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Abstract 
 
Objectives: To report long-term clinical outcome in dogs treated for congenital portosystemic 
shunting (CPSS) with complete or partial ligation and to develop a scoring system to determine 
persistent shunting. Also to report the predictive value of pre-operative albumin, white blood 
cell count, fasting plasma ammonia concentration and fasting plasma bile acid concentration for 
the long-term outcome, and to determine the percentage of persistent and recurrent shunting in 
a group of patients that came back for a long-term follow up. 
Study Design: Retrospective study. 
Animals: 167 dogs with surgical attenuation of an intra- or extrahepatic CPSS. 
Procedure: Medical records of dogs with CPSS treated by ligation were reviewed pre- and 
postoperative short and long-term. Long-term information was obtained by telephone 
interviews with veterinarians and questionnaires sent to the owners. With use of the 
questionnaires a CPSS scoring system was developed. A randomized group of 21 dogs came back 
for a control visit for persistent or recurrent shunting. Logistic regression analysis was used to 
determine the predictive value of pre-operative albumin, white blood cell count, fasting plasma 
ammonia concentration and fasting plasma bile acid concentration for persistent shunting after 
surgery.  
Results: Preoperatively the majority of the dogs suffered from decreased activity, decreased 
appetite, gastrointestinal signs and signs of hepatic encephalopathy. Dogs which had the 
ammonia metabolism tested (fasting plasma ammonia concentration, ammonia tolerance test), 
all had an abnormal ammonia metabolism. The fasting plasma bile acid concentration was above 
reference for the majority of dogs that were tested. During surgery the majority of the shunts 
were partially ligated. The postoperative mortality rate (< 1 month) was 11%. During the 
routine control visits after surgery all dogs of the study population were clinically improved. 
With the use of the questionnaires a basic scoring system for CPSS was developed. Preoperative 
a mean CPSS score of 43 (SD 27) was calculated, postoperative the mean CPSS score was 11 (SD 
13). This improvement in CPSS score was significant (P < 0.001). During the extra control visit of 
the randomized group of dogs, 58% of the dogs had no shunting, 16% had asymptomatic 
shunting and 26% had symptomatic shunting. The CPSS score was also calculated for these dogs, 
which corresponded with the shunting classification.   
Conclusions: Complete or partial surgical ligation is an effective technique to improve the 
quality of life of dogs with CPSS. Owners are very satisfied with the result of the surgery. A basic 
clinical scoring system is developed to help diagnose portosystemic shunting, which is 
promising for the future.  

 

 

Introduction 
 
A congenital portosystemic shunt (CPSS) is 
an anomalous vascular connection between 
the portal vein and the systemic venous 
circulation. This connection causes portal 
blood to flow directly into the systemic 

circulation, without being subjected to the 
liver parenchyma and hepatic metabolism. 
The portal vein normally provides 80% of 
the blood flow and 50% of the oxygen 
content to the liver. This portal blood will be 
delivered to the hepatocytes and cleansed 
by the reticuloendothelial system. When this 
path is interrupted by a CPSS, blood will 
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reach the systemic circulation before this 
hepatic cleansing.(Berent & Tobias, 2009; 
Van den Bossche et al., 2012) When blood 
bypasses the liver of the young affected 
animal, there is a decrease in delivery of 
hepatotrophic factors to the liver such as 
insulin, insulin-like growth factors, glucagon 
and hepatocyte growth factor.(van den Ingh 
et al., 1995) Particularly insulin and 
glucagon are important. This results in poor 
hepatic development, decreased protein 
production, reticuloendothelial dysfunction, 
altered fat and protein metabolism, hepatic 
atrophy and eventually hepatic failure. This 
causes a large range of different clinical 
signs, which will be discussed later.(Berent 
& Tobias, 2009) 
Studies that are conducted to evaluate 
outcome in animals with CPSS after 
treatment, need a practical, reliable and 
simple system to evaluate clinical 
performance and to establish the diagnosis 
of persistent or recurrent clinical 
portosystemic shunting (PSS). The goal of 
this retrospective study is to evaluate 
clinical signs in dogs with CPSS before and 
after surgical treatment and to develop a 
scoring system to detect persistent or 
recurrent CPSS based on clinical 
performance after surgery. The dogs that 
were included in this study were operated 
at Utrecht University Department of Small 
Animal Medicine, during the last 10 years. 
The recovery of the dogs with CPSS after 
surgery was classified after measuring 
plasma bile acid concentrations and 
ammonia tolerance testing. The long-term 
clinical outcome of the dogs was evaluated 
with the use of quality of life questionnaires 
that were sent to the owners. The input 
from the owners was translated into a 
clinical scoring system for recovery. Each 
owner was also contacted and asked to visit 
the policlinic Hepatology in Utrecht for the 
determination of the presence of recurrent 
or persistent CPSS, using the ammonia 
tolerance test. These results were to 
optimize the scoring system.  
An additional research goal for this 
retrospective study is to report the 
predictive value of pre-operative albumin, 
white blood cell count, fasting plasma 
ammonia concentration and fasting plasma 

bile acid concentration for persistent 
shunting after surgery. 
At the moment a randomized, multicenter 
study is conducted to prospectively 
compare partial attenuation of CPSS in dogs 
by ligation and by cellophane banding, with 
or without a second surgical intervention to 
perform complete closure by ligation. Our 
evaluation of the long-term outcome in dogs 
with CPSS and the development of a scoring 
system based on quality of life 
questionnaires will help to compare the 
outcome in dogs after ligation and 
cellophane banding of their shunt.  
 
Intra- and extrahepatic shunting 
CPSS can be classified into intrahepatic (IH) 
and extrahepatic (EH) shunts based on their 
anatomical location.(Berent & Tobias, 2009) 
CPSS occurs mostly in dogs and sporadically 
in cats, humans and other species. Because 
of inbreeding of purebred dog populations, 
the incidence of genetic disorders has 
increased. Therefore CPSS is mainly found 
in purebred dogs. EH CPSS is more common 
than IH CPSS.(Berent & Tobias, 2009; Hunt, 
2004) IH CPSS is mostly seen in large dogs, 
whereas EH CPSS is more common in small 
dogs.(van Steenbeek et al., 2012)  
 
Intrahepatic CPSS 
IH CPSS can be positioned centrally in the 
liver, or at the left or right side. This is based 
on the portal vein branch that is giving rise 
to the shunting vessel.(Krotscheck et al., 
2007) The left divisional IH CPSS is 
considered to be caused by incomplete 
closure of the embryonic ductus venosus. 
The ductus venosus runs through the liver 
connecting the vena porta with the vena 
cava. This makes sure that blood from the 
placenta flows directly to the vital organs of 
the fetus. The ductus venosus should close 
within the first days after birth.(Krotscheck 
et al., 2007; van Steenbeek et al., 2012) In 
dogs, closure normally occurs within six to 
nine days.(Lamb & Burton, 2004)  
 
Extrahepatic CPSS 
EH CPSS are developmental anomalies that 
result in a shunting vessel between the 
portal vein (or the veins that contribute to 
the portal vein, such as the splenic vein, the 
gastroduodenal vein and the mesenteric 
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veins) and the caudal vena cava or the 
azygos vein.(van Steenbeek et al., 2012) The 
EH CPSS shunt is called portocaval (PC) 
when the shunting vessel merges into the 
caudal vena cava. The EH CPSS is called 
portoazygos (PAZ) when the shunting vessel 
merges into the azygos vein.(Berent & 
Tobias, 2009) The age at diagnosis in dogs 
with EH PC CPSS is significantly lower than 
that of dogs with EH PAZ CPSS.(Van den 
Bossche et al., 2012) 
 
Epidemiologic factors associated with 
shunt location 
Multiple studies have been performed to 
determine if breed, sex and country of origin 
are associated with the anatomical location 
of CPSS.(Hunt, 2004; Krotscheck et al., 2007; 
Tobias & Rohrbach, 2003; Van den Bossche 
et al., 2012) Type of breed has a significant 
effect on the anatomy of CPSS.(Hunt, 2004)  
 
Intrahepatic CPSS 
IH CPSS is mainly found in dogs such as the 
Irish wolfhound, Golden retriever, Labrador 
retriever, Australian cattle dog and Old 
English sheepdog.(Krotscheck et al., 2007; 
Tobias & Rohrbach, 2003; van den Ingh et 
al., 1995; van Steenbeek et al., 2009) 
According to Krotscheck et al. (2007), the 
division of left, right and central IH CPSS is 
associated with the country of origin. The 
prevalence of the different divisions seemed 
to be equal in Australia but in the United 
States the prevalence of right and central IH 
CPSS combined was similar to the 
prevalence of left IH CPSS. Overall, the left 
IH CPSS is more common than the right and 
central IH CPSS. Besides the country of 
origin, there also seems to be a relationship 
between sex and anatomical location of the 
shunt. According to Krotscheck et al. (2007), 
the sex distribution for the right IH CPSS 
was 71% male and 29% female, for the 
central IH CPSS was 64% male and 36% 
female and for the left IH CPSS the sex 
distribution was 47% male and 53% 
female.(Krotscheck et al., 2007)   
 
Extrahepatic CPSS 
EH CPSS is mainly found in small-breed 
dogs such as the Cairn terrier, Yorkshire 
terrier, Jack Russell terrier, Dachshund, 
Miniature Schnauzer, Maltese terrier, Shih 

Tzu and Bichon Frise. (Hunt, 2004; Mertens 
et al., 2010; O'Leary et al., 2014; Tobias & 
Rohrbach, 2003; van den Ingh et al., 1995; 
van Straten et al., 2005). The EH PC CPSS is 
found to be more common than the EH PAZ 
CPSS.(Berent & Tobias, 2009; Hunt, 2004) 
Hunt (2004) found that the Bichon Frise 
with EH CPSS were significantly more likely 
to be female than male. This may indicate 
some sex-linkage of the affected gene of the 
Bichon Frise. No significant difference was 
found between male and female in other 
predisposed breeds. (Hunt, 2004)  
 
Looking at IH CPSS and EH CPSS together, 
breeds that are not predisposed to CPSS 
seem to be significantly more likely to have 
unusual or inoperable shunts than dogs 
from predisposed breeds.(Hunt, 2004) The 
major predisposed breeds are also not the 
same from country to country, as the 
Australian cattle dog is over-represented in 
Australia and the Yorkshire terrier is over-
represented in North America.(Hunt, 2004; 
Tisdall, 1994) 
 
Clinical signs 
Most animals with CPSS show clinical signs 
within the first year of age, although this 
depends on the anatomical location of the 
shunt. Dogs with EH PAZ CPSS are usually 
diagnosed later in life and show less severe 
clinical signs.(Sura et al., 2007; Van den 
Bossche et al., 2012; van den Ingh et al., 
1995) The severity of the clinical signs also 
depends on the volume of blood bypassing 
the liver. (Berent & Tobias, 2009) The 
clinical signs result from hepatic 
dysfunction due to the poor hepatic 
development or from the release of 
intestinal products directly into the 
systemic venous circulation (such as 
ammonia). Affected animals often show 
retarded growth, are in poor condition, have 
decreased endurance and decreased 
activity. Most animals with CPSS show signs 
of hepatic encephalopathy (HE). (van den 
Ingh et al., 1995)   
 
