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Ke y Points
1 The liver is the largest internal organ, accounting for 2% of the
total body mass of adults. It receives 25% of the cardiac output
via a dual afferent blood supply. The portal vein supplies 75%
of the hepatic blood flow while the hepatic artery supplies the
remainder. Because of the higher oxygen content in the hepatic
artery, each vessel provides roughly 50% of the hepatic oxygen
supply.
2 The liver plays a preeminent role in the intermediary metabolism
of nutrients (glucose, nitrogen, and lipids) and the detoxiication
of chemicals, including lipophilic medications. Liver dysfunction
affects the metabolism of nutrients and xenobiotics, and
negatively impacts nearly every other organ system.
3 Portal hypertension, the end result of hepatic injury and ibrotic
changes, results in portosystemic shunts that bypass the liver’s
metabolic and detoxiication capabilities. When nitrogenous
waste and other substances normally cleared by the liver enter
the central circulation, hepatic encephalopathy ensues.
4 Additional complications of portal hypertension include
variceal hemorrhage, ascites, and hepatorenal syndrome.
Cardiac sequelae include hyperdynamic circulation due to

decreased systemic vascular resistance, which results in an
increase in cardiac output.
5 Perioperative complications encountered by cirrhotic patients
include liver failure, postoperative bleeding, infection, and
renal failure. Patients with a model for end-stage liver disease
(MELD) score of less than 11 have a low postoperative mortality and represent an acceptable surgical risk. End-stage liver
disease patients with a risk of postoperative liver failure should
have elective abdominal surgery at institutions with a liver
transplant program. In patients with a MELD score of 20 or
higher, the high mortality risk contraindicates elective procedures until after liver transplantation.
6 Medical management undertaken to optimize cirrhotic
patients undergoing surgery should be directed toward treating
active infection, minimizing vasoactive infusions, optimizing
central blood volume and renal status, minimizing ascites, and
improving encephalopathy and coagulopathy.
7 The perioperative risk of patients with end-stage liver disease
depends more on the operative site and the degree of liver
impairment than the anesthetic technique.
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between low in the two afferent vessels is termed the “hepatic
arterial buffer response.”2
The microcirculation of the liver lobule is divided into three
zones that receive varying oxygen content.3 Zone 1 receives oxyThe liver is the largest internal organ and is the body’s metabolic
gen-rich blood from the adjacent portal vein and hepatic artery.
headquarters. It weighs 1.5 kg or about 2% of the total body
As blood moves through the sinusoid it passes from the intermeweight in an adult. The functional unit of the liver is the lobule, a
diate zone 2 into zone 3, which surrounds the central vein. Blood
structure roughly 1 × 2 mm that consists of plates of hepatocytes
entering zone 3 is oxygen poor. Pericentral hepatocytes have a
located in a radial distribution about a central vein. The afferent
greater quantity of cytochrome P450 enzymes and are the site of
blood supply from the portal vein and hepatic arteriole enters at
anaerobic metabolism. Hypoxia and reactive metabolic intermethe periphery of the lobule. bile, formed in the hepatocytes, flows
diates from biotransformation affect zone 3 more prominently
into canaliculi located between the plates of hepatocytes and
than other zones.
drains into bile ducts located at the periphery of the lobule next
Due to its ability to distend, the liver is capable of storing up
to portal venules and hepatic arterioles. The large pores in the
to 1 L of blood. The liver serves as a reservoir capable of accepting
endothelium lining the sinusoids allow plasma and its proteins to
blood, or releasing blood at times of low blood volume. The liver
move readily into the tissue spaces surrounding hepatocytes, an
also stores vitamins, particularly vitamins B12 (1-year supply), D
area known as the spaces of Disse. This fluid drains into the lym(3-month supply), and A (10-month supply). Excess body iron
phatic system. The liver generates about half of the body’s lymph
is transported via apoferritin to the liver for storage as ferritin,
(Fig. 45-1).
1
which is released when circulating iron levels are low. Thus, the
The liver receives approximately 25% of the cardiac output via
liver apoferritin system serves as a blood iron buffer.
a dual supply. The portal venules conduct blood from the porReticuloendothelial cells called Kupffer cells line the venous
tal vein, which drains the gastrointestinal tract. The portal vein
sinusoids. These macrophages phagocytize bacteria that enter the
supplies 75% of the liver inflow, or about 1 L/min. The hepatic
sinusoids from the intestines. Less than 1% of bacteria that enter
arterioles supply the remaining 25% of the hepatic blood flow.
the liver pass through the systemic circulation.
Due to the higher oxygen content of arterial blood, each vessel
2
The liver is involved in energy production and storage of
contributes about 50% of the hepatic oxygen supply.
nutrients absorbed from the intestines. The liver aids in blood
The liver’s high blood flow is due to low vascular resistance
glucose regulation through its glucose buffer function. This is
in the portal vein. The average portal vein pressure is 8 to 10 mm
accomplished by storing glucose as glycogen, converting other
Hg while the hepatic venous pressure averages 0 mm Hg. Howcarbohydrates (principally fructose and galactose) to glucose, and
ever, when injured hepatocytes are replaced by ibrous tissue,
synthesizing glucose from amino acids and triglyceride (glucoblood low is impeded and portal hypertension ensues. Sinusoidal
neogenesis).4 In patients with altered liver function, blood glucose
pressures greater than 5 mm Hg are abnormal and deine portal
hypertension.1 Sympathetic innervation from T3 to T11 controls
concentration can raise several fold higher than the postprandial
levels found in patients with normal hepatic function.
resistance in the hepatic venules. Changes in compliance in the
The liver synthesizes fat, cholesterol, phospholipids, and lipohepatic venous system contribute to the regulation of cardiac outproteins. It also eficiently metabolizes fat, converting fatty acids
put and blood volume. In the presence of reduced portal venous
to acetyl coenzyme A (Co A), an excellent source of energy, which
low, the hepatic artery can increase low by as much as 100%
can be diverted to the citric acid cycle to liberate energy for the
to maintain hepatic oxygen delivery. The reciprocal relationship

FIgURE 45-1. Basic structure of a liver
lobule, showing the cellular plates,
the blood vessels, the bile-collecting
system, and the lymph flow system
composed of the spaces of Disse and
the interlobular lymphatics. (Modified
from: Guyton AC, Taylor AE, Granger
HJ. Circulatory Physiology. Vol 2. Dynamics and Control of the Body Fluids.
Philadelphia, PA: WB Saunders; 1975.)
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liver. The liver generates more acetyl-CoA than it consumes.
The excess is packaged as acetoacetic acid for use elsewhere in
the body. The majority of cholesterol synthesized in the liver is
converted to bile salts and secreted in the bile. The remainder is
distributed to the rest of the body where it is used to form cellular
membranes and other vital structures. Fat synthesis from protein
and carbohydrates occurs almost exclusively in the liver, and the
liver is responsible for most fat metabolism.
The liver also plays a key role in protein metabolism. The
liver synthesizes all of the plasma proteins with the exception of
γ-globulins, which are formed in plasma cells. The liver is capable
of forming 15 to 50 g of protein per day, an amount suficient
to replace the body’s entire supply of protein in several weeks.
Albumin is the major protein synthesized by the liver and is the
primary determinant of plasma oncotic pressure. The liver also
synthesizes the nonessential amino acids from keto acids, which
are also synthesized in the liver.
The liver is capable of deamination of amino acids, which is
required for energy production or the conversion of amino acids
to carbohydrates or fats. Deamination produces ammonia, which
is toxic. Intestinal bacteria are an additional source of ammonia.
The liver removes ammonia through the formation of urea.
All of the blood clotting factors, with the exception of factors III
(tissue thromboplastin), IV (calcium), and VIII (von Willebrand
factor), are synthesized in the liver. Vitamin K is required for the
synthesis of prothrombin (factor II) and factors VII, IX, and X.
Hepatocytes produce roughly 500 mL of bile daily. Between
meals, the high pressure in the sphincter of Oddi diverts bile to
the gallbladder for storage. The gallbladder holds 35 to 50 mL of
bile in concentrated form. The presence of fat in the duodenum
causes release of the hormone cholecystokinin from duodenal
mucosa, which reaches the gallbladder via circulation and stimulates gallbladder contraction. Bile contains bile salts, bilirubin,
and cholesterol. Bile salts act as a detergent, solubilizing fat into
micelles, which are absorbed. Bile salts return to the liver via the
portal vein, completing the enterohepatic circulation. Bile salts
are needed for fat absorption, and cholestasis can result in steatorrhea and vitamin K deiciency.
The liver has the unique ability to restore itself after injury
or partial hepatectomy. As much as two-thirds of the liver can
be removed with regeneration of the remaining liver in a matter of weeks.5 Hepatocyte growth factor, produced by mesenchymal cells in the liver, and other growth factors, such as epidermal
growth factor (EGF), cytokines, tumor necrosis factor (TNF),
and interleukin-6, are involved in stimulating regeneration.
Growth factor-β, a known inhibitor of hepatocyte proliferation,
is involved in halting the regenerative process, which appears to
be related to the ratio of liver-to-body weight.5,6 Inlammation,
such as with a viral infection of the liver, impairs regeneration.

ASSESSMENT OF HEpATIC FUNCTION
A number of laboratory tests are available to assess the liver.
Collectively termed liver function tests (LFTs) many, including
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT), do not assess function but rather cellular injury. Increased
serum levels of these enzymes, AST (formerly serum glutamic
oxaloacetic transaminase or SGOT) and ALT (formerly serum
glutamic pyruvic transaminase or SGPT), occur in many types of
hepatic disease. Because AST is also found in nonhepatic tissues
(including the heart, skeletal muscle, kidney, and brain), elevations are not speciic for hepatic disease. ALT is primarily localized to the liver.

Fatty liver and chronic infections are associated with mild
(several fold) elevations of AST and ALT. Acute hepatitis produces larger increases, but the highest concentrations, which can
exceed 50 times normal, are seen with acute hepatitis necrosis.
Absolute levels of these enzymes are not always helpful, as declining values may indicate recovery or conversely a lack of surviving
hepatocytes. The AST/ALT ratio may be helpful in differentiating
alcoholic liver disease, in which the ratio is typically >2, from viral
hepatitis, which is associated with a ratio <1.
Indices of bile low obstruction include serum levels of alkaline phosphatase (AP), 5′-nucleotidase (5′-NT), γ-glutamyl transferase (GGT), and bilirubin. AP isoenzymes are found in multiple
organs including the liver, bone, kidney, intestines, placenta, and
leukocytes. Normally, most circulating AP originates from liver
and bone. Hepatic AP is concentrated in the microvilli of bile
canaliculi and the sinusoidal surface of hepatocytes. Elevations
of serum AP disproportionate to changes in AST and ALT occur
with obstructions to bile low. However, AP elevations may originate from other tissues, including the placenta during pregnancy.
Although 5′-NT is also found in many tissues, elevations are
highly speciic for hepatobiliary obstruction. Elevations of 5′-NT
may relect the detergent action of bile salts on plasma membranes, a requirement for its release. Because 5′-NT is so speciic
for liver diseases, it is useful to determine whether elevated AP
is of hepatic origin. Serum GGT is the most sensitive laboratory
indicator of biliary tract disease but it is less speciic than 5′-NT
and has largely been replaced by 5′-NT.
Bilirubin originates primarily from the breakdown of hemoglobin released from senescent red blood cells. Serum bilirubin levels are determined by the van den Bergh reaction, which
separates bilirubin into two fractions: A lipid-soluble, indirectreacting form (unconjugated bilirubin) and a water-soluble,
direct-reacting form (conjugated bilirubin). Elevated levels of
unconjugated bilirubin indicate an excess production of bilirubin
(hemolysis) or a decrease in the uptake and conjugation of bilirubin by hepatocytes. Conjugated bilirubin is elevated by impaired
intrahepatic excretion or extrahepatic obstruction. Even with
complete biliary tract obstruction, the bilirubin rarely exceeds
35 mg/dL because of renal excretion of conjugated bilirubin.
Tests of hepatic synthetic function focus on the measurement
of serum albumin and coagulation testing. Although the liver is the
primary site of albumin synthesis, excessive protein losses (enteropathy, burns, nephrotic syndrome) can also result in low albumin
levels. Because of its 3-week half-life, serum albumin is not a reliable indicator of acute liver disease. In contrast, the prothrombin
time (PT) and international normalized ratio (INR) are sensitive
indicators of hepatic disease because of the short half-life of factor
VII. The PT depends upon suficient intake of vitamin K, which
in turn depends upon adequate biliary secretion of bile salts. In
patients with biliary obstruction, the PT can be prolonged despite
preserved hepatic function. Other conditions that can affect the PT
in the absence of liver disease include congenital coagulation factor deiciencies, consumptive coagulopathies such as disseminated
intravascular coagulation (DIC), and warfarin therapy.
A number of other tests exist to assess hepatic function, though
their use in the United States is limited primarily to research
applications. Indocyanine green (ICG) elimination estimates
hepatic blood low and hepatocellular function due to the high
extraction ratio of ICG (>70%). The MEGX test measures the
conversion of lidocaine to monoethylglycinexylidide (MEGX) via
hepatic demethylation. Other metabolic tests include antipyrine
clearance, aminopyrine breath test, caffeine breath test, galactose
elimination capacity, and urea synthesis.
Ancillary tests to conirm speciic diagnoses include serologic tests for the various hepatitis viruses, autoantibodies (for
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sis. The presence of coagulopathy or thrombocytopenia contraindicates percutaneous liver biopsy, although transjugular liver
biopsy can be performed under these conditions.

HEpATIC AND HEpATObILIARY
DISEASES

Selection of the appropriate imaging technique depends on the
differential diagnosis and whether a concurrent therapeutic intervention is planned. Plain radiography has a limited role in the
evaluation of liver disease. Abdominal X-rays can be useful to
detect calciied or gas-containing lesions. Examples include calciied gallstones, chronic calciic pancreatitis, gas-containing liver
abscesses, portal venous gas, and emphysematous cholecystitis.
Ultrasonography is the primary screening test for hepatic
parenchymal disease and extrahepatic biliary disease. It is the
method of choice for detecting gallstones, the presence of ascites,
and portal or hepatic vein thrombosis. Its major limitations are
its dependence on the operator’s skill and its inability to penetrate
bone or air, including bowel gas.
Radioisotope scanning has largely been replaced by computed
tomography (CT) scanning. However, it is still in use in patients
with suspected acute cholecystitis. Radioisotopes visualized in the
gallbladder rule out obstruction of the cystic duct, while visualization of the biliary tree and common bile duct without the
gallbladder indicates cystic duct obstruction and the presence of
cholecystitis.
CT scanning supplements ultrasonography, providing information on the liver texture, gallbladder disease, bile duct dilatation, and mass lesions of the liver and pancreas. CT provides more
resolution than ultrasonography and is less operator-dependent.
Lesions can be biopsied under CT guidance. The disadvantages of
CT include radiation exposure and cost.
Magnetic resonance imaging (MRI) is increasingly used for
the evaluation of hepatobiliary disease. MRI is superior to CT for
the assessment of malignant focal liver lesions and diffuse liver
disease.7 MRI is also useful for the evaluation of biliary disease.8
MRI also offers the advantages of avoidance of radiation and contrast nephropathy. The primary disadvantage is the need for a
20-second breath-hold, which can require sedation or anesthesia
in young and/or uncooperative patients.
Percutaneous transhepatic cholangiography (THC) is the percutaneous injection of contrast into the bile ducts under luoroscopic guidance. It can be used to determine the site and cause of
biliary obstruction and to evaluate whether cholangiocarcinoma
is surgically resectable. It can also be used for balloon dilatation of
biliary strictures and/or placement of an internal stent or external
drain. Endoscopic retrograde cholangiopancreatography (ERCP)
uses endoscopy to visualize the ampulla of Vater and selectively
inject contrast material into the pancreatic and common bile
ducts. ERCP has the advantage over THC of not requiring a
dilated biliary tree to achieve a high probability of success. ERCP
permits sphincterotomy and stone extraction, biopsy, brushings,
balloon dilatation, and stent insertion.

Liver disease may be the result of a variety of causes, which include
developmental or genetic defects, metabolic abnormalities, autoimmune diseases, infectious diseases, neoplasm, alcohol, environmental toxins, and drug toxicity. A preliminary report from the
National Vital Statistics System for the year 2009 lists liver disease as the 12th leading cause of death in the United States, being
responsible for over 33,000 deaths in that year. An estimated
5.5 million people in the United States have chronic liver disease (CLD) and another 20 million have biliary disease, together
affecting slightly more than 8% of the population. Economic costs
for care of these conditions total $8.9 billion per year.9
Liver disease can be divided into two main groups on the basis
of the primary anatomy affected. Processes may be considered
primarily hepatocellular (parenchymal) or biliary. Progressive
biliary disease may eventually lead to ibrotic changes and cirrhosis, but it is characteristic of the biliary diseases that cholestasis
precedes hepatocellular dysfunction. In hepatocellular diseases
evidence of cholestasis and synthetic dysfunction appear synchronously (Table 45-1). The fact that hepatocellular function is
preserved until late in course of cholestatic disease disadvantages
patients with cholestatic liver disease awaiting liver transplantation. Priority for transplant is based on the model for end-stage
liver disease (MELD) score, which is sensitive to hepatocellular
dysfunction. Patients with cholestatic disease may lose transplant candidacy because of other manifestations of their disease,
for example, malignancy, infection, or concurrent autoimmune
disease, before they accrue enough hepatocellular damage to be
offered a transplant.10
Liver disease may also be described as acute or chronic. The
most common causes for acute liver disease are drug toxicity and
infection. Acute illnesses may resolve spontaneously, segue into
chronic disease, or result in acute liver failure (ALF). While the
primary cause of ALF in the United States was once infectious
(presumed acute hepatitis A and B), acetaminophen toxicity is
currently the leading cause of this condition. Other causes of
acute liver dysfunction include alcoholic hepatitis, nonacetaminophen drug toxicity, and pregnancy-related hepatic diseases. The
most common causes for CLD are chronic viral hepatitis, alcoholic liver disease, and nonalcoholic fatty liver disease (NAFLD).
Although the prevalence rates of chronic viral hepatitis and
alcoholic liver disease have been relatively stable over the past
10 years, the prevalence of NAFLD has grown signiicantly and
appears to be linked to the current epidemic of obesity.11 The
most important consequences of CLD are portal hypertension,
cirrhosis, and malignancy.

