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Preface

Hepatopancreatobiliary (HPB) surgery has developed as a discrete specialty within
general surgery, surgical oncology, and transplantation. This is mainly due to the
complexity of the diagnosis, work-up, and treatment of benign and malignant HPB
disease. HPB surgeons now must master both the multidisciplinary management
and the technical aspects of liver and pancreas surgery. While there are several
excellent surgical textbooks and atlases in the market, a book describing a practical
approach to the preoperative, intraoperative, and postoperative care of HPB patients
was needed. Given the recent implementation of enhanced recovery pathways and
value-added healthcare, we felt a real-world perspective on the critical aspects of
HPB surgery would be of benefit to the practicing surgeon. Therefore, we assem-
bled a panel of expert surgeons in their respective realms of liver and pancreas sur-
gery to outline their approach to commonly encountered situations within their
field. It is our sincere hope that this book will serve as a guide to residents,
fellows, and even experienced HPB surgeons to improve their patient outcomes.

Seattle, WA, USA Flavio G. Rocha
Winston-Salem, NC, USA Perry Shen
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Fitness Assessment and Optimization
for Hepatopancreatobiliary Surgery

Grant McKenzie and Robert C.G. Martin Il

Background

In the United States, as the large baby boomer population cohort continues to age,
the number of patients presenting with hepatopancreatobiliary (HPB) malignancies
has and will continue to rise into the foreseeable future. The US Census Bureau
projects that the number of adults aged 65 and older is expected to increase from
46 million in 2014, to 74 million by 2030 [1]. The median age for cancer diagnosis
is 66 years, making advanced age an increased risk factor for development of HPB
carcinomas [2]. In agreement, cancer incidences for both liver and pancreatic can-
cers are expected to increase from 2010 to 2030 by 59% (liver) and 55% (pancreas),
respectively [3]. Thus, in the upcoming decades, substantial healthcare resources
and attention will be devoted to treating HPB malignancies.

Surgical resection continues to remain the preferred curative treatment option for
HPB neoplasms. However, older patients with HPB disease are often frail and have
multiple comorbidities alongside their primary malignancy, thus making aggressive
surgical resections high risk for these patients. For frail and elderly patients under-
going elective procedures, perioperative care must be afforded special attention in
order to decrease incidences of severe morbidity and mortality. While postoperative
care is a mainstay of focus for surgical patients, preoperative assessment is often
afforded less attention within the field of HPB surgery. By the use of standardized
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patient assessments, clinicians are able to obtain a more accurate representation of
a patient’s true health status, thus making it possible to identify surgical patient
populations with higher risks of postoperative morbidity, mortality, increased length
of hospital stay, and increased risk of being discharged to skilled nursing facilities.
The aim of this chapter is to highlight current approaches to the assessment of vul-
nerable HPB surgical patients and elucidate ways to preoperatively optimize and
treat these patients to improve surgical outcomes within the field.

Patient Assessment
Comprehensive Geriatric Assessments

The use of a patient’s biological age as an indicator of their health status is not accu-
rate in predicting postoperative complications; thus, advanced age alone should not
be considered contraindicative of major HPB surgeries [4-6]. However, elderly
patients have been shown to have increased 30-day morbidity and mortality when
undergoing pancreatic or hepatic resections [7, 8]. As a result, more detailed and
accurate measurement tools are needed to assess elderly patient health status. This
may be achieved by the utilization of a comprehensive geriatric assessment (CGA).
A CGA is a multidimensional diagnostic tool used to assess the medical, functional,
and psychosocial status of elderly patients at risk for functional declines [9]. Such
assessments give clinicians a more detailed status of a patient’s health and help iden-
tify vulnerable patients at risk for poor surgical outcomes. Overall elements should
include, but are not limited to, assessment of a patient’s physical health, mental
health, nutritional status, functional status, socioeconomic status, and environmental
factors. A table of commonly used tests within a CGA is shown in Table 1.1.

While a CGA is meant to be an all-encompassing view of elderly patient health,
performing a complete CGA preoperatively for all elderly patients would be an
immense drain on both healthcare human and monetary resources. Depending on a
CGA’s components, a complete assessment can range anywhere from 30—40 min all
while being performed by an experienced assessor, such as a geriatrician, physician
assistant, or trained nurse [36]. In recent decades, researchers have focused on
developing screening tools to help identify at-risk patients who would benefit from
undergoing a CGA while filtering patients who are deemed fit. As a result, clinicians
and researchers across many disciplines have been looking at which CGA compo-
nents are most indicative of patient fitness levels, with hopes of identifying specific
tests or metrics that best identify vulnerable individuals who may require a com-
plete CGA. This simplistic model can be utilized in practice in a manner that is both
quick and efficient, while reducing cost and resource utilization that otherwise may
be wasted on screening low-risk individuals.

Functional Assessment

The functional status of patients, defined by the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP) as behaviors
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Table 1.1 Sample of common components of geriatric assessments

Assessment condition

Assessment test used

Functional status

ADL [10]
IADL [11]

Performance status

ECOG [12]
SPPB [13]

Mobility

6MWT [14]
TUG [15]

Frailty assessment

BFI [16]

GFI [17]

VES-13 [18]
Fried’s criteria [19]

Mental status

MMSE [20]
BOMC [21]
CDT [22]
Mini-Cog [23]
MoCA [24]

Mood/depression

GDS [25]

Nutritional assessment

MNA [26]
SNAQ [27]
NRS-2002 [28]
G8 [29]

Polypharmacy

N of daily oral medications [30]

Social support

MOS-SSS [31]

Risk assessment

ASA [32]

Comorbidities

CCI [33]

CIRS-G [34]
Satariano’s index [35]

Abbreviations: 6MWT 6-minute walk test, ADL activities of daily living, ASA American Society of
Anesthesiologists, BFI brief fatigue inventory, BOMC Blessed Orientation-Memory-Concentration,
CCI Charlson comorbidity index, CDT clock-drawing test, CIRS-G cumulative illness rating scale-
geriatrics, ECOG Eastern Cooperative Oncology Group, G8 geriatric 8, GDS Geriatric Depression
Scale, GFI Groningen Frailty Index, JADL instrumental activities of daily living, MMSE mini
mental state examination, MNA mini nutritional assessment, MoCA Montreal Cognitive
Assessment, MOS-SSS Medical Outcomes Study social support survey, NRS-2002 nutritional risk
screening-2002, SPPB short physical performance battery tests, SNAQ short nutritional assessment
questionnaire, 7UG timed get-up-and-go, VES-13 Vulnerable Elders Survey-13

needed to maintain daily activities during the 30 days prior to surgery, has long been
assessed by simple screening tools such as activities of daily living (ADL) and
instrumental activities of daily living (IADL) to gauge the degree of a patient’s
independence. In patients undergoing hepatic resections and pancreaticoduodenec-
tomy, impaired functional status was highly predictive of postoperative complica-
tions and mortality [7, 8, 37]. The timed get-up-and-go (TUG) test is another simple
clinical tool used to quantify functional mobility of patients. Abnormal TUG assess-
ment times (>20 s) have been correlated to increased postoperative morbidity in
oncogeriatric surgical patients undergoing elective procedures [38]. The six-minute
walk test (6MWT), which measures the distance a patient is able to walk in 6 min,
is a metric of functional walking capacity. In patients undergoing colorectal resec-
tions, older age, poorer physical status, open surgery, and increased postoperative
complications were associated with decreased 6MWT distances [39]. This finding
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supports the use of the 6BMWT as an indirect measure of postoperative recovery.
Cardiopulmonary exercise testing (CPET) is also used to predict postoperative out-
comes in patients. In a study of patients aged 65 and older undergoing pancreatico-
duodenectomy deemed as high risk, abnormal CPET results were predictive of early
postoperative death and poor long-term survival for patients [40].

A patient’s functional status may be affected by many different interacting
domains. One clinically relevant domain, frailty, can be defined as a clinical syn-
drome in which three or more of the following criteria are met for a given patient:
unintentional weight loss of >10 Ibs within the previous year, self-reported exhaus-
tion, weakness measured by grip strength, slow walking speed, and low levels of
physical activity [19]. It is hypothesized that the mechanism through which frailty
manifests is by decreasing the physiological and functional reserves of patients,
thereby affecting one’s ability to overcome major insults to the body, such as sur-
gery. Surgical patients who fall into the classification of frail have been shown to
have increased postoperative complications, length of hospital stay, and discharge
to skilled nursing facilities [41]. For patients undergoing elective abdominal surgi-
cal procedures, patients identified as frail have recently been shown to have increased
1-year mortality and poorer surgical outcomes [42]. Several clinical screening tools
for assessing frailty scores clinically have been developed, such as the Groningen
Frailty Index (GFI), Vulnerable Elders Survey-13 (VES-13), and Fried’s frailty cri-
teria assessment.

Many clinicians also rely on morphometric data for assessing patient frailty sta-
tus. Sarcopenia, which clinically manifests as a loss of skeletal muscle mass,
strength, and decreased physical performance, is also associated with poor clinical
outcomes [43]. Sarcopenia can be preoperatively assessed morphometrically by
CT-based measurements for patients undergoing surgery for HPB neoplasms by use
of abdominal cross-sectional muscle area, and its presence has been associated with
poorer surgical outcomes [44, 45]. The use of advanced imaging technologies
allows clinicians to quickly identify sarcopenia in patients that otherwise would be
difficult to assess morphometrically, such as in the case of sarcopenic obese patients.
In the future, radiologic imaging may become a normal part of preoperative assess-
ment and risk stratification for patients undergoing major elective procedures [46].

Nutritional Assessment

There are a variety of nutritional status metrics that are available for predicting risk
of surgical complications. Some of the more commonly used parameters include
weight loss, serum protein levels, immunocompetence, and anthropometric indica-
tors [47]. Malnutrition in patients undergoing gastrointestinal surgery has been
shown to be associated with increased morbidity, and nutritional assessment scores
correlate with severity of postoperative complications and length of hospital stay
[48]. Several nutritional status screening assessment tools exist for clinical use,
including the mini nutritional assessment examination (MNA), short nutritional
assessment questionnaire (SNAQ), nutritional risk screening-2002 (NRS-2002),
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and geriatric 8 (G8) assessment. While no screening assessment has proven to be
markedly superior above others, the NRS-2002 is favored for assessment in surgical
patients and most validated in terms of predictive value [49]. In a direct comparison
to the MNA assessment and serum proteins, the NRS-2002 assessment identified
more elderly patients with or at risk of malnutrition [50]. The NRS-2002 screening
system uses a combination of assessing patient nutrition along with quantifying the
severity of disease to give a summed score of nutritional risk [28].

Mental Status

An important component of preoperative assessment for patients is mental status
and cognitive assessments. One condition that cognitive assessments screen for is
risk of postoperative delirium, which is an acute decline in cognitive functioning.
Delirium in many cases is preventable, and its presence has been shown to be asso-
ciated with many adverse surgical outcomes including increased mortality, morbid-
ity, and discharge to rehabilitation facilities [S1-53]. Leading risk factors for
delirium development include dementia, cognitive impairment, functional impair-
ment, visual impairment, history of alcohol abuse, and advanced age [54]. Patients
at risk of delirium can be assessed using screening tools such as the mini mental
state examination (MMSE), the Mini-Cog assessment, and the Montreal Cognitive
Assessment (MoCA).

Major depression is also associated with adverse surgical outcomes. Results from
the preoperative assessment of cancer in the elderly (PACE) study showed that
patients with abnormal scores on the Geriatric Depression Scale (GDS) were associ-
ated with an increased risk of 30-day postoperative morbidity [55]. Identifying
patients experiencing depressive symptoms may not only improve surgical outcomes
but also treat an underlying disorder that often goes undiagnosed and untreated in
many elderly patients.

Other Considerations

Aside from physical and cognitive assessments, there are many other domains to
preoperative patient assessment that must be evaluated. With oncogeriatric patients,
polypharmacy must be addressed. With advanced age and disease status comes
decreased physiological capacity to metabolize and eliminate toxins; thus drug
interactions can be exacerbated in patients with compromised hepatic and renal
functions. It is important to evaluate and discontinue nonessential medications pre-
operatively to minimize the risk of any adverse drug interactions [56]. For patients
undergoing intra-abdominal and HPB procedures, polypharmacy has been associ-
ated with increased length of hospital stay and risk of major postoperative compli-
cations [57, 58].

Social support is another variable that should be assessed preoperatively for
patients. For geriatric patients, social support has been correlated to increased
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mortality risk, independent of patient age [59]. Lack of social support has also been
shown to correlate to increase 30-day postoperative morbidity for elderly patients
undergoing major abdominal cancer surgery [58]. Thus, preoperative assessment
for elderly and frail patients should encompass a multisystem and multidisciplinary
approach to maximize outcomes for these high-risk patients.

HPB Patient Assessment in Current Literature

As of yet, there is no consensus screening tool that adequately identifies vulnerable
oncogeriatric surgical patients in place of a CGA nor is there consensus within the
field of HPB surgery as to which components of a CGA should be used for surgical
risk assessment. Several studies have shown that in patients undergoing oncogeriat-
ric surgical procedures, CGA components can predict patients at risk for increased
postoperative morbidity, mortality, complications, length of hospital stay, and risk
of discharge to a skilled nursing facility [36, 38, 41, 53, 57, 58, 60-71]. However,
many of these studies include a heterogeneous patient population, with only a small
subset undergoing HPB surgical procedures.

Badgwell et al. (2013) attempted to prospectively record CGA variables that identi-
fied factors associated with increased perioperative risk and resource utilization in 111
elderly patients undergoing major abdominal cancer surgery. Within the study popula-
tion, of 30% of patients underwent HPB surgical procedures. Variables that were
found to correlate with discharge to a skilled nursing facility included weight loss
>10% within 6 months preoperatively, American Society of Anesthesiologist (ASA)
risk assessment score of >2, and Eastern Cooperative Oncology Group (ECOG) per-
formance score of >2. Variables associated with prolonged hospital stay were weight
loss >10%, presence of polypharmacy, and distant metastatic disease [57].

Dale et al. (2014) used CGA components to identify patients in elevated clinical
risk categories undergoing pancreaticoduodenectomy. In a study population of 76
patients, researchers found that patient self-reported exhaustion was associated with
major postoperative complications, surgical intensive care unit admission, and
increased length of hospital stay. Scores on short physical performance battery
(SPPB) tests of <10 and patient age were correlated with a discharge to a skilled
nursing facility, and older age was also correlated to lower likelihood of hospital
readmission [60].

Huisman et al. (2014) attempted to determine the predictive value of the timed
get-up-and-go (TUG) test versus the American Society of Anesthesiologists (ASA)
classification for quantifying oncogeriatric surgical patient risk assessment. Of the
263 patients undergoing elective surgery for solid abdominal tumors, 28 (10.6%) of
patients underwent HPB surgical procedures. For patients with high TUG times of
>20s, the risk of patients to develop major postoperative complications (Clavien-
Dindo grade 3 to 5) was 50%, as opposed to 13.6% of patients with normal TUG
times. For patients with abnormal ASA scores of >3, 24.8% of patients experienced
major postoperative complications. Thus, twice as many surgical patients at risk of
postoperative complications were identified using the TUG than when using the
ASA classification [38].
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Validating similar claims from their previous year’s study and expanding the
number of CGA screening assessments used, Huisman et al. (2015) investigated the
accuracy of commonly used geriatric screening tools in predicting major postopera-
tive complications in patients undergoing elective abdominal oncogeriatric surgical
procedures. The study included 328 patients, of which 10.3% were HPB surgical
patients, found that TUG times of >20s, ASA scores >3, and nutritional risk screen-
ing-2002 status were predictive of major postoperative surgical complications. The
finding that once again the TUG test had good predictive value is encouraging, for this
test measures basic functional mobility, coordination, and muscles strength, which
can be easily and inexpensively administered by an unspecialized assessor [62].

Kaibori et al. (2016) studied how CGA components predicted postoperative com-
plications in elderly patients undergoing elective hepatectomies for hepatocellular
carcinoma treatment. In a patient population of 71, analysis showed that serum albu-
min levels of <4.0 g/dL, intraoperative time, intraoperative blood loss, cirrhosis, geri-
atric 8 (G8) scores of <14, and mini nutritional assessment (MNA) scores of <12 were
all predictive of postoperative complications. Patients with G8 scores of <14 also had
on average significantly higher morbidity and longer postoperative hospital stay. The
G8 screening tool includes seven items from the MNA test, along with an age-related
item. According to the authors, giving the test was quick, easy, and convenient that
could be administered in less than 5 min by a nurse without any special geriatric train-
ing. Given the large nutritional component of the G8 test, this may indicate the impor-
tance of preoperative nutritional optimization for vulnerable patients [63].

Kenig et al. (2015) attempted to assess frailty using CGA components and mea-
sure its accuracy in predicting postoperative outcomes. In a study of 75 elderly
patients undergoing elective surgery for solid abdominal tumors, of which 15%
were pancreatic neoplasms, only TUG times >15 s and Medical Outcomes Study
social support scale (MOS SSS) scores of <4 were significantly predictive of 30-day
postoperative morbidity. The presence of polypharmacy (>4 oral medications a
day) was also a risk factor for major postoperative complications. This study high-
lights the need for frailty assessments to contain varying components of the CGA to
have the best predictive outcomes for patients [58].

Lastly, Korc-Grodzicki et al. (2015) used CGA components to predict the devel-
opment of postoperative delirium and other comorbidities in patients undergoing
varying elective oncologic surgeries. The study population included 416 patients, of
which 20% of patients underwent HPB surgeries. Charlson comorbidity index
scores of >3, patients with a history of falls 6 months prior to surgery, instrumental
activities of daily living (IADL) scores of <8, and abnormal Mini-Cog test results
were all predictive of postoperative delirium. In this study, patients who developed
postoperative delirium had longer median length of hospital stays and greater likeli-
hood of discharge to a skilled nursing facility [66].

As one can see, there is a large and varied usage of CGA components to assess
frailty and identify at-risk oncogeriatric surgical patients. Even between studies that
use the same assessment tools, cutoff values for abnormal results may vary, making
direct comparison of literature findings difficult. Additionally, almost all studies
include patients with different cancer profiles, with very small percentages of study
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populations including HPB surgical patients. More work is needed to be done within
the field of HPB surgery to identify which assessment tools are best identifying
vulnerable surgical patients.

Current University of Louisville Practice

Currently, since there is no established validated screening tool, we have chosen to
utilize three types of screening in our practice. Since we are a tertiary referral center
and many (approx. 40%) are coming from greater than 2 h away, our initial surgical
fitness screening begins prior to the first office visit, to ensure that patients do not
travel long distances when they are clearly not surgical candidates based on comor-
bidities or frailty. Thus, the initial surgical fitness evaluation is based on whether the
patient can walk a mile in 25-30 min (i.e., if on a treadmill, a mile at 2 miles an
hour). This is clearly not a cardiac stress test, but a physical stamina test that we
have recently validated allows us to predict postoperative recovery and accurately
avoid a high incidence of permanent loss of independence in patients [72]. The abil-
ity of the patient to walk a mile in this time frame has allowed 85% of all patients to
get back home and have some degree of independence.

After that initial screening, when patients are seen in the office, we then use the
Groningen Frailty Indicator questionnaire, which has recently been found to be pre-
dictive in predicting morbidity and loss of independence [72, 73]. We have found
that when the patient fills this questionnaire out in the office either before I have
seen the patient or after I have deemed them resectable, this allows me to have an
honest and accurate expectation of the risk of morbidity, which for elderly patients
is critical to their decision making. The last is a simple nutritional scoring system
based on greater than 3 kg weight loss and if the patient has utilized supplements in
the last 3 months.

All of these tests are easily reproduced, do not require advanced training by the
medical staff, and are correctable (pre-habilitation) over time either with or without
neoadjuvant therapy. All of these questionnaires and evaluations are utilized multiple
times in order to demonstrated and document improvement over a 2—-3 months’ time.

Patient Optimization and Treatment
Centralization

HPB resections are high-risk surgeries, especially when performed on elderly or
frail patients. Thus, optimizing outcomes for patients undergoing such procedures
is critical. Factors shown to improve outcomes at hospitals with low HPB surgical
mortality are shorter operation time, low intraoperative blood loss, less blood trans-
fusions, and quality anesthetic care [74]. It has long been established that patients
undergoing complex HPB surgery at higher procedural volume institutions display
better postoperative outcomes compared to medium or low volume institutions [75—
78], and this finding has been more recently validated a decade later [79]. However,
complex HPB surgeries can be performed at low volume institutions and achieve
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similar outcomes as higher volume centers; granted facilities and processes between
the two institutions are the similar [80]. Elderly patients in particular seem to have
significant benefit from having HPB surgeries at high volume institutions. By hav-
ing procedures at a high volume centers, outcomes for elderly patients improve to
levels that are comparable to younger patients [81].

In alignment with hospital volume, surgeon volume for complex HPB proce-
dures also appears to be associated with improved patient outcomes. However, the
improved outcomes only correlate to the primary procedure for which that particu-
lar surgeon has experience. High volume of expertise in one HPB area has not been
shown to improve patient outcomes for other related procedures [82]. For surgeons
performing pancreatoduodenectomy (PD), surgeon expertise, defined as >50 PDs
performed, showed decreased patient morbidity rates as compared to procedures
performed by less experienced surgeons. Conversely, in the same study, the volume
of PDs a surgeon performed in a year did not correlate to any significant differences
in patient morbidity or mortality [83]. Thus, it appears that once a level of expertise
in performing PDs has been achieved, maintaining a high volume status does not
significantly affect patient outcomes.

Many high volume institutions also double as teaching hospitals. However, even
between high volume hospitals, patients undergoing complex HPB surgery have
decreased mortality at teaching hospitals versus non-teaching hospitals [84].
Furthermore, Ejaz et al. has shown while resident participation in HPB surgeries
may increase mean operative times and minor complication rates, there was no sig-
nificant effects of resident participation in surgery and patient morbidity, mortality,
or increase length of stay for patients [85]. As a result, allowing residents to partici-
pate in complex HPB surgeries does not appear to come at the expense of the patient.
In summation, patients — especially elderly — should whenever possible undergo
major oncologic HPB surgeries at high volume institutions at the hands of experi-
enced surgeons to maximize patient outcomes.

Prehabilitation

Prehabilitation is an optimization process that occurs from the time of cancer diag-
nosis to the start of interventions for patients. The ultimate end goal of prehabilita-
tion is to either prevent or decrease the anticipated physiological insults that result
from cancer treatments [86]. For patients with HPB cancer, many will receive mul-
timodal therapies, including combinations of chemotherapy, radiation, and surgery
[87]. It is important to note that for patients receiving neoadjuvant therapies in addi-
tion to surgery, the preoperative period is also a time of recovery from the noxious
effects of these systemically taxing therapeutic agents.

Current literature suggests that presurgical exercise therapy, through both aerobic
and anaerobic means, can be beneficial for patients undergoing oncologic surgeries
(Table 1.2) [88, 89, 92, 94, 95]. In a study of 112 patients undergoing colorectal
cancer resections, Carli et al. (2014) showed that during a prehabilitation period of
on average 52 days, patients who partook in 30 min of daily walking, breathing, and
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statistic circulation exercises improved physical fitness levels measured by the
6-minute walk test (6MWT). Patients in the walking/breathing group also had
smaller decreases in postoperative 6MWT times as compared to patients in a biking
and muscle strengthening prehabilitation group [88]. Dronkers et al. (2010) showed
that in a 2—4 week prehabilitation period for 42 patients undergoing colorectal can-
cer resections, patients who participated in two 60-min training sessions per week,
consisting of inspiratory muscle training and aerobic exercise, had increased endur-
ance and improved respiratory function during the preoperative period [89].

Kim et al. (2009) attempted to identify the most responsive measures of aerobic
fitness during a 4-week prehabilitation program for 21 patients undergoing major
bowel resections. Members of the prehabilitation intervention group participated in
20-30 min of daily aerobic exercise over the course of the program. Patients with
initially the lowest fitness baselines showed the most improvement from the preha-
bilitation program in terms of aerobic fitness levels, measured by submaximal
cycling economy, submaximal heart rate, and peak power output at VO, [92].

Lastly, Timmerman et al. (2011) investigated the feasibility and effectiveness of a
5-week preoperative therapeutic exercise program for 39 patients undergoing major
gastrointestinal and abdominal cancer surgeries. Patients in the intervention program
participated in twol20-min sessions weekly, with the program including aerobic
exercise and muscle strength training. Participants in the exercise program reported
higher levels of satisfaction and motivation during the prehabilitation period com-
pared to control groups. Patient cardiorespiratory fitness, measured by the Astrand-
Rhyming indirect test, and muscle strength, measured by grip strength, increased
significantly during the preoperative period for patients in the prehabilitation group;
however, postoperative adverse events were not reported in this study [95]. A sum-
mary of the current published prehabilitation studies is demonstrated in Table 1.3

Unfortunately, less evidence exists to support this current paradigm for HPB
surgical patients. For patients with HPB malignancies, time is often of the essence,
which can make delays in surgical intervention to improve patient fitness levels
unwarranted. However, it may be possible in just 3 weeks to make sufficient gains
in patient aerobic and strength capacities to bring about positive benefits [96].

The potential advantages of utilizing exercise programs for patient recovery
extend beyond the preoperative period. It has been shown that patients who partici-
pated in self-reported exercise during cancer treatments had diminished side effects
both during and after treatment, with benefits including decreased fatigue, decreased
shortness of breath, and improved self-reported health [97]. Yeo et al. (2012) showed
potential benefits of pancreaticoduodenectomy patients undergoing postoperative
home exercise rehabilitation programs. This program included three 1-month
phases, which gradually increased walking duration times each month with the goal
of patients walking for 90-150 min per week in three to five sessions. Patients
assigned to the home walking group demonstrated decreased fatigue, increased
physical function, and increased quality of life as compared to those who did not
participate in the program [98]. Thus, while specific exercise recommendations for
surgical cancer patients may only be in their budding stages, current literature is
pointing toward positive benefits for patients who do participate in some aspect of
physical activity during their treatment plans.
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Nutrition

According to the American Society for Parenteral and Enteral Nutrition (ASPEN)
clinical guidelines, routine use of nutritional support therapy (NST) for patients
undergoing major cancer operations is not recommended, but NST may be given
perioperatively to moderate or severely malnourished patients if administered
between 7 and 14 days before surgery. The benefits of the NST, however, should
be weighed against the risk of the NST itself and the amount of time delaying
the operation. Both of these recommendations received grading level “A,” which
are guidelines supported by at least two large randomized clinical trials [99]. In
the large Veteran Affairs Total Parenteral Nutrition Cooperative Study published
in 1991, a clinical trial of 395 patients undergoing major abdominal or thoracic
surgical procedures, use of parenteral nutrition 7-15 days preoperatively and
3 days postoperatively showed no benefit in mortality or noninfectious compli-
cations for patients, and patients undergoing parenteral nutrition supplementa-
tion showed increased infectious complications as compared to control groups
[100]. Currently, it appears that routine nutritional supplementation prior to sur-
gery for patients not at nutritional risk is unwarranted.

Recently, immunonutrition has been gaining popularity in surgical spheres
with its ability to enhance immune system function in immunocompromised or
malnourished patients. Typical formulas contain varying components of amino
acids, RNA, and omega-3 fatty acids. Most immunonutrition regimens have the
amino acid arginine as a major component. Arginine is a precursor to nitric
oxide, a major player in vasodilation cascades, and is implicated in cell growth
and proliferation pathways involved in wound healing [101]. The use of periop-
erative arginine-rich supplements have been shown to reduce length of hospital
stay and infectious complications in patients undergoing surgical procedures
[102]. Omega-3 fatty acids EPA and DHA are involved with suppression of
T-cell activation and natural killer cell activity and give rise to the anti-inflam-
matory agents resolvins [103, 104]. Further study of the components of immu-
nonutritional formulas is needed to reveal the true benefits of these immune
modulating supplements.

Within the field of HPB surgery, early postoperative enteral and parenteral nutri-
tional support has been shown to decrease infectious surgical complications and
length of overall hospital stay compared to total parenteral nutritional groups in
patients undergoing pancreaticoduodenectomy [105]. Enteral and parenteral nutri-
tionally supported patients also showed improved hyperglycemic control and
improved gastric emptying. In general, enteral nutritional support is favored over
parenteral nutrition in order to preserve gut integrity, immune function, and glycemic
management [47]. In a study of patients undergoing elective abdominal procedures,
patients with an NRS score of >5 who underwent parenteral nutritional support pre-
operatively had a significantly lower complication rate and shorter hospital stays
compared to control groups [106].
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ERAS

Enhanced recovery after surgery (ERAS) protocols are multidisciplinary pathways
designed to maximize healthcare delivery to patients while minimizing cost [107].
ERAS protocols have been around for decades, but within recent years, they have
gained increased momentum due to successes in fields outside of HPB surgery,
namely, in colorectal surgery. ERAS success measures have been reported as reduced
perioperative morbidity, mortality, and decreased length of hospital stay [37]. While
the main goal of any surgical intervention is to return patients as close to their func-
tional baseline status as possible, in surgical oncology, this return to baseline is pos-
sibly even more important. Many surgical patients will continue adjuvant oncologic
therapies postoperatively; thus failure for patients to return to intended oncologic
treatment (RIOT) due to postoperative complications has been shown to decrease
disease-free and overall patient survival [108].

Within the HPB surgical field, ERAS protocols have thus far generated positive,
although not resoundingly successful, outcomes for patients who a have participated
in them. In a systematic review of HPB ERAS protocols by Hall et al., the general
consensus across the field is the length of postoperative hospital stay can be signifi-
cantly reduced by protocol implementation [109]. However, one study has shown that
while using an ERAS protocol for open hepatic resection led to decreased length of
hospital stay, patient readmission rates significantly increased [110]. One of the main
difficulties in implementing ERAS pathways is deviation from care plans among both
patients and providers. Many physicians tend to favor personal preference over evi-
dence-based supported strategies, such as many HPB ERAS protocols calling for
minimal use of intra-abdominal drains [109, 111]. Overall, both patients and physi-
cians show positive attitudes toward ERAS components, thus supporting the continu-
ing development of such programs [112]. More study into ERAS pathways in HPB
surgery is necessitated to uncover the full potential of these clinical pathways [113].

Conclusion

There is a delicate balance within the field of HPB surgery that permits optimal and
equitable treatments for vulnerable patients while avoiding unnecessary and aggres-
sive healthcare overutilization. As healthcare within developed nations continually
moves toward single-payer systems, future reimbursements will shift from fee-for-
service payment models to payments based upon patient performance and clinical
outcomes. Thus, early assessment and identification of patients at risk for poor clini-
cal outcomes will become increasingly important in all fields of medicine.

With the plethora of patient assessment tools currently available to clinicians,
and overall lack of standardization between healthcare institutions, it is left to sur-
geons to decide which screening tools best predict outcomes for vulnerable patients,
as well as how to direct and manage patient optimization before surgical interven-
tions. Opponents of more comprehensive preoperative assessments may argue that
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greater patient screening will lead to increased cost, administrative burden, and
postponement of surgery. However, by maximizing patient fitness and nutrition on
the front end of treatment, this may potentially decrease mortality, morbidity, and
surgical complications, thus offsetting costs by decreasing the overall length of hos-
pital stay and patient discharge to costly rehabilitation facilities.

Even though a patient may have recently undergone extensive assessment by
primary care or geriatric physicians, due to the inaccessibility of many electronic
medical record systems, these results may not be readily accessible to surgeons at
outside institutions preoperatively. Hence, development of a quick, accurate, and
easy to administer preoperative screening tool for vulnerable patients is necessi-
tated. Further randomized clinical trials are also warranted in order to validate if the
generalized findings of other surgical disciplines are beneficial and applicable to the
unique patient population that comprises HPB surgery.
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Perioperative Fluid Management
for Hepatopancreatobiliary Surgery

Mary Fischer, Camilo Correa-Gallego,
and William R. Jarnagin

Introduction

Fluid therapy is fundamental to the perioperative care of the HPB surgical patient,
but the best fluid strategy remains unclear. Many questions have arisen, and much
controversy has emerged regarding how much fluid should be given perioperatively,
which fluids should be given, when they should be given, and whether outcomes can
be influenced. In fact, one might ask whether fluid therapy can even make a differ-
ence in the ultimate oncologic outcome.

Fluid management strategies have undergone several shifts over the past 50
years. Prior to the 1960s, fluid restriction during the intraoperative period was
widely practiced. In the early 1960s, it was demonstrated that major surgery was
associated with fluid requirements that significantly exceeded the usual rate of fluid
maintenance. As a result, fluid administration became less restrictive.

A decade later, the choice of fluid became the subject of intense debate and con-
tinued until today, as colloid versus crystalloid controversies are still raging on. In
the late 1980s and early 1990s, the concept of achieving a supernormal oxygen
delivery attracted much interest. More recently, there is arguably a shift toward
avoiding anesthesia-related harm after surgery such as prescribing individualized
goal-directed fluid therapy (GDFT).

Because preoperative fluid status and perioperative fluid shifts are difficult to
measure, and “correct” therapy remains uncertain, the assessment of intravascular
volume status, the maintenance of hemodynamics, and the need for transfusion for
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patients undergoing hepatopancreatobiliary surgery remain an important clinical
decision in the perioperative setting.

There are three fluid types used for fluid therapy, crystalloids, colloids, and
blood. Each has its unique characteristics and part to play in fluid therapy. This
chapter aims to present modern care principles and guidelines for perioperative fluid
therapy; review data on outcomes as they relate to type, amount, and timing of fluid;
and review fluid management specific for HPB surgery.

Conceptual Framework for Fluid Balance: Fluid Compartments

Accurate replacement of fluid deficits requires an understanding of the distribution
volume of body fluids. For a person weighing 70 kg, total body water (TBW) is about
42 L (60% of weight in kg). The total body water exists within discreet but dynamic
fluid compartment. Two-thirds of the TBW (28 L) is intracellular water. The remain-
ing third (14 liters) in the extracellular compartment is divided into the intravascular
(5 L, one-third) and extravascular (9 L, two-thirds) compartments. Blood is com-
posed of around 60% plasma (extracellular compartment) and 40% red and white
blood cells and platelets (intracellular compartment). Plasma consists of inorganic
ions (predominantly sodium chloride), simple molecules such as urea, and larger
organic molecules (predominantly albumin and the globulins) dissolved in water.
Interstitial fluid bathes the cells and allows metabolic substrates and wastes to be dif-
fused between the capillaries and cells in the tissue. Excess free interstitial fluid
enters the lymphatic channels and is ultimately returned to the plasma. The majority
of the interstitial water exists within a proteoglycan matrix in a gel form. The trans-
cellular fluids are extracellular and include the cerebrospinal fluid, aqueous humor,
and pleural, pericardial, and synovial fluids.

The cell wall separates the intracellular compartment from the extracellular com-
partment. The capillary endothelium and the walls of arteries and veins divide the
extracellular compartment into the intravascular and the interstitial (tissue or extra-
vascular) compartments. Water moves freely through cell and vessel walls and is
distributed throughout all these compartments. The energy-dependent Na/K ATPase
in cell walls extrudes Na and Cl and maintains a sodium gradient across the cell
membrane: Na+ is an extracellular ion. The capillary endothelium is freely perme-
able to small ions such as Na and CI but is relatively impermeable to larger molecules
such as albumin and the semisynthetic colloids, e.g., gelatins and starches, which are
therefore normally theoretically maintained in the intravascular space [1] (Fig. 2.1).

Colloid oncotic pressure (COP) is the osmotic pressure exerted by the macro-
molecules (the colloid molecules). Solutes that can pass freely across a semiperme-
able membrane do not generate any oncotic pressure — they are effectively a
component of the solvent with respect to that membrane. Where membranes are
selectively permeable to solutes, the water content of the fluid compartments is dic-
tated by solute distribution as water moves down any osmotic gradient to produce
isotonicity. The COP of the plasma is only one of several forces determining fluid
flux at the vascular membrane. Starling in 1896 first described the forces affecting
the flux of fluid across the capillary membrane [2]. These forces can be expressed in
the following equation:
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Fig. 2.1 Model for volumes of distribution of isotonic colloid, saline, and glucose solutions

0, < K[(P.-P)-0 (r.-m,)]

in which Q, = total flow of fluid across the capillary membrane, K = fluid filtration
coefficient, P, = capillary hydrostatic pressure, P; = interstitial hydrostatic pressure,
o, = reflection coefficient, 7. = capillary COP (plasma), and z; = interstitial COP.

The filtration coefficient (K) is a function of the permeability and surface area of
the capillary bed in question. The numeric value represents the net volume of fluid
crossing the capillary membrane under a specific set of conditions. The reflection
coefficient (Oc) is a mathematical expression (from O to 1) of the capillary mem-
brane’s permeability to a particular substance. Thus, the reflection coefficient will
vary with both the tissue bed and substance in question. If a substance is completely
permeable to the capillary membrane, the reflection coefficient will be 0; if it is
totally impermeable, the coefficient will be 1. For protein, the approximate reflec-
tion coefficients for liver and lung are 0.1 and 0.7, respectively [3]. The reflection
coefficient for albumin, the source of 60% of the normal oncotic pressure in the
pulmonary circulation, is approximately 0.7. When a pulmonary insult creates a
leaky capillary state, the protein-lung reflection coefficient may decrease to approx-
imately 0.4 [4].

The composition of administered fluids will therefore dictate their distribution.
Pure water expands all body fluid compartments and therefore provides minimal
expansion of the intravascular volume. Intravenous infusion of an isotonic solution
of sodium chloride expands only the extracellular compartment and will increase
intravascular volume by about one-fifth of the volume infused. Colloid solutions
containing large molecules are maintained within the circulation, at least initially,
and so provide greater intravascular volume expansion per unit infused. Lamke and
Liljedahl demonstrated that 90 min following infusion of 1000 ml of 6% hetastarch,
albumin, or normal saline (NS) in postoperative patients, 75% and 50% of the
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hetastarch and albumin, respectively, still remain in the intravascular space, whereas
only less than 20% of NS remained [5].

Choice of Fluids

The choice of intravenous fluids may broadly be categorized as colloids and crystal-
loids. Crystalloids are effective and appropriate for the initial management of extra-
cellular compartment losses associated with HPB surgery. Large crystalloid therapy
can lead to a degree of hemodilution and a diminished COP. This reduction in
plasma COP has been associated with the development of edema and transudates. It
is therefore appropriate that large fluid administration should include colloid solu-
tions in an attempt to minimize interstitial edema within vital organs. In addition to
their effects on oncotic pressure, colloids are larger in size, causing the replaced
volume to remain in the intravascular space for a longer duration than crystalloids.
Naturally occurring protein colloids include human serum albumin, whereas
hydroxyethyl starches (HES), dextrans, and gelatins comprise some of the synthetic
colloids. Whether colloids may prove more beneficial over crystalloids as they are
more resistant to crossing the microvascular membrane, thus requiring a lower vol-
ume for resuscitation, continues to be debated.

The Essentials of Intravenous Fluids

Crystalloids

There are at least 122 different formulations marketed in the USA for use in adult,
pediatric, and veterinary clinical care. Many of these are variations of the fluids
listed in Table 2.1. The crystalloid group includes aqueous dextrose, saline, and bal-

anced salt solutions. Lactated Ringer’s (LR) and Normosol solutions consist of a

Table 2.1 Electrolyte composition (mmol/l) of commonly available crystalloids

0.9% Ringer’s lactate,
Electrolyte Plasma | NaCl Hartmann’s Plasma-Lyte® | Sterofundin®
Sodium 140 154 131 140 140
Potassium 5 0 5 5 4
Chloride 100 154 111 98 127
Calcium 2.2 0 2 2.5
Magnesium 1 0 1 1.5 1
Bicarbonate 24 0 0 0 0
Lactate 1 0 29 0 0
Acetate 0 0 0 27 24
Gluconate 0 0 0 23 0
Maleate 0 0 0 0 5

Plasma-Lyte® from Baxter International (Deerfield, IL, USA)

Sterofundin® from B. Braun (Melsungen, Germany)
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number of electrolytes that are present in the plasma, whereas 0.9% saline is made
up of only sodium and chloride.

