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Foreword

Infection remains the number one killer worldwide. Nevertheless, it is the expectation that bacter-
ial infections can be eliminated with antibiotics. Unfortunately, there remain infections due to bac-
teria that are difficult to detect and difficult to reach, because of minimal blood supply, with even
the most potent of antibiotics. One of the diseases in this category is infections that initiate on the
inner lining of a vital organ, the heart. These infections are referred to as endocarditis since they
involve the endocardium, the inner lining of the heart and valves. The initial site of infection is gen-
erally in areas exposed to mechanical trauma or prosthetic device. Unfortunately the damage to the
heart if not treated can be fatal and often survival requires surgical replacement of one of the valves.
Despite the tremendous array of antibiotics and the marked increase in potency of these drugs to
eradicate bacterial infection, the efficacy of treating the relatively avascular lining of the heart or its
valvular apparatus often eludes the desired effect. This is further complicated by the changing sub-
strate for bacterial endocarditis, namely, artificial valves and devices and the increasing number of
individuals who are imuno-suppressed because of drug use, human immuno deficiency virus infec-
tions or other debilitating conditions. Endocarditis due to bacteria and other agents remains a
continuing threat as well as a challenge in terms of diagnosis, management and treatment.

Drs Chan and Embil have brought together the expertise of pathologists, infectious disease
experts, cardiologists, pharmacologists and surgeons to provide a comprehensive approach to the
problem of endocarditis. The book is organized to include a chapter on the pertinent pathology fol-
lowed by population studies. The diagnostic section is extensive, comprehensive and very clearly
written so that both medical and paramedical personnel can appreciate the armamentarium and its
application. The management section is broad based to include treatment of the acute and chronic
forms as well as potential sequelae that may occur. Echocardiography has become a major tool in
the management of endocarditis and transesophageal echocardiography is now essential in the
diagnosis and management of suspected prosthetic valve endocarditis. The role of echocardiogra-
phy is critically assessed in several chapters dealing with specific clinical situations. The chapters
reflect the authors’ first-hand experience in dealing with endocarditis. The book in essence brings
together the most current and evidence-based approaches as practiced by a group of experts who
are intimately involved in the management of this disease.

In a world in which longevity is sought by all and lifespan has doubled just in the past century, it
is expected that bacterial infections will not rob us of this expanding lifespan. The fact that they can
and do in today’s world of modern technology and ever revolving therapies remains a sobering
thought. This book is an example of the thoughtful analysis that is required if we are to prevail in
our long battle with serious infections such as endocarditis. It is a gem for the student, the teacher
and the practitioner.

Robert Roberts MD, FRCPC, FACC

President

Chief Executive Officer and Chief Scientific Officer
University of Ottawa Heart Institute

Ottawa, Ontario, Canada



Preface

Despite advances in medical and surgical treatments, infective endocarditis continues to be an
important clinical problem. It has an in-hospital mortality of 10-20%, and many patients will
require valve surgery during long-term follow-up. The diagnosis is difficult since it is based on a
constellation of findings and none of the clinical findings alone is pathognomonic. Unequivocal
diagnosis is often made only at surgery or autopsy.

Our aim is to provide an up-to-date approach to the diagnosis and management of endocarditis
based on a critical analysis of recent studies. The book is structured in a format that is easy to fol-
low, clinically relevant, and evidence-based. Key points are listed at the end of each chapter for
quick review. It is divided into three sections. The first section provides a comprehensive review of
the basic principles underlying the management of endocarditis. In addition to chapters on etiologic
agents and pathologic findings, the changing epidemiology and the vexing issue of antibiotic pro-
phylaxis are discussed. The second section presents the clinical principles underlying the diagnosis
and treatment approaches, both medical and surgical. The role of transthoracic and transesophageal
echocardiography is discussed in detail, particularly in relation to false-positive and false-negative
test results. The third section focuses on difficult clinical scenarios frequently encountered in
patients with this disease, including culture-negative endocarditis, prosthetic valve endocarditis,
natural history and management of perivalvular abscess, systemic embolism, and etiologies and
treatments of neurologic events. The practical clinical approach of this section is underscored by the
inclusion of an illustrative case in each of the clinical chapters in the book.

We sincerely hope that this book will serve as an important source of clinical information on
diagnosis and management of endocarditis that is useful to all practitioners involved in the care of
these critically ill patients.

We would like to thank all the authors for their thoughtful and erudite contributions covering
the protean facets of this challenging disease. We are indebted to our colleagues, past and pres-
ent, for their support and inspiration. Finally, we would like to express our sincere appreciation
to our families for their understanding, patience and encouragement without which this text
would not have become a reality.

Kwan-Leung Chan
John M. Embil

vii



Contents

(0763 41 8'a 15§ 1o ) o xi

Section 1 Historical Perspectives and Basic Principles

1

Perspectives on the History of Endocarditis. . ..., 1
Allan Ronald

Pathologic Findings: Valvular Destruction, Perivalvular Abnormalities, and
Extracardiac FIndings. . .. ..ottt e 5
John P. Veinot

Changing Populations: The Elderly, Injection Drug Users,
Health-Care-Associated and Immunocompromised Patients. ......................... 23
Yasmin Maor and Ethan Rubinstein

Microbiology of Infective Endocarditis and Microbiologic Diagnosis. ................... 37
Stuart ]. Skinner and Stephen E. Sanche

Prophylaxis of Endocarditis . .......ooiiiiii i 47
Donald C. Vinh and John M. Embil

Section 2 Diagnosis and Management Approaches

6

Diagnostic Approach to Endocarditis ...........ooiiiiiiiiiiiiiiiiiiiii e 63
James W. Tam, Rizwan A. S. Manji, Nasir Shaikh, and Andrew Morris

Role of Transthoracic and Transesophageal Echocardiography
in the Management of Endocarditis. ..........ouiiiiiiiiiiiii i 79
Chris Johnson and Kwan-Leung Chan

Surgical Management: Indications and Technical Issues. ................cooviiiias. 105
Thierry G. Mesana and Bijan Jahangiri

Treatment of Native Valve Endocarditis: General Principles and Therapy
for Specific OrganiSIms . ... .vvtt ettt ettt ettt ettt ettt 121
Donald C. Vinh and John M. Embil

Section 3 Clinical Dilemmas

10

Blood-Culture-Negative Endocarditis . ...ttt 185
Stephanie Smith and Thomas ]. Marrie



11

12

13

14

Contents

Prosthetic Valve and Other Cardiovascular Device-Related
BdOcarditis . o oo vttt et e e e e e 201
Wendy Sligl and Karen Doucette

Pediatric Infective Endocarditis and Congenital Heart Disease
Sarah Forgie

Systemic Embolism in Endocarditis: Incidence, Risk Factors,
Clinical Significance, and Treatment Strategies. . ..., 229
Omid Salehian and Kwan-Leung Chan

Neurological Complications of Endocarditis:
Pathophysiologic Mechanisms and Management Issues

Christopher R. Skinner

Index



Contributors

Kwan-Leung Chan, MD, MS, FRCPC
Professor of Medicine

Division of Cardiology

University of Ottawa Heart Institute
Ottawa, Ontario, Canada

Karen Doucette, MD, FRCPC
Assistant Professor
Department of Medicine
Division of Infectious Diseases
University of Alberta
Edmonton, Alberta, Canada

John M. Embil, BSc(Hon), MD,
FRCPC, FACP

Consultant, Infectious Diseases

Medical Director, Infection Prevention and
Control Program, Winnipeg Regional
Health Authority

Associate Professor, Departments of
Internal Medicine,

Infectious Diseases and Medical
Microbiology, University of Manitoba,

Winnipeg, Manitoba, Canada.

Sarah Forgie, MD, FRCP(C)
Assistant Professor
Department of Pediatrics
Stollery Children’s Hospital
University of Alberta

and

Aberhart Center 1
Edmonton, Alberta, Canada

Bijan Jahangiri, MD

Research Fellow

Department of Cardiac Surgery
University of Ottawa Heart Institute
Ottawa, Ontario, Canada

Chris Johnson, MD, FRCPC
Department of Cardiology
University of Ottawa Heart Institute
Ottawa, Ontario, Canada

Rizwan A. S. Manji, MD, PhD, FRCSC
Critical Care Fellow / Cardiac Surgeon
Department of Medicine / Surgery
University of Manitoba

Winnipeg, Manitoba, Canada

Yasmin Maor, MD

Physician

Infectious Disease Unit,

Affiliated to the Tel Aviv University
Sheba Medical Center

Tel Hashomer, Israel

Thomas J. Marrie, MD

Faculty of Medicine and Dentistry

Walter C. Mackenzie Health Science
Center

Edmonton, Alberta, Canada

Thierry G. Mesana, MD, PhD

Chief of Cardiac Surgery

University of Ottawa Heart Institute
Ottawa, Ontario, Canada

Andrew Morris, BChE, MD

Associate Professor of Medicine

Section of Cardiology

University of Manitoba Faculty
of Medicine

St. Boniface General Hospital

Winnipeg, Manitoba, Canada

Allan Ronald, OC, MD, FRCPC, MACP
Professor Emeritus

Department of Internal Medicine
University of Manitoba

Winnipeg, Manitoba, Canada

Ethan Rubinstein, MD

Sellers Professor and Head

Section of Infectious Diseases

Faculty of Medicine, University of
Manitoba

Winnipeg, Manitoba, Canada

Xi



xii

Omid Salehian, MD, MSc, FRCPC

Assistant Professor

Department of Medicine, Division of
Cardiology

McMaster University

Hamilton, Ontario, Canada

Stephen E. Sanche, MD, FRCPC

Assistant Professor

Division of Infectious Diseases,
Department of Medicine

University of Saskatchewan

Saskatoon, Saskatchewan, Canada

Nasir Shaikh, MBBS

Staff Cardiologist
Department of Cardiology
University of Manitoba
Winnipeg, Manitoba, Canada

Christopher R. Skinner, B.Eng, MD, FRCPC
Neurologist

Division of Neurology

Ottawa Hospital

Ottawa, Ontario, Canada

Stuart J. Skinner, MD, BSc
Infectious Diseases Fellow
University of Manitoba
Winnipeg, Manitoba, Canada

Contributors

Wendy Sligl, MD, FRCPC

Subspeciality Resident

Department of Medicine, Division of
Infectious Diseases

University of Alberta

Edmonton, Alberta, Canada

Stephanie Smith, MD, FRCPC
Fellow in Infectious Diseases
University of Alberta
Edmonton, Alberta, Canada

James W. Tam, MD

Interim Chief of Cardiology
Department of Cardiology
University of Manitoba
Winnipeg, Manitoba, Canada

John P. Veinot, MD, FRCPC
Pathologist

Department of Laboratory Medicine
Ottawa Hospital

Ottawa, Ontario, Canada

Donald C. Vinh, MD

Fellow

Department of Medical Microbiology
Basic Medical Sciences Building
University of Manitoba

Winnipeg, Manitoba, Canada



Perspectives on the History of Endocarditis

Allan Ronald

Case Study

Alfred Reinhart was born in 1907 with a brilliant
mind. He contracted rheumatic fever at age 13
and was hospitalized at Peter Bent Brigham
Hospital in Boston. Despite losing a year of
school, he excelled in his studies. He was admit-
ted to Harvard College at age 17 and subse-
quently to Harvard Medical School in 1928 at
age 21. Rheumatic fever left him with severe aor-
tic insufficiency and for about 10 years he had 0
diastolic blood pressure. His own onset of endo-
carditis, caused by Streptococcus viridans, was
recognized by him in May 1931, many months
before the diagnosis was accepted by his treating
physicians. He faced this “incurable” disease
with dignity and went on to provide a vivid and
detailed chronicle of his symptoms.

