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LABORATORY ASSESSMENT OF THE LIVER
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I.
Functions of the Liver
The liver is the metabolic powerhouse of the body.  Its functions include:

‑  Intermediary metabolism of carbohydrates, amino acids and lipids

‑  Storage of glycogen, triglycerides, vitamins and trace metals

‑  Synthesis of plasma proteins

‑  Detoxification and excretion of metabolic wastes

‑  Metabolism and elimination of drugs, hormones and toxins

‑  Production of bile

This multiplicity of functions makes the liver an ideal organ for biochemical monitoring.

II.
Liver Function Tests
The term "liver function tests" refers to those laboratory tests that evaluate the function and integrity of the liver.  These tests indicate:

1)
Whether the liver is normal or diseased

2)
The nature of the disease process

3)
The extent or severity of disease

They do not usually establish the exact cause of liver disease, but they do serve as a guide to appropriate confirmatory tests, such as ultrasound, X‑ray studies or biopsy.

Liver function tests can be grouped according to the physiologic/pathologic processes they measure, namely:

‑  Liver cell injury

‑  Cholestasis

‑  Protein synthesis

‑  Metabolic capacity

We will discuss each group individually.

A.
Liver cell injury
The liver is a rich source of enzymes, many of which are specific to this tissue.  Any sort of hepatocellular damage will release these enzymes into the circulation, where they can be measured.  The two enzymes most commonly used to detect liver damage are:

 


Aspartate aminotransferase (AST)

Alanine aminotransferase (ALT)
The activities of these two enzymes can rise to >20 times the upper limit of normal in acute hepatitis.  Smaller elevations are seen in cirrhosis, tumors of the liver, and obstructive jaundice.

ALT is more specific for the liver than AST, since AST is also increased in myocardial and skeletal muscle damage.  Lactate dehydrogenase (LD) is too non‑specific in its tissue distribution to be a useful liver function test.

B.
Cholestasis
The production of bile by the liver and its unimpeded flow into the duodenum serve to solubilize dietary fats (bile salts), excrete metabolic wastes (bilirubin), and eliminate drugs and toxins.  Disorders that block the biliary canaliculi within the liver or the hepatic and common bile ducts outside the liver can partially or completely occlude bile flow, a condition termed cholestasis.  The most useful test for detecting cholestasis is:

Alkaline phosphatase (ALP)
The activity of alkaline phosphatase is increased up to 5‑fold the upper limit of normal in situations where bile flow is obstructed.  It is normal or only mildly elevated in hepatocellular damage.

The major limitation of this test is that alkaline phosphatase is also produced by bone, and the bone isoenzyme is increased in growing children and in a number of bone disorders.  There is also a placental isoenzyme, which is increased during the third trimester of pregnancy.  This limitation can usually be overcome by looking at the activity of another enzyme:

‑Glutamyl transferase (‑GT)
The activity of ‑glutamyl transferase is sharply increased in cholestasis, but is normal in bone disease.  ‑GT is also raised in other types of liver disease and by consumption of alcohol or certain drugs.

C.
Protein synthesis
Most plasma proteins are synthesized by the liver.  The major exceptions are the immunoglobulins, which are produced by lymphoid cells.  Disease of liver cells would therefore be expected to cause a decrease in plasma proteins.  The most abundant protein in plasma is:

Albumin
Albumin can be measured individually, or it can be evaluated along with other serum proteins by:

Serum protein electrophoresis
This procedure separates total protein into albumin, 1, 2,  and  fractions.  Patients with liver disease typically show a decrease in albumin and an increase in  (immunoglobulins).  Individuals with cirrhosis show a characteristic "- bridging" pattern, due to increased synthesis of IgA.

The half‑life of albumin is 2‑3 weeks, so a drop in synthesis might not be evident for a week or more.  The coagulation factors involved in the extrinsic pathway are all produced in the liver and have much shorter half‑lives (5 hours to 5 days).  This group of factors can be collectively assessed by measuring the:

Prothrombin time (PT) 
Three of the factors (II, VII and X) are vitamin K dependent ‑ the active form is not produced in the absence of this vitamin.  Since vitamin K is fat soluble, and obstruction to bile flow can decrease its absorption, both biliary obstruction and hepatocellular damage can cause the prothrombin time to increase.  Treatment with vitamin K will normalize the prothrombin time in someone with biliary obstruction, but not in a patient with hepatocellular damage.  The partial thromboplastin time (PTT), which measures the intrinsic pathway, is not as useful an index because one of the factors (VIII) is not produced by the liver.

