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INTRODUCTION

It is estimated that 1 in 400 individuals in the US have
cirrhosis,['l and the burden of liver disease has been
rising over time, largely related to the obesity epidemic
and NAFLD.2 With an aging population of patients with
advanced liver disease, the volume of surgical proce-
dures in patients with cirrhosis, such as major orthope-
dic or hernia repairs, has also increased over time.!
Surgery is being performed more frequently in part due
to the increased burden of liver disease and improved
long-term survival of individuals with chronic liver
disease, and therefore accurate preoperative risk
stratification is especially salient in the current era of
practice. In this brief review, we discuss the elements of
cirrhosis that uniquely contribute to surgical risk, detail
the preoperative assessment and risk assessment for
patients with cirrhosis undergoing nonhepatic surgeries,

patients without cirrhosis. This is related to numerous cirrhosis-specific
factors, including severity of liver disease, impaired synthetic function,
sarcopenia and malnutrition, and portal hypertension, among others.
Nonhepatic comorbidities and surgery-related factors further modify the
surgical risk, adding to the complexity of the preoperative assessment. In this
review, we discuss the pathophysiological contributors to surgical risk in
cirrhosis, key elements of the preoperative risk assessment, and application
of risk prediction tools including the Child-Turcotte-Pugh score, Model for
End-Stage Liver Disease-Sodium, Mayo Risk Score, and the VOCAL-Penn
Score. We also detail the limitations of current approaches to risk
assessment and highlight areas for future research.

and discuss the limitations and ongoing challenges with
risk stratification.

BASIS OF INCREASED SURGICAL
RISK IN CIRRHOSIS

Patients with cirrhosis have an approximately 3-fold
increased perioperative mortality compared with
patients without cirrhosis.*®l The risk of surgical
complications leading to morbidity and mortality is tied
to several key pathophysiological changes that are
proportional to the severity of liver disease (Figure 1).
First, sarcopenia with muscle loss is common in
patients with cirrhosis due to a catabolic state where
muscle protein breakdown exceeds the synthesis of
new proteins due to impaired liver synthetic function.[”]
Patients with cirrhosis also tend to have malnutrition

Abbreviations: ASA, American Society of Anesthesiologists; CTP, Child-Turcotte-Pugh; INR, international normalized ratio; MELD-Na, Model for End-Stage Liver

Disease-Sodium; MRS, Mayo Risk Score; VPS, VOCAL-Penn Score.
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related to poor nutritional intake and absorption,
particularly in those with alcohol-associated liver
disease. This results in nutritional deficiencies that
impair wound healing, promote frailty, and lead to poor
physical recovery in the postoperative period.

Second, portal hypertension increases the risk of
multiple intraoperative and postoperative complications.
Ascites may develop for a variety of reasons including
intraoperative resuscitation efforts, holding of home diu-
retics, and cardiac effects of anesthesia; with cirrhosis, the
liver is especially prone to ischemic injury from relative
intraoperative hypotension and/or splanchnic bed manipu-
lation, thus increasing the risk of postoperative
decompensation.®! Ascites may also result from iatrogenic
injuries to lymphatics resulting in chylous ascites, seen
more frequently in major abdominal procedures such as
pancreatic surgeries.l¥l With portal hypertension, the risk of
intraoperative and postoperative bleeding is elevated due
to increased hydrostatic pressure and expansion of
portosystemic collaterals, which impact thoracic and intra-
abdominal surgeries in particular as they may involve the
splanchnic circulation. Variceal hemorrhage may also occur
due to hemodynamic shifts that occur during surgery in
patients with preexisting portal hypertension, in addition to
increases in portal pressure from intraoperative or post-
operative volume expansion.

Third, patients with cirrhosis exhibit deranged coagu-
lation and fibrinolysis where they are both more likely to
develop thromboembolisms as well as more likely to
develop bleeding relative to the general population.['”
The balance between these tendencies can be difficult to
predict and not well-reflected by standard coagulation
testing. If bleeding does occur, hemostasis may be more
difficult given the baseline thrombocytopenia in the setting
of splenic sequestration and relative thrombopoietin defi-
ciency, synthetic deficiencies in clotting factors, and low
fibrinogen due to decreased fibrin polymerization, reduced
fibrinogen synthesis, and hyperfibrinolysis related to excess
availability of tissue plasminogen activator and reduced
fibrinolysis inhibitors.['"-'2 Finally, cirrhosis renders patients
more susceptible to infections due to immune dysregulation
of the inflammatory response.['3l

