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abstract
BACKGROUND: Fabry disease, an X-linked disorder of gl
ycosphingolipids, markedly increases the risk of systemic
vasculopathy, ischemic stroke, small-fiber peripheral neuropathy, cardiac dysfunction, and chronic kidney disease.
METHODS:We performed an extensive PubMed search on the topic of Fabry disease and drew from our cumulative
43 years of experience. RESULTS: Most of these complications are nonspecific in nature and clinically indistin-
guishable from similar abnormalities that occur in the context of more common disorders in the general popu-
lation. This disease is caused by variants of the GLA gene, and its incidence may have been underestimated.
However, one must also guard against overdiagnosis of Fabry disease and unjustified enzyme replacement therapy,
because some of the gene variants are benign. Specific therapy for Fabry disease has been developed in the last few
years, but its clinical effect has been modest. Novel therapeutic agents are being developed. Standard “nonspecific”
medical and surgical therapy is necessary and effective in slowing deterioration or compensating for organ failure
in patients with Fabry disease. CONCLUSIONS: Fabry disease is a treatable and modifiable genetic risk factor for a
myriad of clinical organ complications. Fabry disease may be frequently overlooked but on occasion
overdiagnosed.
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History and etiology

Dermatologists Johannes Fabry and William Anderson
first described “angiokeratoma corporis diffusum” in
1898.1,2 It was recognized early as a systemic vascular
disease and later as a storage disorder3 of lipids.4 The
accumulation of the glycolipids ceramide trihexoside (now
called globotriaosylceramide [Gb3 or GL-3]) and gal-
abiosylceramide in a variety of different cell types was
identified in 1963.5 In addition, blood group antigens B, B1,
and P1 also increase in certain individuals. The defect was
established several years later as insufficient activity of the
enzyme ceramidetrihexosidase which catalyzes the hydro-
lytic cleavage of the terminal molecule of galactose from
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Gb3.6 The anomeric specificity of ceramidetrihexosidase (a-
galactosidase A) was determined in 1970.7 The X-linked
nature of the diseasewas first recognized in 1965.8 The gene
was cloned and sequenced in the mid-1980s.9

The disease incidence is about 1 in 117,000 live births for
males,10 although recent newborn screening surveys sug-
gest that the incidence may be much higher, up to 1 in
3100.11,12 In Taiwan, the incidence of the relatively mild
IVS4þ919G>Amutation is 1 in 875 male live births and 1 in
399 female live births.13 Because of this recently discovered
high incidence at birth, the nonspecific nature of the com-
plications of Fabry disease, and the common occurrence of
single complications, it is likely that many undiagnosed
patients exist. Various at-risk populations exhibit a higher
incidence of Fabry disease than the general population.
Among those are young patients with stroke,14 hypertro-
phic cardiomyopathy of unknown cause,15 patients with
chronic kidney disease,16 and possibly even patients with
common heart disease17 or pediatric patients with pain.18

Furthermore, the presence of equal numbers of females
and males in large series suggests that up to 50% of the

Delta:1_given name
Delta:1_surname
mailto:Raphael.Schiffmann@BSWHealth.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pediatrneurol.2016.07.001&domain=pdf
www.sciencedirect.com/science/journal/08878994
http://www.elsevier.com/locate/pnu
http://dx.doi.org/10.1016/j.pediatrneurol.2016.07.001
http://dx.doi.org/10.1016/j.pediatrneurol.2016.07.001
http://dx.doi.org/10.1016/j.pediatrneurol.2016.07.001


R. Schiffmann, M. Ries / Pediatric Neurology 64 (2016) 10e20 11
females with Fabry disease may be asymptomatic or are not
identified.19 GLA polymorphisms can modulate the expres-
sion of a-galactosidase A and play a role when other
abnormalities are present in the same gene.20 However, in
some individuals with Fabry, related clinical manifestations
have been wrongly attributed to benign GLA variants.21,22
Molecular basis or pathophysiology

The a-galactosidase A gene (GLA; MIM No. 300644) is
located on Xq22.1.23 It is 12-kb long with seven exons. GLA
encodes for 429 amino acid precursor proteins that is pro-
cessed to 370 amino acid glycoproteins functioning as a
homodimer.24 Based on The Human Gene Mutation Data-
base at the Institute of Medical Genetics in Cardiff (http://
www.hgmd.cf.ac.uk/ac/index.php), there are currently 649
variants described. These include missense and/or
nonsense type mutations, small and large deletions, splice
defects, small insertions, complex rearrangements, and one
large insertion. The cause of this large number of different
mutations in the GLA gene is not known. One might spec-
ulate that having the Fabry trait presents a selective
advantage such as resistance to certain types of bacterial
infections, in particular those that express the Escherichia
coli Shiga-like toxin verotoxin.25 Patients with the classic,
most severe form of Fabry disease almost always have a
mutation that causes a total absence of a-galactosidase A
activity, whereas patients with missense mutations often
have some residual enzyme activity ranging from 2% to
25%.26
Clinical manifestations

Fabry disease may present at any age, in children and in
adults (Table 1).27,28 It is a progressive disease with a
decreased life expectancy. Median survival is 50 to 55 years
for men and 70 years for women.29
TABLE 1.
Key Symptoms and Findings of Fabry Disease Stratified by Age

