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ABSTRACT

Liver test abnormalities are commonly found in ambulatory patients. The liver function tests are routinely
included in chemistry panels. According to the American Gastroenterological Association (AGA), 1-4% of
the asymptomatic population may have elevated serum liver chemistry. The majority of asymptomatic patients
with liver test abnormalities have no evidence of liver disease. Unfortunately, abnormal results for liver function
are often not adequately investigated, missing an important chance of identifying treatable chronic liver disease.
Potential causes of liver aminotransferase elevation are originated from hepatic causes (viral hepatitis, alcohol
use, medication use, steatosis and non-alcoholic steatosis hepatitis, autoimmune hepatitis, hemochromatosis,
Wilson's disease, a-antitrypsin deficiency) and non hepatic causes. In the majority patients (92%,) with chronically
elevated aminotransferase tests, etiologies of the liver disease could be diagnosed through close clinical approach,
which includes: history taking, physical examination, and blood tests. If elevation persists after an appropriate
period of observation, further testing may include ultrasonography and other serum studies. In about 8% of
patients with chronic abnormal alanine aminotransferase levels no cause is found. So, if liver test abnormalities
cannot be explained by other findings, liver biopsy examination can help to exclude serious liver disease or
disclose the nature and severity of liver disease.
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ABSTRAK

Gangguan tes fungsi hati cukup sering dijumpai pada pasien rawat jalan. Berdasarkan the American
Gastroenterological Association (AGA), 1-4% dari populasi yang tidak mengalami keluhan mengalami
peningkatan enzim hati. Mayoritas dari pasien tersebut ternyata terbukti tidak menderita penyakit hati. Namun
gangguan fungsi hati yang terjadi sering tidak diinvestigasi secara memadai, sehingga penyakit hati kronis
yang bersifat dapat disembuhkan tidak dapat teridentifikasi. Penyebab peningkatan aminotransferase dapat
berasal dari virus hepatitis, alkohol,obat-obatan, steatosis dan non alkoholik steatohepatitis, hepatitis autoimun,
hemokromatosis, penyakit Wilson, dan defisiensi o-antitripsin. Melalui pendekatan klinis yang tepat, 92%
pasien yang mengalami peningkatan aminotransferase kronis dapat diketahui etiologinya, melalui anamnesis,
pemeriksaan fisik dan laboratorium. Apabila kadar aminotransferase masih meningkat diperlukan pemeriksaan
ultrasonografi dan pemeriksaan laboratorium lainnya. Sedangkan sejumlah 8% pasien dengan peningkatan kronis
aminotransferase tidak diketahui penyebabnya. Apabila penyebab peningkatan aminotrasferase masih belum
ditemukan maka diperlukan pemeriksaan biopsi hati untuk menyingkirkan adanya penyakit hati yang serius.

Kata kunci: peningkatan enzim hati transaminase, pasien tanpa gejala, penyakit hati kronis

INTRODUCTION are above and 2.5% are below 2 standard deviation).

Normal laboratory values are defined as the mean of ~ Normal laboratory values may vary according to age,
the distribution + 2 standard deviations of the normal e, blood group, and postprandial state as well as other
population. Therefore, by definition, 5% of normal  factors. If the result of laboratory values is normal or
patients will have abnormalities of any given test (2.5%  slightly increase, it does not ensure that the patient is
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free from the disease.! Liver disease is often reflected
by abnormal results of at least one of the liver function
test (serum liver enzymes). These serum liver enzymes
are commonly referred to liver function tests, though
they actually reflect hepatocyte integrity or presence
of cholestasis rather than liver function.?

In 1989, a panel of 12 European and American
experts by consensus defined liver injury as an
increase of more than twice the upper limit of the
normal range of alanine aminotransferase (ALT)
or conjugated bilirubin, or a combined increase of
aspartate transaminase (AST), alkaline phosphatase
(ALP), and total bilirubin.’ Isolated alterations of
biochemical markers of liver damage in seemingly
healthy patient can present a challenge for the clinician.
Mild elevation in liver chemistry tests, such as ALT
and AST can reveal serious underlying disease or have
transient and benign etiologies. These liver chemistry
tests often are part of standard laboratory panels in
asymptomatic outpatients, similar to screening test for
blood donors and for life insurance applicants.?