The effect of these solutions on the intravascular, extracellular, and intracellular
fluid volumes varies with their electrolyte composition. The dilute solutions will
expand the total body water volume because the amount of electrolytes added to the
extracellular fluid is small and the cell membranes are permeable to the water.

Colloids

Hydroxyethyl Starch
The hydroxyethyl starch (HES) compounds are a group of polydisperse synthetic
colloids that resembles glycogen structurally. Hetastarch is primarily excreted via
the kidneys with 40-50% of the administered dose eliminated within 48 h [6].
There are four FDA-approved HES solutions on the market: 6% HES 450/0.7 in
sodium chloride injection (Hespan, B. Braun Medical), 6% HES 450/0.7 in physi-
ological solution (Hextend, BioTime), 6% HES 130/0.4 in normal saline (Voluven,
Fresenius Kabi), and a generic equivalent to Hespan (Hetastarch, Teva Pharmaceuti-
cals). The newer generation of HES solutions is the iso-oncotic plasma volume
expander 6% HES 130/0.4 in 0.9% sodium chloride for injection. HES 130/0.4 has
lower mean molecular weight and molar substitution, which result in no significant
plasma accumulation. Increased plasma accumulation has been associated with coag-
ulation and renal dysfunction [7].

Albumin

Albumin is a naturally occurring plasma protein which provides approximately
70% of the plasma colloid oncotic pressure in normal human subjects. Human albu-
min is available for infusions as either 5% or 25% solution. The 5% solution is
approximately iso-oncotic with that of normal subjects, whereas the 25% solution is
markedly hyper-oncotic. Human albumin is prepared from human plasma following
a heating process for 10 h at 60 °C. Volume for volume, human albumin solution is
more than twice as expensive as HES and significantly more expensive than crystal-
loid solutions, such as NS or LR, and can account for a significant portion of or
addition to the total pharmacy budget in certain hospitals [8]. A human-derived
product, albumin has the potential to be associated with increased risk of viral infec-
tion and prion contamination when compared with synthetic colloids [9].

Plasma protein fraction (PPF) is a 5% solution of selected proteins prepared from
pooled human blood, serum, or plasma. It undergoes the same pasteurization pro-
cess used for albumin and is a mixture of proteins consisting mostly of albumin in
an amount equal to or greater than 83% of the total protein composition. Although
albumin solution may be more purified and contains a greater percentage of albumin
(>93%), the two solutions are similar in costs and used interchangeably.

Dextrans
Dextrans are high molecular weight D-glucose polymers linked by alpha 1,6 bonds
into predominantly linear macromolecules. The products in current clinical use are
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described by their MW: dextran 40 and dextran 70 having MWs of 40,000 and
70,000 dalton, respectively.

Is There Anything New in the Choice of Fluid Solution
to Administer?

Results of clinical trials comparing the effects of specific crystalloid and colloids
have been conflicting but continue to raise concerns. Studies have demonstrated the
predictability of acidosis following intraoperative administration of saline-based
fluid [10-12]. Although the non-anion gap metabolic acidosis has historically been
felt to be benign, there is now increasing evidence that it may contribute to acute
renal injury [13, 14]. In a study of nearly 23,000 patients, hyperchloremic metabolic
acidosis occurred in 22% of patients and was independently associated with
increased morbidity and mortality [15]. Mortality at 30 days was 3% versus 1.9% in
patients who did not have metabolic acidosis, and hospital lengths of stay increased
by almost 1 day.

The choices of fluid administered intraoperatively can result in differences in the
coagulation effects. Hespan in large volumes (>20 ml/kg) has been associated with
reduced levels of coagulations factors, e.g., fibrinogen, factor VII, and von
Willebrand’s factor, and reduced platelet function beyond the effect of hemodilution
[16, 17]. This has prompted the FDA to issue a warning against high-volume admin-
istration in its package insert.

In 2013, the FDA issued a black box warning that HES was not to be used in
ICUs [18, 19]. A Cochrane review of colloid solutions and crystalloid solutions in
78 trials concluded that resuscitation with colloids did not reduce the risk of death
and that HES increased mortality if the liver or kidneys were injured [20]. Another
Cochrane review examined the effect on kidney function in more than 11,000
patients. HES increased the need for renal replacement therapy [21]; however, a safe
volume of HES was not defined. There is no evidence that these deleterious effects
of starch-based colloids occur with albumin.

Expert opinion recommends crystalloid solutions for routine surgery of short
duration [22]. However, in major surgery, fluid therapy containing colloid and bal-
anced salt solutions is recommended. In addition, although a black box warning for
the use of starch solutions exists within the USA, there is limited data relative to
their harm in the perioperative period. Careful consideration should occur in patients
with known or acute renal injury and/or signs of coagulopathy or sepsis prior to
administering starch solutions [22].

Most trials comparing different solutions have been performed among nonsurgi-
cal populations. Surgical patients are not the equivalent of the critically ill or septic
patient. The trials comparing the effects of different solutions are not procedure
specific. There is a lack of adequate studies in HPB surgery upon which to base a
judgment whether selecting crystalloid or colloid fluid therapy influences
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morbidity. The ideal volume expander, whether crystalloid or colloid, for patients
undergoing HPB surgery should be determined based on institution and physician
preferences as there is little clinical difference between the two types when mortal-
ity is the outcome of interest. Many clinicians continue to use colloids in combina-
tion with crystalloids; however, crystalloids may be selected more often due to the
high price of colloids.

Perioperative Issues Influencing Fluid Management

The assessment of intravascular volume status and optimization of hemodynamics
remain an important clinical challenge [23]. This is particularly true for the intraop-
erative care of the patient undergoing HPB surgery, where rapid changes in hemody-
namic parameters can be caused by anesthetics, blood loss, impaired cardiac
contractility, and changes in systemic vascular resistance (SVR) and autonomic ner-
vous system outflow [1].

Amount of Fluid
Traditional Practice of Intraoperative Fluid Administration

One of the most common interventions made by anesthesiologists is the administra-
tion of intravenous fluid. There are many opinions among anesthesiologists regard-
ing fluid management in the operating room; nonetheless, as a whole, fluid
administration is based on textbook guidelines for surgery-specific replacement of
blood loss and maintenance fluid requirements. All anesthesiologists have some
type of goal when making fluid management choices, such as maintaining adequate
blood pressure, heart rate, or urine output.

Until recently, the general approach to perioperative intravascular volume man-
agement was the administration of large amounts of maintenance crystalloid fluids.
This was based on the outdated premise that the preoperative patient was hypovole-
mic due to prolonged fasting and bowel preparation. Intraoperatively, in addition to
ongoing losses from perspiration and urinary output, there was a widespread belief
that surgical exposure required aggressive replacement of insensible fluid loss,
often termed “third space” losses [24]. Further, hypotension during general and
neuro-axial anesthesia was often treated as hypovolemia, triggering compensatory
liberal intravenous (IV) fluid administration. There was the belief that the kidney
would handle fluid overload but would be damaged by too little fluid [25].

Brandstrup was the first to propose an alternative to liberal intraoperative fluid
management for abdominal surgery [26]. A series of trials followed that have shown
patients could be managed successfully with quantities of fluids that previously
would have been considered inadequate.
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Are You Conservative or Liberal?

Past research to identify the perfect recipe of fluid administration during abdominal
surgery suffered from standardization of regimens and the goals chosen to influence
the amount of fluid prescribed. In a review of 80 prospective randomized studies
comparing the effect of two different fixed fluid volumes on post-op outcome in
surgery, it was concluded that there were too many differences in definitions, meth-
odology, and results to support evidence-based guidelines for procedure-specific
perioperative fixed volume regimen (yet please avoid crystalloid overload) [27].
The majority of these studies did not include a significant number of major hepatic
or pancreatic resections.

Retrospective reviews of fluid management in patients undergoing pancreatec-
tomy did not demonstrate a clinically significant association between postoperative
morbidity and intraoperative fluid management [28, 29]. A prospective randomized
controlled trial (RCT) of intraoperative 3% hypertonic saline (HYS) (moderately
restrictive) vs 15 ml/kg/h Ringer’s lactate (liberal) reported a statistically significant
reduction in complications for the HYS cohort in patients undergoing pancreatec-
tomy [30]. At our institution, a RCT of 330 patients undergoing a pancreatectomy
showed no difference on perioperative complications comparing intraoperative 6 ml/
kg/h (restrictive, i.e., standard) vs 12 ml/kg/h (liberal) fluid administration [31].

Studies of perioperative fluid therapy have been related to, among other things,
nausea and vomiting, pain, tissue oxygenation, cardiopulmonary disorders, duration
of hospital stay, and bowel recovery time. However, the relevance of each individual
target depends on the examined type and extent of surgery, which in turn has an
enormous influence on changes and significance of these outcome parameters.
High-volume crystalloids in order to lessen postoperative nausea and vomiting and
dizziness may be beneficial for a patient undergoing a laparoscopic cholecystec-
tomy in the ambulatory setting, [32] but may not be the major goals for patients
undergoing major HPB surgeries. Both Lavu and Grant showed no difference in
delayed gastric emptying, pancreatic fistula, and wound infection in their recipe tri-
als for perioperative fluid management for pancreatectomies [30, 31].

Contemporary Practice of Perioperative Fluid Administration

While liberal, standard, conservative, or restrictive has been and still remains in the
eye of the beholder, contemporary fluid therapists emphasize that administering
more fluid (typically crystalloid) than is needed to patients undergoing surgery has
been associated with harm [25]. In order to improve patient outcome, the endpoint
for fluid therapy is an adequate blood flow to all organs including traumatized tissue.
Preoperative volume loading and routine replacement maintenance of highly insen-
sible and third space losses should be abandoned in favor of rational fluid therapy
[33], zero-balance fluid therapy [34], or demand-related fluid protocols [35], in order
to avoid any collateral damage that may be caused by interstitial edema.
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In addition, it’s wrong to compare two classes of fluids, crystalloid and colloid,
and instead the focus should be on when to use these fluids. Replacement of fluid
should be guided by losses due to fluid shifting or acute bleeding which have to be
replaced with iso-oncotic colloids, presuming the vascular barrier is intact and
acknowledging that colloidal volume effects are context sensitive. While circulatory
surrogates can be monitored for the replacement of plasma losses, deficits from the
extracellular compartment (EC) cannot be monitored. Therefore, losses from the
EC space should be replaced based on a simple protocol: use the right kind of fluid
in the right amount at the right time [35].

There is evidence-based medicine to support this contemporary approach to fluid
therapy. Mechanical bowel preparation and overnight fasting are becoming less
common and are no longer recommended before most abdominal operations [25].
The American Society of Anesthesiologists (ASA) recommends that patients con-
sume a clear carbohydrate beverage 2-23 h before undergoing surgery [36].
Intraoperative evaporative fluid losses during major abdominal surgery are at most
1 cc/kg/h [37]. Modern tracer studies do not support the existence of a third space
[38]. Therefore, filling of this theoretical space is moot and the term should be aban-
doned; fluid is either intravascular or shifted into the interstitium. Conversely, the
administration of excess fluid may result in tissue edema during surgery [39, 40].

Endpoints and Monitor

Focusing on intraoperative fluid management, the challenge is to find the optimal
balance while achieving two primary rational goals: establish and maintain central
euvolemia, and avoid administering inadequate or excessive fluid with a high salt
content. Hypovolemia may lead to hypoperfusion, bowel ischemia, organ dysfunc-
tion, and increased adverse outcomes. Conversely, if we allow patients to become
overloaded with fluid, edema, organ dysfunction, postoperative ileus, and increased
adverse outcomes may result [41] (Fig. 2.2).

The standard approach used to achieve these goals uses maintenance background
fluid therapy that replenishes fluid lost by urinary output as well as perspiration.
Blood loss and fluid shifts during major surgery may require additional fluid usually
as fluid boluses. It is accepted practice to adjust the dose of fluid in response to some
form of endpoint. Conventional endpoints include urine output, blood pressure, and
heart rate. For the higher-risk patient or higher-risk surgery, basic invasive monitor-
ing such as arterial pressure and central venous pressure may be added.

Despite these clear physiologic goals and rational thinking, traditional periopera-
tive fluid management strategy is unreliable. Excess fluid may be administered
under conditions that are incorrectly interpreted as fluid deficit. Empiric fluid man-
agement strategy has the potential of leading to overload, thus prolonging mechani-
cal ventilation and hospital length of stay (LOS), and causing worse overall
outcomes [42]. If there are complications from fluid management, then the protocol,
monitoring, or the parameters guiding our choices are flawed.
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Fig. 2.2 Fluid load vs outcomes

Monitoring Fluid Volume and Determining Fluid Needs
Traditional Static Parameters

The key question to ensure tissue perfusion and circulatory optimization is whether
administration of fluids would result in a clinically relevant increase in cardiac out-
put (CO), thereby enhancing tissue perfusion and oxygen delivery [1, 23].
Furthermore, a strategy that does not require an empiric fluid challenge in order to
determine whether fluid administration would increase cardiac output has the obvi-
ous benefit of preventing fluid administration and volume overload-induced compli-
cations in patients who are “fluid nonresponsive” [43]. Unfortunately, methods that
have been used over the past decades to assess volume status and volume responsive-
ness are unreliable [1, 42—46]. The most rudimentary measure used, the mean arte-
rial pressure (MAP), provides little useful information regarding actual blood flow
or oxygen delivery [1]. Similarly, measurement of central venous pressure (CVP)
via placement of a central catheter in combination with urine output is loose and
highly indirect measures with a large degree of temporal lag that correlate very
poorly with CO [1].

Blood Pressure and Heart Rate

Despite well-known limitations in assessing changes in heart rate and blood pres-
sure during blood loss, the clinical diagnosis of hypovolemia is still often based on
these two parameters and their response to a fluid challenge [47]. Because blood
pressure is a regulated variable, a normal blood pressure does not necessarily
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reflect hemodynamic stability. Today we know that blood pressure is not the same
as blood volume. A healthy patient may lose up to 25% of blood volume before
there is a decrease in arterial pressure or an increase in heart rate [48]. Volume
expansion-induced changes in arterial pressure-derived parameters are inconclu-
sive for the detection of an increase in cardiac output and thus should not be used
for fluid responsiveness evaluation in routine clinical care of patients undergoing
high-risk surgery [49]. Similarly, these conventional measurements do not predict
the development of complications [50, 51].

Urine Output (UOP)

The common assumption is that urine output has to be maintained above a certain
level to prevent acute kidney injury (AKI), and therefore, low urine output should be
treated with crystalloid boluses [52, 53]. Yet, in the perioperative period, oliguria
defined as UOP < 0.5 ml/kg/h is extremely common and often occurs as a neurohor-
monal response to surgical stress, rendering it an unreliable marker of volume status.
Kheterpal et al. in a large retrospective analysis showed that 85% of postoperative
patients not developing AKI had a UOP less than 0.5 ml/kg/h, surprisingly signifi-
cantly more patients than those who developed AKI (75%) [54]. The incidence of
AKI and its impact on 30-day mortality differs among different types of abdominal
surgeries [55]. While permissive oliguria during low CVP (LCVP)-assisted hepatec-
tomy is associated with a transient biochemical alteration in estimated glomerular
filtration rate, clinically relevant renal dysfunction is a very uncommon event [56].

Central Venous Pressure (CVP)

Although central venous pressure (CVP) is used almost universally to guide fluid
therapy in hospitalized patients, there is very little evidence that supports the use of
CVP to guide perioperative fluid therapy. CVP and pulmonary artery occlusion
pressure (PAOP) or “wedge” pressure were designed to estimate volume status of
the right and left ventricles. Unfortunately, CVP or PAOP has not shown adequate
correlation with volume or flow status [57].

Dramatic changes in systemic hemodynamics may not be associated with any
significant changes in CVP. The venous system contains approximately 70% of the
total blood volume and is 30 times more compliant than arterial system; therefore,
changes in blood volume within the veins are associated with relatively small
changes in venous pressure.

Marik et al. [58], in an excellent meta-analysis, recommended that CVP not be used
in the perioperative course because of its lack of accuracy. As demonstrated by his
study, only about a half of patients administered with a fluid bolus will demonstrate a
positive hemodynamic response to the intervention [58]. With a ROC of 0.56, the play
of coin toss will be as helpful as CVP in predicting which patients will respond to a fluid
challenge. If fluid resuscitation is guided by CVP, it is likely that patients will have
volume overload and pulmonary edema. Insufficient data exists demonstrating any ben-
efit of using CVP as a target for achieving goal-directed hemodynamic management or
for improving patient outcomes. It is this imbalance of risk versus benefit that has influ-
enced hepatobiliary anesthesiologists at our institution to abandon routine central
venous line placement even while routinely practicing fluid-restricted liver resection.
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Goal-Directed Therapy in the Perioperative Phase
Historical Perspective

Major surgery exposes patients to periods of cardiovascular insufficiency, either
because of anesthesia-induced loss of vasomotor tone and baroreceptor responsive-
ness or because of blood loss and mechanical obstruction to blood flow. In all cases
cardiac output (CO) will fall, and if the heart rate remains constant, stroke volume
will fall as well as global oxygen delivery (DO,), and then end-organ dysfunction
may occur.

Until about 20 years ago, it was felt that these concerns about microcirculation
were primarily academic and did not affect patient outcome. However, in the 1980s,
Shoemaker observed that in postoperative surgical patients, once routine parameters
like blood pressure and heart rate were stabilized, survivors had a consistently higher
CO and DO, than those who subsequently died [59]. There is a surgery-associated
reduction of global DO, that affects patient outcome. The initial trial to target what
they referred to as survivor levels of DO, was successful [60]; subsequent trials
resulted in worse outcomes [61-66]. It was assumed at the time that the risks associ-
ated with aggressive resuscitation and vasoactive drug therapies needed to achieve
these levels of DO, could be detrimental. The trial by Gutierrez et al. [67] demon-
strated that targeted threshold values of DO, were only effective at reducing long-term
mortality if applied before the development of end-organ failure. Thus, presurgical
intraoperative resuscitation to target goal-directed therapy has been termed preoptimi-
zation to connote that treatment begins before the stress is created.

Boyd’s landmark study and numerous others showed that targeting DO, values
above 600 ml/min/m? before the stress of surgery could decrease morbidity and
mortality in high-risk surgical patients [68]. While initial results were encouraging,
the acceptance of preoptimization strategies for surgical patients did not catch on.
Preoptimization requires additional monitoring to measure DO, requiring one to
treat those targets. In the 1980s, such monitoring always meant the insertion of a
pulmonary artery catheter (PAC) . PAC itself caused increased major morbidity and
mortality, which undermined interest in the concept of using physiological targets
to optimize cardiovascular performance and improve outcomes. Over the interven-
ing years, less invasive monitors (esophageal Doppler and pulse waveform contour
analysis) capable of capturing flow-based hemodynamic variables have renewed
interest in individualized goal-directed fluid therapy (GDFT) [43, 58, 69].

Frank-Starling Respiratory Variations: Dynamic Flow-Related
Parameters

Positive pressure ventilation induces cyclic changes in intrathoracic pressures that
transiently affect venous return, resulting in cyclic changes in stroke volume. During
mechanical ventilation, respiratory variations in the arterial pressure are related to
volume status. The degree of respiratory variations in systolic pressure, pulse
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pressure, stroke volume, and aortic flow accurately reflects volume (preload) respon-
siveness. These dynamic predictors of volume responsiveness are often referred to as
systolic pressure variation (SPV), pulse pressure variation (PPV), and stroke volume
variation (SVV). These dynamic flow-related parameters are more accurate than the
static traditional parameters to identify fluid responsiveness [70]. Today most car-
diac monitors analyze the arterial waveform automatically calculating the degree of
these respiratory variations and providing a continuous numeric representation of
the patient’s volume status and volume responsiveness [71].

Perioperative goal-directed fluid therapy (PGDT) is a clinician-directed protocol
that uses measurements of advanced hemodynamic parameters during surgery to
guide fluid management [71]. The accurate assessment of hemodynamic parame-
ters — SV, SVV, and CO - allows for individualized volume management and
decreases variability among clinicians because fluids are given only when there is
demonstrable fluid responsiveness. PGDT is based on the physiological principles
outlined in the Frank-Starling curve describing the relationship between stroke vol-
ume and preload. These principles are based on the fact that SV is 1 of the 2 deter-
minants of CO and that SV is the first parameter to change when a patient has
volume loss. The natural phenomenon of SVV, which occurs due to normal changes
in SV resulting from respiratory cycle — induced changes in venous return — acts as
a small endogenous physiologic fluid challenge and can be used as an assessment of
the Frank-Starling state (i.e., fluid responsiveness) of the left ventricle without the
need for an empirical fluid challenge with exogenous fluids [70-73]. Because arte-
rial pulse pressure is directly proportional to SV, SVV or PPV can be used to predict
increases in CO in response to fluid administration with numbers roughly <8% cor-
responding to fluid nonresponsiveness and >14% corresponding to responsiveness
[74,75]. This strategy has the advantage of easy and relatively noninvasive monitor-
ing through placement of a peripheral arterial catheter.

The Protocol

Fundamentally the only reason to give a patient a fluid challenge is to increase the
stroke volume. This assumes that the patient is on the ascending portion of the
Frank-Starling curve and has “recruitable” cardiac output. Once the left ventricle is
functioning near the plateau on the Frank-Starling curve, fluid loading has little
effect on cardiac output and only serves to increase tissue edema and to promote
tissue dysoxia [43].

Two concepts drive GDFT: cardiac output optimization or preload dependence
optimization. It has been suggested that giving fluid until the patient has reached the
plateau of the Frank-Starling curve may be the way of preventing both hypovolemia
and fluid overload. In clinical practice, this approach consists of giving fluid until
flow parameters reach a plateau value (to prevent hypovolemia) and then to stop
giving any additional fluid volume (to prevent fluid overload). Patients who respond
to a fluid challenge with an increase in SV of more than 10% are considered fluid
responsive and may benefit from more fluid challenges. Euvolemic patients will
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exhibit a change in SV < 10%. These patients are considered replete and fluid
administration should stop [43].

Dynamic predictors of fluid responsiveness are not markers of blood volume, nor
markers of cardiac preload, but markers of the position on the Frank-Starling curve
during mechanical ventilation. In this regard, they have been proposed to identify
when the plateau of the Frank-Starling relationship is reached without the need to
give fluid or measure flow. High respiratory variations reflect that the heart is work-
ing on the steep part of the relationship (indicating preload dependence), whereas
low respiratory variations reflect that the heart is working on the plateau of the
relationship (indicating a preload independence) [43] (Fig. 2.3).

Preload dependence optimization (SVV or PPV minimization) dictates the fluid
boluses aiming at keeping the value below a threshold number. There is a wide
range of protocols available for the perioperative setting. They take into account
patient risk and type of surgery, vascular access, and the hemodynamic monitor
chosen [76] (Fig. 2.4).

Benefit of Perioperative Goal-Directed Therapy (PGDT)

Recent research has demonstrated the clinical benefit of PGDT on patient recovery,
including postsurgical complications and reduced hospital length of stay (LOS)
[77]. A stratified meta-analysis of 5021 patients from 34 randomized controlled tri-
als compared a restrictive fluid therapy approach with either a liberal fluid therapy
without hemodynamic goals (11 studies, 1160 patients) or PGDT (23 studies, 3861
patients) [77]. The outcomes for patients receiving liberal use of fluid without
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hemodynamic goals were not equivalent to those for patients receiving PGDT,
although patients in the PGDT and liberal therapy groups received more fluid than
patients in the restrictive groups, but with very different effects. Patients in the lib-
eral fluid group had a higher risk for pneumonia and an increased time to first bowel
movement [77]. Patients in the PGDT group had a lower risk for pneumonia, fewer
renal complications, and shorter LOS. Liberal use of fluids during surgery produced
inferior patient outcomes relative to PGDT [77]. Other studies of PGDT demon-
strated reduced gastrointestinal complications and reduced infections relative to
control conditions [78, 79].

The recently completed OPTIMISE trial evaluated 734 high-risk patients who
underwent major gastrointestinal surgery with or without PGDT [41]. After adjust-
ing for risk factors, compliance with the protocol, and excluding the ten patients per
center who discontinued the trial, the decrease in postsurgical complications was
significant [41]. The primary outcome, a composite measure of complications at
30 days postsurgery, trended toward lower values in the PGDT group relative to
usual care (36.6% vs 43.4%; p = 0.07). Similarly, 180-day mortality was reduced in
patients in the PGDT group relative to usual care (7.7% vs 11.6%, respectively;
p=0.08) [41]. These results suggest that PGDT could positively affect recovery and
long-term survival after surgery. Other studies also have indicated PGDT benefits
long-term outcomes [80].

Based on the growing evidence supporting PGDT and the need for professional
guidance and education, clinical societies have published guidelines for operative
fluid management in Europe. In 2015, the International Fluid Optimization Group
published a consensus statement focusing on perioperative fluid therapy that recom-
mended that all anesthesiologists should have a perioperative fluid plan using an
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algorithm guided by the most appropriate and accurate monitor [22]. While
acknowledging that the benefits of perioperative goal-directed fluid therapy have yet
to be proven, these experts believe the bulk of clinical research supports the imple-
mentation of a two-step GDT plan containing colloid and balanced solutions for
major surgery. All anesthesiologists should implement a two-step GDT plan which
is to begin immediately after induction of anesthesia. First, determine if the patient
requires hemodynamic support or augmentation of cardiovascular function. Second,
if the need is apparent and the patient is fluid responsive, fluid bolus therapy should
be considered and guided by appropriate changes in stroke volume.

Special Considerations in Hepatopancreatobiliary Surgery
Pancreatic Anastomotic Leak

Postoperative gastrointestinal (GI) dysfunction is a frequent complication in surgical
patients. Although the pathogenesis of GI complications is multifactorial [81], gut
hypoperfusion, secondary to hypovolemia or cardiac dysfunction, plays a key role.
While healthy patients may tolerate a 25-30% decrease in blood volume without
changes in systemic arterial pressure or heart rate, splanchnic perfusion is compro-
mised after 10—15% reduction in intravascular volume [82]. Selective vasoconstric-
tion of mesenteric arterioles, mediated primarily by the renin-angiotensin system,
contributes to the maintenance of systemic arterial pressure and the perfusion of
non-mesenteric organs [83].This response occurs at the expense of splanchnic hypo-
perfusion that often outlasts the period of the hypovolemic insult or low-flow state,
promoting abdominal organ damage. GI dysfunction presents with clinical signs and
symptoms ranging from impaired motility [81] and inability to tolerate enteral diet
to ischemic injury [84]. The type of surgery is important. For example, in abdominal
surgery, poor oxygen delivery is significantly associated with anastomotic leak [82],
especially in GI segments highly dependent on oxidative phosphorylation [85].
One of the postoperative GI complications of particular interest for pancreatic sur-
gery, anastomotic leak, would seem to be the one most affected by excessive fluid
administration. Hypervolemia (typically too much crystalloid) can damage the glyco-
calyx, a layer of membrane-bound proteoglycans and glycoproteins that coats healthy
vascular endothelium and plays an important role in managing vascular permeability
by acting as a second barrier to extravasation [86]. The most common manifestation
of hypervolemia is edema of the gut wall and prolonged ileus. A study in rats under-
going a bowel resection and anastomosis showed that excessive crystalloid results in
submucosal intestinal edema, lower anastomotic bursting pressure, and a decrease in
the structural stability of intestinal anastomosis in the early postoperative period [87].
PGDT has been advocated as the strategy to best maintain oxygen delivery and mini-
mize splanchnic hypoperfusion, and a meta-analysis of major surgeries has shown it
decreases major and minor GI complications in the perioperative period [79].
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At our institution, a hemodilution (HD) RCT for patients undergoing pancreatec-
tomy in which the HD group received more fluid than the liberal arm of our RCT of
liberal vs restrictive fluid therapy, there was an increased incidence of pancreatico-
duodenectomy anastomotic leak (ANH 21% vs STD 7.7%) [88]. The strength in
these studies may be bringing us closer to identifying a safe range of intraoperative
fluids that do not effect this significant morbidity for patients undergoing pancre-
atectomy at high-volume centers. Both trials used traditional empiric endpoints.
The authors know of no trials that have looked at PGDT and its effect on anasto-
motic leak for pancreatectomy.

Hepatectomy

A relationship between intraoperative blood loss, transfusion, and morbidity has been
consistently shown for hepatic resection [89, 90]. In order to minimize blood loss, it is
common anesthesia practice to perform liver resections with the central venous pres-
sure less than 5 mmHg. Fluid management is an important aspect of LCVP anesthesia.
The liver anesthesiologist that practices LCVP must be familiar with the physiology of
the venous system in order to maintain hemodynamic stability. Unstressed blood vol-
ume is a sequestered volume that does not directly participate in venous return.
Splanchnic veins and the liver with their high density of alpha adrenergic receptors
play the role in maintaining a ratio between stressed and unstressed blood volume
[91]. CVP can only be decreased by decreasing stressed volume which can only be
done either from hypovolemia or venodilation. In order to maintain hemodynamics,
decreased stressed volume and venous return can be restored by fluid infusion to fill
up the increased venous capacity or venoconstriction. The clinical advantage of using
a vasopressor is that it maintains tissue blood flow but avoids fluid infusion and liver
congestion. Some extent of tolerance of permissive hypovolemia, and oliguria, as well
as permissive relative hypotension is often needed. One cannot confuse the temporary
improvement of blood pressure with liberal fluid or transfusion with an outcome ben-
efit. However, a clinician that practices LCVP should realize that this restrictive fluid
approach decreases the margin of safety. Up to 1000 cc of blood may be lost without
change in standard hemodynamic parameters. However, beyond this point, even minor
reduced venous return (preload) caused by the Pringle maneuver, vena cava compres-
sion or blood loss, or lifting the liver, can lead to sudden hemodynamic deterioration.

Using central venous catheters in order to practice LCVP, anesthetic technic has
been very popular. Prior to liver transection, the CVP would be lowered to <5 mmHg
by fluid restriction and/or pharmacologic manipulation and then raised at comple-
tion of transection in order to reach euvolemia. The numeric measurement of CVP
itself is not reliable to determine volume status or responsiveness, and we have
abandoned its routine use [46].

Early proactive GDT may compromise the effectiveness of LCVP on blood loss.
The only GI complication that was not influenced by GDFT in Giglio’s
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meta-analysis (which included no liver surgery) was liver injury [79]. The author
hypothesized that this may be because the liver has flow protection already: the
hepatic artery buffer. When the Pringle maneuver to minimize intraoperative blood
loss is combined with LCVP, some degree of hypoperfusion may lead to liver tissue
injury. Whether PGDT for liver surgery can rescue patients from this insult is
unknown.

PGDT has been studied for liver resections as an approach to return to euvolemia
after transection of the liver, and it was shown to be beneficial as part of an ERAS
program [92, 93]. The authors recently completed a RCT using SVV minimization
in the operating room to resuscitate patients undergoing LCVP-assisted hepatec-
tomy. It allowed less fluid to be given intraoperatively without harm; however, there
was no effect on 30-day morbidity among randomized groups, despite the fact that
total intraoperative fluid was found to be independently associated with postopera-
tive morbidity [94].

Perioperative Blood Manangement
Current Transfusion Management

It is becoming apparent that the risks associated with blood transfusion are not
outweighed by the potential benefits in many surgical patients who are routinely
transfused. Studies have shown that clinical outcomes in patients who are treated
without (or with less) allogeneic blood transfusion are often comparable or better
than the outcomes of similar patients who are transfused or receive more blood.
As such, restrictive transfusion strategies are being increasingly recommended by
practice guidelines [95]. Nonetheless, there has been a need for a more systematic
approach with emphasis on improving patient outcomes (as opposed to mere focus-
ing on usage of blood components) . Patient blood management (PBM) has recently
been recognized by the World Health Organization (WHO) as a means to promote
the availability of transfusion alternatives. However, the scope of PBM goes beyond
transfusions as reflected by its definition: the timely application of evidence-based
medicine designed to maintain hemoglobin concentration, optimize hemostasis, and
minimize blood loss in an effort to improve patient outcome. This definition is
derived from the observation that the vast majority of transfusion in the periopera-
tive period can be attributed to low preoperative hemoglobin levels, excessive surgi-
cal blood loss, and inappropriate transfusion practices [96].

Accordingly PBM is built on four principles, anemia management, optimization
of coagulation, adoption of blood conservation strategies, and patient-centered deci-
sion, with the single goal of measurable improved patient outcome [97]. In 2011,
the Department of Health and Human Services stressed the importance of strength-
ening blood management systems to promote rational use of blood, cut down on the
number of unnecessary transfusions, reduce transfusion risks, improve patient care,
and save hospital resources. The American Board of Internal Medicine foundation,
dedicated to advancing medical professionalism to improve health care, is endorsed
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by both the American Board of Anesthesiology and Surgery and has launched the
Choosing Wisely campaign regarding optimal blood use [98].

Red cell transfusion is independently associated with adverse short-term outcomes
for major HPB surgery [89, 90, 99, 100]. While the correlation of transfusion with
complications should not be interpreted as causation, every effort should be made to
reduce avoidable transfusions in these patients. A RCT from our institution looking at
the effect of acute normovolemic hemodilution during liver surgery showed an effect
on transfusion rate however did not reduce short-term or long-term morbidity [101,
102]. A restrictive approach to blood transfusion with a threshold of 7 g/dl has been
shown to reduce blood use and not cause harm in liver resection patients [103].

Conclusion

While there is limited data to drive fluid management in this patient population, a
rational approach that uses reliable monitoring devices and individualized physio-
logic endpoints should be advocated. To this end, it is imperative to consider different
types of IV fluids as medications with specific indications, dosages, and adverse
effects. There is no universal formula that applies to all hepatopancreatobiliary
patients; rather, as discussed, the clinical situation should drive the type and amount
of fluid administered.

During the operative and immediate postoperative period, it is essential to have a
dedicated anesthesia team that specializes in these kinds of procedures and under-
stands the physiology involved. The induced hemodynamic lability that inevitably
accompanies LCVP-assisted liver resection leaves no room for error and requires
quick, efficient, and safe management of potential complications. In the postopera-
tive period, the approach to fluid management should similarly be guided by a ratio-
nal approach that takes into consideration the consequences of both intravascular
depletion and fluid overload.
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Perioperative Pain Management
for Hepatopancreaticobiliary Surgery

Clancy J. Clark

Introduction

Postoperative pain is a major barrier to rapid recovery and source of serious postopera-
tive morbidity and mortality after liver and pancreas surgery. Pain is also a barrier to
reaching recovery milestones. Reports indicate that inadequate pain management occurs
up to 50% of patients [1]. Postoperative pain varies widely from procedure to procedure,
as well as among patients who undergo the same procedure. Pain associated with surgi-
cal procedures is a recognized risk factor for chronic neuropathic pain.

Optimal outcomes after hepatopancreaticobiliary surgery require a well-developed
postoperative pain management program in addition to excellent surgical technique
and standardized care pathways. As HPB surgeons we strive to not only decrease
postoperative morbidity and mortality but facilitate a patient’s return to normality
and a state of independency in activities of daily living [2]. While prior pain manage-
ment programs have focused on the interests of institutions and providers (i.e., length
of stay, readmission, and cost), patient-centered outcomes are critically important.
Numerous pain management options are now available during the perioperative
period (Table 3.1). The following chapter will review the most common periopera-
tive pain management strategies and recommendations for providing optimal care.

Medications

Meta-analyses demonstrate that combination regimens, such as acetaminophen and
NSAIDs, have better pain control than single agents [4]. While multidrug regimens
(polypharmacy) may improve outcomes on face value, it is inaccurate to assume
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Table 3.1 Perioperative pain Medications
management options

Nonsteroidal anti-inflammatory
drugs (NSAIDs)
Acetaminophen

Gabapentin

Opioids

Regional anesthesia
Epidural

Intrathecal
Transverse abdominis plane block
‘Wound catheters

additive effects for each additional medication particularly with cross-reactivity and
individual drug-associated adverse effects. Similarly, the objective evaluation of
heterogeneous multidrug trials poses significant challenge. Many of these studies
are difficult to interpret, and current meta-analysis techniques are unable to evaluate
multiple outcomes in setting of various drug iterations.

Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a drug class including ibupro-
fen and ketorolac that have both analgesic and antipyretic effects. NSAIDs inhibit
the activity of cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2). Several
NSAIDs are selective COX-2 inhibitors, such as celecoxib. Through this inhibition,
prostaglandins and thromboxanes are not synthesized leading to beneficial effects in
the postoperative patient. Meta-analyses demonstrate that selective (celecoxib) and
nonselective (ibuprofen) NSAIDs decrease opioid use and decrease opioid-
associated postoperative adverse events [5, 6].

Unfortunately, NSAIDs with COX-1 inhibition can lead to severe gastrointesti-
nal bleeding and increased risk of anastomotic leak after gastrointestinal surgery.
Three observation retrospective cohort studies have demonstrated increased risk of
anastomotic leak with NSAID from less than 5% to over 20% [7]. Perioperative
ketorolac can improve short-term (less than 24 h) pain but has been associated with
an increased risk of postoperative bleeding [8]. Dyspepsia is also common among
NSAID users. Therefore, NSAIDs are generally avoided if other non-opioid alterna-
tives are available. If necessary, NSAIDs are limited to short intervals less than
2 weeks or COX-2 inhibitors are used.

Acetaminophen (Paracetamol)
Acetaminophen is an effective opioid-sparing analgesic with antipyretic proper-

ties. Acetaminophen is metabolized by the cytochrome p450 pathway in the liver
producing N-acetyl-p-benzoquinone imine (NAPQI) which is further conjugated
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by glutathione. Given well-recognized liver toxicity, acetaminophen dosing is
limited to 4 g per 24-h period. Intravenous acetaminophen has earlier plasma and
cerebral spinal fluid peaks compared with oral formulations and has gained popu-
larity among gastrointestinal surgery patients [9]. Due to high cost, intravenous
acetaminophen use is often restricted by many hospital pharmacies. With increas-
ing need for opioid alternatives, the use of intravenous acetaminophen will con-
tinue to rise and can play an important role in multimodal pain management
strategies for the NPO patient.

Patients and primary care providers frequently avoid postoperative acetamino-
phen in liver resection patients; however, this is not founded. Acetaminophen
metabolism is altered with larger liver resections, but no deficiency in glutathione is
observed [10]. With preserved liver function, acetaminophen is safe during the post-
operative period for hepatobiliary patients. Clearly in the setting of acute hepatitis,
impaired liver function, or liver failure, acetaminophen should be avoided.

Gabapentin

Gabapentin is an oral non-opioid analgesic used in the treatment of chronic neuro-
pathic conditions, such as diabetic neuropathy and epilepsy. In the 1970s, a German
chemist, Gerhardt Satzinger, designed a series of compounds to mimic gamma-
aminobutyric acid (GABA) [11]. Gabapentin, (1-aminomethyl-cyclohexyl)-acetic
acid, emerged as a potent antiseizure compound (Fig. 3.1). It was further developed
and ultimately marketed by Parke-Davis (now Pfizer) in 1994 for the treatment of
epilepsy. Following reports of improved pain control for postherpetic neuralgia and
diabetic neuropathy, gabapentin was approved by the FDA in the United States for
management of neuropathic pain in 2002 [13, 14].

Although the exact mechanism of action of gabapentin is not clear, it appears to
bind alpha,-delta subunit of voltage-gated calcium ion channels resulting in altered
neurotransmitter signaling [15]. Gabapentin does not appear to bind GABA, or

Fig.3.1 Gabapentin 2D O—H
structure [12] H
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GABAj receptors or alter GABA uptake or metabolism. Gabapentin bioavailability
is inversely proportional to its dose and not dependent on food. Interestingly,
humans do not metabolize gabapentin, and it is excreted in the urine following first-
order kinetic elimination. The half-life of gabapentin is between 5 and 9 h [15].
Gabapentin metabolism is not altered by liver dysfunction.

