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ABSTRACT
Congenital portosystemic shunts (CPSS) are hepatic vascular anomalies which can affect any breed of
dog or cat. Extrahepatic CPSS are most commonly observed in cats and small dogs, whereas intrahepatic
CPSS are more likely to affect large breed dogs. A hereditary basis has been observed in some dog breeds.
Affected animals are usually presented at young age with a variety of neurological, gastrointestinal, urinary or other signs. Signs of hepatic encephalopathy often predominate. The pathogenesis of this condition is
not yet completely understood and is probably multifactorial. The underlying cause is probably the influence on the brain of one or more toxins which normally speaking should be detoxified by the liver. Ptyalism
is a very common sign in cats with CPSS.

SAMENVATTING
Congenitale portosystemische shunts (CPSS) zijn hepatische bloedvatafwijkingen die bij elk honden- of kattenras kunnen voorkomen. Extrahepatische CPSS komen vooral voor bij kleine honden en katten, terwijl intrahepatische CPSS vooral grote hondenrassen aantasten. Voor sommige hondenrassen is een erfelijke basis vastgesteld.
Aangetaste dieren worden meestal op jonge leeftijd aangeboden met variërende neurologische, gastro-intestinale,
urinaire of andere klachten. Symptomen te wijten aan hepatische encefalopathie nemen dikwijls de overhand. De
pathogenese van dit syndroom is tot nu toe nog niet volledig gekend en is vermoedelijk multifactorieel. De onderliggende oorzaak is vermoedelijk de invloed op de hersenen van één of meerdere toxinen die normaal gezien
door de lever ontgiftigd zouden moeten worden. Katten met CPSS vertonen zeer vaak ptyalisme.

INTRODUCTION

DEFINITION AND CLASSIFICATION

This report is the first of a series in which portosystemic shunts in dogs and cats are reviewed. The
definition and classification of extrahepatic and intrahepatic shunts are summarized. The current knowledge on epidemiological factors is described in detail to give practitioners an increased awareness of
possible CPSS in predisposed animals. Afterwards,
an overview of the most commonly observed clinical
signs is given. Much attention is given to the pathogenesis of hepatic encephalopathy, because this is the
subject of serious debate.

A portosystemic shunt is defined as any vascular
communication linking the portal vein directly to
the systemic circulation, thus allowing substances in
portal blood derived from the intestinal tract to bypass
the liver and thus not undergo hepatic metabolism (De
Rycke et al., 1995; Winkler et al., 2003). Portosystemic shunting is thought to be congenital if a single or occasionally double anomalous vein is present
without concurrent portal hypertension. Congenital
portosystemic shunts (CPSS) may be intrahepatic or
extrahepatic. Portosystemic shunting is considered to
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be acquired when multiple collateral vessels form to
compensate for sustained hepatic or prehepatic portal
hypertension (De Rycke et al., 1995). These vascular
channels exist normally as non-functional fetal communications between the portal and systemic veins
and become functional in order to prevent fatal portal
hypertension (Martin, 1993).
In the remainder of this article only congenital portosystemic shunts will be discussed.
Extrahepatic shunts are most frequent in cats and
dogs and may arise from any part of the portal system.
Most commonly, they originate from the main portal
vein trunk, gastro-splenic or gastro-duodenal branches. Extrahepatic shunts usually drain into the posterior caval vein or the (hemi)azygos vein, but they can
also empty into the hepatic veins, renal vein, phrenicoabdominal vein, internal thoracic vein or the thoracic posterior caval vein (Martin, 1993; van den Ingh et
al., 1995; Tillson and Winkler, 2002; Santilli and Gerboni, 2003). Although most extrahepatic CPSS are
single vascular anomalies, multiple (mostly double)
CPSS are occasionally diagnosed in dogs but seldom
in cats (Johnson et al., 1987; Birchard and Sherding,
1992; Meyer et al., 1999; Winkler et al., 2003).
Canine and feline intrahepatic portocaval shunts
may be classified as left-, central- or right-divisional.
Left divisional shunts are most common and are compatible with a patent ductus venosus. The ductus venosus is a normal fetal connection between the portal
vein and the posterior caval vein which normally closes shortly after birth. The oxygenated umbilical blood
streams directly into the posterior caval vein through
this ductus venosus, bypassing the sinusoidal vascular bed of the liver (Martin, 1993; van den Ingh et al.,

