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Key Points 

• Perioperative morbidity and mortality in CLD patients
undergoing non-hepatic abdominal surgery remain high

• Stringent assessment and risk  in the
preoperative period are essential for better outcomes

• Severity of liver disease, type of surgery and whether
surgery is performed as a routine or emergency 
procedure are major determinants of outcomes

• CTP score and MELD score may be complementary
rather than competitive in predicting short term outcomes

• Preoperative portal decompression (TIPSS) may help
reduce operative bleeding and postoperative ascites

stratification
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Introduction

Patients with poorly compensated chronic liver disease (CLD),
requiring surgical intervention form a unique group of surgical
candidates. Though liver resection for hepatic tumours and liver
transplantation (LT) are the most common surgical procedures
performed in cirrhotic patients; these patients may frequently
require other non-hepatic surgical procedures including surgery
for abdominal wall hernia’s, abdominal surgery for peptic ulcer
disease, biliary, small bowel, colon, and pancreatic disease, and
in addition cardiac, vascular, and orthopaedic surgery. Patients
with compromised liver function are known to decompensate
due to the stress of both anaesthesia and surgery, and in spite
of significant advances in surgical and intensive care, periopera-
tive mortality and morbidity continue to remain high [1–10].
Studies reporting the occurrence of, and type of morbidity in
patients with cirrhosis undergoing non-hepatic surgery have
shown variable results; the reported in-hospital mortality rates
after various non-transplant surgical procedures range from
8.3% to 25% (even in well selected cirrhotic patients) compared
to 1.1% in non-cirrhotic patients [5,6]. Mortality is the conse-
quence of a high rate of postoperative decompensation of cirrho-
sis (especially in cases of intra-abdominal surgery) and an
increased risk of bacterial infection. In addition, the outcomes
are known to be worse in patients undergoing surgery as an
emergency procedure (e.g. for bleeding, perforation, incarcera-
tion) [6–10]. The wide variations in mortality rates can be attrib-
uted primarily to the varying degree of liver dysfunction, and in
addition to different patient demographics, varied surgical diag-
noses, different levels of expertise of the surgical anaesthesia
and intensive care unit team and finally, reporting bias.
The drawbacks of studies in literature include lack of control
groups in most studies [2–5,7–10], comparison of morbidity
and mortality for specific procedures rather than an overall
assessment [11–19], small number of patients in some studies,
and lack of sufficient details regarding severity of liver disease
(i.e., CTP (Child Turcotte Pugh) or MELD (Model for End Stage
Liver Disease) score) [6,7,18,20–23].

It is indeed difficult to significantly reduce the operative risk
in decompensated CLD patients in most situations; hence it is
of prime importance to assess these patients in the preoperative
period and if possible predict the extent of risk of a surgical inter-
vention. Retrospective studies have identified multiple clinical
and laboratory variables that contribute to increased periopera-
tive morbidity and mortality rates in CLD patients undergoing
non-hepatic abdominal surgery [5,7–8]. Moreover, it has been
shown that there is a correlation between the number of risk fac-
tors identified by multivariate analyses and the rate of perioper-
ative complications [5]. However, the debate on the best method
(scoring systems or non hepatic markers) and then the best indi-
vidual parameters for risk assessment still continues.

This review explores methods that could best serve to assess
patients with cirrhosis preoperatively and predict outcomes of
non-hepatic surgery in them, particularly for the most common
abdominal procedures. This knowledge could help in a better
selection of patients, thus reducing postoperative mortality and
morbidity; and at the same time explore the possibility of using
preoperative interventions to further reduce these risks.
� 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
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Pathophysiology

The worldwide prevalence of CLD is increasing due to the
increasing incidence of hepatitis C (HCV), hepatitis B (HBV), alco-
hol-related and non-alcohol related fatty liver disease (NAFLD).
Up to 10% of patients with cirrhosis are likely to undergo non-
transplant surgery in the last 2 years of their life [24].

While some studies have shown that in expert hands, even
major abdominal surgeries like pancreaticoduodenectomy for
pancreatic tumours are safe in well compensated CLD patients
[25], general anaesthesia and surgery may lead to drastic morbid-
ity and high perioperative mortality in decompensated cirrhotic
patients.

Severity of liver disease (degree of decompensation) is thus
the most important factor predicting postoperative outcome. Sec-
ondary to the loss of hepatic reserve and because of other sys-
temic derangements that are the result of liver dysfunction
(such as hemodynamic impairments), patients with liver disease
have an inappropriate response to surgical stress. These individ-
uals are accordingly at an increased risk of bleeding, infection,
postoperative hepatic decompensation, including hepatic coma
or death. Therefore, the decision to perform surgery in these
patients must be heavily weighed and careful patient selection
is mandatory.

The underlying disease and nature of the surgical procedure
are important determinants of postoperative outcomes. The mor-
bidity and mortality risks are the highest in patients undergoing
cardiac surgery (up to 31% perioperative mortality), and open
abdominal surgeries like cholecystectomy (up to 17% periopera-
tive mortality), gastric resection (up to 78% morbidity, 54% mor-
tality) and colectomy (up to 48% morbidity, 24% mortality) [18].
The higher incidence of complications in abdominal surgery is
probably explained by hepatic ischemia and an increased risk
of intra-operative bleeding in the presence of portal hypertension
(PHT), especially in patients with previous abdominal surgery
and adhesions. Hemodynamic changes, characterized by
increased cardiac output, splanchnic vasodilation, and decreased
systemic vascular resistance, are common in patients with PHT,
and these changes progress with worsening liver disease. Despite
an increased cardiac output, perfusion may be impaired due to
shunting of blood, and in addition, anesthetic agents may also
reduce hepatic blood flow and decrease oxygen uptake by the
liver and splanchnic organs. Hypotension, hypoxemia, hemor-
rhage and use of vasoactive drugs may further reduce hepatic
oxygenation. Hepatic blood flow and liver function may be fur-
ther compromised by catecholamine release and other neurohor-
monal responses [19,26,27].

Emergency surgery has also been shown to be associated with
a higher morbidity and mortality (50% vs. 18%) as compared to
elective surgery in several studies [3,7,23]. A study comparing
the MELD and CTP scores in 40 cirrhotic patients who required
either elective or emergency surgery with general anesthesia,
found that emergency surgery was associated with significantly
higher one- and three-month mortality rates. There was good
correlation between the CTP and the MELD scores in predicting
mortality, especially in the emergency surgery group [21].

In addition to the above, the etiology of cirrhosis in the patient
is known to have a major influence on the postoperative out-
come. A particularity of alcoholic cirrhosis is that the majority
of patients with high disease severity indexes also have superim-
posed alcoholic hepatitis (most likely due to continued active
alcohol consumption). Alcoholic hepatitis is a potentially revers-
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ible condition, which means that some of these patients are likely
to improve within the first few months following discontinuation
of alcohol. Hence, patients who have been abstinent for a pro-
longed period of time are likely to have better postoperative out-
comes compared to those with continued alcohol abuse. It has
also been shown that patients with HCV-related CLD undergoing
liver resection (curative treatment) for hepatocellular carcinoma
tend to do worse postoperatively as compared to those with HBV-
related CLD, ethanol-related CLD or non-alcoholic steatohepatitis
(NASH) [28,29].
Main indications for extrahepatic abdominal surgery in
patients with cirrhosis: Associated morbidity, mortality, and
alternatives to surgery

Gallstone disease

Prevalence of gallstone disease (GSD) in the cirrhotic patient is
higher than in the general population, reaching 17–28%. Our cen-
ter earlier reported the prevalence and incidence of significant
complications of GSD in CLD patients [30]. We found that 17%
of admitted CLD patients had cholelithiasis. In 22% of these
patients, cholelithiasis caused cholecystitis, obstructive jaundice,
or biliary pain, all the patients underwent a cholecystectomy. In
the other 78%, cholelithiasis was asymptomatic, 20% of these
patients died from liver failure, and the stones were discovered
at necropsy. 14% had radiographically demonstrated stones that
were not operated on, they had no complications on follow-up.
In the remaining patients, the stones were discovered during por-
tosystemic shunt procedures. Our study thus confirmed the high
incidence of GSD in cirrhotic patients, and in addition, we found
that complications of GSD requiring an emergency operation
were associated with a higher risk of morbidity and mortality.

In a recent national study from the United States, the inci-
dence of four index operations (cholecystectomy, colectomy,
abdominal aortic aneurysm repair, and coronary artery bypass
grafting) performed in CLD patients was studied over a 8-year
period (from 1998 to 2005). Patients were grouped according to
the presence of cirrhosis and PHT [23]. 22,569 patients with cir-
rhosis (of whom 4214 had PHT) underwent one of the four index
operations. Patients with cirrhosis and those with cirrhosis com-
plicated by PHT most frequently underwent cholecystectomy
(63% and 58%, respectively). This was followed by colectomy,
CABG and AAA repair, in that order. Hence, this study also con-
cluded that GSD seems to be the most common extrahepatic dis-
ease that CLD patients have and are operated on.

