly must be 
corrected more slowly; a goal of 6 mOsm/L/day 
increases appears safe. Because these patients 
should not be allowed to become volume-depleted, 
this is best performed by replacement of their 
urine output and insensible loss by mildly hyper-
tonic solutions, or, in patients receiving enteral 
feeding, addition of salt to their food. Attempts to 
decrease the urine osmolality with loop diuretics 
are seldom suffi ciently successful to be useful.

Cardiovascular Complications: Prevention of 
electrolyte disturbances and magnesium replace-
ment are probably useful for the prevention of 
arrhythmias. α- and β-adrenergic blockade may 
decrease or prevent myocardial contraction band 
necrosis, but this has not been tested.
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Cardiac arrhythmias in SAH are seldom life-
threatening. Sinus tachycardia and other supra-
ventricular tachycardias should lead to a 
reas sessment of electrolytes, volume status, pain 
control, infection, and endocrine (especially thy-
roid) function. Depending on the arrhythmia and 
its hemodynamic consequences, treatment with 
adenosine, calcium antagonists, β-blocking agents, 
or digoxin may be indicated. Ventricular arrhyth-
mias frequently refl ect adrenergic drug adminis-
tration (eg, dopamine) or electrolyte disorders; 
alternatively, they may represent signs of myocar-
dial ischemia. If possible, dopamine-induced 
rhythm disorders indicate switching to another 
agent. Lidocaine or procainamide may be required 
if runs of ventricular tachycardia appear. Torsades 
de pointes may respond to supplemental magne-
sium, or may require overdrive pacing.

SAH patients with heart failure who develop 
signs suggesting vasospasm will usually require 
pulmonary artery catheterization for volume and 
hemodynamic management.

CNS Infection: Infection is a major problem for 
SAH patients, because fever may increase the 
degree of damage produced by delayed ischemia. 
Another problem is the diagnosis of the etiology of 
fever in these patients. A preliminary analysis in 
our unit suggests that about 20% of SAH patients 
experience fever without evidence of infection on 
retrospective review, suggesting that they have 
developed “central fever.”110 These patients fre-
quently receive antibiotics, putting them at risk for 
drug reactions and increasing expense, because it 
is diffi cult to prove that they do not have an infec-
tion. Drug-induced fevers are a major problem in 
all ICU patients, and SAH patients are no excep-
tion. Commonly implicated drugs include phenyt-
oin, antibiotics, and, less frequently, agents such as 
histamine2-antagonists and stool softeners.

Whether patients with ventriculostomies or 
lumbar drains should receive antibiotic prophy-
laxis is an open question. If prophylaxis is to be 
given, a cephalosporin with activity against Staph-
ylococcus aureus (eg, cefazolin) is probably the most 
reasonable choice. Activity against coagulase-
negative staphylococci does not seem important; 
nor do the brain or CSF penetration characteris-
tics of the drug. A risk-benefi t analysis suggests 
that ventriculostomy catheters probably should 
be changed every 5 days.111

Treatment of ventriculostomy infections 
should be based initially on a Gram stain of CSF. 
If staphylococcal infection is suspected, initial 
treatment with vancomycin is appropriate pend-
ing culture and sensitivity results. Patients with 
Gram-negative rods in the CSF should receive 
either a cephalosporin with antipseudomonal 
activity (eg, cefepime) or meropenem until micro-
biologic results are available. If the CSF contains 
increasing numbers of white cells but the Gram 
stain is negative, a combination of vancomycin 
and either meropenem or cefepime seems reason-
able, although some of these patients will have an 
aseptic postoperative meningitis.

Other Infectious Complications: The question of 
routine changes of central venous catheters and 
pulmonary artery catheters is beyond the scope of 
this discussion. Whatever local practices control 
these policies for other critically ill patients should 
apply to SAH patients.

We attempt to place all tracheal and gastric 
tubes through the mouth, rather than the nose, to 
decrease the incidence of sinusitis.112

Seizures: Because seizures in patients with 
unsecured aneurysms may promote rebleeding, it 
is a common, although by no means universal, 
practice to administer anticonvulsants to SAH 
patients.

The standard agent for prophylaxis in North 
America is phenytoin. Fosphenytoin, a water-
soluble prodrug, is safer to administer IV, and may 
be given IM if necessary. An adequate loading dose 
should be given.

Should seizures occur in an SAH patient, one 
should obtain a CT scan to look for new intracra-
nial pathology. At the same time, one should give 
an additional dose of phenytoin to raise the serum 
concentration. If seizures recur, and the phenytoin 
has been pushed to the point of symptomatic tox-
icity (in the responsive patient) or a level of about 
24 μg/mL (in patients with impaired ability to 
respond), adding either phenobarbital or carbam-
azepine have been standard approaches. The 
recent introductions of gabapentin and an IV form 
of valproate increase the number of therapeutic 
options. This choice must be individualized.

Phenytoin is frequently implicated as a cause 
of drug-induced fever. When a rash and fever 
appear in a patient taking this drug, it is typically 
discontinued. Because of its long half-life, several 
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days will elapse before it is cleared from the 
patient. Substitution of another anticonvulsant 
(eg, gabapentin) without sedative effects and 
without cross-sensitivity is a reasonable approach. 
Suspected allergy is the only circumstance in 
which most anticonvulsants should be stopped 
abruptly.

Deep Venous Thrombosis and Pulmonary Embo-
lism: Before securing the aneurysm, many physi-
cians are reluctant to give prophylactic doses of 
heparin, and instead rely on sequential compres-
sion devices to prevent deep venous thrombosis. 
These devices are effective in many circumstances, 
but have not been formally tested in SAH patients. 
Interestingly, sequential compression devices 
accelerate in vitro measurements of fi brinolysis,113 
and part of their effectiveness probably stems 
from this mechanism. We continue to use these 
devices for prophylaxis in bed-bound patients 
after the aneurysm has been secured.

Deep venous thrombosis or pulmonary embo-
lism in patients with either unsecured aneurysms 
or fresh craniotomies pose diffi cult management 
problems. Our approach is usually to place an 
inferior vena cava fi lter, and not to give anticoag-
ulant therapy until at least 1 week after surgery. 
The fi lter is generally held to be safer than imme-
diate anticoagulation.114

Nutrition and GI Bleeding Prophylaxis: Despite 
strongly held opinions, there are few data on 
which to base recommendations for nutrition in 
SAH patients. In view of the likely deleterious 
effect of hyperglycemia on outcome after delayed 
ischemia, whatever nutritional approach is taken 
should include frequent measurements of blood 
glucose, and probably its tight control. So-called 
“trophic” feeding, in which a small volume (eg, 
5 mL/h) of an enteral nutrition formula is con-
stantly infused via a gastric or jejeunal feeding 
tube, may maintain the structure of the intestinal 
villi and help to prevent both bacterial translocation 
and the subsequent incidence of diarrhea when 
full feedings are instituted.

If patients are npo, some form of prophylaxis 
against GI bleeding seems reasonable. Clinically 
important GI bleeding occurs in up to 6% of SAH 
patients.115 Histamine2-blocking agents such as 
ranitidine or nizatidine are commonly used. These 
agents are occasionally associated with neutropenia 
or thromobocytopenia; in this circumstance, 

 sucralfate or omeprazole may be substituted. The 
use of nonsteroidal anti-infl ammatory agents 
appears to increase the risk of GI bleeding; we rou-
tinely administer misoprostol with these agents. 
Once patients are fully fed, these prophylactic 
agents may no longer be necessary.

When feedings begin, patients frequently 
develop diarrhea. Because a large percentage of 
patients are receiving antibiotics, the possibility 
of antibiotic-induced Clostridium diffi cile infection 
must be considered. After sending specimens for 
fecal leukocyte, cytotoxin, and C diffi cile cultures, 
we use kaolin and pectin to attempt to decrease 
the diarrhea. Some patients appear to have diar-
rhea induced by sorbitol, used in many solutions 
of drugs for tube administration.

Intracerebral Hemorrhage

The major causes of intracerebral hemorrhage 
(ICH) include chronic hypertension, coagulation 
disturbances, and underlying vascular lesions. 
Hypertensive ICH occurs where small penetrat-
ing arteries arise from large arterial trunks. There 
is reasonable evidence demonstrating that it is 
safe to acutely lower blood pressure in an attempt 
to decrease hematoma formation, but it is not 
known whether this is useful. A recent phase II 
study of recombinant factor VIIa shows that it 
will limit hematoma growth and improve func-
tional outcome; a phase III study is in progress.115a 
This has only been studied in patients without 
coagulation disturbances.

Stroke

Stroke is the most common neurologic cause 
for hospital admission in the United States. About 
80% of strokes are ischemic, with the remainder 
divided between intracerebral hemorrhage and 
SAH. The incidence of stroke is declining, coinci-
dent with and probably in part refl ecting improve-
ment in the treatment of hypertension. The 
association of stroke with hypertension, particu-
larly intracerebral hemorrhage, has been slightly 
overstated in the past (blood pressures were often 
measured when the patient presented with the 
stroke, rather than seeking a documented history 
of hypertension; the same is true of many studies 
of hyperglycemia in stroke). Other risk factors 
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include diabetes, cardiac disease, previous cere-
brovascular disease (transient ischemic attack or 
stroke), age, sex, lipid disorders, excessive etha-
nol ingestion, elevated hematocrit, elevated 
fi brinogen, and cigarette smoking. Smoking is 
the most powerful risk factor for aneurysmal 
SAH. In younger patients (usually defi ned as 
those �55 years old), one should consider abnor-
malities of antithrombin III, protein S, protein C, 
or antiphospholipid antibodies. Young stroke 
patients with marfanoid habitus should be worked 
up for homocysteinuria; the heterozygous state is 
associated with stroke, and many patients res-
pond to pyridoxine treatment.

The intensivist most commonly encounters 
potential stroke patients in the settings of (1) sus-
pected carotid artery disease, and (2) cardiac dis-
turbances that are potentially emboligenic. 
Patients with asymptomatic carotid bruits have 
approximately a 2% annual risk of stroke, but the 
side of the bruit does not predict the side of 
the stroke. There are no data on which to base the 
selection of patients for further work-up. I tend to 
start an aspirin regimen (80 to 325 mg/d) in these 
people, but not investigate them further. If studies 
(noninvasive or angiographic) have already been 
obtained, I would consider endarterectomy for oth-
erwise healthy patients who have �70% stenosis or 
a large area of ulceration. The common practice of 
“prophylactic” endarterectomy before other vas-
cular surgical procedures lacks validation; from 
the poor data available, the risk of stroke related 
to such procedures does not seem to exceed the 
risks related to endarterectomy itself. The results 
of the Asymptomatic Carotid Artery Stenosis 
(ACAS) trial suggest that men with asymptomatic 
carotid stenosis of �70% derive greater benefi t 
from carotid endarteractomy than from medical 
therapy alone. Endarterectomy of the vertebral 
arteries and angioplasty of any cerebral vessel 
remain experimental techniques.

About 30% of untreated patients with new-
onset transient ischemic attacks will suffer a stroke 
in the next 2 years. If the patient has 70 to 99% 
stenosis in the relevant carotid artery, endarterec-
tomy reduces the risk of stroke or death to about 
10%. Patients not appropriate candidates for sur-
gery should probably receive ticlopidine 250 mg 
bid (with appropriate monitoring of the WBC 
count); this drug appears effective in both men 

and women (aspirin has not been universally effi -
cacious in women).

If a cardiac source of embolism is suspected, 
anticoagulation with warfarin is usually indi-
cated. For patients with nonvalvular atrial fi bril-
lation, a prothrombin time of 1.3 to 1.7 times 
control (or an international normalized ratio of 
about 3.0; should be �2.0 and �5.0) is probably 
adequate and has few side effects (in three recent 
studies of prophylaxis, minor bleeding was more 
common in the warfarin groups than in the con-
trol group, but intracerebral hemorrhage or other 
major bleeding was not). One study suggested 
that aspirin also reduced stroke rates; it could be 
used in patients who are poor risks for warfarin. 
In patients with suspected embolism from other 
cardiac disorders (eg, cardiomyopathies, left ven-
tricular aneurysms), low-dose warfarin has not 
been well studied. The aortic arch is a hitherto 
underrecognized source of emboli; management 
of this condition remains to be established.

Transesophageal echocardiography can detect 
clots and other lesions that escape detection by 
transthoracic echocardiography. In some series, 
the rate of detection of cardiac lesions is so high 
that their signifi cance is uncertain.

In patients 6 h or more into acute ischemic 
stroke, no treatment has been proven useful. Hep-
arin may be indicated to prevent subsequent 
embolic strokes, but does not affect either a com-
pleted stroke or so-called stroke-in-evolution. If 
the patient is to receive anticoagulant therapy 
because of a suspected source of embolism, some 
investigators feel that patients with large infarcts 
should not be given anticoagulants for several 
days because of a presumed risk of hemorrhage 
into the infarct. Other data suggest that the great-
est risk of re-embolization occurs in the fi rst few 
days after the initial stroke, which argues for early 
anticoagulation of this group. I favor the latter 
approach.

Patients who follow a stuttering course may 
benefi t from induced hypertension to improve 
fl ow through stenotic vessels until collateral ves-
sels can open. Spontaneous hypertension in these 
patients should be considered a compensatory 
response, and should not be treated in the fi rst 
few poststroke days unless evidence of end-organ 
damage develops. We avoid treating blood pres-
sure unless the mean pressure exceeds 160 mm Hg. 
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After the patient has stabilized neurologically, a 
course of chronic antihypertensive treatment can 
be instituted.

The role of hyperglycemia in worsening stroke 
outcome seems established, but no studies have 
been done to determine whether tight control of 
blood sugar will improve prognosis.

The National Institute of Neurological Disor-
ders and Stroke rt-PA Stroke Study Group 
(NINDS) trial116 showed that thrombolysis was 
safe and effective if performed within 3 h of stroke 
onset (this does not mean 3 h after waking up 
with a new stroke; the time of stroke onset must 
be known). The recombinant tissue-plasminogen 
activator dose in this study was 0.9 mg/kg, with 
10% of the dose as a bolus and the remainder over 
1 h. The treated patients had a very signifi cant 
improvement in functional outcome. There were 
more intracerebral hemorrhages in the treated 
group, but their mortality was actually lower (this 
did not reach statistical signifi cance).

Patients who develop serious increases in ICP 
during the fi rst 3 to 4 days poststroke are at risk 
for herniation and death. The earliest sign is usu-
ally diminished consciousness, often followed by 
an ipsilateral third-nerve palsy. Corticosteroids 
do not decrease the cytotoxic edema associated 
with strokes, and should not be used (unless the 
cause of the stroke is vasculitic). Although the 
routine use of hyperventilation in stroke patients 
is not indicated, this technique is appropriate to 
prevent herniation. Mannitol can also be used. If 
more drastic therapy is contemplated (eg, high-
dose barbiturates), an ICP monitor should be 
inserted. We now use hemicraniectomy to reduce 
ICP in these patients, with surprisingly good 
functional outcomes; this has not become the 
standard of care. Experimental results suggest 
that the skull should be removed before swelling 
occurs, in order to protect the cortex from loss of 
pial collaterals.

Intracerebral hemorrhage produces much 
more rapid rises in ICP because of the volume of 
the hematoma. The major concerns for the inter-
nist are (1) exclusion or treatment of a bleeding 
diathesis, which should always be considered, 
and (2) management of ICP. Although the edema 
around an intracerebral hemorrhage is vasogenic, 
it does not respond to steroids. Three controlled 
studies have documented poorer outcome in 

 steroid-treated patients, owing to the side effects 
of the steroids. In older patients, especially those 
with more than one episode of hemorrhage and 
without a history of hypertension, amyloid angi-
opathy becomes a diagnostic consideration (about 
15% of all intracerebral hemorrhages). In younger 
patients, intracerebral hemorrhage related to sym-
pathomimetic agents (including cocaine) is becom-
ing an increasingly frequent problem.

Although neurogenic pulmonary edema may 
occur in any acute intracranial condition, SAH 
patients seem particularly prone to it; about 40% 
of our SAH patients have some degree of oxygen-
ation diffi culty not explained by other conditions. 
In neurogenic pulmonary edema, the PCWP is 
normal, and the edema fl uid has a high protein 
content; this refl ects the presumed pathogenic 
mechanism of pulmonary venoconstriction. One 
must then attempt to balance the need to expand 
volume in patients with the need to keep their 
lungs dry. We tend to keep the PCWP around 
10 mm Hg, and use vasopressors to improve cere-
bral perfusion if necessary.

Nervous System Infections

Meningitis

The consensus of opinion seems to favor pre-
sumptive treatment for suspected meningitis in 
any situation in which lumbar puncture (LP) is 
delayed. This includes even delays to obtain CT 
scans, because the commonest causes of meningi-
tis in adults (pneumococcal and meningococcal) 
can kill the patient while waiting for the scan. I 
believe that patients who are alert and have nor-
mal fundi and neurologic exams can undergo LP 
without scanning, because the possibility of a 
patient in that setting herniating soon after LP is 
infi nitesima lly small, but presumptive treatment 
is clearly more important than intellectual purity. 
With the increasing prevalence of penicillin-
resistant pneumococci, cefotaxime (2 g q4h) or 
ceftriaxone (2 g q12h) should be used for empiric 
therapy. A few pneumococci with signifi cant resis-
tance to third-generation cephalosporins have 
emerged, prompting some to add vancomycin 
until results of sensitivity testing are available. 
Cefuroxime is inferior to these third-generation 
cephalosporins and should no longer be used. 
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Because ampicillin-resistant Haemophilus infl uen-
zae infections are common, children should also 
receive the third-generation agents. Chloramphen-
icol is often recommended for truly penicillin-
allergic (eg, anaphylactic) patients, although 
clinical failures have been reported in patients 
with penicillin-resistant pneumococci. In most 
cases, the initial dose of antibiotics will not steril-
ize the CSF within 30 to 60 min; even if this occurs, 
testing for bacterial antigens will reveal the etiol-
ogy in the majority of cases. Blood cultures should 
be obtained before antibiotics are given. Further 
treatment decisions can be made based on the 
Gram stain and antigen results. If listeriosis is 
suspected (immune-compromised host, or nega-
tive Gram stain and bacterial antigen tests), ampi-
cillin or sulfamethoxazole-trimethoprim should 
be added until an organism is isolated or blood 
and CSF cultures have been negative for at least 
3 days. Because of its epileptogenic effects, imipe-
nem should usually be avoided in CNS infections.

In infants and children, pretreatment with 
steroids (dexamethasone, 0.15 mg/kg q6h for 
4 days) appears to decrease neurologic dysfunc-
tion after recovery from meningitis (predomi-
nantly that due to H infl uenzae). This is presumed 
to refl ect a decrease in infl ammation from lysis of 
organisms, with the subsequent host elaboration 
of tumor necrosis factor and other infl ammatory 
mediators. The use of steroids in adult meningiti-
des remains controversial, but does not appear to 
be deleterious in the few patients so far studied. 
I think that the evidence favors its use in adults as 
well, but this is still debated. A recent study in 
children suggests that 2 days of dexamethasone is 
as useful as 4 days. The issue is clouded when 
vancomycin is used for potential penicillin-
resistant pneumococci, because steroids may 
decrease vancomycin penetration into the CSF 
(this is debated in humans).

Increased ICP in meningitis patients is treated 
as described above. Cerebral edema in children 
appears to respond to steroids; it is probably 
appropriate to treat adults in the same fashion if 
elevated ICP is a problem. Hyponatremia is com-
mon, and may exacerbate vasogenic cerebral 
edema; it usually responds to fl uid restriction. 
Whether this increases the rate of cerebral venous 
thrombosis is not clear. However, it is important 
not to let the cerebral perfusion pressure fall below 

about 60 mm Hg; this is more important that fl uid 
restriction. Seizures are initially managed with 
benzodiazepines and phenytoin; the treatment of 
SE is covered above.

Encephalitis

As in meningitis, the weight of expert opinion 
is shifting (albeit more slowly) to the “shoot fi rst 
and ask questions later” approach. When enceph-
alitis is suspected, acyclovir (10 to 15 mg/kg q8h) 
is begun while the work-up is in progress; ade-
quate hydration is necessary to prevent renal tox-
icity. The most sensitive test is CSF–polymerase 
chain reaction; MRI with gadolinium is second, 
with EEG third. Even though brain biopsy has a 
low rate of complications (3%, most of which are 
minor), the relative safety of acyclovir has encour-
aged many physicians to treat presumptively, and 
perform a biopsy only in patients who do not 
respond or in whom the work-up raises the pos-
sibility of another diagnosis. The commonly 
quoted list of “treatable disorders that mimic her-
pes simplex encephalitis” from the National Insti-
tute of Allergy and Infectious Diseases cooperative 
studies is not relevant in the MRI era. Seizures 
and elevated ICP are common.

Brain Abscess

Unless there is a strong suspicion of the etiol-
ogy of a brain abscess (eg, the patient had a proven 
bacteremia prior to developing the abscess), 
empiric treatment for suspected brain abscess 
should include a third-generation cephalosporin, 
vancomycin, and metronidazole. Vancomycin is 
probably adequate treatment for Listeria, but if 
there is a reason to suspect this organism, one 
usually adds ampicillin or sulfamethoxazole-
 trimethoprim. Although some surgeons have tried 
to avoid aspiration, biopsy, or resection of these 
patients on the grounds that empiric medical 
treatment seems effective, this contention is based 
on small numbers of patients. Furthermore, it is 
often diffi cult to be certain that a particular lesion 
is an abscess and not a high-grade astrocytoma. 
Surgery also offers some direct relief of ICP prob-
lems. For these reasons, I recommend early aspi-
ration of suspected abscesses, with possible later 
debulking or resection.
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Neurogenic Respiratory Failure

Myasthenia Gravis

Although the standard teaching about myas-
thenia gravis stresses fatigability with exercise, this 
is rarely what brings the patient to medical atten-
tion. The usual complaints are diplopia, ptosis, dif-
fi culty with speech and secretions, proximal limb 
weakness, and ventilatory dysfunction. The condi-
tion preferentially affects young women and older 
men. There is overrepresentation of human leuko-
cyte antigen-A1 (HLA-A1), HLA-B8, and HLA-
DRw3 (another instance in which HLA testing is 
not clinically useful). This is a true autoimmune 
disease, in which antibodies directed at myoid cells 
in the thymus [which express acetylcholine recep-
tors (AChR)] attack the NMJ. There is a greater 
than expected incidence of other autoimmune dis-
eases, including systemic lupus erythematosus, 
Sjögren’s syndrome, polymyositis, and autoim-
mune thyroid disease. About 70% of patients have 
thymic hyperplasia, and 15% have thymomas. 
Anti-AChR antibodies are present in most patients 
with generalized myasthenia, and about 60% of 
those with ocular myasthenia. Antistriated muscle 
antibodies are a marker for thymoma.

Diagnostic studies include the edrophonium 
test (for which change in ptosis is the only truly 
objective bedside parameter to follow), measure-
ment of anti-AChR antibodies, electromyography 
with repetitive stimulation, and chest CT to evalu-
ate the thymus. Patients with generalized myas-
thenia who are developing ventilatory failure 
should be followed with vital capacity and nega-
tive inspiratory force (maximal inspiratory pres-
sure) measurements; hypercapnia is a late fi nding. 
We usually intubate and ventilate patients when 
the vital capacity falls below about 12 mL/kg; some 
will require intubation because of upper airway 
problems but not need mechanical ventilation. 
Sometimes we will permit hypercapnia if the upper 
airway is intact and the patient is in the ICU. Edro-
phonium testing to distinguish myasthenic crisis 
from cholinergic crisis (too much anticholinester-
ase) is dangerous and should rarely be performed.

Treatment includes anticholinesterases 
(pyridostigmine), immunosuppressives (steroids, 
azathioprine, cyclophosphamide, some times cyclo-
sporine), and thymectomy. Plasma exchange or 

IVIg can be dramatically effective, but each is only 
a short-term measure, primarily used for patients in 
crisis or to prepare them for thymectomy. Patients 
with purely ocular symptoms and normal thymic 
size on CT can be treated with anticholinesterases 
alone, but most other patients should be treated for 
the progressive autoimmune disease they have.

A large number of drugs have been reported 
to exacerbate myasthenia. The most important 
ones to remember are aminoglycosides, macro-
lides, lidocaine, propranolol, and quinidine. The 
effects of neuromuscular blocking agents is usu-
ally quite prolonged. Steroids often worsen the 
weakness before the patient improves.

Other Conditions

Respiratory failure due to diseases of the ner-
vous system is predominantly hypercapnic, except 
in the case of neurogenic pulmonary edema. The 
diagnosis of neuromuscular respiratory failure is 
usually straightforward if one considers it as a 
possibility. Many of these conditions will be appar-
ent at presentation, but on occasion a diagnosis of 
amyotrophic lateral sclerosis is made only when 
the patient has diffi culty weaning from the venti-
lator. Critical illness polyneuropathy is a relatively 
recently described entity in which critically ill 
patients (most of whom have been septic) cannot 
be weaned from mechanical ventilation. Electro-
myographic studies show an axonal neuropathy; 
the prognosis for eventual recovery is very good, 
but these patients commonly require 4 to 6 months 
of mechanical ventilation.

Roelofs and coworkers,117 Zochodne and col-
leagues,118 and others described a unique peri-
pheral neuropathy in patients who fail to wean 
from mechanical ventilation after an episode of 
critical illness, usually involving bacteremia. In 
a prospective study, Witt and colleagues119 iden-
tifi ed 43 patients with sepsis and multiple 
organ failure; electrophysiologic studies revealed 
sensorimotor axonal neuropathy in 70% of these 
patients, and 15 (35%) experienced diffi culty in 
weaning from ventilatory support after improve-
ment in their underlying conditions. Such patients 
display limb weakness on examination, with 
diminished or absent deep tendon refl exes. In the 
study by Witt and colleagues,119 23 of the patients 
(53%) survived; although all of the neuropathic 
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patients improved, three with very severe neu-
ropathy made incomplete recoveries. The authors 
suggested that the decrements in peripheral nerve 
function were related to hyperglycemia and hypo-
albuminemia. They speculated that the likely eti-
ologies of this neuropathy include the metabolic 
stresses that accompany sepsis, as well as the 
microcirculatory abnormalities. A study of other 
neurologic causes of failure to wean from ventila-
tory support has been reported, and emphasizes 
the high frequency of neuromuscular diseases in 
ICU patients with respiratory failure.120 Interest-
ingly, in general ICU patients, failure to wean 
from a neurologic cause carries a better prognosis 
than does similar failure due to a pulmonary 
cause.121

Patients who have fl accid paralysis after the 
use of NMJ blockers have received considerable 
attention in recent years. One group, with a rela-
tively brief duration of paralysis, represents 
patients who have accumulated large amounts of 
these agents and take days to clear them. A sec-
ond group, most commonly including asthmatics 
and other patients treated with steroids in addi-
tion to NMJ blockade, appears to have a myopa-
thy, and the patients may take a very long time to 
recover. While earlier reports emphasized a rela-
tionship with the steroid-based NMJ-blocking 
drugs, this condition has been seen with atracu-
rium as well.

Plasmapheresis is well established as a treat-
ment for acute idiopathic polyneuritis (Guillain-
Barré syndrome) if it is started in the fi rst 2 weeks 
after onset. Usually, fi ve treatments are given 
over 10 days. Ventilatory support is initiated as 
described above for myasthenia gravis. Auto-
nomic instability may appear in the second week 
of the illness, and has become a leading cause of 
death. Thus, patients need careful observation 
until they are clearly improving. IVIg is also com-
monly used for both acute idiopathic polyneuritis 
and myasthenia gravis.

Neuroleptic Malignant Syndrome

The neuroleptic malignant syndrome (NMS) 
was recognized in the late 1950s.122 It occurs in 
�1% of patients exposed to these agents, but may 
be more frequent in patients requiring higher than 
normal doses or multiple agents.123 Although some 

agents have been more frequently associated with 
NMS than others (most prominently haloperidol, 
fl uphenazine, and the thioxanthines), it has been 
reported with almost every neuroleptic agent and 
mixed dopamine-serotonin agents. Long-acting 
forms of haloperidol may result in more cases in 
the next several years. It may also occur in parkin-
sonian patients from whom either dopaminergic 
agonists or anticholinergic agents are abruptly 
withdrawn,124 although the epidemiology of this 
problem is uncertain. Early studies cite a mortality 
rate of up to 20%,123 although more recent work 
suggests approximately 4% to be correct.125

The condition appears to stem from central 
dopaminergic blockade in the majority of cases;126 
the few reports of parkinsonian patients who 
develop the condition when dopaminergic ther-
apy is terminated suggest that lack of dopamine 
effect alone, rather than some other effect on the 
receptor, is necessary and suffi cient to produce 
NMS. Drugs with stronger D2-receptor antagonist 
effects are more likely to produce NMS. A patient 
with a mutation in the D2 receptor has been 
reported.127 Dopaminergic blockade may also 
affect thermoregulation by altering the hypotha-
lamic set-point for temperature.

Most cases occur within a few weeks of either 
a dosage increase or, less commonly, the start of 
neuroleptic treatment.128 Reported predisposi-
tions include strenuous exercise, dehydration, 
other CNS disorders, and the use of fl uphenazine 
decanoate.129 States of diminished osmolality may 
contribute to the pathogenesis of NMS.130

The major diagnostic fi ndings of NMS include 
fever, severe rigidity (usually, but not always, 
accompanied by tremor), obtundation, and auto-
nomic dysfunction (diaphoresis, pallor, unstable 
blood pressure, tachycardia, tachypnea, and pul-
monary congestion).131 Kurlan and colleagues128 
reviewed 52 published cases, summarized in 
Table 8.

NMS patients typically have a mild to mar ked 
leukocytosis.132 The combination of sustained 
 muscular contraction and immobility predisposes 
these patients to rhabdomyolysis; in combination 
with volume depletion, this often produces acute 
renal failure. The differential diagnosis of rhabdo-
myolysis in association with acute CNS dysfunc-
tion is extensive; Table 9 is adapted from the review 
by Bertorini.44
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Other common systemic complications 
include disseminated intravascular coagulation 
and pulmonary embolism. Thrombocytopenia 
has recently been reported.133

The major differential diagnostic concerns are 
malignant hyperthermia (MH), the serotonin syn-
drome, and lethal catatonia.

Once NMS is suspected, neuroleptic drugs 
should be withdrawn and the patient adequately 
hydrated. Whether to administer dopaminergic 
agonists (eg, bromocriptine) or a direct muscle 
relaxant134 (dantrolene) remains the subject of 
debate. Dantrolene relaxes muscle contraction by 
decreasing Ca2+ release from the sarcoplasmic retic-
ulum. Electroconvulsive therapy has also been 
proposed as a treatment,135 blurring the distinction 
between NMS and lethal catatonia. Neuroleptic 
medications should not be resumed for at least 
2 weeks because of the risk of recurrence.136

Malignant Hyperthermia

MH was recognized as an anesthetic compli-
cation in the 1960s.137 It is an autosomal-dominant 
disorder that most typically follows exposure to 
anesthetic agents. A porcine model and several 
clinical studies have implicated abnormally 
high levels of Ca2+ release from a sarcoplasmic cal-
cium channel (also known as the ryanodine recep-
tor). This results in Ca2+-induced Ca2+ release, 
which lowers the threshold for sustained muscle 

contracture.138 (Most human cases are associated 
with a defect on chromosome 19, although a 
few cases are not associated with the defi ned 
ryanodine-receptor abnormality.139) The drugs 
that induce MH do so by triggering this Ca2+ 
release; the sustained contraction produced by 
Ca2+ release causes excessive oxygen consump-
tion and heat production. High-energy phosphate 
stores are quickly depleted, resulting in failure of 
Ca2+ reuptake. As in other cells, sustained exces-
sive elevation of free intracellular Ca2+ produces 
membrane lysis, and consequently myoglobin 
leaks from muscle cells.

MH begins with muscle contraction (classi-
cally, although not always, in the masseters) in 
response to a triggering agent (Table 10).

In a typical anesthetic-induced case, a rise 
in end-tidal CO2 often signifi es MH onset.140 
Quickly thereafter, rapidly rising temperature, 
metabolic acidosis, hypoxemia, and cardiac 

Table 8. Clinical Findings in NMS*

Feature % Affected

Systemic fi ndings
Fever 100
Tachycardia 79
Diaphoresis 60
Labile blood pressure 54
Tachypnea 25

Movement-related fi ndings 98
Tremor 56
Dystonia   33†

Chorea 15
Other neurologic fi ndings

Dysphagia 40
Akinetic mutism 38
Stupor 27
Coma 27

*Data from Kurlan and colleagues.128

†Includes 6% with oculogyric crises.

Table 9. Differential Diagnosis of Rhabdomyolysis 
in Association With Acute CNS Dysfunction*

Myofi ber Metabolic Exhaustion
Seizures
Delirium
Tetanus
Strychnine intoxication
Extremes of environmental temperature
Malignant hyperthermia
Neuroleptic malignant syndrome
Diabetic ketoacidosis
Electric shock

Infectious Myositides
Infl uenza
HIV
Toxic shock
Clostridial myonecrosis (Clostridium perfringens bacteremia)

Toxins and Abused Drugs
Alcohol
Cocaine and other central stimulants
LSD
Narcotics
Phencyclidine
Envenomations (wasps, bees, spiders, snakes, etc)
Medications
Salicylate overdose
Theophylline
Lithium

Fluid and Electrolyte Disturbances
Hyperosmolar states
Hypo-osmolar states
Severe hypophosphatemia
Trauma

Adapted from Bertorini.44
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arrhythmias may follow. The combination of 
muscle breakdown and acidosis results in 
hyperkalemia. On rare occasions, the condition 
may not arise until after the operation is over, 
or may occur in other situations of metabolic 
stress, such as exercise.

A personal or appropriate family history of 
anesthetic complications is usually suffi cient rea-
son to suspect MH, and to consider in vitro muscle 
testing where it is available. A muscle biopsy 
specimen (obtained under local anesthesia) is 
electrically stimulated during exposure to vary-
ing concentrations of caffeine or halothane. 
Patients with other muscle diseases, such as cen-
tral core disease, dystrophinopathies, and several 
others, may be at risk for MH-like reactions. Mus-
cle biopsies from MH patients are frequently 
abnormal, but not specifi cally so.44

The major management issues in MH involve 
termination of exposure to the triggering agent 
and the use of dantrolene.

Serotonin Syndrome

In 1955, a patient died after taking a combina-
tion of iproniazid and meperidine.141 By 1960, the 

serotonin syndrome (SS) was well described.142 Most 
patients with SS are receiving more than one seroto-
nergic agent (or a monoamine oxidase inhibitor, 
raising extracellular serotonin concentrations), 
although overdoses of single agents may trigger the 
syndrome.143 The newer reversible monoamine oxi-
dase inhibitors, such as moclobemide, may be less 
likely to precipitate SS144 but are not devoid of this 
potential.145 SS resembles NMS, but is frequently 
associated with myoclonus, and less frequently 
involves muscle rigidity.146 Autonomic instability is 
common in both conditions.147 The duration of SS is 
usually shorter than that of NMS. A case of SS also 
involving stroke in a young patient suggests that the 
spectrum of this disorder may involve precipitation 
of complicated migraine.148 Treatment is supportive.

Lethal Catatonia

Lethal catatonia was described by Stauder in 
1934, almost half a decade before the introduction 
of neuroleptic agents. The presentation of lethal 
catatonia is essentially indistinguishable from 
NMS, although published case reports of the two 
syndromes indicate differences in mode of onset, 
signs and symptoms, and outcome.149 Lethal cata-
tonia often begins with extreme psychotic excite-
ment, which leads to fever, exhaustion, and death. 
In contrast, NMS begins with severe muscle rigid-
ity. Lethal catatonia may require neuroleptic treat-
ment, although electroconvulsive therapy is more 
commonly employed. Occasional reports of cases 
“requiring” treatment with both electroconvul-
sive therapy and dantrolene serve to blur the dis-
tinction between lethal catatonia and NMS.150 The 
underlying pathophysiology of lethal catatonia 
remains unknown.
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Objectives:

• Discuss fl uid resuscitation in septic shock 
• Discuss the use of focused assessment with sonography 

for trauma in the trauma patient 
• Highlight key aspects of the 2005 Advanced Cardiac Life 

Support guidelines for cardiac arrest
• Review the use of therapeutic hypothermia following 

cardiac arrest
• Review the approach to prognostication following cardiac 

arrest

Key words: cardiac arrest; induced hypothermia; resuscita-
tion; septic shock; trauma 

Fluid Resuscitation in Septic Shock

Identifying Preload Reserve

In 2001, Rivers et al1 reported the results of a 
randomized, controlled trial comparing usual care 
with an early, “goal-directed therapy” (EGDT) 
approach to the resuscitation of patients with 
severe sepsis and septic shock. Patients in the usual 
care group received conventional resuscitation 
and were transferred to beds in the ICUs as they 
became available. In contrast, the EGDT group 
received its initial treatment in the emergency 
department according to an algorithm designed 
to achieve four goals within the fi rst 6 h of resus-
citation: a central venous pressure (CVP) of 8 to 
12 mm Hg, a mean arterial pressure of � 65 mm 
Hg and � 90 mm Hg, a central venous saturation 
of � 70%, and a urine output of � 0.5 mL/kg/h. 
Depending on the situation, patients received 
fl uids (crystalloid or colloid), vasoactive drugs 
(including inotropes), and/or packed RBCs in 
order to achieve these goals. Patients in the EGDT 
group had a signifi cant reduction in in-hospital 
mortality (30.5% vs 46.5%) when compared with 
the usual care group.

Although this study raises many questions—
are these “goals” the best ones for this group of 
patients? How long should these goals be  targeted? 

Which conditions or situations should prompt the 
selection of different therapeutic goals? Which 
specifi c therapies are helpful? It is likely the case 
that patients who received EGDT had better out-
comes, at least in part, because they received more 
vigorous volume resuscitation—nearly 5 L within 
the fi rst 6 h, vs approximately 3.5 L in the con-
trol group. This study highlights the importance 
of restoring an adequate intravascular volume for 
the patient with septic shock, in whom functional 
hypovolemia due to venodilation and increased 
capillary permeability may be profound.

When a clinician decides to administer fl uid 
to a patient with septic shock, the intent is gener-
ally to increase the cardiac output, and commonly 
the BP as well. When such a patient responds 
to a fl uid bolus with an increase in cardiac out-
put, the patient is said to have preload reserve. 
Although the study by Rivers et al1 demon-
strates the importance of urgently resuscitating 
the patient with septic shock, experienced clini-
cians recognize that a CVP target of 8 to 12 mm 
Hg may not be appropriate for all patients. Some 
patients with a CVP in this range will still have 
preload reserve, and other patients will not. This 
is because “static” measurements like the CVP 
and the pulmonary capillary wedge pressure are 
poor predictors of fl uid responsiveness, not only 
because vigorous respiratory efforts (eg, abdomi-
nal muscle recruitment during the exhalation of a 
patient with COPD) can confound interpretation 
of the pressure tracing, but also because such val-
ues are poor surrogates for preload in critically ill 
patients.

When preload reserve cannot be accurately 
identifi ed, the patient may receive either too 
little or too much fl uid, both of which are likely 
harmful to the patient. Given the limitations of 
static measurements of preload reserve, other ap  -
proaches have been developed. These “dynamic” 
indices of preload reserve, such as respiratory 
changes in arterial pulse pressure, exploit the 
fact that the heart and great vessels reside within 
a  chamber—the thorax—in which the pressure 
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changes with respiration, whether the patient is 
breathing spontaneously or receiving positive 
pressure ventilation. These pressure changes 
affect right and left ventricular preload in a cycli-
cal manner. Empirical data suggest that the pres-
ence of preload reserve can be inferred from the 
physiologic responses to these changes.

For instance, in a small study by Magder et al2 
performed in spontaneously breathing patients, 
an inspiratory fall in the CVP of � 1 mm Hg indi-
cated preload reserve. Why might this be? In 
the spontaneously breathing patient, inspiration 
reduces pleural pressure and, consequently, right 
atrial pressure. This increases the driving pres-
sure for venous return and thereby increases right 
ventricular preload. In the patient who is hypo-
volemic (or even euvolemic, which is the normal 
condition), the fall in right atrial pressure caused 
by inspiration is not “overcome” by the resulting 
increase in venous return and cardiac fi lling. If a 
fl uid bolus is administered to such a patient, the 
cardiac output will rise.

In patients receiving mechanical ventilation 
for septic shock, the change in arterial pulse pres-
sure with mechanical insuffl ation may be used 
to diagnose preload reserve.3 In patients receiv-
ing mechanical ventilation, the left ventricular 
stroke volume, and therefore the arterial pulse 
pressure, is greatest at the end of the inspiratory 
period and least during the expiratory period 
two to three beats later. The reasons for this are as 
follows. Pressurization of the thorax with insuf-
fl ation increases both the pleural and the trans-
pulmonary pressure, reducing right ventricular 
preload and increasing right ventricular afterload 
accordingly. Simultaneously, the increase in pleu-
ral pressure and transpulmonary pressure cause 
a decrease in left ventricular afterload and an 
increase in left ventricular preload, respectively. 
Thus, the net effect of mechanical insuffl ation is 
to (1) increase left ventricular ejection, and (2) 
reduce right ventricular ejection, thereby reduc-
ing left ventricular preload several beats later 
during expiration. Passive expiration has the 
opposite effects on the right and left ventricles. 
Accordingly, the pulse pressure is greatest during 
mechanical insuffl ation and least during expira-
tion. These differences are exaggerated when the 
patient is hypovolemic and has a reduced driving 
pressure for venous return.