Finding Childhood Adolescence Adulthood

Neuropathic pain þ þ þ
Cornea verticillata þ þ þ
Abdominal pain,

recurrent
diarrhea, and
constipation

þ þ þ

Angiokeratoma (þ) þ þ
Electrocardiogram

abnormalities
� þ þ

Sensorineural
hearing loss

� (þ) þ

Proteinuria � (þ) þ
End-stage renal

disease
� � þ

Cardiomyopathy � � þ
Cerebral white

matter lesions
� � þ

Strokes � (þ) þ
Please note that females can develop any of the complications that are seen inmales.
In general, the clinical abnormalities aremore variable, less severe, and of later onset
compared to males with similar GLA mutations.
þ Present, � Absent, (þ) occasionally present or absent.
Patients with the classic form of the disease (males with
no residual a-galactosidase A activity) have typical mild
dysmorphic abnormalities, particularly in the face. These
dysmorphisms have been described quantitatively and in
detail30 and include periorbital fullness, prominent lobules
of the ears, bushy eyebrows, recessed forehead, pronounced
nasal angle, generous nose or bulbous nasal tip, prominent
supraorbital ridges, shallow midface, full lips, prominent
nasal bridge, broad alar base, coarse features, posteriorly
rotated ears, and prognathism. Other abnormalities
including those of the extremities have been identified.30

Fabry disease may be considered a congenital disorder
with evidence of glycosphingolipid accumulation at birth or
very early in life.31 The disease manifestations may start in
children as young as four years of age and include episodes
of extremity pain, fever of unknown origin, and hypohid-
rosis that often lead to decreased exercise tolerance.27

Episodic diarrhea and abdominal pain are common, often
associated with fatty foods.32 These symptoms often reduce
quality of life and school attendance in children but because
of their relatively nonspecific nature usually do not lead to
correct diagnosis in the absence of family history.27 More
specific disease manifestations that are usually present in
late adolescence are typical vascular skin lesions termed
angiokeratoma (Fig 1) and asymptomatic corneal opacities,
cornea verticillata (Fig 2).33,34 These symptoms may lead to
diagnosis by alert dermatologists or ophthalmologists.
However, the significance of Fabry disease lies in the
increased risk of developing a progressive renal insuffi-
ciency, a variety of cardiac abnormalities, and a propensity
for cerebrovascular stroke. These complications may
initially present in the second decade of life, but more
commonly in the third to fifth decade, resulting in
decreased life expectancy.35-37

Small fiber neuropathy

The neuropathic pain (often referred to as acropar-
esthesia) is thought to be due to a length-dependent small
fiber neuropathy.38 It often begins in childhood and is
present in the vast majority of patients.39 It reaches its
highest severity in the third and fourth decades of life and
FIGURE 1.
Angiokeratoma on the back of a male patient. (The color version of this
figure is available in the online edition.)
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FIGURE 2.
Cornea verticillata in a heterozygote female with Fabry disease. Courtesy Dr.
Janine Smith. (The color version of this figure is available in the online
edition.)
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tends to diminish thereafter as the sensory function de-
teriorates. The pain may be continuous or episodic and
often brought about by very low or very high environmental
temperature, strenuous exercise, or stress. It usually begins
in the feet, followed by the hands, and can become more
generalized.40 Joint pain is not uncommon in Fabry patients.
The small fiber neuropathy of Fabry disease is associated
with an increased threshold of perception of cold and warm
stimuli and heat pain.39 Large fiber functions, such as vi-
bration and position sensation, are usually intact, and
therefore peripheral nerve conduction velocity is typically
normal unless compression neuropathy develops, particu-
larly carpal tunnel syndrome.38,39 Abnormalities suggesting
a peripheral nerve dysfunctionwere also found in the Fabry
mouse model.41 Progressive sensorineural hearing loss of
early onset is very common in male and female patients
with Fabry disease, and its severity is correlated with both
the cerebrovascular and the peripheral nerve manifesta-
tions of the disease.42 This abnormality is often associated
with disturbing tinnitus or episodes of vertigo that can
begin in childhood.43
Kidney dysfunction

The kidney disorder that complicates Fabry disease is
often associated with progressive proteinuria and
frequently with a decline in glomerular filtration rate,
leading over a number of years to end-stage renal disease
requiring dialysis and kidney transplantation.35,44 Protein-
uria may be observed early in the second decade of life.
Tubular dysfunction consists of hyposthenuria and polyuria
that are nevertheless benign.45
FIGURE 3.
T1-weighted magnetic resonance imaging of the brain of a 28-year-old
man with a history of repeated strokes since age 14 years despite three
years of enzyme replacement. Old lacunar infarcts are seen, including in-
ternal capsule, right thalamus, and a more recent lacunar infarct in the
proximal right optic radiations. (The color version of this figure is available
in the online edition.)
Heart disease

A patient with Fabry disease may have virtually any
cardiac complication.46 These complications include pro-
gressive hypertrophic cardiomyopathy with diastolic
dysfunction, a variety of conduction defects and arrhythmia
such as short PR interval supraventricular and ventricular
tachycardia.47 Other complications are atrial fibrillation and
valvular disease (insufficiency or stenosis) and coronary
vascular insufficiency of large or, more commonly, of small
vessels.48 Electrocardiogram is abnormal in most adults
with Fabry disease, and echography combined with a
Doppler heart study is very helpful in characterizing the
cardiac abnormalities of Fabry disease. Progressive brady-
cardia and decreased exercise capacity are very common,
requiring the placement of a pacemaker in many patients.49

Ejection fraction and cardiac output are often preserved but
deteriorate in individuals with advanced disease.50

Cerebrovascular stroke

It is estimated that, depending on the age-range cohort,
patients with Fabry have a 5.5- to 12.2-fold increased risk of
stroke compared to the general population.51 Stroke may
occur at any age including children,52 heterozygous women,
and affected men. Both small and large vessel stroke occurs,
with brain regions perfused by the posterior circulation
being affected more commonly than anterior circulation.53