Cirrhosis with cardiovascular disease is the main risk factor
for postchlecystectomy mortality. In Child A and B patients, lap
cholecystectomy (the preferred approach now) is feasible with
5–10% morbidity and 0–1% mortality [11,31]. On the contrary,
for the Child C patient, cholecystectomy is associated with a pro-
hibitive death rate of 23–50% [32]; severe liver failure, acute cho-
lecystitis, and emergency surgery are common in this type of
patient. Most authors agree that medical treatment should be
offered in this situation. If the medical approach is unsuccessful,
or should pyocholecystitis develop, percutaneous cholecystos-
tomy could be a solution [33].

Three studies reported on the management of common bile
duct (CBD) stones in cirrhotic patients. In the French association
report, morbidity in 31 patients undergoing surgery for CBD
stones was 29% with a mortality rate of 9.6%. Presence of CBD
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stones was an important factor with major impact on morbidity
and mortality following surgery for gallstones in cirrhotic
patients [34]. Two studies confirmed the benefits of endoscopic
sphincterotomy (ES) over surgery for CBD stones [35,36], thus
ES followed by elective laparoscopic cholecystectomy has
become the gold standard for CBD stones. However, there is a
7% risk of mortality even with ES. Due to this, some centers have
proposed balloon endoscopic sphincteroclasia to avoid risk of
bleeding in cirrhotic patients, particularly Child C patients with-
out secondary cholecystectomy [37].

Abdominal wall hernias

Umbilical and incisional hernias are more common in cirrhotic
patients than in the general population. Abdominal distension
caused by ascites and loss of muscle mass secondary to a poor
nutritional status are the main risk factors. In the cirrhotic
patient, the incidence of abdominal wall hernia is 16% and
reaches 24% in the presence of ascites. More than half of all her-
nias are umbilical; the rate is 4-fold higher in patients with asci-
tes [38].

In the series reported by the French Association of Surgery,
which included 81 patients who underwent surgical treatment
for umbilical hernia, overall mortality was 5%: 11% after emer-
gency surgery for ruptured or strangulated umbilical hernia and
2% after elective surgery [39]. Mortality was zero in the two most
recent studies reported by expert centers, including 39 and 40
patients respectively, undergoing surgery for umbilical hernia
[15,40].

In patients with Child A or B cirrhosis, cure for inguinal hernia
was achieved with acceptable morbidity (no major complications
and four minor, readily correctable complications), 8% recurrence
rate, and a mortality rate of 5.7% in a large series of 915 patients
[41] .

Ammar et al. [42] reported results of a randomised control
trial aimed at evaluating the use of polypropylene mesh to treat
complicated umbilical hernias in cirrhotic patients. Forty patients
each underwent a conventional fascial repair or mesh hernio-
plasty. Hernia recurrence was significantly less in the mesh her-
nioplasty group, no mesh exposure or fistulae were experienced,
and there was no need to remove any of the meshes. The authors
concluded that permanent mesh can be used in complicated her-
nias in cirrhotic patients with minimal wound-related morbidity
and a significantly lower rate of recurrence.

Appendix and colorectal surgery

In a study by Tsugawa et al. [43], comparing outcomes of open
appendectomy (OA) and laparoscopic appendectomy [LA] for
acute appendicitis in CLD patients, postoperative pain and length
of hospital stay were significantly lesser in the LA group, so were
the number of wound infections and wound bleeding. The overall
costs were similar. The authors concluded that LA may be supe-
rior to OA in terms of postoperative pain and postoperative com-
plications for CLD patients.

Two large series have reported results of colorectal surgery
(predominantly for diverticular disease and colorectal cancer)
in CLD patients [44,45]. The reported mortality rate was 13–
23% and morbidity was 46–51%. The factors predictive of
perioperative mortality were elevated serum bilirubin levels,
low prothrombin level, ascites (Child B and C patients), and
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emergency surgery. The outcomes are known to be worse in
patients undergoing surgery as an emergency procedure (e.g.,
for intestinal obstruction, bleeding, perforation) [6–10]. In the
emergency situation, colonic stenting for patients with intestinal
obstruction and endoscopic management in patients with bleed-
ing from an ulcer or tumour would be preferred to surgery.

In a recent study by Lian et al. [46], CLD patients with primary
sclerosing cholangitis (PSC) and inflammatory bowel disease
(IBD) who underwent a restorative proctocolectomy have been
studied. Most patients were Child Pugh class A or early B, and
eight patients were on the orthotopic liver transplantation list.
Indications for colectomy included dysplasia, failure or complica-
tions of medical therapy, cancer, and colonic perforation at
colonoscopy. 82.6% of the patients developed postoperative
complications, and 34.8% of the patients had worsening liver
function. Two patients, both after total proctocolectomy/IPAA
(ileal pouch-anal anastomosis), died of septic shock after pelvic
abscess in the postoperative period. Two patients underwent
transjugular intrahepatic portosystemic shunt (TIPS) procedure
before total proctocolectomy/IPAA; none developed pelvic
abscess or mortality. There were no differences in mortality or
morbidity between patients who underwent an ileoanal pouch
procedure or colectomy with ileostomy. The authors concluded
that colectomy in patients with IBD complicated with cirrhotic
PSC is associated with a high early postoperative morbidity rate.
In addition, strategies to reduce pelvic sepsis should be adopted,
especially after IPAA, because pelvic sepsis is associated with
higher mortality and morbidity.

Gastric surgery

Peptic ulcers are more common in CLD patients, affecting 8–20%
of them [16,47]. The mortality of emergency surgery for compli-
cated peptic ulcer (bleeding or perforation) in CLD patients is
very high ranging from 23% to 64%. Prognostic factors having
an influence on mortality are CTP class and presence of ascites
[3,16]. Laparoscopic suture of the perforated ulcer combined with
proton pump inhibitors and endoscopic haemostatic techniques
for bleeding ulcers have reduced the need for resectional surgery
and reduced the mortality in the emergency setting.

Surgical treatment of gastric cancer in cirrhotic patients
resulted in a morbidity rate of 20–26% and mortality of 0–10%
in two studies from Japan [48,49]. The French study reported a
mortality of 23%, significantly higher in patients with ascites
and low serum albumin, and a morbidity of 56% [50]. The conclu-
sions from these studies suggest that for CTP A and B patients,
surgery is safe, but it would be preferable to propose type D1 dis-
section and to avoid dissection of the hepatic pedicle because of
the risk of lymphatic ascites.

Pancreatic surgery

Sethi et al. [25] reported four patients with pancreatic tumours
and well compensated cirrhosis, who successfully underwent
pancreaticoduodenectomy with radical lymphadenectomy. They
concluded that in expert hepatobiliary centers, pancreaticoduo-
denectomy is not contraindicated in patients with cirrhosis.

In a study that aimed at detailing the overall prevalence of
pancreatic surgery in CLD [51], a total of 35 patients were
included; 17 underwent surgery for chronic pancreatitis, three
for acute pancreatitis, 14 for malignant tumours, and one for a
2 vol. 57 j 874–884



Table 1. Mortality rates associated with specific types of surgery in patients
with cirrhosis [3,7,18,20,44,55,71,98]. Includes emergency and elective proce-
dures. Adapted from: Friedman LS. ‘‘Surgery in the patient with liver disease’’.
Trans Am Clin Climatol Assoc 2010;121:192–204.

Type of surgery Mortality
Overall
(%)

Child-Pugh class MELD 
scoreA (%) B (%) C (%)

Appendectomy 9 n.a. n.a. n.a. n.a.
Cardiac 16-17 0-3 42-50 100 n.a.

Cholecystectomy 1-3 0.5 3 n.a. <8 = 0% 
≥8 = 6%

Colorectal cancer 
surgery 12.5 6 13 27 n.a.

Esophagectomy 17 n.a. n.a. n.a. n.a.
Major abdominal 
surgery 26-30 10 30-31 76-82 n.a.

n.a., not available.
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benign tumour. The procedures included nine resections, includ-
ing three distal pancreatectomies, two pancreaticoduodenecto-
mies, two ampullectomies and two atypical resections for acute
pancreatitis. Among the other 26 patients, seven underwent gas-
trojejunostomy, 13 had a bilioenteric bypass, and 10 underwent a
pancreaticoenteric bypass. Overall morbidity was 51% and mor-
tality was 20%. All three patients who had emergency procedures
died, and all deaths occurred in patients in whom the gastrointes-
tinal tract was opened. These findings suggested that endoscopic
(stent, endoscopic cystogastrostomy, ampullectomy) and radio-
logic (percutaneous drainage of pancreatic abscesses) treatments
should be preferred in cirrhotic patients with an inflammatory
disease or tumour of the pancreas. The rare indications for resec-
tion should be reserved for elective procedures in Child Pugh A
patients without elevated transaminases (as these were found
to be independently predictive of death on univariate analysis).