Over 130 studies have evaluated the benefit of gabapentin for postoperative anal-
gesia. In general, gabapentin use within 24 h of operation will decrease opioid use
[16]. Timing and dosage of gabapentin varies from study to study, but most conve-
nient is administration in preoperative holding just before surgery. In addition to
analgesic effects, gabapentin appears to improve postoperative nausea, anxiety, and
patient satisfaction.

Gabapentin is well tolerated with few serious adverse effects. Side effects
include sedation and dizziness and are dose and time related. Importantly, rapid
discontinuation of high-dose gabapentin can result in significant withdrawal simi-
lar to alcohol or benzodiazepines including irritability, agitation, diaphoresis, and
palpitations [15].

Opioids

Opioid-related adverse drug events contribute to poor surgical outcomes after liver
and pancreas surgery [17]. Table 3.2 outlines the most commonly recognized adverse
events following opioid administration. Opioids directly suppress the central respira-
tory drive resulting in elevation of carbon dioxide leading to apnea and even death.
This ventilatory impairment is exacerbated by numerous factors including

Table 3.2 Opioid-related Arrhythmias
adverse drug effects [18]

Constipation
Cough

Dry mouth
Endocrinopathy
Histamine release

Ileus

Immunomodulation
Increased intracranial pressure
Myoclonus

Nausea and vomiting

Neurotoxicity

Pruritus

Respiratory depression
Rigidity

Serotonin syndrome
Urinary retention
Withdrawal symptoms
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disease-related fatigue, sleep apnea, chronic lung disease, and benzodiazepines.
Route of narcotic administration will result in variable extent of respiratory depres-
sion with intramuscular delivery having a lower rate of depression compared with
intravenous administration including patient-controlled analgesia (PCA).

While the etiology of postoperative ileus is multifactorial (inflammatory, hor-
monal, metabolic), acute and chronic opioid exposure directly impacts bowel func-
tion. Postoperative ileus results in prolonged hospitalization and increased cost and
resource utilization. Hospitalization costs nearly double with postoperative ileus,
$8,316 vs. $15,914 [19]. Narcotics interact with mu- and kappa-opioid receptors
resulting in decreased gut transit, increased sphincter tone (e.g., sphincter of Oddi),
and increased non-pulsatile bowel tone. These effects are dose dependent where
length of stay and proportion with postoperative ileus increase with increasing
doses of narcotic [20]. Barletta et al. demonstrated that, despite surgical technique
(laparoscopic vs. open), patients receiving more than 2 mg/day of hydromorphone
had significantly longer length of stay [21]. Most medications including metoclo-
pramide, erythromycin, naloxone, and methylnaltrexone have not decreased the
postoperative ileus or length of stay [20]. Alvimopan, a peripherally acting mu-
receptor antagonist, may be able to mitigate the adverse effects of opioids on the
gastrointestinal tract. However, results are mixed with alvimopan and may only
reduce length of stay by several hours [17].

In the management of pancreaticobiliary disease, classic teaching of pain man-
agement recommended meperidine over morphine to minimize opioid-induced
sphincter of Oddi contraction. Early indirect measures of sphincter of Oddi function
using radionuclide scintigraphy (hepato-iminodiacetic acid (HIDA) scan) or bile
duct pressures via T-tube following cholecystectomy demonstrated increased bile
duct pressures and delayed emptying with administration of opioids. In the 1980s,
ERCP enabled direct measurement of the sphincter of Oddi. These follow-up
manometry studies demonstrated no significant difference in sphincter of Oddi
between meperidine and morphine; however, direct manometry may not reflect the
dynamic peristalsis of the sphincter [22]. Goff, who performed these early experi-
ments, suggested that the sphincter may act more like a pump than a valve [23].

Despite significant intrigue with the impact of opioids on the sphincter of Oddi
and potential benefits of meperidine, meperidine is not used in clinical practice due
to serious seizure side effects. General opioid-sparing strategies are likely more
beneficial in reducing sphincter of Oddi dysfunction.

Regional Anesthesia

Given the direct association between higher systemic opioid exposure and worse
postoperative outcomes and adverse drug events, alternative modalities of analgesia
have been employed including regional anesthetics, such as local infusion catheters
and patient-controlled epidural anesthesia. Regional neurologic blockade provides
potential for opioid sparing while improving pain relief, anti-inflammatory effects,
attenuation of catabolism, improved mobilization, decreased postoperative ileus,
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and fewer pulmonary complications [2]. Given the diverse anesthetic modalities in
regional anesthesia, a team-based approach is required to determine the appropriate
regional anesthetic technique for each specific liver or pancreas operation in any
given hospital. Several of the regional anesthetic modalities commonly using in
HPB surgery are reviewed here.

Three categories of regional analgesia should be considered: first, central neur-
axial techniques including epidural and intrathecal anesthesia; second, regional
analgesia, such as transverse abdominis plane blocks and celiac plexus block; and,
lastly, local analgesia including local injection and wound catheters.

Epidural

Epidural analgesia is widely used in abdominal surgery. The catheter is typically
placed by a regional anesthesiologist in a specialized regional anesthesia holding
area or the operating room before induction of general anesthesia. Reports of
epidural analgesia and sedation only for hepatobiliary surgery have been
described but not widely accepted [24]. Epidural analgesia is more commonly
combined with general anesthetic and continued for 3-5 days postoperatively.
Following discharge from the postoperative care unit, patients then receive a
continuous epidural infusion but also are able to self-administer anesthesia using
a pump device with fixed dosing and lockout mechanism. The infusion may con-
tain anesthetic only (bupivacaine) or combined with opioid. Type of infusion and
dosing of analgesia varies greatly from institution to institution resulting in vari-
able rates of “functional” epidural and incidence of adverse events. Epidural
analgesia causes a sympathetic blockage that may lower central venous pressure.
Given continuous infusions and potential for hypotension, epidural analgesia can
be resource intensive.

Numerous single institution studies demonstrate improved outcomes with func-
tional epidurals. Large national studies using hospital administrative data, however,
do not paint such an optimistic picture of epidurals with longer length of stay and
increased hospital costs [20]. Functioning epidurals with appropriate level analgesia
can decrease pulmonary complications, deep vein thrombosis, pulmonary embo-
lism, cardiac morbidity, blood loss, acute renal failure, and ileus [25]. Benefits of
epidural analgesia are thwarted by dislodgement, partial blocks, and early discon-
tinuation secondary to hypotension. With conflicting results routine use of epidural
analgesia for hepatobiliary and pancreatic surgery is not widely accepted.

The sympathetic blockage of epidural analgesic results in relative hypotension.
Numerous studies have demonstrated an increased administration of intravenous
fluids in patients with epidurals compared to controls. This predictable response to
epidural analgesia is challenging for a junior resident and programs new to epidural
infusions. Asymptomatic hypotension in a patient with an epidural does not require
aggressive fluid resuscitation. Clear communication with the regional anesthesia
team is required. High-performing programs have an on-call regional anesthesia
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team that rounds on the wards daily (preferably in the morning). The regional/acute
pain anesthesia team can work closely with the surgeon to evaluate epidural func-
tion, volume status, and potential complications.

Generally, epidural use is safe in liver surgery; however, elevations in INR during
postoperative recovery after major hepatectomy can delay epidural removal in up to
50% of patient and result in administration of fresh frozen plasma [26]. Epidural
hematoma may occur with INR more than 1.5 during intentional and accidental
catheter removal. With transition to laparoscopic-assisted and totally laparoscopic
approaches to liver resection, patient-controlled epidural analgesia is less applicable
given increasingly shorter lengths of stay.

In contrast to liver surgery, epidural analgesia is frequently used in pancreatic
surgery. In the DISPACT trial, 20 of 23 European centers routinely used thoracic
epidurals for postoperative pain management following distal pancreatectomy [27].
Multiple studies demonstrate improved outcomes with patient-controlled epidural
analgesia; and it is commonly integrated into ERAS pathways for pancreatectomy. In
a meta-analysis of 125 trials, epidural analgesia decreased postoperative mortality
(OR 0.6 CI 0.39-93) [28]. Epidural analgesia is also associated with decreased risk
of cardiac dysrhythmias, deep venous thrombosis, pneumonia, and postoperative
ileus. However, epidural dysfunction, as described by Traverso and colleagues,
occurs in 49% of pancreatectomy patients and can lead to increased complications
[29]. Epidural hypofunction (poor pain control, need for opioid infusion) results in
increased pancreas-related complications (pancreatic leak). Epidural hyperfunction
(hypotension, oliguria) results in increased non-pancreas-related complications.
Therefore, objective assessment of epidural function during the postoperative period
is vital and should be considered a specific outcome measure in evaluating the suc-
cess of an acute pain management program.

Intrathecal

Given practical challenges of patient-controlled epidural analgesia in an era of
shorter hospitalization and ERAS, intrathecal single-shot analgesia has been pro-
posed as an alternative. Intrathecal anesthesia is administered immediately preop-
eratively by lumbar puncture and combined with patient-controlled analgesia during
the postoperative period. Analgesic can include a combination of opioid and bupi-
vacaine. This approach can decrease staffing for an after-hours acute pain service
and potentially avoid complications associated with coagulopathy and liver surgery.
For liver surgery, preoperative intrathecal morphine injection is safe with no
increased complications [30, 31]. In a prospective observational study by
Kasivisvanathan et al., intrathecal analgesia compared with epidural analgesia
decreased length of stay and time to mobilization for patient undergoing hepatic
resection [32]. While these early results are promising, no randomized controlled
trials have yet evaluated postoperative outcomes or length of stay for patients under-
going hepatobiliary and pancreatic surgery.
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Transverse Abdominis Plane Block

Transverse abdominis plane (TAP) block has gained substantial popularity and
common practice at our institution for minimally invasive hepatobiliary surgery.
Anatomically, thoracic nerves T7 to T11 travel through a neurovascular plane
between the internal oblique and transversus abdominis muscles to innervate the
skin, muscle, and parietal peritoneum of the abdomen. For example, T10 supplies
sensation to the umbilicus. Regional anesthetic to the abdominal wall historically
relied on anatomic landmarks and fascial “pops” to identify the correct location. In
an era of obesity, traditional techniques can be challenging. Ultrasound-guided
delivery of anesthetic has improved outcomes and function of TAP blocks.

The TAP block achieves anesthesia by disrupting nerve signaling before the sen-
sory nerves enter the musculature of the anterior abdominal wall. Original land-
marks for catheter insertion for TAP blocks were the lumbar triangle of Petit with
boundaries being external oblique, latissimus dorsi, and iliac crest. Using ultra-
sound guidance, a needle can be inserted into the plane between the internal oblique
and transversus abdominis (Fig. 3.2). In real time, this potential plane is separated

External oblique

Internal oblique

Transversus abdominis

Latissimus dorsi

Skin

Fig.3.2 Transverse abdominal plane block [33]
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with local anesthetic. Bilateral anesthetic is required for abdominal operations and
takes approximately 60 min for maximal effect [33].

Recent meta-analyses and a 2010 Cochrane Review indicate that TAP blocks lower
the total opioid requirement in the first 24 h after surgery [34, 35]. In a meta-analysis
of 12 randomized controlled trials, TAP blocks reduced postoperative morphine con-
sumption by 9.1 mg (95% CI —16.83, —1.45, p = 0.02) and lowered pain scores at 24,
36, and 48 h [35]. Decreased opioid use should result in lower opioid-associated
adverse events including nausea and vomiting; however, these benefits are not seen
with the short duration of action with TAP blocks. Importantly, TAP blocks will not
improve visceral pain. Outcomes with TAP blocks are comparable to single-shot
intrathecal morphine or locally infiltrated anesthetic [34, 36]. TAP blocks may benefit
from decreased chronic pain given administration as preemptive anesthetic [35].

Celiac Plexus Block

Epigastric pain radiating to the back is a common presentation for patients with
pancreatic cancer and typically suggests unresectable disease. For patients with
severe pain that has failed opioid and non-opioid analgesia, celiac plexus block can
provide sustained relief. Pancreatic cancer may directly invade adjacent nerve
sheaths and neural ganglia resulting in pain. Pancreatic duct obstruction or intestinal
obstruction can also result in severe pain. Celiac plexus neurolysis can ablate vis-
ceral associated pain. Percutaneous, endoscopic, or surgical approaches have been
described [37]. Most commonly, celiac plexus block is performed using endoscopic
ultrasound guidance. For surgeons, chemical splanchnicectomy can be easily per-
formed if unresectable disease is identified. A needle is inserted into the periaortic
celiac ganglia of the retroperitoneum, and 20 mL of 50% alcohol is injected on
either side of the aorta. For awake patients, local anesthetic should be injected first
given pain associated with alcohol injection.

Celiac plexus block can provide improved pain and decreased opioid consump-
tion [37]. Potential short-term risks of celiac block include incomplete block, hema-
toma, and infection. Long-term risk of diarrhea can occur but uncommon [37].

Wound Incision and Intramuscular Pain Catheters

Catheter-based intramuscular infusion of anesthetic (bupivacaine) has been used in
hepatobiliary and pancreatic surgery, but exact benefit is not clear. The catheters are
inserted at time of closure into the subcutaneous space or deep in the intramuscular
plane of either the rectus, internal oblique, or transverse abdominis. Experience
with such catheters is limited for hepatobiliary and pancreatic surgery [26]. In a
meta-analysis of four studies, epidural analgesia has superior pain control on post-
operative day 1 but similar pain control on postoperative days 2 and 3 following
liver surgery [38]. Wound catheters, however, had lower overall complications.



56 C.J.Clark

Long-Term Risks

Opioid addiction is a serious concern and now recognized by governmental agen-
cies and patients alike. Opioid exposure during the perioperative period is a recog-
nized risk factor for developing opioid dependence [39]. Chronic pain after surgery
varies from operation to operation and well recognized following procedures such
as inguinal hernia repair. Chronic postoperative pain is defined by the following
criteria: (1) pain developed after surgical procedure, (2) at least 2 months duration,
and (3) other causes of pain excluded, such as malignancy or infection [39]. Chronic
pain is directly linked with chronic opioid use and dependence.

Chronic pain develops through normal processes of healing. Surgery can lead to
prolonged changes in both the peripheral and the central nervous system [I].
Inflammatory mediators released into the wound alter the function of afferent nerve
endings resulting in lower threshold for activation. This can result in a hyperactive
nociceptor response. The risk factors for a maladaptive pain response include pain prior
to surgery, genetic variation, psychologic vulnerability, younger age, and female [39].

Strategies to decrease maladaptive chronic pain include preemptive analgesia
and centrally acting anesthetics. Administration of analgesia before surgical inci-
sion conceptually blocks the initial nociceptive signaling. Randomized controlled
trials of local and regional anesthetics combined with general anesthesia have dem-
onstrated long-term analgesic benefits [39].

Gabapentin has developed improved postoperative pain control and also reduc-
tion in narcotic use following surgery. In fact, gabapentin has been shown to reduce
chronic pain at 3 months postoperatively [16].

Special Considerations

In the setting of hepatic dysfunction including acute liver failure, end-stage liver
disease, and orthotopic liver transplantation, pharmacokinetics and pharmacody-
namics are altered. Plasma concentrations of opioids vary greatly, and perioperative
analgesic requirements will be decreased. Hepatic clearance of a medication is
dependent on hepatic extraction (hepatic enzyme activity) and hepatic blood flow
[40]. Cirrhosis not only can impact hepatocyte function but also alter hepatic blood
flow due to cellular regeneration and intrahepatic vasculature distortion. Therefore,
dosing of opioids and benzodiazepines need to be carefully monitored in the com-
promised liver.

The Multidisciplinary Team

Implementation of an evidence-based strategy for optimal postoperative pain manage-
ment requires critical assessment of the evidence with careful consideration of exist-
ing institutional resources. This will require a multidisciplinary team with key
stakeholders including anesthesiologists (in and out of the operating room), nurses,
discharging planning coordinators, pharmacist, and surgical team. Additional team
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members may include nutrition, respiratory therapy, and clinical informatics.
Omission of key players will result in poor compliance with recommendations and
protocols leading to significant dissatisfaction among team members and patients.
The multidisciplinary team will need to be flexible and have a foundation knowledge
in cycles of process improvement. Members will also need to abandon biases and
focus on the evidence including economic impact, feasibility, and resource utilization.
Barriers to successful implementation of a comprehensive pain management plan for
hepatopancreaticobiliary surgery patients will need to factor preoperative (e.g., high
opioid exposure), intraoperative (e.g., volume manage with the pharmacologic sym-
pathectomy of an epidural), and postoperative (liver insufficiency) barriers (Table 3.3).

Table 3.3 Summary of postoperative pain management options for hepatopancreaticobiliary

patients
Grade of
Modality Recommendation recommendation®
Medications
Nonsteroidal anti- Avoid NSAIDs if possible given increased | B
inflammatory drugs risk of anastomotic leak
(NSAIDS)
Acetaminophen Recommended in patients with normal B
liver function. Safe non-opioid for
postoperative pain management
Gabapentin Recommended perioperative analgesic. A

Safe, well-tolerated non-opioid that
decreases postoperative short- and
long-term pain

Opioids Minimize utilization. High-risk A
postoperative analgesic associated with
increased worse outcomes and increased
postoperative costs

Regional anesthesia

Epidural — liver resection | Provides improved postoperative pain B
control but may increase length of stay and
costs

Epidural — pancreatic Preferred anesthetic for open pancreas B

resection surgery. Provides improved postoperative

pain control and may decrease
postoperative complications
Intrathecal Good alternative to epidural anesthetic. B
Provides postoperative pain control
comparable to epidural without associated
complications in liver surgery

Transverse abdominis Preferred for minimally invasive A
plane (TAP) block procedures. Decreases postoperative opioid
use and opioid-associated adverse events
and is a good option for minimally invasive
liver surgery

Wound pain catheters Not preferred postoperative regional A
anesthetic. Provides improved pain control
for first day after surgery but no
improvement in long-term pain
management

30CEBM Levels of Evidence Working Group. “The Oxford 2011 Levels of Evidence.” Oxford
Centre for Evidence-Based Medicine. http://www.cebm.net/index.aspx?0=5653
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Successful postoperative pain management programs frequently include an acute
pain management team that rounds on patients daily and early in the morning. Close
coordinated care with an acute pain management team enables rapid assessment of
incomplete and nonfunctional epidurals, modification of dosage based on unantici-
pated complications including respiratory compromise, and discharge planning for
patients with existing high-dose narcotic requirements.

In addition, assessment of clinical outcomes and program implementation
should be embedded in the pain management plan. Documentation of opioid-
related adverse drug events, respiratory complications, narcotic utilization, and
protocol compliance is invaluable and enables future program assessment. While
capturing outcome data can help guide process improvement, members of the
multidisciplinary team must agree on clinical outcome definitions a priori. For
example, failed epidural can be defined as (1) epidural removal for any reason or
(2) epidural removal for incomplete block based on objective sensory assessment.
Scheduled review and evaluation of clinical outcomes data can thus enable an
optimal patient experience.

Enhanced Recovery After Surgery

Enhanced recovery after surgery (ERAS) is a multidisciplinary, multimodality treat-
ment pathway that has been implemented broadly in the case of surgical patients.
Successfully programs in pancreatic and liver surgery have decreased length of stay
and improved clinical outcomes [41].

Recent 2016 guidelines by the ERAS Society specifically outline current evi-
dence and recommendations for optimal postoperative pain management in liver
surgery that support use of intrathecal (spinal) or wound infusion catheters [42].
Despite recognized improved pain control, ERAS Society recommendations are
less enthusiastic regarding patient-controlled epidural anesthetic given potential
delay in removal with elevated INR/prothrombin time and reported increased risk of
kidney failure secondary to hypotension.

For pancreatic surgery, ERAS programs have recognized the importance of pre-
operative education and setting of expectations. Preoperative analgesia and coordi-
nated management of regional anesthesia can improve outcomes. Opioid-sparing
strategies decreased sphincter of Oddi dysfunction, decrease ileus, and minimize
respiratory complications. Importantly, a well-developed perioperative pain manage-
ment program is only one component in a successful pancreatic ERAS pathway.

Future
Pharmacologic Interventions
In recent years, intravenous lidocaine has demonstrated some promise in decreased

postoperative length of stay and ileus [43]. In addition to being a local anesthetic and
anti-arrhythmic, lidocaine has analgesic and anti-hyperalgesic effects. Typically, patients



3 Perioperative Pain Management for Hepatopancreaticobiliary Surgery 59

receive an intraoperative bolus followed by an infusion for up to 24 h. Meta-analysis of
randomized controlled trials of intravenous lidocaine infusion demonstrated decreased
postoperative pain and decreased postoperative opioid consumption [9]. Lidocaine infu-
sions have yet to be evaluated specifically in liver and pancreatic surgery.

Non-pharmacologic Interventions

Novel approaches to postoperative pain management that look beyond conventional
pharmacologic interventions have been proposed. Acupuncture, hypnosis, and music
therapy have been used as adjunctive therapy for management of postoperative pain
and may reduce total opioid consumption and associated adverse events [9]. Efficiency
of acupuncture therapy is highly debated given unclear mechanism of action of post-
operative patients. Music therapy and hypnosis can reduce the physiologic response to
pain and anxiety associated with surgery; however, the optimal timing and duration of
such interventions remain unknown. While current evidence is weak and outcomes
debated, non-pharmacological adjunctive pain management techniques are generally
low cost and low risk with significant potential for future patients.

Conclusions

Optimal perioperative pain management for patients undergoing hepatobiliary and
pancreatic surgery requires a team-based approach using multimodal therapy and
regional analgesia. Epidural analgesic remains an important aspect of evidence-
based ERAS programs for pancreatectomy but is being replaced by TAP blocks and
intrathecal injections for both open and laparoscopic liver resection. Opioid-sparing
regimens that include acetaminophen and gabapentin can improve outcomes and
decrease adverse events associated with narcotics. Importantly, the specific pain
management program at any given institution must be guided by institution
resources, case mix, patient population, and provider expertise.
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Determination and Optimization of Liver 4
Function and Volume for Extended
Hepatectomy

Adeel S. Khan, Kathryn Fowler, and William C. Chapman

Introduction

Considerable advances have been made in hepatic surgery in the last two decades
[1]. More and more patients are now undergoing resections for primary and sec-
ondary hepatic malignancies with increasing safety. Advances in diagnostic imag-
ing modalities, patient selection, and anesthetic and surgical techniques have led
to improved outcomes after liver resection with significant reduction in periopera-
tive mortality, which now ranges between 1% and 5% in most major centers [1, 2].
However, despite all these improvements, hepatic surgery still carries a certain
risk of post-hepatectomy liver failure (PHLF), which remains the major cause of
morbidity and mortality after major liver resection [3—6]. The risk of PHLF is
higher in patients with underlying parenchymal disease and in those undergoing
extended resections (at least five hepatic segments) and appears to be related
primarily to quality and volume of the liver remnant after resection (future liver
remnant [FLR]) [5-8]. The significance of hepatic insufficiency is even more
pronounced when complex biliary or vascular reconstructions are required as
part of the hepatectomy [6, 7, 9].

A.S. Khan, MD, FACS « W.C. Chapman, MD, FACS (i)

Division of Transplant Surgery, Department of Surgery, Washington University in St. Louis,
St. Louis, MO, USA

e-mail: AKhan24 @wustl.edu; chapmanw @wustl.ed

K. Fowler, MD
Mallinckrodt Institute of Radiology, Washington University in St. Louis, St. Louis, MO, USA
e-mail: fowlerk @wustl.edu

© Springer International Publishing AG 2018 63
F.G. Rocha, P. Shen (eds.), Optimizing Outcomes for Liver and Pancreas
Surgery, DOI 10.1007/978-3-319-62624-6_4


mailto:AKhan24@wustl.edu
mailto:chapmanw@wustl.ed
mailto:fowlerk@wustl.edu

64 A.S.Khan et al.

Post-Hepatectomy Liver Failure (PHLF)

There is no consensus on the exact definition of PHLF. In general PHLF is
characterized as failure of one or more of the synthetic and excretory functions of
the liver that include hypoalbuminemia, prolonged prothrombin time, elevated
serum lactate, and/or hepatic encephalopathy [1-4].

The incidence of PHLF ranges anywhere between 0 and 32% in different case series
in literature and is determined by a number of factors [2, 3, 5, 9]. Jarnagin reported
PHLF of 5% in patients without chronic liver disease [10], whereas the incidence PHLF
can reach upward of 20% in patients with chronic liver disease or cirrhosis [5]. PHLF is
an important predictor of postoperative mortality and is the cause of post-resection mor-
tality up to 75% of the time [4]. Balzan et al. in 2005 established the 50-50 criteria,
which utilize prothrombin (PT) index <50% (international standardized ration
[INR] > 1.7) and serum bilirubin >50 umol/L (2.9 mg/dl) on postoperative day 5 after
liver resection to give an estimate of PHLF-related mortality risk. The authors observed
a 59% risk of mortality when the 50-50 criteria were fulfilled compared to 1.2% when
they were not met (sensitivity 69.6% and specificity 98/5%) [11]. These results have
been validated in other studies since then, and the 5050 criteria remains a fairly accu-
rate predictor of mortality from PLF after major liver resection [1, 3, 4]. Mullen et al.
reviewed post-hepatectomy outcomes in 1509 patients and showed that a peak serum
bilirubin concentration of >7 mg/dl after resection was associated with a more than 30%
chance of dying from liver failure (sensitivity 93.3% and specificity 94.3%) [12].

In 2011, the International Study Group of Liver Surgery (ISGLS) defined PHLF
as increased INR and hyperbilirubinemia on or after the fifth postoperative day and
provided a severity grade depending on the impact on patient’s clinical course and
management. PHLF grade A reflects a postoperative deterioration that does not
require a change in the patient’s clinical management and is not associated with any
increase in perioperative mortality. Patients with PHLF grade B show a deviation
from the regular postoperative clinical pathway, but invasive treatment is not
required, while patients who develop PHLF and require invasive procedure are clas-
sified as grade C. The risks of perioperative mortality with grades B and C are 12%
and 54%, respectively [13].

Pathogenesis of PHLF

Liver resection results in loss of functional liver mass, and varying amounts of regen-
eration and death are seen in remaining hepatocytes. In most instances, regeneration
outweighs cell death, and both liver mass and function are restored rapidly [14].
Nadalin et al. reported restoration of liver mass up to 74% of initial volume after right
hepatectomy for living donor liver transplantation [15]. The ability of a liver to
regenerate after resection is dependent on its ability to limit cell death, to preserve or
recover an adequate synthetic function, and to enhance its regenerative power [14].
Factors like hepatic parenchymal congestion, hepatic ischemia-reperfusion injury,
and reduced phagocytic ability negatively impact the ability of hepatocytes to
regenerate after major hepatectomy [4, 6, 11, 15, 16].



4 Determination and Optimization of Liver Function and Volume for Extended... 65

Risk Factors for PHLF

Table 4.1 summarizes the major risk factors for development of PHLF.

Patient-Related Factors

Male sex has been shown to double the risk for development of PHLF likely due to
circulating levels of sex hormones. Testosterone is also thought to have an immune-
depressive effect, which predisposes to septic complications [4, 10]. Relationship
between age and risk of development of PHLF is a little controversial, but data sug-
gests that advanced age (> 65 years) increases risk for PHLF and post-resection
mortality [11]. This increased risk can partly be attributed to increased comorbidi-
ties and limited regenerative capacity of hepatocytes in the elderly [3]. Little et al.
showed increased postoperative mortality in diabetics after liver resection with 80%
of deaths attributable to PHLF [17]. Similarly obesity (BMI > 30) has shown to be
a significant predictor of PHLF [18], while malnutrition can be associated with an
altered immune response and a reduction in hepatocyte regenerative capacity after
resection [1].

Liver-Related Factors

Patients with steatosis have been shown to have a higher risk of developing PHLF
compared to those without (14% vs 4%) [19]. This increased risk is thought to be
due to impaired hepatic microcirculation and decreased resistance to ischemia-
reperfusion injury [4]. Similarly cholestasis, due to either biliary obstruction or
parenchymal liver disease, can significantly increase morbidity (50% vs 15%),

Table 4.1 Risk factors for post-hepatectomy liver failure (PHLF)

Patient-related factors Male gender

Age (>65 years)
Diabetes mellitus
Obesity (BMI > 30)
Malnutrition

Liver-related factors Cholestasis

Steatosis

Cirrhosis

Chemotherapy-associated hepatotoxicity
Surgery-related factors Intraoperative blood loss (>1000 ml)
Prolonged operating time

Prolonged intraoperative hypotension
Prolonged inflow occlusion

Vascular reconstruction

Ex vivo resection

Small remnant liver volume
Postoperative sepsis
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mortality (5-13% vs 0-6%), and PHLF (5-17% vs 0-3%) when compared to
patients without cholestasis [9, 20]. Patients with cirrhosis of the liver also demon-
strate decreased levels of hepatocyte regeneration and growth after major liver
resection. This, in combination with a wide range of comorbid conditions that exist
in cirrhotic patients, like portal hypertension, jaundice, malnutrition, and coagu-
lopathy, results in high mortality rate (5-6.5%) and PHLF (5-10%) after major liver
resection [4, 7]. Several clinical studies have shown increased morbidity and PHLF-
related death following liver resection in patients who received neoadjuvant chemo-
therapy prior to hepatectomy [4]. The hepatotoxic effects of oxaliplatin (sinusoidal
obstruction syndrome) and irinotecan (steatohepatitis) are well documented [4, 21].
However, the benefits of neoadjuvant therapy on tumor burden may counterbalance
the increased morbidity. Additionally, though controversial, the toxic effects on the
liver related to chemotherapy may be reversible with cessation of therapy.

Surgery-Related Factors

Increased intraoperative bleeding (>1000 ml), need for blood transfusion during
surgery, prolonged operative time, and prolonged ischemia (from hypotension or
hepatic inflow occlusion) have all been shown to predispose to PHLF and increase
morbidity and mortality after major liver resection [3, 10, 16]. Vascular reconstruc-
tions as part of liver resection or ex vivo liver resection are also associated with
increased rates of PHLF and mortality [1]. Sepsis in the postoperative period can
similarly predispose to PHLF and increased mortality by prolonging ischemia and
directly inhibiting hepatocyte regeneration [1, 4]. Removal of too much liver can
result in a small-for-size syndrome (SFSS) where remaining mass of liver is insuf-
ficient to maintain normal liver function. Many mechanisms have been proposed to
explain this phenomenon with the “hyperperfusion theory” being the most widely
accepted explanation [22]. According to this theory, the surge in sinusoidal blood
flow following reduction in parenchymal volume results in a cycle of sinusoidal
dilation, sheer stress, centrilobular necrosis, prolonged cholestasis, impaired syn-
thetic function, and inhibition of cell proliferation, all of which can negatively
impact hepatic function [22].

The safe limits for liver resection are still a debated issue; the minimal volume of
remnant liver (functional liver remnant [FLR]) varies from patient to patient and is
dependent on liver function and underlying liver disease [2-6, 23].

The Functional (Future) Liver Remnant (FLR)

Although many variables influence the risk of PHLF, the preoperative evaluation of
the FLR volume is considered by many to be the most important modifiable predic-
tor of PHLF [2-6, 15, 23]. FLR is defined as a percentage of remaining functional
liver volume compared with preoperative functional liver volume (total liver volume
with tumor volume subtracted) [2, 23]. Several studies indicate that the FLR volume
serves as a predictor of remnant liver function, and consequently FLR volume is
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widely used as a surrogate for the risk of developing PHLF [2-6, 23]. The extent of
resection has shown to correlate closely with rates of PHLF and death, with 80%
deaths from PHLF occurring after resection of more than 50% of liver volume [18,
24, 25]. Schnidl et al. in 2005 described a proportional increase in incidence of
PHLF with increasing numbers of segments resected. The authors reported PHLF
rates of less than 1% in patients with no underlying parenchymal disease who
underwent resection of 1-2 segments, 10% when 4 segments were resected, and an
increase to 30% with removal of 5 or more segments [26].

Though the exact volume of FLR required to preserve sufficient liver function is
unknown, in general, FLR of >20% in otherwise healthy liver is associated with
good post-resection outcomes. Abdalla et al. showed a 50% incidence of PHLF in
patients who underwent extended right hepatectomy with FLR volumes <20% ver-
sus only 13% for patients with FLR > 20% [27]. This cutoff for safe hepatic resec-
tion was confirmed by Kishi et al., who described a significant increase in PHLF
and death in patients with FLR volumes <20% (34% and 11%) compared to patients
with FLR of 20-30% (10% and 3%), respectively [28]. These results were reflected
in the 2006 expert consensus statement and a minimum safe limit of FLR of 20% was
recommended for liver resection with normal liver [29].

The recommendations for safe FLR are less clear in patients with chronic liver
disease and cirrhosis. Safe limits of resection are not only dependent on the nature
of the underlying disease but also on its severity and impact on overall liver func-
tion. Current data suggests that safe limits for FLR for patients with mild steatosis,
cholestasis, and early cirrhosis (Child’s-Pugh A) are in the range of 30-35%, and
40% for severe steatosis and cholestasis [3, 21, 30, 31]. Schroeder et al. reported the
superiority of the Child-Pugh scoring system to the MELD score in predicting
short-term morbidity and mortality after liver resection [32]; however, others have
shown preoperative MELD score of greater than 11 to be a highly reliable and accu-
rate predictor of PHLF [33]. In patients with cirrhosis but no functional impairment
or portal hypertension resection of up to 50%, liver volume can be safe [34].
However, in patients with more advanced cirrhosis (Child’s-Pugh B or C), even
small resections can result in PHLF [1]. A percutaneous liver biopsy of the FLR
prior to hepatectomy can give valuable information on the extent of parenchymal
disease and can impact extent of resection. In patients requiring resections beyond
the safe limit of volume criteria, strategies like portal vein embolization (PVE)
must be considered prior to surgery [1, 23, 31, 34].

Assessment of FLR: Liver Volumetry

Given the high variability between individuals in the ratio and size of liver seg-
ments, a thorough preoperative volumetric evaluation of the FLR is essential to
avoid PHLF. In the western population, the right liver typically accounts for approx-
imately two thirds (65%) of the total liver volume and the left liver accounting for
about one third (35%). However, a great deal of heterogeneity can exist in liver
volumes with the right liver contributing anywhere from 49% to 82% and the left
liver contributing between 17% and 49% [6, 35].
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Multiple imaging modalities are available to assess the FLR volume including
scintigraphy, ultrasound, computed tomography (CT) scan, and magnetic resonance
imaging (MRI). These studies can also aid in identification of underlying liver dis-
ease and vascular anatomy, which may influence extent of resection. CT-guided
three-dimensional reconstructions allow visualization of vasculature including
hepatic venous outflow, tumor localization, and size and facilitate operative plan-
ning [36]. Three-dimensional CT volumetric estimation is performed by manually
outlining the liver margin from which the area can be derived and then multiplied by
the slice thickness [1, 4, 36]. Several vendors provide 3-D packages that allow volu-
metric analysis (Fig. 4.1). The sensitivity of volumetric assessment can be addition-
ally enhanced by combination of body surface area (BSA) and body weight (BW)
calculations [37]. Volumes of interest are total liver volume (TLV), FLR, and tumor
volume (TV). TV is usually subtracted from TLV to provide the functional liver
volume (FLV), which is a more accurate measurement for calculating FLR and
determining need for volume optimization [37-39]. It should be noted that while
volume has been closely studied and is a strong predictor of postoperative outcome,
it is basically a surrogate measure for function.

Region Volume (ml) Mean Value™]
left liver 404.66 1326374

Fig. 4.1 Images (a—c) demonstrate a tint overlay of the region contoured on a post-contrast MR
image to provide volumetric assessment for preoperative planning. The final volume will reflect
the remnant liver volume (d), which can be used to calculate functional liver reserve. These images
were generated on Vitrea Core advanced viewer (Vital Images, Minnetonka, Minnesota, USA)
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Assessment of Liver Function Prior to Resection

Liver function may be considered the ground truth for predicting reserve following
a major hepatectomy. It is reduced in patients with underlying liver disease, and
therefore, determining the synthetic function of the liver is considered by many to
be as important as volumetry especially in patients with parenchymal disease [40].
Many quantitative tests have been described to assess function of the liver; however,
they are rarely applied in clinical practice due to limited availability, complexity,
and cost.

The indocyanine green (ICG) clearance is considered to be one of the most pow-
erful predictive tests of operative mortality after hepatectomy in some parts of the
world but is not widely used in western countries. ICG retention in 15 min (ICGR15)
depends on hepatic perfusion rate and is one of the most frequently used parameters
in decision-making protocol before liver resection [3]. ICGR above 15-20% is gen-
erally indicative of impaired hepatic functional reserve, and these patients might
benefit from leaving a larger FLR [41].

Galactose elimination test, lidocaine-monoethylglycinexylidide (MEGX) test,
and the C-aminopyrine breath test are some of the other tests that have been
described for assessment of liver function in operative planning [42].

Strategies for Optimization of FLR

Figure 4.2 gives an overview of the algorithm for assessment of a patient for volume
optimization strategies prior to planned hepatectomy.

Portal Vein Embolization (PVE)

PVE is commonly used in the patients requiring extensive liver resection but have
insufficient FLR volume on preoperative testing. The procedure involves occluding
portal venous flow to the side of the liver with the lesion thereby redirecting portal
flow to the contralateral side, in an attempt to cause hypertrophy and increase the
volume of the FLR prior to hepatectomy [43] (Fig. 4.3). PVE was first described by
Kinoshita and later reported by Makuuchi as a technique to facilitate hepatic resec-
tion of hilar cholangiocarcinoma [44, 45]. The technique is now widely used by
surgeons all over the world to optimize FLR volume before major liver resections.

PVE works because the extrahepatic factors that induce liver hypertrophy are car-
ried primarily by the portal vein and not the hepatic artery [43]. The increase in FLR
size seen after PVE is due to both clonal expansion and cellular hypertrophy, and the
extent of post-embolization liver growth is generally proportional to the degree of
portal flow diversion [46]. The mechanism of liver regeneration after PVE is a com-
plex phenomenon and is not fully understood. Although the exact trigger of liver
regeneration remains unknown, several studies have identified periportal inflamma-
tion in the embolized liver as an important predictor of liver regeneration [47].
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Fig. 4.2 Algorithm for assessment of a patient for consideration for volume optimization
strategies

PVE is technically feasible in 99% of the patients with low risk of complications
[48]. Studies have shown the FLR to increase by a median of 40-62% after a median
of 34-37 days after PVE, and 72.2-80% of the patients are able to undergo resection
as planned [49, 50]. It is generally indicated for patients being considered for right
or extended right hepatectomy in the setting of a relatively small FLR. It is rarely
required before extended left hepatectomy or left trisectionectomy, since the right
posterior section (segments 6 and 7) comprises about 30% of total liver volume
[51]. PVE is usually performed through percutaneous transhepatic access to the
portal venous system, but there is considerable variability in technique between
centers. The access route can be ipsilateral (portal access at the same side being
resected) with retrograde embolization or contralateral (portal access through FLR)
with antegrade embolization. The type of approach selected depends on a number
of factors including operator preference, anatomic variability, type of resection
planned, extent of embolization, and type of embolic agent used. Many authors
prefer ipsilateral approach especially for right-sided tumors as this technique allows
easy catheterization of segment 4 branches when they must be embolized and also
minimizes the theoretic risk of injuring the FLR vasculature or bile ducts through a
contralateral approach and potentially making a patient ineligible for surgery [43,
46, 47, 52]. However, majority of the studies on contralateral PVE show it to be a
safe technique with low complication rate [53-55]. Di Stefano et al. reported a large
series of contralateral PVE in188 patients and described 12 complications (6.4%),
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Fig. 4.3 A 49-year-old woman with metastatic colorectal carcinoma (a—white asterisk). Post-
contrast transverse MR images (a—b) show pre- and post-portal vein embolization features of the
liver. Note on image B that the left liver has hypertrophied compared to image A. Images (a—e)
show the portal vein embolization procedure with demonstration of the entire portal system (d) and
subsequent ipsilateral glue embolization of the right portal system (e). The embolization procedure
resulted in an increase in the functional liver reserve volume of approximately 15%. The patient
underwent right trisectionectomy (c)

only 6 of which could be related to access route and none precluded liver resection
[52]. Site of portal vein access can also change depending on the choice of embolic
material selected which can include glue, Gelfoam, n-butyl-cyanoacrylate (NBC),
different types and sizes of beads, alcohol, and nitinol plus. All agents have similar
efficacy and there are no official recommendations for a particular type of agent.
However, some materials can be hard to manipulate from the ipsilateral side (e.g.,
glue), while large embolic agents like plugs require larger-diameter access needles
which can add to overall risk of procedure especially if done from the side of the
FLR [51, 53-58].
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To ensure a good hypertrophic response after PVE, it is imperative that the
embolization of the selected PV branches be as complete as possible. The reasons
for this are twofold: complete PVE avoids recanalization of occluded portal system,
and secondly intrahepatic porto-portal shunting can be minimized which can limit
regeneration. Complete embolization also reduces the risk of diversion of portal
flow to the tumor-containing potion of the liver which can hypothetically lead to
accelerated tumor growth [59]. Proponents of PVE believe that there should be very
little or no tumor progression during the 4-6 week wait period for regeneration after
PVE [43, 47, 56].