1995; Lamb and White, 1998; White et al., 1998; Tillson and Winkler, 2002). The pathogenesis of centraland right-divisional intrahepatic shunts is not known
(Lamb and White, 1998; White et al., 1998).
In normal circumstances, the liver receives blood from
two vessels: the hepatic artery and the portal vein. The
portal vein drains the splanchnic viscera and contributes approximately two-thirds of the total hepatic
blood flow. Hepatic tissue oxygenation is provided by
both circulatory beds (Martin, 1993; Center, 1996b;
Tillson and Winkler, 2002). The portal blood delivers
toxins and nutrients absorbed from the intestines, as
well as intestinal and pancreatic hormones and intestinal bacteria. Normally, toxins are cleared from the
hepatic circulation when they pass through the liver
and certain hormones (such as insulin, insulin-like
growth factor, hepatocyte growth factor and glucagon) are trophic to the liver. Maintenance of the mass
and function of the hepatic parenchyma is largely
determined by hepatic perfusion, particularly by the
quantity and quality of the portal blood. When portal
blood circumvents the liver, the liver fails to develop
normally and noxious substances are delivered to the
systemic circulation. This results in hepatic hypoplasia, progressive liver atrophy and hepatic encephalopathy (Martin, 1993; van den Ingh et al., 1995).
EPIDEMIOLOGY
Congenital portosystemic shunts are seen more frequently in dogs than in cats (Table 1; Levy et al., 1995;
Center, 1996b).

Table 1. Overview of epidemiological features of CPSS in dogs and cats (references, see text).

Prevalence
Breed predisposition
1. In general

Dog

Cat

0.02-0.6%

0.02-0.1%

North America: Havanese dog, Yorkshire
Terrier, Maltese, Dandie Dinmont Terrier, Pug,
Skye Terrier and Miniature Schnauzer

Domestic shorthair cats,
some purebred cats (Persian,
Siamese, Himalayan, Burmese)

Australia: Maltese, Silky Terrier, Australian
Cattle Dog, Bichon Frisé, Shih Tzu, Miniature
Schnauzer, Border Collie, Jack Russell Terrier
and Irish Wolfhound
2.
3.

Extrahepatic
Intrahepatic
• Left divisional
• Central divisional
• Right divisional

Age at presentation
Sex predilection

Small purebred dogs
Large purebred dogs
Irish Wolfhound
Old English Sheepdog, Retriever
Australian Cattle Dog
75% under 2 years
no

