Enzymes that reflect cholestasis The activities of three enzymes—
alkaline phosphatase, 5ʹ-nucleotidase, and γ-glutamyl transpeptidase
(GGT)—are usually elevated in cholestasis. Alkaline phosphatase and
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Evaluation of Liver Function

Enzymes that reflect damage to hepatocytes The aminotransferases
(transaminases) are sensitive indicators of liver cell injury and are
most helpful in recognizing acute hepatocellular diseases such as
hepatitis. They include aspartate aminotransferase (AST) and alanine aminotransferase (ALT). AST is found in the liver, cardiac muscle, skeletal
muscle, kidneys, brain, pancreas, lungs, leukocytes, and erythrocytes
in decreasing order of concentration. ALT is found primarily in the
liver and is therefore a more specific indicator of liver injury. The
aminotransferases are normally present in the serum in low concentrations. These enzymes are released into the blood in greater amounts
when there is damage to the liver cell membrane resulting in increased
permeability. Liver cell necrosis is not required for the release of the
aminotransferases, and there is a poor correlation between the degree
of liver cell damage and the level of the aminotransferases. Thus, the
absolute elevation of the aminotransferases is of no prognostic significance in acute hepatocellular disorders.
The normal range for aminotransferases varies widely among
laboratories, but generally ranges from 10–40 IU/L. The interlaboratory
variation in normal range is due to technical reasons; no reference standards exist to establish upper limits of normal for ALT and AST. Some
have recommended revisions of normal limits of the aminotransferases
to adjust for sex and body mass index, but others have noted the potential costs and unclear benefits of implementing this change.
Any type of liver cell injury can cause modest elevations in the
serum aminotransferases. Levels of up to 300 IU/L are nonspecific and
may be found in any type of liver disorder. Minimal ALT elevations in
asymptomatic blood donors rarely indicate severe liver disease; studies have shown that fatty liver disease is the most likely explanation.
Striking elevations—i.e., aminotransferases >1000 IU/L—occur almost
exclusively in disorders associated with extensive hepatocellular injury
such as (1) viral hepatitis, (2) ischemic liver injury (prolonged hypotension or acute heart failure), or (3) toxin- or drug-induced liver
injury.
The pattern of the aminotransferase elevation can be helpful diagnostically. In most acute hepatocellular disorders, the ALT is higher
than or equal to the AST. Whereas the AST:ALT ratio is typically <1
in patients with chronic viral hepatitis and nonalcoholic fatty liver
disease, a number of groups have noted that as cirrhosis develops, this
ratio rises to >1. An AST:ALT ratio >2:1 is suggestive, whereas a ratio
>3:1 is highly suggestive, of alcoholic liver disease. The AST in alcoholic liver disease is rarely >300 IU/L, and the ALT is often normal. A
low level of ALT in the serum is due to an alcohol-induced deficiency
of pyridoxal phosphate.
The aminotransferases are usually not greatly elevated in obstructive
jaundice. One notable exception occurs during the acute phase of biliary
obstruction caused by the passage of a gallstone into the common bile
duct. In this setting, the aminotransferases can briefly be in the 1000–
2000 IU/L range. However, aminotransferase levels decrease quickly, and
the liver function tests rapidly evolve into those typical of cholestasis.