Rapid growth of the FLR can be expected within the first 3—4 weeks after PVE
and can continue till 6-8 weeks [51]. Results from multiple studies suggest that
8-30% hypertrophy over 2—6 weeks can be expected with slower rates in cirrhotic
patients [53].

Most studies comparing outcomes after major hepatectomy with and without
preoperative PVE report superior outcomes with PVE [55]. Farges et al. demon-
strated significantly less risk of postoperative complications, duration of intensive
care unit, and hospital stay in patients with cirrhosis who underwent right hepatec-
tomy after PVE compared to those who did not have preoperative PVE. The authors
also reported no benefit of PVE in patients with a normal liver and FLR >30% [60].

Abulkhir et al. reported results from a meta-analysis of 1088 patients undergoing
PVE and showed a markedly lower incidence of PHLF and death compared to series
reporting outcomes after major hepatectomy in patients who did not undergo
PVE. All patients had FLR volume increase, and 85% went on to have liver resec-
tion after PVE with a PHLF incidence of 2.5% and a surgical mortality of 0.8%
[55]. Several studies looking at the effect of systemic neoadjuvant chemotherapy on
the degree of hypertrophy after PVE show no significant impact on liver regenera-
tion and growth [61-63].

The volumetric response to PVE is also a very important factor in understanding
the regenerative capacity of a patient’s liver and when used together with FLR vol-
ume can help identify patients at risk of poor postsurgical outcome [43, 51]. Ribero
et al. demonstrated that the risk of PHLF was significantly higher not only in patients
with FLR < 20% but also in patients with normal liver who demonstrated <5% of
FLR hypertrophy after PVE. The authors concluded that the degree of hypertrophy
>10% in patients with severe underlying liver disease and >5% in patients with
normal liver predicts a low risk of PHLF and post-resection mortality [54]. Many
authors do not routinely offer resection to patients with borderline FLR who dem-
onstrate <5% hypertrophy after PVE [43, 51, 53, 54, 58].

Yttrium-90 (Y90) Radioembolization

There have been recent reports describing the use of Yttrium-90 (Y90) radioembo-
lization in HCC patients being considered for resection as an effective way to induce
hypertrophy of FLR while simultaneously providing tumor control [64, 65].
Lewandowski et al. recently described their experience with neoadjuvant Y90
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radioembolization in 13 patients (10 HCC, 2 cholangiocarcinoma, 1 colorectal
metastases) being considered for major hepatectomy with inadequate FLR. The
authors described a median FLR hypertrophy of 30% (4-105%) after a median of
40 days. Moreover, 92% of the patients with resected tumors had >50% necrosis on
pathologic analysis [65]. The antitumor effects of this modality might help address
some of the concerns with PVE in patients at a high risk for disease progression in
the 4-6-week waiting period prior to resection.

Two-Stage Hepatectomy with Portal Vein Ligation (PVL)

Two-stage hepatectomy with PVL is usually reserved for patients with bilobar
tumor involvement and requires two separate surgeries. In the first stage, the FLR is
cleared of tumor and opposite side portal vein (side being considered for resection)
is ligated. Parenchymal transection is not performed during the first stage. In the
case of synchronous colorectal metastatic disease, the first-stage surgery can be
performed at the same time as surgery for colorectal primary. Repeat imaging is
performed at 4-6 weeks to assess post-PVL hypertrophy of the FLR after which the
second-stage laparotomy is planned usually at 6-8 weeks after the first surgery.
During the second stage, the parenchyma is transected and the liver on the side of
PVL is removed. The two-stage procedure has been found in some studies to be as
effective as PVE; however, it requires two surgeries and poses the risk of adhesion
formation in the hilum, which can add to the complexity of the second-stage opera-
tion [51]. Studies looking at outcomes after PVL and two-stage hepatectomies have
shown a median FLR increase of 30-43% after a median of 37-57.9 days, with
62.5-87% patients able to undergo resection in the second stage with a surgical
mortality of 5.3—-10% [66—68].

Associating Liver Partition and Portal Vein Ligation (ALPPS)
in Staged Hepatectomy

ALPPS is a relatively recent technique to aid hepatic resection in patients with small
FLRs and has shown to induce more rapid FLR hypertrophy as compared to that seen
after PVE or PVL [69]. It is a two-stage procedure with the first stage involving in situ
portal vein ligation on the side of the planned resection along with parenchymal tran-
section down to the vena cava without typically dividing the hepatic artery or bile
duct. During the second stage, the hepatic artery and bile duct are transected and the
diseased liver is excised. The procedure was first described by Schlitt [69] who was
attempting an extended right hepatectomy for hilar cholangiocarcinoma. The proce-
dure was converted to a palliative left hepaticojejunostomy as the FLR was felt to be
too small; however, the liver parenchyma had already been divided along the falci-
form ligament in addition to ligation of the right portal vein. CT scan performed
8 days later surprisingly showed a significant increase in the size of the left lateral
section, which allowed for subsequent removal of the diseased and partially resected
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right liver [69]. Since then several authors have shown ALPPS to be a viable strategy
for performing liver resection in patients with high tumor burden and small-sized
FLRs [70-72]. ALPPS has shown to induce hypertrophy of the FLR up to 80% in a
matter of days as compared to 4-6 weeks after PVE and PVL [71, 72]. ALPPS
addresses intrahepatic portal collaterals between the FLR and the portal-occluded part
of the liver, which have been implicated as the main reason for failure of FLR to
hypertrophy after PVE and PVL [72]. In addition, work on mice has shown that
growth factor release after the first step in ALPPS also plays a pivotal role in inducing
rapid hypertrophy of FLR [73]. The rapid hypertrophy seen after ALPPS generated a
lot of enthusiasm initially and was felt to be the answer to the problem of potential
dropout of up to 35% in patients undergoing PVE or PVL due to either insufficient
FLR hypertrophy or tumor progression within the 4-6-week period of waiting
between PVE/PVL and resection [55, 59, 66, 71]. However, several recent reviews
have indicated considerably higher morbidity and mortality after ALPPS compared to
other portal vein occlusion techniques [48, 71, 72]. There are no randomized control
trials comparing ALPPS to other techniques of portal vein occlusion (PVE or PVL) ,
and most of the data available is retrospective raising concerns for selection bias. A
recent meta-analysis looking at 90 studies involving 4352 patients (including 320
from the ALPPS registry) showed that in the comparison between ALPPS and PVE,
although ALPPS was associated with a greater increase in the FLR (76% vs 37%), and
more frequent completion of stage 2 (100% vs 77%), it had a higher morbidity (73%
vs 59%) and mortality (14% vs 7%) [72] which has dampened some of the initial
enthusiasm. The exact role of ALPPS in management of patients with small FLRs has
yet to be established. ALPPS might be an extremely suitable option for patients who
demonstrate insufficient growth of FLR after PVE or PVL (salvage ALPPS) and
might also be an option for patients with extremely low FLRs who are unlikely to
generate enough hypertrophy after PVE or PVL to be candidates for resection [48].

Treatment of PHLF

There are no clear-cut guidelines for the management of PHLF, and treatment strate-
gies are similar to those applied in the management of patients with acute (fulminant)
liver failure, acute-on-chronic liver failure, and/or sepsis. These strategies focus
more on support of liver and end-organ function rather than therapeutic interventions
[1, 4]. Rescue hepatectomy and liver transplantation can be an option in a select
group of PHLF patients who otherwise meet criteria for transplantation. Liver trans-
plant is generally not indicated in patients with metastatic hepatic disease [1, 4].

Conclusion

Medical advances in the last couple of decades now allow more and more patients
to undergo liver resection for primary and secondary malignancies with increasing
safety. However, despite these advancements, PHLF remains a major cause of
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morbidity and mortality after major liver resections. Though PHLF is impacted by
a number of factors, an inadequate liver remnant (FLR) is felt to be the most impor-
tant modifiable predictor of PHLF. Preoperative evaluation of FLR function and
volume is of paramount importance before any major liver resection, and resection
should only be considered if FLR is >20% of the TLV in an otherwise healthy liver.
Patients with inadequate or borderline FLRs can be considered for liver volume
optimization strategies such as PVE, PVL, and ALPPS. The choice of strategy var-
ies by patient to patient and is dictated by patient factors, extent and location of
disease, overall surgical plan, and institution preference. Future advancements in
preoperative optimization of liver function, perioperative liver support with liver-
assist devices, and strategies to enhance liver regeneration will allow major liver
resections to be done with an even greater safety profile and decreased incidence of
PHLF.
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Techniques to Minimize Blood Loss
During Hepatectomy

Justin T. Huntington and Carl R. Schmidt

Introduction

The liver has such a rich blood supply and significant bleeding risk that it was thought
by many including Galen, one of the most famous ancient Greek physicians, to be the
source of venous blood [1]. Dr. Carl Langenbuch reported the first successful elective
hepatectomy in 1888 with the first performed in the United States by Dr. William
Keen in 1892 [2, 3]. A major advance in understanding operative liver anatomy came
in 1953 when Dr. John Healey defined the liver into eight segments based upon the
hepatic arterial and biliary system [4]. Subsequently in 1954 Dr. Claude Couinaud
defined the liver in eight segments based upon the portal venous system and is the
foundation for the current surgical hepatic anatomy classification system [5]. These
advances laid the foundation for the first anatomic hepatectomy in 1952 by
Dr. Lortat-Jacob [6]. Outcomes from hepatectomy operations have seen dramatic
improvements since the original descriptions of these operations. In the 1970s
observed operative mortality rates from hepatectomy procedures ranged from 17% to
24% [7]. Comparatively, modern series show rates of mortality after hepatectomy of
around 5% or significantly less [8, 9]. Risk factors associated with operative mortal-
ity after partial hepatectomy include operative blood loss and transfusion require-
ment [10-17]. Bleeding and blood transfusions may even increase the risk of
recurrence after hepatectomy for malignant diseases [18, 19]. Thus, reducing opera-
tive blood loss is of paramount importance. Risk factors for blood transfusion
requirement in hepatectomy include female gender, preoperative anemia, longer
operative time, and higher intraoperative central venous pressure (CVP) [20]. Patient
factors may or may not be modifiable and surgeon skill and experience may be vari-
able, but other factors can be optimized to reduce blood loss and transfusion
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requirements. Many techniques exist for attempting to reduce operative blood loss
during partial hepatectomy; however, the best techniques to reduce blood loss have
been difficult to determine and great controversy persists [21, 22]. This chapter will
focus on the current techniques to reduce blood loss during hepatectomy and provide
recommendations.

Methods to Reduce Blood Loss
Hepatic Inflow Occlusion

The liver vascular inflow consists of the portal vein and hepatic artery. The portal
system delivers approximately 75% of the estimated 16.7 mL/kg/min of hepatic
blood flow and 50% of hepatic oxygen content [23-25]. The average blood loss for
partial hepatectomy is approximately 300 mL [26]. Not surprisingly, surgeon expe-
rience and type of resection result in significant variation in estimated blood loss.
Inflow occlusion of hepatic vasculature involves either the individual or combined
control of the portal venous or hepatic arterial systems. Temporary total hepatic
inflow occlusion is defined as the control of all branches of both the portal venous
and hepatic arterial systems. First described by J.H. Pringle in 1908 and thus fre-
quently referred to as the Pringle maneuver, this technique traditionally involves
identification of the hepatoduodenal ligament and complete occlusion of the vessels
contained within using a tourniquet or clamp (Fig. 5.1) [28]. A further classification
of the technique is whether occlusion is continuous, intermittent, or preconditioned
followed by continuous occlusion.

For the method originally described by Dr. Pringle, continuous total hepatic inflow
occlusion has been shown to neither increase mortality nor alter postoperative liver
regeneration for ischemic times of at least 60 min and potentially longer regardless of
existing liver damage [28, 29]. Intermittent total hepatic inflow occlusion has been
described in many variations, but in most institutions involves inflow occlusion for
15-min intervals alternating with 5-min rest periods of hepatic reperfusion (Table 5.1)
[34, 35, 42, 43]. The interest in intermittent occlusion stems from concerns with pro-
longed ischemia time with continuous occlusion. However, studies have had difficulty
demonstrating utility of intermittent over continuous occlusion and could be related to
ischemia-reperfusion-type injury mechanisms [44]. In fact, intermittent occlusion
ischemic time of longer than 120 min is associated with increased risk of blood loss
and transfusion requirements with a trend toward increased morbidity and mortality
[43]. One study has shown that compared to continuous occlusion, intermittent occlu-
sion has been shown to lead to increased transection blood loss with no difference in
total operative blood loss or transfusion requirements as well as an increased risk of
liver damage and liver failure in patients with any degree of preexisting liver damage
[42]. One additional study showed reduced blood loss when using intermittent occlu-
sion in both senior and junior surgeons; however, others have demonstrated no differ-
ence in operative blood loss with significant increased postoperative transfusion
requirements in those undergoing intermittent occlusion [35, 41].
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Hepatoduodenal ligament
Portal vein

Hepatic artery
__ngmon bile duct

Fig.5.1 Pringle maneuver applied by using a non-crushing clamp or other atraumatic techniques
by encircling the hepatoduodenal ligament [27]

A recent well-designed, randomized control trial showed no benefit to intermittent
hepatic inflow occlusion and a higher complication rate when compared to no inflow
occlusion [31]. This study showed no difference during any point in liver transection
with regards to blood loss even when taking into account surface area of resection.
The authors did find a higher postoperative transaminitis and complication rate in the
intermittent Pringle maneuver group. This points to the use of caution and selectivity
when applying intermittent Pringle.

The ischemic preconditioning technique utilizes total hepatic inflow occlusion
for 10 min followed by 10 min of reperfusion prior to transection followed by con-
tinuous occlusion during parenchymal transection [34]. Although there are no stud-
ies assessing the safe duration of occlusion for ischemic preconditioning, this
method has been found to decrease operative blood loss and may decrease transfu-
sion requirements when compared to intermittent occlusion when used for no lon-
ger than 75 min of ischemia time [34].

Hemi-hepatic inflow is the occlusion of either the right or left inflow portal venous
and hepatic artery depending on the side of resection [31-33]. The purpose of control-
ling individual hepatic lobar inflow vessels is to potentially prevent ischemia to the



82

J.T. Huntington and C.R. Schmidt

Table 5.1 Summary of important randomized studies evaluating hepatectomy vascular control

methods
Author Year| N | Method(s) tested Control Blood loss | Complications
Zhang [30] | 2016/ 79 | Laparoscopic Total hepatic inflow | Less in Increased in
Pringle maneuver | occlusion, intermittent | half-Pringle| Pringle
versus half-Pringle maneuver | maneuver
maneuver,
intermittent
Lee [31] 2012|126 | Total hepatic inflow | No inflow occlusion | No Increased
occlusion, difference
intermittent
Si-Yuan [32]|2011| 180 | Hemi-hepatic inflow| Total hepatic inflow | No Decreased
occlusion, occlusion, continuous | difference
continuousmain AND total hepatic
portal vein inflow occlusion,
occlusion, intermittent
continuous
Liang [33] 2009 80 |Hemi-hepatic inflow| Total hepatic inflow | No No difference
occlusion, occlusion, intermittent | difference
continuous
Petrowsky | 2006, 73 | Total hepatic inflow | Total hepatic inflow | No No difference
[34] occlusion, ischemic | occlusion, continuous | difference
preconditioning
Capussotti | 2006/ 126 | Total hepatic inflow | No inflow occlusion | No No difference
[35] occlusion, difference
intermittent
Azoulav [36] 2006 60 | Selective hepatic Selective hepatic No No difference
vascular exclusion, | vascular exclusion, difference
ischemic continuous
preconditioning
Figueras [37]/ 2005| 80 | Hemi-hepatic inflow| Total hepatic inflow | No No difference
occlusion, occlusion, intermittent | difference
intermittent
Smyrniotis | 2003/ 110 | Selective hepatic Total hepatic inflow | Decreased | Increased
[38] vascular exclusion | occlusion, continuous
Smyrniotis | 2002 38 | Selective hepatic Total hepatic vascular | No No difference
[39] vascular exclusion | exclusion difference
Belghiti [40] | 1999 86 | Total hepatic inflow | Total hepatic inflow | No Increased
occlusion, occlusion, intermittent | difference | (steatosis/
continuous cirrhosis)no
difference
(overall)
Man [41] 1997/ 100 | Total hepatic inflow | No inflow occlusion | Decreased | No difference
occlusion,
intermittent
Belghiti [42] | 1996 52 Total hepatic Total hepatic inflow | No No difference
vascular exclusion | occlusion, continuous | difference

non-resected liver. Multiple studies show no difference in operative blood loss or
transfusion requirements when comparing hemi-hepatic inflow occlusion to total
hepatic inflow occlusion. Main portal vein occlusion is an additional selective inflow
occlusion method that requires isolation of the portal vein while preserving flow in the
hepatic arterial system. In the sole prospective study evaluating main portal vein
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occlusion, there was no effect on operative or total blood loss and transfusion
requirement [32]. Selective hepatic inflow occlusion has been shown to be feasible
using laparoscopic approaches, and one group has shown reduced bleeding and com-
plications compared to complete Pringle using intermittent occlusion [30]. Overall,
selective hepatic inflow occlusion is technically more challenging and does not appear
to have any utility in terms of operative blood loss, and this is likely explained by the
expected compensatory increased flow in hepatic lobar vasculature upon occlusion of
the opposite lobar inflow vasculature. Additional studies evaluating hemi-hepatic
inflow occlusion are needed prior to making a strong argument for routine use.

Hepatic Outflow Exclusion

Hepatic blood outflow occurs through the inferior vena cava (IVC). Post-sinusoid
blood enters the hepatic veins and then predominately collects into the left, middle,
and right hepatic veins that drain directly to the IVC posterior to the liver. There are
also numerous short retro-hepatic veins draining directly to the IVC (most impor-
tantly for the caudate lobe). Outflow hepatic vascular occlusion is attractive given
that this should be the only source of significant bleeding not controlled by the
Pringle maneuver. Although hepatic inflow vascular occlusion originated in 1908,
the first description of hepatic vascular outflow occlusion did not come until 1966
by Dr. John Heaney [45]. The total hepatic vascular exclusion (THVE) technique,
later modified by Dr. Huguet in 1978, involves control of the hepatic vascular out-
flow through clamping of the infra-hepatic and supra-hepatic IVC in addition to
total hepatic inflow occlusion (Fig. 5.2) [46]. In the sole study evaluating THVE,

Common bile duct
Hepatic artery Pringle maneuver
Portal vein

IvC

Fig. 5.2 Caval control in addition to Pringle maneuver to help achieve hemostasis [27]
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there was no effect found on operative or total blood loss and transfusion require-
ment when compared to total hepatic inflow occlusion alone [42]. The study did
however find a significant increase in operative hemodynamic instability, ischemic
duration, operative time, and hospital stay in the THVE group with a trend toward a
higher complication rate (particularly a higher risk of symptomatic pulmonary
emboli) [42]. These results do not seem surprising given the technical difficulties of
THVE as well as manipulation and complete occlusion of the IVC.

In order to address concerns associated with increased operative risk, Dr. Elias
introduced selective hepatic vascular exclusion (SHVE) in 1995 [47]. SHVE
involves control of the hepatic inflow and outflow with preservation of caval flow
and elimination of caval manipulation by dissecting and occluding hepatic veins
prior to their drainage into the IVC, thus diminishing adverse hemodynamic issues
[39, 47]. SHVE has been shown to decrease operative blood loss and transfusion
requirements in major hepatectomy patients with and without existing liver damage
compared to total hepatic inflow occlusion alone [38]. Additionally SHVE was
shown to be associated with decreased hospital stay and no difference in overall
complication rates, although postoperatively SHVE was associated with higher
bleeding risk [38]. In a separate study, SHVE was shown to have no difference in
operative blood loss or complications compared to THVE, although there was an
associated decreased transfusion requirement in the SHVE group [39]. THVE and
SHVE are technically more difficult and require increased dissection time due to the
need to isolate the infra-hepatic IVC with confirmation of the location distal to the
right adrenal vein and the left renal vein in addition to isolation of the supra-hepatic
IVC distal to the junction of the right hepatic vein. In summary, given the complex
surgical technique involved in THVE and the even more complex SHVE technique
with the known increased risk of emboli secondary to vena caval manipulation,
these techniques may have a limited role in experienced hands only.

Parenchymal Transection

The risk of blood loss during parenchymal transection is significant compared to other
tissues due to the lack of mechanisms preventing operative fluid losses such as the
lack of vasoconstriction within hepatic sinusoids and the tissue consistency of the
liver. The development of anatomical hepatectomy procedures aided in the safety and
efficacy of parenchymal transection by taking into account the underlying hepatic
vasculature; additionally there has been considerable research by surgeons and the
industry into transection method, transection device, and the use of hemostatic agents.

Transection Method

Sharp transection is the traditional technique for hepatic parenchymal transection
and refers to the use of a sequential transection of parenchyma [48]. Sharp paren-
chymal transection can be challenging due to the need to identify and suture ligate
major intrahepatic vascular structures without subsequent significant blood loss.
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The advent of intraoperative ultrasound has aided in the identification of hepatic
vasculature, thereby becoming an important tool in reducing blood loss [48].
Ultrasound has thus become a commonly used tool by surgeons today.

The first alternative technique to sharp transection described was finger fracture
by Dr. Tien-Yu Lin in 1958 [49]. Finger fracture or digitoclassy refers to insertion
of the fingers to effectively compress and release the liver parenchyma allowing
better identification of vascular structures during transection. Early retrospective
analyses of the finger-fracture method in the 1970s and 1980s showed significant
decrease in operative blood loss and reduced mortality in hepatectomy procedures
[50, 51]. Despite evidence of improved operative blood loss and mortality, adoption
of the finger-fracture method was slow within America due to a perceived risk of
damage to the hepatic parenchyma by this technique [51]. A further modification of
the finger facture technique was developed by Dr. Lin in 1974 and is called the
clamp-crush technique. The clamp-crush technique is performed using a surgical
clamp such as a hemostat or Kelly clamp to compress liver parenchyma proximal to
the transection line and then releasing and resecting just distal to the crushed paren-
chyma [52]. This helps in identification of major vascular structures during transec-
tion. In a retrospective analysis, Lin demonstrated decreased operative blood loss
when using the clamp-crush technique compared to previous studies [52]. However,
in the sole prospective randomized study evaluating parenchymal transection tech-
niques, no significant difference in blood loss or transfusion requirement as well as
morbidity or operative time when using the clamp-crush technique compared to
sharp transection were found [48].

Stapling Devices

Recently, stapling devices have been developed which are capable of transecting
hepatic tissue and vessels. Vascular staplers are able to crush hepatic parenchyma
and immediately transect the parenchyma and ligate vessels simultaneously. One
study describes a 50% reduction in blood loss using vascular staplers during hepa-
tectomy compared to the clamp-crush technique, even when the stapler cohort had
patients with larger tumors and more major resections [53]. Further, the stapling
technique was associated with less use of vascular control. There is a lack of robust
data for stapling devices compared to other techniques, but they certainly have a
role in vascular division.

Transection Devices

Device development has been of particular interest recently with the development of
various instruments aimed to improve operative blood loss, operative speed, and resec-
tions margins (Table 5.2). Vessel-sealing devices such as LigaSure® (Covidien, Colorado,
USA) and Enseal® (Ethicon, Cincinnati, OH, USA) have become popular because of
their availability, ease of use, and their ability to compress, transect, and coagulate
hepatic parenchymal tissue simultaneously [64]. However, early work has shown mixed
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Table 5.2 Summary of important randomized studies evaluating hepatectomy transection

methods
Author Year| N | Method(s) tested | Control Blood loss | Complications
Gotohda [54] | 2015|211 Energy device No energy No Decreased
(ultrasonically device difference | operative time and
activated device decreased bile
[Harmonic®] or leak with energy
bipolar device
[LigaSure®])
Guo [55] 2014 | 380, Bipolar or bipolar | Clamp-crush | Decreased | Increased in
and CUSA® transection in bipolar | clamp-crush
and bipolar | transection
and CUSA®
(similar)
Rahbari [56] 2014|130 Stapler transection | Clamp-crush | No No difference
transection difference
Kaibori [57] 2013|109, CUSA® with CUSA® with | Decreased | Decreased
bipolar sealer standard in CUSA® | operative time in
(Aquamantys®) bipolar and bipolar | CUSA® and
cautery sealer bipolar sealer
Muratore [58] | 2013|100, Radiofrequency Clamp-crush | No No difference,
vessel-sealing transection difference | diminished
(LigaSure® small operative times
jaw, LF1212) with
radiofrequency
vessel-sealing
Savlid [59] 2013|100, Endoscopic Cavitron No No difference
vascular staplers | ultrasonic difference
surgical
aspirator®
(CUSA®)
Li [60] 2013 | 75| Radiofrequency Clamp-crush | Decreased | Decreased
transection transection,
Pringle
maneuver or
hemi-hepatic
vascular
occlusion
Richter [61] 2009| 96| Radiofrequency None No No difference
dissector difference
Water-jet dissector
Ultrasonic dissector
Ikeda [62] 2009 | 120] Vessel-sealing Clamp-crush | No No difference
dissector transection difference
Lupo [63] 2007 | 50 RF dissector Clamp-crush | No Increased
transection difference
Campagnacci | 2007 | 24| Vessel-sealing Ultrasonic Decreased | Decreased
[64] dissector dissector

(continued)
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Table 5.2 (continued)

Author Year| N | Method(s) tested | Control Blood loss | Complications
Saiura [65] 2006| 60| Vessel-sealing Clamp-crush | Decreased | No difference
dissector transection (minor) no
difference
(major)
Smyrniotis [48] | 2005 | 82| Sharp transection | Clamp-crush | No No difference
transection difference
Lesurtel [66] 2005 | 100/ RF dissector Clamp-crush | Increased | No difference
Water-jet dissector | transection (all groups)
Ultrasonic dissector
Takayama [67] | 2001 | 132 Ultrasonic dissector| Clamp-crush | No No difference
transection difference

results in terms of operative blood loss, transfusion requirement, morbidity, and mortal-
ity compared to the clamp-crush technique alone [62, 65, 68]. One meta-analysis
recently showed vessel-sealing devices to offer reduced blood loss, decreased incidence
of postoperative bile leak, and shorter hospital stays when compared to traditional
clamp-crush techniques [69].

Radiofrequency devices, which utilize various designs to coagulate tissue with
electromechanical waves, are generally the slowest dissecting of the devices avail-
able [61, 66]. One randomized prospective study by two surgeons comparing
radiofrequency-assisted hepatectomy compared to the clamp-crush technique and
vascular inflow occlusion showed decreased blood loss and less morbidity in the
radiofrequency group [60]. However, these results have not been replicated with
other studies finding no difference in blood loss or even greater blood loss and no
difference in transfusion requirement or tumor recurrence with a radiofrequency
device compared to the clamp-crush technique alone [60, 66]. Water-jet devices
utilize pressurized water combined with electrothermal coagulation and are gener-
ally faster dissecting devices compared to traditional methods [61]. The sole pro-
spective study evaluating water-jet devices demonstrated an increased operative
blood loss utilizing a water-jet device compared to the clamp-crush technique and a
radiofrequency device [66]. Ultrasonic devices in contrast to radiofrequency employ
mechanical wave energy to coagulate tissue and are generally the least expensive of
the transection devices [61]. However, this technology has shown no improvement
in operative and total blood loss, morbidity, or mortality compared to the clamp-
crush technique alone [66, 67]. A prospective trial did show that the Harmonic®
scalpel (Ethicon, Cincinnati, OH, USA) was safe for small veins (less than or equal
to 2 mm) and actually safer than conventional control using suture material [70].
Combination techniques, such as clamp-crush and energy device together are also
possible. Surgeon preference is a large factor in what devices are used, how they are
used, and their effectiveness, thus making steadfast conclusions difficult.
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The Aquamantys® (Medtronic, Minneapolis, MN, USA) is a relatively new
device that uses a saline-coupled bipolar sealing device. This system delivers radio-
frequency energy and saline simultaneously, thereby heating tissue to around 100 °C
resulting in collagen shrinkage within blood vessels and subsequent hemostasis
while preventing eschar formation [71]. Early work has shown this device to be
feasible and safe with minimal blood loss (5-80 mL in one study of 12 Child-Pugh
A cirrhotic patients with hepatocellular carcinoma undergoing partial hepatecto-
mies with Aquamantys® and suture ligation or clips for vessels larger than 6 mm
without Pringle maneuver) [72]. A number of parenchymal transection tools such as
the Cavitron ultrasonic aspirat0r® (CUSA®, Integra Lifesciences Corporation, NJ,
USA), saline-linked radiofrequency precoagulation, Harmonic® scalpel, bipolar
scissors, LigaSure® device, hydrodissectors, or monopolar floating ball can be used
with the Aquamantys® system [71]. Combining CUSA® with Aquamantys® is one
technique that has shown increased operative efficiency with decreased blood loss
[57]. The Aquamantys® is very appealing given its ability to coagulate nearby tis-
sue, allow for minimal blood loss, and aide in transection for hepatectomy.

Topical Agents

Hemostatic topical agents are a group of synthetic and biological products designed
to improve hemostasis through coagulation techniques (Table 5.3). The three classes
of agents are collagens, cyanoacrylates, and fibrins. Cyanoacrylate polymers have
been shown to produce tissue necrosis and inflammatory mediator release, therefore
preventing use in hepatic parenchymal hemostasis [70]. Some products include both
collagen and fibrin agents in varying concentrations.

Collagen agents are typically sheets (referred to as collagen fleece) of collagen-
based material and can be coated with additional components in an attempt to
improve the hemostatic effect. There are numerous brands of collagen agents, and
each product uses a proprietary mixture of components. They include Antema®
(Opocrin, Modena, Italy), Avitene™ (Bard, New Jersey, USA), Gelfoam® (Pfizer,
New York, NY, USA), and TachoSil® (Takeda Pharma A/S, Roskilde, Denmark).
Agents that can be added in varying concentrations to improve the hemostatic effect
include coagulation factors (typically thrombin) and anti-thrombolytic agents (typi-
cally proteins C and S). The potential benefit of collagen agents is a moderately
more rapid time to hemostasis, which has been suggested to be true in some pro-
spective studies [85]. In a study evaluating the addition of a collagen agent,
TachoSil® (Nycomed Pharma SA, Madrid, Spain), there was no difference in opera-
tive blood loss; however, a significant increase in postoperative transfusion require-
ment was found in the control group compared to those patients in which the
collagen agent was used [80]. This study did find a decreased hospital stay, lower
readmission rate, and decreased overall morbidity in the collagen agent group.
However, these results appeared limited to the major hepatectomy subgroup [80].
In another study evaluating the difference between two collagen agents, there was
no significant difference noted in blood loss, transfusion requirement, and mortality
or morbidity [83].
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Fibrin agents are typically prepared intraoperatively and subsequently applied.
Similar to other topical agents, fibrin agents are numerous, contain varying concen-
trations of components, and include FloSeal® (Baxter Healthcare Corporation,
Deerfield, IL, USA), Tisseel® (Baxter Healthcare Corporation, Deerfield, IL, USA),
Tissucol® (Baxter, Warsaw, Poland), and Vitagel™ (Orthovita, Malvern, PA, USA).
Fibrin agents are typically comprised of fibrinogen and activating agents such as
calcium chloride and thrombin. This necessitates on site preparation and immediate
application. A randomized prospective trial of fibrin sealant versus no topical agent
found no difference in blood loss and complication rate [35, 79]. An additional
study using a combination of a fibrin agent (Tissucol®) with a collagen agent for
major and minor hepatectomy procedures demonstrated no difference in operative
blood loss, transfusion requirement, or morbidity and mortality compared to tradi-
tional techniques; however, operative times were increased by the use of fibrin and
collagen agents [79]. Comparing a fibrin agent (Beriplast®, Aventis Behring, King
of Prussia, PA, USA) to a collagen agent (Avitene™) additionally found no signifi-
cant difference in operative blood loss or transfusion requirement, although a trend
toward improved morbidity and mortality was present without significance in the
fibrin agent group [84]. An additional comparative study showed no difference in
blood loss when using a fibrin agent (Crosseal™, OMRIX biopharmaceuticals Ltd.,
Kiryat Ono, Israel) and multiple collagen agents across minor and major hepatec-
tomy procedures [82]. A recent randomized prospective trial found decreased blood
loss and complication rate with prophylactic use of a fibrin pad compared to manual
compression and cellulose application at the resection site [78]. An additional
single-center randomized controlled trial study comparing fibrin sealant (Tisseel®)
with synthetic aprotinin as a fibrinolysis inhibitor with manual compression for ooz-
ing once major artery and venous bleeding was controlled showed improvement in
hemostasis at 4, 6, 8, and 10 min [75].

The multitude of studies provides evidence that while there are numerous avail-
able compositions of collagen and fibrin agents, there does not appear to be superior
products in terms of efficacy. More importantly, there is no evidence that topical
agents yield a significant difference in operative blood loss or transfusion require-
ment during minor hepatectomy procedures. There may be some benefit in postop-
erative transfusion requirement and overall complication rates during major
hepatectomy. The limited data would not at this time support the routine use of any
specific topical agent for hepatectomy, but specific cases may benefit from applica-
tion of topical agents.

Non-operative Methods

Despite advances in surgical methods since the introduction of hepatectomy proce-
dures, there continues to be an associated estimated blood loss for major hepatec-
tomy of up to one liter [11]. Hepatectomy is a major operation and good outcomes
require a team effort in the operating room. The role of non-operative methods to
reduce blood loss highlights this important concept.
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Low Central Venous Pressure

Low central venous pressure (CVP) is a mechanism whereby operative blood loss is
reduced based on the premise that this physiologic state should reduce the imped-
ance for blood flow through the hepatic venous system into the IVC. The subse-
quent decrease in hepatic venous pressure allows for reduced retrograde venous
bleeding during transection and improved coagulative effects of any surgical tech-
nique being used [26]. Based on multiple studies, the target operative CVP during
transection is less than 5 mmHg. This level has been shown to reduce operative
blood loss, transfusion requirements, length of operation, and associated morbidity
and mortality in hepatectomy procedures (Table 5.4) [90, 93-96]. Potential harmful
consequences of maintaining a low CVP include air embolism and unnecessary
hypoperfusion with end-organ dysfunction [93, 94]. The most common and easiest
method for reducing CVP intraoperatively is decreased intravenous fluid volume.
Other methods include morphine and nitroglycerin infusions and reducing mechan-
ical ventilation tidal volume [90, 91, 93-95, 97]. Decreased tidal volumes have been
shown to have no significant effect on blood loss or transfusion requirement due to
the small change produced in CVP of only about 0.5 mmHg [91]. An operative
technique for reducing CVP is through infra-hepatic IVC occlusion, although this
technique is associated with an increased risk of symptomatic pulmonary emboli as
discussed previously [86-88].

Various patient factors often determine what methods should be used to induce
low CVP. One simple method to reduce CVP is to place the patient in a head-down

Table 5.4 Summary of important randomized studies evaluating physiologic variable manipula-
tion in hepatectomy procedures

Author Year N | Method(s) tested | Control Blood Loss | Complications

Zhu [86] |2012 192 | Low CVP,IVC |Low CVP, Decreased | No difference
clamp induced anesthetic

induced
Rahbari 2011 | 128 |Low CVP,IVC |Low CVP, Decreased | No difference
[87] clamp induced anesthetic (increased pulmonary
induced emboli)

Kato [88] |2008 | 85 |Low CVP, clamp | Uncontrolled | No No difference
induced CVP difference

Jarnagin | 2008 | 130 | Acute Allogenic No No difference

[89] normovolemic transfusion difference | (decreased allogenic
hemodilution transfusion)

Wang [90] | 2006 | 50 | Low CVP, Uncontrolled | Decreased | No difference
anesthetic CVP
induced

Hasegawa | 2002 | 80 | Low CVP, Uncontrolled | No No difference

[91] hypoventilation | CVP difference
induced

Matot [92] | 2002 | 78 | Acute Allogenic No No difference
normovolemic transfusion | difference | (decreased allogenic
hemodilution transfusion)
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(Trendelenburg) position with the angle of the body at least 15°, thus resulting in
decreased flow of venous blood in the superior to inferior direction, permitting
lower pressures in the IVC [95]. A simple reduction of the intravenous fluids to near
75 mL/hr. can yield a reduced CVP in many patients without clinically impairing
renal function or mortality while yielding a statistically significant reduction in
operative blood loss and transfusion requirement [90]. When low-volume intrave-
nous fluids are unable to accomplish the goal of CVP, pharmacologic methods may
be necessary [90, 93, 94]. Agents that have been successfully used include systemic
nitroglycerin, furosemide, and morphine. Nitroglycerin decreases CVP by provid-
ing systemic vasodilation. Morphine is likewise believed to produce venodilation
through the release of histamine and p3-receptor activation. Experienced anesthesi-
ologists are crucial when maintaining low CVP as reducing the CVP overaggres-
sively creates a potential need for vasopressor agents to maintain adequate arterial
perfusion pressures [90, 93-95]. Typically once parenchymal transection is com-
plete and hemostasis is achieved, CVP can be returned to normal with fluid resusci-
tation to improve global perfusion and reduce risks of under-resuscitation in the
operating room and postoperatively; detrimental effects of low CVP on liver or
renal function are overall rare [90, 94, 96]. Mild elevations in creatinine are com-
mon following low CVP anesthesia but clinically relevant renal dysfunction is very
uncommon, especially in patients with normal preoperative kidney function [98].
Decreased CVP is clearly effective in decreasing operative blood loss and transfu-
sion requirement in hepatectomy procedures and should be considered standard of
care. Necessity of direct CVP monitoring is clinician dependent, and for most hepa-
tectomies judicious use of fluids can be used as a substitute for measures of CVP,
thereby eliminating the time and potential complications of central venous catheter
placement. Communication between the anesthesia and surgical teams is important,
and once the resection is complete, fluid resuscitation can then be initiated.

Hemodilution

Acute normovolemic hemodilution (ANH) is a concept that has been attempted in
surgical procedures with significant blood loss. The purpose of which is based upon
the inherent risks associated with allogenic blood transfusion such as viral transmis-
sion, transfusion reactions, clerical error, cost of blood banks, and national shortages
in blood products. The method involves immediate preoperative removal of a calcu-
lated volume of the patient’s blood and storage of the blood during the procedure; the
volume is then replaced appropriately with mixtures of colloid and crystalloid solu-
tions [89, 92, 99]. The maximal blood volume to be removed can be estimated using

H,-H
the established formula: V, = EBV x (MJ, where Vi represents the volume
AV

to be removed, EBV is the estimated blood volume of the patient, Ho is the patient
initial hemoglobin concentration, H. is the minimum desired hemoglobin concen-
tration, and HAV is the average of the Hp and Hg [100]. In one study, the proposed
value for minimum hemoglobin concentration was 8.0 g/dL (or a hematocrit of
approximately 24%) [89, 92]. The removed autologous volume is then replaced as
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needed if transfusion is necessary during the operation or upon completion of the
procedure. A study comparing ANH to normal management demonstrated a 50%
reduction in intraoperative red blood cell transfusion requirements [89]. Additional
studies have also reported similar reductions in allogenic red blood cell transfusions
with an estimated reduction of 71% overall for patients undergoing major hepatec-
tomy procedures and decreased hospital stay among patients undergoing ANH [92,
99]. Postoperative hemoglobin concentration in patients undergoing ANH has consis-
tently been higher and with more rapid correction compared to traditionally managed
patients [89, 92]. ANH has been shown to be associated with lower initial systolic
blood pressure although this difference is only transient and not present upon comple-
tion of the procedure [89, 92].