Michard et al3 assessed preload reserve in a 
cohort of patients receiving mechanical ventila-
tion for septic shock. All patients were sedated 
and passive while on ventilatory support, and 
receiving a tidal volume of � 8 mL/kg. A change 
in pulse pressure of � 13% predicted preload 
reserve (in this case, an increase in cardiac index 
by at least 15% with volume expansion) with a 
sensitivity of 94% and a specifi city of 96%.

�Pp (%) � 
(Ppmax � Ppmin)

(Ppmax � Ppmin)/2 
	 100

where Pp � pulse pressure, Ppmax � maximal 
pulse pressure, and Ppmin � minimum pulse 
pressure.

It is important to note that just because a 
patient has preload reserve does not mean that 
the patient needs more preload (or a higher car-
diac output). You and I both have preload reserve, 
and yet probably do not need volume expansion 
at the present time. Additionally, it is important to 
note that the sensitivity of this technique is likely 
reduced somewhat at lower tidal volumes. Finally, 
and importantly, active respiratory efforts and 
arrhythmias should preclude the use of this tech-
nique. Table 1 presents a summary of important 
caveats regarding the use of arterial pulse pres-
sure variation as a guide to fl uid resuscitation.

Colloid vs Crystalloid

Although the colloid vs crystalloid debate 
continues, to date there is no convincing evidence 
that colloids are superior to crystalloids in the 
resuscitation of critically ill patients. In fact, harm-
ful effects have been detected from some colloids 
(eg, 10% pentastarch) and in some settings (eg, the 
use of albumin in traumatic brain injury). There 

Table 1. Important Caveats for the Use of Respiratory Changes 
in Arterial Pulse Pressure To Guide Volume Resuscitation

May be less sensitive when low tidal volume ventilation is 
used

Typically requires deep sedation (inaccurate if patient is not 
passive)

Arrhythmias invalidate use
Does not answer the question of whether the patient needs 

an increased preload and/or cardiac output
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are somewhat more data supporting the use 
of colloids in certain other clinical settings; for 
instance, the use of albumin for patients under-
going large-volume paracentesis. For patients in 
septic shock, however, it is the author’s opinion 
that there is no advantage to the use of colloids 
over crystalloids.

Guidelines for Resuscitating the Patient 
With Septic Shock

 1.  Establish a mechanism and/or team to iden-
tify and urgently resuscitate patients with sep-
tic shock.

 2.  Volume expansion with crystalloid is usually 
indicated. Frequently, between 4 and 6 L are 
required. Fluid responsiveness may be assessed 
by examining CVP variation with breathing (in 
the spontaneously breathing patient), or arterial 
pulse pressure variation (in the patient receiv-
ing mechanical ventilation). Alternatively, fl u-
ids may be administered to achieve a goal CVP 
of 8 to 12 mm Hg.

 3.  Adequacy of perfusion may be judged by clini-
cal criteria—mentation, urine output, periph-
eral extremity warmth, capillary refi ll, and 
BP—and by achieving a goal central venous 
saturation of � 70%. These targets should be 
achieved within 6 h of patient presentation.

 4.  Transfusion of packed RBCs to achieve a hemo-
globin level of � 10 g/dL can be considered in 
the early hours of resuscitation if the central 
venous oxygen saturation is 
 70% despite 
adequate fl uid resuscitation;

 5.  Treatment of hypotension despite adequate 
intravascular volume:

 a.  If the cardiac output and/or central venous 
saturation is low, the presence of cardiac 
dysfunction should be considered, and 
echocardiography is indicated. Dobuta-
mine (as with left ventricular or global dys-
function) or norepinephrine (as with right 
ventricular failure) may be useful.

 b.  If the cardiac output and/or central venous 
saturation are judged to be adequate, vaso-
pressors such as norepinephrine or vaso-
pressin should be administered.

 6.  In many patients, intubation and mechani-
cal ventilation will be required. This therapy 

may be particularly useful when the targets of 
EGDT are unable to be achieved despite vol-
ume expansion, and when the work of breath-
ing is elevated.

Focused Assessment With Sonography 
for Trauma 

Focused assessment with sonography for 
trauma, otherwise known as FAST, examines the 
trauma patient for evidence of free fl uid. Four 
areas are examined: the perihepatic and hepatore-
nal space, the perisplenic space, the pelvis, and 
the pericardium. FAST has supplanted diagnos-
tic peritoneal lavage in some settings and in some 
circumstances. This technique has obvious advan-
tages, being fast, noninvasive, and repeatable. 
Perhaps not surprisingly, however, the technique 
is highly operator dependent. It also provides lim-
ited information regarding the nature and extent 
of the patient’s injuries, and is imperfectly sensi-
tive in diagnosing solid organ injury, for which 
CT is superior.

FAST is therefore suitable as a “fi rst-look” 
technology used as an adjunct to the Advanced 
Trauma Life Support primary survey. Used in this 
way, FAST may facilitate early operative interven-
tion. A negative result from the FAST examination 
should not provide false reassurance, however, 
when the suspicion for solid organ injury is high. 
A summary of this approach is provided here.

FAST
Reassuring Continue 

evaluation (CT?)

OR 
Pericardial or free 
intraperiteonal 
fluid 

Cardiac Arrest: A Brief Review of 
Advanced Cardiac Life Support 
Guidelines

A comprehensive review of the Advanced 
Cardiac Life Support guidelines is beyond the 
scope of this review. Hopefully, many of you will 
have undergone recent recertifi cation, or had occa-
sion to use these guidelines recently in the care of 
patients. Following is a brief review of some of 
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the major changes and points of emphasis high-
lighted in the 2005 guidelines.

 1.  Coronary perfusion pressure is a major deter-
minant of survival after cardiac arrest, and it 
falls quickly when chest compressions stop! 
Data supporting this concept prompted the 
following recommendations:

• A 30:2 ratio of compressions to breaths for 
all ages (except newborns)

• Push hard and push fast (100 times per min) 
with adequate recoil and minimal interrup-
tions

• Minimize interruptions in chest compres-
sions:

Five cycles of cardiopulmonary resuscita-
tion (CPR) between rhythm checks.

CPR is resumed after shock for 2 min prior 
to rhythm check.

 2.  Too much breathing can be a bad thing. Exces-
sive bagging raises pleural pressure and 
therefore diminishes venous return, while an 
 obsessive focus on placing an artifi cial airway 
may hinder chest compressions. Therefore: 

• Intubation is a low priority if mask ventila-
tion is deemed effective.

• A 30:2 compression to ventilation ratio is 
appropriate prior to placing an artifi cial air-
way.

• Once an advanced airway is placed, asyn-
chronous ventilation at 8 to 10 breaths/min 
is recommended.

 3.  Administer fewer shocks, ideally with a bipha-
sic defi brillator. Biphasic defi brillators are 
highly effective at restoring sinus rhythm when 
the heart is susceptible to defi brillation. If the 
heart is not susceptible to defi brillation, fur-
ther shocks are not likely to be successful and 
the time spent on these shocks may dramati-
cally reduce the effi cacy of chest compressions. 
Therefore: 

• For ventricular fi brillation/pulseless ventri-
cular tachycardia, administer one shock fol-
lowed immediately by CPR (instead of three 
stacked shocks as in previous guidelines). 

 Biphasic defi brillator: 200 J
 Monophasic defi brillator: 360 J

After Cardiac Arrest: Therapeutic 
Hypothermia

The available evidence suggests that survivors 
of cardiac arrest have better long-term neurologic 
outcomes if they are treated with mild therapeutic 
hypothermia. Accordingly, in the 2005 Advanced 
Cardiac Life Support guidelines, this strategy is 
given a class IIA recommendation for the uncon-
scious adult patient with return of spontaneous 
circulation following out-of-hospital ventricular 
fi brillation arrest, and a class IIB recommenda-
tion for the unconscious adult patient with return 
of spontaneous circulation after non- ventricular 
fi brillation arrest or following an in-hospital arrest.

Although it appropriate to not “cool” patients 
who have signifi cant bradycardia or active bleed-
ing, it is the author’s opinion that many patients 
who may benefi t from this therapy are frequently 
not considered for it. It is true that instituting this 
therapy in an unstable patient can be challenging, 
particularly if the collective experience of the 
treating clinicians is low. Because of this, institu-
tions may benefi t from the creation of a therapeu-
tic hypothermia protocol. Ideally, this protocol 
would also include training and/or orientation 
sessions and the identifi cation of content experts 
available for consultation when necessary. Major 
elements of a therapeutic hypothermia protocol 
are listed in Table 2.

Prognostication After Cardiac Arrest

Intensivists are frequently asked to help pre-
dict the neurologic outcome of comatose sur-
vivors of a cardiac arrest. The approach to such 
patients commonly involves a combination of 

Table 2. Key Elements of Therapeutic Hypothermia

Exclude patients with active bleeding or signifi cant brady-
cardia

Target 32°C–34°C for 12–24 h
Hypothermia may be achieved with the use of endovascular 

cooling devices, cooled fl uids, or external techniques 
such as cooling blankets and ice packs

Sedatives, � paralytics � meperidine (to prevent shivering) 
usually needed

Monitor metabolites and heart rate, observe for bleeding
Slow rewarming (over 6–8 h)
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clinical assessment and focused neurodiagnostic 
testing. An understanding of potential confound-
ers in prognostication, as well as the limitations of 
currently available approaches, is critical for the 
practicing intensivist.

Potential Confounders in Prognostication

A number of medical conditions and treat-
ments may confound prognostication, either by 
contributing to the patient’s coma or by interfering 
with the various methods available for examining 
the brain. These confounders include organ dys-
function, metabolic derangements, shock, sepsis, 
sedatives and other medications, and, impor-
tantly, hypothermia! It is unclear exactly how the 
approach to prognostication should be modifi ed 
for the patient who has been treated with thera-
peutic hypothermia. At a minimum, however, 
it seems appropriate to not begin “counting 
days” after arrest until after the patient has been 
rewarmed and any residual sedatives, narcotics, 
and/or muscle relaxants have been completely 
eliminated.

Clinical Evaluation

It is important to note that the circumstances 
of the arrest, including the duration of the arrest 
and the initial rhythm, are not adequately pre-
dictive of neurologic outcome as to be clinically 
useful. In contrast, the clinical fi ndings that are 
most predictive of a poor long-term neurologic 
outcome include:

• Absent pupillary or corneal refl exes at day � 3 
after arrest

• Absent or extensor motor responses at day � 3 
after arrest

• True myoclonus status epilepticus within the 
fi rst day after a primary circulatory arrest

Imaging 

The role of brain imaging in prognostication 
is not clearly defi ned. Although fi ndings com-
patible with anoxic brain injury and/or edema 
may be evident on brain scans, the prognostic 
value of such fi ndings is unclear at the present 

time. MRI is considerably more sensitive than CT 
at  demonstrating subtle abnormalities and may 
hold more promise in prognostication, but even 
fewer studies examining the utility of this modal-
ity postcardiac arrest have been performed.

Neurophysiologic Testing

EEG is commonly performed postarrest in 
order to exclude nonconvulsive status epilepticus 
as a cause of coma and to provide some limited 
prognostic information. It is important to note 
that the EEG literature is hampered by the use 
of different classifi cation schemes and variable 
recording intervals after arrest. In addition, it is 
important to remember that the EEG is affected 
by sedatives and coexisting illnesses (for instance, 
sepsis or metabolic encephalopathy) and that it 
may evolve in the days following cardiac arrest. 
Thus, although helpful in excluding seizures and 
providing some limited prognostic information, 
EEG fi ndings alone lack suffi cient specifi city to 
accurately predict prognosis.

Somatosensory evoked potentials are elec-
trical potentials triggered by a stimulus applied 
to a peripheral nerve and generated by various 
components of the ascending sensory pathway. 
Potentials can be measured at the peripheral 
nerve, nerve root, spinal cord, subcortical brain 
structures, and the sensory cortex. The latter 
includes, among others, the N20 component. 
Bilateral absence of the N20 component of the 
median nerve somatosensory evoked potential on 
day 1 to 3 after arrest, when present, almost univer-
sally predicts a poor outcome.

Other Tests

A number of biochemical markers have been 
investigated. The most helpful is a marker called 
serum neuron-specifi c enolase. A neuron-specifi c 
enolase value of � 33 μg/L at day 1 to 3 is highly 
predictive of a poor outcome.

An Approach to Prognostication

A practice parameter for prognostication fol-
lowing cardiac arrest was published in Neurology 
in 2006.4 The decision algorithm does not attempt 
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to incorporate therapeutic hypothermia. As men-
tioned previously, it is the author’s opinion that 
patients treated with this approach should be 
given more time for evaluation.
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Objectives:

• Review the indications for sedative and paralytic agents 
and methods of administration of these agents in the ICU

• Review the pharmacokinetics and pharmacodynamics of 
sedative and paralytic agents

• Review techniques of airway management

Key words: assessment; cisatracurium; etomidate; fentanyl; 
ketamine; morphine; propofol; rocuronium; sedation; sedation 
interruption; vecuronium

Sedation of Critically Ill Patients

Publications from the late 1980s suggested that 
approximately one-half of all patients in the ICU 
described their period of mechanical ventilation 
as unpleasant and stressful, and that their time 
requiring mechanical ventilation was associated 
with fear, agony, and panic. In the late 1990s and 
more recently, publications have suggested that 
there is an association between the administration 
of large quantities of sedative agents in the ICU 
and the development of posttraumatic stress dis-
orders and memory problems in the recipients.1 
Furthermore, there have now been investigations 
that have documented undesirable outcomes 
associated with the administration of large quanti-
ties of sedatives. These outcomes include delayed 
weaning from mechanical ventilation, signifi -
cantly prolonged length of stays in the ICU and 
in the hospital,2,3 signifi cantly increased acquisi-
tion of CT scans for patients because of depressed 
mental function,3 and an increased incidence of 
nosocomial pneumonia in patients receiving 
sedation and paralytic agents.4 More recently, it 
has been suggested that excessive sedation has 
even been shown to result in increased mortality.5 
Therefore, the present-day conundrum is how 
to appropriately sedate patients in the ICU to 
prevent their fear and anxiety, and which agents 
to use.

Assessment of Sedation

There is no consensus as to what level of seda-
tion is optimal for patients in the ICU; most likely, 
the optimal level of sedation will vary depending 
on the underlying physical and mental problems 
of each patient and the level of movement that is 
safe for the patient. An investigation6 documented 
that the more severely ill a patient is in the ICU, the 
less the patients remember about their ICU experi-
ence. The more severely ill patients tend to receive 
more sedation because they require mechanical 
ventilation for more prolonged periods, and there 
is some question whether their illness and their 
medicines may affect short-term memory.6 More 
is being discovered about the effects of sedatives 
on cognition, memory, and learning; precise goals 
may eventually be possible (ie, anxiolysis with-
out decreased cognition). Furthermore, we may 
be able to achieve some anxiolysis with nonphar-
macologic interventions; relaxation tapes, warm 
milk, and herbal tea were shown to be useful in 
the treatment of hospitalized elderly patients 
because the administration of these adjunctive 
“therapies” decreased the need for sedation and 
decreased the incidence of delirium.7

Despite the lack of consensus and our incom-
plete knowledge, sedation should be administered 
only after an assessment of the patient is done. 
Thus, some quantitative assessment of a patient’s 
anxiety should be made before the administration 
of medication; the patient then should be reas-
sessed after receiving the drug. The most common 
assessment tool used is the Ramsay scale (Table 1). 
The Ramsay scale is a 6-point scale that describes 
the patient as anxious and agitated (� 3) to unre-
sponsive (level - 3). The scale includes an assess-
ment of movement; thus, that the administration 
of neuromuscular blockade would preclude the 
use of this assessment tool. Titration of sedative 
agents to these scoring systems allows continuous 
assessment of the appropriate amount of sedative 
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agent. Targeted sedation will minimize the ten-
dency to oversedate critically ill patients.

Narcotics and Sedative-Hypnotic 
Agents

All the sedative-hypnotic agents used for 
sedation or to optimize airway management have 
a depressant effect on BP and cardiac function. 
The effects vary depending on the patient’s age,8 
underlying medical problems, and cardiovascu-
lar stability. Furthermore, when drugs are used 
in combination, their effects can be synergistic. 
This potentiation of effects can be benefi cial, as 
when analgesic effects are intensifi ed; however, 
combinations of drugs may also potentiate respi-
ratory depression and cardiovascular instability. 
Therefore, the decision to administer a sedative-
hypnotic agent must fi rst address whether the 
patient is stable enough to tolerate such a medi-
cation and, if so, what dose the patient will 
tolerate.

Patients who do not tolerate the cardiac 
depressant effects of sedative-hypnotics include 
patients who are in shock, bleeding, severely 
volume depleted, or who have inadequate car-
diac function. Patients who have experienced 
a cardiac arrest or are very hypotensive should 
not be administered normal doses of sedative-
hypnotic agents because the drugs will hinder 
cardiac function. Conversely, analgesics should 
not be withheld if BP can be supported with vol-
ume resuscitation and low doses of inotropes or 
vasopressors. Aging affects the pharmacokinetics 
and pharmacodynamics of the sedative-hypnotic 
agents; furthermore, the sensitivity of the elderly 
brain to sedative-hypnotic agents appears to be 

increased.8 Sedative-hypnotic agents are also 
associated with confusion and delirium in the 
elderly (see chapter entitled “Pain, Delirium, and 
Ischemia in the Perioperative Period”).

Liver disease affects the metabolism of drugs 
in many ways, and is diffi cult to predict. In severe 
cirrhosis (associated with altered clotting times, 
ascites, and encephalopathy), elimination half-
lives of drugs are increased and drug clearance is 
reduced. These results suggest that smaller doses 
of drugs should be administered, and should be 
administered less frequently.8,9 Metabolism of 
drugs that undergo glucuronidation (ie, loraz-
epam, oxazepam) appear to be relatively unaf-
fected by liver disease. Drugs that are metabolized 
by phase I oxidative pathways (ie, diazepam 
and chlordiazepoxide) are affected by acute and 
chronic liver disease.10 Nonetheless, morphine, 
which undergoes glucuronidation, is associated 
with an increased half-life and decreased clear-
ance in patients with end-stage, decompensated 
liver disease.10 Titration of sedatives to a scoring 
scale should simplify the complex pharmacology 
of drug administration in patients with hepatic 
and renal dysfunction.

A retrospective examination of the medical 
records of 28 patients who required � 7 days of 
intensive care documented the occurrence of with-
drawal symptoms and signs (restlessness, irrita-
bility, nausea, cramps, muscle aches, dysphoria, 
insomnia, myoclonus, delirium, sweating, tachy-
cardia, vomiting, diarrhea, hypertension, fever, 
seizure, or tachypnea) in 9 of these patients.11 The 
patients had to have three or more signs, or three 
or more symptoms, to be considered as having 
withdrawal. These patients received several-fold 
higher doses of analgesic and sedative-hypnotic 
medications than the patients who did not expe-
rience withdrawal symptoms.11 The patients who 
did not experience withdrawal received an aver-
age daily doses of fentanyl equivalent to 1.4 mg/d 
and lorazepam equivalent to 11.1 mg/d. The 
patients who experienced withdrawal were sig-
nifi cantly more likely to have received neuro-
muscular blocking agents. Increased doses of 
narcotics and sedatives might have been admin-
istered to ensure that patients were not paralyzed 
and awake. The patients who experienced with-
drawal symptoms were also signifi cantly younger 
than those who did not experience symptoms; the 

Table 1. Sedation-Agitation Scale

Score Description

1 Patient anxious and agitated, or restless, or both

2 Patient cooperative, oriented, and tranquil

3 Patient responds to commands only

4 Brisk response to a light glabellar tap or loud 
auditory stimulus

5 Sluggish response to a light glabellar tap or loud 
auditory stimulus

6 No response to a light glabellar tap or loud audi-
tory stimulus
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younger patients may be more prone to tolerance 
of opioids and sedatives, or the younger patients 
may have been more likely to survive. The authors 
recommended the following: (1) weaning the 
doses of the drugs by 5 to 10% per day; (2) that 
drugs might be weaned even more slowly if both 
opioids and benzodiazepines are being weaned; 
and (3) that long-acting oral agents could be 
administered, which can be weaned outside the 
ICU.11 For example, oral methadone provides an 
effi cient method for opiate weaning.

Continuous Infusions

The clearance of a sedative drug is affected 
by the duration of the infusion of the drug. 
Both midazolam and lorazepam become longer-
 acting drugs when they are administered as con-
tinuous infusions.12 Patients also rapidly become 
tolerant to benzodiazepines when these agents 
are administered frequently.12 Nevertheless, 
continuous in fusion can minimize hemody-
namic instability associated with analgesic and 
sedative administration. A reasonable target is 
for approximately 50% of the total analgesic or 
sedative dose to be administered as a continuous 
infusion, with the balance as needed. The term 
context-sensitive half-life refers to the changes 
in drug elimination that occur as a function of 
duration of infusion.

Assessment of Pain

The treatment of pain is not only compas-
sionate, but it is now mandated by The Joint 
Commission. Pain associated with procedures 
should be treated with analgesics. Chronic pain 
may require therapy other than opioids, as most 

patients who have been treated for chronic pain 
are tolerant to narcotics.

Increased concentrations of morphine are 
found to develop in elderly patients when com-
pared with younger patients given the same dose, 
and the morphine plasma concentration persists 
for longer intervals, suggesting decreased clear-
ance. Therefore, smaller doses of morphine should 
be used in elderly patients.

Morphine administration is associated with 
hypotension; doses of 1 to 4 mg/kg IV are com-
monly associated with hypotension, but hypoten-
sion has been reported with doses of 5 mg IV.10 
The faster the rate of administration, the more 
pronounced the hypotension seen; morphine can 
also be associated with histamine release, and 
morphine causes arterial and venous dilation that 
potentiates hypotension. Finally, morphine can 
slow the heart rate, probably by its stimulation of 
the vagus nerve and its depressant effects on the 
sinoatrial node. These hemodynamic effects are 
magnifi ed when pain levels, and therefore circu-
lating catecholamines, are increased. Continuous 
infusion, by preventing development of pain, may 
minimize hypotension.

Fentanyl

Fentanyl is 50 to 100 times more potent than 
morphine (fentanyl has greater affi nity for the � 
opiate receptor), so that the usual IV doses are 
50 to 100 �g, depending on the condition of the 
patient. As fentanyl is very lipid soluble (40 times 
more lipid soluble than morphine), it penetrates 
the CNS quickly and leaves it quickly, and there-
fore has a very rapid onset of action and a short 
duration of action (Table 2). The onset of action of 
fentanyl is within 30 s, and its peak effect is within 

Table 2. Pharmacokinetics and Pharmacodynamics of Opioid Agents*

Drug Lipid Solubility Half-life, h Onset of Action, min Peak Effect, min Duration of Action, h

Morphine Low 2–3 5 20–30 2–7

Fentanyl High 4–10 1–2 5–15 0.5–1

Meperidine Moderate 5–8 5 20–60 2–4
Hydromorphone Low 2.5–3 10–15 15–30 2–4

*Volles and McGory.10
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5 to 15 min.10,13 The liver metabolizes fentanyl, 
and the kidney eliminates inactive metabolites. 
Decreased liver perfusion can decrease the clear-
ance of fentanyl. When fentanyl is administered 
as a continuous infusion, the terminal half-life 
of the drug is 16 h; prolonged effects seen after 
infusions or repeated bolus injections of fentanyl 
occur because of the large amounts of the drug, 
which accumulate in the fatty tissues and then 
have to be metabolized by the liver.

Fentanyl is similar to morphine in that fen-
tanyl concentrations are higher in elderly patients, 
apparently due to decreased clearance of the drug. 
Fentanyl is more potent in the elderly in that loss 
of consciousness occurs with smaller doses. Chest 
wall rigidity may occur with rapid administration 
of large doses of fentany1.13-15

Fentany1 administration infrequently causes 
hypotension; however, it can cause hypotension 
by causing bradycardia and decreased sympa-
thetic tone.13,14 Patients who are maintaining 
their BP by an increase in sympathetic tone can 
become hypotensive with the administration of 
fentanyl.13,16 The rate of administration appears 
to affect the development of bradycardia; when 
fentanyl is administered rapidly, bradycardia de-
velops more frequently.13–16

Remifentanil

Remifentanil is an ultrashort-acting  narcotic 
with potency that is similar to that of fentanyl. 
Remifentanil penetrates the blood-brain  barrier 
within 1 min, and its blood concentration de-
creases 50% by 6 min after a 1-min infusion and 
80% by 15 min.17 The novel aspect of remifen-
tanil is its rapid hydrolysis by circulating and 
tissue nonspecifi c esterases (the (�-adrenergic 
blocker esmolol is metabolized by similar enzy-
matic machinery). Unlike fentanyl, there does not 
appear to be a cumulative effect seen with lon-
ger infusions because of this unique metabolism. 
Organ dysfunction does not appear to alter the 
metabolism of this drug.17 The clearance of remi-
fentanil is reduced by about 25% in the elderly, 
according to the product information.

This drug produces respiratory depression, 
hypotension, bradycardia, and hypertonus of 
skeletal muscle; the rigidity produced by this 
drug can make ventilation by mask difficult or 

impossible. The administration of propofol or 
a paralytic agent prior to the administration of 
remifentanil can attenuate the skeletal rigidity 
seen with the drug. In studies in which fen-
tanyl, 1 �g/kg IV, was compared with remifen-
tanil, 0.5 to 1 �g/kg IV, hypotension occurred 
somewhat more often with fentanyl.16,18 Peak 
hemodynamic effects of remifentanil are seen 
within 3 to 5 min after the administration of a 
single bolus, and hemodynamic effects are dose 
dependent.

It has been shown that when large doses of 
remifentanil are administered intraoperatively, 
acute opioid tolerance develops. Tolerance occurs 
more quickly in response to shorter-acting nar-
cotics such as remifentanil and alfentanil. In fact, 
profound tolerance can be documented after 90 
min of remifentanil administration to volunteers. 
However, it also appears that the administration 
of large doses of opioids can also produce delayed 
hyperalgesia, suggesting a central sensitization 
that reduces the threshold to receptive fi elds. In 
support of this, the administration of N-methyl-d-
aspartate receptor antagonists before the admin-
istration of large doses of opioids can block the 
hyperalgesia that can be induced by heroin or 
fentanyl. Because of its potency and short half-
life, this agent is complex to use, and is usually 
reserved for intraoperative use.

Etomidate

Etomidate exists as two isomers, but only the 
� isomer is active; etomidate is R-(�)-ethyl-l-
(�-methylbenzyl)-lH-imidazole-5-carboxylate. It 
is formulated as a 2 mg/mL solution in 35% pro-
pylene glycol. The propylene glycol is irritating 
to veins, and etomidate should not be mixed with 
other IV solutions. Etomidate had been used in 
critical care units throughout the world because 
of its characteristics, including its minimal hemo-
dynamic effects, minimal respiratory depression, 
and cerebral protective effects. However, etomi-
date causes a dose-dependent, temporary, and 
reversible inhibition of steroid synthesis after 
a single dose or after an infusion. Other side 
effects that discourage its use include nausea and 
vomiting due to activation of the nausea center 
(concurrent administration of fentanyl increases 
the incidence), pain on injection, superfi cial 
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 thrombophlebitis 48 to 72 h after injection, and 
myoclonus. Etomidate appears to enhance the 
neuromuscular blockade of nondepolarizing par-
alytic agents.15 Nonetheless, etomidate continues 
to be used as it causes minimal hemodynamic per-
turbations when small doses are administered.

The liver metabolizes etomidate, and its main 
metabolites are inactive. Doses of etomidate that 
have been used are 0.2 to 0.6 mg/kg; this dose can 
be decreased if narcotics and/or benzodiazepines 
are also administered. After 0.3 mg/kg, the effect 
is seen within the time that it takes the drug to cir-
culate to the brain; redistribution is the mechanism 
that terminates the effects of a bolus of etomidate. 
Hepatic dysfunction does not appear to alter the 
rapid recovery from the hypnotic effects of etomi-
date.15,19 The elimination half-life of the drug is 2.9 
to 5.3 h.15 In the elderly, the elimination clearance 
and volume of the central compartment are both 
decreased, causing a higher blood concentration 
from a given dose.19

Etomidate affects transmission at �-amino-
butyric acid-a receptors and may increase the 
number of �-aminobutyric acid-a receptors.13 
Etomidate causes hypnosis and does not have 
analgesic activity. Etomidate has minimal effects 
on ventilation; in fact, etomidate can produce a 
brief period of hyperventilation, which can be fol-
lowed by apnea.15,19 Hiccups and coughing may 
also be seen after etomidate administration. After 
the administration of 0.3 mg/kg of etomidate to 
patients, there is almost no change in heart rate, 
mean arterial pressure, mean pulmonary artery 
pressure, central venous pressure, stroke volume, 
or cardiac index.15,19 Etomidate does not affect 
the sympathetic nervous system or baroreceptor 
function. Because of the potential for adrenal sup-
pression with etomidate, it should not be used 
in repeated doses or as a continuous infusion. 
In addition, adrenal axis testing results will be 
abnormal in patients who have recently received 
etomidate. However, it is a desirable agent for 
use in brief procedures such as endotracheal 
intubation.

Propofol

Propofol is a short-acting sedative-hypnotic 
widely used for sedation and general anesthesia. 
Propofol, 2,6,-diisopropylphenol, is formulated as 

a 1% aqueous emulsion, containing 10% soybean 
oil, 2.25% glycerol, and 1.2% egg phosphatide.20 
Ethylenediaminetetraacetic acid has recently been 
added to propofol in an attempt to discourage 
bacterial growth; propofol has been found to be 
the drug most frequently contaminated by bacte-
ria. An ampule of the drug should only be used 
for one patient; great care should be taken when 
the drug is used for infusions so that bacterial 
contamination does not occur.

The effects of propofol, 2 mg/kg, are seen 
within the time it takes for the drug to circulate 
to the brain. The duration of the hypnosis is 5 to 
10 min after a bolus injection; redistribution and 
elimination terminates the effects of propofol. 
Propofol has no analgesic activity but has some 
antiemetic properties. The clearance of propofol 
cannot be explained by hepatic clearance alone; 
there appear to be extrahepatic sites of elimina-
tion. The clearance of propofol is extremely rapid, 
and the recovery from propofol remains rapid 
even after prolonged infusions.15 The pharma-
cokinetics of propofol in patients age � 65 years 
old reveal that the elimination clearance is slower, 
but that plasma concentrations appear similar to 
those of younger patients.19

Propofol causes dose-dependent hypoten-
sion that is very similar or somewhat greater than 
the hypotension produced by the administra-
tion of thiopental. Propofol causes vasodilation 
and myocardial depression.20 The hypotensive 
effects of this drug can be exaggerated in elderly 
patients and in patients who have poor cardiac 
function or hypovolemia.15,20 Propofol causes 
respiratory depression; initially, an increase in 
respiratory rate is seen for about 30 s and then 
apnea occurs. Airway refl exes are depressed, and 
propofol prophylactically attenuates induced 
bronchoconstriction by depression of neurally 
induced bronchoconstriction.15,21 Propofol does 
not affect resting airway tone, nor has it been 
used in asthmatic patients to treat acute broncho-
constriction.20,21 The dosing of propofol should 
be adjusted to take into account volume status 
and cardiac function when used for either intu-
bation or sedation. Side effects produced by pro-
pofol include intense dreams and disinhibition, 
dystonic or choreiform movements, pain at the 
injection site, phlebitis, hyperlipidemia, and 
pancreatitis.
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Ketamine

Ketamine, a phencyclidine derivative, is unique 
among the IV agents in that it causes analgesia as 
well as amnesia. The drug does not necessarily cause 
a loss of consciousness, but the patient is not aware; 
the drug appears to cause a dissociative state by 
electrophysiologic inhibition of the thalamocortical 
pathways and stimulation of the limbic system.21-23 
The drug is a racemic mixture of two optical enan-
tiomers; the S(�) ketamine has approximately four-
fold-greater affi nity at phencyclidine binding sites 
on the N-methyl-d-aspartate receptor than does the 
R(	) ketamine. The S(�) ketamine appears to allow 
the use of signifi cantly smaller doses, faster recov-
ery, and possibly fewer side effects. The compound 
is available for use in Europe.21-23

Doses of ketamine, 0.1 to 0.5 mg/kg, have anal-
gesic action and can be used before the onset of 
pain for effective preemptive analgesia. Ketamine 
has an elimination half-life of 3 h. Recovery from 
an induction dose (0.5 to 1.5 mg/kg) is from 
redistribution from its receptor. Ketamine causes 
amnesia, altered short-term memory, decreased 
ability to concentrate, altered cognitive perfor-
mance, nightmares, nausea, and vomiting. Thus, 
it is common practice to administer small doses 
of benzodiazepine with ketamine; this practice 
does prolong recovery from ketamine, but usu-
ally eliminates these adverse effects.

Ketamine directly stimulates the autonomic 
nervous system, releases catecholamines and ste-
roids, and causes tachycardia and increases BP. If 
a patient cannot release catecholamines (ie, is crit-
ically ill or has autonomic nervous system block-
ade), then ketamine administration can cause 
vasodilation and myocardial depression.21–23 Data 
regarding ketamine in the elderly are lacking; the 
emergence phenomena and dysphoria ketamine 
causes may be diffi cult for the elderly, particularly 
if the baseline mental status is not normal.21–23

Ketamine is a useful agent for patients with 
reactive airway disease in that it attenuates neu-
rally induced bronchoconstriction.21 It also has a 
small direct effect on smooth muscle activation; 
however, it is unclear whether it can be used to 
improve asthma attacks. Ketamine administra-
tion will decrease the neurally induced broncho-
constriction that occurs with airway manipula-
tion during intubation.

Midazolam

Midazolam is a water-soluble benzodiazepine 
that has the notable property of causing antegrade 
amnesia in conscious patients. Midazolam has 
an elimination half-life of 2.7 h (compared with 
46.6 h for diazepam).15,19 In the elderly, the elimi-
nation half-life is longer and elimination clear-
ance decreases.15,19 Drug effects are terminated by 
redistribution, suggesting that pharmacodynamic 
changes in the elderly cause the prolonged effects 
seen in this age group.15,19

After doses of 0.05 to 0.2 mg/kg of midazolam 
IV, tidal volumes will decrease by 40%, but minute 
ventilation remains unchanged. However, after 
slightly larger doses, apnea is seen. When opi-
oids and midazolam are administered together, 
respiratory depression is assured, as midazolam 
decreases tidal volume and the opioids will 
decrease the respiratory rate. More prolonged 
and more profound respiratory depression has 
been noted in patients with chronic obstructive 
airways disease and in patients with altered respi-
ratory drives.15,19

Midazolam causes more hypotension than 
etomidate; when administered to patients with 
normal cardiovascular function, small decreases 
in BP and increases in heart rate are seen. When 
midazolam was administered to patients who 
had valvular heart disease, some impairment of 
cardiac function was seen; when it was used for 
cardiac catheterization in patients with coronary 
artery disease, these patients experienced approx-
imately a 15% decrease in their mean arterial 
pressures.15,19 When patients have signifi cant car-
diac dysfunction or are hypovolemic, midazolam 
will depress cardiovascular function and has been 
associated with fatalities.

Unlike propofol, ketamine, or etomidate, 
midazolam will take longer for its peak effect on 
the CNS. The drug takes approximately 5 min to 
achieve its peak effect; recovery of normal cen-
tral nervous function takes about 20 min after 
one dose.15,19 However, in the elderly, prolonged 
amnesia even during the recovery period may 
occur.

Midazolam and the other benzodiazepines, 
except for lorazepam or temazepam, have been 
noted to interact with protease inhibitors, including 
ritonavir, indinavir, nelfi navir, and saquinavir. The 
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interaction involves the inhibition of P-450-3A 
enzyme that metabolizes many of the benzodi-
azepines. Therefore, the levels of the benzodi-
azepines can be increased and cause prolonged 
amnesia and sedation.24 There is now a warning 
on protease inhibitor labels to avoid the admin-
istration of these benzodiazepines to patients 
who are receiving protease inhibitors. The warn-
ing also exists for meperidine, fentanyl, codeine, 
and hydromorphone, levels of which are also 
increased by the protease inhibitors.24

Dexmedetomidine

Dexmedetomidine, an �2-adrenoreceptor 
agonist, is a newer sedative drug that is being 
introduced for use in the ICU. It binds �2- agonist 
receptors eight times more avidly than cloni-
dine and is shorter acting.25 Benefi cial properties 
include marked sedation with only mild reduc-
tions in minute ventilation, reduced hemody-
namic response to intubation and extubation, 
attenuated stress response to surgery, and poten-
tiation of analgesics.26 A prospective, randomized 
study27 reported that ICU patients who received 
dexmedetomidine required signifi cantly less 
additional sedative or analgesic medication than 
did the control patients. In 1999, dexmedetomi-
dine was approved by the US Food and Drug 
Administration for short-term (
 24 h) infusion as 
a sedative agent in critically ill patients. Clinical 
trials are underway to determine safety and effi -
cacy for periods � 24 h. Patients sedated with dex-
medetomidine appear tranquil while being readily 
arousable and interactive when stimulated.25

Adverse effects of etomidate include hyper-
tension, followed by hypotension and bradycar-
dia from inhibition of sympathetic activity in the 
CNS.28 Because of this, boluses may not be toler-
ated as well as maintenance infusions in critically 
ill patients. Elimination may be prolonged in the 
presence of hepatic dysfunction, but additional 
data will be necessary to determine whether this 
drug can be used in patients with renal or hepatic 
failure.28

Choosing the Optimal Sedative

Two studies have suggested that benzodi-
azepines may not be benefi cial for long-term 

sedation. The MENDS trial29 was a multicenter, 
randomized, controlled trial comparing sedation 
with dexmedetomidine to sedation with loraz-
epam. Sedation with dexmedetomidine resulted 
in more days alive without delirium or coma, 
along with improved sedation targeting. There 
was also a trend toward reduced mortality in 
patients receiving dexmedetomidine. In a more 
recent study, Riker et al30 compared midazolam 
to dexmedetomidine for sedation of critically ill 
patients. Although they found that midazolam 
and dexmedetomidine resulted in a similar qual-
ity of sedation, dexmedetomidine-treated patients 
spent less time receiving ventilation, experienced 
less delirium, and had less hypotension. Patients 
receiving dexmedetomidine did have a higher 
incidence of bradycardia.

Neuromuscular Alterations in 
Critically Ill Patients

A variety of neuromuscular alterations have 
now been described in critically ill patients. 
Critical illness polyneuropathy (CIP) is the most 
frequent acute polyneuropathy in this population. 
Risk factors for CIP include parenteral nutrition, 
autoimmune disorders, steroid use, use of muscle 
relaxants (pancuronium or vecuronium), hypergly-
cemia, hyperosmolality, and catecholamine use.31 
Intensive insulin therapy in critically ill patients 
was found to reduce the incidence of CIP by 44%.32 
Mortality was found to be up to 3.5 times higher 
for patients with CIP vs patients without CIP.31

The data suggest that CIP will develop in 58% 
of patients who remain in the ICU for � 1 week, 
and in 82% of patients with sepsis and multi-
organ failure. CIP is associated with persistent 
ataxia, muscle weakness, and paralysis in sur-
vivors of critical illness.33 CIP is an acute axonal 
polyneuropathy; affected nerves have a reduced 
number of fi bers so that the amplitude of nerve 
action potentials are reduced while the nerve con-
duction velocity is normal. Latency and conduc-
tion velocity are unchanged. Sensory and motor 
nerves are typically involved, but pure motor and 
pure sensory forms have been described. Deep 
tendon refl exes are decreased or absent. Creatine 
kinase levels can be normal or slightly increased. 
Diaphragmatic denervation may play a role in 
ventilator dependency.34

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



480 Issues in Sedation, Paralytic Agents, and Airway Management (Gropper)

Critical illness myopathy (CIM) is a primary 
myopathy, and it appears to be as frequent as 
CIP. To differentiate between CIP and CIM, the 
patient needs electromyographic evaluation. 
Muscle biopsies are usually required to confi rm 
CIM. Muscle biopsies should be considered in 
patients with normal sensory neurography, low 
motor amplitudes, and little spontaneous activ-
ity for the degree of weakness, fi ndings typical 
of myopathies.31 CIM encompasses a spectrum of 
disease, including acute necrotizing myopathy to 
evidence of intact muscle. Direct stimulation of 
muscle fi bers is now being used, instead of and in 
addition to muscle biopsies, to confi rm the diag-
nosis of CIM when there is an absolute reduction 
in direct muscle stimulation below critical val-
ues.35 In patients with sepsis and systemic infl am-
matory response syndrome, patients frequently 
have both CIP and CIM.31

An algorithm has been created to simplify the 
differential diagnosis of weakness in critically ill 
patients.31 Steroids are associated with a thick-fi l-
ament myopathy. The steroid components of the 
muscle relaxants pancuronium and vecuronium 
have been suggested as a cause of necrotizing 
myopathy.31

Introduction to Muscle Relaxants

Muscle relaxants are used for several pur-
poses, including facilitating endotracheal intuba-
tion, facilitating mechanical ventilation, reducing 
elevated intracranial pressure, reducing work of 
breathing, reducing spasms associated with teta-
nus, and reducing movement associated with 
status epilepticus.36 Short-term use is consid-
ered 
 2 days because complications have rarely 
been reported with administration for 
 2 days.36 

Complications associated with muscle relax-
ants include anaphylaxis, hyperkalemia associ-
ated with succinylcholine administration (seen 
in patients with burns, neurologic injury, muscle 
trauma, long-term immobilization, or elevated 
serum potassium), inadequate ventilation of para-
lyzed patients, inadequate analgesia and sedation 
of paralyzed patients, and persistent weakness 
after long-term use.36,37 

Most investigations have not found neuro-
muscular blocking agents to be associated with 
CIP.31 Persistent weakness occurs in about 20% of 

patients who receive muscle relaxants for � 6 days 
and in up to 70% of patients who are receiving 
steroids as well as receiving muscle relaxants.36 
Risk factors for prolonged weakness include 
vecuronium in female patients who have renal 
failure, high-dose steroids, and � 2-day duration 
of relaxant administration and administration of 
high doses of muscle relaxants.