majority less than 1 year
no
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Breed predisposition
In dogs, CPSS more commonly affect purebred
dogs than mixed-breed dogs (Lamb, 1996; Wolschrijn
et al., 2000; Tobias and Rohrbach, 2003; Hunt, 2004;
Mehl et al., 2005). Although CPSS may occur in
virtually any breed of dog, the breed predisposition
varies with geographical location, probably due to environmental or genetic characteristics of the regional
population (Tobias and Rohrbach, 2003; Hunt et al.,
2000; Hunt, 2004). The most commonly affected
breeds in North America and Australia are presented
in Table 1 (Tobias and Rohrbach, 2003; Tisdall et al.,
1994; Hunt, 2004).
Intrahepatic shunts are more likely to affect large
breed dogs whereas extrahepatic shunts are more likely to affect small breed dogs (Bostwick and Twedt,
1995; Smith et al., 1995; Lamb, 1996; Wolschrijn et
al., 2000; Tobias et al., 2003; Winkler et al., 2003;
Hunt, 2004). Bostwick and Twedt (1995) stated that
a large breed dog has a 90% chance of having an intrahepatic shunt, whereas a small breed dog has a 93%
chance of having an extrahepatic shunt. Even within
the intrahepatic shunts there seems to be a breed predilection, which is shown in Table 1 (Tisdall et al.,
1994; Meyer et al., 1995; Lamb and White, 1998; Kerr
and van Doorn, 1999).
These reports show that breed has a significant effect on shunt anatomy in dogs. Furthermore, unusual or
inoperable shunts more likely occur in breeds that are
not predisposed for CPSS. A possible explanation may
be that predisposed breeds suffer from programmed
genetic defects, whereas in non-predisposed breeds
shunt development is more often a result of random
errors in embryogenesis (Hunt, 2004).
Because certain breeds appear to be at increased
risk for CPSS and because breed clearly influences
shunt anatomy, a genetic predisposition is hypothesized (Tisdall et al., 1994; Tobias and Rohrbach, 2003;
van Straten et al., 2005). CPSS is identified as hereditary in Yorkshire Terriers, Irish Wolfhounds and
Cairn Terriers but the exact mechanism of inheritance
has yet to be elucidated (Meyer et al., 1995; Tobias,
2003; van Straten et al., 2005). In Yorkshire Terriers, it has been determined that the mode of inheritance is not sex-linked, simple autosomal dominant or
simple autosomal recessive. It has been suggested that
incomplete penetrance, variable gene expressivity or
multifactorial components can be involved (Tobias,
2003). In Cairn Terriers an autosomal mode of inheritance has been defined that is probably polygenic or
monogenic, with variable expression comparable to
hepatoportal microvascular dysplasia (HMD). It is
not clear whether there is a genetic relationship between CPSS and HMD (Schermerhorn et al., 1996;
van Straten et al., 2005). By screening Irish Wolfhound pups in 2 studies, an incidence of 2.1% in the
Netherlands and 3.4% in the United Kingdom for intrahepatic shunts, all left-divisional, has been determined, which suggests a hereditary basis for this type
of CPSS in this breed (Meyer et al., 1995; Kerr and
van Doorn, 1999). Environmental factors may also influence the development of CPSS, but until now no
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other risk factors other than heredity have been clearly
defined (Tobias and Rohrbach, 2003).
Portosystemic shunts are diagnosed rarely in cats,
and the domestic shorthaired cats are the most commonly affected breed group (Table 1; Scavelli et al.,
1986; Holt et al., 1995; Levy et al., 1995; Lamb et al.,
1996; Wolschrijn et al., 2000; Havig and Tobias, 2002;
Kyles et al., 2002; Tillson and Winkler, 2002). The
most commonly reported shunt in cats is the single,
extrahepatic portocaval shunt (Scavelli et al., 1986;
Rothuizen et al., 1982; Blaxter et al., 1988; Birchard
and Sherding, 1992; Wolschrijn et al., 2000; Havig
and Tobias, 2002; Kyles et al., 2002). Almost 10% of
the shunts in cats are located intrahepatically (Levy
et al., 1995; Tillson and Winkler, 2002).
Age at presentation
Most dogs and cats are presented with clinical signs
at a young age (Table 1), but occasionally animals
(mainly dogs) are presented at an older age. Many patients with CPSS, especially cats, already have a long
or even a life-long history of illness (Rothuizen et
al., 1982; Scavelli et al., 1986; Johnson et al., 1987;
Blaxter et al., 1988; Birchard and Sherding, 1992;
Lawrence et al., 1992; Smith et al., 1995; Bostwick
and Twedt, 1995; Levy et al., 1995; Hunt and Hughes, 1999; Wolschrijn et al., 2000; Havig and Tobias,
2002; Kyles et al., 2002; Tillson and Winkler, 2002;
Winkler et al., 2003). The type of shunt can influence
the age of onset and the severity of the clinical abnormalities. Several reports have demonstrated that dogs
with intrahepatic shunts tend to be younger at the time
of diagnosis than those with extrahepatic shunts, probably due to a larger anomalous vessel in the case of
intrahepatic CPSS (Komtebedde et al., 1991; Martin,
1993; Lamb, 1996). By contrast, dogs with an extrahepatic portoazygos shunt may be presented at older
ages (Rothuizen et al., 1982; Martin, 1993; Mehl et
al., 2005). However, Smith et al. (1995) could not
show a correlation between shunt location and the
age at surgery.
Sex predisposition
Although older reports suspected a slight male predisposition in cats (Birchard and Sherding, 1992;
Levy et al., 1995), nowadays, a sex predisposition is
not described either in cats or dogs (Table 1; Rothuizen et al., 1982; Holt et al., 1995; White et al., 1996;
Murphy et al., 2001; Havig and Tobias, 2002; Kyles
et al., 2002; Tillson and Winkler, 2002; Mehl et al.,
2005). There may be an association with golden- or
copper-colored irises and congenital cardiac murmurs
in cats with CPSS (Figure 1; Scavelli et al., 1986;
Levy et al., 1995; Havig and Tobias, 2002; Kyles et
al., 2002; Tillson and Winkler, 2002). A high rate of
cryptorchidism is also reported in cats with CPSS
(Levy et al., 1995; Tillson and Winkler, 2002) and in
two canine studies (Johnson et al., 1987; Watson and
Herrtage, 1998).
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CLINICAL SIGNS
The clinical signs of CPSS are very variable and are
in general a combination of neurological, gastrointestinal and urinary signs.
Dogs
Central nervous system signs
Central nervous system (CNS) signs usually predominate with CPSS, which is the most common cause