Cirrhosis Factors

- Malnutrition, sarcopenia
- Coagulation abnormalities
- Severity of liver disease and

As noted, surgical complications such as infection and
bleeding are more common and more severe in the
presence of chronic liver disease.[' Septic shock,
bleeding, and respiratory failure are the most common
causes of attributable mortality after surgery and can all
be impacted by the presence of advanced liver
disease.l'’”l However, in addition to serious surgical
complications such as wound infection, hemorrhage, or
pulmonary embolism, surgery itself may precipitate acute
deterioration in liver function leading to hepatic decom-
pensation such as hepatic encephalopathy, ascites, or
variceal bleeding through a variety of mechanisms.['4]
Hemodynamic instability in the perioperative period can
cause hepatic ischemia and worsen liver function in
patients with underlying liver disease, especially in those
with pre-existing portal hypertension. This phenomenon
may precipitate any of the aforementioned hepatic
decompensation including ascites or variceal bleeding.
HE may also occur due to postoperative infection, acute
kidney injury, bleeding, or medication-related factors
including the effects of intraoperative anesthesia, with-
holding of lactulose for postoperative ileus, and/or the
use of postoperative analgesics.[6!

PREOPERATIVE RISK ASSESSMENT

Preoperative risk stratification for cirrhotic patients can
be difficult owing to the large number of variables in
cirrhosis that may potentially contribute to surgical risk
as stated above, in addition to other surgery-specific
and patient factors that modify risk. However, with
regard to cirrhosis-specific factors, there are several
clinical factors that should be examined in the preop-
erative setting.

Severity of liver disease and portal
hypertension

Severity of liver disease is the most important factor in
predicting postoperative outcomes. Given the exceptional

Postoperative Complications
- Poor wound healing

impaired synthetic function
- Portal hypertension and
decompensation history
- Impaired immune response
- Etiology of liver disease

Surgical Factors

- Surgery type/complexity
- Elective vs. emergent

- Laparoscopic vs. open

- Center expertise

- Poor physical recovery

- Ascites, wound dehiscence

- Hepatic encephalopathy

- Variceal hemorrhage

- Infection risk, bacterial translocation
- Increased thrombosis risk

- Increased bleeding risk

Patient Factors &

- Age, frailty
- Non-hepatic comorbidities
- ASA classification

FIGURE 1
Anesthesiologists.

- Acute on chronic liver failure
- Acute renal injury

Conceptual model for increased perioperative risk in patients with cirrhosis. Abbreviation: ASA, American Society of
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high mortality rates, surgery should generally not be
undertaken in patients with acute liver failure, severe
acute hepatitis, or alcohol-associated hepatitis,['”! with the
notable exception of liver transplantation where indicated.
As liver disease progresses, hemodynamic changes
characterized by splanchnic vasodilation, increased car-
diac output, and decreased systemic vascular resistance
occur that can impair organ perfusion during surgery.
Higher Child-Turcotte-Pugh (CTP) and the Model for End-
Stage Liver Disease-Sodium (MELD-Na) scores have
been shown to be associated with worsening postoper-
ative mortality.['® Both scoring systems take into account
basic laboratory values to stratify liver disease severity.
Therefore, all patients should receive testing with com-
plete blood count, comprehensive metabolic panel, and
coagulation profile as part of the preoperative evaluation.
A detailed history and physical examination should be
performed to determine the presence of cirrhosis decom-
pensation, including hepatic encephalopathy, ascites, and
history of variceal bleeding. If a patient has not previously
had abdominal imaging, an abdominal ultrasound or
cross-sectional abdominal imaging may help to classify
the degree of ascites, splenomegaly, or presence/
absence of varices. Imaging will also serve as screening
for HCC (if the patient is not already up to date) and may
identify PVT, which may potentially modify surgical
planning and prognostic discussions. If the surgery is
elective, the patient should be up to date with variceal
screening through esophagogastroduodenoscopy (if indi-
cated) and appropriate management in accordance with
the American Association for the Study of Liver Diseases
guidance is recommended (eg, band ligation or initiation of
nonselective beta blocker medication if medium or large
varices identified). If band ligation is performed, it
is advisable to allow 14 days to ensure healing of
postbanding ulcers.[1920]
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Etiology of liver disease has also been found to
predict postoperative mortality with NAFLD exerting a
protective effect and viral etiology associated with
increased mortality risk.2" As compared with other
etiologies of liver disease, alcohol-associated cirrhosis
may favorably impact postoperative outcomes, poten-
tially owing to the partial reversibility of liver injury with
abstinence.[?? Hepatitis C has also been shown to have
worse operative morbidity and mortality as compared
with hepatitis B when undergoing hepatic resection for
HCC.[23 Therefore, if not already completed, a compre-
hensive evaluation to determine the etiology of liver
disease should be performed, including testing for
hepatitis B and hepatitis C infection.

