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Surgery in the Patient With Liver Disease

TusHAR PaTEL, MBCHB

Patients with liver disease often undergo surgery. With the
increasing prevalence of liver disease and improved sur-
vival due to newer medications and treatments, a growing
number of patients with liver disease will require preop-
erative assessment. Because of the multiple physiological
roles of the liver, hepatic dysfunction places these patients
at an increased risk of perioperative morbidity and mor-
tality. The precise risks associated with specific liver dis-

Patients with liver disease often undergo elective sur-
gery, and up to 10% of patients with end-stage liver
disease may have surgery during their last 2 years of life.!
Patients with unsuspected liver disease may also undergo
surgical procedures. Indeed, patients with advanced liver
disease may be asymptomatic despite alterations in hepatic
function. In 1 study, abnormal results on liver-related tests
were noted in 11 of 7620 otherwise-healthy surgical candi-
dates, all of whom were subsequently shown to have un-
derlying liver disease.” With the increasing prevalence of
liver disease and improved survival due to newer medica-
tions and treatments, a growing number of patients with liver
disease will require preoperative assessment. These patients
are at an increased risk of perioperative mortality due to the
effects of surgery and anesthesia on the liver and alterations
in the unique metabolic and synthetic functions of the liver.
Identifying preexisting problems that could be managed be-
fore surgery may reduce these risks. The purposes of this
review are to (1) describe the effects of liver disease on
surgery; (2) discuss the risks associated with anesthesia and
surgery in the patient with liver disease; (3) outline an ap-
proach to perioperative risk assessment, evaluation, and
management of the patient with known or suspected liver
disease who is a surgical candidate; and (4) delineate an
approach to patients with postoperative liver dysfunction.

EFFECTS OF LIVER DISEASE ON

ANESTHESIA AND SURGERY

Several pathophysiological factors contribute to increased
perioperative mortality in patients with liver disease. Be-
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eases are poorly understood but are greater with increased
impairment of hepatic function. Identifying preexisting
problems that could be optimally and appropriately man-
aged before surgery (eg, coagulation status, intravascular
volume, renal function, electrolytes, cardiovascular status,
and nutrition) may reduce these risks and decrease mor-
tality in patients with liver disease undergoing surgery.
Mayo Clin Proc. 1999;74:593-599

cause multiple hepatic functions are important during sur-
gery and administration of anesthesia, understanding de-
rangements of hepatic function in disease will help in the
preoperative evaluation. Major functions of the liver in-
clude metabolism, detoxification, and excretion of endog-
enous compounds, drugs, and toxins as well as synthesis of
plasma proteins, glucose, and blood coagulation factors.
Because of its reserve and regenerative ability, the liver can
sustain considerable damage before hepatic dysfunction
becomes clinically manifest, and therein lies the challenge
to preoperative assessment.

As the liver is a major site of drug metabolism, alter-
ations in hepatic function may result in a prolonged dura-
tion of action of agents that are predominantly metabolized
by this organ. For example, agents such as methoxyflurane
and halothane should be avoided in patients with known
hepatic dysfunction. Drugs such as sedatives or narcotic
analgesics that affect the central nervous system may cause
a prolonged depression of consciousness and may even
precipitate hepatic encephalopathy if administered to pa-
tients with severe liver disease and marked impairment of
hepatic function. Because hepatic biotransformation has a
minor role in the elimination of the halogenated agents
(except halothane), these agents are well tolerated in pa-
tients with liver disease. The metabolism of drugs depen-
dent on enterohepatic circulation will also be altered during
cholestasis. Moreover, the liver is susceptible to injury
from a wide range of xenobiotics, and postoperative he-
patic dysfunction may result from an effect of the anes-
thetic agents used. Anesthetic agents with known direct
hepatotoxicity, such as chloroform or halothane, should be
avoided in patients with known hepatic dysfunction.