According to the American Gastroenterological
Association (AGA), 1-4% of the asymptomatic
population may have elevated serum liver chemistry.!
Kundrotas et al, conducted a study in a population
of asymptomatic US Air Force basis trainee blood
donors. Of 44,160 individuals screened, 19,877 (45%)
voluntarily donated blood, 99 (0.5%) of which had
confirmed ALT elevation (ALT > 2.25 standard deviation
or ALT > 55 IU/L). Abnormal results for liver function
are often not adequately investigated, missing an
important chance of identifying treatable chronic liver
disease.* Sherwood et al, underwent a study to determine
whether abnormal results for liver function test were
investigated in primary care and findings on full
investigation. Of 8,208 tests for liver function requested
by doctors in the six months period, they identified 873
patients with abnormal results (y-glutamyltransferase,
alkaline phosphatase and ALT concentrations at least
twice the upper limit of the reference range). Of 873
patients, 157 (18%) were not appropriately followed up.
With the reason, this article reviews the interpretation
and how to manage an asymptomatic patient with mild
elevation of liver aminotransferase levels.’

AMINOTRANSFERASE ENZYME

Aminotransferases (ALT and AST) constitute
a group of enzymes that catalyze the interconversion
of amino acids and alpha-oxoacids by transfer of
amino groups. These enzymes have been suggested as
enzymes of greatest clinical significance.

Aspartate aminotransferase (AST) is one of
the most active enzymes in the cell, which exists in
mitochondrial and cytosolic variants, and the detailed
iso-enzyme pattern is tissue-specific. Besides in liver
cells, AST is also abundantly expressed in several non
hepatic tissues including heart, skeletal muscle, and
blood, kidney, pancreas, spleen, lung and erythrocytes.
AST escapes in large amounts from dead or dying
tissues and enters the bloodstream. Therefore, it is often
measured in blood samples for medical diagnostic
purpose and evaluation of liver and heart disease.

Alanine aminotransferase (ALT) exists in
mitochondrial and cytosolic variants. The detailed iso-
enzyme pattern is tissue-specific. High concentrations
of ALT are found in the liver, and relatively low
concentrations are found in the heart, muscle and
kidney. So it is frequently considered specific for
hepatocelullar injury. It escapes in large amounts from
dead or dying tissues and ALT may be measured in
blood samples for medical diagnostic purposes and to
monitor the course of treatment for hepatitis. Injury
to the liver, whether acute or chronic, eventually
results in an increase in serum concentrations of
aminotransferases. Increased serum levels of ALT
and AST indicate hepatocyte injury and necrosis. The
increase of absolute level of these aminotransferases
(enzymes) in serum does not correlate with the extent
of the hepatocellular injury and is neither specific for
the cause of liver disease nor predictive of outcome.>®

There are four major types of liver injury:
hepatocellular, autoimmune, cholestasis and
infiltrative. The predominant laboratory abnormality
defines the pattern of injury. A hepatocellular pattern
is marked by isolated or predominant elevations
of serum transaminase. Cholestasis and infiltrative
patterns, in contrast, have elevation in serum alkaline
phosphatase with normal or mild elevations in serum
aminotransferase. An autoimmune mechanism
can present with either a hepatocellular pattern if
hepatocytes are involved (autoimmune hepatitis)
or cholestatis if the immune mechanism targets the
billiary ducts (e.g. primary billiary cirrhosis).”

The measurement of serum aminotransferase
levels has been in clinical practice for 50 years, and
the normal values have not changed. However, recent
studies from Italy, Sweden, and France have shown that
increased ALT levels not only indicate hepatocellular
damage, but also correlate independently with sex,
body mass index (BMI), and abnormal lipid and
carbohydrate metabolism, and strenuous exercise.>”*
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Serum ALT activity, the variable most commonly
measured to assess hepatic disease, fails to identify many
patients with hepatic injury. Prati et al, proposed to revise
the upper limit of normal value for ALT to improve
the sensitivity of this test in identifying subclinical liver
disease.” Current upper limit for ALT is 30 U/L for
female and 40 U/L for male. This study redefined ALT
limits in blood donors at low risk for non-alcoholic fatty
liver disease (NAFLD) and without hepatitis B or C to
19 U/L for female and 30 U/L for male. When applied
to 209 anti HCV positive donors, the new thresholds had
76.3% sensitivity and 88.5% specificity in identifying
patients with hepatitis C viremia compared with 55%
and 97.4% for previous thresholds.