A case-control study by Warnick et al. [52] compared out-
comes in 32 cirrhotic patients (30 CTP A and 2 CTP B) vs. matched
controls (operated patients without cirrhosis) undergoing pan-
creatic resection surgery. In their study, patients with cirrhosis
experienced significantly more complications especially major
complications (47 vs. 22%; p = 0.035) requiring reoperation (34
vs. 12%; p = 0.039). These patients also had a significantly pro-
longed hospital and ICU stay, and required twice as many trans-
fusions. Overall, three patients died following surgery, one with
Child A (3% of all Child A patients) and two with Child B cirrhosis.
The authors concluded that pancreatic surgery is associated with
an increased risk of postoperative complications in patients with
liver cirrhosis, and is therefore not recommended in patients with
Child B cirrhosis. In Child A cirrhotic patients the mortality is,
however, comparable to non-cirrhotic patients. In addition, due
to the demanding medical efforts that these patients require, they
should be treated exclusively in high-volume centers.
Risk stratification: What could be the ideal method to predict
risk and outcomes?

Scoring systems for liver function? CTP score or MELD?

The CTP and MELD scores have been the prognostic scoring mod-
els predominantly used for assessing the severity of liver disease
and for risk stratification.

The CTP score includes five parameters, three of them being
objective (serum bilirubin, serum albumin, and prothrombin
time), and two subjective (presence of ascites and encephalopa-
thy) [53]. The score ranges from 5 to 15, and patients are further
classified into three CTP classes, A (CTP score 5–6), B (CTP score
7–9), and C (CTP score 10–15).

Based on studies published to date, it has been suggested that
elective surgery is tolerated well in CTP A patients, it is permissi-
ble with good preoperative preparation in CTP B patients (except
those undergoing major hepatic resection or cardiac surgery) and
contraindicated in CTP C patients. Two of the most important
studies, carried out 13 years apart, reported nearly identical
results: perioperative mortality rates for patients undergoing sur-
gery were 10% for CTP A, 30% for CTP B, and 80% for CTP C patients
[3,7]. With respect to cardiac surgery, the combined mean mor-
tality for CTP class A, B, and C was 5.2%, 35.4%, and 70%, respec-
tively. Hence, the risk of mortality in patients with Child class B
and C is comparatively high.
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Table 1 lists the mortality rates associated with specific types
of surgery in patients with cirrhosis stratified according to the
CTP scores. The overall operative mortality rates are maximal in
patients undergoing major open abdominal and cardiac surgery,
and these surgeries are contraindicated in Child C patients.

In recent years, the MELD score has been utilized to prioritize
organ allocation in patients awaiting LT. This score has also been
used to predict risk of mortality following surgery in CLD
patients. A MELD score 0–11 correlates with 5–10% 90-day mor-
tality, a score of 12–25 with 25–54% mortality rate, and scores
greater than 26 with a 90% postoperative mortality rate [20–
22,54]. Unlike the CTP score, which has subjective components,
the MELD score is considered more objective as it relies solely
on laboratory values, serum bilirubin, creatinine, and interna-
tional normalized ratio (INR). Northup et al. [54] noted in their
study that there was approximately a 1% increase in mortality
risk per MELD point below a score of 20, whereas there was a
2% increase in mortality risk per MELD point over 20. The c sta-
tistic of the MELD score for predicting 30-day mortality was
found to be 0.72 in the whole population of patients undergoing
surgery and 0.8 in the subgroup with intra-abdominal surgery.
The mean MELD score for patients dying was significantly differ-
ent from patients who survived the non-hepatic surgical inter-
vention in this study. Also, in other studies, a MELD score of at
least 8 was shown to predict an increased risk of postoperative
complications, including death in patients undergoing cholecys-
tectomy [55].

Both CTP and MELD have been correlated with outcome of
patients with CLD. Several investigators gave birth to a ‘‘battle
for supremacy’’ between the CTP and MELD score to predict out-
comes of non-hepatic surgery in cirrhotic patients [20–22,54,56].
Befeler et al. [56] also showed the superiority of the MELD score
for extrahepatic general surgery in a group of 53 patients. MELD
score and plasma hemoglobin levels less than 10 g/dl were found
to be independent predictors of poor outcomes in this study. A
MELD score of 14 or greater was a better clinical predictor of poor
outcome than CTP class C (77% sensitivity, 80% specificity, 56%
positive predictive value and 91% negative predictive value).
Teh et al. [18] in the largest retrospective study of predictors of
perioperative mortality in patients with cirrhosis undergoing
abdominal, orthopaedic, and cardiovascular surgery found that
the MELD score, patient’s age, and ASA class were statistically
2 vol. 57 j 874–884 877
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significant predictors of mortality on multivariate analysis.
Whereas the ASA class was the best predictor of 7-day postoper-
ative mortality, the MELD score was the best predictor of 30-day,
90-day, and long-term postoperative mortality for all types of
surgery. An important finding of this study was that the relative
risk of 30- and 90-day mortality increased by 14% with each 1-
point increase in the MELD score. MELD score, along with patient
age and ASA class, was proposed as principal factor for risk
stratification.

For now, clinicians should probably determine both the
Child’s class and the MELD score to estimate 30- and 90-day post-
operative mortality and morbidity rates in patients with cirrho-
sis. The CTP score includes additional important parameters like
ascites and portosystemic encephalopathy, which are not
included in the MELD score; on the other hand, the MELD score
includes creatinine which is an estimate of the renal function that
is often deranged in cirrhotic patients. The two scores should be
considered complementary rather than mutually exclusive, since
using both would give a better insight on the status of liver dis-
ease and degree of decompensation.

Are individual markers of organ function better than a single scoring
system?

While large populations of patients seem to be correctly prognos-
ticated using one or both of the grading systems (CTP and MELD), it
is evident that not all pathophysiologic conditions can be taken
into account by any single score. In addition, not considering acu-
ity of patient presentation and operative course may limit the abil-
ity of CTP and MELD scores to predict perioperative outcome [56].

Some individual markers of organ function may help in preop-
erative assessment, though there is no strong evidence yet to sug-
gest that individual risk factors are better than either CTP or
Table 2. Series in literature on morbidity and mortality of non-hepatic abdominal s

Authors
Journal year; 
[Ref.]

Type of surgery Morbidity 
(%)

del Olmo JA et al., 
World J Surg. 2003; 
[6]

Non-hepatic abdominal 
surgery

50

Mansour A et al.,
Surgery 1997; 
[7]

Non-hepatic abdominal 
surgery

45

Zarski et al.,
Gastroenterol Clin Biol 1988; 
[86]

Extrahepatic digestive 
surgery

37

Wong R et al.,
J Am Coll Surg. 1994; 
[97]

Abdominal extrahepatic 
surgery

28 (major

Telem et al.,
Clin. Gastro. Hepatol. 2010; 
[87]

Abdominal extrahepatic 
surgery

43

Neeff H et al.,
J. Gastrointest. Surg. 2011; 
[88]

Non-hepatic general surgery -

PHT, portal hypertension; BP, blood pressure; ASA, American Society of Anesthesiologis
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MELD scores in assessing risk. In addition to parameters included
in the CTP and MELD scores, presence of PHT, hyponatremia,
infection, anemia, and malnutrition are other recognised individ-
ual risk factors. Semi-quantitative liver function tests including
galactose elimination capacity, aminopyrine breath test, indocya-
nine green (ICG) clearance, and monoethylglycinexylidide test
(MEGX) have also been proposed to risk-stratify patients with cir-
rhosis undergoing surgery, but these are not available universally
and hence not used routinely in clinical practice.

Tables 2 and 3 summarise important series in literature,
which studied the morbidity and mortality associated with vari-
ous non-hepatic intra-abdominal surgical procedures and tried to
identify prognostic factors.
Preoperative interventions: Could they help make the surgery
safer?

Transjugular intrahepatic portosystemic shunt (TIPS)

The high morbidity and mortality after surgery in cirrhotic
patients is related to a great extent to the degree of PHT and
the occurrence of liver insufficiency in the postoperative period.
Preoperative portal decompression would seem to be a logical
approach to facilitate abdominal surgery and hopefully to
improve postoperative survival in these patients. TIPS reduces
the portosystemic gradient thus reducing the risk of bleeding,
and also helps reduce ascites, which is a significant cause of post-
operative morbidity in these patients. TIPS placement is much
less invasive as compared to surgical shunts and it is possible
to do this procedure in patients with decompensated cirrhosis
(Child B) also, hence making it an option in this group of patients
[57].
urgery in patients with cirrhosis.