Hepatic Encephalopathy  
The pathogenesis of HE is complex and 
largely unknown. When liver function is 
altered or portosystemic shunting occurs, 
toxic substances accumulate in the systemic 
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circulation and affect the central nervous 
system (CNS) and cerebral function. 
Ammonia is considered to be the most 
important toxic substance and the main 
factor responsible for HE, but more than 20 
different compounds can be found.(Berent & 
Tobias, 2009; Ciecko-Michalska et al., 2012; 
Felipo, 2013) Ammonia is generated from 
urea from dietary protein by anaerobic and 
coliform bacteria in the large intestine. 
Ammonia will then be absorbed in the 
portal circulation and is normally converted 
by hepatocytes to urea via the urea cycle, 
and to a smaller extent by forming 
glutamine with glutamine 
synthetase.(Center & Magne, 1990; 
Gerritzen Bruning et al., 2006; Ruland et al.,  
2010) In patients with CPSS, ammonia 
bypasses the detoxification inside the 
hepatocytes, which results in 
hyperammonemia.(Gerritzen Bruning et al., 
2006; Ruland et al., 2010) Ammonia is 
assumed to influence several mechanisms 
leading to development of hepatic 
encephalopathy such as: brain edema, 
impaired blood-brain barrier and changes in 
neurotransmission.(Ciecko-Michalska et al., 
2012; Montgomery & Bajaj, 2011; 
Skowronska & Albrecht, 2012) The urea 
cycle, which takes place in the liver, 
normally removes ammonia from the portal 
blood. This will not occur in dogs with CPSS. 
As the brain is not equipped with an 
effective urea cycle, the excessive amount of 
ammonia is removed mainly through the 
pathway of glutamine synthesis,(Ciecko-
Michalska et al., 2012) which comprises 
glutamine synthetase that is localized 
exclusively in the Alzheimer type 2 
astrocytes, a type of CNS glial 
cell.(Montgomery & Bajaj, 2011) Glutamine 
synthetase catalyzes the conversion of 
ammonia to glutamine. The 
hyperammonemia in dogs with CPSS causes 
increased conversion to glutamine within 
the astrocytes, which causes astrocyte 
swelling due to the osmotic effects of 
glutamine. This leads to cerebral 
edema.(Butterworth, 2002; Ciecko-
Michalska et al., 2012; Montgomery & Bajaj, 
2011) The astrocyte swelling is also 
believed to cause molecular events such as 
activation of inhibitory and impairment of 
excitatory neurotransmitter systems, 

resulting in neural inhibition.(Albrecht & 
Jones, 1999; Montgomery & Bajaj, 2011) 
Simultaneously, ammonia causes an 
increased permeability of the blood-brain 
barrier.(Montgomery & Bajaj, 2011) 
Ammonia modulates the transcellular 
passage of low-to medium-size molecules, 
by affecting their carriers located at the 
blood-brain barrier.(Skowronska & 
Albrecht, 2012) This also results in cerebral 
edema and in intracranial 
hypertension.(Montgomery & Bajaj, 2011) 
Furthermore, ammonia is responsible for an 
increased transport of aromatic amino acids 
across the blood-brain barrier. During 
hyperammonemia, increased brain 
glutamine production is followed by 
increased glutamine efflux from the brain, 
resulting in increased inward transport of 
these aromatic amino acids. The increased 
transport of the aromatic amino acids 
affects neurotransmission by altering 
intracerebral synthesis of catecholamines, 
and producing false 
neurotransmitters.(Skowronska & Albrecht, 
2012)  
The signs of HE include depression, ataxia, 
circling, head pressing, convulsions, 
salivation and alterations in consciousness 
and personality.(Felipo, 2013; van den Ingh 
et al., 1995) These neurological signs are 
often episodic, with abnormal periods of a 
few days and normal periods of several days 
or weeks. The neurological signs show 
progressive severity. (van den Ingh et al., 
1995) Decreasing the blood ammonia 
concentration reduces the signs of HE. 
However the degree of encephalopathy is 
not only associated with the blood ammonia 
levels. This suggest that other neurotoxins 
are also important.(Berent and Tobias, 
2009) Another explanation for the blood 
ammonia levels that do not correlate with 
the degree of encephalopathy, is the 
increase of permeability of the blood-brain 
barrier. This apparent ease with which 
ammonia moves from blood to brain offers 
an explanation for the increased brain-blood 
concentration ratios and the sometimes 
imperfect correlation observed between the 
severity of neurological symptoms and 
blood ammonia concentrations. 
(Butterworth, 2002) A predisposing factor 
for HE is high blood ammonia due to a high 
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protein diet. Also sedatives may stimulate 
the development of HE.(Ciecko-Michalska et 
al., 2012) 
 
Other clinical signs 
Other clinical signs related to hepatic 
dysfunction are gastrointestinal signs like 
anorexia, vomiting and diarrhea, and 
polyuria, polydipsia and dysuria. Polyuria 
and polydipsia are mostly caused by 
deranged neuroendocrine functions. The 
dysuria is caused by deposition of 
ammonium urate crystals or calculi in the 
urinary tract. (van den Ingh et al., 1995) 
Affected animals also often have 
coagulopathies, as the liver shows a 
decreased production of clotting 
factors.(Berent & Tobias, 2009; Kummeling, 
et al., 2006) 
 
Diagnosis  
The diagnosis of CPSS is made on clinical 
signs of HE, biochemical profiles, and 
medical imaging. The two most commonly 
used biochemical tests for screening and 
diagnosis of CPSS are the fasting ammonia 
concentration and the fasting bile acid 
concentration. The fasting ammonia 
concentration can be extended to a rectal 
ammonia tolerance test and the fasting bile 
acid concentration is often combined with 
the postprandial bile acid concentration 
(bile acid stimulation test). The reference 
interval for the fasting ammonia 
concentration is 24 – 45 µmol/L. The 
reference interval for the fasting bile acid 
concentration is < 10 µmol/L.(Gerritzen 
Bruning et al., 2006; Paepe et al., 2007) The 
choice of which test will be used depends on 
the availability and accessibility to perform 
the test, and on the veterinarian’s individual 
preference and experience. (Gerritzen 
Bruning et al., 2006) 
 
Rectal ammonia tolerance test 
Ammonia is the only neurotoxin that can be 
routinely measured in dogs with HE.(Paepe 
et al., 2007) Blood samples for the fasting 
ammonia concentration are taken after at 
least 12 hours of fasting.(Gerritzen Bruning 
et al., 2006; Ruland et al., 2010) When 
performing the ammonia tolerance test, 
ammonium chloride is administered per 

rectum (2 mL/kg) after determination of the 
fasting ammonia concentration. Venous 
blood samples will be taken again 20 
minutes and 40 minutes after 
administration of the ammonium chloride. 
More than a twofold increase in plasma 
ammonia concentration, and a value that is 
also above 45 µmol/L, indicates hepatic 
insufficiency and/or CPSS.(Utrecht 
University Department of Small Animal 
Medicine) Blood samples taken for testing 
the ammonia concentration need to be 
handled with care. The sample needs to be 
put in a closed EDTA-coated tube on 
crushed ice, because otherwise the 
ammonia will evaporate.(Gerritzen Bruning 
et al., 2006) 
 
Pre- and postprandial bile acid concentration 
Bile acids are synthesized from cholesterol 
within the hepatocytes in the liver. The liver 
maintains a large reserve capacity so even 
severe hepatic failure does not result in 
insufficient bile acid production. After 
synthesis bile acids are conjugated in the 
liver, excreted into the biliary tract and 
stored in the gallbladder. After a meal, the 
bile acids from the gallbladder are excreted 
into the duodenum because the bile acids 
are important for absorption of lipids. 
Afterwards, bile acids will be reabsorbed in 
the distal ileum and return to the liver 
through the portal circulation. In this 
enterohepatic circulation, more than 95% of 
the bile acids are removed from the portal 
blood by hepatocytes and recycled back into 
the biliary system.(Center & Magne, 1990; 
Center et al., 1991; Center, 1993; Paepe et 
al., 2007; Ruland et al., 2010) In case of 
CPSS, the bile acids are not completely 
removed from the portal blood after 
administering a meal. There is an increase 
in plasma bile concentration.(Ruland et al., 
2010) To determine bile acid concentrations 
as a liver function test, serum is collected 
after 12 hours of fasting and 2 hours after 
feeding (postprandial).(Center et al., 1991) 
A sufficient amount of food with enough 
proteins and fat is necessary to initiate the 
enterohepatic bile acid cycle by emptying 
the gallbladder.(Center, 1993) When the 
postprandial bile acid concentration is 
above 40 µmol/L the test is positive which 
may indicate CPSS.(Utrecht University 
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Department of Small Animal Medicine) In 
dogs with CPSS, the fasting serum bile acid 
concentration can be within normal limits, 
whereas the postprandial value is almost 
always abnormal. Therefore, a normal pre- 
or postprandial value does not exclude 
CPSS, though it is very unlikely that animals 
with both normal pre- and postprandial 
values suffer from CPSS.(Winkler et al., 
2003) 
 
Medical Imaging 
Diagnostic imaging of the abdomen is 
commonly performed in dogs suspected of 
CPSS, next to the biochemical profiles. There 
is a large variation in the morphology of 
CPSS, so a preoperative detailed 
characterization of the vascular anatomy 
facilitates shunt identification during 
exploratory laparotomy. This potentially 
reduces the operative time and morbidity 
associated with surgery. The two used 
forms of diagnostic imaging are abdominal 
ultrasonography and computed tomography 
(CT). Abdominal ultrasonography is a non-
invasive widely available technique which 
can detect shunting and the direction of the 
blood flow. It does not require general 
anesthesia. A disadvantage of abdominal 
ultrasonography is that detection of the 
origin and the insertion of the shunt is 
difficult. CT however makes it possible to 
detect the origin and insertion of the 
shunting vessel. Another benefit of CT is 
that also insertions in the thorax, in case of 
portoazygos shunting, are possible to detect. 
The disadvantage of CT is that general 
anesthesia is necessary and it is expensive. 
Kim et al.(2013) showed that CT was 5.5 
times more likely to correctly confirm the 
absence or presence of CPSS compared to 
abdominal ultrasonography.(Kim et al., 
2013) 
 