D.
Metabolic capacity
The liver is involved in all aspects of intermediary metabolism, in the storage of nutrients and in the removal of wastes.  Among these many activities, the metabolism of bilirubin is entirely dependent on liver function.  The liver's ability to take up, conjugate, and excrete this molecule is assessed by measuring:

Total bilirubin  (unconjugated + conjugated)

Direct bilirubin (conjugated)
If any of these steps is sufficiently impaired, the concentration of bilirubin will increase, as described below.  Within the colon, bacterial action converts bilirubin into:

Urobilinogen
Some of the urobilinogen is reabsorbed, enters the circulation and is taken up and re‑excreted by the liver.  Small amounts are filtered by the kidneys and pass into the urine.  Urine urobilinogen is increased by hemolysis and liver cell dysfunction;  it is decreased in bile duct obstruction.

The synthesis of urea from ammonia also takes place almost entirely within the liver.

Ammonia
increases in liver failure, but not until late in the course of the disease.  Other metabolic evidence of a failing liver includes:

 Urea

 Glucose

 Lactate

III.
Jaundice
Jaundice is the yellowish discoloration of skin, sclera and mucous membranes caused by increased serum concentrations of bilirubin (> 2 times the upper limit of normal).

There are five groups into which jaundice can be classified, based on the pathologic metabolism of bilirubin:

1.
Overproduction

2.
Impaired uptake by liver cells

3.
Defects in the conjugation reaction

4.
Reduced excretion into bile

5.
Obstruction to the flow of bile

A jaundiced patient can be classified on the basis of bilirubin tests, according to the pathologic mechanism involved.


Test

# 1,2,3 

# 4,5

Total bilirubin

Direct bilirubin

Urine bilirubin





N or slight 

negative





positive

These results guide further investigation into the cause of the patient's jaundice.  Most liver diseases are associated with a large proportion of direct bilirubin.

IV.
Biochemical patterns of abnormality
A standard battery of tests to evaluate liver function should include:

AST and/or ALT

Alkaline phosphatase

Prothrombin time

Bilirubin ‑ total and direct
Additional tests that may be useful in certain situations are:

‑Glutamyl transferase

Albumin

Serum protein electrophoresis
The expected results in different types of liver disease are presented in the following table:


Patterns of Liver Function Test Abnormalities








Hepatocellular Necrosis

Disease Process


Mixed




Cholestasis

Infiltration


Prototype disease
Acute viral hepatitis
Common duct stone
Metastatic liver disease
Alcoholic cirrhosis

Bilirubin
70-140 umol/L
100-300 umol/L
Usually < 70 umol/L
35-170 umol/L

Alkaline phosphatase
1 to 2 x normal value
2 to 5 x normal value
2 to 4 x normal value
1 to 2 x normal value

Transaminases (U/L)
500 to 1000
<200
<100
<400

Prothrombin time
Prolonged in severe disease
Prolonged in chronic obstruction
Normal
Mildly prolonged

Diagnostic features
ALT usually < AST

Abnormal prothrombin time

Does not respond to vitamin K
Alkaline phosphatase may remain elevated as bilirubin returns to normal.

Responds to vitamin K
Deep jaundice rare

Enlarged or irregular liver
Does not respond to vitamin K

Confirmatory tests
Hepatitis serology, liver biopsy
Ultrasound, cholangiogram
Liver scan, Liver biopsy
Liver biopsy

V.
Specialized tests
After defining the nature of the disease process (e.g., liver cell injury or cholestasis), more specific tests are used to make a diagnosis.

A.
Laboratory
Viral hepatitis

       


‑  Hepatitis A  --------------
---------- >
IgM anti‑HAV
‑  Hepatitis B ----------------------- >HBsAg

anti‑HBcAg

anti‑HBsAg
‑  Hepatitis C ----------------------- >
 anti‑HCV

‑  Hepatitis D (delta) ----------------------- >
HDAg

anti‑HDAg

Autoimmune disease

  
  
‑  antimitochondrial antibody
-------- > primary biliary cirrhosis

‑  antismooth muscle antibody -------- > chronic active hepatitis

Metabolic liver disease

       
  
‑  1‑antitrypsin        -------- >
1‑antitrypsin deficiency

‑  Iron, TIBC, ferritin -------- >  
genetic hemochromatosis

‑  Copper, ceruloplasmin  ----> Wilson's disease

Malignancy

‑  1‑fetoprotein ─── hepatocellular carcinoma

B.
Imaging procedures
‑  Ultrasound

‑  Cholangiogram

‑  Radionuclide scan

‑  Computerized tomography/magnetic resonance imaging

C.
Liver biopsy
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