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Abstract: The prevalence of liver disease and its complications is 

rapidly increasing in the United States. Gastroenterologists and hepa-

tologists provide most of the medical care for patients with chronic 

liver disease and cirrhosis. While most gastroenterologists and hepa-

tologists are comfortable managing the serious complications related 

to cirrhosis, many fail to provide the necessary education, prevention, 

and treatment for non–life-threatening problems associated with 

cirrhosis. Health-related quality of life has been found to strongly 

correlate with how well cirrhosis-related problems are addressed in 

the outpatient setting. This paper will review the outpatient manage-

ment of patients with stable cirrhosis, including the surveillance and 

health maintenance recommendations necessary to monitor, prevent, 

or delay the onset of serious complications.

In 2002, chronic liver disease (CLD) was classified as the twelfth 
most frequent cause of death in the United States, accounting 
for 1.1% of all deaths or 27,257 deaths annually,1 not a sig-

nificant increase from 1998.2 This number is probably too low as 
traditional methods used to calculate CLD mortality using death 
certificate data may underestimate hepatitis C–related CLD mortal-
ity.3 In fact, as a result of the hepatitis C virus (HCV) epidemic 
20–30 years ago, it is expected that by the year 2020 the propor-
tion of chronic HCV patients with cirrhosis will double from 16% 
to 32% and there will be a 180% increase in liver-related deaths.4 
Although liver transplantation has emerged as the standard of care 
for patients with cirrhosis and advanced liver disease, the number 
of patients awaiting orthotopic liver transplantation has grown to 
17,863 as of December 30, 2005.5 HCV accounts for the most 
common indication for transplant (4,970 in the waiting list), fol-
lowed by alcoholic cirrhosis (1,096). Many patients with CLD are 
not eligible for liver transplantation or may not receive an organ 
transplant during their lifetime.

Most patients with CLD receive some or most of their medical 
care from gastroenterologists or hepatologists. Most gastroenterolo-
gists and hepatologists feel comfortable managing cirrhosis-related 
emergencies such as variceal bleeding, hepatic encephalopathy, or 
spontaneous bacterial peritonitis. In contrast, gastroenterologists 
and hepatologists often fail to provide the necessary education, 
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prevention, and treatment for the non–life-threatening 
symptoms and complications that have been found to 
strongly correlate with health-related quality of life in 
patients with cirrhosis.6 This paper will review the sur-
veillance and health maintenance recommendations that 
should be followed for every patient with compensated 
cirrhosis to delay or prevent the serious complications 
of cirrhosis.

Prognosis of Compensated Cirrhosis

Many chronic liver diseases run a steady course with 
gradual deterioration over time. The rate of progression is 
usually slow, particularly in the early phases of the disease, 
and then accelerates after complications of cirrhosis arise. 
The etiology of the liver disease is an important factor; 
alcoholic cirrhosis usually portends a worse prognosis 
in those patients who continue to drink alcohol after 
the diagnosis. Among patients with chronic HCV, a 
retrospective 5-year study of 384 patients showed that 
91% were still alive at 5 years and the 10-year survival 
probability was calculated at 70%.7 Other investigators 
have assessed the 5-year risk of hepatocellular carcinoma 
(HCC) at 10% and decompensation at 15–20%.8 
These patients will remain in the same practice for 
many years, providing an opportunity to intervene with 
prophylactic measures.

While a liver biopsy is often required to establish 
the diagnosis of cirrhosis in asymptomatic patients, the 
biopsy provides little information regarding the severity 
of disease. Several prognostic models have been developed 
to predict the course and outcome of CLD.9 Despite 
its multiple shortcomings, the Pugh modification of 
the Child-Turcotte criteria (CTP; Table 1)10 is the most 
frequently used model to establish the severity of liver 
disease in cirrhotic patients. Progression to a CTP score 
of 8 or higher signals early decompensation and should 

prompt consideration for referral to a liver transplant 
center. The model for end-stage liver disease (MELD),11 
a recently developed prognostic model, is most useful in 
predicting short-term mortality in the setting of advanced 
liver disease among patients awaiting liver transplanta-
tion. In patients with compensated cirrhosis, longitudinal 
monitoring of the CTP score is recommended to detect 
evidence of early hepatic decompensation.

Patient Education

Patients with cirrhosis are often misinformed about their 
disease and its prognosis. Information is usually obtained 
from friends or the Internet and is often inaccurate, caus-
ing unnecessary anxiety for the patient. Educating patients 
with a chronic illness is not only good medical practice, it 
can also prevent adverse legal outcomes. Documentation 
in the patient’s medical record that a discussion was held 
regarding the diagnosis of cirrhosis and necessary lifestyle 
modifications as well as providing the patient with educa-
tional written materials should be part of the care of every 
patient with cirrhosis. Five important points should be 
discussed during the initial visit: (1) alcohol use, (2) acet-
aminophen use, (3) the risk of Vibrio vulnificus infection, 
(4) the judicious use of vitamin and mineral supplements, 
and (5) the importance of weight control for overweight 
patients (Table 2).

Alcohol Use
All physicians should ask their patients about alcohol 
use, even if alcohol-related problems are unsuspected. 
Although most physicians routinely ask about alcohol 
use, only a small percentage use standardized screening 
questionnaires or refer patients to alcohol abstinence pro-
grams when alcohol abuse or dependence is suspected.12

There is no known safe threshold for alcohol use in 
patients with cirrhosis; for this reason complete abstinence 

Parameter Points Assigned to Laboratory Values and Signs*

1 Point 2 Points 3 Points

Total serum bilirubin <2 mg/dL 2–3 mg/dL >3 mg/dL

Serum albumin >3.5 g/dL 2.8–3.5 g/dL <2.8 g/dL

INR <1.70 1.71–2.20 >2.20

Ascites None Controlled medically Poorly controlled

Encephalopathy None Controlled medically Poorly controlled

* Based on total points: Class A = 5–6 points; Class B = 7–9 points, Class C = 10–15 points.

INR = international normalized ratio.

Table 1. Modified Child-Turcotte-Pugh Criteria 
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should be recommended. The alcohol-induced steatosis 
and iron overload13 that occur even with modest alcohol 
ingestion can worsen the severity and prognosis of the 
underlying cirrhosis and increase the risk for HCC.14

Acetaminophen Use
Acetaminophen use should be avoided in patients with cir-
rhosis who consume alcohol on a regular basis. Although 
early data indicated an increased risk of hepatotoxicity in 
alcoholics taking therapeutic doses of acetaminophen,15 
other investigators suggest that these patients are at 
increased risk only if they ingest an overdose of acet-
aminophen16 or if they have underlying liver disease.