5ʹ-nucleotidase are found in or near the bile canalicular membrane of 1997
hepatocytes, whereas GGT is located in the endoplasmic reticulum and
in bile duct epithelial cells. Reflecting its more diffuse localization in
the liver, GGT elevation in serum is less specific for cholestasis than
are elevations of alkaline phosphatase or 5ʹ-nucleotidase. Some have
advocated the use of GGT to identify patients with occult alcohol use.
Its lack of specificity makes its use in this setting questionable.
The normal serum alkaline phosphatase consists of many distinct
isoenzymes found in the liver; bone; placenta; and, less commonly,
small intestine. Patients over age 60 can have a mildly elevated alkaline
phosphatase (1–1.5 times normal), whereas individuals with blood
types O and B can have an elevation of the serum alkaline phosphatase
after eating a fatty meal due to the influx of intestinal alkaline phosphatase into the blood. It is also nonpathologically elevated in children
and adolescents undergoing rapid bone growth because of bone alkaline phosphatase, and late in normal pregnancies due to the influx of
placental alkaline phosphatase.
Elevation of liver-derived alkaline phosphatase is not totally specific
for cholestasis, and a less than threefold elevation can be seen in almost
any type of liver disease. Alkaline phosphatase elevations greater than
four times normal occur primarily in patients with cholestatic
liver disorders, infiltrative liver diseases such as cancer and amyloidosis, and bone conditions characterized by rapid bone turnover (e.g.,
Paget’s disease). In bone diseases, the elevation is due to increased
amounts of the bone isoenzymes. In liver diseases, the elevation is
almost always due to increased amounts of the liver isoenzyme.
If an elevated serum alkaline phosphatase is the only abnormal
finding in an apparently healthy person, or if the degree of elevation is
higher than expected in the clinical setting, identification of the source
of elevated isoenzymes is helpful (Fig. 358-1). This problem can be
approached in two ways. First, and most precise, is the fractionation
of the alkaline phosphatase by electrophoresis. The second, best substantiated, and most available approach involves the measurement of
serum 5′-nucleotidase or GGT. These enzymes are rarely elevated in
conditions other than liver disease.
In the absence of jaundice or elevated aminotransferases, an elevated
alkaline phosphatase of liver origin often, but not always, suggests early
cholestasis and, less often, hepatic infiltration by tumor or granulomata.
Other conditions that cause isolated elevations of the alkaline phosphatase include Hodgkin’s disease, diabetes, hyperthyroidism, congestive
heart failure, amyloidosis, and inflammatory bowel disease.
The level of serum alkaline phosphatase elevation is not helpful in distinguishing between intrahepatic and extrahepatic cholestasis. There is
essentially no difference among the values found in obstructive jaundice
due to cancer, common duct stone, sclerosing cholangitis, or bile duct
stricture. Values are similarly increased in patients with intrahepatic
cholestasis due to drug-induced hepatitis; primary biliary cirrhosis;
rejection of transplanted livers; and, rarely, alcohol-induced steatohepatitis. Values are also greatly elevated in hepatobiliary disorders seen in
patients with AIDS (e.g., AIDS cholangiopathy due to cytomegalovirus
or cryptosporidial infection and tuberculosis with hepatic involvement).

CHAPTER 358

Serum Enzymes The liver contains thousands of enzymes, some of
which are also present in the serum in very low concentrations. These
enzymes have no known function in the serum and behave like other
serum proteins. They are distributed in the plasma and in interstitial
fluid and have characteristic half-lives, which are usually measured
in days. Very little is known about the catabolism of serum enzymes,
although they are probably cleared by cells in the reticuloendothelial
system. The elevation of a given enzyme activity in the serum is thought
to primarily reflect its increased rate of entrance into serum from damaged liver cells.
Serum enzyme tests can be grouped into three categories: (1)
enzymes whose elevation in serum reflects damage to hepatocytes, (2)
enzymes whose elevation in serum reflects cholestasis, and (3) enzyme
tests that do not fit precisely into either pattern.

TESTS THAT MEASURE BIOSYNTHETIC FUNCTION OF THE LIVER
Serum Albumin Serum albumin is synthesized exclusively by hepatocytes. Serum albumin has a long half-life: 18–20 days, with ~4%
degraded per day. Because of this slow turnover, the serum albumin is
not a good indicator of acute or mild hepatic dysfunction; only minimal changes in the serum albumin are seen in acute liver conditions
such as viral hepatitis, drug-related hepatotoxicity, and obstructive
jaundice. In hepatitis, albumin levels <3 g/dL should raise the possibility of chronic liver disease. Hypoalbuminemia is more common in
chronic liver disorders such as cirrhosis and usually reflects severe liver
damage and decreased albumin synthesis. One exception is the patient
with ascites in whom synthesis may be normal or even increased,
but levels are low because of the increased volume of distribution.
However, hypoalbuminemia is not specific for liver disease and may
occur in protein malnutrition of any cause, as well as protein-losing
enteropathies, nephrotic syndrome, and chronic infections that are
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