Treatment 
After clinical diagnosis, it is very important 
to start treatment to prevent worsening of 
the clinical signs. There are several medical 
treatments to manage the clinical signs of 
CPSS (medical management: low protein 
diet such as liver diet or kidney diet, 
lactulose), but this is not curative. To cure 
CPSS surgical occlusion of the shunting 

vessel is necessary.(Hunt et al., 2004) A 
variety of surgical techniques have been 
described for occlusion of CPSS. The three 
most popular techniques are complete or 
partial ligature occlusion, ameroid ring 
constrictor (ARC) placement and cellophane 
banding. Both the ARC and cellophane 
banding provide a gradual attenuation of 
the shunting vessel by causing a fibrous 
tissue reaction.(Falls et al., 2013) The dogs 
in this study population are surgically 
treated by complete or partial ligature 
occlusion. Probably the best option is 
complete ligation of the shunt but in the 
majority of dogs complete closure is not 
possible. This is because of 
underdevelopment of the portal circulation 
and in this case the shunt is partially 
ligated.(Hunt, et al. 2004) In most dogs 
clinical signs disappear or improve after 
shunt attenuation, even in dogs without 
complete closure of the shunt or despite 
persistent shunting. However, clinical signs 
do not disappear in all dogs or may recur 
after initial successful outcome with 
absence of PSS. Recurrence and persistence 
of clinical signs and of PSS has been 
described in all different techniques that are 
developed to close or attenuate CPSS. 
However, for the surgical treatment of CPSS 
there is a lack of convincing evidence to 
recommend one treatment over another. 
Therefore randomized prospective studies 
with an adequate amount of cases are 
needed to compare existing treatments in 
order to determine which are associated 
with the best outcome for dogs.(Tivers, 
2012) 
 
Predictive values  
Prediction of long-term outcome after 
surgical ligation of CPSS in dogs is difficult 
but very interesting. The outcome is most 
likely related to hepatic and vascular 
proliferation after surgical ligation. Multiple 
studies have been performed to evaluate the 
prognostic value of a number of factors, like 
shunt localization, plasma albumin and 
white blood cell count. (Kummeling, et al., 
2004; Kummeling et al., 2012; Mehl et al., 
2005; Papazoglou et al., 2002) According to 
Kummeling et al.(2012), the postoperative 
recovery rate was significantly higher in 
dogs with EH CPSS (66%), compared to 
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dogs with IH CPSS (31%). This suggests that 
the type of CPSS is predictive for the 
outcome after ligation.(Kummeling et al., 
2012)  
Mehl et al.(2005), Papazoglou et al.(2002) 
and Kummeling et al.(2012) studied the 
predictive value of pre-operative plasma 
albumin.(Kummeling et al., 2012; Mehl et al., 
2005; Papazoglou et al., 2002) Albumin is 
synthesized exclusively by hepatocytes. 
Dogs with CPSS have reduced hepatic 
synthesis of albumin because of poor 
hepatic development, which causes 
hypoalbuminemia.(Center & Magne, 1990) 
Mehl et al.(2005) found that low 
preoperative plasma albumin is a predictive 
factor for postoperative persistent shunting, 
and thus for an unsuccessful long-term 
outcome.  An absolute serum albumin 
concentration that could be associated with 
persistent shunting after surgery could not 
be determined.(Mehl et al., 2005) 
Papazoglou et al.(2002) has identified 
hypoalbuminemia as a negative prognostic 
indicator for the short-term outcome. 
Because anesthesia more likely induces 
hemodilution in patients, hypoalbuminemia 
is worse in the postoperative period than 
before surgery and contributes to the short-
term outcome.(Papazoglou et al., 2002)  
Next to the predictive value of preoperative 
plasma albumin, Mehl et al.(2005) also 
found that a high preoperative white blood 
cell count is a predictive factor for 
postoperative death.(Mehl et al., 2005) The 
increased white blood cell count in dogs 
with CPSS may be associated with intestinal 
bacteria that have translocated into the 
portal blood being diverted away from the 
liver and directly into the systemic 
circulation, and with impaired 
reticuloendothelial function. (Koblik & 
Hornof, 1995) 
 

Procedure 
 
Study Population 
Dogs surgically treated for a single CPSS by 
ligation at the University of Utrecht, 
between 2003 and 2013 were included. 
Dogs with CPSS that underwent surgery but 
for which ligation was not possible were not 
included in this study. In total 167 dogs 

were included, 129 (77%) dogs had EH 
CPSS, 38 (23%) dogs had IH CPSS. 
 
Medical Records Review 
Data extracted from the medical records 
included breed, date of birth, age at surgery, 
sex and management before and after 
surgery. Clinical signs like neurological and 
gastrointestinal signs, and signs of the 
urinary tract, activity level, retarded growth 
and appetite were recorded both pre- and 
postoperatively. Pre- and postoperative 
total white blood cell (WBC) concentration, 
serum albumin, fasting bile acid, fasting 
ammonia and if performed, the ammonia 
tolerance test were recorded. Intraoperative 
information extracted from the medical 
records included shunt location 
(intrahepatic and extrahepatic, portocaval 
and portoazygous) and degree of shunt 
attenuation. Postoperative data recorded 
included short-term postoperative deaths 
(<1 month) as well as 4-40 week 
postoperative ammonia tolerance testing 
and fasting bile acid concentrations. 
 
Follow-up 
Outcome information was obtained by a 
telephone interview with the referring 
veterinarian, whether the dog was still alive, 
death or euthanized. If the dog died, 
information was obtained about when the 
event occurred and if the circumstances 
around the death were known. Owners of 
dogs that were still alive, or died or were 
euthanized after at least one year 
postoperative were called and asked to 
participate in this study. All owners agreed 
to participate and to fill in the quality of life 
questionnaire.  
The questionnaire was developed by the 
Royal Veterinary College in London, and 
was translated into Dutch. Questionnaires to 
evaluate quality of life before and after the 
surgery were sent to the owners. The 
questionnaires included questions about the 
presence and severity of clinical signs 
related to hepatic encephalopathy, 
gastrointestinal and urological signs. Also 
medical management, activity level, body 
condition, interaction and their quality of 
life were scored (see attachment 2).  
The questionnaires were used to develop a 
scoring system to detect persistent shunting 



 

        
H.J.H. Gerrits, Utrecht University, Department of Small Animal Medicine                                            8 
  

after CPSS surgery. The scoring system is 
developed to translate a variety of clinical 
signs into one, individual score that can be 
used as a clinical tool. Staging of the 
symptoms was performed by the owner, 
ranging from 0 to 4 (0=never, 1=less than a 
month, 2=monthly, 3=weekly, 4=daily). The 
score was calculated by the sum of 19 
different clinical signs. Seventeen different 
signs were scored and the score was 
multiplied with factor 1, 2 or 3 based on the 
importance or clinical significance of the 
signs. The presence of seizures is a class 1 
sign, which is multiplied by 3. Head 
pressing, ataxia, disorientation, aggression, 
salivation, collapse, unresponsiveness, 
apparent blindness, fatigue/weakness and 
circling are class 2 signs, they are multiplied 
by 2. Vomiting, diarrhea, polyuria, 
hematuria, dysuria and decreased appetite 
are class 3 signs, they are multiplied by 1. 
When a dog is positive for urolithiasis or 
urethral obstruction 2 points are added to 
the score. When a dog has retarded growth 
4 points are added to the score, when the 
owner is in doubt if the dog has retarded 
growth, 2 points are added to the score. The 
score that comes out of this system is an 
individual score for CPSS. 
A randomized group of 21 dogs came back 
to Utrecht University for an extra control 
visit. After anamnesis and physical 
examination, fasting ammonia and fasting 
bile acid plasma concentrations were 
determined. When the fasting ammonia 
concentration was < 100 µmol/L, the 
ammonia tolerance test was performed. 40 
minutes (t=40) after rectally administering 
ammonia, plasma ammonia was determined 
again to determine if there was 
portosystemic shunting.(Master Thesis B.G.J. 
Bolscher, Utrecht University Department of 
Small Animal Medcine) These results were 
compared to the results during the last 
control visit after surgery. The owners 
collected a urine sample, which was 
analyzed for ammonium urate crystals.  
 
Statistical analyses 
The predictive value of the fasting ammonia 
concentration for persistent shunting after 
CPSS surgery was tested with logistic 
regression analysis. The significance level 
was P < 0.05. The logistic regression 

analysis was performed 3 times because of 
the 3 different anatomical locations of CPSS.  
Data required for the analysis is pre-
operative fasting ammonia concentration 
and presence of persistent shunting after 
CPSS surgery. The presence of persistent 
shunting after surgery was determined with 
the ammonia metabolism; the fasting 
ammonia concentration and if necessary the 
ammonia tolerance test. The individual 
predictive value of the fasting bile acid 
concentration, albumin and the white blood 
cell count for persistent shunting was tested 
in the same manner as the fasting ammonia 
concentration.  
To test the improvement in the CPSS score 
before and after surgery, Wilcoxon Signed 
Rank tests were performed. 
Data analyses were performed using IBM 
SPSS Statistics, version 20. 
 
Results 
 
Medical Records Review 
 
Study Population 
All information found in the medical records 
of the dogs of the study population can be 
found in attachment 1. 167 dogs were 
included, 129 (77%) dogs had EH CPSS, 38 
(23%) dogs had IH CPSS. 92 (71%) dogs 
with EH CPSS had a portocaval (PC) shunt 
and 37 (29%) dogs had a portoazygous 
(PAZ) shunt. 22 (58%) dogs with IH CPSS 
had left divisional IH CPSS, 13 (34%) dogs 
had right divisional IH CPSS and 3 (7.9%) 
dogs had a centrally positioned IH CPSS. The 
median age at surgery of dogs with EH PC 
CPSS was 10.5 months (range, 4 – 67 
months), of dogs with EH PAZ CPSS 20 
months (range, 3 – 78 months) and the 
median age at surgery of dogs with IH CPSS 
was 8.5 months (range, 4 – 54 months). Sex 
distribution was 54 (59%) females and 38 
(41%) males with EH PC CPSS, 26 (70%) 
females and 11 (30%) males with EH PAZ 
CPSS and 18 (47%) females and 20 (53%) 
males with IH CPSS (left: 11 female, 11 
male; Right: 6 female, 7 male; Central: 1 
female, 2 male). Breed distribution in dogs 
with EH CPSS included dogs from 26 
different breeds, such as 19 (15%) Maltese 
dogs (17 PC, 2 PAZ), 17 (13%) Jack Russell 
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Terriers (13 PC, 4 PAZ), 13 (10%) Yorkshire 
Terriers (9 PC, 4 PAZ), 11 (8.5%) Cairn 
Terriers (10 PC, 1 PAZ), 9 (7%) Dachshunds 
(6 PC, 3 PAZ), 6 (4.6%) Miniature 
Schnauzers (4 PC, 2 PAZ), 6 (4.6%) 
Chihuahuas (3 PC, 3 PAZ), 5 (3.9%) Pugs (4 
PC, 1 PAZ), 4 (3.1%) West Highland White 
Terriers (3 PC, 2 PAZ), 3 (2.3%) Norfolk 
Terriers (3 PAZ), 3 (2.3%) Shih Tzus (2 PC, 1 
PAZ) and 19 (15%) ‘Other Breeds’ (10 PC, 9 
PAZ). 14 dogs with EH CPSS (11%) were 
crossbreeds (11 PC, 3 PAZ). 
Breed distribution in dogs with IH CPSS 
included dogs from 18 different breeds such 
as 7 (18%) Golden Retrievers, 5 (13%) 
Bernese Mountain Dogs, 3 (7.9%) Labrador 
Retrievers, 3 (7.9%) Cane Corsos, 2 (5.3%) 
Irish Wolfhounds, 2 (5.3%) Bearded Collies, 
2 (5.3%) Shih Tzus and 11 (29%) ‘Other 
breeds’. 3 dogs with IH CPSS (7.9%) were 
crossbreeds.  
 
