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INTRODUCTION 

Pyruvate dehydrogenase (PDH) complex
deficiency stems from a group of inherited
disorders which result in defective activity
of the PDH enzyme complex. This
enzyme complex is a necessary part of glu-
cose metabolism which helps to metabolise
pyruvate into acetylcoenzyme A (acetyl-
CoA) in the cell mitochondria. Acetyl-
CoA is utilised to produce energy in the
form of adenosine 5’-triphosphate (ATP)
via the tricarboxylic acid cycle. An inability
to metabolise pyruvate into acetyl-CoA
results in the pyruvate being metabolised
into lactate, which may lead to lactic aci-
dosis. In humans, it is known to be an X-
linked inherited disease and one of the
most common genetic defects affecting
mitochondrial substrate utilisation. It has a
very heterogeneous clinical presentation
and severity in humans which varies from
fatal lactic acidosis in newborns to chronic
seizures and intermittent ataxia (Brown
and others 1994, Cross and others 1994,
Wexler and others 1997). 

Pyruvate dehydrogenase deficiency has
previously been reported in Sussex and
Clumber spaniels in the UK and USA
through published correspondence, short

communications and abstracts (Herrtage
and Houlton 1979, Houlton and Herrtage
1980, Shelton and others 2000). However,
this report is the first complete case descrip-
tion and long-term evaluation of a Sussex
spaniel with PDH deficiency. Details of rec-
ommended dietary therapy are discussed.ll 

CASE HISTORY 

A 22-month-old, intact female Sussex
spaniel was referred to the neurology 
service at the Animal Health Trust for
investigation of exercise intolerance and
post-exercise collapse. The dog had begun
displaying exercise intolerance at three
months of age, which commenced as an
inability to walk further than approxi-
mately 10 m before collapsing on all four
limbs. There was some improvement as
the dog matured, and by one year of age it
was able to walk up to 350 m before pro-
gressing to episodic collapse. The time
between collapsing episodes decreased as
physical activity continued, and the time
needed for recovery increased. Calcium
supplementation and carprofen (Rimadyl;
Pfizer), 2 mg/kg bodyweight twice daily
for five days, had been administered with
no clinical improvement noted. 

The dog was initially referred to a 
veterinary cardiologist for suspected synco-
pal episodes. The cardiologist diagnosed
aortic valve incompetence as a conse-
quence of aortic valve dysplasia; however, a
complete cardiac evaluation suggested that
the collapse was unlikely to be due solely to
the dog’s heart defect. The dog was then
referred for neurological evaluation. 

At the time of referral, the only abnor-
mality noted on general physical examina-
tion was mild left-sided hip joint laxity.
The findings on neurological examination
were within normal parameters. The own-
ers provided video footage of the dog at
exercise that showed intermittent collapse
on all four limbs which became progres-
sively more frequent as the exercise period
progressed. The problem was localised to
the peripheral neuromuscular system.
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Chest radiographs at the time of cardiac
referral revealed a mild cardiomegaly
which had been non-progressive over 
an eight-month period of time. Hip radio-
graphs from the referring veterinary prac-
tice revealed no evidence of degenerative
joint disease. Routine haematology and
serum biochemistry were unremarkable.
The serum acetylcholine receptor anti-
body titre to test for myasthenia gravis 
was within normal parameters at 0·06
nmol/litre (reference <0·6 nmol/litre).

General anaesthesia was induced with
propofol (Rapinovet; Schering-Plough 
Animal Health) given intravenously to
effect (to a maximum dose of 4 mg/kg
bodyweight) and maintained with
halothane gas (Fluothane; Schering-
Plough Animal Health) to permit electro-
diagnostic testing, muscle biopsy and
nerve biopsy. Electromyography of limb,
paraspinal and head muscles showed no
abnormal spontaneous electrical discharge
activity. Motor nerve conduction studies
on the sciatic-tibial nerve demonstrated
average conduction times of 73 m/second
(reference range 69·4 ± 1·3 m/second)
(Redding and others 1982). Repetitive
stimulation of the sciatic-tibial nerve was
considered within normal parameters. 

Fresh and glutaraldehyde-fixed biopsies
from the biceps femoris and gastrocnemius
muscles were evaluated using a standard
panel of histological and histochemical
stains and enzyme reactions (Dubowitz
1985). No abnormalities were identified.
Muscle carnitine concentration was

markedly decreased (total carnitine 1
mmol/mg protein, reference range 12 to 
41 mmol/mg; free carnitine 1 mmol/mg
protein, reference range 11 to 33
mmol/mg). Urine carnitine concentrations
were increased (total carnitine 54·7
mmol/mol creatinine; reference range 0 to
32 mmol/mol carnitine; free carnitine 30·5
mmol/mol creatinine; reference range 0 to
15 mmol/mol carnitine) (Bierber and
Lewin 1981, Shelton and others 1998).
Fresh and glutaraldehyde-fixed biopsies of
the peroneal nerve were also examined and
found to be histologically normal. Skin
biopsies were taken for fibroblast culture
and subsequent measurement of pyruvate
dehydrogenase enzyme activity, but the
cultures were unsuccessful due to fungal
contamination in the laboratory.