The neurological deficits in patients reflect the localization
and extent of ischemic strokes and have no distinctive
element (Fig 3). Transient ischemic attacks are relatively
common.54 Asymptomatic lesions on cranial magnetic
resonance imaging (MRI) are often present, usually in the
white matter, and may be a risk factor for vasculopathic
complications in Fabry disease patients.55 Large vessel
embolic strokes of possible cardiac origin may occur.56
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Other abnormalities

A number of endocrine abnormalities have been
described. The most common is antibody-negative hypo-
thyroidism.57 Asthenozoospermia, oligozoospermia, and
abnormal response to adrenocorticotropic hormone have
also been described.57

Other circulatory abnormalities can be found in Fabry
disease. These include anemia, elevated sedimentation rate,
C-reactive protein, serum myeloperoxidase (see the
following sections), and decreased a2-antiplasmin and
plaminogen.58,59 These findings define Fabry disease also as
an inflammatory disorder. Any of these aberrations may
serve as a biomarker in verifying the effect of therapy, alone
or in combination.

Lower extremity edema commonly occurs in hemizygous
men with Fabry disease. Abnormal lymphatic vessels have
been described in one patient, but it is likely that other
vascular insufficiencies and cardiac disease contribute to
this abnormality.60 Cardiac insufficiency rarely is associated
with pedal edema, but renal insufficiency likely is a
contributing factor in some instances.

Variants

Besides the classic form of the disease, patients with
significant residual a-galactosidase A activity, up to 25% to
30% of normal values, often have a later onset, less severe
form of the disease.35,61 Often only one organ, most often
the heart, is affected, which makes the diagnosis of Fabry
disease particularly difficult.

Fabry disease in women

Fabry disease can be considered an X-linked disorder
with a high degree of intermediate penetrance in women.
That term refers to the fact that only about 70% of menwith
GLA mutations have manifestations of Fabry disease,
whereas close to 100% of men have complications of the
disease.62 Clinical symptoms are in part related to random
X-chromosome inactivation.63 Women are affected because
of absent cross-correction between cells with normal a-
galactosidase A activity (mutated X chromosome is inacti-
vated) and enzyme-deficient cells (nonmutated X chro-
mosome is inactivated). Because of random X-chromosome
inactivation, heterozygous women are essentially a
“mosaic” of normal and mutant cells in varying proportions
in various organ systems.63 The expression of the disease in
female patients depends on the particular GLA mutation
and especially on the pattern of X chromosome inactivation
in each organ.64 Therefore, women can develop any of the
complications that are seen in males, including strokes,
cardiac disease, and progressive renal insufficiency.65

However, in general, the clinical abnormalities are more
variable, less severe, and of later onset compared to men
with similar GLA mutations.

Disease modifiers

The clinical signs and symptoms described previously
can occur in any sequence and combination in any given
patient with Fabry disease. A patient may have a number of
complications in different organ systems or just a few or
even a single abnormality limited to one organ system. The
clinical expression of Fabry disease is primarily altered by
the residual a-galactosidase A activity.26,35 For example,
patients with some residual enzyme activity are often
described as having a milder variant of Fabry disease with
predominantly cardiac abnormalities, while having little or
no kidney dysfunction and no painful acroparesthesia.26

Patients with residual enzyme activity do not have the
dysmorphic features described previously. The onset of
chronic renal insufficiency is significantly delayed in pa-
tients with more than 1% residual enzyme activity.35

In addition to a-galactosidase A residual enzyme activity,
it is very likely that there are many other genetic and
nongenetic modifiers. When the mouse model for Fabry
disease was crossed with the mouse model for factor V
Leiden mutation, the resulting double mutant had signifi-
cantly increased vascular thrombi compared to either
mouse model alone.66 Similarly, a-galactosidase A defi-
ciency accelerated atherosclerosis in mice with apolipo-
protein E deficiency.67 In patients, genotypes of
polymorphisms G-174C of interleukin 6, G894T of endo-
thelial nitric oxide synthase, factor V G1691A mutation
(factor V Leiden), and the A-13G and G79A of protein Z all
were associated significantly with the presence of pre-
sumably ischemic cerebral lesions on cranial MRI.68 The
impact of factor V Leiden on the likelihood of clinically
relevant thromboembolic events, including stroke, was
later confirmed in a larger study.69

Fabry trait as a genetic risk factor

The Fabry trait is a genetic risk factor for a number of
cardiac, vascular, and renal complications. It is especially
evident in patients with milder mutations and higher re-
sidual a-galactosidase A activity who may have cardiac or
renal manifestations only. The clinical expression of Fabry-
related complications in these patients probably depends
on the presence of other coexisting genetic, epigenetic, and
environmental modifiers (mentioned previously). The
higher the residual a-galactosidase A activity, the greater
the effect of other risk factors in generating the overall risk
of these clinical complications. Furthermore, the clinical
abnormalities described previously are nonspecific in that
they are clinically indistinguishable from similar compli-
cations of other etiologies that occur in the general popu-
lation. For example, strokes in patients with Fabry disease
may be of the small or of large vessel type and have similar
neurological and neuroimaging characteristics to hyper-
tensive or embolic strokes (Fig 3).54 These features make
GLA mutations a modifiable genetic risk factor, particularly
for heart and kidney disease.17

Imaging

Patients with the classic form of the disease often have
presumably ischemic white matter lesions on cranial MRI
that can be focal, multifocal, and even confluent.55 Rather
specific are symmetric lesions in the posterior thalamus and
pulvinar that have increased signal intensity on T1-
weighted MRI image.53 These likely represent subtle
dystrophic calcifications and end-organ damage associated
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with regional hyperperfusion.53 Dystrophic calcifications
can be observed in gray-white matter junction, basal
ganglia, and cerebellum using MRI or computed tomogra-
phy scan.53 Fabry patients with strokes have findings on
cranial MRI that are no different from those found in
ischemic strokes in patients who do not have Fabry dis-
ease.56 Elongation and distension of the vertebrobasilar
artery (dolichoectasia) is commonly found in patients with
Fabry disease, particularly in men.70

