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Abstract. — Because the liver performs
multiple functions, no single laboratory test or
battery of tests is sufficient to provide a complete
estimate of the function of the liver in every clini-
cal situation. A broad array of biochemical tests
are used to assess the many functions of the liver
and to evaluate patients with suspected or estab-
lished liver disease. These tests are referred to
collectively as “liver function tests” (LFTs).

LFTs are used to screen people for the pres-
ence of liver disease, suggest the underlying
cause, estimate the severity, assess prognosis,
and monitor the efficacy of therapy. Abnormal
LFTs may be the first indication of sub clinical
liver disease and may thereby guide further diag-
nostic evaluation. After the existence of hepatic
dysfunction is recognized, the specific pattern of
liver test abnormalities may suggest the catego-
ry of the underlying liver disease, such hepatitis,
biliary obstructions, or infiltrative liver disease.

The value of screening healthy, asymptomatic
persons for liver disease with the use of LFTs is
controversial and may not be cost-effective. If
screening is performed a panel of tests (e.g.,
AST, alkaline phosphatase, bilirubin, albumin) is
preferable to using a single test because of su-
perior sensitivity and specificity for liver disease
and lower cost than the sum of individually per-
formed tests.
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Introduction

Because the liver performs multiple func-
tions, no single laboratory test or battery of
tests is sufficient to provide a complete esti-
mate of the function of the liver in every clin-
ical situation. A broad array of biochemical
tests are used to assess the many functions of

the liver and to evaluate patients with sus-
pected or established liver disease. These
tests are referred to collectively as “liver
function tests” (LFTSs).

LFTs are used to screen people for the pres-
ence of liver disease, suggest the underlying
cause, estimate the severity, assess prognosis,
and monitor the efficacy of therapy.
Abnormal LFTs may be the first indication of
sub clinical liver disease and may thereby
guide further diagnostic evaluation* (Figure 1).
After the existence of hepatic dysfunction is
recognized, the specific pattern of liver test ab-
normalities may suggest the category of the
underlying liver disease, such hepatitis, biliary
obstructions, or infiltrative liver disease.
Additional testing may permit an assessment
of the severity of liver dysfunction, and certain
tests, especially when performed repeatedly,
may provide an estimate of prognosis. Finally,
sequential measurements of LFTs may be use-
ful in assessing response to therapy, as in the
case of declining serum aminotransferase lev-
els after therapy for chronic viral hepatitis.

There are limitations to the use of LFTs in
the diagnosis and management of liver dis-
ease. There are limitation in sensitivity and
specificity. LFT abnormalities rarely provide
a specific diagnosis but rather suggest a gen-
eral category of the liver disorder.

In approaching patients with liver disease,
it is helpful to classify laboratory tests into
several broad categories. These include tests
(1) that reflect injury to hepatocytes or bile
ducts, such as serum aminotransferase levels
(hepatocellular damage) and alkaline phos-
phatase levels (cholestasis); (2) that measure
the capacity of the liver to transport organic
anions and clear endogenous or exogenous
substances from the circulation, such as serum
bilirubin and bile acid levels; (3) that measure
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Figure 1.

the capacity of the liver to metabolise drugs;
(4) that measure hepatic synthetic function,
such as levels of serum albumin and coagula-
tion factors; and (5) that contribute to accu-
rate diagnosis in liver disease but do not nec-
essarily assess liver function, including levels
of immunoglobulin, specify autoantibodies,
and serologic tests for viral hepatitis.

General screening of the population for
chronic hepatic injury is not cost-effective
and should be limited to high risk individuals.
These include those with a family of genetic
disease known to affect the liver or risk fac-
tors for chronic viral infection (Table I).

= Screening for chronic hepatitis is recom-

mended in asymptomatic high-risk indi-
viduals

e ALT is the most cost-effective screening
test for metabolic or drug induced liver
injury; AST should also be measured
with history of alcohol abuse

= Specific viral serologies (HBsAg and anti-
HCV), as well as ALT, should be used in
individuals at high risk for viral hepatitis

= Confirmation of chronic HCV infection
in an anti-HCV-positive individuals
should be made by HCV-RNA tests; if
negative and ALT is increased, HCV-
RNA should be repeated

In patients with increased ALT, negative
viral markers, and a negative history for drug
or alcohol ingestion, the workup should in-
clude less common causes of chronic hepatic
injury



Laboratory evaluation of the patient with liver disease

Table I. Risk factors for chronic viral hepatitis.