Among patients with cirrhosis who do not ingest 
alcohol on a regular basis, acetaminophen is the preferred 
analgesic and can be used safely at the recommended dose 
in patients with well-compensated cirrhosis. In a small 
study of 14 patients with cirrhosis, a mild decrease in the 
clearance of acetaminophen was noted when compared 
to controls; however, levels of acetaminophen metabolites 
were similar in controls compared to patients with liver 
disease. There was no significant difference in acetamino-
phen clearance between patients with well-compensated 
liver disease and those with advanced cirrhosis.17

Patients with cirrhosis have been found to have 
decreased levels of glutathione, possibly increasing the 
risk of acetaminophen toxicity. It is unlikely that this 
will result in a significant risk as low glutathione levels in 
patients with HIV, patients with chronic HCV, malnour-
ished patients, and patients with cirrhosis has not been 
found to be a risk factor for acetaminophen toxicity.16

Patients with well-compensated cirrhosis can safely 
ingest the recommended dosage of acetaminophen (4 g 
over 24 hours in 4 divided doses). Until more information 
is available regarding the metabolism of acetaminophen 
in advanced decompensated liver disease, these patients 
should receive a maximum dosage of 2 g acetaminophen 
over 24 hours, with a maximum of 500 mg per dose. 
Because acetominophen is a common ingredient in many 
over-the-counter products, patients should be encouraged 
to read the labels of all over-the-counter medications they 
take in order to avoid exceeding the recommended daily 
dosage of acetominophen. 

V. vulnificus Infections
Vibrio vulnificus is an organism frequently found in 
saltwater, primarily along the warmer waters of the Gulf 
Coast and southern Atlantic Ocean, but has been reported 
in virtually all coasts of the United States. Infection with 
V. vulnificus usually causes a brief episode of gastroenteri-
tis in noncirrhotic patients, but is often fatal in patients 
with cirrhosis, with iron overload, or who are immuno-
compromised such as liver transplant recipients.18

V. vulnificus infection may be acquired when eating 
contaminated raw or undercooked seafood such as oys-
ters, or may cause a severe necrotizing cellulitis when a 
patient with skin abrasions is exposed to contaminated 
waters. V. vulnificus contamination is not related to 
fecal contamination of waters, thus it may be acquired 
even after consuming seafood harvested from “safe and 
approved” zones.

Patients with cirrhosis, particularly those with iron 
overload, should be advised not to consume raw oysters 
or any other type of raw or undercooked seafood. They 
should abstain from coming into contact with saltwater or 
brackish waters when skin abrasions are present.

Vitamin and Mineral Supplements
Patients with CLD often suffer from fatigue and turn to 
multivitamin supplements in an attempt to feel better. 
Certain vitamin supplements, particularly iron and vita-
min A, may be harmful to the liver and patients should be 
cautioned about their use.

Vitamin A is stored in the liver in specialized cells 
known as stellate cells.19 When stellate cells are over-
loaded with vitamin A they transform into collagen-
producing cells leading to liver fibrosis and worsening 

Table 2. Patient Education and Prophylactic Interventions

Alcohol use

• Abstinence advised

Acetaminophen use

• Preferred analgesic

• Use regular dose in early cirrhosis

• Limit total dose in advanced cirrhosis

Vibrio vulnificus

• Avoid raw or undercooked seafood

Vitamin and mineral supplements

• Limit vitamin A dose to 5,000 IU/day

• Avoid iron unless documented deficiency

Weight control

•  Importance of hepatic steatosis in progression of  
liver disease

Immunizations

• Hepatitis A and B vaccines

• Polyvalent pneumococcal vaccine every 5 years

• Influenza vaccination yearly

Dental hygiene

• Prophylactic dental care every 6–12 months

Screening for osteoporosis
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portal hypertension. In contrast, vitamin A delivered as 
beta-carotene is safe. Patients should be advised not to 
consume supplements containing in aggregate more than 
5,000 IU of vitamin A per day. Preferably, they should 
consume supplements that deliver vitamin A exclusively 
as beta-carotene, unless there is documented deficiency 
of vitamin A.

Iron is a hepatotoxic compound, promoting free 
radical formation and fibrogenesis potentially aggravating 
hepatocyte injury.20 This risk is increased in patients with 
alcoholic cirrhosis, in whom iron overload is often pres-
ent.21 Iron stores should be assessed in all patients with 
CLD by measuring the transferrin saturation and serum 
ferritin to screen for genetic hemochromatosis. In the 
absence of iron deficiency, patients with cirrhosis should 
be advised to use vitamin supplements that contain 
no iron.

Weight Control
As of 2002, it is estimated that 11 million people in the 
United States suffer from severe obesity.22 It is not sur-
prising then, that many of our patients with CLD and 
cirrhosis are obese as well. Many studies have shown that 
most subjects with obesity have ultrasound evidence of 
fatty liver,23 and up to 30% have histologic evidence of 
nonalcoholic steatohepatitis (NASH).24 Until recently, 
simple steatosis was regarded as inconsequential; however, 
recent evidence suggests that the presence of fatty liver 
contributes to more rapid progression of other types of 
liver disease.25-27 Thus, when another liver disease is pres-
ent, coexistent obesity or steatosis may worsen the progno-
sis. Furthermore, obesity adversely impacts the outcome 
of liver transplantation. Liver transplantation in patients 
with a body mass index greater than 35 is associated with 
decreased 30-day, 1-year, and 5-year posttransplant sur-
vival.28 Morbid obesity is considered a contraindication to 
liver transplantation in many centers.29

The benefits of weight loss for fatty liver disease have 
been documented.30 Obese patients with cirrhosis should 
be counseled on the importance of weight loss and referred 
to appropriate weight loss programs. Available treatments 
for obesity include diet, exercise, behavioral modification, 
pharmacotherapy, and surgery, with varying risks and 
efficacies. Nonsurgical modalities, although noninvasive, 
typically result in relatively short-term limited weight 
loss, but should be tried prior to recommending surgery. 
Bariatric surgery in a patient with cirrhosis appears to be 
associated with more complications and increased early 
postoperative mortality.31 Rapid weight loss as seen after 
very low calorie diets or gastric bypass surgery is often 
associated with increased lobular liver inflammation and 
worsening of the liver disease.32 This effect is possibly 
mediated by an increase in the release of free fatty acids 

after very rapid weight loss.22 More gradual weight loss, 
such as that seen with the newer laparoscopic adjust-
able gastric banding, has been demonstrated to provide 
improvement in liver histology, including decreased ste-
atosis, necroinflammation, and fibrosis, without the risks 
associated with more rapid weight loss.33

Surgical approaches to weight loss should only be 
considered in patients with well-compensated cirrhosis 
who are severely obese and have convincingly failed all 
other nonsurgical approaches to weight reduction. The 
presence of or a history of ascites, evidence of severe portal 
hypertension, large intra-abdominal varices, or significant 
hepatomegaly are all strong relative contraindications to 
bariatric surgery. A surgical procedure that will allow for 
controlled weight loss such as the adjustable gastric band-
ing procedure is preferable to bypass procedures that may 
result in rapid uncontrolled weight loss that may worsen 
the underlying liver disease.