Consideration of surgical factors

Regarding surgery-specific factors, surgical procedure
type categorized as abdominal wall, major vascular,
laparoscopic abdominal, open abdominal, chest/car-
diac, or major orthopedic was found to significantly
impact postoperative mortality risk, with open abdomi-
nal surgeries associated with the highest mortality,
followed by chest/cardiac surgeries (Figure 2A).1421 |t is
well-established that, when feasible, a laparoscopic
approach to abdominal surgery confers a lower risk of
perioperative morbidity and postoperative mortality as
compared with an open approach.242"] Emergency
status of surgery has also been found to be associated
with more than double the mortality rate compared with
elective surgeries.[?8-301 A study evaluating the CTP and
MELD score prediction of postoperative mortality found
that patients undergoing emergency surgery had
significantly higher mortality at 1 and 3 months after
surgery.'8l Finally, center surgical volume has been
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associated with improved postoperative outcomes in
cirrhosis, highlighting the importance of surgical,
anesthesia, and perioperative management expertise
in these complex patients.3"

Nonhepatic comorbidities

Finally, preoperative evaluation should also include an
assessment of other nonhepatic comorbidities such as
cardiovascular disease. This is particularly salient as
there is an increasing prevalence of NASH in the US and
worldwide.232l NASH has been associated with an
increased risk of heart failure, stroke, coronary artery
disease, and arrhythmia and is the leading cause of
death in this population.33l A preoperative electrocardio-
gram should be performed in all patients, and in patients
with concern for systolic, diastolic, or valvular dysfunc-
tion, a brain natriuretic peptide and transthoracic
echocardiogram should also be performed. Increasing
age as well as the American Society of Anesthesiologists
(ASA) physical status classification are also known to
predict increased postoperative mortality in patients with
cirrhosis?'2Z; the latter should be assessed in all
patients. The ASA classification, which is commonly
used to predict surgical mortality in the general
population,® ranges from 1 (healthy patient) to 6
(declared brain dead) and provides a global assessment
of a patient's comorbid preoperative state. In patients
with cirrhosis the ASA score is most often a 3 (severe
systemic disease, ie, many patients with compensated
cirrhosis) or 4 (severe systemic disease that is a constant
threat to life, ie, decompensated cirrhosis), but may
arguably be as low as 2 (mild systemic disease) in
patients with well-compensated cirrhosis without ongoing
liver injury or significant nonhepatic comorbidities.

RISK STRATIFICATION TOOLS

Surgical risk calculators have become increasingly
popular tools to stratify patients based on their
preoperative surgical risk. These risk calculators
(Table 1) have the added benefit of using easily
obtainable patient information such as laboratory
values and demographic factors to determine surgical
risk and help providers and patients make informed,
personalized decisions about surgery.

CTP and MELD-Na scores

The CTP and MELD-Na scores are used universally in
clinical practice to stratify liver disease severity.
Although they are commonly used, they do not
include any surgery-specific risks. CTP score uses 5
parameters including 3 laboratory values [international

normalized ratio (INR), albumin, and bilirubin] and 2
subjective categories (ascites and hepatic encephalop-
athy) with scores ranging from 5 to 15 and classifying
patients into CTP class A, B, or C. Previous studies
have shown perioperative mortality rates of 10% for
CTP A, 30% for CTP B, and 80% for CTP C patients
after undergoing abdominal surgery.[3°!