of hepatic encephalopathy in young dogs and cats
(Rothuizen et al., 1982; Blaxter et al., 1988; Martin,
1993; Lawrence et al., 1992; Holt et al., 1995; Murphy
et al., 2001; Mehl et al., 2005). The key diagnostic features of hepatic encephalopathy are intermittent and, in
most cases, reversible clinical signs (Rothuizen et al.,
1982; Tyler, 1990a; Maddison, 1992; Aronson et al.,
1997). These signs can vary in intensity from day to
day, and they often show a progressive severity and
range, from depression and lethargy to behavioral
changes, seizures, coma and death. Sometimes signs
present in relationship with feeding or medication
(Tyler, 1990a; Martin, 1993). Possible presentations
of hepatic encephalopathy in dogs are head pressing,
staring, disorientation, circling, ataxia, dementia, apparent blindness, unusual behavior, vocalization, ptyalism, seizures and dullness (Rothuizen et al., 1982;
Johnson et al., 1987; Tyler, 1990a; Holt et al., 1995;
Aronson et al., 1997; Winkler et al., 2003; Mehl et
al., 2005).
The pathophysiology of hepatic encephalopathy is
still not completely understood. This disorder does
not cause significant structural damage to the CNS
(Tyler, 1990a; Maddison, 1992; Aronson et al.,
1997). Analyses of cerebrospinal fluid and electroencephalogram are normal or only show non-significant
abnormalities consistent with metabolic encephalopathy (Tyler, 1990a; Maddison, 1992). The metabolic
cause of hepatic encephalopathy is unknown and is
probably multifactorial (Tyler, 1990b; Maddison,
1992; Aronson et al., 1997; Holt et al., 2002). Every
author agrees that this condition most likely is caused
by one or a combination of toxins which normally
should be detoxified by the liver (Tyler, 1990b; Maddison, 1992; Aronson et al., 1997; Tillson and Winkler, 2002; Winkler et al., 2003). Many abnormalities are linked to the effects of ammonia on the CNS
(Maddison, 1992; Holt et al., 2002). Because the
brain has no urea cycle, astrocytes metabolize ammonia in the brain by transamination of glutamate into
glutamine via glutamine synthetase (Tyler, 1990b;
Holt et al., 2002; Morita et al., 2004). Glutamine
normally shares an antiport transport mechanism with
tryptophan. As in humans, an increased concentration
of glutamine, tryptophan and tryptophan metabolites
is found in the cerebrospinal fluid of dogs with CPSS.
These substances may contribute to the neurological
abnormalities seen in hepatic encephalopathy (Holt
et al., 2002). Besides ammonia, some aromatic amino
acids, short-chain fatty acids, mercaptans and benzodiazepine-like substances also play a role, probably
due to a synergistic effect with the ammonia toxicity
(Tyler, 1990a; Tyler, 1990b; Maddison, 1992; Tillson
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and Winkler, 2002). Aromatic amino acids may be released during catabolism of skeletal muscle caused by
increased glucagon concentrations as a consequence of
persistent hyperammonemia (Matushek et al., 1990).
The insufficient hepatic clearance results in increased
concentrations of aromatic amino acids in the CNS,
which might contribute to neurological signs because
they are precursors of false and inhibitory neurotransmitters (Matushek et al., 1990; Maddison, 1992). A
possible explanation for common signs such as head
pressing, ataxia, circling, dementia or coma is the inhibitory influence on the CNS of the benzodiazepinelike compounds by interaction with binding sites on
the ϒ-aminobutyric acid (GABA)-benzodiazepine
receptor complex. The role of benzodiazepine-like
substances is confirmed by detection of a higher concentration of endogenous benzodiazepines in systemic
and portal blood of dogs with CPSS compared to normal dogs (Aronson et al., 1997). The gastrointestinal
tract is suggested to be a source for these compounds
because in most dogs with CPSS a higher level of endogenous benzodiazepine ligand is detected in portal
blood compared to systemic blood. It is not yet known
whether these gastrointestinal compounds originate
from the diet, the gut flora or from endogenous modification of inactive gut precursors. This theory is supported by the generally good therapeutic response of
hepatic encephalopathy to medical modification of
the gut flora or intestinal absorption (Aronson et al.,
1997). Studies in humans showed that the “increased
GABAergic tone” is not due to changes in the GABAA receptor binding site or the functional coupling (Ahboucha and Butterworth, 2005). Several benzodiazepine-receptor antagonists have been studied for
the treatment of hepatic encephalopathy. Flumazenil
showed discrepant findings in experimental acute hepatic encephalopathy in rats and rabbits (Ahboucha
and Butterworth, 2005). For the treatment of chronic hepatic encephalopathy, beneficial effects were
observed in humans, but not in dogs (Meyer et al.,
1998; Ahboucha and Butterworth, 2005; Lock and
Pandit, 2006). Sarmazenil ameliorated the physical
effects of experimentally induced chronic hepatic encephalopathy in dogs and acute hepatic encephalopathy in rats (Meyer et al., 1998; Ahboucha and Butterworth, 2005). However, no clinical studies have
been performed yet, and at this point flumazenil and
sarmazenil can only be administered intravenously.
Therefore, further studies are necessary to substantiate the possible role of sarmazenil or flumazenil
in the treatment of chronic hepatic encephalopathy.
According to Meyer et al. (1998), the “increased
GABAergic tone” in the pathogenesis of hepatic
encephalopathy is confirmed by the positive effects
of sarmazenil, but the lack of effects for flumazenil
make it unlikely that endogenous benzodiazepines
play an important role in this process. Several other
factors may contribute to hepatic encephalopathy.
High serum bile acid concentrations reversibly enhance the permeability of the blood brain barrier and
thereby facilitate the entry of toxic metabolic substances into the CNS (Center et al., 1985). Other metabolic abnormalities such as hypokalemia, alkalosis,
hypovolemia, hypoglycemia and hypoxiacan precipitate hepatic encephalopathy (Maddison, 1992).
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Figure 1. A 4-month-old British Shorthair cat diagnosed
with an extrahepatic portocaval CPSS. The wet mouth
due to ptyalism and the copper colored irises are obvious.

