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A 3.5-year-old male neutered domestic shorthair cat pre-
sented for lethargy, unwillingness to stand and hyper-
salivation. It had two focal seizures within the 24 h prior 
to referral. The cat was acquired from a rescue centre  
5 months prior to referral; 3 months prior to referral it was 
noted to have a diaphragmatic rupture on abdominal 
radiographs (Figure 1). The diaphragmatic hernia had 
not been surgically corrected, despite the advice of the 
referring veterinarian.

On physical examination he was stuporous, with an 
absent menace bilaterally. Pupillary light reflexes were 
consensual and present, and he was hypersalivating. 
Rectal temperature was 37.8°C, pulse rate was 170 beats 
per minute with adequate pulses, and respiratory rate 
was 40 breaths per minute with normal respiratory effort 
and no adventitious lung sounds. Cardiac sounds were 
inaudible on the left thorax. During examination the cat 
demonstrated facial twitching and partial seizures (see 
Video 1 in Supplementary material) (Figure 2), consistent 
with a hippocampal seizure. A thoracic and abdominal 
free fluid check with an ultrasound was performed, 
which showed a small volume of fluid in the pleural  
cavity, which was considered not significant enough to 
cause any clinical signs in the cat.

Complete blood count showed a mild lymphopenia 
(0.468 × 109/l; reference interval [RI] 1.5–7.0 × 109/l) 

with Heinz bodies present + to ++ in the red blood cells 
and small-to-medium-sized Döhle bodies present in a 
moderate number of neutrophils. Biochemistry showed 
marked hyperammonaemia (444 μmol/l; RI 0–60 
μmol/l) and mild increase in creatine kinase activity 
(3104 U/l; RI 52–506 U/l) but was otherwise normal. 
Initial stabilisation included oxygen supplementation 
(oxygen cage) as, although the cat’s respiratory effort 
was, at the time, normal, it was tachypnoeic. Additional 
treatment included, lactulose (3 ml/kg PR q8h; Sandoz), 
levetiracetam (Keppra 20 mg/kg PR q8h; UCB), amoxi-
cillin potentiated with clavulanic acid (Augmentin,  
20 mg/kg IV q8h; GlaxoSmithKline) and diazepam 
(Diazemuls, 0.5 mg/kg IV PRN; Actavis Group). The fol-
lowing day blood urea had decreased from 10.1 mmol/l 
to 5.9 mmol/l (RI 6.1–12 mmol/l), creatinine kinase 
activity had increased to 5704 U/l and ammonia had 
decreased to 239 μmol/l. Neurological signs, including 
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marked head pressing, persisted but did not deteriorate 
further over the following 24 h. The respiratory rate 
increased overnight and respiratory effort had markedly 
increased. Therefore, an exploratory laparotomy was 
performed to address the chronic diaphragmatic rupture 
on the second day following admission. It was suspected 
that the clinical signs of the cat were due to hepatic 
encephalopathy (HE) from multiple acquired portosys-
temic shunts (MAPSS) secondary to portal hypertension. 

Further imaging was discussed with the clinicians 
involved; however, it was deemed that the diaphrag-
matic rupture required repairing and therefore explora-
tory surgery should be able to fix the problem and 
identify if our suspicions were correct. Abdominal  
ultrasound is not as sensitive as computer tomography 
angiography to assess the presence of shunts; however, 
both imaging modalities would have contributed to the 
cat’s morbidity and cost of therapy.

