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Introduction
Arginine is an essential amino acid in dogs and cats; it 
plays a crucial role in the urea cycle (Figure 1), where 
ammonia is converted into urea. Cats are able to pro-
duce arginine in enterocytes and proximal renal tubular 
cells but in limited amounts.1–4 Dietary intake remains 
the main source of arginine for cats.5–11 In addition, cats 
have higher requirements for arginine than other spe-
cies because their urea cycle is not downregulated dur-
ing periods of fasting or after consuming low-protein 
diets.11

As a result of the limited endogenous synthesis of argi-
nine and its precursors (ornithine, citrulline), as well as 
their higher metabolic arginine demand, the exogenous 
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Abstract
Case summary A 5-year-old male neutered Persian cat was referred for investigation of a 4 week history of weight 
loss, inappetence and intermittent vomiting. Chronic kidney disease (CKD) and inflammatory bowel disease were 
diagnosed, and despite immunosuppressive therapy and assisted enteral nutrition, the cat experienced persistent 
anorexia, vomiting and severe weight loss. After 2 additional weeks of treatment, the cat developed acute-onset 
neurological signs associated with severe hyperammonaemia and was euthanased. Plasma amino acid assessment 
revealed deficiency of several amino acids involved in the urea cycle, including arginine.
Relevance and novel information To our knowledge, this is the first reported case of an acquired urea cycle amino 
acid deficiency without nutritional deprivation in a cat. Several contributing factors were suspected, including 
intestinal malabsorption and CKD. This case demonstrates the importance of urea cycle amino acids in feline 
metabolism and possible necessity for parenteral supplementation, particularly in the context of persistent weight 
loss despite adequate enteral nutrition.
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arginine supply must be sufficient in order to prevent 
hypoargininaemia and therefore hyperammonaemia.

Other causes of hypoargininaemia and hyperammon-
aemia unrelated to the diet or urea cycle enzyme defi-
ciencies have been poorly described in the human and 
veterinary literature. Contributing factors such as 
decreased intestinal absorption due to inflammatory 
bowel disease (IBD) or decreased renal synthesis owing to 
chronic kidney disease (CKD) have been suggested.12–15

Case description
A 5-year-old male neutered Persian cat was referred for 
investigation of a 4 week history of weight loss, inappetence 
and vomiting, following management of feline lower uri-
nary tract disease, with repeated urethral catheterisations 
and assisted nutrition by an oesophagostomy tube. The 
nutritional support provided at that time was estimated at 
approximately 40% of its basal energy requirement (BER).

On examination, its body condition score was estimated 
at 4/9 and the body weight was 2.95 kg. A subcutaneous 
abscess was noticed at the level of the oesophagostomy 
tube insertion site. Mild pyrexia (39.6°C) and a left systolic 
parasternal heart murmur grade II/VI were also identi-
fied. The remainder of the physical examination was 
unremarkable.

A CT scan revealed a large left cervical abscess associ-
ated with the oesophagostomy tube, treated with surgical 
debridement followed by drainage and antibiotic therapy 
(amoxicillin-clavulanic acid). A naso-oesophageal tube 
was placed to allow continuation of assisted nutrition. 

Despite having received 100% of its BER for 10 days fol-
lowed by 150% BER for 4 days using an energy-dense 
complete commercial diet (Royal Canin Convalescence 
Support), the cat continued to lose weight and remained 
anorexic. Energy requirement was calculated with the 
standard formula: BER (kcal) = 30 × body weight + 70.

Haematology and biochemistry revealed mild non-
regenerative anaemia (haematocrit 25%; reference inter-
val [RI] 28–52%) and elevation of symmetric 
dimethylarginine (20 µg/dl; RI 0–14) with creatinine 
within the upper range of the reference interval (112 
µmol/l; RI 0–140), suggestive of International Renal 
Interest Society stage 1 CKD. The fasting serum bile acids, 
folate and cobalamin and feline trypsin-like immunoreac-
tivity were within normal limits. Urinalysis revealed a 
urine specific gravity of 1.041, inactive urine sediment, 
borderline proteinuria (urine protein to creatinine ratio 
0.37; RI <0.2) and negative urine culture. Faecal parasitol-
ogy and culture for Salmonella and Campylobacter species 
were negative. Ultrasonography showed bilateral renal 
changes consistent with CKD and prominence of the jeju-
nal muscularis layer, compatible with chronic enteropa-
thy or – less likely – intestinal lymphoma. Endoscopy 
revealed oedema of the gastric and duodenal mucosae. 
Histology revealed mild eosinophilic, lymphoplasma-
cytic gastritis and marked neutrophilic, plasmacytic, his-
tiocytic enteritis, with villous blunting (Figure 2). 