Establishing risk factors

< Injection drug use

* Chronic hemodialysis

= Blood transfusion or transplantation prior to 1992
(HCV)

* Receipt of blood (including needlestick) from a
donor subsequently testing positive for HCV

* Receipt of clotting factor concentrates produced
before 1987

* Asian ancestry (HBV)
» Unvaccinated healthcare workers (HBV)
« Birth to mother with chronic HBV or HCV

Possible risk factors
= Body piercing or tattooing

* Multiple sexual partners or sexually transmitted
diseases

» Healthcare workers (HCV)
» Contacts of HCV positive persons

 Initial evaluation should include a de-
tailed drug history along with measurement
of HBsAg and anti-HCV. If anti-HCV is pos-
itive, chronic infection should be confirmed
by qualitative HCV-RNA measurement

e With persistently increased ALT and
negative viral markers, the workup should in-
clude anti-nuclear antibodies (ANAs) and
iron and iron-binding capacity (or unsaturat-
ed iron-binding capacity)

e In patients under age 40, ceruloplasmin
should also be measured

« In patients negative for these markers,
o,-antitrypsin phenotype may be usefuls

* NASH is the most common cause of
chronic hepatic injury other than viruses and
alcohol and the most common cause of cryp-
togenic cirrhosis

* Although NASH occurs most commonly
in middle-aged women with obesity and/or
diabetes, it also occurs in men and in patients
without these risk factors

 If these tests are negative or inconclusive,
diagnostic liver biopsy should be performed

Tests that Reflect Hepatobiliary Injury

Aminotransferase
The aminotransferase — aspartate amino-
transferase (AST) and alanine aminotrans-

ferase (ALT) — are the most frequently used
indicators of hepatic injury and represent
markers of hepatocellular necrosis.

It is important to note that ALT is relative-
ly liver-specific, whereas AST is found in
skeletal and cardiac muscle, kidney, brain,
pancreas, and blood cells, in addition to he-
patocytes.

Serum levels of AST and ALT are elevat-
ed to some extent in almost all liver disease.
The highest elevations occur in severe viral
hepatitis, drug- or toxin-induced hepatic
necrosis, and circulatory shock (ischemic he-
patitis)?.

Although enzyme levels may reflect the ex-
tent of hepatocellular necrosis, they do not
correlate with eventual outcome. Moderately
elevated levels of serum aminotransferase
(threefold to twenty fold) are typical of acute
or chronic hepatitis including viral hepatitis
and autoimmune, drug-induced, and alco-
holic hepatitis, whereas mild elevation (less
than threefold) are seen in fatty liver, non-al-
coholic steatohepatitis, drug toxicity, and
chronic hepatitis C.

Acute biliary tract obstruction may result
in elevation of AST and ALT of greater than
300 U/I; these levels peak early and decline
rapidly over 24 to 72 hours despite unre-
solved obstruction. Determinations of serum
aminotransferase have proved useful as
screening tests for sub clinical liver disease in
asymptomatic person* and an abnormal result
may lead to a diagnosis of hemocromatosis,
Wilson disease, or aj-antitrypsin deficiency
and non-hepatic disease, such as coeliac dis-
ease, Addison’s disease, and anorexia ner-
vosa. Elevated serum aminotransferase levels
have been found in as many as 40 percent of
adult patients® and 54 percent of childrens
with coeliac disease.

The ratio of AST to ALT in serum may be
helpful diagnostically. An AST to ALT ratio
of more than 2.0 is characteristically observed
in alcoholic liver disease. In viral hepatitis the
ratio of AST to ALT is typically less than 1.0.

If autoimmune hepatitis is a possibility,
testing for anti-nuclear and anti-smooth mus-
cle antibodies and serum globulins should be
performed. In a recent study from Spain’ a
serologic evaluation failed to reveal a cause
in 10 percent of patients with elevated serum
aminotransferase levels. Liver biopsy in these
10 percent disclosed chronic hepatitis or cir-
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rhosis (often attributable to occult viral infec-
tion) in approximately 50 percent of patients
and NAFLD or non-specific changes in the
remainder.