Figure 1  Right lateral radiograph showing diaphragmatic rupture

Figure 2  Focal seizure demonstrating the cat’s facial twitching (see also Video 1 in the Supplementary material)



Barfield et al	 3

Exploratory laparotomy revealed a 3 cm radial tear in 
the left, ventral diaphragm. The jejunum and ileum, ile-
ocaecocolic junction, ascending and transverse colon, 
and the left medial and left lateral liver lobes were within 
the thoracic cavity. The left medial and lateral liver lobes 
were markedly atrophied. The right side of the liver 
appeared grossly normal and remained within the 
abdominal cavity. The pancreas was displaced cranially 
by the herniated organs and looked markedly fibrosed. 
The portal vein was markedly dilated caudal to a point 
where it was constricted by the displaced and fibrosed 
right pancreatic limb. Multiple acquired shunts were 
observed in this region between the portal vein and the 
caudal vena cava (Figure 3). The diaphragmatic rupture 
was enlarged and all abdominal organs returned to their 
normal position in the abdominal cavity. The diaphragm 
defect was repaired using two metric PDS II (Ethicon) in 
a simple continuous suture pattern. The lungs were gen-
tly re-expanded to a pressure <18 cmH2O, to avoid 
potential re-expansion injury. This left a small-volume 
pneumothorax that was left to reabsorb slowly. The 
abdomen was lavaged and closed in a routine fashion.

Postoperative recovery was uneventful, with respira-
tory rate and effort returning to normal, and the cat 
resumed eating the next day. Neurological signs, including 
circling, head pressing, twiching and noise sensitivity,  
persisted and slowly improved by discharge on day 7.  
On day 5, ammonia had decreased to 87 μmol/l and there 
was mild hypoalbuminaemia (25.8 g/l; RI 28.0–42.0 g/l).  
The cat discharged with potentiated amoxicillin (Kesium, 
75 mg PO q12h; Alstoe), lactulose (5 ml PO q8h), leveti-
racetam (20 mg/kg PO q8h) and maintained on a highly 
digestible protein, low copper diet with appropriate amino 
acid ratios to decrease the production of ammonia (Hills 
l/d; Hills Pet Nutrition).

Routine re-examination 14 days postoperatively 
revealed marked neurological improvement with  

resolution of hypersalivation, twitching, seizures, head 
pressing and circling. The cat demonstrated a mild high 
stepping gait (see Video 2 in Supplementary material). 
Hyperammoniaemia (101 μmol/l; RI 0–60), a mild hypoal-
buminaemia (24.8 g/l; RI 28.0–42.0) and a mild decrease 
in blood urea (5.0 mmol/l; RI 6.1–12.0) was noted.

Over the subsequent months the cat’s progress was 
monitored by e-mail updates with the owner. There was 
no further seizure activity and it was weaned off leveti-
racetam, antibiotics and lactulose. The cat remained on 
the high-quality protein diet. Five months after being off 
all medications, a bile acid stimulation test performed at 
the local veterinary practice showed a prestimulation 
level of 13.7 μmol/l (RI 0–15 μmol/l) and a poststimula-
tion level of 12.9 μmol/l. Alanine transaminase activity 
was mildly elevated (35 U/l; RI 0–20 U/l) as was choles-
terol (6.6 mmol/l; RI 1.9–3.9 mmol/l) but liver enzyme 
activities, urea and albumin levels were all within  
normal limits. Nine months after referral the cat was 
continuing to do well and was reported to be clinically 
normal by the owner.

To our knowledge, this is the first reported case of 
MAPSS secondary to a diaphragmatic rupture in a cat; 
and, to date, there have been no reported cases in dogs. 
Chronic diaphragmatic hernia has been defined as >2 
weeks’ duration in a series of 16 cats.1 In that series the 
liver had herniated in 11/16 cats, although there were no 
reports of any neurological signs as a presenting com-
plaint. One cat did have its right medial liver lobe 
resected owing to fibrosis but there was no mention of 
any MAPSS. Another study looking at 34 cats with acute 
and chronic traumatic diaphragmatic rupture similarly 
did not report any presenting neurological signs, with 28 
cats having the liver herniate into the thorax and no 
MAPSS.2 There are other studies that similarly comment 
on the liver herniating into the thorax following acute 
and chronic diaphragmatic rupture, without neurologi-
cal signs or MAPSS.3–5 It has been reported in two cats 
that a chronic diaphragmatic rupture lead to extrahe-
patic biliary obstruction, which had successful outcomes 
following repair of the hernia.6 MAPSS are rarely 
reported in cats, with only sporadic case reports in the 
literature, including, more recently, two cats with hepatic 
fibrosis and two cats with bridging portal fibrosis.7,8 
MAPSS are formed as a result of portal hypertension and 
can also be seen in cats following attenuation or ligation 
of a single extrahepatic portosystemic shunt, or from any 
increase in portal hypertension. Small and multiple por-
tocaval collateral vessels that have a lower pressure than 
the portal vein develop to divert portal blood flow away 
from the liver to lower portal pressure. The cause of the 
portal hypertension in this case was due to strangulation 
of the portal vein by the herniated left medial and lateral 
liver lobes and displaced, fibrosed pancreas. Diversion 
of portal flow blood through MAPSS leads to high levels 
of waste products (including ammonia) in the systemic 

