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Abstract

Elevated liver enzymes are a common scenario encountered
by physicians in clinical practice. For many physicians, how-
ever, evaluation of such a problem in patients presenting with
no symptoms can be challenging. Evidence supporting a
standardized approach to evaluation is lacking. Although
alterations of liver enzymes could be a normal physiological
phenomenon in certain cases, it may also reflect potential
liver injury in others, necessitating its further assessment and
management. In this article, we provide a guide to primary
care clinicians to interpret abnormal elevation of liver en-
zymes in asymptomatic patients using a step-wise algorithm.
Adopting a schematic approach that classifies enzyme alter-
ations on the basis of pattern (hepatocellular, cholestatic and
isolated hyperbilirubinemia), we review an approach to ab-
normal alteration of liver enzymes within each section, the
most common causes of enzyme alteration, and suggest
initial investigations.
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Introduction

Evaluation of abnormal liver enzyme levels in an otherwise
healthy patient can pose a challenge to even an experienced

clinician. It may not be necessary to pursue extensive
evaluation for all abnormal test results, however, as it would
expose many patients to unnecessary procedural risks and
expenses. Conversely, failure to investigate mild or moderate
liver enzyme elevations could mean missing the early diag-
nosis of potential life-threatening yet treatable conditions.

It has become easier and faster to obtain serum liver
enzyme levels with automated laboratory testing, which in
turn has led to an increase in the number of incidental
abnormal findings. It is estimated that about 1% to 9% of
asymptomatic patients have elevated enzyme levels when
screened with standard liver function panels.1,2 In a US
survey from 1999 to 2002, 8.9% of the study population
showed elevated alanine aminotransferase (ALT) levels,
which represents an increase from previous reports. Since
no consensus has yet been established, the aim of this
review is to provide primary care providers with a systematic
approach to interpreting abnormal liver enzymes.

Discussion

Elevated ALT or aspartate aminotransferase (AST) above the
upper limit of normal (ULN; considered to be 30 international
units/L for men and 20 for women, with range varying
between different labs) in a population without identifiable
risk factors should be assessed by physicians, as it is asso-
ciated with increased liver-related mortality.3 However, there
are some circumstances in which elevations in liver enzymes
are physiological — for example, alkaline phosphatase (ALP)
levels may be increased during the third trimester of preg-
nancy, and both AST and ALT may increase with vigorous
exercise.4,5

A comprehensive investigation combining thorough
history-taking and physical examination, along with diagnos-
tic tests, liver histology and imaging, can often establish a
precise diagnosis. The initial approach to an isolated liver
enzyme alteration in an apparently healthy person should
begin with repeating the test to confirm the result, unless the
clinical context points towards an apparent etiology, like a
new medication exposure, etc. If the abnormality persists,
the evaluation should be based on the magnitude of enzyme
elevation. Alteration of liver enzymes can be classified as mild
(less <5 UNL), moderate (5–10 UNL) or severe (>10 UNL).
This classification is rather subjective, as there is no current
consensus of these definitions and various sources use differ-
ent cut-off points.6–8

Once stratification, based on the severity, is completed,
the next step is to define the pattern of enzyme elevation,
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which can be divided into three categories, further assisting in
clinical evaluation.

� Patterns predominantly reflecting hepatocellular injury
(C ALT/AST +/− C bilirubin)

� Patterns predominantly reflecting cholestasis (C ALP +/−
C bilirubin)

� Mixed (C both ALT/AST and ALP)
� Isolated hyperbilirubinemia (C bilirubin)

Hepatocellular (Elevated aminotransferases)

Mild hepatocellular pattern of liver enzyme elevation

Very few prospective studies have addressed a standardized
approach to evaluationof themildhepatocellular patternof liver
enzyme elevation. Some of the landmark studies, conducted by
Hultcrantz et al., Friedman et al., Hay et al. and Daniel
et al.,1,9–11 provide insight into the most frequent causes of
mild elevation in liver enzymes. These studies also show that
the cause of elevated enzyme levels varies greatly, depending
on the population studied. Conclusions drawn from the data
reported in the literature suggest that fatty liver, resulting
either from alcohol use or from nonalcoholic fatty liver disease
(NAFLD), is the major cause of mildly elevated aminotrans-
ferases and, according to the National Health and Nutritional
Survey, point-prevalence of this is about 23%among American
adults.12 Some of the drawbacks of the studies include inaccu-
rate reportingofhepatitis Cprevalence (another commoncause
of liver enzyme alteration) due to unavailability of hepatitis C
serologic testing at the time the studies were conducted and
lack of a uniform definition of the pathologic diagnosis of non-
alcoholic steatohepatitis(NASH).13

The first step in the evaluation is to obtain a complete
history and perform a thorough physical examination in an
effort to identify the most common causes of mildly elevated
aminotransferase levels. Some of the important initial ques-
tions that will guide further management are:14