The following is his description of extrasys-
toles, which troubled him greatly [1]:

The extrasystole has always affected me as if it were a
cannon ball, shot point blank at my brain. The sensa-
tion is that of a terrific explosion, occurring within
the narrow and limited confines of a calcified skull,
which refuses to yield to the compressive force. It is
like an irresistible force against an immovable object.
Most of the time I am helpless before it and simply
wait patiently in terror until the ordeal has passed.

Reinhart was convinced he had endocarditis
when he noticed petechiae on his wrist [1]:

At any rate, at approximately one-quarter to twelve
that night, I remember distinctly getting up from my
chair and from the table, where my books lay, and tak-
ing off my suit coat. No sooner had I removed the left
arm of my coat, than there was on the ventral aspect of

my left wrist a sight which I never shall forget until I
die. There greeted my eyes about fifteen or twenty
bright red, slightly raised, hemorrhagic spots about 1
millimeter in diameter which did not fade on pressure
and which stood defiant, as if they were challenging
the very gods of Olympus. I had never seen such a
sight before, I have never seen such a sight since, and
I hope I shall never see such a sight again. I took one
glance at the pretty little collection of spots and turned
to my sister-in-law, who was standing nearby, and
calmly said, “I shall be dead within six months.”

He died of endocarditis in October 1931, after suf-
fering complications including splenic infarcts,
retroperitoneal hemorrhage, embolic stroke, sub-
arachnoid hemorrhage, and pulmonary edema.
The case of Alfred Reinhart illustrates many
of the protean manifestations of endocarditis,
vividly described by a keen observer with med-
ical knowledge. Despite major advances in the
diagnosis and treatment of endocarditis since
Reinhart’s death, endocarditis remains an elu-
sive diagnosis, and the complications which
afflicted Reinhart are still observed today.

Historical Perspectives

Historical perspectives are fraught with interpre-
tation and bias. For this author, particular points
of interest include recollections and reminis-
cence from almost 50 years of medical learning
and practice, as an observer to both the science
and the management of endocarditis and the
personal triumphs and failures in the care of
patients with endocarditis. Although these biases
will be apparent in this review, my goal is to
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provide my perspective on what many regard as
the most fascinating of infectious diseases.

Several authors attribute the initial description
to clinicians and pathologists in the 17 and 18%
centuries who described the clinical course and
autopsies in patients who in retrospect almost cer-
tainly had bacterial endocarditis. This includes
Rivierins in 1646, Lancisi in 1707, Glynn in 1749,
Morgagni in 1769, and Baillie in 1793 [2]. Baillie
clearly differentiated rheumatic endocarditis from
what we now know as bacterial endocarditis [3].
Corvisart in 1806 described the “warty” lesions on
heart valves and some of these appear, in retro-
spect, to have been bacterial vegetations [4].

Over the next 75 years, however, rheumatic
endocarditis and bacterial endocarditis were not
clearly differentiated clinically or pathologically.
In1852 Kirkes was the first to describe emboli
arising from heart valves in cerebral, renal,
splenic and other arteries [5]. Subsequently
Virchow and Beckmann each described embolic
phenomena and showed that they contained ele-
ments which appeared to be bacteria [6,7].
Specifically, Heiberg described chains of cocci in
vegetation [8].

In 1859 Quinquaud used the term “chronic”
to describe a patient and this allowed subacute
bacterial endocarditis to be differentiated from
acute [9]. Cayley in 1877 first used the term
“infective endocarditis” and this replaced the
earlier term “ulcerative endocarditis” [10]. A
major advance occurred when Osler in his
Gulstonian Lecture in 1885 reported on the
clinical course and outcome of 209 cases [11].
He first identified the tendency of bacteria to
localize on “diseased valves.” He also was the
first to mention the importance of bacterial
culture.

Meanwhile in Paris, Jaccoud had described
endocarditis, and subsequently in France it is
often referred to as “Jaccoud’s disease” [12]. The
long duration of the illness and its subacute
presentation was emphasized by both Osler and
Jaccoud [11,12].

Numerous other individuals have made
important contributions. At the end of the 19
century, the clinical course of endocarditis and
its microbial etiology were described fully
[11-15]. Thayer and Blumer recovered gono-
cocci in the bloodstream of a patient with endo-
carditis in 1895 and subsequently reviewed a 100
cases of gonococcal endocarditis [13]. Lenhartz
introduced material from a vegetative lesion
into the urethra of a male patient and produced
classical gonococcal urethritis [14]. Schott-
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muller isolated the organism which he initially
called Streptococcus mitiorseu viridans [15].

The clinical features, including fever and
murmur, were well described by Osler in his
classic presentations [11,16,17]. The appearance
of a new murmur and the clinical features of
embolic phenomena were identified as being
particularly important for the diagnosis of bac-
terial endocarditis.

In 1893 Osler saw one of his initial patients
and described the “red swollen areas on her fin-
gertips” [16]. Janeway in 1899 described the
painless lesions on the palms and soles which
now bear his name [18].

Horder carried out classical studies linking
ante-mortem blood cultures to post-mortem
valve cultures and published these in 1905 [19].
From this time on, positive blood cultures
became the sine qua non for diagnosing endo-
carditis in the vast majority of patients and this
remains as important today as it was in 1906.

A paradigm shift in management occurred in
1944 when Loewe and colleagues treated seven
consecutive patients successfully with penicillin
[20]. Change occurred rapidly with increasing
access to penicillin and other antibiotics. By
1947 Seabury reported on the Penicillin Era and
showed that it completely changed the practice
of infectious diseases and cardiology as it per-
tained to bacterial endocarditis [21].

These advances were occurring as a part of
medical practice as I commenced medical school
in 1957. Infectious or bacterial endocarditis was
still largely cared for, at least in Canada, by car-
diologists, who had a variable interest in
microbes and antibiotics. The importance of
blood cultures and antimicrobial susceptibility
tests including bactericidal tests had been identi-
fied. The broad-spectrum bacteriostatic drugs,
such as the tetracyclines and chloramphenicol,
were shown to be relatively ineffective. The dose
of penicillin was gradually increased, initially
from 100,000 units a day, which cured only 41%
of patients, to 600,000 units a day, which was still
associated with a substantial mortality [21,22] At
5 million units daily, the mortality was reduced
to 36%. Increasing the dose of penicillin now
administered intravenously and in association
with streptomycin was quickly recognized as the
regimen of choice for penicillin-susceptible
streptococci [23].

Anderson and Keefer followed 222 patients
who were “responsive to antibiotic therapy”
[24]. Of those who responded with negative
blood cultures, 21 died within a year—12 from
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heart failure, 3 from cerebral emboli, and 2 from
renal failure. An additional 10% died between
one and three years, primarily of heart failure.
The risk of reinfection/year was about 2%.

Huge advances have occurred in the diagnosis
and management of bacterial endocarditis dur-
ing the past 40 years and this history is docu-
mented within the remaining chapters in this
book. The important of enterococcal, staphylo-
coccal, and fastidious Gram-negative rod endo-
carditis have all been recognized, and strategies
for early diagnosis and treatment are now rou-
tine in most centers. The Duke criteria for diag-
nosis and its continued modification has made
the diagnosis more precise [25]. The diagnosis
and management of prosthetic valve infections
have also become an important part of the over-
all management of endocarditis. The appropri-
ate timing for surgical interventions has also
become more evidence based.

The role of echocardiography has markedly
changed the management of bacterial endo-
carditis and given us a tool that has enabled
more sensitive and specific diagnosis to occur.
Today it is difficult to envision management of
endocarditis without access to this technology.
In particular, transesophageal echocardiogra-
phy has become routine for excluding this diag-
nosis in patients with bacteremia, particularly
with staphylococci [26].

Recent advances have enabled the diagnosis
of very fastidious microorganisms, including
Coxiella bruneti, Bartonella sp., and others to
now occur with both serologic and cultural tests
[27]. Infective endocarditis of unknown etiology
is now less common due to continued improve-
ments in microbial diagnosis particularly with
the advent of nucleic technologies.

The prevention of endocarditis remains con-
troversial and largely expert consensus-based
rather than based on solid scientific evidence.
Our current dilemmas in this regard are well
reviewed in a subsequent chapter.

Infective endocarditis remains a fascinating
illness and continues to intrigue us as clinicians
and as individuals attempting to understand the
complex biologic processes of host and microbe
interactions. Certainly there will be more to learn
about this disease. However, we have reached the
point in 2006 where we can usually precisely
diagnose the infection, localize it to a site on the
endocardium, treat it with an established effec-
tive regimen, manage complications including
surgical interventions with a low mortality, and
expect a favorable outcome in over 90% of
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patients. This is remarkable progress over the
past six decades since the advent of penicillin.

Only the future will identify further landmark
events that will be highlighted by individuals
recording their memories of this disease. In the
meantime, as physicians seeing patients with a
wide variety of symptoms, we must continue to
remember the lessons learned, obtain blood cul-
tures before antimicrobial therapy is instituted
and be aware of the many, many presentations
of this fascinating illness.