Renal parapelvic cysts are rather typical in Fabry patients
and can be diagnosed using ultrasound, computed tomog-
raphy, or MRI.71 They do not seem to be associated with
renal dysfunction, and themechanism of their development
is not known. Cardiac hypertrophy with low T1 values72 or
with late contrast enhancement on MRI is often seen in
Fabry disease.73

Differential diagnosis

The use of chloroquine or amiodarone can cause a
corneal abnormality identical to the cornea verticillata of
Fabry disease.74 Exposure to silicon dust leads to a clinical
and pathologic nephropathy that is very similar to the one
seen in Fabry disease.75 Other causes of kidney, heart, and
cerebrovascular disease may coexist or play a predominant
role in patients who have high residual aegalactosidase A
activity.76

Cutaneous lesions identical to angiokeratomas occur in
mannosidosis, fucosidosis, sialidosis, b-galactosidase defi-
ciency, Schindler disease, and other disorders.77-83 Isolated
angiokeratomas without storage material have been
described as well.84 One patient with Hodgkin lymphoma
has developed angiokeratoma corporis diffusum that was
thought to constitute a paraneoplastic manifestation.85

Another disease that manifests with gastrointestinal
dysmotility, hearing loss, and peripheral neuropathy is
mitochondrial neurogastrointestinal encephalomyopathy,
which can be diagnosed by elevated plasma concentrations
of thymidine and deoxyuridine.86 There are many causes,
both genetic and nongenetic, for small fiber neuropathy,
and they have been well reviewed recently.87

Pathology

The pathologic abnormalities can be divided into
disease-specific and secondary changes that are not disease
specific but reflect organ abnormalities and dysfunction.
Angiokeratoma consists of marked dilatation of the capil-
laries of the dermal papillae overlying keratotic
epidermis.88 The most visually striking and historically
important are lysosomal inclusions or lipid deposits that are
seen in almost all cell types. They are prominent in vascular
cells, both endothelial and smooth muscle cells; cardiac
cells including endocardial cells, cardiomyocytes, and car-
diac valves; kidney epithelial cells (tubular and glomerular
cells and podocytes); brain and nerve cells including dorsal
root ganglia and some central nervous system neurons.89

The secondary pathologic changes are organ specific but
not necessarily disease specific. Blood vessels may be
thickened with a rather characteristic arteriosclerotic
change that is different from typical atherosclerosis plaque.
True cardiac hypertrophy is often present with secondary
fibrosis, and valves are often thickened.90 The renal
glomeruli undergo progressive change that starts with
mesangial widening, followed by focal fibrosis ending with
a completely fibrotic and obsolescent glomerulus.31 Tubular
and interstitial fibrosis occurs as well. The brain may have
rarefied and gliotic lesions secondary to ischemia, but
spontaneous neuronal death and cerebral cortical atrophy
have not been described.91

The mechanism by which a-galactosidase A deficiency
and glycolipid accumulation cause such a wide variety of
complications is not well understood. The old dogma that
cellular dysfunction is due to “space-occupying”mechanical
disruption of the storage material is clearly wrong. In pa-
tients with the classic form of the disease, Gb3 consists of
only 3% of the total cardiac mass.

The chronic accumulation of a-D-galactosyl moieties,
particularly of Gb3, appears to be a chronic toxic state. There
is no evidence of massive cell death, although it is likely that
there is increased turnover of some cell types such as
vascular endothelial cells.92 Therefore, there is a need to
understand the molecular cascades that lead to widespread
cellular dysfunction in Fabry disease.

We previously demonstrated that patients with Fabry
disease have abnormal functional vessel reactivity second-
ary to endothelial dysfunction, together with cerebral
hyperperfusion demonstrated using both the “gold stan-
dard” positron emission tomography and MR arterial spin-
labeling techniques.93-95 Fabry patients also demonstrated
delayed cerebral vasoreactivity, an elevated central nervous
system average diffusion constant and low serum ascorbate
levels.95 Furthermore, patients with Fabry disease have a
dilated vasculopathy (arteriopathy and dolichoectasia) that
is reflected in enlarged lumina of major intracranial vessels,
particularly in the posterior circulation and the basilar ar-
tery. Vessel wall intimal-medial thickness also is increased
in association with smooth cell hypertrophy and presumed
disturbed vessel mechanics.96 This dilated vasculopathy
may allow eddy formation and flow stagnation, resulting in
an increased risk of artery-to-artery thromboembolism
with development of clinical stroke. Small fiber neuropathy
may also lead to changes in vascular reactivity and
increased risk of ischemia.97

Less attention has been paid to the role of blood con-
stituents in the pathogenesis of the vasculopathy of Fabry
disease. A likely prothrombotic state and an increased
production of reactive oxygen species were found.98 In the
initial National Institutes of Health randomized controlled
trial, we found elevated 3-nitrotyrosine staining in dermal
and cerebral blood vessel; it reduced significantly with
enzyme replacement therapy (ERT), suggesting reduction in
the potentially toxic effect of reactive oxygen species sec-
ondary to peroxynitrite formation.94 Other investigators
looking at cardiac tissue and serum were able to reproduce
these findings.99 Evidence of activation of vascular endo-
thelial cells and leukocytes, as well as a suggestion of ab-
normalities of fibrinolysis and angiogenesis factors, was
observed in patients with Fabry disease.58,59,100,101 Howev-
er, direct functional measurement of the blood clotting
system has not been examined systematically, and, in
particular, platelet function has not been studied. Chronic
kidney insufficiency, which is common in patients with
Fabry disease, is associated with high residual platelet



