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Introduction
2-Hydroxyglutaric acidurias (2-HGA) are a group of 
inherited neurometabolic disorders, recognised in human 
and canine populations,1–3 occurring as a result of an 
inborn error of metabolism. Although, to our knowl-
edge, there is no reported presentation in cats, the condi-
tion is well described in dogs with gait dysfunction, 
body and/or head tremors and seizure-like/dyskinetic 
episodes reported in Staffordshire Bull Terriers.3 There 
are two chiral forms: L-2-HGA and D-2-HGA, with a 
third, mixed form D-, L-2-HGA reported in human med-
icine.4 L-2-HGA has been described in Staffordshire Bull 
Terriers,2,3 a West Highland White Terrier5 and Yorkshire 
Terriers.6

Lysosomal storage diseases are widely recognised in 
the feline population.7–9 The clinical signs are often 
thought to be secondary to intracellular accumulation of 
by-products due an interrupted metabolic pathway. 
There is a vast array of clinical signs associated with 
these diseases,9 including behavioural change, ataxia, 
loss of learned behaviour, seizure activity, proprioceptive 

deficits, tremors and dysmetria. Reports of inherited aci-
durias in cats causing neurological dysfunction are 
rare,10,11 In primary hyperoxaluria with L-glyceric aci-
duria, the renal tubules and axons within the dorsal root 
ganglia are primarily affected, causing renal failure and a 
peripheral neuropathy manifesting as weakness.10 There 
have been reports of acquired methylmalonic aciduria in 
cats secondary to cobalamin deficiency.12,13 In the case 
where cobalamin deficiency was suspected, the cat had 
signs consistent with an encephalopathy, including 
behavioural change, mental dullness and ataxia.12
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Abstract
Case summary A 14-month-old male castrated domestic shorthair cat, which 2 months prior to presentation 
underwent hindlimb amputation following a road traffic accident, presented for investigation of four suspected 
generalised tonic–clonic seizures. Neurological examination was unremarkable. Routine blood work (haematology, 
biochemistry, ammonia, preprandial bile acids) was unremarkable. MRI of the brain identified marked symmetrical 
T2-weighted hyperintensities of the cerebellum and brainstem, mainly affecting the grey matter. Urine amino acid 
and mucopolysaccharide levels were unremarkable. Urine organic acids on two separate samples, 35 days apart, 
identified highly increased excretion of 2-hydroxyglutaric acid, indicative of 2-hydroxyglutaric aciduria. The cat was 
started on anticonvulsant therapy with phenobarbitone, which, at the point of writing, has improved seizure control, 
although the cat has not achieved seizure freedom.
Relevance and novel information This case report describes the first reported case of a 2-hydroxyglutaric aciduria, 
an inherited neurometabolic disorder, as a cause for seizure-like episodes in a cat.
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The purpose of this report is to describe a case of 
2-HGA in a cat and detail the diagnostic test results and 
response to therapy.

Case description
A 14-month-old male castrated domestic shorthair 
presented with a recent history of four self-limiting 
generalised tonic–clonic seizure-like episodes over a 
period of 1 month. The seizures were characterised by 
loss of consciousness, autonomic dysfunction (urina-
tion, defaecation, ptyalism) and tonic–clonic involun-
tary movement of all four limbs. These episodes lasted 
2–3 mins and were accompanied by a postictal phase 
30–120 mins in length, characterised by ataxia and a 
depressed mentation. In between the seizures, the cat 
was reported to act normally.

Two months prior to the episode history the cat was 
involved in a road traffic accident, causing irreparable 
left hindlimb trauma resulting in an amputation. 
General physical examination was otherwise unre-
markable. No abnormalities were noted on neurologi-
cal examination.

Based on the presence of generalised tonic–clonic sei-
zures the cat was suspected to have a disease process 
affecting the forebrain.

Results of haematological examination, including 
smear evaluation, identified mild microcytosis (mean 
cell volume 41.2 fl; reference interval [RI] 41.3–52.6 fl), 
while white blood cell morphology was otherwise unre-
markable. Complete serum biochemistry analysis was 
unremarkable. Preprandial bile acid was unremarkable 
while blood ammonia was mildly elevated (89.9 μmol/l 
[RI 0–50 μmol/l]). Cerebrospinal fluid analysis, includ-
ing total protein, total nucleated cell count and cytology, 
was unremarkable. Serum cobalamin level was elevated 
(1294 pmol/l [RI 231–617 pmol/l]).

