Laboratory Medicine—Chemistry II
LIVER FUNCTION/ENZYME OVERVIEW

LFTs are produced by injured or diseased liver.  They lack sensitivity and specificity and do not measure hepatic function.  Only mark hepatic injury.  
AST – Asparate Aminotransferase


The highest levels of AST are found in highly metabolic tissue.  Used in the evaluation of suspected hepatocellular disease or coronary occlusive heart disease.  


AST will increase if there is any damage to the skeletal system, liver, or heart.  The enzyme leaks into serum.  Should be measured when there is suspected liver pathology.


AST and ALT are the first enzymes to change with injury.  Acute extra-hepatic obstruction will present with increased AST.  
Drug Interference


Increased Levels with anti-HTN, digitalis preparations, cholinergic agonists, INH, Erythromycin, oral contraceptives
Increased Levels

1) Heart and liver disease

2) Skeletal muscle disease – increase in AST only, not ALT

3) Acute hemolytic anemia

4) Acute pancreatitis

5) Trauma, surgery, burns

6) Seizures – can lead to liver damage.
Decreased Levels

1) Acute renal disease, chronic renal dialysis

2) Pregnancy

3) DKA
ALT – Alanine Aminotransferase


ALT identifies and monitors hepatocellular disease.  Aids in diagnosis by differentiating jaundiced patients.  


Used in comparison with AST as AST/ALT ration (DeRitis ratio).  Viral hepatitis presents with ALT>AST.  Alcohol related liver damage presents with AST>ALT (2:1 ratio)
Drug Interference


Increased levels with acetaminophen, allopurinol, ampicillin, cephalosporins, chlorpropramide, codeine, INH, methyldopa, oral contraceptives, phenytoin, propranolol, and salicylates
Significantly Increased Levels

1) Hepatocellular disease – hepatitis, hepatic necrosis, hepatic ischemia
Moderately Increased Levels

1) Cirrhosis

2) Cholestasis

3) Hepatic tumor

4) Obstructive jaundice

5) Severe burns

6) Striated muscle trauma

7) Hepatotoxic drugs – anti-TB, anti-seizure

Mildly Increased Levels

1) Myositis

2) Pancreatitis

3) Infectious mono

4) Shock

5) Order creatinine kinase to r/o muscle/brain injury as source
LDH – Lactic Dehydrogenase


LDH is seen in cardiac enzymes but can also be used as a hepatic marker.
Specific patterns classic for certain disease

1) Isolated increased LDH1 above LDH2 – MI

2) Isolated increased LDH5 – hepatocellular disease/injury

3) LDH2 and LDH3 increased – pulmonary disease/injury

4) Increased in all fractions – multi-organ injury
ALP – Alkaline Phosphatase

ALP is higher in young children due to bone growth.  Increases in pathological circumstances as well.  Detection of liver and bone disorders.  Most sensitive test for tumor metastasis to the liver.  Bone is the most frequent extra-hepatic source for increased ALP.  There is increased ALP in growing children, third trimester pregnancy, and bone disease.  Isoenzymes of ALP help to differentiate between liver and bone disease: ALP1 in the liver, ALP2 in bone.  ALP function is increased in alkaline environment.  
Higher Concentrations

1) Liver

2) Bone – increased ALP outside the liver

3) Biliary tract epithelium

Drug Interference


Increased levels seen with allopurinol, albumin from placental tissue, antibiotics, colchicines, INH, probenecid, and verapamil.


Decreased levels with cyanides, fluorides, oxalates, and zinc salts
Increased Levels

1) Primary cirrhosis

2) Intra or extra-hepatic biliary obstruction

3) Primary or metastatic liver tumor

4) Normal pregnancy
5) Normal bones of growing children

6) Metastatic bone tumors

7) Healing fracture

8) Paget’s disease - hypercalcemia
Decreased Levels

1) Hypophosphatemia – not enough phosphate to make ALP

2) Malnutrition

3) Pernicious anemia
Procedure

1) Obtain 5cc fasting venous blood sample

2) Refrigerate sample – room temperature can cause increase in ALP

3) Note age and gender since values can fluctuate.
GGT – Gamma-Glutamlytransferase


GGT is a sensitive indicator of liver cell dysfunction.  