Alkaline Phosphatase

In the human body alkaline phosphatase
has been identified in liver, bone, intestine,
placenta, kidney, and leukocytes. In patients
with an elevated level of serum alkaline phos-
phatase, the source is the liver in a majority of
cases; but in up to one third of such individu-
als, no evidence of liver disease can be found.

The highest elevations of serum alkaline
phosphatase in patients with liver disease occur
in cholestatic disorders. Elevations occur as a
result of both intrahepatic and extra hepatic
obstruction to bile flow, and the degree of ele-
vation does not help to distinguish the two.

Elevated serum levels of alkaline phos-
phatase of hepatic origin also may result from
other infiltrative liver disease, such as ab-
scesses, granulomatous liver disease, and
amyloidosis.

Low levels of serum alkaline phosphatase
may occur in hypothyroidism, pernicious ane-
mia, zinc deficiency, and congenital hy-
pophosphatasia.

y-Glutamyl Transpeptidase

In liver disease y-glutamyl transpeptidase
activity in serum correlates well with serum
alkaline phosphatase levels. Serum y-glu-
tamyl transpeptidase is a sensitive test for he-
patobiliary disease and is the most sensitive
indicator of biliary tract disease. Rarely the
serum y-glutamyl transpeptidase level is nor-
mal in intrahepatic cholestasis.

An elevated y-glutamyl transpeptidase lev-
el may be caused by systemic inflammatory
disorders, chronic alcoholism, liver disease,
renal disease, obesity, use of enzyme inducers
(such as alcohol, phenytoin, phenobarbital, or
rifampin), diabetes mellitus, chronic obstruc-
tive pulmonary disease, myocardial infarc-
tion, and pancreatic disease. The rationale for
the execution of liver biopsy is that serum y-
glutamyl transpeptidase is considered one of
the most sensitive tests for detecting hepato-
biliary disease, and thus persistent and signif-
icant elevation of y-glutamyl transpeptidase
may be the only reflection of NAFLD, alco-
holic liver disease, chronic hepatitis, or cir-
rhosis and may have important implications

[6]

for patient management. Additionally, a liver
biopsy may simply confirm fatty liver or dis-
close otherwise unsuspected disorders such as
amyloidosis, sarcoidosis, oral-antitrypsin defi-
ciency.

If the liver biopsy shows granulomas or on-
ly non-specific changes (and in some cases
even when it is normal), serologic tests for
granulomatous disorders should be obtained,
including antibodies to coccidioidomycosis,
histoplasmosis, brucellosis, and cryptococco-
sis; a PPD should be placed. Nevertheless,
many patients with granulomas in the liver
may lack a specific diagnosis, even after in-
tensive diagnostic investigation.

Other Enzymes

Lactate dehydrogenase (LDH) is often in-
cluded in liver biochemistry panels but has
poor diagnostic specificity for liver disease.
Markedly increased levels of LDH in serum
may be seen in hepatocellular necrosis, shock
liver, cancer, or haemolysis associated with
liver disease. The ratio of ALT to LDH has
been reported to distinguish acute viral he-
patitis (> 1.5) from shock liver and aceta-
minophen toxicity (< 1.5) with a sensitivity of
94 percent and specificity of 84 percent®.

Tests that Measure the Capacity of
the Liver to Transport Organic Anions

Bilirubin

Measurement of bilirubin levels in serum is
important in the assessment of hepatic func-
tion.

Hyperbilirubinemia is classified as either
predominantly unconjugated or predomi-
nantly conjugated. Levels between 1.2 and 5
mg/dl, representing unconjugated hyper-
bilirubinemia, may result from increased pro-
duction of bilirubin, impaired transport of
bilirubin into hepatocytes, or defective biliru-
bin conjugation in hepatocytes.

Serum bilirubin levels higher than 5 mg/dl
or bilirubin levels between 1.2 and 5 mg/dl in
association with other LFT abnormalities
usually signify the presence of liver disease.
In these situations at least 50 percent of the
serum bilirubin is conjugated. Conjugated hy-
perbilirubinemia results from impaired intra-
hepatic excretion of bilirubin or extra hepatic
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obstruction. Extreme hyperbilirubinemia
with levels above 35 mg/dl usually signifies
severe parenchymal liver disease in associa-
tion with haemolysis, as in sickle cell anemia,
or renal failure. The serum bilirubin level has
prognostic value in chronic liver disease par-
ticularly primary biliary cirrhosis and other
cholestatic liver disease®, and in hepatic fail-
urel® in which deep jaundice is associated
with increased mortality.

