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Abstract
The reported mortality rates in patients with cirrhosis 
undergoing various non-transplant surgical procedures 
range from 8.3% to 25%. This wide range of mortality 
rates is related to severity of liver disease, type of 
surgery, demographics of patient population, expertise 
of the surgical, anesthesia and intensive care unit team 
and finally, reporting bias. In this article, we will review 
the pathophysiology, morbidity and mortality associated 
with non-hepatic surgery in patients with cirrhosis, and 
then recommend an algorithm for risk assessment and 
evidence based management strategy to optimize post-
surgical outcomes.

© 2007 WJG. All rights reserved.

Key words: Pre-operat ive r isk assessment; Risk 
stratification; Cirrhosis; Model for end-stage liver 
disease; Non-transplant surgery; Outcomes

Millwala F, Nguyen GC, Thuluvath PJ. Outcomes of patients 
with cirrhosis undergoing non-hepatic surgery: Risk 
assessment and management. World J Gastroenterol 2007; 
13(30): 4056-4063

 http://www.wjgnet.com/1007-9327/13/4056.asp

INTRODUCTION
The prevalence of  chronic liver disease is increasing in 
the US and the rest of  the world because of  hepatitis C 
(HCV), hepatitis B (HBV), alcohol and non-alcoholic fatty 
liver disease (NAFLD)[1]. It has been estimated that about 
10% of  patients with cirrhosis will undergo surgery in the 
last 2 years of  their life[2]. General anesthesia and surgery 
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may lead to complications in a significant proportion of  
patients with well-compensated or occult cirrhosis, and 
these complications may result in considerable morbidity 
and mortality. The reported mortality rates in patients with 
cirrhosis undergoing various surgical procedures range 
from 8.3������  ��������������������������������������       %�����  ��������������������������������������        to 25% (Table 1) in comparison to 1.1% in 
non-cirrhotic patients[����3���-��6�]. This wide range of  mortality 
rates is related to severity of  liver disease, type of  surgery, 
demographics of  patient population, expertise of  the 
surgical, anesthesia and �����������������������������������     intensive care unit (��������������  ICU�����������  ) ��������� team and 
finally, reporting bias. It is therefore, important to assess 
the risk in relation to the type of  surgery that is performed; 
arbitrarily, the type of  surgery could be categorized into 
high, moderate or low risk surgery (Table 2)[3]. In this article, 
we will review the morbidity and mortality associated 
with non-hepatic surgery in patients with cirrhosis, and 
then recommend a risk assessment and evidence based 
management strategy to optimize post-surgical outcomes[7,8].

MORBIDITY, MORTALITY AND RISK
STRATIFICATION
The published evidence ������������������������������������      for���������������������������������       the risk of  surgery in patients 
with cirrhosis is mostly derived from retrospective studies. 
These have shown that the postoperative mortality and 
morbidity correlate well with Child-Turcotte-Pugh (CTP) 
class of  cirrhosis (Table 3)[3,9]. Based on these reports, it has 
been suggested that elective surgery is tolerated in patients 
with CTP class A cirrhosis, permissible with preoperative 
preparation in patients with CTP class B cirrhosis (except 
those undergoing extensive hepatic resection or cardiac 
surgery) and contraindicated in patients with CTP class 
C cirrhosis (Table 4). In recent years, the model for 
end-stage liver disease (MELD) score has been utilized 
to prioritize organ allocation in patients awaiting liver 
transplant. This objective score has been shown to reflect 
the 90����������������������������������������������������         ���������������������������������������������������       d mortality in patients with cirrhosis. Unlike the 
CTP score which has subjective components (severity of  
hepatic encephalopathy and ascites), the MELD score 
is considered more objective as it relies only on serum 
bilirubin, creatinine and �������������������������������  international normalized ratio 
(��������������������������������������������������       INR�����������������������������������������������       )����������������������������������������������       . More recent studies suggest that MELD could 
also be used to stratify risk in patients undergoing non-
transplant surgery, and MELD score < 10, 10-14 and > 14
may correspond to CTP classes A, B and C respectively[9,10].

Other proposed individual risk factors include the 
presence of  jaundice, prolonged prothrombin time 
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(> 2.5 s above control that does not correct with vitamin 
K), ascites, encephalopathy, hypoalbuminemia, portal 
hypertension, renal insufficiency, hyponatremia, infection, 
anemia and malnutrition. There is no evidence suggest����ing� 
that these individual risk factors are better than either 
CTP or MELD scores. Semi-quantitative liver function 
tests including galactose elimination capacity, aminopyrine 
breath test , indocyanine g reen c learance, mono-
ethylglycinexylidide test (MEGX) have also been proposed 
to risk-stratify patients with cirrhosis undergoing surgery, 
but these are not available universally and hence not used 
routinely in clinical practice[11].

