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A 19-year-old woman presented with acute dysarthria and left
sensorimotor impairment. Although she has a history of migraine, her
presentation was not associated with headache. She was eight weeks
pregnant. Her known family history was negative for vascular disease,
but her mother was adopted. Her general physical examination was
unremarkable. On neurological examination, there was left facial
weakness in an upper motor neuron pattern and dysarthria. On motor
examination there was a left hemiparesis in which power was evaluated
at 4/5 in a pyramidal distribution. This was associated with left-sided
hyperreflexia and an extensor plantar response. There was impaired
sensation on the left side to pain and temperature.

Magnetic resonance imaging (MRI) of the brain at presentation
showed signal changes in the basal ganglia suggestive of inflammatory
disease or infarction (Figure 1A). Although there was no clinical change,
a repeat MRI one week after the initial study confirmed the presence of
bilateral basal ganglia infarction (Figure 1B) and revealed a new left
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CASE REPORT

pontine infarct (Figure 1C: arrowhead). There was also evolution of the
initial lesions with hemorrhagic conversion of the left putaminal lesion. 

A number of investigations were arranged to identify the etiology of
the multiple strokes in this patient. Potential cardiac sources of emboli to
the brain were investigated and excluded by transthoracic and
transesophageal echocardiography. A cerebral angiogram did not show
evidence of vasculitis. A hematologic assessment was performed and
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there was no evidence of a hypercoagulable state. In the absence of an
etiological diagnosis, inherited causes of stroke including mitochondrial
disease and cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) were considered and a
left deltoid muscle biopsy was obtained. The tissue was frozen in liquid
isopentane for cryostat sections according to routine protocols. Tissue
for ultrastructural examination was fixed in glutaraldehyde, post fixed in
Osmium tetroxide, embedded in Epon resin, and counterstained with
Uranyl Acetate and Lead Citrate, and examined on a Phillips EM400
electron microscope. 

Cryostat sections of the muscle biopsy revealed prominence and
vacuolation of the vascular endothelium and subtle vacuolation of
smooth muscle elements. The vacuolations stained with Luxol Fast Blue
(Figure 2A). Ultrastructural examination identified numerous, highly
pleomorphic lysosomes in vascular endothelial and smooth muscle cells
(Figure 2B). These contained a variety of periodic membranous profiles
with a periodicity of approximately 5nm, and occasional concentric
profiles and linked rings (Figure 2C). The abnormal lysosomes were not
present in skeletal muscle cells. These pathological findings were
suggestive of Fabry�s disease.

Subsequent investigations included slit lamp examination of the
cornea which revealed corneal dystrophy. Her creatinine clearance was
mildly impaired, though serum creatinine levels were within normal
limits. Measurement of α-galactosidase A in peripheral blood leukocytes
showed activity in the normal range (21 nmol/h/mg protein; normal, 13-
38 nmol/h/mg). However, the level of the glycosphingolipid, ceramide
trihexoside in plasma was elevated to 4.56 nmol/ml (normal, 1.7-2.3
nmol/ml) and consistent with Fabry�s disease. The diagnosis was
confirmed by sequencing of the GLA gene from DNA extracted from
peripheral blood. This showed a new missense mutation in the coding
sequence with a single-base transition (C776T) causing a substitution of
leucine for proline at codon 259. The patient was heterozygous for this
mutation. There were also two intronic polymorphisms, 640-16 A->G
and 1000-22 C->T in the GLA gene. 

Based on the above findings, a diagnosis of stroke secondary to
Fabry�s disease in a heterozygous female was made. Enzyme
replacement therapy with recombinant α-galactosidase A (Replagal®)

has since been administered every two weeks by intravenous infusion.
At one year after initiating therapy, there have been no episodes of
recurrent stroke.

