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Measurement of bilirubin



δ bilirubin: delta fraction or biliprotein

 conjugated bilirubin that is covalently linked to albumin

 an important fraction in cholestasis and hepatobiliary disorders

 formed in serum when hepatic excretion of bilirubin glucuronides is 

impaired

 the clearance rate approximates the half-life of albumin, 12–14 days, 

rather than the short half-life of bilirubin, about 4 hours.



 that some patients with conjugated hyperbilirubinemia do not exhibit 

bilirubinuria during the recovery phase

 that the elevated serum bilirubin level declines more slowly than 

expected in some patients who otherwise appear to be recovering 

satisfactorily.



Measurement of Urine Bilirubin

Conjugated bilirubin

 Ictotest

 ? False negative 



Approach to the Patient: Hyperbilirubinemia

(1) overproduction of bilirubin

(2) impaired uptake, conjugation, or 

excretion of bilirubin; 

(3) regurgitation of unconjugated or 

conjugated bilirubin from damaged 

hepatocytes or bile ducts. 



First step first

(1) whether the hyperbilirubinemia is predominantly conjugated or 

unconjugated in nature

?conjugated/unconjugated hyperbilirubinemia

(2) whether other biochemical liver tests are abnormal. 





Liver function tests



Uses of Liver function tests 

 Screening Liver dysfunction

 Pattern of disease : differentiating acute viral hepatitis, cholestatic

disorders and chronic liver disease. (CLD)

 Assess severity and predict the outcome of certain diseases like primary 

biliary cirrhosis.

 Follow up and in evaluating response to therapy like autoimmune 

hepatitis.



LIMITATIONS

Lack sensitivity

Lack specificity

Liver injury tests

Use them as a battery

Serial determinations

 Isoenzyme determination



CLASSIFICATION OF LIVER FUNCTION 
TESTS

A.Tests Based on Detoxification and Excretory 

Functions

B. Tests that detect injury to hepatocytes (serum 

enzyme tests) 

C. Tests of the Liver’s biosynthetic capacity



Tests Based on Detoxification and Excretory 

Functions
Serum Bilirubin: Vandenbergh reaction

Urine Bilirubin: ictotest

Urinary Urobilinogen: Ehrlich’s test

? Elevated urine bilirubin/urobilinogen: 

prehepatic/posthepatic



Serum Enzymes

Nonfunctional

Cell injury markers



Serum Enzymes

Enzymes that Reflect Damage to Hepatocytes: 

Aminotransferases: AST, ALT (10-40 U/l)

Enzymes that Reflect Cholestasis

Alkaline phosphatase (33-96U/L)

 γ glutamyl transpeptidase (9–58 U/L)

 5 nucleotidase (0–11 U/L)



Aminotransferases

 ALT is primarily localized to the liver but the AST is present in a wide 

variety of tissues

 AST is present in both the mitochondria and cytosol of hepatocytes, ALT 

is localized to the cytosol

 ALT has longer half life

 About 80% of AST activity in human liver is contributed by the 

mitochondrial isoenzyme,

most of the circulating AST activity in normal people is derived from the 

cytosolic isoenzyme

 Large increases in mitochondrial AST occur in serum after extensive 

tissue necrosis



MILD, MODERATE AND SEVERE ELEVATIONS OF
AMINOTRANSFERASES

Severe ( > 10 times):

 severe viral hepatitis, 

drug or toxin induced hepatic necrosis 

circulatory shock

do not correlate with eventual outcome



Moderate (5-10 times)

acute hepatitis, neonatal hepatitis, chronic hepatitis, 

autoimmune hepatitis, 

alcoholic hepatitis

acute biliary tract obstructions. 

The ALT is usually more frequently increased as compared 

to AST (?)



Mild (1-5 times)

extrahepatic biliary atresia (EHBA),

 fatty liver, 

cirrhosis, 

non alcoholic steatohepatitis(NASH)



De Ritis ratio (AST: ALT ratio)

<1: toxic hepatitis, viral hepatitis, chronic active 
hepatitis, NASH and cholestatic hepatitis

Rises to >1: liver cirrhosis

>2: alcoholic hepatitis 

?why

 Mitochondrial AST: Total AST ratio



Falsely low aminotransferase levels: long term hemodialysis

Other enzymes tests of hepatocellular necrosis: glutamate 

dehydrogenase, isocitrate dehydrogenase, lactate 

dehydrogenase and sorbitol dehydrogenase

None of these tests have proved to be useful in practice 

than the aminotransferases



Enzymes that detect cholestasis



Alkaline phosphatase

family of zinc metalloenzymes

found histochemically in the microvilli of bile canaliculi and 

on the sinusoidal surface of hepatocytes

Different isoenzymes

In healthy people most circulating alkaline phosphatase 

originates from liver or bone.



In acute viral hepatitis, ALP is usually either normal or 

moderately increased.  Hepatitis A may present a 

cholestatic picture

Tumors may secrete alkaline phosphatase

 Hepatic and bony metastasis can also cause elevated 

levels of alkaline phosphatase

 intestinal alkaline phosphatase : cirrhosis, particularly those 

with blood group type O 



Analytical concerns

Sample collection preference

Physiological factors





γGlutamyl transpeptidase(GGT)

Membrane bound glycoprotein which catalyses the transfer 

of γ glutamyl group to other peptides, amino acids and 

water

Elevated alkaline phosphatase : To differentiate between 

liver diseases and bony disorders 

Drugs like anticonvulsants and alcohol  may increase the 

levels of GGT by inducing its synthesis



Other cholestatic enzymes

5′-nucleotidase

Leucine aminopeptidase

not routinely estimated to detect cholestasis



Tests that Measure Biosynthetic Function of 

the Liver

Serum Albumin

Coagulation Factors

Other proteins



Tests of the Liver’s biosynthetic capacity

The liver is the major source of most the serum proteins.

The parenchymal cells are responsible for synthesis of 

albumin, fibrinogen and other coagulation factors and most 

of the α and β globulins



Serum albumin

Indicator of chronic liver disease

Liver is the only site of synthesis of albumin

The serum levels are typically depressed in patients with 
cirrhosis and ascites

correlates with prognosis

correlate with the Child- Pugh score.



Normal serum values range from 3.5g/dl to 5.0 g/dl

not specific



Prothrombin time

major site of synthesis of 11 blood coagulation proteins

Most of these are present in excess 

abnormalities of coagulation only result when there is 

substantial impairment in the ability of the liver to synthesize 

these factors

The standard method to assess is the one stage prothrombin 

time of quick, which evaluate the extrinsic coagulation 

pathway.



Normal control usually is in the range of 9-11 seconds.

A prolongation of more than 2 seconds is considered 

abnormal

 In acute and chronic hepatocellular disease the PT may 

serve as a prognostic indicator

Effect of vitamin K injection



Other proteins

 PREALBUMIN: short half life, useful in drug-induced hepatotoxicity.

 SERUM CERULOPLASMIN: acute phase protein, diagnostic marker 

in Wilson disease, in which the plasma level is usually low

 a 1 ANTITRYPSIN: acute phase protein, inherited disorder of a 1 

antitrypsin deficiency

 a FETO PROTEIN: increased in hepatocellular carcinoma (HCC)



Overview of approach to hyperbilirubinemia