Preoperative Data 
A large amount of information was obtained 
from the medical records of all the dogs of 
the study population (Table 2). Medical 
management was applied to multiple dogs 
before they came to Utrecht University.  
Medical management includes a low protein 
diet, lactulose and antibiotics. Retarded 
growth, decreased activity,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

decreased appetite and gastrointestinal 
signs are symptoms that were present in a 
large amount of the dogs. The 
gastrointestinal signs include vomiting and 
diarrhea. Most dogs with CPSS show signs of 
hepatic encephalopathy (HE). Signs of HE 
were scored according to a clinical 
gradation system for HE in dogs. (Table 1) 
 
Table 1. Clinical gradation system for HE in 
dogs (Rothuizen, 1993) 
 
Grade HE Symptoms 
0 No clinical signs of HE 
1 Sopor(lazy, indolent), character 

changes, polyuria 
2 Ataxia, disorientation, compulsive 

movements, apparent blindness, 
ptyalism 

3 Stupor, severe ptyalism, incidental 
seizures 

4 Coma, no responsiveness  

 
The fasting plasma ammonia concentration, 
the fasting plasma bile acid concentration, 
the plasma albumin concentration and the 
total WBC concentration was available for 
the majority of the dogs of the study 
population. A small amount of dogs also had 
the ammonia tolerance test for diagnosis of 
CPSS.  
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Table 2. Preoperative medical records data 
 
 EH PC CPSS (92 dogs) EH PAZ CPSS (37 dogs) IH CPSS (38 dogs) 
Medical management 38 dogs (41%) 

- 17 dogs low protein 
diet 

- 7 dogs lactulose 
- 13 dogs low protein 

diet and lactulose 

- 1 dog antibiotics 

14 dogs (38%) 
- 13 dogs low protein 

diet 
- 1 dog lactulose 
- 6 dogs low protein diet 

and lactulose 
- 1 dog low protein diet 

and antibiotics 

- 1 dog low protein diet, 
lactulose and 
antibiotics 

23 dogs (60%) 
- 10 dogs low protein 

diet 
- 1 dog lactulose 
- 12 dogs low protein 

diet and lactulose 

Retarded growth 37 dogs (40%) 17 dogs (47%) 20 dogs (53%) 
Decreased activity 76 dogs (83%) 24 dogs (65%) 30 dogs (79%) 
Decreased appetite 47 dogs (51%) 14 dogs (38%) 17 dogs (45%) 
Gastrointestinal signs 57 dogs (62%) 

- 33 dogs vomiting 
- 7 dogs diarrhea 
- 17 dogs vomiting and 

diarrhea 

22 dogs (59%) 
- 15 dogs vomiting 
- 7 dogs vomiting and 

diarrhea 

17 dogs (44%) 
- 13 dogs vomiting 
- 4 dogs vomiting and 

diarrhea 

Hepatic 
encephalopathy 

83 dogs (90%) 
- 8 dogs HE 1 
- 62 dogs HE 2 
- 12 dogs HE 3 
- 1 dog HE 4 

31 dogs (84%) 
- 14 dogs HE 1 
- 13 dogs HE 2 
- 4 dogs HE 3 

36 dogs (95%) 
- 12 dogs HE 1 
- 22 dogs HE 2 
- 2 dogs HE 3 

Fasting plasma 
ammonia 
concentration 
(reference interval: 24 
– 45 µmol/L) 

Available for 86 dogs 
(93%) 
- Median: 153 µmol/L 
- Range: 22 - >286 

µmol/L 
- 79 dogs (92%) above 

reference 
- 10 dogs > 286 µmol/L 

Available for 36 dogs 
(97%) 
- Median: 97 µmol/L 
- Range: 27 - >286 

µmol/L 
- 31 dogs (86%) above 

reference 

- 1 dog > 286 µmol/L 

Available for 34 dogs 
(89%) 
- Median: 162 µmol/L 
- Range: 44 - >286 

µmol/L 
- 33 dogs (87%) above 

reference 
- 4 dogs > 286 µmol/L 

Ammonia tolerance 
test 

Performed in 11 dogs 
(12%) 
- 11 tests positive 
- 0 tests negative 

Performed in 10 dogs 
(27%) 
- 10 tests positive 
- 0 tests negative 

Performed in 3 dogs  
(7.9%) 

- 3 tests positive 
- 0 tests negative 

Fasting plasma bile 
acid concentration 
(reference interval: < 
10 µmol/L) 

Available for 57 dogs 
(62%) 

- Median: 105 
µmol/L 

- Range: 3 – 615 
µmol/L 

- 55 dogs (96%) 
above reference 

Available for 30 dogs 
(81%) 

- Median: 95 µmol/L 
- Range: 2 – 465 

µmol/L 
- 29 dogs (97%) 

above reference 

Available for 21 dogs 
(55%) 

- Median: 35 µmol/L 
- Range: 2 – 380 

µmol/L 
- 18 dogs (86%) 

above reference 

Plasma albumin 
concentration 
(reference interval: 26 
– 37 g/L) 

Available for 84 dogs 
(91%) 

- Median: 24 g/L 
- Range: 11 – 31 g/L 
- 63 dogs (75%) 

beneath reference 

Available for 35 dogs 
(95%) 

- Median: 26 g/L 
- Range: <9 – 30 g/L 
- 16 dogs (46%) 

beneath reference 
- 1 dog < 9 g/L 

Available for 30 dogs 
(79%) 

- Median: 20 g/L 
- Range: 8 – 30 g/L 
- 27 dogs (90%) 

beneath reference 

Total WBC 
concentration 
(reference interval: 
4.5 – 14.6 × 10⁹/L 

Available for 58 dogs 
(63%) 

- Median: 18 × 10⁹/L 
- Range: 7.5 – 42.6 × 

10⁹/L 
- 39 dogs (67%) 

above reference 

Available for 21 dogs 
(57%) 

- Median: 14 × 10⁹/L 
- Range: 6.4 – 26.5 × 

10⁹/L 
- 10 dogs (48%) 

above reference 

Available for 21 dogs 
(55%) 

- Median: 15 × 10⁹/L 
- Range: 8.3 – 35.4 × 

10⁹/L 
- 12 dogs (57%) 

above reference 
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Intraoperative Data 
Of all 92 dogs with EH PC CPSS 70 (76%) 
dogs were partially ligated and 22 (24%) 
were completely ligated during surgery. 1 
dog of the 22 dogs that were completely 
ligated was partially ligated in the first 
surgery and completely ligated in a second 
surgery. Of all 37 dogs with EH PAZ CPSS, 23 
(62%) dogs were partially ligated and 13 
(35%) were completely ligated during 
surgery. Degree of attenuation in 1 dog is 
unknown. Of the 13 dogs that were 
completely ligated, 1 dog was only partially 
ligated during the first surgery and 
completely ligated in a second surgery. Of all 
38 dogs with IH CPSS, 36 (95%) dogs were 
partially ligated and 2 (5%) dogs were 
completely ligated during surgery. Of the 2 
dogs that were completely ligated, 1 dog 
was partially ligated during the first surgery 
and completely ligated during a second 
surgery. 
 
Postoperative Data 
19 (11%) dogs of the study population of 
167 dogs died in the short-term (<1 month) 
postoperative period (12 (13%) of 92 dogs  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

with EH PC CPSS, 3 (8.1%) of 37 dogs with 
EH PAZ CPSS and 4 (10%) of 38 dogs with 
IH CPSS). Of the 80 dogs with EH PC CPSS 
that survived > 1 month, 75 (94%) dogs 
came back for a control visit (4 – 40 weeks 
p.o.). Of the 34 dogs with EH PAZ CPSS that 
survived > 1 month, 30 (88%) dogs came 
back for a control visit (4 – 28 weeks p.o.). 
Of the 34 dogs with IH CPSS that survived > 
1 month, 29 (85%) dogs came back for a 
control visit (4 – 24 weeks p.o.). Findings 
during the control visits are described in 
table 3. Multiple dogs were still receiving a 
form of medical management. Decreased 
activity, decreased appetite, gastrointestinal 
signs and signs of hepatic encephalopathy 
were again described. The fasting plasma 
ammonia concentration was available for 
almost all dogs that came back for a control 
visit. The majority of these dogs also had the 
ammonia tolerance test. The fasting plasma 
bile acid concentration was also available 
for a large amount of dogs. The plasma 
albumin concentration and the total white 
blood cell concentration were available for a 
small amount of dogs.  
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Table 3. Postoperative medical records data 
 
 EH PC CPSS (75 dogs) EH PAZ CPSS (30 dogs) IH CPSS (29 dogs) 
Medical management  22 dogs (29%) 

-  19 dogs low protein 
diet 

-  1 dog lactulose 
-  2 dogs low protein diet 

and lactulose 

 

 10 dogs (33%) 
-  9 dogs low protein diet 
-  1 dog low protein diet 

and lactulose 

 14 dogs (48%) 
-  11 dogs low protein 

diet 
-  3 dogs low protein diet 

and lactulose 

Decreased activity  6 dogs (8%) 3 dogs (10%) 3 dogs (10%) 
Decreased appetite  5 dogs (6.7%) 2 dogs (6.7%) 1 dog 
Gastrointestinal signs 17 dogs (23%) 

- 14 dogs vomiting 
- 2 dogs diarrhea 
- 1 dog vomiting and 

diarrhea 

4 dogs (13 %) 
- 3 dogs vomiting 
- 1 dog diarrhea 

 5 dogs (17 %) 
- 5 dogs vomiting 

 

Hepatic 
encephalopathy 

 3 dogs (4%) 
- 2 dogs HE 1 
- 1 dog HE 2 

3 dogs (10%) 
- 2 dogs HE 1 
- 1 dog HE 2 

7 dogs (24%) 
-  4 dogs HE 1 
-  3 dogs HE 2 

Fasting plasma 
ammonia 
concentration 
(reference interval: 24 
– 45 µmol/L) 