The nature of  the surgical procedure is an important 
determinant of  postoperative complications. In general, 
emergency surgery is associated with a higher morbidity 
and mortality than elective surgery[12����-���14]. The morbidity and 
mortality risks are highest in patients undergoing cardiac 
and open abdominal surgeries including cholecystectomy, 
gastric resection, colectomy and hepatic resection[11]. 
Laparotomy causes a greater reduction in liver blood flow 
and increased hepatic ischemia than extra-abdominal 
surgery. Another contributing factor is increased risk 
of  intra-operative bleeding in the presence of  portal 
hypertension, especial ly in patients with previous 
abdominal surgery and adhesions.

Hemodynamic changes, characterized by increased 
cardiac output, splanchnic vasodilation and decreased 

Table 1  Reported surgical mortality risk in patients with cirrhosis

Surgery in patients with cirrhosis     n Died (n)   % Ref No.

Gastrointestinal
  Peptic ulcer surgery-elective     20   2   10 34
  Peptic ulcer surgery-bleeding     94 46   49 34
  Peptic ulcer surgery-perforation   167 70   42 34
  Gastric bypass   125   5     4 38
  Biliary tract surgery   212 45   21 34, 39
  Small bowel surgeries       9   6   67 34
  Colon surgeries     87 36    41 34
  Open cholecystectomy   110   8     7.7 40
  Laparoscopic cholecystectomy   265   0     0 41
Abdominal
  Abdominal surgery for trauma     17   8   47 42
  Emergency abdominal surgery   57 12
  Splenectomy       7   0     0 43
  Umbilical herniorrhaphy     24   2     8.3   6
  Inguinal herniorrhaphy 1197 30     2.5 44
Bone/Joint
  Hip surgery-elective     14   0     0 45
  Hip surgery-emergent       5   3   60 45
  Knee surgery     42   0     0 46
Cardiac
  Cardiac surgery-elective     18   3   17 47
  Cardiac surgery-emergent       5   4   80 48
Genito-urinary
  TURP     30   2     6.7 49
  Hysterectomy   105   8     7.6 50
Abdominal surgeries in various 
liver conditions
  Acute hepatitis      11 11 100 51
  Hepatitis C      34   0     0 52
  Chronic hepatitis      20   0     0 36
  Obstructive jaundice     5-60 53

TURP: Transurethral resection of the prostrate.

Table 2  Surgical severity risk stratification[14]

Low risk Moderate risk High risk

Eye Intracranial surgery Lung resection
ENT Laminectomy/Disc

surgery
Heart surgery

Dental Thyroidectomy AAA repair
Sinuses/Tonsils Other endocrine

surgery
Porto-systemic shunt

Chest tube/
Thoracentesis

Head and neck surgery Splenectomy

Bronchoscopy Major blood vessels
surgery

Laparotomy

Laryngoscopy Peripheral artery
surgery

Esophagus/Stomach
 surgery

Tracheostomy Embolectomy Liver/Biliary surgery
Venous procedures Carotid artery surgery Small bowel/Large

bowel/Pancreas surgery
Vein stripping Rectal/Anal surgery Renal surgery
Pacemaker insertion Herniorrhaphy Hip surgery
Lymph node biopsy/
resection

Bladder procedures Back fusion

GI endoscopy Prostate procedures Long bone fractures

Laparoscopy Hysterectomy
± oophorectomy

GU endoscopy Amputations
Male GU procedures Hand, foot, knee

 surgery
Female GU procedures Breast biopsy/

mastectomy
D & C
Skin lesion excision
Superficial tumor
excision
Other diagnostic/
therapeutic 
procedures

ENT: Ear, nose and throat; GI: Gastrointestinal; GU: Genitourinary; D & C: 
Dilatation and curettage; AAA:  Abdominal aortic aneurysm.

systemic vascular resistance, are common in patients 
with portal hypertension, 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[15,16]. Hypotension, hypoxemia, 
hemorrhage and use of  vasoactive drugs may further 
reduce hepatic oxygenation.  Hepatic blood flow and liver 
function may be further compromised by catecholamine 
release and other neurohormonal responses[17].