Oral maropitant at 4 mg daily (Cerenia 16 mg tablets; 
Zoetis) along with mirtazapine (Mirtazapine 2 mg tablets; 
reconditioned tablets) at 2 mg every other day were pro-
vided as appetite stimulants during the hospitalisation. 
Immunosuppressive therapy was started 6 days after 
admission, with dexamethasone initially (0.5 mg/kg IV 

Figure 1 The urea cycle

Figure 2 Marked enteritis with blunting of villi and a 
plasmacytic, neutrophilic and histiocytic infiltrate within 
the lamina propria. Haematoxylin and eosin stain (× 100 
magnification)
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q24h for 7 days [Rapidexon 2 mg/ml injectable solution; 
Eurovet]), followed by prednisolone (1.8 mg/kg PO q24h 
[Prednicare 5 mg tablets; Animalcare]). Owing to a lack of 
improvement, another immunosuppressive drug was 
added 4 days after initiation of steroids: ciclosporin 
(Cyclavance 100 mg/ml oral solution; Virbac) at 5 mg/kg 
q12h on an empty stomach.

Seventeen days after admission, the cat became acutely 
subdued. This progressed rapidly to loss of conscious-
ness, opisthotonos and bilateral light-responsive mydria-
sis, consistent with an intracranial neurolocalisation. The 
plasma ammonia was markedly elevated (>286 µmol/l) 
and likely responsible for the neurological signs. At that 
stage, the cat’s owners elected euthanasia, and consented 
to blood collections for plasma amino acids, serum organic 
acids measurement and post-mortem examination. This 
revealed low plasma concentrations of the urea cycle 
amino acids arginine, citrulline and ornithine, which was 
suggestive of acquired urea cycle amino acid deficiencies 
resulting in hyperammonaemic encephalopathy (Table 1). 
Measurement of serum organic acids did not provide 
additional relevant information.

On necropsy, the following organs and tissues were 
examined histologically: heart, lung, liver, spleen, pan-
creas, intestine (duodenum, jejunum, ileum, colon), kid-
neys, urinary bladder, perioral skin and brain. Duodenal 
histopathological changes revealed minimal multifocal 
predominantly lymphocytic submucosal inflammatory 
reaction. Both kidneys presented with mild-to-moderate 
multifocal to global thickening of most glomerular mem-
branes, which was suspicious of membranous glomeru-
lonephritis (Figure 3). No relevant histological lesions 
were identified in any of the remaining organs.

Discussion
Hyperammonaemia can develop secondarily to different 
mechanisms: (1) acquired urea cycle amino acid defi-
ciency; (2) cobalamin deficiency leading to accumulation 
of methylmalonic acid (MMA) and subsequent impaired 
uptake of ammonia into the urea cycle;16,17 and (3) con-
genital deficiency in urea cycle enzymes such as ornithine 

Table 1 Plasma amino acid profile of the patient 

Plasma amino acids Results (µmol/l) RI

Phosphoserine 8 3–5
Taurine 337 53–200
Pethanolamine 1 0–40
Aspartate 32 6–20
Hydroxyproline 23 2–4
Threonine* 92 96–353
Serine 75 19–231
Asparagine* 21 35–74
Glutamate 74 26–56
Glutamine* 457 759–1312
Proline* 128 173–550
Glycine* 121 189–564
Alanine* 402 450–672
Citrulline* 3 40–83
Alpha-aminobutyric* 10 21–43
Valine* 138 172–287
Half-cystine 8 0–46
Methionine 73 54–109
Isoleucine 84 57–105
Leucine 129 125–197
Tyrosine 65 42–67
Phenylalanine* 56 58–69
Homocysteine 0 0–1
Ornithine* 10 23–40
Lysine 145 145–201
1-Methylhistidine 7 0–34
Histidine 168 78–131
3-Methylhistidine 6 0–23
Arginine* 52 140–220
Ethanolamine 0 0–153
Tryptophan 18 10–140
Beta-aminoisobutyric 0 0–2
Cystathionine 3 0–3
Sarcosine 0 0–2
Anserine 0 0–2
Hydroxylysine 0 0–2
Alpha-aminoadipic 0 0–6
Carnosine 20 0–2
Beta-alanine 1 0–12
Gamma-aminobutyric 0 0–1
Alloisoleucine 0 0–1
Argininosuccinic 0 0–1
Homocitrulline 0 0–1

