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Single congenital intrahepatic PSS are found primarily in large breed dogs such as Irish Wolfhound, Old English sheepdog, Golden and Labrador Retrievers, and Samoyed, and in medium-sized breeds such as Australian shepherds and Australian Cattle dogs. Poodles may also have an increased risk of intrahepatic shunts. Single extrahepatic PSS occur primarily in small breed dogs such as the Maltese, Yorkshire terrier, Havanese, Dandie Dinmont, Pug, Schnauzer, Shih Tzu, and others.  Congenital shunts are hereditary in Maltese, Irish Wolfhounds, Yorkies, and other breeds.  In Irish wolfhounds, the mode of inheritance has not been determined, but breeding outside of affected family lines resulted in a 50% decrease in incidence.  In Yorkshire terriers, the trait is not simple dominant, simple recessive, or sex linked.  Breeding Cairn terriers with Hepatic Microvascular Dysplasia (HMD or MVD) may produce puppies with PSS, raising concerns for a genetic link and perhaps variable expressivity of the gene(s).

General clinical signs include poor growth rate, weight loss, fever, and anesthetic or tranquilizer intolerance. Yorkies often develop a dull, coarse, thin hair coat.  Neurologic dysfunction is seen in most animals with PSS and includes lethargy and depression, ataxia, seizures, behavioral changes, blindness, and other signs of hepatic encephalopathy.  Hepatic encephalopathy may be  precipitated by protein overload, diuretics, hypokalemia, alkalosis, transfusion of stored red cells, hypoxia, hypovolemia, gastrointestinal hemorrhage, infection, constipation, and administration of sedative, analgesic, and anesthetic agents. Gastrointestinal clinical abnormalities include anorexia, vomiting, and diarrhea. Some dogs have no apparent signs or present with signs of cystitis or urinary tract obstruction. Many cats have hypersalivation and copper colored irises; the latter is not specific for shunts.


Abnormalities found on hemograms of animals with PSS include leukocytosis, anemia, and microcytosis. About 50% of dogs with congenital PSS will have increases in APPT that are usually not clinically significant.  Biochemical abnormalities associated with PSS include decreases in blood urea nitrogen, protein, albumin, glucose, and cholesterol;  and increases in serum alanine aminotransferase and alkaline phosphatase. Increase in alkaline phosphatase is most likely from bone growth, since cholestasis is not usually a problem in animals with shunts.  Cats with PSS may have normal albumin concentrations. Urinalysis abnormalities include low urine specific gravity and ammonium biurate crystalluria and, in some animals, evidence of cystitis from crystalluria or urate urolithiasis.   Urate uroliths are often radiolucent and therefore may not be detectable on survey radiographs unless they are combined with struvite.  


Hepatic histologic changes in animals with PSS include generalized congestion of central veins and sinusoids, lobular collapse, bile duct proliferation, hypoplasia of intrahepatic portal tributaries, proliferation of small vessels and lymphatics, diffuse fatty infiltration, hepatocellular atrophy, and cytoplasmic vacuolization.  These pathology changes can also be seen in dogs with primary congenital portal atresia (“hepatic microvascular dysplasia”) that do not have single congenital shunts.  


Liver function is evaluated by measurement of bile acid or ammonia concentrations.  Both fasting and postprandial (fed) bile acids should be evaluated. A high fat meal (i.e. K/d) will stimulate gallbladder contraction. About 20% of dogs have higher fasting than fed bile acids because of nocturnal gallbladder contraction.  There is no significant difference in bile acid concentrations 1-10 hours after a meal, although the peak is a 2 hours.  Bile acids measured at 6-12 weeks of age are not significantly different from those measured in adulthood in healthy animals.  Bile acids change less than 10% with shipping at room temperature. Serum bile acid concentrations are increased with cholestasis, jaundice, and portosystemic shunting and can be falsely increased by lipemia and hemolysis.  Prolonged fasting may result in normal bile acid concentrations in animals with PSS;  therefore, fasting and 2-hour postprandial samples should be analyzed.  Maltese have falsely increased bile acids when measured by spectrophotometry.  Although all dogs with portosystemic shunts reportedly have abnormal fasting and or fed bile acids, one paper noted that 8/64 dogs with shunts had bile acids of 25 ug/dL or less.  