Preventive Measures

Immunizations
Acute hepatitis A,34 hepatitis B,35 and influenza36 can 
be associated with significantly increased morbidity and 
mortality when they occur in patients with cirrhosis. 
These diseases are preventable and immunization should 
be considered. The hepatitis A vaccine has been found to 
be safe and effective in patients with CLD,37 although 
the immunogenicity decreases when administered to 
patients with decompensated cirrhosis.38 This highlights 
the importance of vaccination as soon as cirrhosis is 
diagnosed. Likewise, the efficacy of the hepatitis B vac-
cination is also blunted in patients with advanced cir-
rhosis. A double-dose accelerated hepatitis B vaccine 
schedule does not appear to be effective in overcoming 
this lack of response,40 although some investigators report 
an increased response with this approach.39 Testing for 
immunity against hepatitis A or B prior to vaccination 
and vaccinating only those who are susceptible is contro-
versial.41 The cost-effectiveness of this approach depends 
on risk factors for hepatitis A and B infections and varies 
among different populations. The polyvalent pneumococ-
cal vaccine is recommended for all patients over 65 years 
of age and those who suffer from a chronic debilitating 
illness at any age, including cirrhosis. 

Dental Hygiene
Dental abscesses, severe gingivitis, and other types of 
serious oral infections are considered relative contrain-
dications to liver transplantation. Oral infections usually 
give rise to septicemia during the immediate posttrans-
plantation period when profound immunosuppression is 
induced. Most patients who are about to receive a liver 
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transplant are too ill to be subjected to the type of dental 
work required to correct these advanced problems. To 
prevent this unfortunate situation, patients on the liver 
transplant list are encouraged to undergo dental examina-
tion and prophylactic dental care every 6 to 12 months.

Screening for Osteoporosis
Osteoporosis is a well-recognized complication of all 
types of CLD, particularly among those with cholestatic 
liver diseases.42 Among patients with cirrhosis secondary 
to HCV or alcohol, 32% were found to have osteoporosis 
and only 35% had normal bone mass.43 Most liver trans-
plant recipients lose bone mass in the first 3 to 6 months 
after liver transplantation, with a high incidence of post-
transplant fracturing in 30–40% of those with cholestatic 
disease.42 It is recommended that patients with chronic 
cholestasis, all patients with cirrhosis, and all potential 
liver transplant recipients undergo bone mass density 
measurement to screen for the presence of osteopenia or 
osteoporosis. Repeat screening is done at 2-year intervals 
in patients with normal bone density or mild osteope-
nia. For patients with osteoporosis or severe osteopenia, 
appropriate treatment measures should be instituted and 
response to therapy assessed by repeat densitometry.42

Primary Prophylaxis of Variceal Hemorrhage

The presence of gastroesophageal varices is not universal 
among patients with cirrhosis. Esophageal varices are pres-
ent in approximately 40% of patients with cirrhosis of the 
liver and 60% of those with ascites.44 About one third of 
patients with documented varices will bleed within 2 years 
of diagnosis, with an associated mortality of 20–40% per 
episode.45 Prophylactic treatment with nonselective beta 
blockers decreases the risk of the initial hemorrhage from 
esophageal varices by approximately 40% in individuals 
at increased risk for variceal bleeding.46,47 Nonselective 
beta blockers reduce portal pressure by reducing cardiac 
output and portal inflow by causing splanchnic vasocon-
striction as a result of antagonism of the beta-2 receptors. 
The risk of variceal bleeding is markedly decreased if the 
hepatic vein wedge pressure gradient (HVWPG) can be 
lowered to less than 12 mm Hg.48 Even among those 
who tolerate beta blockers, a reduction in HVWPG to 
less than 12 mm Hg is achieved only in a small group 
of patients, decreasing the efficacy of prophylaxis. Ideally 
the HVWPG should be measured to assess response to 
therapy and minimize the risk of bleeding; however, this 
is not practical in the clinical setting.49

Treatment with nonselective beta blockers of all 
patients with cirrhosis has failed to show any benefit, 
probably because of the low bleeding rates in patients 
without varices,50 and because the use of nonselective 

beta blockers in patients without varices does not decrease 
the risk of developing varices.51 Thus, it is important to 
screen for varices and select patients at increased risk for 
bleeding, with the risk being highest for those patients 
with moderate to large varices on screening endoscopy.52 
The presence of red signs (red wale markings, cherry red 
spots, and hematocystic spots) is associated with a further 
increased risk of bleeding.45 Attempts have been made at 
improving selection of patients for screening endoscopy 
based on clinical, laboratory, and radiologic parameters 
predicting increased risk for variceal hemorrhage. Unfor-
tunately, most noninvasive markers of severe portal hyper-
tension lack sensitivity or specificity in selecting patients 
at high risk for variceal bleeding.53 The American College 
of Gastroenterology practice guidelines54 and the Baveno 
consensus workshop on portal hypertension55 recommend 
endoscopic screening to detect varices in all patients with 
cirrhosis and no previous episodes of variceal hemorrhage. 
The recent development of esophageal capsule endoscopy 
may eventually replace routine fiber optic endoscopy for 
screening and grading of esophageal varices.56

Because of the shortcomings associated with the use 
of nonselective beta blockers, other prophylactic inter-
ventions have been explored. Esophageal sclerotherapy 
for primary prevention of variceal bleeding is not recom-
mended due to the increased complication rate associated 
with this procedure57 and the lack of consistent benefit. 
Variceal ligation is associated with fewer complications 
compared to sclerotherapy and multiple studies have 
examined the role of ligation in primary prophylaxis with 
mixed results. When compared with propranolol for pri-
mary prophylaxis, band ligation was found to be equally 
effective58 or superior59 to the use of propranolol. Current 
evidence does not support the use of variceal ligation as 
the preferred method for primary prophylaxis; however, 
it should be the preferred option in patients with large 
varices who have contraindications to beta blockers or are 
unable to tolerate them.44,60 Nitrates are not tolerated by 
one-third of patients and have been found to be ineffec-
tive for primary prophylaxis.61