LIVER bIOpSY

ALF (previously termed fulminant hepatic failure) is deined as
the appearance of encephalopathy together with coagulopathy,
usually an INR ≥1.5, in a patient who has no previous history
of liver disease and who has had an illness of <26 weeks’ duration. Although further distinctions in duration of disease, such
as hyperacute and subacute, were once used they are no longer

Liver biopsy continues to have a role in the evaluation of patients
with liver disease. It is the method of choice to determine whether
liver damage is due to necrosis, inlammation, steatosis, or ibro-

acute liver failure
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the diagnosis of primary biliary cirrhosis [PBC]), ceruloplasmin
(Wilson’s disease), ferritin (hemochromatosis), α-1 antitrypsin
(α-1 antitrypsin deiciency), and α-fetoprotein (hepatocellular carcinoma [HCC]). Serum ammonia is useful for following
patients with hepatic encephalopathy (HE).
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TAbLE 45-1. blood tests and the differential diagnosis of
hePatiC dysfunCtion
Bilirubin
Overload
(Hemolysis)
Aminotransferases

Normal

Alkaline phosphatase
Bilirubin
Serum proteins

Normal
Increased
Unconjugated
Normal

Prothrombin time

Normal

Blood urea nitrogen

Normal

Sulfobromophthalein/
indocyanine green

Normal

Parenchymal
Dysfunction

Cholestasis

Increased (may be
normal or decreased
in advanced stages)
Normal
Increased
Conjugated
Decreased
Decreased (may be
normal in early stages)
Normal (may be decreased
in advanced stages)
Retention

Normal (may be increased
in advanced stages)
Increased
Increased
Conjugated
Normal (may be decreased
in advanced stages)
Normal (may be prolonged
in advanced stages)
Normal
Normal or retention

From: Gelman S. Anesthesia and the liver. In: Barash P, Cullen B, Stoelting R, eds. Clinical Anesthesia. 3rd ed. Philadelphia, PA:
Lippincott-Raven; 1997:1011.

considered useful for prognosis and have been abandoned. ALF
is a rare entity with an incidence of about 2,000 cases per year in
the United States. Drug-related toxicity accounts for over half of
the cases of ALF in the United States. Of these drug-related cases,
over 80% are the result of acetaminophen ingestion. In descending order the next most common causes are idiopathic, acute viral
hepatitis, autoimmune, and ischemic.12 The natural history of
adult ALF in the United States is one of spontaneous recovery in
approximately 45% of patients, liver transplantation in 25%, and
death without transplantation in 30%.13 Etiology has some bearing on outcome, with the most favorable prognosis for patients
with acetaminophen overdose, ischemic injury, and hepatitis A
and poor prognoses for those with nonacetaminophen druginduced liver injury (DILI), acute hepatitis B, Wilson’s disease,
and autoimmune hepatitis.14
Patients with no previous history of liver disease who present with signs or symptoms and laboratory evidence of a signiicant hepatitis should have an INR measured and undergo a
careful mental status examination. An INR ≥1.5 and any evidence
of encephalopathy should lead to admission to the hospital for
ALF. History should include questions about potential infectious
or toxic exposures and a detailed history of recent medications
or ingestions. Questions should include details about herbal and
nutritional supplements, since these have been associated with
ALF as well. Except for the inding of encephalopathy, physical
examination may be unrevealing. In particular, evidence of CLD
should not be present, as the patient should not have had adequate time to develop the stigmata of portal hypertension and cirrhosis. Acute decompensation of CLD or “acute on chronic” liver
disease is a separate condition with different etiologies, therapy,
and prognostic indicators.
Standard initial labs are indicated in Table 45-2.14 Further laboratory and investigative studies are directed by the history, for
example, radiologic imaging or ultrasound for suspected hepatic
vein thrombosis. Although etiologies of ALF are heterogenous,
there are manifestations that are common to all patients who have
massive hepatic necrosis, regardless of its provenance. The most

TAbLE 45-2. initial laboratory analysis
of susPeCted aCute liver
failure
Prothrombin time/INR
Chemistries
Sodium, potassium, chloride, bicarbonate, calcium,
magnesium, phosphate glucose
AST, ALT, alkaline phosphatase, GGT, total bilirubin,
albumin creatinine, blood urea nitrogen
Arterial blood gas
Arterial lactate
Complete blood count
Blood type and screen
Acetaminophen level
Toxicology screen
Viral hepatitis serologies
Anti-HAV IgM, HBSAg, anti-HBc IgM, anti-HEVa,
anti-HCVb
Ceroloplasmin levelc
Pregnancy test (females)
Ammonia (arterial if possible)
Autoimmune markers
ANA, ASMA, immunoglobulin levels
HIV statusd
Amylase and lipase
a

lf clinically indicated.
Done to recognize potential underlying infection.
Done only if Wilson disease is a consideration (e.g., in patients less than 40 yrs
without another obvious explanation for ALF); in this case uric acid level and
bilirubin to alkaline phosphatase ratio may be helpful as well.
d
Implications for potential liver transplantation.
From: Polson J, Lee WM. AASLD position paper: The management of acute liver
failure. Hepatology. 2005;41:1179.
b
c

TAbLE 45-3. grades of enCePhaloPathy
I. Changes in behavior with minimal change in level of
consciousness
II. Gross disorientation, drowsiness, possibly asterixis,
inappropriate behavior
III. Marked confusion, incoherent speech, sleeping most
of the time but arousable to vocal stimuli
IV. Comatose, unresponsive to pain, decorticate or
decerebrate posturing
Note: Some patients will overlap grades; clinical judgment is required.
Adapted from: Conn HO, Leevy CM, Vhlahcevic ZR, et al. Comparison of lactulose and neomycin in the treatment of chronic portal-systemic encephalopathy.
A double blind controlled trial. Gastroenterology. 1977;72:573.

serious, and often the proximate cause of death, is acute cerebral
edema and intracranial hypertension. Effects on other organ systems include coagulopathy, circulatory dysfunction and hypotension, acute kidney injury, and metabolic derangements. Encephalopathy is a necessary inding to diagnose ALF. Encephalopathy is
graded on a I to IV scale and is described in Table 45-3. The presence of cerebral edema is directly related to the depth of encephalopathy. The incidence of cerebral edema is almost negligible in
stage I to stage II coma, but increases to 25% to 35% with stage
III and 75% with stage IV.15 As with the encephalopathy of cirrhosis, the underlying mechanism is not completely understood
but hyperammonemia plays a signiicant role. Ammonia, which is
toxic, is generally metabolized via the urea cycle in the liver. The
brain has no cells capable of utilizing the urea cycle and thus must
resort to detoxifying ammonia by synthesizing glutamine from
ammonia and glutamate within astrocytes. Glutamine is osmotically active and results in osmotic astrocyte edema. Other contributors to the observed cerebral edema may include a systemic
inlammatory response16,17 and the loss of cerebral autoregulation,
which leads to cerebral hyperemia.18 Potential targets for therapy
include osmotic and mechanical reduction of cerebral edema,
elimination of ammonia, manipulation of cerebral blood low and
metabolism, and reduction of the inlammatory response.
General measures to reduce cerebral edema include maintaining the patient in a 30-degree head-up position and making sure
the head is in neutral position so as not to impede venous return.
Once a patient is intubated, muscle relaxants should be considered to minimize rises in intracranial pressure (ICP) from coughing, bucking, and shivering. Mannitol can be used to induce an
osmotic diuresis, but may have limited utility in the patient with
compromised renal function. Another option may be hypertonic
saline, ideally targeting a serum sodium of 145 to 155 mEq/L.19
Although hyperventilation may acutely reduce the cerebral
hyperemia associated with ALF, the response is short-lived. There
is no evidence that chronic hyperventilation affords any decrease
in episodes of intracranial hypertension or any survival beneit.20
Current recommendations are to maintain normocarbia and to
reserve hyperventilation for response to acute rises in ICP. Barbiturates can be used to decrease cerebral metabolism; however,
their use may be limited by hypotension.
Ammonia can be eliminated by the administration of lactulose or nonabsorbable antibiotics such as rifaximin or neomycin;
however, there is no evidence to support their use in the setting
of ALF. Furthermore, neomycin is speciically contraindicated
because of the risk of nephrotoxicity.
Corticosteroids have not been shown to be effective in ALF,
but there may be a place for prophylactic antibiotics to prevent
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sepsis and minimize the inlammatory mediator burden. The
U.S. Acute Liver Failure Study Group has recommended empiric
administration of antibiotics in the following settings: (a) when
surveillance cultures reveal signiicant isolates; (b) progression
to stage III or stage IV coma; (c) refractory hypotension; or
(d) when the patient exhibits elements of the systemic inlammatory response syndrome, that is, temperature >38° or <36°,
heart rate >90 bpm, white blood cell count >12,000 or <4,000.21
Other potential modalities to decrease the inlammatory response
include modest hypothermia to a target temperature of 32° to 34°C
and indomethacin.22
How to monitor the presence and progression of cerebral
edema and intracranial hypertension is controversial. Serial head
CTs are often obtained for patients who progress to stage III to
stage IV coma, but they are not reliable for diagnosing or quantitating intracranial hypertension due to a lack of sensitivity. CT
can, however, provide information on structural abnormalities
such as intracranial hemorrhage.23 Although many centers will
place an ICP monitor to guide therapy in patients with stage III
to stage IV coma, there are no randomized controlled studies to
support this practice. Furthermore, ICP monitor placement is not
a benign procedure, frequently entailing aggressive correction of
coagulopathy and transport to and from the OR for a critically ill,
fragile patient. Nonetheless, many believe that ICP monitors are
invaluable for guiding acute therapy and for helping to determine
who may no longer be a viable candidate for transplantation. In
addition to measuring ICP, these monitors allow calculation of
cerebral perfusion pressure (CPP = MAP – ICP), which should
be kept between 50 and 80 mm Hg. In one case series, a sustained
CPP <40 mm Hg for greater than 2 hours was associated with
a poor neurologic outcome.24 An effective protocol for managing intracranial hypertension in patients with stage III or stage
IV encephalopathy has been described (Table 45-4) and resulted
in a 95% response to treatment of episodes of ICP >20 mm Hg.
Furthermore, in this prospective series, ICP was monitored in
all patients, and no patients died of isolated cerebral edema. The
authors used a protocol that included activated recombinant factor VII (rFVIIa) to correct coagulopathy prior to ICP placement.
Signiicant bleeding complications from ICP monitoring were
not encountered.25

TAbLE 45-4. iCP management ProtoCol
Initiate in rapid stepwise fashion for ICP >20 mm Hg for >5 min
• Keep CPP >60 mm Hg with norepinephrine or
phenylephrine infusion
• Mannitol 1 g/kg IV bolus, may repeat if serum osmolarity
<320 mOsm/kg
• Hyperventilation to target PCO2 30–35 mm Hg
• Hypothermia using cooling blanket to core temperature of
33°–34°C. Initiate neuromuscular blockade if needed with
cisatracurium 0.2 mg/kg IV bolus, 3 µg/kg/min infusion—
adjust to 2/4 on train of four
• Pentobarbital 5 mg/kg bolus, repeated 3–5 mg/kg boluses
as necessary—titrate to ICP effect
• 3% saline: Calculate dose to achieve serum sodium in
145–155 mEq/L range
ICP, intracranial pressure; CPP, cerebral perfusion pressure; IV, intravenous.
From: Raschke RA, Curry SC, Rempe S, et al. Results of a protocol for the management of patients with fulminant hepatic failure. Crit Care Med. 2008;36:2244.
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TAbLE 45-5. King’s College seleCtion Criteria for liver
transPlantation aCCording to the etiology of
aCute liver failure
Etiology

Selection Criteria for Transplantation

Acetaminophen

Arterial pH <7.30 despite normal intravascular illing pressures (irrespective
of grade of encephalopathy)
OR
Prothrombin time >100 s + serum creatinine >300 µmol/L in patients in
grade III or IV encephalopathy

Nonacetaminophen

Prothrombin time >100 s (irrespective of grade of encephalopathy)
OR
Any three of the following (irrespective of grade of encephalopathy):
Non-A, non-B hepatitis (cryptogenic), halothane hepatitis, or other drug
toxicity
Age <10 yrs or >40 yrs
Jaundice to encephalopathy interval >7 d
Prothrombin time >50 s
Serum bilirubin >300 µmol/L

From: O’Grady JG, Alexander GJ, Hayllar KM, et al. Early indicators of prognosis in fulminant hepatic failure. Gastroenterology.
1989;97:439.

Equally controversial to the monitoring and signiicance of
ICP is determining the prognosis for patients with ALF. Organs
for transplantation are a scarce resource, and for some patients
liver transplantation is the only life-saving option. However, this
life-saving procedure comes with the requirements of major surgery and lifelong immunosuppression. Deciding which patient
should receive a transplant, which may recover spontaneously,
and which are unlikely to beneit from transplantation is one
of the most dificult decisions encountered during the management of patients with liver disease. Unfortunately there is no ideal
guideline for making these decisions. The two most widely used
prognostic models are the Clichy or Paul Brousse Hospital criteria
and the King’s College Hospital criteria. The Clichy criteria recommend transplantation for patients in stage III or stage IV coma
on the basis of age and factor V levels. The transplantation threshold is 20% factor V activity for patients <30 years or 30% factor
V activity for patients >30 years.26 There is no distinction made
for the etiology of ALF, which is felt to be a weakness of these
criteria. The King’s College Hospital (see Table 45-5) accounted
for better spontaneous outcomes of patients who had ALF on the
basis of acetaminophen toxicity and divided their criteria accordingly. While the positive predictive value of King’s College Hospital criteria has been shown to be clinically acceptable in ALF
patients, the negative predictive value drops below 50% in nonacetaminophen patients.27 Thus, patients who fail to fulill these
criteria include a number of patients who will die without being
properly considered for transplantation. Various modiications
to the King’s College Hospital criteria to improve performance
and other prognostic scoring models for speciic etiologies have
been proposed. These include the addition of blood arterial lactate, serum phosphate, and levels of Gc-globulin, a marker that
could improve quantitation of hepatic necrosis.28
Coagulopathy is also a necessary inding for the diagnosis
of ALF; however, clinically signiicant spontaneous bleeding is
uncommon. Correction of thrombocytopenia to ≥50,000/mm3
and INR to ≤1.5 is suggested for the bleeding patient or the
patient about to undergo an invasive procedure.14,21 Speciic
treatment thresholds for the nonbleeding patient are dificult

to deine, but it is suggested that prophylactic therapy not be
undertaken except for severe abnormalities, for example, platelet count ≤10,000/mm3, INR >7, and ibrinogen <100 mg/dL.14
Occasionally, the use of rFVIIa or prothrombin complex concentrate is used to correct a resistant INR abnormality or to avoid
luid overload. It should be kept in mind that these agents carry
a thrombotic risk and are contraindicated when the etiology of
ALF is associated with hypercoagulability, such as pregnancy or
Budd–Chiari syndrome.
Hypotension in ALF may be the result of several days of gastrointestinal losses, poor intake, or myocardial dysfunction, but
likely includes a component of decreased arterial tone as liver
necrosis progresses. The hypotensive ALF patient should undergo
volume status and cardiac function assessment prior to consideration of inotropes or vasopressors. Vasopressors may be used
either to treat systemic hypotension or to maintain an adequate
CPP. On the basis of recommendations for septic patients, either
norepinephrine or dopamine may be used. The use of arginine
vasopressin (AVP) or its analogs cannot be recommended as there
is evidence that their use is associated with increases in ICP.29

acute hepatitis
The most common causes of acute viral hepatitis are, collectively, the ive identiied viral hepatitidies: A (HAV), B (HBV),
C (HCV), D (HDV or delta-virus), and E (HEV). HAV and HBV
have been well characterized and vaccines have been developed
to prevent their transmission. As a result of widespread vaccination, the incidence of new cases of HAV and HBV has decreased
steadily worldwide. Unfortunately, the same cannot be said for
HCV, for which there is no currently available vaccine. The number of reported new cases of HCV is decreasing but this is likely
the result of better screening of transfused blood products and
the adoption of universal precautions. HDV is a single-strand
RNA genome that requires the helper function of HBV for virion
assembly and so must occur either as a coinfection or a superinfection with HBV. HEV is a small RNA virus that has been
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products for its presence has all but eliminated it as a source of
posttransfusion hepatitis. Causes of transmission are often not
identiiable, but the most commonly known risk factor is parenteral drug use. Incubation period averages 7 weeks, jaundice is
infrequent, and there is a high rate of subclinical infection. Interestingly, patients who develop jaundice are more likely to recover
completely. HCV has a high rate of progression to chronic disease (50% to 85%) and a risk of developing cirrhosis ranging
from 5% to 25% over 25 to 30 years.32 Contributing factors to
the development of cirrhosis include older age, alcohol consumption, an immunosuppressed state, and obesity. HCV is currently
the leading cause for liver transplantation in the United States,
which is performed for cirrhosis and/or associated HCC. The
optimal therapy of chronic HCV infection is the combination of
pegylated interferon-α and ribavirin, with the goal of sustained
viral response (SVR), deined as the absence of HCV RNA from
serum by a sensitive PCR assay 24 weeks following discontinuation of therapy. Unfortunately therapy is often compromised by
intolerance of drug-related constitutional or neuropsychiatric
symptoms or by lab abnormalities such as neutropenia or hemolytic anemia.

alcoholic hepatitis
Alcoholic hepatitis is the syndrome marked by the development
of jaundice and liver dysfunction in the setting of heavy alcohol
use. The typical patient is a middle-aged man who has a history of
excessive drinking and who has become acutely ill with the dramatic onset of jaundice. Other signs include fever, ascites, and
abdominal tenderness, frequently the result of an enlarged tender
liver. Encephalopathy may be present in severe alcoholic hepatitis
and, if so, portends a poorer prognosis. Laboratory studies show
moderate serum aminotransferase elevations (<300 IU/mL), with
AST being elevated more than ALT. The AST:ALT ratio is >2 in
about 70% of patients with alcoholic hepatitis.33 The white blood
count, serum bilirubin, and INR are also elevated. Elevations of
serum creatinine are particularly ominous as they may indicate
impeding hepatorenal syndrome (HRS). Acute kidney injury,
deined as at least a 0.3 mg/dL or 50% increase in serum creatinine
over baseline, is associated with a signiicantly increased 90-day
mortality (63% vs. 7%) in patients with alcoholic hepatitis.34
The differential diagnosis of the patient with the clinical and
laboratory indings described includes nonalcoholic steatohepatitis (NASH), viral hepatitis, DILI, fulminant autoimmune liver
disease or Wilson’s disease, severe ascending cholangitis, and
hepatic abscess. A history of excessive alcohol use is supportive
of the diagnosis of alcoholic hepatitis, but up to 20% of these
patients may have a coexisting cause of liver disease.35 While liver
biopsy is not required to make the diagnosis of alcoholic hepatitis,
it is important to investigate other potential causes of acute liver
disease. Viral hepatitis serologies should be sent, as well as autoimmune markers and ceruloplasmin. Blood, urine, and ascitic
luid cultures should be obtained. Imaging should be done to rule
out space-occupying hepatic lesions or biliary processes.
The key component of therapy for alcoholic hepatitis is abstinence. For those patients with severe alcoholic hepatitis, medical therapy should also be considered. This consists of nutritional
therapy that takes into account not only protein-calorie nutrition,
but vitamin and mineral deiciencies as well. The administration
of a 28-day course of prednisolone is also recommended for those
patients with advanced disease. In patients for whom steroids
are contraindicated, consideration should be given to pentoxifylline, a phosphodiesterase inhibitor with anticytokine activity.
In a randomized placebo-controlled trial the administration of
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responsible for several epidemics of hepatitis, primarily in underdeveloped countries with poor sanitation.
The diagnosis of acute hepatitis is made on the basis of classic
signs and symptoms, together with laboratory studies to assess
liver damage and serologic assays. Symptoms can be nonspeciic,
such as fatigue, poor appetite, nausea, vomiting, and abdominal
pain, and many infections are subclinical. Signs may include jaundice, or a serum-sickness–type presentation with fever, arthralgia or arthritis, and rash that results from circulating hepatitis
antigen–antibody complexes. Incubation periods can be several
weeks to even months and patients may undergo surgery without
awareness of illness. For this reason viral hepatitis should be part
of the differential diagnosis when there is any evidence of postoperative liver injury.
HAV is a picornavirus that is spread primarily by the fecal–
oral route or via contaminated food or water. It is highly contagious and can be spread by close personal and household contact.
HAV has a mean incubation period of 4 weeks and the virus may
be shed 1 to 2 weeks before and for at least 1 week after the onset
of illness. HAV has a wide range of manifestation from asymptomatic disease (particularly in children) to ALF. ALF is rare
(<1%) and is more likely than other causes to result in spontaneous recovery (69%) in patients without underlying liver disease.30
There is no chronic disease state associated with HAV.
HBV is a DNA virus that is spread via parenteral, cutaneous,
or mucosal exposure to infected blood or body luids. It is an
extremely hardy virus and can remain viable for days outside the
body.31 The United States has a low rate of infection and the most
commonly identiied risk factors are parenteral drug use and
sexual contact. In highly endemic populations such as in subSaharan Africa, Southeast Asia, and China, infection occurs
primarily during the perinatal period. Since the progression to
chronic disease is approximately 90% in this age group, perpetuation of endemicity is assured. The mean incubation period is
12 weeks, but can be as long as 20 weeks. HBV surface antigen
(HBsAg) is the hallmark of active HBV infection and usually
appears during the incubation period, 1 to 10 weeks after exposure. ALF caused by acute HBV infection occurs in less than 1%
of cases, but has only a 20% rate of spontaneous recovery. Maintenance of seropositivity for HBsAg for >6 months after recovery
suggests chronic infection. Progression to chronic disease occurs
in 2% to 5% of infected adults. Treatment of chronic HBV is
aimed at suppressing viral replication and preventing progression
of liver disease. Parameters followed are serum ALT, HBV DNA
levels, positive or negative status of HBeAg (a marker of viral replication), and liver histology. There are currently six therapeutic
agents approved for the treatment of chronic HBV: Adefovir dipivoxil, interferon α-2b, pegylated interferon α-2a, lamivudine,
entecavir, and telbivudine.
HDV infection occurs in conjunction with HBV infection and
is estimated to be present in 5% of patients with chronic HBV.
Two types of HDV infection are described: Coinfection with acute
HBV and superinfection on top of chronic HBV. Both types cause
severe infection and may cause ALF. Suspicion should be raised
for HDV infection in the patient who seems to have a fulminant
course of acute HBV infection or who has had stable chronic HBV
disease and acutely decompensates. The course of the patient with
coinfection may be biphasic, with one peak in aminotransferases
relecting peak HBV replication and another one a few weeks later
relecting peak HDV replication. HDV superinfection can be differentiated from a lare of chronic HBV by testing for HDV RNA
or IgM anti-HDV.
HCV, once referred to as non-A, non-B hepatitis until its
identiication in 1989, is transmitted primarily parenterally. Since
the identiication of HCV, the ability to serologically screen blood
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pentoxifylline was associated with 40% less mortality than placebo in patients with severe alcoholic hepatitis.36