Advanced hepatic disease often results in hemodynamic
abnormalities. Patients with advanced hepatic disease may
have an increased cardiac output and decreased systemic
vascular resistance.’ Despite the large cardiac output, tissue
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perfusion may be decreased because of shunting. Most
inhalational anesthetic agents reduce hepatic blood flow,
and the result is decreased oxygen uptake by the liver and
splanchnic organs.* Although these effects seldom result in
overt liver hypoxia, this outcome is more likely in the
patient with preexisting liver disease. Postoperative hepatic
ischemia often occurs in situations in which other factors
such as hypotension, hypoxemia, hemorrhage, and use of
vasoactive drugs have further reduced hepatic oxygen-
ation. Stresses due to surgery, with concomitant catechol-
amine release and neurohormonal responses, may also in-
duce changes in liver hemodynamics that lead to hepatic
dysfunction.

Pulmonary dysfunction may be present in patients with
liver disease.’ In patients with the hepatopulmonary syn-
drome, intrapulmonary arteriovenous shunting may result
in hypoxemia. Some patients with portal hypertension also
have coexistent pulmonary hypertension, which can con-
tribute greatly to increased morbidity and mortality. The
presence of ascites and pleural effusions results in
atelectasis and restrictive pulmonary disorders. In addition,
ventilation-perfusion mismatch or interstitial or restrictive
disease may be present in patients with liver disease.

The most common causes of perioperative mortality
include hemorrhage, sepsis, liver failure, and the hepato-
renal syndrome. Specific complications of liver disease
such as coagulopathy, malnutrition, or ascites may influ-
ence outcomes after surgery, and their specific manage-
ment is outlined later in this review. Coagulopathy may
be present due to vitamin K deficiency associated with
cholestasis or impaired hepatic synthesis of vitamin K—de-
pendent factors. During portal hypertension, splenic se-
questration may result in thrombocytopenia. Thus, it is not
surprising that hemorrhage is a common cause of mortality.
Patients with cholestatic jaundice are at an increased risk of
postoperative renal failure. The pathophysiological pro-
cesses leading to this outcome are unknown, but a high
degree of renal afferent arteriolar vasoconstriction may
contribute to renal insufficiency. Increased bilirubin (>3
mg/dL) and creatinine levels and a decreased albumin level
are associated with greater mortality.®

RISKS ASSOCIATED WITH SURGERY

IN PATIENTS WITH LIVER DISEASE

The effect of liver disease on perioperative risk may lead to
unnecessary concern and testing in patients at low risk of
perioperative mortality. Furthermore, inappropriate sur-
gery may be performed in those at high risk of peri-
operative mortality. Thus, appreciation of the risks of sur-
gery is essential for optimal preoperative evaluation. The
risk of perioperative mortality and morbidity in patients
with liver disease depends on the type of surgery, nature

and severity of the underlying hepatic disease, and extent
of hepatic dysfunction. Unfortunately, assessment of
perioperative risk remains ‘an inexact science due to the
paucity of large prospective studies of the operative risk in
patients with liver disease. The available data are primarily
derived from retrospective studies of cirrhotic patients un-
dergoing abdominal studies or from case series. Neverthe-
less, surgical risk may be estimated on the basis of the
available data.

The perioperative mortality associated with chole-
cystectomy in patients with liver disease was examined in a
large retrospective study. After the investigators had cor-
rected for comorbidity that is known to be associated with
increased perioperative mortality, the odds ratio for
perioperative mortality for patients with liver disease vs
that for patients without liver disease was 8.47 (95% confi-
dence interval, 6.34-11.33).7

Acute Hepatitis

Patients with acute hepatitis are believed to have in-
creased operative risk and perioperative mortality. Al-
though the cause may vary (viral, toxic, alcohol, ischemia,
thrombosis, or drugs), the mainstay of management is sup-
portive care for most patients, and improvement in their
overall condition will diminish the perioperative risk.
Thus, elective surgical procedures should be postponed in
the presence of acute hepatitis.

Acute viral hepatitis is historically associated with a
high mortality rate. Harville and Summerskill® reported a
10% mortality rate in patients with acute viral hepatitis
undergoing laparotomy and major postoperative complica-
tions in another 11% of patients. Other subsequent studies
have confirmed this high mortality.® Distinguishing be-
tween medical jaundice (acute hepatitis with intrahepatic
cholestasis) and surgical jaundice (extrahepatic chole-
stasis) was a major clinical challenge before advanced
imaging techniques became available. Laparotomy was
often performed for jaundice but was associated with high
mortality attributed to unrecognized hepatic parenchymal
disease. Because of advances in imaging capabilities,
laparotomies for this purpose are seldom performed. In
addition, advances in nonoperative management of extra-
hepatic biliary obstruction have further reduced the need
for surgery. The perioperative mortality associated with
acute liver disease may be lower than that in the conven-
tional, somewhat dated literature because of advances in
surgical and therapeutic techniques, better understanding
of drug actions, and improvements in perioperative nutri-
tion. Nevertheless, delaying elective surgery until the prob-
lem has resolved would be prudent.