TABLE 2.
Key Diagnostic Studies for Fabry Disease

Organ System Technique Questions

Brain MRI, MRA Whitematter lesions? Small or large vessel disease?
Peripheral nervous system Pain questionnaires Quantitative assessment of pain
Eyes Slit-lamp examination Cornea verticillata? Vessel tortuosity?
Ears Hearing test Sensorineural hearing loss?
Heart Electrocardiography, ultrasound/Doppler, cardiac

MRI
Short PR interval, conduction defects, arrhythmias?
Cardiomyopathy? Valvular insufficiency/stenosis?

Kidney Ultrasound
CBC, creatinine, BUN, electrolytes
Urine collection (24-hour urine or spot urine with
ratios)

Peripelvic cysts? Anemia? Renal insufficiency?
Proteinuria?

Thyroid Thyroid hormone studies Hypothyroidism?
Biochemical and genetic diagnosis Males: alpha-galactosidase A activity (plasma,

leukocytes, dry blood spots)
Males and females: GLA genotyping
Males and females: Gb3, lyso-Gb3

Enzyme deficiency (test not sensitive in females)?
Presence of a pathognomonic GLA gene mutation?
Biomarker concentration?

Abbreviations:
BUN ¼ Blood urea nitrogen
CBC ¼ Complete blood count
MRA ¼ Magnetic resonance angiography
MRI ¼ Magnetic resonance imaging
Screening for Fabry disease may be indicated in high-risk populations with one of the following conditions: chronic pain in children, early-onset stroke, hypertrophic car-
diomyopathy of unknown cause, proteinuria, chronic kidney disease.
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functional reactivity despite dual-antiplatelet therapy with
both aspirin and clopidogrel.102 Therefore, it is likely that
patients with Fabry disease have dysfunctional platelets
contributing to a hypercoagulable state (thrombophilia)
increasing the risk of acute ischemic stroke. The findings by
the Dutch Fabry group of a significant elevation of platelet
activation markersdplatelet factor 4 and b-thromboglo-
bulindin male and female patients also suggest the exis-
tence of platelet function abnormality in this disease.103

In addition to Gb3, the deacylated form of this glyco-
sphingolipid or lyso-Gb3 (globotriaosylsphingosine)
recently was found to be elevated in patients with Fabry
disease, particularly in blood circulation, where it is over
50-fold higher than normal.104 The plasma concentration of
lyso-Gb3 was in the nM range, whereas it was in the mM for
Gb3. Lyso-Gb3 was found to be a potent inhibitor of a-
galactosidase A and a-galactosidase B (N-acetylgalactosa-
minidase) and promoted smooth muscle cell proliferation
in vitro at concentrations similar to the ones present in the
plasma of Fabry patients.104 This suggests a potential role of
lyso-Gb3 in the increased intima-media thickness seen in
patients with Fabry disease. However, no correlation was
noted between plasma lyso-Gb3 and age, the clinical
severity score, or the cardiac mass in hemizygous male
patients. Curiously, there was a correlation between plasma
lyso-Gb3 levels and cardiac mass in female heterozygotes.
Lyso-Gb3 levels were normal in patients with mutations
leading to some residual activity and mainly cardiac mani-
festations, and they were also markedly elevated in the
Fabry knockout mouse model. This animal model develops
few Fabry-related phenotypic abnormalities such as small
fiber neuropathy and benign hypertrophic cardiomyopathy.
Therefore, it remains to be seen whether lyso-Gb3 plays an
important role in the pathogenesis of Fabry disease. Thus far
it seems that lyso-Gb3 is helpful mainly in identifying pa-
tients with GLA mutations who have the classic form of
Fabry disease.105 Based on an extensive phenotypical
characterization of the Fabrymousemodel in comparison to
wild-type control of identical genetic background,
increased activity of androgen receptor signaling in Fabry
disease was found.106 Blockade of androgen receptor
signaling, either through castration or androgen receptor-
antagonist, prevented and reversed cardiac and kidney
hypertrophic phenotype.106

Genetics and diagnosis

Key diagnostic studies are described in Table 2. A pre-
sumed diagnosis of Fabry disease must be confirmed by the
finding of low a-galactosidase A activity on peripheral blood
white cells or cultured skin fibroblasts.26 The latter usually
have higher enzyme activity than peripheral white blood
cells. Generally, levels less than 25% of normal should be
considered diagnostic, and activity less than 35% should
lead to suspicion of Fabry disease.26 The enzyme assay is
useful in men, but women often have mildly reduced or
normal enzyme activity because of random X-chromosome
inactivation. Therefore, the finding of a mutated GLA is
critical for confirmation of the diagnosis of Fabry disease in
women.65 Increased urinary sediment Gb3 measured in 24-
hour collectionwas thought to be useful in diagnosing Fabry
disease, particularly in women who almost always have
elevated levels.107 However, whenwhole urine is used, up to
40% of affected subjects may be missed.108 Furthermore,
urinary Gb3 may be elevated in patients with noneFabry-
related common heart disease.17