There appear to be several etiologies to the 
persistent weakness. The persistent weakness may 
be due to persistent paralysis. Vecuronium has an 
active metabolite, 3-desacetyl vecuronium, which 
persists particularly in female patients with renal 
failure. Pancuronium and pipecuronium also 
form these metabolites. Therefore, these drugs 
should not be administered long term to patients 
who have renal failure.

A myopathic syndrome characterized by fl ac-
cid paralysis, increased creatine kinase, and myo-
necrosis appears to develop in patients receiving 
corticosteroids and who receive long-term ther-
apy with muscle relaxants; these patients recover 
after many months. Plasma creatine kinase con-
centrations appear to increase when the myopa-
thy develops; therefore, serum creatine kinase 
should be monitored in patients receiving cortico-
steroids who are receiving muscle relaxants. All 
muscle relaxants have been associated with this 
syndrome.

A motor neuropathy has been reported 
after the administration of vecuronium, pan-
curonium, or atracurium. The neuropathy affects 
all extremities, is associated with absent tendon 
refl exes, and can be accompanied by muscle 
wasting. This syndrome also takes months to 
resolve. Another syndrome consisting of persis-
tent motor weakness but with preservation of 
sensory function has been reported in patients 
receiving pancuronium, vecuronium, or metocu-
rine. These patients do not have normal neuro-
muscular transmission, and their symptoms also 
take months to resolve.

Patients do become tolerant to the effects 
of the muscle relaxants. The tolerance can de -
vel  op within 24 to 48 h and appears to be due to 
up-regulation of acetylcholine receptors sec-
ondary to chronic denervation. One method to 
decrease the incidence of tolerance is to minimize 
the amount of muscle relaxant administered; the 
drug should only be administered for a defi ned 
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clinical outcome. The only reason to monitor the 
train-of-four method is to document that com-
plete block is not obtained because the presence 
of a train-of-four response does not ensure that 
persistent weakness will not occur. In addition, 
train-of-four monitoring can help ensure that an 
overdose is not administered.

Comparison of Muscle Relaxants

For rapid tracheal intubation, either succi-
nylcholine or rocuronium (Table 3) should be 
administered. Succinylcholine only lasts for 5 
to 10 min, which may be helpful if there is con-
cern that the patient’s trachea cannot be intu-
bated. Succinylcholine has several signifi cant side 
effects, including hyperkalemia, bradycardia, 
junctional arrhythmias, ventricular arrhythmias, 
masseter spasm, and muscle pains. Rocuronium 
is a nondepolarizing muscle relaxant that has a 
fast onset.

Unlike succinylcholine, however, paralysis 
will persist for up to 90 min; thus, mask ventila-
tion and/or tracheal intubation must be success-
ful. Succinylcholine should not be used in patients 
with hyperkalemia, or in patients with burns, 
massive trauma, or denervation injuries such as 
paraplegia or quadriplegia. In these patients, ace-
tylcholine receptors are up-regulated; hyperkale-
mia will be exaggerated and may result in cardiac 
arrest.

Vecuronium has active metabolites that have 
been associated with persistent weakness, par-
ticularly in female patients with renal failure. 
Rocuronium does not have active metabolites. 
Atracurium and cisatracurium are used because 
their duration of action is not affected by liver 
or kidney disease. The duration of action of 
cisatracurium is as long as, if not longer than, 
that of rocuronium. All muscle relaxants have 
been associated with allergic reactions. In fact, 
muscle relaxants are the leading cause of peri-
operative anaphylaxis (succinylcholine is associ-
ated with 48% of the cases).37 A recent report of 
 cisatracurium-induced anaphylaxis documented 
that cardiovascular collapse can be the only sign 
of the allergic reaction.37

An important advance in reversal of neuro-
muscular blockade is the imminent availability of 
sugammadex. This is a novel agent that specifi -
cally binds rocuronium.

Airway Management

When one needs to emergently secure an air-
way, there are certain principles to remember: 
oxygenation even without removal of carbon 
dioxide can be lifesaving, and the complete inabil-
ity to oxygenate will cause brain damage within 
3 to 5 min. Therefore, as long as a needle can be 
placed in the trachea and oxygen can be adminis-
tered, the patient can be kept alive until a  surgical 

Table 3. Properties of Muscle Relaxants Used in the ICU*

Drug Initial Dose,†

mg/kg
Duration,‡ min Cost Factor§ Advantages Complications

Pancuronium 0.07	0.1 60	120 1 Inexpensive Tachycardia; active metabolite

Vecuronium 0.1 30	45 20 CVS stability Active metabolite

Atracurium 0.05 30	45 20 Reliable recovery Histamine release; active 
metabolite

Rocuronium 0.6	1.2 30	90 20 Rapid onset None

Cisatracurium 0.1	0.2 30	90 10 Reliable recovery Slow onset; active metabolite

Mivacurium 0.2 10	20 N/A Short duration Histamine release; metabolites
Succinylcholine 1	2 5	10 N/A Fast onset; fast 

recovery
Hyperkalemia; dysrhythmia

*  CVS � cardiovascular system; N/A � not recommended for long-term use. Reproduced with permission from Caldwell and 
Miller.36

† For tracheal intubation.
‡ Time from intubation dose until fi rst train-of-four response might return.
§ Numbers are multiples of the cost of pancuronium, which is ~$10/d.
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 airway can be obtained. Percutaneous kits are 
available to perform emergency cricothyroidoto-
mies; the operator must be able to complete the 
procedure in 
 3 min, and preferably the proce-
dure should be completed within 1 min.

If a patient is not actively vomiting or other-
wise soiling the airway, mask ventilation should 
be attempted. Successful mask ventilation can 
require two or more hands, and an oral and/or 
nasal airway. Mask ventilation is all that is 
required if aspiration is not a risk and the opera-
tor is not expert at tracheal intubation. The com-
plications of mask ventilation include damage to 
the eyes, insuffl ation of the stomach, and possible 
regurgitation.

Intubation of the trachea can be done via 
conventional laryngoscopy; this procedure 
requires practice. A laryngeal mask can be 
placed at the patient’s glottic opening by push-
ing it into the patient’s mouth and down the 
pharynx; proper placement of the laryngeal 
mask may require less practice and training 
than conventional laryngoscopy. The laryngeal 
mask does not protect against aspiration but 
has been used in patients whose tracheas cannot 
be intubated using conventional laryngoscopy. 
Operators with expertise in tracheal intubation 
may encounter patients in whom conventional 
laryngoscopy is unsuccessful. An algorithm is 
then followed; depending on the status of the 
patient, either the procedure is aborted or a sur-
gical airway is obtained (Fig 1).38

Situations in which conventional laryngos-
copy may be diffi cult include restriction of the 
oral airway, reduced pharyngeal space, noncom-
pliant submandibular tissue, limited atlantooc-
cipital extension, and partial airway obstruction. 
Small mouth openings are encountered in 
patients who have temporomandibular joint dis-
ease, scarring near the mouth, congenital and 
surgical deformities, large tongues, and diseased 
teeth. The pharyngeal space can be decreased by 
edema and by masses. The submandibular tissue 
can be altered by infection (Ludwig angina), by 
scarring as from burns, by surgery, by radiation, 
and by cancer. Patients who cannot extend their 
necks include patients in a halo jacket, those with 
ankylosing spondylitis, cervical disk disease, 
or cervical spinal injuries. Airway obstruction 
occurs when there is epiglottitis, pedunculated 

tumors and cysts in the airways, large tonsils, 
mediastinal and subcutaneous emphysema, or 
edema is present. In these patients, the safest 
approach is nasal or oral fi beroptic broncho-
scopic intubation while the patient maintains 
spontaneous ventilation.

A number of devices have been developed 
to help with intubation of the diffi cult airway. 
These devices include the LMA Fastrach, (LMA 
North America; San Diego, CA) and GlideScope 
(Verathon Inc; Bothwell, WA). All of these devices 
allow intubation of the trachea without direct 
visualization of the vocal cords.39
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Objectives:

• Defi ne the epidemiology of community-acquired pneumo-
nia (CAP) and risk factors for mortality

• Discuss the common etiologic pathogens and therapy of 
severe CAP, including the impact of atypical pathogens 
and penicillin-resistant pneumococcus

• Describe the pathogenesis and bacteriology of ventilator-
associated pneumonia (VAP)

• Outline therapies and prevention strategies for VAP

Key words: adequate therapy; antibiotic therapy;  
community-acquired; drug-resistant pneumococcus; health-
care-associated pneumonia; methicillin-resistant Staphylo-
coccus aureus; multidrug-resistant pathogens; nosocomial; 
pneumonia 

Pneumonia is the seventh-leading cause of death in 
the United States and the number one cause of death 
from infectious diseases. The patient with pneu-
monia is managed in the ICU when severe forms of 
community-acquired pneumonia (CAP) are pres-
ent, or when a life-threatening nosocomial pneu-
monia develops in a hospitalized. A newly defi ned 
entity, health-care-associated pneumonia (HCAP), 
is considered a form of nosocomial pneumonia that 
arises in patients who have been in contact with 
environments (nursing homes, hemodialysis cen-
ters) that expose them to the multidrug-resistant 
bacteria that are present in the hospital. Patients 
in these situations frequently develop severe pneu-
monia.1,2 In the ICU, almost 90% of episodes of 
nosocomial pneumonia occur in patients who are 
receiving mechanical ventilation for other reasons, 
and this is termed ventilator-associated pneumonia 
(VAP). The elderly account for a disproportionate 
number of critically ill patients with all forms of 
pneu monia, often because they commonly have 
comorbid illness that predisposes them to more 
severe forms of infection, and their short- and 
long-term mortality rates are higher than that of 
younger patients.3 In all forms of severe pneu-
monia, anti biotic resistance is an increasing prob-
lem, especially among pneumococci in CAP, 
and with  Pseudomonas aeruginosa, Acinetobacter 

spp, extended-spectrum β-lactamase producing 
Gram-negative organisms, and methicillin-resis-
tant Staphylococcus aureus (MRSA) in VAP, CAP, and 
HCAP.1,2 Although patients with HIV infection and 
those with other immunocompromising diseases 
commonly develop pneumonia, the approach to 
managing these patients is very specifi c and differ-
ent from that used in immunocompetent patients. 
These populations are not discussed here. Pneumo-
nia remains a controversial illness because of diffi -
culties in diagnosis and in establishing an etiologic 
pathogen. A number of studies2,4,5 have focused on 
whether a more precise and accurate bacteriologic 
defi nition of pneumonia would lead to improved 
patient outcome, with some recent studies focusing 
on this issue.

Defi nitions of Severe Pneumonia, 
Risk Factors, and Prognosis 

Among patients with CAP admitted to the 
hospital, 10 to 20% require care in the ICU, and 
the rates are higher in elderly patients.6,7 There is 
no uniform defi nition of severe pneumonia, but 
patients who need ICU care are often those with 
either respiratory failure (hypoxemic or hypercar-
bic), requiring mechanical ventilation or nonin-
vasive ventilation, septic shock, or other clinical 
features of serious illness such as respiratory rate 
� 30/min, systolic BP � 90 mm Hg, or diastolic 
BP � 60 mm Hg, multilobar infi ltrates, Pao2/frac-
tion of inspired oxygen ratio � 250, confusion, or 
destabilization of another serious medical prob-
lem.1,8 In patients with severe CAP, the expected 
mortality rate for those admitted to the ICU is 35 
to 40%, but higher rates have been observed if 
the majority of patients admitted to the ICU are 
receiving mechanical ventilation, implying that 
the prognosis is worse if ICU care is fi rst pro-
vided late in the course of illness.9 In the United 
Kingdom, 59% of patients with CAP in the ICU 
were admitted within the fi rst 2 days of hospital 
stay, and the mortality rate was lowest (46%) in 
those admitted within the fi rst 2 days, compared 
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with those admitted later in the course of hospital 
illness.9 Based on a number of studies,6,7,10 a rea-
sonable benchmark is that about 60% of all ICU 
CAP patients will be receiving mechanical venti-
lation at the time of admission. 

Among those with VAP, mortality rates can 
be as high as 50 to 70%, and case-control studies11 
have documented mortality directly attributable 
to the presence of pneumonia. Antibiotic- resistant 
organisms may add to the mortality of VAP, gen-
erally because these organisms are often not 
anticipated, and when present are often initially 
treated with ineffective antibiotic regimens.12 
HCAP is a form of nosocomial pneumonia that 
includes patients with pneumonia developing 
at any time during their hospital stay (includ-
ing on admission) who have been exposed to the 
drug-resistant bacteria present in the health-care 
environment. This includes any patient with a 
history of hospitalization in the past 3 months, 
admission from a long-term care facility, need for 
dialysis or home infusion therapy, home wound 
care, or antibiotic therapy in the past 3 months.2,13 
Although not all patients with HCAP are at risk 
for multidrug-resistant (MDR) pathogens, those 
with multiple risk factors should be considered 
as potentially infected with these organisms. Risk 
factors, in addition to severe illness, include poor 
functional status, recent hospitalization, recent 
antibiotic therapy, and immune suppression. 

Risk Factors for Severe Forms of CAP 

Most patients with severe CAP (45 to 65%) 
have coexisting illnesses, and there is an increased 
likelihood that patients who are chronically ill 
will develop a complicated pneumonic illness1,14 
(Table 1). The most common chronic illnesses 
in these patients are respiratory disease such as 
COPD, cardiovascular disease, and diabetes mel-
litus. In addition, certain habits such as cigarette 
smoking and alcohol abuse are common in those 
with severe CAP, and cigarette smoking has been 
identifi ed as a risk factor for bacteremic pneu-
mococcal infection.15 Other common illnesses in 
those with CAP include malignancy and neuro-
logic illness (including seizures). Milder forms of 
pneumonia may be more severe on presentation 
if patients have not received antibiotic therapy 
prior to hospital admission. In addition, genetic 

differences in the immune response may predis-
pose certain individuals to more severe forms 
of infection and adverse outcomes, and may be 
refl ected by a family history of severe pneumonia 
or adverse outcomes from infection.16 

Risk Factors for Mortality From CAP

In a metaanalysis17 of 33,148 patients with 
CAP, the overall mortality rate was 13.7%, but 
those admitted to the ICU had a mortality rate 
of 36.5%. Eleven prognostic factors were signifi -
cantly associated with different odds ratios (ORs) 
for mortality: male sex (OR, 1.3), pleuritic chest 
pain (OR, 0.5), hypothermia (OR, 5.0), systolic 
hypotension (OR, 4.8), tachypnea (OR, 2.9), diabe-
tes mellitus (OR, 1.3), neoplastic disease (OR, 2.8), 
neurologic disease (OR, 4.6), bacteremia (OR, 2.8), 
leukopenia (OR, 2.5), and multilobar infi ltrates 
(OR, 3.1). In other studies,1 the clinical features that 
predict a poor outcome (Table 2) include advanced 
age (� 65 years), preexisting chronic illness of any 
type, the absence of fever on admission, respira-
tory rate � 30/ min, diastolic or systolic hypoten-
sion, elevated BUN (� 19.6 mg/dL), profound 
leukopenia or leukocytosis, inadequate antibiotic 
therapy, need for mechanical ventilation, hypo-
albuminemia, and the presence of certain high-
risk organisms (type III pneumococcus, S aureus, 
Gram-negative bacilli, aspiration organisms, or 
postobstructive pneumonia). Other studies8−20 
have found that when CAP patients have a delay 
in the initiation of appropriate antibiotic therapy 
of more than 4 h, mortality is increased.1 

Prognostic scoring approaches have been 
applied to predict mortality in CAP patients, 

Table 1. Risk Factors for Developing Severe CAP

Advanced age (� 65 yr)
Comorbid illness

Chronic respiratory illness (including COPD), cardio-
vascular disease, diabetes mellitus, neurologic illness, 
renal insuffi ciency, malignancy

Cigarette smoking (risk for pneumococcal bacteremia)
Alcohol abuse 
Absence of antibiotic therapy prior to hospitalization
Failure to contain infection to its initial site of entry

Immune suppression
Genetic polymorphisms in the immune response 
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and two prominent systems are the pneumonia 
severity index (PSI) and a modifi cation of the 
British Thoracic Society rule, referred to as CURB-
65.8,21−24 The PSI is a complex scoring system that 
places patients into one of fi ve risk groups for 
death, based on age, and the presence of male 
sex, comorbid illness, and certain laboratory and 

physical  fi ndings. This tool is good for predicting 
mortality, but it heavily weights age and comor-
bidity, and does not account for the social needs 
of patients, so it may not help to defi ne the opti-
mal site of care for a given patient. The CURB-
65 approach assesses the presence of confusion, 
elevated BUN, respiratory rate � 30/min, low BP 
(either systolic � 90 mm Hg or diastolic � 60 mm 
Hg) and whether the patient is at least 65 years 
old. If three of these fi ve criteria are present, the 
predicted mortality rate is � 20%.22,23 

The PSI approach divides patients into fi ve 
groups with different risks of death and suggests 
that outpatient care be given for classes I and 
II, admission for classes IV and V, and individ-
ualized decision for class III. The system heav-
ily weights age and comorbid illness. In a large 
prospective study, the rule was successful in 
increasing the number of low-risk patients who 
were discharged compared with situations when 
the rule was not used; however, the admission 
decision remains an “art of medicine” decision 
that cannot easily be determined by a rule. The 
Pneumonia Outcomes Research Team (PORT) cri-
teria are not able to discriminate which patients 
need ICU admission, because in one study 27% 
of all patients admitted to the ICU fell into risk 
classes I to III. In an ICU population, the rule 
could predict mortality, even though it could not 
defi ne need for ICU care. In another study,8 as 
many as 37% of those admitted to the ICU are in 
PSI classes I to III, pointing out that risk for death 
(which PSI can measure) is not always the same 
as need for intensive care. Conversely, patients in 
higher PSI classes do not always need ICU care 
if they fall into these high mortality risk groups 
because of advanced age and comorbid illness 
in the absence of physiologic fi ndings of severe 
pneumonia. 

Neither of the current prognostic scoring sys-
tems is ideal by itself for defi ning the need for ICU 
care, and both can be regarded only as providing 
decision support information that must be supple-
mented by clinical assessment and judgment. In 
addition, the two scoring approaches should be 
viewed as being complementary to one another.24 
Ewig et al25 have examined the 10 criteria in the 
1993 American Thoracic Society guidelines to 
defi ne severe CAP. They found that need for ICU 
was defi ned by the presence of two of three minor 

Table 2. Risk Factors for a Poor Outcome From CAP

Patient-related factors

Male sex
Absence of pleuritic chest pain
Nonclassic clinical presentation (nonrespiratory 

 presentation)
Neoplastic illness
Neurologic illness
Age � 65 yr
Family history of severe pneumonia or death from sepsis

Abnormal physical fi ndings

Respiratory rate � 30/min  on admission
Systolic (� 90 mm Hg)  or diastolic (� 60 mm Hg) 

 hypotension
Tachycardia (� 125/min)
High fever (� 40°C) or afebrile
Confusion
Hypothermia (� 36°C)

Laboratory abnormalities

BUN � 19.6 mg/dL
Leukocytosis or leukopenia
Multilobar radiographic abnormalities
Rapidly progressive radiographic abnormalities during 

therapy
Bacteremia
Hyponatremia (� 130 mmol/L)
Thrombocytopenia (� 100,000/mm3)
Leukopenia (� 4,000 cells/mm3)
Multiple-organ failure
Respiratory failure 
Hypoalbuminemia
Arterial pH � 7.35
Pleural effusion

Pathogen-related factors

High-risk organisms
Type III pneumococcus, S aureus, Gram-negative bacilli 

(including P aeruginosa), aspiration organisms, SARS
Possibly high levels of penicillin resistance (minimum 

inhibitory concentration of at least 4 mg/L) in pneu-
mococcus

Therapy-related factors

Delay in initial antibiotic therapy (more than 4−6 h)
Initial therapy with inappropriate antibiotic therapy
Failure to have a clinical response to empiric therapy 

within 72 h
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criteria (systolic BP � 90, multilobar disease, 
Pao2/fraction of inspired oxygen ratio � 250), or 
one of two major criteria (need for mechanical 
ventilation or septic shock). Based on these obser-
vations, the 2001 American Thoracic Society guide-
lines for CAP recommend that severe CAP could 
be defi ned on the basis of the presence of these 
features.1 In the newest guidelines for CAP pub-
lished in 2007, other criteria for severity have been 
added, including leukopenia (� 4,000 cells/mL), 
thrombocytopenia (� 100,000/mL), and hypother-
mia (� 36ºC).1 

Another approach to defi ning the presence 
of severe CAP is to try to predict which patients 
will need intensive respiratory or vasopressor 
support using a tool referred to as SMART-COP.24 
The acronym “SMART COP” refers to systolic 
BP � 90 mm Hg, multilobar infi ltrates, albumin 
� 3.5 g/dL, respiratory rate elevation (� 25 for 
those age � 50 years, and � 30 for those age � 50 
years), tachycardia (� 125 beats/min), confusion, 
low oxygen (� 70 mm Hg if age � 50 years or � 60 
mm Hg if age � 50 years), and arterial pH � 7.35. 
The abnormalities in systolic BP, oxygenation, 
and arterial pH each received 2 points, while the 
fi ve other criteria received 1 point each; and with 
this system, the need for intensive respiratory or 
vasopressor support was predicted by a SMART 
COP score of at least 3 points. Using this cutoff, 
the sensitivity for need for intensive respiratory 
or vasopressor support was 92.3% and the speci-
fi city 62.3%, with a positive and negative predic-
tive value of 22% and 98.6%, respectively. The PSI 
and CURB-65 did not perform as well overall.24

Other investigators have shown that the use of 
early and effective empiric therapy can improve 
survival in the setting of severe CAP, particularly if 
therapy is given within 4 to 6 h of arrival to the hos-
pital, and if therapy is effective.1,19,20 In the setting 
of severe CAP, the earlier that therapy is adminis-
tered the better, and mortality is increased for each 
hour of delay in initiating therapy in the setting of 
septic shock due to CAP. Ineffective initial empiric 
therapy was a potent predictor of death, being asso-
ciated with a 60% mortality rate, compared with 
an 11% mortality rate for those who received initial 
effective therapy.10 Similarly, in other studies26,27 of 
CAP, the use of a combination of a β-lactam and a 
macrolide antibiotic was associated with a lower 
mortality rate than if other therapies were given.

Among patients with severe CAP, another 
important prognostic fi nding is clinical evolution, 
as refl ected by radiographic progression during 
therapy.6 The elderly with CAP often have a 
higher risk of dying than other populations, and 
in one series,28 the mortality rate of nursing home-
acquired pneumonia was 32% compared with a 
mortality rate of 14% in other patients with CAP. 
One factor that may explain this fi nding is that 
older patients often have atypical clinical pre-
sentations of pneumonia, which may lead to a 
diagnosis being made at a later, more advanced 
stage of illness, resulting in an increased risk of 
death.29 

Risk Factors for VAP 

Mechanical ventilation (for � 2 days) is the 
most important risk factor for nosocomial pneu-
monia, but other identifi ed risks include age � 60 
years; malnutrition (serum albumin � 2.2 g/dL); 
acute lung injury (ARDS); coma; burns; recent 
abdominal or thoracic surgery; multiple-organ 
failure; transfusion of � 4 U of blood; transport 
from the ICU; prior antibiotic therapy; elevation 
of gastric pH (by antacids or histamine type-2 
blocking agents); large-volume aspiration; use 
of a nasogastric tube (rather than a tube placed 
in the jejunum or a tube inserted through the 
mouth); use of inadequate endotracheal tube cuff 
pressure; prolonged sedation and paralysis; main-
taining patients in the supine position in bed; use 
of total parenteral nutrition feeding rather than 
enteral feeding; and repeated reintubation.2 When 
a patient is receiving mechanical ventilation, the 
risk of pneumonia is greatest in the fi rst 5 days 
(3% per day), and declines thereafter to a risk of 
2% per day for days 6 to 10, and to a rate of 1% 
per day or lower after this.30 Noninvasive ven-
tilation for respiratory failure is associated with 
a much lower risk of pneumonia than endotra-
cheal intubation. The relation between pneumo-
nia and ARDS is particularly interesting because 
not only can a variety of CAPs serve as a cause of 
ARDS, but secondary nosocomial pneumonia is 
the most common infection acquired by patients 
with established ARDS.31−33 However, it has been 
shown that when pneumonia develops in patients 
with ARDS, it is generally a late event, occurring 
after at least 7 days of mechanical ventilation.32
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Risk Factors for Mortality From VAP 

The factor associated with the greatest impact 
on attributable mortality is the accuracy and 
timeliness of initial antibiotic therapy. Use of 
the wrong therapy or delays in the initiation of 
therapy are the most important predictors of VAP 
mortality.11,12,34 Initial appropriate therapy (using 
an agent to which the etiologic pathogen is sensi-
tive) can reduce mortality, but administration of 
correct therapy at a later date, after initially incor-
rect therapy, may not effectively reduce mortal-
ity.34 The benefi t of accurate empiric therapy may 
not apply to all patients but may be greatest for 
those infected with P aeruginosa or S aureus35 
and for those without the most severe degree 
of multiple-organ dysfunction at the time of 
therapy.36 Even using the correct therapy may 
not reduce mortality if it is not given in adequate 
doses and if the therapy does not reach the site 
of infection. Closely related to appropriateness 
of initial therapy is the ability to decrease the 
number and/or spectrum of antimicrobial ther-
apy once culture data become available, referred 
to as de-escalation. Several recent studies37,38 have 
demonstrated that the use of de-escalation is 
associated with lower mortality compared with 
escalation or compared with a strategy of making 
no effort to reduce antibiotic therapy. 

The choice of how to administer a specifi c 
agent can also affect outcome, and one study39 
of MRSA VAP found that the mortality rate with 
intermittent infusion of vancomycin was twice as 
high as when this agent was administered by con-
tinuous infusion. Other risk factors for mortality 
include prolonged duration of ventilation, coma 
on admission, creatinine level � 1.5 mg/dL, and 
transfer from another ward to the ICU, the pres-
ence of certain high-risk pathogens (particularly an 
antibiotic-resistant organism such as P aeruginosa, 
Acinetobacter spp, or S aureus), bilateral radio-
graphic abnormalities, age � 60 years, ultimately 
fatal underlying condition, shock, prior antibiotic 
therapy, multiple system organ failure, nonsurgi-
cal primary diagnosis, or a rising APACHE (acute 
physiology and chronic health evaluation) score 
during pneumonia therapy (Table 3).2,40 

Superinfection, as opposed to a primary nos-
ocomial pneumonia, is a particularly ominous 
fi nding. Rello et al41 observed that patients with 

pulmonary superinfection had a 67% mortality 
rate, whereas patients with primary nosocomial 
pneumonia had a 38% mortality rate. In earlier 
studies, Graybill et al42 observed a 62% mortality 
rate with superinfection pneumonia, compared 
with a 40% mortality rate for primary nosocomial 
lung infection. These data, as well as information 
from Fagon et al43 and Trouillet et al, 44 emphasize 
the important role of prior antibiotics in enhanc-
ing mortality, an outcome that is likely the result of 
secondary infection by more virulent pathogens. 

Pathogenesis

General Overview

Pneumonia results when host defenses are 
overwhelmed by an infectious pathogen. This 
may occur because the patient has an inadequate 
immune response, often as the result of underlying 
comorbid illness, because of anatomic abnormali-
ties (endobronchial obstruction, bronchiectasis), 
or because of therapy-induced dysfunction of the 
immune system (corticosteroids, endotracheal 
intubation).2,45,46 In addition, there are genetic 
variations in the immune response, making 
some patients prone to overwhelming infection 

Table 3. Risk Factors for Mortality From Nosocomial  Pneumonia

Physiologic fi ndings

Respiratory failure
Coma on admission
Multiple system organ failure
Acute physiology and chronic health evaluation II score 

rising to � 20 at 72 h after diagnosis  

Laboratory fi ndings

Creatinine level � 1.5 mg/dL
Gram-negative pneumonia, especially Pseudomonas or 

Acinetobacter infection
Infection with any drug-resistant pathogen
Bilateral radiographic abnormalities
Fungal pneumonia
Polymicrobial infection 

Historical data

Prior antibiotic therapy
Age � 60 yr
Underlying fatal illness
Prolonged mechanical ventilation
Inappropriate antimicrobial therapy
Transfer to the ICU from another ward
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because of an inadequate response, and others 
prone to acute lung injury because of an excessive 
immune response.16 In fact, the failure to localize 
the immune response to the respiratory site of ini-
tial infection may explain why develop acute lung 
injury and sepsis develop in some patients, as the 
infl ammatory response extends to the entire lung 
and systemic circulation.47 Pneumonia can even 
occur in patients who have an adequate immune 
system if the host defense system is overwhelmed 
by a large inoculum of bacteria (massive aspira-
tion) or by a particularly virulent organism to 
which the patient has no preexisting immunity or 
to which the patient has an inability to form an 
adequate immune response. With this paradigm in 
mind, it is easy to understand why infection with 
virulent pathogens such as viruses (infl uenza), 
Legionella pneumophila, Mycoplasma pneumoniae, 
Chlamydophila pneumoniae, and Streptococcus pneu-
moniae develops in previously healthy individuals. 
However, it is possible for chronically ill patients 
to be infected not only by these virulent organisms, 
but also by organisms that are not highly virulent. 
Because of host defense impairments, organisms 
that commonly colonize these patients can cause 
infection as a result of immune responses that 
are inadequate. These organisms include enteric 
Gram-negative bacteria (Escherichia coli, Klebsiella 
pneumoniae, P aeruginosa, Acinetobacter spp) and 
fungi (Aspergillus and Candida spp). 

Bacteria can enter the lung via several routes, 
but aspiration from a previously colonized oro-
pharynx is the most common way that pneumo-
nia develops in patients. Patients can also aspirate 
large volumes of bacteria if they have impaired 
neurologic protection of the upper airway (stroke, 
seizure) or if they have GI illnesses that predis-
pose to vomiting. Other routes of entry include 
inhalation, which applies primarily to viruses 
L pneumophila, and Mycobacterium tuberculosis; 
hematogenous dissemination from extra pulmo-
nary sites of infection (right-sided endocarditis); 
and direct extension from contiguous sites of 
infection. In critically ill hospitalized patients, 
bacteria can also enter the lung from a colonized 
stomach (spreading retrograde to the orophar-
ynx, followed by aspiration), from a colonized 
or infected maxillary sinus, from colonization of 
dental plaque, or they can enter the lung directly 
via the endotracheal tube (from the hands of staff 

members). Recent studies48,49 have shown that the 
use of nasal tubes (into the stomach or trachea) 
can predispose to sinusitis and pneumonia, but 
that a gastric source of pneumonia pathogens in 
patients receiving ventilation is not common.

The Role of Respiratory Therapy Equipment and 
Endotracheal Tubes

The endotracheal tube bypasses the fi ltration 
and host defense functions of the upper airway 
and can act as a conduit for direct inoculation of 
bacteria into the lung. This route may be particu-
larly important if bacteria colonize the inside of 
the endotracheal tube itself in the form of a bio-
fi lm.50,51 Given the presence of biofi lm in endo-
tracheal tubes, it may be tempting to regularly 
reintubate patients and use a fresh tube, but this 
approach is not recommended because reintuba-
tion is itself a risk factor for VAP.52 In an effort 
to minimize the role of the endotracheal tube in 
pneumonia pathogenesis, efforts are being made 
to develop new endotracheal tube materials 
(silver-coated tube) or new tube-cleaning devices 
(the mucus shaver). 

Respiratory therapy equipment and ventila-
tor circuits can play a role in causing VAP.53,54 One 
highly contaminated site is the condensate in the 
tubing; this material can inadvertently be inocu-
lated into patients if the tubing is not handled 
carefully. Tubing changes every 24 h (rather than 
every 48 h) served as a risk factor for pneumonia.55 
Although most patients have ventilator tubing 
changed every 48 h, several studies56,57 have shown 
no increased risk of infection if tubing is never 
changed or changed infrequently. The use of heat 
moisture exchangers may be one way to avoid this 
problem, but they have had an inconsistent effect 
on preventing VAP; however, frequent changes of 
heat moisture exchangers (ie, every 24 h) have not 
been shown to have an impact on the incidence 
of VAP, and heat moisture exchangers should be 
changed no more frequently than every 48 h.58 

Clinical Features of Pneumonia

Historical Information

Patients with CAP and an intact immune sys-
tem generally have classic pneumonia symptoms, 
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but the elderly patient can have a nonrespiratory 
presentation with symptoms of confusion, falling, 
failure to thrive, altered functional capacity, or 
deterioration in a preexisting medical illness, 
such as congestive heart failure.59 The absence of 
clear-cut respiratory symptoms and an afebrile 
status have themselves been predictors of an 
increased risk of death. Pleuritic chest pain is also 
commonly seen in patients with CAP, and in one 
study,60 its absence was also identifi ed as a poor 
prognostic fi nding.

There are certain clinical conditions associ-
ated with specifi c pathogens in patients with 
CAP, and these associations should be evaluated 
when obtaining a history (Table 4).1 For example, 
if the presentation is subacute, following contact 
with birds, rats, or rabbits, then the possibility 
of psittacosis, leptospirosis, tularemia, or plague 
should be considered. Coxiella burnetii (Q fever) 
is a concern with exposure to parturient cats, 
cattle, sheep, or goats; Francisella tularensis is a 
concern with rabbit exposure; hantavirus with 
exposure to mice droppings in endemic areas; 

Chlamydophila psittaci with exposure to turkeys or 
infected birds; and Legionella with exposure to 
contaminated water sources (saunas). Following 
infl uenza, superinfection with pneumococcus, 
S aureus (including MRSA), and Haemophilus 
infl uenzae should be considered. With travel to 
endemic areas in Asia, the onset of respiratory 
failure after a preceding viral illness should lead 
to suspicion of a viral pneumonia, which could 
be severe acute respiratory syndrome (SARS) or 
avian infl uenza.61 Endemic fungi(coccidioidomyc
osis, histoplasmosis, and blastomycosis) occur in 
well-defi ned geographic areas and may present 
acutely with symptoms that overlap with acute 
bacterial pneumonia.

Nosocomial pneumonia often presents with 
less defi nitive clinical fi ndings, particularly in 
those who are receiving mechanical ventilation, 
for whom the clinical diagnosis is made in those 
with a new or progressive radiographic infi ltrate, 
along with some indication that infection is pres-
ent (fever, purulent sputum, or leukocytosis). 
Recently, the Clinical Pulmonary Infection Score 

Table 4. Likely Microbiologic Etiology and Host Epidemiology of CAP and NP/VAP

Epidemiology Suspected Pathogen

Community-acquired

Alcoholism Pneumococcus (including drug-resistant organisms), anaer-
obes, H infl uenzae, K pneumoniae, tuberculosis

Splenic dysfunction (sickle cell disease) Pneumococcus, H infl uenzae
COPD Pneumococcus, H infl uenzae, M catarrhalis
Recent infl uenza infection Pneumococcus, S aureus (including MRSA), H infl uenzae, 

enteric Gram-negative organisms
High-risk aspiration Anaerobes, enteric Gram-negative bacilli
Neutropenia (including chronic corticosteroid therapy) Gram-negative bacilli (especially P aeruginosa), Aspergillus
HIV infection (risk groups: IV drug abuser, tuberculosis, 

hemophilia, homosexual)
Pneumococcus, H infl uenzae, Pneumocystis jirovecii

Rabbit exposure F tularensis
Exposure to farm animals, parturient cats C burnetii (Q fever)
Exposure to mouse droppings Hantavirus

Nursing home-acquired (no prior antibiotics and good 
 functional status)

Pneumococcus (including drug-resistant organisms) and other 
organisms of CAP

Nursing home-acquired (prior antibiotics or poor functional 
status)

Gram-negative bacilli (including P aeruginosa, Acinetobacter 
spp, extended spectrum β-lactam-producing 
Enterobacteriaceae), S aureus (including MRSA)

Hospital-acquired and VAP Gram-negative bacilli (including P aeruginosa, Acinetobacter 
spp, extended spectrum β-lactam-producing 
Enterobacteriaceae), S aureus (including MRSA)

Consider local microbiology
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(CPIS) has been applied to patients with VAP, 
and six criteria are scored on a scale from 0 to 
2 for each, and pneumonia is diagnosed with a 
total score of at least 6 (of a maximum of 12).62 
These six criteria are fever, purulence of sputum, 
WBC count, oxygenation, degree of radiographic 
abnormality, and the presence of pathogens in 
the sputum. Many studies have documented that 
VAP is diagnosed more often clinically than can 
be confi rmed microbiologically, and the diagnosis 
is further obscured by the fact that most patients 
receiving mechanical ventilation are colonized 
by enteric Gram-negative bacteria, and thus the 
fi nding of potential pathogens in the sputum has 
no diagnostic value. In addition, some patients 
can have purulent sputum and fever without a 
new infi ltrate and have a diagnosis of ventila-
tor-associated tracheobronchitis, an infectious 
complication of mechanical ventilation that 
may also require antibiotic therapy, but is not 
pneumonia.2 

In taking a history from a patient with nosoco-
mial pneumonia, it is important to identify if there 
are risk factors present for drug-resistant organ-
isms. For patients receiving ventilation, these 
include prolonged ICU stay (� 5 days), recent 
antibiotic therapy, and the presence of HCAP.2,44 In 
patients with CAP, risk factors for drug-resistant 
pneumococcus include recent β-lactam therapy, 
exposure to a child in a day care setting, alcohol-
ism, immune suppression, and multiple medical 
comorbidities.1,63

Physical Examination

One of the most important ways to recog-
nize severe CAP early in the course of illness is 
to carefully count the respiratory rate.64,65 In the 
elderly, an elevation of respiratory rate can be the 
initial presenting sign of pneumonia, preceding 
other clinical fi ndings by as much as 1 to 2 days 
and tachypnea is present in � 60% of all patients, 
being present more often in the elderly than in 
younger patients with pneumonia.65 In addition, 
the counting of respiratory rate can identify the 
patient with severe illness, who commonly has 
a rate � 30 breaths/min. Other vital sign abnor-
malities are important to document and, as pre-
viously discussed, are important in prognostic 
scoring systems for CAP. 

Etiologic Pathogens

CAP

The most common cause of CAP is pneumococ-
cus (S pneumoniae), an organism that is frequently 
(at least 40% of the time) resistant to penicillin or 
other antibiotics, leading to the term drug- resistant 
S pneumoniae (DRSP). Fortunately, most penicil-
lin resistance in the United States is still more 
commonly of the “intermediate“ type (penicillin 
minimum inhibitory concentration [MIC] of 0.1 to 
1.0 mg/L) and not of the high-level type (penicil-
lin MIC � 2.0 mg/L).66 Pneumococcal resistance 
to other antibiotics is also common, including 
macrolides and trimethoprim-sulfamethoxazole, 
but the clinical relevance and impact on outcome 
of these in vitro fi ndings is uncertain, and most 
experts believe that only organisms with a peni-
cillin MIC of � 4 mg/L lead to an increased risk 
of death.67 Recently, the defi nitions of resistance in 
the United States have changed for nonmeningeal 
infection, with sensitive being defi ned by a penicil-
lin MIC � 2 mg/L, intermediate as MIC of 4 mg/L, 
and resistant as MIC � 8 mg/L. As mentioned, the 
clinical impact of resistance on outcomes such as 
mortality has been diffi cult to show using older 
defi nitions; but with these new defi nitions of 
resistance, very few pathogens will be defi ned as 
resistant, but those that are may affect outcome. 

All patients with severe CAP should be con-
sidered to be at risk for DRSP, and, in addition, 
those admitted to the ICU can have infection 
with atypical pathogens, which account for up to 
20% of infections, either as primary infection or 
as copathogens. The identity of these organisms 
varies over time and geography. In some areas, 
Legionella is a common cause of severe CAP, 
while in others C pneumoniae or M pneumoniae 
predominate.68 Other important causes of severe 
CAP include H infl uenzae, S aureus, which includes 
MRSA (especially after infl uenza), and enteric 
Gram-negative organisms (including P aeruginosa) 
in patients with appropriate risk factors (particu-
larly bronchiectasis and steroid-treated COPD). 

Recently, a toxin-producing strain of MRSA 
has been described to cause CAP in patients 
after infl uenza and other viral infections. This 
community-acquired MRSA is biologically and 
genetically distinct from the MRSA that causes 
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nosocomial pneumonia, being more virulent and 
necrotizing, and associated with the production 
of the Panton-Valentine leukocidin.69,70 Viruses 
can be a cause of severe CAP, including infl uenza 
virus, as well as parainfl uenza virus and epidemic 
viruses such as coronavirus (which caused SARS) 
and avian infl uenza.61 Viral pneumonia (SARS 
and infl uenza) can lead to respiratory failure, and 
occasionally tuberculosis or endemic fungi can 
result in severe pneumonia. 

Epidemiologic risk factors for specifi c patho-
gens, certain “modifying factors,” may be pres-
ent that increase the likelihood of CAP caused by 
certain pathogens.1 Risk factors for DRSP include 
β-lactam therapy in the past 3 months, alcohol-
ism, age � 65 years, immune suppression, mul-
tiple medical comorbidities, and contact with 
a child in a day care setting.1,63 Risk factors for 
Gram-negative organisms include residence in a 
nursing home, underlying cardiopulmonary dis-
ease, multiple medical comorbidities, probable 
aspiration, recent hospitalization, and recent anti-
biotic therapy. Many of these patients who are at 
risk for Gram-negative organisms would now be 
reclassifi ed as having HCAP.2,13 Some ICU patients 
are at risk for pseudomonal infection, while others 
are not. The risk factors for P aeruginosa infection 
are structural lung disease (bronchiectasis), corti-
costeroid therapy (� 10 mg prednisone per day), 
broad-spectrum antibiotic therapy for � 7 days 
in the past month, previous hospitalization, and 
malnutrition.2 Although aspiration has often been 
considered a risk factor for anaerobic infection, 
a study71 of severe CAP in elderly patients with 
aspiration risk factors found that this population 
is very likely to have Gram-negative infection, 
and that, using sensitive microbiologic methods, 
anaerobes were uncommon. Aspiration is also 
common in patients with HCAP. 

