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Abstract

Background Mitochondrial b oxidation plays a major role

in energy production. Long chain fatty acid oxidation de-

fects include deficiency of the trifunctional protein (rare) or

more commonly defects of the long chain 3-hydroxy acyl-

CoA dehydrogenase enzyme (LCHAD). These long chain

defects have variable presentations, they may present in the

neonate or infant with sudden death, hepatopathy (Reyes

disease), hypoketotic hypoglycaemia, rhabdomyolysis,

myopathy, cardiomyopathy and with late complications

such as peripheral neuropathy, pigmentary retinopathy,

retinal degeneration and progressive visual loss. The cor-

rect diagnosis at presentation is not only life saving but also

allows for the appropriate dietary and other intervention,

which may have major effects on outcome.

Aim Three case reports of patients with long chain fatty

acid oxidation defects who have shown significant benefits

from treatment are reported.

Conclusions These paediatric presentations illustrate the

clinical heterogeneity of long chain fatty acid oxidation

defects and opportunities for effective management if

correctly diagnosed.

Keywords Cardiomyopathy � Hypoketotic

hypoglycaemia � Myopathy � Reyes disease �
Rhabdomyolysis

Introduction

More than 20 enzyme and transport defects of mitochon-

drial oxidation of saturated fatty acids involved in mito-

chondrial beta oxidation are known [1]. Long chain fatty

acid oxidation defects include deficiency of the trifunc-

tional protein, which is rare or more commonly defects of

the long chain 3-hydroxy acyl-CoA dehydrogenase enzyme

(LCHAD) [1–3]. The trifunctional protein is an enzyme

complex that catalyses the final three steps of b-oxidation

(Fig. 1). Trifunctional protein deficiency (TFP) presents

with a deficiency of all three enzymes, long chain 2-enoyl

CoA dehydratase, 3-ketoacylCoA thiolase (LKAT), and

long chain 3-hydroxyacyl CoA dehydrogenase (LCHAD).

General trifunctional protein deficiency results in a wide

spectrum of disease ranging from severe infantile cardio-

myopathy to a milder late onset presentation with episodic

rhabdomyolysis and chronic progressive polyneuropathy

[1, 3]. In isolated LCHAD deficiency there is a deficiency

of the LCHAD enzyme with activity of the other two en-

zymes being greater than 60% [1]. LCHAD deficiency was

first described in 1983. There is considerable clinical het-

erogeneity described with these disorders. Classically they

present in the neonate or infant with sudden death, hepat-

opathy (Reyes disease) and hypoketotic hypoglycaemia [1–

7]. Prompt recognition is critical as treatment prevents

mortality and major morbidity. Recently there is an in-

creased awareness that presenting symptoms may be subtle

and chronic in nature. This is particularly true of trifunc-

tional protein deficiency, which often has a delayed pre-

sentation with neuromyopathic symptoms. Late

complications not commonly observed in other fatty acid

oxidation disorders may include peripheral neuropathy,

pigmentary retinopathy, retinal degeneration and progres-

sive visual loss [2, 5–9]. The diagnosis of LCHAD or TFP
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deficiency is suggested by the finding of characteristic or-

ganic acid urine profiles (increased excretion of 3-hydroxy-

dicarboxylic acids) or by an abnormal acylcarnitine profile

[1]. A confirmatory diagnosis is made by elucidation of

enzymatic deficiency in lymphocytes, fibroblasts, and/or

muscle or liver biopsies followed by mutation analysis.

The management of long chain fatty acid oxidation

defects is largely dietary control with the avoidance of

fasting and strenuous exercise and minimisation of energy

production from long-chain fatty acids [1, 10], achieved by

providing a high carbohydrate diet with restriction of long

chain fats and supplementation with medium chain trigly-

cerides to ensure all essential fatty acids are provided.

While this prevents mortality there is still considerable

associated morbidity. Recently it has been shown that pa-

tients with LCHAD have a profound brain deficiency of

Docosahexaenoic acid ethyl ester, the long-chain polyun-

saturated fatty acid (DHA; 22:6n-3). Low DHA concen-

trations have been documented in all tissues and in blood

[11]. Progressive visual loss is present in over 70% of cases

with LCHAD deficiency [11]. Cataracts are also reported

[12]. An association with retinopathy and DHA deficiency

has been demonstrated with preliminary reports demon-

strating improvement of visual function with oral supple-

mentation of DHA [5, 11]. In addition Tein et al. [13]have

reported a response of the peripheral neuropathy with cod

liver oil supplementation.