Key Points

1. There have been major advances in the diag-
nosis and treatment of endocarditis over the
past 60 years.

2. The advent of antibiotics has dramatically
improved the prognosis of patients with
endocarditis.

3. Endocarditis remains an elusive diagnosis
because of its many disguises.

4. Early diagnosis and prompt antibiotic ther-
apy are the most effective way to minimize
mortality and morbidity.
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Pathologic Findings: Valvular Destruction, Perivalvular
Abnormalities, and Extracardiac Findings

John P. Veinot

Case Study

A young man presented to hospital with acutely
painful legs. He had chronic osteomyelitis
and took chronic oral antibiotics. Leg ischemia
was diagnosed and surgical thrombectomy
yielded large pale thrombi from both leg
arteries. Due to the suspicion of a potential
cardiac source, an echocardiogram was per-
formed, which demonstrated aortic and mitral
vegetations with valve destruction and an
aorto-right atrial fistula. Surgical replacement of
the aortic and mitral valves was performed
and the intracardiac fistula was closed. The
excised leg thrombi and the valve vegetations
all grew Aspergillus (Figure 2.10). Antifungal
medications were administered. Postoperatively
the individual continued to be septic with
recurrent strokes and died a few weeks after
surgery.

At autopsy the fistula between the aorta and
right atrium was still infected (Figure 2.14). The
tricuspid valve had new fungal vegetations. The
strokes were due to embolic cerebral infarctions,
as the intracardiac fungal vegetation had mas-
sively re-occurred at the aortic valve prosthesis
site partially immobilized the valve discs and
parts of the vegetation had embolized to the
brain (Figure 2.18).

Infective endocarditis (IE) has many clinical
manifestations, not just limited to the heart.
Pathology is important in the diagnosis of
endocarditis and assessment of valvular and
perivalvular complications.

Introduction

Infective endocarditis (IE) may give rise to
numerous extracardiac, cardiac, and valvular
findings, including infected thrombi (vegeta-
tions), sequelae of local tissue destruction, and
systemic manifestations including vasculitis,
emboli, and ischemic events. This is an appro-
priate term as the causal organisms may be
bacterial, fungal, rickettsial, or even viral or
mycoplasmal. Traditionally a distinction
between acute and subacute IE was made
depending upon the severity and rate of disease
progression. This reflected an organism’s viru-
lence and the presence of underlying cardiac
disease. With antimicrobial treatment these
clinical divisions have little pathologic signifi-
cance, and it is preferable to think in terms of
active, healing, and healed IE [1,2]. The disease
is now probably best described by its anatomical
location and the organism involved.

Infective endocarditis may arise in normal
hearts with normal valves, or more commonly in
patients with abnormal cardiac anatomy [2,3].
The most common preexisting cardiac valvular
lesions are left-sided ones, including aortic
stenosis (especially the congenitally bicuspid
aortic valve), aortic insufficiency, and mitral
insufficiency [4-6]. Valves damaged by rheu-
matic fever continue to be the most common type
of predisposing cardiac valvular abnormality in
developing countries. However, in developed
countries degenerative or age-related diseases,
including mitral valve prolapse, degenerative
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aortic stenosis, and mitral annular calcification
are becoming a more predominant background
for IE [2,5].

Other important predisposing conditions are
congenital heart diseases, including ventricular
septal defect, patent ductus arteriosus, coarcta-
tion, transposition of the great arteries, tricus-
pid and pulmonary atresia or stenosis, and
tetralogy of Fallot [7]. Hypertrophic cardiomy-
opathy and prosthetic grafts or valves may also
predispose to IE [8].

For IE to occur there are usually three
features—valvular thrombus, circulating bacteria,
and bacterial growth on the valve [9,10]. Hearts
may develop valvular thrombus due to abnormal
flow and anatomy. Thrombus may develop due to
regurgitant jet lesions, on contact surfaces, or
other areas of mechanical trauma. It should be
realized that many phenomena of modern medi-
cine, including prolonged intubation, immuno-
suppression, chemotherapy, complex surgical
procedures, and increased use of antimicrobial
agents might contribute to increased susceptibil-
ity to develop IE. Other predisposing conditions
include immunodeficiency, alcoholism, malnutri-
tion, and diabetes. Intravenous drug use (IVDU)
may give rise to a repetitive bacteremia and is an
important risk factor for IE.

Catheter and Line-Related IE

Intravascular and intracardiac catheters and
devices have proliferated and now include
pacemakers, defibrillators, indwelling heart
catheters, grafts, and valve or non-valve prosthe-
ses. These foreign bodies may be the nidus for
infection and may also lead to thrombus forma-
tion on a neighboring structures or heart valves
[11]. Insertions of catheters, pacemakers, and
cannulas are routine procedures in modern
medical therapy for resuscitation, feeding,
hemodynamic monitoring, and therapy of dis-
ease [12,13]. Lines or catheters may contuse, tear,
penetrate, perforate, tangle, or thrombose the
intracardiac structures. Biofilms of infecting
organisms and extracellular matrix may form on
the surface of lines or devices and serve as a
protective environment for the infective organ-
isms [11,14].

The most common catheter- or line-related
lesions involve the right atrium, right ventricle,
pulmonary, and tricuspid valves [12,15]. These
lesions are rarely important unless they are
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infected [12]. The catheter lesions are located
on the atrial side of the tricuspid valve or on
the ventricular side of the pulmonary valve
[15]. The lesions usually follow the line of the
catheter and the catheter may be surrounded by
thrombus which chronically may organize and
fibrose.

Infections in defibrillators and pacemakers
may occur anywhere along the electrode and are
not limited to the tricuspid valve [11].
Pacemakers and defibrillators may have infec-
tion involving either the lead or the pouch, and
Staphylococci are the most common pathogens
involved [16]. Fungal infection may also be seen
[17]. Septic and bland pulmonary emboli may
complicate pacemaker/defibrillator infection. If
the device has been in place for some time, lead
extraction is usually impossible and open-heart
surgery may be necessary.

Approach to Infective Endocarditis at
Surgery or Autopsy

At surgery or autopsy examination of hearts,
valves, and vascular prostheses, clinical suspi-
cion that the patient has IE may or may not be
present. The presence of unexpected but suspi-
cious valvular lesions should prompt a proper
workup for IE. Before immersion of the heart or
resected valve in fixative, a thorough examina-
tion should be made to visualize all the valves
and perivalvular structures. Sterile instruments
should be used if a suspicious lesion is encoun-
tered (Figure 2.1). Since the proper approach is
to assume that all valvular thrombi are infected
until proven otherwise (this is the author’s
personal practice), portions of the thrombus
should be submitted for culture. Swabs of the
lesions are not recommended. Cultures should
never be interpreted in isolation. Pre-mortem or
pre-operative blood cultures should be con-
sulted. Microscopy of the valve or thrombus to
confirm the presence of microorganisms is
essential [18].

Special stains are useful to detect microorgan-
isms; however, treatment with antimicrobial
agents has changed the utility of these stains.
Gram stain is useful to detect bacteria, but after
a few weeks of antimicrobial treatment the
organisms may not stain (Figures 2.2, 2.3) [2].
Therefore silver stains should always be
performed not only to detect fungi but also to
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Figure 2.1. Gross photograph of excised
three cusp aortic valve with infective endo-
carditis. The left cusp has adherent infected
thrombus (vegetation). The middle cusp has
a small nonruptured acquired aneurysm
(windsock lesion) related to the infection.
Ruler =1 cm.

detect bacteria that have lost their positive Gram
staining, yet still can be detected with silver stain
of their cell walls (Figure 2.4). Care must be
exercised with silver stain interpretation as this
stain also highlights cellular debris and some
intracellular organelles. Giemsa stain is useful to
detect rickettsial organisms, which may not
stain with the other stains.

Correlating the blood culture result with
cultures of the tissues and vegetation is essen-

Figure 2.2. Photomicrograph of valve
cusp with infective endocarditis. The valve
cusp tissue is heavily infiltrated by acute
inflammatory cells and there is inflamed
thrombus (left). (hematoxylin phloxine saf-
fron, <200).
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tial. Communication with the clinicians may
save much frustration if the special stains are
negative and the organism is known from
prior cultures. This is common in patients who
have received prior antimicrobial agents. In
culture-negative IE, the common culprit
organisms include Eikenella, Brucella,
Neisseria, fungi, Chlamydia, acid-fast bacilli,
or right-sided endocarditis, where the lungs
filter out the organisms. HACEK (Hemophilus,




Actinobacillus, Cardiobacterium, Eikenella,
Kingella) organisms may be particularly diffi-
cult to grow [19,20]. Clinical history and his-
tory of treatment and exposures may be very
relevant [21]. Electron microscopy, immuno-

fluorescence, polymerase chain reaction
(PCR), or other molecular techniques may be
contributory in the search for these often cul-
ture negative organisms [18,21-23]. Studies
have suggested that PCR may be a better diag-
nostic tool than culture, especially after
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Figure 2.3. Photomicrograph of valve
cusp. This is a Gram stain demonstrating
large clusters of blue-staining Gram-positive
cocci bacteria (Gram stain, x200).

Figure 2.4. Photomicrograph of valve
cusp. This is a silver (Grocott) stain demon-
strating degenerating clusters of cocci bacte-
ria.This is an excellent stain for fungi, but it is
also useful to detect degenerating or dying
bacteria after antibiotic treatment (Grocott,
%200).

antimicrobial therapy, but there remains con-
cern about false positives and background
contamination [18,23,24].

Pathological diagnosis of healed IE can be dif-
ficult, as the findings may be nonspecific and
organisms frequently cannot be found. The diag-
nosis can only be made with confidence when the
gross and microscopic features are typical, and
there are collaborative clinical findings. This is
quite common in patients with adequate pre-
operative antibiotic treatment.
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Active Infective Endocarditis Pathology
(Table 2.1)

On gross examination, infected thrombi of vari-
able size, commonly known as “vegetations,”
are detected along the lines of valve closure or at
the low pressure end of jet lesions [2,9]. They are
usually gray, pink, or brown and are often fri-
able (Figures 2.1, 2.5). They may be single or
multiple and may affect more than one valve.
Common sites are usually on the downstream
side of the intracardiac high-velocity flow jets,
such as the atrial side of the mitral valve or the
left atrial endocardium in cases of mitral insuffi-
ciency, the ventricular side of the aortic valve,
the ventricular septum or the anterior mitral
leaflet in cases of aortic insufficiency, or on the
right ventricular endocardium in ventricular
septal defects. Infection may also involve the
intima of a blood vessel distal to a coarctation or
involve the pulmonary artery side of an infected
patent ductus arteriosus (Figure 2.6). Left-sided
valve lesions are more common than right-sided
lesions except for cases related to interventional
devices, catheters, or IVDU [9].