Based on available data, all newly diagnosed patients 
with cirrhosis and all other cirrhotic patients that are 
medically stable and willing to be treated prophylactically 
should undergo screening upper endoscopy. Patients at 
low risk for bleeding (no varices or small varices with no 
high risk stigmata) should undergo repeat surveillance 
endoscopy in 2 or more years.62 Patients at high risk for 
bleeding should be treated with nonselective beta block-
ers. Propranolol is generally used as a long-acting prepara-
tion with a starting dose of 60 mg/day. The dose is titrated 
to decrease the resting heart rate by 25% but not to less 
than 55 beats per minute.63 The mean maintenance dose 
of propranolol required to reach this goal is 160 mg/day. 
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Evening administration is recommended to minimize 
some of the adverse events. About 30% of patients are 
unable to tolerate propranolol. Nadolol does not cross the 
blood-brain barrier and is generally better tolerated. The 
starting dose for nadolol is 20–40 mg/day, and the usual 
daily effective dose ranges from 20–240 mg/day.64 Once 
initiated, therapy with nonselective beta blockers should 
be maintained indefinitely as when they are withdrawn 
the risk of variceal hemorrhage rises to pretreatment lev-
els.65 Those who are unable to tolerate nonselective beta 
blockers and are at high risk for bleeding should be con-
sidered for prophylactic endoscopic banding of varices.66 
The recommendations for prophylaxis of first variceal 
hemorrhage are summarized in Table 3.

Surveillance for HCC

Hepatocellular carcinoma is becoming an increasingly 
common cause of death in patients with cirrhosis. Epide-
miologic data suggest that its frequency is sharply rising in 
the United States, most likely related to hepatitis C infec-
tion.67 Among patients with cirrhosis and HCV infection, 
the annual incidence of HCC is 3–4%, with a higher risk 
probability found in patients older than age 55, patients 
with prothrombin activity of 75% or less, and patients 
with a platelet count of less than 75,000/mm3.68 Alcohol, 
tobacco use, and obesity have recently been identified as 
risk factors for HCC in patients with cirrhosis.14

The purpose of surveillance is to recognize HCC at 
an early enough stage that the tumor can be treated or 
cured. Early diagnosis of HCC is possible through the use 
of imaging techniques such as ultrasound (US), computed 
tomography (CT), or magnetic resonance imaging (MRI) 
combined with regular measurement of serum alpha-
fetoprotein (AFP) levels. Surveillance is controversial 
because it has not been established if it is associated with 
prolonged patient survival or if this approach is cost effec-
tive.53 Recent reports, however, suggest that surveillance 
may increase survival compared to patients who present 

with symptomatic HCC.69,70 In addition, using a Markov 
model for analysis, surveillance for HCC in patients with 
compensated HCV-related cirrhosis results in a gain in 
quality-of-life years at an acceptable cost, particularly if 
liver transplantation is prioritized for patients with early 
HCC.71 Regardless, surveillance for HCC in patients with 
cirrhosis has become a widely accepted practice.72

The available data on tumor growth suggest that 
the time from an undetectable lesion to 2 cm is about 
4–12 months.73 Consequently, to detect tumors measur-
ing less than 3 cm in diameter, the suggested interval 
for surveillance in patients with cirrhosis has been set at 
6 months. Most authors recommend surveillance with 
AFP monitoring and US examination.

Periodic assessment of AFP levels alone has a poor 
sensitivity and specificity as a screening tool. It is often 
intermittently elevated in patients with HCV; AFP levels 
above the upper limit of normal were found in up to 23% 
of patients with cirrhosis and HCV despite no evidence of 
HCC.74 Overall an elevated AFP level has a sensitivity of 
39–64%, a specificity of 76–91%, and a positive predic-
tive value of 9–32%.72 In African Americans with HCV 
cirrhosis, AFP levels are less sensitive in the detection of 
HCC compared to Caucasians.75 AFP levels, however, still 
have a role for defining high-risk patients and guiding the 
frequency of imaging studies when levels are markedly 
elevated (>200 ng/mL). There is general agreement that 
AFP levels should not be used alone in screening patients 
with cirrhosis for HCC.76

Ultrasound is a much better surveillance tool than 
AFP. Because of its lower cost compared to CT and MRI, 
US has emerged as the preferred initial imaging study 
for surveillance, with similar sensitivity and specificity 
to conventional CT.77 Ultrasound, however, is operator-
dependent, and it may be difficult to interpret in some 
circumstances such as in obese patients or heterogeneous 
liver parenchyma due to steatosis or micronodular cirrho-
sis, and is less likely to detect tumors that are isoechoic 
with the liver. Despite these limitations, US has an 85% 
sensitivity for tumors less than 3 cm78 and is the most 
cost-effective imaging procedure for tumors surveillance.

Surveillance with US and AFP for HCC is now a 
well-established practice in the clinical management of 
patients with cirrhosis. An interval of 6 months between 
evaluations is recommended. Elevated levels of AFP 
should be interpreted cautiously as elevations often occur 
in the setting of cirrhosis without HCC. Levels greater 
than 400 ng/mL and possibly greater than 200 ng/mL are 
of most concern regarding HCC.

Guidelines for interpretation of US findings during 
HCC surveillance have recently been delineated72 and are 
summarized in Table 4. The detection of a small (<1 cm) 
liver nodule by US should trigger increased surveillance 

• Screening endoscopy for all patients with cirrhosis

- No varices: repeat screening every 2–3 years

- Small varices: screen every 1–2 years

-  Medium or large varices: treat with nonselective  
beta blocker

• Treatment should be continued indefinitely

•  Endoscopic variceal ligation for patients with medium  
to large varices unable to tolerate beta blockers

Table 3. Prophylaxis of First Variceal Bleeding: 
Recommendations

Adapted from Bosch et al.64
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with US examinations every 3 months, as half of these 
nodules do not represent HCC. The finding of arterial 
enhancement in small (1–2 cm) liver lesions that demon-
strate no growth with repeated examinations is not predic-
tive for HCC in most cases.79 Nodules between 1–2 cm 
that are confirmed by complementary imaging techniques 
(triple-phase contrast CT or MRI) should undergo biopsy 
as they are too small to be further characterized by imag-
ing studies but big enough to potentially represent HCC. 
For lesions larger than 2 cm, imaging techniques with spi-
ral CT or MRI using triple-phase contrast administration 
should be sufficient to detect the arterial hypervasculariza-
tion typical of HCC. The finding of delayed hypointen-
sity or “contrast wash-out” during the venous phase of the 
scan is a strong independent predictor for HCC regardless 
of the size of lesion.80 Lesions larger than 2 cm with typi-
cal radiologic findings and an AFP level over 200 ng/mL 
usually do not require biopsy confirmation.

