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Fabry disease

INTRODUCTION
Fabry disease, also known as Anderson–Fabry disease, is an X-
linked inborn error of metabolism caused by defi ciency of the 
lysosomal enzyme � -galactosidase A, the gene for which is local-
ized at Xq22. It is the second most common lysosomal storage 
disorder (after Gaucher disease). Birth frequency estimates range 
from 1 : 20 000 to 1 : 100 000. As a consequence of the enzyme 
defect, neutral glycosphingolipids, notably globotriaosylcera-
mide (Gb

3
), accumulate in many tissues, including the nervous 

system, vascular endothelium, heart, kidney, eye and gastroin-
testinal tract.

NON-NEUROLOGICAL MANIFESTATIONS
A characteristic skin rash – angiokeratoma corporis diffusum – is 
the consequence of ectasia of individual blood vessels, covered by 
a few layers of skin, which may become hyperkeratotic. The le-
sions are fl at or slightly raised, dark red to blue in colour, and are 
usually found in the ‘bathing trunks’ area (Fig. 1), though often 
they are more widely distributed. Telangiectasias may also involve 
mucous membranes. In affected hemizygous males, these skin le-
sions appear in late childhood or adolescence. Around the same 
time, ocular manifestations evolve, in the form of corneal and 
lenticular opacities.

As the disease progresses through the second to fourth dec-
ades, potentially life-threatening complications affect the heart 
and kidney. Lipid accumulation in the myocardium results in a 
hypertrophic cardiomyopathy. Mitral valve disease, notably pro-
lapse, and arrhythmias, including atrial fi brillation, are also com-
mon. Later, lipid storage in the endothelium of coronary vessels 
leads to myocardial ischaemia and infarction as the result of a 
stenotic process distinct from atherosclerosis. Glycosphingolipid 

Figure 1  Angiokeratomas in a ‘bathing trunks’ distribution in a patient 

with Fabry disease (courtesy of Dr Cate Orteu).

accumulation in the renal glomeruli and tubules progresses to 
proteinuria and renal failure. Without haemodialysis or renal 
transplantation death occurs in the third to fi fth decades.
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In recent years, there has been increasing recognition of the 
extent of clinical involvement in heterozygous female patients. 
Though usually more mildly affected than males, females are at 
risk of all the Fabry disease complications. Occasionally, hetero-
zygous females have presented with a clinical picture as severe 
as seen in affected males, presumably a consequence of random 
X-inactivation in accordance with the Lyon hypothesis.

NEUROLOGICAL FEATURES (TABLE 1)

Peripheral nervous system
A cardinal feature is the early development of a painful small fi bre 
axonal neuropathy, presenting in males in childhood or the teens, 
alongside the skin and eye changes. Patients experience burning 
or lancinating pain in the extremities, with variable associated 
sensory loss and paraesthesiae in a glove-and-stocking distribu-
tion. Episodes of severe pain – Fabry crises – may be triggered 
by exercise, temperature change or stress. These crises last days 
or even weeks and are often associated with fever and a raised 
ESR. Pain may persist into adult life but generally it becomes less 
intense.

Beyond mild sensory fi ndings, neurological examination is 
usually normal, with preservation of the tendon refl exes. Large 
fi bre nerve conduction is normal in most patients but abnormali-
ties of small fi bre function may be confi rmed by thermal thresh-
old testing. In particular, impairment of cold sensitivity suggests 
early damage to small myelinated nerves, presumably at the level 
of the dorsal root ganglion cells (Morgan et al. 1990).

Autonomic dysfunction in Fabry disease is characterized by 
bowel disturbance (diarrhoea, constipation, nausea) and hy-
pohidrosis, though the latter may be caused by sweat gland ab-
normalities rather than autonomic neuropathy. Cardiovascular 
instability may also occur, with orthostatic hypotension.