1. Patient age and ethnicity;
2. Presence of signs and symptoms of chronic liver disease

(development of jaundice, edema, pruritus, encephal-

opathy, gastrointestinal bleeding);

3. Risk factors for viral hepatitis (including but not limited

to intravenous/intranasal drug use, body piercings, tat-

tooing, sexual history, travel to foreign countries,

occupation);

4. Presence of comorbid conditions like diabetes, obesity,
hyperlipidemia for NAFLD, neurologic manifestations in

Wilson’s disease (WD), emphysema in alpha-1-antitryp-

sin deficiency;

5. History of alcohol consumption (including history from

family), medication use (especially new, careful review

of available medical and pharmacy records and labora-

tory data) and toxin exposure;

6. Family history of genetic conditions pertaining to liver
disease, such as hemochromatosis and WD;

7. History of chronic diarrhea or inflammatory bowel

disease, indicating extrahepatic causes like celiac

sprue, thyroid disorders, inflammatory bowel disease,

hereditary and acquired muscle disorders, etc.;

8. Presence of signs and symptoms of heart failure, indi-

cating congestive hepatopathy;
9. History of other autoimmune disorders (i.e. autoimmune

hepatitis (AIH)).
Physical examination should be thorough and detailed to

look for stigmata of acute and chronic liver diseases which
may be subtle or absent, like jaundice (with close attention to
the conjunctiva and soft palate), ascites, peripheral edema,
hepatosplenomegaly, gynecomastia, testicular hypotrophy,
muscle wasting, telangiectasias, palmar erythema, pubic
hair changes, etc.14 Some liver disorders like hemochroma-
tosis and WD may be associated with specific physical exam
findings such as arthritis, acne, skin color changes, Kayser–
Fleischer rings, clubbing, etc.14 Congestive heart failure
would classically present with an elevated jugular venous
pressure, hepatomegaly and basilar crackles on auscultation.

If a history of exposure is evident, repeat testing should be
undertaken after abstinence from alcohol use, medications
and toxins before ordering an extensive work-up. Persistently
elevated results on liver function tests, after removal of
obvious sources, should be followed by targeted testing
based on specific clues from the history and physical exam
findings. If the initial assessment from a detailed interview
with the patient fails to provide any clues, evaluation should
begin with the most common causes of mildly elevated
aminotransferase enzymes levels (Table 1). Non-invasive
serological tests and imaging procedures may often reveal
the most common causes of mild elevations of liver
enzymes. If the more common causes have been ruled out
and the etiology still remains uncertain, attention should be
paid to non-hepatic diseases, such as thyroid disorders,
occult celiac disease, etc.15

If despite investigation, following a systematic approach
(Fig. 1) as outlined above, the cause of mild elevation in ami-
notransferase levels remains unidentified, then an approach
of doing a percutaneous liver biopsy, versus observation
alone, may be adopted based on the degree of enzyme ele-
vation. It is acceptable to observe patients, if the levels are
less than twice the normal value and no chronic liver condition
has been identified through non-invasive tests. This is based
on two recent studies which concluded that liver biopsy did
not lead to a change in diagnosis or treatment in many such
patients and that observation alone proved to be the most
cost-effective strategy.16,17

Table 1. Common causes of mildly raised aminotransferase levels49

� Alcohol
� Medication
� Nonalcoholic fatty liver disease
� Viral hepatitis
� Autoimmune disease
� Congestive heart failure
� Ischemic hepatitis
� Budd-Chiari syndrome
� Alpha-1 antitrypsin deficiency
� Celiac disease
� Endocrine disease: hypothyroidism, Addison’s disease
� Disease of striated muscle
� Hemochromatosis
� Wilson’s disease
� Glycogen storage diseases
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Consideration may be given to the effects of decrease in
body weight, diabetes control, cessation of alcohol use and
other lifestyle modifications. At the same time, it is also
important to exclude space occupying lesions and thrombotic
disorders of hepatic/portal vasculature like Budd-Chiari syn-
drome in patients with persistent enzyme elevation and in
whom chronic liver disease has been identified. This can be
achieved using imagingmodalities like ultrasonography and/or
computed tomography. A liver biopsy, though unlikely to
change management, may be an acceptable approach for

providing reassurance to the patient and the physician that
no serious disease is present if the levels are persistently more
than twice the normal value.17 A biopsy may also be helpful in
assessing the grade of inflammation and when multiple diag-
noses are suspected.3

Alcohol-related hepatic injury

An indicator that should make the clinician highly suspicious
of alcohol-related liver injury is AST:ALT ratio of 2:1 or more.