An important factor in selection of patients who may benefit from ANH is pre-
dictably the likely operative blood loss. The operative blood loss must be at least 0.7
of the patient’s estimated blood volume to prevent transfusion of one unit of red
blood cells and at least 0.5 to have any reduction in autologous red blood cell vol-
ume [101]. Using this calculation the estimated blood loss to prevent allogenic
transfusion would be approximately 3500 mL in a standard patient with a blood
volume of 5000 mL. Additional studies have shown that the threshold for utilizing
ANH may likely be closer to a predicted blood loss of 0.2 of the patient’s estimated
total blood volume [89, 92]. Therefore, utilizing ANH must be selective and reserved
for those cases where substantial blood losses are expected.

Special Considerations

Laparoscopy and robotic-assisted approaches are increasingly being used for hepatec-
tomy. In experienced hands, minimally invasive techniques are completely acceptable
and lead to good outcomes with improved cosmesis [102]. The same considerations
to open surgery should be followed, and surgeons should be facile using these tech-
niques including intracorporeal suturing if needed to control bleeding. Additionally,
pneumoperitoneum of 10-14 mmHg assists in hemostasis and maintains hemody-
namics of the patient [103]. Low CVP anesthesia should still be used, vascular inflow
control is feasible, and precoagulation with radiofrequency ablation and use of previ-
ously described transection devices and topical hemostatic agents may be used [30,
103, 104]. Due to the heterogeneity of studies, surgeon preferences, and patient fac-
tors, determining efficacy of one transection device compared to others has been dif-
ficult, and surgeon experience in minimally invasive liver surgery is probably the most
important factor in reducing blood loss using these advanced techniques and when
deciding between minimally invasive approaches and open techniques [105-107].

Summary

Major hepatectomy procedures (three or more segments resected) are independently
associated with increased operative blood loss, and surgeons should consider meth-
ods to reduce blood loss in these patients, particularly low central venous pressure
(CVP) anesthesia and vascular inflow occlusion. Low CVP is recommended for
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parenchymal transection in major hepatectomy procedures maintaining a pressure
between 2 and 5 mmHg. Infra-hepatic IVC occlusion is not commonly needed and
is associated with increased risk of clinically significant pulmonary emboli and is
technically challenging. Ultrasound assistance is an important instrument that can
aide the surgeon intraoperatively in performing anatomic resections by identifying
major vascular structures.

Depending on surgeon preference and experience, vascular occlusion may be
considered for major hepatectomy procedures with continuous total hepatic inflow
occlusion for up to 60 min or intermittent occlusion for up to 120 min. Use of topi-
cal agents after major hepatectomy parenchyma transection may reduce postopera-
tive transfusion requirements, but there is a lack of strong evidence to support this.
Topical agent selection is at the discretion of the surgeon as collagen and fibrin
agents appear to have similar efficacy. The parenchymal transection technique cho-
sen should be at the discretion of the surgeon. Technology will likely continue to
advance to create even better instruments. Acute normovolemic hemodilution
(ANH) can be beneficial for major hepatectomy procedures if the estimated opera-
tive blood loss is at least 20% of the estimated blood volume.
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Minimally Invasive Hepatic Resection

Iswanto Sucandy and Allan Tsung

Introduction

The field of hepatobiliary surgery has evolved dramatically in the past few decades,
with improved understanding of the segmental anatomy of the liver, advancements
in modern imaging techniques, better operative instrumentation, and improved peri-
operative anesthesia care. At the same time, minimally invasive surgery technique
has become an integral part of each surgical subspecialty. The laparoscopic approach
has become standard of care in colorectal resection, bariatric surgery, hernia repair,
and many urogynecology procedures. In liver operation, however, the adoption of
minimally invasive techniques has been slow, and it is still far from being a standard
technique for most liver surgeons, even at major academic centers in the United
States. This reluctance stems in part from the technical complexity of liver opera-
tions, concern for significant intraoperative bleeding or gas embolism, and lack of
formal training in minimally invasive techniques. In addition to the laparoscopic
approach for liver resection, the current minimally invasive approach also includes
robotic liver resections [1, 2].

An important principle of minimally invasive surgery is that the availability of
this technique does not alter the indication. A laparoscopic or robotic liver resection
should be considered only for lesions that would otherwise be treated with open
hepatic surgery. Malignant primary and metastatic liver lesions, symptomatic hem-
angioma or focal nodular hyperplasia (FNH), and hepatic adenomas larger than
4 cm should be resected. The recently published International Survey on Technical
Aspects of Laparoscopic Liver Resection (INSTALL) study demonstrated an
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expanding indication for LLR which includes higher tumor size, number, and lesion
in difficult locations [3]. While approximately 36% of laparoscopic liver resections
are performed in patients with background liver cirrhosis, postoperative liver insuf-
ficiency has always been an important factor in deciding extent of hepatic resection,
whether in open or minimally invasive technique. In order to avoid postoperative
liver failure, for minor liver resection (<2 segments), majority of liver surgeons set
the upper limit of a total bilirubin at 2.0 mg/dl, whereas for major resection (>3
segments), the threshold is lowered to 1.5 mg/dl or less [3]. While extended hepa-
tectomies, which remove up to 70-80% of liver parenchyma, are safe in non-
cirrhotic patients, a more conservative resection must be performed when the
background liver has cirrhotic changes. In a multi-institutional Japanese study,
Takahara et al. reported that the incidence of postoperative liver failure after laparo-
scopic liver resection and open liver resection was about 0.5% and 1.8%, respec-
tively [4]. The INSTALL study reported that over 80% of surgeons set the cutoff at
40% volume for future liver remnant when the liver is found to be cirrhotic.

In liver resection, the main differences between benign and malignant lesions are
related to achieving adequate margins and avoidance of tumor rupture intraopera-
tively. For malignant liver tumors, lesions abutting major vasculature or tumors that
are too large to be manipulated with minimally invasive technique should be resected
using an open approach. Perihilar cholangiocarcinomas (Klatskin tumor) are often
very challenging even by an open approach and generally should not be done using
the minimally invasive technique. The presence of dense adhesions that prevent safe
dissection, unexpected difficulty in manipulating the liver, and failure to make prog-
ress are indications for conversion to an open technique. Such a decision is never
considered a failure but rather a good judgment call, employed in order to prevent
unnecessary complications. Finally, only about 5% of laparoscopic liver resection
around the world is performed in the context of live donor liver transplantation [3,
5-8]. Laparoscopic live donor hepatectomy has been described for left lateral sec-
tionectomy and adult-to-adult right hepatectomy [5, 7]. Caution is noted in that
these operations should only be done by transplant teams with extensive open live
donor liver transplantation expertise, as well as minimally invasive liver resection
experience.

Clinical Advantages of Minimally Invasive Hepatic Resection

More than 150 publications have shown the safety and efficacy of laparoscopic liver
resection. In the world review of laparoscopic liver resection in 2804 patients by
Nguyen et al., overall mortality was 0.3% (9/2804 patients) and morbidity was
10.5% [9]. Two relatively recent studies reviewed the clinical benefits of laparo-
scopic versus open liver resection. The first study is a critical appraisal of 31 publi-
cations that compared laparoscopic with open liver resection in 2473 patients [10].
In case-cohort studies of well-matched patients, laparoscopic group was associated
with less blood loss, less packed red blood cell transfusion, quicker resumption of
oral intake, less pain medication requirement, and shorter length of stay, as
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compared to the open group. Further, seven publications in this analysis reported a
lower morbidity (complication rates) in laparoscopic liver resection group, while
the remaining studies found no statistical difference in complication rates [4]. Other
potential advantages include better cosmetic result and potentially a lesser physio-
logic stress response, which includes lower frequency of postoperative liver insuf-
ficiency, which was mentioned earlier [11]. This result might be explained by less
destruction of the collateral blood vessels/lymphatic channels with minimally inva-
sive approach during abdominal access and liver mobilization. In those patients
undergoing laparoscopic hepatic resection for cancer, there was no difference in 3-
or 5-year overall survival when compared with well-matched open hepatic resection
cases [11].

The subsequent review is a meta-analysis of 26 articles comparing laparoscopic
to open liver resection from 1998 to 2009 [12]. In this study, the laparoscopic liver
resection group had a lower operative blood loss, shorter hospital stay, less intrave-
nous narcotic use, fewer days until oral intake, and lower relative risk of postopera-
tive complications compared to the open group. Further, the hazards ratio for
recurrence of malignant tumors was not significantly different between the two
groups (HR =0.79, P = 0.37). In another study, Martin et al. reported on 90 laparo-
scopic versus 360 open formal hepatic lobectomies [13]. Patients in the two arms
were matched in a 1:4 ratio for age, American Society of Anesthesiology (ASA)
class, tumor size, histology, and tumor location. Benign tumors were more common
in the laparoscopic group. Estimated intraoperative blood loss, Pringle time, total
and pulmonary complication rates, and hospital length of stay were significantly
lower for the laparoscopic group.

Oncologic Outcomes of Minimally Invasive Hepatic Resection

To date, there is no evidence in the literature that documents compromise of tumor
margins or worse oncologic outcomes using 5-year overall or disease-free survival
with minimally invasive liver resection when compared with traditional open liver
resection. The most recent large study on long-term outcomes of laparoscopic ver-
sus open liver resection for colorectal liver metastases by Beppu et al. is a 1:2 pro-
pensity score matched multi-institutional study from 32 Japanese centers between
2005 and 2010 [14]. Five-year recurrence-free survival (53.4% vs 51.2%), overall
survival (70.1% vs 68%), and disease-specific survival (73.2% vs 69.8%) did not
differ significantly between laparoscopic and open liver resection groups, respec-
tively. Several meta-analyses have also shown comparable oncologic outcomes and
survival between open and laparoscopic liver resections [15-19].
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Patient Assessment and Operative Strategy

The indications and preoperative evaluation for minimally invasive (laparoscopic
and robotic) liver resections are similar to those of open liver resections. Imaging of
the liver is best obtained with triphasic liver computed tomography (CT) scan or
magnetic resonance imaging (MRI). Biopsy of liver mass is generally reserved only
for diagnostic uncertainty, despite high-quality imaging. Evaluation of future liver
remnant and patient general health performance are similar to what is done for open
resection. The decision to perform minimally invasive liver resection is mainly
influenced by the tumor location, size, vicinity to the vital structures, and the experi-
ence of the surgical team. For robotic liver resection, both console surgeon and his/
her bedside assistant should be ideally proficient in open and robotic hepatectomy.
They should be interchangeable throughout the entire case. Central and high poste-
rior lesions provide challenges and require significant minimally invasive experi-
ence. The technical challenges with liver mobilization, hilar dissection, parenchymal
transection, and hemostasis can be minimized by optimal port placement, good
patient positioning, and an efficient operating room team. Difficult dissections
which require significantly prolonged operative time, failure to progress, and sig-
nificant intraoperative bleeding should prompt a consideration for conversion to the
open approach. The anesthesia team should also understand that a low central
venous pressure should always be maintained during any liver operation, regardless
of the operative approach. A transjugular central line should be placed prior to start-
ing a major liver resection (resection of >2 segments). In a minor liver resection, the
use of central line should be based on surgeon’s discretion. Temporary inflow occlu-
sion with Pringle maneuver is sometimes necessary. In our institution, we use a flat
rubber vascular loop tape, which is placed around the hepatoduodenal ligament via
the foramen of Winslow using a blunt laparoscopic or robotic grasper. The rubber
tape is placed in a Potts fashion, tightened by pulling its two ends together, and
subsequently held in place by a laparoscopic or robotic clip. When Pringle maneu-
ver is necessary, a gentle anterior traction can be immediately applied to the ends of
the rubber tape with a robotic or a laparoscopic grasper.

Techniques in Minimizing Blood Loss During Hepatectomy

Despite established advantages of minimally invasive technique, hemorrhage dur-
ing laparoscopic or robotic liver resection remains a major concern. The initial slow
development of minimally invasive liver resection is partly explained by the fear of
inability to control bleeding. This important question was discussed among a panel
of 34 experts covering 5 continents during the Second International Conference on
Laparoscopic Liver Resection Surgery in Morioka, Iwate, Japan, in October 2014.
Several studies have been designed to elucidate potential factors responsible for
reduced blood loss during minimally invasive liver resection. It is widely accepted
that the main reasons for reduced blood loss are the positive pressure of the carbon
dioxide pneumoperitoneum (10-15 mmHg), low central venous pressure
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(<5 mmHg), the emergence of new transection devices, and the facilitation of inflow
and outflow controls [20]. Experts who were present in Morioka agreed that low
central venous pressure and pneumoperitoneum act in a synergistic manner to
reduce bleeding. Image magnification provided by a laparoscope or robotic camera
allows more precise dissections and theoretically facilitates good control of seg-
mental or subsegmental portal pedicles. In cases of severe bleeding, increasing the
pneumoperitoneum pressure and decreasing the airway pressure by a brief pause in
the artificial ventilation are maneuvers that can be used to decrease back bleeding
[3]. Decailliot et al. demonstrated in a nonrandomized study that Pringle maneuver
during laparoscopic liver resection is as efficient as Pringle maneuver during open
liver surgery in decreasing intraoperative blood loss [21]. Type of instruments by
energy sources and technique used in parenchymal transection vary among each
surgeon and institution. We recommend that liver surgeons should select techniques
and instruments based on their familiarity and complete understanding of the sys-
tem for each specific case. There have been no randomized controlled trials which
answer the question of the best technique or device for laparoscopic hepatic paren-
chymal transection. All studies on this subject have been case controls, case series,
case reports, experimental studies, and reviews [22]. In addition to the use of mul-
tiple hemostatic methods such as bipolar cautery (for vessels <2 mm), vessel seal-
ing device or clips (for vessels 3—7 mm), locked clips or staplers (for vessels
>7 mm), thermofusion, radio-frequency coagulation, bipolar precoagulation, and
many others, experts advocate that liver surgeons should master intracorporeal
suturing techniques when performing laparoscopic liver resection. With the robotic
system, intracorporeal suturing is greatly facilitated. The commonly described tech-
nical difficulty with suturing becomes no longer an issue, especially for surgeons
without prior advanced laparoscopic skills/training. Careful inspection of the tran-
section surface for bleeding and bile leak after decreasing the pneumoperitoneal
pressure should be performed routinely prior to completion of the liver resection.

Technical Approaches to Laparoscopic Liver Resection

There are two main approaches for performing laparoscopic liver resection—pure
laparoscopic and hand assisted. A third option is using the laparoscopic technique
for mobilization of the liver before making an incision to complete parenchymal
resection through a relatively small minilaparotomy opening (so-called hybrid tech-
nique) [23]. Some authors use a hand port for all cases, while others use it selec-
tively, and some never use it at all. The benefits of the hand-assisted technique are
the relative ease of manipulation of the liver, direct palpation for improved tactile
sensation, and the ability to quickly control significant bleeding in the case of a
major vascular injury. Because most specimens mandate a utility incision for intact
specimen extraction, the main difference between hand-assisted and pure laparos-
copy is the position of the incision. There have been no comparative studies to sup-
port the benefit or inferiority of the three techniques, and the choice is strictly
surgeon’s preference. The hand-assisted and the hybrid methods are claimed by
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their proponents to be beneficial for larger lesions, posteriorly located lesions, donor
hepatectomy, and for training of surgeons in major laparoscopic liver resection tech-
niques [1, 7, 23, 24]. In a large review of more than 2800 laparoscopic liver resec-
tions by Nguyen et al., the majority of minimally invasive liver resections were pure
laparoscopic (75%), followed by hand-assisted approach (17%). The hybrid tech-
nique was used rarely, only in 2% of patients. The remainder of the cases were
performed using gasless laparoscopic (1.8%) and thoracoscopic approach (0.2%).
Four percent of patients required conversion to traditional open approach [9].

In the operating room, the patient is placed in supine position with both arms
extended. Some authors favor the French lithotomy position. The preparation is
similar to that of major liver resection, including line placement, bladder catheter-
ization, and orogastric tube insertion. We use a footboard and strapping that allow
for steep rotational manipulations of the operating table during laparoscopic liver
resection. In the case of a planned major hepatectomy, we use a hand port and place
it at the beginning of the procedure, as a supraumbilical midline incision. In the case
of a small patient (e.g., less than 5’8" in height), the incision can be infraumbilical.
The initial pneumoperitoneum is established via a trocar inserted through the hand
port. The hand port incision may be used for a rapid conversion, by extending it to
a longer midline cephalad if needed.

Laparoscopic Right Hepatectomy

After inserting the hand port and establishing the pneumoperitoneum to a pressure
limit of 14 mm Hg, four additional trocars are placed. Trocar positioning is shown
in Fig. 6.1. The falciform ligament is divided with endoshears, and the round liga-
ment is divided using a linear stapler or LigaSure™ vessel sealing device (Covidien,
Norwalk, CT, USA). The falciform ligament is left long on the liver side to facilitate
later retraction. Intraoperative ultrasound is performed to identify the lesion and
mark the parenchymal transection line. After taking down the right coronary and
triangular ligaments, the right lobe is gradually rotated off the retroperitoneum and
lifted off the inferior vena cava (IVC). Short hepatic veins are clipped with 5-mm
Hemolocks. Small veins can be divided with the LigaSure™ vessel sealing device.
At that stage, the right hepatic vein is exposed and can be divided with a vascular
stapler. If the exposure of the right hepatic vein is not optimal, it can be divided
inside the liver at the end of the parenchymal transection. The next step is the hilar
dissection. It is started with the cholecystectomy and exposure of the right hepatic
artery, right portal vein, and bile duct. The right hepatic artery is doubly secured
with locking clips. A clamping test must be performed to ensure an intact arterial
flow in the left hepatic artery prior to division. The right portal vein is dissected and
encircled. It can be transected with a linear vascular stapler; however, if the angle
precludes safe stapling, it can be left to the end of the procedure and controlled with
a small bulldog clamp inserted through the hand port to allow for an ipsilateral
Pringle maneuver. Next, superficial parenchymal transection is started with an ultra-
sonic dissector or LigaSure™ to a depth of approximately 2 cm. The deeper liver
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Fig.6.1 Trocar
positioning for
laparoscopic right liver
resection

parenchyma, which contains crossing middle hepatic vein branches, is divided with
vascular staplers. Some surgeons utilize a bipolar pinching forceps and/or cavitron
ultrasonic surgical aspirator (CUSA) or hydrojet to help divide the parenchyma.
During the parenchymal transection, as in an open hepatic resection, the central
venous pressure is kept low in order to minimize blood loss. If not already done, the
right portal vein and right hepatic veins are divided as the parenchymal transection
is deepened, along with the right hepatic duct inside the liver. If a hand port is uti-
lized, the hand can provide a laparoscopic “hanging maneuver” to facilitate expo-
sure and transection. Wakabayashi et al. and Soubrane et al. advocated a limited
liver mobilization before transection, as a potential technique to decrease bleeding
during a laparoscopic liver resection [25, 26]. The anterior approach provides the
advantage of performing minimally invasive liver resection without having to mobi-
lize the liver before transection, which is not always easy and safe to accomplish
minimally invasively, particularly in case of heavy liver weight or a large-sized
tumor.

The caudal approach is the main conceptual change in laparoscopic liver resec-
tion. The caudal approach, which relies on visual magnification, offers improved
exposure around the right adrenal gland and the inferior vena cava. This approach
also greatly facilitates identification of the Glissonian pedicles at the hilar plate.
Using this technique, the inferior vena cava from caudal to cranial can be efficiently
exposed, which is then followed by division of the short hepatic veins before paren-
chymal transaction [26]. A meticulous caudal to cranial parenchymal transection
with laparoscopic magnification results in better identification of intraparenchymal
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structures for optimal liver parenchymal division. Placement of patients in slight
reverse Trendelenburg position helps lower the venous pressure and improves gravi-
tational shifting of visceral structures away from the liver hilum. A recently intro-
duced concept of superior and lateral approaches with or without the use of
intercostals and transthoracic trocars requires patients to be placed in the left lateral
decubitus position or even prone position. This new technical advancement in lapa-
roscopic liver resection offers a better exposure of the right posterosuperior seg-
ments and lifts the right hepatic vein higher than the vena cava to reduce hepatic
venous back bleeding [27, 28]. Any oozing from the cut edge is controlled with an
electrocautery or energy sealing device. Any visible bile leaks are oversewn with
4-0 absorbable sutures. The specimen is extracted through the hand port, and the
abdomen is reinspected for bleeding. Placement of a closed suction drain about the
cut surface of the liver should be strongly considered after major liver resections.
The drain is brought out through one of the 5-mm trocar sites.

Laparoscopic Left Hepatectomy

The technique of laparoscopic left hepatectomy is mostly similar to that of the right
lobe. Trocar positioning for the laparoscopic left hepatectomy is shown in Fig. 6.2.
Often laparoscopic left lateral sectionectomy and left formal lobectomy can be done
using pure laparoscopic approach, with the hand port being reserved for a large
tumor or difficult case. Care must be given to avoid injury to the left phrenic and left
hepatic veins when taking down the left triangular ligament. The gastrohepatic liga-
ment is divided (watching for a replaced left hepatic artery), and the left hilum is
dissected at the base of the falciform ligament after opening the liver bridge between
segment III and segment IVB. The left hepatic artery is doubly clipped and divided,
followed by dissection of the left portal vein. The left portal vein can be controlled/
divided in a manner similar to that of the right portal vein. The left hepatic duct is
transected laterally at the base of the umbilical fissure to avoid injury to a not infre-
quently seen right posterior (or right anterior) duct coming off the proximal end of
the left hepatic duct. This is seen in about 10% of patients. A hepatotomy is made in
segment IVB, and a linear stapler is insinuated into the hepatotomy in order to
divide the left hepatic duct. Parenchymal transection is performed using a
LigaSure™ vessel sealing device or an ultrasonic dissector, followed by application
of linear vascular staplers to divide the left hepatic vein intrahepatically toward the
end of the transection.

Robotic Liver Resection

The most recent development in minimally invasive liver resection is robotic hepa-
tectomy. The first report of robotic-assisted liver resection was published in 2006 by
Ryska et al. [29]. The known advantages of robotic platform include improved pre-
cision, dexterity, degree of movement, superior visual magnification, as well as
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Fig. 6.2 Trocar positioning for laparoscopic left liver resection

decreased surgeon tremor and fatigue. Robotic liver resection has gained significant
popularity in recent years because of its potential to overcome limitations of con-
ventional laparoscopy. Over the last 5 years, many case reports and single institu-
tional case series of robotic liver resections have emerged. In 2014, Tsung et al.
reported our institutional experience of robotic versus laparoscopic hepatectomy
with a 1:2 matched analysis [2]. The patients were matched for the presence of
background liver disease, extent of hepatic resection, diagnosis, body mass index
(BMI), age, gender, and ASA class. With the exception of higher operative time and
overall room time in the robotic group, there were no significant differences between
perioperative outcomes of robotic and laparoscopic groups. RO negative margin sta-
tus was also comparable, which indicates that the oncologic outcome is not compro-
mised by either approach. The technical advantages associated with robotic
approach, however, allow completion of a greater percentage of minor and major
hepatectomies using the purely minimally invasive technique. Ninety-three percent
of the robotic liver resections were accomplished without the need for hand-assisted
ports or the hybrid technique, while only 49.1% of those in the laparoscopic group
were performed without these adjuncts [30]. This finding suggests the robotic sys-
tem offers greater technical ease for liver surgeons in accomplishing purely mini-
mally invasive liver resections. The robotic approach may also facilitate better
vascular control during major liver resections when compared to its laparoscopic
counterpart. Pretransection extrahepatic inflow and outflow control is more easily
achieved with the robot. Laparoscopic stapling of the portal vein extrahepatically is
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sometimes difficult to accomplish with the laparoscopic approach due to a poor
stapler angle. Increased degree of freedom with the robotic instrumentation miti-
gates this problem by allowing control of the portal vein extrahepatically using
suture ligation or placement of locking clips. Similar issues apply to the hepatic vein
outflow control. During hepatic parenchymal transection, superior three-dimensional
magnification provided by the robotic camera allows surgeon to identify individual
vessels more clearly for precise control and ligation/clipping. The downside of
robotic approach is added costs for the robotic system and slightly longer operative
time [31]. The overall perioperative outcomes are comparable between the laparo-
scopic and robotic liver resections. A future larger-scale prospective multicenter
study is needed to objectively determine the ultimate superiority of robotic over the
traditional laparoscopic technique. Based on the most recent international consen-
sus in Morioka, Japan, major robotic liver surgery is still recommended to be done
within an institutional review board-approved registry [1].

Robotic Right Hepatectomy

The patient is positioned supine on a split leg operating table. The bedside assistant
stands between the patient legs. Operating room setup and robotic system docking
position are shown in Fig. 6.3. We utilize 6 port techniques with a goal to achieve
adequate triangulation around the target anatomy (Fig. 6.4). The operation begins
with division of the round and falciform ligaments using a 5-mm LigaSure™ vessel
sealing device. Attachments between the liver and retroperitoneum are taken down
using a robotic hook electrocautery. The third robotic arm is positioned to provide
upward and medial retraction to the right liver in order to expose the right triangular
ligament laterally and short hepatic veins medially. Appropriate adjustment is made
by the third arm as the dissection proceeds cranially toward the hepatic hilum. The
right side of the inferior vena cava is dissected carefully off the posterior aspect of
the liver. The short hepatic veins are individually isolated and divided between clips
and silk ties. Small short hepatic veins can be taken with robotic vessel sealer.
Portal dissection is started by appropriately lifting the inferior aspect of the liver
cranially using the third robotic arm. Gallbladder when still presents can be used as
a natural grasping handle by the third arm. The proper hepatic artery which leads to
the right hepatic artery is identified. The right hepatic artery branch is dissected and
isolated using a hook electrocautery. A robotic Maryland dissector can be used to
facilitate isolation of the right hepatic artery. Ultrasound over the left hepatic artery
must be performed to ensure intact arterial flow in the left hepatic artery prior to
division. Silk ties with placement of metal clips or Hemolock clips are commonly
used for this step. Close attention must be exercised to identify and control a
replaced or accessory right hepatic artery which is present in up to 25% of patients.
The right portal vein is then carefully dissected and isolated prior to division using
a linear vascular stapler. Small branches to the caudate lobe often need to be divided
in order to provide an adequate space for division. Finally the right hepatic duct is
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Fig. 6.3 Operating room setup and robotic system docking position

isolated, ligated, and divided after an intraoperative cholangiogram confirming the
presence of an intact contralateral hepatic duct.

The right hepatic vein is then isolated and encircled with a vessel loop. A linear
vascular stapler is used to divide the right hepatic vein by the bedside assistant,
which safely secures the outflow control. Line of parenchymal transection is then
marked with the hook electrocautery, which follows a demarcation line on the liver
surface. Placement of figure of eight silk sutures on both sides of the transection
plane can be helpful for lateral retraction. Intraoperative ultrasonography is per-
formed to confirm adequate tumor margins and to anticipate any large underlying
crossing vessels. The TilePro® feature of da Vinci system is helpful in transferring
the ultrasonographic images to the console. The liver parenchymal transection is
started using a combination of a robotic vessel sealer, a Maryland bipolar forceps,
clips, and ties. Medium- and large-sized crossing vessels/branches found intrahe-
patically are individually secured using ties and clips before division. Alternatively,
they can also be handled using linear vascular stapler, fired by the bedside surgeon.
Use of rubber bands for lateral traction of the liver in minimally invasive hepatec-
tomy was introduced by Choi et al. [32, 33]. As the parenchymal transection pro-
gresses, self-retraction created by each rubber band opens up the plane of transection.
The bedside surgeon should help with tissue hemostasis and dynamic exposure of
the plane of transection. Thorough hemostasis and meticulous search for bile leak
are performed along the cut surface prior to considering placement of an abdominal
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Fig. 6.4 Trocar positioning for robotic right liver resection

drain. The resected specimen is placed in a large endo bag retrieval system and
removed via either enlarged camera port at the umbilical location or via a Pfannenstiel
incision.

Robotic Left Hepatectomy

Patient positioning, operating room setup, and robotic system docking position
are similar to the right hepatectomy. Trocar placement for left hepatectomy is
slightly different than for the right hepatectomy, and it is shown in Fig. 6.5. The
round and falciform ligaments are taken using similar technique as the right
liver resection. A complete stomach decompression via a naso-/orogastric tube
is important at the beginning of the case. The left triangular ligament is divided
using the hook electrocautery. It is important to not injure the branch of the
phrenic vein often located nearby. Access into the lesser sac is obtained by
dividing the gastrohepatic ligament. An accessory or replaced left hepatic artery
is ligated and clipped prior to division when present (about 10—15% of patients).
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Fig. 6.5 Trocar positioning for robotic left liver resection

The lesser sac is medially opened all the way cephalad, toward the origin of the
left hepatic vein. The goal is to obtain a complete mobilization of the left hemil-
iver. The portal dissection and parenchymal transection are performed using
similar techniques as the right liver resection. The transverse portion of the left
portal inflow allows a technically safer dissection, close to the junction between
the transverse and ascending portion of the left portal vein. Outflow dissection
is subsequently performed after the division of the Arantius ligament. With the
left lobe reflected toward the right, the origin of the left and middle hepatic
veins is carefully dissected. In majority of patients, the left and middle hepatic
veins create a common trunk before entering the inferior vena cava. A linear
vascular stapler is used to divide the hepatic vein after encirclement using a ves-
sel loop. If a safe outflow dissection cannot be achieved extrahepatically, the
hepatic veins can also be divided intrahepatically as the parenchymal transec-
tion proceeds cephalad. Hemostasis and bile stasis are meticulously ensured
prior to completion.
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Robotic Left Lateral Sectionectomy and Nonanatomic Liver
Resection

In left lateral sectionectomy, the transection line is located just to the left of the
falciform ligament after left hemiliver mobilization. The divided round ligament
can be used as a handle to elevate the liver toward the right anterior direction, which
opens up the transection plane. Segment 2 and 3 pedicles are taken (either together
or individually) with linear vascular load staplers. The parenchymal transection is
performed using similar steps to those in formal left or right hepatectomies. Crossing
vessels are usually encountered, but they can be easily managed with either robotic
vessel sealer device, clips, or linear staplers. The left hepatic vein is divided intrahe-
patically toward the end of the parenchymal transection. For nonanatomic liver
resection, intraoperative ultrasonography is used to ensure adequate margins and to
detect underlying major vessels to and from the lesions. Adequate planning for vas-
cular control of medium/large vessel branches shown by the ultrasound should be in
place prior to transection. Complete hemostasis and detection of bile leak must be
ensured after parenchymal division. When bile leak is identified from a biliary
branch, careful placement of silk or Vicryl sutures are effective. For hemostasis, we
recommend the use of saline-cooled radio-frequency coagulation device, which
gives excellent results. Thermal energy, however, must be carefully applied in areas
near the hepatic hilum and vessel staple lines. It is a good practice to lower the
pneumoperitoneum while observing the liver cut surface for occult bleeding prior to
closure [34].

It is very critical to have a skilled bedside assistant surgeon when performing this
type of advanced liver operation. Intraoperative bleeding during parenchymal tran-
section is primary reason for conversion to open surgery during major minimally
invasive liver resection, both laparoscopic and robotic. Conversion rates in laparo-
scopic major hepatectomy range from 33% in the early experience of Dulucq et al.
[35] to a lower rate of 14% reported more recently by Gayet et al. [36]. In the totally
robotic right hepatectomy of 24 patients reported by Giulianotti et al. [37], open
conversion only occurred in 1/24 patients, which was related to oncologic concerns
(inability to carefully evaluate the resection margins) .

Management of Postoperative Liver Failure

Prevention with proper surgical planning is the best strategy to limit incidence of
postoperative liver failure, even though it is sometimes unavoidable in certain
patients. There are only limited publications on the management of postoperative
liver failure, and there have been no comparative studies in this regard [38].
Treatment strategies vary among institutions and hepatobiliary surgeons; however,
in general the management of liver failure after hepatic resection is guided by organ
systems. An intensive care unit should be available for optimal supportive care of
patients with liver failure. Early management is key to avoid the downstream vicious
cycle of sequelae associated with postoperative liver failure.
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Postoperative liver failure manifests in encephalopathy secondary to reduced
ammonia clearance, hypoglycemia due to reduced gluconeogenesis, lactic acidosis
due to reduced lactic acid clearance, hypotension due to inadequate glucocorticoid
secretion, acute respiratory distress syndrome, impaired innate immunologic func-
tion with associated sepsis, intracerebral hypertension, cerebral edema, and acute
kidney injury/failure. Patients who appear jaundice after extended hepatectomy
should be investigated in order to rule out obstructive causes. The generous use of
albumin (instead of crystalloids) should be instituted for patients who need hemo-
dynamic support. Early continuous renal replacement therapy rather than hemodi-
alysis should be started when acute renal injury/failure is encountered. Fresh frozen
plasma should be used appropriately to manage coagulopathy. In patients where
infection or early sepsis is suspected, antibiotics should be initiated. Development
of ascites is also commonly seen in patients with postoperative liver failure. Patients
with ascites should be first managed with Lasix and spironolactone. Intermittent
paracentesis is used for symptomatic relieve. Patients who develop encephalopathy
should be started on rifaximin and lactulose. In terms of nutritional support during
the liver failure period, even though the enteral route is preferred, it must be used
with caution in order to avoid aspiration. Parenteral nutrition should be used when
enteral routes are not practical or unsafe. Branched chain amino acids (leucine,
isoleucine, and valine) as amino acid solutions should be used preferentially over
whole protein formulations in patients with worsening encephalopathy.

Hepatic support via plasma exchange, molecular absorbent recirculating system,
and the extracorporeal liver assist device are newer therapeutic strategies that have
been described recently. Even though there may be theoretical benefits, there has
been no survival advantage recorded from the use of these modalities, despite effec-
tive detoxification and symptomatic clinical improvement of liver failure sequelae
[39, 40]. In the setting of worsening and persistent postoperative liver failure when
all available therapies have been exhausted, there may be a role for orthotopic liver
transplantation as a last resort. However, the underlying malignant diseases for
which the liver resection was originally indicated often disqualify such patients for
this approach. Therefore, this last option can only be offered for patients who have
initially been considered a transplant candidate prior to the hepatectomy (e.g., hepa-
tocellular carcinoma within Milan criteria).

Early Recovery After Surgery Pathways for Hepatic Surgery

Enhanced recovery after surgery (ERAS) was first introduced by Kehlet in 1997 and
was shown to reduce the complication rate and hospital stay duration after colorec-
tal surgery [41, 42]. During the past decade, ERAS protocols have rapidly evolved
with the application of various effective components, which included perioperative
education, improved anesthetic and analgesic methods (less narcotic use), early
resumption of oral intake (postoperative day 0—1), and early postoperative mobiliza-
tion. Patients are planned for discharge on postoperative day 4 after colectomy
when postsurgical recovery is uneventful. Because of its proven benefits in
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gastrointestinal surgery, ERAS protocols are now being implemented in other fields
of surgery including pancreaticoduodenectomy and hepatic resection. He et al.
reported a study of 86 patients managed with ERAS protocol after laparoscopic
liver resection [43]. Postoperative length of stay was significantly reduced in the
ERAS group when compared with the control group (6 versus 10 days, p = 0.04).
First flatus occurrence was seen earlier in the ERAS group (2 versus 3 days,
p = 0.02). Because of shorter hospitalization, postoperative costs were significantly
less in the ERAS group, with no differences in readmission rate, blood loss, conver-
sions to open surgery, mortality, or surgical complications. A similar study by Liang
et al. demonstrated an enhanced recovery protocol after surgery for laparoscopic
liver resection led to a shorter duration of hospital stay, fewer complications, and
lower overall hospital costs [44]. Rate of readmission was not affected by an ERAS
protocol.

Summary

Minimally invasive liver resection is an evolving discipline in the field of hepatobili-
ary surgery. Multiple studies have shown that laparoscopic and robotic liver resec-
tions are safe and effective in the hands of experienced surgeons in selected patients.
Clinical benefits to the patients include reduced blood loss, postoperative pain, nar-
cotic use, and earlier discharge. From the oncologic standpoint, minimally invasive
liver resections have been shown to yield equivalent cancer outcomes. Proper plan-
ning with appropriate presurgical evaluation of liver function is the best method in
preventing postoperative liver failure. When it occurs, maximum supportive care in
an intensive care unit with early intervention of failing organ systems is crucial for
patient survival. Finally, ERAS protocols have been used after liver resections with
favorable perioperative outcomes. Further data is needed to draw more definitive
conclusions about the effectiveness of enhanced recovery protocols after minimally
invasive liver resections.
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Post-hepatectomy Liver Failure

Gaya Spolverato, Fabio Bagante, and Timothy M. Pawlik

Definition and Epidemiology

Among postoperative complications associated with liver surgery, such as infec-
tions, fluid collections, deep venous thrombosis, bleeding, and bile leak, liver insuf-
ficiency/failure is typically the most life-threatening condition. In fact,
post-hepatectomy liver failure (PHLF) can be the cause of serious morbidity and
mortality after liver resection, especially among patients with fibrosis or cirrhosis of
the underlying liver [1, 2]. The incidence of PHLF varies between 0.7% and 34%
due in part to the wide variability in the definition of PHLF, making comparison of
data from various studies challenging. Differences in the type and extent of hepatic
resection, as well as varied patient-specific characteristics, such as age and comor-
bidities, also contribute to the large variability in the incidence of PHLF reported in
the literature [3-9].

PHLF is determined by several patient-specific and perioperative factors that
affect the regenerative ability of the remaining liver following hepatic resection.
Dysfunctional or insufficient regeneration of the hepatic mass can lead to failure of
the synthetic, metabolic, and/or excretory function of the liver and in turn to specific
signs, such as hyperbilirubinemia, hypoalbuminemia, prolonged prothrombin time,
elevated serum lactate, and/or hepatic encephalopathy [10].
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Predictive Factors for PHLF

Several risk factors for PHLF have been described, including patient characteristics,
liver quality and volume, as well as intraoperative variables.

Patient-Related Factors

Age, male sex, malnutrition/low albumin levels, diabetes (either alone or in combi-
nation with metabolic syndrome), obesity, and higher American Society of
Anesthesiology (ASA) score have been described as predictors of PHLF [11, 12].
While some studies have reported age over 65 years as an independent predictor of
death among patients undergoing liver surgery [13], several studies have failed to
confirm this finding, noting that both minor and major liver resections were safe
procedures in elderly patients [13—17]. Other investigators have demonstrated a cor-
relation between malnutrition and PHLF due to the poor regenerative ability of the
hepatocytes and the weak immune response of malnourish patients [18, 19]. Indeed,
malnourishment has been confirmed as a predictor of PHLF in a prospective study
by Fan et al. [18] Specifically, among patients undergoing a hepatectomy, there was
a reduction in overall postoperative morbidity and a lower deterioration of liver
function (determined by rate of clearance of indocyanine green) among patients
who received perioperative nutritional support [18]. Other clinical factors associ-
ated with an increased risk of PHLF include renal insufficiency, pulmonary dis-
eases, as well as liver-specific factors that suggest preoperative liver insufficiency
(e.g., hyperbilirubinemia) or portal hypertension (e.g., thrombocytopenia) [20-23].