The magnitude of aminotransferase alteration can
be classified as mild, moderate and very high.2¢ Very
high aminotransferase enzyme (> 15-fold the upper
normal limit) are typically seen in acute viral hepatitis,
toxin or drugs induced liver damage, ischemic hepatitis,
hepatic artery ligation and fulminant Wilson’s disease.
Moderate increase of aminotransferase (5-10-fold) can
be seen in many form of acute and chronic liver disease,
including viral and autoimmune hepatitis, alcoholic
hepatitis, and hepatic injury caused by metabolic
diseases, such as hemochromatosis or Wilson’s disease.
Mild increase (< 5-fold) aminotransferase levels can
be seen in many causes (Table 1).

Table 1. Causes of mild increases in ALT and AST levels'"

Causes Diseases Work up
Hepatic Alcohol abuse ALT/AST ratio > 2.0
causes Medications None
Chronic hepatitis B HBsAg, HBeAg, HBV DNA
Chronic hepatitis C  Anti HCV, HCV RNA
Steatosis and non- Biopsy
alcoholic steatosis
hepatitis
Autoimmune Serum protein electrophoresis
hepatitis Antinuclear antibody
Anti-smooth muscle antibody
Hemochromatosis  Transferrin saturation 45%
HFE gene analysis for C282Y
mutation
Wilson’s disease Genetic analysis
Low serum copper, high urine
copper
Kayser-Fleischer ring
a-antitrypsin A1AT phenotyping
deficiency
Nonhepatic Celiac sprue Antiendomysial and antigliadin
causes antibodies

Inherited disorders of
muscle metabolism

Aquired muscle Creatinine kinase/aldolase
disease level

Strenuous exercise

ALT: alanine aminotransferase; AST: aspartate transaminase; HBsAg: hepatitis
B surface antigen; HBeAg: hepatitis B e-antigen; HCV: hepatitis C virus; DNA:
deoxyribonucleic acid; RNA: ribonucleic acid
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It is not always possible to distinguish acute from
chronic hepatic injury according to the aminotransferase
levels. Although chronic hepatic injury is defined
pathologically, patients with abnormal liver function
test ALT for > 6 months are considered to have chronic
hepatic injury. Most patients with chronic hepatitis C
(the most common form of chronic hepatic injury)
have ALT values one to four times the upper reference
limit and 90% have maximum ALT less than seven
times the upper reference limit. The best values for
recognizing acute hepatic injury were 200 U/L for
AST with sensitivity of 91% and specificity of 95%,
while 300 U/L for ALT with sensitivity of 96% and
specificity of 94%.1°

ETIOLOGY OF MILD AMINOTRANSFERASE
ELEVATION

The most common etiologies for chronic liver
amonitransferase levels are alcohol use, non-alcoholic
fatty liver disease, viral hepatitis, and other rare
etiologies (autoimmune hepatitis, hereditary liver
diseases).>!!2 Chronic hepatitis C was diagnosed
in 15.3% of patients, alcoholic liver disease in 8%,
autoimmune hepatitis, primary billiary cirrhosis in
1.3% each, a-1 antitrypsin deficiency in 0.7%, and
non-alcoholic steatohepatitis and or steatosis in
42%, and 36 (24%) patients had chronic hepatitis of
unknown origin."”® The cause of an elevated alanine
amonitransferase levels may be divided into hepatic
causes and nonhepatic causes (Table 1).

NON-ALCOHOLIC FATTY LIVER DISEASE

There are 2 histologic patterns of non-alcoholic
fatty liver disease (NAFLD): non-alcoholic fatty
liver and non-alcoholic steatohepatitis (NASH).
NAFLD is the most common cause for unexplained
persistent elevation of ALT level once hepatitis C
and other known causes of chronic liver disease have
been excluded. Most patients with NAFLD in cross
sectional studies are asymptomatic. Obesity is the most
common abnormality on physical examination and is
present in 30-100% patients. Most patients with NASH
(50-90%) have abnormal aminotransferase activities.
The degree of enzyme elevation is between 1 and 4
times the upper limit of normal values. There is no
accurate noninvasive method to diagnose NASH. There
are four sonographic findings of diffuse fatty change
in the liver: (1) a diffuse hyperechoic echostructure
(bright liver), (2) increased liver echostructure
compared with kidney, (3) vascular blurring, (4)
deep attenuation. In a small retrospective study,
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a combination of these parameter allowed diagnosis
of fatty liver with sensitivity of 83% and specificity of
100%.'*!5 The gold standard for diagnosing NAFLD is
clinico-pathological correlation, with confirmation of
steatosis by liver biopsy and exclusion of other causes
(e.g. alcohol).!