PREOPERATIVE EVALUATION AND RISK
ESTIMATION
A thorough preoperative history and physical examination 
are keystones in the evaluation and management of  
patients with chronic liver disease prior to surgery. It 
is essential to assess for the presence and severity of  
liver disease. In addition to identifying the risk factors 
for liver disease (blood transfusions, tattoos, illicit drug 
use, sexual promiscuity, family history of  liver disease, 
alcoholism, travel history, review of  prescribed or over the 
counter medications), it is important to elicit any previous 



history of  decompensation such as ascites, edema, or 
hepatic encephalopathy, variceal bleeding or anesthesia-
related complications (Table 5). Stigmata of  chronic liver 
disease such as jaundice, palmar erythema, spider nevi, 
gynecomastia, or testicular atrophy and portal hypertension 
such as splenomegaly, ascites, or asterixis should lead to a 
thorough evaluation of  liver disease and its severity. Figure 
1 shows general guidelines for preoperative evaluation of  
patients with liver disease.

A preoperative evaluation should comprise laboratory 
tests such as comprehensive metabolic profile, complete 
blood counts and prothrombin time. Elevated bilirubin, 
low albumin, elevated liver enzymes, low platelets and 
elevated prothrombin time may suggest ����������������  the ������������ presence of  
chronic liver disease. A medical history suggestive of  liver 
disease, clinical signs of  chronic liver disease or abnormal 
laboratory tests should prompt further evaluation to assess 
severity of  liver disease.

PREOPERATIVE MANAGEMENT
The outcomes of  patients with cirrhosis who undergo 
surgery could be improved by optimizing the following 
premorbid conditions.

Coagulopathy
Even in urgent surgical situations, management of  
coagulopathy is beneficial. While peripheral vascular 
surgery can be performed with significant coagulopathy, 
neurosurger y usual ly requires an INR below 1.2, 
platelets > 100 × 109/L, and fibrinogen > 100��������  �������mg/dL. 
A thromboelastogram, which is a graphic representation 
of  the interaction of  plasma coagulation proteins with 
platelets and fibrinogen, is a useful tool to help guide the 
administration of  coagulation factors in the operating 
room.

Coagulopathy in liver disease could be due to hepatic 
synthetic dysfunction or vitamin K deficiency usually 
caused by ����������������������������������   malabsorption secondary to prolonged 
cholestasis. Though hepatic synthetic dysfunction cannot 
be corrected by vitamin K administration, it may be 

worthwhile to administer a trial of  parenteral vitamin 
K in elective surgery cases in case malabsorption is a 
contributing factor. In emergen��������������������������    cy������������������������     situations or cases in 
which there is inadequate response to vitamin K, fresh 
frozen plasma can be administered. If  patients do not 
respond to fresh frozen plasma, Cryoprecipitate, which 
contains large amount of  fibrinogen and von Willebrand 
factor, may be given intravenously preoperatively. DDAVP 
0.3 µg/kg, which contains endogenous von Willebrand 
factor and factor Ⅶa infusion are other novel agents that 
could be used to correct clotting abnormalities. In most 
refractory cases, plasma exchange may be necessary. In 
addition to the correction of  coagulopathy, prophylactic 
platelet transfusions may be considered for severe 
thrombocytopenia (< 50 000/m���L��).

Ascites 
The presence of  ascites may increase the r isk of  
abdominal wound dehiscence, abdominal wall herniation, 
and respiratory compromise. Ascites could be managed 
by a combination of  low sodium diet and administration 
of  diuretics such as furosemide and spironolactone with 
careful monitoring of  creatinine and electrolyte levels. 
If  ascites is uncontrolled prior to surgery, large volume 

Table 3  Modified Child Turcotte Pugh (CTP) score

Feature                              Points

   1 2   3
Albumin (g/dL) > 3.5 2.8-3.5 < 2.8
Prothrombin time
-Seconds prolonged < 4 4-6 > 6
-INR < 1.7 1.7-2.3 > 2.3
Bilirubin (mg/dL) < 2 2-3 > 3
(PBC/PSC)1 < 4 4-10 > 10
Ascites Absent Slight-moderate Tense
Encephalopathy None Grade Ⅰ-Ⅱ Grade Ⅲ-Ⅳ
CTP Class Points 2 yr patient

survival (%)
Class A   5-6 85
Class B   7-9 60
Class C 10-15 35

1In primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC), 
the bilirubin references are changed to reflect the fact that these diseases 
feature high conjugated bilirubin levels.