drug-induced liver injury
Often considered as an afterthought when a patient presents
with new abnormalities in liver-related laboratory studies, DILI
is a signiicant cause of morbidity and mortality. Although the
process of diagnosing DILI is not well deined and it is largely a
diagnosis of exclusion, DILI should always be considered when
formulating the differential diagnosis of patients presenting with
liver abnormalities. Moreover DILI is a serious problem for the
pharmaceutical industry, as it is the most common reason for
regulatory actions such as failure of approval, removal from market, or restrictions on indications for use. Nonacetaminophen
drug-induced idiosyncratic liver injury accounts for 11% to 13%
of cases of ALF and, with a 20% rate of survival with supportive
care, has a poorer than average rate of spontaneous recovery.13,37
A recent report from the international DILI Expert Working
Group has deined laboratory criteria for diagnosing DILI (Table
45-6). DILI can further be characterized as hepatocellular, cholestatic, or mixed, on the basis of the relative abnormalities of
laboratory values. This is done by calculating the R value, such
that R = (ALT/ULN)/(ALP/ULN), where ALT is the alanine aminotransferase, ALP is the alkaline phosphatase, and ULN is the
upper limit of normal value. The higher the R value, the more
abnormal the ALT in comparison to the ALP. Thus R values ≥5
are used to deine a hepatocellular pattern of damage. R values ≤2
deine a cholestatic pattern, and R values between 2 and 5 deine
a mixed pattern. A prognostic rule of thumb is eponymously
named “Hy’s law” after Hyman J. Zimmerman, a leader in DILI
research. It was his observation that jaundice (deined as bilirubin >2 ULN) in patients with hepatocellular DILI carried a poor
prognosis, with a mortality of >10%. This observation has been
conirmed and recognized for many years by the FDA as a tool
for identifying which drugs may be expected to cause signiicant
hepatotoxicity.38

TAbLE 45-6. CliniCal Chemistry Criteria
for drug-induCed liver
injury (dili)
Any one of the following:
• More than or equal to ivefold elevation above the upper
limit of normal (ULN) for alanine aminotransferase
(ALT)
• More than or equal to twofold elevation above the
ULN for alkaline phosphatase (ALP) (particularly
with accompanying elevations in concentrations of
5′-nucleotidase or γ-glutamyl transpeptidase in the
absence of known bone pathology driving the rise in
ALP level)
• More than or equal to threefold elevation in ALT
concentration and simultaneous elevation of bilirubin
concentration exceeding 2 × ULN
Level of evidence: 2b (exploratory/retrospective cohort
studies)
From: Aithal GP, Watkins PB, Andrade RJ, et al. Case deinition and phenotype
standardization in drug-induced liver injury. Clin Pharmacol Ther. 2011;89:806.

The liver is commonly involved in drug toxicity because of
its central role in drug metabolism. Drugs may either be directly
hepatotoxic or may propagate toxic metabolites, most often
as products of phase I drug metabolism and the cytochromes
P450.39 Cell injury follows via cell stress, mitochondrial injury, or
immune-mediated injury. Cell stress may result from glutathione
depletion or the binding of reactive metabolites to intracellular
enzymes, proteins, or lipids. Mitochondrial injury may result
from the uncoupling of mitochondrial respiration with the depletion of ATP and accumulation of reactive oxygen species (ROS).
Immune-mediated injury may result from the binding of reactive metabolites to cell structures, creating antigenic entities that
can invoke the formation of antibodies against the cell structures
themselves.
In anesthesiology perhaps the best known potentially hepatotoxic drug is halothane. Halothane was introduced to patient care
in 1956 and, because of its clinical advantages of lack of lammability, potency, and patient tolerance of administration, rapidly
enjoyed widespread use. However, reports of postoperative liver
injury began to appear shortly thereafter, and by 1963, over 300
cases of “halothane hepatitis” had been reported.40 The National
Academy of Sciences produced a retrospective epidemiologic
study on the use of halothane from these reports. The National
Halothane Study reviewed cases of fatal hepatic necrosis occurring within 6 weeks of the administration of a general anesthetic,
from among 34 centers in the United States. Of the 856,000 anesthetics reviewed, about 255,000 involved halothane, and 82 cases
of fatal hepatic necrosis were identiied. Sixty-three of these cases
could be ascribed to an identiiable clinical factor, leaving 19 with
otherwise unexplained hepatic necrosis. Fourteen of the nineteen
had received a halothane anesthetic, but did not have consistent
histologic indings. The lesions seen were similar to those seen
with fatal viral hepatitis or some forms of drug-induced hepatitis.41 Uncertainty over the direct association between halothane
and the cases of fatal hepatic necrosis, together with the calculated incidence of 1 in 35,000 anesthetics even if such association
did exist, led to the conclusion that halothane overall had a good
safety record. The possible association with repeated exposure
to halothane did not go unrecognized, and there was an editorial recommendation that halothane be avoided in patients with
a history of unexplained fever and jaundice following a general
anesthetic.42
The typical presentation of halothane hepatitis is one of nonspeciic symptoms of anorexia, malaise, and fever in conjunction
with a recent exposure. More speciic signs include a rash and
jaundice that appears 4 to 7 days after anesthetic exposure, but
may be delayed for several weeks. Laboratory studies may reveal
abnormalities typical of hepatocellular damage in DILI: Signiicant elevations in serum transaminases (500 to 2,000 IU/L), but
AP elevations that are generally no more than twice the upper
limit of normal.40,43 Risk factors include female gender, obesity,
age, and most important, a history of prior exposure.
It is generally agreed that halothane hepatitis is composed of
two different manifestations. A relatively mild, self-limited form
is characterized by elevations in liver-related lab studies without
evidence of liver failure. This may occur in up to 20% of patients
after halothane exposure.44 A proposed mechanism for this hepatocellular damage is the combination of halothane degradation
products and hypoxia caused by imbalance in the hepatic oxygen supply–demand relationship.45 There is strong evidence that
the severe, fulminant form of halothane hepatitis is an immunemediated process. The association with repeated halothane exposure and the appearance of rash and eosinophilia support this
hypothesis. Furthermore, circulating IgG antibodies against liver
proteins, modiied by the reactive triluoroacetyl (TFA) metabolite

chapteR 45 The Liver: Surgery and Anesthesia

pregnancy-related liver diseases
Abnormalities in liver studies occur in 3% to 5% of pregnancies. Although many causes relect underlying hepatic or biliary disease, the most common causes are one of the ive acute,
pregnancy-related conditions: Hyperemesis gravidarum; intrahepatic cholestasis of pregnancy; preeclampsia; preeclampsia
complicated by hemolysis, low platelet count, and elevated liver
enzymes (HELLP syndrome); and acute fatty liver of pregnancy
(AFLP; Table 45-7). Hyperemesis gravidarum is a feature of the
irst trimester of pregnancy and is characterized by vomiting of
suficient severity to warrant intravenous (IV) hydration. Risk
factors include hyperthyroidism, molar pregnancy, and multiple
pregnancies.48 Liver enzymes may be elevated in 50% of patients,

with up to 20-fold elevation, but little if any elevation of bilirubin.49,50 It is important to distinguish hyperemesis from acute
viral hepatitis or from drug toxicity with appropriate labs and a
careful medication history. Therapy is primarily supportive and
the condition usually resolves by the second trimester.
Intrahepatic cholestasis of pregnancy usually presents in the
second to third trimester of pregnancy. The proposed etiology is
interference with bile acid transport across the canalicular membrane, resulting in elevated serum bile acid elevation and pruritus. In addition to modest increases in bilirubin (usually <5 mg/
dL) aminotransferases may also be elevated up to 20-fold and
serum bile acids may be elevated up to 100-fold.49 As with hyperemesis gravidarum, treatment is primarily supportive, aimed at
relieving pruritus. Unlike hyperemesis, intrahepatic cholestasis of
pregnancy may be associated with chronic placental insuficiency,
premature labor, and sudden fetal death. Therefore, pregnancies
complicated by intrahepatic cholestasis of pregnancy are considered fetal high-risk pregnancies.
The three remaining uniquely pregnancy-related conditions
all present in the third trimester. Preeclampsia is diagnosed by the
triad of hypertension, edema, and proteinuria. Elevation of aminotransferases is indicative of severe preeclampsia. The appearance of microangiopathic hemolytic anemia (MAHA), elevated
liver enzymes, and low platelet count in the preeclamptic patient
comprises the HELLP syndrome and occurs in 20% of severely
preeclamptic patients. MAHA is the result of vascular endothelial
injury with subsequent ibrin deposition and platelet consumption. This also leads to areas of hepatic infarction and subsequent
hemorrhage, which may coalesce into large hematomas and lead

TAbLE 45-7. distinguishing features of intrahePatiC Cholestasis of PregnanCy (iCP),
the hellP syndrome and fatty liver of PregnanCy (aflP)

% pregnancies
Onset/trimester
Family history
Presence of preeclampsia
Typical clinical features

ICP

HELLP

AFLP

0.1% (United States)
25–32 wks
Often
No
Pruritus

0.2–0.6%
3 or postpartum
No
Yes
Hemolysis

0.005–0.01%
3 or postpartum
Occasionally
50%
Liver failure with coagulopathy,
encephalopathy hypoglycemia, DIC

Mild jaundice

Thrombocytopenia
(<50,000 often)

Aminotransferases

Elevated bile acids
Vitamin K ↓
Mild to 10- to 20-fold elevation

Bilirubin

<5 mg/dL

Hepatic imaging

Normal

Histology

Normal–mild cholestasis, no
necrosis
0%
0.4–1.4%
45–70%

Maternal mortality
Fetal/perinatal mortality
Recurrence in subsequent
pregnancies

DIC, disseminated intravascular coagulation.
From: Hay JE. Liver disease in pregnancy. Hepatology. 2008;47:1067.

Mild to 10- to 20-fold
elevation
<5 mg/dL unless massive
necrosis
Hepatic infarcts
Hematomas, rupture
Patchy/extensive necrosis
and hemorrhage
1–25%
11%
4–19%

300–500 typical but variable ++
Often <5 mg/dL, higher if severe

Fatty iniltration
Microvesicular fat in zone 3
7–18%
9–23%
α-subunit, long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD) defect—yes
No fatty acid oxidation defect – rare
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of halothane, have been identiied in the sera of patients with
clinical halothane hepatitis.46 Although other halogenated inhalational anesthetics that produce TFA metabolites such as enlurane, isolurane, and deslurane have been associated with acute
hepatic failure, the incidences of hepatitis attributed to them have
been very small. Since halothane is by far the most extensively
metabolized of these agents (20% halothane metabolized vs. 2%
enlurane, 0.2% isolurane, and 0.01% deslurane) the production
of TFA metabolites would seem to correlate with the incidence
of associated hepatitis. Indeed, an animal study examining the
extent of hepatic tissue triluoroacylation after exposure to halogenated anesthetics showed that halothane produced signiicantly
more tissue acylation than enlurane, isolurane, or deslurane.47
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to capsular rupture and intraperitoneal bleeding. The clinical presentation is not dissimilar to severe preeclampsia, with abdominal pain, nausea, headache, hypertension, and edema. Laboratory
studies show elevated aminotransferases, up to 10- to 20-fold,
and modest increases in bilirubin. A peripheral smear will show
the characteristic schistocytes and burr cells of MAHA. Platelet
count may be used to distinguish between mild, moderate, and
severe HELLP, with platelet counts of 100,000 to 150,000/mm3,
50,000 to 100,000/mm3, and <50,000/mm3, respectively.
Serious maternal complications include DIC, placental abruption, eclampsia, pulmonary edema, hepatic hematoma, and
hepatic capsular rupture.51 Abdominal CT imaging is the preferred study to detect major hepatic complications of infarct,
hematoma, or rupture. Contained hepatic hemorrhage can be
managed conservatively with correction of volume deicit and
coagulopathy. Manipulation of the abdomen or abdominal
straining should be avoided. Capsular rupture or rapid extension
of a hematoma is life threatening and demands more aggressive
treatment for control of bleeding, usually emergency laparotomy. Rarely, there may be an indication for transplantation for
the patient in whom bleeding cannot be controlled. Delivery is
deinitive therapy for HELLP syndrome, although up to 25% of
patients may not present until the postpartum period. Therapy
remains the same regardless of timing of presentation and most
patients will rapidly resolve abnormalities after delivery.
AFLP is the result of rapid microvesicular fatty iniltration
of the liver resulting in acute portal hypertension and encephalopathy. Although the exact mechanism of AFLP is unknown,
there is an association between it and abnormalities in the
enzymes involved in β-oxidation of fatty acids. Symptoms of
abdominal pain, nausea, headache, and vomiting, together with
laboratory indings of elevated aminotransferases, bilirubin,
and thrombocytopenia, are similar to severe preeclampsia and
HELLP syndrome. However, the AFLP patient may additionally have laboratory and clinical indings more unique to liver
failure, such as hypoglycemia, elevated ammonia, asterixis, and
encephalopathy. Although the deinitive diagnosis is made histologically, there is usually reluctance to perform liver biopsy.
Noninvasive studies such as ultrasound or abdominal CT are
an option and may show increased echogenicity or decreased
hepatic density consistent with fatty liver. However, they cannot be relied upon as they may be unremarkable in half of the
patients with AFLP.52
Arrangements for rapid delivery should follow diagnosis of
AFLP, as recovery can only follow delivery. Recovery may be
prolonged in patients who are severely ill upon presentation, and
there is a role for transplantation in the patient who continues to
deteriorate into ALF after delivery.

CIRRHOSIS AND pORTAL
HYpERTENSION
3 Cirrhosis is the end product of the long course of CLD, during which there have been either steady or recurrent episodes
of parenchymal inlammation and necrosis with resultant disruption of normal hepatic architecture. Areas of ibrosis and
regenerative nodules replace the normal arrangement of hepatic
lobules. Blood low through the liver is disrupted as well, with the
formation of shunts between afferent (portal venous and hepatic
arterial) and efferent (hepatic venous) vessels.53 Increased resistance to blood low through the liver leads to portal hypertension.
When portal hypertension becomes severe (generally deined as a

hepatic venous pressure gradient (HVPG) of >10 to 12 mm Hg),
CLD becomes a systemic illness, affecting other organ systems as
well.54