Disease management

Specific therapy

ERT is the first specific therapy for Fabry disease. It has
been available since 2001. Two forms of a-galactosidase A
for ERT are approved currently by regulatory authorities.
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These are agalsidase alfa (Replagal; Shire Human Genetic
Therapies, Cambridge, MA; 0.2 mg/kg per infusion) and
agalsidase beta (Fabrazyme; Genzyme Corporation, Cam-
bridge, MA, 1 mg/kg per infusion). Both are approved in
Europe and many other countries,109,110 but in the United
States, the Food and Drug Administration approved only
agalsidase beta based not on clinical efficacy but on the
pharmacodynamic effect on kidney vascular endothelial
cells.110 Both forms of the enzyme usually are administered
every 2 weeks. No clear difference in clinical effect was
demonstrated between the two enzyme preparations in a
relatively large randomized controlled prospective study
(Table 3).111

One can describe the effect of ERT by looking at specific
organ systems. Accumulating evidence suggests that ERT
slows the decline of renal glomerular function.112-116 It may
be particularly effective if initiated before kidney reserve is
exhausted and glomerular filtration rate becomes signifi-
cantly decreased.112 In patients who have significant decline
in kidney function despite ERT, weekly enzyme infusions
may further slow the decline in the glomerular filtration
rate.117 The extent of proteinuria is an important factor in
predicting the rate of decline in renal function and the
response to ERT.112

Neuropathic pain seems to decrease over time in adults
and children.52,118,119 However, neuropathic pain often is
not completely eliminated, and patients commonly need to
continue with their pain medication, albeit at a lower dose.
On the other hand, ERT with agalsidase alfa had no signif-
icant effect on warm and cold sensation over the 6-month
randomized controlled trial109 but seemed to cause a sig-
nificant but modest reduction in the cold and warmth
detection thresholds in the foot and the thigh.120 There was
also a trend toward reduction of cold detection thresholds
TABLE 3.
Important Specific and Nonspecific Therapies for Fabry Disease

Issue Therapy

Underlying enzyme deficiency Enzyme replacement therapy;
pharmacological chaperone*

Chronic neuropathic pain Anticonvulsants (e.g.,
carbamazepine, gabapentin, and
lamotrigine), alpha lipoic acid
with vitamin B complex, holistic
chronic
pain coping program

Stroke prevention Antiplatelet agents (e.g.,
clopidogrel, aspirin/long-acting
dipyridamole),
smoking cessation

Arrhythmias Antiarrhythmic drugs,
pacemaker

Proteinuria Angiotensin-converting enzyme
inhibitors, angiotensin receptor
blockers, normalization of blood
pressure control

Renal insufficiency Dialysis, kidney transplantation
Hypothyroidisms Thyroid hormone substitution
Hearing loss Hearing aids
Depression Counseling, antidepressants
Polypharmacy and

fragmentation of medical care
Regular medication review

* Positive Committee for Medicinal Products for Human Use opinion in the Eu-
ropean Union, further regulatory action pending.
in the hand. This effect took about 18 months to develop,
and sensory function seemed to stabilize thereafter. A group
treating patients with agalsidase beta obtained similar re-
sults, particularly regarding heat pain thresholds.121 These
authors also described an improvement in vibration
detection thresholds. The functional improvement in cold
perception of about 10%was not associated with an increase
in epidermal innervation density.122

Sweat function using the Quantitative Sudomotor Axon
Reflex Test123 seemed to improve 24 to 72 hours after
enzyme infusion compared with preinfusion values and
normalized in four anhidrotic patients.120 To date, however,
many patients have remained anhidrotic despite years of
ERT.

ERT showed reduction of left ventricular mass in some
open-label studies but not in others.124 Overall, there is little
evidence that current ERT can fundamentally change Fabry
cardiac disease including rhythm and conduction defects
and risk of cardiac death.125,126 It is possible that once
irreversible changes such as fibrosis occur, ERT is no longer
effective.

ERT does not reduce the risk of stroke.124,127,128 A pedi-
atric patient of ours continued to have strokes on ERT for a
number of years (Fig 3).52 Furthermore, there is some evi-
dence that the risk of stroke may actually be higher on ERT
than without it. In a long-term study of agalsidase beta, the
stroke rate was twice as high compared to the natural
history based on the registry.51,124 Moreover, in another
long-term study from the United Kingdom, there is a sug-
gestion that past a certain age (late 40s) more patients on
ERT had a stroke; the KaplaneMeier analysis did not show a
difference between subjects on ERTand subjects not on ERT.
However, using Fisher exact test, 19 of 212 patients who
were on ERT developed stroke or transient ischemic attack,
whereas only one of 76 patients who were not on ERT
developed such complications (P ¼ 0.01). Overall, meta-
analytic studies showed little or no effect of ERT on Fabry
disease.125,126,129

The lack of an observed clinical effect of ERT, particularly
on stroke, can be explained in a number of ways: First, there
may be a small therapeutic effect that may be difficult to
detect using small studies, and it is also difficult to separate
the effect of ERT from the effect of other standard medical
and surgical therapies. Second, it is likely that the infused a-
galactosidase A, a large protein of about 100 kd (the dimer),
does not have access to the entire thickness of blood vessels
and other tissues and therefore leaves untreated a signifi-
cant component of the vessel wall and other organs.130

Third, the short half-life of the infused enzyme (one to
two days) and the intermittent nature of ERT leave the
patients with little or no enzyme on board in the second
week of the interval and allows the chronic toxic process to
continue. In support of this hypothesis is the fact that low
levels of enzyme activity in patients with mild mutations
are sufficient to delay the onset of chronic insufficiency by
at least one decade.35 The effect of weekly ERT in slowing
the decline of kidney function compared to every other
week infusion further suggests that intermittent enzyme
infusions are suboptimal.117 Finally, it is likely that much of
the organ damage is irreversible when ERT is initiated in
adulthood. It is unfortunate that we do not have conclusive
proof that early treatment is more efficacious.
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ERT has been studied in children but exclusively thus far
in open-label clinical trials. It has been determined as safe
and associated with reduced skin and urinary Gb3, reduced
neuropathic pain, fewer gastrointestinal symptoms,
increased heart rate variability, stable renal function, and
cardiac structure and function.52,131 However, one patient in
our study continued to have strokes for a number of years
on ERT.52 As stated previously, these studies cannot tell us
when to initiate ERT in children to obtain maximal pre-
ventive effect.