The MELD-Na score is used to prioritize patients on
the liver transplant list and is used as a more objective
measurement as compared with CTP. The MELD-Na is
comprised only of 4 laboratory values (sodium, crea-
tinine, bilirubin, and INR) with a score > 26 correspond-
ing to a > 90% postoperative mortality rate in 1 study of
diverse surgery types.['®l In this retrospective cohort
study of 195 patients with cirrhosis undergoing emer-
gent and elective surgeries, CTP and MELD-Na were
found to perform similarly, with fair discrimination for a
composite outcome of postoperative mortality or hepatic
decompensation (AUC=0.755 for MELD vs. AUC =
0.696 for CTP, P=0.3)."8l

Mayo Risk Score (MRS)

The first dedicated surgical risk prediction model
validated in patients with cirrhosis was the MRS.[22
Predictors in this score include the ASA physical status
classification (dichotomized as 3 for compensated or 4
for decompensated cirrhosis), INR, total bilirubin,
creatinine, age, and etiology of liver disease. The study
found that the relative risk of 30- and 90-day mortality
increased by 14% with each 1-point increase in the
MELD score. When externally validated in a Korean
cohort, the MRS was found to have good overall
performance but overestimated the predicted 1-year
mortality rate after surgery (22.6% predicted vs. 8.9%
observed; p <0.01) suggesting good discrimination but
inadequate calibration.3¢! Overestimates of surgical risk
can result in undue denial of surgery for patients with
otherwise acceptable risk profiles. MRS also is only
designed to take into account orthopedic, cardiovascu-
lar, and major abdominal surgeries and does not
provide any risk stratification based on the type of
surgery despite evidence that the type of surgery is a
major predictor of surgical risk.! Finally, given that the
MRS was published in 2007, there has been a strong
argument for updated risk prediction tools that reflect
the modern era of practice.’3”! This is especially
important given the major advances in surgical and
perioperative care, including expansion of endovascular
surgeries, minimally invasive techniques, and robotic
surgeries, among other advances, which have funda-
mentally change patient selection for both laparoscopic
and open surgical approaches. Indeed, recent literature
has demonstrated declining calibration of the MRS over
time, with progressive overestimation of cirrhosis
surgical risk (Figure 3).



ASSESSING RISK OF SURGERY IN CIRRHOSIS

TABLE 1 Inputs required to compute risk prediction models for cirrhosis surgical risk

VOCAL-Penn Mayo risk CTP MELD-Na

Age Age Total bilirubin Total bilirubin

Albumin Total bilirubin International normalized Creatinine

Total bilirubin Creatinine ratio International normalized
Platelet count International normalized ratio Ascites (absent, slight, ratio

Body mass index Alcohol-associated/cholestatic versus moderate) Sodium

NAFLD viral/other liver disease HE (absent, grade 1/2,

American Society of Anesthesiology American Society of Anesthesiology grade 3/4)

physical status classification
Emergency indication
Surgery type

physical status classification

Abbreviations: CTP, Child-Turcotte-Pugh; INR, international normalized ratio; MELD, Model for End-Stage Liver Disease; MELD-Na, MELD-sodium.

VOCAL-Penn Score (VPS)

The VPS was recently developed as an updated
prediction model that could account for the type of
surgery and improve model performance as compared
with previous models.?"! Initially derived in a large
cohort of patients in the Veterans Health Administration,
the VPS includes the following predictors: age, preop-
erative albumin, platelet count, bilirubin, and surgery
category such as laparoscopic abdominal versus open
abdominal surgery, elective versus emergency indica-
tion, fatty liver disease, ASA classification, and obesity.
The VPS online calculator can be found at http://www.
vocalpennscore.com.

The VPS demonstrated superior discrimination to
MELD, MELD-Na, CTP, and MRS at 30, 90, and 180
postoperative days in a Veterans Health Administration
internal validation, and was subsequently externally
validated in 2 non-Veterans Health Administration inde-
pendent health systems.8l In contrast to other risk
stratification models, the VPS has been expanded to
predict 90-day postoperative hepatic decompensation.39
In addition, while the focus of this review is on nonhepatic
surgeries, we point out that the VPS has also been
externally validated as a predictor of postoperative
mortality after liver resection, in both patients with and
without cirrhosis.#% In this validation study, the VPS
performance was superior to MELD-Na, MRS, and the
albumin-bilirubin score.

