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Profile Parameters Associated with Hepatocellular Injury:  Hepatocellular injury includes both mild to moderate but reversible cell injury including mild to moderate vacuolar hepatopathy to severe irreversible injury resulting in cell necrosis.  It should be noted that the parameters used to identify these processes primarily indicate how many hepatocytes are affected rather than the degree of injury on individual hepatocytes.  Therefore, higher increases in some parameters may be associated with many hepatocytes with mild reversible injury compared to situations where low numbers of hepatocytes are severely injured with cellular necrosis.

Alanine Aminotransferase (ALT) – ALT is a cytosolic enzyme relatively specific for hepatocytes that serves as an excellent parameter in the dog and cat to detect hepatocellular injury.  Increases in ALT are immediate following significant injury to the cell and if the injury is not ongoing, ALT values return to their baseline relatively rapidly.  The circulating half-life of ALT is reportedly wide in the veterinary literature, but clinically, a 2-3 day half-life time period proves effective in interpreting serial ALT values.  A decrease of 50% of a serum ALT value within 2-3 days indicates that either the hepatocellular injury is subsiding and the process is resolving or there are no additional hepatocytes remaining to injure.  The latter process should be relatively easy to distinguish clinically from the former in that the clinical condition should be extremely severe.  The vast majority of increases in ALT in the dog and cat are specific indicators of hepatocellular injury. 

Aspartate Aminotransferase (AST) – AST is primarily an intra-mitochondrial enzyme present within multiple tissues including the liver; it also has an apparent cytosolic component.  In cases of increases of AST associated with hepatocellular injury, many suggest that this represents more severe hepatocellular injury suggesting true hepatocellular injury.  However, this appears of only significant value in controlled research situations and is of relatively little value in typical clinical presentations where increased AST values are seen.  AST is found in relatively high concentrations in both hepatocytes and myocytes and increases are associated with both sublethal and lethal injury to these cells.  Isolated increases in AST with normal ALT values in the dog and cat are most supportive of myocyte injury rather than hepatocellular injury.  The half-life of AST is short compared to ALT; AST half-life is approximately 5 hours in the dog and slightly shorter in the cat.

Profile Parameters Associated with Cholestasis:  Cholestasis can be seen with a variety of hepatic as well as post hepatic pathologic processes.  Interferences with bilirubin metabolism and excretion can be seen at the hepatocellular level where intra-hepatocellular accumulations of bilirubin occurs (intra-cellular cholestasis).  Blockage of bilirubin and bile salt passage through the early bile canalicular system between hepatocytes with mild to moderate hepatocellular swelling associated with both reversible and irreversibly injury is possible also.  In addition, more significant blockage of the biliary system can be seen with accumulations of bilirubin and bile salts within bile ducts within the hepatic parenchyma due to pathologic changes in the periportal regions due to infiltrative inflammatory and neoplastic processes or changes such as fibrosis.  Post hepatic obstruction associated with pathologic changes near the common bile duct result in similar parameter changes associated with this cholestatic process also.  These various cholestatic processes result in similar profile changes with slight variations in timing of changes of the different parameters or different degrees of parameter change.

Alkaline Phosphatase (ALP) – ALP is an extremely sensitive indicator of cholestasis in the dog (most cases of cholestasis will have increases in ALP); however, specificity varies between the dog and cat.  Because of non-hepatic sources of ALP (tissue specific isozymes) and the presence of these isozymes in the serum of dogs, mild increases in ALP are extremely nonspecific.  Bone ALP isozyme is commonly seen in young growing animals and sources such as intestinal epithelium, renal epithelium, and placenta are found in the serum of dogs in both health and disease.  In addition, specific to the dog, there is a glucocorticoid-induced form of ALP that is commonly seen increased with a wide variety of disorders, not just hepatic disorders.  Therefore, mild increases in ALP in the dog are extremely nonspecific.  If ALP values reach to levels greater than 3-4 fold above the high end of the reference range, some specificity is allowed.  These degrees of changes are associated with either cholestasis or glucocorticoid-induced ALP origin.  Use of other profile parameters and clinical information is required to make a proper interpretation of these types of ALP increases in the dog.   In the cat, ALP is highly specific but not very sensitive for identifying a cholestatic disorder.  With the exception of the glucocorticoid-induced isozyme, other tissue isozymes are also experienced in the cat.  The reason that these isozymes are not interfering with the interpretation is because they have extremely short half-life and they do not accumulate in the plasma.  The hepatic (cholestasis-associated) isozyme of ALP has a very short half-life also, which relates to its low sensitivity, but even this short half-life is longer than most of the other isozyme forms.