Drug-related Hepatotoxicity

It is important to recognize the pattern of liver injury,
since certain drugs tend to create injury predominantly
according to one pattern or the other, these include:
(1) hepatocellular (e.g. amiodarone, acetaminophen,
allopurinol, isoniazid, statin, rifampicin, etc),
with elevated ALT predominantly; (2) cholestatic
(e.g. amoxicillin-clavulanic acid, chlorpromazine,
clopidogel, irbesartan, etc), with elevated ALP and total
bilirubin predominantly; (3) mixed (e.g. amitryptyline,
captapril, clindamycin, enalapril, verapamil, etc) with
elevated ALP and ALT predominantly. In most cases,
there is no effective treatment other than stopping the
drug and providing general supportive care. Prompt
use of N-acetylcysteine after acetaminophen overdose
and intravenous carnitine for valproate-induced
mitochondrial injury are exceptions.?

Chronic Viral Hepatitis

In chronic hepatitis B, AST and ALT may return to
normal despite persistence of infection. Liver biopsy
and treatment should be considered in patients with
positive test for hepatitis virus, DNA and hepatitis B
e antigen. The natural history of hepatitis C is quite
variable. In acute HCV infection elevation in serum
ALT levels occurs approximately 2-8 weeks after
exposure. Although the definition of chronic hepatic
injury by increased ALT is widely accepted, 15-50%
patients with chronic hepatitis C have persistently
normal ALT. Nafees et al, conducted a study to find out
how many subjects with asymptomatic HCV infection
have normal or elevated serum AST and ALT levels.
They revealed that 90.76% and 87.45% of patients had
elevated AST and ALT respectively.'” The majority of
patients with persistent normal ALT had histologic
evidence of chronic hepatitis on biopsy but, in general,
had milder inflammation, less fibrosis, and lower rates
of progression to cirrhosis than HCV patients with
increased ALT. Patients infected with HCV genotypes
2 and 3 had sustained virological response rates over
80%, after treated by daily ribavirin and peg-IFN-a.'*"

Therefore, it arises a question: should all patients
with abnormal liver function tests in primary care
be tested for chronic viral hepatitis? David et al,
recommended that all patients should undergo viral
test where a clear clinical indication of infection is

present (e.g evidence of intravenous drug use) or all
patients who originated from countries where viral
hepatitis is prevalent.?

Autoimmune Hepatitis

The presentation of autoimmune hepatitis is
heterogeneous, and the clinical course may be
characterized by periods of decreased or increased
activity; thus, clinical manifestations are variable.
The spectrum of presentation ranges from no symptoms to
debilating symptoms and even fulminant hepatic failure.
The laboratory abnormalities in general, aminotranferase
elevations are more striking than abnormalities in
bilirubin and alkaline phosphatase levels. A useful
screening test is serum protein electrophoresis (more
than 80% patients have hypergammaglobulinemia).
Additional test that are commonly ordered include
serologic test for antinuclear antibody (ANA), anti-
smooth muscle antibody (ASMA), and liver-kidney
microsomal antibodies. Furthermore, a liver biopsy is
essential to confirm the diagnosis.?!*

Type 2 Diabetes

Individuals with type 2 diabetes have a higher
incidence of liver function test abnormalities than
individuals who do not have diabetes. The most
common abnormality is elevated ALT. Mild chronic
elevation of aminotransferase often reflects underlying
insulin resistance. Any diabetic patient found to have
a mild chronic elevation of ALT, or elevation of ALT
< 250 U/L for > 6 months should be screened for
treatable causes of chronic liver disease, particularly
hepatitis B, or C, and hemochromatosis, there is
increased incidence of the diseases in type 2 diabetes.
Elevation of aminotransferase within three times the
upper limit of normal values is not a contraindication
for starting oral diabetic or lipid modifying therapy.
In contrast, antidiabetic agents have generally been
shown to decrease ALT levels as tighter blood glucose
levels are achieved.”