Vegetations may be located anywhere on the
valve cusp or leaflet or endocardial surface. In
fact this is an important distinguishing feature
to note, as valve thrombi associated with non-
bacterial thrombotic endocarditis (NBTE) and
those related to rheumatic fever do not have this
variability in location, and are usually along the

Figure 2.5. Gross photograph of excised
tricuspid valve from a patient with intra-
venous drug use related bacterial infective
endocarditis. Numerous large, infected vege-
tations are present. Ruler =1 cm.

Table 2.1. Pathology of Valvular Sequelae of Infective Endocarditis

Acute
Vegetations—infected thrombi
Valve ulcers or erosions
Aneurysms
Chord rupture
Annular and ring abscess
Endocardial jet lesions
Flail leaflet or cusp

Chronic
Perforations
(alcified nodules
Valve tissue defects
Valve fibrosis

lines of valve closure. Libman Sacks lesions in
lupus patients may be on both sides of the valve.
Thrombi from NBTE, rheumatic fever, Libman
Sacks, are not associated with valve destruction.

The valve structures may also manifest
destructive lesions leading to perforations,
defects, aneurysms, erosions, and chordal rup-
tures (Figures 2.7, 2.8). The amount of thrombus
and destruction may completely mask the
underlying predisposing valve disease. Thrombi
may obstruct the valvular orifice, creating steno-
sis, but valvular insufficiency is a much more
common complication. Chordae may rupture
resulting in flail leaflets [25]. Leaflet or cusp
aneurysms bulge toward the flow surface and
may resemble “windsocks,” and IE is the most
common cause for leaflet aneurysm or divertic-
ulum (Figure 2.9). If the aneurysm tip ruptures,
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the valve may become severely regurgitant due
to cusp or leaflet defects.

On microscopic examination, the appearance
of the vegetation depends upon both the viru-
lence and destructiveness of the organism and
the duration of the infection. Early in the dis-
ease course there are fibrin, neutrophils, and
clumps of organisms (Figure 2.2). With therapy
the organisms may calcify, and the thrombi
organize from the base. Organizing thrombus
may show no easily recognizable organisms and
only show acute and chronic inflammation with
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Figure 2.6. Gross photograph of an
opened pulmonary trunk artery with the
opening of a patent ductus arteriosus that
had become infected. There is ragged mate-
rial surrounding the ductus opening (D), and
the pulmonary valve (PV) is also destroyed
by the infection.

neovascularization and fibroblastic prolifera-
tion. With thrombus organization giant cells
may be seen. If giant cells are prominent one
should consider serology for Coxiella or fungi.
Pathological changes in the infected valve tissue
depend on the chronicity or duration of the
infection, the virulence of the organism and the
status of the original valve itself. Electron
microscopy, immunofluorescence, polymerase
chain reaction or molecular techniques are
contributory in the search for organisms
[18,21-23].

Figure 2.7. Gross photograph of excised
aortic valve with infective endocarditis.
There are diffuse ragged cusp defects and
the right cusp has a ruptured cusp
aneurysm. Ruler = 1.cm.

e
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Figure 2.8. Gross photograph of an
excised mitral valve leaflet with infective
endocarditis. There is chordal vegetation
with chord destruction. Most of the leaflet
has no remaining intact chords. Ruler =
1cm.

Figure 2.9. Gross photograph of excised
anterior mitral leaflet with infective endo-
carditis related aneurysm (windsock lesion)
formation. These infected aneurysms even-
tually erode through and form valve perfo-
rations. Ruler =1.cm.

Fungal Endocarditis

Fungal endocarditis is usually encountered
when there are preexisting risk factors such as
intravenous drug use, prior cardiac surgery,
immunosuppression, intravenous hyper-
alimentation, antibiotic therapy, long-term
venous catheters, pacemakers, defibrillators,
and other intravascular devices [26]. Fungi may
infect either native or prosthetic valves. The
common organisms are Candida and
Aspergillus. Classical clinical manifestations of
bacterial IE are often absent. Fungal infected
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thrombi are usually quite large and friable
(Figure 2.10) [2,27]. Valve orifice obstruction
leading to clinical valve stenosis may occur if the
size of the thrombus is large [14,17,28,29].
Embolic events are not unusual and blood cul-
tures are often negative [29]. The organs receiv-
ing the emboli frequently develop abscesses [17].

Whipple Disease

Patients with Whipple disease have been
reported to have symptoms of cardiovascular



12

LR RRAT]

disease in 58% of cases. However, at autopsy
79% have gross evidence of cardiac involve-
ment, and of these 53% have valvular disease
[30,31]. The mitral valve is the most common
valve affected, with the aortic and tricuspid
valves also reported to be involved at times.
There are periodic acid Schiff reaction (PAS)-
positive macrophages on light microscopic
examination and bacilliform organisms on elec-
tron microscopy. Polymerase chain reaction
performed on blood may be helpful for diagno-
sis [22]. The organism is a Gram-positive actin-
omycete, Tropheryma whippelii [31]. The
infection may lead to fibrosis and chronic
inflammation giving rise to a valve with similar
appearance to a post-rheumatic one. The
deposits may be nodular and are often not calci-
fied. Similar pathological changes are found in
the myocardium, endocardium, and peri-
cardium [32]. History of gastrointestinal disor-
der should be questioned for, as the diagnosis is
usually made by small intestinal biopsy.

Chronic Infective Endocarditis Pathology
(Tables 2.1 and 2.2)

With successful medical treatment of infective
endocarditis the infected vegetations may
organize and the thrombi may form calcific
valve nodules. Destructive sequelae of the infec-
tion are common (Figure 2.11). The valve may
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Figure 2.10. Gross photograph of excised
anterior mitral leaflet with large bulky fun-
gal vegetation. This was present on both
sides of the leaflet (the back is shown). The
infecting organism was Aspergillus. Ruler =
Tem.

have defects at the edges or central defects form-
ing irregular perforations. Around the holes or
perforation there may be brown nodules of
organisms that eventually form fibrocalcific
nodules. The destruction of the valve tissue may
lead to defects at the margins resulting in poor
valve coaptation. Distinguishing a post-IE
perforation from a congenital accessory orifice
may be difficult. In atrioventricular valves con-
genital orifices should have surrounding chor-
dae, while a post-IE perforation would not.
Fenestrations, an age-related finding, are also
confused with perforations. These fenestrations
are located laterally on the valve cusps near the
commissures and always beyond the line of
valve closure.

Chordae may rupture resulting in flail leaflets
and valve regurgitation. The ruptured chords
may knot and calcify along with the organizing

Table 2.2. Pathology of Perivalvular Sequelae of Infective Endocarditis

Perivalvular leaks

Prosthesis dehiscence

Annular and root abscess
Pseudoaneurysm

Fistula or sinus formation
Conduction system destruction
Myocardial abscess

Pericarditis

Hemopericardium

Coronary artery compression
Coronary artery erosion, thrombosis, or rupture
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Figure 2.11. Gross photograph of an
excised aortic valve with destructive seque-
lae of prior infective endocarditis. The right
cusp has a defect surrounded by calcified
material (old vegetation). Similar material is
noted on the other two cusps.

infected thrombi. The valve itself may thicken
and the chords may fuse. All these are signifi-
cant contributors to chronic valve regurgitation.

Ventricular papillary muscles may rupture
for multiple reasons due to IE. The infection
may extend from an adjacent chord and cause
myocardial necrosis and rupture. A coronary
arterial embolus may cause a myocardial infarct
with papillary muscle rupture, similar to any
acute myocardial infarct. Finally an embolus
may lead to a myocardial abscess with local
tissue destruction.

Perivalvular Lesions of Infective
Endocarditis (Table 2.2)

Extension of the valve infection into surround-
ing structures predicts a higher mortality,
higher risk of significant heart failure, and the
need for cardiac surgery [22]. In the early stage,
perivalvular abscess is largely composed of
inflammatory infiltrate, but at later stages
necrosis and cavitation usually develop leading
to destruction of perivalvular tissue [33].
Perivalvular abscess is not a static complication
but is progressive and can evolve into serious
perivalvular complications including perivalvu-
lar leak, fistula and pseudoaneurysm. These
perivalvular complications may develop in spite
of early valve surgery. Perivalvular leak due to
annular abscess may be seen with native valve IE
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(aortic more than mitral), but are especially
common adjacent to infected valve prostheses
[6]. Although a perivalvular leak may be techni-
cally related to poor tissues, suture unraveling,
suture tissue cut-through, and other technical
matters, it is important to keep the possibility of
IE in mind with all perivalvular leaks. These
leaks may cause clinically significant congestive
heart failure and sometimes hemolysis.

Extension of an active valve infection to adja-
cent cardiac structures is common, including
infected lesions where adjacent valves come in
contact or are contiguous—such as from the
aortic valve to the base of anterior mitral leaflet,
from the posterior leaflet mitral valve to the left
atrial endocardium, and from the aortic valve to
the ascending aorta [34]. Jet lesions as a result of
valvular insufficiency may cause infected endo-
cardial lesions to form along the path of the
regurgitant jet [9,34].

Infections may also extend from the mitral
and aortic valves to the valve annuli (Figure
2.12) [35]. This complication is considerably
more common in the aortic position as
compared to the mitral. This may manifest as an
aortic root abscess, or the mitral annulus or
mitral annular calcification (MAC) may become
infected. MAC is a common finding in the hearts
of elderly patients [36]. It is considered to be an
age-related finding, but it probably represents
degenerative changes in the mitral annulus [37]. It
is associated with mitral valve disease, especially
mitral valve prolapse due to myxomatous/floppy
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mitral valve. Uncommonly the calcium extends
onto the leaflet, producing a mass and the cal-
cium may undergo liquefactive necrosis and
grossly mimic IE [38-40]. MAC may ulcerate
giving rise to thrombus deposition with poten-
tial for embolization and infection. If infected,
there is usually leaflet perforation and myocar-
dial abscess formation (Figure 2.13) [41]. If the
infection spreads into the lateral atrioventricu-
lar groove, the circumflex coronary artery may
thrombose because of distortion from the local
effects of the infection, and development of
arteritis. Annular abscesses may also erode into
to the pericardial surface, producing fibrinous
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Figure 2.12. Gross photograph of opened
aortic root and aortic valve at autopsy. The
aortic valve is destroyed by vegetations
(center) and to the right there is a large
paravalular aortic root abscess. This root
abscess contained infected laminated
thrombus material.

or suppurative pericarditis and hemoperi-
cardium with tamponade.

