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Preoperative medical management is usually recommended for unstable or unthrifty shunt patients before surgery is considered.  Dogs that have more significant hypoalbuminemia (<20 g/L), hypoproteinemia, or leukocytosis are more likely to suffer postoperative complications but also more likely to have progressive disease with medical management alone.  Occasionally dogs are no longer candidates for surgery 6 months after diagnosis because of end stage liver disease (albumin <12 g/L, prolonged clotting times, etc.).


Whether all dogs require surgical correction is a topic of much debate.  Since 33% of dogs with shunts live at least 5-6 years after diagnosis, one would anticipate that dogs with relatively normal blood work and no or minimal clinical signs would do well with medical management alone.  Unfortunately dogs that develop additional liver diseases will be more greatly affected by the hepatic changes wrought by these conditions.  For this surgeon, clinical complications are much greater when shunts are ligated in dogs that also have hepatic lipidosis, fibrosis, or hyperadrenocorticism.  Therefore, this surgeon prefers to correct shunts in all dogs and well before clinical signs progress.


The day before surgery a urinalysis is performed; if cystitis is suspected, appropriate antibiotics are initiated while cultures are pending.  In large breed dogs, a baseline coagulation panel is submitted since many of these patients may have prolonged clotting times after intrahepatic shunt repair. The morning of the surgery, a blood glucose is measured.  

At our institution, animals are premedicated with buprenorphine or butorphanol and acepromazine.  The likelihood of seizure activity with phenothiazine administration depends on the type of phenothiazine, the underlying disease condition in the dog, and the dosage of the drug.  We see no seizures when a total dosage of <0.25 mg acepromazine is administered to our shunt dogs.

Induction may be by mask or with propofol.  Animals are usually maintained on isoflurane.  Fluids with 0.25% dextrose are administered for the duration of anesthesia, and most patients receive hetastarch as well.  Plasma is not administered unless coagulation times are prolonged.

Techniques for attenuation of shunting can include ameroid constrictor (Research Instruments NW Inc., Lebanon, Oregon, 541-258-8086) or cellophane band placement around the shunt (or the vessel supplying or draining the shunt), intravascular coils placed under fluoroscopic guidance, or acute partial or complete shunt ligation by intravascular or extravascular techniques.  Gradual occlusion (i.e. ameroid constrictor or cellophane band placement) results in fewer postoperative complications and is usually faster and less expensive than other techniques.  Most shunts are closed within 2-3 weeks of constrictor or cellophane band placement because of fibrous tissue reaction initiated by the device. Cats do not produce as much tissue reaction as dogs and may not close with cellophane banding or partial attenuation with silk suture;  at least one third of dogs that undergo partial attenuation with silk suture will undergo subsequent complete shunt closure.  Intraoperative measurement of portal pressures during ameroid constrictor placement does not improve the outcome of the surgery and prolongs duration of surgery and anesthesia, increasing the risk of complications.

Survival rates from surgery depend on the location of the shunt and the severity of clinical disease.  Dogs with albumin <12 g/L often die after the surgery from sodium imbalances (personal experience), with severe postoperative hyponatremia followed by rapid hypernatremia and brain swelling.  Central intrahepatic shunts are much more difficult to repair surgically and may not be coiled if they consist of a window between the portal vein and caudal vena cava.  Mortality and complication rates are much higher for dogs with shunts in this location.  Mortality rates for other surgeries are most likely related to the level of surgical experience and the duration of anesthesia and surgery.  Morbidity is greater for dogs with high white blood cell counts and low albumin concentrations preoperatively.  

Postoperative complications commonly include pain, hypothermia, and glucose abnormalities.  Some clinicians hesitate to provide narcotic analgesics because of concerns that they will “mask” signs of portal hypertension.  Abdominal press from crying, straining, etc. will increase portal pressures; therefore analgesics and sedatives are a critical component of postoperative care.  We routinely administer buprenorphine (0.05 mg/kg) and acepromazine (maximum dose 0.25 mg) at extubation, often readministering the narcotic at least once and the acepromazine 1-3 more times within 6 hours after surgery.  Most patients will have hyperglycemia after surgery with intraoperative dextrose administration.  Although 90-95% of the patients maintain normoglycemia on Normosol with 2.5% dextrose after surgery, a small percentage will develop severe hypoglycemia despite administration of fluids containing 5% dextrose or IV boluses of 25% dextrose.  Hypoglycemic patients have clinical signs similar to those with portal hypertension- weak, thready pulses; pale mucous membranes, prolonged CRT; nonresponsiveness; progressive hypothermia- and they may seizure.  These patients may have a relative cortisol deficiency since they require 1-2 doses of steroids (i.e. 0.1-0.5 mg/kg dexamethasone) to maintain normoglycemia.  Patients are fed as soon as possible after recovery;  once they are eating, they usually maintain their blood glucose concentrations without additional supplementation.  