The risk associated with drug-induced acute hepatitis
has not been evaluated, but the risk due to acute alcoholic
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hepatitis is believed to be worse than that for acute viral
hepatitis. In 1 series, mortality was increased 5-fold in pa-
tients in whom the diagnosis of alcoholic hepatitis was
made by open biopsy compared with those made by closed
biopsy.'” Some series report a surgical mortality rate of
100% in patients with alcoholic hepatitis.!! Thus, patients
with acute alcoholic hepatitis should not undergo surgery
until their hepatitis has diminished and their clinical condi-
tion improved. Fulminant hepatic failure is a medical catas-
trophe, with marked destruction of hepatocytes and impait-
ment of hepatic function. Patients are encephalopathic and
have severe metabolic derangements. Treatment involves
intensive supportive care and transplantation.

Chronic Hepatitis

Chronic liver disease can result from a wide range of
diseases with multiple causes. Data are scant regarding the
surgical risk in patients with chronic liver disease. The
major predictor of mortality is likely to be the extent of
hepatic dysfunction. Patients with mild chronic hepatitis
and well-preserved hepatic function tolerate surgery well,
whereas those with decompensated disease are at a much
higher risk.® The nature of the liver disease may also pose
specific, unique risks that increase operative morbidity,
such as malnutrition in patients with alcoholic liver disease
or chronic cholestasis.

Cirrhosis

The published data for operative risk in patients with
cirrhosis are more extensive than for other liver diseases.
However, the published studies are small, retrospective,
and heterogeneous with regard to cause and have usually
examined a limited range of risk parameters. Neverthe-
less, the risk of surgery is clearly increased in patients
with cirrhosis, being greater for emergency surgery or
abdominal procedures. Patients with cirrhosis may be
asymptomatic or have clinically overt hepatocellular dys-
function or portal hypertension. In the presence of coag-
ulopathy, cholecystectomy in patients with cirrhosis was
associated with a greater than 80% mortality rate.”? Al-
though reduced mortality (8%) has been reported in recent
series of abdominal surgery in patients with cirrhosis, the
risk remains considerable.' Perioperative mortality corre-
lates with the degree of hepatic dysfunction or severity of
cirrhosis.

ASSESSMENT OF PERIOPERATIVE RISK

Few efforts have been made to quantify the risk of
perioperative mortality in patients with liver disease. Most
reported studies have been retrospective, have involved
small numbers of patients, and have included groups that
were heterogeneous with regard to cause of liver disease

Table 1. Modified Child-Pugh Score

Points*
Presentation 1 2 3
Albumin (g/dL) >3.5 2.8-3.5 <28
Prothrombin time
Seconds prolonged <4 4-6 >6
International
normalized ratio <1.7 1.7-2.3 >2.3
Bilirubin (mg/dL)} <2 2-3 >3
Ascites Absent Slight- Tense
moderate
Encephalopathy None Grade I-11  Grade HI-IV

*Class A = 5-6 points, B = 7-9 points, and C = 10-15 points.

TFor cholestatic diseases (eg, primary biliary cirrhosis), the biliru-
bin level is disproportionate to the impairment of hepatic func-
tion, and an allowance should be made. For these conditions,
assign 1 point for bilirubin level <4 mg/dL, 2 points for bilirubin
4-10 mg/dL, and 3 points for bilirubin >10 mg/dL.

and type or urgency of surgery. Furthermore, comorbid
conditions were often not considered.

The risk of perioperative mortality or morbidity is re-
lated to the extent of hepatic dysfunction. However, con-
ventional biochemical markers of hepatobiliary disease
correlate poorly with the degree of hepatic dysfunction
because of the lack of individual specificity (except for the
prothrombin time). Nevertheless, these markers may be
helpful in combination or in monitoring hepatic abnormali-
ties. Hepatic synthetic function may be better evaluated by
albumin, prothrombin time, or pseudocholinesterase deter-
minations, whereas hepatic excretory function can be
evaluated by the bilirubin level. Tests of global liver func-
tion such as the indocyanine green test, galactose elimina-
tion capacity, and the aminopyrine breath test may have a
role in predicting the outcome of surgery but are not rou-
tinely used and are not universally available.