Medication Use in Patients With Cirrhosis

In cirrhosis, the clearance of drugs and other substances 
may be reduced. While drug-induced liver injury (DILI) 
is a common reason for withdrawing medications from 
further development or taking them off the market, the 
presence of liver disease does not necessarily increase the 
risk of DILI from a given medication. In fact, most drugs 
can be used safely in patients with underlying liver disease. 
The often-cited warning that drugs known to produce 
hepatic injury should not be given to patients with liver 
disease has little foundation in fact.81

Not all drugs that are metabolized by the liver have 
decreased clearance in the presence of cirrhosis. Those 
drugs that are metabolized by conjugation to glucuronic 
acid rather than by cytochrome P450 (CYP) retain nor-
mal metabolism even in advanced liver disease.82 Thus, 

oxazepam, lorazepam, temazepam, and morphine metab-
olism remain unchanged in the presence of significant 
liver disease as these drugs are metabolized primarily via 
glucuronidation.83,84 Oral administration of drugs with 
a high extraction ratio (high first-pass metabolism) are 
more likely to yield higher than intended serum levels of 
the active compound in patients with cirrhosis and should 
be used carefully.82

In clinical practice, two common drug classes that 
may be used in patients with liver disease include and 
the HMG-CoA reductase inhibitors, collectively known 
as “statins,” and nonsteroidal anti-inflammatory drugs 
(NSAIDs).

Although clinically significant liver injury from 
statins is relatively rare, asymptomatic elevations in liver 
enzymes are common.85 Despite animal studies suggesting 
that statins may cause significant liver injury, it does not 
appear that statins are a predictable cause of hepatocel-
lular necrosis in humans. While hyperlipidemic patients 
with elevated liver enzymes are not at higher risk for statin 
hepatotoxicity compared to hyperlipidemic patients with 
normal transaminases,86 the safety of statins in patients 
with cirrhosis has not been systematically studied. The 
decision to use these agents in patients with cirrhosis 
should follow careful consideration of the potential 
benefits of therapy versus the risk of hepatotoxicity and 
myopathy. It is generally believed that the risk of statin-
associated myopathy increases with increasing serum drug 
concentration.87 Patients with decompensated cirrhosis 
are likely to have higher serum levels of statins because 
the activity of CYP3A is likely to be reduced. However, 
there are no reports of increased rhabdomyolysis with the 
use of statins in patients with cirrhosis. Pravastatin is not 
metabolized by the CYP system and may be associated 
with a lower risk of hepatotoxicity.88

NSAID-related hepatotoxicity is usually a result of 
idiosyncratic reactions rather than intrinsic toxicity of 
the agent, and thus is usually unpredictable. Among the 
NSAIDs, diclofenac and sulindac are two agents that are 
more likely to cause hepatotoxicity89,90 and should prob-
ably be avoided in patients with liver disease. NSAIDs as 
a group should be avoided in patients with ascites or a 
history of ascites. Inhibition of endogenous prostaglandin 
production leads to impairment of renal hemodynamics 
and causes sodium retention and edema, even in patients 
with well-compensated cirrhosis.91,92 For these reasons, 
acetaminophen is preferred over NSAIDs for the treat-
ment of pain in patients with cirrhosis. A recent small 
study suggests that short-term administration of the selec-
tive cyclooxygenase (COX)-2 inhibitor celecoxib (Cele-
brex, Pfizer) does not impair renal function or response 
to furosemide in subjects with decompensated cirrhosis, 
ascites, and preserved renal function.93 Further studies are 

Right upper quadrant ultrasound examination and serum 
AFP levels every 6 months

•  Nodule <1 cm: repeat ultrasound or complementary 
imaging study every 3 months

•  Nodule 1–2 cm: consider image-directed biopsy of  
the lesion

•  Nodule >2 cm: complementary imaging with triple-
phase CT or MRI

-  Nodules with typical radiologic findings and AFP 
>200 ng/mL require no biopsy confirmation

Adapted from Bruix et al.72

AFP = alpha-fetoprotein; CT = computed tomography; MRI = magnetic 
resonance imaging.

Table 4. Surveillance for Hepatocellular Carcinoma
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needed to confirm the long-term safety of selective COX-
2 inhibitors in cirrhosis; currently their use is not recom-
mended in the subset of patients with advanced cirrhosis, 
ascites, or renal insufficiency.

Screening and Managing Non-Liver Diseases 
in Patients With Cirrhosis

Many patients with cirrhosis see the gastroenterologist 
as their sole healthcare provider. Office visits are often 
centered on the liver disease and other aspects of the 
patient’s healthcare may be overlooked. Age over 50 or 
a family history–related risk for colon carcinoma should 
prompt appropriate colon cancer screening. For women, 
periodic mammograms and pelvic examinations should 
be completed as recommended by current guidelines.  
Monitoring for prostate cancer in at-risk men should also 
be undertaken. Diabetes is a frequent complication of cir-
rhosis,94 and monitoring for the development of glucose 
intolerance is recommended by measuring fasting blood 
glucose every 6 months.

Nutrition counseling for patients with cirrhosis is 
important. Muscle wasting is common in patients with 
cirrhosis and can be delayed or ameliorated with adequate 
protein intake and exercise. Patients with cirrhosis should 
receive a minimum of 1.5 g/kg per day of protein.95 Protein 
should not be restricted in the absence of clinical signs of 
hepatic encephalopathy. Asymptomatic elevation of serum 
ammonia levels is not clinically significant and should not 
trigger changes in the management of the patient. Serum 
ammonia levels should not be routinely checked in the 
stable cirrhotic patient. Once encephalopathy develops, 
restrict protein intake below 1 mg/kg per day only if 
symptoms are not controlled with appropriate therapy.96

When to Refer for Liver Transplantation

Most patients with cirrhosis do not need to be referred to 
a liver transplant center once cirrhosis is diagnosed. Initial 
referral to a transplant center should be considered once 
the patient reaches a MELD score of 12–15, or develops a 
life-threatening complication of cirrhosis (such as variceal 
bleeding or spontaneous bacterial peritonitis). Patients 
with early HCC (1 lesion >2 cm but <5 cm in diameter, 
or up to 3 lesions not more than 3 cm each) automatically 
receive a MELD score of 24 regardless of the degree of 
hepatic decompensation and are thus prioritized for liver 
transplantation.97 Patients are usually transplanted after 
reaching a MELD score of 20 or higher.

Only subjects suitable for liver transplantation should 
be referred. Patients with active alcohol or illicit drug use 
during the prior 6 months, those without strong family 
and social support, and those who are not compliant 

with office visits and medications generally are not good 
transplant candidates. Patients that have other major 
illnesses such as cardiac, renal, or pulmonary diseases 
or extrahepatic malignancy may not be ideal candidates 
for liver transplantation and will require careful evalua-
tion before listing. Severe obesity, defined as a body mass 
index greater than 35, is associated with a significantly 
worse chance for survival after transplantation.28 Thus, 
it is important for these patients to lose weight prior to 
liver transplantation.