In metabolic alkalosis, which can be caused by vomiting, volume depletion and/or hypokalemia, ammonia is present in unionized form, which facilitates its
transfer across the blood-brain barrier (Tyler, 1990a;
Tyler, 1990b; Maddison, 1992; Center, 1996b). Furthermore, the level and metabolism of neurotransmitters (such as serotonin, norepinephrine or dopamine)
and the densities and affinities of neurotransmitter
receptors (such as GABA, glycine or diazepine receptors) can be altered in hepatic encephalopathy,
although the presence of most of these changes still
needs to be proven in dogs and cats (Tyler, 1990b).
Other clinical signs
Gastrointestinal signs related to hepatic dysfunction are most often non-specific (vomiting, diarrhea,
melena, poor appetite). Some dogs present with signs
of urinary tract disease (pollakisuria, hematuria) with
or without concurrent nervous or gastrointestinal signs
(Rothuizen et al., 1982; Martin, 1993; Holt et al.,
1995; Mehl et al., 2005). In rare cases, the urinary
tract signs are the only abnormality. These signs are
due to ammonium biurate or urate crystal or stone
formation. Hepatic insufficiency impairs the conversion of ammonia to urea by urease and the conversion
of uric acid to allantoin by uricase, which leads to
hyperammonemia and hyperuricemia. This results in
increased urinary excretion of ammonia and uric acid
and consequently a predisposition for urate calculi
(Johnson et al., 1987; Center, 1996a; Bartges et al.,
1999). The reported incidences of dogs with CPSS and
concurrent urinary calculi vary from 20% to more than
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50% (Rothuizen et al., 1982; Johnson et al., 1987;
Center, 1996b; Santilli and Gerboni, 2003; Winkler
et al., 2003).
Other clinical signs which may accompany CPSS
in dogs are a thin and undersized body condition, poor
growth, slow recovery from anesthesia, recurrent pyrexia, primary polydipsia and secondary polyuria (Rothuizen et al., 1982; Martin, 1993; Mehl et al., 2005). The
reasons for the polyuria and polydipsia are not clearly
understood. Possible explanations include decreased
renal medullary gradient secondary to limited blood
urea nitrogen (BUN) production, psychogenic polydipsia, altered function of portal vein osmoreceptors
and stimulation of central thirst centers (Rothuizen et
al., 1982; Tillson and Winkler, 2002). The intermittent fever can be due to transient bacteremia by translocation of intestinal bacteria into the portal blood and
the subsequent entering of bacteria into the systemic
circulation, or to reduced hepatic or total body reticuloendothelial function. As a consequence, a CPSS
should be included in the differential diagnosis for fever
of unknown origin (Koblik and Hornof, 1995; Watson
and Herrtage, 1998; Wess et al., 2003). Patients with
CPSS do not suffer from portal hypertension and do
not develop ascites unless they have profound hypoalbuminemia (Mathews and Bunch, 2005).
Cats
The most common observations in cats with a CPSS
are ptyalism, seizures, ataxia, tremors and depression.
Other neurological signs are intermittent or permanent
blindness, mydriasis, disorientation, and behavioral
changes (such as excessive vocalization, aggression,
tail twitching, unusual docility and hiding) (Scavelli
et al., 1986; Blaxter et al., 1988; Birchard and Sherding, 1992; Levy et al., 1995; Havig and Tobias, 2002;
Kyles et al., 2002; Tillson and Winkler, 2002). In
about half of the cats, the encephalopathic episodes
are precipitated or exacerbated by meals (Levy et al.,
1995; Havig and Tobias, 2002). Beyond the neurological signs, gastrointestinal (vomiting, diarrhea, intermittent anorexia, pica, polyphagia, constipation,
weight loss), respiratory (tachypnea, dyspnea, nasal
discharge) and urinary (dysuria, pollakisuria, hematuria, stranguria, proteinuria) signs can also be present in cats with CPSS (Scavelli et al., 1986; Levy et