Available for 77 dogs 
(103%)* 
- Median:  15 µmol/L 
- Range: <7 - 282 µmol/L 
- 10 dogs (13%) above 

reference 
- 7 dogs <7 µmol/L 

Available for 29 dogs 
(97%) 
- Median: 15 µmol/L 
- Range: <7 - 33 µmol/L 
- No dogs above 

reference 

- 3 dogs <7 µmol/L 

Available for 29 dogs 
(100%) 
- Median:  63 µmol/L 
- Range: 12 - >286 

µmol/L 
- 18 dogs (62%) above 

reference 
- 1 dog >286 µmol/L 

Ammonia tolerance 
test 

Performed in 68 dogs 
(88%)** 
- 19 tests positive 
- 49 tests negative 

Performed in 24 dogs 
(83%)** 
-  9 tests positive 
-  15 tests negative 

Performed in 23 dogs  
(79%)** 

- 14 tests positive 
- 9 tests negative 

Fasting plasma bile 
acid concentration 
(reference interval: < 
10 µmol/L) 

Available for 61 dogs 
(81%) 

- Median: 8 µmol/L 
- Range: 1 - 440 

µmol/L 
- 26 dogs (43%) 

above reference 

Available for 25 dogs 
(83%) 

- Median: 7 µmol/L 
- Range: 1 – 51 

µmol/L 
- 9 dogs (36%) 

above reference 

Available for 22 dogs 
(76%) 

- Median: 54 µmol/L 
- Range:1 – 340 

µmol/L 
- 16 dogs (73%) 

above reference 

Plasma albumin 
concentration 
(reference interval: 26 
– 37 g/L) 

Available for 28 dogs 
(37%) 

- Median: 28 g/L 
- Range: 5 – 33 g/L 
- 4 dogs (14%) 

beneath reference 

Available for 15 dogs 
(50%) 

- Median: 28 g/L 
- Range: 12 – 36 g/L 
- 3 dogs (20%) 

beneath reference 
 

Available for 13 dogs 
(45%) 

- Median: 26 g/L 
- Range: 18 – 30 g/L 
- 6 dogs (46%) 

beneath reference 

Total WBC 
concentration 
(reference interval: 
4.5 – 14.6 × 10⁹/L 

Available for 13 dogs 
(17%) 

- Median: 13 × 10⁹/L 
- Range: 7.6 – 15.7 × 

10⁹/L 
- 2 dogs (15%) 

above reference 

Available for 5 dogs 
(17%) 

- Median: 9 × 10⁹/L 
- Range: 8 – 13.8 × 

10⁹/L 
- No dogs above 

reference 

Available for 4 dogs 
(14%) 

- Median: 14 × 10⁹/L 
- Range: 11.8 – 19.1 

× 10⁹/L 
- 1 dog above 

reference 
* 75 dogs came back for a check-up to Utrecht University and all were tested for the fasting plasma ammonia 
concentration, the other 2 dogs were tested at home during a study of another veterinary master student. 
 
** The percentage of dogs that had the ammonia tolerance test was calculated over the group of dogs that also were 
tested for the fasting plasma ammonia concentration 
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Predictive values  
In testing for the predictive value of  
preoperative fasting ammonia 
concentration, for the presence of persistent 
shunting after CPSS surgery,  for EH PC CPSS 
66 dogs were included (OR = 1.003, P = 
0.384), for EH PAZ CPSS 24 dogs were 
included (OR = 1.002, P = 0.793), and for IH 
CPSS 25 dogs were included (OR = 1.006, P 
= 0.384). No significant association was 
found between pre-operative fasting 
ammonia concentration and presence of 
persistent shunting after surgery in the 3 
different groups.  
The predictive value of the pre-operative 
fasting bile acid concentration for the 
presence of persistent shunting after CPSS 
was tested. For EH PC CPSS 41 dogs were 
included (OR = 1.000, P = 0.897). For EH 
PAZ CPSS 19 dogs were included (OR = 
1.004, P = 0.537). For IH CPSS 17 dogs were 
included (OR = 1.006, P = 0.449). No 
significant association was found between 
pre-operative fasting bile acid concentration 
and presence of persistent shunting after 
surgery in the 3 different groups. 
The predictive value of pre-operative 
albumin for the presence of persistent 
shunting after CPSS surgery was tested. For 
EH PC CPSS 63 dogs were included (OR = 
0.969, P = 0.626). For EH PAZ CPSS 22 dogs 
were included (OR = 0.979, P = 0.817). For 
IH CPSS 23 dogs were included (OR = 0.940, 
P = 0.490). No significant association was 
found between pre-operative albumin and 
presence of persistent shunting after 
surgery in the 3 different groups. 
The predictive value of pre-operative white 
blood cell count for the presence of 
persistent shunting after CPSS surgery was 
tested. For EH PC CPSS 40 dogs were 
included (OR = 0.984, P = 0.757). For EH 
PAZ CPSS 15 dogs were included (OR = 
1.107, P = 0.414). For IH CPSS 16 dogs were 
included (OR = 1.092, P = 0.488). No 
significant association was found between 
pre-operative white blood cell count and 
presence of persistent shunting after 
surgery in the 3 different groups. 
 
Questionnaires 
 
All referring veterinarians and owners of 
dogs in the Netherlands that did not die 

short-term post-operatively (<1 month after 
surgery) were contacted by telephone to 
find out if the dogs were still alive.  
In total referring veterinarians of 114 CPSS 
dogs were contacted, 64 dogs had EH PC 
CPSS, 30 dogs had EH PAZ CPSS and 20 dogs 
had IH CPSS. One dog with EH PC CPSS was 
euthanized 3 months after surgery because 
of persisting signs. 14 dogs died or were 
euthanized later in life because of other 
reasons, of which 5 dogs had EH PC CPSS, 3 
dogs had EH PAZ CPSS and 6 had IH CPSS.  
In 34 cases it was unknown if the dog was 
still alive, 16 dogs with EH PC CPSS, 4 dogs 
with EH PAZ CPSS and 14 dogs with IH 
CPSS, due to change of veterinary clinic.  
In total 92 owners were contacted by 
telephone, 52 owners of dogs with EH PC 
CPSS, 26 owners of dogs with EH PAZ CPSS 
and 13 owners of dogs with IH CPSS. Forty-
seven owners of dogs expected to be alive, 
with EH PC CPSS, 24 with EH PAZ CPSS and 
11 with IH CPSS were contacted and send a 
quality of life questionnaire. The 
questionnaire translated in Dutch can be 
found in attachment 2. 
Of the dogs that died or were euthanized(> 
1 month postoperatively), 5 owners of dogs 
with EH PC CPSS, 2 owners of dogs with EH 
PAZ CPSS and 2 owners of dogs with IH 
CPSS were contacted and sent a quality of 
life questionnaire.  
Nine owners of dogs with EH PC CPSS, 4 
owners of dogs with EH PAZ CPSS and 8 
owners of dogs with IH CPSS could not be 
contacted by telephone. Although it was 
unknown if the dog was still alive, they were 
also send a quality of life questionnaire. 
Eighteen dogs with EH PC CPSS, 4 dogs with 
EH PAZ CPSS and 9 dogs with IH CPSS were 
lost to follow-up. A total of 112 quality of life 
questionnaires were sent to all different 
owners, 61 EH PC CPSS, 30 EH PAZ CPSS 
and 21 IH CPSS. 
In total 64 (57%) questionnaires were 
received back, 43 EH PC CPSS, 13 EH PAZ 
CPSS and 8 IH CPSS. Of the dogs that were 
known to be euthanized or died later in life 
5 questionnaires were received back, 3 
questionnaires of dogs with EH PC CPSS, 1 
with EH PAZ CPSS and 1 dog with IH CPSS. 
The questionnaires were used to develop a 
scoring system to translate a variety of 
clinical signs into one, individual score that 
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can be used as a clinical tool. The results of 
the quality of life questionnaires can be 
found in attachment 3. The median follow-
up period for the 64 questionnaires was 
1652 days (range 52 – 3889 days). The 
mean pre-operative CPSS score is 43(SD 
27). The mean post-operative CPSS score is 
11(SD 13). The difference pre- and 
postoperative showed a significant 
improvement (P < 0.001). When the 
difference was analyzed separately in the 
extrahepatic shunts and the intrahepatic 
shunts, the scores postoperatively in both 
groups had also significantly improved (EH 
CPSS P<0.001, IH CPSS P=0.018). 
If the signs mentioned in table 4 were 
present (before or after surgery), the 
owners qualified the impact of this specific 
sign on their dog’s life on a scale from 0, no 
impact to 10, severe impact. The average 
impact on the dog’s life was calculated using 
both the impact before and after surgery. 
 
Table 4. Impact of signs on quality of life 
 
Sign Average Impact 
Seizures 7.7 
Head pressing 6.1 
Circling 6.0 
Disorientation 6.2 
Aggression 4.9 
Collapse 5.1 
Ataxia(wobbling) 6.5 
Unresponsive episodes 5.9 
Blindness 7.0 
Lethargy/weakness 5.4 
Vomiting 5.4 
Diarrhea 3.8 
Decreased appetite 4.9 
Difficulty urinating 6.9 
Hematuria 3.1 
Ptyalism 7.4 
Polyuria/polydipsia 5.0 
 

Forty-two of 64(66%) owners treated their 
dog with diet, medication or both before 
surgery (medical management). According 
to the owners the mean clinical 
improvement with medical management 
was 5.3(scale 0-10; n=40), with no 
improvement in 3 dogs (score 0) and a 
maximum improvement in 3 dogs (score 
10). Willingness to eat the diet was scored 
with a 6.7 on average (scale 0-10) and 
medical management hardly showed any 

negative effect on the dog’s quality of life 
(mean score 0.9, scale 0-10). Post-
operatively, at the moment of taking the 
questionnaire or the death of the dog, 13 of 
60(22%) dogs still received conservative 
treatment. 
General improvement after surgery was 
scored with an 8.3 on average (scale 0-10, 
n=59). Body condition after surgery was 
improved on average according to the 
owner with 6.6 (scale 0-10, n=49). The 
mean difference in body condition score 
before and after surgery is +2.4 (scale 1-10, 
n=53). The mean quality of life before CPSS 
surgery was diagnosed or before any 
treatment was given was 2.4 (scale 0-10, 
n=62). The mean quality of life before 
surgery with medical management was 3.7 
(scale 0-10, n=41). The mean quality of life 
at this moment after surgery was 8.7 (scale 
0-10, n=61). The mean score for owners to 
still by worried about the health of their dog 
is 2.9 (0=not worried at all, 10=could not be 
more worried, n=60). The mean score for 
owners to be satisfied with the result of the 
surgery is 9.1 (0=not satisfied at all, 
10=could not be more satisfied, n=62). 
 