GGT is a marker of biliary obstruction (cholangitis, cholecystitis).  Elevation parallels that of ALP but GGT is more sensitive.  An increase of GGT with an increase in ALP is significant of liver disease.  Normal GGT with increased ALP signifies skeletal disease.  Also useful in detecting chronic alcohol ingestion
Highest Concentration

1) Liver
2) Biliary Tract

3) Kidney and pancreas
Drug Interference


Increased levels with alcohol, phenytoin, and phenobarbitol


Decreased levels with oral contraceptives
Increased Levels

1) Liver disease

2) MI

3) Alcohol ingestion

4) Pancreatic disease

5) Infectious mono – EBV
Bilirubin – used to evaluate liver function


Review bilirubin formation!  


Hepatocellular dysfunction causes increases in indirect bilirubin.  Extrahepatic dysfunction causes increases in direct bilirubin (gallstones, pancreas).  Hemolysis will lead to an increase in direct and indirect bilirubin.  Jaundice is recognized when total serum bilirubin exceeds 2.5mg/dL.  Need to differentiate between direct and indirect to determine the etiology of defect.  Avoid interference of the sample with hemolysis, lipemic specimens, and bright light.  
Causes

Physiologic Jaundice of Newborn

1) Level of unconjugated rises – when children are born, their liver does not function optimally, therefore they cannot conjugate bilirubin

2) Bilirubin can pass through BBB and deposit in brain cells of the newborn, leading to encephalopathy (kernicterus) – highly fatal

3) Level >15mg/dL requires immediate treatment to avoid mental retardation

4) Lower levels treated with phototherapy
Increased levels indirect bilirubin (prehepatic) – any hemolytic state
1) Erythroblastosis fetalis – RH factor incompatibility
2) Transfusion reaction

3) Sickle cell anemia, pernicious anemia

4) Hemolytic anemia or jaundice

5) Large volume blood transfusion

6) Hepatitis

7) Cirrhosis – cannot conjugate

8) Neonatal hyperbilirubinemia

9) Crigler-Najjar syndrome – congenital glucuronyltransferase deficiency prevents liver from conjugating
Increased levels both direct and indirect (hepatic)

1) Hepatocellular disease

2) Hepatotoxins

3) Hepatoma
Increased levels direct bilirubin – post hepatic
1) Extrahepatic duct obstruction

2) Extensive liver metastasis

3) Congenital defects in enzyme quantity – ATPase kicks conjugated bilirubin out of the liver
Ammonia


Ammonia levels are used in the support/monitoring of severe liver disease and diagnosis.  Monitored in the follow-up of hepatic encephalopathy.  Ammonia is a by-product of protein catabolism
Specimen requirements

1) Green top tube sometimes sent to the lab on ice – check requirement

2) RBCs have 3x ammonia level of plasma.  Avoid hemolysis – can give a false high result
Increased Levels

1) Erythroblastosis fetalis

2) Hepatocellular disease

3) Reye’s syndrome – encephalopathy in a child due to aspirin

4) Portal HTN – decreased venous flow through the liver (right heart failure)

5) GI bleed or obstruction with mild liver disease

6) Hepatic encephalopathy
DIGESTIVE ENZYMES
Amylase


Amylase is an enzyme secreted from pancreatic Acinar cells into the pancreatic duct and then into the duodenum.  Aids in the catabolism of carbohydrates (starch) to simple sugars.  Useful in acute abdominal pain and detection and monitoring clinical course of pancreatitis. 


It is sensitive but not specific for pancreatitis.  Rises within 12 hours of onset.  Rapidly cleared by the kidneys.  Also increases with pancreatic injury/duct problems.


Patients with chronic pancreatic disorders with pancreatic cell destruction or massive hemorrhagic pancreatic necrosis may have decreased levels due to decrease in pancreatic cells available to manufacture amylase.