If the bilirubin is predominantly unconju-
gated, the concomitant presence of anaemia
should lead to a thorough investigation for
haemolysis, generally performed by examin-
ing the peripheral blood smear, obtaining a
reticulocyte count, determining the levels of
lactate dehydrogenase isoenzymes and apto-
globin, and performing an anti-globulin
(Coombs’) test.

If the initial fractionation of the serum
bilirubin reveals predominantly conjugated
hyperbilirubinemia, further evaluation for
liver disease, including a liver biopsy, may
eventually have to be considered to clarify
the diagnosis. The diagnosis of the Dubin-
Johnson or Rotor syndromes, which are char-
acterized by an excretory defect of bilirubin,
may be considered in this situation. Usually,
Dubin-Johnson syndrome is associated with
the presence of an abnormal pigment in he-
patocytes on the liver biopsy. In contrast,
Rotor’s syndrome is characterized by a nor-
mal liver biopsy, without pigmentation.

Serum Bile Acids

Although several studies suggest that mea-
surement of the serum bile acid concentra-
tion is a sensitive marker of liver disease,
there is little evidence that its determination
offers any advantage over conventional bio-
chemical tests for early detection of liver dis-
ease. Moreover, the utility of serum bile acid
measurements in assessing prognosis in acute
or chronic liver disease is uncertain and such
measurements are not widely used.

Tests that Measure the Capacity of
the Liver to Metabolize Drugs

Hepatic function may be assessed with sub-
stances that are metabolised selectively by
the liver. The most widely performed tests as-

sess hepatic drug metabolism, such as the de-
termination of plasma clearance of anti-
pyrine and the “*C-aminopyrine breath test.
Additional tests include determination of caf-
feine clearance, galactose elimination, the
maximum rate of synthesis of urea, and the
formation of metabolites of lidocaine!r.

Tests that Measure Hepatic
Synthetic Function

The liver synthesizes and releases a variety
of proteins, including albumin, coagulation
factors, and lipoproteins. These proteins have
variable rates of synthesis, release, and degra-
dation. Abnormal serum levels of other pro-
teins such as immunoglobulins, which are not
produced by the liver, reflect impairment of
the ability of the liver to filter portal venous
blood or anatomic shunting of blood around
the liver and also provide information about
liver function.

Albumin

Albumin is quantitatively the most impor-
tant protein in plasma synthesized by the liv-
er and is a useful indicator of hepatic func-
tion.

Moreover, the serum albumin level at a
single point in time may not reflect synthesis
because the turnover of albumin can be af-
fected by disturbances in distribution, catabo-
lism, and synthesis. Albumin synthesis is af-
fected not only by liver disease but also by
nutritional status, hormonal balance, and os-
motic pressure.

Serum albumin levels are typically de-
pressed in patients with cirrhosis and ascites.
In patients with or without ascites the serum
albumin level correlates with prognosis.
Other non hepatic causes of hypoalbumine-
mia are nephritic syndrome, protein losing
enteropathy, and burns.

Prothrombin Time and Serum
Coagqgulation Factor Levels

The liver synthesizes coagulation factors |
(fibrinogen), 1l (prothrombin), V, VII, IX
and X.

In acute or chronic hepatocellular disease
the prothrombin time may serve as useful
prognostic indicator. In acute hepatocellular
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disease a markedly prolonged and worsening
prothrombin time suggests an increased like-
lihood of acute hepatic failure.

The differential diagnosis of an elevated
INR includes vitamin K deficiency (caused by
malnutrition, malabsorption, or antibiotic
use) warfarin administration (which inter-
feres with the vitamin K-dependent gamma-
carboxilation), consumptive coagulopathy
(e.g., disseminated intravascular coagulation
[DIC], rare congenital deficiencies and liver
disease.

Because of the short half-life of some of
the coagulation factors measured by the INR,
changes in the INR and in factor VII levels in
particular are useful in monitoring hepatic
synthetic function in patients with acute liver
disease.

Abnormally high levels of des-y-carboxy
prothrombin have been found in plasma in
up to 90 percent of patients with biopsy-
proven hepatocellular carcinoma?2.