Long-term outcome 
 
Of all 167 dogs that underwent shunt 
ligation between 2003 and 2013, 46 dogs 
were lost to long-term follow-up; 26 dogs 
with EH PC CPSS, 3 dogs with EH PAZ CPSS, 
and 17 dogs with IH CPSS. In the rest of the 
study population 35 dogs had died at the 
time this study was performed; 19 dogs 
with EH PC CPSS, 6 dogs with EH PAZ CPSS, 
and 10 with IH CPSS. Therefore it was 
concluded that the overall survival rate at 
the time of our study was  75% in EH CPSS 
dogs (71% in EH PC CPSS and 82% in EH 
PAZ CPSS) and 52% in dogs with IH CPSS. 
Dogs were randomly chosen for a long-term 
check-up out of 80 surviving CPSS dogs with 
a minimum follow-up period of 6 months 
after surgery to obtain a total amount of 21 
visits. The sample included 14 dogs with EH 
PC CPSS, 5 dogs with EH PAZ CPSS and 2 
dogs with IH CPSS.  
The long-term results of the patients that 
came back for the check-up can be found in 
attachment 4. Clinical signs of HE were 
present in 8 (38%) dogs (5 with EH PC 
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CPSS, 2 with EH PAZ CPSS and 1 with IH 
CPSS). In 6 dogs (5 with EH PC CPSS and 1 
with IH CPSS) HE was scored as a grade 1 
and in 2 dogs (with EH PAZ CPSS) as a grade 
2 according to table 1 (Rothuizen, 1993). 
The median fasting ammonia concentration 
(reference interval, 24-45 mol/L) in the 21 
dogs was 31 mol/L (range, 8 - 201 mol/L) 
with 5 dogs (24%) above reference. In 18 
dogs of which fasting ammonia 
concentration was measured < 100 mol/L, 
an ammonia tolerance test was performed. 
Of the 18 tests 7 (39%) were positive, 
indicating portosystemic shunting.  
The median value of fasting bile acid 
concentrations (reference level, <10 
mol/L) was 15 mol/L (range, 1-285 
mol/L). Twelve dogs (57%) showed values 
above reference.  
Using the clinical signs, the measurements 
of fasting bile acids, fasting ammonia, and 
the ammonia tolerance test from the 
medical records, it was determined when 
there was symptomatic, asymptomatic, or 
no shunting short-term after surgery in each 
dog (table 5). During the last routine control 
visit after surgery of the 21 dogs 9 (33%) 
dogs had no shunting, 4 (29%) dogs had 
asymptomatic shunting and 6 (29%) dogs 
had symptomatic shunting.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In 2 dogs the degree of shunting at that time 
is unknown because no ammonia tolerance 
test was performed.  
During the long-term control visit in this 
study it was also determined if the dogs had 
symptomatic shunting, asymptomatic 
shunting or no shunting, to compare short-
term and long-term outcome after surgery. 
The results of the questionnaires were also 
used to determine if there was still 
suspicion of shunting. Two questionnaires 
were not received back. Of the 19 dogs with 
questionnaires and known outcome, 11 
(58%) dogs had no shunting, 3 (16%) dogs 
had asymptomatic shunting and 5 (26%) 
dogs had symptomatic shunting. Of the 11 
dogs with no shunting, the mean CPSS score 
was 12.2, of the 3 dogs with asymptomatic 
shunting, the mean CPSS score was 19.3 and 
of the 5 dogs with symptomatic shunting, 
the mean CPSS score was 21.4. These 
differences were not significant. 
Using table 6, the status of the patient; no 
recovery, partial recovery or complete 
recovery, was also determined. Of the group 
of 21 patients that came back to the clinic, 6 
(29%) dogs had no recovery, 4 (19%) dogs 
had partial recovery and 11 (52%) dogs 
were completely recovered after CPSS 
surgery.  
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Table 5. Classification of shunting after CPSS surgery 

 
Clinical Signs1 Abnormal ammonia 

metabolism2 

Classification 

+ + Symptomatic Shunting 
- + Asymptomatic Shunting 
+ - No Shunting 
- - No Shunting 

 
1 Positive(+): HE grade 1-4, weekly vomiting, diarrhea and decreased appetite, periods of urologic signs 
  Negative(-): HE grade 0, no or less than weekly vomiting, diarrhea and decreased appetite, no urologic signs 
2 Positive(+):  Fasting ammonia > 100 µmol/L or a positive ammonia tolerance test (more than a twofold    
increase in plasma ammonia concentration with reference to the fasting ammonia concentration, this value 
also needs to be above 45 µmol/L 
  Negative(-): Fasting ammonia < 46 µmol/L and a negative ammonia tolerance test (no increase or less than 
a twofold increase in plasma ammonia concentration with reference  to the fasting ammonia concentration.  
 
Table 6. Status of the patient after CPSS surgery 
 
Clinical Signs1 Abnormal liver metabolism2 Classification 
- - Complete Recovery 
- + Partial Recovery 
+ - Partial Recovery 
+ + No Recovery 
 
1 Positive (+): HE class 1-4, weekly vomiting, diarrhea and decreased appetite, periods of urologic signs 
  Negative (-): HE grade 0, no or less than weekly vomiting, diarrhea and decreased appetite, no urologic 
signs 
2 Positive (+): Fasting bile acids > 10mol/L, fasting ammonia > 100 mol/L or a positive ammonia tolerance 
test (more than a twofold increase in plasma ammonia concentration with reference to the fasting  ammonia 
concentration, the value also needs to be above 45 mol/L 
  Negative (-): Fasting ammonia < 46 mol/L and a negative ammonia tolerance test(No increase or less than 
a twofold increase in plasma ammonia concentration with reference to  the fasting ammonia concentration) 
 

 

Discussion 
 
The aim of this study was to obtain long-
term outcome data for 167 dogs that were 
surgically treated by ligation for CPSS at 
Utrecht University between 2003 and 2013. 
This retrospective study was designed to 
support a randomized, multicenter 
prospective study that is conducted to 
compare partial attenuation of CPSS by 
ligation and by cellophane banding. 
In addition to the descriptive information 
and the information obtained with the 
questionnaires, different pre-operative 
variables were evaluated  to note if there 
was association with post-operative 
persistent shunting and thus with the long-
term outcome.  
In this study 77% of the dogs were 
diagnosed with EH CPSS and 23% of the 

dogs were diagnosed with IH CPSS. EH CPSS 
is found to be more common than IH CPSS, 
which is consistent with the outcome in 
other studies.(Berent & Tobias, 2009; Hunt, 
2004) EH CPSS can be divided in EH PC 
CPSS and EH PAZ CPSS. EH PC CPSS is found 
in 71% of the dogs with EH CPSS and EH 
PAZ CPSS in 29% of the dogs. In this study 
EH PC CPSS is more common than EH PAZ 
CPSS, which is also consistent to what is 
found in other studies.(Berent & Tobias, 
2009; Hunt, 2004) IH CPSS is positioned 
centrally in the liver, at the left or the right 
side. 58% of the dogs had left divisional IH 
CPSS, 34% had right divisional IH CPSS and 
8% had centrally positioned IH CPSS. The 
left divisional IH CPSS is more common than 
right divisional and centrally positioned IH 
CPSS. Also the right divisional IH CPSS is 
more common than the centrally positioned 
IH CPSS. Although the division of left, right 
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and central positioned IH CPSS is associated 
with country of origin according to 
Krotscheck et al. (2007), they also found 
that overall the left divisional IH CPSS is 
more common.(Krotscheck et al., 2007) This 
is also confirmed in other studies and is 
consistent with what is found in this 
study.(van den Ingh et al., 1995; White et al.,  
1998) A possible explanation for this finding 
is the embryological origin of the left 
divisional IH CPSS. The left divisional IH 
CPSS is considered to be caused by 
incomplete closure of the embryonic ductus 
venosus.(Krotscheck et al., 2007; van 
Steenbeek et al., 2012) 
Type of breed has a significant effect on the 
anatomy of CPSS. EH CPSS is mostly seen in 
small dogs. Most common breeds with EH 
CPSS in this study are Maltese dogs, Jack 
Russell Terriers, Yorkshire Terriers, Cairn 
Terriers and Dachshunds. IH CPSS is mostly 
seen in large dogs. Most common breeds 
with IH CPSS in this study are Golden 
Retrievers, Bernese Mountain Dogs, 
Labrador Retrievers, Cane Corsos and Irish 
Wolfhounds. This division between large 
and small breeds may indicate an inherited 
basis for the disease. The genetic basis of 
CPSS in dogs is not clear yet but many 
authors have demonstrated that congenital 
shunts are more frequently diagnosed in 
purebred dogs, that a number of breeds are 
predisposed and that EH CPSS and IH CPSS 
are rarely seen in the same breed.(Hunt, 
2004; Krotscheck et al., 2007; Tobias & 
Rohrbach, 2003; Tobias, 2003; van 
Steenbeek et al., 2013; van Straten et al., 
2005) 
An equal frequency of affected males and 
females for both EH and IH CPSS was 
reported by Hunt (2004) and van Straten et 
al. (2005). Krotscheck et al. (2007) however 
found a relationship between sex and 
anatomical location of the IH CPSS. In our 
study the sex distribution for EH PC CPSS 
was 59% female and 41% male and for EH 
PAZ CPSS the distribution was 70% female 
and 30% male. This suggests, especially for 
PAZ, that EH CPSS may be more common in 
females, which is not consistent with 
foregoing studies. The sex distribution for  
IH CPSS was 50% female and 50% male 
with left divisional IH CPSS, 46% female and 
54% male with right divisional IH CPSS and 