The most commonly used approach for the prediction of
perioperative risk is based on the system developed by
Child and Turcotte'® to predict mortality after portocaval
shunt surgery. However, this system has never been pro-
spectively validated in patients undergoing other types of
surgery. Furthermore, it involved subjective assessments of
nutrition and encephalopathy and thus could not be reliably
used for retrospective studies. A modification proposed by
Pugh and associates'® (Table 1) replaced nutritional status
with the prothrombin time (an independent predictor of
mortality) in the assessment of patients undergoing esoph-
ageal transection. The Child-Pugh score has been shown to
correlate with perioperative mortality in patients undergo-
ing nonshunt surgery and in cirrhotic patients undergoing
abdominal procedures. In a retrospective analysis of risk
variables of survival after abdominal surgery in cirrhotic
patients, Garrison and colleagues!” reported that the serum
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Figure 1. Preoperative approach to patient with known or suspected liver disease.

albumin level, leukocytosis, and an increased prothrombin
time were the most sensitive indicators of perioperative
mortality independent of the Child-Pugh score. In their
study, patients with Child class A, B, and C cirrhosis had
mortality rates of 10%, 31%, and 76%, respectively.

PREOPERATIVE EVALUATION OF THE PATIENT
WITH SUSPECTED LIVER DISEASE

A suggested algorithm for the preoperative approach to the
patient with known or suspected liver disease is outlined in
Figure 1. The initial step in all preoperative evaluations
should be a thorough history and physical examination.
Inquiry should be made about risk factors for chronic liver
disease and the presence of symptoms attributable to liver
disease. Specific helpful information includes a family his-
tory of jaundice, anemia, or liver disease; travel history,
occupational history, or exposure to hepatotoxins; alcohol
or other drug exposure; and the use of prescription or over-
the-counter medications. Physical examination should
seek to ascertain evidence of chronic liver disease. Routine
liver-related tests are not recommended unless under-
lying liver disease is clinically suspected. If, however,
abnormalities are noted on liver-related test results, elec-

tive procedures should be deferred until an evaluation has
been done for the presence, nature, and severity of liver
disease.

Patients with acute, symptomatic liver disease should
have elective surgery postponed, if possible, until they
have recovered. However, if surgery is necessary because
of life-threatening illness, it may be performed with close
intraoperative monitoring to avoid hemodynamic instabil-
ity and the use of known hepatotoxins. If chronic liver
disease is evident, elective surgery should be deferred un-
til the cause and severity of the liver disease are estab-
lished. In the absence of cirrhosis, proceeding with surgery
is reasonable. If, however, cirrhosis is present, an assess-
ment of hepatic function and perioperative risk is neces-
sary. The Child-Pugh score may help stratify risk in cir-
rhotic patients.

Patients with decompensated liver disease have a high
risk of perioperative mortality. With the exception of pro-
cedures aimed at correcting the liver disease or its conse-
quences (eg, transplantation or shunt), surgery should be
deferred, if at all possible, until the patient’s condition is
stabilized. Nonoperative or less invasive management
should be considered in these circumstances. The patient’s
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candidacy for liver transplantation should be assessed be-
fore any elective abdominal surgery.

Some surgical procedures, such as hepatic resection,
shunt procedures for portal hypertension, and liver trans-
plantation, are performed in patients with liver disease.
Most patients undergo elective hepatic resection because of
a primary or metastatic tumor; hepatic function is usually
normal. However, liver function may be impaired post-
operatively because of surgical trauma, ischemia, or loss
of hepatocyte mass. Avascular planes do not exist for dis-
section, and thus more extensive procedures such as
lobectomy may result in considerable blood loss. Further-
more, intraoperative clamping of the suprahepatic in-
ferior vena cava or hilar vessels may result in warm
ischemia of the liver. Liver transplantation is a unique
and complex surgery, with its own risks and complica-
tions. Thus, pretransplantion evaluation and assessment of
perioperative risk will not be covered in this brief, general
review.