Summary

Many patients with compensated cirrhosis have a rela-
tively long life expectancy. Patient education, appropri-
ate surveillance and preventive strategies, and regular 
monitoring of their condition can improve the patient’s 
quality of life and delay or prevent many of the serious 
complications associated with cirrhosis.  

References

1. Kochanek KD, Murphy SL, Anderson RN. Deaths: final data for 2002. In: 
National Center for Health Statistics. National Vital Statistics Report. Vol. 53, 
No. 5. Hyatsville, MD: National Center for Heath Statistics. 2004.
2. Murphy SL, Deaths: final data for 1998. In: National Center for Health Sta-
tistics. National Vital Statistics Report. Vol 48, No 11. Hyattsville, MD: National 
Center for Health Statistics. 2000. 
3. Vong S, Bell BP. Chronic liver disease mortality in the United States, 1990-
1998. Hepatology. 2004;39:476-483.
4. Davis GL, Albright JE, Cook SF, Rosenberg DM. Projecting future complica-
tions of chronic hepatitis C in the United States. Liver Transpl. 2003;9:331-338.
5. United Network for Organ Sharing and Organ Procurement and Transplant 
Network, Richmond, VA. Current U.S. waiting list for liver transplantation. In: 
United Network for Organ Sharing; 2005. Available at http://www.unos.org/data. 
Accessed on January 5, 2006.
6. Marchesini G, Bianchi G, Amodio P, et al. Factors associated with poor 
health-related quality of life of patients with cirrhosis. Gastroenterology. 
2001;120:170-178.
7. Fattovich G, Giustina G, Degos F, et al. Morbidity and mortality in compen-
sated cirrhosis type C: A retrospective follow-up study of 384 patients. Gastroen-
terology. 1997;112:463-472.
8. Alberti A, Chemelo L, Benvegnu L. Natural history of hepatitis C. J Hepatol. 
1999;31(suppl 1):17-24.
9. Christensen E. Prognostic models including the Child-Pugh, MELD and Mayo 
risk scores: where are we and where should we go? J Hepatol. 2004;41:344-350.
10. Pugh RN, Murray-Lyon IM, Dawson JL, Peitroni MC, Williams R. Transec-
tion of the esophagus for bleeding esophageal varices. Br J Surg. 1973;60:646-
649.
11. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to predict survival in 
patients with end-stage liver disease. Hepatology. 2001;33:464-470.
12. Friedman PD, McCullough D, Chin MH, Saitz R. Screening and intervention 
for alcohol problems: a national survey of primary care physicians and psychia-
trists. J Gen Intern Med. 2000;15:84-91.
13. Ioannou GN, Dominitz JA, Weiss NS, Heagerty PJ, Kowdley KV. The effect of 
alcohol consumption on the prevalence of iron overload, iron deficiency, and iron 
deficiency anemia. Gastroenterology. 2004;126;1293-1301.
14. Marrero JA, Fontana RJ, Fu S, Conjeevaram HS, Su GL, Lok AS. Alcohol, 
tobacco and obesity are synergistic risk factors for hepatocellular carcinoma. J 
Hepatol. 2005;42:218-224.
15. Zimmerman HJ, Maddrey W. Acetaminophen hepatotoxicity with regular 
intake of alcohol: analysis of instances of therapeutic misadventure. Hepatology. 
1995;22:767-773.



132  Gastroenterology & Hepatology  Volume 2, Issue 2  February 2006

H E R R E R A  A N D  R O D R Í G U E Z

16. Rumack BH. Acetaminophen misconceptions. Hepatology. 2004;40:10-15.
17. Zapater P, Lasso de la Vega MC, Horga JP, et al. Pharmacokinetic variations 
of acetaminophen according to liver dysfunction and portal hypertension status. 
Aliment Pharmacol Ther. 2004;20:29-36.
18. Vollberg CM, Herrera JL. Vibrio vulnificus infection: an important cause of 
septicemia in patients with cirrhosis. South Med J. 1997;90:1040-1042.
19. Hendricks HF, Bosma A, Brouwer A. Fat-storing cells: hyper and hypovitamin-
osis A and the relationship with liver fibrosis. Semin Liver Dis. 1993;13:72-80.
20. Pietrangelo A. Iron, oxidative stress and liver fibrogenesis. J Hepatol. 1998;28:8-
13.
21. Tavill AS, Qadri AM. Alcohol and iron. Semin Liver Dis. 2004;24:317-325.
22. Blackburn GL, Mun EL. Effects of weight loss surgeries on liver disease. Sem 
Liv Dis. 2004;24:371-379.
23. Scheen AJ, Luyekx FH. Obesity and liver disease. Best Pract Res Clin Endocrinol 
Metabol. 2002;16:703-716.
24. Yu AS, Keeffe EB. Nonacoholic fatty liver disease. Rev Gastroenterol Disord. 
2002;2:11-19.
25. Powell EE, Jonsson JR, Clouston AD. Steatosis: co-factor in other liver dis-
eases. Hepatology. 2005;42:5-13.
26. Adam G, McLean CA, Pedersen J, Bailey MJ, Roberts K. Hepatic steatosis 
in chronic hepatitis B and C: predictors, distribution and effects on fibrosis. J 
Hepatol. 2005;43:38-44.
27. Powell EE, Ali A, Clouston AD, et al. Steatosis is a cofactor in liver injury in 
hemochromatosis. Gastroenterology. 2005;129:1937-1943.
28. Nair S, Verma S, Thuluvath PJ. Obesity and its effects on survival in patients 
undergoing orthotopic liver transplantation in the United States. Hepatology. 
2002;35:105-109.
29. Murray KF, Crithers RL. AASLD practice guidelines: evaluation of the patient 
for liver transplantation. Hepatology. 2005;41:1407-1431.
30. Palmer M, Schaffner F. Effects of weight reduction on hepatic abnormalities in 
overweight patients. Gastroenterology. 1990;99;1408-1413.
31. Luyckx FH, Scheen AJ, Desaive C, Thiry A, Lefebvre PJ. Parallel reversibility of 
biological markers of the metabolic syndrome and liver steatosis after gastroplasty-
induced weight loss in severe obesity. J Clin Endocrinol Metab.1999;84:4293.
32. Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic effects of 
dietary weight loss in morbidly obese subjects. J Hepatol. 1999;12:224-229. 
33. Dixon JB, Bhathal PS, Hughes NR, O’Brien PE. Nonalcoholic fatty liver 
disease: improvement in liver histological analysis with weight loss. Hepatology. 
2004;39:1647-1654.
34. Vento S, Garofano T, Renzini C, et al. Fulminant hepatitis associated with 
hepatitis A virus superinfection in patients with chronic hepatitis C. N Engl J Med. 
1998;338:286-290.
35. Koff RS. Risks associated with hepatitis A and hepatitis B in patients with 
hepatitis C. J Clin Gastroenterol. 2001;33:20-26.
36. Duchini A, Viernes E, Nyberg LM, Hendry RM, Pockros PJ. Hepatic decom-
pensation in patients with cirrhosis during infection with influenza A. Arch Intern 
Med. 2000;160:113-115.
37. Keefe EB, Iwarson S, McMahon BJ, et al. Safety and immunogenicity of 
hepatitis A vaccine in patients with chronic liver disease. Hepatology. 1998;27:881-
886.
38. Arguedas MR, Johnson A, Eloubeidi MA, Fallon MB. Immunogenicity 
of hepatitis A vaccination in decompensated cirrhotic patients. Hepatology. 
2001;34:28-31.
39. Dominguez M, Barcena R, Garcia M, Lopez-Sanroman A, Nuño J. Vaccina-
tion against hepatitis B virus in cirrhotic patients on liver transplant waiting list. 
Liver Transpl. 2000;6:440-442
40. Arslan M, Wiesner RH, Sievers C, Egan K, Zein NN. Double-dose accel-
erated hepatitis B vaccine in patients with end-stage liver disease. Liver Transpl. 
2001;7:314-320.
41. Myers RP, Gregor JC, Marotta PJ. The cost-effectiveness of hepatitis A vaccina-
tion in patients with chronic hepatitis C. Hepatology. 2000;31:834-839.
42. Hay JE, Guichelaar MM. Evaluation and management of osteoporosis in liver 
disease. Clin Liver Dis. 2005;9:747-766.
43. Carey EJ, Balan V, Kremers WK, Hay JE. Osteopenia and osteoporosis in 
patients with end-stage liver disease caused by hepatitis C and alcoholic liver dis-
ease: not just a cholestatic problem. Liver Transpl. 2003;9:1166-1173.
44. Kamath PS. Esophageal variceal bleeding: primary prophylaxis. Clinical Gas-
troenterol Hepatol. 2005;3:90-93.
45. Thuluvath PJ, Kirshnan A. Primary prophylaxis of variceal bleeding. Gastroin-
test Endosc. 2003;58:558-567.
46. D’Amico G, Pagliaro L, Bosch J. The treatment of portal hypertension: a meta-