al., 1995; Havig and Tobias, 2002; Kyles et al., 2002;
Tillson and Winkler, 2002). Excessive salivation or
ptyalism is very common and its presence should
heighten the suspicion for a CPSS (Figure 1; Scavelli
et al., 1986; Blaxter et al., 1988; Birchard and Sherding, 1992; Havig and Tobias, 2002; Kyles et al., 2002;
Tillson and Winkler, 2002). However, signs which are
not related to hepatic encephalopathy seem to be less
common in cats than in dogs (Blaxter et al., 1988). In
a small proportion of feline cases (almost 10%), anesthetic complications such as prolonged recovery
time, cardiac arrest, postoperative blindness or seizures develop due to the decreased functional hepatic
mass. Polyuria, polydipsia and intermittent fever are
infrequently observed (Levy et al., 1995; Havig and
Tobias, 2002; Kyles et al., 2002; Tillson and Winkler,
2002; Wess et al., 2003).
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CONCLUSION
A congenital portosystemic shunt is an infrequent
disorder in dogs or cats, although an increased awareness is necessary in young animals with vague or
intermittent signs of the nervous, gastrointestinal and/
or urinary systems.
REFERENCES
Aboucha S., Butterworth R.F. (2005). Role of endogenous
benzodiazepine ligands and their GABA-A-associated
receptors in hepatic encephalopathy. Metabolic Brain
Disease 20, 426-437.
Aronson L.R., Gacad R.C., Kaminsky-Russ K., Gregory
C.R., Mullen K.D. (1997). Endogenous benzodiazepine
activity in the peripheral and portal blood of dogs with
congenital portosystemic shunts. Veterinary Surgery 26,
189-194.
Bartges J.W., Osborne C.A., Lulich J.P., Kruger J.M., Sanderson S.L., Koehler L.A., Ulrich L.K. (1999). Canine
urate urolithiasis: etiopathogenesis, diagnosis, and management. Veterinary Clinics of North America: Small
Animal Practice 29, 161-183.
Birchard S.J., Sherding R.G. (1992). Feline portosystemic
shunts. Compendium of Continuing Education for the
Practicing Veterinarian 14, 1295-1300.
Blaxter A.C., Holt P.E., Pearson G.R., Gibbs C., GruffyddJones T.J. (1988). Congenital portosystemic shunts in
the cat: A report of nine cases. Journal of Small Animal
Practice 29, 631-645.
Bostwick D.R., Twedt D.C. (1995). Intrahepatic and extrahepatic portal venous anomalies in dogs: 52 cases
(1982-1992). Journal of the American Veterinary Medical Association 206, 1181-1185.
Center S.A., Baldwin B.H., de Lahunta A., Dietze A.E.,
Tennant B.C. (1985). Evaluation of serum bile acid concentrations for the diagnosis of portosystemic venous
anomalies in the dog and cat. Journal of the American
Veterinary Medical Association 186, 1090-1094.
Center S.A. (1996a). Diagnostic procedures for evaluation of hepatic disease. In: Guilford W.G., Center S.A.,
Strombeck D.R., Williams D.A., Meyer D.J. (editors).
Strombeck’s Small Animal Gastroenterology. 3rd edition,
W.B. Saunders Company, Philadelphia, p. 133-188.
Center S.A. (1996b). Hepatic vascular diseases. In: Guilford
W.G., Center S.A., Strombeck D.R., Williams D.A., Meyer D.J. (editors). Strombeck’s Small Animal Gastroenterology. 3rd edition, W.B. Saunders Company, Philadelphia,
p. 802-846.
De Rycke L., Simoens P., Lauwers H. (1995). Morfologische basis van portosystemische shunts bij de hond.
Vlaams Diergeneeskundig Tijdschrift 64, 163-172.
Havig M., Tobias K.M. (2002). Outcome of ameroid constrictor occlusion of single congenital extrahepatic portosystemic shunts in cats: 12 cases (1993-2000). Journal of the American Veterinary Medical Association 220,
337-341.
Holt D.E., Schelling C.G., Saunders H.M., Orsher R.J.
(1995). Correlation of ultrasonographic findings with
surgical, portographic, and necropsy findings in dogs
and cats with portosystemic shunts: 63 cases (19871993). Journal of the American Veterinary Medical Association 207, 1190-1193.