Fig. 1. Schematic initial diagnostic algorithm for a patient presenting with mild aminotransferase abnormality.27 Abbreviations: ANA, antinuclear antibody;
ASMA, anti-smooth muscle antibody; LKM, anti-liver-kidney microsomal antibody; NAFLD, nonalcoholic fatty liver disease.
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Gamma-glutamyl transferase (GGT) is another sensitive but
non-specific marker for hepatic injury which cannot be used
solely to diagnose alcohol-related hepatic insult.7 Levels of
GGT greater than twice the normal values in addition to
AST:ALT ratio >2 strongly indicate alcohol-induced liver
injury as well.18

Generally, the enzymes in alcoholic hepatitis are only
moderately elevated. The AST seldom exceeds 8–10 3 the
ULN and the ALT 5 3 the ULN; however, in severe acute
alcoholic hepatitis the serum bilirubin can rise significantly.
ALT levels may even be normal in alcoholic liver disease, and
thus a normal serum ALT concentration does not exclude an
alcoholic liver disorder. This pattern is thought to be the result
of two mechanisms. Most chronic alcoholics are deficient in
pyridoxal 5′-phosphate (vitamin B6), which is a necessary
coenzyme for both ALT and AST synthesis. Deficiency of
pyridoxal 5′-phosphate decreases ALT synthesis to a greater
extent than AST synthesis.19 Additionally, alcohol itself stim-
ulates the synthesis and release of mitochondrial AST,
thereby increasing the AST: ALT ratio.19

Although alcohol is a very frequent cause of liver disease,
one should not forget to look at comorbid medical conditions
like chronic hepatitis B and C, obesity and diabetes mellitus
than can also cause liver damage in a patient with alcoholic
liver disease. A large, national, population-based study found
increased risk of alcohol-related transaminitis with over-
weight and obesity.20

Viral hepatitis

Incidence of hepatitis C infection is much higher in patients
with ALT levels greater than 40 U/L, as compared to the
estimated incidence of 1.8% in the general population.13 Inci-
dence of hepatitis B virus (HBV) infection is between 0.2%
and 0.9% in the general United States’ population, which is
comparatively less common than hepatitis C virus (HCV)
infection.13 However, in patients who have emigrated from
endemic areas of the world, the prevalence of HBV infection
in the United States can be as high as 20%.13 Risk factors
like intravenous drug use, sexual history, travel to foreign

countries, occupation, etc. can dramatically increase the
prevalence of both viruses. Since these two viruses have
such a high prevalence, some clinicians recommend early
and empiric testing for HBV and HCV, even in the absence of
risk factors for patients presenting with mildly elevated hep-
atocellular enzymes.21,22 Hepatitis E, although uncommon in
the United States, should be considered when there is a
history of travel to an endemic area (i.e. Central America
and Asia).

Most patients with chronic viral hepatitis have minimal
elevations in ALT/AST levels, which are generally <100 U/L.
The ratio of ALT:AST is approximately 1.23

Initial evaluation for HBV infection includes serologic tests
for hepatitis B surface antigen (HBsAg), hepatitis B surface
antibody (anti-HBs) and hepatitis B core antibody (anti-HBc).
Interpretations of these serological markers are discussed in
Table 2. Serologic tests that indicate presence of viral repli-
cation and infectivity include hepatitis B e antigen, hepatitis B
e antibody, and HBV DNA. Occult HBV infection is character-
ized by the presence of HBV DNA in the absence of detectable
HBs antigen.24 Some occult HBV infections may manifest with
negative hepatitis B e antigen but positive HBV DNA polymer-
ase. Biopsy should be considered in patients that are positive
for HBV DNA and hepatitis B e antigen, to assess the severity
of disease.7

The initial screening test for HCV infection begins with
serologic test for HCV antibody which is very sensitive, but
false positive tests are frequent even with third generation
enzyme-linked immunosorbent assays (ELISAs) as seen in
hypergammaglobulinemia of AIH. Addition of the recombinant
immunoblot assay for anti-hepatitis C can improve the specif-
icity of ELISA testing. HCV infection can be confirmed with a
PCR assay that detects serum HCV RNA (reflecting active
viral infection and replication).25 PCR testing can be performed
by quantitative or qualitative methods. If negative, an HCV
RNA PCR test should be repeated in 3 months in individuals
who screen positive for HCV infection, to ensure that it was
not a false negative.25 Quantitative single real-time PCR
assays can also be used to assess virologic response to treat-
ment as part of therapeutic management of hepatitis C.26

Table 2. Interpretation and clinical significance of hepatitis B serologies

HBsAg Anti-HBc Anti-HBs IgM anti-HBc Interpretation

Negative Negative Negative Susceptible

Negative Negative Positive,
>10 mIU/mL

Immune due to vaccination

Negative Positive Positive Immune due to natural infection

Positive Negative Negative Negative Early acute infection

Positive Positive Negative Positive Acutely infection

Positive Positive Negative Negative Chronic infection

Negative Positive Negative Either:

1. Recovering from acute HBV infection

2. Distantly immune: test not sensitive enough to detect a very low

level of anti-HBs in serum

3. Susceptible with a false positive anti-HBc

4. Chronically infected with undetectable level of HBsAg present in

serum
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In patients who test positive for HBV DNA and HCV RNA, liver
biopsy is recommended to assess the stage of fibrosis, evalu-
ate the need for therapy, establish a prognosis and assess
progression.27

