LIVER FAILURE

Definition

· Hepatic failure is defined as the occurrence of signs or symptoms of hepatic encephalopathy in a person with severe acute or chronic liver disease

Liver Structure and Function
· It receives a dual blood supply; ~20% of the blood flow is oxygen-rich blood from the hepatic artery, and 80% is nutrient-rich blood from the portal vein arising from the stomach, intestines, pancreas, and spleen

· The majority of cells in the liver are hepatocytes, which constitute two-thirds of the mass of the liver. 

· The remaining cell types are Kupffer cells (members of the reticuloendothelial system), stellate (Ito or fat-storing) cells, endothelial cells and blood vessels, bile ductular cells, and supporting structures.

Liver disease

· Liver disease generally present clinically in a few distinct patterns, usually classified as hepatocellular, cholestatic (obstructive), or mixed. 

· In hepatocellular diseases (such as viral hepatitis or alcoholic liver disease), features of liver injury, inflammation, and necrosis predominate. 

· In cholestatic diseases (such as gall stone or malignant obstruction, primary biliary cirrhosis, some drug-induced liver diseases), features of inhibition of bile flow predominate. 

· In a mixed pattern, features of both hepatocellular and cholestatic injury are present (such as in cholestatic forms of viral hepatitis and many drug-induced liver diseases).

· Typical presenting symptoms of liver disease include jaundice, fatigue, itching, right upper quadrant pain, abdominal distention, and intestinal bleeding

· Jaundice without dark urine usually indicates indirect (unconjugated) hyperbilirubinemia and is typical of hemolytic anemia and the genetic disorders of bilirubin conjugation, the common and benign form being Gilbert syndrome and the rare and severe form being Crigler-Najjar syndrome.

Evaluation of Liver Function

Serum Bilirubin

· Bilirubin, a breakdown product of the porphyrin ring of heme-containing proteins, is found in the blood in two fractions-conjugated and unconjugated. 

· The unconjugated fraction (< 12 umol/L), also termed the indirect fraction, is insoluble in water and is bound to albumin in the blood. 

· The conjugated (direct) bilirubin fraction is water soluble and can therefore be excreted by the kidney. 
· When measured by the original van den Bergh method, the normal total serum bilirubin concentration is <17 umol/L. 
· Up to 30% or 5.1 umol/L, of the total is direct-reacting (or conjugated) bilirubin

· Elevation of the unconjugated fraction of bilirubin is rarely due to liver disease. 

· An isolated elevation of unconjugated bilirubin is seen primarily in hemolytic disorders and in a number of genetic conditions such as Crigler-Najjar and Gilbert's syndromes

· Isolated unconjugated hyperbilirubinemia (bilirubin elevated but <15% direct) should prompt a workup for hemolysis

· In contrast, conjugated hyperbilirubinemia almost always implies liver or biliary tract disease. 

· The rate-limiting step in bilirubin metabolism is not conjugation of bilirubin, but rather the transport of conjugated bilirubin into the bile canaliculi. 

· Thus, elevation of the conjugated fraction may be seen in any type of liver disease. 

· In most liver diseases, both conjugated and unconjugated fractions of the bilirubin tend to be elevated.
Urine Bilirubin

· Unconjugated bilirubin always binds to albumin in the serum and is not filtered by the kidney. 

· Therefore, any bilirubin found in the urine is conjugated bilirubin; the presence of bilirubinuria implies the presence of liver disease.

Serum Enzymes

· Serum enzyme tests can be grouped into three categories: 
· enzymes whose elevation in serum reflects damage to hepatocytes 
· enzymes whose elevation in serum reflects cholestasis 
· enzyme tests that do not fit precisely into either pattern

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 the aspartate aminotransferase (AST, SGOT 0-35U/L) and the alanine aminotransferase (ALT, SGPT 0-35U/L). 
· 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

· 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

· 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. 

· An AST: ALT ratio > 2:1 is suggestive while a ratio > 3:1 is highly suggestive of alcoholic liver disease. 

· The AST in alcoholic liver disease is rarely >300 U/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

Enzymes that Reflect Cholestasis

· The activities of three enzymes: alkaline phosphatase, 5'-nucleotidase and y-glutamyl transpeptidase (GGT: 1-94 U/L)—are usually elevated in cholestasis. 
· Alkaline phosphatase and 5'-nucleotidase are found in or near the bile canalicular membrane of hepatocytes, while 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 5'-nucleotidase. 
· Some have advocated the use of GGT to identify patients with occult alcohol use.

· Patients over age 60 can have a mildly elevated alkaline phosphatase (1–1½ times normal), while 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

· 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.

Tests that Measure Biosynthetic Function of the Liver

Serum Albumin

· Serum albumin is synthesized exclusively by hepatocytes (3.5-5.5g/dl)

· Hypoalbuminemia is more common in chronic liver disorders such as cirrhosis and usually reflects severe liver damage and decreased albumin synthesis.

Serum Globulins

· Serum globulins are a group of proteins made up of y-globulins (immunoglobulins) produced by B lymphocytes and α and ß globulins produced primarily in hepatocytes. 

· Globulins are increased in chronic liver disease, such as chronic hepatitis and cirrhosis. 

· In cirrhosis, the increased serum gamma globulin concentration is due to the increased synthesis of antibodies, some of which are directed against intestinal bacteria. 

· This occurs because the cirrhotic liver fails to clear bacterial antigens that normally reach the liver through the hepatic circulation

Coagulation Factors

· With the exception of factor VIII, the blood clotting factors are made exclusively in hepatocytes. 

· Their serum half-lives are much shorter than albumin, ranging from 6 h for factor VII to 5 days for fibrinogen. 

· Because of their rapid turnover, measurement of the clotting factors is the single best acute measure of hepatic synthetic function and helpful in both the diagnosis and assessing the prognosis of acute parenchymal liver disease. 

· Useful for this purpose is the serum prothrombin time, which collectively measures factors II, V, VII, and X. 

· Biosynthesis of factors II, VII, IX, and X depends on vitamin K. 

· The prothrombin time may be elevated in hepatitis and cirrhosis as well as in disorders that lead to vitamin K deficiency such as obstructive jaundice or fat malabsorption of any kind. 

· Marked prolongation of the prothrombin time, >5 s above control and not corrected by parenteral vitamin K administration, is a poor prognostic sign in acute viral hepatitis and other acute and chronic liver diseases