Exercise evaluation was conducted with
serum lactate and pyruvate levels measured
before, immediately after 10 minutes of
running, and 10 minutes after cessation of
running. All samples were analysed as
described by Matwichuk and others
(1999). Markedly elevated lactate and
pyruvate concentrations were documented
at all time points, with a lactate:pyruvate
ratio of less than 10 (Table 1). These find-
ings are consistent with PDH deficiency, as
previously reported in the Sussex spaniel
breed (Houlton and Herrtage 1980, 
Shelton and others 2000). Urinary organic
acid analysis by gas chromatography-mass
spectroscopy was performed at the Bio-
chemical Genetics Laboratory, University
of California, San Diego, using techniques

described by Hoffman and others (1989).
There was markedly elevated urinary
excretion of pyruvic acid (588 mmol/mol
creatinine, reference range 0 to 26 mmol/
mol creatinine) (Shelton and others 1998),
which further supported the preliminary
diagnosis of PDH deficiency. 

Supplementation with L-carnitine
(Carniking Powder; Lohmen Animal
Health), 1 g twice daily with food, was ini-
tiated due to the documented low concen-
trations of muscle carnitine. The diet was
changed to a high-fat, low-carbohydrate
food source (Hill’s Science Diet n/d) with
the addition of thiamine (Holland & Bar-
ret), 100 mg/day orally, as is advocated in
human cases of PDH deficiency (Brown
and others 1994, Wexler and others 1997).
This diet was maintained for six months
after which financial concerns led the own-
ers to discontinue the dietary regimen. The
owners reported that there had been no
significant change in the patient’s status
while the dog was on the diet.

Six months after discontinuing the diet,
the patient was re-presented to the neurol-
ogy service for evaluation. At this time, the
owners reported that the dog was having
more severe episodes of collapse which
required up to 45 minutes of rest for com-
plete recovery. Neurological examination
revealed a normal posture and gait,
although physical activity was only main-
tained for two minutes before the dog
became recumbent and required a five-
minute period of rest before rising again.
Deficits in proprioception were noted in
the right pelvic limb. Cranial nerve exami-
nation revealed bilaterally poor menace
responses and a positional ventral strabis-
mus in the right eye. The neurological
examination was consistent with a multi-
focal brain lesion involving the vestibular,
proprioceptive and menace pathways, pos-
sibly arising from progression of the meta-
bolic disease. Other differential diagnoses
included sterile inflammatory disease,
infectious disease or neoplasia. Magnetic
resonance imaging of the brain and brain-
stem was recommended, but the owners
declined.

Pre-exercise lactate 0·7-2·0 6·02 7·62 
mmol/litre mmol/litre mmol/litre

Pre-exercise pyruvate 0·06-0·10 1·25 1·06
mmol/litre mmol/litre mmol/litre

Pre-exercise L:P 8·8-25·2 4·8 7·2
Post-exercise lactate 1·35-5·8 16·26 9·97

mmol/litre mmol/litre mmol/litre
Post-exercise pyruvate 0·11-0·27 2·89 2·88

mmol/litre mmol/litre mmol/litre
Post-exercise L:P 14·6-26·4 5·6 3·5
Post-rest lactate† 1·8-4·8 7·93 4·44

mmol/litre mmol/litre mmol/litre
Post-rest pyruvate† 0·13-0·221 1·23 0·557

mmol/litre mmol/litre mmol/litre
Post-rest L:P† 15·5-27 6·4 7·9

*References for normal range from Matwichuk and others (1999)
†Post-rest values taken after 10 minutes rest
L:P Lactate:pyruvate ratio

Normal* Initial testing One year 
evaluation

Table 1. Lactate and pyruvate levels before and after
exercise
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Repeat evaluation of lactate and pyru-
vate levels before exercise, immediately
after exercise, and after a 10 minute rest
from exercise, revealed similar elevations to
those seen at initial presentation (Table 1).
Venous blood gas testing after exercise
revealed a metabolic acidosis with respira-
tory compensation (pH 7·38, HCO3 14·6,
base excess –10·5, pCO2 25·4). The own-
ers declined a recommendation to place
the dog back onto the low-carbohydrate,
high-fat diet with supplementation of 
carnitine and thiamine, as previously 
prescribed.

DISCUSSION 

The diagnosis of PDH deficiency in this
case was made based on lactic acidaemia
with a lactate:pyruvate ratio of less than 10
(Shelton and others 2000). Although con-
firmation of the disorder is ideally based
on PDH activity measurements in cul-
tured fibroblasts, this was not possible in
this patient due to fungal contamination
in the laboratory. In humans, PDH defi-
ciency is diagnosed using enzyme assay 
in cell/tissue culture or cDNA/genomic
sequencing (Lib and others 2002). DNA
diagnosis of this disorder has not yet been
established in dogs as the specific genetic
defect has, to date, not been characterised
in dogs.