Cost of ERT depends on body weight; the enzyme costs
more than 100,000V/year for a 30-kg patient; in the United
States and the European Union, the treatment is reimbursed
by health insurance.

Nonspecific therapy

Because Fabry disease causes medical complications that
are nonspecific in nature and indistinguishable from similar
complications occurring in the general population, it is
responsive to standard medical and surgical care. Effective
antiplatelet agents such as clopidogrel (or other adenosine
diphosphate receptor inhibitors) or aspirin and/or long-
acting dipyridamole should be used to prevent strokes in
patients with Fabry disease and, in particular, those with a
family history of stroke. This is important because, as noted
previously, ERT on its own does not reduce the incidence of
stroke (Table 3).

Proteinuria in Fabry disease responds well to
angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers.132 They seem especially useful when
used in conjunction with ERT with a goal to reduce pro-
teinuria to less than 500 mg/24 hours.132 Normalization of
blood pressure is very important to preserve kidney func-
tion and prevent other vascular events. Patients should be
discouraged from smoking. Renal transplantation is as
effective in Fabry disease patients who reached end-stage
renal disease as in any other disorder.133 Patients are
increasingly transplanted early with kidneys from both live
donors and cadavers.133

Neuropathic pain is often treated with relatively low
doses of antiepileptic medications such as carbamazepine,
Neurontin, and lamotrigine.134 Alpha lipoic acid with
vitamin B complex has been shown to reduce neuropathic
pain in diabetics and in some Fabry patients (personal
observation). Nonsteroidal anti-inflammatory drugs are less
effective, and narcotics are effective but usually avoided.
Pancreatic enzymes are useful to prevent postprandial
diarrhea in patients (personal observations).

Future treatments

As in other lysosomal storage disorders, drug develop-
ment in Fabry disease is very active135; novel forms of ERT
are being developed including a modified enzyme with a
much longer half-life that is showing promise in a phase 2
trial. A combination of the a-galactosidase A with the
pharmacological chaperone has also been suggested.136 The
pharmacological chaperone migalastat administered alone
is effective and already approved by the European Medi-
cines Agency.137 These are small molecules that are active-
site inhibitors which at low doses can promote the normal
folding and trafficking of misfolded wild type and mutated
proteins. Oral migalastat decreases left ventricular mass,
stabilizes kidney function, and improves gastrointestinal
symptoms.137 These preliminary initial findings have to be
confirmed in larger clinical trials. Substrate reduction
studies are in the early phase of patient trials,41 and a gene
therapy trial based on ex vivo transduction of patients’ own
hematopoietic stem cells is planned.138 Modified a-galac-
tosidase A products with longer half-life and better tissue
and organ distribution are also being developed. Clinical
research in Fabry disease is very active; clinicaltrials.gov
currently lists 27 open diagnostic, observational or inter-
ventional clinical studies for Fabry disease.
References

1. Anderson WA. A case of angiokeratoma. Br J Dermatol. 1898;18:
113-117.

2. Fabry J. Ein Betrag zur Kenntnis der Purpura hammarrhagica
nodularis. Arch Dermatol Syphilol. 1898;43:187-200.

3. Pompen AW, Ruiter M, Wyers HJ. Angiokeratoma corporis dif-
fusum (universale) Fabry, as a sign of an unknown internal disease;
two autopsy reports. Acta Med Scand. 1947;128:234-255.

4. Hornbostel H, Scriba K Excision of skin in diagnosis of Fabry’s
angiokeratoma with cardio-vasorenal syndrome as phosphatide
storage disease. Klin Wochenschr. 1953;31:68-69.

5. Sweeley CC, Klionsky BL. Fabry’s disease: classification as a
sphingolipidosis and partial characterization of a novel glycolipid.
J Biol Chem. 1963;238:PC3148.

6. Brady R, Gal AE, Bradley RM, Martensson E, Warshaw AL, Laster L.
Enzymatic defect in Fabry disease: ceramide trihexosidase defi-
ciency. N Engl J Med. 1967;276:1163-1167.

7. Kint JA. Fabry’s disease: alpha-galactosidase deficiency. Science.
1970;167:1268-1269.

8. Opitz JM, Stiles FC, Wise D, et al. The genetics of angiokeratoma
corporis diffusum (Fabry’s disease), and its linkage with Xg(a) lo-
cus. Am J Hum Genet. 1965;17:325-342.

9. Calhoun DH, Bishop DF, Bernstein HS, Quinn M, Hantzopoulos P,
Desnick RJ. Fabry disease: isolation of a cDNA clone encoding hu-
man alpha- galactosidase A. Proc Natl Acad Sci U S A. 1985;82:
7364-7368.

10. Meikle PJ, Hopwood JJ, Clague AE, Carey WF. Prevalence of lyso-
somal storage disorders. JAMA. 1999;281:249-254.

11. Spada M, Pagliardini S, Yasuda M, et al. High incidence of later-
onset fabry disease revealed by newborn screening. Am J Hum
Genet. 2006;79:31-40.

12. Inoue T, Hattori K, Ihara K, Ishii A, Nakamura K, Hirose S. Newborn
screening for Fabry disease in Japan: prevalence and genotypes of
Fabry disease in a pilot study. J Hum Genet. 2013;58:548-552.