Table 4  Contraindications to elective surgery in patients with 
liver disease[11]

1Severe coagulopathy defined as platelets < 50 000/mm3 and prothrombin 
time prolonged beyond 3 s with no response to Vitamin K; 2POPH: Porto-
pulmonary hypertension; HPS: Hepatopulmonary syndrome.

Acute hepatitis Chronic hepatitis

Alcoholic Chronic severe hepatitis
Autoimmune Class C cirrhosis
Uncontrolled Wilson’s disease Uncontrolled portal hypertension with

sequelae
Severe coagulopathy1

Systemic liver-related co-morbidities
 Hypoxia (POPH or HPS)2

 Cardiac volume overload
Hepatorenal syndrome

  ASA Class                Systemic disturbance Mortality (%)

        1 Healthy patient with no disease outside of the
surgical process

< 0.03

        2 Mild to moderate systemic disease caused by
the surgical condition or by other pathological
processes, medically well-controlled

    0.2

        3 Severe disease process which limits activity but
 is not incapacitating

    1.2

        4 Severe incapacitating disease process that is a
constant threat to life

    8

        5 Moribund patient not expected to survive 24 h
with or without an operation

  34

        E Suffix to indicate emergency surgery for any
class

Increased

Table 5  American Society of Anesthesiologists (ASA) 
Classification of preoperative risk 

bP < 0.01 vs group B and control group; aP < 0.05 vs control group; dP < 0.01 vs 
group B and control.
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paracentesis could be performed either preoperatively 
or intra operatively. Replacement with albumin (8�������   ������ g for 
each liter of  ascites drained) is important to maintain 
intravascular volume and to reduce the risk of  hepatorenal 
syndrome.

Patients with ascites could present with abdominal 
pain from spontaneous bacterial peritonitis (SBP) or 
secondary bacterial peritonitis. In such situations, it is 
important to analyze the ascites fluid for differential white 
cell counts. If  absolute ascites neutrophil counts exceed 
250 neutrophils/m�����������������������������������������       L����������������������������������������       , the patient should be treated for SBP 
with a third generation cephalosporin such as ceftriaxone 
or a f luoroquinolone such as ciprof loxacin as the 
common pathogens are usually Escherichia coli and Klebsiella 
pneumoniae. If  multiple organisms are grown, secondary 
bacterial peritonitis should be suspected.

Since ascites may reaccumulate rapidly with administration 
of  normal saline, it is advisable to use colloids or blood 
perioperatively. The role of  pre-operative transjugular 
portosystemic shunt (TIPS) to control refractory ascites is 
poorly defined and is not currently recommended[18].

Renal dysfunction
In advanced liver disease, patients may present with renal 
insufficiency from a variety of  etiologies including iatrogenic 
causes such as medications �������������������������������  [������������������������������  diuretics, ������������������� n������������������ on-steroidal anti-
inflammatory drugs �������� ���������������������������   ��(������������������������������������    NSAID�������������������������������    )������������������������������     or other nephrotoxic agents��]� 
or large volume paracentesis (often performed without 
albumin replacement), infections (SBP and urinary tract 
infections are most common), gastrointestinal bleeding 

or hepatorenal syndrome (HRS). HRS occurs in the 
setting of  advanced portal hypertension and associated 
profound splanchnic vasodilation. These changes result in 
a cascade of  events leading to decreased renal perfusion 
and renal insufficiency. From a practical point of  view, 
HRS is defined by a plasma creatinine > 1.5 mg/dL, in the 
absence of  any iatrogenic causes, bleeding or intrinsic renal 
diseases, that is not improved by fluid (1.5��������������������    l������������������  iters of  isotonic 
saline) or colloids (albumin 1 g/������������������������     k�����������������������     g body weight for 3 d) 
administration[19]. HRS may present in two different ways; 
rapidly progressive (type 1) where creatinine doubles (100% 
increase) over a period of  2 wk and slowly progressive (type 
Ⅱ) where creatinine is ≥ 1.5 mg/dL, and then progress���es� 
slowly. Type 1 HRS has a dismal outcome without liver 
transplantation. However, HRS that is precipitated by SBP 
and the intravascular fluid shifts associated with anesthesia 
or surgery is potentially reversible. Combination treatments 
with midodrine and octreotide, or terlipressin and albumin 
have shown promising results, but there is a paucity 
of  controlled data with adequate sample size on these 
treatment modalities[20,21]. Hemodialysis or continuous veno-
venous hemodialysis (CVVHD) is often used as a bridge to 
liver transplantation����������������������������������������      ; ��������������������������������������     again there are no controlled studies 
proving its efficacy.