Liver-Related Factors

Both quality and quantity of the remaining liver are risk factors for PHLF. In par-
ticular diseases of the underlying hepatic parenchyma, such as cirrhosis, steatosis,
steatohepatitis, and chemotherapy-induced liver injury, all can affect the regenera-
tive capacity of the liver and correlate with PHLF. Cirrhosis has been historically
described as the most frequent cause of impaired liver regeneration among patients
undergoing liver surgery [24-26]. The degree of cirrhosis, defined by the Child-
Pugh classification, also is associated with PHLF-associated mortality; specifically,
Child-Pugh class A patients have a lower in-hospital mortality after liver resection
compared with Child-Pugh class B or C patients [27]. The Model for End-Stage
Liver Disease (MELD) score, initially used for patients undergoing transjugular
intrahepatic portosystemic shunt and subsequently widely accepted to prioritize
candidates for liver transplantation, has a direct correlation with postoperative mor-
tality related to PHLF [28, 29].

The underlying physiopathological process around PHLF has been studied in
animal models. In particular, lower levels of hepatocyte growth factor, impaired
transcription factors, and reduced DNA synthesis have all been reported as leading
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causes of poor regenerative ability of the remaining parenchyma [30-32]. In addi-
tion, steatosis and steatohepatitis can affect liver function and regeneration follow-
ing hepatic resection and, in turn, increase risk of perioperative death and
complications [33, 34]. Patients with 30% or more steatosis have been reported to
be at higher risk of postoperative morbidity and mortality compared with patients
without steatosis. Thus, the “safe” lower limit of the future liver remnant (FLR) in
mild and severe steatosis is typically 30-35% and 40%, respectively [35-38].
Steatohepatitis (i.e., steatosis with signs of active inflammation) further increases
the risk of worse short- and long-term outcomes after liver surgery, and a larger FLR
is warranted to avoid PHLF [39, 40]. With modern chemotherapeutic and biologic
agents, including 5-fluorouracil, irinotecan, oxaliplatin, cetuximab, and bevaci-
zumab, chemotherapy-associated steatohepatitis (CASH) has also been recognized
as a risk factor for PHLF [41-44]. Due to potential hepatic parenchymal damage
including sinusoidal dilatation, steatosis, and steatohepatitis that may affect the
function and regenerative ability of the remaining liver, a FLR of at least 30% is
typically desired when operating on patients who have been extensively treated with
preoperative chemotherapy [40, 45, 46]. Cholestasis also needs to be considered as
a potential risk factor for PHLF. Major hepatectomy in the setting of severe hyper-
bilirubinemia can be dangerous and can inhibit the growth of the small liver rem-
nant postoperatively. Thus, when planning an extended liver resection, cholestasis
should be resolved (e.g., bilirubin <7.0 ng/ml) and an adequate (e.g., 30-35%) FLR
maintained [47, 48].

As noted, the volume of the FLR is critical in maintaining liver function and
avoiding PHLR after hepatic resection. The needed volume of the FLR depends on
the quality of liver with the typical goal of FLR being 20-30% for patients with a
normal underlying liver versus 30-40% for patients with steatosis, steatohepatitis,
or CASH. However, the exact FLR size required to minimize the likelihood of
PHLF among patients has yet to be determined [49-52]. Most data regarding FLR
and PHLF derive from the living donor liver transplant literature, where small size
of the graft was noted to be associated with a higher risk of severe graft dysfunction.
Similarly, following resection, an insufficient FLR can result in an inadequate
hepatic parenchymal mass, as well as damage to the small remaining FLR, which in
turn can contribute to PHLF.

Surgery-Related Factors

In addition to the extension of liver resection and the corresponding FLR, several
intraoperative factors are associated with risk of PHLF, such as blood loss, use of
transfusion, as well as major vascular resection, operative time > 240 min, and dura-
tion of the Pringle maneuver [43, 53-56]. In particular blood loss >1 1 has been
correlated with postoperative complications, including PHLF, as a result of fluid
shifts, bacterial translocation, and systemic inflammation [4]. Coagulopathy can
also be a consequence of excessive blood loss, with an increasing risk of intra-
abdominal hematomas and infection [4]. Blood transfusion has historically been
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correlated with an increased risk of postoperative morbidity, in particular infectious
complications. Indeed, while transfusion can improve tissue perfusion and oxygen
delivery, it can also result in a diminished immune response and in transfusion-
related acute lung injury [57—60]. Other postoperative factors, including deep infec-
tions, fluid collections, postoperative hemorrhage, and bile leak, can also increase
the risk of PHLF.

Preoperative Evaluation of the Liver

Considering the high mortality associated with PHLF, preoperative identification of
patients at high risk for hepatic dysfunction and PHLF is critical. Preoperative eval-
uation of the liver consists on both functional and volumetric assessment. Several
functional measures have been proposed to access hepatic reserve including the
Child-Pugh criteria, the indocyanine green clearance (ICG) test, measurements to
assess the degree of hepatic steatosis, as well as cross-sectional volumetry to calcu-
late FLR.

Serum laboratory values including alanine aminotransferase (ALT), aspartate
aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl transpepti-
dase (GGT), lactate dehydrogenase (LDH), albumin, and prothrombin time (PT)
have not been reported to accurately risk-stratify patients with regard to PHLF [61-
68]. However, aggregate risk scores that incorporate laboratory values such as the
Child-Pugh and MELD scores have been widely accepted as tools to stratify patient
PHLF risk. The Child-Pugh classification is based on bilirubin, albumin, interna-
tional normalized ratio (INR), ascites, and hepatic encephalopathy [69]. The MELD
score includes biochemical variables such as creatinine, bilirubin, and INR [70].
Proposed as tools to evaluate liver transplant candidates, these aggregate scores can
be helpful to predict the risk of PHLF [69, 71, 72]. Both Child-Pugh and MELD
classifications correlate with the risk of PHLF, with MELD also strongly predictive
of postoperative 30- and 90-day mortality [26]. In particular, Child-Pugh B or C
patients, as well as patients with MELD >10-12, should be considered at very high
risk of PHLF and therefore should typically not be considered candidates for elec-
tive liver surgery [4, 73].

Techniques, such as ICG clearance and ICG retention rate (ICG R15), have also
been utilized to estimate liver function and the risk of PHLF [74-76]. ICG is an
injectable water-soluble, nontoxic fluorescent organic anion that binds to albumin.
Since ICG hepatocyte uptake is followed by its biliary excretion without enterohe-
patic circulation, ICG clearance is a reflection of hepatocytes function and intrahe-
patic blood flow. Based on the percentage of retention at 15 min, the ICG can be
used to help calculate the needed remnant liver volume after hepatic resection.
There is no clear consensus, however, on the cutoff value for ICG R15 that would
be safe for hepatic surgery. ICG R15 has been criticized as costly and time-
consuming and thus is not widely adopted in Western countries [11, 13]. Several
other liver function tests based on the principle of hepatic clearance and on the
synthetic ability of the liver have been proposed; however, high complexity and
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Table 7.1 Formulas to calculate future liver remnant

Threshold for
Reference Year | Formula hepatectomy
Yamanaka 1994 | —84.6 + 0.933 x PHRR + 1.11 x ICG- 45
et al. [100] R15 +0.999 x age
Kubota et al. 1997 | (resected volume-tumor volume)/(TLV-tumor 40% non-
[101] volume) tumorous
parenchyma
Vauthey et al. | 2000 | (CT FLR)/(706 x BSA +2.4) 20% in normal
[102] livers
Ribero et al. 2008 | (CT FLR)/(—=794 + 1267 x BSA) 20% in normal
[103] livers
Uchiyama 2008 | 164.8-0.58 x albumin—1.07 x hepaplastin 25
et al. [104] test + 0.062 x glutamate oxaloacetate
transaminase—685 x ICG-K-3.57 x oral glucose
tolerance test linearity index + 0.074 x weight of
resected liver
Du et al. 2011 | ICG-K x 22.487 + standardized remnant liver 13.1
[105] volume x 0.02

Obtained with permission from Lafaro et al. [49]

PHRR parenchymal hepatic resection rate, /CG R15 indocyanine green dye retention rate 15 min
after injection of 0.5 mg/kg, TLV total liver volume, CT computer tomography, FLR future liver
remnant, BSA body surface area, /ICG-K K value of indocyanine green clearance test

costs have been barriers to clinical implementation [35, 49]. Liver stiffness mea-
surement, using transient elastography (Fibroscan®, Echosens, Paris, France), has
also been proposed as a noninvasive, reproducible, and rapid method to access liver
fibrosis and cirrhosis [77]. Few studies have, however, correlated the level of liver
stiffness measurement (LSM) with postoperative outcomes; only one recent study
by Chong et al. reported a positive correlation between LSM >12 kPa and incidence
of high-grade PHLF [77-81].

Cross-sectional imaging with computer tomography (CT) and magnetic reso-
nance imaging (MRI) is the most common way to measure the FLR volume, as well
as the ratio of FLR volume to the total functioning liver volume (TLV) (Table 7.1).

Yamanaka et al. used the ICG R15 value and the patient’s age to compute the
prediction score (PS) that was derived from the multiple regression equation,
Y =-84.6 + 0.933 PHRR +1.11 ICG R15 + 0.999 age, where PHRR is the paren-
chymal hepatic resection rate. A PS of 50 points was used to discriminate between
survivors and nonsurvivors, a PS >55 was classified as risky, a PS between 45 and
55 was considered borderline, and a PS <45 was considered safe. Kubota et al. used
resected liver volume and tumor volume to guide the decision making in resectional
surgery for liver tumors, concluding that patients can undergo resection of up to
40% of the non-tumorous parenchyma. Vauthey et al. provided a simple method of
measurement to assess the liver remnant before resection. The total liver volume
was estimated on the basis of the body surface area with the formula: liver volume
(cm?) = 706 x body surface area (m?) + 2.4. The ratio of future FLR volume to
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absolute liver volume as estimated by this formula was also obtained. The authors
showed that complications were more frequent among patients with a FLR volume
of <25%. Ribero et al. described the rationale for FLR measurement, methods of
measuring FLR volume, and standardization to the total estimated liver volume,
while using the same variables proposed by the same group in the study by Vauthey
etal. Uchiyama et al. proposed a formula for liver functional evaluation, constructed
from preoperative hepatic function parameters including hepaplastin (HPT), albu-
min, K value of indocyanine green clearance test (K. ICG), linearity index of oral
glucose tolerance test (OGTT), and weight of resected liver (RW). A score below 25
was considered safe for hepatectomy. Du et al. assessed the liver function compen-
satory (LFC) value to predict liver dysfunction of the patients after hepatectomy,
defined as the preoperative K(ICG) value x 22.487 + standard remnant liver volume
(SRLV) x 0.020. An expected LFC value of 13.01 was found to be a safe limit for
liver resection.

The percentage of the remaining liver, as determined by the semiautomated con-
touring of the liver, has been reported to be predictive of PHLF. The attenuation of
the liver, compared with the attenuation of the spleen, can also assist in the diagno-
sis of steatosis, while indirect signs, such as splenomegaly, varices, and ascites, can
support the diagnosis of cirrhosis [49]. MRI can potentially provide both qualitative
and quantitative information of liver function, which is critical for surgical candi-
dates with liver parenchymal disease [82]. Hepatocyte-specific contrast mediums,
such as gadoxetic acid [83], have been developed to improve morphological assess-
ment as well as provide functional information [84], due to the temporary accumu-
lation in the liver and subsequent enhancement of the normal liver parenchyma [85].
Preoperative gadoxetic acid-enhanced 3-T MRI, which can provide a comprehen-
sive overview of liver anatomy, as well as identify of any underlying liver disease,
has been reported to be superior than the use of laboratory values alone in predicting
PHLF [86].

Clinical Manifestation of PHLF

Signs and symptoms of PHLF include jaundice, coagulopathy, ascites, edema, and/
or hepatic encephalopathy (HE). HE is caused by high level of serum ammonium
and is graded from I to IV in severity. Grade I HE is characterized by mild confusion
and changes in behavior with minimal changes in the level of consciousness; Grade
Il is characterized by drowsiness, gross disorientation, and inappropriate behavior;
Grade III is characterized by marked confusion, incoherent speech, and arousable
somnolence; Grade IV is characterized by coma [87]. The effects of hepatic failure
on the circulatory system can resemble septic shock with progressive hypotension,
peripheral vasodilation, and disseminated intravascular coagulopathy [39]. The
effects on the kidney can lead to renal failure as a consequence of hypovolemic
shock and hepatorenal syndrome. Finally pulmonary edema, acute lung injury, and
acute respiratory distress syndrome can also be a result of liver failure [10].
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Postoperative Models to Assess PHLF

Several clinical tools have been proposed to precisely define, predict, and grade the
severity of PHLF. The three clinical tools that are probably the most widely adopted
include the 50-50 criteria [13], peak bilirubin >7 mg/dL [15], and the ISGLS crite-
ria [88]. In addition, a clinical risk score to identify PHLF early has been proposed
by our own group [73].

The 50-50 criteria, initially proposed by Balzan et al. and defined as a prothrom-
bin time (PT) <50% (corresponding to INR > 1.7) and serum bilirubin (SB) >50
pml/L (corresponding to >2.9 mg/dL) on postoperative day (POD) 5, was advocated
as a simple, early, and accurate estimation of PHLF, which predicted a 59% mortal-
ity after liver resection (Fig. 7.1) [13]. While the “50-50" rule has been validated in
several studies including a large number of patients undergoing liver surgery [89—
91], other reports have failed to find any association between the 50-50 criteria and
risk of PHLF [15, 73].

As such, Mullen et al. proposed a revision of the 50-50 criteria that exclude PT
and suggested a peak postoperative bilirubin >7 mg/dL [15]. In this study, the
authors noted that bilirubin >7 mg/dL was an independent predictor of any compli-
cation, major complication, 90-day mortality, and 90-day PHLF-related mortality
(Fig. 7.2) [15]. As with the 50-50 criteria, peak bilirubin >7 mg/dL has been vali-
dated by some studies [92], while other authors have questioned the ability of bili-
rubin as a sole parameter to predict accurately PHLF-related mortality [73, 93].

In an effort to standardize the definition of PHLF, the International Study Group
of Liver Surgery (ISGLS) proposed an increase in INR combined with hyperbiliru-
binemia on or after POD 5 as the definition of PHLF [88]. The authors noted that
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Fig. 7.1 Kinetics of postoperative biologic liver function tests. Means and standard deviation of
prothrombin time (PT) and total serum bilirubin (SB) in overall group of hepatectomies. Kinetic of
postoperative prothrombin time (PT) and serum total bilirubin level (SB) (Obtained with permis-
sion from Balzan et al. [13])
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Fig. 7.2 Receiver operating characteristic (ROC) curves demonstrating that the cutoff peak post-
operative bilirubin (PeakBil) value to predict liver failure-related death is 7.0 mg/dL (area under
the curve (AUC) 0.982; sensitivity 93.3%; specificity 94.3%), and international normalized ratio
(PeakINR) cutoff value 2.0 (AUC 0.846; sensitivity 76.7%; and specificity 82.0%) (Obtained with
permission from Mullen et al. [15])

these criteria could be used to quantify the impaired ability of the liver and its ability
to maintain synthetic, excretory, and detoxifying functions. Since the severity of
PHLF can range from a transient impairment of liver function that recovers as the
liver regenerates to a potentially life-threatening condition, ISGLS proposed a grad-
ing system to better characterize PHLF (Table 7.2). Grade A PHLF is an asymptom-
atic condition, characterized by the sole deviation in biochemical parameters that
does not require any change in the clinical management. Patients with Grade A
PHLF have an uninterrupted postoperative course and do not require any additional
diagnostic evaluation. Grade B PHLF is a symptomatic condition that may present
with clinically relevant ascites, mild respiratory insufficiency, and mild symptoms
of encephalopathy. Grade B PHLF is characterized by a deviation in the postopera-
tive course and an alteration in biochemical parameters of liver function. Grade B
PHLF often requires additional diagnostic evaluations and is typically managed
with noninvasive treatment including fresh-frozen plasma, albumin, and diuretics
with transfer to the intermediate or intensive care unit being rare. In contrast, Grade
C PHLF is a critical clinical condition that should be managed in an intensive care
unit. Patients with Grade C PHLF can present with large-volume ascites, anasarca,
hemodynamic instability, advanced respiratory insufficiency, and severe encepha-
lopathy. Infections are also common among these patients. Grade C PHLF results in
a profound deviation from regular clinical management and requires significant
intervention. The management of patients with Grade C PHLF can include intuba-
tion and mechanical ventilation, hemodialysis, vasoactive drugs, extracorporeal
liver support, rescue hepatectomy, and transplantation [88].
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Table 7.2 Grades of post-hepatectomy liver failure
Criteria for PHLF
Grade A Criteria for PHLF Grade B | Criteria for PHLF Grade C
Specific Not required Fresh-frozen plasma Transfer to the intensive
treatment Albumin care unit
Daily diuretics Circulatory support
Noninvasive ventilation (vasoactive drugs)
Transfer to intermediate/ Need for glucose
intensive care unit infusion
Hemodialysis
Intubation and
mechanical ventilation
Extracorporeal liver
support
Rescue hepatectomy/
liver transplantation
Hepatic Adequate Inadequate coagulation Inadequate coagulation
function coagulation (INR >1.5<2.0) (INR >2.0)
(INR <1.5) Beginning of neurologic Severe neurologic
No neurological symptoms (i.e., symptoms/hepatic
symptoms somnolence and encephalopathy
confusion)
Renal Adequate urine Inadequate urine output Renal dysfunction not
function output (>0.5 mL/ (<0.5 ml/kg/h) manageable with diuretics
kg/h) BUN <150 mg/dL BUN >150 mg/dL
BUN <150 mg/dL No symptoms of uremia Symptoms of uremia
No symptoms of
uremia
Pulmonary | Arterial oxygen Arterial oxygen saturation Severe refractory
function saturation > 90% < 90% despite oxygen hypoxemia (arterial
May have oxygen | supply via nasal cannula or | oxygen saturation < 85%
supply via nasal oxygen mask with high fraction of
cannula or oxygen inspired oxygen)
mask
Additional | Not required Abdominal Abdominal
evaluation ultrasonography/CT ultrasonography/CT
Chest radiography Chest radiography/CT

Sputum, blood, urine
cultures
Brain CT

Sputum, blood, urine
cultures

Brain CT

ICP monitoring device

Obtained with permission from Rahbari et al. [88]
BUN blood urea nitrogen, /CP intracranial pressure
The patient’s PHLF is graded by the worst identified criteria in required treatment

There is still no consensus on which definition should be universally applied in
clinical practice. Skrzypczyk et al. reported on 680 patients undergoing hepatec-
tomy and failed to demonstrate the superiority of the ISGLS criteria over either the
50-50 criteria or peak bilirubin >7 mg/dL [90]. In this study, the ISGLS definition
was less discriminatory than the “50-50" rule and peak bilirubin >7 mg/dL criteria
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Table 7.3 Multivariate logistic regression predicting the risk of 90-day mortality among 2056
patients who underwent liver resection

Numeric
Variable p OR 95% Cl1 p value | score
Serum INR day 3 247 |11.87 | 1.57-89.69 0.02 2.5
Each, complication grade increase 1.63 5.08 | 3.32-7.78 <0.001 1.5
Serum bilirubin day 3 0.15 1.16 | 0.80-1.70 0.42 0.15
Serum creatinine day 3 0.62 1.87 | 1.08-3.25 0.03 0.5

Obtained with permission from Hyder et al. [72]
INR international normalized ratio, OR odds ratio

in identifying patients at risk of post-hepatectomy major complications or death. In
particular, the ISGLS definition was least able to predict mortality with a positive
predictive value (PPV) of only about 20% on POD 5 and POD 10; the PPV to pre-
dict morbidity was similarly poor at 50% on POD 5 and POD 10. Of note, the nega-
tive predictive value (NPV) was higher, suggesting that patients who did not meet
the ISGLS criteria were at very low risk of dying or develop PHLF after liver
surgery [90].

Given the varied performance of previous PHLF definitions, Hyder et al. pro-
posed a novel integer-based score for 90-day mortality after liver surgery [73].
Using a large dataset that included 2056 patients who underwent liver resection
between 1990 and 2011, factors such as INR on POD?3, bilirubin on POD3, serum
creatinine on POD3, as well as Clavien-Dindo grade of postoperative complications
were independent predictors of 90-day mortality (Table 7.3). The authors assigned
an integer value to each of these factors based on the beta coefficient of the multi-
variable model, which was used to develop a risk model. When patients were strati-
fied according to the number of points derived from the score, there was a
proportional increase in the risk of death. For example, patients who had a score < 6
points only had a 0.2% risk of death within 90 days compared with 1.2% for patients
who had a score 6-8.9, 34.3% for those with a score of 9—10.9, and 83.3% for
patients who had a score > 11. Of note, a score > 11 had a sensitivity of 83.3% and
a specificity of 98.9% (Fig. 7.3) [73].

Management of PHLF

Liver and end organs are the main focus of PHLF management. Since the most
relevant clinical manifestations of PHLF are coagulopathy, ascites, HE, respiratory,
and renal complications, treatments will be varied and depend on the system
affected. For example, vasopressor therapy may be necessary to support the circula-
tion, daily diuretics to maintain a urine output of at least 0.5 ml/Kg/h, and ventilator
support to preserve adequate oxygen saturation. Platelets and fresh-frozen plasma
are administered to manage coagulopathy. In the case of HE, lactulose is the
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Fig. 7.3 The receiver operating characteristic (ROC) of the proposed composite prediction rule.
The composite score consists of weighted values for grade of postoperative complication, as well
as international normalized ratio, bilirubin, and creatinine on postoperative day 5. The composite
rule performed well on ROC curve analysis (area under the curve (AUC) 0.927), as well as on
n-fold cross-fold validation (AUC 0.893) (Obtained with permission from Hyder et al. [72])

treatment of choice, while hyperventilation, hypertonic saline, mannitol, and cool-
ing are considered neuroprotective strategies. Nutritional support, and in particular
enteral nutrition, which can preserve the integrity of the gut barrier, can help reduce
malnutrition and electrolyte imbalance. Supplements with vitamins and branched-
chain amino acids should also be considered, with protein intake not exceeding
60 g/day, especially in patients with HE [10].

While a specific treatment is not required for patients with Grade A PHLF,
patients with Grade B PHLF often benefit from fresh-frozen plasma, albumin,
diuretics, noninvasive ventilation, and eventually intermediate/intensive care unit
management. Grade C PHLF patients typically need to be managed in the intensive
care unit, since circulatory support, intubation with mechanical ventilation, glucose
infusion, hemodialysis, and eventually extracorporeal liver support, rescue hepatec-
tomy, or liver transplant are needed (Table 7.2) [10].

Strategies to Prevent PHLF

Given the high postoperative mortality associated with PHLF, great effort should be
placed into prevention.
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Preoperative Prevention

Consider the correlation between quality and quantity of liver volume and risk of
PHLF. Increasing the remnant volume and preserving the function of future liver
remnant has been the rationale behind several preoperative strategies. In particular
portal vein embolization (PVE), while reducing the blood flow to the liver to be
resected and increasing the blood flow of the remnant liver, allows for preoperative
hypertrophy of the FLR. PVE is typically performed as an ultrasound-guided percu-
taneous procedure with embolization of the ipsilateral liver with coils, embospheres,
foam, or glue. This embolization induces hypertrophy of the contralateral side of the
liver, increasing the FLR volume. PVE allows for hypertrophy of the FLR by
30—40% within 4—-6 weeks in more than 80% of patients, as reported by CT volum-
etry usually performed 3-4 weeks after PVE [22]. PVE also stimulates the produc-
tion of hepatic growth factor and tumor growth factors, along with the redistribution
of the portal blood flow to the FLR.

In some cases, a portal vein ligation (PVL) rather than PVE is preferred. In par-
ticular, those patients who require a two-stage hepatectomy approach may benefit
from PVL that usually occurs during the first operation, when a parenchymal-
sparing liver resection is performed [94, 95]. The second stage is usually performed
within 3-6 weeks after the first resection and usually consists of an extended
hepatectomy.

When PVE is not technically feasible, some surgeons have advocated for the
association of liver partition and portal vein ligation for staged hepatectomy
(ALPPS) procedure [96]. The rationale behind ALPPS is the clearance of one side
of the liver while maintaining the main liver mass to prevent PHLF, combined with
portal vein ligation to induce FLR hypertrophy. By portioning the liver at the time
of the first operation, ALPPS allows a more rapid hypertrophy of the liver. The
results with ALPPS have been mixed, however. A recent meta-analysis noted that
ALPPS provided an additional 17% increment hypertrophy of the FLR compared
with PVE [97]; however, the high perioperative mortality of ALPPS (12-23% of
patients) has prevented it from becoming widely adopted [98].

As previously noted, cholestasis is an important preoperative risk factor for
PHLEF, and therefore, preoperative endoscopic or percutaneous transhepatic biliary
drainage (PTBD) should be strongly considered before extending hepatic resection
in those patients who have a bilirubin >7 ng/dL.

Intraoperative Prevention

At the time of surgery, one of the main factors that influence morbidity, mortality,
and risk of PHLF is blood loss. As such, surgeons should focus on limiting blood
loss at the time of hepatic resection. Several techniques are associated with decreased
blood loss, including selective ligation of the right, left, or smaller branches of the
portal system supplying the liver portion to be resected; extrahepatic dissection,
isolation, and transection of the hepatic artery and portal vein can also be performed
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in patients undergoing a formal hemihepatectomy. For patients undergoing a non-
anatomic resection, continuous or intermittent Pringle maneuver can be considered
in certain clinical situations to decrease blood loss. While not often needed, occlu-
sion of both inflow and hepatic outflow (total vascular exclusion) can also be uti-
lized. A central venous pressure (CVP) equal or below 5 mmHg during parenchymal
transection is also important to reduce the impedance for blood flow through the
hepatic veins into the IVC, thus limiting intraoperative blood loss. To maintain a
low CVP, the team should minimize pre-parenchymal transection intravenous fluid
volume, as well as reduce mechanical ventilation tidal volume [99].

Postoperative Prevention

Early detection of signs and symptoms of PHLF is crucial in the postoperative set-
ting. In particular, albumin, INR, creatinine, and signs of HE should be monitored.
Moreover, a prompt and appropriate antibiotic treatment in case of postoperative
infection is important, as well as a timely management of bile leak and postopera-
tive hemorrhage [10].

Conclusions

PHLF is a life-threatening condition that can lead to a cascade of events including
coagulopathy, ascites, HE, respiratory, cardiac, and renal complications. An accu-
rate assessment of the anatomy and the FLR reserve, as well as impeccable intraop-
erative technique and detailed postoperative care, are all critical in avoiding and
managing PHLF.
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Early Recovery After Surgery Pathways 8
for Hepatic Surgery

Ryan W. Day and Thomas A. Aloia

Introduction

Enhanced recovery (ER) and fast-track protocols for perioperative surgical care
have existed for at least 20 years [1]. ER was originally described in the context of
colorectal surgery. Many of the same ER principles have been transferred to other
operations and even entire surgical disciplines. Given the issues of multiple
approaches, varying magnitudes of hepatectomy, frequent use of cytotoxic chemo-
therapy, anemia, and multivisceral resection, implementation of ER in liver surgery
is a daunting task. While many elements are similar between different disciplines,
there are some elements that are unique to liver surgery [2]. ER pathways encom-
pass the preoperative, intraoperative, and postoperative time period. The foundation
of an ER program is patient education and engagement. The four pillars of care that
rest on this foundation and support the program are early feeding, early ambulation,
goal-directed fluid therapy, and opiate-sparing analgesia (Fig. 8.1).

Several clinical trials and meta-analyses, which support individual elements of
enhanced recovery pathways, as well as their composite effects, have been pub-
lished [3, 4]. These studies have determined that patients who are managed with an
enhanced recovery protocol have superior outcomes including shortened length of
stay, improved functional outcomes, and decreased costs [5]. The goal of this chap-
ter is to review the individual components of ER and evidence for the elements that
form a modern clinical care pathway in liver surgery.
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Enhanced Recovery

Early Feeding
Goal Directed
Fluid Therapy
Non-narcotic
analgesia
Ambulation

o e e e
Patient Education and Engagement

Fig. 8.1 The foundations of enhanced recovery programs are patient education and engagement.
The fundamental pillars built on that foundation are early feeding, goal-directed fluid therapy, non-
narcotic analgesia, and ambulation

For information regarding current best practices for ER in liver surgery, the
Society of American Gastrointestinal and Endoscopic Surgeons SMART Enhanced
Recovery Program maintains an up-to-date list of protocols [6]. Additionally, the
authors have previously published our experience and ER protocol currently in use
at the authors’ institution (Fig. 8.2) [7].

Preoperative Care
Preoperative Evaluation and Education

Liver surgery encompasses a broad spectrum of procedures with varying magni-
tudes and impact on the patient’s physiology. The preoperative evaluation of any
patient planned for liver surgery should include a broad history and physical exam
that reviews all comorbid conditions, paying particular attention to stigmata of liver
disease, prior intra-abdominal procedures, and uncontrolled medical conditions.
Cirrhosis or undiagnosed liver disease needs to be fully explored prior to under-
taking even minor liver operations. A thorough history and physical exam including
a social history must be obtained on all patients. Many oncologic patients will also
have prior exposure to intra-abdominal surgical procedures, radiation therapy, and/
or neoadjuvant cytotoxic chemotherapy. Depending on prior history and planned
intervention, the evaluation should also include liver function tests, imaging, and
even non-tumor liver pathology diagnosis with liver biopsy. In order to optimize
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postoperative outcomes, the magnitude of liver resection has to be considered in the
context of any pre-existing conditions. In the case of large volume resections, pre-
operative planning including CT volumetry, MRI, and portal venous embolization
with monitoring of kinetic growth rate may be necessary [8, 9].

Prior to undergoing surgery, optimization of chronic medical conditions is of
critical importance. Hyperglycemia should prompt evaluation of glycemic control
including fasting blood glucose and HgbA ¢ levels. Uncontrolled diabetes has been
associated with adverse postoperative outcomes including wound infections, organ
space infection, and even hepatic tumor recurrence [10, 11]. Chronic cardiopulmo-
nary comorbidities may require preoperative evaluation, intervention, and even
modification of intraoperative approach. Importantly, functional status should also
be assessed prior to surgery. Several methods are currently used including the Easter
Cooperative Oncology Group System (ECOG), Karnofsky scoring, and the 6-min
walk test, to name a few [12, 13]. Patient surveys can also help with assessing
patient’s functional status before surgery [14]. The purpose of this workup is to
identify correctable deficits that can be addressed preoperatively with physical con-
ditioning, nutritional counseling, blood glucose control, and smoking cessation
(e.g., STRONG for Surgery) [15].

Any complete preoperative evaluation of a patient undergoing liver surgery
should include extensive, preoperative education. As the complexity of liver opera-
tions has increased, so have the branch points in perioperative care. Perioperative
care requires the participation of the patient, and setting expectations for postopera-
tive care helps to ensure active participation in the process. Multimodal pain con-
trol, early ambulation, and timely discharge from the hospital require the patient to
be informed in order to both set expectations and allow for appropriate planning
[16]. Often the preoperative education material will encompass a broad spectrum of
topics that may be overwhelming for a nonmedical professional. It is, therefore,
important to have all conversations in the patient’s language of choice and to pro-
vide written information that reinforces the oral discussion. Patients should also be
given adequate opportunity to ask questions of their surgeon prior to any interven-
tion. All of these elements of education also serve to decrease patient anxiety prior
to the planned surgical intervention [17].

Nutrition

As part of the preoperative evaluation, it is important to assess the patient’s nutritional
status. Particular attention should be directed toward recent weight loss, which may
indicate underlying malnutrition. At the same time, obesity does not eliminate the
possibility of malnutrition, as sarcopenic obesity is increasingly recognized as a risk
factor for poor postoperative outcomes. Therefore, laboratory tests including albumin,
prealbumin, ferritin, and others should be used to supplement the workup to help
stratify patients into risk categories for perioperative malnutrition. Albumin lower
than 3.5 g/dL and prealbumin less than 18 mg/dL both serve as accurate predictors of
postoperative morbidity [18, 19]. Optimizing preoperative nutrition and addressing
pre-existing malnutrition have been associated with improved outcomes [20].
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Once chronic malnutrition has been stratified and addressed, planning specific to
surgical intervention can occur. Traditional perioperative guidelines advised patients
to undergo long periods of fasting prior to surgical intervention. In an effort to main-
tain euvolemia and glycemic balance, patients without gastroduodenal impairment
can safely be advised to continue clear liquids until 2 h prior to anesthesia induction
in accordance with recent American Anesthesiologist’s Association (ASA) guide-
lines on fasting [21]. Controversy continues regarding the role of bowel prep in
elective colorectal surgery, but in liver surgery, it is unnecessary and should be
avoided [22].

As part of a preoperative nutritional regimen, carbohydrate loading should at
least be considered. There is some evidence that preoperative carbohydrate loading
helps to provide adequate energy stores for postoperative healing and maintains
glycemic balance even in diabetic patients. Carbohydrate loading has been associ-
ated with decreased postoperative insulin resistance, patient discomfort, and
improved healing [23-25]. A solution containing 100 g of carbohydrates should be
administered the evening prior to surgery and an additional 50 g carboyhydrate solu-
tion administered the morning of surgery. There are several commercial products
available as well as more available and inexpensive supplements, such as apple
juice. The role of preoperative education is critical to ensure compliance with pre-
operative carbohydrate loading.

Venous Thromboembolism Prophylaxis

Venous thromboembolism (VTE) presents an important preventable source of post-
operative morbidity. The strategy utilized for prophylaxis of VTE should be indi-
vidualized for each patient. The patient’s prior medical history, body mass index,
malignant indication, and planned operation must be considered when making deci-
sions regarding anticoagulation strategies. Some patients will present on chronic
anticoagulation for a prior episode of deep vein thrombosis (DVT) or VTE. The
modified Caprini Risk Assessment model for VTE in surgical patients can be used
to predict patient risk for surgical intervention [26]. Given the frequent presence of
malignancy and the need for abdominal surgery, the vast majority of liver surgery
patients will fall into the moderate- to high-risk Caprini categories.

Prior to the induction of anesthesia, all patients without contraindication should
have mechanical thromboprophylaxis in the form of sequential compression devices
and/or TED hose applied. The Americas Hepato-Pancreato-Biliary Association has
also published guidelines for anticoagulation therapy in patients undergoing liver
surgery [27]. Given the elevated risk of bleeding during and after liver surgery, both
AHPBA and Chest guidelines indicate that chemical VTE prophylaxis should be
held until hemostasis is confirmed. For most patients this will include withholding
preoperative chemical prophylaxis and beginning chemical prophylaxis in the post-
operative period when the risk of bleeding is judged to be low. Depending on the
planned procedure, the need for vascular reconstruction may require intraoperative
systemic anticoagulation. Communication and coordination with anesthesia col-
leagues are essential in these instances.
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Fig. 8.3 Rates of post-hepatectomy venous thromboembolism, postoperative transfusion, and
return to OR from the 2005-2009 NSQIP participant use file (Reprinted from Tzeng et al. [37])

After undergoing hepatectomy, patients will often have an elevated international
normalized ratio (INR). Historically this was thought to be associated with a
decreased risk of thromboembolism; however, recent studies have shown that the
risk for thromboembolism after major liver surgery is significant and directly pro-
portional to the amount of resected liver regardless of INR (Fig. 8.3). This has
spurned searches for a more accurate objective measure of anticoagulation status.
Thromboelastography may ultimately fill that role as a measure of assessing the
various components of clotting capabilities. Patients who are operated on for hepatic
malignancy are also at increased risk for thromboembolism after discharge from the
hospital. It is, therefore, appropriate to anticoagulate these patients with low molec-
ular weight heparin for up to 4 weeks after surgery [28].

Preemptive Pain Control

The incisions required for major hepatic surgery are typically quite extensive and
associated with significant postoperative pain. Although minimally invasive strate-
gies should be utilized when deemed safe by the surgeon, the penetrance of these
strategies remains limited to specialized centers. A strategy for multimodal pain
management should be developed prior to any intervention. Opiate-sparing analge-
sia strategies are a cornerstone of ER. Adequate preventative strategies result in less
intraoperative and postoperative need for narcotics [29]. For complicated patients
who have a history of chronic narcotic use or exposure, preoperative consultation
with pain management specialists may have benefits including a coordinated plan
for multimodal postoperative pain control.
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Strategies to preemptively manage postsurgical pain begin with the administra-
tion of several nonnarcotic neuromodulators in the preoperative holding area. These
medications generally include a combination of oral pregabalin, gabapentin,
NSAIDs, and opiate-like narcotics such as tramadol. Discussion with anesthesiolo-
gists may allow for the coordination and the use of intraoperative neuraxial and
regional blocks that can result in decreased postoperative pain, narcotic utilization,
and postoperative nausea and vomiting.

Perioperative Care
Perioperative Antimicrobial Prophylaxis

In order to limit postoperative infections as a source of postoperative morbidity,
appropriately antimicrobial prophylaxis should be administered perioperatively. For
most patients, the administration of a cephalosporin like cefoxitin should provide
adequate coverage and be administered less than 1 h prior to surgical incision and
redosed every 4 h during the operation [30]. Additional antimicrobial coverage for
gram-negative and anaerobic organisms is indicated when liver surgery is coordi-
nated with other procedures that provide a potential source of contamination or if
intra-abdominal contamination is encountered inadvertently.

Postoperatively all antibiotics should be stopped within 24 h of surgery, unless
there is a documented source of established infection requiring further treatment.
Postoperatively continuing antibiotics without treating a definitive site of estab-
lished infection has not been associated with a decrease in infectious complications
[31]. For preoperative skin preparation, chlorhexidine-alcohol 2% solution or
betadine-alcohol should be used in preference to povidone-iodine alone [32].

Fluid Therapy

Intravenous fluid resuscitation is essential to performing surgery under general
anesthesia. However the use of these fluids does have potentially deleterious physi-
ologic effects. Particularly in liver surgery, attention has to be paid to the volume
status of patients. The goal should be to maintain euvolemia or even slight dehydra-
tion with low central venous pressures (CVP) prior to and during parenchymal tran-
section. The intraoperative management of CVP is essential to limiting blood loss
and obviating the need for blood transfusion. While excessive bleeding is the most
immediate consequence of over hydration, it is not the only one. Prolonged ileus
due to excessive bowel edema, difficulty with ventilation due to pulmonary edema,
and anasarca can also adversely impact patient outcomes.

Intravenous fluids should be titrated to physiologic goals. This requires a partner-
ship with open communication between surgeon and anesthetist. Goal-directed fluid
therapy has been shown to decrease morbidity, mortality, and costs [33]. While
physiologic goals should be used for fluid hydration, there remains significant
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disagreement as to the best end point for resuscitation. Certain parameters have
been long-standing pieces of management including blood pressure, heart, and
urine output. Newer parameters include stroke volume, esophageal perfusion moni-
toring, lactate clearance, and cardiac index. These parameters will continue to be
investigated, but it is clear that none of these variables can be used as a sole end
point in a vacuum without considering the clinical context and other physiologic
parameters.

Intraoperative Body Temperature Regulation

Similar to the goal of maintaining euvolemia, another goal should be to maintain
normothermic body temperature. This can be somewhat challenging especially with
unexpected large volume blood loss and/or long procedures. The hypothermic
patient will be difficult to manage intraoperatively due to coagulopathy as well as
postoperatively where hypothermia has been associated with wound infections,
dehiscence, and prolonged length of stay.

There are several commercially available devices for keeping the ambient tem-
perature around the patient warm. These include forced high-flow air heating
devices and on-table warming blankets. The surgeon should also pay particular
attention to the temperature of any fluids that are introduced into the abdominal cav-
ity. These fluids should be prewarmed so as not to contribute to hypothermia.

Perioperative Blood Transfusion and Alternative Strategies
for Management of Anemia

Blood transfusion is a generally well-tolerated intervention; however, it is not
entirely benign. The risks of blood transfusion include transfusion reaction,
transfusion-related lung injury, the risk of transmitting infectious disease, and
transfusion-related immunomodulation. It is, therefore, worthwhile to take steps to
prevent blood transfusion even if complications are rare.