Concentrations of blood ammonia are not well correlated with severity of hepatic encephalopathy, and ammonia concentrations may be normal in 7% to 21% of dogs with PSS, especially after prolonged fasting.  The ammonia tolerance test provides a more accurate diagnosis of liver dysfunction.  A heparinized baseline sample is taken after a 12 hour fast, and ammonium chloride is administered orally by stomach tube or in gelatin capsules (0.1 g/kg, maximum 3 grams), or as an enema (2 ml/ kg of a 5% solution inserted 20 to 35 cm into the colon).   A second blood sample is obtained 30 minutes after ammonium chloride administration.  Results are invalid after oral ammonium chloride administration if vomiting occurs, and after rectal administration if diarrhea or shallow rectal instillation occurs.  Blood samples are transported on ice for immediate plasma separation and analysis.  Normal values vary with the method of analysis;  results in animals with PSS should be compared to a control sample from a healthy animal to ensure accuracy.  Improper sample cooling, incomplete plasma separation, or delays in sample analysis will result in falsely elevated values because of erythrocyte and plasma generation of ammonia.  Inaccurate results are obtained when ammonia based cleaners are used near the analyzer, or if oil from fingertips contaminates the analyzer.  

To accurately diagnose a portosystemic shunt and determine its location, imaging techniques such as angiography, ultrasonography, scintigraphy, CT, or MRI should be utilized.  Intraoperative mesenteric portography provides excellent visualization of the portal system but usually requires a celiotomy.  Water-soluble contrast medium (maximum total dose, 2 ml/kg) is injected into a catheterized jejunal or splenic vein, and one or more radiographs are taken during completion of the injection.  Alternatively the spleen can be injected directly and percutaneously in a sedated dog; however, the bolus that reaches the shunt is usually small and thus radiographic misinterpretation is a concern.  Retrograde transvenous portography produces excellent portography images.


Nuclear scintigraphy is a noninvasive means of evaluating dogs for portal venous shunting.   In dogs 99mtechnetium pertechnetate is extracted  from the circulation primarily by the liver.  In animals with shunts, the pertechnetate rapidly circulates to the heart and lungs.  Normal dogs have a shunt fraction of less than 15% on scintigraphy;  most dogs with shunts have fractions greater than 60%.  Rectal scintigraphy may be inaccurate with shallow or incomplete instillation or in dogs with colonic fecal contents.  Rectal scintigraphy primarily provides a diagnosis of shunting or no shunting.  Percutaneous splenic injection of technetium permits a reduction of up to 90% in the dosage of the radioactive material.  Additionally, clearance is more rapid with this technique, so that animals are releasable within an hour of study completion.  The technique may also provide more information regarding number (single versus multiple) and location (portocaval versus portoazygos) of the shunts. The technique is difficult in dogs with thin spleens.


Medical management of animals with PSS includes correction of fluid, electrolyte, and glucose imbalances and prevention of hepatic encephalopathy by controlling precipitating factors.  Dietary protein is restricted to reduce substrates for ammonia formation by colonic bacteria.  A protein restricted diet that is readily digestible, high in zinc and Vitamin E, and low in manganese (i.e. Hill’s L/D) is preferred.  Any sources of gastrointestinal hemorrhage (gastritis, parasites) should also be treated.. Non-absorbable intestinal antibiotics that are effective against urea-splitting bacteria, such as neomycin, should be administered to decrease bacterial populations.  Enemas and cathartics may be used to reduce colonic bacteria and substrates and are especially important in animals with hepatic encephalopathy.  Lactulose, a synthetic disaccharide, is hydrolyzed in the colon to organic acids which increase fecal water loss osmotically and acidify colonic contents.  Acidification will trap ammonia as ammonium in the colon and will alter colonic bacterial flora.  Alteration of intestinal transit time associated with the osmotic diarrhea will decrease time available for ammonia production and absorption.   Lactulose may be given orally or by enema at dosages that keep feces soft but formed.  Cystitis should be treated with appropriate antibiotics based on urine culture and sensitivity;  response may be poor if uroliths are present. Pure urate uroliths may respond to low protein diets;  urate renal calculi have reportedly dissolved after shunt ligation.  Cats often require potassium bromide or phenobarbital to control seizures and may need more frequent dosing of lactulose and neomycin than dogs.
With proper medical management, weight and quality of life stabilize or improve with treatment in most dogs.  One third of dogs do well with medical management as the sole method of treatment, with many living to 7 years of age or older. Duration of survival with medical management alone has been correlated to age at initial signs and with BUN concentration; dogs that are older at presentation or have a higher BUN live longer.  Over half of dogs treated with medical management alone are euthanized, usually within 10 months of diagnosis, because of uncontrollable neurologic signs and, in some cases, progressive hepatic fibrosis and subsequent portal hypertension. Surgery is therefore considered to be the treatment of choice for dogs with congenital PSS.  Although not reported, this surgeon’s personal experience is that clinically affected cats that are medically managed for PSS live 1-2 years after diagnosis.

