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Case description
A 5-month-old male domestic shorthair cat was ini-
tially found and adopted as a stray. At the time, the cat 
was lethargic and salivating excessively. The owner also 
reported intermittent bouts of aggression, hissing and 
suspected blindness. The cat was initially presented to 
the referring veterinarian for examination and vaccina-
tions. It was noted to be aggressive, with marked 
ptyalism. Physical examination revealed normal vital 
parameters, a body weight of 2.9 kg and mild dehydra-
tion but no other physical abnormalities. A complete 
blood count was unremarkable, and serum biochemistry 
revealed a low blood urea nitrogen (BUN) (11 mg/dl; ref-
erence interval [RI] 16–33) and hyperglycemia (185 mg/dl; 
RI 77–153). Thoracic and abdominal radiographs were 
reported to have no significant abnormalities.

Given the reported neurologic signs and lack of vacci-
nation history, the possibility of infectious disease was 
considered. The cat was vaccinated against rabies and 
was prescribed clindamycin (5 mg/kg PO q12h for 14 
days) and prednisone (1 mg/kg PO q24h with gradual 

taper over 2 weeks). The clinical signs improved signifi-
cantly while on the medications but returned soon after 
discontinuation. The cat was seen by a private specialty 
hospital that performed serum bile acids testing, which 
revealed markedly elevated pre- (130 µmol/l; RI 0–5) 
and postprandial (180 µmol/l; no RI) serum bile acids. 
The specialty hospital performed contrast CT of the 
abdomen, given the suspicion of a portosystemic shunt. 
The tentative diagnosis was a single congenital left 
divisional intrahepatic portosystemic shunt. The cat was 
started on levetiracetam (20 mg/kg PO q8h), lactulose 
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Abstract
Case summary A 10-month-old male domestic shorthair cat presented for surgical treatment of a congenital 
portosystemic shunt. The cat had a history of lethargy and ptyalism. Pre- and postprandial bile acids were markedly 
elevated. CT was performed, which revealed a single, congenital, left gastrophrenic, extrahepatic portosystemic 
shunt. A minimally invasive surgical approach was considered by transjugular percutaneous coil embolization 
of the venous shunt, which was performed without complications. Follow-up protein C and serum biochemical 
analyses were performed at 1, 2 and 5 months postoperatively, and were improved. The cat is alive and clinically 
normal 11 months postoperatively.
Relevance and novel information This is the first report of percutaneous transvenous coil embolization for the 
treatment of an extrahepatic portosystemic shunt in a cat. The outcome was excellent in this patient, with no 
complications and complete resolution of clinical signs.
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(1 ml PO q8h), metronidazole (8 mg/kg PO q12h) and 
famotidine (1 mg/kg PO q24h).

At 10 months of age, the cat was referred to the 
minimally invasive surgery service at the University of 
Florida. It was still receiving the medications previously 
prescribed by the specialty hospital, and the clinical 
signs had reportedly resolved with medical manage-
ment. A triple-phase CT angiogram (160-slice [Aquilion 
Prime; Toshiba Medical Systems]) was performed to 
reassess the shunt and measure for procedural planning. 
CT revealed a single congenital extrahepatic, left gastro-
phrenic shunt measuring 7 mm in diameter with a 
diminutive main portal vein. Treatment options were 
discussed, including open surgery for the placement of a 
slow occlusion device (eg, cellophane band) or percuta-
neous transvenous coil embolization (PTCE). The owner 
was informed that open surgery is associated with a 
good prognosis in general, although neurologic compli-
cations can occur in up to 30% of cases and can lead to 
death. The owner was also informed that PTCE has 
recently been reported in four cats with intrahepatic 
portosystemic shunts with promising results. The owner 
elected for PTCE and the procedure was planned for the 
following day.

The cat was positioned in dorsal recumbency and the 
cervical region aseptically prepared. An 18 G catheter 
was placed in the right external jugular vein to facilitate 
placement of a 4 F micro-introducer, which was then 
replaced by a 6 F introducer sheath. A 5 F marker catheter 
(Infiniti Medical) was then positioned in the prehepatic 
vena cava and a bolus of a 4 ml 1:1 solution of iohexol 
(Omnipaque 300 mg I/ml; GE Healthcare) and 0.9% sterile 
saline solution was administered under subtraction 
angiography to create a venogram. An opacified image 
from this series was saved for calibration. The catheter 
was then connected to a calibrated pressure transducer 
and a central venous pressure of 11 mmHg was docu-
mented. The marker catheter was removed and a 4 F 
Berenstein catheter (Infiniti Medical) was positioned into 
the portosystemic shunt via the left phrenic vein, and a 
subtraction angiogram was performed similar to the pre-
vious venogram. The presence of the shunt was con-
firmed, and portal pressure as measured through the 
shunting portal vein was measured to be 11 mmHg. 
The phrenic catheter was removed and a 12 × 60 mm 
self-expanding vascular stent (Zilver vascular self-
expanding stent [Cook Medical]) was positioned in the 
hepatic caudal vena cava across the insertion of the 
phrenic vein into the caudal vena cava, ensuring that 2–3 
cm of length existed on either side of the phrenic vein 
ostium (Figure 1). The 4 F Berenstein catheter was then 
repositioned approximately 2 cm into the left phrenic 
vein and a 0.027” microcatheter (Renegade STC-18 micro-
catheter; Boston Scientific) over a 0.021” microwire 
(Terumo Medical) was placed via the Berenstein catheter 