The early chorioretinopathy leads to progressive atrophy

of the posterior choroid, retinal pigment, epithelium and

retina as the retinopathy progresses, with loss of night vi-

sion, followed by total loss of vision and legal blindness

[11]. The etiology of the chorioretinopathy proposed to be

associated with the toxic properties of the accumulating

metabolites, such as long chain 3-hydroxyacylcarnitines or

deficiency of DHA [2, 11]. It may also result from reduced

energy production secondary to impaired mitochondrial

fatty acid b oxidation [14]. These cases of long chain fatty

acid oxidation defects who have shown significant benefits

from treatment are reported.

Case 1

Female, birth weight 3.19 kg, currently age 15 years. There

was an uneventful prenatal and neonatal period, with normal

developmental milestones. She presented at 5 months of

age with hypotonia, hepatomegaly and irritability following

an episode of gastroenteritis. Hypoketotic hypoglycaemia

was noted with an abnormal urine organic acid profile

(elevated long chain hydroxyl-dicarboxylic acids) and ele-

vated hydroxyacylcarnitines in blood. An ultrasound of the

liver demonstrated increased echogenicity, a cardiac echo-

cardiogram demonstrated hypertrophic cardiomyopathy,

pigmentary retinopathy was also noted. The highest CPK

recorded was 20,000 IU/l. Enzyme analysis on cells ob-

tained from a fibroblast culture demonstrated LCHAD

deficiency (3-hydroxyacyl-CoA dehydrogenase activity of

9.5 nmol/mgmin–1 (control 50)). Mutation analysis for the

LCHAD gene, demonstrated homozygosity for the common

LCHAD mutation G1528C. An emergency dietary regime

of decreased long chain fats and increased carbohydrate

with avoidance of fasting was commenced. The patient re-

sponded within 2 weeks with no further decompensations,

the cardiomyopathy had fully resolved at 5 years of age.

Long-term dietary intervention prevented further decom-

pensation with clearance of organic acid metabolites.

Fig. 1 Trifunctional protein

deficiency pathway
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However, progressive pigmentary retinopathy developed,

which was refractory to dietary treatment. At 13 years of

age there was reduced visual acuity noted to 6/9 in each eye.

An ERG performed showed reduced amplitude and in-

creased latency in rod and maximal responses. The cone

response was shown to be of normal latency with an

abnormal b wave amplitude. The pattern ERG showed

poorly defined waveforms with an abnormal pattern visual

evolved response. Overall, there was noted to be evidence of

diffuse rod and cone dysfunction with macular involvement.

DHA (100 mg/day) was commenced at age 14 follow-

ing documentation of low DHA levels in erythrocytes.

There was also noted stabilisation of visual function. DHA

levels in erythrocytes measured 2 months after replace-

ment were within normal limits. The patient now is

attending mainstream secondary school with no academic

difficulties.

Case 2

Female, currently age 14 years. There was a normal birth

history and delivery, birth weight 3.5 kg. A sibling died

suddenly at 8 weeks of age following a viral illness. High

risk metabolic screening for a possible fatty acid oxidation

defect was performed within the first 2 weeks of life, glu-

cose monitoring and organic acid analyses were found to be

within normal limits. Following discharge, she developed a

respiratory arrest with RSV bronchiolitis. Hepatomegaly

and non-ketotic hypoglycaemia was noted with a CPK of

679 IU/l. She was placed on an emergency intravenous high

dextrose infusion with stabilisation over the ensuing next

few days. A marked LCHAD deficiency was noted on

enzymatic analysis of skin fibroblasts, LCHAD activity of

10 nmol/mgmin–1 (26% of controls). Analysis of DNA

derived from lymphocytes subsequently demonstrated het-

erozygosity for the LCHAD mutation, G1528C. Pigmentary

retinopathy was noted at 5 months of age. She had vesico-

ureteric reflux and numerous associated urinary tract

infections, which required frequent hospital admissions

between the age of 1 and 3 years. All episodes of decom-

pensation with rhabdomyolysis resolved with institution of

unwell dietary regimes and aggressive treatment of co-

existing infection. At 3 years of age she presented with a

severe metabolic decompensation following a minor viral

illness, with markedly decreased orientation and general-

ized tonic clonic seizures. Over the next 24 h, she developed

acute hepatic and cardiac failure. 2 days post admission her

condition had stabilized with emergency dietary treatment

with no long-term consequences. The maximum CPK level

noted was 10,524 IU/l. A psychological assessment at age

7 years showed significant learning difficulties with both

verbal and non-verbal functioning requiring a special

schooling placement. Recently she has been noted to have a

peripheral neuropathy with absent deep tendon reflexes.