Degree of aminotransferase alteration together with an
AST:ALT ratio >128–31 in patients with chronic viral hepatitis
seems to prognosticate poor outcomes with more likelihood
of progression to cirrhosis.20 This observation is supported by
the fact that AST:ALT ratio >1 can be found in about 79% of
patients with cirrhosis secondary to viral etiology, in contrast
to only 4% of patients with chronic viral hepatitis alone.29

Such patients were shown to have 1-year survival,28 with
87% sensitivity (69%–96%, 95% CI) and 52% specificity
(40%–64%, 95% CI).31 It may be beneficial to obtain an
ultrasound image for such patients, to look for the presence
of liver masses.27

NAFLD

NAFLD is an entity that includes a spectrum of diseases
ranging from simple steatosis to NASH to cirrhosis. As
previously mentioned it is the most common cause of mild
aminotransferase alteration in the general population of the
United States. It rarely causes severe or fulminant rise in
enzymes that lead to liver failure. Prevalence of hepatic
steatosis is reported to be about 25% in the general United
States’ population, which is much higher than that of its
progressive form (NASH, 3–5%).13 Certain high risk patient
groups, like type 2 diabetics and morbidly obese patients
undergoing bariatric surgery, have a much higher prevalence
of NAFLD compared to the general population.

NAFLD is a diagnosis of exclusion. The only laboratory
evidence of NAFLD may be mild elevations in liver enzymes.
ALT is usually greater that AST, making the AST:ALT ratio
<1.32,33 GGT levels can be elevated up to 3 times the upper
reference value in about 50% of patients with NAFLD, even in
the absence of alcohol consumption.33–35 Reversal of the
AST:ALT ratio is a marker for poor prognosis, suggesting
initial or advanced fibrosis36 that can be explained due to
increased mitochondrial damage and decreased hepatic
clearance of AST with advancing liver disease.20

The synthetic function of liver as measured by total
bilirubin and albumin is usually preserved in early NAFLD
without cirrhosis. Additionally, leucopenia and thrombocyto-
penia should make the clinician suspicious for the presence of
cirrhosis and occult portal hypertension. Imaging modalities
like ultrasonography or computed tomography can help
identify fatty infiltration of the liver, but the gold standard
for confirming NAFLD remains liver biopsy.12,37,38 Histology
shows fatty infiltration with peri-central fibrosis, inflammation
and necrosis of hepatocytes. In addition, hyaline cytoplasmic
inclusions may be found in hepatocytes that appear identical
to Mallory bodies, which are characteristic of alcoholic liver
disease.35 Treatment is mainly directed towards weight loss
and addressing the underlying factors or comorbidities.39

Alternative treatment may include supplementation of
vitamin E. However, it is still being studied and is not used
widely; in two pilot studies40 it was shown to decrease trans-
aminase levels and reverse histologic abnormalities.

Hemochromatosis

Hereditary hemochromatosis should be considered early in
the evaluation of men with elevated liver enzymes, especially

those of northern European descent as the prevalence of this
entity is 0.25% to 0.5% in such people. Clinically, patients
remain asymptomatic until iron overload causes significant
end-organ damage.

Screening for hereditary hemochromatosis can be done by
measuring serum iron levels and total iron-binding capacity.
A positive screening test is defined as individuals with a
transferrin-saturation value (ratio of serum iron level to the
total iron-binding capacity) >45%.41 Being an acute-phase
reactant, serum ferritin can be falsely elevated in acute
inflammatory conditions and therefore its measurement pro-
vides less specific information. Individuals with a positive
screening test should undergo liver biopsy to measure
hepatic iron levels and assess the severity of liver damage.
A hepatic iron index can then be calculated according to the
ratio of hepatic iron level in micromoles per gram of dry
weight to the patient’s age. Levels >1.9 predict presence of
homozygous hereditary hemochromatosis.41

Genetic testing, which has decreased the need for liver
biopsy, has now become available to identify the mutation in
the hemochromatosis (HFE) gene that causes the majority of
cases. Being non-invasive, it seems like an attractive option;
yet, genetic testing has failed to replace liver biopsy as the
gold standard for confirmatory diagnosis due to its lack of
sensitivity.42 Two key point mutations (C282Y and H63D)
linked to hereditary hemochromatosis have been identified.
Individuals who are homozygous for the C282Y mutation
seem to carry the greatest risk of iron overload. The com-
pound heterozygote (C282Y/H63D) and occasionally the
H63D homozygote patient populations can also present with
iron overload in a minority of cases. Liver biopsy in hereditary
hemochromatosis patients who are younger than 40 years of
age and who have normal liver tests is usually not necessary.7

In patients with hemochromatosis, due to the increased
risk of hepatocellular carcinoma, it is important to exclude
cirrhosis. Such patients may benefit from bi-annual ultra-
sound and a-fetoprotein level measurement for screening
purposes. Presence of certainmarkers like ferritin <1000 mg/L,
normal AST values, and absence of hepatomegaly were
shown to accurately exclude cirrhosis in C282Y homozygotes
in a recent study.43 However, a serum ferritin level of >1000
mg/L has a poor positive predictive value, and so a liver biopsy
in such patients may aid in diagnosing cirrhosis due to hemo-
chromatosis. Similar information is not available for non-
C282Y homozygotes.