Mortality 
(%)

Risk factors for morbidity/mortality

16.3 ~ Preoperative CTP score
~ Duration of surgery
~ Presence of postoperative 
general complications

50 in emergent,
18 in elective surgery

~ Emergency surgery
~ Preoperative Child-Pugh class

23 ~ Child-Pugh score esp. 
hypoalbuminemia

) 18 ~ Emergency surgery
~ Gastric procedures
~ Transfusion of FFP, platelets

7 ~ MELD ≥15
~ Serum albumin ≤2.5
~ Emergency surgery
~ Blood transfusions

35 after intra-abdominal 
procedures

~ Emergency surgery
~ Child-Pugh class
~ ASA class
~ Intraoperative transfusions 
~ Preoperative sodium <130

ts.

2 vol. 57 j 874–884



Table 3. Series in literature on morbidity and mortality in specific surgeries in patients with cirrhosis.

Author,
Journal year;
[Ref.]

Type of surgery Morbidity
(%)

Mortality
(%)

Risk factors for morbidity/mortality

Lehnert T et al.,
Ann Surg 1993;
[16]

Peptic ulcer surgery - ~ 29 in elective 
~ 35-64 in emergency

~ Preoperative Hb <12 g/L 
~ Systolic BP <100 mmHg 
~ Prothrombin time <60% 
~ Presence of PHT

Metcalf AM et al.,
Dis Colon Rectum 1987;
[89]

Colorectal surgery 24 48 Encephalopathy, ascites, anemia, 
hypoalbuminemia

Meunier K et al.,
Dis Colon Rectum 2008;
[90]

Colorectal surgery 77 26 ~ Preoperative ascites 
~ Postoperative infections

Nguyen GC et al.,
Dis Colon Rectum 2009;
[91]

Colorectal surgery - In-hospital
14 for cirrhotics, 
29 for cirrhotics with 
PHT

~ Presence of PHT 
~ Emergent/urgent surgery

Martinez JL et al.,
Surg Endosc 2004;
[92]

Laparoscopy assisted 
colorectal surgery

29 0 -

Lee JH et al.,
World J Gastroenterol 2005; 
[93]

Gastric cancer 39.4 3.8 ~ Child-Pugh class B, C

Jang HJ et al.,
Dig Dis Sci. 2008;
[94]

Gastric cancer 39 9 ~ Child-Pugh class B, C

Carbonell AM et al.,
Hernia 2005;
[95]

Abdominal wall hernias 16.5 2.5 ~ Co-morbidities – functional 
impairment, CHF, renal failure, 

~ Emergency surgery
Mc Kay A et al.,
Hernia 2009; 
[96]

Umbilical hernia repair 21 2.7 ~ Child-Pugh class
~ Emergency surgery

nutritional deficiencies, PVD

PHT, portal hypertension; BP, blood pressure; CHF, congestive heart failure; PVD, peripheral vascular disease.
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We previously introduced the concept of preoperative TIPS to
increase safety of abdominal surgery in patients with severe PHT
[58]. Seven cirrhotic patients with PHT were planned for the fol-
lowing surgical interventions; colonic, gastro-oesophageal, renal,
and aortic procedures in three, two, one, and one patient, respec-
tively. Because PHT was a relative contraindication for surgery in
these patients, a ‘‘two-step strategy’’ was used: first, TIPS to con-
trol PHT, followed by abdominal surgery at least 1 month later.
The TIPS procedure was successfully performed in all patients
without complications. The hepatic venous pressure gradient
decreased from 18 ± 5 to 9 ± 5 mmHg (p <0.01). All patients were
operated on with a delay ranging from 1 month to 5 months after
TIPS (2.9 ± 1.3 months; median 3 months). Patients with cancer
were operated on at 1 month post TIPS procedure. The planned
operation was performed in six of the seven patients. One patient
with cancer of the cardia could not undergo the planned proce-
dure because of intra-abdominal tumor dissemination detected
at exploratory laparotomy. Intraoperative transfusion was neces-
sary in only two of the six patients. One patient died, 36 days
after resection of a left colon cancer. We concluded that the
proposed two-step strategy in cirrhotic patients with severe
PHT could decrease morbidity and mortality after abdominal
surgery.

This concept was further used by Gil et al. [59] in three cir-
rhotic patients with severe PHT who had abdominal tumours
(colonic, gastric, and pancreatic tumours, respectively) requiring
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surgical resection. In their small series, they concluded that TIPS
reduced the portosystemic gradient and the varices around the
tumoral area thus helping reduce bleeding and possible morbid-
ity due to the same. Schlenker et al. [60] also proposed that prep-
aration of patients with cirrhosis and PHT for elective surgery
using preoperative TIPS decreased the risk of perioperative mor-
bidity and mortality. Seven patients underwent gastric, colonic,
urological, and gynaecological surgeries with limited blood loss
and no operative mortality. However, since there was no compar-
ison group in this study, it was difficult to determine which com-
plications could be best prevented using preoperative TIPS.

Vinet et al. [61] in their study evaluated the clinical outcomes
of 18 patients with cirrhosis who underwent non-hepatic abdom-
inal surgery after preoperative TIPS placement, a mean of 72 days
before surgery. TIPS induced a marked mean decrease in portohe-
patic gradient from 21.4 (±3.9) mmHg to 8.4 (±3.4) mmHg. Cir-
rhotic patients (n = 17) who underwent elective abdominal
surgery without preoperative TIPS placement were used as the
control group. Though the authors concluded that the preopera-
tive placement of TIPS had no positive effect on operative blood
loss, short and long term survival outcomes; it is of note that
the mean CTP score was significantly higher in the TIPS group
(7.7 vs. 6.2), indicating that these patients were more decompen-
sated compared to controls. One would expect the more decom-
pensated patients to have a worse outcome following major
surgery.
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Table 4. Important parameters to look for and manage appropriately in patients with cirrhosis planned for non-hepatic surgery.

System Pathology Assessment Management
Abdomen Ascites

Increased risk of abdominal 
wound dehiscence, abdominal 
wall herniation, respiratory com-
promise, spontaneous bacterial 
peritonitis (SBP)

Check response to diuretics, pul-
monary function tests, diagnostic 
ascitic tap

~ Low sodium diet and diuretics with careful 
monitoring of creatinine and electrolyte levels
~ Large volume paracenthesis for uncontrolled 
ascites with albumin
~ Antibiotics for SBP

Renal
syndrome (HRS) due to drugs, 
infections, gastrointestinal bleed 

Renal function tests, creatinine 
clearance, DTPA scan

~ Avoid nephrotoxic drugs, contrast agents for 
diagnostic studies 
~ Combination of terlipressin, albumin in HRS

Central nervous 
system

Hepatic encephalopathy (HE) Clinical assessment, arterial am-
monia levels

~ Use of lactulose, metrogyl, branched chain 
amino acids 
~ Treat infections, avoid diuretics, constipation, 
CNS depressants, azotemia

Pulmonary Hydrothorax, hepatopulmonary 
syndrome (HPS), portopulmo-
nary hypertension (PPH)

~ Chest imaging
~ Bubble ECHO/MAA scan for 
HPS

~ Optimize pulmonary functions

been tried perioperatively
Cardiac Cardiomyopathy ~ Dobutamine stress ECHO

~ ACC and AHA guidelines for 
non-cardiac surgery

Beta blockers in perioperative period

Homeostasis Electrolyte disorders 
(esp. hyponatremia) arterial blood gases restriction, discontinuation of diuretics

Nutrition Malnutrition, hypoalbuminemia, 
muscle wasting, increased need 
for postoperative ventilation

Methodical nutritional assessment ~ Preoperative nutritional build-up (high carbo-
hydrate/lipid content, low in amino acid)
~ Vitamin B1 in alcoholics 

Other systems Anaemia and coagulopathy Intraoperative thrombo-elastogram Appropriate blood products perioperatively to 
maintain desired INR (<1.5), haemoglobin 
(>9 g%), platelet (>50,000/mm3) levels

Glucose intolerance Laboratory testing Insulin infusion
Gastroesophageal varices Endoscopy, portal pressure 

measurements
Βeta blockers, variceal banding

Concurrent infections Screening Antibiotic prophylaxis
Autoimmune hepatitis patients 
developing stress-induced insuf-

Serum cortisol levels Stress-dose steroids preoperatively

Renal insufficiency/hepatorenal

Regular electrolyte profile and Slow correction of serum sodium with fluid

~ Intravenous epoprostenol, sildenafil has also

~ Optimal fluid, electrolyte status

ficiency

Review
Kim et al. [62] reported results of surgery in patients with a
previously placed patent TIPS. Twenty-five cirrhotic patients with
a patent TIPS underwent abdominal (n = 19) or cardiothoracic
(n = 6) surgery at a single center. Thirty-two percent of surgeries
were emergent, 24% were urgent, and 44% were elective surger-
ies. Postoperatively, severe ascites developed in 29% and enceph-
alopathy in 17% of cases. During a median follow-up of
33 months, actuarial 1-year patient survival was 74%. The three
patients (12%) who died during their hospitalization all had
MELD scores P25 and had undergone emergency surgery.
Though, this study did not have a control group, the conclusion
was that portal decompression via TIPS may allow selected cir-
rhotic patients to safely undergo major surgery with an accept-
able rate of short-term morbidity and mortality.