Aortic root abscesses may become a signifi-
cant source of embolic material and they may
compress adjacent structures around the aortic
root. If the proximal coronary arteries are dis-
torted, myocardial ischemic sequelae may result.
The formation of annular abscess is not an end
event. Rather these structures are progressive
with potential formation of perforations or fistu-
las [33]. Due to the central position of the aortic
valve, infection of this valve may form fistulas
with practically any chamber (Figure 2.14) [42].
Each aortic cusp and sinus has its own pattern or

Figure 2.13. Gross photograph of longitu-
dinal section through the mitral valve, the
mitral annulus, and left ventricle. There is
mitral annular calcification (MAC) with large
abscess formation in the calcific material.
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Figure 2.14. Gross photograph of a heart
opened to demonstrate the right atrium and
tricuspid valve. Aortic valve fungal endo-
carditis had caused a fistula to the right
atrium. This was closed with pledgets but
the disease reoccurred. The metal probe is
passed from the aortic region and the fistula
is still infected and patent. This is the same
patient as Figure 2.10 (aortic and mitral
valve Aspergillus endocarditis).

propensity for fistula formation and complica-
tion (Figure 2.15). Infection in the left aortic cusp
or sinus may spread through the aortic wall and
cause pericarditis or tamponade, or a fistula may
extend into the left atrium. Infection of the pos-
terior (non-coronary) aortic cusp or sinus may
cause a fistula to either the left or right atrium.
Infection of the right aortic cusp or sinus may
cause a fistula to the right atrium, and the right
ventricle or right ventricular outflow tract. An
aorto-right ventricular fistula is possible due to
the presence of the atrioventricular component

Figure 2.15. Gross photograph of the base
of the heart. The central aortic valve may
form fistulas to nearly any chamber.
Infections from the right cusp or sinus (R)
may extend to the epicardium, the right
atrium and the right ventricle outflow tract.
Infection of the non-coronary cusp or sinus
(NC) may form fistulas to both the right and
left atria. Infections of the left cusp or sinus
(L) may form fistulas to the epicardium, and
the left atrium. Additional abbreviations: (S
= coronary sinus; MV = mitral valve; PV=
pulmonary valve; TV = tricuspid valve.
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of the interventricular septum. Extension into
the myocardium and the conduction system may
be found when the infection involves the valve
ring or annulus. Fistulas and abscesses are
important problems particularly with prosthetic
IE, as discussed below.

Involvement of the coronary arteries may be
due to distortion from an aortic root abscess or
they may become directly infected by local exten-
sion through the coronary ostia or by formation
of mycotic aneurysms. The latter may occur
in normal arteries but also may be superimposed
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on an underlying atherosclerotic plaque. Mycotic
aneurysms may thrombose and are a source of
infected emboli that may seed the myocardium
leading to myocardial abscesses. Myocardial
abscesses may also form as a result of local valvu-
lar IE extension into the adjacent myocardium
(Figure 2.16). Aortic root abscesses and myocar-
dial abscesses may impinge upon or destroy the
conduction system in the areas of the atrioven-
tricular node and His bundle. Clinically this man-
ifests as a progressively worsening degree of heart
block and may be an important clinical sign that
treatment is failing or disease is progressing.

Extension of infection to the pericardial space
may lead to hemopericardium and tamponade
or to pericarditis. Fibrinous pericarditis is a
common finding with IE, but the pericardium
may also become infected, leading to suppura-
tive pericarditis.

Infective Endocarditis of Valve
Prostheses (Table 2.1 and 2.2)

Infection of valve prostheses may manifest early
after surgery or long after hospital discharge
[43-46]. Both bacteria and fungal organisms are
important causes of prosthetic IE [28]. Valvular
bioprostheses have vegetation, cusp thrombi,
destruction, erosion, and perforation similar to
native valves (Figure 2.17). With infection of
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Figure 2.16. Gross photograph of longitu-
dinal section of the left ventricle wall. The
upper defect (CS) is the normal coronary
sinus near the atrioventricular groove. The
lower large intramyocardial defect (A) is an
abscess cavity that contained purulent
material. The patient had a floppy myxoma-
tous mitral valve that became infected lead-
ing to coronary arteritis and myocardial
abscesses.

mechanical prostheses, the actual prosthesis
usually remains intact and the infection is
mainly in the sewing ring and surrounding tis-
sues. The thrombi on a mechanical prosthesis or
bioprosthesis may interfere with normal func-
tion, as the prosthesis may become dysfunctional
with disc or cusp immobility (Figure 2.18) [9,27].
Peripheral emboli are not uncommon [43].

In any prosthesis, sewing ring and perivalvu-
lar tissue infection is common, and the valve
prosthesis may dehisce or become loose when
the surrounding tissues develop necrosis [9,45].
Annular abscess and fistulas are much more
common with prostheses, as compared to native
valves. It is a disturbing and memorable experi-
ence to image a near totally dehisced valve pros-
thesis by echocardiography and for the surgeon
to be able to remove such a valve prosthesis
from the patient without much need for dissec-
tion. Sutures, pledgets, as well as the aortotomy
site may become infected.

A large perivalvular leak results in severe
perivalvular regurgitation and heart failure, but
even a small perivalvular leak can be significant
due to the development of severe hemolysis.
Destruction of the adjacent tissues may lead to
intracardiac fistulas, conduction system
destruction and arrhythmias, and coronary
artery inflammation and thrombosis [43]. The
mortality of prosthetic IE remains high, with or
without surgery, and perivalvular complications
can develop despite surgery. Fungal infection of
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Figure 2.17. Gross photograph of an
infected Carpentier Edwards bioprosthesis.
The ring and cusps have ragged thrombus
material that contained bacterial colonies.

Figure 2.18. Gross photograph of opened
aortic root with a mechanical tilting disc
prosthesis placed in the aortic valve posi-
tion. A large amount of thrombus at the
edge of the prosthesis is interfered with the
disc movement. This is recurrent Aspergillus
infection (same patient as Figures 2.10 and
2.14). There was recurrent stroke after valve
replacement.

a valve prosthesis is a surgical indication due to
near total mortality without surgery [14,29,44].

Systemic Pathology of Infective
Endocarditis (Table 2.3)

Systemic manifestations of IE may be due to
generalized sepsis, immune reactions—includ-
ing immune complex disease—or related to
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emboli or ischemia with organ atrophy,
ischemia, or infarction. Classic peripheral stig-
mata of IE may not be evident with right-sided
IE or with infections due to HACEK organisms
[22]. Similar to all disseminated infections, IE
related sepsis may present with fever (or fever of
unknown origin), leukocytosis, disseminated
intravascular coagulation (DIC), adult respira-
tory distress syndrome (diffuse alveolar damage),
jaundice, and other sequelae of hypotension
including multiorgan failure.
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Table 2.3. Pathology of Systemic Sequelae of Infective Endocarditis
Sepsis
Diffuse alveolar damage
Cholestasis
Systemic emboli

Infarct / atrophy

Abscess

Roth spots

Osler nodes

Janeway lesions

Splenic infarct or rupture
Mycotic aneurysms
Pulmonary emboli

Infarct

Abscess

Empyema
Immune complex phenomena

Vasculitis

Glomerulonephritis

Renal manifestations include interstitial
nephritis and pyelonephritis. There may be
immune complex formation between bacterial
antigens and antibodies, which deposits in the
glomeruli leading to glomerular damage [47].
Focal necrotizing and diffuse proliferative
glomerulonephritis may manifest as acute
nephritis and renal failure. Type 1 membra-
noproliferative glomerulonephritis may lead
to nephrotic syndrome. Crescentic glomeru-
lonephritis with rapidly progressive glome-
rulonephritis can also occur. Emboli to the
kidney may cause infarction, hematuria, flank
pain, and renal abscesses.

Endocarditis: Diagnosis and Management

Emboli may occur in right- and left-sided IE
[48]. Emboli can occur before therapy, during
therapy, or even after therapy [22]. Emboli from
left-sided valve or cardiac lesions may affect any
systemic organ leading to visceral infarction,
ischemia, or organ atrophy. Either bland fibrin
platelet material of the vegetation or infected
components containing microorganisms may
embolize. The propensity for embolization may
be related to the size and mobility of the vegeta-
tion, as seen on echocardiogram [48].

The effect of the embolic material depends
upon the size of the embolus, whether it
contains microbes, the size of the occluded
blood vessel, the degree of collaterals in the
organ, and the metabolic demand of the organ.
Vascular spasm may also contribute. If there are
prominent numbers of organisms in the embolic
material, the organ may form an abscess, in
addition to an infarct, which is referred to as a
septic infarct. Coronary arterial emboli may lead
to angina, myocardial infarction or sudden
death. Embolic myocardial infarcts are usually
large, and myocardial abscesses may develop.

The central nervous system is the most com-
mon site involved by IE and neurologic deficits
may be due to many different causes [22,48].
Cerebrovascular embolism may manifest as tran-
sient ischemic attacks or stroke. Cerebral infarcts
may be hemorrhagic and non-hemorrhagic [49].
Mycotic aneurysms of infected cerebral arteries
may thrombose or rupture (Figures 2.19, 2.20).

Figure 2.19. Gross photograph of the base
of the brain with adherent blood clot.
Subarachnoid hemorrhage occurred due to a
ruptured mycotic cerebral artery aneurysm.
The mitral valve was infected with bacteria.
Ruler =1cm.
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Figure 2.20. Photomicrograph of the
mycotic aneurysm of the cerebral artery
from patient with subarachnoid hemor-
rhage (Figure 2.19). The artery is acutely
inflamed and even has dissection with
destruction and splitting of the wall.
Thrombus is present in the lumen. Gram
stain (not shown) had numerous Gram-
positive cocci (hematoxylin phloxine saffron,
x100).

Other serious neurological complications are
cerebral abscesses and meningitis.

Splenic infarcts may cause abdominal, back,
or flank pain. Splenic infarcts may be bland
ischemic infarcts or septic infarcts both of which
may lead to abscess formation [22]. Rarely the
spleen may rupture, leading to intra-peritoneal
bleeding. Gut ischemia and infarction may
occur if the mesenteric circulation is embolized.
Emboli to the limbs may cause acute ischemia or
gangrene. When a vascular surgeon performs a
thrombectomy or embolectomy in a patient
with acute limb ischemia the removed material
should be examined for infection with bacterial
and fungal stains.