WD

WD may present only with elevation of liver enzymes and no
other clinical symptoms. It has a homozygote frequency of
1:30000–1:300000.27 Onset of clinical symptoms occur
between the ages of 5–25 years, although some patients
may present up to the 4th decade of life. Initial evaluation
or screening includes testing for serum ceruloplasmin levels
(reduced in 85% of patients with WD).7 Slit-lamp examination
for Kayser–Fleischer rings is a useful clinical clue. The 24-hr
urinary copper excretion should be checked (>100 mg/day
of copper is suggestive) in patients suspected of WD who
have normal ceruloplasmin and absent Kayser–Fleischer
rings. A copper concentration of more than 250 mg/g dry
liver weight on liver biopsy confirms the diagnosis. As there
are numerous genotypic patterns associated with this
disease, it is not useful to make the diagnosis of WD with
molecular or genetic testing.7
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Alpha-1 antitrypsin deficiency

The disease incidence in Europe and the United States is
1:1600–1:2800. It is an uncommon cause of chronic liver
disease in adults and it is usually identified in early childhood,
with a very small percentage progressing to cirrhosis in
adulthood.44 Screening test in suspected patients with con-
comitant pulmonary disease (emphysema) involves detecting
low levels of alpha1-antitrypsin in the serum or by the lack of a
rise in a-globulin bands on serum protein electrophoresis
(SPEP).7 However, as alpha 1-antitrypsin levels may be
increased in inflammatory conditions, thereby causing a false
negative result; a phenotype determination is usually neces-
sary to confirm the diagnosis.7

AIH

AIH primarily occurs in young to middle-aged women with
concomitant autoimmune disorders (e.g., autoimmune thy-
roiditis, connective tissue diseases) and often showing a
female to male predominance (ratio of 4:1).45,46 The disease
prevalence is about 1:6000 to 1:7000, and as many as 80%
of patients may have hypergammaglobulinemia on SPEP,
which is useful for screening purposes even in the absence
of cirrhosis.45,47 Polyclonal immunoglobulins more than
twice the normal level is most suggestive of the diagnosis,
however additional tests such as measurement of antinu-
clear antibodies, antibodies against smooth muscle and
liver–kidney microsomal antibodies (anti-LKM1), support
the diagnosis and also help typify the disease. Liver biopsy
can be performed to confirm the diagnosis, if all other tests
are inconclusive.45,47,48

Type 1 AIH is the most common form of autoimmune
disease worldwide. Predominantly a disease of women less
than 40 years of age, type 1 AIH is characterized by the
presence of antinuclear antibody and/or smoothmuscle (actin)
antibodies.49 Type 2 AIH is predominantly a disease of children
aged 2–14 years49 and is characterized by the presence of
anti-LKM1. It is commonly associated with other autoimmune
disorders like type 1 diabetes, vitiligo, autoimmune thyroiditis
and pernicious anemia. Low serum immunoglobulin A levels
may be present in such patients.49 Type 3 AIH is characterized
by the presence of antibodies to soluble liver/liver-pancreas
antigen; however, this disease form is not well recognized.49

Initiation of corticosteroids results in significant therapeu-
tic response (supports diagnosis), but just like any other
chronic autoimmune disease, patients may have intermittent
flares which mimic acute hepatitis.45,47,48

Drug-related liver injury

Specific query for common drug classes (especially acetami-
nophen), non-prescribed herbal supplements and illicit drugs
(illustrated in Table 3) is essential to discovery of associated
liver injury. It is difficult to attribute liver injury to a specific
drug when patients with several co-morbidities are on multi-
ple medications. In such cases, it may be necessary to empir-
ically discontinue a suspected medication or replace with an
alternative andmonitor for recovery of liver chemistries. Liver
biopsy helps in determining the severity of liver injury caused
by the offending agent and is indicated in cases of acute ful-
minant liver failure.3

Non-hepatic causes (summarized in Table 4)

Celiac disease may be found in approximately 5–10% of
patients with unexplained elevation of aminotransferase
levels, even without gastrointestinal symptoms.50–52 This
finding is based on a recent study where celiac sprue was a
cause of asymptomatic aminotransferase elevation in 13 of
140 patients referred to the liver clinic.50 The presumptive
diagnosis can be made by the presence of decreased serum
levels of tissue transglutaminase-IgA antibodies (assuming
total IgA antibody level is normal). Upper endoscopy-guided
small bowel biopsy may be pursued afterwards to confirm the
diagnosis and to grade the disease.53 Most patients with
celiac disease and altered aminotransferase levels are found
to have mild steatosis and minimal inflammatory changes on
liver histopathology, with no relation to aminotransferase
levels or degree of steatosis.23