1 female and 2 males with centrally 
positioned IH CPSS. This outcome shows no 
relationship between sex and anatomical 
location of the IH CPSS, as found by 
Krotscheck et al. (2007). There is an equal 
frequency of affected males and females for 
IH CPSS, which is consistent with the 
foregoing studies of Hunt (2004) and van 
Straten et al. (2005).(Hunt, 2004; 
Krotscheck et al., 2007; van Straten et al., 
2005) 
The age at surgery in dogs with EH PC CPSS 
was in former publications lower than that 
of dogs with EH PAZ CPSS.(Sura et al., 2007; 
Van den Bossche et al., 2012) In this study 
the median age at surgery for dogs with EH 
PC CPSS was 10.5 months and for dogs with 
EH PAZ CPSS the median age at surgery was 
20 months. This appears to be consistent 
with earlier findings. A possible explanation 
for the higher median age at surgery for 
dogs with EH PAZ CPSS is the milder clinical 
signs in these dogs. This could cause a later 
onset of clinical signs and thus a later age at 
diagnosis. Dogs with EH PAZ CPSS have 
milder clinical signs presumably because of 
intermittent occlusion of the shunting vessel 
by diaphragmatic compression during 
normal respiration or gastric distension 
after a meal.(Sura et al., 2007)  
At Utrecht University, dogs with CPSS will 
receive medical management during the 
period between the first examination and 
the CPSS surgery, so the clinical status of the 
patient will be as good as possible during 
surgery. A small amount of dogs already 
received medical management before the 
first visit to the clinic, prescribed by the own 
veterinarian. This may have had influence 
on the clinical status and the blood values of 
these dogs during the first examination at 
the clinic of Utrecht University. Also at the 
moment of the first examination after 
surgery, a small amount of dogs were still 
receiving medical management. This also 
may have had influence on the status of 
these dogs.  
A lot of information was obtained by a 
medical records review of all dogs treated 
with surgical ligation for CPSS from 2003 to 
2013. In this study, the findings before and 
after surgery have been described but 
possible differences were not statistically 
analyzed yet. A large amount of dogs were 
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admitted with growth retardation during 
the first examination. 40% of the dogs with 
EH PC CPSS, 46% of the dogs with EH PAZ 
CPSS and 53% of the dogs with IH CPSS had 
retarded growth. This may be due to 
decreased appetite and gastrointestinal 
problems that are common in dogs with 
CPSS. Decreased appetite was present in 
51% of the dogs with EH PC CPSS before 
surgery and in 6.7% of the dogs after 
surgery. 38% of the dogs with EH PAZ CPSS 
had decreased appetite before surgery, after 
surgery 6.7%. 45% of the dogs with IH CPSS 
had decreased appetite before surgery and 
only 1 dog still had decreased appetite after 
surgery. This outcome shows that appetite 
increases because of the surgery. 
Gastrointestinal signs like vomiting and 
diarrhea were present in 62% of the dogs 
with EH PC CPSS during first examination 
before surgery and in 23% of the dogs after 
surgery. 59% of the dogs with EH PAZ CPSS 
had gastrointestinal signs before surgery, 
after surgery 13%. 45% of the dogs with IH 
CPSS also had gastrointestinal signs, 17% 
had still signs after surgery. Gastrointestinal 
signs also seem to improve because of 
surgery. This information about appetite 
and gastrointestinal signs after surgery may 
explain why growth retardation reduces 
after surgery. Unfortunately there was not 
enough information about growth after 
surgery in the medical records of the dogs of 
this study population.  
The majority of the dogs in this study 
population had decreased activity during 
first examination. After surgery there was a 
large improvement and only a small amount 
of dogs still had decreased activity. Before 
surgery 83% of the dogs with EH PC CPSS 
had decreased activity, after surgery 8%. 
65% of the dogs with EH PAZ CPSS had 
decreased activity before surgery, after 
surgery 10%. 79% of the dogs with IH CPSS 
had decreased activity before surgery, 10% 
after surgery. 
Most dogs with CPSS show signs of hepatic 
encephalopathy (HE) because of high 
ammonia levels in their blood. 90% of the 
dogs with EH PC CPSS showed signs of HE 
before surgery, these signs differ from grade 
1 to grade 4. After surgery 4% of the dogs 
still showed signs of HE, grade 1 and 2. 84% 
of the dogs with EH PAZ CPSS showed signs 

of HE before surgery, these signs differ from 
grade 1 to grade 3. After surgery 10% of the 
dogs still showed signs of HE, grade 1 and 2. 
95% of the dogs with IH CPSS also showed 
signs of HE before surgery, differing from 
grade 1 to grade 3. After surgery, 24% of the 
dogs still had signs of HE, grade 1 and 2. 
Signs of HE decrease after surgery because 
blood will now be cleansed by the 
reticuloendothelial system in the 
hepatocytes. The outcome seems to show a 
large improvement in signs of HE after 
surgery. In comparison with other studies, 
the percentage of HE before surgery is very 
high in this study population. In previously 
published reports clinical signs of HE at the 
time of presentation were ranging from 
45% to 79%.(Falls et al., 2013; Harvey & 
Erb, 1998; Hurn & Edwards, 2003; Winkler 
et al., 2003; Worley & Holt, 2008) The high 
amount of dogs with clinical signs of HE in 
this study is due to the fact that more 
clinical signs were interpreted as HE, such 
as polyuria, character changes and 
indolence.  
Different blood values were measured 
before and after surgery to confirm CPSS 
and to examine the status of the patient. 
Measurement of the fasting plasma 
ammonia concentration and the ammonia 
tolerance test are a very important tool to 
diagnose CPSS and to examine if there is still 
shunting after surgery. The median fasting 
plasma ammonia concentration before 
surgery for dogs with EH PC CPSS is 153 
µmol/L, after surgery the median 
concentration was 15 µmol/L. For dogs with 
EH PAZ CPSS the median concentration is 97 
µmol/L before surgery and 15 µmol/L after 
surgery. For dogs with IH CPSS the median 
concentration is 162 µmol/L before surgery 
and 63 µmol/L after surgery. The outcome 
after surgery for EH CPSS seems to be better 
than the outcome after surgery for IH CPSS. 
In healthy dogs, the fasting plasma ammonia 
concentration may not reach above 45 
µmol/L. Dogs with EH CPSS meet this 
standard after surgery, but this does not 
apply for IH CPSS. This outcome suggests 
that surgical ligation is more effective for EH 
CPSS than for IH CPSS. It is a possibility that 
regeneration of the liver is a more difficult 
process in dogs with IH CPSS, the exact 
reason for this is unknown. During the study 
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the predictive value of the pre-operative 
fasting plasma ammonia concentration for 
the presence of persistent shunting after 
surgery was investigated. No significant 
association was found for the 3 different 
groups. 
The ammonia tolerance test (ATT) was 
performed in a small amount of dogs before 
surgery and in the majority of dogs after 
surgery, to check the hepatic metabolism. 
For all 3 different types of shunts, EH PC 
CPSS, EH PAZ CPSS and IH CPSS, the tests 
performed before surgery were 100% 
positive. For dogs with EH PC CPSS, 28% of 
the tests performed after surgery were 
positive, for dogs with EH PAZ CPSS, 38% 
turned out positive and for dogs with IH 
CPSS, 61% of the tests performed after 
surgery were positive. These results show 
that surgery has a positive effect on the 
outcome of the ammonia tolerance tests; 
however the outcome again seems to be 
better for EH CPSS than for IH CPSS. This 
means that recovery of hepatic metabolism 
after surgery is higher for EH CPSS than for 
IH CPSS. This agrees with the outcome of the 
fasting plasma ammonia concentration. 
The fasting plasma bile acid concentration is 
also a test used for diagnosis of CPSS. This 
test is often combined with the postprandial 
plasma bile acid concentration. This bile 
acid stimulation test is not performed in the 
dogs of this study population because it is 
difficult to combine this test with the ATT. It 
also is not necessary to perform both the 
ATT and the bile acid stimulation test. The 
fasting plasma bile acid concentration is 
measured before and after surgery. For dogs 
with EH PC CPSS the median concentration 
before surgery was 105 µmol/L, the median 
concentration after surgery was 8 µmol/L. 
For dogs with EH PAZ CPSS the median 
concentration before surgery was 95 
µmol/L, the median concentration after 
surgery was 7 µmol/L. For dogs with IH 
CPSS the median concentration before 
surgery was 35 µmol/L, the median 
concentration after surgery was 54 µmol/L. 
The outcome after surgery again seems to 
be better for EH CPSS than the outcome 
after surgery for IH CPSS, as already seen 
for plasma ammonia and the ATT. In healthy 
dogs, the fasting plasma bile acid 
concentration may not reach above 10 

µmol/L. Dogs with EH CPSS meet this 
standard after surgery, but this does not 
apply for IH CPSS. The fasting plasma bile 
acid concentration for IH CPSS, before and 
after surgery, also does not correspond to 
each other. The median concentration 
before surgery is relatively low comparing 
to EH CPSS. However the median 
concentration after surgery is high in 
relation to the median concentration before 
surgery. A possible explanation is liver 
damage due to the surgery. Bile acids will 
not only increase due to CPSS, also liver 
damage causes an increase in plasma bile 
acids. During IH CPSS surgery liver 
parenchyma has to be dissected from the 
shunt to be able to ligate the shunt, this is 
not the case in EH CPSS surgery. Acute 
damage to hepatic tissue should be healed 
within the time before the control visit (1-3 
months after surgery), but possibly some 
chronic damage may still be present. 
Another possible explanation for the high 
plasma bile acid concentration after surgery 
could be that the majority of the dogs did 
not have a 12-hour fasting period before 
performing the test. During the study the 
predictive value of the pre-operative fasting 
plasma bile acid concentration for the 
presence of persistent shunting after 
surgery was investigated. No significant 
association was found for the 3 different 
groups. 
Plasma albumin is measured in the majority 
of dogs before surgery and in a small group 
of dogs after surgery. Dogs with CPSS have 
reduced hepatic synthesis of albumin 
because of poor hepatic development, which 
causes hypoalbuminemia. For dogs with EH 
PC CPSS the median for plasma albumin 
before surgery was 24 g/L, after surgery the 
median was 28 g/L. For dogs with EH PAZ 
CPSS the median before surgery was 26 g/L, 
after surgery 28 g/L. For dogs with IH CPSS 
the median before surgery was 20 g/L, after 
surgery 26 g/L. The reference interval for 
albumin is 26 – 37 g/L. Before surgery only 
the median for EH PAZ CPSS falls within this 
range. After surgery both dogs with EH CPSS 
and dogs with IH CPSS meet the standard 
for plasma albumin. Note that the median 
values for IH CPSS seem to be lower than 
the ones for EH CPSS. Dogs with IH CPSS 
usually have larger shunts before surgery. 
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Hepatotrophic factors will bypass the liver 
in a greater amount than with the smaller 
EH CPSS. This may be causing less hepatic 
development and a decreased albumin 
production in relation to EH CPSS. During 
the study the predictive value of the pre-
operative plasma albumin for the presence 
of persistent shunting after surgery was 
investigated. Mehl et al.(2005) and 
Kummeling et al. (2012) found that low pre-
operative plasma albumin is a predictive 
factor for postoperative persistent shunting 
and thus for an unsuccessful long-term 
outcome.  In this study there was no 
significant association found for the 3 
different groups. 
The total WBC concentration was also 
measured in the majority of dogs before 
surgery and in a small group of dogs after 
surgery. For dogs with EH PC CPSS the 
median WBC concentration before surgery 
was 18 × 10⁹/L, after surgery the median 
was 13 × 10⁹/L. For dogs with EH PAZ CPSS 
the median before surgery was 14 × 10⁹/L, 
after surgery the median was 9 × 10⁹/L. For 
dogs with IH CPSS the median before 
surgery was 15 × 10⁹/L, after surgery the 
median was 14 × 10⁹/L. The reference 
interval for the total WBC concentration is 
4.5 – 14.6 × 109/L. This means that only the 
median values before surgery for EH PC 
CPSS and for IH CPSS were above reference. 
For all three forms of CPSS the total WBC 
concentration has decreased after surgery, 
as already expected. The increased white 
blood cell count in dogs with CPSS is 
associated with impaired 
reticuloendothelial function in the liver and 
with intestinal bacteria that are translocated 
into the portal blood which directly reach 
the systemic circulation. After surgery the 
portal blood will flow through the liver 
which causes an increase in 
reticuloendothelial function. Also 
translocated bacteria will flow through the 
liver and will be removed from the portal 
blood by the reticuloendothelial system. 
Fewer bacteria will now reach the systemic 
circulation which causes the decrease in the 
total WBC concentration. During the study 
the predictive value of the pre-operative 
total WBC concentration for the presence of 
persistent shunting after surgery was 