analytic review. Hepatology. 1995;22:332-354.
47. Poynard T, Cales P, Pasta L, et al. Beta-adrenergic antagonists in the prevention 
of first gastrointestinal bleeding in patiens with cirrhosis and esophageal varices: 
analysis of data and prognostic factors in 589 patients from four randomized clini-
cal trials. N Engl J Med. 1991;324:1532-1538.
48. Groszmann RJ, Bosch J, Grace ND, et al. Hemodynamic events in a pro-
spective randomized trial of propranolol vs. placebo in the prevention of variceal 
hemorrhage. Gastroenterology. 1990;99:1401-1407.
49. Boyer TD. Changing clinical practice with measurements of portal pressures. 
Hepatology. 2004;39:283-285. 
50. Plevris JN, Elliot R, Mills PR, et al. Effect of propranolol on prevention of first 
variceal bleed and survival in patients with chronic liver disease. Aliment Pharmacol 
Ther. 1994;8:63-70.
51. Groszmann RJ, Garcia-Tsao G, Bosch J, et al. Beta-blockers to prevent gastro-
esophageal varices in patients with cirrhosis. N Engl J Med. 2005;353:2254-2261.
52. Beppu K, Inokuchi K, Koyanagi N, et al. Prediction of variceal hemorrhage by 
esophageal endoscopy. Gastrointest Endosc. 1981;27:213-218.
53. Adams PC, Arthur MJ, Boyer TD, et al. Screening in liver disease: report of an 
AASLD workshop. Hepatology. 2004;39:1204-1212.
54. Grace ND. Diagnosis and treatment of gastrointestinal bleeding secondary to 
portal hypertension. American College of Gastroenterology Practice Parameters 
Committee. Am J Gastroenterol. 1997;92:1081-1091.
55. de Franchis R. Updating consensus in portal hypertension: report of the Baveno 
III consensus workshop on definition, methodology and therapeutic strategies in 
portal hypertension. J Hepatol. 2000;33:846-852.
56. Ramirez FC, Hakim S, Tharalson EM, Shaukat MS, Akins R. Feasibility and 
safety of string wireless capsule endoscopy in the diagnosis of esophageal varices. 
Am J Gastroenterol. 2005;100:1065-1071.
57. The Veterans Affairs Cooperative Variceal Sclerotherapy Group. Prophylactic 
sclerotherapy for esophageal varices in alcoholic liver disease: a randomized, single-
blind, multicenter clinical trial. N Engl J Med. 1991;324:1779-1784.
58. Schepke M, Kleber G, Nurnberg D, et al. Ligation versus propranolol for the 
primary prophylaxis of variceal bleeding in cirrhosis. Hepatology. 2004;40:65-72.
59. Jutabha R, Jensen DM, Martin P, Savides T, Han SH, Gornbein J. Randomized 
study comparing banding and propranolol to prevent initial variceal hemorrhage in 
cirrhotics with high risk esophageal varices. Gastroenterology. 2005;128:870-881. 
60. Imperiale TF, Chalasani N. A meta-analysis of endoscopic variceal ligation 
for primary prophylaxis of esophageal variceal bleeding. Hepatology. 2001;33:802-
807.
61. Garcia-Pagan JC, Villanueva C, Vila MC, et al. Isosorbide-5-mononitrate in 
the prevention of first variceal bleed in patients who cannot receive beta-blockers. 
Gastroenterology. 2001;121:908-914.
62. D’Amico G, Pasta L, Madonia S, et al. The incidence of esophageal varices in 
cirrhosis. Gastroenterology. 2001;120:A2. Abstract 9.
63. Abraldes JG, Angermayr B, Bosch J. The management of portal hypertension. 
Clin Liver Dis. 2005;9:685-713.
64. Bosch J, Abraldes JG, Groszmann R. Current management of portal hyperten-
sion. J Hepatol. 2003;38:554-568.
65. Abraczinskas DR, Ookubo R, Grace ND, et al. Propranolol for prevention 
of first esophageal variceal hemorrhage—a lifetime commitment? Hepatology. 
2001;34:1096-1102.
66. Jensen DM. Endoscopic screening for varices in cirrhosis: findings, implica-
tions and outcomes. Gastroenterology. 2002;122:1620-1630.
67. El-Serag HB, Davila JA, Petersen NJ, McGlynn KA. The continuing increase 
in the incidence of hepatocellular carcinoma in the United States: An update. Ann 
Intern Med. 2003;139:817-823.
68. Velazquez RF, Rodriguez M, Navascues CA, et al. Prospective analysis of risk 
factors for hepatocellular carcinoma in patients with liver cirrhosis. Hepatology. 
2003;37:520-527.
69. Wong LL, Limm WM, Severino R, Wong LM. Improved survival with screen-
ing for hepatocellular carcinoma. Liver Transp. 2000;6:320-325.
70. Sangiovanii A, Del Ninno E, Fasani P, et al. Increased survival of cirrhotic 
patients with a hepatocellular carcinoma detected during surveillance. Gastroenter-
ology. 2004;126:1005-1014.
71. Patel D, Terrault NA, Yao FY, Bass NM, Ladabaoum U. Cost-effectiveness 
of hepatocellular carcinoma surveillance in patients with hepatitis C virus-related 
cirrhosis. Clin Gastroenterol Hepatol. 2005;3:75-84.
72. Bruix J, Sherman M. Llovet JM, et al. Clinical management on hepatocel-
lular carcinoma: conclusions of the Barcelona-2000 EASL Conference. J Hepatol. 
2001;35:421-430.
73. Barbara L, Benzi G, Gaiani S, et al. Natural history of small untreated hepa-