Aminotransferase elevation, especially that of AST, is very
non-specific as it is also abundantly present in other tissues,
such as striated muscles, red blood cells, etc. Apart from liver
disease, elevations in AST levels may also result from inborn
errors of muscle metabolism, acquired muscle disorders such
as myositis and rhabdomyolysis (from strenuous exercise),
and hemolysis.7 Screening for such conditions can be done by
serum creatinine kinase or aldolase levels.7

Although granulomatous disorders like tuberculosis, sar-
coidosis, amyloidosis and metastatic or primary hepatocellu-
lar carcinoma usually have ALP level alterations (up to 20-fold
rise in ALP depending upon the extent of involvement), they
can also have mild to moderate elevations of aminotransfer-
ase levels.

Table 3. Medications, illicit drugs and herbs reported to cause elevation
in liver enzyme levels49

Medications

� Antibiotics
8 Synthetic penicillin
8 Ciprofloxacin
8 Azoles
8 Isoniazid

� Anti-epileptics
8 Carbamazepine
8 Phenytoin

� HMG Co-A reductase inhibitors
8 Simvastatin
8 Atorvastatin
8 Pravastatin
8 Lovastatin

� Non-steroidal anti-inflammatory drugs
� Acetaminophen
� Sulfonylureas
8 Glipizide

Drugs and Substances of Abuse
� Cocaine
� Anabolic steroids

Herbs and Other Homeopathic Treatments

� Chaparral
� Chinese herbs: Ji bu huan, ephedra
� Gentian
� Germander
� Senna
� Shark cartilage
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Moderate/severe hepatocellular pattern of liver
enzyme elevation

This degree of enzyme elevation can be associated with (but
not limited to) ischemic/toxic damage to the liver, acute viral
hepatitis, medications, acute biliary obstruction and alcohol
abuse.27 This condition should be evaluated expeditiously,
since the rate of change in the degree of enzyme elevation
with respect to time is acute, especially if symptoms of
hepatic decompensation are present.

As with the mild pattern of liver enzyme elevation, inves-
tigation should begin with a thorough history-taking and
physical examination. Detailed review of the patient’s phar-
macologic chart is crucial to identifying hepatotoxic medica-
tions and herbal products.54–56 Risk factors for hepatitis can
be assessed in a fashion similar to that done for mild amino-
transferase elevation, which may help identify the cause and
drive the subsequent investigation. History of exposure to
risk factors may be lacking in some patients with acute viral
hepatitis. Clinical symptoms such as fatigue, arthralgia, low-
grade fever or jaundice are more common in patients with
acute hepatitis A (70–80%) or B (30–50%), as compared to

patients with acute hepatitis C (20%).4,57 Complaints of
abdominal pain, fever and jaundice (Charcot’s triad) would
point towards a diagnosis of acute biliary obstruction. Pres-
ence of shock (septic, cardiogenic, hemorrhagic, etc.) from
varied etiologies may indicate ischemic hepatitis (IH).58–60

Initial history-taking and physical examination should be
followed up with evaluating the magnitude and rate of change
of aminotransferase alteration with respect to time course of
injury, as it may provide a clue towards the differential
diagnosis.27 Ischemic or toxic damage to the liver usually
causes extremely high aminotransferase levels in about
90% of the cases (>75 times the ULN) in contrast to viral
hepatic injury, in which such high levels are usually not
present. Biochemical features of common causes of moderate
to marked increase in aminotransferase levels are outlined in
Table 5.

IH

IH typically presents with acute rise and rapid decrease of
aminotransferase levels, including lactate dehydrogenase
(LDH), to normal values within a few days. Levels of
enzymes are extremely high, with peak values quite often
reaching >5000 U/L. The ALT/LDH ratio is typically <1. AST
levels usually peak before those of ALT because of the
enzyme’s peculiar intra-lobular distribution.59–61 Rise in glu-
tamate dehydrogenase (GLDH) signifies ischemic insult to the
liver as the enzyme is localized in the center of the lobule
(zone 3 of the acinus), which is most prone to hypoxic
injury. In about 80% of patients with ischemic injury, the
serum bilirubin level is lower than 34 mg/dL.