Right-sided endocarditis may lead to infected
pulmonary emboli, pulmonary infarction,
abscesses, and empyema. If large, these pul-
monary emboli may cause sudden death. If there
is an intracardiac shunt, either preexisting or
developed due to IE, paradoxical embolism is
possible with vegetation fragments embolizing
into the systemic circulation bypassing the lung.

Osler nodes (tender subcutaneous nodules on
the digits), Janeway lesions (red or hemorrhagic
nontender lesion on the palms or soles), and
Roth spots (retinal hemorrhages) are due to
emboli to small blood vessels. These are now
rarely encountered with modern medical care.
Petechiae and subungual hemorrhages may be
seen on the skin. Small-vessel vasculitis may be
due to an infected embolus (a mycotic
aneurysm) or immune complexes [50].
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Mycotic aneurysms may occur in any circula-
tion, but are most common in the central nerv-
ous system circulation [22,51]. Cerebral vessels
are commonly involved, followed by visceral
arteries and arteries of the extremities. Branch
points are usually affected. They may develop in
the aortic wall adjacent to the valve or distant to
it. These aneurysms weaken the vessel wall and
may rupture and hemorrhage even after the
infection has been treated (Figures 2.19, 2.20].
Subclinical rupture may lead to pseudoa-
neurysm formation. They also may thrombose.
Surgical intervention is usually required [22].

Summary

Infective endocarditis continues to be a med-
ically challenging disease despite modern
medical advances. In fact, modern medical ther-
apy, such as intracardiac catheters and devices,
may contribute to the underlying predisposition
of some individuals. In many cases careful clini-
cal assessment and blood cultures remains
important to determine the infecting organism.
The anatomical pathologist, cardiologist, car-
diac surgeon, infectious disease consultant, and
microbiologist all play an important role in
diagnosis and treatment. Many of the classically
described clinical and pathological manifesta-
tions are no longer commonly encountered
because of timely and effective antimicrobial
treatment. In addition to the well-recognized
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local valvular complications, spread of the infec-
tion to perivalvular structures is clinically rele-
vant and contributes to the therapeutic
challenge. Patients with culture-negative fungal
and prosthetic IE have a poor prognosis and
pose a major clinical challenge.

Key Points

1. Infective endocarditis may be definitely diag-
nosed from surgical or post mortem material.
It may be an unexpected finding, and suspi-
cious pathologic specimens should always be
evaluated for microbes.

2. Tt is useful to consider valve thrombus to be
infected until proven otherwise. Multiple
special histological stains to look for bacteria
and fungi are recommended and complimen-
tary.

3. Gram stain may become negative after antibi-
otic treatment.

4. Infective endocarditis produces valve
destruction usually resulting in valve regurgi-
tation, but rarely stenosis.

5. Very large vegetations are often from culture
negative organisms (HACEK) or from fungi.

6. Local perivalvular destructive lesions such
as abscesses and fistulas may cause signifi-
cant complications such as heart failure and
arrhythymias. This is a dynamic process
and generally progressive, resulting in
perivalvular  regurgitation, pseudoa-
neurysm, or fistula.

7. Prosthetic valve endocarditis may involve
both mechanical and bioprosthetic valves. It
may be difficult to treat without surgical
intervention.

8. Some of the clinical manifestations related to
infective endocarditis are due to systemic
sequelae including sepsis, embolization, and
immune-related complications.
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Changing Populations: The Elderly, Injection
Drug Users, Health-Care-Associated and
Immunocompromised Patients

Yasmin Maor and Ethan Rubinstein

Case Study

A 38 year old man presented to hospital with a
10 day history of bloody sputum, left sided chest
pain aggravated by inspiration and movement,
dyspnea, fatigue and pyrexia. He had been using
intravenous heroin and crack cocaine for the
past 10 years and was diagnosed to be infected
with both the human immunodeficiency virus
and hepatitis C virus 5 years ago, but he declined
therapy for both infections. He had just finished
a 6-month course of directly observed antituber-
culous therapy. Hospital record from an admis-
sion 3 months previously disclosed that at that
time he was colonized with methicillin resistant
Staphylococcus aureus (MRSA) in his nostrils
and throat.

On examination, he was cachectic and jaun-
diced. The blood pressure in the right arm was
110/35 mmHg, his heart rate 110 beats per
minute and the respiratory rate 36 per minute.
His oxygen saturation on room air was 94%. Old
and fresh track marks were present in both arms.
Evaluation of fundi revealed multiple hemor-
rhages. His jugular venous pressure was
markedly elevated at 15 cm. In addition to S, and
S, gallop, there were a 3/6 holosystolic murmur
over the second intercostal space radiating to the
neck, a 3/6 systolic ejection murmur over the
right sternal border and a 2/6 diastolic murmur
over the left second intercostal space. Dullness to
percussion was appreciated in the right lower

lung field with decreased breath sounds and
bronchial breathing. Also present were
hepatosplenomegaly, ascitis and ankle edema.
The neurological examination was normal.

The chest radiograph showed consolidation
and a cavity with an air fluid level in the right
lower lung field. The electrocardiogram revealed
second degree A-V block, left axis deviation and
left ventricular hypertrophy.

The hemoglobin was 66 g/L with normal
indices, the white blood cell count 32 x 10° cells/L
with the majority being polymorphonuclear
cells and the platelet count 850 x 10° cells/L. The
INR is 3.2 with elevated liver enzymes. The viral
load was > 100,000 copies/ml and the urine con-
tained 100 red blood cells, 100 white blood cells
and red blood cell casts.

A transthoracic echocardiogram showed two
pedunculated vegetations about 2 cm in length
on the anterior and posterior cusps of the aortic
valve and an additional vegetation on the tricus-
pid valve, associated with severe aortic and tri-
cuspid insufficiency.

In light of the history of injection drug use and
previous colonization with MRSA, decision was
made to initiate empiric therapy with van-
comycin and ciprofloxacin which was used
instead of an aminoglycoside because of renal
failure. Within 72 hours of their collection all 3
sets of blood cultures grew MRSA and Candida
albicans was recovered from all blood cultures at
96 hours. Parenteral fluconazole was then added
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to his treatment. Unfortunately, he became pro-
gressively more dyspneic and hemodynamically
unstable. Despite emergency valve replacement
surgery 6 days after admission, profound
hypotension, third degree heart block, ischemic
bowel and coagulopathy ensued. He died 3 days
after the emergency valve replacement surgery.

This case illustrates the challenges in the
treatment of endocarditis in patients with com-
plex concomitant illnesses.

Introduction

Over the past 100 years the incidence of infective
endocarditis has not changed significantly.
This may seem surprising as the detection of
bacteremia has improved significantly during
this time period and the introduction of two-
dimensional (2-D) echocardiography has revo-
lutionized the diagnosis of bacterial
endocarditis. Epidemiological studies demon-
strate that infective endocarditis accounts for
about 1 case per 1,000 hospital admissions
(range 0.16 to 5.4 cases per 1,000 admissions)
[1]. The incidence of endocarditis depends on
the criteria used to identify cases and on refer-
rals to tertiary medical centres and publication
bias. When strict criteria were applied to iden-
tify all definite, probable and possible cases of
endocarditis in residents of Olmsted County,
Minnesota, U.S.A from 1950 through 1981, the
mean annual age- and sex-adjusted incidence
rates per 100,000 person-years were 3.8 for total
cases and 3.2 for definite and probable cases
only. Total rates were 4.3 for 1950 through 1959,
3.3 for 1960 through 1969 and 3.9 for 1970
through 1981 [2]. A follow-up publication from
the same region for the years 1970-2000 demon-
strated that age- and sex-adjusted incidence of
infective endocarditis ranged from 5.0 to 7.0
cases per 100,000 person-years during the study
period and did not change significantly over
time (P = 0.42 for trend). Nonetheless, an
increasing temporal trend was observed in the
proportions of prosthetic valve infective endo-
carditis cases (P = 0.09). Among individuals
with underlying heart disease, there was also an
increasing temporal trend in endocarditis com-
plicating mitral valve prolapse (P = 0.04) and a
decreasing trend in endocarditis complicating
rheumatic heart disease (P = 0.08). However, the
absolute numbers were small [3].

This rather stable incidence of endocarditis
occurs despite the fact that the epidemiological,
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microbiological and clinical features of the disease
have changed substantially. In particular, the age
distribution of patients has increased from a mean
of 30 years in the pre-antibiotic era to about age
50 years to date [1]. In addition, new populations
at risk have been added, such as injection drug
users and immunocompromized patients. These
include human immunodeficiency virus (HIV)
patients, cancer patients receiving chemotherapy
and a growing population of patients receiving
particularly aggressive chemotherapy such as
bone marrow transplant recipients and patients
with solid organ transplants. This chapter is
devoted to the changes in the epidemiology and to
new insights gained into the clinical presentation,
treatment options and outcomes of these special
populations that occurred during the past decade.

The Elderly
Epidemiology

Despite the fact that the incidence of infective
endocarditis has not changed, recent studies have
shown remarkable changes in the epidemiology
and clinical features of the disease. In the 1950s,
when rheumatic fever was prevalent, particu-
larly during World War II and before the wide
use of penicillin, the incidence of endocarditis
was highest in patients aged 20-30 years old and
only 5% of patients with endocarditis were over
60 years of age. More recent publications show
that the incidence of infective endocarditis has
increased in patients older than 50 years,
reaching a peak at 70-74 years of age. Currently,
more than 50% of patients are older than 50
years [4-7]. Data from the International
Collaboration on Endocarditis (ICE) which
encompassed in 2003 over 2,200 well-character-
ized patients from seven countries with definite
infective endocarditis by the Duke criteria,
demonstrated that the median age of these
patients was 58 years [8]. Hoen et al. [9] per-
formed a population-based survey during 1999
in all hospitals in six French regions represent-
ing 26% of the French population (16 million
inhabitants). Three hundred ninety adult inpa-
tients diagnosed with infective endocarditis
according to the Duke criteria were identified.
The annual age- and sex-standardized incidence
was 31 (95% confidence interval [CI] 28-35)
cases per million, not including the region of
New Caledonia, which had 161 (95% CI
117-216) cases per million. Incidence increased
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Figure 3.1. Incidence of infective endocarditis by age and sex in the study population [9].

in patients older than 50 years and peaked at 145
cases per million in males between 70 and 80
years (see Figure 3.1). Fefer et al. [10] collected
108 episodes of infective endocarditis during
the years 1990-1999 admitted to a community
hospital. The annual admission rate was stable
at around 0.4 patients with endocarditis per
1,000 admissions. Sixty episodes (56%) involved
males and 48 (44%) females, a ratio of 1.3:1.
The mean age was 57 (SD 22) years. Thirty-
three patients (31%) had prosthetic valve endo-
carditis and 75 (69%) patients had native
valve endocarditis. Patients with prosthetic valve
endocarditis were significantly older than those
with native valve endocarditis [66 years (stan-
dard deviation [SD] 12) versus 54 years (SD 24),
P < 0.05].