An MRI study of the brain using a 1.5 T magnet 
(Philips Ingenia CX) was performed with the cat under 
general anaesthesia. The following sequences with a 
slice thickness of 2 mm were acquired: sagittal 
T2-weighted (T2W) turbo spin echo (TSE) and trans-
verse T2W TSE, fluid-attenuated inversion recovery 
(FLAIR), T1-weighted (T1W) spin echo (SE), diffusion-
weighted imaging with selection of three b-values (b 0, b 
500, b 1000) and susceptibility-weighted imaging (VEN_
BOLD). A three-dimensional (3D) T1W turbo field echo 
series with a slice thickness of 700 µm was also acquired. 
Following intravenous administration of gadolinium-
based contrast medium (Prohance; Bracco Diagnostics) 
at a dose of 0.1 mmol/kg the transverse T1W SE and 3D 
TW1 TFS series were repeated.

There was marked T2W hyperintensity of the grey 
matter throughout the cerebellum and part of the mesen-
cephalon (Figures 1 and 2), with no suppression on FLAIR 
and no associated contrast enhancement. This T2W 
hyperintensity was bilaterally symmetrical affecting the 

caudal cerebellar peduncles, the deep cerebellar nuclei 
(dentate, interposital and fastigial) (Figure 1) and the ros-
tral and caudal colliculi (Figure 2).

Given the MRI findings and the cat’s clinical pres-
entation the presumptive diagnosis was an inherited 
neurometabolic disorder. Urine was submitted for 
mucopolysaccharide, amino acid and organic acid 
screening. A marked elevation of 2-hydroxyglutaric 
acid was identified. Repeat sampling 35 days later 
confirmed the same marked elevation of urinary 
2-hydroxyglutaric acid.

Following MRI, the cat was started on 2 mg/kg oral 
solution of phenobarbitone q12h that was subsequently 
increased to 3 mg/kg q12h following a recrudescence  

Figure 1 MRI images of the brain demonstrating the diffuse T2-
weighted hyperintense lesions affecting the cerebellar cortex, 
deep cerebellar nuclei and mesencephalon: (a) sagittal; 
(b) transverse T2-weighted; and (c) T1-weighted images
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of seizure activity. Following a telephone update at 12 
months after diagnosis, the cat remains alive and has  
seizure episodes every 2–3 months.

Discussion
This is the first report, to our knowledge, that describes 
2-HGA in a cat. Most cases identified in the veterinary 
literature are the L-2-HGA chiral form of the disease;2,3,5,6 
however, the D-2-HGA form has been reported in an 
Irish Setter cross Labrador.14 The age of the cat (14 
months) fits with the pattern seen in the Staffordshire 
Bull Terrier, with a mean age of onset of clinical signs 
reported at 12 months of age.3 Interestingly, the clinical 
signs manifesting in this case were generalised tonic–
clonic seizures; however, the cerebral cortex appears to 
be unaffected on MRI. Seizures or seizure-like episodes 
are reported in both dogs2,3 and people,4 although there 
is some variation in these episodes, with dyskinesias 
appearing to be more common in dogs. No cellular 

inclusion or lymphocyte changes were seen on blood 
smear examination. For example, vacuolation of some 
lymphocytes has been reported in mucopolysaccharido-
sis in the Siamese,9 but such changes are not present in 
some storage diseases. While the preprandial ammonia 
was mildly elevated, the level of elevation was consid-
ered insignificant. Based on this, in combination with 
normal resting serum bile acids, we considered hepatic 
encephalopathy very unlikely,15 and further investiga-
tion for hepatic dysfunction was not carried out.