Alcohol Use

The diagnosis of alcohol abuse can be difficult
because many patients conceal information about their
alcohol use. This diagnosis is supported by the finding
of ratio of AST to ALT > 2 : 1. In a study of a hundreds
of patients who had histologically confirmed liver
disorders, more than 90% of patients who had ratio AST
to ALT > 2 : 1, had alcoholic liver disease. The increase
ratio reflects primary the low serum activity of ALT
in patients with alcoholic liver disease. This decrease
is due to an alcohol-related deficiency of pyridoxal
S-phosphatase. Measurement of y-glutamyl-transferase
may also be helpful in diagnosing alcohol use.”!
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Other Causes

Hereditary hemocromatosis, Wilson’s disease and
a-antitrypsin deficiency are sometimes detected in
clinical practice. Hereditary hemochromatosis is a
common genetic disorder. Cost effective screening
starts with the measurement of serum iron and total
binding capacity. A transferring-saturation value
> 45% 1is suggestive of hemocromatosis. A liver
biopsy should be performed in assessing hepatic iron
and the severity of liver damage. Wilson’s disease,
a genetic disorder of biliary copper excretion, may
cause elevated aminotransferase levels in patients
with no other symptom of the disease. In Wilson’s
disease, serum ceruloplasmin will be reduced in
approximately 85 % of affected patients. In 24-
hour urine collection, excretion of more than 100
uq of copper/day is suggestive of Wilson’s disease.
The diagnosis is usually confirmed by liver biopsy to
measure hepatic copper levels. a-antitrypsin deficiency
is an uncommon cause of chronic liver disease.
Decreased level of a-antitrypsin can be detected
either by direct measurement of serum levels or by
the lack of a peak in a-globulin bands on serum protein
electrophoresis. The best diagnosis is established by
phenotype determination.'®*' Occult coelic sprue is
recognized as a cause of raised aminotransferases.
Antiendomysial and antigliadin antibodies are useful
confirmatory tests.?* Elevated serum amonitransferase
levels, especially AST levels, may be caused by
disorders that affect organs or tissues other than
the liver, with the most common affected organ being
the striated muscle. Conditions or activities that can
cause such elevations include subclinical inborn errors
or muscle metabolism, acquired muscle disorders, such
as polymyositis, and strenuous exercise (e.g. long-
distance running).*!

Smita et al, reported a clinical case study, an
asymptomatic patient, 66 years old female with
persistent increase of aminotrasferase. A physical
examination revealed a healthy appearing female
with no obvious abnormalities. All laboratory studies
revealed normal results (including ALT, except
an isolated increase in AST (544 U/L). They also
concluded that persistent increase of AST was caused
by a macroenzyme form. Macroenzymes are usually
present due to the formation of an autoantibody
enzyme complex, which has a higher molecular mass
and a delayed clearance that leads to an increase
in the amount of circulating enzyme. Identifying
and documenting macroenzymes help preventing
additional expensive testing and treatment.*
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CLINICAL APPROACH

Through close clinical approach, the majority
patients (92%) with chronically elevated liver function
tests were able to be diagnosed with the etiologies of
the liver disease by history taking, physical examination,
blood tests.!? The history taking should be directed to
identify risk factors for disease, with special attention
on family history, medications, vitamin, herbal
supplements, drug use, alcohol use, and blood product
transfusions. The other significant health condition
that can cause or augment liver transaminase elevation
should be noted (type 2 diabetes, heart disease, thyroid
disease, muscle disease, cancer) (Figure 1).6%

About 4-6 weeks after that, repeating liver
biochemical tests may be helpful to exclude spurious
results. When more than one of these tests provide
abnormal findings, or the findings are persistently
abnormal on serial determinations, the probability of
liver disease is high. When all test results are normal,
the probability of missing occult liver disease is low.?’

When the liver biochemical tests are still abnormal,
other laboratories examination (ALT, AST, alkaline
phosphates, bilirubin, albumin, prothrombin time,
complete blood count, hepatitis A, B, C serologies and
iron studies) should be done. Commonly, liver function
tests are transiently abnormal after alcohol excess,
minor viral illness, or drug reaction. An abnormal test
result should be repeated after several weeks after
lifestyle modification are conducted. Effective lifestyle
modification includes complete abstinence from
alcohol, control of diabetes and hyperlipidemia, weight
loss in overweight, stopping hepatotoxic medications
and supplements. In Sherwood et al, the abnormal test
result resolved spontaneously in 38% of patients.’