Selton-Suty et al. [11] studied the characteris-
tics of infective endocarditis in the elderly in a
university hospital that is both a referral and a
primary care centre. They identified 114 consec-
utive patients treated for infective endocarditis
from 1990 to 1993. Of the 114 patients, 25 (22%)
were older than 70 years [mean age 76 (SD 6)
years, range 70-91] and 89 were younger than 70
years [mean age 51 (SD 15), range 19-69]. In
both groups there was a predominance of males
in a ration of 2:1. According to the Duke criteria,
the distribution of diagnostic categories was sig-
nificantly different in the two groups, with a
lower percentage of definite infective endocardi-
tis in the older patients. The distribution of
underlying heart disease was significantly differ-
ent between the two groups. Infective endo-
carditis complicating intracardiac prosthetic
devices (valve prostheses or pacemakers) was
more common in the older compared to the
younger patients. The location of infective endo-

carditis, when vegetations were seen, was simi-
lar in the two groups with most cases involving
the mitral valve. There were no significant dif-
ferences between the two groups with respect
to clinical signs, auscultatory findings changes
or extracardiac manifestations. Emboli were
three times less common in the older patients [2
(8%) vs. 25 (28.1%), P < 0.04]. Echocardiographic
findings were also similar between the two
groups. Younger patients underwent more sur-
gery operated but this may reflect the reluctance
to operate on elderly individuals rather than a
true difference related to the actual disease
process. To conclude, this detailed investigation
demonstrates the clinical significance of infec-
tive endocarditis in the elderly. These findings
are in accord with other publications demon-
strating the increasing prevalence of infective
endocarditis in the elderly [8-10].

Why are the elderly more prone nowadays
than previously to have infective endocarditis?
There are several possible explanations. On the
one hand, the wide and early use of antibiotics in
proven or suspected infections prevents many
cases of endocarditis that were common in the
past—when antibiotics were prescribed spar-
ingly. In addition, antibiotic treatment
decreased the prevalence of rheumatic heart dis-
ease, once the most common predisposing
factor for infective endocarditis in younger
patients. These factors among others, have
contributed to the decline in endocarditis—
particularly in the young, but at the same time
life expectancy has substantially increased so
that the total time a person is at risk for infective
endocarditis has increased. Also, as people
age, the prevalence of degenerative heart
disease increases. The aortic valve undergoes
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degenerative calcification and such a valve
becomes functionally stenotic because of the
restricted mobility of the cusps. The resulting
turbulence predisposes to endocarditis. As peo-
ple live now much longer than before, various
minor cardiac lesions can become hemodynam-
ically important creating turbulent flow and
allowing for a fibrin-thrombus clot, the basic
mechanism of endocarditis, to form. In addi-
tion, in the elderly, hypertension, atherosclero-
sis and kidney disease are more common
allowing for turbulent flow in diseased vessels to
develop. Mouth sanitation of the elderly tends to
decline with age increasing the risk of local oral
infections and subsequent bacteremia, thus
increasing the risk of developing infectious
endocarditis [12]. The decline in rheumatic
infective endocarditis is counterbalanced by the
increased prevalence of infective endocarditis
due to degenerative valve disease. In addition,
prosthetic heart valves are more common in the
elderly and the eligible age for cardiac surgery
(excluding bypass surgery) is constantly being
pushed up [13]. Other medical devices, such as
implantable pacemakers, defibrillators and
stents, have become more common, increasing
the risk of these groups of patients to infectious
endocarditis [14,15]. Current data suggest that
the prevalence of endocarditis in patients with
foreign objects is between that of valvular infec-
tive endocarditis in the general population and
prosthetic valve infective endocarditis in the
range of 550 cases/million patients per year
~100 times more common than non-foreign-
body-associated endocarditis [14]. Finally there
are some neoplastic diseases that are more com-
mon in the aged that may be associated with
infectious endocarditis. Among them ulcerating
skin cancers (like basal cell carcinoma,
melanoma, etc.), polyps and cancers of the large
bowel (associated with S. bovis endocarditis).
Other factors, such as increasing incidence of
nosocomial bacteremia in the elderly and an
impaired host immune system, may also con-
tribute to the increase prevalence in the
elder. As the world’s population is becoming
older it is to be expected that in the future more
endocarditis cases will be encountered in the
very old. In the year 2030, there will be >1 billion
individuals > 65 years of age; 19.6% of the North
American population, 23.0% of the European
population, 11.5% of the Latin American and
Asian population and 4.6% of the African popu-
lation will be elderly; and thus this population
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will become the prime population segment from
which endocarditis cases originate [16]. It is
thus expected that the shift in patients
with endocarditis belonging to the older age will
continue and even increase in the coming
decades.

Bacteriology and Age

Several publications have demonstrated the
increased frequency of enterococcus and other
streptococci of group D (e.g, S. bovis) in causing
bacterial endocarditis in the elderly. In the pub-
lication of Selton-Suty et al. [11] older patients
(=270 years) with infective endocarditis had a
significantly higher percentage of group D
streptococci and enterococci compared to the
younger patients (<70 years) [10 patients
(47.6%) versus 15 patients (19.5%), P < 0.04]. A
recent publication [17] also demonstrated that
among 1,285 patients with left-sided native valve
endocarditis, 107 (8.3%) had enterococcal
endocarditis most frequently seen in elderly
men, frequently involving the aortic valve,
tending to produce heart failure rather than
embolic events and associated with relatively
low short-term mortality. Compared to patients
with streptococcal endocarditis, those with
enterococcal endocarditis were more likely to be
nosocomially acquired (15% vs. 1%; P < 0.0001)
and have heart failure (46% vs. 35%; P = 0.03).
Compared to patients with S. aureus endocardi-
tis, patients with enterococcal endocarditis
were less likely to embolize (26% vs. 49%;
P <0.0001) and less likely to die (11% vs. 27%;
P = 0.001). Multivariable analysis showed that
enterococcal endocarditis was associated with
lower mortality than other etiologies in patients
with left-sided endocarditis (odds ratio [OR]
0.49; 95% CI 0.24-0.97). As far as culture-
negative endocarditis is concerned, there was no
significant difference in the number of culture
negative endocarditis between the older and
younger patients.

Di Salvo et al. [18] studied 315 consecutive
patients with definite infectious endocarditis.
Patients were separated into three groups: group
A included 117 patients aged < 50 years, group B
included 111 patients aged =250 and <70 years
and group C included 87 patients aged >70
years. A digestive presumed port of entry was
more commonly detected in group C (19%)
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and in group B (16%) than in the younger
patients (5%), P < 0.0001. Similarly, the urinary
tract as the presumed port of entry was more
frequent in group C (13%) than in the other
groups (group A = 2% and group B = 6%,
P <0.005). The presumed port of entry was
supported by the distribution and etiology of
the pathogens. The most frequent isolated
pathogens were Streptococci found in 45% of
patients. The proportion of S. bovis endocarditis
was higher in groups B and C than in group A
[25 (22%), 14 (16%) and 6 (5%), respectively,
P <0.001]. The proportion of enterococci was
highest in group C [5 (5%) in group A, 5 (4%) in
group B and 8 (9%) in group C] while S. aureus
was more frequent in younger patients [34
(29%) in group A, 19 (17%) in group B and 15
(17%) in group C]. Thus, the bacteriological fea-
tures of endocarditis in the elderly reflect the
common sources of bacteremia relating to the
co-morbidities typical of this age group. S. bovis
probably relates to colonic lesions and entero-
cocci relates to urogenital infections.

The high incidence of S. bovis endocarditis in
the elderly as well as the difficult clinical course
related to this pathogen is also evident when
studying the clinical course of these infections
compared to other pathogens. Pergola et al.
[19] studied the clinical, echographic and
prognostic features of S. bovis endocarditis
compared to endocarditis caused by other
streptococci and “other pathogens” in a large
sample of patients. Two hundred six patients
with a mean age of 57 (SD 15) years with a diag-
nosis of infective endocarditis formed the study
population. S. bovis endocarditis was docu-
mented in 40 patients, other Streptococci were
identified in 54 and “other pathogens” were
documented in 112 patients. The mean age was
64 (SD 12) years in the S. bovis group, 55 (SD 15)
years in the other Streptococci group and 56 (SD
16) years in the “other pathogens” group,
P <0.05. Multiple valve involvement, native
valves and large vegetations (>10 mm) were
more frequent in patients with S. bovis. There
was a significantly higher rate of embolism
in the S. bovis group. Splenic infarcts and multi-
ple embolisms were significantly more frequent
in patients with S. bovis. Gastrointestinal
lesions, anemia and spondylitis were also
observed more frequently with S. bovis endo-
carditis. The relationship between age and
prevalence of S. bovis endocarditis is depicted in
Figure 3.2 [20].
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Figure 3.2. Microbial epidemiology of infective endocarditis. Linear regressions
between proportion of S. bovis disease and mean age [20].

Clinical Presentation and Echocardiography
Findings

In the study by Di Salvo [18] age was not found
to be corelated to the echocardiographic presen-
tation of endocarditis, nor was age related to the
incidence and localization of embolic events
regardless to the pathogen involved. Elderly
patients were operated on as frequently as
younger patients and their operative risk of
dying and complications was similar to that of
younger patients (11%, 3% and 5% in groups C,
B and A, respectively). In two reports however,
renal failure, as a complication of endocarditis
was more common in the elderly patients com-
pared to younger patients [21,22]. An additional
report [23] documented decreased use of
echocardiography in the aged despite the fact
that perivalvular complications were more com-
mon in this age group.