hemostasis
Hemostasis is a dynamic process that is the product of interaction
between coagulation, platelets, and ibrinolysis, resulting in the
formation and revision of clot. Liver disease affects all three of
these components, both quantitatively and qualitatively.
The liver is the site of synthesis for all procoagulant and anticoagulant factors, with the exception of tissue thromboplastin
(III), calcium (IV), and von Willebrand factor (VIII). It is also the
site for clearance of activated factors.
Cirrhotic patients are customarily considered to have a bleeding diathesis on the basis of abnormalities in conventional tests
of coagulation such as PT and partial thromboplastin time
(PTT). However, such tests relect the activity of only a portion
of the procoagulant factors and do not consider the concomitant
decrease in anticoagulant factors, which are not customarily measured. It is the balance of procoagulant and anticoagulant forces,
not the isolated measurement of either portion of the coagulation system that indicates the effective generation of thrombin.
Not surprisingly, PT and PTT abnormalities correlate poorly with
bleeding complications following invasive procedures, such as
liver biopsy.55–57 In fact there is evidence that, should one account
for differences in the anticoagulant levels between normal and
cirrhotic patients by adding thrombomodulin (an activator of the
anticoagulant protein C) to the PT assay, normal and cirrhotic
patients generate the same amounts of thrombin.58 Thus, one
may conclude that the decreased levels of protein C in cirrhotic
patients balance the decreased levels of procoagulants, leaving
thrombin generation in vivo unaltered.
Even more counterintuitive is the increasing evidence that
cirrhotic patients not only have normal thrombin generation,
but may actually have a procoagulant imbalance on the basis of
reduced levels of anticoagulants protein C and antithrombin III,
together with an increase in FVIII.59,60 Clinically, this is supported
by studies reporting not only the lack of protection of liver disease
against the formation of venous thromboembolism (VTE)61,62
but an increased risk of VTE formation associated with the presence of cirrhotic and noncirrhotic liver disease.63
The cholestatic diseases (e.g., PBC, sclerosing cholangitis)
may eventually progress to cirrhosis, but until that happens the
coagulopathy of these diseases has a different nature from that of
hepatocellular dysfunction. The coagulopathy of biliary disease
is characterized by functional deiciencies in the vitamin K–
dependent procoagulants II, VII, IX, and X and anticoagulants
protein C and protein S. Vitamin K is a fat-soluble cofactor
necessary for the inal step in the production of these factors: Carboxylation of the precursor produced by the liver. Bile salts are
necessary for absorption of vitamin K, and impaired bile secretion in cholestasis results in vitamin K deiciency. Parenteral
vitamin K can correct this deiciency and return coagulation to
normal as long as the liver is still capable of manufacturing adequate amounts of factor precursors. It cannot, however, correct
the coagulopathy of hepatocellular dysfunction.
Dysibrinogenemia has been described in acute, chronic, and
neoplastic liver disease and is the most common qualitative defect
of coagulation factors, occurring in 70% to 80% of cirrhotics.64 Its
presence does not appear to be related to the severity of hepatic
dysfunction, but instead to be associated with hepatic tissue regeneration. Excess sialic acid residues on the ibrinogen interfere
with the enzymatic activity of thrombin and cause abnormal
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polymerization of ibrin monomers. Thus, although serum ibrinwould suggest that low levels of procoagulation factors are the
ogen levels may be adequate, function is not accurately relected.
result of consumption rather than underproduction.
Platelets provide primary hemostasis by interaction with
It is generally agreed on the basis of examination of these spethe vessel wall at the site of injury and forming a physical plug.
cial assays that overt DIC is probably not a feature of stable CLD.69
Thrombocytopenia is a well-known feature of cirrhosis. EstiHowever, an entity called “accelerated intravascular coagulation
mates of incidence range from 30% to 64% of chronic cirrhotand ibrinolysis” (AICF) has been described. This may be considics, but platelet counts below 30,000/mm3 are rare.65 Because the
ered a low-grade consumptive process that occurs in <30% of cirrhotics, primarily in those with severe, decompensated disease.70
liver is the primary site of thrombopoietin production, decreased
levels of thrombopoietin contribute. Other factors include immuWhile it may not have immediate clinical consequence, patients
nologic mechanisms, direct bone-marrow suppression, and conwho exhibit this phenomenon are considered at increased risk to
sumptive processes such as DIC. However, the primary cause is
progress to DIC in the presence of a known stimulus, such as sepsis or spontaneous bacterial peritonitis (SBP).
splenic sequestration in the setting of portal hypertension. Up to
90% of the platelet population may be sequestered in the spleen.
Elevated levels of von Willebrand factor are felt to compensate for
cardiac manifestations
decreased platelets counts, augmenting the platelet–endothelial
cell interaction on vessel walls.
A second function of platelets is to promote thrombin gen- 4 The cirrhotic patient typically has a hyperdynamic circulation,
characterized by a high cardiac output, low arterial blood preseration. Activated platelets provide negatively charged phosphosure, and low systemic vascular resistance. On examination the
lipids on their surfaces, which act as receptors for the assembly
patient is warm and appears well perfused despite systolic arterial
of coagulation factors and thus promote coagulation. A series of
pressures in the 80s and 90s. Although pulmonary arterial presassays measuring thrombin generation concluded that platelet
sures may be mildly elevated, the pulmonary vascular resistance
counts below a threshold of 100,000/mm3 negatively correlated
(PVR) is usually within the normal range. Consideration of the
with thrombin production. It was further estimated that the minformula for calculating PVR (mean pulmonary artery pressure
imum platelet count necessary to support near-normal thrombin
[mPAP] minus pulmonary capillary wedge divided by cardiac
generation was 56,000/mm3.58 This information provides further
output) reveals the explanation: The cardiac output is elevated
support to the use of platelet transfusion in the bleeding patient
proportionally to the transpulmonary gradient (the numerawith platelet counts in and below that range. Platelet transfusions
tor in the equation). Although these patients have an elevated
are not indicated in the absence of bleeding.
intravascular volume this is not usually relected in an elevated
The ibrinolytic system limits and revises clot formation.
wedge pressure. This is due to sequestration of this volume into
The initial step is activation of plasmin from plasminogen by
the massively dilated and collateralized splanchnic vascular bed.
enzymes such as tissue plasminogen activator (tPA). Plasmin
Thus, the effective circulating volume is reduced, which has conconsumes ibrin, producing ibrin degradation products such
sequences on other organ systems as well.
as D-dimer. The ibrinolytic system in cirrhotic patients has
At the heart of these circulatory changes is portal hypertenmany abnormalities which may account for accelerated ibrinosion. Portal hypertension causes local production of vasodilators
lysis, which has a reported incidence of 30% to 46% in patients
such as natriuretic peptides, vasoactive intestinal peptide, endowith end-stage liver disease.66,67 The liver is the site of tPA cleartoxin, glucagon, and especially nitric oxide.71 Elevated producance, and elevated tPA levels have been noted in patients with
68
tion of nitric oxide has been observed to precede the formation
cirrhosis. Furthermore, the liver is the site of synthesis for plasof the hyperdynamic circulation in cirrhosis, and inhibition of
min inhibitors, such as plasmin activator inhibitor-1 (PAI-1)
nitric oxide formation has been shown to increase arterial presand thrombin-activatable ibrinolysis inhibitor (TAFI). Howsure in cirrhotic patients. Furthermore, there is reduced circuever, as with the process of coagulation, what matters is the ballatory responsivity to sympathetic stimulation primarily due to
ance of these factors that promote and inhibit ibrinolysis and
overproduction of vasodilators.72
where their net forces lie. Commonly used studies for assessing
In addition to hyperdynamic circulation the cirrhotic patient
the presence and severity of accelerated ibrinolysis include the
may have a combination of other cardiac functional abnormalieuglobulin clot lysis time (ECLT) and thromboelastography
ties that are not immediately apparent in the baseline state. These
(TEG). A clot lysis index in TEG has been deined as the ratio of
abnormalities comprise four key components of a condition
the clot amplitude at 60 minutes post achievement of maximum
termed “cirrhotic cardiomyopathy.” They include (1) the aforeamplitude (A60) to the clot maximum amplitude (MA). A ratio
mentioned increase in cardiac output and decrease in periphof <0.85 indicates the presence of accelerated ibrinolysis and
eral vascular resistance, (2) systolic and diastolic dysfunction,
suggests the need for an antiibrinolytic agent such as epsilon
(3) cardiac resistance to β-adrenergic stimulation, and (4) elecaminocaproic acid or tranexamic acid in the presence of othertrophysiologic abnormalities.
wise unexplained bleeding.
Historically, cirrhosis has not been associated with cardioDIC is primarily a thrombotic diathesis, followed by widemyopathy since the hyperdynamic circulation was presumed to
spread secondary ibrinolysis. As factors are consumed, DIC
relect cardiac vigor and the few patients who had overt dilated
becomes a bleeding diathesis of factor and platelet deiciencies.
cardiomyopathy were thought to be manifesting alcoholic carWhether or not DIC is a feature of stable CLD is controverdiomyopathy. However, elevated cardiac output is only a consesial. Because cirrhosis shares common lab abnormalities with
quence of the profound decrease in afterload resulting from the
DIC, standard labs cannot distinguish between consumption
dilated peripheral circulation. Systolic incompetence is revealed
and decreased synthesis and so have little utility. More recent
by physiologic or pharmacologic stress and is manifested by an
approaches to answer this question have utilized assays for subinability to increase cardiac output in response to exercise and
stances that would be expected to be elevated as the result of
an inability to increase ejection fraction despite an increase in
excessive thrombin production, the sine qua non of DIC. These
end-diastolic volume. Furthermore, the severity of cardiac dysinclude the cleaved by-products of coagulation factor activation
function seems to be directly correlated with the severity of liver
such as prothrombin fragment F1 + 2, ibrinopeptide A, and
disease.73
thrombin–antithrombin (TAT) complexes. Elevation of these
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Diastolic dysfunction has been described in cirrhotic patients
as well, on the basis of diagnostic echocardiographic indings of
abnormalities in transmitral low during diastole. This consists
of decrement or reversal of the E/A wave ratio and prolongation
of E wave deceleration time, relecting ventricular resistance to
diastolic illing. Also supportive of the presence of diastolic dysfunction is the inding of septal and left ventricular hypertrophy
on echo examination. Diastolic dysfunction renders cirrhotic
patients very sensitive to changes in cardiac illing making them
vulnerable to both heart failure and prerenal insuficiency.
Autonomic dysfunction is another characteristic of the altered
cirrhotic cardiovascular system. Chronotropic and hemodynamic
incompetence in response to various challenges such as sustained
handgrip, ice water hand submersion, Valsalva maneuver, and tilt
table testing has demonstrated autonomic neuropathy in 43% of
cirrhotic patients. Although apparently unrelated to autonomic
dysfunction, prolonged Q–Tc interval is also observed in cirrhotic patients with an incidence ranging from 30% in Child’s A
to 60% in Child’s C patients.74 This should be kept in mind when
treating these patients with drugs known to prolong Q–T interval.
Coronary artery disease in cirrhotic patients has become an
area of interest particularly as the application of liver transplantation has expanded to include older patients with comorbidities.
Risk factors for coronary artery disease in cirrhotic patients are
similar to those of other patient populations: Hypertension, dyslipidemia, age, gender, and obesity. However, NASH has been
recognized as an increasingly important cause for transplantation
and carries with it both the cardiac disease risks of its attendant
maladies, obesity and diabetes, and a chronic inlammatory state.
The optimal test for identifying cirrhotic patients with signiicant
CAD is unclear. Because many of these patients cannot exercise, pharmacologic stress testing is most commonly employed.
Unfortunately, studies investigating the predictive value of noninvasive functional testing, particularly dobutamine stress echocardiography, have generally shown poor sensitivity and variable
quality of negative predictive value (75% to 89%).75 Thus, among
liver transplantation candidates consideration should be given
to proceeding with coronary angiography if the patient is judged
to have a high likelihood of CAD.76 For less complex surgeries,
however, this may not be warranted.

Renal dysfunction
The hallmarks of renal dysfunction in cirrhosis are the seemingly
inappropriate avid retention of sodium and free water, together
with renal hypoperfusion and consequent decreased glomerular
iltration. The extreme manifestation of this is the HRS, a prerenal functional abnormality that is the renal response to the circulatory abnormalities of advanced cirrhosis. Renal function is
an important risk factor for mortality, a fact that is emphasized
by its presence as one of only three variables used in calculating
the MELD score, the primary predictor of 3-month mortality for
patients on the liver transplantation waiting list.
Although the most dramatic and unique renal manifestation
of CLD is the HRS, cirrhotic patients are also at high risk for more
prosaic causes of renal dysfunction, such as parenchymal renal
disease, sepsis, nephrotoxicity, and hypovolemia. It is important
to remember that HRS is a diagnosis of exclusion and that other
possible potentially treatable causes must be ruled out since therapies will differ.
Despite the fact that the cirrhotic patient’s liver disease predominates, one should be mindful of any comorbidities that
exist. Glomerulonephritis and diabetic nephropathy are not
infrequent indings. NAFLD, the most common nonviral cause

for adult CLD, is associated with type II diabetes. Immune complex nephropathies such as IgA nephropathy and membranous
proliferative glomerulonephropathy are associated with chronic
hepatitis C infection.77 In addition, some underlying causes of
liver failure are directly associated with renal dysfunction. These
include such diseases as amyloidosis, systemic lupus erythematosus, autoimmune hepatitis, polycystic liver disease, and Alagille
syndrome.
The cirrhotic circulatory system is characterized by marked
sympathetic stimulation, and activation of the renin–angiotensin–
aldosterone and vasopressin systems. These combine to save salt
and water and reduce renal perfusion. Elevated levels of renal
prostaglandins help to maintain renal perfusion. Thus, cirrhotic
patients are very sensitive to the prostaglandin inhibition of
nonsteroidal anti-inlammatory medications, although there is
evidence for the safety of short-term administration of selective
COX-2 inhibitor celecoxib.78 Aminoglycosides, angiotensinconverting enzyme inhibitors, and angiotensin receptor blockers are other drug groups associated with nephrotoxicity in
cirrhotic patients. Despite the expectation that contrast administration would be nephrotoxic, there is no evidence to support
that concern.79
Cirrhotic patients are at risk for hypovolemia from a number of causes, including gastrointestinal bleeding, diuretic use,
and diarrhea resulting from lactulose or rifaximin administration. Unfortunately, it can be dificult to assess intravascular volume status in patients who are total-body volume overloaded,
whose measured central illing pressures may relect transmitted
elevated intra-abdominal pressures because of ascites, and whose
measured serum creatinine levels are poor estimates of GFR due
to decreased muscle mass.80,81 Nonetheless, pursuit of a diagnosis by discontinuing diuretics and providing volume expansion
with albumin can help differentiate hypovolemia from the other
prerenal etiology of interest, HRS. Failure to improve creatinine
in response to such measures is strongly suggestive of HRS as the
underlying cause.
HRS is the renal manifestation of the systemic circulatory
derangement of end-stage liver disease. It is considered a functional derangement, primarily on the basis of successful transplantation of kidneys from HRS patients.82 Although it is often
invoked in the differential diagnosis of acute renal dysfunction in
cirrhotic patients, it accounts for only about 23% of the cases of
acute kidney injury in hospitalized cirrhotic patients.83 Nonetheless, in cirrhotic patients with ascites, the incidence of HRS is 18%
at 1 year and 39% at 5 years.84
The initial event leading to HRS is portal hypertension. This
leads to the local production of vasodilators, particularly nitric
oxide, which in turn causes splanchnic vasodilation. Splanchnic
vasodilation leads to a decrease in the effective circulating blood
volume and a decrease in arterial blood pressure. These conditions combine to activate the sympathetic, renin–angiotensin–
aldosterone and vasopressin systems. The net result is a severe
reduction in renal perfusion and glomerular iltration with
impaired free water excretion as the kidneys do their part to try to
maintain circulatory homeostasis.
The generally agreed upon criteria for diagnosing HRS are
those proposed by the International Ascites Club (Fig. 45-2).85
Two manifestations of HRS are recognized, called type I and type
II. Although they were once considered variants of the same disorder, it has become increasingly clear that they must be treated
as two different entities.
Type I HRS is characterized by rapidly progressive renal
failure, typically represented by at least a doubling of serum
creatinine over the course of 2 weeks in close proximity to a
precipitating cause such as SBP, sepsis, gastrointestinal bleeding,
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Pathogenetic mechanisms of hepatorenal syndrome
Hemodynamic alterations
(portal hypertension, peripheral vasodilatation, relatively low cardiac output, reduced effective blood volume)

Neurohumoral dysregulation
(activation of RAAS, SNS, vasopressin)

Effects on renal function
(renal vasoconstriction, retention of Na+ and H2O)

Ascites
Bacterial infections, SBP

Bleeding, paracentesis without albumin
Hepatorenal syndrome

or surgical stress. Patients with type I HRS have a median survival
of 2 to 4 weeks without therapy.84,86 Type I HRS is associated with
failure of other organ systems, including adrenal insuficiency.
Most notably; however, when type I HRS responds to medical
therapy that response is usually sustained, even after withdrawal
of therapy.87
Type II HRS is more indolent and may be considered the
expected consequence of continuous and progressive activity
of the circulatory homeostatic triad of the sympathetic, renin–
angiotensin–aldosterone and vasopressin systems in an attempt
to compensate for the progressive loss of effective circulating
blood volume to the increasingly dilated splanchnic vasculature.
The most compelling clinical problem in these patients is refractory ascites. Patients with type II HRS have a median survival of
about 6 months.88
Although profound renal vasoconstriction is the proximate
cause of HRS, therapy aimed at directly increasing renal perfusion
by the use of prostaglandins, dopamine agonists, or endothelin
antagonists has not proved successful. More effective has been
therapy targeting the underlying pathology that leads to the renal
vasoconstrictive response, that is, reduction of portal hypertension and/or splanchnic vasodilation.
Vasoconstrictors, such as AVP or its analogs, somatostatin or
its analogs, and α-agonists such as norepinephrine and midodrine, combined with volume expansion have shown eficacy in
reversing type I HRS (typically deined as a reduction in creatinine
to 1.5 mg/dL).89 AVP and its analogs are particularly attractive,
since they interact with V1 receptors which mediate vasoconstriction and are particularly well represented in the splanchnic circulation. Choices among these therapies are to some extent dictated
by drug availability since, for example, terlipressin is not avail-

able in the United States. Terlipressin is perhaps the most studied vasopressor for HRS and is effective in 40% to 60% of type I
patients.89,90 Predictive factors of successful treatment include a
starting creatinine <5 mg/dL and a sustained rise in MAP from
baseline throughout the 1- to 2-week course of treatment.91 More
importantly, when therapy is withdrawn, recurrence is uncommon and occurs in <15% of patients.90 Although response to
vasopressor plus volume expansion has been observed in type II
HRS, recurrence after withdrawal of therapy is the rule.
Placement of a transjugular intrahepatic portal shunt (TIPS)
lowers portal pressures and would be expected to decompress the
splanchnic circulation, returning volume directly to the central
circulation. Although pilot studies have shown TIPS capable of
reversing both types of HRS, it has limited application primarily because of the exclusionary criteria used in these studies, for
example, Child–Pugh score >12, active infection, and serum bilirubin >5 mg/dL, and risk of de novo development or worsening
of HE.92 Furthermore, even when initially successful there is a
high rate of shunt stenosis and migration.
Liver transplantation is the deinitive therapy for HRS. For
patients with HRS who are transplant candidates, renal replacement therapy is the typical bridge to transplantation. In countries
where terlipressin is available, terlipressin plus albumin volume
expansion is also an option. In fact there is evidence that treatment of HRS I with terlipressin and albumin while awaiting liver
transplantation may improve posttransplant outcome. Although
renal recovery is anticipated, 35% of patients with pretransplant
HRS will continue to require support in the immediate postoperative period, compared to 5% of patients without pretransplant
HRS.93 Gradual improvement in GFR occurs over the following 1
to 2 months, reaching 30 to 40 mL/min. There is some sense that,
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FIgURE 45-2. The pathogenetic mechanism of hepatorenal syndrome. Schematic view of the pathogenesis of hepatorenal syndrome in cirrhosis. Dotted arrows indicate precipitating factors that are frequently present but not necessary. RAAS, renin–angiotensin–aldosterone system; SBP, spontaneous bacterial peritonitis; SNS, sympathetic nervous
system. (From: Salerno F, Gerbes A, Gines P, et al. Diagnosis, prevention and treatment of hepatorenal syndrome in
cirrhosis. Gut. 2007;56:1312.)
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if allowed to continue, HRS that requires renal replacement therapy may not be reversible. In the First International Liver Transplantation Society Expert Panel Consensus on Renal Insuficiency
in Liver Transplantation, it was recommended that patients who
had received dialysis at least twice weekly for >6 weeks prior to
transplantation be considered for combined liver–kidney transplantation.94

pulmonary complications
Pulmonary complications have long been associated with portal
hypertension with or without intrinsic hepatic disease. Estimates
of as high as 50% to 70% of patients with CLD complain of
shortness of breath.95 There are many commonplace mechanisms underlying pulmonary abnormalities observed in patients
with liver disease. The differential diagnoses include ventilation–
perfusion abnormalities associated with underlying obstructive
airways disease, luid retention, pleural effusion, and decreased
lung capacities secondary to large volume ascites. α-1 antitrypsin
disease is a metabolic syndrome that has both lung and liver manifestations, as may cystic ibrosis. Additionally there are two types
of vascular abnormalities unique to the setting of portal hypertension, which have signiicant morbidity and mortality. These
abnormalities have been termed hepatopulmonary syndrome
(HPS) and portopulmonary hypertension (PPHTN). Their severity may even overshadow the underlying liver disease, so much
so that their presence and severity inluences candidacy for liver
transplantation.
HPS consists of the triad of liver dysfunction, otherwise
unexplained hypoxemia, and intrapulmonary vascular dilation
(IPVD) that may be present in up to 20% of patients who present
for liver transplantation.96 The diagnostic criteria for HPS appear
in Table 45-8.97 These vascular lesions are of two types. Type I
lesions are more common and are manifested as precapillary
dilations at the alveolar level. Type II lesions are larger dilations
that are more centrally located in the lungs and behave as anatomic shunts. Demonstration of IPVD may be made by agitated

saline contrast-enhanced echocardiography or by technetiumlabeled microaggregated albumin (TcMAA). In the absence of
HPS microbubbles and albumin microaggregates injected into
the venous circulation are trapped by the pulmonary capillary
bed. The delayed (>3 cardiac cycles) appearance of microbubbles
in the left atrium or increased (>5%) extra-pulmonary uptake
of TcMAA suggests direct arteriovenous communication in the
lungs and the presence of IPVDs. Type I IPVDs are functional,
rather than true anatomic shunts. IPVDs result in a massive
increase in pulmonary capillary diameter, from 8 to 15 µm to 50
to 500 µm. This, together with the usually hyperdynamic circulation of the cirrhotic patient, allows insuficient time for oxygen
diffusion through the entire stream of capillary blood. This results
in a central stream of poorly oxygenated blood that is functionally shunted. This lesion is easily correctable with the administration of oxygen, since increased FiO2 increases oxygen diffusion
through the dilated capillary. In fact, failure of 100% oxygen to
correct the PaO2 to greater than 150 mm Hg is suggestive of the
presence of true anatomic or type II shunt.98 Also of interest is
the unique positional oxygenation change that occurs with this
syndrome, called orthodeoxia. Because IPVDs predominate
in the bases of the lungs, standing worsens hypoxemia and the
supine position improves oxygenation as blood is redistributed
from the bases to the apices.
The natural history of HPS is usually one of progressive hypoxemia. The pathogenesis of HPS is poorly understood, hampering the development of effective therapy. Suspected contributing
factors include nitric oxide, splanchnic endotoxemia, decreased
clearance of inlammatory mediators, and angiogenesis. Genetic
factors are thought to contribute as well. Liver transplantation can
be expected to correct hypoxemia in 85% of patients, although it
may take up to a year to do so.99 Mortality without transplantation is greater than in a matched cohort, with a median survival
of 24 months and a 5-year survival of 23% versus a median
survival of 87 months and a 5-year survival of 63% in transplant
candidates without HPS.100 A PaO2 ≤50 mm Hg or a TcMAAquantitated shunt fraction ≥20% are predictors of increased
mortality regardless of whether the patient receives a transplant.