An important limitation of all dedicated surgical risk
score is that they were derived from retrospective
cohorts of patients who underwent surgery and were
therefore judged to be surgical candidates. This can
account for why more patients were low MELD and CTP
A in the cohorts from which these risk stratification tools
were designed. There are also other additional factors
that providers may factor into their assessment such as
frailty and sarcopenia that are difficult to accurately
categorize using large database studies and are there-
fore not accounted for in these risk models."l These
risk models are not meant to be used as a substitute for
clinical judgment and should instead be used as a tool
to be used to help patients and providers in shared

decision-making. Given these limitations, if projected
risk for an elective surgery is >15% at 90 days, it is
generally recommended that a liver transplant evalua-
tion be performed before surgery to determine if that
patient is a candidate. A transplant evaluation will
ensure that the patient is evaluated by medical and
surgical liver specialists before surgery and may result
in listing for transplant as a rescue if the patient
decompensates after surgery.

PREOPERATIVE OPTIMIZATION

There are several measures that should be taken to
optimize all patients with cirrhosis before surgery.
Common pathology such as sarcopenia, hemostatic
factors, and hepatic decompensation should be
assessed and intervened upon before surgery.

Malnutrition and frailty

Malnutrition as seen with hypoalbuminemia and muscle
wasting should be identified and mitigated through
optimizing the patient’s nutritional status. Careful nutri-
tional assessment should be done by a skilled dietitian
when possible and a diet high in protein should be
emphasized. Risk of sarcopenia should be assumed
to be high if the patient's body mass index is <18.5
kg/m?2.142] Patients should be recommended to take in at
least 30—35 kcal/kg calories per day with 1.25-1.5 g/kg
per day of protein as calculated based on ideal body
weight.3l Given the longest intermeal duration is at
night, strategies to shorten nocturnal fasting with an
evening snack have been shown to improve patient
quality of life and total body protein status.4! Individuals
with alcohol-associated liver disease should also be
considered for thiamine and folic acid supplementation,
and sustained sobriety should be supported. Physical
prehabilitation, or physical therapy before undergoing
surgery, may reduce frailty and improve conditioning
before elective surgery, which may translate to
improved postoperative recovery.*9 Although there
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are scant literature addressing this subject in nontrans-
plant surgery in patients with cirrhosis, physical pre-
habilitation programs have been successfully shown to
reduce hospital length of stay and decrease cost of care
in a broad cohort of patients including those with
cirrhosis. 46!

Hemostasis considerations

Many patients with chronic liver disease will be found to
have anemia, thrombocytopenia, and coagulation abnor-
malities at baseline. There is no specific platelet cutoff
where procedural bleeding risk is reliably increased and
an individualized approach regarding correction of throm-
bocytopenia before surgery should be used.*! Cirrhosis
contributes to a wide variety of changes in hemostasis that
may simultaneously promote bleeding and clotting. Thus,
traditional tests of coagulation such as INR that measures
only a limited portion of the hemostatic system provide
inherently unreliable information about a given patient’s
propensity for these events, and there is no evidence that
targeting a specific INR goal reliably reduces perioperative
bleeding in patients not on vitamin K antagonists.“”! More
comprehensive hemostasis tests that evaluate both
coagulation and fibrinolysis, such as thromboelastography
or rotational thromboelastometry, have been shown to
reduce utilization of blood products without an increase in
bleeding or complications in patients with cirrhosis under-
going nonsurgical procedures.*® However, further
research is needed to determine the role of these tests
in the perioperative setting before they can be routinely
recommended in clinical practice.*® Thrombopoietin
receptor agonists, such as avatrombopag and eltrombo-
pag, increase native production of platelets and have been
shown to reduce the need for platelet transfusions during
or after invasive procedures.’® These agents may be
considered in thrombocytopenic patients undergoing high-
risk elective surgery as it takes ~10 days for the effect to
be realized; however, caution should be exercised given
that these medications are associated with an increased
risk of thrombosis including PVT. If fibrinogen is <100 mg/
dL before surgery, low-volume cryoprecipitate should be
administered. Finally, given that INR is not necessarily
reflective of bleeding tendency in cirrhosis due to the
imbalance of coagulation factors, there is limited utility in
correcting INR with fresh frozen plasma in the absence of
active bleeding, and transfusion carries the risk of volume
overload (which may theoretically increase the risk of
variceal bleeding) and transfusion reaction.

