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Surgical correction of a splenophrenic shunt in a dog:  
a case report
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ABSTRACT: A 4.3 kg, nine-year-old, spayed female Shih Tzu was presented for a two-month history of seizures, 
ataxia, and hyper-salivation. A diagnosis of a splenophrenic shunt was made by use of computed tomography angi-
ography with volume-rendered imaging. A cellophane band was placed around the shunt after its isolation from 
the central tendon of the diaphragm. Clinical signs continued to wax and wane. Preprandial and postprandial bile 
acids levels were still elevated 10 months after surgery. An ameroid ring constrictor was placed around the shunt 
vessel before the vessel entered the diaphragm from its caudal aspect. At three months after the second surgery, 
the dog was near the normal ranges of preprandial and postprandial bile acids. Although a study of the anatomy 
of different types of extrahepatic portosystemic shunts has been reported in dogs, to the authors’ knowledge, there 
is a lack of information on clinical presentation, treatment, and postoperative results in a specific type of extra-
hepatic portosystemic shunt, such as a splenophrenic shunt. Cellophane banding should be avoided for occlusion 
of a splenophrenic shunt passing along the central tendon of the diaphragm.
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Extrahepatic portosystemic shunts are anoma-
lous vessels that join the portal circulation and 
systemic venous circulation, resulting in neuro-
logical, gastrointestinal, or urological manifesta-
tions (Windsor 2007; Doran et al. 2008; Mertens 
et al. 2010). Extrahepatic portosystemic shunts are 
mostly portocaval, originating from the portal vein 
and draining into the caudal vena cava, followed by 
portoazygos, branching from the portal vein to the 
azygos or left hemiazygos vein (Broome et al. 2004; 
Windsor 2007). Extrahepatic portosystemic shunts 
can be characterised into different types such as 
splenocaval, splenophrenic, splenoazygos, double 
right gastric azygos, right gastric caval, and dou-
ble right gastric caval, depending on exact shunt 
location or morphology (Nelson and Nelson 2011). 
Treatments usually include medical therapy to sta-
bilise the patients, followed by surgical attenuation 
of the anomalous vessel (Broome et al. 2004; Doran 
et al. 2008; Worley and Holt 2008). Although a study 
of the anatomy of different types of extrahepatic por-
tosystemic shunts has been reported in dogs, to the 
authors’ knowledge, there is a lack of information on 

clinical presentation, treatment, and postoperative 
results in a specific type of extrahepatic portosys-
temic shunt, such as a splenophrenic shunt (Nelson 
and Nelson 2011). The purpose of this case report 
was to describe the clinical presentation, diagnosis, 
and successful surgical management of a spleno-
phrenic shunt in a dog.

Case description

A 4.3 kg, nine-year-old, spayed female Shih Tzu 
was presented for a two-month history of seizures, 
ataxia, and hyper-salivation. The owner reported 
that the dog showed lethargy, progressive inap-
petence, weight loss, vomiting, and diarrhoea for 
two years. Preoperatively, the patient’s status was 
evaluated clinically and using laboratory testing. 
Abdominal radiographs and computed tomography 
angiography (CTA) with volume-rendered imaging 
(VRI) were performed to evaluate the size of the 
liver and accurately identify the origin and termi-
nation of any shunt vessels. Preoperative therapy 
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included low-protein diet, lactulose (1.5 ml, p.o., 
tid; Duphalac®, Choongwae Pharm, Korea) and 
metronidazole (10 mg/kg, p.o., tid; Flasinyl CJ 
tab®, CJ Cheil Jedang, Korea) for seven days. The 
dog was premedicated for surgery with atropine 
sulphate (0.02 mg/kg s.c.; Atropine sulfate inj®, Je 
Il Pharm. Co., Ltd, Korea), followed by anaesthetic 
induction with propofol (6 mg/kg i.v.; Provive 1%®, 
Myungmoon Pharm. Co., Ltd, Korea). The dog 
was intubated and anaesthesia was maintained 
with isoflurane (Isoflurane®, Choongwae. Co., Ltd, 
Korea) and oxygen. Lactated Ringer’s solution was 
administered intravenously at a rate of 5 ml/kg/h 
until completion of the surgical procedure. The dog 
received cefazolin (20 mg/kg i.v.; Safdin®, Daehan 
Newpharm. Co., Ltd, Korea ) at the time of anaes-
thetic induction. Surgical correction using a cello-
phane band was performed with informed consent. 
Low-protein diet, lactulose (1.5 ml, p.o., tid), and 
metronidazole (10 mg/kg, p.o., tid) were prescribed 
postoperatively. At 10 months after surgery, the 
owner reported that the dog still showed lethargy, 
progressive inappetence, weight loss, vomiting, and 
diarrhoea. The patient’s status was re-evaluated 
clinically and using laboratory testing. The CTA 
with VRI procedures were performed once again 
to evaluate the success or failure of shunt occlu-

sion 10 months postoperatively. The second surgi-
cal correction using an ameroid ring constrictor 
was performed on the week following the second 
CTA. Postoperative care was the same as that im-
plemented following the first surgery. At the third 
and tenth month postoperative checkups, clinical 
exams and laboratory testing including of prepran-
dial and postprandial bile acids were performed to 
evaluate the success or failure of shunt occlusion.