It is essential to note that a decline in aminotransferase
levels alone does not necessarily signify improvement in the
patient’s condition, since both resolution and massive hepatic
necrosis may demonstrate a similar biochemical picture.
Measurement of serum bilirubin and prothrombin time helps
differentiate the two scenarios and should be closely moni-
tored in the latter case for the potential risk of hepatic failure.
There are no specific serologic tests to diagnose ischemic liver
injury. A low threshold for diagnosis should be maintained in
low-flow hemodynamic states, and prognosis depends on the
underlying illness.27

Table 4. Extrahepatic causes of elevated serum aminotransferase
levels23

Myocardial infarction

Muscle disease

� Hereditary (dystrophies, metabolic abnormalities)
� Acquired (myositis, traumatic rhabdomyolysis*, cramps)

Hyper- and hypothyroidism

Addison’s disease

Celiac disease

Inflammatory bowel disease

Congestive heart failure

Heat stroke

Malignant hyperthermia

Strenuous physical activity
*In acute rhabdomyolysis, initially the AST-ALT ratio is >3, but secondary to
shorter half-life and faster decrease of AST levels, the ratio approaches 1 after a
few days. Therefore, patients with chronic muscle disease have approximately
equal serum AST and ALT concentrations.

Table 5. Biochemical features of common causes of moderate to marked increase in aminotransferase levels27

Cause

Aminotransferase
level increase
(value 3 URL)

Bilirubin level
increase
(value 3 URL) Comments

Ischemic injury >10 to >50 <5 AST > ALT; rapid rise and fall of aminotransferase levels;
ALT/LDH ratio <1; presence of comorbid conditions

Toxic injury >10 <5 AST > ALT; rapid rise and fall of aminotransferase levels;
history indicative of toxic injury

Acute viral hepatitis 5–10 to >10 5–10 Slow decrease of aminotransferase levels; presence of risk
factors

Acute biliary
obstruction

5–10 5–10 to >10 Aminotransferase increase may precede cholestasis;
Charcot’s triad

Alcoholic hepatitis 5–10 5–10 to >10 AST/ALT ratio >2; may occur as both acute and
acute-on-chronic injury
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Toxins/medications

The pattern of enzyme alteration is similar to that of IH.
Laboratory testing is only reserved for cases of acetaminophen
poisoning for which drug serum levels can be measured.
Interpretation of a toxic level depends on the time since
ingestion of acetaminophen using the Rumack-Matthew nomo-
gram, which serves as a helpful guide to therapy.62

Acute viral hepatitis

ALT levels are higher than AST levels in uncomplicated acute
hepatitis A and B, with both levels being well above 1,000 U/L,
contrary to hepatitis C where there is a moderate elevation in
liver enzymes.63 Decline of aminotransferase levels typically
occurs slowly and gradually over several weeks. A rapid, pre-
cipitous fall within several days is prognostically unfavorable,
indicating “exhaustion” of the liver. It is suggested to monitor
the hepatic synthetic function (e.g., prothrombin time) in
such situations, as there is risk for potential liver failure.23

Enzyme levels usually peak before jaundice appears, and
there is a greater increase in serum bilirubin levels compared
to ischemic/toxic injury. About 70% of cases of acute hepati-
tis A, 33–50% of cases of acute hepatitis B and 20–33% of
cases of acute hepatitis C present with jaundice as one of the
clinical signs.4

Hepatitis A IgM and hepatitis B core IgM (IgM anti-HBc)
antibodies, HBsAg and HCVantibodies can be tested as part of
the laboratory evaluation for acute viral hepatitis. If HCV
antibodies are positive, it may be beneficial to test further for
HCV RNA, in order to differentiate between a past and an
acute infection. Although these patients are at very low risk of
developing acute hepatic failure, recent data shows that they
may benefit from early therapeutic intervention to prevent
chronic complications.64 Hepatitis D can only occur in patients
that are positive for HBsAg, as it requires viral particles of HBV
for its own replication and infection. Therefore, testing for
hepatitis D should only be done in patients that are positive
for HBsAg. Additionally, in the case of moderate to severe
elevation of aminotransferase levels, testing for acute hepa-
titis E (IgM of hepatitis E virus) should also be considered in
those returning from endemic areas and whose tests for acute
hepatitis A, B and C are negative.

Once the most frequent causes of moderate to severe
aminotransferase alteration have been ruled out, the clini-
cian should broaden the differential diagnosis to include
minor hepatitis viruses (e.g., hepatitis E, Epstein–Barr
virus, cytomegalovirus, etc.), WD, hemochromatosis, and
autoimmune, extrahepatic and congenital causes.6–8,65

Up to 49% of patients with AIH present with moderate
increase in aminotransferase levels and jaundice.45,48,57

Patients with acute extrahepatic biliary obstruction can
have very high AST levels (up to 10 times the ULN, with
peak >50 times the ULN in 1–2% of patients) that rapidly
decrease once the biliary tree is decompressed.4,66–68 Find-
ings of dilated bile ducts on ultrasound/magnetic resonance
cholangiopancreatography (MRCP) usually provide definitive
diagnosis.

If there are signs of acute liver failure, urgent hepatology
consultation with referral to a liver transplant center should
be undertaken immediately. Finally, if all diagnostic evalua-
tion is negative for moderate to severe aminotransferase
elevation, a liver biopsy should be considered if the patient is
medically stable.