Unusual CAP Pathogens 

Several rickettsia can cause CAP, including Q 
fever (C burnetii), which occurs worldwide, Rocky 
Mountain spotted fever (RMSF), and scrub typhus 
(Rickettsia tsutsugamushi) in Asia and Australia. 
Transmission typically involves an intermediate 
vector, often ticks (Q fever and RMSF) or mites 
(scrub typhus) but also sheep, cows, and con-
taminated milk (Q fever). These infections have a 

variable incubation period ranging from days to a 
few weeks, and are characterized by a febrile syn-
drome that may have a pneumonic component 
and a maculopapular rash (Q fever and RMSF). 

SARS: In late 2003, a respiratory viral infec-
tion caused by a coronavirus emerged in parts of 
Asia and was termed SARS. The illness affected 
people from a variety of endemic areas in Asia, 
but was seen in North America when an out-
break occurred in Toronto, Canada. Importantly, 
as many as 20% of affected patients worldwide 
were health-care workers, particularly those 
caring for patients admitted to the ICU. Trans-
mission risk was greatest during emergent intu-
bation, and was also possible during noninvasive 
ventilation, making this latter modality of ther-
apy contraindicated if SARS is suspected. Infec-
tion control may be quite effective in preventing 
the spread of SARS to health-care workers, and 
includes the careful handling of respiratory secre-
tions, ventilator circuits, and the use of N-95 res-
pirator masks and careful gowning and gloving. 
Even more elaborate infection control measures, 
including personal air exchange units, are needed 
for health-care workers involved in high-risk pro-
cedures such as intubation. 

Clinically, patients with SARS present after a 
2- to 11-day incubation period with fever, rigors, 
chills, dry cough, dyspnea, malaise headache, and 
frequently pneumonia and ARDS. Laboratory 
data show not only hypoxemia, but also elevated 
liver function test results In the Toronto experi-
ence, about 20% of hospitalized patients were 
admitted to the ICU, and 15% were received 
mechanical ventilation. Respiratory involvement 
typically began on day 3 of the hospital stay, but 
respiratory failure was not until day 8. The mor-
tality rate for ICU-admitted SARS patients was 
� 30%; and when patients died, it was generally 
from multiple system organ failure and sepsis. 
There is no specifi c therapy, but anecdotal reports 
have suggested a benefi t to the use of pulse doses 
of steroids, and ribavirin. 

Bioterrorism Considerations: Certain airborne 
pathogens can cause pneumonia as the result of 
deliberate dissemination by the aerosol route, in 
the form of a biological weapon, and present a 
clinical syndrome of CAP. The pathogens that are 
most likely to be used in this fashion, and that can 
lead to severe pulmonary infection, are Bacillus 
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anthracis (anthrax), Yersinia pestis (plague), and F 
tularensis (tularemia).

To date, in the United States, anthrax is the 
only airborne respiratory agent that was used in 
a bioterrorism attack. In the fall of 2001, a series 
of intentional attacks with anthrax led to 11 con-
fi rmed cases of inhalational illness. Anthrax is 
an aerobic Gram-positive, spore-forming bacil-
lus that had rarely led to disease prior to 2001. 
Particle size is essential in determining the infec-
tiousness of the spores, and a size of 1 to 5 µm 
is required for inhalation into the alveolar space, 
but generally infection requires an inoculum size 
of 8,000 to 40,000 spores. The organisms initially 
enter alveolar macrophages and are transported 
to mediastinal lymph nodes, where they can per-
sist and germinate and produce two toxins (lethal 
toxin and edema toxin); illness follows rapidly 
after germination. Although respiratory symp-
toms are often present, anthrax is not a typical 
pneumonic illness, but rather a disease charac-
terized by hemorrhagic thoracic lymphadenitis, 
hemorrhagic mediastinitis, and pleural effusion. 
Although the incubation period of anthrax has 
varied from 2 to 43 days in prior outbreaks, in 
the October 2001 series the incubation period 
was from 4 to 6 days. In the US experience, all 
patients had chills, fever, and sweats, and most 
had nonproductive cough, dyspnea, nausea, 
vomiting, and chest pain. Chest radiographs 
were abnormal in all of the fi rst 10 patients, and 
7 had mediastinal widening, 8 had pleural effu-
sions (generally bloody), and 7 had pulmonary 
infi ltrates. Blood culture fi ndings were positive 
in all eight patients in whom they were obtained 
prior to therapy, but sputum culture and Gram 
stain are unlikely to be positive. In the US attacks, 
5 of 11 patients died. 

Therapy of anthrax includes supportive man-
agement and antibiotics, with possibly some role 
for corticosteroids if meningeal involvement or 
mediastinal edema is present. Recommended 
therapy is ciprofl oxacin, 400 mg IV bid or doxycy-
cline, 100 mg IV bid. Until the patient is clinically 
stable, one to two additional agents should be 
added, including clindamycin, vancomycin, imi-
penem, meropenem, chloramphenicol, penicillin, 
ampicillin, rifampin, and clarithromycin. Therapy 
should be continued after an initial response with 
either ciprofl oxacin or doxycycline for at least 60 

days. Postexposure prophylaxis can be done with 
ciprofl oxacin, or alternatively doxycycline or 
amoxicillin, for a total of 60 days.

Nosocomial Pneumonia

All patients with nosocomial pneumonia are at 
risk for infection with a group of bacteria referred 
to as core organisms, which include pneumococcus, 
H infl uenzae, methicillin-sensitive S aureus, and 
nonresistant Gram-negative organisms (E coli, 
Klebsiella spp, Enterobacter spp, Proteus spp, and 
Serratia marcescens). In addition, some patients are 
also at risk for infection with other organisms, 
depending on the presence of risk factors such 
as prolonged hospitalization (� 5 days), prior 
antibiotic therapy, recent hospitalization (within 
90 days), recent antibiotic therapy, residence in a 
nursing home, or need for long-term care outside 
the hospital.2,44 Patients with these risk factors can 
possibly be infected with MDR Gram-positive 
and Gram-negative organisms including MRSA, 
P aeruginosa, and Acinetobacter spp. Up to 40% of 
patients with VAP have polymicrobial infection, 
involving multiple pathogens.72 

In patients with VAP, infection with enteric 
Gram-negative organisms is more common than 
infection with Gram-positive organisms, although 
the frequency of MRSA infection is increasing in 
this population, as is infection with Acinetobacter 
spp.73 HCAP patients have been included in the no-
socomial pneumonia guidelines as being a group 
at risk for infection with MDR Gram-positive and 
Gram-negative organisms; in one study74 of nurs-
ing home patients requiring mechanical ventilation 
for severe pneumonia, Gram-negative organisms 
were not present if the patient with severe pneu-
monia had not received antibiotics in the preceding 
6 months and was also of a good functional status 
(as defi ned by activities of daily living). 

Each hospital, and each ICU within a given 
hospital, can have its own unique fl ora and 
antibiotic susceptibility patterns, and thus ther-
apy needs to be adapted to the organisms in a 
given institution, which can change over time.75 
In addition, it is especially important to know 
this information as antibiotic resistance is a com-
mon factor contributing to initially inappropriate 
empiric antibiotic therapy. Choosing the wrong 
empiric therapy has been a particular problem 
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for organisms such as P aeruginosa, Acinetobacter 
spp, and MRSA.12 These highly resistant organ-
isms can be present in as many as 60% of patients 
in whom VAP develops after at least 7 days of 
ventilation and who have also received prior anti-
biotic therapy.2,44 

Diagnostic Issues

Diagnostic testing is performed for two pur-
poses: to defi ne the presence of pneumonia, and 
to identify the responsible pathogen. In all forms 
of pneumonia, a chest radiograph is used to iden-
tify the presence of a lung infi ltrate, but in some 
clinical settings, especially in suspected VAP, there 
can be noninfectious causes for the radiographic 
abnormality. Chest radiographic patterns are gen-
erally not useful for identifying the etiology of 
CAP, although fi ndings such as pleural effusion 
(pneumococcus, H infl uenzae, M pneumoniae, pyo-
genic streptococci) and cavitation (P aeruginosa, 
S aureus, anaerobes, MRSA, tuberculosis) can sug-
gest certain groups of organisms. In those with 
VAP, bacteria are commonly present in samples 
of lower respiratory tract secretions, but the pres-
ence of a positive culture fi nding cannot reliably 
distinguish infection from colonization. 

CAP 

For patients with CAP, a chest radiograph not 
only confi rms the presence of pneumonia, but can 
be used to identify complicated and severe illness, 
if the patient has fi ndings such as multilobar infi l-
trates, cavitation, or a loculated pleural effusion 
(suggesting an empyema). CAP patients admitted 
to the ICU should have a chest radiograph, blood 
and lower respiratory tract (sputum, endotra-
cheal aspirate, bronchoalveolar lavage, or bron-
choscopic specimen) cultures, an arterial blood 
gas analysis, and routine hematologic and blood 
chemistry testing. If the patient has a moderate-
sized pleural effusion, this should be tapped and 
the fl uid sent for culture and biochemical analysis. 
Patients with severe CAP should have two sets of 
blood culture analyses, and these are more likely 
to be positive if the patient has not received anti-
biotics at the time of sampling, or if there are signs 
of systolic hypotension, tachycardia, dehydra-
tion, or an elevated WBC count.76 The presence of 

bacteremia may not worsen prognosis, but does 
allow identifi cation of drug-resistant organisms, 
and most positive blood culture fi ndings in CAP 
reveal pneumococcus. 

Sputum culture should be accompanied by a 
Gram stain to guide interpretation of the culture 
results, but not to focus initial antibiotic therapy. 
In some situations, Gram stain can be used to 
broaden initial empiric therapy by enhancing the 
suspicion for organisms that are not covered in 
routine empiric therapy (such as S aureus being 
suggested by the presence of clusters of Gram-
positive cocci, especially during a time of epi-
demic infl uenza). Routine serologic testing is not 
recommended. However, in patients with severe 
illness, the diagnosis of Legionella can be made 
by urinary antigen testing, which is the test that 
is most likely to be positive at the time of admis-
sion, but a test that is specifi c only for serogroup 
I infection.1,77 Examination of concentrated urine 
for pneumococcal antigen may also be valuable. 
Bronchoscopy is not indicated as a routine diag-
nostic test, but may be used to focus the initially 
broad-spectrum empiric therapy to a simpler 
regimen, and it is often used if the patient is not 
responding to initial empiric therapy.78 

Nosocomial Pneumonia

Nosocomial pneumonia is diagnosed when 
a patient has been in the hospital for at least 48 
to 72 h and then a new or progressive infi ltrate 
develops as shown on chest radiograph, accom-
panied by at least two of the following three 
conditions: fever, leukocytosis, and purulent 
sputum. As mentioned, these clinical fi ndings 
may be sensitive, but not specifi c for infection, 
and efforts to improve the clinical diagnosis of 
pneumonia have involved the previously men-
tioned CPIS.79 Many patients with suspected 
nosocomial pneumonia can have other diagno-
ses that can be suggested by the rapidity of the 
clinical response and by the nature of the clini-
cal fi ndings. These diagnoses include atelectasis 
and congestive heart failure (very rapid clinical 
resolution), or in the case of a lack of response 
to therapy, infl ammatory lung diseases, extra-
pulmonary infection (sinusitis, central line infec-
tion, intraabdominal infection), or the presence 
of an unusual or drug-resistant pathogen. In an 
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effort to make the diagnosis more secure and to 
avoid the overuse of antibiotics, some investiga-
tors have used quantitative sampling of lower 
respiratory secretions collected either broncho-
scopically (BAL, protected specimen brush), or 
nonbronchoscopically (endotracheal aspirate, 
nonbronchoscopic catheter lavage), particularly 
in patients with suspected VAP . When quantita-
tive culture results are collected, some investiga-
tors4,5 have defi ned the presence of pneumonia by 
the growth of bacteria at a concentration above 
a predefi ned threshold concentration. Although 
the results can guide therapy decisions, most cli-
nicians use antibiotic therapy, regardless of quan-
titative culture data, in patients who have clinical 
signs of sepsis and suspected pneumonia. 

All patients with suspected nosocomial pneu-
monia should have a lower respiratory tract 
culture collected prior to the start of antibiotic 
therapy. If this is not a quantitative culture, then 
a sputum or tracheal aspirate should be obtained 
and the fi ndings reported “semiquantitatively” 
as light, moderate, or heavy growth of bacteria.2,5 
A negative culture fi nding is diffi cult to interpret 
if the patient has had initiation or change in anti-
biotic therapy in the preceding 72 h. However, if 
either a quantitative or semiquantitative culture 
fi nding is negative or does not show a highly 
resistant pathogen, and antibiotics have not been 
changed in the past 72 h, then the therapy can 
often be stopped or focused to a more narrow 
spectrum.2,80 One large randomized trial80 showed 
no mortality benefi t of bronchoscopic quantita-
tive cultures, compared with nonquantitative tra-
cheal aspirate cultures, and no difference in the 
frequency of de-escalation when comparing the 
two approaches.

Therapy 

Algorithms for initial empiric therapy have 
been developed for all patients with severe 
pneumonia, based on the most likely etiologic 
pathogens in a given patient and clinical setting. 
If diagnostic testing reveals a specifi c etiologic 
pathogen, then therapy can be focused to the 
results. In addition, as previously mentioned, if 
an anticipated pathogen is not present in a diag-
nostic sample, it may be possible to stop empiric 
coverage of that organism. 

General Considerations

Until recently, combination empiric antibi-
otic therapy for severe pneumonia was univer-
sally given by physicians working in ICUs. The 
rationale for this approach was to provide broad 
antimicrobial coverage, prevent the emergence 
of resistance during therapy, and potentially pro-
vide synergistic activity if a β-lactam antibiotic 
was combined with an aminoglycoside (for P 
aeruginosa pneumonia). However, only with bac-
teremic P aeruginosa pneumonia has combination 
therapy (generally with an aminoglycoside and 
a β-lactam) been shown to be superior to mono-
therapy.80−82 If aminoglycosides are used, it is 
important to recognize their narrow therapeutic-
to-toxic ratio, and their potential for nephrotox-
icity, particularly in elderly patients. When peak 
serum levels have been monitored, levels of � 7 
μg/mL for gentamicin and tobramycin and � 28 
μg/mL for amikacin have been associated with 
more favorable outcomes.83 Aminoglycosides also 
penetrate poorly into bronchial secretions, achiev-
ing only 40% of the serum concentrations at this 
site. In addition, antimicrobial activity is reduced 
at the low pH levels that are common in the bron-
chial secretions of patients with pneumonia. In 
one study,84 the addition of an aminoglycoside to 
imipenem had no added effi cacy for severe noso-
comial pneumonia, and only added renal toxicity. 
In addition, a metaanalysis82 of the value of add-
ing an aminoglycoside to a β-lactam in critically 
ill patients, including many with pneumonia, 
found no therapeutic benefi t. It has now become 
standard to administer aminoglycosides by com-
bining the total 24-h dose into a single dose, 
rather than in divided doses, but this approach 
has proved to have little advantage with regard 
to effi cacy or safety.85 In spite of these fi ndings, 
if aminoglycosides are used, once-daily dosing is 
recommended because it is simpler and requires 
less intensive monitoring (measuring only trough 
levels).

In the absence of certain high-risk organisms 
(P aeruginosa, Acinetobacter spp, and MRSA), anti-
biotics that have been effective as monotherapy 
for severe VAP include imipenem, meropenem, 
cefepime, ciprofl oxacin, high-dose levofl oxacin 
(750 mg/d) and piperacillin/tazobactam.2,86−90 In 
the patient with severe pneumonia, it is usually 
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necessary to start therapy with multiple agents; 
but after tracheal aspirate or other lower respi-
ratory tract culture results become available, it 
is usually possible to de-escalate to monother-
apy, particularly if a highly resistant organism is 
absent.80

Monotherapy should not be used in the fol-
lowing situations: (1) in any patient with severe 
CAP, for whom the effi cacy of this approach has 
not been demonstrated (which includes no mono-
therapy with a quinolone); (2) in suspected bacte-
remic infection with P aeruginosa; (3) in the empiric 
therapy of VAP, if the patient has risk factors for 
infection with MDR pathogens; (4) if the patient 
has nosocomial pneumonia and both S aureus and 
P aeruginosa are identifi ed in culture as the etio-
logic pathogens; and (5) possibly not in patients 
with bacteremic pneumococcal pneumonia and 
severe illness, in which combination therapy has 
been associated with a lower mortality than mono-
therapy. Monotherapy should never be attempted 
with a third-generation cephalosporin because of 
the possibility of emergence of resistance during 
therapy as a result of production of chromosomal 
β-lactamases by the Enterobacteriaceae group of 
organisms.2 

If P aeruginosa is a target organism of therapy, 
then the antipseudomonal β-lactam antibiotics 
include the penicillins such as piperacillin, azlo-
cillin, mezlocillin, ticarcillin, and carbenicillin; 
the third-generation cephalosporins such as cef-
tazidime and cefoperazone; the fourth-genera-
tion cephalosporin cefepime; the carbapenems 
such as doripenem, imipenem, and merope-
nem; the monobactam aztreonam (which can be 
used in the penicillin-allergic patient); and the 
β-lactam/β-lactamase inhibitor combinations 
ticarcillin/clavulanate and piperacillin/ tazobac-
tam. Other antipseudomonal agents include the 
quinolone ciprofl oxacin, high-dose levofl oxacin, 
and the aminoglycosides (amikacin, gentamicin, 
tobramycin).

CAP 

For patients admitted to the ICU with CAP, 
initial therapy should be directed at DRSP, 
Legionella, and other atypical pathogens, enteric 
Gram-negative organisms, and other selected orga-
nisms, based on epidemiologic risk assessment. 

Therapy is chosen, depending on whether or not 
the patient is at risk for P aeruginosa infection 
(“modifying” risk factors previously named). In 
all the treatment algorithms, no ICU-admitted 
CAP patient should receive empiric mono therapy, 
even with one of the new quinolones.1 In one 
recent study91 comparing levofl oxacin with a 
β-lactam/quinolone combination, the single-
agent regimen was not shown to be effective for 
patients in septic shock and for those treated with 
mechanical ventilation. There are no data showing 
the effi cacy of moxifl oxacin as monotherapy for 
severe CAP. 

Recommended therapy for severe CAP in the 
absence of pseudomonal risk factors should be 
with a selected IV β-lactam (cefotaxime, ceftriax-
one, a β-lactam/β-lactamase inhibitor combina-
tion), combined with either an IV macrolide or an 
IV antipneumococcal quinolone (levofl oxacin or 
moxifl oxacin). For patients with pseudomonal risk 
factors, therapy can be with a two-drug regimen, 
using an antipseudomonal β-lactam (doripenem, 
imipenem, meropenem,  piperacillin/tazobactam, 
cefepime) plus ciprofl oxacin (the most active 
antipseudomonal, quinolone) or levofl oxacin 
(750 mg/d); or alternatively with a three-drug 
regimen using an antipseudomonal β-lactam plus 
an aminoglycoside plus an IV antipneumococ-
cal quinolone (levofl oxacin or moxifl oxacin) or 
a macrolide.1,92 Penicillin-allergic patients should 
receive aztreonam with levofl oxacin or aztreonam 
with an aminoglycoside plus an antipneumococ-
cal quinolone or macrolide. 

In addition to the antibiotic approach to 
therapy outlined here, all patients should have 
coverage for atypical pathogens using either a 
macrolide or a quinolone in the regimen, based 
on data that such an approach reduces mortal-
ity.26,27,93 Even in patients with pneumococcal bac-
teremia, the use of combination therapy (generally 
with the addition of atypical pathogen coverage 
to pneumococcal coverage) has been associated 
with reduced mortality, compared with mono-
therapy.93 In addition, certain adjunctive therapies 
should be considered, including oxygen, chest 
physiotherapy (if at least 30 mL of sputum daily 
and a poor cough response), aerosolized broncho-
dilators, and corticosteroids (if hypotension and 
possible relative adrenal insuffi ciency are pres-
ent). An analysis of the use of activated protein C 
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for patients with septic shock demonstrated that 
35% of the patients in the pivotal clinical trial 
had underlying CAP, and that activated protein 
C was most effective for those CAP patients with 
an APACHE II score � 25, a PSI class of IV or V, 
and a CURB-65 score of at least 2. There was also 
benefi t in those with pneumococcal infection and 
with inadequate therapy, although the benefi t was 
minimal in those treated with adequate therapy.94 
In addition to their value in patients with relative 
adrenal insuffi ciency, corticosteroids may be help-
ful in severe CAP because of their immunomod-
ulating effect. One randomized controlled trial95 
of 48 patients compared hydrocortisone infusion 
(240 mg/d) with placebo and found that steroid 
therapy reduced mortality, length of stay, and 
duration of mechanical ventilation. These fi nd-
ings require other studies to confi rm the benefi t 
of this adjunctive therapy. However, if corticoste-
roids are needed for reasons other than pneumo-
nia, they do not appear to add to mortality risk.

The presence of extrapulmonary infection 
(such as meningitis), and the identifi cation of cer-
tain pathogens (such as bacteremic S aureus and 
P aeruginosa) may require longer durations of 
therapy than the usual 5 to 7 days. Identifi cation 
of Legionella pneumophila pneumonia may require 
quinolone therapy, and durations as short as 5 
days with levofl oxacin 750 mg may be effective.96 
Currently there is controversy about the need for 
empiric therapy directed against community-
acquired MRSA. Most experts recommend that 
this organism should be targeted in patients with 
severe, necrotizing CAP, but to shut off produc-
tion of the Panton-Valentine leukocidin toxin that 
accompanies community-acquired MRSA, it may 
be necessary to add clindamycin to vancomycin 
or to use linezolid, as both of these latter agents 
can inhibit toxin production.70

Nosocomial Pneumonia

Antibiotic therapy should be given promptly 
at the fi rst clinical suspicion of pneumonia, and 
empiric therapy should be dictated by considering 
whether the patient is at risk for infection with 
MDR pathogens, primarily because of the pres-
ence of recent antibiotic therapy, a prolonged hos-
pital stay, or the development of infection after 
residing in a nursing home or other long-term 

care setting (such as a dialysis center), or if there 
are other risk factors for HCAP. Patients without 
risks for MDR pathogens can be treated for the 
“core pathogens” previously listed, generally 
with a monotherapy regimen of a second, or non-
pseudomonal third-generation cephalosporin, 
a β-lactam/β-lactamase inhibitor combination, 
ertapenem, or a quinolone (levofl oxacin or mox-
ifl oxacin).2 If the patient is allergic to penicillin, 
therapy can be with a quinolone or the combina-
tion of clindamycin and aztreonam. Probably not 
all HCAP patients need therapy directed against 
MDR pathogens, and monotherapy has been suc-
cessful in patients without MDR risk factors. For 
HCAP patients, in addition to severe pneumonia, 
the risk factors for MDR pathogens include recent 
hospitalization, recent antibiotic therapy, immune 
suppression, and poor functional status.71 Patients 
with severe HCAP and at least one other risk fac-
tor should receive empiric therapy directed at 
MDR pathogens.

In the selection of an empiric therapy regi-
men, it is necessary to choose an agent that is in 
a different class of antibiotics than the patient has 
received in the past 14 days, as repeated use of 
the same class of antibiotic may drive resistance 
to that class, especially if the pathogen is P aeru-
ginosa.97 Similar fi ndings have been made for 
patients with bacteremic pneumococcal pneumo-
nia and CAP, and repeat use of an agent within 3 
months may mean that the patient is being treated 
with an agent to which pneumococcus is more 
likely to be resistant.98 In addition, the recent use 
of quinolones may present a particular problem, 
because in the ICU recent quinolone therapy may 
predispose to not only quinolone-resistant organ-
isms, but also to infection with MDR pathogens, 
extended-spectrum β-lactamase producing Gram-
negative organisms, and MRSA.99 

The concept of “antibiotic rotation” has been 
studied in patients with VAP and involves using 
an empiric regimen that is intentionally varied 
over time to expose bacteria to different antibiotics 
and thus minimize the selection pressure for resis-
tance. This approach has been effective in reducing 
the incidence of infection with resistant organisms 
in some studies.100 One of the limitations of anti-
biotic rotation is that it may mean the use of the 
same regimen repeatedly in the same patient, 
and this may itself be a risk factor for selecting 
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for resistance. In addition, there are many un-
answered questions.101 

Patients at risk for MDR pathogens generally 
require combination therapy, rather than mono-
therapy. The empiric therapy for patients at risk 
for MDR pathogens should include an aminogly-
coside or quinolone (ciprofl oxacin or high-dose 
levofl oxacin) plus an antipseudomonal β-lactam 
(doripenem, imipenem, meropenem, piperacil-
lin/tazobactam, aztreonam, or cefepime). If the 
patient is at risk for a second ICU-acquired infec-
tion (and most are), it may be prudent to use an 
aminoglycoside for the fi rst episode of infection, 
reserving the quinolone for any subsequent infec-
tion, because of concern about quinolone induc-
tion of multidrug resistance, which could limit 
subsequent therapy options.102 If the patient is 
suspected of having MRSA because of a tracheal 
aspirate Gram stain showing Gram-positive 
organisms, or because of other risk factors, then a 
third drug should be added. This could be either 
linezolid or vancomycin, and recent data103 have 
suggested the superiority of linezolid for both 
survival and clinical cure in patients who have 
been documented as having MRSA VAP. 

If the patient has received a broad-spectrum 
regimen and the culture fi ndings do not show 
MDR organisms, then the patient can fi nish ther-
apy with any of six monotherapy regimens that 
have been documented to be effective for severe 
VAP in the absence of MDR organisms: ciprofl ox-
acin, imipenem, meropenem,  piperacillin/tazo-
bactam, cefepime, and high-dose levofl oxacin. 
If P aeruginosa is present, combination  therapy 
with a β-lactam and aminoglycoside should 
continue for 5 days, after which the patient can 
be switched to monotherapy with an agent to 
which the organism is sensitive.2 When de-esca-
lation has been used—meaning either the switch 
to a more narrow spectrum regimen, the use of 
fewer drugs, or both—mortality in VAP has been 
reduced, compared to when patients do not have 
de-escalation.37,38 

 If the lower respiratory tract culture fi ndings 
are negative, it may be possible to stop therapy 
(especially if an alternative diagnosis is suspected) 
or to shorten the duration of therapy. In addition, 
if culture fi ndings show that the initial empiric 
regimen was appropriate, and if the patient has a 
good clinical response (refl ected by a drop in the 

CPIS), then it may be possible to reduce the dura-
tion of therapy to as little as 7 to 8 days, although 
this may not be possible if the etiologic pathogen 
is P aeruginosa or MRSA.104 

Adjunctive therapeutic measures such as chest 
physiotherapy, aerosolized bronchodilators, and 
mucolytic agents are needed in some patients. For 
select patients who are infected with highly resis-
tant organisms that not responding to systemic 
antibiotics, it may be valuable to add aerosolized 
antibiotics (such as gentamicin, tobramycin, colis-
tin, and ceftazidime).105

Evaluation of Nonresponding Patients

Nonresponding patients with either CAP or 
VAP should be evaluated for alternative diagno-
ses (infl ammatory lung disease, atelectasis, heart 
failure, malignancy, pulmonary hemorrhage, pul-
monary embolus, a nonpneumonic infection), a 
resistant or unusual pathogen (including tuber-
culosis and fungal infection), a pneumonia com-
plication (empyema, lung abscess, drug fever, 
antibiotic–induced colitis), or a secondary site of 
infection (central line infection, intra-abdominal 
infection). The evaluation of a nonresponding 
patient should be individualized but may include 
CT scanning of the chest, pulmonary angiogra-
phy, bronchoscopy, and occasionally open lung 
biopsy. 

Prevention 

Prevention of CAP is important for all groups 
of patients and includes vaccination with both 
pneumococcal and infl uenza vaccines, and ciga-
rette smoking cessation in all at-risk patients. 
Even for the patient who is recovering from CAP, 
immunization while in the hospital is appropri-
ate to prevent future episodes of infection. If there 
is uncertainty about whether the patient has been 
vaccinated recently, it is probably best to give a 
pneumococcal vaccination, as repeat administra-
tion, even more often than recommended, is not 
generally associated with an adverse reaction.106 
Hospital-based immunization is recommended. 
One study107 found that among 1,633 patients with 
pneumonia treated in the hospital, 62% had been 
hospitalized in the preceding 4 years. In addition, 
80% of these patients had a high-risk condition 
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that would have qualifi ed them to receive pneu-
mococcal vaccine. 

Although no single method is able to reliably 
prevent nosocomial pneumonia, multiple small 
interventions may have benefi t, especially those 
focused on modifi able risk factors for infection. 
Recently, these interventions have been com-
bined into “ventilator bundles,” which have been 
demonstrated to reduce the incidence of VAP 
if applied carefully.108,109 Most of these bundles 
include multiple interventions, so it is diffi cult to 
know which individual manipulations are most 
valuable. Successful bundles have included inter-
ventions such as elevation of the head of the bed 
to 30° (to avoid the risk of aspiration present with 
the supine position), daily interruption of sedation 
to attempt weaning, peptic ulcer disease prophy-
laxis, endotracheal tube suctioning (possibly with 
a closed-suction system), hand washing, careful 
oral care, and tight control of blood glucose.110 In 
spite of the success of this approach, one recent 
randomized study111 has demonstrated a lack of 
benefi t and feasibility of routine elevation of the 
head of the bed. 

Other widely used measures in patients 
receiving mechanical ventilation are avoidance of 
large inocula of bacteria into the lung (careful han-
dling of ventilator circuit tubing), mobilization of 
respiratory secretions (frequent suctioning, use of 
rotational bed therapy in selected individuals), 
nutritional support (enteral preferred over par-
enteral), placing of feeding tubes into the small 
bowel (to avoid aspiration, which is more likely 
with stomach tubes), and avoidance of large gas-
tric residuals when giving enteral feeding. In addi-
tion, any tube inserted into the stomach or trachea 
should be inserted through the mouth and not the 
nose, whenever possible, to avoid obstructing the 
nasal sinuses, and to prevent nosocomial sinus-
itis, which can lead to nosocomial pneumonia.110 
A specially adapted endotracheal tube that allows 
for continuous aspiration of subglottic secretions 
may interrupt the oropharyngeal-to-tracheal trans-
fer of bacteria and reduce the incidence of pneu-
monia.112 Recently, a silver-coated endotracheal 
tube has been studied and reported to reduce the 
risk of VAP.113 Because endotracheal intubation is 
a risk for pneumonia, noninvasive positive pres-
sure ventilation should be used whenever pos-
sible, and this approach is associated with a lower 

pneumonia risk than traditional mechanical ven-
tilation. There is no specifi c role for prophylac-
tic systemic or topical antibiotics, but some data 
suggest that patients with coma due to stroke or 
head trauma, and those who may have aspirated 
during an emergent intubation, may benefi t from 
a 24-h course of systemic antibiotics.114 Selective 
digestive decontamination has also been studied, 
but recent data indicate that oral decontamination 
alone may be effective in preventing VAP, and that 
the entire regimen is not necessary.115
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Objectives:

• Appreciate the impact of acute kidney injury (AKI) not 
only on acute mortality but also chronic kidney disease

• Develop a systematic diagnostic approach to the various 
glomerular, interstitial, vascular, and tubular disorders 
causing AKI

• Learn the preventive, supportive, and renal replacement 
therapies for critically ill patients with AKI

Key words: acute tubular necrosis; chronic kidney disease; 
end-stage renal disease; glomerulonephritis; interstitial 
nephritis; prerenal azotemia; renal replacement therapies

Defi nition

The incidence and mortality of acute kidney 
injury (AKI) vary substantially with its defi nition, 
which is traditionally based on acute changes in 
serum creatinine.1 The RIFLE criteria2 (Table 1) 
standardize the defi nition by identifying the kid-
ney as at risk, injured, or in failure based on either 
an increase in serum creatinine or a decrease in 
urine output. Loss of renal function for � 30 days 
may lead to chronic kidney disease (CKD) and 

either AKI or CKD may result in end-stage renal 
disease (ESRD).

Three studies validate the classifi cation of 
AKI defi ned by the RIFLE criteria in critically 
ill patients. Hoste et al3 identifi ed AKI in 67% of 
5,383 ICU patients; 12.4% at risk, 26.5% as injured, 
and 28.1% as renal failure. The mortality progres-
sively increased from 8.8% (hazard ratio [HR], 1.0) 
with risk, to 11.4% (HR, 1.4) with injury, to 26.7% 
(HR, 2.7) with failure. Those patients without AKI 
had an ICU mortality rate of only 5.5%. In another 
study by Osterman and Chang,4 risk, injury, and 
failure were identifi ed in 17.2%, 11%, and 7.6%, 
respectively, of 41,972 ICU patients. The mortality 
was 8.4% (HR, 1.0) in those without AKI, 20.9% 
(HR, 1.4) in those at risk, 45.6% (HR, 1.96) in those 
with injury, and 56.8% (HR, 1.59) in those with 
failure. A third study by Bagshaw et al5 retrospec-
tively found AKI in 36.1% of 120,123 critically 
ill patients: 16.2% at risk, 13.6% with injury, and 
6.3% with failure.

The seemingly minor changes in serum creati-
nine defi ning AKI by RIFLE are in fact supported 
by observational studies. In the largest study, 
Chertow et al6 found that even very small changes 
in serum creatinine (eg, 0.3 to 0.4 mg/dL) acutely 
may signifi cantly increase mortality, length of 
stay, and the cost of care in 19,982 adult hospital-
ized patients.

Because the serum creatinine is neither a sen-
sitive nor specifi c marker of AKI, other biomark-
ers are generating interest. These include cystatin 
C, N-acetyl-β-d-glucosaminidase, urinary inter-
leukin (IL)-18, kidney injury molecule-1, and neu-
trophil gelatinase-associated lipocalin (NGAL). 
For example, in an ICU population, an elevation 
in serum cystatin C precedes that of serum cre-
atinine by 24 to 48 h and appears to predict not 
only mortality but also the need for renal replace-
ment therapy (RRT).7,8 In patients with ARDS, an 
increase in urinary IL-18 predicts a subsequent 
(24-h) rise in serum creatinine and is an inde-
pendent predictor of mortality.9 In 635 patients 
presenting to an urban emergency department, 
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Table 1. RIFLE Criteria for Diagnosis of Acute Kidney Injury

Kidney 
Status

Serum Creatinine 
Criteria

Urine Output 
Criteria

Risk Increase Scr 1.5–2-fold 
from baseline

� 0.5 mL/kg/h for 
6 h

Injury Increase Scr 2–3-fold 
from baseline

� 0.5 mL/kg/h for 
12 h

Failure Increase Scr � 3-fold 
from baseline

� 0.3 mL/kg/h for 
24 h

or or
Scr � 4.0 mg/dL with 

acute rise � 0.5 
mg/dL

Anuria for 12 h

Loss Persistent renal failure 
for � 4 wk

ESRD Persistent renal failure 
for � 3 mo
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urinary NGAL substantially improved both sen-
sitivity and specifi city for detecting AKI and was 
highly predictive of clinical outcomes.10 In a trial11 
of pediatric cardiac surgery patients, urinary 
NGAL increased within 2 h postoperatively (2 to 
3 days before an increase in serum creatinine) and 
correlated with the severity and duration of AKI, 
length of stay, dialysis requirement, and death. 
This advancement in diagnostic testing offers the 
hope of not only early detection of AKI, but also 
more specifi c (and successful) treatments.

Epidemiology

The incidence of AKI has increased over the 
last 25 years both as a percentage of hospitalized 
patients and of those who are critically ill. Between 
1979 and 2002, the National Center for Health 
Statistics showed an increasing rate of AKI diag-
noses among overall hospitalizations and among 
those “discharged dead” (1.5% in 1979, 15.7% in 
2002).12 Over the same time period, single-center 
studies found that the incidence of AKI increased 
in hospitalized patients from 5 to � 7% of all hos-
pitalized patients.13,14

Two recent multicenter studies focus spe-
cifi cally on critically ill patients. The Program to 
Improve Care in Acute Renal Disease (PICARD)15 
studied patients admitted to the ICUs of fi ve US 
academic medical centers. Common etiologies 
included acute tubular necrosis (ATN) without 
obvious cause (50%) followed by nephrotoxic 
ATN (26%), cardiac disease (myocardial infarction, 
congestive heart failure, cardiogenic shock; 20%), 
sepsis (19%), unresolved prerenal disease (16%), 
and liver disease (11%). Mortality ranged from 
24 to 62%. In another study,16 the Beginning and 
Ending Supportive Therapy for the Kidney (BEST 
Kidney) group surveyed 54 ICUs in 23 countries. 
The overall mortality rate was 60.2%. Septic shock 
was the most common cause (48%), followed by 
major surgery (34%), cardiogenic shock (27%), 
hypovolemia (26%), and nephrotoxins (19%). 
Many patients had multiple causes of AKI.

The PICARD and BEST Kidney studies iden-
tifi ed several common predisposing risk factors 
for AKI, including older age, sepsis, and disease 
severity (including degree of azotemia and oligu-
ria). Chawla et al17 also noted hypoalbuminemia, 
increased A-a gradient, and underlying cancer as 

risk factors specifi cally in ICU patients. All stud-
ies note a signifi cant incidence of preexisting 
CKD (approximately 30%) in patients in whom 
AKI develops.

Despite the high overall mortality rate of AKI, 
most survivors will recover to dialysis indepen-
dence, but many are left with signifi cant renal 
insuffi ciency (CKD). Up to 30% of these patients 
will progress to dialysis over the subsequent 
3 years (particularly in those with preexisting 
CKD).18 Thus, CKD begets AKI, and AKI begets 
CKD, which may eventually result in ESRD.

Diff erential Diagnosis

Acute azotemia in the ICUs may result from 
various artifacts (pseudorenal failure), obstruc-
tion to urine fl ow (postrenal azotemia), decreased 
renal perfusion (prerenal azotemia), or intrarenal 
(parenchymal or hemodynamic) disease.

Pseudorenal, Prerenal, and Postrenal Azotemia 

Pseudorenal failure occurs when GI bleeding, 
corticosteroids, tetracyclines, severe catabolic 
states, or hyperalimentation alter urea metabo-
lism, increasing the BUN without a change in glo-
merular fi ltration rate (GFR). Similarly, the serum 
creatinine level may increase with creatine release 
from damaged muscles (rhabdomyolysis), blocked 
renal tubular creatinine secretion (trimethoprim 
and cimetidine), or interference with the creati-
nine assay (cefoxitin, acetone, α-methyldopa). 
Malnutrition and severe muscle wasting may spu-
riously decrease the plasma urea and creatinine 
concentrations, respectively. Although the impact 
of nonrenal factors is relatively small (� 20%), one 
should always consider these as a potential expla-
nation for acute azotemia (Table 2).

Prerenal azotemia occurs when renal perfu-
sion is compromised by an absolute decrease in 
extracellular fl uid volume ([ECV] eg, hemorrhage, 
GI fl uid losses, burns), a decrease in the “effec-
tive” circulating volume (heart failure, ascites), or 
the accumulation of fl uid in a “third space” (eg, 
pancreatitis, acute abdomen, bowel surgery, mus-
cle trauma). It may occasionally occur with high 
intraabdominal pressures (� 20 mm Hg blad-
der pressure) after trauma or surgery (abdomi-
nal compartment syndrome). Correction of the 
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 intravascular volume defect or abdominal pres-
sure should result in improved renal perfusion 
and resolution of azotemia. In most series, pre-
renal azotemia has a 90% survival rate. If unrecog-
nized or untreated, ECV depletion can cause ATN 
and a signifi cantly worse prognosis. In fact, ECV 
depletion is a very frequent contributor to AKI.

The diagnosis of prerenal azotemia is based 
on the physical examination demonstrating an 
alteration of ECV and on several urinary indexes 
(Table 3). Of these, the fractional excretion of 
sodium (FENa) is most reliable.19 The FENa mea-
sures the ratio of the sodium excreted (urinary 
sodium � volume) to the sodium fi ltered (serum 
sodium � GFR) by the following formula:

FENa � (UNa/SNa) � (Ucr/Scr) � 100

where U indicates urine; Na, sodium; S, serum; 
and cr, creatinine. The test can be done on a spot 
sample of urine and blood. The FENa is � 1% 
when acute azotemia is prerenal but � 1% with 
ATN. A few exceptions must be kept in mind. 

Rhabdomyolysis, contrast nephropathy, acute 
glomerulonephritis, and sepsis are all causes of 
ATN in which the FENa may be spuriously low, 
particularly early in the clinical course. In addi-
tion, patients with severe heart failure or cirrhosis 
often have a FENa of � 1% despite ATN. Diuretics, 
glucosuria, or preexisting renal insuffi ciency will 
falsely elevate the FENa in a patient with prerenal 
azotemia. When diuretics elevate the FENa, a frac-
tional excretion of urea of � 35% accurately indi-
cates prerenal azotemia.20 The clinician must be 
alert to these potential pitfalls of the FENa when 
approaching the acutely azotemic patient.