Interpretation of ALP related to hepatic disease is different from the indicators of hepatocellular injury.  ALP is primarily a membrane-associated enzyme that increases in plasma concentration due primarily due to increased (induced) production and concentration within membranes rather than “leakage” from the cytosol or mitochondria.  Because of this difference, increases in ALP are not seen immediately, there is a lag time between cholestatic process and ALP increases.  Similarly, discussions about half-life is of little value, because there is a lag time for the decreasing of this enzyme that is variable depending upon the primary stimulus for increased production to begin with.  In general, following serial ALP values is of very little value shorter than a period 3-4 days.  Location within the liver is primarily on hepatocyte membranes along bile canaliculi and increases from the liver typically have general hepatic involvement. 

Gamma Glutamyltransferase (GGT) – GGT is also a membrane-associated enzyme that increases and decreases in what clinically appears as a “lag time” relative to clinical disease.  GGT is present in many tissues, primarily secretory tissues, with high concentrations per gram tissue weight in the pancreas, kidney, mammary gland and even the lung in addition to the liver.  Within the liver, it is present in highest concentrations on membranes of bile ductular epithelial cells with much less associated with hepatocytes; therefore, increases are generally indicative of pathologic changes associated with periportal regions of the liver.  When increases are seen in the plasma, it is typically of hepatic (cholestatic) origin because with the other tissue sources, the enzyme is lost within the secretory component of the tissues since it is associated with the apical membranes of the various tissues.  As with ALP, interpretation of half-life is difficult with GGT and serial value determinations should are of very little value shorter than a period of 3-4 days.

Profile Parameters Associated with Hepatic Function:  Because of the wide range of functions of the liver, one might anticipate that there are a wide range of chemistry profile parameters that could be influenced by decreased hepatic function.  Since many of these are also associated with other non-hepatic disorders, caution must be taken when interpreting these parameters.  In general, identification of multiple parameter abnormalities supportive of hepatic dysfunction are needed for interpretation; changes within many of these tests alone without other changes are very nonspecific related to evaluation of hepatic functional status.

Bilirubin – Bilirubin is a hemoglobin breakdown product and may be present in circulation in a variety of forms.  The simple profile provided by most reference laboratories includes total bilirubin, unconjugated bilirubin (form being delivered to the hepatocyte most immediately related to hemoglobin breakdown), and conjugated bilirubin (form processed by the liver making the breakdown product water soluble and freely passable in the biliary tree).  Increases in unconjugated bilirubin (also identified as Indirect Bilirubin) can be seen with decreased concentration of hepatocytes (decreased hepatic mass) associated with hepatic insufficiency but may also be seen with intravascular and extravascular hemolytic disease as well as selected internal hemorrhage situations where there is an increased turn-over of erythrocytes and excess hemoglobin breakdown compared to normal.  The increase in unconjugated bilirubin associated with hemolytic disease is most likely seen when there is a concomitant insult to the liver and its functionality, which is commonly seen with the more severe hemolytic or hemorrhagic processes due to hypoxic injury.  Increases in conjugated bilirubin are seen with post-hepatocellular events.  Disruption of bile flow from partial or complete blockage of the biliary system anywhere from the bile canaliculus to the common bile duct entering the duodenum can result in increases in conjugated bilirubin.  Many people find the measurement of conjugated bilirubin (also known as Direct Bilirubin) unhelpful since it is seen commonly even when primary cholestasis is not evident.  This, in part, is related to the fact that once bilirubin is conjugated and becomes water soluble, some of this form binds apparently irreversibly to albumin and potentially other proteins (Delta Bilirubin).  Once bound, it is relatively long-lived in circulation lasting as long as the protein it is bound to, which in the case of albumin could be 7-21 days depending upon the species of animal.  This makes bilirubin profiling a relatively insensitive means of detecting subtle obstructive cholestasis unless one has the ability to determine Delta Bilirubin, which is performed at only few academic clinical pathology laboratories at this time.

Bile Acids – Bile acids are produced in the liver, stored and secreted from the gall bladder, and mostly (95%) re-absorbed from the intestinal tract and re-circulated for re-use.  Normally there is a small amount of bile acids in circulation and increases can prove extremely sensitive to hepatic disorders including hepatic insufficiency; however, bile acids are relatively nonspecific related to the type of hepatobiliary disease present.  It can increase related to disturbances in circulation to the liver (entero-hepatic circulation / shunts) since the bile acids do not get delivered to the hepatocytes for uptake and re-utilization.  It can increase related to hepatocellular injury, necrosis or decreased numbers since the hepatocytes are not available for uptake and the bile acids circulate longer than normal.  It can also increase related to biliary stasis / obstruction where there is regurgitation of bile acids into circulation.  Where bile acids are of particular value are related to cases of suspect circulatory shunts or if there is strong clinical suspect of underlying hepatic disease even though the primary and secondary hepatic panels have no significant changes.  If there is already evidence of hepatocellular injury, cholestasis or hepatic insufficiency, bile acid profiling may prove not to be useful.