Vlaams Diergeneeskundig Tijdschrift, 2007, 76

Holt D.E., Washabau R.J., Djali S., Dayrell-Hart B., Drobatz
K.J., Heyes M.P., Robinson M.B. (2002). Cerebrospinal
fluid glutamine, tryptophan, and tryptophan metabolite
concentrations in dogs with portosystemic shunts. American Journal of Veterinary Research 63, 1167-1171.
Hunt G.B., Hughes J. (1999). Outcomes after extrahepatic portosystemic shunt ligation in 49 dogs. Australian Veterinary
Journal 77, 303-307.
Hunt G.B., Tisdall P.L.C., Webb A., MacPherson G.C.,
Brain P., Malik R. (2000). Congenital portosytemic
shunts in Toy and Miniature Poodles. Australian Veterinary Journal 78, 530-532.
Hunt G.B. (2004). Effect of breed on anatomy of portosystemic shunts resulting from congenital diseases in dogs
and cats: a review of 242 cases. Australian Veterinary
Journal 82, 746-749.
Johnson C.A., Armstrong P.J., Hauptman J.G. (1987).
Congenital portosystemic shunts in dogs: 46 cases (19791986). Journal of the American Veterinary Medical Association 191, 1478-1483.
Kerr M.G., van Doorn T. (1999). Mass screening of Irish
wolfhound puppies for portosystemic shunts by the dynamic bile acid test. The Veterinary Record 144, 693-696.
Koblik P.D., Hornof W.J. (1995). Technetium 99m sulfur
colloid scintigraphy to evaluate reticuloendothelial system function in dogs with portasystemic shunts. Journal
of Veterinary Internal Medicine 9, 374-380.
Komtebedde J., Forsyth S.F., Breznock E.M., Koblik P.D.
(1991). Intrahepatic portosystemic venous anomaly in
the dog. Perioperative management and complications.
Veterinary Surgery 20, 37-42.
Kyles A.E., Hardie E.M., Mehl M., Gregory C.R. (2002).
Evaluation of ameroid ring constrictors for the management of single extrahepatic portosystemic shunts in cats:
23 cases (1996-2001). Journal of the American Veterinary Medical Association 220, 1341-1347.
Lamb C.R. (1996). Ultrasonographic diagnosis of congenital portosystemic shunts in dogs: results of a prospective study. Veterinary Radiology and Ultrasound 37,
281-288.
Lamb C.R., Forster-van Hijfte M.A., White R.N., McEvoy
F.J., Rutgers H.C. (1996). Ultrasonographic diagnosis
of congenital portosystemic shunt in 14 cats. Journal of
Small Animal Practice 37, 205-209.
Lamb C.R., White R.N. (1998). Morphology of congenital
intrahepatic portacaval shunts in dogs and cats. The Veterinary Record 142, 55-60.
Lawrence D., Bellah J.R., Diaz R. (1992). Results of surgical management of portosystemic shunts in dogs: 20
cases (1985-1990). Journal of the American Veterinary
Medical Association 201, 1750-1753.
Levy J.K., Bunch S.E., Komtebedde J. (1995). Feline portosystemic vascular shunts. In: Bonagura J.D., Kirk R.W.
(editors). Kirk’s Current Veterinary Therapy XII, Small
Animal Practice. W.B. Saunders, Philadelphia, p. 743749.
Lock B.G., Pandit K. (2006). Evidence-based emergency
medicine/Systematic review abstract: Is flumazenil an
effective treatment for hepatic encephalopathy? Annals
of Emergency Medicine 47, 286-288.
Maddison J.E. (1992). Hepatic encephalopathy: current
concepts of the pathogenesis. Journal of Veterinary Internal Medicine 6, 341-353.
Martin R.A. (1993). Congenital portosystemic shunts in
the dog and cat. Veterinary Clinics of North America:

Vlaams Diergeneeskundig Tijdschrift, 2007, 76

Small Animal Practice 23, 609-623.
Mathews K.G., Bunch S.K. (2005). Vascular Liver Diseases.
In: Ettinger S.J., Feldman E.C. (editors). Textbook of Veterinary Internal Medicine. 6th edition, Elsevier Saunders, St. Louis, Missouri, p. 1453-1464.
Matushek K.J., Bjorling D., Mathews K. (1990). Generalized motor seizures after portosystemic shunt ligation
in dogs: five cases (1981-1988). Journal of the American Veterinary Medical Association 196, 2014-2017.
Mehl M.L., Kyles A.E., Hardie E.M., Kass P.H., Adin
C.A., Flynn A.K., De Cock H.E., Gregory C.R. (2005).
Evaluation of ameroid ring constrictors for treatment for
single extrahepatic portosystemic shunts in dogs: 168
cases (1995-2001). Journal of the American Veterinary
Medical Association 226, 2020-2030.
Meyer H.P., Rothuizen J., Ubbink G.J., van den Ingh
T.S.G.A.M. (1995). Increasing incidence of hereditary
intrahepatic portosystemic shunts in Irish Wolfhounds
in the Netherlands (1984 to 1992). The Veterinary
Record 136, 13-16.
Meyer H.P., Legemate D.A., van den Brom W., Rothuizen J.
(1998). Improvement of chronic hepatic encephalopathy
in dogs by the benzodiazepine-receptor partial inverse
agonist sarmazenil, but not by the antagonist flumazenil.
Metabolic Brain Disease 13, 241-251.
Meyer H.P., Rothuizen J., van Sluijs F.J., Voorhout G., van
den Brom W.E. (1999). Progressive remission of portosystemic shunting in 23 dogs after partial closure of
congenital portosystemic shunts. The Veterinary Record
144, 333-337.
Morita T., Mizutani Y., Michimae Y., Sawada M., Sato K.,
Hikasa Y., Shimada A. (2004). Severe involvement of
cerebral neopallidum in a dog with hepatic encephalopathy. Veterinary Pathology 41, 442-445.
Murphy S.T., Ellison G.W., Long M., Van Gilder J. (2001).
A comparison of the ameroid constrictor versus ligation
in the surgical management of single extrahepatic portosystemic shunts. Journal of the American Animal
Hospital Association 37, 390-396.
Rothuizen J., van den Ingh T.S.G.A.M., Voorhout G., van
der Luer R.J.T., Wouda W. (1982). Congenital portosystemic shunts in sixteen dogs and three cats. Journal of
Small Animal Practice 23, 67-81.
Santilli R.A., Gerboni G. (2003). Diagnostic imaging of
congenital porto-systemic shunts in dogs and cats: a review. The Veterinary Journal 166, 7-18.
Scavelli T.D., Hornbuckle W.E., Roth L., Rendano V.T.,
de Lahunta A., Center S.A., French T.W., Zimmer J.F.
(1986). Portosystemic shunts in cats: seven cases (19761984). Journal of the American Veterinary Medical Association 189, 317-325.
Schermerhorn T., Center S.A., Dykes N.L., Rowland P.H.,
Yeager A.E., Erb H.N., Oberhansley K., Bonda M.
(1996). Characterization of hepatoportal microvascular
dysplasia in a kindred of Cairn Terriers. Journal of Veterinary Internal Medicine 10, 219-230.