RESULTS

Physical abnormalities on presentation included 
depression. Neurologic examination revealed mild 
ataxia of gait. Low alkaline phosphatase activity 
(22 IU/l, reference range; 23–212 IU/l), low serum 
total protein (4.3 g/dl, reference range; 5.2–8.2 g/dl),  
low serum albumin (1.8 g/dl, reference range; 
2.2–3.9 g/dl), and low cholesterol levels (63 mg/dl,  
reference range; 110–320 mg/dl) were identified 
on serum biochemical profiling. Measurement of 
bile acid concentrations revealed elevated levels of 
preprandial and postprandial bile acids (Table 1). 
Abdominal radiographs revealed microhepatica. 
Neurologic dysfunction was attributed to hepatic 
encephalopathy, based on biochemical abnor-

Figure 1. Preoperative volume-rendered imaging: the patient’s right is on the left in all images. A portocaval shunt 
originates from the splenic vein (A) and terminates in the caudal vena cava cranial to the liver (B). PV = portal vein; 
SH = shunt; SV = splenic vein; CVC = caudal vena cava
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malities and identification of microhepatica on 
radiographs. CTA with VRI demonstrated that a 
portocaval shunt originated from the splenic vein 
and terminated in the caudal vena cava cranial to 
the liver (Figure 1). A transverse CTA image re-
vealed that the large shunting vessel passed cranial 
to the liver along the diaphragm and inserted into 
the caudal vena cava from the left side (Figure 2). 
Large hepatic veins entered this shunt from its 
ventral aspect, near where the shunt inserted into 
the caudal vena cava (Figure 2). A diagnosis of a 
splenophrenic shunt was made.

Abdominal exploration was unremarkable except 
for the splenophrenic shunt. The liver was retracted 
to the right and caudally to approach the left part 
of the diaphragm. The shunt, originating from the 
splenic vein, passing cranial to the liver along the 
diaphragm with a small tributary shunt vessel, and 
inserting into the caudal vena cava from the left 
side, was identified (Figure 3). Concordance be-

tween CTA imaging with VRI and surgical findings 
was found. The shunt was temporarily occluded to 
verify that the correct vessel was identified and was 
isolated from the central tendon of the diaphragm 
by means of blunt dissection for placement of a 
cellophane band. An ethylene oxide-sterilised cello-
phane band formed by folding 1.5 cm-wide strip in 
thirds longitudinally was passed around the shunt. 
The cellophane band was secured using a haemoclip 
and 3-0 nylon (Nylon®, Namhae Chemical, Korea) 
without attenuation (Figure 3). No changes in heart 
rate, intestinal colour and motility, and pancreatic 
colour were identified. The linea alba, subcutane-
ous tissues, and skin were closed routinely. On 
physical examination 10 months after surgery, the 
neurological deficits and clinical signs including 
lethargy, inappetence, weight loss, vomiting, and 
diarrhoea continued to wax and wane. Preprandial 
and postprandial bile acids levels were still elevat-
ed 10 months after surgery (Table 1). The second 

Table 1. Results of specialised biochemical test for liver function before 1st surgical shunt attenuation, 10 months after 
1st surgical shunt attenuation, and three months after 2nd surgical shunt attenuation

Parameter Before 1st surgical shunt  
attenuation

Ten months after 1st surgical 
shunt attenuation

Three months after 2nd surgical 
shunt attenuation

Preprandial bile acida  
(µmol/l) 36.1 60.6 15.6

Postprandial bile acidb 
(µmol/l) 434.1 202.4 77.7

areference range 0–10 µmol/l; breference range 0–20 µmol/l

Figure 2. Preoperative transverse computed tomography angiography image after i.v. injection of iohexol: The patient’s 
right is on the left in all images. The large shunting vessel passes cranial to the liver along the diaphragm and inserts into 
the caudal vena cava from the left side (A). The large hepatic vein enters this shunt from its ventral aspect, near where the 
shunt inserts on the caudal vena cava (B). CVC = caudal vena cava; SH = shunt; HV = hepatic vein
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CTA with VRI revealed that there was evidence of 
portosystemic communication and no attenuation 
of the shunt on the level of the cellophane band 
with the haemoclip (Figure 4). During the second 
surgery, there was no evidence of fibrosis forma-
tion between the cellophane band and shunt wall. 
No tributaries of the shunt were identified proxi-
mal to the site of constrictor placement. The con-
strictor with 5 mm internal diameters was placed 
around the shunt vessel before the vessel entered 
the diaphragm from its caudal aspect (Figure 5). 