Preoperative workup for patients should include assessment of symptoms related
to anemia as well as biochemical analysis of anemia. If discovered in the preopera-
tive workup, it is important to discern the etiology of the anemia and take steps to
ensure preoperative optimization of the patient’s anemia. If symptomatic, preopera-
tive blood transfusion is indicated. Although iron infusion and erythropoietin treat-
ment are theoretically possible, in practice the moderately anemic but asymptomatic
patient with a liver tumor who needs to progress to operation simply assumes a
higher risk of perioperative blood transfusion.

Intraoperatively, efforts should be undertaken to limit blood transfusion. The
maintenance of low CVP during parenchymal transection has been associated with
decreased blood loss and a lower need for transfusion. Additionally, the authors
utilize the two-surgeon technique for parenchymal transection, which has been
associated with less intraoperative blood loss [34]. Prompt correction of
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coagulopathy and maintenance of normothermia are also important steps to limiting
perioperative transfusion.

Limitation of Narcotics

The limitation of intraoperative narcotics is largely a function of teamwork and
communication between surgeon and anesthetist. The use of preemptive pain con-
trol, regional neuraxial blocks, and field blocks (e.g., TAP block) can all limit the
need for intraoperative and postoperative narcotic use. While most patients will
require some amount of narcotic medications, it is important to recognize that nar-
cotics have several deleterious effects. Respiratory depression, potential narcotic
dependence, constipation, and a prolonged period of time until recovery of bowel
function are all concerns. The use of non-narcotic adjuvants including NSAIDs and
acetaminophen is a vital component of any enhanced recovery pathway.

Use of Intra-abdominal Drains, Enteric Tubes, and Urinary
Catheters

Historically, liver surgeons have frequently utilized surgical drains in the operative
bed. While patients and procedures that are deemed high risk may still require
drainage, every effort should be made to limit the placement of surgical drains.
Biliary leak remains a concern after hepatectomy, but with adjunct intraoperative
procedures in order to detect bile leaks, the rate can be dramatically decreased [35].
The air leak cholangiogram test and other similar procedures have been shown to
reduce the rate of biliary leakage and can help alleviate the need for postoperative
drainage.

In patients undergoing liver surgery alone, there is rarely an indication for naso-
gastric drainage. In fact, evidence from the colorectal surgery literature shows even
patients undergoing major bowel resections do not require routine use of nasogas-
tric tubes for enteric drainage. Refraining from placing nasogastric tubes has several
positive effects on patient recovery including earlier advancement of diet, earlier
ambulation, easier maintenance of normovolemia, and easier maintenance of elec-
trolyte levels. If enteric drainage must be performed after surgery, it is important to
remove the nasogastric tube as early as feasible in the postoperative course in order
to facilitate prompt recovery.

The use of temporary indwelling urinary catheters is routine in liver surgery. The
procedure length of many liver-focused interventions will require the placement of
a urinary catheter. Additionally, the monitoring of urine output facilitates goal-
directed fluid therapy both during the operation and in the immediate recovery
period. As soon as patients are ambulatory postoperatively, any indwelling urinary
drainage catheter should be removed. This can usually be accomplished on postop-
erative day 1 or 2. If the need for hourly urinary output monitoring mandates a
catheter cannot be removed at this point, the surgical team should continually
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reassess the need for urinary drainage in order to remove the catheter as soon as
possible. Older males may have issues with urinary retention that can be avoided or
reversed with preemptive administration of tamsulosin.

Postoperative Care
Postoperative Nausea and Vomiting Prophylaxis

Many anesthetic techniques and drugs have been associated with clinically signifi-
cant levels of nausea and vomiting. These side effects can prolong the period of time
between operation and initiation of a diet. In turn, this can increase the time period
where patients require intravenous fluids and can increase hospital length of stay.
Furthermore, patients who are still under some effects of anesthetics are at higher
risk for aspiration events, while they remain sedated.

To limit postoperative nausea and vomiting, chemoprophylaxis should be admin-
istered in the operating room, prior to extubation. Corticosteroids like dexametha-
sone administered prior to incision can help decrease postoperative nausea and
vomiting while limiting the patient’s inflammatory response to surgery. There are a
myriad of other antiemetic options available as well.

Postoperative Pain Control

Similar to preoperative and intraoperative management, postoperative pain manage-
ment should focus on a multimodal, narcotic-sparing analgesia strategies. A signifi-
cant number of patients undergoing open liver surgery can be managed with
nonnarcotic agents reserving low-dose narcotics for significant breakthrough pain.
Acetaminophen, nonsteroidal anti-inflammatory medications, regional neuraxial
blocks, and/or field blocks should be utilized to minimize narcotic requirements.
Non-pharmacologic treatments such as ice packs, massage, and acupuncture are
additional adjuncts that can limit narcotic exposure.

General Postoperative Management

The goals for early postoperative management are centered around early normaliza-
tion of the patient’s diet and activity. Having a formal order set and pathway for
postoperative management, which patients routinely progress along, makes it easy
to identify patients who deviate from the expected recovery. The individuals who do
deviate from the normal postoperative course should be promptly identified and
thoroughly investigated for surgical complications. If a surgical complication is
identified, every effort should be made to manage the complication in an effective
and timely manner and limit the potential harm from subsequent complications.
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Postoperative Diet Management

After most routine liver surgeries, there is no reason to limit a patient’s diet postop-
eratively. Those individuals who have no contraindication to early feeding should be
allowed to take in clear liquids on the same day as the surgery and regular diet by
the next morning. The authors avoid the use of full liquid diets, as up to 30% of
patients are lactose intolerant. The role of intravenous fluids should be limited to
situations where the patient is unable to sustain euvolemia with oral liquids. In the
early postoperative period, intravenous fluids can be discontinued with as little as
600 cc of oral intake. Postoperative nausea and vomiting as well as the routine use
of nasogastric tubes for enteric drainage will obviously interfere with the ability to
rapidly normalize a patient’s diet.

Postoperative Mobilization

Mobilization in the early postoperative period is another key to realizing the benefits
of ER. Almost all patients can begin mobilization immediately after surgery. A sur-
prising number of lay people and even medical professionals continue to perpetuate
the idea that the early postoperative period should not include ambulation or activ-
ity. The practice of early ambulation will reduce ileus, improve pulmonary function,
and decrease the risk of postoperative thromboembolic events. Limiting extraneous
drains, IV tubing, and urinary catheters can help facilitate early mobilization by
empowering patients and limiting the time and effort needed to begin ambulating.
For patients who have baseline difficulty with ambulation and mobility, physical
and occupational therapists should be engaged early in the hospitalization.

Outcomes of ER Protocols

The outcomes of ER protocols in liver surgery have been described in the surgical
literature. Decreased morbidity, cost, and hospital length of stay have all been dem-
onstrated in numerous randomized controlled trials [3, 4]. Recent reports have also
focused on improved functional outcomes as characterized by the patient-reported
outcomes [7]. These studies have shown that management with a clinical care path-
way leads to a quicker return to baseline of life interference and can also facilitate
early return to intended oncologic therapies (RIOT) for patients undergoing onco-
logic resection (Fig. 8.4) [36].

Combined, the literature indicates that perioperative management with a clini-
cal care pathway has the ability to improve not only objective outcome measures
but patient’s quality of life as well. Each outcome measure can also have broad
positive downstream effects with some examples including less time exposed to
hospital-acquired pathogens and less time outside the labor force spent in recover-
ing from surgery.
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Cumulative Return to Baseline Interference

Fig

Comparison of RTB Interference between ERLS and Traditional Pathway
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.8.4 Time to return of baseline interference measured by the MDASI-GI survey after hepatec-

tomy managed on enhanced recovery versus traditional pathways (Reprinted from Day et al. [7])
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Evolving Role of Drains, Tubes
and Stents in Pancreatic Surgery

Camilo Correa-Gallego and Peter J. Allen

Introduction

As recently as 30 years ago, major pancreatic resections were associated with mor-
bidity and mortality rates that were considered prohibitive by many. Over the last
several decades, through better training, technical advances, and the development of
intensive perioperative care and interventional endoscopy and radiology, these pro-
cedures have become significantly safer. Pancreaticoduodenectomy is now associ-
ated with postoperative mortality as low as 1% in many high-volume centers.

Part of the evolution of pancreatic resection involved the routine implementation
of every possible safety measure to prevent complications or to assist in diagnosing
and managing them. These included routine stenting of the common bile duct to
relieve jaundice preoperatively, routine construction of the pancreaticojejunal anas-
tomosis over a stent, routine drainage of the surgical bed, and routine placement of
gastric decompression and jejunostomy feeding tubes. Many of these have been
slowly abandoned at most centers; however, intense debate still surrounds some of
these techniques.

While there are high-quality randomized data on some of these issues, practice
patterns haven’t adapted accordingly and in most cases are dictated by practical
issues, dogma, or personal bias. Here we review the most relevant data regarding the
use of stents and drains in pancreatic surgery and present our current practice and
recommendations.
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Preoperative Biliary Drainage

The most common presenting sign for patients with malignancy of the periampul-
lary region is obstructive jaundice. While a significant proportion of these patients
will be asymptomatic, the deleterious systemic consequences of uncontrolled
hyperbilirubinemia may still occur. Furthermore, symptoms such as pruritus can be
debilitating and have a significant impact on the quality of life. Thus, some have
advocated preoperative drainage of the biliary system in patients with resectable
periampullary malignancies, given widespread availability of endoscopic retrograde
cholangiopancreatography and its perceived safety profile. On the other hand, the
purported benefits of routine preoperative drainage in this patient population
(namely, resolution of symptoms in symptomatic patients while awaiting surgery,
restoration of the enterohepatic cycle, and a potential decrease in postoperative mor-
bidity) have proven to be largely theoretical, and now there are high-quality phase
IIT data that demonstrate the deleterious effects of routine stenting.

A seminal study originating from the Netherlands in 2010 evaluated this issue in
the only modern randomized controlled trial to date evaluating preoperative endo-
scopic biliary decompression for these patients [1]. In their multicenter study, they
randomized 202 patients with newly diagnosed pancreatic head cancer and bilirubin
levels between 2.3 and 14.6 mg/dL to preoperative biliary drainage for 4-6 weeks
vs. immediate surgery which was to be performed within a week of enrollment. The
primary endpoint was the development of serious complications within 120 days
after randomization. Serious complications were defined as complications related to
the drainage procedure or the surgical intervention that required additional medical,
endoscopic, or surgical management, and that resulted in prolongation of the hospi-
tal stay, readmission to the hospital, or death [1]. The reported overall rate of serious
complications in this study favored the immediate surgery group (39 vs. 74%; RR
0.54-95% [CT], 0.41-0.71; P < 0.001), complications related to surgery were equiv-
alent (37 vs. 47%; P = 0.14), and there was no difference in mortality rates or length
of hospital stay. The observed drainage-related complications included a 15% rate
of stent occlusion, 30% need for exchange, and 26% incidence of cholangitis.
Figure 9.1 shows the cumulative incidence of complications, and Table 9.1 details
the specific complications in these patients. Based on these results, the authors con-
cluded that the morbidity associated with the drainage procedure itself had an addi-
tive effect on the postoperative morbidity of patients undergoing pancreatic head
resection for cancer and recommended against its routine use in this population.

A Cochrane systematic review of all available randomized studies (including the
abovementioned study by van der Gaag et al.) evaluating preoperative biliary drain-
age was published in 2012 [2]. In this study, Fang et al. assessed the impact of this
intervention on survival, serious morbidity (defined as Clavien-Dindo grade 3 or 4),
and quality of life. Furthermore, they sought to assess differences in total length of
hospital stay and cost. They identified six randomized trials of which four used
percutaneous transhepatic biliary drainage and the remaining two used endoscopic
sphincterotomy and stenting. The pooled analysis of 520 patients (of which 51%
underwent preoperative biliary drainage) showed no difference in mortality, but
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Fig. 9.1 Proportion of patients with complications

importantly, it showed a significantly higher incidence of serious morbidity in the
preoperative drainage group with a rate ratio (RaR) of 1.66 (95% CI 1.28-2.16;
P =0.002). There was no difference in length of hospital stay and not enough data
reported for analysis of cost or quality of life. Based on the available level 1 data,
the authors concluded that there was no evidence to support or refute routine preop-
erative biliary drainage in patients with obstructive jaundice. However, this review
also underscored the fact that preoperative biliary drainage may be associated with
an increased rate of adverse events and thus questioned the safety of this practice
[2].

This Cochrane review included old studies that evaluated patients undergoing
percutaneous drainage, a technique used less frequently today for periampullary
malignancies. Furthermore, several of these trials included patients with hilar and
other types of biliary obstruction. However, the concept of preoperative decompres-
sion, as well as its purported benefits and observed results, may be reasonably
extrapolated to patients with periampullary lesions.
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Table 9.1 Serious complications within 120 days after randomization®

Early surgery Preoperative biliary
Complication (N=94)no. (%) | drainage (N =102) no. (%)
Related to preoperative biliary drainage
Any 2(2) 47 (46)
Pancreatitis 0 7(7)
Cholangitis® 2(2) 27 (26)
Perforation 0 2(2)
Hemorrhage after ERCP¢ 0 2(12)
Related to stent
Occlusion 1(1) 15 (15)
Need for exchange 2(2) 31 (30)
Related to surgery
Any 35(37) 48 (47)
Pancreaticojejunostomy leakage? 11 (12) 8(8)
Grade A 1(1) 0
Grade B 44 4.(4)
Grade C 6 (6) 4(4)
Hemorrhage after pancreatectomy® 44 2(2)
Delayed gastric emptying 9 (10) 18 (18)
Biliary leakage 33 1(1)
Gastrojejunostomy or 2(12) 4.(4)
duodenojejunostomy leakage
Intra-abdominal abscess 3(3) 2(2)
Wound infection 7(7) 13 (13)
Portal vein thrombosis 1(D) 0
Pneumonia 5(5) 9(9)
Cholangitis 3(3) 3(3)
Myocardial infarction 0 44
Need for repeated laparotomy*® 13 (14) 12 (12)

“The numbers refer to patients who had one or more complications. ERCP denotes endoscopic
retrograde cholangiopancreatography

"In two patients, cholecystitis occurred in connection with cholangitis, prompting antibiotic treat-
ment, without the need for cholecystectomy

‘Hemorrhage was defined as bleeding that required the transfusion of at least four units of packed
red cells during a 24-h period or bleeding that led to repeat laparotomy or another intervention
dGrade A refers to transient biochemical leakage that does not require treatment, grade B refers to
leakage that is managed with prolonged or percutaneous drainage, and grade C refers to leakage
requiring repeat laparotomy

°This category refers to complications of either preoperative biliary drainage or another surgical
procedure

Author’s Practice

In our practice, preoperative biliary drainage is rarely necessary in asymptomatic
patients with resectable periampullary lesions that have no evidence of systemic
dysfunction related to the hyperbilirubinemia. Since the level 1 data noted above
had an upper limit of 14 mg/dl as a cutoff, some will consider stenting in patients
with a bilirubin higher than 14. When attempting resection in a patient with a very
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high bilirubin (>15 mg/dl), we will typically admit the patient the night before
resection for preoperative hydration, as postoperative renal failure is one of the pri-
mary postoperative complications in this group of patients. Portal dissection in the
absence of a preoperative stent is typically more straightforward with less inflam-
mation and a better ability to grossly assess tumor margin. Unfortunately, many
patients who do not require stenting will have this done prior to referral to a sur-
geon. We continue to emphasize to our community of gastroenterologists that
patients should be referred for surgical evaluation prior to the placement of a biliary
stent.

There are several instances where we do feel that preoperative drainage is neces-
sary. When preoperative systemic therapy is to be given, preoperative drainage with
a self-expanding metal stent is appropriate. A metal, rather than a plastic, stent
should be utilized as these patients will typically receive months of treatment before
resection. We will also typically stent any patient in which a major vascular recon-
struction is anticipated. Intraoperative ischemia, and postoperative vascular throm-
bosis, can often be tolerated in a non-jaundiced liver but may result in liver necrosis
in the setting of deep jaundice. Finally, any patient in which prolonged preoperative
evaluation is felt to be necessary should also be considered for decompression.

Pancreatic Duct Drainage
Stenting of the Pancreatic Duct (PD) for Distal Pancreatectomy

Several small studies have reported the use of PD stents to decrease postoperative
pancreatic leak and fistula from the cut surface of the distal pancreas. This practice
is based on the assertion that the pressure gradient between the main pancreatic duct
and the duodenum is decreased by disruption and/or stenting of the sphincter of
Oddi. Theoretically, this intervention has the potential to decrease the incidence of
clinically relevant postoperative pancreatic fistula (POPF). One of the earlier studies
published in 2008 reported on ten patients who underwent preoperative endoscopic
placement of a 3 cm, 7 Fr transampullary pediatric feeding tube [3]. There were no
POPF, as defined by the ISGPF guidelines [4]. However, 20% of patients developed
acute pancreatitis as a result of the preoperative endoscopic retrograde cholangio-
pancreatography (ERCP). This paper was later retracted due to prior publication,
and there is no follow-up study on a large patient population published to date.

A second study from the Methodist Hospital in Houston reported on the use of intra-
operative transampullary duct stenting (TAPDS) in 16 patients undergoing distal pancre-
atectomy [5]. In this cohort, Fischer et al. report significantly lower POPF rates and
shorter length of stay after resection in patients undergoing TAPDS compared to 42 his-
torical controls. The technique described in the manuscript involves identification of the
pancreatic duct after transection of the gland, direct antegrade insertion of a soft pediatric
feeding tube in the lumen of the duct, and confirmation of transampullary placement by
palpation of the duodenum. The theoretical advantage of this approach is that it obviates
the need for preoperative ERCP and the risk of post-procedural pancreatitis.
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Lastly, Rieder et al. published a single-surgeon prospective study comparing a
prospective cohort of 25 patients who underwent PD with preoperative endoscopic
sphincterotomy and stent placement to a historical cohort of 23 patients without
stent [6]. Similarly to the study of Abe et al., no POPFs were identified in the inter-
vention group, while the historical cohort had an incidence of 22% (5/23 patients)
that was statistically significant (P = 0.02). The groups were comparable with
respect to their baseline characteristics and postoperative outcomes (other than
POPF). This study should be interpreted with caution as it has several limitations.
Namely, certain factors known to influence the incidence of POPF such as glad
texture and duct size were not reported; the operative time was significantly longer
in the controls which raises questions about surgeon’s expertise or case complexity;
furthermore, even though there was a significant difference in the incidence of
POPEF, this did not translate in a decrease in the overall morbidity, which can be at
least partially explained by the addition of the morbidity related to the endoscopic
sphincterotomy and stent placement [7].

A meta-analysis of five prospective studies (including the ones mentioned above)
was published in abstract form in 2013. A pooled analysis of 223 patients did not
show a significant difference in the rate of POPF between those with and without a
PD stent. The authors concluded that pancreatic duct stents for the prevention of
pancreatic duct leaks following distal pancreatectomy cannot be routinely recom-
mended [8].

Operative Stenting of the Pancreatic Duct
for Pancreaticoduodenectomy

The theoretical benefits of this technique include more precise placement of the fine
stitches required to build this anastomosis and protection from leakage early in the
healing stages as the pancreatic enzymes are diverted away from the interface
between the pancreatic duct and the jejunal mucosa. Some groups routinely place a
transanastomotic stent that is exteriorized through a Hoffmeister-type enterotomy
and through the abdominal wall, while others place a short stent to drain directly
into the jejunal loop used for the reconstruction.

A randomized trial published in 2006 and originating from Johns Hopkins enrolled
238 patients and randomized them to receive a stent (S) or no stent (NS) during the
creation of the pancreaticojejunostomy [9]. In this trial, a 6 cm stent was placed in the
pancreatic duct and left to drain in the jejunal loop where it was secured with an
absorbable suture as shown in Fig. 9.2. Furthermore, they stratified patients according
to pancreatic texture (soft vs. hard) as this has been shown to correlate with the risk of
POPEF. Their study, however, showed no difference in the incidence of POPF between
the S and NS groups on either stratum. For patients with hard pancreas, the POPF
rates were 2 and 5% (P = 0.4) for patients with and without stents, respectively. The
corresponding rates for patients with soft pancreas were 21 and 11% (P = 0.1).
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Fig. 9.2 Schematic of the placement of the pancreatic duct stent. In both illustrations, an end-to-
side pancreaticojejunostomy is depicted. On the left panel, no stent is shown. On the right panel, a
6-cm-long stent is depicted, with 3 cm residing in the jejunal lumen and 3 cm residing in the pan-
creatic duet. The stent is secured in place with one nonabsorbable suture

Furthermore, they did not detect any difference in the severity of the POPF or the
frequency with which their occurrence altered the management of the patients. Based
on these data, the authors concluded that internal pancreatic duct stenting does not
decrease the incidence or severity of postoperative pancreatic fistula [9].

Poon et al. published a similar trial and included 120 patients who were random-
ized 1:1 to have either an external stent inserted across the anastomosis to drain the
pancreatic duct or no stent. They found a significantly lower pancreatic fistula rate
in patients with a stent (7 vs. 20%, P = 0.03). Overall morbidity and mortality rates
were equivalent. They performed a multivariate analysis and reported that the lack
of pancreaticojejunostomy stenting and pancreatic duct diameter <3 mm were sig-
nificantly associated with the development of POPF [10].

In a multicentric study conducted in France, 158 patients were randomized to
either have an external transanastomotic stent placed (n = 77) or no stent (n = 81).
As part of the inclusion criteria for this trial, patients had to have a soft pancreas and
a small duct (diameter <3 mm). These criteria provided an enriched population of
high-risk pancreata [11]. They found that the group that had a PD stent placed had
a significantly lower overall PF compared to those without a stent (26 vs. 42%;
P = 0.034). Furthermore, these findings were also associated with a decreased
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incidence of delayed gastric emptying and overall morbidity. However, even though
there was significantly lower incidence of POPF in patients with a stent, the reported
incidence of 26% of POPF in these patients compared poorly to most published
series.

Motoi et al. randomized 93 consecutive patients undergoing a duct-to-mucosa
pancreaticojejunostomy into a stented and a non-stented group. Randomization was
stratified by the pancreatic duct diameter greater or smaller than 3 mm. They found
a lower rate of clinically relevant POPF in the stented group (6 vs. 22%; P = 0.04)
which was limited only to the subgroup of patients with a non-dilated pancreatic
duct (10 vs. 40%; P = 0.03). Morbidity and mortality rates were similar. On multi-
variate analysis, elevated BMI, non-dilated pancreatic duct, and no stent were asso-
ciated with significant risk of POPF.

Two systematic reviews have been performed and summarize most of the data
presented to this point. Xiong et al. in 2012 pooled data from five randomized and
11 nonrandomized studies and found no benefit with the use of pancreatic duct
stents with respect to the risk of development of POPF [12]. In the meta-analysis by
Markar et al., six studies comprising 732 patients were included. They found that
pancreatic duct stenting was associated with a nonsignificant trend toward reduced
incidence of POPF. Interestingly, estimated blood loss, length of operation, and
length of hospital stay were significantly increased in association with pancreatic
stent placement. They concluded that there were insufficient data to confidently
reject the null hypothesis that stenting has no beneficial effect [13].

Lastly, a recent multi-institutional study retrospectively evaluated a nonrandom-
ized cohort of patients who underwent pancreaticoduodenectomy with or without
stent placement at the surgeon’s discretion over a 14-year period [14]. Their out-
comes were stratified based on a previously validated pancreatic fistula risk score
(FRS) which includes well-known and reproducible risk factors for the develop-
ment of POPF, namely, soft or normal pancreatic parenchyma, non-pancreatic ade-
nocarcinoma histology, small pancreatic duct diameter, and elevated intraoperative
blood loss [15]. Approximately 18% of patients in this cohort had a transanasto-
motic pancreatic duct stent placed. These patients had higher median FRS (6 vs. 3;
P < 0.001). Furthermore, they found that the incidence of clinically relevant POPF
was no different in patients with low FRS. However, in the subgroup of high-risk
patients (FRS 7-10), the use of a transanastomotic stent was associated with lower
POPF rates (14 vs. 36%; P = 0.03), lower severe complication rate, and shorter
hospital stay. The authors concluded that pancreatic stents may offer benefit in the
group of patients at inherent high risk for anastomotic complications. While these
results are enticing, this study is limited by its retrospective nature that spans over a
decade during which definitions of POPF have evolved and management strategies
couldn’t have been adjusted for. Furthermore, the subgroup of interest (FRS 7-10)
includes only 72 patients, which should raise question about adequate power to
draw strong conclusions.
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Author’s Practice

The data presented regarding the utility of PD stenting (either internal or external)
in reducing the incidence of POPF is heterogeneous and difficult to interpret. Most
studies are small in nature, span different eras, and use different definitions of POPF
and techniques for PD stenting. Furthermore, in some of the studies that report a
benefit from pancreatic duct stenting, the fistula rates reported are exceedingly high
either in the control group, the intervention group, or both. Based on the presented
data, as argued in the studies by McMillan et al. [14] and Motoi et al. [16], it may
be reasonable to use PD stenting in patients at high risk of POPF such as those with
a small duct diameter and/or soft gland. On the other hand, for patients undergoing
distal pancreatectomy, the data available don’t justify the morbidity associated with
an endoscopic sphincterotomy and preoperative placement of a trans-sphincteric
stent. It is not our practice to place PD stents during the construction of pancreati-
cojejunal anastomoses or preoperatively prior to distal pancreatectomy.

Operative Drainage of the Surgical Bed
To Drain or Not to Drain?

Routine use of surgical drains after pancreatic resection is a topic of intense debate
in the surgical community. Historically, most abdominal operations called for rou-
tine drain placement; however, this practice has slowly been abandoned through the
years. For pancreatic resection, this practice has evolved much more slowly, given
the potentially catastrophic consequences of an uncontrolled postoperative pancre-
atic leak. The gradual evolution to the abandonment of routine drainage was recently
disrupted by the publication of a multicenter randomized controlled trial of “drain
vs. no drain” which showed significantly increased morbidity and mortality in
patients undergoing pancreaticoduodenectomy without drain placement [17]. This
trial and other randomized studies will be reviewed here. We also included a discus-
sion on the management of surgical drains when they are used, specifically as it
pertains duration of drainage and the measurement of amylase levels.

There are now three randomized controlled trials evaluating the use of routine
operative drainage after pancreatic resection. The first study published in 2001 by
Conlon et al. [18] randomized 179 patients undergoing pancreatic resection (139
pancreaticoduodenectomy and 40 distal pancreatectomy) to have no drains placed
(n=91) or to have closed-suction drainage placed (n = 88).There was no difference
in the incidence or type of postoperative complications between the groups. The
composite endpoint of intra-abdominal fluid collection, intra-abdominal abscess,
enterocutaneous fistula, and pancreatic fistula occurred more commonly in patients
in the drain group (19 pts. vs. 8 pts.; P < 0.02), with 11/19 (12.5%) experiencing a
pancreatic fistula in the drain group compared to none in the no-drain group. The
authors concluded that routine placement of drains after pancreatic resection failed
to reduce the incidence or severity of fistula-related morbidity, the need for addi-
tional interventional radiology-guided procedures, or the mortality rate in these
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procedures. A little over a decade after the publication of this randomized controlled
trial, the same group published a retrospective analysis of their practice over a
5-year time period [19]. This study of 1122 patients revealed an interesting trend
within our institution where of the six high-volume pancreatic surgeons, one-third
were “routine drainers,” one-third were “selective drainers,” and one-third were
“routine non-drainers.” Overall, 49% of patients had undergone operative drainage,
thus allowing for valuable comparisons to be made. Patients without operative
drains experienced lower-grade > 3 morbidity rates (26 vs. 33%; P = 0.01), shorter
hospital stays (7 vs. 8 days; P < 0.01), fewer readmissions (20 vs. 27%; P = 0.01),
and lower rates of clinically relevant (grade > 3) POPF (16 vs. 20%; P = 0.05).
Similar reoperation rates (both <1%) need for interventional radiology procedures
(15% vs. 19%; P = 0.1), and mortality rates (2 vs. 1%; P = 0.3) were seen in both
groups. Based on these findings, the authors concluded that the routine use of surgi-
cal drains after pancreatic resection could be safely abandoned. This study also
highlighted the difficulties of changing surgical dogma. Even at the institution
where the first RCT showing no benefit of routine drainage was performed, a third
of pancreatic surgeons continue to routinely place intraperitoneal drains. Figure 9.3
shows the trends over time of the different surgeons in this cohort and the incidence
of grade > 3 POPF.

In 2014 Van Buren et al. published the results of a multicenter RCT that was
halted before complete accrual (for patients undergoing pancreaticoduodenectomy)
due to disproportionately high mortality in patients who were randomized to no
drain [17]. Their publication reports the results of 137 patients randomized up to
that point. In this study, the group randomized to no drain had a higher incidence of
gastroparesis, fluid collection, intra-abdominal abscess (10 vs. 25%; P = 0.027),
severe diarrhea, interventional radiology-guided procedures, and a longer duration
of hospitalization. At the point of analysis, the mortality rates were 12 and 3% in
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Fig.9.3 Trends over years. Lines: prophylactic drainage trends over years per surgeon type. Bars:

incidence of G > 3 fistula overall. RD routine drainers, SD selective drainers, ND routine
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patients randomized to no drain and drain, respectively. Given these findings, the
study was stopped, and the overall conclusion from the trial was that pancreatic
resection without operative drainage was not safe.

The third and most recent RCT on prophylactic drainage after pancreatic surgery
was published in 2016 from Dr. Buchler’s group in Germany [20]. This non-
inferiority trial randomized 395 patients undergoing pancreaticoduodenectomy
between 2007 and 2015 to intra-abdominal drainage in the standard fashion versus
no drainage. The primary outcome measure was re-intervention rate (re-laparotomy
or interventional radiology-guided procedures). They found that re-intervention
rates were not inferior in the no-drain group (drain 21%, no drain 17%; P < 0.001).
Clinically relevant POPF was lower in the no-drain group (6 vs. 12%; P = 0.03) as
were fistula-associated complications (13 vs. 26%; P < 0.001). It is important to
mention, given the concerns raised by the Van Buren trial, that in-hospital mortality
was the same in both groups (drain 3.0%, no drain 3.1%; P = 0.936) and consistent
with the reported literature.

Management of Surgically Placed Drains

Beyond the decision to use prophylactic intra-abdominal drains, there are different
recommendations regarding the management of these drains once placed, specifi-
cally as it pertains the duration of drainage and measurement of amylase levels. We
reviewed two relevant studies addressing these questions.

Bassi et al. reported a randomized controlled trial comparing early versus late
removal of surgically placed intra-abdominal drains after pancreatic resection [21].
They randomized 114 patients who had undergone pancreatic resection with intra-
peritoneal drain placement and who had a low risk for pancreatic fistula as estab-
lished by their institutional criteria (amylase value in drains <5000 U/L on
postoperative day 1) to have their drains removed on postoperative day 3 (early)
versus postoperative day 5 (late). They found a lower incidence of POPF (2 vs.
26%; P < 0.001) for patients in the early group. Other abdominal complications and
pulmonary complications were also lower in the patients who underwent early drain
removal. These patients also experienced shorter hospital stays and fewer readmis-
sions. On multivariate analysis, timing of drain removal and unintentional preopera-
tive weight loss were independent risk factors for the development of POPFE. The
authors concluded that operative drains should be removed on postoperative day
3 in patients who had low-drain amylase levels on postoperative day 1 given the
higher incidence of postoperative complications with prolonged drainage.

Recently, the group from the Massachusetts General Hospital published their
experience with routine measurement of daily amylase values in operative drains to
predict the development of POPF and guide drain management [22]. In this study,
they prospectively analyzed two independent cohorts of patients undergoing pan-
creaticoduodenectomy. In the first cohort (n = 126), daily amylase levels were
obtained from the surgically placed drains, and POD 1 amylase was found to have
the highest correlation with the development of POPF with a concordance index of
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Fig. 9.4 (a) ROC curve of POD 1 drain amylase level as a predictor of PF in the training cohort
of patients undergoing PD (n = 126), with an AUC of 0.911. Values along the diagonal straight line
reflect no predictive ability. (b) ROC curve of POD 1 drain amylase level as a predictor of PF in
the validation cohort of patients undergoing PD (n = 369), with an AUC of 0.855. Values along the
diagonal straight line reflect no predictive ability

0.91 (Fig. 9.4a). A drain amylase of 612 U/L had a sensitivity of 93% and specificity
of 79%. In the independent validation cohort, the observed concordance index was
0.85 (Fig. 9.4b). Postoperative day 1 drain amylase <600 U/L was found on 62% of
patients (229/369) in this cohort. These patients had a significantly lower incidence
of POPF compared to patients with amylase >600 (1 vs. 31%; P < 0.001; OR = 52).
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On a multivariate model, amylase level on postoperative day 1 was a stronger pre-
dictor of POPF than gland texture and duct diameter. The authors concluded that
surgically placed drains should be removed on postoperative day 1 in patients whose
amylase level is <600 U/L.

Author’s Practice

Surgical drains are very infrequently used in our practice, and their use is even fur-
ther decreasing with time. Although we do not feel that it is inappropriate to drain,
we do feel that surgeons should not feel obligated to place drains. While it is hard to
argue that drains cause pancreatic leaks and POPF, the evidence suggests that they
fail to improve early detection and effectively control leaks without additional
drainage when they do occur. As discussed above, interventional radiology-guided
procedures are not less frequent (and perhaps even more frequent) in patients with
surgically placed drains, as are readmissions, mostly due to drain-related complica-
tions. It also is plausible that closed-suction drains generate enough negative pres-
sure and disrupt tissue apposition to a degree that prevents adequate healing of the
pancreaticojejunal anastomosis. We feel that the lack of abdominal drains allows
patients to feel more mobile and may accelerate their recovery.

The only recent evidence to support ongoing routine drainage is the Van Buren
study noted above. It is hard to reconcile these results with the randomized trial
from our institution and from Heidelberg. If the increased mortality was secondary
to the lack of a drain in a patient with a POPF, then it suggests that these patients
were not rescued from a potentially reversible event. More than 1000 patients have
undergone pancreatic resection without a drain at our center, and the operative mor-
tality in that group is just under 2%. In the study from Heidelberg, the postoperative
mortality rate was 3% in the no-drain group. Many of the participating centers in the
Van Buren study were not high-volume centers, and it is unclear if the surgical
expertise or interventional/endoscopic support was present to appropriately manage
these patients. It is important to underscore that in the absence of drains, special
attention needs to be paid to changes in vital signs, laboratory values, and physical
examination so that immediate imaging and intervention can be obtained in those in
whom a leak is suspected. This heightened index of suspicion and a low threshold
for cross-sectional imaging are paramount for prompt recognition of pancreatic
leaks which allows for timely intervention before potentially catastrophic conse-
quences ensue.

Gastric Decompression and Jejunal Feeding Tubes

Gastric decompression with either nasogastric (NG) or orogastric (OG) tubes is
commonplace in patients undergoing general anesthetic for major surgery.
Historically, after major gastrointestinal procedures, postoperative NG decompres-
sion was considered a routine measure to avoid the potential consequences associ-
ated with prolonged ileus and delayed gastric emptying. This practice has been
slowly abandoned with time as studies have shown no association between duration
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of NG decompression and surgical outcomes. However, patients undergoing major
pancreatic resections are still too often subject to prolonged NG drainage due to the
belief that doing so may decrease the incidence, severity, or ultimate impact of com-
mon complications such as delayed gastric emptying or POPF.

While there is little high power data evaluating this practice in pancreatic resec-
tions, here we review two recent studies that address the issue and reached similar
conclusions [23, 24]. In a prospective study from Baylor College of Medicine,
Fisher et al. evaluated 100 consecutive patients undergoing pancreatic resection (64
pancreaticoduodenectomy and 36 distal pancreatectomy). All patients had NG
placed at the time of surgery, but only the first 50 patients kept it postoperatively.
The groups were adequately balanced, and they found no difference in outcomes
including delayed gastric emptying, anastomotic leak, wound complications, or
respiratory complications. The rate of postoperative placement or replacement of
NG tubes was similar between the groups (4 vs. 8%; P = 0.7). The authors conclude
that it is safe to selectively use postoperative NG decompression only in patients
with a clear indication [23]. In a similar study from UT Southwestern, Roland et al.
reported their outcomes after 231 consecutive pancreatectomies. Two-thirds of their
patients had routine NG placement in the OR, while in the latter third of their cohort,
OG tubes were placed for surgery but removed prior to extubation. Reinsertion was
required in 19% of patients in either arm, and their outcomes (including minor or
major morbidity and length of stay) were similar, underscoring the author’s conclu-
sion fact that the routine use of NG tubes can be safely avoided after pancreatic
resection.

Author’s Practice

Routine postoperative NG decompression is not used in our practice unless there is
a clear indication for it (e.g., previous GI obstruction, diabetic gastroparesis, etc.).
Nearly every patient will have the NG tube removed at the time of extubation or on
the morning of postoperative day 1.

Jejunostomy Feeding Tubes

Routine placement of surgical jejunostomy tubes (JT) at the time of pancreatic
resection was historically justified by the high incidence of POPF and the inability
to provide enteral nutrition while avoiding stimulation of pancreatic enzyme release
and activation. In that setting, a JT placed intraoperatively constituted a lifeline that
allowed for nutritional support even in the ambulatory setting while avoiding the
need for parenteral nutrition and its potential complications. Lower incidence of
POPF and ready access to bedside or radiology-guided nasojejunal (NJ) tube place-
ment, or endoscopically placed JT in modern-day practices, make the routine place-
ment of JTs unnecessary and potentially hazardous.

Nussbaum et al. recently reported outcomes of 126 patients who had operatively
placed JT at the time of pancreaticoduodenectomy at a major hepatobiliary center
[25]. In this cohort, 14% of patients developed a complication directly related to the
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feeding tube (i.e., pericatheter infection, pneumatosis intestinalis, severe feeding
tube intolerance, and catheter malfunction); 50% of these patients (7% of total
cohort) required a reoperation. A second study by Zhu et al. compared the effective-
ness of JT and NJ tubes [26]. This study showed better outcomes in patients who
had NJ tubes. Specifically, these patients had a lower incidence of intestinal obstruc-
tion and catheter-related complications. Feeding tube removal time and length of
hospital stay were significantly shorter in patients with NJ tubes. The authors con-
cluded that the use of NJ feeding tubes is safer than JTs.

Author’s Practice
We do not routinely use NJ or JT feeding tubes. In the case of inability of oral intake
by POD 7-10 due to persistent DGE or concern for uncontrolled POPF, a NJ is usu-
ally placed as a bridge to resumption of oral intake. In patients with prolonged
DGE, an endoscopically placed JT can be placed to allow for enteral feeding, while
the DGE resolves.

Conclusions

The latest generation of surgeons has seen a phenomenal evolution of the practice
of pancreatic resection, which has gone from highly morbid and rarely performed to
safe and widely available at high-volume centers. In addition, there has been a con-
comitant shift in the application of the use of biliary and pancreatic stents and
drains. However, major pancreatic resection still carries measurable morbidity and
mortality, and the systematic, judicious analysis of individual center’s outcomes is
germane to continued improvement. It is important that care be directed by the
highest-quality data available, and in areas where there isn’t high-quality data, every
effort must be made to generate that data. Furthermore, surgeons should strive to
limit our bias and openly interpret and apply scientific evidence as it becomes
available.
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of Pancreatic Fistula

Priya M. Puri and Charles M. Vollmer Jr.

Introduction

Historically, pancreatic surgery was generally avoided due to its technical difficul-
ties and high mortality and morbidity rates. However, in recent decades, mortality
rates after pancreatectomy have decreased to less than 5% [1, 2]. This can be attrib-
uted to the development of high-volume, specialized pancreatic centers, as well as
innovations in surgical techniques and perioperative management [3, 4]. Despite
this progress, however, the incidence of postoperative morbidity remains high and
can range from 30-60% [1]. Delayed gastric emptying, post-pancreatectomy hem-
orrhage, and pancreatic fistula are the three major procedure-specific complications
associated with pancreatic surgery [5—7]. Postoperative pancreatic fistula (POPF) is
considered the most common of these and the most significant determinant of post-
operative morbidity and mortality associated with major pancreatic resections. [2, 8,
9]. POPF leads to increased length of hospital stay and resource utilization and thus
has a significant economic impact on healthcare systems [10—12].