Figure 3  Multiple acquired portosystemic shunts
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circulation, which causes HE, a syndrome of neurologi-
cal abnormalities, including facial tremors/focal seizure 
activity, head pressing and lethargy, as seen in this case. 
HE is also the most common presentation for a cat with 
a single, congenital portosystemic shunt (CPSS).9–15

In an attempt to make the patient more stable prior to 
surgery, standard medical management for HE was 
instigated, including lactulose, antibiotics, and dietary 
modification, once there was confirmation of the blood 
ammonia levels.15 Levetiracetam was used in this patient 
rather than other antiepileptic drugs (AEDs) owing to 
controversies surrounding other AEDs (eg, benzodiaz-
epines increasing the effects of HE via their actions on 
the inhibitory central nervous system neurotransmitter, 
g-aminobutyric acid, accentuating its role on the  
HE complex), concerns over the duration of sedation/
anaesthetic effect due to the poor hepatic function of 
other AEDs (eg, phenobarbital) and any respiratory 
compromise from the profound sedation of some AEDs 
(eg, phenobarbital and propofol). Levetiracitam has also 
been shown in humans and dogs not to undergo hepatic 
metabolism and is mostly renally excreted unchanged.16,17 
Although the use of levetiracitam per rectum has not, to 
our knowledge, been investigated in cats, the pharma-
cokinetics have recently been reported to achieve the tar-
get range in healthy dogs.18

Although preoperative diagnostic imaging could 
have provided additional information regarding the 
presence of MAPSS, owing to the respiratory compro-
mise of the patient and the diaphragmatic rupture, it 
was not considered in the immediate best interest of the 
patient, and intraoperative mesenteric portovenography 
is available at our institution.

Reduction and replacement of abdominal organs and 
diaphragm repair is likely to have removed ongoing com-
pression of the portal vein caused by tension/stretching 
in the region but it was unknown at the time of surgery 
whether the fibrosis associated with the pancreas would 
continue to cause some portal vein compression and/or 
whether persistence of already formed MAPSS would 
result in continued HE. It is therefore interesting to note 
that the cat’s neurological signs eventually resolved com-
pletely after surgery and that all medications were 
stopped. A bile acid stimulation test is highly sensitive for 
the presence of shunting of any type (MAPSS or CPSS) so 
a normal test result 5 months after finishing all medica-
tion suggests the MAPSS seen at surgery had regressed or 
were present but functionally insignificant.19

Conclusions
This case report describes a unique cause of MAPSS in a 
cat. MAPSS should therefore be considered in cats with  
a diaphragmatic rupture and displaying neurological 
signs. The report also documents a successful clinical  
and biochemical outcome following surgical repair of the 

diaphragmatic rupture, suggesting resolution of MAPSS 
is possible if the underlying cause is treated.

Supplementary material  The following files are available:
Video 1: Shortly after presentation facial twitches consistent 
with a hippocampal seizure. Courtesy of Steve Murphy RVN

Video 2: Fourteen days postsurgery, showing mild high step-
ping gait
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