Treatment of postoperative portal hypertension includes intravenous fluid administration for hypovolemic shock, systemic antibiotics, and occasionally immediate surgery to remove the PSS ligature.  Factors which may increase portal pressure postoperatively include excessive intraoperative fluid administration, increased systemic blood pressure from anesthetic recovery, and increased intra-abdominal pressure from bandages, pain, or vocalization.  Some dogs with moderately severe portal hypertension will recover without surgical removal of the attenuating device after administration of hetastarch, fresh frozen plasma, Lidocaine CRI (25-50 μg/kg/minute), and broad spectrum antibiotics.  Blood magnesium concentrations are evaluated, particularly in animals with intrahepatic shunts or poor preoperative condition, and supplemented as needed (30 mg/kg IV over 2 hours).


Between 5 and 10% of animals reportedly develop seizures after shunt ligation.  Seizures commonly occur in cats and occasionally in small breed dogs.  No response is seen with administration of IV dextrose or enemas, and diazepam does little to control the seizures long-term. Animals that develop seizures should be given a lactulose enema and placed on a slow continuous intravenous infusion of propofol (or another barbiturate) over 12-24 hours (.025 to 1.0 mg/kg/minute) to stop the seizures. Cats should also be treated with oral lactulose and neomycin when they are conscious. We see no seizures in dogs at our facility and believe it is because of the rapid surgical times, control of postoperative hypoglycemia, and use of acepromazine to prevent excitation (which seems to stimulate seizures in some of these dogs). 


Low protein diet and lactulose are continued after surgery until liver function improves.  Frequently the animals can be gradually weaned off of the lactulose 4 to 6 weeks after the surgery.  Bile acids and albumin are evaluated 3, 6, and 12 months after the surgery to evaluate liver function.  Protein in the diet can be gradually increased once bile acids are normal.  In dogs with mildly elevated bile acids and normal albumin, it may be necessary to monitor clinical response to diet change to determine whether protein content can be gradually increased. Dogs that have persistently increased bile acids 3-6 months after surgery can be placed on milk thistle (Dried herb: 7-10 mg/kg q 12h; Concentrated extract or alcohol extract: 1-3 mg/kg q 8-12h) to improve hepatic regeneration and function. Bile acids may be increased because of persistent shunting through a partially ligated shunt, presence of a second congenital shunt, development of multiple acquired shunts, inappropriate placement of the attenuating device, or hepatic microvascular dysplasia or other liver diseases.  Scintigraphy (or transvenous retrograde portography) and liver biopsy may be needed to determine the cause.  


Prognosis is better for dogs with extrahepatic shunts; for animals that undergo complete shunt ligation or occlusion with ameroid constrictors; and for those that present without signs of hepatic encephalopathy.  Complication rates are much lower and the surgery is much faster when ameroid constrictors or cellophane bands are used, and about 85% of these dogs are clinically normal within 4-6 months after surgery.  About 40% of our Yorkshire terriers develop multiple acquired shunts after ameroid constrictor placement; many of these dogs, however, are clinically normal with normal BUN, albumin, and protein concentrations by 6 months after surgery. 

In 50% of dogs undergoing partial shunt ligation with suture, further shunt attenuation is not necessary.  Half of dogs that undergo partial shunt ligation develop clinical signs of portosystemic shunting within 2 years after ligation.  Half of these dogs have multiple portosystemic shunts from portal hypertension or are unable to undergo further attenuation because of mildly increased portal pressure.  


Cats commonly develop neurologic signs after surgery and may need to be placed on frequent doses of lactulose and neomycin (every 6 hours) or phenobarbital.  Cats frequently develop recurrent clinical signs after undergoing partial ligation;  it has been suggested that cats should undergo a second surgery for complete ligation one month after the initial surgery.  Long-term outcome for cats varies; 33-75% cats do well after shunt occlusion, and complications can occur in 25-75% immediately after surgery.