investigated. No significant association was 
found for the 3 different groups. 
Several pre-operative variables were found 
to be not significantly associated with 
persistent shunting after surgery and thus 
with long-term postoperative outcomes. 
Additional statistical analysis is needed to 
further investigate the predictive values of 
the pre-operative variables.  
11% of the dogs of the study population 
died in the short-term postoperative period, 
within 1 month after surgery. Most common 
complications were hemorrhage and 
cerebral necrosis. Reported mortality rates 
in other studies are between 2% and 27%. 
These study populations are surgically 
treated by partial or complete ligation or 
with the ameroid ring 
constrictor.(Greenhalgh et al., 2010; 
Hottinger et al., 1995; Hunt & Hughes, 1999; 
Kummeling et al., 2004; Mehl et al., 2005; 
Winkler et al., 2003) The mortality rate in 
our study corresponds with the mortality 
rates in the previous studies. However, 
direct comparison between different studies 
is complicated because of variation in the 
definition of the short-term postoperative 
period. Some studies consider this to be 
limited to less than 1 week postoperative, 
other studies use less than 1 month 
postoperative.  
 
For the long-term follow-up of the dogs of 
the study population, questionnaires were 
sent to the owners of these dogs. With the 
outcome of these questionnaires, a scoring 
system was developed to translate a variety 
of clinical signs into one, individual score 
that can be used as a clinical tool. This score 
is called the CPSS score. There is 
cooperation with the Royal Veterinary 
College (RVC) in London for the 
development of the scoring system. 
However, the RVC did not jet receive enough 
questionnaires back for evaluation and 
development of the system. That is why in 
this study only a basic variant of the scoring 
system is developed that needs to be 
optimized with the help of the RVC. With 
this basic scoring system a significant (P < 
0.001) improvement was found in the CPSS 
score after surgery, compared to the CPSS 
score before surgery. The mean CPSS score 
before surgery was 43 and the mean CPSS 
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score after surgery was 11. This outcome 
suggests that the basic scoring system 
already can determine improvement after 
CPSS surgery.  
The follow-up period had a large range, with 
dogs being operated in 2003 and dogs being 
operated a month before filling in the 
questionnaire. This makes interpretation of 
the outcome of the questionnaires more 
difficult because dogs that just have been 
operated need time to recover. It is possible 
that dogs that just had surgery still had 
some clinical signs during the time the 
questionnaire was taken, however later on 
these dogs may be completely recovered. 
This is something to keep into account. 
The impact of the clinical signs on the 
quality of life of the dogs was calculated 
with the help of the questionnaires. In this 
calculation pre- and postoperative was 
taken together. Because the relatively small 
amount of questionnaires received back, 
because not all clinical signs are present in 
all dogs and because not all questions about 
the impact on the dog’s life were answered 
correctly, the sample sizes were too small to 
take pre- and postoperative separately. This 
is also the reason why the impact of the 
clinical signs in the dog’s life was not taken 
into account in this variant of the scoring 
system. The sample sizes were too small, 
even when the three different groups of 
shunting were taken together. To optimize 
the scoring system, it is an option to use the 
impact of the clinical signs. This is only 
possible with a bigger sample size. More 
questionnaires have to be filled out to get 
larger sample groups. When this basic 
scoring system is optimized it can be used in 
the detection or diagnosis of clinical CPSS.  
One of the questions of the questionnaire 
was if the dog was treated with medical 
management before surgery and if yes, what 
was the clinical improvement of the dog. 
The mean clinical improvement was 5.3 on a 
scale from 0 – 10. Besides, medical 
management hardly showed any negative 
effect on the dog’s quality of life, with a 
mean score of 0.9 on a scale from 0 – 10. 
The mean quality of life before CPSS was 
diagnosed and before treatment with 
medical management was 2.4, on a scale 
from 0 – 10. The mean quality of life before 
surgery and with medical management was 

3.8, on a scale from 0 – 10. This shows, 
according to the owner, an improvement in 
the dog’s quality of life when medical 
management is introduced. It can be 
concluded that medical management has a 
positive effect on the dog’s health. The 
owners were also asked to give the quality 
of life of their dog at this moment, after 
surgery. The mean quality of life after 
surgery was 8.7, on a scale from 0 – 10. This 
is a large improvement compared to the 
situation before surgery with or without 
medical management. Owners are also very 
satisfied with the result of the surgery, with 
a mean score of 9.1, on a scale from 0 – 10. 
Only a few owners are still worried about 
the health of their dog, with a mean score of 
2.9, on a scale from 0 – 10.  These results 
show a large improvement in the dog’s 
health, according to the owners and the 
owners are very satisfied with the results of 
the surgery. 
 
The questionnaire also has its limitations. 
112 questionnaires were sent to the owners 
and only 57% of the questionnaires were 
received back. The questionnaires were sent 
by mail, this makes it a bigger effort to 
return the questionnaires to the clinic. In 
the future it is better to send the 
questionnaires by email or as a fully digital 
questionnaire. The questionnaires also 
contained a lot of questions; this may 
demotivate people to fill out the 
questionnaire. Of the 64 questionnaires that 
were received back, only 36% was filled out 
correctly. A large amount of questions 
contained two parts, staging of the 
symptoms (never, less than once a month, 
monthly, weekly, daily), and qualifying the 
impact of this specific sign on their dog’s 
life. This makes it easier to forget part of the 
question. Also a couple of questions could 
easily be misinterpreted because of the way 
the question was asked. The scoring system 
needs to be optimized, more questionnaires 
have to be filled out, and so these points 
have to be taken into account in the future.  
 
21 patients came back to the clinic for an 
extra control visit. These dogs were 
randomly chosen with a follow-up time of at 
least 6 months. In this group, the percentage 
of hepatic encephalopathy, the outcome of 
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the ammonia metabolism and the fasting 
plasma bile acid concentration was 
relatively high for a group of dogs that 
already underwent surgery. Although the 
dogs were randomly chosen, the group of 
dogs did not represent the study population. 
A large group of owners rejected the offer 
for an extra control visit, mostly because 
they thought that drawing blood was too 
invasive for their dog. Also the owners of 
dogs that showed no clinical signs were less 
motivated to visit the clinic. Owners of dogs 
that recently had surgery, and owners of 
dogs that had disappointing results during 
the last routine control visit were more 
motivated to come to the clinic with their 
dog. These owners were more worried 
about their dog than the other owners. This 
probably results in a group of dogs with 
more clinical signs and higher plasma 
ammonia and plasma bile acid 
concentration than the mean of the study 
population after surgery. 42% of the dogs of 
this group had asymptomatic or 
symptomatic shunting.  
With the help of the questionnaires filled 
out by the owners of the 21 dogs, a CPSS 
score was calculated for each dog. After 
calculating the mean CPSS score for dogs 
with symptomatic shunting, asymptomatic 
shunting and nog shunting, it came clear 
that the CPSS score was highest in dogs with 
symptomatic shunting and lowest in dogs 
with no shunting. This means that the CPSS 
score is associated with the postoperative 
shunting classification. However, this 
association is not significant, probably due 
to the small sample sizes. 
 
The retrospective nature of this study is 
probably the biggest limitation of the study. 
However, the study was intended to 
describe the results of the last decade in 
order to evaluate our recent results and to 
compare them with earlier results. Time of 
surgery was upwards of 10 years before 
follow-up for some of the dogs in this study. 
14 dogs did not came to the clinic for a 
control visit after surgery. Also the numbers 

of patients are low in the separate  groups of 
EH PAZ CPSS and IH CPSS.  
No standard diagnostic protocol was used 
for patients suspected for CPSS. This makes 
that not all data of interest were reported in 
the medical records. Every effort was made 
to contact referring veterinarians and 
owners, but because of the extended time 
since surgery some individuals were 
untraceable and some medical records were 
discarded. This could mask potentially 
important information or findings for this 
current study. 
 
It is hard to draw conclusions about the 
dogs where follow-up was based on reports 
from owners, as these may be misleading 
and dependent on the duration of follow-up 
and whether animals are still being fed a 
low protein diet and symptomatic treatment 
such as lactulose. With standardization of 
the questionnaire it was tried to reduce 
these influences. From only 64 dogs of the 
167 dogs of the study population long-term 
information through the questionnaires was 
available. The majority of the study 
population was lost to long-term follow up.  
 

Conclusion 
 
This retrospective study indicated that 
surgical ligation is a relatively safe, effective 
technique that in most cases results in 
resolution of biochemical abnormalities 
resulting from portosystemic shunting. Also 
clinical signs will reduce or disappear after 
surgery. Owners are very satisfied with the 
result of the surgery.  
A basic scoring system was developed 
which can eventually help detecting clinical 
PSS. Bigger sample sizes are necessary for 
further development of the scoring system, 
which can be achieved with the help of the 
Royal Veterinary College in London. This 
study suggests that the basic scoring system 
can determine between symptomatic, 
asymptomatic and no shunting after 
surgery. This is promising information for 
the future.  
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Attachments 

Appendix: 

1:  Medical records of UKG database 

a. Details of patients with PC CPSS used in this study                28-36 
b. Details of patients with PAZ CPSS used in this study                37-39 
c. Details of patients with intrahepatic CPSS used in this study                40-42 
d. Caption for 1a-c         43 

 

2:  Quality of Life Questionnaire as send to the owners (translated in Dutch)   

a. General information                       44 
b. Questionnaire before surgery                45-50 
c. Questionnaire after surgery                51-57 

 

3:  

a. Results of Quality of Life Questionnaires                58-67 
b. Caption for 3a                      68 

 

4:  

a. Long-term results of patients that came back for check-up                      69 
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1a: Medical records of UKG database, details of patients with PC CPSS.  
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1b: Medical records of UKG database, details of patients with PAZ CPSS 
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1c: Medical records of UKG database, details of patients with intrahepatic CPSS. 
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1d: Caption for 1a-c 
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2a: General information 
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2b: Quality of Life questionnaire before surgery  
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 2c: Quality of Life questionnaire after surgery 
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3a: Results of Quality of Life Questionnaire  
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3b: Caption for 3a, Results Quality of Life Questionnaire (letters referring to question also given in 

appendix 2b-c) 
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4: Results of patients at long-term check-up 

 

 

 

 

 

 

 