Hyponatremia
Hyponatremia is common in advanced liver disease. Severe 
hyponatremia may lead to seizures and worsening of  
hepatic encephalopathy. Rapid correction (> 10 meq/L per 
24 h) of  sodium, especially in malnourished patients, could 
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Risk factor
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Routine
pre-operative
evaluation

Emergency surgery Elective surgery
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No
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Figure 1  An algorithm for evaluation 
and management of patients with liver 
disease prior to surgery.



lead to fatal central pontine myelinolysis. Hyponatremia 
is usually corrected by fluid restriction (< 1000 m�����L����/d) 
and discontinuation of  all diuretics. In symptomatic 
patients, intravenous 3% sodium chloride may be used 
judiciously[22].

Hepatic encephalopathy 
It is important to recognize sub-clinical encephalopathy 
preoperatively. Many conditions including constipation, 
alkalosis, central nervous system depressants, hypoxia, 
infection, azotemia and gastrointestinal bleeding may 
precipitate overt �����������������������������������������    h����������������������������������������    epatic ���������������������������������   e��������������������������������   ncephalopathy (HE). In patients 
with cirrhosis, especially in those with clinical or sub-
clinical HE, many of  these precipitating factors could be 
avoided or treated early to prevent significant HE. HE 
may complicate the post-operative course resulting in 
immobility, lack of  cooperation with nursing procedures, 
unnecessary investigations (if  not diagnosed clinically or 
suspected) and aspiration pneumonia. Encephalopathy is 
treated with lactulose 30 mL orally every 6 h, titrated to 2 
or 3 soft bowel movements daily. Metronidazole, rifaximin 
and low dose neomycin could be used in combination with 
lactulose, but it is important to avoid neomycin in patients 
with renal insufficiency[23-25].

Malnutrition
Malnutrit ion can result in hypoalbuminemia, low 
oncotic pressure and intravascular hypovolemia. Muscle 
wasting may result in patient immobility and respiratory 
muscle dysfunction, leading to prolonged mechanical 
ventilation postoperatively. When hospitalized with 
malnutrition, a nutritionist consultation should be 
obtained. Patients with advanced liver disease should 
receive nutritional supplementation, both enteral and 
parenteral in the perioperative period. Consideration 
should be g iven to star t ing the supplementat ion 
preoperatively, and this may reduce the short-term 
mortality and postoperative complications, but the impact 
of  nutritional supplementation on long-term mortality 
remains unclear[26,27]. The supplementation should be 
high in carbohydrate/lipid content and low in amino 
acid content to prevent worsening of  preexisting hepatic 
encephalopathy. Nutritional supplementation is particularly 
important in alcoholics and should include vitamin B1.

Pulmonary conditions 
Common conditions include hydrothorax, hepatopulmonary 
syndrome, portopulmonary hypertension, immune 
mediated lung diseases (especially in autoimmune diseases) 
and emphysema (in smokers and alpha-1 antitrypsin 
deficiency). Hepatic hydrothorax occurs, usually on 
the right side, in about 5% of  patients with cirrhosis. 
Preoperative thoracentesis is not usually recommended 
as the resulting hypoxemia is not very severe[7]. Use of  
an incentive spirometer postoperatively may prevent 
atelectasis. Hepatopulmonary syndrome includes the 
presence of  systemic-to-pulmonary vascular shunts and 
intrapulmonary arteriovenous shunts, both of  which 
result in systemic arterial desaturation. It is marked by 
orthodeoxia and platypnea and can be diagnosed by contrast 

echocardiography or a Technetium 99 m-labelled albumin 
scan. This could be further confirmed by pulmonary 
angiography. Type�����������������������������������������         ����������������������������������������       1 HPS is a pattern, which responds well 
to 100% oxygen supplementation. Type 2 HPS does not 
respond to oxygen and is considered a contraindication to 
general anesthesia. Portopulmonary hypertension occurs in 
2���������������������������������������������������������       %��������������������������������������������������������       -4% of  patients with cirrhosis and portal hypertension. 
It is defined as a mean pulmonary artery pressure (MPAP) 
greater than 24 mmHg with a normal pulmonary capillary 
wedge pressure and a pulmonary vascular resistance 
greater than 120 dynes/s�������   per ��cm5. When the MPAP is > 
50������������������������������������������������������         �����������������������������������������������������       mmHg, the condition becomes life threatening and can 
lead to right ventricular failure and hypoxemia. If  surgery 
is contemplated, pulmonary pressures must be optimized 
usually with intravenous epoprostenol[28], but sildenafil or 
bosentan have also been tried perioperatively.