TAbLE 45-8. diagnostiC Criteria for the hePatoPulmonary syndrome
Variable

Criterion

Oxygenation defect
Pulmonary vascular
dilatation
Liver disease
Degree of severity
Mild
Moderate
Severe
Very severe

Partial pressure of oxygen <80 mm Hg or alveolar–arterial oxygen gradient ≥15 mm Hg while breathing ambient air
Positive indings on contrast-enhanced echocardiography or abnormal uptake in the brain (>6%) with
radioactive lung-perfusion scanning
Portal hypertension (most common) with or without cirrhosis
Alveolar–arterial oxygen gradient ≥15 mm Hg, partial pressure of oxygen ≥80 mm Hg
Alveolar–arterial oxygen gradient ≥15 mm Hg, partial pressure of oxygen ≥60 to <80 mm Hg
Alveolar–arterial oxygen gradient ≥15 mm Hg, partial pressure of oxygen ≥50 to <60 mm Hg
Alveolar–arterial oxygen gradient ≥15 mm Hg, partial pressure of oxygen <50 mm Hg (<300 mm Hg while the
patient is breathing 100% oxygen)

All criteria were determined by means of positive contrast-enhanced echocardiography (i.e., microbubble opaciication of the left heart chambers three to six cycles after
right atrial passage). The abbreviated formula for the alveolar–arterial gradient is as follows:
PAO2 – PaO2 = (FIO2[Patm – PH2O] – [PaCO2/0.8]) – PaO2
where PAO2 denotes partial pressure of alveolar oxygen, PaO2 partial pressure of arterial oxygen, FIO2 fraction of inspired oxygen, Patm atmospheric pressure, PH2O partial
pressure of water vapor at body temperature, and PaCO2 partial pressure of arterial carbon dioxide (0.8 corresponds to the standard gas-exchange respiratory ratio at
rest); the normal range is 4 to 8 mm Hg (0.5 to 1.1 kPa). The normal range for the partial pressure of oxygen is 80 to 100 mm Hg (10.7 to 13.3 kPa) at sea level, while
the patient is at rest and breathing ambient air. For patients older than 64 yrs of age, a value of ≤70 mm Hg (9.3 kPa) for PaO2 or ≥20 mm Hg for the alveolar–arterial
gradient is often used. Ambient air is the respired gas unless otherwise indicated. To convert millimeters of mercury to kilopascals, multiply by 0.133.
From: Rodriguez-Roisin R, Krowka MJ. Hepatopulmonary syndrome–a liver-induced lung vascular disorder. N Engl J Med. 2008;358:2378.

However, in the largest single-center series of liver transplantation for HPS the overall 5-year survival was 76%, an outcome
comparable to transplantation in non-HPS patients.99–101 Taken
together, these indings suggest that timely transplantation in
patients with HPS results in good outcomes. The transplant community has recognized this by granting MELD exception points
to patients with HPS and room air PaO2 <60 mm Hg.102
PPHTN is deined as pulmonary hypertension that exists in a
patient who has portal hypertension with no other known cause.
The speciic diagnostic criteria put forth by the European Respiratory Society Task Force on Hepatopulmonary diseases103 are
1. Clinical evidence of portal hypertension with or without
hepatic disease;
2. mPAP of 25 mm Hg at rest or 30 mm Hg during exercise;
3. Mean pulmonary artery occlusion pressure (mPAOP) <15 mm
Hg; and
4. PVR >240 dynes/sec/cm5 or 3 Wood Units.
There is support for replacing the requirement that the
mPAOP be <15 mm Hg with one that requires the transpulmonary gradient (TPG = mPAP – mPAOP) to be >12 mm Hg.
Patients with pulmonary hypertension may be luid overloaded as
well, and such a measurement would help distinguish the contribution of volume status to an elevated mPAP. A TPG >12 mm Hg
would be consistent with increased PVR, suggesting a component
of pulmonary hypertension in the increased mPAP. The requirement for calculation of the PVR is a relection of the fact that
many cirrhotic patients have mildly elevated mPAP simply on
the basis of an elevated cardiac output. Calculated PVR in these
patients is often normal. Severity of PPHTN is graded by mPAP,
with mild, moderate, and severe PPHTN deined as <35 mm Hg,
35 to 50 mm Hg, and >50 mm Hg, respectively.
The occurrence of PPHTN is 2% in a population of patients
with known portal hypertension,104 as compared to 0.13% in
an unselected population.105 Among liver transplant candidates
the prevalence is 4% to 6%.106,107 The occurrence of PPHTN is
unrelated to the severity of the underlying liver disease or portal hypertension, with one epidemiologic study documenting a
distribution of 51% Child’s class A, 38% Child’s class B, and 11%
Child’s class C patients among a population of patients sent to a
referral center with the diagnosis of PPHTN.108 Female patients
as well as patients with underlying autoimmune hepatitis are at
increased risk for PPHTN, and patients with chronic hepatitis C
are at decreased risk.106,108
Although a theory commonly put forth for the pathophysiology of PPHTN invokes a vascular proliferative reaction to the
shear stress of a chronically elevated cardiac output, the increased
incidence in women and in autoimmune hepatitis suggests hormonal and immunologic processes may also contribute. Furthermore, as with other types of pulmonary hypertension increased
levels of endothelin are also thought to play a role. Clinical
improvement in PPHTN patients with the endothelin antagonist,
bosentan, has been documented albeit in a small study.109
Similar to HPS patients, symptoms of PPHTN are nonspeciic, commonly consisting of dyspnea, generalized weakness, and
decreased exercise tolerance. Although HPS and PPHTN may
coexist, such an occurrence is uncommon and PPHTN patients
may have only a modest decrease in PaO2 if at all. The single best
screening study for PPHTN is the 2-D transthoracic echocardiography (TTE). TTE allows estimation of RV systolic pressure
(RVSP) by the velocity of the tricuspid regurgitant jet. Assuming no pulmonary arterial or valvular lesion RSVP is a good estimate of pulmonary arterial systolic pressure. TTE also allows an
estimation of central venous pressure (CVP) by caval changes in
respiration and evaluation of the RV for changes suggestive of
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elevated right-sided pressures such as RV dilation or hypokinesis,
septal lattening, or moderate to severe tricuspid regurgitation.
TTE screening has a sensitivity of 97% and a speciicity of 77%
in diagnosing moderate to severe PPHTN in patients undergoing pretransplantation workup.110 Right-sided cardiac catheterization is necessary, however, both to conirm elevated pressures
and to measure PVR.
Therapy includes conventional measures such as diuresis, as
well as some speciic vasodilator therapy. Calcium channel blockers, often used in other patients with pulmonary hypertension,
are contraindicated in this population because they promote
mesenteric vasodilation and worsen portal hypertension. Other
drugs used include prostanoids, phosphodiesterase inhibitors,
and endothelin antagonists. Reported success with these modalities is on the basis of case reports or case series, and no one
therapy has emerged as deinitive. Liver transplantation in this
population is very controversial, since pulmonary hypertension
cannot be expected to resolve and may even worsen. Nonetheless,
one goal of therapy is to make the patient transplant-eligible by
reducing mPAP and PVR into an acceptable range.
Epoprostenol (PgI) has been shown to reduce pulmonary
pressures in PPHTN and has been documented to have a survival
beneit in pulmonary hypertension.111 Epoprostenol also has an
antiplatelet effect and promotes vascular remodeling. However, it
must be administered as a continuous infusion via central access
with little tolerance for interruption of the infusion. It has also
been associated with splenomegaly and worsening thrombocytopenia, suficient to limit its use.112 The phosphodiesterase inhibitor sildenail has also shown ability to reduce pulmonary pressures
at 3 months, but without a sustained response at 12 months.113
Nonetheless, it may be useful in combination therapy or it may
provide a window for transplantation. Bosentan is the best studied of the endothelin antagonists. Although there are concerns for
hepatic toxicity, published case reports and case series have not
documented signiicant increases in liver enzymes with its use.114
The role of liver transplantation in the treatment of PPHTN
is not well deined, because outcomes of transplantation are not
predictable. Some patients have resolution of PPHTN with transplant, some may have no or incomplete resolution and continue
to require medical therapy, and some may experience worsening
of their PPHTN. Nonetheless, it is an option for a select group of
patients whose pulmonary hemodynamics and cardiac function
suggest they will tolerate the procedure. Evaluation of the patient
for potential transplantation must include a right-heart catheterization to measure mPAP and calculate PVR. Patients with mPAP
<35 mm Hg can be expected to tolerate transplant and do well postoperatively. Those with mPAP ≥35 mm Hg and elevated PVR may
be considered if they respond to therapy suficiently to reduce their
mPAP below 35 mm Hg and PVR below 400 dynes/sec/cm5.115,116

hepatic encephalopathy
HE is a serious, albeit reversible, neuropsychiatric complication
that is a feature of both CLD and acute liver disease. The manifestations range from subtle, subclinical abnormalities that can
only be discerned by formal psychometric tests (minimal HE)
to clearly evident neurologic and behavioral derangements that
are easily diagnosed at the bedside (overt HE). Although HE can
appear as the result of portal–systemic shunting without intrinsic
liver disease, the onset of HE is generally associated with advanced
hepatocellular disease, and its appearance is often accompanied
by other phenomena of end-stage liver disease such as ascites,
hypoalbuminemia, hyperbilirubinemia, and elevations in INR.
HE is an important cause of hospitalization in cirrhosis. In 2003
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TAbLE 45-9. west haven Criteria for
semiquantative grading
of mental state
Grade 1

Grade 2

Grade 3

Grade 4

Trivial lack of awareness
Euphoria or anxiety
Shortened attention span
Impaired performance of addition
Lethargy or apathy
Minimal disorientation for time or place
Subtle personality change
Inappropriate behavior
Impaired performance of subtraction
Somnolence to semistupor, but responsive to
verbal stimuli
Confusion
Gross disorientation
Coma (unresponsive to verbal or noxious
stimuli)

From: Ferenci P, Lockwood A, Mullen K, et al. Hepatic encephalopathy–
deinition, nomenclature, diagnosis, and quantiication: Final report of the
working party at the 11th World Congresses of Gastroenterology, Vienna, 1998.
Hepatology. 2002;35:716.

over 40,000 patients were hospitalized with a primary diagnosis
of HE. This number increased to over 50,000 patients in 2004.
Moreover, even minimal HE can affect the patient’s ability to
maintain employment, drive a car, perform quotidian activities,
and interact with family. The fact that HE is frequently reversible emphasizes the importance of identifying and treating this
condition.
The diagnosis of overt HE encompasses two sets of criteria:
Neuropsychologic and neuromotor. Neuropsychologic assessment focuses on level of consciousness, attention and ability to
follow commands, and affect. This is most often graded on a 0
to 4 scale using the West Haven criteria (Table 45-9).117 Physical examination may elicit asterixis or other evidence of hyperre-

lexiveness such as clonus or Babinski’s sign. Other focal indings
can include nystagmus or decerebrate posturing. However, focal
neurologic indings should prompt appropriate imaging to rule
out structural neurologic lesions, since these patients are at risk
for intracranial bleeding and are not immune to other neurologic
pathologies such as ischemic brain disease, abscess, and tumor.
The Working Party on Hepatic Encephalopathy at the World
Congress of Gastroenterology divided HE into categories according to the type of hepatic abnormality on the basis of the underlying disease process. Three types of general underlying etiology
are recognized: Association with ALF, association with hepatic
bypass physiology without intrinsic liver disease, and association with cirrhosis. Only HE associated with cirrhosis is further
described by periodicity and quality (Table 45-10). It is generally agreed that HE is the result of the failure of the liver to adequately metabolize certain substances that when accumulated are
neurotoxic, rather than failure to synthesize substances critical
to normal neurotransmission. The proposed World Congress
deinitions support this by recognizing a type of HE that is associated with normal hepatocellular function but shunting of blood
around the liver (type B). Historically, HE has been attributed to
hyperammonemia resulting from inadequate hepatic metabolism
of ammonia. Although ammonia continues to be considered an
important contributor, severity of HE does not necessarily correlate with ammonia levels. This may be explained by recent investigations which have provided evidence for a multitude of other
factors and mechanisms contributing to HE, including other
gut-derived neurotoxins, γ-aminobutyric acid (GABA) and other
endogenous GABA receptor agonists, oxidative stress, inlammatory mediators, hyponatremia, and abnormal serotonin and histamine neurotransmission.118,119 Nonetheless, ammonia and its
effect on astrocytes play a central role in the pathogenesis of HE.
Ammonia is a by-product of nitrogen-containing compounds
that is toxic and must be removed from the body. The liver is
the primary site of ammonia metabolism and excretion via the
urea cycle, but the brain, skeletal muscle, and possibly kidneys
contribute as well. Unfortunately, neither the brain nor the skeletal muscle is capable of utilizing the urea cycle and instead use
glutamine synthetase to synthesize glutamine from ammonia and
glutamate. Astrocytes are major constituents of the blood–brain
barrier and are the primary location for glutamine synthetase in

TAbLE 45-10. ProPosed nomenClature of hePatiC enCePhaloPathy
HE Type
A
b
C

Nomenclature
Encephalopathy associated with acute liver failure
Encephalopathy associated with portal–systemic
bypass and no intrinsic hepatocellular disease
Encephalopathy associated with cirrhosis and
portal hypertension/or portal–systemic shunts

Subcategory

Subdivisions

Episodic HE

Precipitated
Spontaneousa
Recurrent
Mild
Severe
Treatmentdependent

Persistent HE

Minimal HE
For deinitions, see text.
a
Without recognized precipitating factors.
From: Ferenci P, Lockwood A, Mullen K, et al. Hepatic encephalopathy–deinition, nomenclature, diagnosis, and quantiication:
Final report of the working party at the 11th World Congresses of Gastroenterology, Vienna, 1998. Hepatology. 2002;35:716.
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TAbLE 45-11. PreCiPitating faCtors in
hePatiC enCePhaloPathy
Constipation
Dehydration
Gastrointestinal bleeding
Bowel obstruction or ileus
Infection—esp. spontaneous bacterial peritonitis, sepsis
Excessive dietary protein
Hypokalemia
Hypoglycemia
Hypothyroidism
Hypoxia
Metabolic alkalosis
Anemia
Azotemia/uremia
Hepatic malignancy
TIPS, surgical shunt
Vascular occlusion

iting colonic growth of ammoniagenic bacteria. Nonabsorbable
antibiotics appear to be no less effective than nonabsorbable
disaccharides, but concerns about toxicity associated with longterm administration limit their use. They are, however, generally better tolerated than the nonabsorbable disaccharides, which
produce latulence, frequent bowel movements, and abdominal
cramping.126–128
Although simple reduction in protein intake seems an intuitive solution, in fact protein restriction may be harmful for cirrhotic patients who tend to have little nutritional reserve due
to poor intake and who have likely lost nutritional ground with
every hospitalization. Practice guidelines for the treatment of HE
patients recommend a normal protein intake (1 to 1.5 g/kg/day),
preferably in the form of plant-based rather than animal protein
because of its higher calorie to nitrogen ratio.126
Zinc is a cofactor in the urea cycle and may be a dietary deiciency in cirrhotic patients. Although it is unclear which patients
might beneit, practice guidelines recommend consideration of
chronic zinc supplementation to HE patients.