*Deficient amino acid
RI = reference interval

Figure 3 Microphotograph of the kidney. Note the global 
thickening of the glomerular membrane, suspicious of 
membraneous glomerulonephritis. Haematoxylin and eosin 
stain (× 400 magnification)
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transcarbamylase (OTC) deficiency.18 The plasma amino 
acid profile in this case revealed several urea cycle amino 
acids deficiencies (citrulline, ornithine and arginine), 
which could be responsible for the hyperammonaemia. 
Nutrition with a good quality liquid diet (Royal Canin 
Convalescence), which contained adequate levels of argi-
nine, as well as the other essential amino acids, was pro-
vided. Based on the European Pet Food Industry 
Federation nutrient recommendations, the minimum 
arginine levels recommended in cats are 0.33 g per 100 
kcal of metabolisable energy, and the liquid diet provided 
contained 0.6 g per 100 kcal of metabolisable energy. Data 
concerning ornithine and citrulline levels were not avail-
able. Post-mortem examination did not show evidence of 
a portosystemic shunt or parenchymal hepatic lesions. 
Although serum cobalamin was normal, MMA aciduria 
as a cause or contributing factor for the encephalopathy of 
this cat could not be ruled out. In people, the association 
of increased ammonia, low citrulline and increased orotic 
acid in the urine is a typical biochemical phenotype for 
OTC deficiency. In the present case, a urine organic acid 
profile could not be performed for practical reasons, and 
therefore OTC deficiency could not be completely ruled 
out. However, this rare congenital disease is usually diag-
nosed in kittens, and is thus unlikely in this adult cat.18 In 
addition, people affected by this disease often have a high 
glutamine concentration, which was not present in this 
cat (Table 1).19 Besides OTC deficiency, arginosuccinate 
synthetase deficiency, another urea cycle enzyme defi-
ciency, has been described in dogs but not in cats.20 
Humans with the latter enzyme deficiency have been 
shown to have a high plasma citrulline concentration; 
again, this was not identified in this cat (Table 1).

Acute-onset hyperammonaemia secondary to an 
arginine-restricted diet is well recognised in cats.8,10 
Experimentally, near-adult cats given a single meal of a 
diet deficient in arginine, but containing all other 
amino acids, developed hyperammonaemia with clini-
cal signs of ammonia toxicity within 2 h, including 
emesis, lethargy, vocalisation, frothing at the mouth, 
hyperactivity, hyperaesthesia, ataxia, emprosthotonos, 
extended limbs, exposed claws, and marked brady 
pnoea and cyanosis in severely affected cats.8 Most of 
these clinical signs correspond to this cat’s neurologi-
cal presentation. Owing to the absence of relevant  
histopathological changes in the brain, such as the 
presence of Alzheimer type 2 cells and spongiosis, and 
the presence of a markedly elevated plasma ammonia, 
an acute hyperammnonaemic encephalopathy was 
considered most likely. Although the exact cause for 
the cat’s hyperammonaemia remains unclear, several 
contributing factors, discussed below, were suspected, 
including decreased intestinal absorption of essential 
amino acids due to IBD and decreased renal arginine 
synthesis secondary to CKD.

Intestinal absorption of arginine involves a transport 
system shared with lysine, ornithine and cystine. The 
transport system is adenosine triphosphate and sodium 
dependent and has substrate specificity.21–23 Theoretically, 
this transporter could be affected in the presence of IBD, 
and, consequently, decreased intestinal arginine uptake 
would be expected. One human case of short bowel syn-
drome and chronic renal failure associated with second-
ary hyperammonaemia has been reported. The concurrent 
decrease in ornithine plasma levels supports this theory.12 
In the current case, the duodenal biopsies revealed enter-
itis with severe villous blunting and this is likely to have 
caused malabsorption. Hence, decreased intestinal 
absorption of arginine likely contributed to the hypoar-
gininaemia in our case.

Marked hyperammonemia was reported in a case 
series of four severely azotaemic cats, and in two of these 
cats the hyperammonaemia was associated with neuro-
logical signs consistent with an encephalopathy.15 
However, in another study with azotaemic cats, plasma 
arginine concentrations were almost always within the 
normal range.24 Therefore, azotaemia should not be con-
sidered as the only triggering factor for hyperammonae-
mia in cats with CKD.

In one study, cats with CKD were found to have sig-
nificantly lower serum cobalamin concentration and 
higher serum MMA concentration than healthy cats. 
However, their serum cobalamin concentration was 
often within the normal range. Some authors suggest 
that cobalamin deficiency may be a potential cause of 
urea cycle dysfunction in cats with CKD.25 In our case, 
250 µg cyanocobalamin was pre-emptively administered 
subcutaneously on admission and the serum cobalamin 
on blood taken prior to supplementation was well within 
the normal range (375 ng/l; RI 240–440). The MMA sta-
tus could not be assessed in this cat; however, the few 
feline cases reported in the literature with hyperammon-
aemic encephalopathy and high MMA concentration 
had low serum cobalamin concentrations.16,17

Conclusions
This case report demonstrates that hyperammonaemia 
secondary to hypoargininaemia can occur despite 
appropriate supplementation with a commercially for-
mulated enteral diet. The presence of enteritis and CKD 
were considered to be contributing factors. In such 
cases, if amino acid deficiency is identified, parenteral 
amino acid supplementation would be recommended in 
order to prevent a life-threatening onset of hyperammo-
naemic encephalopathy.
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