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Introduction 

In mammals, the portal venous system collects blood 
from the major abdominal organs and delivers nutrients, 
bacteria, and toxins from the intestines to the liver to be 
further metabolized or excreted. Additionally, the portal 
blood carries approximately one-half to two-thirds 
of the oxygen supply to the liver, along with specific 
hepatotrophic factors (McMichael, 1937; Vollmar and 
Menger, 2009). The congenital portosystemic shunt 
(PSS) is a common hepatic vascular anomaly in dogs. 
Previous studies have shown a relationship between 
systemic inflammation and hepatic encephalopathy, 
which is the most significant factor for morbidity and 
mortality. Interleukin, proinflammatory cytokines, and 
portal lipopolysaccharide with Toll-like receptor-4 
mediated cytokine activations are significantly elevated 
in dogs with PSS compared to healthy dogs (Kilpatrick 
et al., 2014; Tivers et al., 2015b); the attenuation of 
congenital PSS reduces these markers of inflammation. 
The Tivers study was only based on markers and blood 
parameters, and not on actual cellular evidence of 
inflammation (Tivers et al., 2015a). Vasoactive intestinal 
peptide (VIP) is a peptide hormone, produced by many 
tissues including the gut and pancreas, that stimulates 

contractility of the heart, causes portal vasodilation, 
and decreases arterial blood pressure (Hellstrand 
et al., 1985). This peptide was also considered to be 
a neurotransmitter, and it has been reported that an 
increase in blood VIP concentration is simply the 
result of an overflow of excessive secretion from 
nerve endings (Corcoran et al., 1999). In cats, elevated 
levels of VIP were measured in portal venous effluent 
following either direct or reflex activation of the vagal 
innervation of the stomach, mechanical stimulation of 
the small bowel mucosa, stimulation of the pelvic nerves 
to the colon, and mechanical stimulation of the rectal 
mucosa (Fahrenkrug et al., 1978). Additionally, the co-
release of VIP and peptide histidine isoleucine into the 
portal vein has been demonstrated in dogs following 
vagal nerve stimulation; more importantly, increased 
portal VIP may cause a reduction in portal inflow 
resistance (Yasui et al., 1987). Collectively, VIP may 
be involved in the modulation of portal vein pressures. 
Thus, the VIP concentration may be higher in the portal 
vein compared to a peripheral vein in canine PSS. This 
pilot study aimed to evaluate the concentrations of VIP 
in the portal and peripheral veins in clinical settings of 
canine PSS in the absence of portal hypertension.
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Abstract
Background: The congenital portosystemic shunt (PSS) is a common vascular anomaly in dogs. Vasoactive intestinal 
peptide (VIP) is produced in various organs (including the small intestine, large intestine, and pancreas), leading to 
abdominal vasodilation, increased blood flow, increased pancreatic blood flow, and promotion of pancreatic endocrine 
and exocrine secretions. However, there have been no reports on the concentration of VIP in the portal and peripheral 
veins in canine PSS.
Aim: The aim of this pilot study was to evaluate whether dogs with PSS have a different VIP concentration in their 
portal system in general.
Methods: Six dogs with an extrahepatic portosplenic shunt were included in the study. Blood samples were taken from 
the saphenous and portal veins during PSS ligation surgery with an amerid constrictor, to evaluate and compare the VIP 
concentration in both samples. VIP was measured using a commercial canine enzyme-linked immunosorbent assay kit.
Results: The breeds included Mongrels (n = 2), Norfolk Terriers (n = 1), Miniature Dachshunds (n = 1), and Maltese  
(n = 2), and their ages were 9.3 ± 6.5 months; the bodyweight was 3.3 ± 0.8 kg. The concentration of VIP in the 
saphenous vein was 17.75 ± 13.88 pg/ml; on the contrary, the concentration of VIP in the portal vein was 29.7 ± 20.29 
pg/ml. There was no significant difference in the VIP concentration between veins.
Conclusion: There was no difference in the VIP concentration between the portal and saphenous veins, suggesting a 
non-association between VIP and the PSS, in the absence of portal hypertension. 
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Materials and Methods
Six client-owned dogs (three male and three female 
including one spayed female) were included in this 
study. All dogs were previously diagnosed with 
an extrahepatic portosplenic shunt. Premedication 
included intravenous fentanyl citrate (5 μg/kg) and 
intramuscular atropine (0.05 mg/kg). The dogs were 
anesthetized intravenously with propofol (6 mg/kg) 
and endotracheally intubated. Under general anesthesia 
maintained with sevoflurane, the measurement of 
portal pressure and collection of blood samples were 
carried out by cannulation of the anterior intestinal 
vein. Blood samples (2 ml) were taken from the 
saphenous and portal veins during PSS ligation surgery 
with an ameroid constrictor, to evaluate and compare 
the VIP concentration in both samples. The collected 
sera were stored at −80°C until measurement. VIP 
was measured using a commercial canine enzyme-
linked immunosorbent assay kit (MyBioSource, San 
Diego, CA) with a sensitivity of 1.0 pg/ml. Statistical 
difference between two groups was carried out by 
unpaired Student’s t-test, using Statcel 4 software (OMS 
Publishing, Saitama, Japan). Statistical significance 
was set at p < 0.05.
A parametric, two-group comparison was carried out by 
paired Student’s t-test and was considered significant 
when p-value was <0.05.
Ethical approval
All procedures were approved by the Rakuno Gakuen 
University, School of Veterinary Medicine Institutional 
Animal Care and Use Committee (approval No. 
VH20B9).

Results and Discussion
In our cohort, the breeds included Mongrels (n = 2), 
Norfolk terriers (n = 1), Miniature Dachshunds (n 
= 1), and Maltese (n = 2), and their ages were 9.3 ± 
6.5 months; the body weight was 3.3 ± 0.8 kg. The 
portal pressures pre- and post-ligation were 8.75 ± 
3.3 mmHg and 14.25 ± 2.87 mmHg, respectively. 
There was no significant difference between the pre- 
and post-pressure. The venous VIP concentration was 
17.75 ± 13.88 pg/ml, and the portal VIP concentration 
was 29.7 ± 20.29 pg/ml (Fig. 1). There was no marked 
discrepancy in VIP concentrations between the portal 
and saphenous veins.
Our experimental data showed no statistical difference 
in the concentration of VIP between peripheral and 
portal veins in dogs with PSS that did not suffer from 
portal hypertension; this was supported by the findings 
of a previous study in rats (Johnson et al., 1994). In that 
study, mesenteric congestion alone played a minor role 
in the pathogenesis of portal hypertension, which may 
instead be related to the PSS of vasoactive substances 
other than glucagon and VIP in rats (Johnson et al., 
1994). On the contrary, VIP could decrease the portal 
pressure in rats, with portal hypertension caused by 
high-frequency electrical vagal nerve stimulation 

(Bockx et al., 2012). In our study, we did not confirm 
nerve function, and clinical evaluation did not show 
portal hypertension. VIP may not be associated with 
portal pressure in canine PSS in the absence of portal 
hypertension. However, dogs with PSS rarely have 
portal hypertension prior to surgery but can develop 
it postoperatively. Thus, we thought to follow-up the 
patients from this cohort to measure the peripherally 
VIP concentrations in the future. Our study has certain 
limitations; there were no dogs with portal hypertension, 
the sample size was small, and there were no controls. 
Larger prospective clinical trials are required for 
evaluating and comparing VIP concentrations between 
dogs with and without portal hypertension.
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