In the study by Lian et al. [46], among the CLD patients with
IBD who underwent restorative proctocolectomy, two patients
underwent TIPS before total proctocolectomy/IPAA; both patients
did well in the postoperative period, none developed a pelvic
abscess or sepsis, which was the major cause of mortality in their
series.

In summary, it is true that at present there is not enough
evidence clearly supporting the use of TIPS before major abdom-
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inal surgery in cirrhotic patients with severe PHT. Though a ran-
domised, controlled trial comparing outcomes in adequately
matched groups (with respect to CTP class and type of surgery)
will give the final answer to the debate on whether preoperative
TIPS is beneficial or not, such a trial is difficult to design and
undertake.

Child A and early Child B patients (CTP score 5–7) [MELD score
625] with moderately well preserved liver function, yet having
significant ascites, extensive abdominal varices, or both may be
ideal candidates for preoperative TIPS. The MELD score was orig-
inally developed to predict short term mortality in patients
undergoing TIPS, before being adopted by UNOS for prioritizing
organ allocation. With regard to its original utilization, a MELD
score <8 predicts good outcome after TIPS and a score >18 pre-
dicts poor outcome, with best outcomes seen in patients with
scores <14. Avoidance of TIPS is generally recommended in
patients with a MELD score >24, unless the procedure is used
as a measure of last resort to control active variceal bleeding.

Being a minimally invasive procedure, TIPS is not associated
with too many procedural complications in expert hands. Com-
plications like hepatic encephalopathy are the bane of TIPS, but
these are known to occur more commonly in severely decompen-
2 vol. 57 j 874–884



Table 5. Recent reports on results of laparoscopic cholecystectomy in patients with liver cirrhosis (includes emergency and elective procedures).

Author, year [Ref.] Number of patients 
(n)

Morbidity
(n)

Mortality
(n)

A B C
Morino M et al., 2000 [77] 33 27 4 2 0 0
Fernandes NF et al., 2000 [11] 48 38 10 0 4 0
Clark JR et al., 2001 [79] 25 14 9 2 0 0
Yeh CN et al., 2002 [31] 226 193 33 0 15 2
Cucinotta E et al., 2003 [78] 22 12 10 0 14 0
Puggioni A et al., 2003 [81] 400 265 73 6 10 5
Curro G et al., 2007 [76] 50 35 15 0 15 0

Child-Pugh classification
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sated (Child C) patients. The placement of TIPS should be done at
least 2–4 weeks prior to the proposed surgical procedure
because, even though the drop in the portosystemic gradient is
immediate, the resolution of ascites (largely dependent on natri-
uresis) takes some time. Consequently, a cirrhotic patient need-
ing emergent surgery would not benefit from TIPS.
Preparing a cirrhotic patient for surgery

Common pathology in chronic liver disease patients to be looked for
and managed preoperatively

Table 4 shows the common complications and morbid conditions
that frequently co-exist in patients with CLD, they need to be
identified and adequately treated in order to ensure a smooth
operative and postoperative course. Primary issues to anticipate
and address include manifestations of acute liver decompensa-
tion including encephalopathy, acute renal failure, coagulopathy,
adult respiratory distress syndrome, and sepsis [63,64]. In addi-
tion, cardiovascular and nutritional status, and fluid and electro-
lyte balance need to be optimized so as to decrease perioperative
death and complications after surgery.

In general, it is accepted that converting a Child C patient to
Child B preoperatively could help survival after surgery [65].
Coagulopathy and thrombocytopenia should be corrected with
replenishment of vitamin K, administration of fresh-frozen
plasma (FFP), and possibly cryoprecipitate transfusions to reduce
a prothrombin time within 3 s of normal time and to achieve a
goal of platelet counts >50,000/mm3. Infection, diuretics, meta-
bolic alkalosis, constipation, CNS depressants, hypoxia, sepsis,
azotemia, or gastrointestinal bleeding in the pre/postoperative
periods may induce encephalopathy. Thus, correction of electro-
lyte imbalance, treatment of infection, branched chain amino acid
therapy, and restriction of sedatives help prevent encephalopathy
[66,67].

With respect to the etiology of cirrhosis, patients with auto-
immune hepatitis on daily steroids should receive stress-dosed
steroids before surgery. D-penicillamine can impair wound heal-
ing; patients taking it for Wilson disease should decrease their
dose for 1–2 weeks pre and postoperatively. As mentioned
before, CLD patients with a history of alcohol abuse are at
increased risk of other complications, including poor wound heal-
ing, bleeding, delirium, and infections. Patients who have contin-
ued to actively drink are at risk for withdrawal. Unless the
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surgery is imminent, patients with alcoholic hepatitis should
have medical management and be stabilised, or should undergo
alternative, less invasive procedures in an emergency situation.
Role of laparoscopic surgery in patients with cirrhosis

Cirrhosis was once considered to be a contraindication for the
laparoscopic approach. A major difference of open and laparo-
scopic procedures is the creation of pneumoperitoneum for visu-
alisation of the abdominal cavity. Theoretically, for reasons cited
above, pneumoperitoneum is considered unsafe for abdominal
surgery in CLD patients as they already have varying degrees of
alterations in hepatic blood flow and general haemodynamics.
However, within the limits of our literature search, no report of
hepatic failure attributable to laparoscopy alone in a cirrhotic
patient was found. Also, current literature has increasingly shown
that the use of laparoscopy in the treatment of various disease
specific and disease non-specific surgical conditions in cirrhotic
patients is safe and offers many advantages [68–71].

Some authors have advocated modifications in operative tech-
niques to help minimise the morbidity in CLD patients undergo-
ing laparoscopic procedures. Friel et al. [72] advocated the use of
open technique using Hassan’s trocar for access, to prevent inad-
vertent puncture of an umbilical varix, whereas placement of the
trocar in the right paramedian position when umbilical varix is
already present was proposed by Schiff [73]. In addition, certain
modifications in the surgical technique have been suggested to
make particular procedures safer as detailed below.

Laparoscopic cholecystectomy in cirrhotic patients

Open cholecystectomy (OC) in cirrhotic patients continues to be
associated with high rates of morbidity (5–30%) and mortality
(7–25%) compared to 0.5–1% mortality in non-cirrhotics [74,75].
With increasing experience, several centers across the world have
demonstrated that laparoscopic cholecystectomy (LC) is safe and
effective with fewer complications compared to OC [11,31,76–
79,81] (Table 5).

Specifically, LC is associated with less intraoperative bleeding
and shorter duration of hospital stay and fewer postoperative
complications. It is also particularly useful in LT candidates since
it is associated with fewer postoperative adhesions [11].

Certain problems may be encountered during laparoscopic
cholecystectomy in patients with a cirrhotic liver. There may be
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difficulty with traction of the liver, inadequate exposure of the
hilum, adhesions around the gallbladder and the hilum with dif-
ficulty in identifying anatomical landmarks as well as increased
vascularity of the gallbladder bed. The use of additional ports,
as well as performance of retrograde cholecystectomy or modi-
fied subtotal cholecystectomy in cases of severe inflammation
leaving the back wall of the gallbladder on the liver bed in
selected cases, can be helpful [79]. The use of mechanical com-
pression from introduced surgical sponges to achieve haemosta-
sis with additional haemostatic modalities such as oxidized
cellulose, topical haemostatic agents, application of ultrasonic
energy via a harmonic scalpel and the use of argon beam coagu-
lator, which can be inserted through an operative port, have also
been described [72].

Palanivelu et al. [80] reported their experience with 265 lapa-
roscopic cholecystectomies in Child–Pugh A and B cirrhotic
patients, with symptomatic gallstones. There was no mortality;
in 15% of patients, postoperative deterioration in liver function
occurred. They concluded that a modification of subtotal cholecys-
tectomy should be practiced, depending on the risk factors pres-
ent, to avoid complications in these high risk cirrhotic patients.

A meta-analysis of LC in cirrhotic patients, [81] was inconclu-
sive in recommending LC for CTP class C patients due to inconclu-
sive data in most of the studies reviewed. It is not clear whether
many surgeons consider the risks of morbidity and mortality to
be so high as to withhold even emergency surgeries in these
patients or that the data on this group of patients are not
included in the different publications. It would seem that indica-
tions for surgery in these patients should be limited to emergen-
cies such as cholecystectomy for acute cholecystitis. Even in such
instances, percutaneous drainage of the gallbladder and other
conservative procedures may suffice [82].