240

Smith K.R., Bauer M., Monnet E. (1995). Portosystemic
communications: follow-up of 32 cases. Journal of Small
Animal Practice 36, 435-440.
Tillson D.M., Winkler J.T. (2002). Diagnosis and treatment
of portosystemic shunts in the cat. Veterinary Clinics of
North America: Small Animal Practice 32, 881-899.
Tisdall P.L.C., Hunt G.B., Bellenger C.R., Malik R. (1994).
Congenital portosystemic shunts in Maltese and Australian Cattle Dogs. Australian Veterinary Journal 71,
174-178.
Tobias K.M. (2003). Determination of inheritance of single congenital portosystemic shunts in Yorkshire Terriers. Journal of the American Animal Hospital Association 39, 385-389.
Tobias K.M., Rohrbach B.W. (2003). Association of breed
with the diagnosis of congenital portosystemic shunts
in dogs: 2400 cases (1980-2002). Journal of the American Veterinary Medical Association 223, 1636-1639.
Tyler J.W. (1990a). Hepatoencephalopathy. Part I. Clinical
signs and diagnosis. Compendium of Continuing Education for the Practicing Veterinarian 12, 1069-1073.
Tyler J.W. (1990b). Hepatoencephalopathy. Part II. Pathophysiology and treatment. Compendium of Continuing
Education for the Practicing Veterinarian 12, 1260-1270.
van den Ingh T.S.G.A.M., Rothuizen J., Meyer H.P. (1995).
Circulatory disorders of the liver in dogs and cats. The
Veterinary Quarterly 17, 70-76.
van Straten G., Leegwater P.A.J., de Vries M., van den
Brom W.E., Rothuizen J. (2005). Inherited congenital
extrahepatic portosystemic shunts in Cairn Terriers.
Journal of Veterinary Internal Medicine 19, 321-324.
Watson P.J., Herrtage M.E. (1998). Medical management
of congenital portosystemic shunts in 27 dogs – a retrospective study. Journal of Small Animal Practice 39, 62-68.
Wess G., Unterer S., Haller M., Hasler A., Reusch C. Glaus
T. (2003). Recurrent fever as the only or predominant
clinical sign in four dogs and one cat with congenital
portosystemic vascular anomalies. Schweizer Archiv für
Tierheilkunde 145, 363-368.
Winkler J.T., Bohling M.W., Tillson D.M., Wright J.C.,
Ballagas A.J. (2003). Portosystemic shunts: diagnosis, prognosis and treatment of 64 cases (1993-2001).
Journal of the American Animal Hospital Association 39,
169-185.
White R.N., Forster-van Hijfte M.A., Petrie G., Lamb C.R.,
Hammond R.A. (1996). Surgical treatment of intrahepatic portosystemic shunts in six cats. The Veterinary
Record 139, 314-317.
White R.N., Burton C.A., McEvoy F.J. (1998). Surgical
treatment of intrahepatic portosystemic shunts in 45
dogs. The Veterinary Record 142, 358-365.
Wolschrijn C.F., Mahapokai W., Rothuizen J., Meyer H.P.,
van Sluijs F.J. (2000). Gauged attenuation of congenital
portosystemic shunts: results in 160 dogs and 15 cats.
The Veterinary Quarterly 22, 94-98.