Postoperative radiographs revealed that the con-
strictor was located caudal to a haemoclip used 
to secure the cellophane band on the first surgery 
(Figure 6). Serum biochemical profiling revealed 
nothing remarkable three months postoperative-
ly. Bile acid concentrations were near the normal 
range of preprandial and postprandial bile acids 
(Table 1). On physical examination 10 months after 
surgery, there was no evidence of seizures, ataxia, 
hyper-salivation, lethargy, inappetence, weight loss, 
vomiting, and diarrhoea.

Figure 3. Intraoperative photographs of cellophane banding: the patient’s right is on the left in all images. The shunt, 
originating from the splenic vein, passing cranial to the liver along the diaphragm, and inserting into the caudal vena 
cava from the left side, can be observed (A). The cellophane band (arrow head) is secured using a haemoclip without 
attenuation (B). DI = diaphragm; SH = shunt

Figure 4. Postoperative volume-rendered imaging (VRI, A) and transverse computed tomography angiography image 
(CTA, B) 10 months after surgery: A haemoclip (arrow head) used to secure the cellophane band is identified on VRI. 
There is evidence of portosystemic communication and no attenuation of the shunt on the level of the cellophane 
band on CTA and VRI. CVC = caudal vena cava; SH = shunt; SV = splenic vein; HV = hepatic vein
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DISCUSSION AND CONCLUSIONS

Congenial portosystemic shunts are typically 
classified as intrahepatic or extrahepatic, based 
on their location (Fossum 2007; Berent and Tobias 
2012). Extrahepatic shunts are typically single ves-
sels and arise from the portal vein or a major tribu-
tary including left gastric, gastroduodenal, splenic, 
cranial mesenteric, and caudal mesenteric veins, 
and drain into the caudal vena cava cranial to the 
phrenicoabdominal vein (Tobias 2003; Mehl et al. 
2005). In a report from 2011, six general conforma-

tions of an extrahepatic portosystemic shunt were 
identified using CTA: a splenocaval shunt arising 
from the splenic vein and terminating in the caudal 
vena cava caudal to the liver, a splenophrenic shunt 
arising from the splenic vein and terminating in 
the caudal vena cava cranial to the liver along the 
diaphragm, a splenoazygos shunt arising from the 
splenic vein and terminating in the azygos vein, a 
right gastric caval shunt extending along the lesser 
curvature of the stomach and inserting on the cau-
dal vena cava, a right gastric azygos shunt with a 
caudal loop arising from the gastroduodenal vein 
and terminating in the azygos vein, and a right 
gastric caval shunt with a caudal loop extending 
from the gastroduodenal vein and terminating in 
the caudal vena cava (Nelson and Nelson 2011). In 
this earlier study, an extrahepatic portosystemic 
shunt, draining into the caudal vena cava crani-
al to the phrenicoabdominal vein and caudal to 
the liver was the most common type, occurring 
in approximately 48% of all extrahepatic porto-
systemic shunt cases, followed by the shunt type, 
which drained into the azygos vein (36%) (Nelson 
and Nelson 2011). The type, which drained into 
the caudal vena cava cranial to the liver along the 
diaphragm, occurred least often, in 16% of cases 
(Nelson and Nelson 2011). In embryology, congen-
ial extrahepatic portosystemic shunts are believed 
to result from abnormal communications between 
the vitelline and cardinal venous systems (Broome 
et al. 2004). These two venous systems contribute 
to formation of the portal vein and its tributaries 

Figure 6. Postoperative lateral (A) and ventrodorsal (B) radiographs after constrictor placement: the constrictor is 
located caudal to a haemoclip (arrow head) used to secure the cellophane band on the first surgery

Figure 5. Intraoperative photograph of placement of an 
ameroid ring constrictor: an ameroid ring constrictor 
with 5 mm internal diameter is placed around the shunt 
vessel before the vessel enters the diaphragm from its 
caudal aspect
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and the remaining intra-abdominal veins includ-
ing the caudal vena cava, respectively, caudal to 
the liver. Therefore, if abnormal communication 
between these two systems occurs, there could be 
a greater possibility of the shunt type, which drains 
into the caudal vena cava caudal to the liver than 
cranial to the liver along the diaphragm (Broome 
et al. 2004). In the case reported here, the shunt 
type was a splenophrenic shunt, originating from 
the splenic vein, passing cranial to the liver along 
the diaphragm, and inserting into the caudal vena 
cava from the left side.