ascites
Ascites is the most common complication of cirrhosis leading to
hospitalization.129 The occurrence of ascites marks a threshold in
the nature of the underlying liver disease and is associated with
a 50% mortality rate within 3 years.130 Thus, the current recommendation is that patients who present with ascites and who are
potentially candidates for liver transplantation should be referred
for liver transplantation evaluation. Not all ascites is hepatic in
nature; about 15% has a nonhepatic etiology. Nonhepatic causes
include malignancy, cardiac failure, renal disease, pancreatitis,
and tuberculosis. Perhaps the most expeditious study to deine
the nature of new-onset ascites is a paracentesis. Unless there is
reason to suspect a particular diagnosis, routine screening studies of ascitic luid should include a cell count and differential, and
albumin and total protein levels. In particular the serum–ascites
albumin gradient (SAAG) is extremely useful for delineating portal
hypertensive ascites from other causes. It is calculated as the difference between simultaneously measured serum and ascites albumin
levels. A SAAG ≥1.1 mg/dL indicates portal hypertension with 97%
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the brain. Since these are the cells capable of metabolizing ammonia, as ammonia levels rise intracellular levels of glutamine rise in
concert. There are two consequences to this: (1) glutamine, which
is osmotically active, pulls water intracellularly as well, causing
astrocyte swelling and cerebral edema; and (2) glutamate, which
is an important excitatory neurotransmitter, is irst released and
then consumed in producing glutamine. Experimental in vitro
evidence has demonstrated glutamate release from astrocytes in
response to elevated levels of ammonia.120 It is thought that this
release may be related to the neuroexcitatory signs such as agitation and seizures observed in acute HE (type A). On the other
hand, a neuroinhibitory state is characteristic of the HE associated with cirrhosis (type C) and may relect chronic adaptive
changes that include downregulation of glutamate receptors and
inactivation of astrocyte glutamate transporters.120
In addition to the decrease in glutamate activity the neuroinhibitory state observed in cirrhotic HE (type C) may also be the
result of an increase in GABAergic tone. GABA is a major inhibitory neurotransmitter whose receptor complex can be activated
by benzodiazepines and inhibited by lumazenil. On the basis of
improvements in mental status following lumazenil administration in patients who had not received benzodiazepines, it was
proposed that the production of endogenous benzodiazepine-like
substances contributed to HE. Subsequent studies of plasma and
CSF from HE patients were reported to demonstrate increased
benzodiazepine-like substances as measured by radioreceptor
assays.121,122 Unfortunately, the beneits of lumazenil appear to
be limited by its short duration of action and lack of demonstrable survival or recovery advantage.123,124
Inlammation and stress-induced production of ROS and
reactive nitrogen species (RNOS) have also been implicated in
contributing to HE. Sepsis is a well-known precipitating factor for
HE. Inlammatory mediators such as TNF-α, and cytokines IL-1
and IL-6 cause cytotoxic compromise of the blood–brain barrier, leading to or worsening cerebral edema. Astrocyte swelling
is a trigger for production of ROS and RNOS, which can mediate
local cell membrane damage and cause further blood–brain barrier permeability.125
The initial step in evaluating the patient with liver disease who
presents with encephalopathy is to rule out causes other than HE.
The differential diagnosis includes other metabolic encephalopathies such as uremia, sepsis, glucose and electrolyte abnormalities, and endocrinopathies. Structural and vascular CNS lesions
or CNS infections should also be considered. Because cirrhotic
patients are exquisitely sensitive to sedative medications and have
impaired hepatic (and often renal) metabolism, careful search
for possible drug-related encephalopathy should be undertaken.
Once other potential causes have been eliminated, the next step
should be a systematic search for an underlying cause or precipitating factor (Table 45-11). Once identiied, treatment or elimination should commence as soon as possible and may be suficient
for clinical improvement.
If addressing the underlying cause does not produce improvement, the next step is to employ therapy designed to either reduce
the production of or increase the excretion of ammonia. Historically, the nonabsorbable disaccharide lactulose has been the mainstay of therapy and remains the irst-line drug for treating HE.126
Although the basis for its beneit is unclear there are two proposed
mechanisms for its salutary effect. First, anaerobic bacteria in the
colon ferment lactulose to produce weak acids and acidify the
colon. This acid milieu converts ammonia into ammonium, which
is poorly absorbed. Secondly, it is proposed that this acid milieu
is also cathartic, and that catharsis augments reduced absorption.
Nonabsorbable antibiotics such as neomycin, metronidazole,
and rifaximin are an alternative to lactulose and work by inhib-
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accuracy.131 Standard initial therapy for portal hypertensive ascites
is salt restriction (2 g/day) and diuretics. If the underlying cause for
liver disease is amenable to treatment, such as cessation of alcohol
or antiviral treatment of a chronic hepatitis, such therapy should
be pursued as well. Hyponatremia is common among cirrhotic
patients with ascites and generally does not warrant fluid restriction unless the serum sodium level is below 120 to 125 mEq/L.129
Rapid correction of hyponatremia is undesirable because cirrhotic
patients are particularly at risk for central pontine myelinolysis, a
potentially devastating neurologic complication. Observations in
liver transplant recipients suggest limiting correction to ≤16 mEq/L
over an 8-day period.132
Refractory ascites, deined as ascites that is immutable to
sodium restriction, maximum doses of diuretics, and paracentesis, heralds another change in the nature of the underlying
cirrhosis. It is the hallmark complication of type II HRS and indicates increased disease severity. Once patients become refractory
to maximum standard medical therapy the 6-month mortality is
21%.133 Therapeutic options for patients are limited and include
serial paracentesis, liver transplantation, TIPS placement, and
peritoneovenous shunt.
Although current practice is to replace albumin when ascitic
luid is drained, this practice is not well supported by randomized
prospective trials. The reasons for using albumin replacement
include preventing paracentesis-induced circulatory dysfunction,
minimizing electrolyte disturbances, minimizing the nutritional
impact of albumin loss, and preventing renal impairment. Studies
have been hampered by heterogenous study populations, differences in albumin dose, and heterogeneity of end points. Nonetheless, current recommendations are that patients with drainage
volumes <5 L do not need albumin replacement, and for larger
volume paracentesis 6 to 8 g albumin/L may be considered.129
TIPS placement can generally be expected to improve quality of
life by obviating the need for serial paracentesis, but this must be
balanced against an increase in encephalopathy and the high incidence of shunt malfunction.134,135 Peritoneovenous shunting is an
older intervention that has generally fallen into disuse because of
associated complications and lack of survival beneit. However,
for patients who cannot easily travel for serial paracentesis and
who are not candidates for TIPS or transplantation, this may be
the only option.
Infections of ascitic luid are suficiently common that the
American Association for the Study of Liver Diseases recommends paracentesis for all hospitalized patients with ascites. SBP
is diagnosed when the PMN count in ascitic luid is ≥250 cells/
mm3 in the absence of any other identiiable intra-abdominal
source. Bacterial translocation from the bowel is the most common source of SBP, although nosocomial infection from bacteremia associated with invasive procedures occurs as well. This
bacterial translocation occurs via the mesenteric lymphatic system and is aided by changes in bowel lora, increased intestinal
permeability, and impaired local immunity.
Because cell counts are available more quickly than culture
results, the decision to treat is made empirically on that basis.
Typical causative loras are Escherichia coli, Klebsiella pneumonia,
and pneumococcus. Patients should immediately be treated with
a broad-spectrum antibiotic such as cefotaxime, which covers
95% of loras.136 In the case of nosocomial SBP or in the patient
who has recently received or is currently receiving antibiotics at
the time of diagnosis it is suggested that a carbapenem be considered because of the risk of multiresistant infection.137 Sepsis may
develop rapidly in these patients and SBP is a recognized precipitating factor for type I HRS. Because of this, timely administration of antibiotics in this fragile population is so important that
empiric antibiotics are warranted even for patients who do not

meet the diagnostic ascitic luid PMN cell count but who exhibit
signs and symptoms suggesting infection such as fever, abdominal pain, evidence of worsening hepatic or renal function, and
otherwise unexplained worsening encephalopathy.129
Risk factors for development of SBP include a prior episode
of SBP, gastrointestinal bleeding, and an ascites albumin level
of <1.5 g/dL. Long-term antibiotic prophylaxis with norloxacin
or trimethoprim/sulfamethoxazole for SBP is recommended for
patients who have survived an episode of SBP or who have an
ascites albumin level of <1.5 g/dL and at least one of the following: Serum creatinine ≥1.2 mg/dL, blood urea nitrogen ≥25 mg/
dL, serum sodium ≤130 mEq/L, or a Child–Pugh score ≥9 mg/dL
with a bilirubin ≥3 mg/dL. Short-term antibiotic therapy with a
third-generation cephalosporin is indicated for patients with ascites and gastrointestinal bleeding.129

Varices
Varices, particularly esophageal varices, are one of the end results
of portal hypertension. In cirrhosis, increases in portal pressure
result from distorted hepatic architecture left in the wake of
inlammatory insults. Fibrosis and regenerative nodules cause
impedance to splanchnic low through the liver and lead to formation of portosystemic collaterals, particularly with the gastric
and esophageal venous systems. Progression of portal hypertension leads to increased local production of nitric oxide and, eventually, massive splanchnic vasodilation. Thus portal hypertension
becomes a problem not only of impedance to low, but also of a
massive increase in low to the liver. Rupture of the high-pressure
collaterals that are formed is a highly lethal and feared complication of portal hypertension.
Portal hypertension is diagnosed by measurement of the
wedged hepatic venous pressure (WHVP). Although this is not
a direct measure of portal pressure WHVP has been demonstrated to correlate well with it.138 This is done by advancement
of a catheter into a hepatic vein to wedge position. To correct
for the contribution of increased intra-abdominal pressure from
ascites, a free hepatic venous pressure or an inferior vena caval
pressure should be subtracted from the measured WHVP to
give the HVPG. A normal HVPG is 3 to 5 mm Hg. Patients with
esophageal varices can be expected to have HVPGs of at least 10
to 12 mm Hg.139,140
Esophagogastroduodenoscopy is the gold-standard procedure
for diagnosing varices. Presence of varices correlates with the
severity of the underlying liver disease, with incidence increasing
from 40% in Child’s A patients to 85% in Child’s C patients.141
Varices are graded by size, with small varices being ≤5 mm and
large varices being >5 mm. Also noted are the presence of red
wale marks, which are whip-shaped longitudinal dilated venules.
Risk for variceal bleeding correlates with the size of varices, presence of red wale marks, and variceal pressure (HVPG). Therapeutic decisions are made on the basis of these observations and
measurements.
Nonselective β-blockers reduce portal pressure by two mechanisms: A decrease in cardiac output (β-1) and splanchnic vasoconstriction (β-2). There is no evidence that they prevent formation
of varices; however, they are effective as primary prophylaxis for
variceal bleeding in patients with large varices and those with
small varices with additional risk factors such as red wale marks
or Child’s B or C class. For those patients who cannot tolerate
β-blockers or in whom they are contraindicated, another option
for primary prophylaxis of variceal bleeding is endoscopic ligation.
TIPS is associated with a higher incidence of encephalopathy and
higher mortality and is not indicated for primary prophylaxis.141

Acute variceal bleed should be managed with a combination of volume resuscitation, correction of severe coagulopathy,
pharmacologic manipulation of portal pressure, and endoscopic
variceal ligation. Although the temptation to vigorously volume
resuscitate and completely correct all coagulation abnormalities
can be overwhelming in this setting, it should be resisted. Since
bleeding is, to some extent, a pressure-related phenomenon
aggressive volume replacement may lead to resistant or recurrent
bleeding.142,143 The goal instead should be adequate resuscitation
to maintain a hemoglobin level of 8 mg/dL and consideration of
blood product transfusion to improve signiicant abnormalities
in platelet count and INR.141 Elective intubation for airway protection is often warranted in these patients as well. Medications
to reduce portal pressure include vasopressin and its analogs and
somatostatin and its analogs. Although β-blockers can reduce
portal pressures, their effect on systemic pressures makes them
undesirable in this setting. Early endoscopic variceal ligation in
combination with pharmacotherapy is the preferred treatment
for acute variceal bleed.
Resistant or early recurrent variceal bleeding occurs in about
10% to 20% of patients. A measured HVPG >20 mm Hg is a risk
factor for failure of standard therapy, predicting greater length of
ICU stay as well as greater transfusion requirements.144 Balloon
tamponade can be effective in this setting, but is associated with
signiicant and potentially lethal complications such as esophageal rupture or necrosis and perforation, migration of the balloon
components, and aspiration. If employed, it is recommended
as a bridge to more deinitive therapy such as surgical shunt or
TIPS.141

CHRONIC CHOLESTATIC DISEASE
Biliary obstruction increases pressures in the bile ducts, leading
to relux of bile into the liver sinusoids where it may also communicate with the vascular system. Serum levels of bilirubin, bile
salts, and AP (which is synthesized by the biliary epithelium) rise.
If bacteria are present in bile, the patient is at risk for infectious
complications such as ascending cholangitis, hepatic abscess, and
sepsis as well. Cholestasis and hyperbilirubinemia are associated
with an increased incidence of acute kidney injury. This may be
mediated by endotoxemia, as the result of both sepsis and loss
of bile salts to the vascular space. Bile salts are normally secreted
into the intestine where they prevent bacterial overgrowth and
bind endotoxin, thereby preventing its absorption into the portal
circulation. Loss of intestinal bile salts because of biliary obstruction may cause portal and systemic endotoxemia, leading to kidney injury. Kidney injury may additionally be exacerbated by the
induced diuresis, as well as impairment of myocardial contractility, resulting from elevated serum levels of bile salts.145,146 It
has also been noted that patients who come to transplant for the
chronic cholestatic diseases, PBC and primary sclerosing cholangitis (PSC), have evidence of preserved or hypercoagulability on
the basis of increased incidence of portal venous thrombosis, elevated levels of TAT complexes, and thromboelastographic indices
consistent with hypercoagulability.147,148
Chronic cholestatic disease in the adult population is primarily the result of immunologic mechanisms resulting in PBC or
PSC. These diseases are frequently associated with other autoimmune pathology.
PBC is a disease characterized by the progressive destruction
of small intrahepatic bile ducts, together with portal inlammation that eventually leads to cirrhosis. The preponderance of
PBC patients are middle-aged females, and the disease affects
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women and men in a 9:1 ratio. Typically, patients are asymptomatic on presentation, but may have symptoms of fatigue,
right-upper quadrant abdominal pain, or pruritus. Jaundice on
presentation is uncommon, and evidence of portal hypertension
(i.e., progression to cirrhosis) even more so. The laboratory hallmark of PBC is the antimitochondrial antibody, which is present
in 95% of patients. Liver biopsy conirms diagnosis, as well as
providing histologic disease staging. The disease may follow one
of three courses. The typical course is one of steady progressive
loss of small bile ducts together with increasing ibrosis, leading to cirrhosis over the course of 10 to 20 years. A second form
is characterized by a luctuating course, punctuated by lares of
disease resembling autoimmune hepatitis and leading to earlier
liver failure. The third form, labeled the premature ductopenia
variant, is marked by rapid disappearance of bile ducts with
severe cholestasis and appearance of cirrhosis within 5 years.
Ursodeoxycholic acid, which may have immunomodulatory
effects, is the only drug demonstrated to retard progression of
the disease and offer survival beneit. Liver transplantation is the
most deinitive therapy, but is associated with a recurrence rate
of 10% to 35%.149
PSC is a progressive inlammatory disease of the medium and
large intra and extrahepatic bile ducts. Like PBC it is often diagnosed in an asymptomatic patient who has liver biochemistries
drawn for some other purpose. PSC is a disease of young men,
with an M:F ratio of 7:3. Serum AP levels are elevated at presentation, and bilirubin may occasionally be elevated as well. The
diagnostic studies of choice are ERCP and magnetic resonance
cholangiopancreatography (MRCP), which reveal the characteristic beaded pattern of the biliary tree caused by multiple stenotic
lesions. PSC has an extremely high association with inlammatory
bowel disease (IBD), primarily ulcerative colitis but occasionally Crohn’s disease. It is also associated with other autoimmune
disease, such as insulin-dependent diabetes and psoriasis. Other
contributors to the morbidity of PSC are recurrent bacterial cholangitis, cholangiocarcinoma, and, particularly in those patients
with coexisting IBD, colon carcinoma. Over the average 15-year
disease course of PSC, 15% to 30% of patients are likely to
develop cholangiocarcinoma, which carries a very poor prognosis
and may cause ineligibility for transplant.150 Liver transplantation
is the most deinitive therapy for PSC, but is associated with disease recurrence.

CHRONIC HEpATOCELLULAR DISEASE
CLD is a major public health burden in the United States, with
an increase in prevalence from 11.78% in the period 1988 to 1994
to 14.78% in the period 2005 to 2008. Chronic viral hepatitis,
particularly hepatitis C, has historically been the most common
cause of CLD, but recent data show that NAFLD has overtaken
chronic hepatitis for this distinction. In the period 2005 to 2008,
the prevalence of the most common causes of CLD was hepatitis B 0.34%, hepatitis C 1.68%, alcoholic liver disease 2.05%, and
NAFLD 11.01%.11 During this period the incidence of new cases
of hepatitis B and C have decreased steadily, likely the result of
improved blood product screening, development and wide dissemination of vaccination, and the institution of universal precautions.151 The stable prevalence despite the decrease in new
cases may relect the survival beneit of antiviral medications and
transplantation, in addition to the historically long, indolent, and
frequently unrecognized course of chronic hepatitis C. Although
chronic hepatitis C is still the leading cause of liver transplantation and is implicated in the increase in cases of HCC, the rise in
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prevalence of NAFLD together with the recognition that it can
progress to cirrhosis and is a risk factor for HCC suggests that it
is poised to become the next hepatic scourge.

HEpATOCELLULAR CARCINOMA
Worldwide, HCC is the third leading cause of cancer-related
death. Within the United States, it is the ifth most common
cancer in men and the seventh in women.152 Risk factors include
chronic viral hepatitis infection, hemochromatosis, and cirrhosis of any provenance. The prevalence of underlying cirrhosis in
patients with HCC is 80% to 90%. Even if the HCC patient does
not have cirrhosis, there is almost always an underlying chronic
hepatitis/chronic necro-inlammatory state that seems to be key
ingredient for HCC. Among patients with chronic viral hepatitis, the presence of cirrhosis or evidence of active inlammation
(characterized by elevations in serum ALT) leads to increased
HCC occurrence compared to patients without cirrhosis or
those with persistently normal to near-normal ALT.153 The
5-year cumulative incidence of HCC is highest for patients with
chronic hepatitis C (17% in Europe and the United States, 30%
in Japan) and hemochromatosis (21%). The 5-year incidence of
HCC in chronic hepatitis B patients also shows geographic variation, with an incidence of 15% in areas with endemic infection
and 10% in nonendemic areas.154 This may relect environmental inluences or differences in timing and age at infection. The
American Association for the Study of Liver Diseases recommends surveillance of at-risk patients. Ideally this should be in
the form of liver ultrasonography every 6 months, with the use of
α-fetoprotein only if ultrasound is not available.155 α-fetoprotein
lacks adequate sensitivity and speciicity to be an effective screening tool, but may be valuable in diagnosis because a level >200
ng/mL in a cirrhotic patient with a hepatic mass has a high positive predictive value for HCC.156 Diagnosis of HCC can often be
made with noninvasive studies, with biopsy reserved for lesions
with atypical or discordant imaging. Lesions <1 cm in diameter
are followed up with repeat ultrasound. Lesions 1 to 2 cm in
diameter should be studied using two different dynamic techniques, either CT, contrast ultrasonography, or MRI with contrast. Both techniques should demonstrate typical indings of
the hypervascular HCC tumor, early arterial enhancement, and
washout in the portal/venous phase. If they are not concordant,
biopsy of the lesion is recommended. A larger lesion (>2 cm)
with this typical pattern on a single dynamic study or associated
with an α-fetoprotein level >200 ng/mL conirms the diagnosis
of HCC.156
Surgical resection is the optimal treatment for HCC for those
patients who have suficient hepatic reserve. Unfortunately many
patients with HCC have cirrhosis and are unable to tolerate resection. In the United States fewer than 5% of patients are candidates for resection.152 Liver transplantation can be an option for
those patients who are not resection candidates but whose disease
can be expected to have transplant outcomes similar to that of
other indications for transplant. The Milan criteria (one tumor
<5 cm or three tumors all <3 cm) deine those patients, and those
patients who meet the criteria and are transplanted have 5-year
survival rates of 65% to 78% compared to 5-year survival of 68%
to 87% for nontumor indications.157
Patients who are neither surgical candidates nor transplant
candidates may be managed by radiofrequency ablation or chemoembolization of their tumors. In addition, some centers use
these therapies to maintain transplant eligibility for patients on
the waiting list.