Definition of Pancreatic Fistula

A general definition of pancreatic fistula is an abnormal communication between the
pancreatic ductal epithelium and another surface containing pancreas-derived, degrada-
tive enzyme-rich fluid [5]. Reported POPF incidence ranges from 2% to 33% [13-18].
The significant variability in this incidence can be attributed, in part, to the broad spec-
trum of its historical definitions [19]. This dilemma was addressed in 2005, when the
International Study Group of Pancreatic Fistula (ISGPF) — an international panel of
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high-volume pancreatic surgical experts — convened to establish a universal definition of
POPF by consensus [5]. According to the ISGPF, a broad definition of POPF is “output
via an operatively placed drain (or a subsequently placed, percutaneous drain) of any
measurable volume of drain fluid on or after postoperative day 3, with an amylase con-
tent greater than 3 times the upper normal serum value.”’[5] The ISGPF defined POPF
based on a tiered clinical grading system, dividing pancreatic fistulas into grades A, B,
and C. Grade A fistulas are biochemical leaks and cause little, if any, deviation from the
normal clinical course. These asymptomatic leaks are the most common fistula in most
series and are characterized by a threshold of elevated (>3x the upper limit of normal
serum amylase concentration) drain amylase only. Grades B and C fistulas, on the other
hand, deviate from the expected clinical course. They are often a major source of mor-
bidity and are thus categorized as clinically relevant fistulas (CR-POPF). Among
CR-POPF, grade C fistulas are more severe (but less common) than grade B and are
characterized by at least one of three qualifiers: an operative intervention under general
anesthesia, some element of organ failure, or fistula-attributed death. Table 10.1 depicts
the ISGPF clinical grading system, based on the following nine criteria: clinical condi-
tions, specific treatment, ultrasound (US) or computed tomography (CT) findings, per-
sistent drainage, death related to POPF, signs of infections, sepsis, and readmission [5].
Because the ISGPF grading system is defined according to the clinical impact on the
patient’s hospital course, it cannot be used as a predictive measure and can only be accu-
rately ascribed once the patient’s clinical course has been fully developed [3]. However,
the new standardized definition has allowed for the systematic investigation of risk fac-
tors [8]. While the original proposal has been one of the most widely cited contributions
to modern pancreatic surgery, it has recently been revisited and further refined [20].

Risk Factors for Pancreatic Fistula
Numerous risk factors have historically been cited for the development of pancre-
atic fistula, including endogenous, perioperative, and operative contributions [1].

The relevance of each of these risk factors varies depending on the type of major

Table 10.1 ISGPF parameters for POPF grading

Parameter Grade A Grade B Grade C

Clinical state Well Often well 11l appearing/bad
Specific treatment® No Yes/no Yes

US/CT Negative Negative/positive Positive
Drainage beyond 3 weeks” No Usually yes Yes

Reoperation No No Yes
POPF-related death No No Possibly yes
Signs of infections No Yes Yes

Sepsis No No Yes
Readmission No Yes/no Yes/no

Adapted from Bassi et al. [5]

Partial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analog,
and/or minimal invasive drainage

*With or without a drain in situ
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pancreatic resection [14]. However, the ISGPF consensus definition does not
differentiate between fistulas origination from various types of pancreatic resec-
tions — despite their fundamental biological differences [1, 14]. Although POPF
occurs less frequently after pancreatoduodenectomy (22-26%), compared with dis-
tal pancreatectomy (30%), it is associated with a greater average complication bur-
den [14, 21]. Much of the fistula literature is focused on POPF after
pancreatoduodenectomy (PD). Thus, a majority of this section will be focused on
risk factors for POPF after PD. A brief section later in this chapter will be dedicated
to POPF after distal pancreatectomy (DP), where risk factor elucidation has been
more elusive.

Risk factors for the development of POPF after PD fall into three general catego-
ries including endogenous influences such as age, cardiovascular comorbidities,
diabetes mellitus, gender, disease pathology, pancreatic duct diameter, and pancre-
atic remnant texture; perioperative factors, including neoadjuvant therapy and the
use of prophylactic somatostatin analogs; and operative drivers such as anastomotic
technique, intraoperative blood loss, operative time, drain placement, and the use of
transanastomotic stents [1].

Endogenous Factors

Age

Increasing age is known to contribute to the severity of other endogenous risk fac-
tors that correlate with increased incidence of CR-POPF, such as fatty infiltration
[22]. Thus, advanced age can be seen as an important secondary risk factor contrib-
uting to the development of CR-POPF [1].

Cardiovascular Comorbidities

There is evidence that patients with coronary artery disease have a significantly
higher risk for developing POPF. Contrarily, hypertension is thought to be a protec-
tive factor against it. Despite these trends, larger cohort studies are necessary to
provide better insight into coronary artery disease as a risk factor and hypertension
as a protective factor for the development of POPFE.

Diabetes Mellitus

The literature surrounding diabetes as a contributor to fistula development offers
contradictory results, with some studies suggesting diabetes as a risk factor, while
others suggesting it as a protective factor. Though there is no general consensus,
logical connections can be drawn between the presence of diabetes and how it may
reduce the risk of fistula development [1]. Diabetic patients have less fat and more
fibrosis in their pancreas compared to nondiabetic patients. It is known that fibrotic
glands hold suture more effectively, and thus the pancreatic fibrosis induced by
diabetes may explain the reduced fistula risk in such patients [23]. A post-ISGPF
study supported this conclusion, reporting that diabetic patients were more likely to
have a firm pancreatic gland and a decreased incidence of CR-POPF [24].
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Gender

Though male gender is often reported to be correlated with elevated fistula rates,
there is a lack of substantial evidence of its role as a prominent risk factor for fistula
development [1].

Disease Pathology

Disease pathology is recognized as an important contributor to fistula development
and, depending on the histology, can either escalate or diminish the risk of fistula [1].
Several studies have shown that patients with chronic pancreatitis and pancreatic ade-
nocarcinoma had lower fistula rates than did patients with ampullary cancer, bile duct
cancer, duodenal neoplasms, or cystic neoplasms [18, 25-28]. A possible explanation
for this finding is that patients with pancreatitis and pancreatic adenocarcinoma gener-
ally have firm glands and dilated ducts, two factors that are favorable for anastomotic
connection, thereby reducing the risk of fistula development. Most other pathologies
tend to have soft glands and small ducts, which are known to increase fistula risk [8].

Pancreatic Duct Diameter

Much of the literature demonstrates that a small or narrow pancreatic duct diameter (<
3 mm) is perhaps the most significant risk factor for fistula development [1, 18, 29].
Small diameter ducts are associated with greater pancreatic juice output volume, have a
greater probability of constriction, and can accommodate a limited number of sutures —
all increasing the risk of fistula development [30, 31]. Furthermore, it has been reported
that each 1 mm increment decrease in duct size is associated with a discrete increase in
CR-POPF risk [8]. Additionally, small duct size is also strongly correlated to other fis-
tula risk factors, such as fatty pancreas and soft glands [23]. The coexistence of a dimin-
utive duct and soft gland can significantly elevate the risk of pancreatic fistula.

Pancreatic Remnant Texture

Soft pancreatic gland texture is perhaps the most widely recognized risk factor of
POPF [23, 32]. This can be explained by several factors including the belief that soft
glands are a) unable to hold suture as effectively as firm glands, b) often associated
with small main ducts, and c¢) more likely to retain robust exocrine function than are
firm glands [8]. One study indicates that soft pancreas, total pancreatic fat, and BMI
are significantly associated with each other, and all can be linked to the development
of CR-POPF [23]. Moreover, several investigations have demonstrated soft pancre-
atic parenchyma as a major risk factor for CR-POPF, indicating that it can differen-
tiate between biochemical and clinically relevant fistulas [33]. Because soft
pancreatic parenchyma is an extremely strong predictor of CR-POPF, it is a central
component of more advanced fistula risk metrics [8, 34].

Perioperative Influences

Neoadjuvant Therapy

Several studies have concluded that patients who have undergone neoadjuvant ther-
apy — chemo +/— radiation — have reduced occurrence of pancreatic fistula [35-37].
A possible biological explanation for this trend is that preoperative radiation
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damages acinar cells, thereby decreasing exocrine secretion and reducing the
volume of pancreatic juice that comes into contact with the anastomosis or, alterna-
tively, by creating fibrosis [35, 38]. That being said, because of the severe side
effects of radiation, neoadjuvant therapy should not be administered to patients
without a malignant condition just because it is protective factor against pancreatic
fistula [39]. Furthermore, although neoadjuvant therapy is associated with a lower
overall fistula occurrence, further, better-designed studies are necessary to elucidate
its impact on CR-POPEF, especially since its use is highly correlated to the presence
of protective factors like pancreatic cancer.

Operative Factors

Intraoperative Blood Loss

Elevated intraoperative blood loss is a well-established risk factor for fistula.
Furthermore, studies have shown that excessive intraoperative blood loss is a signifi-
cant risk factor for CR-POPF. In fact, blood loss is considered a risk factor for val-
ues as low as 400 ml. Blood loss can be categorized into tiers, with each sequential
tier representing escalating risk [8, 18].This categorization system has been vali-
dated [40].

Operative Time

PD is a complex procedure, with an inherently long operative time, ranging from
4-6 h for uncomplicated cases. A multivariate analysis in one study revealed operat-
ing time of >285 min to be a significant predictor for pancreatic fistula [27]. Other
studies have shown operative time to be significant in univariate analyses only [32,
41]. A possible explanation for this is that operative time is highly correlated with
intraoperative blood loss [1].

Putting It All Together for PD

Assessing the true impact of each of these risk factors was difficult before the advent
of the universal, consensus-driven definition for pancreatic fistula established by the
ISGPF in 2005, which differentiates between biochemical fistula and CR-POPF.
Since then, several attempts have been made to comprehensively assess CR-POPF
risk — to determine which factors contribute most to fistula risk and how to infer an
individual patient’s aggregate risk [1]. Ultimately, this culminated in the develop-
ment of the Fistula Risk Score (FRS). The FRS is an externally validated system for
the prediction of CR-POPF after PD, resulting from an extensive multivariate analy-
sis of 54 endogenous, perioperative, and operative risk variables [8, 40]. Following
a regression analysis, four significant risk factors emerged: soft gland texture, high-
risk pathology (anything other than pancreatic adenocarcinoma or pancreatitis),
small pancreatic duct diameter (<5 mm), and elevated intraoperative blood loss
(>400 ml). These factors were then weighted and assigned quantitative values, as
shown in Table 10.2.



176 P.M. Puri and C.M. Vollmer Jr.

Table 10.2 The Fistula Risk Score for the prediction of CR-POPF after pancreatoduodenectomy

Risk factor Parameter Quantitative value
Gland texture Firm 0

Soft 2
Pathology Pancreatic adenocarcinoma or 0

pancreatitis

Ampullary, duodenal, cystic, 1

islet cell, etc.

Pancreatic duct diameter (mm) | >5 0
4 1
3 2
2 3
<1 4
Intraoperative blood loss (ml) | <400 0
401-700 1
701-1000 2
>1000 3

Total score 0—10

Adapted from Callery et al. [8]

The values assigned to these four risk factors can then be aggregated to create a
simple scoring system on a scale from O to 10, spanning over four discrete zones,
with O indicating negligible risk, 1-2 low risk, 3—6 moderate risk, and 7—10 high
risk [40]. The FRS system allows for the simple assessment of individual patients’
CR-POPF risk after PD at an important point of time — intraoperatively, when the
anastomosis is created and decisions regarding mitigation strategies begin.

Risk Factors for Distal Pancreatectomy

Though there are numerous identified risk factors for POPF development following
DP, the aggregate risk has not been fully explored, and an analogous risk score sys-
tem like the FRS has not been developed for POPF risk following DP [42]. Reasons
for this may be a dearth of studies with high patient accrual that specifically assess
pancreatic fistula risk factors for DP (an operation performed with one-third of the
frequency of PD) and the fact that few studies have assessed every major known risk
factor [1]. Nonetheless, it is important to note the various risk factors associated
with fistula development following DP. These drivers can be divided into endoge-
nous factors and operative variables. Younger age is reported to be a risk factor for
fistula following DP, with one study showing that patients younger than 65 were
around three times more likely to develop a CR-POPF [43]. A possible explanation
for this is that exocrine function decreases with aging, resulting in a lower risk for
fistula [43, 44]. Obesity and elevated BMI are also common risk factors associated
with fistula development after DP, which is probable because BMI is also strongly
correlated with other known risk factors such as total pancreatic fat and soft pancre-
atic parenchyma [23, 33, 42]. Fistula risk associated with DP might also be
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dependent on disease pathology, with pancreatic disease pathologies, such as
pancreatic adenocarcinoma and chronic pancreatitis, associated with lower risk than
non-pancreatic disease pathologies, such as gastric adenocarcinoma and renal car-
cinoma [45]. A large-volume pancreatic remnant is another reported risk factor for
CR-POPF development [46].

One operative risk for fistula development following DP is the method of clo-
sure. However, this risk factor is still highly debated, with several studies citing
non-stapler closure as a risk factor, while others suggesting the opposite, and others
yet finding no significant differences between stapled and non-stapled closure [1].
A less controversial operative risk factor is ligation of the main pancreatic duct.
Quite obviously, failure to ligate the main pancreatic duct is known to be associated
with increased risk of fistula [43, 47, 48]. However, while often described in the
literature as “risk factors,” these might more rightly be conceived as mitigation
strategies (chosen at the behest of the surgeon) rather than innate causes of CR-POPF.
Duration of operation is another risk factor for fistula development following DP,
with an increased operative time of >210 min as a strong predictor for fistula devel-
opment in one study [49]. Lastly, site of transection is another consideration.
Transection at the body has been found to be associated with higher pancreatic fis-
tula rates in comparison to transection at the neck of the pancreas [49].

Mitigation Strategies: “Prevention as Management”

Postoperative care following PD is challenged with the difficulties of managing
pancreatic fistula, which is considered to be the most difficult and resolute compli-
cation in pancreatic surgery [29]. We believe the best management strategy is to
never develop a fistula in the first place. The FRS has become a valuable yet simple
tool for the assessment of individual CR-POPF risk after PD and allows surgeons to
make risk-adjusted decisions regarding its management. The primary and ultimate
goal is “prevention as management” — to utilize this established tool in order to
obviate the occurrence, and minimize the impact, of pancreatic fistula. Putative pre-
vention and mitigation strategies include technical factors (i.e., the type of recon-
struction and/or the anastomotic technique), as well as technological factors such as
the use of prophylactic somatostatin analogs, tissue sealants, autologous tissue
patches, transanastomotic stents, and the selective utilization of intraperitoneal
drains.

Type of Reconstruction

The two primary types of reconstructive techniques following PD are pancreaticoje-
junostomy (PJ) and pancreaticogastrostomy (PG), with PJ being the traditional and
most widely used method. This technique unites the remnant pancreatic tissue with
the jejunum, thereby reestablishing enteric flow of pancreatic juice [29]. PG, on the
other hand, was first introduced in clinical practice by Waugh and Clagett in 1946.
There are several potential advantages of PG when compared to the classical PJ: the
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proximity of the stomach to the pancreas enables tension-free anastomosis; the thick
gastric wall and the exceptional blood supply to the stomach improve anastomotic
healing; and lastly, the gastric acid of the stomach can inactivate pancreatic enzymes
and can thereby prevent disruption of the anastomosis [50]. Numerous studies have
attempted to draw comparisons between fistula rates following PG versus those fol-
lowing PJ, the most notable of which was by Yeo et al. who conducted a randomized
trial comparing PG and PJ in 145 consecutive patients undergoing PD. Results from
this study showed no significant difference in pancreatic fistula incidence between
PG and PJ reconstruction (12.3% for PG and 11.1% for PJ) [41].This is supported by
other prospective studies that have also found comparable fistula rates between the
two anastomotic techniques [51, 52]. In contrast, other notable randomized studies
reported results indicating that PG is beneficial for mitigating the occurrence of
CR-POPF [53, 54]. Despite this, meta-analyses still conclude that there is inadequate
evidence to prove PG advantage over PJ for fistula mitigation [55]. However, the
importance of risk-based evaluation of mitigation strategies is essential. A recent
study specifically characterizing high-risk pancreatic anastomoses during pancreato-
duodenectomy found that PG anastomosis was associated with a higher rate of
CR-POPF [56]. In this study, PG — a generally less commonly utilized reconstruction
technique [57] — was chosen at a significantly higher rate in high FRS risk (FRS
7-10) patients than in lower-risk (FRS 0-6) patients [56]. Because of this, it is sug-
gested that in high-risk scenarios, surgeons should adhere to the reconstruction tech-
niques that they practice routinely [58].

Anastomotic Technique

The type of PJ anastomosis technique is another important factor to consider in regard
to fistula mitigation, i.e., duct-to-mucosa PJ versus invagination PJ. The duct-to-
mucosa anastomosis involves sewing the pancreatic duct directly to the bowel mucosa,
while the invagination anastomosis joins the pancreatic parenchyma and external cap-
sule into the bowel [29]. Though the duct-to-mucosa PJ technique was originally con-
sidered to be associated with lower fistula rates compared to the invagination PJ
technique, a more recent randomized trial found lower fistula rates with the invagina-
tion PJ technique [26, 59—63]. These findings held true after multivariate analysis and
even the rates of grade B CR-POPF were lower for patients in the invagination cohort
(5 vs. 14%, p = 0.03) [59]. Despite these findings, additional studies are needed to
establish the most efficacious anastomotic technique after PD. Neither approach has
been found to be superior when judged by the FRS in a risk-adjusted analysis [56].
Additionally, Roux-en-Y reconstruction (RYR) has recently been compared to
conventional loop reconstruction (CLR). RYR uses separate jejunal limbs, separating
the pancreatic anastomosis from the biliary anastomosis [61, 64]. Although it is logi-
cal to reason that RYR may limit the activation of pancreatic enzymes by biliary
secretion and thereby reduce POPF risk, no significant differences have been found in
fistula rates with RYR compared to CLR [65, 66]. Given its relative infrequent appli-
cation worldwide, the Roux approach has not yet been subject to analysis by the FRS.
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Lastly, mitigation strategies involving the absence of a pancreaticoenteric
anastomosis include duct occlusion and total pancreatectomy. Duct occlusion, how-
ever, is used infrequently and has not been proven especially effective [67]. A total
pancreatectomy — the complete removal of the pancreas — is only considered in
extremely high-risk situations, as it is associated with absolute endocrine and exo-
crine insufficiency [68]. This is often employed as a “salvage” alternative to manage
a severe fistula once it has manifest but is usually fraught with high mortality. Thus,
when evaluating reconstruction type, it is essential to assess each patient’s individual
risk.

The Use of Prophylactic Somatostatin Analogs

In addition to the aforementioned operative factors, numerous technological mitiga-
tion strategies also exist. These include the use of prophylactic somatostatin analogs,
tissue sealants, autologous tissue patches, transanastomotic stents, and intraperitoneal
drains. Some surgeons advocate the perioperative administration of prophylactic
octreotide in the hope of preventing or decreasing the severity of fistula. The predicted
effect of somatostatin analogs is to reduce the volume of fistula output, thereby poten-
tially mitigating the natural course [69]. Their use, however, is controversial. While
several randomized trials are in favor of the use of prophylactic somatostatin analogs,
others oppose it [29]. Furthermore, a systematic review and meta-analysis of these
showed no conclusive evidence of a significant advantage with this practice. This can
be explained not only by the small sample sizes of the studies but also by the fact that
the studies were published between 1990 and 2009 and therefore lacked a consistent
definition of POPF [70]. Though the ambiguous results are largely due to the histori-
cally liberal definition of fistula, [19] they persist even in a Cochrane Review con-
ducted in the current era using the rigorous ISGPF definition [71]. In fact, an analysis
of a large clinical series subjected to the FRS revealed octreotide to confer harm,
perhaps paradoxically, as risk for CR-POPF escalated [72]. Alternatively, a recent
randomized trial has proposed that the somatostatin analog pasireotide may provide
clinical value; however, it requires multicenter validation yet, is costly (around $3000/
case), and is not readily available to most clinicians. Because there is no solid evi-
dence for the advantages of somatostatin analogs yet, we suggest they should not be a
primary preventative measure in mitigating POPF [3].

Tissue Sealants and Patches

Currently, the literature surrounding the benefits of using tissue sealants in the pre-
vention of POPF is conflicting. Overall, there is no conclusive evidence from ran-
domized trials that application of fibrin glue sealant to the surface of a pancreatic
anastomosis reduces the incidence of POPF after PD [73, 74]. In regard to the
potential mitigation effects of autologous tissue patches, some retrospective studies
conclude that this strategy is associated with a lower incidence of POPF after both
PD and DP. However, further, more robustly designed, randomized trials are neces-
sary to validate these introductory results [75, 76].
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Transanastomotic Stents

Some surgeons recommend the placement of transanastomotic stents (either inter-
nal or external) as a potential mitigation strategy against POPF. Several rationales
exist for this, including diversion of proteolytic enzymes from the anastomotic site,
decompression of the pancreatic remnant, and facilitation of precise suturing of the
anastomosis [77]. However, much of the literature on transanastomotic stent place-
ment is controversial. Two randomized controlled trials found no benefit to fistula
mitigation from the use of internal stents [78, 79]. Furthermore, one retrospective
study using risk adjustment with the FRS found that the use of stents, primarily
internal stents, may have led to short-term and long-term adverse outcomes in
patients, particularly those with elevated POPF risk [80].

While the majority of data suggest that internal stents have little, or negative effect
on fistula occurrence, external stents appear to be beneficial in reducing CR-POPF
incidence. This may be because external stents are less likely to migrate than internal
stents, which are shorter and not fixed in place [1]. Secondly, external stents may be
more effective at diverting pancreatic secretion away from the anastomotic site [81].
Third, they may facilitate more precise suture placement. Meta-analyses of several
randomized control trials suggest a lower incidence of POPF with the use of external
stents. However, many of these studies failed to account for other POPF risk factors,
and a more recent, retrospective study used the FRS for risk adjustment to compare
CR-POPF occurrence between patients who received an external stent versus those
who received no stent [77]. Results from this study revealed that among patients who
received an external stent, only those in the high CR-POPF risk zone (FRS 7-10)
demonstrated significantly reduced rates of CR-POPF [77]. In fact, the indiscrimi-
nate use of external stents in lesser risk scenarios conferred worse outcomes. This
study sheds light upon the benefits of risk stratification and its importance in evaluat-
ing the efficacy of fistula mitigation strategies.

Intraperitoneal Drain Placement

Routine placement of intraperitoneal drains is another fistula mitigation strategy
that, though having been a conventional approach during PD, is now increasingly
questioned in regard to its value. Drains are used in an attempt to evacuate blood,
bile, chyle, or pancreatic juice that may accumulate after surgery [1]. However, the
perceived clinical benefit of routine drain placement has been a challenged because
of its perceived lack of value in other gastrointestinal surgeries [8§2—-85] as well as
concerns about infection, trauma to visceral tissues, and erosion at the anastomotic
site [86]. Several retrospective studies attempting to understand this have produced
mixed results [86, 87]. One randomized control trial found drains to be unnecessary
and potentially harmful, increasing the risk of POPF development [88]. It is impor-
tant to note that this study, and many of the previous ones, was conducted in the
pre-ISGPF era. They therefore lacked a precise definition of POPF, conflating bio-
chemical fistulas and clinically relevant fistulas. A recent, randomized controlled
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trial attempted to address this. The objective of this study was to test the hypothesis
that PD without the use of routine intraperitoneal drainage does not increase the
frequency or severity of complications. It was found that the elimination of drains
in PD increases the frequency and severity of complications. Notably, this study was
terminated early by the Data Safety Monitoring Board due to an extremely high
mortality rate in patients undergoing PD without intraperitoneal drainage [89].

A follow-up analysis of this particular randomized control trial aimed to under-
stand the frequency and severity of CR-POPFs after PD, specifically, in the context
of fistula risk using the FRS. It was found that patients with moderate (FRS 3-6)
and high risk (FRS 7-10) had significantly fewer CR-POPFs when intraperitoneal
drains were used. Furthermore, CR-POPFs among this moderate- and high-risk
patient group were more severe — with longer hospital stays, higher rates of grade C
CR-POPF, and a 21% higher mortality rate when drains were not used. In the
roughly 30% of patients with negligible and low risk (FRS 0-2), drain placement
offered no benefits and in fact resulted in higher CR-POPF incidence, though the
difference was not statistically significant in an underpowered sample size [90].
Based on this study, it is suggested that patients undergoing PD can be individually
stratified by FRS, as there is a benefit to selective drainage based on risk of
CR-POPF. Those with moderate and high CR-POPF risk should have routine intra-
peritoneal drain placement, while those with negligible and low risk can be safely
obviated. Table 10.3 shows specific risk factor combinations for patients with neg-
ligible and low CR-POPF risk, for which drain placement can be avoided.

Furthermore, the optimal timing of drain removal must also be considered in
order to mitigate CR-POPF risk. While traditionally intraperitoneal drains had been
removed around postoperative day (POD) 7 or later, [4, 91, 92] more recent studies
have demonstrated a potential benefit to early drain removal [93, 94]. In fact, a ran-
domized study in 2010 found a significant reduction (nearly 25%) in POPF inci-
dence when drains were removed on POD 3 compared to POD 5 [94]. Though this
study proved the benefits of early drain removal, it did so in isolation only. An
important risk-adjusted analysis of a randomized study in 2015 sought to determine

Table 10.3 Risk factor combinations for patients with negligible and low CR-POPF risk

Gland Pancreatic duct Intraoperative blood

texture Pathology diameter (mm) loss (ml) FRS
Firm PDAC or pancreatitis | >5 <400 0
Firm PDAC or pancreatitis | >5 401-700 1
Firm PDAC or pancreatitis | >5 701-1000 2
Firm PDAC or pancreatitis | 4 <400 1
Firm PDAC or pancreatitis | 4 401-700 2
Firm PDAC or pancreatitis | 3 <400 2
Firm Other >5 <400 1
Firm Other >5 401-700 2
Firm Other 4 <400 2
Soft PDAC or pancreatitis | >5 <400 2

Adapted from McMillan et al. [90]
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the risk-adjusted optimal timing for drain removal based on drain and serum amy-
lase values from POD 1, which are known to be accurate postoperative predictors of
CR-POPEF. This study found that CR-POPF rates were significantly lower in moder-
ate and high FRS patients with POD 1 drain fluid amylase (DFA) of <5000 U/L
when drain removal occurred on POD 3 versus POD >5. These patients also had
shorter hospital stays and experienced fewer complications [95]. Thus, patients who
receive intraperitoneal drains, namely, moderate- and high-risk patients, should be
evaluated postoperatively for drain amylase volume in order to determine whether
or not early drain removal is beneficial as a fistula mitigation strategy. Based on this,
the drain management protocol shown in Fig. 10.1 was established. This clinical
care protocol demonstrates that routine intraperitoneal drain placement is recom-
mended for moderate and high FRS risk patients, specifically. Furthermore, based
on the POD 1 DFA, drains should be removed either early (on POD 3) if DFA
<5000 U/L or based on the surgeon’s discretion if DFA >5000 U/L. Another multi-
center study prospectively evaluated and confirmed the advantage of this drain man-
agement protocol for PD by showing that significant decreases in CR-POPF were
achieved [96].

Strategies for Risk Mitigation in High-Risk Cases

With the establishment of FRS, a high-risk (FRS 7-10) cohort can be identified by
the aggregate of weighted FRS variables. This clinical scenario, though relatively
rare (~10% of all cases), has been found to have the highest rates of CR-POPF and
develop considerably worse outcomes than when these variables were considered in
isolation [56].This reinforces the importance of utilizing the FRS in risk assess-
ment, especially for this uncommon but clinically challenging situation. Table 10.4
presents 20 high Fistula Risk Score scenarios. A multinational, retrospective study
including 5323 PDs performed by 62 surgeons at 17 institutions provides insight as
to the efficacy of fistula mitigation strategies within this cohort specifically [56].

Intraoperative Calculation of

the Fistula Risk Score (FRS)
Negligible/Low Risk Moderate/High
(FRS 0-2) (FRS 3-10)
No intraoperative POD 1 POD 1
drain placement DFA <5,000 U/L DFA >5,000 U/L
Drain removal on Drain removal at
POD 3 surgeon’s discretion

Fig. 10.1 Drain management protocol (Adapted from McMillan et al. [90])
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Table 10.4 Twenty high-risk FRS scenarios

Gland Pancreatic duct Intraoperative blood

texture Pathology diameter (mm) loss (ml) FRS
Soft PDAC or pancreatitis | <1 401-700 7
Soft PDAC or pancreatitis | <1 701-1000 8
Soft PDAC or pancreatitis | <1 >1000 9
Soft PDAC or pancreatitis | 2 701-1000 7
Soft PDAC or pancreatitis | 2 >1000 8
Soft PDAC or pancreatitis | 3 >1000 7
Soft Other <1 <400 7
Soft Other <1 401-700 8
Soft Other <1 701-1000 9
Soft Other <1 >1000 10
Soft Other 2 401-700 7
Soft Other 2 701-1000 8
Soft Other 2 >1000 9
Soft Other 3 701-1000 7
Soft Other 3 >1000 8
Soft Other 4 >1000 7
Firm PDAC or pancreatitis | <1 >1000 7
Firm Other <1 701-1000 7
Firm Other <1 >1000 8
Firm Other 2 >1000 7

Adapted from Ecker et al. [56]
Abbreviations: PDAC pancreatic ductal adenocarcinoma, EBL estimated blood loss, FRS Fistula
Risk Score

This study found that the use and type of transanastomotic stents had the greatest
impact on CR-POPF incidence in this study. The results were in line with previous
randomized control trials, finding a reduction in CR-POPF rate with external stent-
ing when compared to no stenting and an increase in CR-POPF with the use of
internal stents when compared to no stenting. Furthermore, another mitigation strat-
egy — prophylactic octreotide administration — was found to be independently asso-
ciated with increased CR-POPF and postoperative complication burden. The
importance of risk adjustment is once again emphasized, as previous non-risk-
adjusted settings showed no concrete evidence in support of or against the use of
somatostatin analogs. Finally, the use of PG reconstruction was found to be inferior
to PJ anastomoses in this particular setting. An “optimal” approach to this scenario
including the use of a PJ anastomosis, external stent, and intraperitoneal drain, as
well as exclusion of octreotide, performed significantly better than other combina-
tions and dropped the CR-POPF rate to just 13%, from an otherwise expected rate
of roughly 30% in these especially challenging cases. Prospective randomized stud-
ies with appropriate risk adjustment are needed to further confirm optimal manage-
ment strategies in high-risk scenarios.
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Table 10.5 Mitigation strategies based on FRS zone

FRS zone Negligible risk Low risk Moderate risk High risk
% Frequency 8.13 22.6 58.8 10.5

% CR-POPF 0.7 52 14.3 31.6
Drains 0 0 + +
Somatostatin analog 0 0 0 0
Internal stent 0 0 0 -
External stent 0 0 - +

PG vs. PJ 0 0 PJ PJ

Overview of Pancreatic Fistula Risk

The primary goal in addressing pancreatic fistula should be “prevention as manage-
ment” by utilizing various mitigation strategies appropriately, and with discrimina-
tion, in order to reduce the occurrence of CR-POPF after pancreatic resection.
However, based on the contemporary literature, it is necessary to implement a risk
adjustment approach when evaluating CR-POPF risk and developing fistula mitiga-
tion strategies. It is essential to understand a patient’s overall CR-POPF risk, taking
into consideration the composite risk, rather than individual factors in isolation.
Table 10.5 depicts the distribution of cases and the frequency of CR-POPF within
each FRS risk zone, as well as the effect of mitigation strategies based on FRS
zone — with 0 indicating no effect, + indicating a beneficial effect, and — indicating
a harmful effect. The FRS has proven to be a well-established, validated, and simple
method to assess composite risk for pancreatoduodenectomy. However, such a tool
is not yet available for distal pancreatectomy, as risk modeling for this operation has
thus far been unfruitful.

Management and Treatment of Pancreatic Fistula

If mitigation strategies fail, several management approaches exist for the treatment
of CR-POPF once one occurs. These management and treatment strategies include
conservative therapy and interventional techniques and differ depending on the
severity of the fistula. Fistula severity can be assigned based on a complication-
specific adaptation of the six-point Modified Accordion Severity Grading System, as
shown in Table 10.6, which is specifically for POPF [97-99]. Accordion grades 1-3
correspond to grade B CR-POPF, and nonoperative management, while accordion
grades 4-6 correspond to grade C CR-POPF, sometimes requiring reoperation.

It is important to note that the vast majority of CR-POPFs can be managed con-
servatively. Frequently, the only thing necessary is prolonged drainage from the
initially placed operative drain. This can most often be achieved by a slow “backing
out” process of the drain over a matter of 2—4 weeks. For this sort of patient, who is
clinically stable with a relatively low-output leak, a strict nil per os (NPO) policy is
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Table 10.6 Modified Accordion Severity Grading System for postoperative pancreatic fistula

Fistula

Accordion Severity

Severity Grade| Description weight

1 Discharge from hospital with original operatively placed drain, 0.110
with no other interventions required

2 The use of therapeutic (not prophylactic) somatostatin analogs, 0.260

antibiotics, or total parenteral nutrition or total enteral nutrition,
via pre-existing nasogastric or jejunostomy tubes, is required for
the treatment of POPF

3 Any operative procedure short of general anesthesia is required for | 0.370
POPF management: complex wound management, percutaneous
drain placement or aspiration of an amylase-rich collection
postoperatively, angiographic procedure for control of a
pseudoaneurysm secondary to POPF, or endoscopic procedure

4 Reoperation under general anesthesia is required for an 0.600
anastomotic leak from the pancreaticojejunostomy or
pancreaticogastrostomy

Alternatively, single organ failure secondary to POPF (e.g., renal
failure, pulmonary failure, neurologic failure, etc.) has developed
5 Reoperation under general anesthesia for an anastomotic leak is 0.790
required, and single organ failure secondary to POPF (e.g., renal
failure, pulmonary failure, neurologic failure, etc.) has developed
Alternatively, multisystem (>2) organ failure secondary to POPF
has developed

6 Death attributable to POPF has occurred 1.000

Adapted from McMillan et al. [97]

not required, and diet advancement is preferred to achieve better overall nutrition.
Although practiced elsewhere, we have not found great utility in multiple drain
interrogation procedures, although certain fistulas may progress to a heightened
clinical scenario if they are poorly drained, and they may require an “upsizing” or
repositioning of the original drain, if not additional drainage. Most fistulas will heal
and seal on their own as the patient’s general nutrition and stamina normalize.
Antibiotics are usually invoked with this sort of approach, as most CR-POPFS dem-
onstrate bacterial infection.

One of the central components of conservative therapy for significant POPFs is
nutritional support. Most patients with POPF are in a hypercatabolic state, resulting
in high basal energy expenditure [3]. Additionally, patients with high-output fistulas
(>200 mL of exocrine secretion per day) may also have fluid, electrolyte imbal-
ances, and nutritional depletion [100]. There are two common types of nutritional
support: total parenteral nutrition (TPN) and enteral nutrition (EN). TPN blocks all
food-induced pancreatic secretions, thereby eliminating the release of gastrointesti-
nal hormones. However, long-term TPN may have negative consequences, namely,
caused by the absence of food in the gastrointestinal tract, lack of bile salts and
proteolytic enzymes, motility dysfunction, and changes in the serum levels of hor-
mones [101]. These changes may lead to wound infection, sepsis, hyperglycemia,
gastrointestinal mucosa atrophy, gut barrier dysfunction, pancreas atrophy, and
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decrease in enzyme secretion or synthesis [102, 103]. On the other hand, EN largely
avoids these consequences by stimulating the release of certain gastrointestinal pep-
tides, which form a negative feedback control system and can inhibit pancreatic
secretion [103]. Furthermore, a randomized controlled trial evaluating the clinical
implications of TPN versus EN in patients with CR-POPF demonstrated the bene-
fits of EN. This study found that EN support increased by more than twofold the
probability of fistula closure, shortened the time to closure, and was associated with
faster recovery, lower rates of nutrition-related complications, and lower cost than
TPN [104]. According to the European Society for Clinical Nutritional and
Metabolism (ESPEN), patients with a CR-POPF should receive EN of up to
20-25 kcal/kg body weight/day [105].

Another component of conservative therapy for CR-POPF, traditionally, has
been the administration of somatostatin analogs in a therapeutic manner. Like their
efficacy as a mitigation strategy, however, there is no solid evidence that somatosta-
tin analogs result in a higher closure rate for POPF compared with other treatments.
Thus, the administration of somatostatin analogs should not be used as a standard
treatment, particularly given their added cost [3].

Interventional techniques, specifically interventional radiology, also play a sig-
nificant role in the management of post-pancreatectomy complications [106]. One
such technique is the image-guided percutaneous drainage of peripancreatic fluid
collections/abscesses, which can be done for patients with a CR-POPF who are
hemodynamically stable and have an acceptable coagulation panel and if there is a
safe access route for a needle. After the administration of prophylactic broad-
spectrum antibiotics, the fluid collection is punctured using real-time imaging guid-
ance, and the fluid is aspirated. A drainage catheter is placed into the fluid collection
and it is emptied, after which post-drainage imaging is retrieved to ensure complete
or near-complete fluid emptying [3]. Studies have shown that over 85% of patients
were successfully managed with percutaneous drainage and did not need a reopera-
tion [106, 107]. Nonetheless, disadvantages to percutaneous drainage do exist and
include the need of daily care and regular flushing of the catheter, frequent monitor-
ing, and re-intervention to determine appropriate time for catheter removal, possible
localized skin irritation and infections, prolonged duration of treatment, delay of
oral refeeding, and longer hospital stay [108]. Special nursing needs are also
required for patients after their discharge.

Endoscopic ultrasound (EUS)-guided transmural drainage is being increasingly
used for the management of POPF, after both PD and DP [109, 110]. Anatomically,
this is more realistically used for DP where the stomach’s normal topography is not
affected by any reconstruction process, as opposed to the situation with PD. Several
retrospective studies comparing endoscopic and percutaneous drainage concluded
the two techniques have a nearly equal treatment success rate [108, 111-113].
However, these studies contained multiple limitations, and it is important to note the
objective advantages of EUS-guided drainage, namely, offered by the high-resolution
imaging of the fluid collection, pancreas, and surrounding vasculature [3]. However,
specialty expertise of this approach may not be universally available.
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The majority of CR-POPF can be managed nonoperatively. Some, however, do
require surgical intervention and thus qualify as ISGPF grade C fistulas. For exam-
ple, failure or contraindication of radiologic endovascular procedures requires
emergency relaparotomy to control ongoing bleeding in the case of hemorrhage
from a pseudoaneurysm. Unfortunately, this is associated with high morbidity and
significantly increased risk of mortality [7]. Though other indications of relaparot-
omy are not uniform across different studies, there are general guidelines dictating
the need for an operative intervention. These include the following: deteriorating
general conditions despite maximal supporting care, infected intra-abdominal col-
lections that are inaccessible to percutaneous or endoscopic drainage, suspected
peritonitis due to visceral perforation, and drainage limb necrosis [114, 115].

Furthermore, there are multiple surgical options for pancreatic stump manage-
ment at relaparotomy. These include debridement and drainage of the peripancreatic
region (with or without bridge stenting of the main pancreatic duct), attempted
repair of the leakage site, construction of a new pancreaticoenteric anastomosis (not
advised), resection of the pancreaticoenteric anastomosis with remnant ligation or
closure, and completion pancreatectomy (which is often associated with subsequent
mortality) [3]. The surgical option is usually determined by intraoperative findings,
as well as the patient’s clinical stability. Resource utilization, cost of care, and prob-
ability of death escalate significantly with each grade of CR-POPF, as well as with
baseline risk of CR-POPF development [11, 116-118].
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