Nerve conduction studies demonstrated a polyneuropathy

with selective impact on sensory amplitude and latency. She

currently has bilateral pigmentary retinopathy with low

myopia and 6/9 vision in each eye. Dark adaptation on ERG

recently performed shows normal rod and maximal re-

sponse. The cone response is normal in latency with sub-

normal amplitude. A PERG performed indicates macular

dysfunction. Testing showed rod bilateral para-central

scotomata on visual field testing. She has recently been

commenced on DHA at 100 mg/day.

Case 3

Male currently aged 12 years. There was a normal birth

history and delivery, birth weight 3.01 kg. He was the first

infant born to non-consanguineous parents. He first pre-

sented at aged 15 months with gait abnormalities, muscle

weakness and delayed motor milestones. The weakness

was predominantly noted in his lower limbs, both proxi-

mally and distally. He sat at 10 months without support and

started to walk at 15 months. However, he was noted to

have persisting gait abnormalities that tended to fluctuate.

At this time also he was noted to have Achilles tendon

tightness, which continued to progress and required surgery

at 4 years of age. An echocardiogram and initial ophthal-

mologic review were normal. Nerve conduction studies

confirmed a peripheral motor and sensory neuropathy with

moderately reduced compound motor action potential

amplitude with mild loss of conduction velocity and

complete absence of sensory nerve action potentials in the

upper and lower extremity. Clinically, he had symptoms of

a combination of both proximal and distal weakness.

Cranial and spinal MRI imaging was found to be normal.

Molecular genetics studies for common mutations, for

spinal muscular atrophy, Hereditary motor-sensory neu-

ropathy and Duchenne muscular dystrophy were negative.

A muscle biopsy taken showed an increase of number of

subsarcolemmal mitochondria but was otherwise unre-

markable. Respiratory chain enzymology was performed

from the sample and was found to be within normal limits.

At 10 years of age significant progression of clinical

symptoms was noted. He demonstrated difficulty climbing

stairs and getting up from sitting position and needed a

wheelchair for ambulation. He presented with three episodes

of acute rhabdomyolysis, with a rise in creatine kinase

(CPK) of up to 26,000 IU/l on one occasion and an episode

of visionary hallucinations. Poor energy levels and extreme

fatigability was also noted. Mild pigmentary retinopathy

was seen on eye examination. Blood acylcarnitine analysis

showed a mild increase in 3-hydroxyacyl species. Enzy-
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matic analysis of the long chain fatty acid oxidation enzymes

in muscle subsequently demonstrated a moderate trifunc-

tional protein deficiency with a mutation of the HADHB

gene (341 A fi G) encoding the b subunit of the protein.

He was commenced on dietary therapy of a high car-

bohydrate, low fat diet with cornstarch supplementation at

night, avoidance of fasting and limited exercise regime.

This led to stabilisation of his condition with no further

episodes of rhabdomyolysis. However, extreme fatigability

persisted resulting in him being practically bed bound. One

year ago he was commenced on a DHA dietary supplement

(130 mg/day) after documentation of DHA deficiency in

erythrocytes (DHA level: 12.60 pm/106 cells (n = 15.2–

37.6). He has subsequently shown marked improvement in

mobility and general strength. He is now capable of

climbing stairs and playing limited soccer. Repeat nerve

conduction studies performed 1 year after commencement

of therapy showed moderate improvement in function.

Discussion

These three cases illustrate the phenotypic heterogeneity

associated with long chain fatty acid oxidation defects with

presentations ranging from acute Reye-like illness during

intercurrent minor illness to a more chronic presentation with

neuromyopathic symptoms. In all cases once diagnosis was

confirmed prompt commencement of dietary intervention led

to stabilization of the condition and prevention of death.

When presented with the typical history of acute decom-

pensation a metabolic disorder was considered. However,

presentation of fatty acid oxidation defects with more chronic

symptomatology may be less easily recognisable, such as

progressive peripheral neuropathy, a significant feature of

myopathic TFP deficiency. In most cases the neuropathic

features precede rhabdomyolysis. Unexplained cardiomy-

opathy may also be a common late presenting feature.

These case reports illustrate the need for clinicians to

have a high index of suspicion for fatty acid oxidation

disorders in patients with chronic non-specific symptoms of

unknown aetiology with the potential for treatment inter-

vention. While survival with these conditions is vastly

improved by current therapeutic regimes, morbidity still

remains high.

The clinical and biochemical data supporting supple-

mentation with DHA appear very promising. Results to

date on two of our children currently on DHA supplements

agree with this observation- one child demonstrating sta-

bilization of visual function and the other noting markedly

increased energy levels.

In summary, these paediatric cases illustrate the clinical

heterogeneity of long chain fatty acid oxidation defects and

opportunities for effective management if diagnosed.
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