In addition to a low FENa and fractional 
excretion of urea, prerenal azotemia usually 
causes a low urinary sodium level (� 20 mEq/L), 
high urine osmolality (� 350 mOsm/L), and an 
elevated BUN to creatinine ratio (� 20). The urine 
sediment may show granular casts but is usually 
devoid of cellular elements. Oliguria is virtually 
universal unless a diuretic or glucosuria is pres-
ent. Prerenal azotemia is confi rmed if the urinary 
output improves and the azotemia resolves with 
the administration of isotonic fl uids, improve-
ment in the underlying heart failure, or correction 
of the third-space defect.

Postrenal azotemia occurs with an obstruction 
to urine fl ow. Although anuria is expected, fl uc-
tuating or even high urine volumes may result if 
the blockage is partial. As long as the obstruction 
is relatively recent (days to weeks) and the serum 
creatinine level relatively low (� 5 mg/dL), cor-
recting the obstruction will usually resolve the 
azotemia. With urethral or prostatic obstruction, a 
Foley catheter will suffi ce. This and a renal ultra-
sound are required diagnostic steps in any patient 
with acute azotemia. For patients with one kidney, 
a CT scan (without contrast) or even a retrograde 
pyelogram may be necessary to positively exclude 
obstruction. Upper tract obstruction may require 
a ureteral stent or percutaneous nephrostomy.

Specifi c Causes of AKI 

After excluding pseudorenal, prerenal, and 
postrenal azotemia, one must consider the vari-
ous renal parenchymal or hemodynamic derange-
ments responsible for AKI. These include diseases 
that primarily affect the glomerulus (glomerulo-
nephritis), interstitium (interstitial nephritis), 

Table 2. Causes of Pseudorenal Failure

Nonrenal causes of elevated serum urea
 Corticosteroids
 Hyperalimentation
 GI bleeding
Nonrenal causes of elevated serum creatinine
 Increased creatine release from skeletal muscle
  Rhabdomyolysis
 Interference with creatinine assay
  Acetone
  Cefoxitin
  Flucytosine
  Methyldopa
 Blocked tubular creatinine secretion
  Cimetidine
  Trimethoprim

Table 3. Diagnostic Indices of Prerenal Azotemia and ATN

Variable PRA ATN

BUN/creatinine ratio 20 10
Urine osmolality, mOsm/L � 350 300*
Urine/plasma osmolality ratio � 1.5 1.0
Urine sodium, mEq/L � 20 � 30
Fractional excretion of sodium � 1% � 1%
Fractional excretion of urea � 35% � 50%

*PRA � prerenal azotemia.
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blood vessels (vascular occlusion or vasculitis), or 
tubules (ATN; Table 4).

Glomerular Disease: Fulminant glomerulone-
phritis due to bacterial endocarditis, lupus ery-
thematosus, staphylococcal septicemia, visceral 
abscesses, hepatitis B antigenemia, Goodpasture 
syndrome, or idiopathic rapidly progressive 
(crescentic) glomerulonephritis is not uncommon 
in a major ICU. Once considered, these diagnoses 
are not diffi cult to make. The urinalysis will show 
dysmorphic RBCs (those with multiple surface 
irregularities), RBC casts, pyuria, and moderate-
to-heavy proteinuria. Hypertension is variably 
present. Blood cultures, serologic testing (anti-
nuclear antibody, antineutrophilic cytoplasmic 
antibodies, hepatitis B surface antigen, and anti-
glomerular basement membrane antibody), and a 
search for visceral abscess may be rewarding. An 
urgent renal biopsy should be strongly consid-
ered whenever acute glomerulonephritis is sus-
pected, as aggressive specifi c therapy (eg, plasma 
exchange, corticosteroids, and/or cyclophospha-
mide) is often required.

Alterations in glomerular hemodynamics are 
increasingly recognized as a cause of acute renal 
failure. These include afferent arteriolar vasocon-
striction (hepatorenal syndrome [HRS]) or efferent 
arteriolar vasodilatation (angiotensin-converting 
enzyme inhibitors). The latter is usually seen when 
severe cardiac failure, ECV depletion, or bilateral 
renal artery stenosis already compromises renal 
blood fl ow (RBF). In addition, less well-defi ned 
derangements in intrarenal hemodynamics are 
likely contribute to the AKI of sepsis, potent vaso-
dilators (nitroprusside and nifedipine), and the 
nonsteroidal antiinfl ammatory drugs (NSAIDs). 
In these cases, the urine sediment is usually bland 
and results of the renal biopsy (if performed) are 
normal. Recovery of renal function is expected, 
provided the offending drug is removed or the 
underlying condition is corrected.

HRS refers to AKI that occurs in the setting of 
severe liver failure after other obvious causes are 
excluded. The patient demonstrates avid sodium 
retention (urinary sodium level, � 10 mEq/L; 
FENa, � 1%) and oliguria not responding to ECV 
expansion. The urine sediment is usually benign. 
The onset may be insidious or abruptly precipi-
tated by ECV depletion (GI bleeding, diuretics, 
paracentesis) or sepsis. Because the liver is critical 
to generation of both urea and creatinine, patients 
with cirrhosis and ascites are at high risk despite 

Table 4. The Common Glomerular, Interstitial, Vascular, and 
Tubular Causes of AKI*

I. Glomerular
 A. GN
   1. Infectious
    a. Endocarditis
    b. “Shunt” nephritis
    c. Visceral abscess
    d. Hepatitis antigenemia
    e. Poststreptococcal GN
   2. Lupus nephritis
    a. Idiopathic rapidly progressive GN
  B. Glomerular hemodynamics
   1. Hepatorenal syndrome
   2. Angiotensin-converting enzyme inhibitors
   3. NSAIDs
   4. Hypercalcemia
   5. Potent vasodilators (eg, nitroprusside)
   6. Abdominal compartment syndrome

II. Interstitial
  A. Allergic interstitial nephritis
  B. Infectious
   1. Pyelonephritis
   2. Viral (cytomegalovirus, measles, mumps)
   3. Rickettsial disease (ehrlichia)
  C. Tumor lysis syndrome
  D. Urate/oxalate deposition nephropathy
  E. Acute phosphate nephropathy
  F. Multiple myeloma
  G. Immune (lupus, Sj  ̈ogren syndrome)
  H. Infi ltrative (sarcoidosis, lymphoma, leukemia)

III. Vascular
  A. Vasculitis
   1. Wegener granulomatosis
   2. Polyarteritis nodosa
   3. Henoch-Schönlein purpura
   4. Hypersensitivity vasculitis
   5. Cryoglobulinemia
  B. Thrombosis/thromboembolism
  C. Cholesterol emboli
  D. Malignant hypertension
  E.  Hemolytic uremic syndrome/thrombotic thrombocy-

topenic purpura

IV. Tubular
  A. Toxins
   1. Aminoglycosides
   2. Platinum
   3. Radiographic contrast
   4. Rhabdomyolysis
   5. Hemolysis
   6. Amphotericin B
  B. Ischemia
   1. Shock
   2. Hemorrhage
   3. Sepsis

*GN � glomerulonephritis.
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normal serum values. In one study, the incidence 
of HRS was 18% at 1 year and 39% at 5 years in 
cirrhotic patients with ascites.21

HRS likely results from nitric oxide-induced 
splanchnic vasodilatation with consequent acti-
vation of the renin angiotensin and sympathetic 
nervous systems. Thus, cardiac output is high 
and systemic vascular resistance is low (“sep-
tic physiology”) despite elevated renal vascular 
resistance. Other theories of pathogenesis include 
an imbalance of vasoconstrictor/vasodilator 
prostaglandins (supported by elevated urinary 
20-hydroxyeicosatetraenoic acid, a vasoconstric-
tor prostaglandin), endotoxemia, endothelin-
induced renal vasoconstriction, release of false 
neurotransmitters, or an increase in sympathetic 
tone pursuant to elevated hepatic sinusoidal 
pressure.

The preferred treatment of HRS is liver trans-
plantation. As a bridge to transplant, various 
medical therapies may be tried. Norepinephrine 
infusion may particularly help patients with a 
mean arterial pressure of � 60 mm Hg. The sympa-
tholytic agent clonidine may transiently improve 
GFR. Data on misoprostol and N- acetylcysteine 
are confl icting. There are promising reports 
using both terlipressin (an antidiuretic hormone 
analog) given with albumin infusions22 and 
the combination of midodrine and octreotide.23 
Peritoneovenous shunting and the transjugu-
lar intrahepatic portosystemic shunt have high 
complication rates and are generally reserved for 
refractory patients.

Interstitial Disease: Allergic interstitial nephri-
tis is most commonly due to penicillins, cepha-
losporins, sulfonamides, diuretics, and NSAIDs, 
although the list of agents reported to cause the 
disease is legion. Patients typically have fever, 
rash, arthralgias, and eosinophilia. Pyuria (ster-
ile) dominates the urinary sediment, although 
hematuria and proteinuria are also common. 
Eosinophiluria (best evaluated by Hansel stain) 
is demonstrated in many cases, often excepting 
NSAIDs. Other causes of eosinophilia and eosin-
ophiluria associated with AKI (such as atheroem-
boli or rapidly progressive glomerulonephritis) are 
usually easily distinguished on clinical grounds. 
Early steroid therapy improves the recovery of 
renal function in patients with drug-induced 
interstitial nephritis.

Tumor lysis syndrome refers to a variety of 
metabolic complications associated with lym-
phoreticular or (rarely) solid malignancies. 
Hyper uricemia (usually � 15 mg/dL) and hyper-
phosphatemia (usually � 8 mg/dL) each may 
cause AKI; the latter usually follows lytic therapy 
and the former often precedes treatment of the 
primary malignancy. Hypocalcemia and hyper-
kalemia often complicate the early clinical course. 
Patients are usually oligoanuric and the urinary 
sediment frequently reveals amorphous urates or 
urate crystals. Urinary alkalinization is not rou-
tinely recommended as it may actually enhance 
renal parenchymal calcium phosphate deposition. 
ECV expansion with isotonic crystalloid or mannitol 
has prophylactic benefi t. Although allopurinol has 
not completely eliminated the AKI of tumor lysis, 
it does help (at high dosages of 600 to 900 mg/d, 
if possible). Rasburicase, a recombinant urate oxi-
dase, may also be used (unlabeled indication) to 
prevent hyperuricemia and tumor lysis syndrome.

In addition to the acute precipitation of uric 
acid in the renal tubules seen with very high (� 15 
mg/dL) serum levels (uric acid nephropathy), 
lesser elevations of uric acid may increase the risk 
for other types of AKI.24 

Acute phosphate nephropathy is increasingly 
recognized as a complication of oral sodium phos-
phate solutions used for bowel preparation prior 
to colonoscopy.25 Renal parenchymal deposition 
of calcium and phosphorus appear responsible 
not only for AKI but also signifi cant CKD.

Other causes of AKI resulting from intersti-
tial nephritis are less common but include viral 
or bacterial pyelonephritis, multiple myeloma, 
uric acid nephropathy, and occasionally infi ltra-
tive disorders such as lymphoma, leukemia, and 
sarcoidosis. Oxalate nephropathy may complicate 
acute ethylene glycol ingestion (with elevated 
anion and/or osmolar gaps). The urine sediment 
in these cases is usually bland, but crystalluria, 
pyuria, and WBC casts can be seen, even in the 
absence of infection.

Vascular Disease: Vascular disease is a frequently 
overlooked cause of AKI. Malignant  hypertension 
causes AKI accompanied by retinopathy, throm-
bocytopenia, and microangiopathy. Microangiopathy 
and thrombocytopenia also accompany hemo-
lytic uremic syndrome or thrombotic thrombocy-
topenic purpura. Renal infarction due to trauma, 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



512 Acute Kidney Injury in the Critically Ill (Muther)

thrombosis, or thromboembolism causes AKI 
with fever, hematuria, acute fl ank pain, ileus, leu-
kocytosis, and an elevated lactate dehydrogenase 
level, a syndrome that mimics an acute abdomen. 
Thromboemboli usually arise from the heart in 
patients with severe left ventricular failure or atrial 
fi brillation.

Cholesterol emboli syndrome (CES) refers to 
renal atherosclerotic or cholesterol microemboli 
that occur following aortic manipulation (sur-
gery or catheterization) or systemic anticoagula-
tion with warfarin. Besides AKI, GI bleeding (due 
to microinfarcts), livido reticularis of the lower 
extremities, patchy areas of ischemic necrosis 
in the toes, hypocomplementemia, and eosino-
philia are common. It is important to distinguish 
CES from a thromboembolic event, as thera-
peutic anticoagulation is dangerous in patients 
with the former but necessary for those with the 
latter.

Renal vasculitis (Wegener granulomatosis, 
polyarteritis nodosa, hypersensitivity vasculitis, 
and Henoch-Schönlein purpura) often causes 
AKI. These disorders are identifi ed by their multi-
system manifestations, very active urine sediment 
(hematuria, pyuria, RBC and WBC casts, and 
proteinuria), and, in the case of Wegener granu-
lomatosis and polyarteritis nodosa, the presence 
of antineutrophilic cytoplasmic antibodies in the 
serum.

Tubular Disease: The most common cause of 
hospital- and ICU-acquired AKI is ATN,26 which 
is broadly divided into toxic and ischemic causes. 
ATN in the ICU setting is usually attributed to 
a conspiracy of factors including hypovolemia, 
poor cardiac output, sepsis, and nephrotoxins.

Among the more common toxins causing 
ATN are the aminoglycoside antibiotics. Risk fac-
tors for aminoglycoside nephrotoxicity include 
volume contraction, age, hypokalemia, concomi-
tant use of other nephrotoxins, and a short dos-
ing interval. After an initial loading dose (2 to 3 
mg/kg), the maintenance dose (l mg/kg) should 
be adjusted based on the patient’s creatinine 
clearance ([Ccr] estimated by the formula Ccr � 
body weight (kg)/serum creatinine) or calculated 
GFR. Once-daily dosing minimizes nephrotoxic-
ity without compromising therapy. The routine 
use of peak and trough serum levels does not 
decrease the likelihood of ATN.

Radiographic contrast agents are more likely to 
cause AKI in patients who have preexisting renal 
insuffi ciency, diabetes mellitus, and poor left ven-
tricular function, or who undergo multiple stud-
ies in a 24-h period. The volume of contrast used 
is directly related to nephrotoxicity. Nonionic and 
isosmolar contrast appears less nephrotoxic. The 
best prophylaxis appears to be isotonic sodium 
chloride or sodium bicarbonate 27 and N-acetylcys-
teine (1,200 mg po q12h; two doses before and two 
doses after the procedure).28 IV mannitol, furose-
mide (either before or after contrast), dopamine, 
calcium channel blockers, and fenoldopam do not 
lessen nephrotoxicity. Theophylline may decrease 
nephrotoxicity in patients at very high risk, par-
ticularly those in whom crystalloid is contrain-
dicated. Prophylactic hemodialysis is ineffective. 
Hemofi ltration does not appear to alter the over-
all impact of contrast nephrotoxicity. Although 
most cases are nonoliguric and resolve within a 
few days, contrast toxicity signifi cantly increases 
hospital mortality and cost. Patients may require 
acute dialysis; ESRD is much less likely. CES is 
potentially a more serious, although less com-
mon, renal complication for patients undergoing 
radiographic contrast studies.

Massive intravascular hemolysis or rhabdo-
myolysis (Table 5) may produce AKI. Common 
causes of rhabdomyolysis include drugs (eg, her-
oin, cocaine, statins), major crush injuries, alcohol, 
seizures, and muscle compression syndromes. All 
have the potential of producing myoglobinuria 
and AKI, particularly if ECV depletion or shock 
exists simultaneously. Hyperkalemia, hyperuri-
cemia, hyperphosphatemia, and hypercreati-
nemia (low BUN to creatinine ratio) also result. 
Hypocalcemia often occurs early, but hypercalce-
mia (as high as 12 to 14 mg/dL) appears during 
recovery.29 An elevated creatine phosphokinase 
level and dark heme-positive urine without RBCs 
are major diagnostic clues. Prophylaxis against 
ATN depends on aggressive IV crystalloid. The 
addition of mannitol and bicarbonate (one-half 
normal saline solution with 12.5 g of mannitol 
per liter and 50 mEq of NaHCO3 per liter at 250 to 
500 mL/h) may be a useful adjunct.

Renal ischemia may occur after prolonged 
hypotension, suprarenal aortic or renal artery 
occlusion (either with clot or clamp), and sepsis. 
The renal tubular cells are particularly susceptible 
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to ischemic insult because their baseline balance 
between oxygen supply and demand is tenuous.30 
Thus, whenever systemic or intrarenal blood fl ow 
decreases slightly, ischemic insult to the tubular 
cells may occur. This may help to explain the ben-
efi cial effects attributed to loop diuretics shown 
in some studies. By inhibiting active chloride and 
sodium transport in the ascending limb of the 
loop, these agents decrease metabolic work and, 
therefore, oxygen requirements.

Sepsis is a frequent cause of hospital-acquired 
AKI, and is particularly common in the critically 
ill patient. The prognosis appears directly related 
to the severity of the sepsis. Sepsis causes a simul-
taneous decrease in systemic vascular resistance 
and increase in renal vascular resistance, reducing 

renal plasma fl ow and GFR.31 Both circulating and 
glomerular cells react to endotoxins by  producing 
a variety of cytokines and autacoids, decreasing 
renal perfusion, and increasing renal tubular 
cell work. AKI can occur even without systemic 
hypotension. Fever, leukocytosis, and other overt 
signs of sepsis may be absent. A mild alteration 
in mental status or respiratory alkalosis may be 
the only clinical clue. Oliguria and/or azotemia 
in this setting should be considered occult septi-
cemia unless disproved.

AKI following cardiac surgery signifi cantly 
increases ICU and hospital mortality, length of 
stay, and cost.32 The risk is increased by age, preex-
isting CKD, poor left ventricular function, and by 
the degree of diffi culty and pump time.33 In addi-
tion, use of the procoagulant apoprotinin may 
increase not only the incidence of AKI but also 
major cardiovascular events and mortality fol-
lowing cardiac surgery.34 No single prophylactic 
agent (furosemide, dopamine, N- acetylcysteine) 
has shown benefi t. However, a combination 
cocktail of mannitol, furosemide, and dopamine 
appeared to abrogate oliguria and the need for 
dialysis in one small study.35 Another study36 sug-
gests a benefi t with a combination of atrial natri-
uretic peptide and furosemide. The best hope for 
therapeutic advance in this area, however, will 
likely depend on earlier detection, perhaps by 
urinary NGAL.11

Pathophysiology of AKI

Either a toxic or ischemic insult can initiate an 
intrarenal cascade that manifests as clinical AKI. 
The primary renal tubular cellular event appears 
to be decreased production and increased degra-
dation of adenosine triphosphate, thus increasing 
local production of phospholipases, hypoxan-
thine, and adenosine. Phospholipases destabilize 
tubular cell membranes, causing redistribution 
of integrin receptors from the basolateral to the 
luminal surface, decreasing intercellular adhe-
sion. Disruption and shedding of renal tubular 
cells may then result in intratubular obstruction 
and back-leak of tubular fl uid.

The cells of the thick ascending limb of Henle 
and the S3 segment of the proximal tubule appear 
uniquely susceptible to ischemic injury. Because 
of marginal medullary blood fl ow and the unique 

Table 5. Common Causes of Rhabdomyolysis

I. Trauma
 A. Multiple trauma
 B. Crush injuries
 C. Vascular or orthopaedic injury/surgery
 D. Compression

II. Exertional
 A. Normal muscle
  1. Extreme exertion
  2. Heat exhaustion/heat stroke
  3. Sickle cell/sickle trait
  4. Seizures
  5. Hyperkinetic states
  6. Near drowning
 B. Abnormal muscle
  1. Metabolic myopathies
  2. Mitochondrial myopathies
  3. Malignant hyperthermia
  4. Neuroleptic malignant syndrome

III. Nontraumatic and nonexertional
 A. Alcohol
 B. Drugs and toxins
  1. Colchicine
  2. Statins
  3. Cocaine
  4. Chloroquine
  5. Antiretrovirals (zidovudine and others)
  6. Ipecac
 C. Infections
 D. Electrolyte abnormalities
  1. Hypokalemia
  2. Hypophosphatemia
 E. Endocrinopathies
  1. Diabetic ketoacidosis
  2. Hypothyroidism/hyperthyroidism
  3. Pheochromocytoma
 F. Infl ammatory myopathies
 G. Miscellaneous
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anatomy of the vasa rectae, these metabolically 
active cells (responsible for the bulk of sodium 
transport) normally function in borderline 
hypoxia37 such that even minor decrements in per-
fusion may cause substantial injury. Oxygen free 
radicals (generated from hypoxanthine and by 
infi ltrating neutrophils) may play a role. Platelet-
activating factor released during injury increases 
vascular permeability and contributes to the infi l-
tration of neutrophils by up-regulating adhesion 
molecules (intercellular adhesion molecule) on 
endothelial cells.

Injured renal tubular cells may also release 
vaso constrictor prostaglandins, adenosine, endo-
thelin, or other substances that affect intraglo-
merular hemodynamics (afferent arteriolar 
vasoconstriction or efferent arteriolar vasodilata-
tion) or glomerular capillary permeability thus 
decreasing GFR. This phenomenon is known as 
tubuloglomerular feedback. The net result is a pro-
longed decrement in GFR with varying degrees 
of urine output. All of these events may occur 
without an alteration in systemic hemodynamics 
or even RBF.

Simultaneous with these events causing renal 
functional decline, other factors appear to mediate 
a regenerative or repair process.38 Release of vari-
ous cytokines from injured cells appears to recruit 
and activate macrophages, which synthesize 
growth factors (such as epidermal and transform-
ing growth factors), stimulating renal tubular cell 
regeneration and recovery. Production of vasodi-
lator prostaglandins and nitric oxide may aid this 
renal recovery.

Clinically, these pathophysiologic mecha-
nisms produce a brief initial decrease in RBF and 
GFR, followed by a prolonged (days to weeks) 
maintenance phase in which GFR remains low 
but RBF returns to normal. Oliguria may occur 
during this maintenance period, and dialysis is 
often necessary. The recovery phase is marked 
fi rst by increasing urinary volume and fi nally by 
return of GFR.

Treatment of AKI

Several therapies for AKI show promise 
in vitro and in animal studies, including diuretics, 
dopamine, natriuretic peptides, calcium channel 
blockers, endothelin antagonists, growth factors, 

and oxygen free radical scavengers. However, 
application of these therapies in human clinical 
trials proves disappointing. Therefore, in 2009, 
the treatment for AKI remains largely preventive 
and supportive.

Prevention 

Because the risk and the mortality of AKI are 
high in critically ill patients, prevention is the 
best therapy. Table 6 lists several common risk 
factors for AKI and suggestions for prophylaxis. 
Volume expansion can minimize the risk of AKI 
from radiographic contrast agents, cisplatin, and 
NSAIDs. N-acetylcysteine appears effective in 
preventing contrast and possibly cisplatin neph-
rotoxicity. Mannitol may at least partially abro-
gate the AKI caused by rhabdomyolysis and 
cisplatin, but not that caused by contrast agents. 
Limiting the dose and simultaneous exposure 
appears important in avoiding contrast, amino-
glycoside, and cisplatin toxicity. Alkali may limit 
the nephrotoxicity of contrast, myoglobinuria, 
and uric acid. Allopurinol or rasburicase should 
be used before chemotherapy whenever tumor 
lysis is anticipated. Adjusting the dosing interval 
for changes in Ccr is important to prevent amino-
glycoside toxicity. Polyuria or an increasing cre-
atinine level should prompt additional widening 
of the dosing interval. Correcting hypokalemia 
and expanding ECV are also helpful. Although 
the peak aminoglycoside level correlates with 
antibacterial effect, there is little evidence that 
monitoring trough levels minimizes or avoids 
nephrotoxicity.

Although some data support abdominal 
decompression with large-volume paracentesis as 
a means of improving renal perfusion in patients 
with tense ascites, the clinician should be cautious 
about paracenteses � 1 L, especially without the 
support of concomitant albumin infusion. Ascitic 
fl uid may rapidly reaccumulate at the expense 
of intravascular volume, putting the patient at 
risk because of inadequate preload. Positive 
end-expiratory pressure (PEEP), as well as high 
intrathoracic pressure associated with mechanical 
ventilator support, may compromise cardiac out-
put and renal perfusion. If possible, PEEP should 
be minimized and ECV expanded in high-risk 
patients.
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There are animal data to suggest that hyperali-
mentation may increase the risk of AKI. However, 
the benefi ts of nutritional support seem to far 
outweigh this risk. Minimizing protein intake to 
between 0.6 and 0.8 g/kg/d during periods of 
very high risk may be prudent.

Supportive Therapy 

Nonoliguric patients presenting with AKI 
have fewer complications, including a decreased 
dialysis requirement and improved survival.39 
Although conversion of an oliguric patient to 
nonoliguric has less certain benefi t, it can often be 
accomplished by repleting volume (if defi cient) 
and using high-dose loop diuretics (eg, furose-
mide, 200 mg IV, or continuous infusions at 10 to 
40 mg/h). Loop diuretics may have the theoreti-
cal advantage of decreasing tubular cell metabolic 
activity (thus lessening the oxygen requirement) 
but do not appear to alter the course of AKI. If 

used, a loop diuretic should be initiated early and 
promptly abandoned if an increase in urine vol-
ume does not occur within 24 h.

A vasodilator dose of dopamine (1.5 to 2.5 μg/
kg/min) may stimulate urine volume, but it does 
not improve GFR, shorten the duration of AKI, 
or decrease dialysis requirements.40 In addition, 
dopamine may induce signifi cant arrhythmia and 
possibly intestinal ischemia.

Hyperalimentation preserves lean muscle 
mass, decreases protein breakdown, improves 
wound healing, and may improve immune com-
petence. It appears to improve renal tubular cell 
regeneration in animals with ATN and improve 
survival in critically ill patients, particularly those 
with multiple complications.41 Enteral alimenta-
tion is preferred whenever possible. Regardless of 
the route, the hyperalimentation formula must be 
individualized and reevaluated daily in patients 
with AKI. Essential amino acid preparations offer 
no special advantage.

Table 6. Prevention of AKI*

Risk Factor Strategy for Prevention

Renal hypoperfusion Avoid nephrotoxins
 ECV depletion Isotonic crystalloids
 Hypotension Replete ECV with crystalloid, colloid; inotropic agents if needed; vasopressors.
 Congestive heart failure Inotropic agents; nesiritide; cautious use of ACEIs
 Cirrhosis with ascites Avoid NSAIDs; colloid if paracenteses; norepinephrine if hypotensive; midodrine and 

octreotide; peritoneovenous shunt or TIPS?
 Third-space ECV Colloid, isotonic crystalloids
 PEEP Isotonic crystalloids; low tidal volume
 Renal artery stenosis Avoid ACEIs with diuretics

Preexisting azotemia Avoid ECV depletion; cautious use of nephrotoxins
Sepsis Avoid ECV depletion; cautious use of nephrotoxins
Nephrotoxins Avoid ECV depletion and other nephrotoxins
 Aminoglycosides Use alternative agent if possible; lengthen dosing interval; correct hypokalemia
 Chemotherapy Expand ECV; mannitol; N-acetylcysteine, possibly theophylline for platinum.
 Radiocontrast agents Limit contrast volume; expand ECV with normal saline or bicarbonate; N-acetylcysteine; 

use nonionic, isoosmolar contrast with preexisting azotemia
 Cyclosporine Calcium channel blockers
 NSAIDs Cautious use in congestive heart failure, cirrhosis, ECV depletion; avoid simultaneous 

triamterene
 Rhabdomyolysis Expand ECV; mannitol? HCO3?
 Hyperuricemia Expand ECV; alkalinize urine unless serum phosphorus elevated; allopurinol and/or 

rasburicase

Electrolyte disorders
 Hypokalemia Correct
 Hypophosphatemia Correct
 Hyperphosphatemia Avoid calcium therapy; avoid alkalinization; expand ECV; short-term intestinal phosphate 

binders
 Hypercalcemia Avoid phosphorus therapy; expand ECV; furosemide

*ACEI � angiotensin-converting enzyme inhibitor; TIPS � transjugular intrahepatic portosystemic shunt.
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Potential drug toxicity must be avoided by 
adjusting antibiotic and other drug dosing in 
patients with renal failure. This includes poten-
tial dietary sources of potassium (salt substitutes, 
oral tobacco products) and phosphorus (dairy 
products), as well as the magnesium and alu-
minum contained in antacids. Decreased renal 
excretion of normeperidine and N-acetylprocain-
amide (metabolites) may produce serious toxicity 
even though their parent drugs (meperidine and 
procainamide) are metabolized by the liver.42,43 
Finally, decreased protein binding (presumably 
displaced by uremic toxins) may accentuate the 
toxicity of morphine and phenytoin in any patient 
with renal failure.44,45

Uremic bleeding is best treated by RBC 
transfusion, raising the hemoglobin to 10 g/
dL. Adjunctive therapies include IV estrogen 
(0.6 mg/kg/d for 5 days), cryoprecipitate infusion 
(10 U), and vasopressin (desmopressin acetate,
 0.3 μg/kg q12h).46

The treatment of hyperkalemia is outlined in 
Table 7. When the serum potassium is � 6 mEq/L, 
little therapy is required other than discontinu-
ing the occult sources of dietary potassium. As 
the potassium rises � 6 mEq/L and/or peaked T 
waves appear, volume expansion (as tolerated), 
loop diuretics, and oral sodium polystyrene sul-
fonate are appropriate. (Sodium polystyrene 
sulfonate via rectum is reported to cause colonic 
necrosis.) Although somewhat slow to act, these 
treatments actually increase potassium excre-
tion. When more urgent therapy is needed for 
hyperkalemia (� 7 mEq/L), driving potassium 
intracellularly with glucose and insulin (25 to 50 
g of dextrose with 10 to 20 U of regular insulin) 
and the β-agonist albuterol (5 to 20 mg [1.0 to 

4.0 mL] inhaled) is indicated.47 Albuterol usually 
works within 30 min, will lower the serum potas-
sium by 0.6 to 1.0 mEq/L, and lasts for � 2 h. 
Calcium therapy (10 mEq IV � 5 min) is reserved 
for hyperkalemia-induced heart block, the sine 
wave, or of course ventricular arrest. Its effect 
is immediate but short-lived (� 30 min). Other 
maneuvers to remove potassium from the body 
(such as diuretics or sodium polystyrene sulfo-
nate) must be initiated promptly as well. Dialysis 
(usually hemodialysis) can also be used to remove 
potassium.

In addition to the somewhat nephrocentric 
treatments previously mentioned, one cannot 
overemphasize the value of general ICU qual-
ity care in preventing AKI. In that regard, lower 
volume ventilation appeared to decrease AKI in 
the ARDS trial.48 Intensive insulin therapy also 
decreases the incidence of AKI in an ICU popula-
tion.49 Although renal outcomes were not specifi -
cally evaluated in the trial by Rivers et al,50 early 
goal-directed therapy for severe sepsis improves 
many of the most signifi cant risk factors (cen-
tral venous and mean arterial pressures, central 
venous oxygen saturation) for the development 
of AKI.

RRT 

Many patients with AKI will recover renal 
function within days and not require dialysis. 
However, if the duration of AKI is prolonged, or 
if hyperkalemia, ECV overload, refractory acido-
sis, or uremic symptoms (serositis, encephalopa-
thy, bleeding) occur, some form of RRT may be 
necessary. The major goals of RRT in AKI are 
to maintain the patient’s survival and support 

Table 7. Treatment of Acute Hyperkalemia*

Serum K	 ECG Change Treatment Onset Duration Mechanism

� 6 mEq/L Peaked T wave Expand ECV Hours Hours Renal excretion
Loop diuretic 1–2 h Hours Renal excretion
Sodium polystyrene 

sulfonate
6–12 h Hours-days GI excretion

� 7 mEq/L Prolonged PR and/or
 widened QRS

Insulin/glucose and 
inhalation albuterol

15 min
30 min

� 5 h Redistribution

� 8 mEq/L Sine wave Calcium IV Minutes � 1 h Membrane effect

*The correlation of serum potassium and ECG change is poor.
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nonrenal organ function while awaiting recovery 
of renal function. Its two main objectives are to 
control ECV by removing excess fl uid (ultrafi ltra-
tion [UF]), and to control azotemia by removing 
excess solute. Depending on a patient’s needs, 
these two objectives can be accomplished sepa-
rately or simultaneously, intermittently or contin-
uously, by peritoneal or hematogenous access. The 
available options for RRT are outlined in Table 8.

Peritoneal dialysis (PD) plays a relatively 
minor role as a RRT in the ICU. Nevertheless, 
it offers several advantages including simplic-
ity, hemodynamic stability, and freedom from 
anticoagulation. Peritoneal access is achieved 
through a surgically or percutaneously placed 
catheter. Automated cyclers easily accomplish the 
exchange of dialysate. Even with frequent dialy-
sate exchanges and very hypertonic dialysate 
(4.25 g/dL of dextrose), PD clearance of solute 
(Curea approximately 18 mL/min) and UF rates 
(6 to 8 L/d) are limited. The intraperitoneal vol-
ume of dialysate can compromise respiration, and 
glucose loads and protein losses can be excessive. 
Therefore, PD appears better suited for the less 
catabolic, less uremic, and relatively normovole-
mic patient. I use it almost exclusively in patients 
previously on PD with a superimposed illness 
requiring ICU admission.

Intermittent hemodialysis (IHD) remains the 
most frequently used RRT in the United States. 
Patient blood and dialysate, separated by a semi-
permeable membrane, run countercurrently 
through an artifi cial dialyzer in an extracorporeal 
circuit. A percutaneously placed, dual-lumen cen-
tral venous catheter allows blood fl ows (Qb) of 300 
to 400 mL/min. Solute removal is accomplished by 

diffusion down an electrochemical gradient main-
tained by continuous dialysate fl ow (Qd) of 500 to 
800 mL/min. UF is driven by the transmembrane 
pressure. The membrane permeability (a product 
of pore size and surface area) limits the molecular 
size of solute clearance and the rate of UF at any 
given transmembrane pressure. Typical mem-
branes used for IHD restrict clearance to relatively 
small solutes (molecular weight � 5,000 d) mani-
fested by urea clearances of 200 to 250 mL/min. 
Volume removal is limited only by signs or symp-
toms of acute volume depletion as UF rates begin 
to exceed 1.0 L/h. The major clinical benefi t of 
IHD is rapid solute clearance.

The hemodialysis membrane is not simply a 
passive structure but, depending on its composi-
tion, may induce signifi cant biochemical effects. 
For example, cellulose-based dialysis membra-
nes (cellulose acetate, cuprophane) can activate 
complement, induce coagulation factor XII, and 
induce functional defects in neutrophils.51 This 
may increase susceptibility to infection, cause 
leukoagglutination, exacerbate renal injury, and 
delay recovery from AKI. Excellent clinical stud-
ies52 demonstrate not only a lower rate of recovery 
from AKI but also a higher patient mortality when 
these so-called bioincompatible membranes are 
compared with “synthetic” membranes (eg, poly-
sulfone, polyamide, polyacrylonitrile, polymethyl 
methacrylate) in the treatment of AKI. This man-
dates the use of synthetic, biocompatible mem-
branes for all extracorporeal RRT in the ICU.

Although the issues of bioincompatibility 
relate to all forms of extracorporeal RRT, other 
problems are unique to IHD. Rapid solute removal 
can cause confusion, disorientation, and other 
mental status changes termed disequilibrium syn-
drome. Hypoxemia (a decrease as much as a 10-mm 
Hg decrease in Pao2) is expected. Air embolism 
and bleeding can occur with any central venous 
access catheter. The most frequent complication 
of IHD is hypotension. In a patient with AKI, in 
whom the kidney has lost the ability to autoregu-
late blood fl ow, even mild hypotension can induce 
oliguria, produce signifi cant renal ischemia, and 
delay functional recovery. Other serious diffi cul-
ties may arise if cerebral, myocardial, splanchnic, 
and peripheral perfusion are compromised.

Several factors contribute to hemodialysis-
induced hypotension, including rapid UF, rapid 

Table 8. Available Options for RRT*

Technique Intermittent Continuous

PD Intermittent PD Continuous cycler PD
HD Intermittent HD Continuous HD

SLED
UF Intermittent UF SCUF
HF CVVH
HDF CVVHDF

*PD, peritoneal dialysis; HD � hemodialysis; SLED, sus-
tained low-effi ciency dialysis; UF, ultrafi ltration; SCUF, 
slow continuous ultrafi ltration; HF, hemofi ltration; CVVH, 
continuous venovenous hemofi ltration; HDF, hemodiafi ltra-
tion; CVVHDF, continuous venovenous hemodiafi ltration.
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solute loss (decreasing intravascular osmolality, 
resulting in extracellular-to-intracellular fl uid 
shift), changes in cardiac output and systemic vas-
cular resistance, and the use of acetate as a dialysate 
buffer. These effects can be minimized by slowing 
Qb, lengthening dialysis times, using intradialytic 
hypertonic crystalloids or colloids IV, temporarily 
suspending dialysate fl ow (“bypass”), lowering 
the dialysate temperature to 35°C, and buffering 
with HCO3-based dialysate. Nevertheless, hypo-
tension remains the major potential complication 
of IHD and is the major incentive for use of con-
tinuous renal replacement therapies.

Isolated UF (ie, without simultaneous dialysis 
[diffusion]) can provide substantial fl uid losses 
without hypotension. The absence of dialysate 
fl ow limits solute removal to the minimum gener-
ated by convection alone. This protects intravas-
cular volume while producing several liters of net 
UF daily. This technique can be used emergently 
to treat acute pulmonary edema or as an adjunct 
to IHD, enhancing fl uid removal either immedi-
ately adjacent to or isolated from a dialysis treat-
ment. Slow continuous ultrafi ltration (SCUF) is 
particularly suited to a patient who has excessive 
IV fl uid requirements with marginal urinary out-
put, eg, a patient with severe cardiac or hepatic 
disease who needs parenteral nutrition. However, 
because of its inability to simultaneously control 
azotemia, SCUF has largely been replaced by con-
tinuous hemofi ltration techniques.

Hemofi ltration (HF) overcomes the inability 
of SCUF to effectively remove solute. The per-
meability of the membrane fi lter is increased to 
the point where sieving coeffi cients approach 1 
for most molecules up to a molecular weight of 
25,000 d. Therefore, 1 L of ultrafi ltrate equals 1 L 
of clearance for those molecules (ie, clearance rate 
equals UF rate). Because the therapy is continu-
ous, the quantity of UF enables solute clearance 
to approach and even surpass that of IHD on a 
daily (� 40L) or weekly basis. Of course, this mas-
sive rate of UF threatens hemodynamic stability. 
Therefore, replacement fl uid is necessary as a 
substitute for ultrafi ltrate. These two changes—
increased membrane permeability and the need 
for replacement fl uid—distinguish HF from 
SCUF.

Replacement fl uid is a simple crystalloid solu-
tion adjusted for the patient’s individual needs. 

Generally, calcium, magnesium, and bicarbonate 
are added to 0.45 to 0.9% saline solution based on 
frequent laboratory evaluation (every 6 to 12 h). 
Potassium and phosphorus also require replace-
ment. The rate of administration depends on the 
patient’s ECV and is adjusted to achieve the desired 
net hourly UF (net UF � actual UF 
 replacement 
volume). Replacement fl uid can be administered 
either before or after fi lter. Predilution improves 
UF rates and thus solute clearance, and lessens 
the need for anticoagulation. On the other hand, 
as UF volumes increase, logistics usually neces-
sitate both pre- and postfi lter infusion of replace-
ment fl uid. High volumes of room-temperature 
replacement fl uid may induce hypothermia.

As solute clearance is equal to the UF rate, the 
effi cacy of HF as a treatment is directly dependent 
on the daily UF volume. Increasing UF volume to 
35 mL/kg/h will control azotemia in all but the 
most severely catabolic patients. If necessary, this 
convective clearance can be supplemented with a 
diffusive component by simply adding dialysate 
fl ow through. The dialysate used is either a lac-
tate-based PD solution or a basic crystalloid solu-
tion with bicarbonate added. Dialysate fl ow rates 
(usually 1 to 2 L/h) are much lower than with IHD. 
Adding this diffusion component transforms HF 
to hemodiafi ltration (HDF). However, at UF rates 
demonstrated to favorably infl uence survival 
(35 mL/kg/h), HDF is rarely, if ever, required. No 
trials are available to judge the value of this dif-
fusive component added to hemofi ltration.

Continuous arteriovenous HF or HDF using 
the patient’s own arteriovenous pressure gradient 
has largely been replaced by continuous venove-
nous hemofi ltration (CVVH) or continuous veno-
venous hemodiafi ltration (CVVHDF) requiring a 
blood pump. CVVH/CVVHDF avoids an arterial 
puncture and because it is pump driven, Qb is 
usually higher and more constant. This improves 
UF rates (and therefore clearance rates) and may 
modify the need for anticoagulation, although 
anticoagulation is required for these and all extra-
corporeal RRTs. Continuous heparin (infused pre-
fi lter) or regional citrate anticoagulation are both 
acceptable.

The very porous membrane used for HF 
allows convective transport not only of small mol-
ecules such as urea, but also of larger molecules 
(so-called middle molecules) thought to  contribute 
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to the chronic uremic syndrome. Whether this has 
any impact on acute renal failure or its survival 
is unknown. Perhaps the most intriguing feature 
of HF is its ability to remove even larger mol-
ecules (by fi ltration or adsorption), such as the 
proinfl ammatory cytokines tumor necrosis fac-
tor, IL-1, and IL-6. As mentioned, this offers the 
hope that HF may abrogate the systemic infl am-
matory response so often a feature of multior-
gan failure and be useful as a primary therapy of 
sepsis, independently of its ability to treat renal 
failure. However, despite the removal of anti-
infl ammatory mediators, plasma levels of these 
cytokines usually remain constant, likely because 
of increased synthesis.53 This might be overcome 
when short-term ultra-high-volume HF (35 L/4 
h) is used as a “salvage” therapy for patients with 
refractory septic shock.54 Nevertheless, to date 
there is no convincing evidence to support the use 
of HF as a treatment of sepsis alone.