L-2-HGA is well recognised in dogs, with character-
istic MRI changes reported,2,5 including T2W hyperin-
tensity of the thalamus, hypothalamus, dentate 
nucleus, basal ganglia, dorsal brainstem, cerebral cor-
tex, cerebellar nuclei and cerebellar cortex. In people, 
the lesions are primarily seen in the frontal and subcor-
tical white matter, although the dentate nuclei are also 
commonly affected.16 The changes seen in this cat 
affected mainly the cerebellar nuclei, cerebellar cortex 
and colliculi. The cerebral grey matter was spared, 
while it is typically markedly affected in dogs.2 This 
leads to speculation as to whether this reflects the level 
of severity of the disease in this cat or indicates differ-
ences in the regions of metabolically susceptible neu-
ronal tissue seen in cats vs dogs. Assessing severity of 
disease relating to imaging findings appears to be 
inconclusive in people.17,18 However, the chronicity of 
the disease can be indicated by MRI changes in peo-
ple,16 with dentate nucleus and basal ganglia changes 
appearing early. Interestingly, L-2-HGA appears to affect 
the grey matter in dogs2 but the white matter in people.16 
There is no explanation for this difference, despite both 
people and dogs expressing the same genetic mutation. 
Based on the spectrum of MRI findings in this case, it is 
a reasonable hypothesis that this cat’s MRI changes are 
likened to canine L-2-HGA.

The course of this disease seems relatively slowly pro-
gressive/static in nature, owing to the fact the cat is still 
alive 12 months after diagnosis, with episodes occurring 
every 2–3 months, with the same slow progression 
reported in Staffordshire Bull Terriers.3 The response to 
phenobarbitone in this cat would represent a complete 
treatment success based on the International Veterinary 
Epilepsy Task Force guidelines.19 There was a greater 
than three-fold increase in the post-treatment interictal 
period (60 days) vs the longest pretreatment interictal 
period (9 days). Other treatments used in people include 
flavin adenine dinucleotide, riboflavin and L-carnitine, 
with reports of decreased urinary L-2-hydroxyglutaric 
acid20,21 and improvement in motor and cognitive func-
tion resulting. In dogs there are reports of the use of 
L-carnitine3 or riboflavin and phenobarbitone22 with pos-
sible clinical improvement. In one previous report, a mild 
methylmalonic aciduria was identified in a dog along-
side a diagnosis of L-2-HGA.2 However, the authors did 

Figure 2 Transverse MRI images of the brain demonstrating 
the (a) T2-weighted and (b) fluid-attenuated inversion 
recovery hyperintensity of caudal colliculi (arrowheads)
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not provide any explanation for such findings and, to 
our knowledge, there is no identified link between the 
two acidurias or between cobalamin deficiency and 
L-2-HGA.

Further areas for research would include genome 
sequencing of this cat to try and identify a causative 
mutation, like the variety of mutations of L-2-
hydroxyglutarate dehydrogenase as seen in Stafford Bull 
Terriers and Yorkshire Terriers.23,24 It is possible this case 
is part of a familial genetic change or a one-off genetic 
anomaly. Unfortunately, the cat had no known siblings 
and therefore further familial information was not avail-
able. Repeat MRI would be beneficial to document a pro-
gression in the disease over time, as has been identified 
in people, with atrophy of the cerebral white matter and 
cerebellar hemispheres.16 A post-mortem examination 
would be beneficial for identifying histological changes; 
however, the success of the cat’s response to anticonvul-
sant medication means that currently this is not a possi-
bility. Prior to MRI, the presumptive diagnosis in this cat 
was idiopathic epilepsy. It is possible that feline 2-HGA 
is underdiagnosed given its slowly progressive nature 
and apparent response to treatment, as demonstrated in 
human and canine populations.3 It may masquerade as 
idiopathic epilepsy based on Tier 1 level of confidence in 
a non-referral population.25

Limitations include the fact that this cat had a prior 
trauma. It is possible the seizure-like episodes are second-
ary to post-traumatic epilepsy. One previous study look-
ing at the 2 year follow up of 52 cats following head trauma 
did not identify any post-traumatic seizures, although this 
may be an underestimation.26 The reported prevalence in 
the canine population is 6–10%, secondary to traumatic 
brain injury;27,28 however, the MRI changes within the cer-
ebellum and brainstem identified in this case are strongly 
suggestive of a metabolic brain disorder.

Conclusions
Although rare, 2-HGA should be considered as a differ-
ential in cats demonstrating seizures or seizure-like 
episodes.
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