approximately 4 cm into the left phrenic vein (Figure 1). 
Portal pressure was again measured and found to be 
11 mmHg. Both the Berenstein catheter and microcatheter 
were then repositioned in the left phrenic vein so that 
only 1 cm of the Berenstein and about 2 cm of the 
microcatheter tip was present within the vein. Next, a 
4 mm diameter × 4 mm length, 0.018” microcoil (VortX 
Tornado Coil; Boston Scientific) was placed via the micro-
catheter into the left phrenic vein. The microcatheter 
was extended a few centimeters  into the portosystemic 
shunt and portal pressure reassessed. The portal pressure 
increased to 12 mmHg. The procedure was repeated, this 
time with a smaller (3 mm diameter × 2.5 mm length) 
microcoil (Figure 1). Portal pressure was again measured 
and found to be 14 mmHg. A final portal-to-central 
venous pressure gradient of 3 mmHg was recorded, and 
the procedure was concluded. The introducer sheath and 
catheters were removed, and the skin over the jugular 
entry site was closed with a single interrupted suture. 
Strong digital pressure was applied to the jugular vein 
for 20 mins to achieve hemostasis. A final fluoroscopic 
image was obtained to document implant position 
(Figure 1). The total contrast dose administered was 
2 ml/kg (8.6 ml total). Total procedure time was 120 mins.

The cat recovered without complications in the recov-
ery wards and was discharged 1 day postoperatively. 
It was prescribed levetiracetam (20 mg/kg PO q8h), 
metronidazole (10 mg/kg PO q12h), famotidine (1 mg/kg 
PO q12h) and lactulose (1 ml PO q8h), and was started 
on a prescription protein-restricted diet (k/d; Hill’s 
Pet Nutrition). The preoperative clinical signs never 
returned, and the cat never exhibited any other clinical 
signs attributable to a portosystemic shunt. Recheck 
bloodwork examinations at 1 month revealed the follow-
ing: BUN 14 mg/dl (RI 19–35), albumin 3.9 mg/dl 
(RI 2.7–4.1), protein C 67% (RI 65–120). Bloodwork at 
2 months revealed preprandial bile acids of 6.7 µmol/l 
(no RI) and postprandial bile acids of 67.4 µmol/l (RI 
0–10.8). A 5 months the bloodwork revealed a protein C 
of 131% (RI 65–120). At 312 days post-PTCE, the cat 
as doing well with no clinical signs, and was receiving 
levetiracetam (20 mg/kg PO q8h) as well as a prescrip-
tion protein-restricted diet (k/d; Hill’s Pet Nutrition), 
despite recommendations to discontinue all medications 
and introduce a high-protein diet.

Discussion
This is the first report of PTCE of a single congenital 
extrahepatic portosystemic shunt (EHPSS) in a cat. 
Portosystemic shunts are rare in cats, and surgical 
treatment is most often accomplished via laparotomy 
to dissect and attenuate the aberrant vessel with an 
extravascular device (ie, suture, ameroid constrictor or 
cellophane band).1–4 Reported complication rates asso-
ciated with open surgery for EHPSS correction in cats 
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Figure 1  Series of ventrodorsal fluoroscopic images obtained during percutaneous transvenous coil embolization of the cat 
in this report. (a) A vascular stent is seen in the caudal vena cava along with a 4 F catheter that enters the left phrenic vein 
across the stent. A portovenogram was performed via injection of contrast, demonstrating the junction of the portal and left 
phrenic veins. (b) A microcatheter was advanced through the 4 F catheter and a microcoil was deployed at the junction of the 
left phrenic vein and vascular stent. (c) A portogram was performed following placement of the first microcoil. (d) Ventrodorsal 
radiograph documenting implant position
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range from 32% to 77%, with the majority being neu-
rologic (eg, blindness, seizures and encephalopathy) 
in nature.1–5 Postattenuation neurologic syndrome is 
the most common cause of mortality in cats undergo-
ing EHPSS attenuation, with mortality rates as high as 
22%.2,3,5 Given the risk of complications and the tech-
nological advancements in surgery over the past few 
decades, interest in the transvenous embolization of 
portosystemic shunts has arisen in dogs and, more 
recently, in cats.6,7