Cardiac conditions
Dobutamine stress echocardiography has been advocated 
as a screening modality for coronary artery disease in 
patients with cirrhosis. However, its predictive value 
in patients with advanced cirrhosis is quite variable. 
In general�����������������������������������������      ,����������������������������������������       the American College of  Cardiology and 
American Heart Association guidelines are useful to 
assess the suitability of  patients with liver disease for 
non-cardiac surgery. Beta-blockers must be used in the 
perioperative period if  no contraindications exist. They are 
not only useful in reducing the incidence of  perioperative 
myocardial ischemia and adverse cardiac events, but also 
help to decrease the portal pressure. In patients with 
advanced cirrhosis and cardiac disease, less invasive 
procedures such as angioplasty, valvuloplasty and newer 
off-pump procedures may prove to be beneficial[29,30].

Miscellaneous
Anemia must be managed aggressively with early and 
sufficient substitution of  clotting factors and blood 
products. Glucose intolerance and diabetes are common in 
patients with liver disease. Insulin infusion is beneficial to 
maintain good control perioperatively. However, caution 
is warranted as patients with cirrhosis are also at risk 
for hypoglycemia[31]. Deficiency in 25-hydroxyvitamin D 
can occur in cirrhosis and if  associated with nutritional 
deficiencies will lead to osteomalacia and will require 
Vitamin D and Calcitriol supplementation. Screening for 
varices should be performed in cirrhotic patients and 
those receiving beta blockade for prophylaxis of  variceal 
bleeding ��������������������������������������������������        and ����������������������������������������������       should continue to do so in the perioperative 
period[32,33]. Preoperative antibiotic prophylaxis is 
mandatory due to high rates of  septic complications 
in patients with cirrhosis. In an emergency situation, 
especially after resectional procedures, selective bowel 
decontamination and prolonged course of  antibiotics must 
be considered. In patients with peptic ulcer disease, long-
term maintenance therapy with proton pump inhibitor��s� 
may be recommended[34].

Strategies for specific liver conditions
Stress-dose steroids should be administered preoperatively 
in patients with autoimmune hepatitis who are on steroid 
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CONCLUSION
The mortality from abdominal surgeries in patients with 
cirrhosis is unacceptably high. Preoperative assessment 
can predict survival to some extent in cirrhotic patients 
requiring abdominal procedures. Furthermore, optimization 
of  premorbid factors may reduce perioperative mortality 
and morbidity. However, better predictive models for risk-
stratification are necessary to predict and improve post-
operative outcomes of  patients with cirrhosis[37].
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 COMMENTS
Background
In patients with cirrhosis, the surgical mortality is as high as 25%. Pre-operative 
risk stratification in such patients and optimization of medical care prior to surgery 
are essential to prevent adverse outcomes after surgery.

Research frontiers
Studies with better predictive models for risk-stratification are necessary to predict 
and improve post-operative outcomes of patients with cirrhosis.

Innovations and breakthroughs
The recent adoption of the MELD score by UNOS to risk stratify patients prior 
to transplant surgery has improved our ability to better characterize the severity 
of liver disease objectively in liver transplant population. Similar models are 
necessary to risk-stratify patients prior to any other surgery in patients with 
cirrhosis.

Applications 
CTP score, MELD score, age, and American Society of Anesthesiologists class 
are factors that can quantify the risk of mortality postoperatively in patients with 
cirrhosis, independent of the procedure performed. These factors can be used 
in determining operative mortality risk, and to decide whether elective surgical 
procedures can be delayed until after liver transplantation.

Terminology
MELD score is a numerical score obtained by inserting the values of serum total 
bilirubin, INR and serum creatinine into a logarithmic formula. It is a disease 
severity index score and helps determine the mortality without liver transplantation 
in patients with advanced cirrhosis.

Peer review
The authors reviewed the pathophysiology, morbidity and mortality associated with 
non-hepatic surgery in patients with cirrhosis, and then recommend an algorithm 
for risk assessment and evidence based management strategy to optimize 
post-surgical outcomes. They concluded that better predictive models for risk-
stratification are necessary to predict and improve post-operative outcomes of 
patients with cirrhosis
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The common complications of  surgery in patients with 
cirrhosis are hemorrhage, sepsis, liver failure, fluid overload 
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Non-steroidal anti-inflammatory drugs and nephrotoxic 
drugs should be avoided, and caution should be exercised 
with use of  narcotics.
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