Additional laboratory tests should be obtained
when repeated liver biochemical were still elevated.
Further serologic evaluation: ANA, anti-smooth
muscle antibodies, ceruloplasmin, a-antitrypsin,
antiendosmysial and anti-tissue transglutaminase
antibodies, and imaging (ultrasound, CT, MRI, as
indicated) could be done. Ultrasound of the liver is
especially performed if fatty infiltration is suspected
(obese individuals, diabetics and or hyperlipidaemic
patients).

The ability of clinicians deputes supported
by laboratory and the liver imaging techniques
to accurately diagnose patients with chronically
abnormal liver test may be limited. In many instances
imaging and biochemical testing cannot replace
liver biopsy examination for definite determination
of nature and extent of hepatic damage. Van Ness
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ALT or AST elevation (< 5 x upper normal limit)

History
Including medications, alcohol use, sexual history, tattoos, blood transfusions,
obesity, diabetes, hypertriglyceridemia, family history
Discontinue any hepatotoxic medications or hebs
Physical examination
Special emphasis on abdominal and skin examination, as well as joint and eye
findings and neurologic examination

y

4 weeks

Repeat liver biochemica

| tests to exclude spurious results

A

Initial serologic evaluation
ALT, AST, alkaline phosphates, bilirubin, albumin, prothrombin time, complete blood
count, hepatitis A, B, C serologies, iron studies (Fe, TIBC, ferritin)

Specific diagnosis _ Lifestyle modification
- Hepat!t!s A Ngga}tlve Discontinue alcohol and
- Hepatitis B initial hepatotoxic medications, weight
- Hepatitis C . serologic loss and optimization of diabetes
- Hemochromatosis finding control
- Further serologic,

6 months

biochemical, or genetic
characterization

A 4
Repeated liver biochemical tests

Still

Normalized

Further serologic evaluation
ANA, anti-smooth muscle antibodies, ceruloplasmin,
a-antitrypsin, anti-endosmysial and anti-tissue
transglutaminase antibodies

Observation

A 4

Liver biopsy

Figure 1. Evaluation of increased serum transaminase levels®

et al, conducted a study to determine diagnostic
usefulness of percutaneous liver biopsy in evaluating
patients with chronically liver-associated enzymes.
The ability to diagnose clinically fatty liver, chronic
necroinflammatory disease, and alcoholic liver disease
was 56%, 81% and 88%, respectively.?® In 8% of the
patients with chronic abnormal ALT levels no cause
is found.'” So, if liver test abnormalities cannot be
explained by other findings, liver biopsy examination
can help to exclude serious liver disease or disclose
the nature and severity of liver disease. Liver biopsy
can provide important prognostic and diagnostic
information regarding the cause of the liver disease
but should be performed only if the expected benefit
exceeds the small risk of the procedure.
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CONCLUSION

Isolated alterations of biochemical markers
of liver damage in seemingly healthy patient can
present a challenge for the clinician. Mild elevation
in liver chemistry tests such as ALT and AST can
reveal serious underlying disease or have transient
and benign etiologies. The majority patients with
chronically elevated amonitransferase tests were able
to be diagnosed with the etiologies of the liver disease
by history taking, physical examination, and blood
tests. The most common etiologies for chronic liver
transaminase levels are alcohol use, non-alcoholic
fatty liver disease, and viral hepatitis. In about 8% of
patients with chronic abnormal ALT levels no cause
was found. So, if liver test abnormalities cannot be
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explained by other findings, liver biopsy examination
can be considered to exclude serious liver disease or
disclose the nature and severity of liver disease.

REFERENCES

1.

10.

I1.

12.

13.

Richard MG, Flamm S. AGA Technical review on
the evaluation of liver chemistry tests. Gastroenterology
2002;12:1367-84.

Giannini EG, Tesa R, Savarino V. Liver enzyme alteration:
a guide for clinicians. CMAJ 2005;172:367-79.

Naverno VJ, Senior JR. Drug-related hepatotoxixity. N Engl
J Med 2006;354:731-9.

Kundrotas LW, Clement DJ. Serum alanine aminotransferase
(ALT) elevation in asymptomatic US Air Force basic trainee
blood donors. Dig Dis Sci 1993;38:2145-50.

Sherwood P, Lyburn I, Brown S, Ryder S. How are abnormal
results for liver function tests dealt with in primary care? Audit
of yield and impact. BMJ 2001;322:276-8.

Goessling W, Friedman LS. Increased liver chemistry in an
asymptomatic patient. Clin Gastroenterol Hepatol 2005;3:852-8.
Musana KA, Yale SH, Abdulkarim AS. Outpatient practice
management tips: test of liver injury. Clin Med Res
2004:2;129-31.