Optimizations related to portal
hypertension

Patients with clinical evidence of ascites should be
optimized with diuretics, salt restriction, and therapeutic

paracentesis as needed before surgery, and there
should be a clear plan to adequately manage ascites
after surgery. This is particularly important for abdomi-
nal surgeries and hernia repairs given that ascites can
contribute to abdominal wound dehiscence and
abdominal wall herniation.5" Before surgery, patients
with ascites should have their diuretics titrated and a
diagnostic paracentesis should be performed to rule out
spontaneous bacterial peritonitis. In patients with
indications for spontaneous bacterial peritonitis prophy-
laxis, antibiotics should be continued through the
perioperative period. TIPS has been evaluated as a
tool for preoperative portal decompression, but to date
there is insufficient evidence to support its routine use
before abdominal or thoracic surgery.5' No prospective
studies have been performed to evaluate the utility of
preoperative TIPS, and retrospective studies have not
demonstrated a survival benefit or differences in severe
postoperative complications with this practice.l52-54
Nonselective beta-blockers decrease portal hyperten-
sion by counteracting splanchnic vasodilation and
compensatory increases in cardiac output. In general,
patients with indications to take nonselective beta-
blockers such as those with medium or large varices or
prior variceal bleeding should be started on or main-
tained on therapy; however, they should not be used in
patients with refractory ascites or high CTP scores as
they may reduce hemodynamic reserve and increase
mortality in this setting.[55:56]

Surgery-specific considerations

There are several additional specific surgical situations
that should be considered. For patients undergoing
elective cholecystectomy, surgery should be delayed until
after liver transplant evaluation given the risk of bile duct
injury, which may make transplant potentially more
difficult. If cholecystectomy is emergent, the patient should
ideally be transferred to a transplant center for further
consideration.’”! If the patient is CTP class C or has
refractory ascites, it is not advisable to proceed with
surgery and nonsurgical options such as endoscopic
transpapillary gallbladder drainage can be considered.
Patients requiring cardiopulmonary bypass for intrathora-
cic procedures are at high risk for bleeding given the need
for intraoperative anticoagulation and hyperfibrinolysis
that occurs. These procedures should only be performed
at an experienced center with expertise in perioperative
management of patients with cirrhosis and are historically
contraindicated in patients with CTP >7 or MELD >13.5
and a less invasive approach is preferred.[58l

Cirrhosis increases the risk of traumatic and non-
traumatic orthopedic injuries as it predisposes patients to
low bone density, sarcopenia, and frailty. However,
orthopedic surgeries in patients with cirrhosis have been
found to be associated with a higher postoperative
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mortality and length of stay compared with patients
without cirrhosis.®® Prehabilitation and careful preoper-
ative optimization are thus important in this scenario. In
addition, as patients may be immobilized after selected
orthopedic surgeries, postoperative prophylaxis against
venous thromboembolism should be utilized in patients
with cirrhosis given a predisposition to a potential
thrombophilic state.l®” Note that pharmacologic venous
thromboembolism prophylaxis should be used with
caution in patients with profound thrombocytopenia.[!
Ventral and inguinal hernias frequently occur in
patients with cirrhosis and ascites due to increased
intra-abdominal pressure and are common indications for
surgery in this population. If hernia repair is performed,
postoperative ascites may result in wound dehiscence
and recurrent hernia, in addition to increasing the risk of
infection and ascitic fluid leak.[?8! Thus, it is critical that
ascites be well-managed before hernia repair whenever
possible; this may be addressed through medical
management such as diuretics and salt restriction, or
potentially through preoperative TIPS in eligible
patients.5?l The timing of hernia repair may also present
a clinical conundrum, as historically the surgical risks in
cirrhosis were perceived to outweigh the benefits in
elective scenarios. A recent randomized control trial
evaluated outcomes of elective repair versus conserva-
tive treatment for patients with cirrhosis and umbilical
hernias. While there were no significant differences in
patient morbidity, likely related to small sample size,
patients with conservative management had higher
numerical rates of complications (77.8%) as compared
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for 90-day postoperative mortality. With each successive 3-year
period since the publication of the Mayo Risk Score, the model has
experienced degrading calibration such that the risk score pro-
gressively overestimates the true risk of postoperative mortality. This
may be related to improvements in surgical technique, perioperative
management, and the advent of more minimally invasive surgical
techniques over time. Adapted from Mahmud et al,[zﬂ with
permission.

with those who underwent elective repair (50.0%).631
Several risk factors for adverse outcomes after hernia
repair have been identified in retrospective studies
such as a MELD > 15, hypoalbuminemia, anemia, and
preoperative small bowel obstruction.[2864 These studies
suggest that elective hernia repair is safe in selected
patients with cirrhosis, although ongoing studies are
needed to identify patients most likely to benefit from a
surgical approach.