PREOPERATIVE MANAGEMENT OF
COMPLICATIONS OF LIVER DISEASE

Before surgery, particular attention should be paid to the
management of coagulation status, renal function, fluid and
electrolyte changes, specific complications of end-stage
disease such as encephalopathy and ascites, and nutrition.

Coagulation Status

Preoperative correction of coagulopathy is essential,
even in urgent surgical situations. Coagulopathy in patients
with chronic liver disease may be due to vitamin K defi-
ciency secondary to poor nutrition or malabsorption due to
cholestasis. This can be adequately corrected by a single
dose of vitamin K , 10 mg intramuscularly. Coagulopathy
may also be due to impaired hepatic synthetic function,
which will not be corrected by vitamin K administration,
and may require the use of fresh frozen plasma, given as
needed. Because determination of the precise cause of
coagulopathy may be difficult in some patients with ad-
vanced liver disease, both vitamin K and fresh frozen
plasma may be given together. Some patients may not
respond, and if the prothrombin time does not correct,
additional measures such as cryoprecipitate (10 U intra-
venously, administered preoperatively) may be used.
Cryoprecipitate contains large amounts of fibrinogen and
von Willebrand factor. 1-Deamino-8-p-arginine vaso-
pressin (DDAVP), 0.3 pg/kg intravenously, also causes
the release of large amounts of endogenous von Wille-
brand factor. Plasma exchange has been used for refrac-
tory coagulopathy. Prophylactic platelet transfusions
may be considered for thrombocytopenia (platelet count,
<20 x 10°/L.).

Renal and Electrolyte Abnormalities

Prevention of renal dysfunction is particularly important
in the presence of jaundice. Anemia should be corrected
preoperatively. Careful attention to volume status is criti-
cal. Nephrotoxic agents such as aminoglycosides or non-
steroidal anti-inflammatory drugs should be avoided. Urine
output can be maintained by using a mannitol infusion for 1
to 2 hours preoperatively, then continued postoperatively
{5% solution) to maintain a urine output of 60 mL/min. The
use of lactulose to reduce endotoxemia has been advocated
and may be useful in preserving renal function. Low-dose
dopamine has been used to improve renal perfusion and
dilate the splanchnic bed. Patients with cirrhosis often have
hypokalemia and alkalosis, and these conditions should be
corrected preoperatively to minimize the risk of cardiac
arrhythmias and to diminish encephalopathy.

Ascites

The presence of ascites may influence respiratory me-
chanics and increase the risk of abdominal wound dehis-
cence. Thus, ascites should be controlled preoperative-
ly. Large-volume paracentesis can be performed safely.
Paracentesis fluid should be evaluated for the presence of
spontaneous bacterial peritonitis by an analysis of the
neutrophil count. If spontaneous bacterial peritonitis is
present, appropriate therapy should be initiated. Dietary
sodium restriction is necessary. Reaccumulation of ascites
is common with administration of intravenous fluids. Care-
ful attention is essential to avoid excessive use of intrave-
nous saline solutions and medications containing sodium,
and the use of albumin or blood products, fresh frozen
plasma, or albumin for volume replacement should be con-
sidered to minimize reaccumulation of ascites. Diuretic
therapy is the mainstay for the management of ascites, but
electrolyte levels and renal function should be closely
monitored. If hyponatremia occurs, fluid restriction may be
necessary.

Encephalopathy

Patients with decompensated liver disease have a high
risk of perioperative mortality, and surgery should be de-
ferred, if possible, until the patient’s condition i3 stabilized.
Nonoperative or less invasive management should be con-
sidered in such circumstances. Encephalopathy can be
treated with lactulose, 30 mL orally every 6 hours, titrated
to 2 or 3 soft bowel movements daily. Protein restriction
has also been recommended for patients who respond
poorly, but excessive restriction of protein can actually
contribute to malnutrition and may be undesirable
preoperatively. Encephalopathy may be worsened or pre-
cipitated by the use of sedatives, and thus premedication
should be avoided.
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Table 2. Postoperative Liver Dysfunction in Patients With
No Known Preexisting Liver Disease

Hepatocellular Drugs (including anesthetics)
Ischemia, including shock, hypotension,
iatrogenic injury