NONALCOHOLIC FATTY
LIVER DISEASE
NAFLD describes a range of conditions characterized by excessive fat deposition in the liver. NAFLD ranges in severity from
simple fat deposition (steatosis) to fat deposition together
with inlammation and hepatocellular necrosis (steatohepatitis or NASH). Primary NAFLD is associated with insulin resistance and its attendant manifestations, which are components
of the metabolic syndrome: Obesity, central adiposity, type II
diabetes, arterial hypertension, and hypertriglyceridemia. In
fact it is often referred to as the hepatic manifestation of the
metabolic syndrome. The prevalence of NAFLD increases with
age, is greater in males, and differs by ethnicity. In the United
States, the prevalence of NAFLD is 45% in Hispanics, 33% in
Caucasians, and 24% in African-Americans,158 with an estimated overall prevalence of 30%. Unsurprisingly, NAFLD is
the most common cause of elevated liver enzymes in adults.159
NAFLD may coexist with other hepatic pathologies and exacerbates damage when it appears together with chronic hepatitis
C, hemochromatosis, or alcoholic liver disease.160 Within the
disease spectrum of NAFLD, only NASH is associated with the
serious consequences of HCC and cirrhosis. The gold standard
for distinguishing NASH from other NAFLD is liver biopsy with
the key features of macrovesicular steatosis, lobular inlammation, hepatocyte ballooning, and often perisinusoidal ibrosis.
The prevalence of NASH in the United States is estimated to
be 3% to 5%.159 There is evidence, although from small studies and with different end points, that lifestyle modiications
that improve insulin sensitivity such as weight loss and exercise
can reduce intrahepatic lipid content in NASH.161 Medications
that may augment weight loss, such as orlistat and rimonabant,
have been shown to result in histologic improvement in NASH
when associated with actual weight loss. For those patients who
are unable to lose weight by more conservative means, bariatric surgery has been shown to result in dramatic histologic and
chemical improvement, with decreased steatosis/inlammation
on biopsy and decreases in serum aminotransferases. In a metaanalysis of morbidly obese patients who underwent bariatric
surgery, the pooled patient incidence of biopsy-proven NASH
was 53.87%. Of these patients 81.3% showed improvement or
resolution of steatohepatitis on follow-up biopsy, with 69.5%
showing complete resolution.162

pREOpERATIVE MANAgEMENT
hepatic evaluation
The evaluation of hepatic function begins with a thorough history, starting with an inquiry into risk factors and the presence
of symptoms attributable to CLD. Prior episodes of jaundice,
particularly in relationship to surgical procedures and anesthesia, should be thoroughly investigated. Alcohol consumption,
use of recreational or illicit drugs, medications (including herbal
products), presence of tattoos, sexual promiscuity, consumption
of raw seafood, and a history of travel to areas in which hepatitis is endemic should be sought. Symptoms of fatigue, anorexia,
weight loss, nausea, vomiting, easy bruising, pruritus, darkcolored urine, biliary colic, abdominal distention, and gastrointestinal bleeding warrant further investigation for the presence of
liver disease.

chapteR 45 The Liver: Surgery and Anesthesia

perioperative Risk associated
with liver disease
In patients with known liver disease, the etiology of hepatic dysfunction should be determined. Based on retrospective, small case
series from the 1960s and 1970s, acute hepatitis confers a prohibitive risk for elective surgery. In a series of 36 patients with undiagnosed hepatitis who underwent laparotomy (for suspected biliary obstruction or hepatic malignancy) nearly one-third died. All
patients with acute hepatitis, due to either virus or alcohol, died.
The majority of patients suffered complications that included
bacterial peritonitis, wound dehiscence, and hepatic failure.166
With improved diagnostic testing, which includes serologic
testing for hepatitis C, ultrasound testing for gallstones, and
improved imaging techniques for hepatic cancer, it is far more
likely today that accurate diagnoses can be made preoperatively.
As a result laparotomies are unlikely in patients with unsuspected
hepatitis. In the absence of accumulating evidence, consensus
opinion is that elective surgery should be postponed in patients
with acute hepatitis.167,168
In patients with CLD it is not feasible to postpone surgery
until recovery. A number of studies have investigated the risk of
surgery in patients with cirrhosis.169–172 Each of the studies identiied various components of the Child–Turcotte–Pugh score, as
well as the composite score, as important prognostic factors for
perioperative mortality.

TAbLE 45-12. mediCations, herbs, and
drugs or substanCes of
abuse rePorted to Cause
elevations in liver-enZyme
levels
Medications
Antibiotics
Synthetic penicillins
Ciproloxacin
Nitrofurantoin
Ketoconazole and luconazole
Isoniazid
Antiepileptic drugs
Phenytoin
Carbamazepine
Inhibitors of hydroxymethylglutaryl-coenzyme A reductase
Simvastatin
Pravastatin
Lovastatin
Atorvastatin
Nonsteroidal anti-inlammatory drugs
Sulfonylureas for hyperglycemia
Glipizide
Herbs and homeopathic treatments
Chaparral
Chinese herbs
jin bu huan
Ephedra (ma huang)
Gentian
Germander
Alchemilla (lady’s mantle)
Senna
Shark cartilage
Scutellaria (skullcap)
Drugs and substances of abuse
Anabolic steroids
Cocaine
5-Methoxy-3,4-methylenedioxymethamphetamine
(MDMA, “ecstasy”)
Phencyclidine (“angel dust”)
Glues and solvents
Glues containing toluene
Trichloroethylene, chloroform
From: Pratt DS, Kaplan MM. Primary care: Evaluation of abnormal liver-enzyme
results in asymptomatic patients. N Engl J Med. 2000;342:1266.

Child and Turcotte irst described their classiication system
in 1964. They identiied ive factors—albumin, bilirubin, ascites,
encephalopathy, and nutritional status—as important prognostic
factors for patients with cirrhosis. Each of the factors was categorized according to three levels of severity and combined to generate a composite score leading to an assignment of one of three
classes of severity (class A, B, or C, with C representing the most
severe hepatic dysfunction). In 1972 Pugh modiied the score,
replacing nutritional status with PT (Table 45-13). The score was
originally designed for patients undergoing portosystemic shunt
procedures, but has subsequently been applied to patients with
cirrhosis undergoing other surgeries. In two studies, conducted
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Physical examination indings suggestive of active liver disease
include icterus, palmar erythema, spider angiomas, gynecomastia, hepatosplenomegaly, ascites, testicular atrophy, petechiae,
ecchymoses, and asterixis.
In the absence of indings suggestive of liver disease, routine
laboratory tests to assess hepatocellular integrity and hepatic
synthetic function are not warranted. Routine laboratory testing
may yield false-positive results, and true-positive results are infrequent in asymptomatic patients. Among over 19,000 Air Force
trainees, 0.5% had liver-enzyme elevations; however, the cause
was found in only 12 of the 99 with elevations.163 In a study of
over 7,600 surgical patients who underwent routine preoperative
screening, liver-enzyme tests were abnormal in roughly 1 of 700
(0.1%) asymptomatic patients. Of the 11 patients with elevations,
3 (1 in 2,500 or 0.04%) developed jaundice.164
Because the normal range for laboratory test is deined as
the mean plus or minus two standard deviations, 5% of normal
patients can be expected to fall outside the normal range, with
2.5% following above the upper limit of normal. As a result,
minor elevations of liver-enzyme results—those less than twice
the normal value—may be of no clinical importance.165 The
recommended approach is to avoid testing liver enzymes in
asymptomatic patients. Nonetheless, in the presence of abnormal results (in an asymptomatic patient) the safest approach is
to repeat the results; and in the absence of elevations greater than
twice the upper limits of normal it is reasonable to proceed with
surgery.
In patients with more substantial elevations of liver enzymes,
causes include alcohol abuse, medications, chronic hepatitis B and
C, NASH, autoimmune hepatitis, hemochromatosis, Wilson’s
disease, and α-1 antitrypsin deiciency. Nonhepatic causes include
celiac sprue and muscle diseases. Medications include selected
antibiotics, antiepileptic drugs, lipid lowering agents, nonsteroidal anti-inlammatory agents, and sulfonylureas. Herbal medications and drugs of abuse are also associated with liver-enzyme
abnormalities (Table 45-12).
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TAbLE 45-13. modified Child–Pugh sCore
Pointsa
Presentation

1

2

3

Albumin (g/dL)
Prothrombin time
Seconds prolonged
International normalized ratio
Bilirubin (mg/dL)b
Ascites
Encephalopathy

>3.5

2.8–3.5

<2.8

<4
<1.7
<2
Absent
None

4–6
1.7–2.3
2–3
Slight–moderate
Grade I–II

>6
>2.3
>3
Tense
Grade III–IV

a

Class A = 5 to 6 points; B = 7 to 9 points; C = 10 to 15 points.
Cholestatic diseases (e.g., primary biliary cirrhosis) produce bilirubin elevations that are disproportionate to the hepatic dysfunction. Thus, the following adjustments should be made: Assign 1 point for a bilirubin level of 4 mg/dL; 2 points for bilirubin
concentrations between 4 and 10 mg/dL; and 3 points for bilirubin >10 mg/dL.
From: Kamath PS. Clinical approach to the patient with abnormal liver rest results. Mayo Clin Proc. 1996;71:1089, with permission.

b

over a decade apart, the modiied Child score performed simiconcluded that patients with a MELD score of less than 11 have
larly in predicting perioperative mortality.171,172 Child’s class A
a low postoperative mortality and represent an acceptable surgical risk. However, based on the list of complications, the authors
was associated with 10%, Child’s B with 30%, and Child’s C with
recommend that these patients should preferably have surgery
greater than 80% mortality. The 3-month mortality for hospitalat institutions with a liver transplant center. In patients with a
ized patients not undergoing surgery was 4% for class A, 14% for
MELD score of 20 or higher, the high mortality risk contraindiclass B, and 51% for class C.172
cates elective procedures until after liver transplantation.175
The MELD score was originally designed to predict mortality
for patients undergoing transjugular intrahepatic portocaval
Despite the fact that the MELD score is harder to calculate at
shunt (TIPS) procedures.173 Subsequently it was identiied as an
the bedside, it may one day replace the Child score for predicting
nontransplant surgical mortality in patients with end-stage liver
improvement to the Child score for the allocation of organs for
disease. In one study that compared the two scoring systems, the
liver transplant candidates due to its replacement of the subjecMELD score outperformed the Child score.175 The study authors
tive elements of the Child score (ascites, encephalopathy) with
more objective ones, INR and creatinine. The MELD score is a
noted that the MELD score has a wide range and stratiies risk
useful predictor of 90-day wait list mortality in liver transplant
along a continuum rather than into arbitrary categories, as the
candidates.174 The MELD score weighs the continuous variables
Child score does.
Medical management undertaken to optimize cirrhotic patients
linearly or logarithmically instead of assigning arbitrary catego- 6
undergoing surgery should be directed toward treating active infecries, as is the case with the Child score:
tion, minimizing vasoactive infusions, optimizing central blood
volume and renal status while minimizing ascites, and improving
MELD score = 9.57 × loge (creatinine mg/dL)
encephalopathy and coagulopathy. However, there is little evidence
+ 3.78 × loge (bilirubin mg/dL)
to support speciic goal-directed targets for preoperative care. The
+ 11.2 × loge (INR) + 6.43
perioperative risk depends more on the operative site and the
5
degree of liver impairment than the anesthetic technique. Upper
The MELD score appears to predict perioperative mortality
abdominal surgery (cholecystectomy), when compared to hysterof cirrhotic patients as well or better than the Child score.175 In a
ectomy, was associated with liver-enzyme abnormalities, while the
single-center study of 140 surgical procedures, the c-statistic for
anesthetic technique (halothane, enlurane, or fentanyl) was not.177
the MELD score’s ability to predict 30-day mortality was 0.72.
A c-statistic of 0.5 indicates predictive ability similar to chance
In a retrospective study of 733 cirrhotic patients mortality was
(a 50:50 likelihood of predicting the outcome), while a c-statistic
associated with a number of factors in addition to the Child score:
of 0.7 and higher is considered useful. In the cohort of patients
Male gender, the presence of ascites, cryptogenic cirrhosis (vs.
undergoing abdominal surgery, the c-statistic improved to 0.80.
other etiologies), elevated creatinine, preoperative infection, higher
In this study a MELD score between 25 and 30 was associated with
ASA physical status, and surgery on the respiratory system.178 The
a 30-day mortality of 50% after abdominal surgery.176 Each point
presence of each additional factor conferred additional risk. For
instance, 1-year mortality in patients with 6 risk factors was over
in the MELD score up to a score of 20 equated to an additional 1%
80%; mortality with 2 risk factors was approximately 30%.
mortality; each MELD point over 20 equated to an additional 2%
In addition to optimizing medical management, efforts
mortality. A larger study of 772 cirrhotics found similar results. In
should be made to minimize surgical risk through the considthis study, 75% of the patients underwent abdominal surgery. A
eration of less invasive surgery. Gallstones are twice as common
MELD score of 25 was associated with 30-day mortality of 50%.
in cirrhotic patients as in patients without cirrhosis.169 LaparoOther than the MELD score, the other important predictors of
perioperative mortality in cirrhotics were age (age >70 equated to
scopic surgery appears safe in patients with Child–Pugh A and
3 MELD points) and coexisting disease (ASA physical status > IV
B cirrhosis. In uncontrolled retrospective studies the advantages
equated to 5 MELD points).175 The perioperative complications
included low mortality and shorter hospital stay.179,180 However, Child’s C patients may beneit from percutaneous drainencountered by cirrhotic patients include liver failure, postage of the gallbladder rather than a laparoscopic approach.180
operative bleeding, infection, and renal failure. These authors
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INTRAOpERATIVE MANAgEMENT
monitoring and Vascular access
In addition to routine noninvasive monitors, the need for arterial
pressure monitoring should be considered for patients with endstage liver disease. The decision is based on the presence of preoperative systemic hypotension due to vasodilatation, anticipated
blood loss, the need for intraoperative laboratory studies, coexisting disease, and age. Arterial cannulation should be considered in
patients undergoing liver resection. The usefulness of CVP monitoring to predict fluid responsiveness has been questioned.185
Some experts have abandoned CVP monitoring in the setting
of liver resection.186–188 In our practice we do not place a CVP
catheter exclusively for monitoring. Pulmonary artery catheterization is used for patients with known or suspected pulmonary
artery hypertension and for patients with a low cardiac ejection
fraction. Transesophageal echocardiography (TEE) is a sensitive
monitor for the assessment of preload, contractility, ejection fraction, regional wall motion abnormalities, and emboli. In a small
series of patients with esophageal varices, TEE universally aided
in diagnosis and was not associated with bleeding complications.
Transgastric views were avoided to minimize esophageal manipulation.189 TEG, if available, may be a useful guide for coagulation
management.190

Selection of anesthetic technique
neuraxial versus Ga
The effect of neuraxial anesthesia on hepatic blood flow appears
related to alterations of systemic blood pressure.191,192 More
recent studies support the conclusion that hepatic blood flow is
reduced by epidural anesthesia, and interestingly, further reduced
by an infusion of norepinephrine.193 However, other studies
suggest that vasopressors (ephedrine and dopamine) restore
hepatic blood flow.194,195 Other data conflict with this, suggesting that dopamine does not improve splanchnic blood flow.196
Despite this confusing picture high (T-5) neuraxial blocks appear
to reduce hepatic blood flow, and this effect may not be reversed
when block-related hypotension is corrected with catecholamines. Thus, avoidance of high neuraxial block and hypotension
seems prudent in patients with advanced liver disease.
Standard contraindications to neuraxial blockade should
be considered and weighed against the procedure’s beneits on
a case-by-case basis. Many patients with advanced hepatic disease may not warrant consideration for neuraxial techniques
due to coagulopathy and/or thrombocytopenia. Nerve blockade
may be appropriate even when neuraxial blockade is contraindicated. The transversus abdominal plane (TAP) block has been

used successfully for abdominal surgery, including hepatobiliary
procedures.197,198 However, the eficacy has been questioned and
complications, including abdominal wall hematoma, have been
reported.199

Volatile anesthetics
Volatile anesthetics decrease hepatic blood low, albeit to a variable degree.
Halothane is more likely than other inhaled anesthetics to
cause cardiovascular depression and results in the greatest reduction of hepatic blood low. Newer volatile agents, including isolurane and sevolurane, have less signiicant effects on hepatic
blood low.200 At anesthetic concentrations of 1 MAC these agents
produce very little reduction in hepatic blood low. However, deslurane appears to more substantially decrease hepatic blood low
at 1 MAC, causing a 30% reduction at this anesthetic depth.201
Animal studies suggest deslurane preserves total hepatic blood
low.202 At higher anesthetic concentrations isolurane results in a
dose-dependent reduction in hepatic blood low beyond that seen
at 1 MAC. This dose-dependent reduction in hepatic blood low
does not occur with sevolurane. In animal studies both sevolurane and isolurane maintain the hepatic arterial buffer response,
which increases hepatic arterial blood low in the presence of
reductions of portal blood low.203,204
In addition to variable effects on hepatic blood low, concern
exists regarding the production of reactive intermediates during the metabolism of volatile anesthetics. Halothane hepatitis,
described elsewhere in the chapter, is largely responsible for these
concerns. However, there is little evidence to suggest that other
volatile anesthetics are responsible for hepatic complications.
With the exception of sevolurane, volatile anesthetics undergo
metabolism that yields reactive triluoroacetylated (TFA) intermediates. These bind to hepatic proteins and produce an immunologic reaction. However, the incidence of liver injury correlates
with the extent to which inhaled anesthetics undergo oxidative metabolism. While 20% of halothane and 2.5% of enlurane are metabolized to TFA intermediates, the corresponding
percentages for isolurane and deslurane are 0.2% and 0.02%,
respectively.47
Although there is a lack of evidence supporting a role for current volatile anesthetics in causing hepatic injury, several reports
describe instances when repeated exposure to halogenated anesthetics is associated with hepatic dysfunction. Because there is no
pathognomonic liver pathology, the diagnosis is based on the exclusion of other causes and a history of recent exposure. In one such
case gallstones rather than isolurane was ultimately elucidated
as the cause of elevated liver enzymes.205 A 1983 report described
24 cases of presumed enlurane-associated hepatitis, noting that
the potential for toxic metabolites seems related to the degree of in
vivo biotransformation of the various halogenated anesthetics.206
Sevolurane undergoes more extensive metabolism than isolurane or deslurane, rapidly producing detectable plasma concentrations of luoride and hexaluoroisopropanol (HFIP), which
are conjugated by the liver and excreted by the kidney. In distinction to the other agents, sevolurane does not produce reactive
TFA metabolites or luoroacetylated liver proteins. This fact led to
the suggestion that patients sensitized to other volatile anesthetics
could be safely anesthetized with sevolurane.207 Indeed, despite
the more extensive metabolism, there is no evidence that sevolurane’s metabolites, including compound A (produced in a reaction with carbon dioxide absorbents), produce hepatic injury.208
In rodents there is evidence that sevolurane protects against
hepatic ischemia–reperfusion injury while isolurane does not.209
However, there is a single case report of ALF occurring 2 days
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In a series of over 4,200 laparoscopic cholecystectomies from
Taiwan, the group with cirrhosis (n = 226) had a mortality of
approximately 1:100, while mortality was 1:2,000 for those without cirrhosis.181 A meta-analysis that included 400 patients with
cirrhosis showed the laparoscopic approach was associated
with less blood loss, shorter operative time, and shorter hospitalization compared to an open approach.182 Preoperative decompression of portal hypertension by TIPS may improve outcomes
in patients with severe portal hypertension.183 However, TIPS is
associated with increases in pulmonary artery pressure and can
worsen encephalopathy.92,184
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after sevoflurane exposure for heart surgery.210 While the cause
in this case is not certain, this report suggests that patients who
are sensitized to one volatile anesthetic (i.e., evidence of hepatic
injury following prior exposure) should not subsequently receive
any other fluorinated anesthetic.