Laparoscopic hernia repair in cirrhosis

In a report of 14 cirrhotic patients who underwent laparoscopic
incisional and umbilical hernia repair, Giulio et al. [68] observed
that though open repair in cirrhotic patients has significant recur-
rence rates and frequent wound infections, laparoscopic repair
yields less morbidity and fewer recurrences. The study further
highlighted that the preservation of the anterior abdominal wall
in laparoscopic repair avoided the interruption of collateral veins,
which are not infrequently distended in cirrhotic patients.

Successful laparoscopic repair of recurrent incarcerated
umbilical hernia in a cirrhotic patient with refractory ascites
has also been reported [83]. In the report, the authors used dual
mesh prosthesis and advocated meticulous sterile fashion of
mesh insertion and fixation. This is important since ascitic fluid
infection, which may occur after surgery may affect the hernia
mesh repair. The possibility of mesh migration due to the ascitic
fluid can be reduced by placing the mesh in a preperitoneal space
[84].

Other laparoscopic procedures in cirrhotic patients

Cobb et al. [69] reported 52 laparoscopic procedures performed
on 50 cirrhotic patients These procedures, including cholecystec-
tomies, splenectomies, colectomies, diagnostic laparoscopies,
ventral hernia repairs, Nissen fundoplication, Heller’s myotomy,
gastric bypass and radical nephrectomy, had a morbidity rate of
16% but no mortality.
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Tsugawa et al. [43] had earlier compared open and laparo-
scopic appendectomies among patients with liver cirrhosis. They
reported fewer complications with the laparoscopic approach.

Gentileschi [85] reported a successful laparoscopic suture clo-
sure and placement of an omental patch for treatment of a perfo-
rated gastric ulcer with peritonitis in a severely cirrhotic patient
(Child C) with PHT.

To summarise, laparoscopy in cirrhotic patients is associated
with a definite risk, yet is not significant enough to contraindicate
the procedure in these patients. Many studies have also shown
that laparoscopy is not only safe in carefully selected cirrhotic
patients but also has many advantages over the various open pro-
cedures. However, its safety in Child-Pugh’s class C patients is not
yet proven hence surgery in such patients may be limited to con-
servative procedures in emergency cases.
Conclusions

The perioperative morbidity and mortality following non-hepatic
surgical procedures in patients with cirrhosis are significant, with
mortality rates of up to 50% reported following surgery in
patients with decompensated CLD. Stringent assessment of these
patients for co-morbidities and risk stratification in the preoper-
ative period is essential if their outcomes are to be improved.
Considering both, the Child score and MELD score to prognosti-
cate these patients as regards short term outcomes seems to be
necessary as of now.

Three factors essentially determine the extent of surgical risk;
degree of decompensation (higher MELD and CTP score), whether
the surgery is performed as an emergency procedure or elec-
tively, and the nature/type of surgery. Since PHT is an added risk
factor for non-hepatic abdominal surgery, preoperative portal
decompression may help reduce the difficulty of the surgical pro-
cedure especially as regards intraoperative bleeding, and may
also reduce morbidity and mortality by decreasing the ascites if
done relatively well in advance of the planned procedure. Though
evidence and safety to support the approach in all eligible CLD
patients are not strong enough at this point in time, the concept
of a two-stage strategy initially proposed and used by us may
help improve perioperative outcomes following non-hepatic
abdominal surgery in well selected patients with compensated
cirrhosis and severe PHT.
Conflict of interest

The authors declared that they do not have anything to disclose
regarding funding or conflict of interest with respect to this
manuscript.
References

[1] Schwartz SI. Biliary tract surgery and cirrhosis: a critical combination.
Surgery 1981;90:577–583.

[2] Doberneck RC, Sterling WA, Allison DC. Morbidity and mortality after
operation in nonbleeding cirrhotic patients. Am J Surg 1983;146:306–309.

[3] Garrison RN, Cryer HM, Howard DA, Polk Jr HC. Clarification of risk factors
for abdominal operations in patients with hepatic cirrhosis. Ann Surg
1984;199:648–655.

[4] Aranha GV, Greenlee HB. Intra-abdominal surgery in patients with advanced
cirrhosis. Arch Surg 1986;121:275–277.
2 vol. 57 j 874–884



JOURNAL OF HEPATOLOGY

[5] Ziser A, Plevak DJ, Wiesner RH, Rakela J, Offord KP, Brown DL. Morbidity and

mortality in cirrhotic patients undergoing anesthesia and surgery. Anesthe-
siology 1999;90:42–53.

[6] del Olmo JA, Flor-Lorente B, Flor-Civera B, Rodriguez F, Serra MA, Escudero A,
et al. Risk factors for nonhepatic surgery in patients with cirrhosis. World J
Surg 2003;27:647–652.

[7] Mansour A, Watson W, Shayani V, Pickleman J. Abdominal operations in
patients with cirrhosis: still a major surgical challenge. Surgery
1997;122:730–736.

[8] Rice HE, O’Keefe GE, Helton WS, Johansen K. Morbid prognostic features in
patients with chronic liver failure undergoing nonhepatic surgery. Arch Surg
1997;132:880–884.

[9] Jakab F, Ráth Z, Sugár I, Ledniczky G, Faller J. Complications following major
abdominal surgery in cirrhotic patients. Hepatogastroenterology
1993;40:176–179.

[10] Carbó J, García-Samaniego J, Castellano G, Iñiguez A, Solís-Herruzo JA. Liver
cirrhosis and mortality by abdominal surgery. A study of risk factors. Rev Esp
Enferm Dig 1998;90:105–112.

[11] Fernandes NF, Schwesinger WH, Hilsenbeck SG, Gross GW, Bay MK, Sirinek
KR, et al. Laparoscopic cholecystectomy and cirrhosis: a case-control study
of outcomes. Liver Transpl 2000;6:340–344.

[12] Lausten SB, Ibrahim TM, El-Sefi T, Jensen LS, Gesser B, Larsen CG, et al.
Systemic and cell-mediated immune response after laparoscopic and open
cholecystectomy in patients with chronic liver disease. A randomized,
prospective study. Dig Surg 1999;16:471–477.

[13] Aranha GV, Sontag SJ, Greenlee HB. Cholecystectomy in cirrhotic patients: a
formidable operation. Am J Surg 1982;143:55–60.

[14] Jan YY, Chen MF. Laparoscopic cholecystectomy in cirrhotic patients.
Hepatogastroenterology 1997;44:1584–1587.

[15] Leonetti JP, Aranha GV, Wilkinson WA, Stanley M, Greenlee HB. Umbilical
herniorrhaphy in cirrhotic patients. Arch Surg 1984;119:442–445.

[16] Lehnert T, Herfarth C. Peptic ulcer surgery in patients with liver cirrhosis.
Ann Surg 1993;217:338–346.

[17] Klemperer JD, Ko W, Krieger KH, Connolly M, Rosengart TK, Altorki NK, et al.
Cardiac operations in patients with cirrhosis. Ann Thorac Surg
1998;65:85–87.

[18] Teh SH, Nagorney DM, Stevens SR, Offord KP, Therneau TM, Plevak DJ, et al.
Risk factors for mortality after surgery in patients with cirrhosis. Gastroen-
terology 2007;132:1261–1269.

[19] Friedman LS. The risk of surgery in patients with liver disease. Hepatology
1999;29:1617–1623.

[20] Suman A, Barnes DS, Zein NN, Levinthal GN, Connor JT, Carey WD. Predicting
outcome after cardiac surgery in patients with cirrhosis: a comparison of
Child–Pugh and MELD scores. Clin Gastroenterol Hepatol 2004;2:719–723.

[21] Farnsworth N, Fagan SP, Berger DH, Awad SS. Child–Turcotte–Pugh versus
MELD score as a predictor of outcome after elective and emergent surgery in
cirrhotic patients. Am J Surg 2004;188:580–583.

[22] Hoteit MA, Ghazale AH, Bain AJ, Rosenberg ES, Easley KA, Anania FA, et al.
Model for end-stage liver disease score versus Child score in predicting the
outcome of surgical procedures in patients with cirrhosis. World J Gastro-
enterol 2008;14:1774–1780.

[23] Csikesz NG, Nguyen LN, Tseng JF, Shah SA. Nationwide volume and mortality
after elective surgery in cirrhotic patients. J Am Coll Surg 2009;208:96–103.

[24] Jackson FC, Christophersen EB, Peternel WW, Kirimli B. Preoperative
management of patients with liver disease. Surg Clin North Am
1968;48:907–930.

[25] Sethi H, Srinivasan P, Marangoni G, Prachalias A, Rela M, Heaton N.
Pancreaticoduodenectomy with radical lymphadenectomy is not contrain-
dicated for patients with established chronic liver disease and portal
hypertension. HPD Int 2008;7:82–85.