Ammonia Tolerance Testing – Resting blood ammonia and more effectively, ammonia tolerance testing can be highly supportive of underlying hepatic insufficiency.  Only rarely seen cases or urinary bacterial infections with urea splitting bacteria and circulating high circulating ammonia levels can be confused with true ammonia increases related to inability of the liver to metabolize ammonia to urea (hepatic insufficiency).

Glucose – The liver plays an extremely critical role in glucose homeostasis.  Glycogen stores are needed as a glucose storehouse and if there is decreased hepatic mass, there is decreased availability of these glucose stores.  In addition, the liver is needed to handle periodic delivery of glucose to the system preventing hypoglycemia (storage into glycogen stores).  A common laboratory finding with animals with hepatic insufficiency is hypoglycemia (prolonged fasting hypoglycemia); however, a patient in hepatic insufficiency that has recently received a source of glucose will have a prolonged hyperglycemia.  Since other things obviously affect glucose (prolonged sample storage on red blood cells, severe or overwhelming inflammation and cellular utilization, etc.), changes in glucose supportive of hepatic insufficiency should be supported with other laboratory evidence of this process.

Albumin – Since albumin is only produced in the liver, decreases in albumin can be highly supportive of underlying hepatic insufficiency.  Before one over interprets such a finding, one must be sure to eliminate other causes of hypoalbuminemia including loss through the urine (protein-losing nephropathy), loss with other proteins (protein-losing enteropathy, blood loss, etc.), active inflammation (albumin is a negative acute phase reactant), possible laboratory interferences (some antibiotics).  This is a parameter that would be more supportive for hepatic insufficiency if there were other supportive laboratory data.

Globulins – Increased globulins is commonly seen with humans and other animals with hepatic insufficiency.  Specific increases in late beta globulin proteins and gamma globulin proteins are seen and in some cases as distinctive serum protein electrophoresis protein pattern is seen.  The changes are related primarily to two factors.  First, there is prolonged survivability of immunoglobulins because of decreased Kupffer’s cell function with both decreased numbers of these fixed tissue macrophages and a decreased delivery of circulating blood to these cells (acquired vascular shunts).  Second, there is increased circulating antigenemia from the gastrointestinal tract because of decreased “filtering” by the liver with various acquired vascular shunts.

Urea – This is closely related to the increases in ammonia.  Normally the liver handles any delivered ammonia and metabolizes it to urea; however, with decreased functional hepatic tissue mass or various vascular shunts avoiding hepatic tissue, ammonia is not delivered to the hepatocytes properly and there is a subsequent decrease in urea.  Obviously, consideration for diuresis or over hydration must be made before any decreases in urea are interpreted.  It is helpful to compare urea values to Creatinine.  If there is liver insufficiency as the cause for the decreased urea, Creatinine should not show a similar / relative decrease.  If decreases in both are observed, investigation into over hydration or diuresis is warranted.

Cholesterol – Cholesterol in general is a very nonspecific profile parameter; however, relatively severe hypocholesterolemia (less than 50-60 mg/dl) can be highly supportive of hepatic insufficiency.  This is especially true in cases where cholestasis can be documented since with cholestasis, hypercholesterolemia is typically seen.

Coagulation Factors – Since the majority of the coagulation soluble factors originate in the liver, hepatic insufficiency could be associated with coagulation abnormalities.  Prolonged Prothrombin Time and Activated Partial Thromboplastin Times can be seen with hepatic insufficiency.  Obviously there are other causes abnormalities in the coagulation times and many of them could be associated with hepatic disease themselves (Disseminated Intravascular Coagulation).

Urinalysis – A complete urinalysis provides ancillary information relative to several organ systems beyond the kidney.  Related to the liver, the finding of bilirubin in the urine of a dog is of no value because of the low renal threshold for conjugated bilirubin in the plasma.  Even the finding of bilirubin crystals in concentrated urine from a dog is uneventful.  However, in the cat, the finding of bilirubin or bilirubin crystals is highly supportive of cholestatic liver disease since conjugated bilirubinuria is only rarely seen.  The finding of ammonia biurate crystals in most cases is a good reflection of the presence of increased ammonia values in the plasma.