Central nervous system
The dominant manifestation is an increased risk of ischaemic 
stroke, with an early age of onset. Stroke is the third potentially 
life-threatening complication of Fabry disease, alongside renal 
failure and cardiac involvement. Though some strokes are likely 
to be the consequence of embolism from the heart (see above), 
Fabry disease affects the brain vasculature directly with an ap-
parent predilection for the vertebrobasilar system. This distri-
bution is illustrated by the relative frequencies of the symptoms 
and signs of stroke (Table 2), as obtained from a meta-analysis 
(Mitsias & Levine 1996). These authors also showed a mean age of 
stroke onset of 34 years for hemizygotes, and 40 years for hetero-
zygotes. Others have quantifi ed the extent of the risk – up to 30% 
of patients have had an ischaemic stroke or transient ischaemic 
attack in some series (MacDermot et al. 2001a,b).

Brain imaging may confi rm infarction, and has also revealed 
vascular changes, notably ectasia of the larger vessels. More 
commonly, non-specifi c white matter lesions are seen on MRI 
(Fig. 2). These are usually asymptomatic. Quantitative studies 
have shown both white and grey matter lesions, the latter with 
typical appearances of ischaemia/infarction in the deep nuclei 

as well as cerebral cortex. There is an age dependence of lesion 
burden, male patients beginning to acquire abnormalities in their 
early twenties – by their mid fi fties all are affected (Crutchfi eld 
et al. 1998). Up to 20% of patients have an unusual appearance of 
the posterior thalamus on T1-weighted MRI (Fig. 3), attributed 
to dystrophic calcifi cation in vessels (Moore et al. 2003).

There are probably several causes of stroke in Fabry disease. 
As well as embolism from the heart, there is both small and large 
vessel disease in situ in the brain. Though thrombosis need not 
be the underlying mechanism for all ischaemic stroke, Virchow’s 
triad provides a convenient framework for analysing ways by 
which the metabolic defect could lead to increased risk of early 
cerebrovascular disease:
• Changes in the vessel wall from lipid storage in vascular en-

dothelial and smooth muscle cells may result in progressive 
stenosis and occlusion of small blood vessels. Such vascular 
changes, and lacunar infarction, have been observed post mor-
tem. In larger vessels, lipid deposition is thought to weaken the 
vessel wall, leading to dilatation and tortuosity. This dilatation 
can be extreme – ectatic vessels have been reported to compress 
the third ventricle or aqueduct, with resultant obstructive hy-
drocephalus, or to cause pressure palsies of cranial nerves.

• Changes in the local pattern of blood fl ow have been reported, 
notably an increase in regional cerebral blood fl ow, attrib-
uted to disturbance of the nitric oxide pathway (Moore et al. 
2001).

• Changes in blood constituents – many have been described, 

Central nervous system Other

Ischaemic stroke Peripheral neuropathy

Haemorrhagic stroke Autonomic neuropathy

Epilepsy Hearing

Cognitive decline Vision

Behavioural changes

Table 1  Neurological complications of Fabry disease

Males Females

Hemiparesis Amnesia

Vertigo Vertigo

Diplopia Ataxia

Dysarthria Hemiparesis

Nystagmus Coma

Vomiting Hemisensory loss

Ataxia

(In each column, symptoms and signs of stroke are given in 

descending order of frequency)

Table 2  Clinical manifestations of stroke in Fabry disease (adapted from 

Mitsias & Levine 1996)
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generally in a pro-thrombotic direction. 
These include increased platelet aggregation, 
leucocyte and vascular adhesion molecule 
alterations, and raised plasma homocysteine, 
lipoprotein(a), cholesterol and von Will-
ebrand factor levels.

Intracerebral haemorrhage is much rarer than 
ischaemic stroke in Fabry disease. Factors lead-
ing to haemorrhage are thought to include hy-
pertension secondary to chronic renal failure, 
and weakening of vessel walls, secondary to lipid 
deposition.