[26] Gholson CF, Provenza JM, Bacon BR. Hepatologic considerations in patients
with parenchymal liver disease undergoing surgery. Am J Gastroenterol
1990;85:487–496.

[27] Kowalski HJ, Abelmann WH. The cardiac output at rest in Laennec’s cirrhosis.
J Clin Invest 1953;32:1025–1033.

[28] Reddy SK, Steel JL, Chen HW, Demateo DJ, Cardinal J, Behari J, et al. Outcomes
of curative treatment for hepatocellular cancer in nonalcoholic steatohep-
atitis vs. hepatitis C and alcoholic liver disease. Hepatology 2011. http://
dx.doi.org/10.1002/hep.25536. [Epub ahead of print].

[29] Higashi H, Matsumata T, Adachi E, Taketomi A, Kashiwagi S, Sugimachi K.
Influence of viral hepatitis status on operative morbidity and mortality in
patients with primary hepatocellular carcinoma. Br J Surg
1994;81:1342–1345.

[30] Castaing D, Houssin D, Lemoine J, Bismuth H. Surgical management of
gallstones in cirrhotic patients. Am J Surg 1983;146:310–313.
Journal of Hepatology 201
[31] Yeh CN, Chen MF, Jan YY. Laparoscopic cholecystectomy in 226 cirrhotic
patients: experience of a single centre in Taiwan. Surg Endosc
2002;16:1583–1587.

[32] Bloch RS, Allaben RD, Walt AJ. Cholecystectomy in patients with cirrhosis. A
surgical challenge. Arch Surg 1985;120:669–672.

[33] Byrne MF, Suhocki P, Mitchell RM, Pappas TN, Stiffler HL, Jowell PS, et al.
Percutaneous cholecystostomy in patients with acute cholecystitis: experi-
ence of 45 patients at a US referral center. J Am Coll Surg 2003;197:206–211.

[34] Douard R, Lentschener C, Ozier Y, Dousset B. Operative risks of digestive
surgery in cirrhotic patients. Gastroenterol Clin Biol 2009;33:555–564.

[35] Sugiyama M, Atomi Y, Kuroda A, Muto T. Treatment of choledocholithiasis in
patients with liver cirrhosis. Surgical treatment or endoscopic sphincterot-
omy? Ann Surg 1993;218:68–73.

[36] Chijiiwa K, Kozaki N, Naito T, Kameoka N, Tanaka M. Treatment of choice for
choledocholithiasis in patients with acute obstructive suppurative cholan-
gitis and liver cirrhosis. Am J Surg 1995;170:356–360.

[37] Park DH, Kim MH, Lee SK, Lee SS, Choi JS, Song MH, et al. Endoscopic
sphincterotomy vs. endoscopic papillary balloon dilation for choledocholi-
thiasis in patients with liver cirrhosis and coagulopathy. Gastrointest Endosc
2004;60:180–185.

[38] Franco D, Charra M, Jeambrun P, Belghiti J, Cortesse A, Sossler C, et al.
Nutrition and immunity after peritoneovenous drainage of intractable
ascites in cirrhotic patients. Am J Surg 1983;146:652–657.

[39] Gillet M. Chirurgie de la paroi chez le cirrhotique. In: Belghiti J, Gillet M,
editors. La chirugie digestive chez le cirrhotique. Paris: Monographies de
l’AFC; 1993. p. 53–60.

[40] Belghiti J, Desgrandchamps F, Farges O, Fékété F. Herniorrhaphy and
concomitant peritoneovenous shunting in cirrhotic patients with umbilical
hernia. World J Surg 1990;14:242–246.

[41] Hurst RD, Butler BN, Soybel DI, Wright HK. Management of groin hernias in
patients with ascites. Ann Surg 1992;216:696–700.

[42] Ammar SA. Management of complicated umbilical hernias in cirrhotic
patients using permanent mesh: randomized clinical trial. Hernia
2010;14:35–38.

[43] Tsugawa K, Koyanagi N, Hashizume M, Tomikawa M, Ayukawa K, Akahoshi K,
et al. A comparison of an open and laparoscopic appendectomy for patients
with liver cirrhosis. Surg Laparosc Endosc Percutan Tech 2001;11:189–194.

[44] Gervaz P, Pakart R, Nivatvongs S, Wolff BG, Larson D, Ringel S. Colorectal
adenocarcinoma in cirrhotic patients. J Am Coll Surg 2003;196:874–879.

[45] Wind P, Teixeira A, Parc. In: Belghiti J, Gillet M, editors. La chirugie digestive
chez le cirrhotique. Paris: Monographies de l’AFC; 1993. p. 81–90.

[46] Lian L, Menon KV, Shen B, Remzi F, Kiran RP. Inflammatory bowel disease
complicated by primary sclerosing cholangitis and cirrhosis: is restorative
proctocolectomy safe? Dis Colon Rectum 2012;55:79–84.

[47] Rabinovitz M, Schade RR, Dindzans V, Van Thiel DH, Gavaler JS. Prevalence of
duodenal ulcer in cirrhotic males referred for liver transplantation. Does the
etiology of cirrhosis make a difference? Dig Dis Sci 1990;35:321–326.

[48] Takeda J, Hashimoto K, Tanaka T, Koufuji K, Kakegawa T. Review of operative
indication and prognosis in gastric cancer with hepatic cirrhosis. Hepato-
gastroenterology 1992;39:433–436.

[49] Isozaki H, Okajima K, Ichinona T, Fujii K, Nomura E, Izumi N. Surgery for
gastric cancer in patients with cirrhosis. Surg Today 1997;27:17–21.

[50] Lazorthes F, Charlet JP, Buisson T, Ketata M. Chirurgie de l’estomac chez le
cirrhotique. In: Belghiti J, Gillet M, editors. La chirugie digestive chez le
cirrhotique. Paris: Monographies de l’AFC; 1993. p. 73–80.

[51] Mariette D, Belghiti J. Chirurgie due pancreas et cirrhose. In: Belghiti J, Gillet
M, editors. La chirugie digestive chez le cirrhotique. Paris: Monographies de
l’AFC; 1993. p. 105–112.

[52] Warnick P, Mai I, Klein F, Andreou A, Bahra M, Neuhaus P, et al. Safety of
pancreatic surgery in patients with simultaneous liver cirrhosis: a single
center experience. Pancreatology 2011;11:24–29.

[53] Child CG, Turcotte JG. Surgery and portal hypertension. In: Child CG, editor.
The liver and portal hypertension. Philadelphia: Saunders; 1964. p. 50–64.

[54] Northup PG, Wanamaker RC, Lee VD, Adams RB, Berg CL. Model for End-
Stage Liver Disease (MELD) predicts nontransplant surgical mortality in
patients with cirrhosis. Ann Surg 2005;242:244–251.

[55] Perkins L, Jeffries M, Patel T. Utility of preoperative scores for predicting
morbidity after cholecystectomy in patients with cirrhosis. Clin Gastroen-
terol Hepatol 2004;2:1123–1128.

[56] Befeler AS, Palmer DE, Hoffman M, Longo W, Solomon H, Di Bisceglie AM.
The safety of intra-abdominal surgery in patients with cirrhosis: model for
end-stage liver disease score is superior to Child–Turcotte–Pugh classifica-
tion in predicting outcome. Arch Surg 2005;140:650–654.

[57] Boyer TD. Transjugular intrahepatic portosystemic shunt: current status.
Gastroenterology 2003;124:1700–1710.
2 vol. 57 j 874–884 883

http://dx.doi.org/10.1002/hep.25536
http://dx.doi.org/10.1002/hep.25536


Review

[58] Azoulay D, Buabse F, Damiano I, Smail A, Ichai P, Dannaoui M, et al.

Neoadjuvant transjugular intrahepatic portosystemic shunt: a solution for
extrahepatic abdominal operation in cirrhotic patients with severe portal
hypertension. J Am Coll Surg 2001;193:46–51.

[59] Gil A, Martínez-Regueira F, Hernández-Lizoain JL, Pardo F, Olea JM,
Bastarrika G, et al. The role of transjugular intrahepatic portosystemic shunt
prior to abdominal tumoral surgery in cirrhotic patients with portal
hypertension. Eur J Surg Oncol 2004;30:46–52.

[60] Schlenker C, Johnson S, Trotter JF. Preoperative transjugular intrahepatic
portosystemic shunt (TIPS) for cirrhotic patients undergoing abdominal and
pelvic surgeries. Surg Endosc 2009;23:1594–1598.

[61] Vinet E, Perreault P, Bouchard L, Bernard D, Wassef R, Richard C, et al.
Transjugular intrahepatic portosystemic shunt before abdominal surgery in
cirrhotic patients: a retrospective, comparative study. Can J Gastroenterol
2006;20:401–404.

[62] Kim JJ, Dasika NL, Yu E, Fontana RJ. Cirrhotic patients with a transjugular
intrahepatic portosystemic shunt undergoing major extrahepatic surgery. J
Clin Gastroenterol 2009;43:574–579.