In a recent report, PTCE was successfully used to 
treat four cats with intrahepatic portosystemic shunts, 
with promising results.7 In 3/4 cats with preoperative 
neurologic signs, no complications occurred, and all 
neurologic abnormalities had resolved at the long-term 
follow-up.7 Given this recent success and similarity to 
the technique previously reported, we performed PTCE 
in the cat described herein. The procedure itself was 
nearly identical to that performed in cat 4 by Culp et al.7 
The use of microcatheters, small vascular stents and 
microcoils facilitated the procedure. From a technical 
standpoint, there was minimal difference from previous 
experience with intrahepatic shunts in cats and toy-
breed dogs. In fact, no significant operative complica-
tions occurred, and total procedure time was only 2 h, 
which is consistent with that reported by Culp et al.7

One interesting consideration for our patient was 
the degree of portal-to-central venous pressure gradient 
to create. In dogs, a gradient of no greater than 5–7 mmHg 
has been proposed and is used commonly.8–10 However, 
given our experience with intrahepatic portosystemic 
shunts in cats and the relatively small diameter of the 
vessels being embolized, we elected to be more conserv-
ative for this patient, not exceeding a 3 mmHg gradient. 
In our case, the portal pressure increased significantly 
with each microcoil, which further influenced this deci-
sion. Interestingly, an early report in cats undergoing 
surgical ligation of EHPSSs revealed that only 2/49 cats 
died postoperatively, suggesting tolerance to complete 
attenuation.3 Given this finding, it might have been 
advisable to attempt further controlled embolization of 
the shunt in our case by placing additional coils. 
However, there is typically some degree of progressive 
attenuation of vessels following PTCE as the thrombus 
matures, but the degree and rate are unknown. Given 
the consequences of acute portal hypertension, we 
elected to be more conservative. In contrast, the final 
pressure gradient in the report by Culp et al7 was more 
consistent with previously reported portal-to-central 
venous pressure gradients in dogs.8–10

Gastrophrenic EHPSS is the most common morphol-
ogy in cats, with a reported incidence as high as 70%.11,12 
In previous reports, it has been shown that these shunts 
consistently insert into the systemic circulation via the 
left phrenic vein at the level of the esophageal hiatus. 
Typically, for surgical attenuation, it is recommended 

that the EHPSS be ligated at the site of connection with 
the systemic circulation owing to the possibility of 
additional tributary portal vessels that may insert dis-
tally from the attenuation site.13,14 For open attenuation 
techniques, this requires transection of the triangular 
ligament of the liver for caudal retraction, and adequate 
visualization and access to the vessel can be challenging, 
especially in small patients. In our case, rather than 
attenuating the shunt insertion on the left phrenic 
vein, we elected to attenuate the insertion of the left 
phrenic vein on the caudal vena cava as the left 
phrenic vein length was too short to facilitate place-
ment of a stent. Furthermore, the shape and location 
of this shunt type is very similar to a left divisional 
intrahepatic portosystemic shunt inserting on the 
phrenic vein, which has been reported to occur in 12% 
of intrahepatic shunt cases, making the technique and 
approach in this case very similar to what has already 
been reported.11,15

Additionally, the use of microcoils and microcatheters 
facilitated placement of thrombogenic coils into the left 
phrenic vein of our cat. Microcoils were used owing to 
the concern that placement of larger-diameter coils may 
result in complete rather than partial attenuation of the 
shunt, leading to acute portal hypertension. This was 
based on the authors’ personal experience, as well as two 
previous reports of PTCE for intrahepatic portosystemic 
shunts in which three individual dogs weighing <10 kg 
developed acute portal hypertension with the placement 
of a single 8 mm diameter coil.9,10 This resulted in a good 
outcome, with no residual clinical signs or evidence of 
persistent shunting.

Conclusions
PTCE was safe and effective for the treatment of an 
EHPSS in this cat and offers a minimally invasive alter-
native to traditional, open attenuation techniques. No 
intra- or postoperative complications occurred, and the 
cat remained non-clinical for its EHPSS 312 days post-
PTCE. Further studies are needed to determine whether 
PTCE of EHPSS in cats results in improved clinical out-
comes when compared with open surgical attenuation.
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