Slow Low-Effi ciency Dialysis: Several adjust-
ments to IHD can improve its inherent hemody-
namic instability. These include slowing blood 
and dialysate fl ow rates to 200 mL/min. Longer 
treatment times avoid the decrease in of solute 
clearance. Nocturnal hemodialysis employs these 
prin  ciples in patients with ESRD who, by dialyzing 
for 8 h per night, 6 to 7 nights per week, signifi -
cantly improve not only solute clearance but also 
ECV control, mineral balance, and nutritional 
parameters while avoiding hypotensive episodes. 
This technique is gaining wider acceptance as a 
treatment for AKI as well.55 Termed sustained low-
effi ciency dialysis (SLED) or extended daily dialysis, 
it is usually applied for 8 to 12 h/d,  thus avoid-
ing immobilization and the inevitable interrup-
tions to continuous RRT (eg, surgery, procedures, 
radiology). SLED easily achieves signifi cant sol-
ute clearance and control of hypervolemia with 
hemodynamic stability.

Recent attention has focused of the question 
of dialysis dose or intensity. Schiffl  et al56 dem-
onstrated improved survival with IHD daily vs 
every other day. Ronco et al57 showed a survival 
benefi t with CVVH UF rates at 35 or 45 mL/kg/h 
vs 20 mL/kg/h. Paganini et al58 directly correlated 
survival with the dose of RRT regardless of which 
RRT treatment was used. This study was partic-
ularly enlightening as it evaluated the infl uence 
of severity of illness on AKI requiring dialysis. 

At the extremes of illness (where patients either 
universally recovered or universally died despite 
therapy), dialysis dose appeared to have no effect. 
In the middle ranges of severity of illness, how-
ever, the dose of dialysis had a signifi cant impact 
on survival.

A study by Palevsky et al59 clarifi es that this 
dosing effect on survival has limits. Critically 
ill patients randomized to more intensive IHD, 
SLED, or CVVHDF had no survival (60 day) or 
renal recovery (28 day) advantage over those less 
intensively treated, as long as a weekly Kt/V urea 
of � 4.0 (IHD or SLED) or fi ltrate volume of 30 
mL/Kg/h (CVVHDF) is achieved. (Kt/V urea is 
an index of dialysis adequacy directly related to 
blood fl ow rate, the size of the artifi cial dialyzer 
and the time on dialysis, and inversely related to 
patient size.)

To date, no study clearly demonstrates an 
advantage of any particular RRT over another.60–62 

With no clear survival advantage established, the 
clinician is free to target a particular RRT to any 
given patient. When rapid solute control is nec-
essary (eg, in a patient with severe hyperkalemia 
[rhabdomyolysis] or hyperuricemia [tumor lysis]), 
IHD is most suitable. UF without dialysis (inter-
mittently or SCUF) is best if volume overload 
without azotemia is the primary clinical prob-
lem. For hypotensive patients, we prefer either 
CVVH (particularly with sepsis and multisystem 
organ failure) or SLED. CVVH is also indicated 
when hepatic failure or head trauma complicate 
AKI. We primarily apply PD in the ICU only to 
those patients previously using PD who are not 
compromised by abdominal or respiratory prob-
lems. With extracorporeal techniques, fi lters with 
biocompatible or synthetic membranes should 
always be used. Regardless of the particular RRT 
selected, the clinician must ensure an adequate 
dose of dialysis.

Prognosis and Recovery

In most clinical series, mortality from AKI con-
tinues to average 50%. Mortality rate in nonoligu-
ric patients may be as low as 25%; with oliguric 
AKI requiring RRT, it approaches 70%. The major 
determinants of outcome include preexisting 
renal function, precipitating event, the sever-
ity of comorbid conditions, and the number of 
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 complications. AKI associated with ventilatory 
failure, sepsis, trauma, abdominal catastrophe, 
and burns carries a mortality rate of 70 to 90%, but 
the mortality rate is 25 to 30% for patients with 
AKI caused by aminoglycosides, radiographic 
contrast, or other drug reactions.63,64 Mortality 
approaches 100% if three or more major organ 
systems have failed simultaneously. Mortality is 
highest in the very young and very old. The dose 
of dialysis (solute removal) appears to directly 
improve survival, while the severity of azotemia 
and the choice of dialysis modality do not. Again, 
the use of biocompatible dialysis membranes 
improves survival in those patients requiring 
dialysis.

Infection is the most common cause of death 
and is usually due to overwhelming sepsis from 
resistant Gram-negative bacteria or yeast. Other 
common causes of death are cardiovascular com-
promise (eg, strokes and myocardial infarction), 
respiratory failure (often with nosocomial pneu-
monia), and GI bleeding.

If the patient with AKI survives, recovery is 
usually prompt and suffi cient to achieve dialy-
sis independence (although as many as 50% 
of patients are left with some degree of CKD). 
Oliguria (if present) averages 10 to 14 days. 
Urinary volume recovers gradually during the 
next 3 to 7 days. Fluid therapy is needed to sup-
port this obligatory diuretic phase. Although the 
BUN and creatinine levels continue to rise during 
this phase, dialysis can usually be discontinued. 
Renal recovery usually occurs within 30 days; 
rarely, a patient requires 60 to 90 days to recover. 
In one large series,65 95% of survivors regained 
renal function, almost all within 30 days. Those 
patients who have delayed or no recovery are 
usually older, have preexisting renal insuffi ciency, 
or suffer severe ischemic insults to the kidney.
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Objectives:

• Defi ne the mechanism of action of common antibiotics
• Review principles of pharmacokinetics and pharmacody-

namics of antibiotic use
• Defi ne strategies of antibiotic use in the critically ill to 

minimize antibiotic resistance
• Use pneumonia to illustrate principles of antibiotic use
• Discuss antibiotic resistance and the role of antibiotic ther-

apy in pathogenesis and management

Key words: antibiotic resistance; bactericidal; drug penetra-
tion; minimum inhibitory concentration; pharmacokinetics; 
pneumonia 

Antibiotics are the foundation of therapy for 
infections in the critically ill, but the approach to 
their use varies with the type of infection pres-
ent (community-acquired pneumonia [CAP], 
systemic sepsis, health-care-related or noso-
comial pneumonia), as well as with the age of 
the affected patient, the presence of various 
comorbid illnesses, and risk factors for infec-
tion by specifi c pathogens. For most patients, 
initial therapy is aimed at a broad spectrum of 
potential pathogens and is empiric because the 
infecting pathogen is often not known. Therapy 
can be more specifi cally focused on the basis of 
results of diagnostic tests. In some cases, initial 
empiric therapy must be continued because no 
etiologic pathogen is identifi ed. When a patho-
gen is defi ned, the term appropriate refers to the 
use of at least one antimicrobial agent that is 
active in vitro against the etiologic pathogen.1 
The term adequate includes not only appropri-
ate therapy, but also the use of that agent in 
the correct dose, via the right route, given in a 
timely fashion, and with penetration to the site 
of infection.

Timely and appropriate antibiotic therapy 
can improve survival in patients with CAP and 
nosocomial pneumonia (hospital-acquired pneu -
monia [HAP]), as well as with sepsis, and the 
benefi ts are most evident in patients who are 

not otherwise terminally ill.1−4 In the setting of 
CAP, effective initial antibiotic therapy is asso-
ciated with a marked improvement in survival, 
compared with ineffective initial therapy, par-
ticularly in patients with severe illness.2,5 Data 
on patients with severe CAP provide the most 
convincing argument for the use of empiric 
therapy. In several studies,1–3 identifi cation of 
the pathogens causing severe CAP did not lead 
to an improved survival rate, while the use of 
a broad-spectrum, empiric regimen directed at 
likely pathogens reduced mortality. In patients 
with HAP and ventilator-associated pneumo-
nia (VAP), survival is improved with the use of 
antibiotics to which isolated pathogens are sus-
ceptible, compared with empiric, nonspecifi c 
therapy.1,2 In both forms of respiratory infection, 
the timing of appropriate therapy has also been 
identifi ed as a determinant of outcome. Delays 
of at least 24 h in starting therapy are an impor-
tant mortality risk factor in VAP.1,4 In the ther-
apy for treatment of sepsis, each hour of delay 
in starting antibiotic therapy raises mortality by 
as much as 7 to 8%.

Even with the use of the correct agents, not all 
patients recover. The fact that some HAP patients 
die in spite of microbiologically appropriate ther-
apy is a refl ection of the degree of antibiotic 
effi cacy, as well as a refl ection of host response 
capability (which may, in part, have a genetic 
determination), and the fact that not all deaths are 
the direct result of infection.6

In this discussion, the principles underlying 
antibiotic use are examined, followed by a discus-
sion of the commonly used antibiotics for critically 
ill patients, with a focus on respiratory tract infec-
tions. The therapy for treatment of severe pneu-
monia can be used as a paradigm to demonstrate 
the principles of antibiotic therapy for treatment 
of critically ill patients. Although the focus of this 
discussion will be on empiric antibiotic therapy, 
the principles of antibiotic penetration and con-
centration in the lung are summarized in Table 1.

Antibiotic Therapy in Critical Illness 

Michael S. Niederman, MD, FCCP
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Principles of Antibiotic Use

Mechanisms of Action

Antibiotics interfere with the growth of bacte-
ria by undermining the integrity of their cell wall 
or by interfering with bacterial protein synthesis 
or common metabolic pathways. The terms bacte-
ricidal and bacteriostatic are broad categorizations, 
and may not apply for a given agent against all 
organisms, with certain antimicrobials being bac-
tericidal for one bacterial pathogen but bacte-
riostatic for another.7 Bactericidal antibiotics kill 
bacteria, generally by inhibiting cell wall synthesis 
or by interrupting a key metabolic function of the 
organism. Agents of this type include the penicil-
lins, cephalosporins, aminoglycosides, fl uoroqui-
nolones, vancomycin, daptomycin, rifampin, and 
metronidazole. Bacteriostatic agents inhibit bacte-
rial growth, do not interfere with cell wall synthe-
sis, and rely on host defenses to eliminate bacteria. 
Agents of this type include the macrolides, tetra-
cyclines, sulfa drugs, chloramphenicol, linezolid, 
and clindamycin. The use of specifi c agents is 
dictated by the susceptibility of the causative 

organism(s) in a given location to individual anti-
biotics. However, when neutropenia is present, or 
if there is accompanying endocarditis or meningi-
tis, the use of a bactericidal agent is preferred.

Antimicrobial activity is often described by 
the terms minimum inhibitory concentration (MIC) 
and minimum concentration needed to cause a 
3-logarithmic decrease (99.9% killing) in the size of 
the standard inoculum (generally all pathogenic 
bacteria are killed at this concentration). MIC 
defi nes the minimum concentration of an antibi-
otic that inhibits the growth of 90% of a standard-
sized inoculum, leading to no visible growth in 
a broth culture. At this concentration, not all the 
bacteria have necessarily been killed. MIC is used 
to defi ne the sensitivity of a pathogen to a specifi c 
antibiotic, under the assumption that the con-
centration required for killing (the MIC) can be 
reached in the serum in vivo. However, these terms 
must be interpreted cautiously in the treatment of 
specifi c infections, because the clinician must con-
sider the MIC data in light of the penetration of an 
agent into the site of infection, with some agents 
achieving serum levels that are higher at certain 
sites of infection and lower at other sites.

Table 1. Principles of Antibiotic Therapy for HAP

Prompt empiric therapy, especially in the setting of septic shock: initiate when there is clinical suspicion of infection 
Obtain a lower respiratory tract culture (sputum, tracheal aspirate, protected brush, BAL) prior to initiation of antibiotic 
therapy; samples can be obtained bronchoscopically or nonbronchoscopically, cultured quantitatively or semiquantitatively. 

Use a narrow-spectrum agent for patients only at risk for infection with core pathogens and with no risk factors for multidrug-
resistant pathogens
Options include ceftriaxone, ampicillin/sulbactam, ertapenem, levofl oxacin, or moxifl oxacin; for penicillin allergy, use a 

quinolone or the combination of clindamycin and aztreonam.
Use combination therapy with a broad-spectrum regimen, containing at least two antimicrobials in patients with risk factors 

for multidrug-resistant pathogens; specifi c choices should be guided by a knowledge of local microbiology patterns
Use an aminoglycoside or an antipneumococcal quinolone (ciprofl oxacin or high-dose levofl oxacin) plus an antipseudo-

monal β-lactam such as cefepime, ceftazidime, doripenem, imipenem, meropenem, or piperacillin-tazobactam; if there is 
concern about MRSA, add either linezolid or vancomycin

Use the correct therapy in recommended doses (see text and Table 3)
Choose an empiric therapy that uses agents from a different class of antibiotics than the patient has received in the past 

2 weeks
Try to de-escalate to monotherapy after initial combination therapy, after reviewing culture data and clinical response

If P aeruginosa, consider stopping the aminoglycoside after 5 days and fi nish with a single agent to which the organism is 
sensitive

If a nonpseudomonal infection, switch to a single agent that the organism is sensitive to, using either imipenem, merope-
nem, cefepime, piperacillin/tazobactam, ciprofl oxacin, or high-dose levofl oxacin

The drug of choice for Acinetobacter is a carbapenem, but colistin should be considered if there is carbapenem resistance; tige-
cycline monotherapy in this setting is not recommended.

Consider linezolid as an alternative to vancomycin in patients with proven MRSA VAP, and in those with renal insuffi ciency, 
and in those receiving other nephrotoxic medications (such as an aminoglycoside)
Consider adjunctive aerosolized aminoglycosides in patients with highly resistant Gram-negative  pathogens
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In recent years, most respiratory infections 
have been dominated by concerns of antimicro-
bial resistance, and a new term has emerged, the 
mutant prevention concentration (MPC).8 MPC is 
defi ned as the lowest concentration of an antimi-
crobial that prevents bacterial colony formation 
from a culture containing � 1010 bacteria. At con-
centrations lower than MPC, spontaneous mutants 
can persist and be enriched among the organ-
isms that remain during therapy. The concept has 
been most carefully studied with pneumococcus 
and the fl uoroquinolones. In general, the MPC is 
higher than the MIC, implying that it is possible 
to use an antimicrobial to successfully treat an 
infection but not to prevent the remaining organ-
isms (which are not causing illness) from emerg-
ing as resistant, and persisting and spreading 
to other patients.

Penetration Into the Lung (Considerations in 
Treating Pneumonia)

The concentration of an antibiotic in the lung 
depends on the permeability of the capillary bed 
at the site of infection (the bronchial circulation), 
the degree of protein binding of the drug, and the 
presence or absence of an active transport site for 
the antibiotic in the lung.8,9 In the lung, the rele-
vant site to consider for antibiotic penetration is 
controversial and not clearly defi ned. Sputum and 
bronchial concentrations may be most relevant for 
bronchial infections, while concentrations in lung 
parenchyma, epithelial lining fl uid, and cells such 
as macrophages and neutrophils are probably 
more important for parenchymal infections. The 
localization of the pathogen may also be impor-
tant, and intracellular organisms such as Legionella 
pneumophila and Chlamydophila pneumoniae may be 
best eradicated by agents that achieve high con-
centrations in macrophages. Local concentrations 
of an antibiotic must be considered in light of the 
activity of the agent at the site of infection. For 
example, antibiotics can be inactivated by certain 
local conditions. Aminoglycosides have reduced 
activity at acidic pH levels, which may be pres-
ent in infected lung tissues. In addition, high local 
concentrations of antibiotic can mitigate against 
certain bacterial resistance mechanisms such as 
production of destructive bacterial enzymes (such 
as β-lactamases), altered permeability of the outer 

bacterial cell wall, and pumping (effl ux) of the anti-
microbial from the interior of the bacterial cell.

The concentration of an antibiotic in lung 
parenchyma depends on its penetration through 
the bronchial circulation capillaries. The bronchial 
circulation has a fenestrated endothelium, so anti-
biotics penetrate in proportion to their molecular 
size and protein binding, with small molecules 
that are not highly protein-bound passing readily 
into the lung parenchyma. When infl ammation is 
present, penetration is further improved. For an 
antibiotic to reach the epithelial lining fl uid, it must 
pass through the pulmonary vascular bed, which 
has a nonfenestrated endothelium. This presents 
an advantage for lipophilic agents, which are gen-
erally not infl ammation dependent, and include 
chloramphenicol, the macrolides (including 
the azalides and ketolides), linezolid, clindamy-
cin, the tetracyclines, the quinolones, and trime-
thoprim (TMP)-sulfamethoxazole (SMX). Agents 
that are poorly lipid soluble are infl ammation 
dependent and include the penicillins, cephalo-
sporins, aminoglycosides, vancomycin, carbap-
enems, and monobactams.

Some general categories of antibiotic penetra-
tion have been established (Table 2). Drugs that 
penetrate well into the sputum or bronchial tis-
sue include the quinolones, the newer macrolides 
and azalides (azithromycin and clarithromycin), 
the ketolides, the tetracyclines, clindamycin, 
and TMP-SMX. On the other hand, the amino-
glycosides, vancomycin, and to some extent the  
β-lactams, penetrate less well into these sites. With 

Table 2. Penetration of Antibiotics into Respiratory Secretions

Good penetration: lipid soluble, concentration not 
 infl ammation dependent

Quinolones
New macrolides: azithromycin, clarithromycin
Ketolides
Tetracyclines
Clindamycin
TMP-SMX

Poor penetration: relatively lipid insoluble, infl ammation 
dependent for concentration in the lung

Aminoglycosides
β-Lactams
Penicillins
Cephalosporins
Monobactams
Carbapenems
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the use of once-daily aminoglycoside dosing, high 
peak serum concentrations can be achieved, but 
the alveolar lining fl uid concentration in patients 
with pneumonia is only 32% of the serum level 
over the fi rst 2 h; however, the two sites have 
more similar concentrations later in the dos-
ing interval.10 Because aminoglycosides require 
high peak concentrations for optimal killing, 
their poor penetration with systemic adminis-
tration often makes this impossible, suggesting 
a potential role for delivery by the aerosol route 
(discussed later).

Antibiotic Pharmacokinetics and 
Pharmacodynamics

Pharmacokinetics refers to the absorption, dis-
tribution, and elimination of a drug in the body, 
and the information can be used to describe the 
concentration in serum. Pharmacokinetics also 
includes the study of the concentration at other 
sites of the body, including the site of infection 
and the relationship between drug concentrations 
and their pharmacologic or toxic effect.8 For anti-
biotics, this means the relationship of antibiotic 
concentrations at the site of infection, compared 
with the MIC of the target organism.

The way in which an antibiotic reaches the 
site of infection, considering the frequency of 
administration and dose administered, can affect 
its ability to kill bacteria, thus defi ning a close 
relationship between pharmacokinetics and 
pharmacodynamics. Some agents are bactericidal 
in relation to how long they stay above the MIC 
of the target organism (time-dependent killing), 
while others are effective in relation to the peak 
concentration achieved (concentration-dependent 
killing).8 If antibiotic killing is time dependent, 
dosing schedules should be chosen to achieve the 
maximal time above the MIC of the target organ-
ism, such as continuous infusion or prolonged 
release. Antibiotics of this type include the β-
lactams (penicillins and cephalosporins), carbap-
enems, aztreonam, macrolides, and clindamycin. 
The rate of killing is saturated once the antibiotic 
concentration exceeds four times the MIC of the 
target organism. In spite of these considerations, 
for many organisms, the concentration of the anti-
biotic only needs to be above the MIC for 40 to 
50% of the dosing interval, and possibly for as 

little as 20 to 30% of the interval in the case of car-
bapenems. For the time-dependent killing drugs 
listed previously, the pharmacodynamic param-
eter that best predicts clinical effi cacy is the time 
above the MIC.

When killing is concentration dependent, 
activity is related to how high a concentration is 
achieved at the site of infection and how great is 
the area under the curve (AUC)—the drug con-
centration plotted vs time—in relation to the MIC 
of the target organism. Alternatively, the action 
of these agents can be described by how high the 
peak serum concentration (Cmax) is in relation 
to the organism MIC. Classic agents of this type 
include the aminoglycosides and the fl uoroqui-
nolones, but the ketolides are also concentration-
dependent antibiotics.8 For these types of agents, 
the optimal killing of bacteria is defi ned by the 
ratio of AUC to MIC, often referred to as the area 
under the inhibition curve, or the AUIC. The tar-
get AUIC for Gram-negative bacteria is � 125, 
whereas for most antibiotics that treat pneu-
mococcus, the AUIC is at least 30. For both the 
aminoglycosides and quinolones, some studies8a 
have shown that effi cacy can also be defi ned by 
the ratio of peak serum concentrations to MIC 
(Cmax/MIC), aiming for a target of 12 for qui-
nolones against pneumococcus. Optimal use of 
these agents would entail infrequent administra-
tion but with high doses, which is the underlying 
principle behind the once-daily administration 
of aminoglycosides. With once-daily aminogly-
coside dosing regimens, the patient achieves a 
high peak concentration (maximal killing) and a 
low trough concentration (minimal nephrotoxic-
ity), relying on the “postantibiotic effect” (PAE) 
to maintain the effi cacy of the antibiotic after the 
serum (or lung) concentrations fall below the 
MIC of the target organism. If an antibiotic has a 
PAE, it is capable of suppressing bacterial growth 
even after its concentration falls below the MIC 
of the target organism. Even though most agents 
exhibit a PAE against Gram-positive organ-
isms, a prolonged PAE against Gram-negative 
bacilli is achieved by the aminoglycosides and 
fl uoroquinolones.8

Some investigators7 have suggested that anti-
biotic therapy be chosen on the basis of another 
property of certain agents: their ability to stimu-
late infl ammation and cytokine  production in 
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response to the presence of the bacterial cell wall 
lysis products that they generate. It has been 
known for many years that certain antibiotics lib-
erate bacterial cell wall products that can interact 
with cytokine-producing cells, stimulating the 
production of high levels of cytokines such as 
tumor necrosis factor. In theory, this could lead 
to the development, or worsening, of the sepsis 
syndrome in patients immediately after therapy 
for pneumonia is started, a phenomenon seen in 
the therapy for treatment of Pneumocystis jiroveci 
pneumonia and pneumococcal meningitis, lead-
ing to recommendations to use corticosteroids 
with antibiotics when treating these infections. 
Other than in these situations, it is unclear if cyto-
kine release is clinically relevant: if an antibiotic 
has a high affi nity for bacterial penicillin-binding 
protein 3, it may kill slowly and lead to fi lamen-
tous cell wall products that are potent stimuli for 
cytokine release. On the other hand, agents that 
kill rapidly and do not interact with penicillin-
binding protein 3 are associated with lower levels 
of in vitro stimulation of cytokine production by 
host infl ammatory cells. In addition to these con-
siderations, the use of antibiotics that inhibit pro-
tein synthesis (linezolid, clindamycin) may have 
an advantage in toxin-mediated illnesses, such as 
those caused by certain strains of Staphylococcus 
aureus, when compared with cell-wall active bac-
tericidal antibiotics.11

Features of Specifi c Antimicrobials

Macrolides (Including Azalides)/Tetracyclines

Macrolides are bacteriostatic agents that 
bind to the 50S ribosomal subunit of the target 
bacteria and inhibit RNA-dependent protein 
synthesis. The macrolides have traditionally 
had good activity against pneumococci, as 
well as atypical pathogens (C pneumoniae, 
Mycoplasma pneumo niae, Legionella), but the 
older erythromycinlike agents are not active 
against Haemophilus  influenzae, and have poor 
intestinal tolerance, so that prolonged therapy 
is difficult. The new agents in this class include 
azithromycin (also referred to as an azalide) 
and clarithromycin, and have better intesti-
nal tolerance than erythromycin. These agents 
have enhanced activity against H influenzae 

 (including β-lactamase−producing strains), 
altho ugh on an MIC basis azithromycin is more 
active. Erythromycin is active against Moraxella 
catarrhalis, although the new agents have 
enhanced activity against this pathogen.

Azithromycin can be used in its IV form for 
patients with severe pneumonia but should be 
administered at 500 mg/d, with the duration 
defi ned by the clinical course of the patient, but 
usually for 7 to 10 days.2 Because of its IV admin-
istration, the serum levels achieved have been 
adequate for therapy for treatment of bacteremic 
pneumococcal pneumonia.12 Clinical studies13,14 of 
CAP have consistently shown a mortality benefi t 
of using macrolide therapy, usually in conjunction 
with a β-lactam, but the mechanism for this favor-
able effect is not known. Speculation has included 
the possibility of atypical pathogen coinfection, 
a possibility supported by studies2,3 that have 
found the benefi t of the addition of a macrolides 
to vary over the course of time. Another explana-
tion has been that macrolides have anti-infl am-
matory effects, which may explain their benefi t 
in improving quality of life in patients with cystic 
fi brosis. Macrolides have a myriad of other effects, 
including the interference with “quorum sensing” 
between bacteria, which could inhibit the in vivo 
proliferation of Pseudomonas aeruginosa after colo-
nization has occurred.

Although macrolides remain an  important 
therapeutic option for community respiratory 
tract infections, pneumococcal resistance is 
becoming increasingly common, being present in 
as many as 35 to 40% of all pneumococci, espe-
cially in patients who have received an agent of 
this class in the past 3 months.15 In addition, mac-
rolide resistance can also coexist with penicillin 
resistance, and as many as 30 to 40% of penicil-
lin-resistant pneumococci are also erythromycin-
resistant. The clinical relevance of these in vitro 
fi ndings remains to be defi ned. However, there 
are two forms of pneumococcal macrolide resis-
tance, one involving effl ux of the antibiotic from 
the bacterial cell, and the other involving altered 
ribosomal binding of the antibiotic. The former 
mechanism is associated with much lower levels 
of resistance than the latter, and is present in two-
thirds of the macrolide-resistant pneumococci in 
the United States. Fortunately, the latter form of 
resistance is less common because, if present, it is 
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unlikely that macrolide therapy for pneumococ-
cal infection would be effective.16

The tetracyclines are also bacteriostatic agents 
that act by binding the 30S ribosomal subunit and 
interfering with protein synthesis. These agents 
can be used in CAP as an alternative to macrolides 
because they are active against H infl uenzae and 
atypical pathogens. In the United States, however, 
pneumococcal resistance to tetracyclines may be 
approaching 20%, and may exceed 50% among 
organisms with high-level penicillin resistance.

Ketolides 

This new class of antimicrobials is a semi-
synthetic derivative of the macrolides, with a 
14-member ring structure and the substitution 
of a keto group at the C3 site. These agents act 
to inhibit ribosomal protein synthesis in bacteria 
by binding to two different sites on the 50S ribo-
somal subunit, and because of enhanced binding 
affi nity and the binding to multiples sites, may 
be able to avoid some of the resistance problems 
associated with the macrolides.17 In addition, 
this class of antibiotics has a poor affi nity for the 
pneumococcal effl ux pump. Because of these 
characteristics, ketolides are active against pneu-
mococci that are macrolide-resistant by either the 
effl ux or ribosomal mechanism. Ketolides are also 
active against H infl uenzae, but in vitro activity is 
not quite as high as with azithromycin. No agents 
in this class are currently available.

TMP-SMX

This combination antibiotic has been used as 
a mainstay for therapy for treatment of P jiroveci 
pneumonia, but has limited value in other severe 
infections. It has bactericidal activity against 
pneumococcus, H infl uenzae, and M catarrhalis, but 
not against atypical pathogens. It has become less 
popular because of the emergence of pneumococ-
cal resistance at rates of at least 30%, because 80 
to 90% of organisms that are penicillin resistant 
are also resistant to TMP-SMX. The sulfa com-
ponent of the drug inhibits the bacterial enzyme 
responsible for forming the immediate precursor 
of folic acid, dihydropteroic acid. TMP is syner-
gistic with the sulfa component because it inhibits 
the activity of bacterial dihydrofolate reductase. 

TMP-SMX is available in a fi xed combination of 
1:5 (TMP:SMX), and is dosed as either 80/400 
mg or 160/800 mg orally bid for 10 days, but the 
dosage should be adjusted in renal failure. An IV 
preparation is also available. Side effects gener-
ally result from the sulfa component and include 
rash, GI upset, and occasional renal failure (espe-
cially in elderly patients).

β β -Lactam Antibiotics

These bactericidal antibiotics have in common 
the presence of a β-lactam ring, which is bound 
to a fi ve-membered thiazolidine ring in the case 
of the penicillins and to a six-membered dihydro-
thiazine ring in the case of the cephalosporins. 
Modifi cations in the thiazolidine ring can lead to 
agents such as the penems (doripenem, imipe-
nem, ertapenem, and meropenem), while absence 
of the second ring structure characterizes the 
monobactams (aztreonam). These agents can also 
be combined with β-lactamase inhibitors such 
as sulbactam, tazobactam, or clavulanic acid to 
create the β-lactam/β-lactamase inhibitor drugs. 
These agents extend the antimicrobial spectrum 
of the β-lactams by providing a substrate (sulbac-
tam, clavulanic acid, tazobactam) for the bacterial 
β-lactamases, thereby preserving the antibacterial 
activity of the parent compound. β-Lactam anti-
biotics work by interfering with the synthesis of 
bacterial cell wall peptidoglycans by binding to 
bacterial penicillin-binding proteins.

The penicillins include the natural penicillins 
(penicillin G and V), the aminopenicillins (ampi-
cillin, amoxicillin), the antistaphylococcal agents 
(nafcillin, oxacillin), the antipseudomonal agents 
(piperacillin, azlocillin, mezlocillin, ticarcillin), and 
the β-lactam/β-lactamase inhibitor combinations 
(ampicillin/sulbactam, amoxicillin/clavulanate, 
piperacillin/tazobactam, and ticarcillin/clavula-
nate). Among the antipseudomonal penicillins, 
piperacillin is the most active agent.

The cephalosporins span from fi rst to fourth 
generation. The earlier agents were generally 
active against Gram-positive organisms but did 
not extend activity to the more complex Gram-
 negative organisms, or anaerobes, and were sus-
ceptible to destruction by bacterial β-lactamases. 
The newer-generation agents are generally more 
specialized, with broad-spectrum activity, and 
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with more mechanisms to resist breakdown by bac-
terial enzymes. The second-generation and newer 
agents are resistant to bacterial β-lactamases, but 
recent data suggest that cefuroxime may not be 
an optimal pneumococcal agent if resistance is 
present in a patient with bacteremic CAP.18 On the 
other hand, the third-generation agents such as 
ceftriaxone and cefotaxime are reliable and active 
against penicillin-resistant pneumococci, while 
ceftazidime is not reliable against pneumococcus 
but is active against P aeruginosa. The third-gen-
eration agents may induce β-lactamases among 
certain Gram-negative organisms (especially the 
Enterobacteriaceae spp), and thus promote the 
emergence of resistance during monotherapy. The 
fourth-generation agent cefepime is active against 
pneumococci and P aeruginosa, but is also less likely 
to induce resistance among the Enterobacteriaceae 
than the third-generation agents. Ceftobiprole is 
a new agent in development that appears to be 
active against both P aeruginosa and methicillin-
resistant S aureus (MRSA), but was not effective in 
the therapy for treatment of ventilator-associated 
pneumonia in one clinical trial.

Imipenem, doripenem, and meropenem are the 
broadest spectrum agents in this class, being active 
against Gram-positive organisms, anaerobes, and 
Gram-negative organisms including P aeruginosa. 
They have shown effi cacy for patients with severe 
pneumonia, both CAP and HAP, as well as a vari-
ety of nonpulmonary  (intraabdominal) infections. 
On an MIC basis, doripenem is the most active 
agent in this class against P aeruginosa. A nonpseu-
domonal carbapenem, ertapenem, is also avail-
able and has been used effectively in the therapy 
for treatment of CAP. Aztreonam is a monobactam 
that is so antigenically different from the rest of the 
β-lactams that it can be used in penicillin-allergic 
patients. It is only active against Gram-negative 
organisms, having a spectrum very similar to the 
aminoglycosides.

Because β-lactams kill bacteria in a time-
dependent fashion, clinical trials8 have been con-
ducted using either continuous or prolonged (� 3 
to 4 h) infusions of these agents. To date, these 
trials have not shown superiority, but they have 
shown safety and effi cacy, using continuous infu-
sions of penicillins, cefepime, and piperacillin/
tazobactam and prolonged infusions of doripe-
nem and meropenem.

Fluoroquinolones

These bactericidal agents act by interfering 
with bacterial DNA gyrase and/or topoisomerase 
IV, leading to impaired DNA synthesis repair, tran-
scription, and other cellular processes, resulting 
in bacterial cell lysis. DNA gyrase is only one 
form of a bacterial topoisomerase enzyme that 
is inhibited by quinolones, and activity against 
other such enzymes is part of the effect of a vari-
ety of quinolones. The earlier quinolones (such 
as ciprofl oxacin and ofl oxacin) are active pri-
marily against DNA gyrase, which accounts for 
their good activity against Gram-negative organ-
isms. The newer agents (gemifl oxacin, levofl oxa-
cin, and moxifl oxacin) bind both DNA gyrase 
and topoisomerase IV, and have extended their 
activity to Gram-positive organisms, including 
drug-resistant Streptococcus pneumoniae (DRSP). 
Resistance to quinolones can occur through muta-
tions in the topoisomerase enzymes, by altered 
permeability of the bacterial cell wall, or by effl ux 
of the antibiotic from the inside of the bacteria.19 
The quinolones kill in a concentration-dependent 
fashion, and thus optimal antibacterial activity 
can be achieved with infrequent dosing and with 
high peak concentrations and high ratios of either 
AUC/MIC or Cmax/MIC. In addition, because 
quinolones have a PAE against both Gram-posi-
tive and Gram-negative organisms, they can 
continue to kill even after local concentrations 
fall below the MIC of the target organism. These 
properties make the quinolones well suited to 
infrequent dosing, with the ideal being once-daily 
dosing, particularly given the relatively long half-
life of the newer compounds. On the basis of the 
AUC/MIC ratio for pneumococcus, the most 
active agents are gemifl oxacin and moxifl oxa-
cin, which are up to four times more active than 
levofl oxacin. The only factor limiting a switch to 
once-daily dosing for all quinolones is the toxicity 
associated with high doses of some agents (such 
as ciprofl oxacin), particularly concerns related to 
neurotoxicity and possible seizures.

In the therapy for treatment of respiratory 
infections, quinolones have the advantage of excel-
lent penetration into respiratory secretions and 
infl ammatory cells within the lung, achieving local 
concentrations that often exceed serum levels. In 
addition, these agents are highly bioavailable with 
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oral   administration, and thus similar serum and 
tissue levels can be reached if administered orally 
or IV, promoting early transition from IV to oral 
therapy in responding patients.

The fl uoroquinolones have excellent antimi-
crobial activity against β-lactamase producing H 
infl uenzae and M catarrhalis, but the newer agents 
(gemifl oxacin, levofl oxacin, and moxifl oxacin) 
extend the activity of the quinolones by hav-
ing enhanced Gram-positive activity, as well as 
by being more active against C pneumoniae and 
M pneumoniae, compared with older agents. 
The new agents are also highly effective against 
L pneumophila, and may be the drug of choice for 
this organism, with cure rates of � 90% even in 
patients with severe CAP.20 However, if P aeruginosa 
is the target organism (as it is in certain patients 
with CAP and HAP), then only ciprofl oxacin 
(750 mg bid po or 400 mg q8h IV) or levofl oxacin 
(750 mg/d po or IV) are active enough for clini-
cal use.1 When levofl oxacin is used for patients 
with severe CAP, the recommended dose to 
assure pneumococcal effi cacy is also 750 mg/d.

Pneumococcal resistance to quinolones is 
uncommon, but many organisms contain muta-
tions that may lead to future resistance emergence, 
and the use of the most active agents (defi ned 
in vitro) may have an advantage to avoid future 
resistance. One potent risk factor for pneumococ-
cal resistance and failure of therapy is repeated 
therapy with a quinolone in a 3-month period. 
Other risk factors for quinolone resistance among 
pneumococci are recent hospitalization and resi-
dence in a nursing home.

One major distinction among these new qui-
nolones is their profi le of toxic side effects. A num-
ber of agents have been removed from clinical use 
(temafl oxacin) because of toxicities such as QT 
prolongation (grepafl oxacin), phototoxicity (spar-
fl oxacin), hypoglycemia (gatifl oxacin), and liver 
necrosis (trovafl oxacin). The side effects of the 
other new agents have generally been acceptable, 
but as with any therapy, the risks of use should be 
weighed against the benefi ts. A study21 comparing 
moxifl oxacin with levofl oxacin in elderly hospi-
talized patients with CAP, with a high frequency 
of heart disease, showed comparable safety, 
including a low frequency for both drugs of car-
diac arrhythmias and Clostridium diffi cile-related 
diarrhea. Currently there are no well- performed 

studies of severe CAP showing effi cacy of any 
of the quinolones as monotherapy, although in 
nosocomial pneumonia, monotherapy has been 
tested and shown to be effective, provided that 
the patient does not have P aeruginosa infection.

Aminoglycosides

These bactericidal agents act by binding to 
the 30S ribosomal subunit of bacteria, thus inter-
fering with protein synthesis. Aminoglycosides 
have primarily a Gram-negative spectrum of 
activity and are usually used in combination with 
other agents targeting diffi cult organisms such 
as P aeruginosa or other resistant Gram-negative 
organisms. When combined with certain β- lactam 
agents, they can achieve antibacterial synergy 
against P aeruginosa. Amikacin is the least sus-
ceptible to enzymatic inactivation by bacteria, 
while tobramycin is more active than gentamicin 
against P aeruginosa. Aminoglycosides penetrate 
poorly into lung tissue, and can be inactivated by 
acid pH, which is common in pneumonic lung 
tissue. Thus, in clinical trials1,22 of nosocomial 
pneumonia therapy, the use of an aminoglycoside 
with a β-lactam was no more effective than a β-
lactam alone, and the combination regimen was 
not more effective in preventing the emergence of 
pseudomonal resistance during therapy than was 
the monotherapy regimen with a β-lactam. In the 
treatment of bacteremic pseudomonal pneumo-
nia, aminoglycoside combination therapy may 
be more effective than monotherapy. A meta-
 analysis22 has suggested that the use of combina-
tion therapy with an aminoglycoside is of limited 
value; it may simply add to the risk of nephrotox-
icity, and may not prevent the emergence of resis-
tance during therapy.

As previously discussed, aminoglycosides kill 
in a concentration-dependent fashion, and can be 
dosed once daily to optimize killing while mini-
mizing toxicity (primarily renal insuffi ciency). In 
clinical practice, this has not been proven to occur, 
and once-daily dosing is comparable in effi cacy 
and nephrotoxicity to multiple-dose regimens.23 
When aminoglycosides are used, it is necessary to 
monitor serum levels to minimize the occurrence 
of acute renal failure. Peak concentrations corre-
late with effi cacy, but the utility of monitoring lev-
els in patients treated with once-daily regimens 
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has not been established. Trough concentrations 
are monitored to minimize toxicity and probably 
should be followed regardless of dosing regimen. 
Because of poor penetration into tissues, some 
investigators have used nebulized aminoglyco-
sides for the therapy for treatment of Gram-nega-
tive pneumonia, as will be discussed.

New Agents Active Against MRSA

In the past several years, MRSA has emerged 
as an important pathogen in patients with a vari-
ety of severe infections, particularly VAP and skin 
and soft-tissue infections, and recently has been 
described as a potential pathogen in patients with 
necrotizing postinfl uenza CAP. In the past, van-
comycin was the agent used most commonly for 
this pathogen. However, there have been concerns 
about limited effi cacy of vancomycin, primarily 
because of its poor penetration into respiratory 
secretions, its potential synergistic nephrotoxicity 
with aminoglycosides, and its inability to inhibit 
toxin production by organisms such as commu-
nity-acquired MRSA. Because of this latter concern, 
some have suggested that clindamycin should be 
added to vancomycin if a patient with toxin-pro-
ducing MRSA infection is being treated. Linezolid 
is the fi rst agent in a new antibiotic class, the oxa-
zolidinones, and is active against MRSA; it may also 
block the production of antibacterial toxins, such 
as the Panton-Valentine leukocidin, which can be 
produced by community-acquired MRSA strains. 
The oxazolidinones act to inhibit bacterial protein 
synthesis by binding to the 50S ribosomal subunit 
and preventing the binding of transfer RNA and 
the formation of the 70S initiation complex.

Linezolid is not only active against MRSA, 
but also against DRSP and vancomycin- resistant 
enterococci (both Enterococcus faecium and En-
terococcus faecalis). The agent has high bioavail-
ability, and thus serum levels are the same with 
oral or IV therapy. Renal and nonrenal clearance 
occurs, and dosing adjustment is not needed 
for patients with renal failure. Effi cacy has been 
shown for HAP and CAP, but one recent analy-
sis24 suggested that linezolid may be superior to 
vancomycin for the therapy for treatment of VAP 
that is proven to be caused by MRSA. Side effects 
are not common and include nausea, diarrhea, 
anemia, and thrombocytopenia and neuropathy 

(especially with prolonged use). It is also a weak 
monoamine oxidase inhibitor.

Quinupristin/dalfopristin has been tested in 
patients with VAP and was not as effective against 
MRSA as vancomycin, in spite of good in vitro 
activity. There are several other agents in various 
stages of development that have activity against 
MRSA, but they are not yet proven to be useful for 
the therapy for respiratory tract infections. Among 
these new agents is daptomycin, which has been 
shown to be inactivated by pulmonary surfactant, 
thus explaining its lack of effi cacy in pneumonia 
therapy trials. Daptomycin is an effective therapy 
for MRSA bacteremia, including endocarditis, pos-
sibly because of its bactericidal action. Tigecycline 
is available for nonrespiratory tract infections, and 
its effi cacy in the therapy for treatment of pneu  -
monia is not yet known, although it does have 
in vitro activity against MRSA and many Gram-
 negative organisms, including Acinetobacter spp, 
but not P aeruginosa. Other agents currently in devel-
opment are dalbavancin and telavancin. Available 
trial data with telavancin have shown effi cacy in 
the therapy for treatment of MRSA and methicil-
lin-susceptible S aureus nosocomial pneumonia.