Other Non-Pancreatic Disease That Elevate Amylase

1) Bowel perforation

2) PUD

3) GI disease – duodenal obstruction

4) Acute cholecystitis

5) Salivary amylase – parotiditis, sialitis, Sialolithiasis

6) Renal failure
Drug Interferences


Increased levels seen with aspirin, corticosteroids, ethyl alcohol, glucocorticoids, loop diuretics, oral contraceptives, and prednisone.
Lipase


Lipase is an enzyme secreted by the pancreas into the duodenum to breakdown TG into fatty acids.  The most common cause of increase lipase in acute pancreatitis—can see increased levels of 5-10x normal and will remain so for 8-10 days.  More useful in diagnosing a late pancreatitis.  Elevated levels parallel amylase levels.  Lipase elevations also seen in non-pancreatic diseases.  
Drug Interference


Increased levels with codeine, indomethacin, Meperidine, and morphine
Increased Levels

1) Pancreatic disease

2) Biliary disease

3) Renal failure

4) Intestinal disease

5) Salivary gland inflammation/tumor

6) PUD
ALBUMIN AND GLOBULIN

Albumin and globulin constitute most of the protein within the body and are measured in the total protein.  Often included in CMP
Albumin

Albumin is a protein that is formed in the liver.  Makes up 60% of total protein.  Maintains serum oncotic pressure by keeping water/fluids in the vascular space.  Transports drugs, hormones, and enzymes
Why Test Albumin?


To diagnose, evaluate, and monitor the disease course in patients with cancer, intestinal/renal protein wasting states, immune disorders, liver dysfunction, and impaired nutrition.
Interfering Factors

1) Sampling of peripheral venous blood proximal to an IV site can result in dilution of protein level

2) Drugs that may cause increased protein levels – anabolic steroids, androgens, corticosteroids, dextran, growth hormone, insulin, and progesterone

3) Drugs that may cause decreased protein levels – ammonium ions, estrogens, hepatotoxic drugs, and oral contraceptives.
Specimen

1) No fasting required

2) Collect 5-7mm of venous blood in a serum separator tube
Test Results

Increased

1) Dehydration only

Decreased

1) Direct loss

2) Pregnancy – declines progressively until birth

3) Starvation

4) Liver disease
Globulin


Globulin has three main groups including alpha, beta, and gamma.  They are the key building blocks of cell structure – glycoproteins, lipoproteins, immunoglobulin, and clotting factors.
Why Measured Globulin?


Serum globulin and albumin are used as a measure of nutrition.  Globulins are the main transport system for various substances.  In some disease, albumin is selectively diminished and globulins are normal or increased to maintain a normal protein level
Serum Protein Electrophoresis


Serum protein electrophoresis is a quantification of all components that makeup the serum proteins including a combination of pre-albumin, albumin, and globulins.
Why perform serum protein electrophoresis?


This test detects abnormal proteins carried by neoplasms or infections.  It is used to diagnose, evaluate, and monitor the disease course inpatients with cancer, liver dysfunction, impaired nutrition, and chronic edematous states.  Contribute to osmotic pressure to keep fluid within the vascular space.  This test can separate the various components of blood protein into bands or zones according to their electrical charge and size
Interfering Factors
Drugs – ASA, bicarbonates, chlorpromazine, corticosteroids, isoniazid, neomycin, phenacemide, salicylates, sulfonamides, and tolbutamides.  
Specimen

1) No fasting required

2) Collect 7-10ml of venous blood in a serum separator tube
3) For a urine specimen, collect a first voided morning specimen or 24-hour specimen.  Keep refrigerated
Test Results
1) Acute reaction patterns show a decreased albumin level and elevated alpha-2 globulin level, early stages of acute infection, some MI, and tissue necrosis

2) Chronic inflammatory pattern – slightly or moderately decreased albumin, slight or moderately elevated gamma globulin, and slightly elevated or normal alpha-2 globulin, chronic infection, and cirrhosis

3) Nephrotic syndrome – greatly decreased albumin levels, markedly increased alpha-2 level and increased beta-globulin possible