Viral hepatitis

Cholestatic Drugs (antibiotics, antiemetics)

Sepsis

Bile duct injury

Choledocholithiasis or pancreatitis
Cholecystitis (calculous or acalculous)

Benign, multifactorial

Mixed Drugs
Multifactorial

Nutrition

Malnutrition is common in patients with chronic liver
disease, and it may increase the risk of perioperative
complications.”® Patients with alcoholic hepatitis have
poor nutritional intake, and the short-term outcome may
be improved with the use of supplemental enteral nutri-
tion. Enteral nutrition may be helpful in improving the
patient’s Child class and in reducing mortality in those
with cirthosis and malnutrition. Enteral feeding is pref-
erable to total parenteral nutrition if oral feeding can be
tolerated. Because patients are often malnourished, pro-
tein restriction is not advised unless encephalopathy is
present.

POSTOPERATIVE HEPATIC DYSFUNCTION

Close postoperative monitoring is essential for the patient
with liver disease, particularly the maintenance of fluid
balance and nutrition, as well as the identification and
correction of electrolyte abnormalities, coagulopathy,
encephalopathy, and infection. Medications often used
postoperatively, such as nonsteroidal anti-inflammatory
drugs and narcotic analgesics, should be used with caution
in the patient with preexisting liver disease. The patient
with alcoholic liver disease who may be more prone to
acetaminophen-induced toxicity should be monitored
closely. Liver dysfunction is common after surgery and
anesthesia and can range from mild enzyme elevations to
fulminant hepatic failure. Indeed, abnormalities of liver
test results are frequently noted postoperatively and may

Table 3. Factors Contributing to Postoperative Jaundice

Reduction in hepatic blood flow (anesthetics)
Increased pigment load
Multiple blood transfusions
Resolving hematoma
Hypotension
Sepsis, endotoxemia

reflect changes related to the surgery itself or the anesthetic
agents used.”” Although hyperbilirubinemia is common, es-
pecially in cirrhotic patients (up to 20%), jaundice is infre-
quent (<1%), and its presence should prompt a thorough
evaluation for the cause.??!

Although preexisting liver disease predisposes to post-
operative morbidity, postoperative liver dysfunction may
occur for various reasons in the patient with no known
preexisting liver disease (Table 2). On the basis of the
pattern of liver enzyme abnormalities, postoperative he-
patic dysfunction may be separated into 3 groups: hepato-
cellular, cholestatic, and mixed. Hepatocellular dysfunc-
tion may be due to drugs, including anesthetic agents,
ischemia, shock, iatrogenic injury, or viral hepatitis.
Known causes of predominantly cholestatic dysfunction
include sepsis, drugs, prolonged blood transfusions, biliary
fract injury, total parenteral nutrition, choledocholithiasis,
or cholelithiasis. In the presence of a cholestatic pattern, an
evaluation for extrahepatic biliary obstruction is warranted.
Cholangiography may be necessary if there is a strong
clinical suspicion of biliary obstruction, even if abnormali-
ties are not noted on computed tomography or ultrasonog-
raphy. However, postoperative jaundice is often multifac-
torial (Table 3), and identifying a precise cause is often
difficuit. Furthermore, postoperative liver disease may be a
manifestation of unrecognized preoperative disease. Nev-
ertheless, most cases of postoperative jaundice for which
no obvious cause is identified (so-called benign postopera-
tive jaundice) eventually resolve spontaneously, and thus
only supportive management is needed. A predominantly
unconjugated hyperbilirubinemia may reflect hemolysis
(due to multiple transfusions or resolving hematomas);
thus, the presence of reticulocytosis, decreased haptoglo-
bin, or anemia should be sought.

SUMMARY

Optimal perioperative care of the patient with liver dis-
ease necessitates an understanding of basic hepatic patho-
physiological perturbations. Multiple factors contribute
to the increased mortality observed in patients with liver
disease. The risks are greater with increased impair-
ment of hepatic function. Clearly, a need exists for a more
rigorous, current analysis and evaluation of risk factors
in various liver conditions. Reduction of mortality in pa-
tients with liver disease undergoing surgery will depend
on close attention to coagulation, intravascular volume,
renal function, electrolyte levels, cardiovascular status, and
nutrition.
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