In human cases, PDH deficiency affects
all tissues of the body, having a particular
clinical effect on the brain due to the
brain’s dependency on aerobic oxidation 
of glucose for energy. There is a large 
phenotypic variability in the disorder in
humans due to the variety of genetic
anomalies that lead to abnormalities in the
PDH complex and the phenomenon of 
X chromosome inactivation in females
(Brown and others 1989, Lib and others
2002). A severe neonatal lactic acidaemia
more commonly affects males, while more
chronic neurological forms resulting in
mental retardation, microcephaly, blind-
ness and spasticity more commonly affect
females (Brown and others 1989, Cross

and others 1994, Lissens and others 2000).
Structural brain changes, including cere-
bral atrophy, ventricular dilation, and 
malformation of the corpus collosum,
medullary pyramids and inferior olives,
have also been documented in humans
with this disease (Brown and others 
1994).

The predominant clinical sign in previ-
ously reported cases of PDH deficiency in
Sussex spaniels was exercise intolerance.
Without published follow-up, it is not
possible to comment on the progression of
signs or chronicity of the lesions in these
dogs, although no central nervous system
signs have previously been reported. The
patient in this case report also presented
with exercise intolerance as the primary
clinical sign. The clinical signs were
reported to be stable for the first six
months post-diagnosis while the dog was
maintained on dietary therapy. However,
there was progressive deterioration in exer-
cise tolerance thereafter and the develop-
ment of central nervous system signs.
Unfortunately, the owners declined further
diagnostic work-up for the central nervous
system signs, and it is therefore impossible
to confirm at this time that the signs were
directly related to progression of the PDH
deficiency. 

There is no standard treatment for
PDH deficiency in humans. Several
sources recommend a ketogenic diet. 
This diet of high fat and low carbohydrate
food sources leads to the development of
ketones in the body which can be
metabolised by the brain for energy 
without utilising the pathway involving
PDH. Decreasing the carbohydrate
metabolism also decreases the production
of lactate and may be protective against
lactic acidosis. The heterogeneous pheno-
type of PDH deficiency and the hetero-
geneity of the fat, carbohydrate and
protein content among ‘ketogenic diets’ 
in the literature makes it difficult to 
fully assess the efficacy of this therapy in
human patients (Blass and Gibson 1978,
Brown and others 1994, Wexler and others
1997). 

The authors are not aware of any canine
patients that have been documented to
maintain ketosis on high-fat, low-carbohy-
drate diets, and the use of diets in an
attempt to induce ketosis may not be suc-
cessful in this species. However, a high-fat
(52 per cent) and low-carbohydrate diet
has previously been used with carnitine
and thiamine supplementation to produce
clinical improvement in a Clumber spaniel
with PDH deficiency (Shelton and others
2000). Thus, dietary change to a high-fat,
low-carbohydrate diet was recommended
for the patient in this report. After a review
of available diets, the dog was placed onto
Hill’s Science Diet n/d (moist, 37·2 per
cent protein, 32·1 per cent fat, and 21·5
per cent carbohydrate) (Hand and others
2000).

Supplementation with oral carnitine, 
a ‘conditionally essential’ nutrient, is 
warranted for any animal placed onto a
high-fat diet. Carnitine is an amino acid
that is required for beta-oxidation of 
long-chain fatty acids. It helps to transport 
long-chain fatty acids into mitochondria
and is an essential component of fat 
energy production (Carroll and Cote
2001). Sustained fatty acid oxidation can
result in increased excretion of urinary
acylcarnitine and leads to carnitine defi-
ciency (Hommes and others 1973). Thus,
monitoring of carnitine levels in humans
with PDH deficiency is recommended,
and dietary supplementation is provided 
as needed. Supplementation was particu-
larly relevant in this case due to the docu-
mented low concentrations of muscle
carnitine. Thiamine supplementation is
also recommended for PDH deficiency 
in humans, as clinical improvement has
been documented with supplementation
(Hommes and others 1973, Brown and
others 1994). This effect does not seem to
be due to a direct thiamine or thiamine
pyrophosphate dependency of the PDH
complex defect, but is more likely to result
from the elevated levels of thiamine
pyrophosphate causing activation of resid-
ual PDH complex activity (Hommes and
others 1973).
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Conclusions
Although the owners reported no clinical
deterioration while this patient was main-
tained on a high-fat, low-carbohydrate 
diet with thiamine and carnitine supple-
mentation, there was no reassessment of
the lactate:pyruvate ratios to confirm a
positive effect of the dietary changes on 
the metabolic abnormalities in PDH 
deficiency. Further evaluation of the 
high-fat, low-carbohydrate diet currently
recommended for the treatment of 
PDH deficiency is warranted. The moni-
toring of clinical and neurological status 
as well as lactate and pyruvate levels of
patients maintained on this diet is need-
ed in the future to validate it as an 
effective treatment for PDH deficiency 
in dogs.
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