Aerosolized Antibiotics for Respiratory 
Tract Infections

Local administration of antimicrobials has 
been used in the therapy for treatment of bron-
chiectasis, especially in the setting of cystic fi bro-
sis, and in the therapy for treatment of VAP.25 
This approach is used to enhance the delivery of 
agents to the site of respiratory infection, espe-
cially for antibiotics that penetrate poorly into 
the lung. Direct delivery of antibiotics is usually 
achieved by nebulization, and this approach not 
only achieves high intrapulmonary concentra-
tions, but may do so with low systemic absorp-
tion, and thus a reduced risk of systemic toxicity. 
The use of this approach in mechanically venti-
lated patients has been proposed for patients with 
either infectious tracheobronchitis or VAP, as both 
infections can involve highly resistant Gram-neg-
ative bacteria, and the local delivery of antibiotics 
may effectively treat some pathogens that cannot 
be eradicated by systemic therapy.

In patients receiving mechanical ventilation, 
local antibiotic administration, by instillation 
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or nebulization, has been used to prevent pneu-
monia, but this is not a recommended approach 
because even when it has been successful, there 
has been concern about the emergence of multi-
drug-resistant (MDR) Gram-negative organisms 
in those in whom infection subsequently devel-
ops, and these organisms may be diffi cult to treat. 
Most studies25-27 in this population have involved 
either the aminoglycosides or polymyxin B. Only 
one prospective randomized trial26 has exa mined 
the impact of the adjunctive use of locally instilled 
tobramycin with IV agents in the management 
of VAP. Although the addition of endotracheal 
tobramycin did not improve clinical outcome 
compared with placebo, microbiologic eradication 
was signifi cantly greater in the patients receiving 
aerosolized antibiotics.

In spite of these data, sporadic small and 
uncontrolled series27,28 have shown that when 
patients have VAP due to MDR P aeruginosa or 
Acinetobacter spp, aerosolized aminoglycosides, 
polymyxin, or colistin may be helpful as adjunc-
tive therapy to systemic antibiotics. One side effect 
of aerosolized antibiotics has been bronchospasm, 
which can be induced by the antibiotic or the asso-
ciated diluents present in certain preparations. A 
specially formulated preparation of tobramycin 
for aerosol administration was designed to avoid 
this complication.

Although the optimal method of administra-
tion of aerosol therapy is unknown, most stud-
ies25,28,29 have shown that nebulization can be 
effective and achieve more uniform distribution 
than direct instillation. When aerosol therapy is 
used in patients receiving mechanical ventilation, 
it must be carefully synchronized with the venti-
lator cycle, and the optimal delivery device is not 
yet defi ned. In an animal model, investigators29 
found that using an ultrasonic nebulizer placed in 
the inspiratory limb of the ventilator circuit, prox-
imal to the “Y-connector,” up to 40% of the admin-
istered dose can be retained in the lung, achieving 
tissue concentrations 10 times higher than can be 
achieved with comparable doses given systemi-
cally, and with minimal systemic absorption. To 
optimize delivery, inspiratory time may need to 
be as high as 50% of the ventilatory cycle, and 
routine humidifi cation should be stopped during 
antibiotic administration. In patients receiving 
ventilation, the ventilator may need to be set with 

a tidal volume of 8 to 10 mL/kg, with no humidi-
fi cation system in use during the application of 
the ultrasonic nebulizer, which should be set to 
deliver 8 L/min.

Principles of Antibiotic Use

CAP 

Selection of Initial Therapy for Severe CAP: In the 
ICU population, all individuals should be treated 
for DRSP and atypical pathogens, but only those 
with appropriate risk factors (such as bronchiec-
tasis, prolonged corticosteroid therapy for COPD, 
malnutrition, recent hospital stay, or prolonged 
antibiotics) should have coverage for P aerugi-
nosa. As mentioned, quinolone monotherapy has 
not been established as safe or effective for these 
patients, and monotherapy should not be used in 
any ICU-admitted CAP patient. Those without 
pseudomonal risk factors should be treated with 
a selected IV β-lactam (cefotaxime, ceftriaxone, or 
ampicillin/sulbactam), combined with either an 
IV macrolide or an IV quinolone. For patients with 
pseudomonal risk factors, therapy can be with a 
two-drug regimen, using an antipseudomonal β-
lactam (cefepime, doripenem, imipenem, merope-
nem, piperacillin/tazobactam) plus ciprofl oxacin 
or high-dose levofl oxacin, or alternatively, with a 
three-drug regimen, using an antipseudomonal 
β-lactam plus an aminoglycoside plus either an 
IV nonpseudomonal quinolone or macrolide. If 
the patient is penicillin allergic, aztreonam can be 
used with an aminoglycoside and a quinolone or 
macrolide.

In addition to the general approach to ther-
apy outlined here, patients with CAP need 
timely administration of initial antibiotic therapy. 
Retrospective data have shown a reduced mortal-
ity for admitted patients with CAP who are treated 
within 4 to 6 h of arrival to the hospital, compared 
with those who are treated later.3 However, it is un -
certain if these outcomes are related to the timing 
of therapy or whether the timeliness of antimicro-
bial administration is a surrogate marker of other 
relevant factors. In patients with septic shock, 
each hour of delay in initiating therapy is associ-
ated with a 7 to 8% increase in mortality. In the 
empiric therapy for treatment of CAP, there is a 
limited need for routine therapy against MRSA; 
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however, a new strain of this  organism has been 
described to cause a severe, necrotizing form of 
CAP after infl uenza.11 Although the frequency 
of this organism is still low, vigilance is needed 
to see how common it becomes in the future. 
The algorithms presented here suggest that all 
patients should receive empiric therapy that pro-
vides coverage for atypical pathogens. As men-
tioned, this recommendation is based on outcome 
studies,13,14,30 and may be explained by a high fre-
quency of atypical pathogen coinfection. In fact, 
even with bacteremic pneumococcal pneumo-
nia, mortality is reduced when a β-lactam is used 
with a macrolide, compared to when it is used as 
monotherapy.

HAP

How To Initiate Responsible Empiric Therapy: 
Many studies1,4,31 have documented that mortal-
ity in HAP is increased if initial empiric therapy 
is incorrect, or if there is a delay in the initiation of 
therapy (Table 2). In the American Thoracic Soci-
ety/Infectious Diseases Society guideline for HAP, 
the terms appropriate and adequate therapy were 
defi ned. Appropriate refers to the use of an anti-
biotic that is active in vitro against the identifi ed 
pathogen; the adequate refers to not only using 
an antibiotic to which the organism is sensitive, 
but also using that therapy without delay, in the 
right doses, having it penetrate to the site of infec-
tion, and using combination therapy if needed. 
For example, for critically ill patients with normal 
renal function who were effectively treated for 
nosocomial pneumonia in clinical trials, the correct 
doses of common antibiotics include the following: 
cefepime, 1 to 2 g every 8 to 12 h; imipenem, 500 
mg q6h or 1 g q8h; doripenem, 500 mg q8h (as a 1- 
or 4-h infusion); meropenem, 1 g q8h; piperacillin-
tazobactam, 4.5 g q6h; levofl oxacin, 750 mg/d, or 
ciprofl oxacin, 400 mg q8h; vancomycin, 15 mg/kg 
q12h, leading to a trough level of 15 to 20 mg/L; 
linezolid, 600 mg q12h; and aminoglycosides of 
7 mg/kg/d of gentamicin or tobramycin, and 20 
mg/kg of amikacin (Table 3).1 However, it is still 
a challenge to use antibiotics adequately, without 
using them too widely, and thus promoting antibi-
otic resistance, which is often driven by antibiotic 
use. Thus, the guideline emphasizes the need for a 
“de- escalation” strategy of usage, which generally 

urges prompt broad-spectrum empiric therapy 
whenever there is a clinical suspicion of infection 
in order to avoid a delay of therapy, combined 
with a commitment to focus, narrow the spec-
trum, reduce the duration of therapy, or stop ther-
apy once culture and clinical response information 
become available. Several studies1 have shown 
that it is possible to effectively treat VAP with 6 to 
8 days of therapy, provided that the initial therapy 
is appropriate. The optimal duration of therapy 
for infections caused by P aeruginosa and MRSA is 
still uncertain, but prolonged therapy may be no 
better than short-duration therapy in the absence 
of bacteremia.

Algorithms for Initial Empiric Therapy: Once 
there is a clinical suspicion of HAP, the antibi-
otic choice falls into either a narrow spectrum of 
therapy or a broad-spectrum regimen, directed at 
MDR pathogens. The narrow-spectrum approach 
is used if the patient has a pneumonia that started 
in the fi rst 4 days of hospitalization and there are 
no other risk factors for MDR pathogens. These 
risk factors include recent antibiotic therapy 
within the past 90 days, immunosuppressive ill-
ness or therapy (corticosteroids or chemotherapy), 
admission to a unit with a high rate of MDR organ-
isms, recent hospitalization for � 2 days within 

Table 3. Proper Doses of Common Antibiotics in the Critically 
Ill With Normal Renal Function

Drug Dosage

β-Lactams
Cefepime 1–2 g q8–12h
Ceftazidime 2 g q8h
Ceftriaxone 2 g/d
Imipenem 1 g q8h or 500 mg q6h
Meropenem 1 g q6–8h
Doripenem 500 mg q8h (1 h- or 4-h 

 infusion)
Piperacillin/tazobactam 4.5 g q 6h

Aminoglycosides
Gentamicin or tobramycin 7 mg/kg/d or amikacin 

20 mg/kg/d

Antistaphylococcal agents 
(MRSA)
Vancomycin 15 mg/kg q12h
Linezolid 600 mg q12h

Quinolones
Ciprofl oxacin 400 mg q8h
Levofl oxacin 750 mg/d
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the past 90 days, residence in a nursing home or 
long-term care facility (ie, the presence of health-
care−associated pneumonia), or regular visits to a 
hospital clinic or hemodialysis center. All others 
receive a broad-spectrum therapy approach.1

The narrow-spectrum therapy is usually a 
monotherapy with ceftriaxone, ampicillin/sulbac-
tam, ertapenem, levofl oxacin, or moxifl oxacin. If 
the patient is penicillin allergic, a quinolone can be 
used, or the patient can be given the combination 
of clindamycin and aztreonam. When the patient 
has risk factors for MDR pathogens, the recom-
mended therapy is to use either an aminoglycoside 
or an antipseudomonal quinolone (ciprofl oxacin 
or levofl oxacin) in combination with an antipseu-
domonal β-lactam (cefepime, ceftazidime, imipe-
nem, meropenem, or piperacillin- tazobactam). 
If there are concerns about MRSA because of risk 
factors, a high local prevalence, or the presence 
of Gram-positive organisms on a Gram stain of 
lower respiratory tract secretions, then a third 
agent, either linezolid or vancomycin, should be 
added. Current data suggest that an aminogly-
coside may be the preferred initial agent over a 
quinolone because quinolones can induce cross 
resistance to multiple antibiotics, thus limiting 
the ability to treat subsequent ICU infections. 
If quinolones are not used for a fi rst episode of 
infection, there may be more options available if 
the patient develops a second infection while in 
the hospital.

The use of combination therapy is contro-
versial, and as previously mentioned, there are 
limited data to show that the use of an amino-
glycoside with a β-lactam is more effective than 
β-lactam monotherapy. Dual therapy may have 
value if the patient is neutropenic or if pseudo-
monal bacteremia is present, but both situations 
are uncommon. Thus, the most compelling rea-
son for using empiric combination therapy in 
patients with suspected MDR pathogens is to 
provide a broad enough spectrum of agents to 
increase the likelihood that the initial therapy 
was appropriate. Once the organism is identifi ed, 
it is possible to de-escalate, and if an aminogly-
coside was used with a β-lactam, the maximal 
benefi t may have been achieved after 5 days 
of dual therapy, and thus the aminoglycoside 
can usually be stopped at that point.32 Similarly, 
if a nonresistant Gram-negative organism is 

identifi ed, therapy can be with a single agent; 
those that have been shown to be effective for crit-
ically ill patients receiving mechanical ventilation
are ciprofl oxacin, levofl oxacin, imipenem, mero-
penem, piperacillin/tazobactam, and cefepime.1 
Thus, it is usually possible to de-escalate to mono-
therapy with one of these agents as soon as cul-
ture data become available, or after 5 days of dual 
therapy with an aminoglycoside if P aeruginosa 
has been identifi ed.

Other Principles of Antibiotic Usage for HAP: In 
general, it is necessary to use an agent as empiric 
therapy that is in a different class of antimicrobi-
als than the patient has received recently. A num-
ber of studies1,33 of HAP have demonstrated that 
recent therapy with an antibiotic (within the past 
2 weeks) predicts a greater frequency that patho-
gens such as P aeruginosa will be resistant to the 
agents recently used. This applies to β-lactams 
as well as to quinolones.33 In addition, as previ-
ously mentioned, some studies33,34 have shown 
that quinolones promote not only Gram-negative 
resistance to quinolones but also to β-lactams, 
and that their use can cause resistance to many 
types of β-lactam antimicrobials. In the manage-
ment of HAP, as clinical and microbiologic 
data become available, it is often possible to de-
escalate therapy in the form of using less drugs, 
using agents of narrower spectrum, stopping 
therapy, or reducing the duration of therapy. The 
key decision point for manipulating therapy is on 
days 2 to 3, when a decision can be made about 
whether or not the patient is improving. This 
decision is made by assessing clinical features 
such as fever, leukocytosis, purulence of secre-
tions, radiographic patterns, and oxygenation. 
In general, the best clinical predictor of response 
is improvement in oxygenation, which usually 
occurs by day 3 in survivors of VAP, but not in 
nonsurvivors.35 If the patient is improving, then 
cultures should be checked, and efforts made to 
de-escalate and shorten duration of therapy. In 
some instances, all signs of pneumonia are gone 
by days 2 to 3, respiratory culture fi ndings are 
negative, and, in retrospect, the diagnosis was 
heart failure or atelectasis, and antibiotics can be 
completely stopped.36

Therapy for Other Infections: Empiric therapy 
for treatment of other common nonrespiratory 
infections is summarized in Table 4.
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Antibiotic Resistance

There are four basic mechanisms of resistance:

 1.  Decreased permeability of microbial cell wall. 
This is an important mechanism for Gram-
negative resistance and is caused by alteration 
of porin channels.

 2.  Production of destructive enzymes, such as β-
lactamases. This is the major mechanism for 
Gram-negative resistance and can combine 
with altered permeability in specifi c organ-
isms. β-Lactamases can be type I or extended 
spectrum, and are commonly produced by 
organisms like P aeruginosa and the Entero-
bacteriaceae. Resistance to third-generation 
cephalosporins is often mediated by this 
 mechanism.

 3.  Alteration of the target site of action, such 
as the penicillin-binding proteins, the DNA 
gyrase (quinolones), and RNA polymerase. 
This is an important mechanism for Gram-
positive resistance. For pneumococcus, resis-
tance can occur to β-lactams by alteration of 
the penicillin-binding proteins, and to mac-
rolides by alteration of the ribosomal target 
of action. This type of macrolide resistance 
is coded by the erm gene, and confers a high 
level of resis tance, much higher than if resis-
tance is caused by an effl ux mechanism (see 
following  discus sion).

 4.  Active effl ux of the antibiotic, which can occur 
in Gram-positive and Gram-negative organ-
isms, but is an important mechanism of mac-
rolide resistance in pneumococci., encoded for 
by the mef gene.

Antimicrobial Control Programs 

Antimicrobial control programs—such as 
guidelines, standards, prior authorization poli-
cies, and performance measures—primarily 
focus on limiting antibiotic use.37 Several studies 
evaluating antibiotic control programs have not 
demonstrated reduced resistance rates. This may 
relate to the fact that other variables besides anti-
biotic use in ICUs determine the presence of resis-
tance in the hospital. The type of antimicrobial 
control program that is used in a given hospital 
may be best dictated by knowledge of local anti-
biotic usage and resistance patterns. For example, 
if antibiotic usage is controlled and appropriate, 
and a single strain of a highly resistant patho-
gen is present, then there may be a need for more 
intensive infection-control efforts. On the other 
hand, if usage is high and inappropriate, and 
many strains of resistant pathogens are preva-
lent, control of antibiotic usage may be the most 
pressing need. Antibiotic rotation is another form 
of antibiotic control, but its benefi t is uncertain. 
The principles for antimicrobial stewardship have 
been compiled into a guideline, with the focus on 
prospective audit and feedback of antibiotic use, 
de-escalation of broad-spectrum therapy, proper 
dosing, and the development of local guidelines 
for antibiotic use, based on a knowledge of local 
microbiology.37 Restriction of antibiotics was not a 
highly recommended strategy.

However, as previously mentioned, as the 
importance of using broad-spectrum regimens 
when initiating empiric therapy has been stressed, 
it is equally important for clinicians to narrow 
or discontinue therapy when more data on the 
patient’s clinical progress and the microbiologic 
data become available. This practice has been 
termed de-escalation and can involve focusing from 
broad-spectrum to narrow therapy, from multiple 
to single agents, and even discontinuing antibi-
otics if patients do not have proven infection. In 
the ICU, combination therapy may be needed for 
certain resistant pathogens such as P aeruginosa, 

Table 4. Empiric Therapy for Common Nonrespiratory Sepsis

Source unknown

Organisms: S aureus (especially if IV line), Gram-negative 
organisms, fungi (steroids, prior antibiotics)

Therapy: dual pseudomonal � oxacillin, vancomycin, or 
alternatives (linezolid, daptomycin) 

Intraabdominal source: secondary peritonitis
Organisms: Gram-negative organisms, anaerobes, 

enterococci (latter two more with secondary vs
 primary infection)

Therapy: piperacillin/tazobactam, ertapenem, ampicil-
lin/sulbactam, moxifl oxacin or ciprofl oxacin, levo-
fl oxacin, or cefepime plus metronidazole 

Life-threatening
Imipenem or meropenem or
Ampicillin plus metronidazole plus ciprofl oxacin or 

levofl oxacin or antipseudomonal aminoglycoside
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or mixed infections involving resistant Gram-
positive and Gram-negative organisms. Once the 
clinical response has been observed and culture 
data are available, the patient’s therapy can often 
be switched to fewer antibiotics that are targeted 
to the cultures. The ability to shorten duration of 
therapy for nonfermenting Gram-negative bacte-
ria, such as P aeruginosa, is uncertain. Some pre-
liminary data suggest that de-escalation is not 
associated with increased mortality and that it 
may actually reduce mortality in patients with 
VAP.
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Objectives:

• Review the basic physiology affecting sodium, water, cal-
cium, magnesium, and potassium balance

• Recognize the common critical care syndromes and 
causes of deranged serum cation levels

• Become facile with the short-term treatment of disordered 
cation balance

Key words:  hypercalcemia; hyperkalemia; hypermagnesemia; 
hypernatremia; hyperosmolality; hypocalcemia; hypokalemia; 
hypomagnesemia; hyponatremia; hypoosmolality

Sodium

Water balance is measured by changes in osmo-
lality. The term osmolality refers to the number of 
osmotically active particles (osmoles) per liter of 
solution. (Osmolarity is expressed per kilogram). 
Hypoosmolality indicates an excess of water relative 
to osmoles; hyperosmolality indicates water defi -
ciency. The serum osmolality (in milliosmols per 
liter) can be calculated by the following formula:

Serum osmolality � 2 (Na+ � K+)  � (glucose/18) 
� (urea/2.8)

where Na is sodium and K is potassium; glucose 
and urea are given in milligrams per deciliter. The 
molecular weight of glucose is 180; of urea, 28. 
Conversion from milligrams per deciliter to mil-
liosmols per liter yields 18 and 2.8.

One can see that serum osmolality is primar-
ily due to the serum concentrations of sodium 
and potassium (and their accompanying anions), 
glucose, and urea. Of these, the serum sodium 
concentration is the most powerful, accounting 
for nearly 95% of serum osmolality. Therefore, in 
most clinical circumstances, the serum sodium 
can be used as a surrogate for osmolality. The 
serum sodium concentration has no direct rela-
tionship to the total body sodium concentration 

but, rather, is an indicator of water balance rela-
tive to total body sodium concentration.

The term tonicity refers to the osmotic force 
(ie, the ability to move water across a semiper-
meable membrane) exerted by osmotically active 
particles. Hypotonic solutions will lose water to 
an isotonic solution, and hypertonic solutions 
will gain water from an isotonic solution. Not all 
osmoles are equivalent in tonicity. For example, 
urea, because of its low molecular weight, readily 
crosses cell membranes and exerts no tonic force. 
Glucose will induce water movement from most 
cells (although not from the brain). The major 
extracellular osmole, sodium, is responsible for 
the variation in serum tonicity in most cases and, 
as such, is largely responsible for the extracellular 
fl uid volume (ECV). Therefore, an excess of body 
sodium causes water movement from the intracel-
lular space into the extracellular space and obli-
gates an increase in ECV, though not an increase 
in sodium concentration.

Hyponatremia is not always equivalent to 
hypoosmolality (Fig 1). By stimulating water 
movement into the ECV, hyperglycemia physio-
logically lowers the serum sodium concentration 
by 1.6 mEq per 100 mg/dL glucose, causing hypo-
natremia with hyperosmolality. The same is true 
for hypertonic mannitol. Other molecules increas-
ing serum osmolality, such as ethanol, isopropyl 
alcohol, ethylene glycol, and methanol, do not 
cause hyponatremia because of their small size 
and high membrane permeability (ie, they do not 
create an osmotic force [or tonicity]). They will, 
however, cause an osmolar gap defi ned as a differ-
ence of �20 mOsm/L between the calculated and 
measured serum osmolality (Table 1). Hyperpro-
teinemia (usually �10 g/dL) and hyperlipidemia 
cause an increase in the solid phase of the blood 
volume, causing “hyponatremia” as the sodium 
present is indexed to an artifi cially increased 
volume. The serum osmolality does not change. 
This pseudohyponatremia usually accounts for 
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 relatively small changes in serum sodium concen-
tration (eg, 1 mEq sodium per 460 mg/dL lipid).

In most clinical situations (pseudohyponatre-
mia excepted), the serum sodium concentration is 
directly related to the serum osmolality such that 
hyponatremia indicates an excess and hyperna-
tremia indicates a defi ciency of water relative to 
total body sodium concentration. The character-
istics of body sodium and water balance are out-
lined in Table 2.

Regulation of Sodium Balance

As the major extracellular cation and osmole, 
sodium largely determines ECV. Changes in 
total body sodium concentration are refl ected as 
changes in the ECV and are best assessed clini-
cally by physical fi ndings. Therefore, rales, jugu-
lar venous distention, edema, and an S3 gallop 
indicate excess ECV and body sodium. Tachy-
cardia, hypotension, fl at neck veins in the supine 
position, dry mucous membranes, and skin tent-
ing indicate ECV and body sodium depletion. In 
neither case will the serum sodium concentration 

necessarily change. Thus, neither the total body 
sodium concentration nor the ECV is directly 
related to the serum sodium concentration.

Ordinarily, renal sodium loss balances dietary 
sodium intake. The renal excretion of sodium is 
dependent on the glomerular fi ltration rate (GFR), 
aldosterone, and a variety of “third factors” that 
affect the renal tubular reabsorption of fi ltered 
sodium. These include natriuretic peptides (atrial 
natriuretic peptide and brain natriuretic peptide), 
the renin angiotensin system, norepinephrine, 
prostaglandins, and intraglomerular and peritu-
bular Starling forces. The GFR in turn is depen-
dent on renal blood fl ow, the transglomerular 
capillary hydrostatic and oncotic pressures, and 
the permeability of the glomerular capillary wall. 
The afferent and efferent glomerular arteriolar 
sphincters largely determine intraglomerular Star-
ling forces (transglomerular capillary hydrostatic 
pressure and transglomerular capillary oncotic 
pressure). Aldosterone enhances distal tubular 
sodium reabsorption coupled to a hydrogen ion 
(H+) and potassium secretion. Normally, approxi-
mately 99% of fi ltered sodium is reabsorbed. The 
1% of excreted sodium is best measured by the 
fractional excretion of sodium (FENa).

Regulation of Water Balance

Thirst, antidiuretic hormone (ADH), and the 
kidneys control water balance. Hypothalamic 
receptors for hyperosmolality and  hypovolemia 
stimulate thirst and ADH secretion. While hyper-
osmolality is the more common stimulus, hypovo-
lemia is a more potent stimulus for ADH release. 
Therefore, a hypovolemic patient will continue 
to secrete ADH despite hypoosmolality and 

↓ [Na+]

Serum Osm?

< 280            280–295      > 295

Assess ECV    Hyperlipidemia?  Hyperglycemia?
(Table 4)  Hyperproteinemia?  Mannitol?

Figure 1. The term pseudohyponatremia applies when hypo-
natremia does not refl ect hypoosmolality.

Table 1. Differential Diagnosis of an Elevated Osmolar Gap*

With Anion-Gap Acidosis Without Acidosis

Ethylene glycol Isopropyl alcohol
Methanol Diethyl ether
Formaldehyde Mannitol
GFR � 10 mL/min Severe hyperproteinemia
Paraldehyde Severe hyperlipidemia

*Osmolar gap � measured − calculated osmolality. Calculat-
ed serum osmolality � 2(Na+ � K+) � glucose (in milligrams 
per deciliter)/18 + BUN (in milligrams per deciliter)/2.8.

Table 2. Characteristics of Sodium and Water Balance*

Characteristics Sodium Water

Distribution Extracellular volume TBW
Assessment Physical examination Serum osmolality

Urinary Na, FENa Serum sodium
UOsm and  COsm

Regulation GFR Thirst
Aldosterone ADH
Third factors Renal handling of 

water

*UOsm � urinary osmolality; COsm � osmolar clearance.
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 hyponatremia. ADH exerts its primary effect by 
activating vasopressin V2 receptors, which allow 
water reabsorption across the collecting tubule, 
thus concentrating the urine (Fig 2). This passive 
reabsorption of water is dependent on the pres-
ence of a more highly concentrated renal med-
ullary interstitium caused by active sodium and 
chloride reabsorption from the ascending limb of 
Henle. Sodium (but not water) reabsorption from 
the late ascending limb and early distal tubule 
dilutes the fi ltrate and generates free water. Free 
water excretion occurs in the absence of ADH. 
Both the GFR and proximal tubular reabsorption 
rate affect free water excretion (urine dilution) 
and reabsorption (urine concentration) as these 
factors control the quantity of glomerular fi ltrate 
delivered to the downstream nephron segments.

Clinical Disorders of Sodium Balance 
(Disorders of the ECV)

ECV Depletion: Hemorrhage, GI sodium loss, 
or renal sodium loss can deplete the ECV. Usu-
ally, the sodium loss is isotonic. For example, 
the sodium concentration in diarrhea is approxi-
mately 120 mEq/L. In emesis, depending on the 
pH, it varies from 60 to 120 mEq/L. Coupled with 
insensible losses, therefore, the serum sodium 
changes little in most cases where GI sodium loss 

depletes the ECV. In fact, the predominant electro-
lyte disturbance is hypokalemia, which is associ-
ated with metabolic acidosis in cases of diarrhea, 
metabolic alkalosis with vomiting, or a balanced 
acid-base status in which diarrhea and vomiting 
coexist.

Diuretics are the most common cause of 
renal salt wasting. Again, these are isotonic 
losses, which are usually not associated with 
changes in the serum sodium concentration. Cer-
tainly, severe hyponatremias are reported with the 
use of diuretics, but these are idiosyncratic (in the 
case of thiazide diuretics) or are associated with 
an underlying disorder of sodium retention such 
as heart failure. Hypoaldosteronism will cause 
renal sodium loss and isotonic ECV depletion. If 
coupled to glucocorticoid defi ciency, mild hypo-
natremia can occur. Various renal tubular defects 
can also cause “salt-losing” nephropathy. This is 
not uncommon, but it is usually relatively mild 
with several types of chronic interstitial nephritis. 
Very rare causes of renal sodium loss include Bart-
ter syndrome and renal tubular acidosis (RTA). 
Again, the volume lost in these cases is approxi-
mately isosmolar, so that serum sodium concen-
tration is either unchanged or mildly decreased. 
The major clinical feature is ECV depletion, which 
is determined by physical examination. The uri-
nary sodium concentration (or FENa) is the best 
way to distinguish GI from renal sodium loss.

Basic fl uid therapy for ECV depletion is iso-
tonic crystalloid or colloid. The Saline versus 
Albumin Fluid Evaluation (or SAFE) study found 
no difference in organ dysfunction, ICU or hos-
pital days, and ventilator or dialysis days when 
comparing the use of crystalloid and colloid for 
fl uid resuscitation. The volume of replacement can 
be estimated by a percentage of total body water 
(TBW). Mild, moderate, or severe volume losses 
approximate 5%, 10%, or 15% of TBW, depend-
ing on the rapidity with which they occurred. 
(The effect of sodium is on TBW, although its dis-
tribution is extracellular.) [Table 3]. When blood 
and/or colloid are needed, they are converted to 
“crystalloid equivalents” at a ratio of 3:1. The rate 
of replacement depends on the degree of hemo-
dynamic instability.

ECV Expansion: The classic causes of ECV 
excess are the following “edematous disorders”: 
congestive heart failure (CHF); cirrhosis (with 
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Figure 2. The renal handling of water. Water reabsorption 
(urinary concentration) requires the presence of ADH and a 
concentrated medullary interstitium provided by active Na+ 
and Cl− reabsorption in the ascending limb of Henle. Water 
excretion (urinary dilution) occurs in the absence of ADH. 
GFR and proximal tubular reabsorption affect urinary con-
centration and dilution by controlling the delivery of glomer-
ular fi ltrate to the loop and distal nephron. (Numbers refl ect 
osmolality.)
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ascites); and nephrosis (nephrotic syndrome). 
Renal failure (decreased GFR) and hyperaldo-
steronism are other causes of sodium retention. 
Physical fi ndings of ECV excess such as rales, 
jugular venous distension, ascites, and edema are 
usually present. When mild, the serum sodium 
concentration is usually normal in these syn-
dromes. When hyponatremia occurs, it is a marker 
of disease severity and an independent predictor 
of mortality.

Several mechanisms are responsible for the 
renal sodium retention seen in patients with these 
edematous disorders. The GFR is often low as a 
result of poor cardiac output or decreased oncotic 
pressure. Aldosterone excess, and its effect on 
increases in distal tubular sodium reabsorption, is 
a secondary result. Increased levels of  circulating 

or regionally generated angiotensin II cause 
preferential constriction of the efferent glomeru-
lar sphincter, lowering the hydrostatic pressure 
while raising the oncotic pressure in the peritu-
bular capillary, thus enhancing proximal renal 
tubular sodium retention. These factors override 
the increased production and effects of natriuretic 
peptides such that the urinary sodium concentra-
tion and FENa are extremely and inappropriately 
low. The basic fl uid therapy for patients with ECV 
excess is salt and water restriction.

Clinical Disorders of Water Balance

Hyponatremia: Hyponatremia is present in 6 
to 22% of general hospitalized patients, but in as 
many as 30% of ICU patients, and is a signifi cant 
predictor of mortality. The degree of hyponatre-
mia directly correlates with the severity of both 
CHF and parenchymal liver disease. As a sur-
rogate for serum osmolality, the serum sodium 
concentration refl ects changes in water balance 
relative to total body sodium concentration. 
Therefore, after excluding pseudohyponatremia, 
one can best approach hyponatremia based on the 
patient’s ECV (Table 4).

Hyponatremia occurs with ECV depletion 
whenever free water intake accompanies GI or 
renal sodium loss. The most common example 
is a GI illness with continued oral or IV water 
(without salt) replacement. Another example is 

Table 3. Signs and Symptoms of ECV Depletion Roughly 
Correlate to a Percentage of TBW*

Variables

ECV Depletion

Mild Moderate Severe

TBW depletion 5% 10% 15%
Symptoms “Dry” Lethargy Stupor
Heart rate, beats/min 80 100 120
BP Normal Orthostatic Shock
Jugular vein Normal �5 cm H2O Flat
Skin Normal Tenting

*The severity of symptoms and the urgency of replacement 
are affected by the acuity of the underlying disease.

Table 4. Differential Diagnosis of Hyponatremia and Hypoosmolality*

Variables Hypovolemia (↓ ECV) Euvolemia (Normal ECV) Hypervolemia (↑ ECV)

Diagnoses Vomiting, diarrhea, and fi stula (UOsm, 
� 300 mOsm/L; UNa, �20mEq/L)/ 
diuretics, hypoaldosteronism, RTA, 
“salt losing,” and CSW (UOsm, 300 
mOsm/L; UNa, �20 mEq/L)

Polydipsia and malnutrition (UOsm, 
�100 mOsm/L; UNa, �30 mEq/L)/
SIADH, hypothyroid, and 
hypocortisol (UOsm, �100 
mOsm/L; UNa, �30 mEq/L)

CHF, cirrhosis/ascites, 
nephrotic syndrome, 
renal failure (UOsm, 
�300 mOsm/L†; 
UNa, �10 mEq/L†)

Other fi ndings Hypokalemia: vomiting, diarrhea, 
diuretics, and RTA

Hypokalemia: SIADH and 
polydipsia

Hyperkalemia: hypoaldosteronism Hyperkalemia: hypocortisol
Metabolic alkalosis: vomiting and 

diuretics
Hypouricemia

Metabolic acidosis: diarrhea and 
hypoaldosteronism

Fluid therapy Isotonic saline Restrict H2O Restrict H2O and saline

*CSW � cerebral salt wasting; ↓ �  decrease; ↑ � increase. See Table 2 for other abbreviations not used in the text.
† Excludes renal failure.
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 diuretic-associated hyponatremia. Although it 
is usually mild, severe hyponatremia can occur, 
particularly with thiazide-type diuretics. Thia-
zides limit free water excretion by inhibiting 
distal tubular sodium reabsorption. ECV deple-
tion appropriately stimulates ADH secretion and 
water reabsorption, contributing to the hypona-
tremia. Loop diuretics, on the other hand, gradu-
ally diminish the medullary interstitial solute 
and osmolarity, thereby limiting the osmolar 
gradient for water reabsorption so that hypo-
natremia is less commonly a side effect of these 
agents. Elderly women and patients taking non-
steroidal antiinfl ammatory drugs (NSAIDs) are 
particularly prone to thiazide-induced hypona-
tremia. Polydipsia and hypokalemia contribute 
to the pathogenesis. Treatment is to discontinue 
therapy with thiazides, restrict water, and replace 
potassium.

Cerebral salt wasting may cause ECV deple-
tion and hyponatremia. This syndrome usually 
follows an acute CNS catastrophe or surgery, and 
is likely due to the release of natriuretic peptides 
and secondary ADH secretion.

Isotonic saline solution is indicated for those 
patients with moderate-to-severe volume deple-
tion. Care must be taken to avoid too rapid a 
correction of hyponatremia. Because ADH secre-
tion is abrogated as saline solution is replaced, a 
physiologic water diuresis will correct the hypo-
natremia promptly. Administration of hypertonic 
saline solution is rarely necessary.

Exercise-induced hyponatremia occurs in as 
many as 15% of participants in high-endurance 
activities such as marathons and triathlons. It is 
likely related to a conspiracy of factors includ-
ing sodium losses in the sweat, excess free water 
intake (related to a racing time of �4 h) and the 
nonosmotic stimulation of ADH. It is more fre-
quent in woman and users of nonsteroidals anti-
infl ammatory drugs. Treatment is reserved for 
symptomatic patients and may require therapy 
with isotonic or hypertonic saline solution, 
depending on the patient’s ECV status.

Hyponatremia with a normal ECV occurs 
whenever the addition of free water to the ECV 
exceeds the renal capacity to excrete water. In 
healthy patients, 10 to 15 L of water intake is 
required to cause signifi cant hyponatremia. 
Extreme polydipsia (called psychogenic polydipsia) 

is rare, but hyponatremia can occur with signifi -
cantly less water intake if ADH secretion is stim-
ulated or its renal tubular effect is enhanced by 
certain drugs (Table 5). Chronic malnutrition or 
“low osmolar syndrome” is a much less dramatic 
cause of hyponatremia. These disorders will have 
appropriately dilute urine (specifi c gravity, �1.010; 
urinary osmolality, �200). The drug “Ecstasy” 
(3,4 methyldioxymethamphetamine) can cause 
acute hyponatremia by simultaneously stimulat-
ing both thirst and ADH secretion.

The syndrome of inappropriate ADH (SIADH) 
also causes hyponatremia in euvolemic patients. 
In fact, edema is an exclusion criterion for SIADH, 
as are hypothyroidism and glucocorticoid defi -
ciency. Features include hypoosmolality with 
relatively high urinary osmolality (less than maxi-
mally dilute urine or �100 mOsm/L) and hypo-
natremia with relatively high urinary sodium 
(�30 mEq/L). Excluding the edematous disor-
ders (ie, heart, liver, and kidney disease) is also a 
prerequisite for the diagnosis of SIADH.

Table 5. Differential Diagnosis of SIADH

Diagnosis Description

Drugs Amitriptyline
Bromocriptine
Carbamazepine
Chlorpropamide
Cisplatin
Cyclophosphamide
3,4 methyldioxymethamphetamine 

(Ecstasy)
Haloperidol
Monoamine oxidase activity inhibitors
Methylenedioxymethamphetamine
NSAIDs
Serotonin reuptake inhibitors 

(eg, fl uoxetine)
Thioridazine
Thiothixene
Vincristine/vinblastine

Malignancy Small cell lung
Other lung
Pancreas
Several others

CNS diseases Cerebrovascular accident
Infection
Trauma

Pulmonary Pneumonia
Atelectasis
Asthma
Pneumothorax

Major surgery Transphenoidal
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Although malignancy (particularly in the 
lung) is a common and important cause of SIADH, 
nearly one third of patients with lung cancer and 
hyponatremia have no evidence of ectopic ADH 
production. The ectopic production of atrial natri-
uretic peptide may be responsible in some of these 
patients. Fluid restriction will worsen the hypo-
natremia, and, unlike patients with SIADH, these 
patients will improve with the IV administration 
of saline solution.

The basic fl uid therapy for polydipsia or 
SIADH is sodium and water restriction. Drugs 
that inhibit the ADH effect are useful therapeutic 
adjuncts. These include demeclocycline, phenyt-
oin, lithium, and loop diuretics (by limiting med-
ullary interstitial osmoles).

Vasopressin receptor antagonists, which are 
now available for the treatment of euvolemic 
hyponatremia (eg, SIADH), may also have appli-
cation in patients with refractory hyponatremia of 
CHF and cirrhosis. The inhibition of the V2 (renal 
collecting tubule) receptor induces an aquaresis 
without signifi cant sodium or potassium loss and 
without neurohumoral activation. However, a neg-
ative feedback increase in vasopressin levels may 
lead to unopposed stimulation of V1 receptors (ie, 
vascular smooth muscle, myocardium, and liver) 
with negative effects (ie, ventricular remodeling, 
and coronary or intestinal vasospasm in patients 
with CHF) or positive effects (ie, decreased portal 
pressure and variceal bleeding in patients with cir-
rhosis). Conivaptan, an IV V1/V2 receptor antago-
nist and the only approved agent in this class, may 
abrogate these negative cardiac and  hemodynamic 
effects. It increases free water clearance and serum 
sodium concentration in patients with SIADH 
and CHF. Tolvaptan and savavaptan (not yet 
available) are oral selective V2 receptor antago-
nists, which increase serum sodium levels and 
improve mental function in patients with CHF. 
Neither agent has had an effect on mortality.

Hyponatremia commonly accompanies and 
is a marker of severity of CHF. The decrease in 
“effective” intravascular volume stimulates 
thirst, increases ADH secretion, limits GFR, and 
enhances proximal renal tubular reabsorption of 
sodium and water, thus limiting the delivery of 
glomerular fi ltrate to the diluting ascending limb. 
The result is increased intake and limited excre-
tion of free water. Hyponatremia is also commonly 

seen in patients with cirrhosis (particularly those 
with ascites) and nephrotic syndrome. The uri-
nary sodium concentration is low (�20 mEq/L), 
and the urinary osmolarity is high (�300 mOsm/
L), mimicking ECV depletion, although with very 
different physical fi ndings. Basic fl uid therapy for 
these disorders is salt and water restriction with 
diuretics.

Hypernatremia: Because thirst provides excellent 
protection against hyperosmolality, hypernatremia 
is unusual unless access to water is impaired. There-
fore, hypernatremic patients are usually elderly, 
have a decreased mental status, or are in some way 
incapacitated. The fact that hypernatremia man-
dates hypertonicity ensures cellular dehydration, 
particularly of the brain. Therefore, hypernatremic 
patients are usually quite ill. Because hypernatre-
mia is synonymous with hyperosmolality, a water 
defi cit relative to sodium is always present. There-
fore, an approach to the hypernatremic patient 
based on his or her salt balance (ECV) is appropri-
ate (Table 6, Fig 3).

Hypernatremia in patients with decreased 
ECV occurs with the administration of osmotic 
cathartic and diuretic agents. The osmotic effect 
ensures that water will be lost without an excess 
of sodium (because of the presence of a nonso-
dium osmole). This occurs with the presence of 
lactulose or sorbitol in the intestinal tract, or in 
the urine in patients with hyperglycemia; man-
nitol; low-molecular-weight proteins (from 
hyperalimentation); and urea (postobstructive 
diuresis). The osmotic effect also causes variable 
salt depletion. Fluid therapy for these patients, 
therefore, requires water (to correct the free water 
defi cit) and isotonic saline solution (to correct the 
decreased ECV).