DISCUSSION

Fabry�s disease is a sex linked recessive condition due to a
defect of the alpha galactosidase A gene on the long arm of the
X chromosome.1 Deficiency of the enzyme leads to
accumulation of the neutral glycosphingolipid, ceramide
trihexoside in the plasma and lysosomes of vascular endothelial
and smooth muscle cells and both ceramide trihexoside and
digalactosylceramide in kidney.1 The progressive accumulation
in the endothelial cells lead to ischemia and infarction, the
hallmarks of the disease. The brain is usually most affected by
small infarcts of penetrating arteries.1 The lipids also accumulate
in the smooth muscle cells of the cardiovascular and renal system
as well as in epithelial cells of the cornea.1 The disease
phenotype is characterized by angiokeratomas, acroparesthesias,
corneal and lenticular opacities and cardiac and renal
dysfunction.1

The diagnosis of Fabry�s disease in this case was strongly
suggested by the muscle biopsy. The pattern of endothelial
accumulation of phospholipids within lysosomes is characteristic
of Fabry�s disease. The ultrastructural pattern of lysosomal
disease in this patient which demonstrated periodic membrane
profiles of light and dark bands is also consistent with this
diagnosis.2

Metabolic screening showed normal α-galactosidase A
activity in leukocytes, a common finding in Fabry�s disease
carriers.1 However, the elevation in the plasma level of the
glycosphingolipid, ceramide trihexoside was consistent with
Fabry�s disease.1 The diagnosis was confirmed by sequencing of
the GLA gene, which showed a missense mutation in the coding
sequence and two intronic molecular polymorphisms. Female
heterozygotes are usually asymptomatic or have a mild form of
the disease. However, there have been reports of females
displaying symptoms similar to hemizygous males.3,4 This

Figure 1: A) Initial MRI Flair sequences showing bilateral increased signal in the region of the basal ganglia, which one week later B) were bright on
diffusion weighted imaging. In addition, a new lesion was detected in the basis pontis C) indicated by the arrowhead. 
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variable expression is attributed to random X inactivation.1,5

The incidence of stroke in young adults has been estimated as
10 cases per 100,000 per year.6 Identified causes include cardiac
and arterial disease and hematologic abnormalities. In one series,
up to sixty causes of stroke were identified.7 However, in 10-
32% of patients, despite extensive investigations, an etiologic
diagnosis is not reached.8,9 Although both cerebral infarction and
hemorrhage have been described in Fabry�s disease, stroke as a
presentation in a heterozygote is uncommon.10 While 70% of
heterozygotes present with other manifestations such as corneal
dystrophy, a much smaller proportion (>10%) will develop
peripheral neuropathy and stroke.1,4 Although the literature
describing stroke in both hemizygotes and heterozygotes with
Fabry�s disease is limited, existing reports confirm that this is a
cause of stroke in the young and suggest a predilection for these
ischemic events in the vertebrobasilar circulation.10 This has
been attributed to ectatic changes in these arteries. Another
potential mechanism is progressive vascular occlusion as a result
of glycosphingolipid deposition in arterial walls. As in our
patient, there are also reports of hemorrhagic stroke in patients
with Fabry�s disease. Again the mechanism has been attributed to
vascular ectasia and to a weakening of the arterial wall by
glycosphingolipid accumulation.10

The muscle biopsy in this case was performed to investigate
for inherited causes of stroke including cerebral autosomal
dominant arteriopathy with subcortical infarction and
leukoencephalopathy, and mitochondrial cytopathy. However,
careful attention to subtle histological features led to the
ultrastructural diagnosis, which was ultimately confirmed by
genotypic analysis. This case serves to illustrate the diagnostic
utility of muscle biopsy in patients with stroke of undetermined
origin, as a means of directing further genetic analyses and
therapy.
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Figure 2: Muscle biopsy: A) H+E stained section counterstained with
Luxol Fast Blue, demonstrating small muscular artery. The endothelial
cells (arrow) are staining bright blue, indicating an accumulation of
phospholipid (Original magnification x 630). B) Ultrastructural
examination reveals massive accumulation of electron dense material
within endothelial cells of intramuscular vessels. (Original
magnification x 5000). C) Higher magnification demonstrates
membrane bound organelles containing a variety of pleomorphic
laminated structures (Original magnification x 10,000)
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