Robinson D, Whitehead TP. Effect of body mass and other
factors on serum liver enzyme levels in men attending for
population screening. Ann Clin Biochem 1989;26:393-400.
Prati D, Taioli E, Torre ED, Butelli S, Vecchio ED, Vianello L,
et al. Updated definitions of healthy ranges for serum alanine
aminotransferase levels. Ann Intern Med 2002;137:1-9.
Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS,
Seeff LB. Diagnosis and monitoring of hepatic injury II.
Recommendations for use of laboratory tests in screening,
diagnosis, and monitoring. Clin Chem 2000;46:2050-68.
Filho T, Neto A, Fernandes HS, Strauss E. Clinical significance
of elevated alanine aminotransferase in blood donors: a follow
up study. Liver Int 2004:24;575-81.

Daniel S, Tamir BM, Vasudevan G, Chan KM,
Blumenkehl M. Prospective evaluation of unexplained chronic
liver transaminase in asymptomatic and symptomatic patients.
Am J Gastroenterol 1999;94;3010-14.

Mathiesen UL, Franzen LE, Fryden A, Foberg U, Bodemar G.
The clinical significance of slightly to moderately increased
liver transaminase values in asymptomatic patients. Scan J
Gastroenterol 1999;34:85-91.

Volume 12, Number 2. August 2011

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

25.

26.

27.

28.

Sanyal AJ. AGA technical on non-alcoholic fatty liver disease.
Gastroenterology 2002;123:1705-25.

Tchelepi H, Ralls PW, Radin R, Grant E. Sonography of
diffuse liver disease. J Ultrasound Med 2002;21:1023-32.
Adams LA, Angulo P, Lindor KD. Non-alcoholic fatty liver
disease. CMAJ 2005;172:899-405.

Nafees M, Ditta A, Jafferi G. Clinical significance of elevated
serum aminotransferases levels in asymptomatic individuals
with hepatitis C infections. Annals 2010;16:174-8.

Asian Pacific Association for the study of the Liver consensus
statements on the diagnosis, management and treatment of
hepatitis C virus infection. Asia Pacific Association for the
Study of the Liver (APASL) Hepatitis C Working Party.
J Gastroenterol Hepatol 2007;22:615-33.

Hoofnagel JH. Hepatitis C: the clinical spectrum of disease.
Hepatology 1997;26 (Suppl 1):15-20.

David TA, Bentham LM, Jacob RP, Lilford RJ, Girling AJ.
Should patients with abnormal liver function tests in primary
care be tested for chronic viral hepatitis: cost minimization
analysis based on a comprehensively tested cohort. BMC
Family Practice 2011 [cited 2011 Jun 11];12:9. Available
from: URL: http://www.biomedcentral.com/1471-2296/12/9.
Pratt DS, Kaplan MM. Evaluation of abnormal liver
enzyme results in asymptomatic patients. N Engl J Med
2000;342:1266-71.

Krawitt EL. Autoimmune hepatitis. N Engl J Med 2006;354;54-66.
Elizabeth HH. Elevated liver function tests in type 2 diabetes.
Clin Diabet 2005;23:115-9.

Limdi JK, Hyde GM. Evaluation of abnormal liver function
tests. Postgrad Med J 2003;79:307-12.

Smita K, Kevin MK, Mitchell GS. Persistent increase in
aspartate aminotransferase in an asymptomatic patient. Clin
Chem 2009;8:1573-7.

Giboney PT. Mildly elevated liver transaminase levels in
the asymptomatic patient. Am Fam Physic 2005;71:1105-10.
Pratt DS, Kaplan MM. Evaluation of liver function. In: Kasper
DL, Fauci AS, Longo DL, Braunwald E, Hauser SL, Jameson
JL, eds. Harrison’s Principles of Internal Medicine. 16" ed.
New York: McGraw-Hill Med Publ Div 2005.p.1813-16.
Van Ness MM, Diehl AM. Is liver biopsy useful in
the evaluation of patients with chronically elevated liver
enzymes? An Intern Med 1989;111:473-8.

Correspondence:

Suharjo Brata Cahyono

Department of Internal Medicine, Charitas Hospital

JI. Jend. Sudirman No. 1054 Palembang 30129 Indonesia
Phone/facsimile: +62-711-353374/5

Email: charitas@rscharitas.com

115