Cholestasis

Elevated ALP

ALP is an enzyme that is responsible for transportation of
metabolites across the cell membrane. Liver and bone dis-
eases are the most common causes of pathological ALP level
elevation. In some patients, the cause of ALP elevation could
be physiological (i.e. pregnant women, adolescents). The
degree and rate of elevation may provide only minor clues
to the diagnoses however, and the patient’s history and
physical exam findings may help significantly in reaching
the diagnosis. Obtaining GGT levels and a liver ultrasound
may provide valuable results.

Ultrasound or other imaging modalities can exclude biliary
obstruction or suggest an infiltrative process. Elevated GGT in
conjunction with high ALP levels points to hepatobiliary injury.
Drug-induced injury may produce a cholestatic pattern but
liver ultrasound is usually unremarkable.27 If a drug is the
suspected cause, the ALP measurement should be repeated
after discontinuation of the drug (at 6–8 weeks). If the initial
evaluation points to a specific disease, disease-specific
markers should be obtained. If the markers are negative
and ALP is still elevated, other diagnostic modalities, including
liver biopsy, endoscopic retrograde cholangiopancreatogra-
phy and/or MRCP, should be performed.13

Some other diseases that can lead to elevated ALP are
primary biliary cholangitis (PBC) and primary sclerosing
cholangitis (PSC). PBC is characterized by a persistent immu-
nological attack on the bile ducts that eventually results in
cirrhosis and liver failure. The diagnosis of PBC is established
when there is no extrahepatic biliary obstruction and no other
co-morbid disease affecting the liver present, along with at
least two of the following criteria: 1) ALP of at least 1.5 times
the ULN; 2) presence of antimitochondrial antibodies (AMA)
at a titer of 1:40 or higher; and 3) histological evidence of the
disease process.69 PSC is a chronic progressive disease of
unknown etiology that is characterized by inflammation, fib-
rosis, and stricturing of medium and large ducts in the intra-
hepatic and/or extrahepatic biliary tree that will eventually
lead to complications of cholestasis and liver failure. Other
than the usual cholestatic pattern of the liver chemistries,
the radiographic findings include abnormal-appearing bile
ducts with wall thickening, dilations and strictures. Liver
biopsy is required for patients with suspected small duct
PSC or if other conditions such as an overlap syndrome with
AIH is being considered.70–72

Elevated GGT

GGT, amembraneenzyme, is amarkerof hepatobiliary disease.
Alcohol and some drugs can induce GGT. Because this enzyme
is highly inducible and lacks specificity, extensive evaluation of
an isolated elevation in an otherwise asymptomatic patient is
not indicated.13

Isolated hyperbilirubinemia (elevated bilirubin)

Unconjugated bilirubin, a product of hemoglobin catabolism,
is transported to the liver. In the liver, UDP-glucuronyl trans-
ferase conjugates the unconjugated bilirubin with glucuronic
acid and conjugated bilirubin is then excreted into the bile.
The first step in evaluating a patient with isolated hyper-
bilirubinemia is to fractionate the bilirubin to determine if the
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level is predominantly conjugated or unconjugated. Uncon-
jugated bilirubin may increase if the production increases
(e.g., hemolysis) or hepatic uptake/conjugation decreases
(e.g., Gilbert’s syndrome).

Increase inconjugatedbilirubin isduetodecreasedexcretion
into the bile or leakage from the hepatocytes into serum. In the
caseofunconjugatedhighbilirubin, theevaluation forhemolysis
includes serum hemoglobin and haptoglobin levels and retic-
ulocyte count. When hemolysis is ruled out, other causes of
impaired hepatic uptake or conjugation should be considered.
These causes include certain drugs (i.e. rifampin), Gilbert’s
syndrome, and Crigler-Najjar syndromes (type I and II). In the
case of conjugated high bilirubin, if the ALP and GGT levels are
normal, the two rare inherited conditions of Dubin-Johnson
syndrome and Rotor syndrome should be considered.13,27

Isolated abnormalities of tests of liver synthetic
functions

Abnormalities in tests such as prothrombin time and serum
albumin should be evaluated based on the predominant
pattern of liver-associated enzymes abnormalities. Other
extrahepatic causes of such abnormalities should be consid-
ered as well.11,12

When to consult a specialist

It is reasonable to consult a gastroenterologist/hepatologist if
there is an unexplained, persistent liver-associated enzyme
elevation of >2 times the ULN for ALT/AST or 1.5 times the
ULN for ALP. ULN for ALT/AST is considered to be 30 interna-
tional units/L for men and 20 for women.3

Conclusions

Elevation of liver enzymes is one of the most common
problems encountered in the primary care setting and it
presents many challenges, even for experienced clinicians.
History-taking and physical examination is very important for
diagnosis. Laboratory testing can be used based on the
pattern of the elevation and the degree of elevation, in
order to determine the diagnosis. A systematic approach is
recommended to help the clinician find the cause of elevation.
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