Finally, given the increasing burden of NASH in the
general population, many patients with cirrhosis may also
be candidates for bariatric surgery with sleeve gastrec-
tomy at the time of liver transplant consideration./®! For
individuals with compensated cirrhosis and no significant
portal hypertension, bariatric surgery is a viable weight
loss option and is associated with a decreased risk of
liver adverse outcomes.[%¢! There are small studies that
have reported feasibility in performing bariatric surgery in
patients with clinically significant portal hypertension, but
this should be restricted to highly experienced centers
with expertise in managing hepatic complications.®”)

LIMITATIONS TO EXISTING
APPROACHES OF RISK
ASSESSMENT

There are currently limited data to help contextualize the
risk of surgery against nonoperative options for patients
with cirrhosis. The risks of not proceeding with surgery
are impacted not only by the severity of liver disease but
by the indication for surgery itself. These scenarios
have not been well studied making truly informed
decisions to proceed or not to proceed with surgery
challenging. This is because estimation scores, such as
MRS or VOCAL-Penn, were derived only from cohorts
of patients who underwent surgical treatment. Given the
likely historic overestimation of surgical risk in many
patients with cirrhosis, there are limited data available
on patients with more advanced liver disease under-
going surgery with which to inform risk projections.
Decision analysis studies may help to address this
gap on a surgery-by-surgery basis if short-term mortality
can be estimated in patients with an indication for
surgery but who did not receive it. As an example, a
recently published study used Markov cohort analysis
as applied to the patients with cirrhosis and a
symptomatic abdominal hernia. The decision analytic
model identified a MELD-Na score of 21.3 as a
threshold below which elective surgical hernia repair is
favored over nonoperative management using quality-
adjusted life years as the outcome.8l This result
implies that the currently perceived thresholds for
acceptable surgical risk are excessively high when
hernia repair is considered. This is consistent with
findings of other studies,® especially when an alter-
native nonoperative scenario may lead to hernia
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incarceration or rupture that necessitates surgery under
higher-risk emergent settings. Similar risk aversion is
likely to be present in many other surgeries in patients
with cirrhosis, though this will need to be demonstrated
in future literature.

An additional important limitation to existing preop-
erative decision-making approaches is a paucity of data
on the patient perspective. Risk prediction tools have
been provider-facing and overwhelmingly focused on
predicting mortality as a key outcome. While this is an
essential outcome, it is likely that patients value myriad
other factors beyond mortality when faced with a
decision about major surgery. Qualitative and mixed-
method studies may help to identify patient-important
attributes, as well as thresholds above or below which
patients alter decisions regarding surgery. This is an
important area of future research that may shift surgical
risk counseling from a paternalistic framework to one of
shared decision-making.

Finally, it cannot be overstated that risk prediction
models are merely a tool to evaluate patient risk
informed by available clinical and surgical character-
istics and should not replace clinical judgment. Risk
models should also be limited to patients who could
plausibly be surgical candidates and cannot yet be
generalized to patients who clearly have unacceptable
surgical risk. They additionally do not account for
hospital factors such as center/surgeon/anesthesia
experience and access to subspecialty care, which
can have a significant impact on patient outcomes.
Thus, the preoperative evaluation of a patient with
cirrhosis remains a complex challenge that, while to
some degree, has been simplified by risk prediction
tools, nonetheless requires the engagement of thought-
ful clinicians.

CONCLUSIONS

Cirrhosis uniquely contributes to an increased risk of
postoperative complications including infections, bleed-
ing, and/or incident hepatic decompensation that may
drive mortality. Severity of liver disease is the most
important factor in predicting postoperative outcomes,
therefore a detailed history, physical examination, and
review of laboratory and imaging data should be
performed in the preoperative setting to determine the
presence of portal hypertension and hepatic decom-
pensation. Preoperative optimization should be per-
formed whenever feasible and may include addressing
common pathology such as sarcopenia/malnutrition,
hemostatic abnormalities, optimization of hepatic
decompensation, and consideration of surgery-specific
factors. Surgical risk prediction tools such as the CTP
Score, MELD-Na scores, MRS, and the VOCAL-Penn
Score are powerful tools to help risk stratify patients
based on preoperative factors; however, they should be

used as an adjunct alongside good clinical judgment. In
the future, decision analysis studies may be helpful to
better delineate scenarios in which the benefits of
surgery outweigh the risks for patients with cirrhosis
with varying predisposition to operative risk.
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