nitrous oxide
Nitrous oxide administration has not been shown to cause
hepatocellular injury in the absence of hepatic hypoxemia.211
In patients with mild alcoholic hepatitis, a nitrous oxide/narcotic technique was compared to nitrous oxide/enflurane and
tetracaine spinal techniques for peripheral surgery. None of the
techniques were associated with biochemical worsening.212 Due
to sympathomimetic effects, nitrous oxide can lead to decreased
hepatic blood flow, and inhibition of methionine synthase can
occur after even brief exposures. However, the clinical signiicance of these effects is unclear. However, prolonged or repeated
exposure could induce a vitamin B12 deiciency.213

intravenous anesthetics
IV anesthetics, such as propofol, etomidate and midazolam, do
not appear to alter hepatic function when given for a short duration during minor procedures. The effects of IV anesthetics after
prolonged infusions and in patients with advanced liver disease
are not well studied. A rare syndrome of lactic acidosis, lipemia,
rhabdomyolysis, hyperkalemia, myocardial failure, and death has
been reported after prolonged infusions of propofol. The initial
reports were in children.214 Liver dysfunction resulting in altered
lipid metabolism may predispose to the propofol infusion syndrome, as may genetic defects.215 Patients on prolonged propofol
infusions should be monitored for worsening lactic acidosis and
escalating vasopressor requirements. In the event of such indings, propofol should be discontinued.
There is no evidence that opioids have an effect on hepatic
function that is independent of hepatic blood low. All opioids
increase sphincter of Oddi pressure. Some authors have suggested
that morphine causes spasm in the sphincter of Oddi, but a review
failed to show a differential effect, concluding that morphine may
be preferred over meperidine for the treatment of patients with
acute pancreatitis due to less risk of seizures.216

pharmacokinetic and pharmacodynamic
alterations
The decreased functional mass of hepatocytes, coupled with lower
levels of plasma proteins, and reduced hepatic blood low due to
portocaval shunts lead to reduced metabolism of drugs that rely
on hepatic metabolism for clearance.
Factors that affect hepatic clearance include blood low to the
liver, the fraction of the drug unbound to plasma proteins, and
intrinsic clearance. Drugs with low extraction ratios, less than
0.3, have restrictive hepatic clearance. Clearance of drugs in this
class is affected by protein binding, the induction or inhibition
of hepatic enzymes, age, and hepatic pathology, but clearance is
not signiicantly affected by hepatic blood low. Drugs with a high
extraction ratio (greater than 0.7) undergo extensive irst-pass
metabolism, which alters their bioavailability after oral administration. Regardless of the route of administration, drugs with
high extraction ratios are signiicantly affected by alteration in
hepatic blood low, which can occur with hemodynamic changes
or hepatic inlow clamping during liver resection. High extraction

ratio drugs tend to have short elimination half-lives (e.g., propranolol t1/2 = 3.9 hours).
Benzodiazepines are an example of a drug with a low extraction ratio. As is commonly the case for drugs with low extraction
ratios, the elimination half-life can be prolonged (diazepam t1/2 =
43 hours). Studies have shown conlicting effects of cirrhosis on
the metabolism of midazolam, possibly due to changes in protein
binding.217,218 As hepatic protein synthesis declines with advancing liver disease, the drug fraction bound to protein decreases.
Since only the unbound drug is available for metabolism by
hepatic enzymes, the elimination may be unaffected despite
a reduction in intrinsic hepatic clearance.219 Bilirubin and bile
acids can increase the unbound drug fracture by displacing drugs
from protein binding sites. An increase in the free fraction of drug
leads to enhanced effects. The volume of distribution can increase
with an increase in unbound drug. However, the volume of distribution of thiopental, another drug with a low extraction ratio,
is not altered in cirrhotic patients.220 This illustrates the complex
interactions that affect pharmacokinetics in patients with endstage liver disease. However, the altered pharmacodynamic effects
that occur in patients with encephalopathy frequently lead to an
increased sensitivity to sedatives and analgesics.
Opioids metabolism is reduced in patients with liver disease.
Dosing intervals should be increased to avoid drug accumulation. Prolonged elimination is more prominent with morphine
and meperidine than the shorter duration synthetic opioids,
although contradictory data exist that suggest pharmacokinetics
are not signiicantly altered by liver disease. The clearance of the
meperidine metabolite normeperidine is reduced in liver disease,
which can lead to neurotoxicity.221 The elimination of a single IV
opioid bolus is less affected than a continuous infusion due to
redistribution to storage sites. Remifentanil, rapidly hydrolyzed
by blood and tissue esterases, is an exception among the opioids
as its elimination is independent of both hepatic function and the
duration of infusion. The pharmacodynamic effects of opioids
are altered by liver disease, which argues for a dose reduction in
patients with advanced disease because of the ability to precipitate
or worsen encephalopathy.
Most induction agents, including ketamine, etomidate, propofol, and thiopental, are highly lipophilic and have high extraction
ratios.222 While elimination should be prolonged in the presence of
liver disease, clearance is similar in cirrhotics to normal patients.
However, the pharmacodynamic effects are more pronounced, and
in some cases, as with dexmedetomidine and the benzodiazepines,
the duration of action can be prolonged.223
The intermediate duration neuromuscular blocking agents
metabolized by the liver, vecuronium and rocuronium, exhibit a
prolonged duration of action in patients with liver disease.224,225
Pancuronium’s action is also prolonged. Despite this, a resistance
to the initial dose of neuromuscular blocker typically occurs due
to elevated γ-globulin concentrations and an increase in the volume of distribution (due to edema and/or ascites). Atracurium
and cisatracurium undergo organ-independent elimination.
Their durations of action are not affected by liver disease. However, their metabolite, laudanosine, is eliminated by the liver but
neurotoxicity has not been reported.226 Succinylcholine metabolism is altered due to reduced plasma cholinesterase activity in cirrhotic patients; however, the clinical impact is rarely signiicant.

Vasopressors
In contrast to the increased response to sedatives, patients with
liver disease exhibit a reduced response to endogenous vasoconstrictors, including angiotensin II, AVP, and norepinephrine.227
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Hyporesponsiveness to catecholamines may be modulated by
the release of nitric oxide, prostacyclin, and other endothelialderived factors in response to humoral and mechanical stimuli.228
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1319

Liver

Volume Resuscitation

transjugular intrahepatic portosystemic
Shunt procedure

Shunt

Spleen
Portal vein
FIgURE 45-3. Transjugular intrahepatic portosystemic shunt (TIPS) procedure. A stent (or stents) is passed through the internal jugular vein over
a wire into the hepatic vein. The wire and stent or stents are then advanced into the portal vein, after which blood can pass through the portal
vein into the hepatic vein and bypass and decompress dilated esophageal
veins. (Reproduced with permission from www.nursingcrib.com)

hepatic Resection
TIPS creates a connection between the portal and systemic circulations using a minimally invasive technique (Fig. 45-3). The
In the late 1800s, the irst gastrectomies and cholecystectomies
indications are to decompress portal hypertension in the setting
were performed in Europe, but surgery on the liver was regarded
of esophageal varices and/or intractable ascites.
as dangerous, if not impossible.233 In 1908 Pringle described the
Sedation is commonly used to facilitate placement, though
technique
of digital compression of the hepatic hilar vessels to
some proceduralists prefer general anesthesia, as it limits patient
control bleeding, which was a signiicant advance. Lortat-Jacob
movement, controls diaphragmatic excursion, and reduces
is credited with the irst right hepatectomy in 1952. Another
the risk of aspiration. In patients with recent variceal bleeding,
advance occurred in 1957 when segmental liver anatomy was
volume resuscitation may be necessary. Due to coagulopathy,
described by Couinaud and others234 (Figs. 45-4 and 45-5).
patients may require clotting factors and/or platelets before the
Despite these advances, hepatic surgery was associated with
procedure. Complications include pneumothorax or vascular
operative mortality rates of 20% or more as recently as the 1980s.
injury during access to the jugular vein. Dysrhythmias can occur
Hemorrhage was a signiicant cause of morbidity and mortality.
during catheter insertion due to stimulation of the endocardium.
Persistence, along with further advances in surgery, anesthesia,
Providers should be prepared for the possibility of hemorrhage,
which can occur in the presence of extrahepatic artery or portal 1 and intensive care led to a reduction of mortality. Today hepatic
resections are performed with mortality rates of 5% or less.
vein puncture.232
Diaphragm
(pulled up)

Coronary
ligament
Left triangular
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Fibrous
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Right triangular
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FIgURE 45-4. Superior hepatic surface: Frontal view.
The anterior hepatic edge (i.e., the inferior border of
the liver) delineates the superior and inferior surfaces
of the liver. A sickle-shaped peritoneal fold (falciform
ligament) divides the liver into two parts of unequal size,
the right lobe and the left lobe. Within the free margin
or base of the falciform are paraumbilical veins and the
round ligament (ligamentum teres), the latter being the
remnant of the obliterated umbilical vein. (From: Strunk
H, Stuckmann G, Textor J, et al. Limitations and pitfalls
of Couinaud’s segmentation of the liver in transaxial
imaging. Eur Radiol. 2003;13:2472–2482.)
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The selection of fluid and blood products for volume resuscitation is, in general, similar in patients with and without liver disease. However, in end-stage liver disease serum albumin function
is quantitatively and qualitatively decreased.229 Albumin has three
major indications in the treatment of cirrhotic patients. The irst
is after large volume (4 to 5 L) paracentesis.129 The second is in
the presence of SBP to prevent renal impairment, speciically in
patients with bilirubin greater than 4 mg/dL or creatinine higher
than 1 mg/dL.230 The third situation is in the presence of type
I HRS, where its use is beneicial in conjunction with splanchnic vasoconstrictors. In a randomized trial of terlipressin with
and without concomitant albumin, a higher proportion (77%)
of the group that received albumin showed a complete response
(deined as a creatinine <1.5 mg/dL) compared to the terlipressinonly group (25%).231
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FIgURE 45-5. Schematic depiction of Couinaud segmental liver anatomy and the normal portal venous structures. Bracketed text shows hepatic segments resected
during partial hepatectomies. (Reproduced from: Venook
AP, Curley SA. Management of potentially resectable
colorectal cancer liver metastases. In: Tanabe KK, Savarese
DMF, eds. www.uptodate.com/contents/management-ofpotentially-resectable-colorectal-cancer-liver-metastases;
accessed March 2012.
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Partial hepatectomy in normal, noncirrhotic livers is associated
with mortality rates of 1% to 2%.235
Improved surgical technique with avoidance of the thoracoabdominal approach, which was associated with high morbidity,
contributes to improved outcomes. Smooth fracture of liver parenchyma accompanied by bipolar coagulation made parenchymal
transection possible. New transection techniques using ultrasonic
dissectors, high-pressure water jets, and/or harmonic scalpels may
be helpful, but they have not been proven to be superior to conventional clamp crush techniques.236–238 Preoperative imaging techniques delineate variations in portal, arterial, and bile duct anatomy. Transfusion is necessary in less than 20% of patients.239,240
Yet, bleeding remains a major complication, and the hepatic
veins are a signiicant source of blood loss. Techniques to maintain CVP at normal or even low (<5 cm H2O) levels has been suggested as a technique to limit blood loss.241 Whether a low CVP
is deleterious to renal function is uncertain. In a single-center,
uncontrolled series of nearly 500 hepatic resection patients who
were managed with low CVP, no cases of renal failure were
attributed to the technique.242 Others have suggested that peripheral venous pressure is an acceptable surrogate for CVP during
hepatic resection and liver transplantation.243,244
A number of authors question the necessity of a low CVP
technique given that blood loss is less signiicant in the current
era.186–188,236 Others question whether CVP is a reliable monitor
of luid responsiveness.185 Lastly, two single-center series of living
liver donors came to the same conclusion that CVP is not a predictor of blood loss during hepatic resection.245,246
Vasopressors have a direct effect on splanchnic vessels, which
reduces splanchnic pressure and decreases blood loss.247 Portal
triad clamping (of the afferent vessels) and total vascular occlusion (of the afferent vessels plus the supra- and infrahepatic vena
cava) are both effective in decreasing blood loss during hepatic
resection. Portal triad clamping is better tolerated and as effec-

tive as total vascular occlusions.248 Portal triad clamping is well
tolerated hemodynamically and has little effect on liver function
if intermittent.249,250 Ischemic preconditioning (10-minute inlow
occlusion, followed by a 10-minute reperfusion period) followed
by continuous inlow clamping for up to 75 minutes was equally
effective to intermittent inlow clamping (15-minute periods followed by 5-minute reperfusion) with regard to protection against
postoperative liver injury in noncirrhotic patients undergoing
hepatic resection. Ischemic preconditioning plus continuous
clamping resulted in less blood loss than intermittent clamping.251
Air embolism, a known complication of hepatic resection,
can be predicted on the basis of the need for a large hepatectomy
(such as a right lobectomy) or when the tumor is near the vena
cava or involves portal vessels. Low CVP may increase the risk of
venous air embolism, though this has not been substantiated.252
Techniques in use for hepatic resection continue to evolve,
though indications for newer procedures are not always clearly
deined. Examples include minimally invasive liver surgery, thermal ablation of hepatic tumors, and portal vein embolization to
induce hypertrophy of the remnant liver.

pOSTOpERATIVE LIVER DYSFUNCTION
Postoperative liver dysfunction is considered in the presence of
asymptomatic elevation of hepatic transaminases, jaundice, and/
or symptoms suggestive of liver failure, such as encephalopathy.
Mild elevations of liver enzymes can occur after surgery, particularly upper abdominal procedures. Elevations that are less than two
times the upper limit of normal are frequently transient and do
not require investigation. More severe elevations suggest hepatocellular injury, which can result from a number of causes including
hypoxemia, viral or bacterial insult, trauma, and chemical toxicity.
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TAbLE 45-14. Causes of PostoPerative
liver dysfunCtion
Hepatocellular

Cholestasis

Drugs
Anesthetics
Ischemia
Shock, hypotension, iatrogenic injury
Viral hepatitis
Benign postoperative cholestasis
Sepsis
Bile duct injury
Drugs
Antibiotics, antiemetics
Choledocholithiasis or pancreatitis
Cholecystitis
Gilbert syndrome

TAbLE 45-15. Causes of
hyPerbilirubinemia
Unconjugated (indirect)
Excessive bilirubin production (hemolysis)
Immaturity of enzyme systems
Physiologic jaundice of newborn
Jaundice of prematurity
Inherited defects
Gilbert syndrome
Crigler–Najjar syndrome
Drug effects
Conjugated (direct)
Hepatocellular disease (hepatitis, cirrhosis, drugs)
Intrahepatic cholestasis (drugs, pregnancy)
Benign postoperative jaundice, sepsis
Congenital conjugated hyperbilirubinemia
Dubin–Johnson syndrome
Rotor syndrome
Obstructive jaundice
Extrahepatic (calculus, stricture, neoplasm)
Intrahepatic (sclerosing cholangitis, neoplasm, primary
biliary cirrhosis)
From: Friedman L, Martin P, Munoz S. Liver function tests and the objective
evaluation of the patient with liver disease. In: Zakim D, Boyer T, eds. Hepatology:
A Textbook of Liver Disease. 3rd ed. Philadelphia, PA: WB Saunders; 1996:791.

to malignancy had a higher postoperative mortality (21%) than
those with cirrhosis (8.7%), while patients with a normal liver
had a postresection mortality of 1%.260 In a series of 373 patients
undergoing surgery for obstructive jaundice, those with malignancy or markedly elevated bilirubin had a 1-month mortality
of >20%.261 When renal failure accompanies hyperbilirubinemia,
the mortality exceeds 50%.262 Low intestinal levels of bile salts
appear to promote the absorption of endotoxin from the gastrointestinal tract, while vasoconstrictive inlammatory mediators
can precipitate renal hypoperfusion.263
Cardiac surgery in patients with cirrhosis is not well tolerated.
Cardiopulmonary bypass exacerbates pre-existing hepatic disease
by unknown mechanisms. The overall perioperative mortality in
patients with cirrhosis was 31%, and 80% in patients with Child’s
class B cirrhosis.264 Another series of cardiac patients reported
1-year mortality of 20%, 55%, and 84% in Child’s class A, B,
and C patients, respectively.265 For comparison, the mortality in
patients without cirrhosis is approximately 2%.266 These authors
concluded that cardiac surgery that involves cardiopulmonary
bypass can be performed in cirrhotic patients with Child’s class A
cirrhosis and in selected patients with class B.

CONCLUSIONS
In patients with new-onset liver disease, elective surgery should
be postponed until the course of the disease is known. In patients
with pre-existing liver disease, the severity of the disease should
be characterized in order to assess risk. Elective high-risk procedures (abdominal and cardiac surgery) in patients with Child’s
C cirrhosis should be deferred until after liver transplantation.
Child’s A and B patients should be medically optimized prior to
surgery. While no anesthetic technique is universally contraindicated, the presence of coagulopathy may contraindicate neuraxial
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Asymptomatic, mild elevations of hepatic enzymes are not
unusual within hours after surgery, but they do not usually persist for more than 2 days. Such elevations were more common
after halothane than enflurane (incidence of 50% vs. 20%, respectively) but are uncommon in patients without hepatic dysfunction following currently used inhaled anesthetics.253–257
Jaundice, or more severe elevations of hepatic enzymes,
requires investigation. Hepatic hypoxemia can result from a number of causes (Table 45-15) including cardiopulmonary etiologies
(pneumonia, atelectasis, heart failure), hypoperfusion (secondary to shock), anemia, or fever. Surgery itself decreases hepatic
blood flow.258 Reabsorption of surgical or traumatic hematomas
and transfusion of red blood cells are major causes of postoperative jaundice. Ten percent of transfused red cells hemolyze within
24 hours of transfusion. The bilirubin load per unit transfused is
250 mg. The liver may take time to clear the bilirubin load that
results from signiicant hemolysis.
Unconjugated hyperbilirubinemia suggests hemolysis or an
inherited disorder such as Gilbert’s syndrome. Crigler–Najjar
syndrome is much less common than Gilbert’s. The absence or
marked decrease of bilirubin glucuronyltransferase produces an
unconjugated hyperbilirubinemia. Surgical and anesthetic problems are uncommon in patients with Gilbert’s and Crigler–Najjar
syndromes. Hemoglobinopathies (e.g., sickle cell disease), erythrocyte metabolism defects (e.g., glucose-6-phosphate dehydrogenase deiciency), transfusion reactions, and prosthetic heart
valves can also cause hemolysis.
If over 50% of bilirubin is conjugated cholestasis, hepatocellular dysfunction is likely. Hypoxemia, toxic reactions, unsuspected
pre-existing liver disease, trauma, and congenital disorders should
be considered (Table 45-14). Some of the medicines implicated in
liver disease are listed in Table 45-12. Dubin–Johnson and Rotor
syndromes are congenital disorders associated with a defect in
bilirubin excretion, which causes a conjugated bilirubinemia.
Surgery can worsen these syndromes.
7
The nature and site of the surgical procedure is an important
risk factor for postoperative liver failure.168 Abdominal surgery
appears to reduce hepatic blood low signiicantly. Abdominal
traction can elevate prostaglandin levels, which may be responsible.259 Not surprisingly, hepatic resection is a risk factor for
postoperative liver failure. The indication for resection in many
patients is HCC, which is associated with chronic hepatitis or cirrhosis.168 The functional reserve of the remnant hepatic parenchyma is dificult to estimate in the cirrhotic liver. In a series of
747 hepatic resections, patients with obstructive jaundice due

1321

1322

Section Vii Anesthesia for Surgical Subspecialties

regional techniques. The chosen technique should be designed to
maintain splanchnic, hepatic, and renal perfusion. When surgery
is unavoidable in patients with advanced liver disease, transfer to
a liver transplant center should be considered.
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