As a marker for hepatocellular carcinoma,
the plasma level of des-y-carboxy prothrom-
bin does not correlate with levels of alpha fe-
toprotein. But the two tests are complemen-
tary with a combined sensitivity of up to 85
percent in patients with documented hepato-
cellular carcinoma and a greater specificity
for des-y-carboxy prothrombin than for alpha
fetoprotein?2,

Miscellaneous Tests

A large number of diagnostic tests are
available for the specific diagnosis of liver
disease, these include specific serologic tests
for hepatitis viruses; an array of autoantibod-
ies useful in the diagnosis of primary biliary
cirrhosis and the classification of autoim-
mune hepatitis; a variety of protein such as
ceruloplasmin, ferritin, o, antitrypsin, and o
fetoprotein, abnormal levels of which are as-
sociated with specific disease such as Wilson’s
disease, hemochromatosis, a; antitrypsin de-
ficiency, and hepatocellular carcinoma, re-
spectively; and serum ammonia, elevation of
which is associated with hepatic encephalopa-
thy and urea cycle enzyme deficiencies.

Liver Biopsy

Liver biopsy continues to have a central
role in the evaluation of patients with sus-
pected liver disease'. Definitive diagnosis of-
ten depends on liver biopsy, and much

knowledge regarding characteristic features
and the natural history of liver diseases is
based on information obtained by serial liver
biopsies. Determination of the precise nature
of hepatic damage (e.g., necrosis, inflamma-
tion, fibrosis) can only be made by liver biop-
sy, which has assumed increasing importance
with regard to staging and prognosis since
specific drug therapies for liver disease have
been introduced. Unfortunately, this proce-
dure is invasive, prone to complications and
has a high risk of sampling error. Biochemical
markers for liver fibrosis (FibroTest) and
necroinflammatory features (ActiTest) are an
alternative to liver biopsy in patients with
chronic hepatitis C. The test combine five
components (a,-macroglobulin, haptoglobin,
apolipoprotein Al, y-glutamil transpeptidase,
and total bilirubin) for FibroTest and same
plus alanine aminotransferase (ALT) for
ActiTest.

Because of their predictive values and their
reproducibility in different populations, bio-
chemical markers could be used as surrogate
markers for liver biopsy both for the initial
decision of liver biopsy and for the follow-up
of chronic hepatitis C.

It is therefore possible that biochemical
markers may provide a more accurate (quan-
titative and reproducible) picture of fibro-
genic events occurring within the liver.
Furthermore, and because treatment is now
so effective in patients with genotype 2 or 3
infection, the utility of biopsy in this setting
could be challenged.

Assessing Prognosis

The biochemical tests of liver disease, es-
pecially the markers of hepatic synthetic
function and bilirubin are useful for predict-
ing prognosis in certain settings. For exam-
ples prolongation of the INR and elevation of
the serum bilirubin level are associated with
poor prognosis in nonacetaminophen-related
acute hepatic failure. Both tests are also pre-
dictive of early mortality from severe alco-
holic hepatitis and are thus useful in deciding
whether glucocorticoid therapy is likely to be
beneficial. Prognosis in PBC correlates di-
rectly with the serum bilirubin level, and a
composite score derived from the serum
bilirubin, INR, serum albumin, patient’s age,
and severity of fluid retention is useful in as-
sessing prognosis.
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Conclusions

Because the liver performs multiple func-
tions, no single laboratory test or battery of
tests is sufficient to provide a complete esti-
mate of the function of the liver in every clin-
ical situation. A broad array of biochemical
tests are used to assess the many functions of
the liver and to evaluate patients with sus-
pected or established liver disease. These
tests are referred to collectively as “liver
function tests” (LFTSs).

LFTs are used to screen people for the pres-
ence of liver disease, suggest the underlying
cause, estimate the severity, assess prognosis,
and monitor the efficacy of therapy.
Abnormal LFTs may be the first indication of
sub clinical liver disease and may thereby
guide further diagnostic evaluation. After the
existence of hepatic dysfunction is recognized,
the specific pattern of liver test abnormalities
may suggest the category of the underlying liv-
er disease, such hepatitis, biliary obstructions,
or infiltrative liver disease. Determination of
the precise nature of hepatic damage (e.g.,
necrosis, inflammation, fibrosis) can only be
made by liver biopsy, which has assumed in-
creasing importance with regard to staging and
prognosis since specific drug therapies for liver
disease have been introduced.
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