Other than stroke, CNS complications of Fabry 
disease may include an increased risk of epilepsy. 
This has been attributed both to underlying cer-
ebrovascular disease and to lipid deposition in 
neurons, as has the cognitive impairment seen in 
some patients with advanced disease.

Special senses
In addition to the anterior ocular changes (cor-
neal dystrophy and lens opacities), there is tor-
tuosity of retinal vessels, with an increased risk 
of retinal artery occlusion. In recent years, there 
has also been greater recognition of inner ear 
damage, with sensorineural hearing loss, which 
may be sudden or gradual in onset, vertigo and 
tinnitus.

DIAGNOSIS
The mean delay between symptom onset and 
correct diagnosis is more than a decade (Mehta 
et al. 2004). Many patients are labelled for years 
as having chronic fatigue syndrome, chronic 
pain or various rheumatological diagnoses. For 
the neurologist, there should be high suspicion 
in young patients presenting with a painful small 
fi bre neuropathy for which there is no obvious 

Figure 2  Four contiguous axial MRI sections with FLAIR weighting, demonstrating numerous white matter lesions in the cerebral hemispheres in 

Fabry disease. Lesion load generally increases with patient age and the lesions may ultimately become confl uent.

alternative cause. Such patients should at least 
be checked for proteinuria and a rash, which the 
patient may not have mentioned through em-
barrassment. Similarly, evidence is accumulat-
ing that Fabry disease is an under-recognized 
cause of stroke in the young.

The formal diagnosis in hemizygotes rests on 
the measurement of � -galactosidase A activ-
ity in plasma or leucocytes. Typically, enzyme 
activity is very low or absent. In heterozygous 
females, diagnosis is more complicated. Enzyme 
activities may be only moderately low, or even 
within the reference range. In such cases, DNA 
analysis is required. Females also have increased 
levels of Gb

3
 in blood and urine.

MANAGEMENT
Until very recently, the management was entirely 
supportive. Thus, neuropathic pain has been 
treated with the usual battery of tricyclics and 
anticonvulsants. Similarly, stroke prevention has 
consisted of antiplatelet therapy (anticoagulants 
if there is a risk of cardiogenic embolism) and 
control of conventional vascular risk factors.

However, in the last few years, the advent of 
enzyme replacement therapy has transformed 
this situation. Two enzyme formulations are now 
licensed in Europe – agalsidase alfa (Replagal, 
Transkaryotic Therapies) and agalsidase beta 
(Fabrazyme, Genzyme Corporation). Both are 
given as intravenous infusions, once a fortnight, 
and both are very expensive. Controlled clini-
cal trials have shown the two preparations to be 
roughly equivalent, as evidenced by statistically 
signifi cant reductions in urine and plasma Gb

3
 

levels, and improvements in renal histology in 
the treated groups. Agalsidase alfa therapy has 
also been shown to improve pain, thermal sen-
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sation, cerebral (hyper)perfusion, hearing, renal 
function and cardiac parameters. As for the CNS 
complications, the ‘acid test’ for enzyme replace-
ment in the longer term will be whether it reduces 
the frequency and severity of stroke.

Figure 3  T1-weighted axial MRI section showing symmetrical high 

signal (arrowed) in the posterior thalami in Fabry disease.
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CONCLUSIONS
• Fabry disease is the second most com-

mon lysosomal storage disorder, with 
a birth frequency in the range 1 : 20–
100 000.

• Though the disease is X-linked, hetero-
zygous females are commonly sympto-
matic.

• Potentially lethal non-neurological 
features include chronic renal failure 
and cardiac disease.

• The dominant neurological manifesta-
tions are a painful small fi bre neuropa-
thy and an increased risk of ischaemic 
stroke, with an early age of onset.

• Enzyme replacement therapy is trans-
forming the management of Fabry dis-
ease.

There should 
be high 
suspicion 
in young 
patients 
presenting 
with a painful 
small fi bre 
neuropathy 
for which 
there is no 
obvious 
alternative 
cause.
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