Treatment and Outcome

Age, not surprisingly, is correlated with higher
endocarditis caused mortality. In the study by
Selton-Suty et al. [11], mortality was 28% in the
older patients (>70 years) double of that
(13.5%) in the younger patients (<70 years)
(P < 0.08). Multivariate analysis showed that age
(P<0.02) and the presence of at least one
vegetation at echocardiography (P < 0.04) were
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independent risk factors for a fatal outcome.
Elderly patients with enterococcal endocarditis
had similar mortality to younger patients with
streptococcal endocarditis [17]. Di Salvo et al.
[18] demonstrated that the overall mortality was
clearly higher in elderly (17%) group aged >70
years compared to the younger patients (10%
versus 7%, respectively, P = 0.02). Surgical treat-
ment was performed slightly less frequently in
the elderly compared to the other groups,
although 41% of elderly patients underwent sur-
gery. Mortality was relatively high in non-oper-
ated elderly patients (21%), but only 11% in
elderly patients who could be treated surgically.
This difference may reflect a hidden bias were
less severe patients were more likely to receive a
surgical intervention. For the entire population,
including the younger patients, mortality was
lower in operated patients than in patients
treated conservatively with antibiotic alone
(6% vs. 15%, respectively, P = 0.04). Among the
51 non-operated elderly patients, seven (14%)
patients had undisputed indication for surgery
(severe heart failure, persistent sepsis, or multi-
ple embolisms). Of them, five were not con-
sidered good candidates for surgery because of
very poor general condition and two patients
declined surgery.

In a logistic regression analysis independent
predictors of in-hospital mortality were age (P =
0.003), prosthetic valve (P = 0.002) and cerebral
embolism (P = 0.006). Conversely, surgical man-
agement was associated with a lower in hospital
mortality (regardless of age) (P = 0.03).

In a report by Netzer et al. [21], 82 younger
patients (17-59 years) were compared to 53 eld-
erly patients (65-90 years). There were no sig-
nificant differences between the two groups
regarding co-morbidities or clinical presenta-
tion except that renal failure was more common
in the elderly. Mortality was significantly higher
in the elderly patients [13 (25%) vs. 9 (11%)
respectively, P < 0.04].

In contrast to these publications which
demonstrate a higher mortality in elderly
patients, Gagliardi et al. [22] reported similar
outcomes in the young and the old. They com-
pared 44 episodes of definite native valve infec-
tive endocarditis in patients >64 years with 64
similarly defined episodes in patients >29 years
but <64 years old, who were not using intra-
venous drugs. Clinical presentations, character-
istics and outcome were similar in the two
groups. Elderly patients were hospitalized for an
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average of 12 days longer compared to the
younger patients. The occurrence of renal fail-
ure and cerebral embolism during an episode of
infective endocarditis was associated with
higher rates of death (odds ratios, 4.8 and 4.0,
respectively). Age, however, was not a signifi-
cant contributor to mortality. These results dif-
fer from the other authors’ sited above. It is
important to note that in this group of patients
the rate of enterococcal endocarditis and S. bovis
endocarditis were not significantly higher in the
elderly and this peculiarity might explain the
lack of difference in outcomes between the two
groups of patients.

To conclude, it seems that the elderly may
fare worse, however, not significantly so, during
an episode of infective endocarditis, although
the extent of excess mortality differs between
various studies. Aggressive intervention, includ-
ing early surgery should not be excluded in the
elderly, merely because of the age, as better
outcomes especially in the group of patients
without severe co morbidities are to be
expected.

Injection Drug Users

Infective endocarditis is one of the most com-
mon and serious complications of intravenous
drug use (IVDU) [24]. In parallel with the
increase in the incidence of drug use in the past
30 years the incidence of infective endocarditis
in IVDU has increased as well.

Epidemiology

The incidence of infective endocarditis in IVDU
is 2-5%/year and is responsible for 5% to 8% of
hospital admissions among IVDU. The overall
incidence of infective endocarditis in this popu-
lation is estimated to be 1 to 20 cases per 10,000
injection drug users per year [26] and is respon-
sible for 5% to 10% of the overall death rate of
IVDU [24]. Levine et al. [27] followed all IVDU
admitted to the Detroit Medical Center with
infectious endocarditis (74 cases) during the
early 1980’s and compared them with a control
group of bacteremic addicts who had other infec-
tions (106 cases). They found that acute infection
accounted for approximately 60% of hospital
admissions and that infective endocarditis was
implicated in 5% to 15% of these episodes. The
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male:female ratio was 5.4:1. Men with infective
endocarditis were somewhat older than females
(mean age, 32.7 years vs. 31.4 years) and had sig-
nificantly longer histories of addiction (10.2
years vs. 7.1 years) than women. Chambers et al.
[28] compared 102 IVDU with endocarditis to
IVDU with other causes of fever. Bacterial endo-
carditis was diagnosed in 23% of hospitaliza-
tions. Logistic regression analysis showed the
following variables to be predictive of infective
endocarditis in IVDU: cocaine use (OR 138, CI
8-2,318), mitral or aortic valve murmur (OR 51,
CI 3-779), haematocrit < 40% (OR 25, CI 2-318),
proteinuria (OR 14, CI 1-127) and signs of septic
emboli, cavity, or effusion on chest x-ray (OR
165, CI 9-3067). Although heroin was the most
common drug used, it was not independently
associated with the development of endocarditis
in this study and nor was the combination of
heroin and cocaine. The mechanism by which
cocaine increases the risk of infective endocardi-
tis has not been elucidated. Nevertheless, in
other circumstances when heroin was mixed
with non-sterile adjunctives, the risk of endo-
carditis with IV heroin use was high. In the last
20 years the rate of HIV in IVDU has been
reported to be in the range of 30-70%; thus the
prevalence of the disease in recent series reflects
the risk attributed by both conditions. Needle
exchange programs and a massive intervention
programs among these individuals has resulted
in a decreased rate of HIV in some countries and
therefore the risks for endocarditis are expected
to diminish over time as well.

Bacteriology

In the study of Levine et al. [27] endocarditis
was caused by Staphylococcus aureus in 60.8%
of the cases, streptococci in 16.2% of cases, Pseu-
domonas aeruginosa, in 13.5% of cases, mixed
bacteria in 8.1% of cases and Corynebacterium
JK in 1.4% of cases. Staphylococcus aureus endo-
carditis most frequently involved the tricuspid
valve and streptococci infected left-sided valves
significantly more often than other organisms
(P = 0.001). Biventricular and multiple-valve
infections were commonest in patients with
pseudomonas endocarditis (P = 0.05). In Miro’s
Spanish series [26] S. aureus was also the most
common etiological agent, usually being sensi-
tive to methicillin (MSSA). HIV-positive IVDU
had a higher ratio of right-sided infective
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endocarditis and S. aureus infective endocarditis
than HIV-negative IVDUs and the tricuspid
valve was the most frequently affected
(60-70%), followed by the mitral and aortic
valves (20-30%) [26].

Clinical Presentation

IVDU and particularly HIV-positive IVDU are
prone to acquire right-sided endocarditis and
this has been well documented in older as well as
in newer series [26,27]. Two-thirds of IVDU
with infective endocarditis have no clinical evi-
dence of underlying heart disease. Despite the
fact that heart murmurs are predictive of infec-
tive endocarditis in IVDU, only 35% of addicts
demonstrate heart murmurs on admission [27].
In recent years a higher prevalence of left-sided
endocarditis has been reported in IVDU. For
example, in a retrospective study of infective
endocarditis in IVDU, 67 patients had vegeta-
tions documented by two-dimensional echocar-
diogram. Left-sided involvement was present in
38 (57%) of these patients, a higher prevalence
than reported in older series. Right-sided
involvement was limited to only 27 (40%) cases.
This change in epidemiology is important as
left-sided endocarditis carries higher morbidity
and mortality. In this study, valvular involve-
ment was as follows: tricuspid valve alone or in
combination with others, 52.2% of cases; aortic
valve alone in 18.5% of cases; mitral valve alone
in 10.8% of cases; and aortic plus mitral valves
in 12.5% of cases [29]. Similarly, in the recent
Spanish series the tricuspid valve is the most fre-
quently affected (60-70%), followed by the
mitral and aortic valves (20-30%) [26].

When patients have right-sided endocarditis,
pulmonary symptoms such as pleuritic chest
pain, cough, dyspnea and lung infiltrates repre-
senting septic emboli tend to dominate the clin-
ical picture as well as signs and symptoms of
right heart strain and failure. Many patients
have in addition extravalvular sites of infection.

Treatment and Outcome

As mentioned before, many IVDU with infective
endocarditis have right-sided endocarditis. This
prompted researchers to assess the feasibility of
shorter antibiotic courses in this population, as
right-sided endocarditis has a better prognosis



30

than left -sided infection. This approach is par-
ticularly attractive as the compliance of IVDU to
prolonged hospitalization or home care is low.
Chambers [30] in 1988 published a report con-
firming the possibility to treat right-sided endo-
carditis in IVDU with as two-week course of
antibiotics. Fortun [31] confirmed these results
by performing a prospective, randomized clini-
cal trial among drug abusers to assess the effi-
cacy and safety of a short course of a
combination of a glycopeptide (vancomycin or
teicoplanin) and gentamicin compared with a
combination of cloxacillin and gentamicin for
treatment of right-side endocarditis caused by S.
aureus. Therapeutic success was significantly
more frequent with cloxacillin than with a gly-
copeptide. No adverse effects were noted among
patients in the cloxacillin group. Ribera et al.
showed similar results [32]. Thus, a shortened
course of penicilliase-resistant penicillin with or
without the addition of an aminoglycoside for
right-sided infective endocarditis in IVDU
infected with S. aureus sensitive to methicillin
seems and acceptable alternative.

Another issue is the best surgical approach for
IVDU with endocarditis. To determine the early
and late results of surgical treatment for infec-
tive endocarditis in IVDU, Mathew et al. [33]
observed IVDU undergoing surgical treatment
for infective endocarditis. Eighty patients
underwent cardiac surgery for the following
indications: acute congestive heart failure in 44
(56%) patients, persistent sepsis in 21 (26%)
patients and multiple systemic embolization in
15 (19%) patients. Six patients (7.5%) died
within 30 days of surgery and 13 of 69 patients
(17.6%) died during the follow-up from cardio-
vascular causes. The probability of survival at 36
months and at 60 months was 0.74 and 0.70,
respectively. Seventeen (30%) of the survivors
had at least one major cardiovascular event,
6 (8.8%) patients had recurrent endocarditis, 10
(14.6%) patients experienced central nervous
system complications and 3 (4.4%) patients
required repeated valve replacement. Proba-
bility of event-free survival at 36 months and 60
months was 0.65 