[63] Mueller AR, Platz KP, Kremer B. Early postoperative complications following
liver transplantation. Best Pract Res Clin Gastroenterol 2004;18:881–900.

[64] Ziser A, Plevak DJ, Wiesner RH, et al. Morbidity and mortality in cirrhotic
patients undergoing anesthesia and surgery. Anesthesiology 1999;90:42–53.

[65] D’Albuquerque LA, de Miranda MP, Genzini T, Copstein JL, de Oliveira e Silva
A. Laparoscopic cholecystectomy in cirrhotic patients. Surg Laparosc Endosc
1995;5:272–276.

[66] Keegan MT, Plevak DJ. Preoperative assessment of the patient with liver
disease. Am J Gastroenterol 2005;100:2116–2127.

[67] Wiklund RA. Preoperative preparation of patients with advanced liver
disease. Crit Care Med 2004;32:106–115.

[68] Guilio B, Alberto D, Corrado F, Luigi C, Andrea B, Nadia R, et al. Laparoscopic
incisional and umbilical hernia repair in cirrhotic patients. Surg Lap Endosc
Percut Tech 2006;16:330–333.

[69] Cobb WS, Heniford BT, Burns JT, Carbonell AM, Matthews BD, Kercher KW.
Cirrhosis is not a contraindication to laparoscopic surgery. Surg Endosc
2005;19:418–423.

[70] Leone N, Garino M, Paolis PD, Pellicano R, Fronda GR, Rizzetto M.
Laparoscopic Cholecystectomy in Cirrhotic Patients. Dig Surg
2001;18:449–452.

[71] Rasic Z, Bakula B, Zoricic I, Bevanda M, Kozomara D, Brekalo Z. Laparoscopic
cholecystectomy in cirrhotic patients. Acta Clin Croat 2002;41:229–231.

[72] Friel CM, Stack J, Forse RA, Babineau TJ. Laparoscopic Cholecystectomy in
patients with hepatic cirrhosis: a five-year experience. J Gastrointest Surg
1999;3:286–291.

[73] Schiff J, Misra M, Rendon G, Rothschild J, Schwaitzberg S. Laparoscopic
cholecystectomy in cirrhotic patients. Surg Endosc 2005;19:1278–1281.

[74] Boyce HW, Henning H. Diagnostic laparoscopy in1992: time for a new look.
Endoscopy 1992;24:671–673.

[75] Jalan RJ, Hayes PC. Laparoscopy in the diagnosis of chronic liver disease. Br J
Hosp Med 1995;53:81–86.

[76] Curro G, Baccarani U, Adani G, Cucinotta E. Laparoscopic cholecystectomy in
patients with mild cirrhosis and symptomatic cholelithiasis. Transpl Proc
2007;39:1471–1473.

[77] Morino M, Cavuoti G, Miglietta C, Giraudo G, Simone P. Laparoscopic
cholecystectomy in cirrhosis: contraindication or privileged indication? Surg
Laparosc Endosc Percutan Tech 2000;10:360–363.

[78] Cucinotta E, Lazzara S, Melita G. Laparoscopic cholecystectomy in cirrhotic
patients. Surg Endosc 2003;17:1958–1960.
884 Journal of Hepatology 201
[79] Clark JR, Wills VL, Hunt DR. Cirrhosis and laparoscopic cholecystectomy.
Surg Laparosc Endosc Percutan Tech 2001;11:165–169.

[80] Palanivelu C, Rajan PS, Jani K, Shetty AR, Sendhilkumar K, Senthilnathan P,
et al. Laparoscopic cholecystectomy in cirrhotic patients: the role of subtotal
cholecystectomy and its variants. J Am Coll Surg 2006;203:145–151, [Epub
2006 Jun 22].

[81] Puggioni A, Wong LL. A metaanalysis of laparoscopic cholecystectomy in
patients with cirrhosis. J Am Coll Surg 2003;197:921–926.

[82] Hultman CS, Herbst CA, McCall JM, Mauro MA. The efficacy of percutaneous
cholecystostomy in critically ill patients. Am Surg 1996;62:263–269.

[83] McAlister V. Management of Umbilical Hernia in Patients With Advanced
Liver Disease. Liver Transpl 2003;9:623–625.

[84] Sarit C, Eliezer A, Mizrahi S. Minimally invasive repair of recurrent
strangulated umbilical hernia in cirrhotic patient with refractory ascites.
Liver Transpl 2003;9:621–622.

[85] Gentileschi P, Rossi P, Manzelli A, Lirosi F, Susanna F, Stolfi VM, et al.
Laparoscopic suture repair of a perforated gastric ulcer in a severely cirrhotic
patient with portal hypertension: first case report. JSLS 2003;7:377–382.

[86] Zarski JP, Bichard P, Bourbon P, Tournery A, Demongeot J, Rachail M.
Extrahepatic digestive surgery in cirrhotic patients: mortality, morbidity
and preoperative prognostic factors. Gastroenterol Clin Biol 1988;12:43–47.

[87] Telem DA, Schiano T, Goldstone R, Han DK, Buch KE, Chin EH, et al. Factors
that predict outcome of abdominal operations in patients with advanced
cirrhosis. Clin Gastroenterol Hepatol 2010;8:451–457.

[88] Neeff H, Mariaskin D, Spangenberg HC, Hopt UT, Makowiec F. Perioperative
mortality after nonhepatic general surgery in patients with liver cirrhosis:
an analysis of 138 operations in the 2000s using Child and MELD scores. J
Gastrointest Surg 2011;15:1–11.

[89] Metcalf AM, Dozois RR, Wolff BG, Beart Jr RW. The surgical risk of colectomy
in patients with cirrhosis. Dis Colon Rectum 1987;30:529–531.

[90] Meunier K, Mucci S, Quentin V, Azoulay R, Arnaud JP, Hamy A. Colorectal
surgery in cirrhotic patients: assessment of operative morbidity and
mortality. Dis Colon Rectum 2008;51:1225–1231.

[91] Nguyen GC, Correia AJ, Thuluvath PJ. The impact of cirrhosis and portal
hypertension on mortality following colorectal surgery: a nationwide,
population-based study. Dis Colon Rectum 2009;52:1367–1374.

[92] Martínez JL, Rivas H, Delgado S, Castells A, Pique JM, Lacy AM. Laparoscopic-
assisted colectomy in patients with liver cirrhosis. Surg Endosc
2004;18:1071–1074.

[93] Lee JH, Kim J, Cheong JH, Hyung WJ, Choi SH, Noh SH. Gastric cancer surgery
in cirrhotic patients: result of gastrectomy with D2 lymph node dissection.
World J Gastroenterol 2005;11:4623–4627.

[94] Jang HJ, Kim JH, Song HH, Woo KH, Kim M, Kae SH, et al. Clinical outcomes of
patients with liver cirrhosis who underwent curative surgery for gastric
cancer: a retrospective multi-center study. Dig Dis Sci 2008;53:399–404.

[95] Carbonell AM, Wolfe LG, DeMaria EJ. Poor outcomes in cirrhosis-associated
hernia repair: a nationwide cohort study of 32,033 patients. Hernia
2005;9:353–357.

[96] McKay A, Dixon E, Bathe O, Sutherland F. Umbilical hernia repair in the
presence of cirrhosis and ascites: results of a survey and review of the
literature. Hernia 2009;13:461–468.

[97] Wong R, Rappaport W, Witte C, Hunter G, Jaffe P, Hall K, et al. Risk of
nonshunt abdominal operation in the patient with cirrhosis. J Am Coll Surg
1994;179:412–416.

[98] Friedman LS. Surgery in the patient with liver disease. Trans Am. Clin
Climatol Assoc 2010;121:192–204.
2 vol. 57 j 874–884


	Assessment of risk for non-hepatic surgery in cirrhotic patients
	Introduction
	Pathophysiology
	Main indications for extrahepatic abdominal surgery in patients with cirrhosis: Associated morbidity, mortality, and alternatives to surgery
	Gallstone disease
	Abdominal wall hernias
	Appendix and colorectal surgery
	Gastric surgery
	Pancreatic surgery

	Risk stratification: What could be the ideal method to predict risk and outcomes?
	Scoring systems for liver function? CTP score or MELD?
	Are individual markers of organ function better than a single scoring system?

	Preoperative interventions: Could they help make the surgery safer?
	Transjugular intrahepatic portosystemic shunt (TIPS)

	Preparing a cirrhotic patient for surgery
	Common pathology in chronic liver disease patients to be looked for and managed preoperatively

	Role of laparoscopic surgery in patients with cirrhosis
	Laparoscopic cholecystectomy in cirrhotic patients
	Laparoscopic hernia repair in cirrhosis
	Other laparoscopic procedures in cirrhotic patients

	Conclusions
	Conflict of interest
	References