Gastroenterology & Hepatology Volume 2, Issue 2  February 2006  133

M E D I C A L  C A R E  O F  C O M P E N S A T E D  C I R R H O S I S

tocellular carcinoma in cirrhosis: a multivariate analysis of prognostic factors of 
tumor growth and rate and patient survival. Hepatology. 1992;16:132-137.
74. Hu KQ, Kyulo NL, Lim N, Elhazin B, Hillebrand DJ, Bock T. Clinical signifi-
cance of elevated alpha-fetoprotein level (AFP) in patients with chronic hepatitis 
C, but not hepatocellular carcinoma. Am J Gastroenterol. 2004;99:860-865.
75. Nguyen MH, Garcia RT, Simpson PW, Wright TI, Keeffe EB. Racial differ-
ences of alpha-fetoprotein for diagnosis of hepatocellular carcinoma in hepatitis C 
virus cirrhosis. Hepatology. 2002;36:410-417.
76. McMahon BJ, Bulkow L, Harpster A, et al. Screening for hepatocellular car-
cinoma in Alaska natives infected with chronic hepatitis B: a 16-year population-
based study. Hepatology. 2000;32:842-846.
77. Gambarin-Gelwan M, Wolf DC, Shapiro R, Schwartz ME, Min AD. Sen-
sitivity of commonly available screening tests in detecting hepatocellular carci-
noma in cirrhotic patients undergoing liver transplantation. Am J Gastroenterol. 
2000;95:1535-1538.
78. Llovet JM, Beaugrand M. Hepatocellular carcinoma: present status and future 
prospects. J Hepatol. 2003;S136-S149.
79. O’Malley ME, Takayama Y, Sherman M. Outcome of small (10-20mm) arte-
rial phase-enhancing nodules seen on triphasic liver CT in patients with cirrhosis 
or chronic liver disease. Am J Gastroenterol. 2005;100:1523-1528.
80. Marrero JA, Hussain HK, Nghiem HV, Umar R, Fontana RJ, Lok AS. Improv-
ing the prediction of hepatocellular carcinoma in cirrhotic patients with an arteri-
ally-enhancing liver mass. Liver Transpl. 2005;11:281-289.
81. Zimmerman HJ. Hepatotoxicity. The Adverse Effects of Drugs and Other 
Chemicals on the Liver. 2nd ed. Lippincott Williams & Wilkins; Philadelphia, Pa: 
1999:743-747.
82. Huet PM, Villeneuve JP, Fenyves D. Drug elimination in chronic liver diseases. 
J Hepatol. 1997;26(suppl 2):63-72.
83. Kraus JW, Desmond PV, Marshall JP, Johnson RF, Schenker S, Wilkinson GR. 
Effect of aging and liver disease on disposition of lorazepam. Clin Pharmacol Ther. 
1978;24:411-419.
84. Shull JH, Wilkinson GR, Johnson R, Schenker S. Normal disposition of oxaz-
epam in acute viral hepatitis and cirrhosis. Ann Intern Med. 1976;84:420-425.

85. Chalasani N. Statins and hepatotoxicity: Focus on patients with fatty liver. 
Hepatology. 2005;41:690-695.
86. Chalasani N, Aljadhey H, Kesterson J, Murray MD, Hall SD. Patients with 
elevated liver enzymes are not at higher risk for statin hepatotoxicity. Gastroenterol-
ogy. 2004;128:1287-1292.
87. Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy. JAMA 
2003;289:1681-1690.
88. Tolman KG. Defining patient risks from expanded preventive therapies. Am J 
Cardiol. 2000;85(suppl 1):5E-19E.
89. Banks AT, Zimmerman HJ, Ishak KG et al. Diclofenac-associated hepatotox-
icity: an analysis of 180 cases reported to the Food and Drug Administration. 
Hepatology. 1995;22:820-825.
90. Tarazi EM, Harter JG, Zimmerman HJ. Sulindac-associated hepatic injury. 
Analysis of 91 cases reported to the Food and Drug Administration. Gastroenterol-
ogy. 1993;104:569-574.
91. Wong F, Massie D, Hsu P, Dudley F. Indomethacin-Induced renal dysfunction 
in patients with well compensated cirrhosis. Gastroenterology. 1993;104:869-876.
92. Arroyo V, Gines P, Rimola A, Gaya J. Renal function abnormalities, pros-
taglandins, and effects of nonsteroidal anti-inflammatory drugs in cirrhosis and 
ascites. Am J Med. 1986;81(suppl 2B):104-122.
93. Claria J, Kent JD, Lopez-Parra M, et al. Effects of celecoxib and naproxen 
on renal function in nonazotemic patients with cirrhosis and ascites. Hepatology. 
2005;41:579-587.
94. Petrides AS, Vogt C, Schulze-Berge D, et al. Pathogenesis of glucose intoler-
ance and diabetes mellitus in cirrhosis. Hepatology. 1994;19:616-627.
95. Nompleggi DJ, Bonkovsky HL. Nutritional supplementation in chronic liver 
disease: an analytical review. Hepatology. 1994;19:518-533.
96. Cordoba J, Lopez-Hellin J, Planas M, et al. Normal protein diet for episodic 
hepatic encephalopathy: results of a randomized study. J Hepatol. 2004;41:38-43.
97. United Network for Organ Sharing, Richmond VA. Allocation of liver policy. 
In: United Network for Organ Donation; 2002. Available online at: http://www.
unos.org/policiesandbylaws/policies.asp?resources=true. Accessed January 12, 
2006.