Euvolemia with hypernatremia indicates the 
isolated loss of free water. This can occur with mas-
sive insensible losses such as severe sweating or 
hyperventilation, or, rarely, with primary hypodip-
sia. The most common cause of euvolemic hyper-
natremia, however, is diabetes insipidus (DI). These 
patients have an inappropriately low ADH level 
(central DI) or a blunted ADH effect (nephrogenic 
DI). The urinary osmolality is inappropriately low 
(�300 mOsm/L) despite hypernatremia. Patients 
with central DI will respond to the parenteral 
administration of ADH by increasing urinary osmo-
lality and decreasing urinary volume. Both central 
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and nephrogenic DI can occur in either partial or 
complete forms and, therefore, with a broad range 
of urinary osmolalities following water deprivation 
or ADH. The differential diagnosis of both central 
and nephrogenic DI is listed in Table 7.

The rarest clinical salt and water problem is 
hypernatremia with increased ECV. This occurs 
with the massive administration of hypertonic 
bicarbonate or hypertonic saline solution, or 
rarely in those persons who have experienced salt 
or salt-water ingestion. The urinary osmolality is 
high, and the patients are appropriately excreting 
increased amounts of urinary sodium. Treatment 
is obviously to restrict the salt and administer free 
water and diuretics as needed.

Figure 3 plots the common derangements 
of body salt (disorders of the ECV) and water 

( disorders of serum osmolality). Most of the clini-
cal syndromes seen in critically ill patients are 
actually combinations of separate salt (ECV) and 
water problems. When this occurs, it is helpful to 
approach each patient as if there are two separate 
problems. First, defi ne the nature and treatment of 
the ECV problem. Next, identify the water (osmo-
lality) problem and its treatment. Finally, sum up 
and administer the therapies. This approach will 
simplify even the most severe derangement of 
fl uid and electrolytes.

Treatment Issues

Serum osmolality is the major determinant 
of brain water and therefore of brain volume 
(Fig 4). Abrupt hypoosmolality causes brain 

Table 6. Differential Diagnosis of Hypernatremia*

Variables Hypovolemia (↓ ECV) Euvolemia (Normal ECV) Hypervolemia (↑ ECV)

Diagnoses GI loss: vomiting, diarrhea, and fi stula 
(UOsm, � 800 mOsm/L; UNa, � 20 
mEq/L)/renal loss: hyperglycemia, 
mannitol, high-protein feedings, and 
postobstructive diuresis (UOsm, 
300–800 mOsm/L; UNa, � 30 mEq/L)

Sweating and hypodipsia (UOsm, 
� 800 mOsm/L; UNa, � 20 �/L)/ 
central DI and nephrogenic DI 
(UOsm, � 300 mOsm/L†; UNa, 
� 20 mEq/L)

Hypertonic NaHCO3, hy-
pertonic saline solution, 
sea water ingestion 
(UOsm, � 800 mOsm/
L; UNa, � 30 mEq/L)

Other fi ndings Hypokalemia: vomiting, diarrhea, 
diuresis; metabolic alkalosis: 
vomiting

UOsm after AVP: central DI, 
400–800 mOsm/L†; nephrogenic 
DI, no change

Fluid therapy Combined water and saline solution Water Water

*AVP � aqueous vasopressin, 5 U subcutaneously. See Tables 2 and 4 for other abbreviations not used in the text.
†Urine osmolality varies with partial vs complete DI.

Total Body Na ( ECV )
Low Normal High

[ 140 ]
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Nephrosis

Polydipsia
SIADH
Hypothyroid

Cortisol

GI loss
Renal loss
Osmotics

Cent DI
Neph DI
Insensible

NaHCO 3 IV
3% Saline IV
Sea water ingestion

120

140

160

Figure 3. Differential diagnosis of hyponatremia and hyper-
natremia based on water balance relative to total body sodium 
(ECV). Cent � central; Neph � nephrogenic.

Table 7. Differential Diagnosis of Central and Nephrogenic DI

Central DI Nephrogenic DI

Trauma Drugs
Neurosurgery Lithium

Transphenoidal Demeclocycline
Pituitary infarction Amphotericin

Sheehan Cisplatin
Cerebrovascular accident Glyburide
Shock Hypercalcemia

Neoplasm Hypokalemia
Meningitis/encephalitis Tubulointerstitial nephritis
Drugs Obstructive uropathy

Phenytoin Diuretic-phase acute tubular 
necrosisEthanol

Familial
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edema; abrupt hyperosmolality causes brain 
shrinkage. The more rapidly this occurs, the more 
likely it is that symptoms will occur and the more 
urgent is the need for therapy. Over time, adapta-
tion to changes in osmolality occurs. With chronic 
hypoosmolality, the brain loses electrolytes (osmo-
lytes), thus lowering intracellular osmolality to that 
of plasma. With hyperosmolality, the brain will 
generate osmoles (idiogenic osmoles), thus raising 
intracerebral osmolality. Both adaptations tend to 
return brain osmolality toward plasma osmolal-
ity and brain volume toward normal as a new 
steady state is reached. Any subsequent change in 
plasma osmolality (ie, those induced by therapy) 
will cause brain swelling or shrinkage once again. 
Potential complications of this include altered 
mental status, seizures, coma, or the most serious 
complication, central pontine myelinolysis. There-
fore, slow correction is the rule for severe degrees 
of either hyponatremia or hypernatremia.

For asymptomatic patients with hyponatre-
mia, simple water restriction and observation are 
adequate. If the patient is hyponatremic and ECV 
depleted, isotonic saline solution can be admin-
istered. Again, because ADH secretion is volume 
sensitive, a too rapid correction can occur as the 
saline solution is administered; thus, frequent 
monitoring of serum Na levels is required.

For patients who are severely symptomatic with 
hyponatremia, the administration of  hypertonic 

(3%) saline solution is indicated to increase the 
serum Na by not �0.5 to 1 mEq/L/h and not 
�8 mEq/L in a 24-h period. One can calculate the 
sodium defi cit in these patients as follows:

Na defi cit � (desired Na – current Na) � TBW

TBW is approximately 60% of body weight in 
men, and 50% of body weight in women and in 
the elderly. Using this formula, a 70-kg man with 
a serum Na concentration of 103 mEq/L would 
need 504 mEq of Na to raise his serum Na con-
centration to 115 mEq/L (12 mEq/L � 42 L). This 
is approximately 3.3 L of isotonic saline solution 
(154 mEq/L). To avoid central pontine myelin-
olysis, correction should not exceed 8 mEq/L/d. 
Again, close observation for the occurrence of a 
too rapid correction or signs of fl uid overload is 
mandatory in these patients.

For hypernatremia, the water defi cit can be 
calculated as follows:

Water defi cit �  ([current Na � target Na] – 1) � (0.6 
� body weight [in kilograms])

For example, a 60-kg man with a serum Na 
concentration of 175 mEq/L needs 9 L of free 
water to correct his serum Na concentration to 
140 mEq/L (ie, [175 � 140] – 1 � 36 L � 9 L). As 
with hyponatremia, correction should not exceed 
0.5 to 1 mEq/L/h and not �12 mEq/L in a 24-h 
period in severely hypernatremic patients.

An excellent approach to fl uid therapy for 
either hyponatremia or hypernatremia is to deter-
mine the effect of 1 L of a given fl uid on the serum 
[Na+] concentration as outlined by the following 
formula:

Change [Na+] �  ([infusate Na+ � K+] 
– serum [Na+])/(TBW � 1)

In our above example, 1 L of a 5% dextrose 
solution in water would decrease the patient’s 
serum [Na+] concentration by 4.7 mEq/L ([0 – 175] 
� 37 � 4.7). By this formula, it would require 
7.5 L to decrease his serum Na+ concentration 
from 175 to 140 mEq/L. This formula easily 
adjusts for any potassium administered. Use of 
this formula requires knowledge of the Na+ con-
tent of commonly prescribed IV fl uids. These are 

Figure 4. Acute change in serum osmolality effects intrace-
rebral swelling or shrinkage. Within days, a new steady state 
is reached by brain electrolyte loss (in response to hypoos-
molality) or the generation of osmoles (in response to hyper-
osmolality). A too rapid correction of serum osmolality will 
similarly effect a change in cerebral volume.

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 



ACCP Critical Care Medicine Board Review: 20th Edition 547

outlined in Table 8, along with their percentage 
distribution into the ECV.

Calcium

Calcium balance is depicted in Figure 5. Approx-
imately 400 mg (30 to 35% of an average daily 
intake of 1,200 mg) is absorbed from the intestinal 
tract. The daily excretion of this amount occurs 
in the urine and stool (150 to 200 mg/d in each). 
Vitamin D is the major factor controlling absorp-
tion. The fat-soluble vitamin D3 is absorbed from 
the diet, 25-hydroxylated in the liver (to calcife-
diol), and 1-hydroxylated by the kidney to 1,25 
dihydroxy vitamin D (calcitriol), which is the 
active form of the vitamin. Parathyroid hormone 
(PTH) and hypophosphatemia primarily stimu-
late the formation of calcitriol. Malabsorption, 
liver disease, and renal disease may cause vita-
min D defi ciency.

PTH preserves serum calcium by stimulat-
ing osteoclast resorption of bone, increasing renal 
tubular reabsorption of fi ltered calcium, and 
stimulating the production of calcitriol, which 
enhances the intestinal absorption of calcium. 
PTH secretion is stimulated by ionized hypocal-
cemia, and is suppressed by hypercalcemia and 

hypomagnesemia. It is primarily the combined 
action of PTH and vitamin D on bone that con-
trols the serum calcium concentration.

In the blood, approximately 40 to 50% of cal-
cium is in the ionized or physiologically active 
form. In critically ill patients, total serum calcium 
concentration is a poor predictor of ionized cal-
cium. Albumin binding, alkalosis, and the presence 
of chelators, such as citrate, phosphate, or lactate, 
can signifi cantly infl uence the ionized fraction 
with relatively little alteration of the total calcium 
level (Table 9). In fact, the term pseudohypercalcemia 
refers to the elevation of serum total calcium lev-
els due to hyperalbuminemia. Similarly, low levels 
of serum albumin will lower serum total calcium 
levels. In neither case will the active or ionized cal-
cium level change. This direct relationship of total 
calcium to albumin can be quantitated as follows: 
Δalbumin of 1 g/dL � Δtotal calcium of 0.8 g/dL. 
The direct measurement of ionized calcium by an 
ion-specifi c electrode is now widely available and 
offers a much more accurate assessment of serum 
calcium levels in critically ill patients.

Table 8. Sodium Content and Percentage Distribution Into the 
ECV of 1 L of Crystalloid Solutions

Infusate Na+, mEq % in ECV

Dextrose 5% in water 0 40
0.2% normal saline solution 34 55
0.45% normal saline solution 77 73
Lactated Ringer solution 130 97
0.9% normal saline solution 154 100

Serum Ca
(8.5-10.5 mg/dL)

G I
(1,000 mg/d)

Renal
(150-200 mg/d)

Bone

400 mg

Diet (1,200 mg/d)
Vit D

PTH
Vit D

PTH
Vit D

Figure 5. Calcium balance.

Table 9. Common Clinical Conditions That Dissociate Total (TCa) and Ionized (ICa) Calcium*

Condition TCa ICa Explanation Degree

Hypoalbuminemia ↓ N Decreased protein binding ΔAlb 1.0 mg/dL � ΔTCa 0.8 mg/dL
Hyperalbuminemia ↑ N Increased protein binding ΔAlb 1.0 mg/dL � ΔTCa 0.8 mg/dL
Multiple myeloma ↑ N Ca binding to globulin
Respiratory alkalosis N ↓ Increased albumin binding ΔpH 0.1 � ΔICa 0.16 mg/dL
Hyperparathyroidism N ↑ Decreased albumin binding
Hyperphosphatemia N ↓ Chelation
Hypercitratemia N ↓ Chelation

*TCa � total calcium; ICa � ionized calcium; N � normal; Alb � albumin. See Table 4 for other abbreviations not used in the text.
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Hypercalcemia

Hypercalcemia (Table 10) can occur with exces-
sive GI absorption (eg, milk alkali syndrome and 
excess vitamin D) or with increased renal reab-
sorption of fi ltered calcium (eg, hyperparathyroid-
ism and thiazides). However, clinically signifi cant 
hypercalcemia most often occurs with accelerated 
bone resorption. In hyperparathyroidism, direct 
osteoclast activation by PTH causes hypercalce-
mia. PTH or PTH-related peptides (PTHrPs) can 
also be produced by several malignancies (eg, in 
the lung, ovary, kidney, or bladder). Osteoclast-
activating factor, which is produced by myeloma 
cells, also causes hypercalcemia. Hypercalcemia 

caused by the direct lytic involvement of bone 
is seen with several cancers (ie, breast and pros-
tate). Immobilization can cause hypercalcemia by 
increasing bone resorption, particularly in young 
patients or those with Paget disease. Hypercal-
cemia is common in the recovery phase of rhab-
domyolysis-induced acute renal failure. Severe 
hypercalcemia (�14 mg/dL [3.5 mmol/L]) usu-
ally requires a combination of factors, including 
excessive osteoclast-stimulated bone resorption, 
increased renal tubular calcium reabsorption (due 
to PTH, PTHrP, or volume depletion), and immo-
bilization. This combination is most often seen in 
patients with malignancy in the ICU setting.

The clinical manifestations of hypercalcemia 
include anorexia, constipation, and abdominal 
pain progressing to weakness, lethargy, obtunda-
tion, and even coma as the serum calcium con-
centration increases to 16 mg/dL. Polyuria due to 
nephrogenic DI may produce volume  depletion, 
which in turn stimulates renal tubular calcium 
reabsorption and aggravates hypercalcemia. 
Renal insuffi ciency is common with acute and/or 
severe hypercalcemia. A shortened QT interval, 
bradycardia, and heart block may occur, particu-
larly in patients receiving therapy with digitalis.

The treatment of mild hypercalcemia (�12 mg/
dL) may require only simple hydration, restriction 
of dietary calcium, and treatment of the underly-
ing disease. As the serum calcium concentration 
increases to �12 mg/dL or the patient becomes 
symptomatic, specifi c anticalcemic therapy may 
be required (Table 11). IV saline solution (3 to 
4 L/d) and furosemide (80 to 160 mg/d) can pro-
duce a modest decrement in serum calcium  levels 

Table 10. Common Causes of Hypercalcemia

Cause Description

Increased GI absorption Vitamin D intoxication
Ectopic vitamin D

Lymphoma
Sarcoidosis
Histoplasmosis
Tuberculosis

Increased bone resorption Primary 
hyperparathyroidism

Ectopic PTH and PTHrP
Osteolytic metastases
Multiple myeloma 

(osteoclast-activating 
factor)

Immobilization
Posthypocalcemic 

(eg, rhabdomyolysis)
Increased renal reabsorption Hyperparathyroidism

Thiazide diuretics

Table 11. Treatment of Hypercalcemia*

Therapy Dose Onset Duration Effi cacy, mg/dL Toxicity

NS 3–6 L/d Hours Hours 1–2 Excess ECV
Furosemide 80–160 mg/d Hours Hours 1–2 ECV depletion
Hydrocortisone 200 mg/d Hours Days Mild† ↑BP, ↓K, ↑glucose
Calcitonin 4–8 U/kg Hours Hours 1–2 Nausea, thrombopenia
Mithramycin 25 µg/kg 12 h Days 1–5 Marrow, liver, kidney
Pamidronate 30–90 mg/wk Days 1–4 wk 1–5 Fever
Zolendrate‡ 4–8 mg Days Weeks 1–5
Gallium 200 mg/m2 Days Days to weeks 1–5 Fever

*NS = normal saline solution. See Table 4 for other abbreviations not used in the text.
†Effective for hypercalcemia of vitamin D excess or ectopic vitamin D syndromes.
‡Preferred bisphosphonate.
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by enhancing renal calcium excretion. When using 
saline solution and furosemide, one should achieve 
a minimum urinary output of 100 mL/h. Corti-
costeroids (hydrocortisone, 200 to 300 mg/d IV, 
or prednisone, 40 to 80 mg/d po) are effective 
when hypercalcemia is caused by excess vitamin 
D (eg, vitamin D intoxication, sarcoidosis, or lym-
phoma) or multiple myeloma.

More aggressive treatment is required for 
serum calcium concentrations of �14 mg/dL. 
Although relatively weak, calcitonin (4 to 8 U/kg 
q6 to 12h) can work within hours to lower the 
serum calcium concentration. Calcitonin is also a 
potent analgesic and therefore particularly suited 
for patients with bone pain. Usually, treatment 
with mithramycin (25 μg/kg IV) or the bisphos-
phonates (etidronate, 7.5 mg/kg IV; pamidronate, 
30 to 90 mg IV; or zoledronic acid, 4 to 8 mg IV) 
will also be necessary. Mithramycin will begin to 
lower serum calcium concentration within hours, 
with its nadir effect at 48 to 72 h. The effect typi-
cally persists for several days, but repeat dosing is 
often necessary. The effect of bisphosphonate ther-
apy is usually slower but more prolonged, with a 
nadir in serum calcium level at 7 days and a dura-
tion of several weeks. Zolendronic acid (4 to 8 mg 
IV) is likely superior to pamidronate and is now 
the preferred therapy for most cases of moderate-
to-severe hypercalcemia. A constant infusion of 
gallium nitrate (200 mg/m2/d for 5 days) will nor-
malize serum calcium concentrations in 70 to 80% 
of hypercalcemic patients. The onset, however, 
is relatively slow, and the nadir is usually at 8 to 
10 days. The use of gallium is limited by its neph-
rotoxicity. The use of oral phosphate (too weak) 
and IV phosphate (too dangerous) is no longer 
recommended for the treatment of hypercalcemia. 
Hemodialysis or peritoneal dialysis with a zero-
calcium dialysate is rarely necessary but can be 
used to treat severe hypercalcemia.

Hypocalcemia

Hypocalcemia (Table 12) can be seen with vita-
min D defi ciency, PTH defi ciency or resistance, or 
binding by various intravascular or tissue chela-
tors. The malabsorption of calcium and vitamin D 
most commonly occurs as a result of small-bowel 
resection or infl ammation (eg, Crohn disease). Liver 
disease (decreased synthesis of calcifediol) or renal 

disease (decreased synthesis of calcitriol) may also 
cause vitamin D defi ciency.  Hypoparathyroidism 
most often occurs postthyroidectomy but rarely 
is due to a familial multiglandular condition. 
Suppression of PTH release is usually due to 
hypomagnesemia but may accompany severe 
hypermagnesemia, sepsis, burns, pancreatitis, or 
rhabdomyolysis. Hypomagnesemia also causes 
PTH resistance. Rapid or massive blood or plasma 
transfusion may cause calcium chelation by citrate, 
an effect that is also seen when citrate is used as 
an alternative anticoagulant for hemodialysis. The 
most common calcium chelator, however, is phos-
phorus, and this hypocalcemic syndrome may 
occur in patients with major tissue damage (eg, 
burns or rhabdomyolysis), tumor lysis syndrome, 
or acute and chronic renal failure.

The clinical signs of hypocalcemia include 
perioral paresthesia, muscular spasms, tetany, 
and even seizures. Chvostek and Trousseau signs 
do not usually develop unless the serum cal-
cium concentration falls below 6 mg/dL. Several 
 studies have suggested that ionized hypocalcemia 

Table 12. Common Causes of Hypocalcemia

Causes Description

Decreased GI absorption Vitamin D defi ciency
Malabsorption
Hepatic failure
Renal failure

Malabsorption syndromes
Decreased bone resorption Hypoparathyroidism

Postthyroidectomy
Familial hypomagnesemia
Sepsis
Burns
Pancreatitis
Rhabdomyolysis

PTH resistance
Hypomagnesemia
Pseudohypoparathyroidism

Osteoblastic metastases
Intravascular or tissue 

chelation
Citrate

Transfusion
Anticoagulation

Albumin
Fat embolus
Hyperphosphatemia

Burns
Rhabdomyolysis
Tumor lysis
Renal failure
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and elevated PTH levels are associated with an 
increased mortality. Prolongation of the QT inter-
val is common. Bradycardia and hypotension are 
indications for emergent therapy.

Because the treatment of hypocalcemia with 
calcium alone is only transiently effective, one 
must identify and correct the underlying cause. 
Mild or asymptomatic hypocalcemia requires only 
an increase in dietary calcium. The administra-
tion of calcium (100 to 200 mg IV over 10 min fol-
lowed by constant infusion at a rate of 100 mg/h) 
should be reserved for symptomatic patients 
or those with serum calcium concentrations of 
�6 mg/dL. Therapy with calcium gluconate 
(90 mg elemental calcium per 10 mL ampoule) 
is preferred to limit vein irritation and extrava-
sation. Calcium infusion should be avoided in 
patients with severe hyperphosphatemia. The 
serum calcium level should initially be monitored 
every 4 h. Once the serum calcium concentration 
is �7 mg/dL, it usually can be maintained with 
oral calcium supplements (0.5 to 1.0 g tid). The 
addition of vitamin D3 (25,000 to 50,000 U three 
times weekly), calcifediol (25-[OH]D3; 50 to 300 
μg/d), or calcitriol (1,25 (OH)2 D3; 0.25 to 1 μg/d) 
will be necessary in those patients with vitamin 
D defi ciency. Thiazide diuretics increase proximal 
tubular calcium reabsorption by inducing intra-
vascular volume contraction and can serve as a 
therapeutic adjunct. Finally, the hypocalcemia of 
magnesium depletion cannot be corrected until 
magnesium losses are replaced.

Magnesium

One third of the daily dietary magnesium 
requirement of approximately 360 mg (30 mEq) 
is absorbed (Fig 6). Renal excretion accounts for 
most of the daily magnesium loss, but some GI 
secretion occurs as well. Like calcium, magnesium 
is primarily an intracellular cation that is stored in 
bone (55%) and skeletal muscle (30%). Less than 
1% of total body magnesium is in the extracel-
lular fl uid (ECF). Unlike calcium, however, no 
hormones control the magnesium balance, and 
serum magnesium is not readily exchangeable 
with tissue stores. Therefore, the loss of magne-
sium can lead rather quickly to hypomagnesemia, 
and there is little protection against hypermagne-
semia when renal excretion is impaired.

Hypermagnesemia

Hypermagnesemia occurs primarily in pa tients 
with renal insuffi ciency or in those receiving 
excess magnesium by IV route (treatment of pre-
eclampsia), rectal route (magnesium-containing 
enemas), or oral route (antacids and laxatives). 
The latter occurs more commonly when absorp-
tion is enhanced by GI infl ammation (eg, ulcer, 
gastritis, or colitis). Excess dietary magnesium 
will not cause hypermagnesemia unless renal 
function is impaired.

The signs and symptoms of hypermagnesemia 
are related to the plasma level (Table 13). Lethargy 
and hyporefl exia can occur at levels �4 mg/dL. 
Respiratory depression, bradycardia, and hypo-
tension are usually seen at levels �7 mg/dL. A 
serum magnesium level of �12 mg/dL can cause 
muscle paralysis, complete heart block, and 

Diet (30 mEq)

10 mEq

Serum Mg
(1.6-2.4 mg/dL)

Renal
(9.5 mEq/d)

G I
(<0.5 mEq/d)

Muscle (27%)
Bone (53%)

Other (19%)

Figure 6. Magnesium balance.

Table 13. Clinical Manifestations of Hypomagnesemia/
Hypermagnesemia Related to the Serum Level

Serum Level, mg/dL Manifestations

� 12 Muscle paralysis, complete heart 
block, cardiac arrest

� 7 Somnolence, respiratory depression, 
hypocalcemia, bradycardia, and 
hypotension

� 4 Lethargy and hyporefl exia
1.6–4 Usually asymptomatic
� 2 Normomagnesemic magnesium 

depletion
� 1.6 Weakness, anorexia, hypokalemia, 

and hypocalcemia
� 1.2 Tetany, positive Chvostek and 

Trousseau signs, wide QRS, and 
peaked T

� 0.8 Convulsions, prolonged PR, and 
ventricular arrhythmia
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cardiac arrest. In these cases, IV calcium (100 to 
200 mg of elemental calcium over 5 to 10 min) can 
be life saving. Dialysis can also be used when 
renal function is impaired. Milder symptoms and 
magnesium levels of �8 mg/dL require only vol-
ume expansion and the discontinuing of exoge-
nous magnesium.

Hypomagnesemia

Hypomagnesemia occurs in 12% of hospital-
ized patients, but in 40 to 60% of ICU patients. It 
predicts excess mortality in acutely ill and post-
operative adult patients, and in neonates with 
ventilatory failure. The treatment of hypomagne-
semia improves survival in some studies of endo-
toxic shock (rats), patients with acute myocardial 
infarction (MI), and postoperative patients with 
left ventricular dysfunction.

GI and renal losses account for most cases of 
magnesium depletion (Table 14). Extreme diar-
rhea or malabsorption can readily deplete serum 
magnesium; prolonged vomiting or gastric secre-
tion induces hypomagnesemia more gradually. 
Because of obligate daily losses of magnesium in 
the stool and urine, a 1- to 2-week period of not 
eating or not receiving magnesium in IV fl uids 
will cause hypomagnesemia in most patients.

Renal magnesium wasting occurs with exces-
sive diuresis (IV fl uids, postobstructive, and 
diuretic phase of acute renal failure), with the 
use of diuretic drugs (loop and thiazide diuret-
ics), and with the use of several other drugs 
(Table 14). Renal magnesium loss can easily be 
distinguished from GI losses by demonstrating 
an elevated fractional excretion of magnesium 
(�1.5%) in a hypomagnesemic patient. The cal-
culation must account for the plasma (P) protein 
binding of magnesium as follows:

FeMg � (UMg � Pcr � 100)/[(0.7 � PMg) � Ucr]

where UMg is urinary magnesium, Pcr is plasma 
creatinine, PMg is plasma magnesium, Ucr is uri-
nary creatinine, and FeMg is the fractional excre-
tion of magnesium.

Hypomagnesemia can result with increased 
cellular uptake from several causes, including 
refeeding, insulin therapy, or tissue injury (rhab-
domyolysis). Acute pancreatitis can cause hypo-
magnesemia by saponifi cation.

The clinical manifestations of magnesium 
depletion are roughly correlated with the plasma 
level of magnesium (Table 13). Weakness, anorexia, 
and neuromuscular irritability can progress to 
respiratory depression and convulsions in severe 
cases. The cardiac toxicity is highly dependent 
on concurrent myocardial perfusion such that 
severe arrhythmias may occur with seemingly 
mild hypomagnesemia in the setting of acute MI. 
Hypokalemia (due to renal potassium wasting) 
and hypocalcemia (due to altered PTH resistance 
and release) occurs in as many as 40% of mag-
nesium-defi cient patients (trication defi ciency). 
Neither the hypokalemia nor hypocalcemia of 
magnesium defi ciency can be corrected without 
magnesium repletion. In fact, hypokalemia and 
hypocalcemia in the ICU patient often can be cor-
rected with magnesium administration, even in 
normomagnesemic patients (ie, normomagnese-
mic magnesium depletion).

The treatment of hypomagnesemia includes 
correcting the underlying GI or renal cause. Seri-
ous complications such as ventricular ectopy, 
hypokalemia, or hypocalcemic tetany require IV 
magnesium sulfate (1 g [8 mEq] IV immediately 

Table 14. Common Causes of Hypomagnesemia

Causes Description

GI losses Malabsorption
Diarrhea
Gastric suction
Prolonged dietary restriction

Renal losses Excessive IV fl uids
Postobstructive diuresis
Recovery-phase acute tubular 

necrosis
Drugs

Diuretics
Aminoglycosides
Alcohol
Amphotericin
Cyclosporine
Platinum

Ketoacidosis
Bartter syndrome
Renal tubular acidosis

Increased cellular uptake Refeeding
Recovery from hypothermia
Insulin
Rapid tumor growth
Rhabdomyolysis
Pancreatitis
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followed by 6 g over 24 h). Because serum lev-
els normalize before tissue stores are replenished, 
renal losses of magnesium usually continue, 
necessitating daily magnesium replacement (6 to 
8 g of magnesium sulfate) for 3 to 5 days. Milder 
cases of hypomagnesemia can be treated by slow-
release tablets (Table 15). Amiloride will increase 
magnesium absorption in the cortical collecting 
tubule and is an excellent adjunct to magnesium 
therapy.

The use of magnesium to prevent arrhyth-
mias and improve survival in patients with acute 
MI remains controversial and is not routinely 
recommended. However, in high-risk patients, 
16 mEq (8 mmol/L or 192 mg) of magnesium 
IV infused over 5 to 15 min prior to reperfusion 
(thrombolysis or angioplasty) with 128 mEq 
(64 mmol/L or 1,536 mg) infused over the ensu-
ing 24 h appears to decrease the incidence of 
arrhythmia and left ventricular dysfunction, 
and to improve mortality. It is contraindicated 
in patients with a greater than fi rst-degree heart 
block or bradycardia, as magnesium can delay 
atrioventricular conduction.

Potassium

Although only 2% of total body potassium 
is in the ECF, serum potassium is in dynamic 
equilibrium with intracellular stores. Movement 
into and out of cells is controlled by the adren-
ergic nervous system, insulin, and alterations in 
pH. Daily dietary intake (100 mEq) is matched 
by daily renal excretion (90 mEq) and GI excre-
tion (10 mEq). Like calcium and magnesium, 
alterations in serum potassium levels are best 
explained by changes in intake, cellular shift, and 
renal excretion (Fig 7).

Hyperkalemia

The causes of hyperkalemia are outlined in 
Table 16. The release of potassium when blood 
clots in vitro is termed pseudohyperkalemia. Patients 
with severe leukocytosis (�100,000) or thrombo-
cytosis (�400,000) are particularly prone to this 
phenomenon. This diagnosis is confi rmed by a 
simultaneously drawn serum potassium level 
(red-top) and plasma potassium level (green-top). 
Pseudohyperkalemia can also result from varia-
tions in the phlebotomy technique used.

Because the kidney is able to substantially 
increase potassium excretion (up to 300 mEq daily), 
excess dietary potassium rarely causes hyperka-
lemia. However, in patients with even mild renal 
impairment, excessive potassium intake may be 
an important cause of hyperkalemia. Besides oral 
potassium supplements, occult sources of potas-
sium include potassium penicillin, salt substitutes, 
stored blood, and oral (chewed) tobacco products.

Hyperkalemia is often due to the release 
of cellular potassium. Nonselective β-blockers 

Table 15. Treatment of Hypomagnesemia

Serum Mg, mg/dL Clinical Situation Treatment

Elemental Mg

mg mmol/L mEq

� 1.6 Chronic depletion Magnesium oxide, 400 mg bid 241 10 20
� 1.6 Prolonged IV fl uids MgSO4, 4 g/d IV 400 16 32
1.2–1.6 Minimal signs/symptoms MgSO4, 8 g/d IV 800 32 64
� 1.2 Hyperrefl exia, myoclonus MgSO4, 6 g IV q6–8h 600 25 50
� 1.2 Ventricular arrhythmias MgSO4, 2 g IV over 15 min 200 8 16

Muscle

β receptors
Insulin
Aldo
HCl acid
Tonicity Serum K

Diet (100 mEq/d)

Renal
(90 mEq/d)

Flow
Aldo
Lumen

GI
(10 mEq/d)

-

Figure 7. Potassium balance. Aldo = aldosterone.
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(eg, propranolol) may elevate serum potassium 
levels by this mechanism. Aldosterone defi ciency 
increases serum potassium levels by causing an 
intracellular-to-extracellular potassium shift and 
by decreasing renal excretion. Insulin defi ciency 
and hypertonicity (eg, hyperglycemia) indepen-
dently cause a cellular-to-serum shift of potas-
sium, which explains the hyperkalemia (and 
the prompt resolution with therapy) that is so 
often seen in patients with diabetic ketoacidosis. 
Hyperchloremic acidosis (but not organic acidoses 

[eg, ketoacidosis or lactic acidosis]) is also associ-
ated with hyperkalemia due to cellular shifts. In 
these cases, the serum potassium level increases 
by an average of 0.5 mEq/L for each 0.1 decre-
ment in pH. Finally, cell lysis can present a poten-
tially huge potassium burden to the ECF. Thus, 
life-threatening hyperkalemia can be seen with 
rhabdomyolysis, tumor lysis syndrome, massive 
hemolysis, and occasionally with succinylcholine 
administration, particularly with simultaneous 
renal insuffi ciency.

The most common causes of true hyperkale-
mia are related to decreased renal excretion. 
Because the renal tubules not only reabsorb nearly 
all potassium fi ltered at the glomerulus, but also 
secrete most of the 90 mEq of potassium that is 
excreted daily, hyperkalemia rarely develops from 
renal failure (ie, low GFR) per se. Rather, “renal 
hyperkalemia” is usually due to some defect in 
tubular potassium secretion. The tubular secre-
tion of potassium requires aldosterone, good-
functioning distal and collecting tubular cells, and 
an adequate delivery of fi ltered sodium and water 
to these nephron segments. Thus, any cause of 
hypoaldosteronism (eg, hyporeninemia, isolated 
aldosterone defi ciency, angiotensin-converting 
enzyme inhibitors [ACEIs] or angiotensin-
receptor blockers [ARBs], and heparin therapy) 
predisposes the patient to hyperkalemia. Hyper-
kalemia frequently accompanies tubulointerstitial 
renal diseases (particularly chronic pyelonephri-
tis, analgesic nephropathy, sickle-cell disease, 
transplant rejection, and obstructive uropathy) 
despite the relative preservation of renal function 
(GFR, �20 mL/min). The failure to simultaneously 
secrete hydrogen ion allows hyperchloremic (non-
anion-gap) acidosis frequently to accompany 
hyperkalemia (type IV RTA). Finally, several 
drugs cause hyperkalemia by inhibiting tubular 
potassium secretion. In addition to potassium-
sparing diuretics (ie, spironolactone, triamterene, 
and amiloride), cyclosporine, tacrolimus, high-
dose trimethoprim, pentamidine, NSAIDs, and 
ACEIs all share this potential complication.

The acceptance of ACEI/ARBs, spironolac-
tone, and eplerenone as standard therapies for 
CHF has increased the incidence of severe hyper-
kalemia in this group of patients. Although the 
incidence of hyperkalemia (� 6 mEq/L) in the Ran-
domized Aldactone Evaluation Study (or RALES) 

Table 16. Common Causes of Hyperkalemia

Causes Description

Pseudohyperkalemia Thrombocytosis
Leukocytosis
Phlebotomy

Prolonged tourniquet
Fist clenching

Excess intake (usually 
only with renal 
insuffi ciency)

Potassium supplements
Salt substitutes
Potassium penicillin
Stored blood
Oral tobacco products

Intracellular-to-
extracellular shift

β2-Blockers
Aldosterone defi ciency
Insulin defi ciency
Hypertonicity
Succinylcholine
Hyperchloremic acidosis

Cell lysis
Tumor lysis syndrome
Hemolysis
Rhabdomyolysis

Decreased renal 
excretion

Decreased GFR (< 5 mL/min)
Decreased tubular secretion
Hypoaldosteronism

Primary
Hyporeninemic
Heparin
ACEIs/ARBs

Tubulointerstitial nephritis
Analgesic nephropathy
Pyelonephritis
Sickle-cell nephropathy
Renal transplant nephropathy
Obstructive nephropathy

Drugs Amiloride
Spironolactone
Triamterene
Cyclosporine
Tacrolimus
Trimethoprim
Pentamidine
NSAIDs
Digitalis toxicity
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was only 5%, patients with renal insuffi ciency 
(creatinine level, �2 mg/dL) were excluded. An 
incidence of hyperkalemia of 15 to 20% is more 
likely when heart failure is complicated by dia-
betes and renal insuffi ciency, and is treated with 
ACEI/ARBs and spironolactone.

The toxicity of hyperkalemia is neuromuscu-
lar and cardiac. Paresthesias and weakness may 
progress to fl accid paralysis. ECG changes include 
peaked T waves in the precordial leads followed 
by decreased R-wave amplitude, widened PR 
interval, and widened QRS complex, and fi nally 
loss of the P wave and the development of the 
sine wave. Heart block or ventricular standstill 
may occur at any point. The correlation between 
the serum potassium level and the ECG fi ndings 
is quite variable.

The treatment of hyperkalemia is outlined 
in Table 17. When the serum potassium concen-
tration is �6 mEq/L, little therapy is required 
other than discontinuing the occult sources of 
dietary potassium that are listed in Table 16. As 
the potassium concentration rises to �6 mEq/L 
and/or peaked T waves appear, volume expan-
sion (as tolerated), and therapy with loop diuret-
ics and oral sodium polystyrene sulfonate powder 
(Kayexalate; sanofi -aventis; Bridgewater, NJ) are 
appropriate. (Oral sodium polystyrene sulfonate 
powder administered via the rectum is reported 
to cause colonic necrosis.) Although somewhat 
slow to act, these treatments actually increase 
potassium excretion. When more urgent therapy 
is needed for hyperkalemia (potassium level, 
�7 mEq/L), driving potassium intracellularly 
with glucose and insulin (25 to 50 g of dextrose 

with 10 to 20 U of regular insulin) or the β-agonist 
albuterol (5 to 20 mg [1.0 to 4.0 mL] inhaled) is 
indicated. Albuterol usually works within 30 min, 
will lower the serum potassium level by 0.6 to 
1.0 mEq/L, and lasts for �2 h. Calcium therapy 
(10 mEq IV infused over 5 min) is reserved for 
hyperkalemia-induced heart block, widened QRS 
complex, a sine wave, or, of course, ventricu-
lar arrest. Its effect is immediate but short-lived 
(�60 min). Other maneuvers to remove potas-
sium from the body (eg, diuretics or oral sodium 
polystyrene sulfonate powder) must be promptly 
initiated as well. Dialysis (usually hemodialysis) 
can also be employed to remove potassium.

Hypokalemia

The causes of hypokalemia are listed in 
Table 18. Signifi cant GI loss of potassium is usu-
ally colonic (eg, diarrhea or cathartic abuse) and 
is accompanied by a hyperchloremic acidosis. 
Although gastric juice contains very little potas-
sium (10 mEq/L), vomiting or gastric suction often 
causes hypokalemia due to concurrent volume 
contraction, secondary hyperaldosteronism, and 
renal potassium wasting. (This also explains the 
renal hydrogen ion secretion and the seemingly 
“paradoxical aciduria” of contraction alkalosis.) 
GI binding of potassium by long-term clay inges-
tion (geophagia) can also cause hypokalemia.

Hypokalemia caused by an extracellular-
to-intracellular shift usually accompanies the 
refeeding of severely malnourished patients 
or the correction of vitamin B12 defi ciency. 
Hypokalemia may also complicate therapy with 

Table 17. Treatment of Hyperkalemia

Serum K, mEq/L ECG Δ Treatment Onset Duration Mechanism

� 6 None Avoid NSAIDs
Restrict dietary K

� 6 Peaked T ECV expansion Hours
Prolonged PR Loop diuretic IV 1–2 h Hours Renal excretion

Kayexalate po 2–4 h Hours GI excretion
� 7 Widened QRS Glucose/insulin IV Minutes Hours Redistribution

Albuterol (inhaled) Minutes Hours Redistribution
NaHCO3 IV* Minutes Hours Redistribution

� 8 Sine wave Calcium 1–3 min <1 h Cardiac

*Most useful with simultaneous hyperchloremic acidosis.
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β-agonists or insulin. Cesium chloride, which is 
sold as an alternative cancer therapy, can cause 
severe hypokalemia and ventricular arrhythmias.

Renal artery stenosis (secondary hyperaldo-
steronism) causes hypokalemia due to urinary 
potassium loss. Renal wastage is also seen when 
non-reabsorbable anions (eg, carbenicillin) are fi l-
tered into the urine, increasing distal potassium 
secretion. Any process increasing tubular fl ow 
(eg, diuretics, diuretic phase of acute renal failure, 
or postobstructive diuresis) will enhance tubular 
potassium secretion. RTA (type I and II) and Bart-
ter syndrome are rare causes of renal hypokale-
mia. Hypomagnesemia is a more common cause 
of hypokalemia due to renal potassium loss (exact 
mechanism unknown).

Hypokalemia may cause a wide range of clini-
cal manifestations. Muscle weakness (including 
respiratory muscles), myalgias, cramps, and even 
rhabdomyolysis can occur. Gastroparesis, ileus, 
and constipation are common features. Hypoka-
lemia may also cause nephrogenic DI, renal phos-
phate wasting, and acidifi cation defects due to 
decreased ammonia production. The most serious 
hypokalemia toxicity, however, is cardiac. Isolated 
premature ventricular contractions, ventricular 
tachycardia, delayed conduction, enhancement of 
digitalis toxicity, and various ECG changes (ie, U 
waves, fl at T waves, ST-segment depression, and 
atrioventricular block) may all occur.

Potassium replacement can be accomplished 
via the enteral or IV route. Potassium with chlo-
ride or other anions (citrate, bicarbonate, or 
phosphate) is effective orally or via a gastric tube 
and can be administered with impunity as long 
as renal function is normal. With more severe 
degrees of hypokalemia or in patients who are 
symptomatic from hypokalemia, rapid correc-
tion may be accomplished IV. When the potas-
sium level is �2 mEq/L and there are no ECG 
changes, infusion of 10 mEq/h is suffi cient; an 
infusion of 40 mEq/h can be given with car-
diac monitoring if the serum potassium level is 
�2 mEq/L. Peripheral infusions should be 
 con centrated to � 60 mEq/L and administered 
through as large a vein as possible. Central infu-
sions are best administered into the superior vena 
cava. One must remember the necessity of treat-
ing coexistent magnesium depletion in hypoka-
lemic patients.
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