In the case reported here, CTA provided detailed 
anatomical information of the extrahepatic porto-
systemic shunt for a definitive diagnosis. A previ-
ous report has described considerable variation in 
the accuracy of ultrasonography for the diagnosis 
of portosystemic shunts, ranging between 67% and 
100% (Haers et al. 2007). However, ultrasonography 
is suitable for identifying extrahepatic portosys-
temic shunts due to its availability and non-inva-
siveness without anaesthesia.

The diaphragm consists of the muscle that sur-
rounds the central tendon on all sides, and central 
tendon where the caval foramen is located towards 
the right side (Evans 1993). The splenophrenic 
shunt vessels originate from the splenic vein, pass 
cranial to the liver along the diaphragm, and in-
sert into the caudal vena cava from the left side. 
Therefore, the part of the shunt vessel passing along 
the diaphragm is mostly located in the central ten-
don of the diaphragm. Isolation of the shunt vessel 
from the tough central tendon of the diaphragm 
is more difficult, dangerous, and time-consuming 
than isolation of a shunt enclosed in soft tissue. 
In the case reported here, isolation of the shunt 
was the most time-consuming procedure during 
the first surgery since the shunt vessel was inserted 
into the central tendon fibres.

In a study from 1999, the femoral vein was dis-
sected from the surrounding connective tissue 
without any tissue attachment and fibrosis could be 
easily stimulated by the cellophane resulting in ves-
sel occlusion (Youmans and Hunt 1999). However, 
in the case reported here, the shunt vessel was in-
serted into the central tendon fibres and it was not 
possible to dissect the shunt without the tendon 
fibres. A tendon is a tough band of fibrous con-
nective tissue (Evans 1993). Failure to occlude the 
shunt could be attributed to the tough tendon fibres 
attached to the shunt vessel although an inflamma-
tory response was caused by the cellophane band.

A cellophane band and ameroid ring constrictor 
have been described to be effective for slow oc-
clusion of portosystemic shunts (Hunt et al. 2004; 
Frankel et al. 2006; Leshem et al. 2008). The cel-
lophane band and banding technique described 
in the case reported here were the same as in a 
previous case report where computed tomography 
angiography demonstrated no evidence of porto-
systemic communication on the level of the cel-
lophane band and caudal to the cellophane band 
(Yoon et al. 2011). In the case reported here, there 
was a small tributary shunt vessel along the dia-
phragm, inserting into the main shunt vessel. At 
the first surgical correction, a cellophane band was 
placed proximal to the small tributary shunt vessel 
to occlude both the main and small tributary shunt 
vessels; however, CTA demonstrated no attenu-
ation of the shunt on the level of the cellophane 
band. Failure or success of shunt occlusion do not 
depend on the technique or equipment used, such 
as a cellophane band and ameroid ring constrictor 
used for stimulation of fibrosis, rather on the site 
where the equipment are placed. Portosystemic 
shunt ligation might be a surgical option together 
with intensive assessment of postocclusion portal 
pressure in cases where the shunt vessel is inserted 
into the central tendon fibres and it is not possible 
to dissect the shunt without the tendon fibres.

When portal blood bypasses the hepatic sinu-
soids, the liver is deprived of hepatotrophic sub-
stances including insulin and glucagon, and the 
systemic circulation and brain are exposed to non-
metabolised intestinal toxins (Youmans and Hunt 
1999). Medical management may control hepatic 
encephalopathy in the short term; however, a pro-
gressive deterioration in liver function occurs until 
shunt occlusion (Worley and Holt 2008). In the 
case reported here, pre- and post-operative therapy 
including low-protein diet, lactulose, and metro-
nidazole was effective in controlling neurological 
deficits and clinical signs in the short time despite 
the failure in shunt occlusion. However, the neu-
rological deficits and clinical signs continued to 
wax and wane until placement of an ameroid ring 
constrictor.

Choosing an appropriate technique to treat a 
splenophrenic shunt can be difficult. The following 
surgical considerations may increase the likelihood 
of successful surgery: cellophane banding should be 
avoided for the occlusion of a splenophrenic shunt 
passing along the central tendon of the diaphragm; 
isolation of a splenophrenic shunt vessel before the 
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vessel enters the diaphragm from its caudal aspect 
is recommended for placement of a cellophane 
band or ameroid ring constrictor. 
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