13. Chien YH, Lee NC, Chiang SC, Desnick RJ, Hwu WL. Fabry disease:
incidence of the common later-onset alpha-galactosidase A
IVS4þ919G/A mutation in Taiwanese newbornsdsuperiority of
DNA-based to enzyme-based newborn screening for common
mutations. Mol Med. 2012;18:780-784.

14. Rolfs A, Fazekas F, Grittner U, et al. Acute cerebrovascular disease
in the young: the Stroke in Young Fabry Patients study. Stroke.
2013;44:340-349.

15. Terryn W, Deschoenmakere G, De Keyser J, et al. Prevalence of
Fabry disease in a predominantly hypertensive population with
left ventricular hypertrophy. Int J Cardiol. 2013;167:2555-2560.

16. Nishino T, Obata Y, Furusu A, et al. Identification of a novel mu-
tation and prevalence study for Fabry disease in Japanese dialysis
patients. Ren Fail. 2012;34:566-570.

17. Schiffmann R, Forni S, Swift C, et al. Risk of death in heart disease is
associated with elevated urinary globotriaosylceramide. J Am Heart
Assoc. 2014;3:e000394.

18. Kastner B, Behre S, Lutz N, et al. Clinical research in vulnerable
populations: variability and focus of institutional review boards’
responses. PLoS One. 2015;10:e0135997.

19. Eng CM, Fletcher J, Wilcox WR, et al. Fabry disease: baseline
medical characteristics of a cohort of 1765 males and females in
the Fabry Registry. J Inherit Metab Dis. 2007;30:184-192.

http://clinicaltrials.gov
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref1
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref1
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref2
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref2
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref3
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref3
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref3
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref4
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref4
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref4
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref5
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref5
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref5
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref6
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref6
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref6
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref7
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref7
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref8
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref8
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref8
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref9
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref9
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref9
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref9
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref10
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref10
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref11
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref11
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref11
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref12
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref12
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref12
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref13
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref14
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref14
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref14
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref15
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref15
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref15
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref16
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref16
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref16
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref17
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref17
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref17
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref18
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref18
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref18
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref19
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref19
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref19


R. Schiffmann, M. Ries / Pediatric Neurology 64 (2016) 10e2018
20. Ferreira S, Reguenga C, Oliveira JP. The modulatory effects of the
polymorphisms in GLA 5’-untranslated region upon gene expres-
sion are cell-type specific. JIMD Rep. 2015;23:27-34.

21. Pasqualim G, Simon L, Sperb-Ludwig F, et al. Fabry disease: a new
approach for the screening of females in high-risk groups. Clin
Biochem. 2014;47:657-662.

22. Schelleckes M, Lenders M, Guske K, et al. Cryptogenic stroke and
small fiber neuropathy of unknown etiology in patients with
alpha-galactosidase A -10T genotype. Orphanet J Rare Dis. 2014;9:
178.

23. Bishop DF, Kornreich R, Desnick RJ. Structural organization of the
human alpha-galactosidase A gene: further evidence for the
absence of a 3’ untranslated region. Proc Natl Acad Sci U S A. 1988;
85:3903-3907.

24. Garman SC, Garboczi DN. The molecular defect leading to Fabry
disease: structure of human alpha-galactosidase. J Mol Biol. 2004;
337:319-335.

25. Cilmi SA, Karalius BJ, Choy W, Smith RN, Butterton JR. Fabry dis-
ease in mice protects against lethal disease caused by Shiga toxin-
expressing enterohemorrhagic Escherichia coli. J Infect Dis. 2006;
194:1135-1140.

26. Desnick RJ, Ioannou YA, Eng CM. a-Galactosidase A deficiency:
Fabry disease. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The
Metabolic and Molecular Bases of Inherited Disease. 8 ed. New York:
McGraw-Hill; 2001:3733-3774.

27. Ries M, Gupta S, Moore DF, et al. Pediatric Fabry disease. Pediatrics.
2005;115:e344-e355.

28. Schiffmann R, Warnock DG, Banikazemi M, et al. Fabry disease:
progression of nephropathy, and prevalence of cardiac and cere-
brovascular events before enzyme replacement therapy. Nephrol
Dial Transplant. 2009;24:2102-2111.

29. Vedder AC, Linthorst GE, van Breemen MJ, et al. The Dutch Fabry
cohort: diversity of clinical manifestations and Gb3 levels. J Inherit
Metab Dis. 2007;30:68-78.

30. Ries M, Moore DF, Robinson CJ, et al. Quantitative dysmorphology
assessment in Fabry disease. Genet Med. 2006;8:96-101.

31. Wijburg FA, Benichou B, Bichet DG, et al. Characterization of early
disease status in treatment-naive male paediatric patients with
Fabry disease enrolled in a randomized clinical trial. PLoS One.
2015;10:e0124987.

32. Hoffmann B, Keshav S. Gastrointestinal symptoms in Fabry dis-
ease: everything is possible, including treatment. Acta Paediatr
Suppl. 2007;96:84-86.

33. Yokota M, Koji M, Yotsumoto S. Histopathologic and ultrastruc-
tural studies of angiokeratoma corporis diffusum in Kanzaki dis-
ease. J Dermatol. 1995;22:10-18.

34. Macrae WG, Ghosh M, McCulloch C. Corneal changes in Fabry’s
disease: a clinico-pathologic case report of a heterozygote.
Ophthalmic Paediatr Genet. 1985;5:185-190.

35. Branton MH, Schiffmann R, Sabnis SG, et al. Natural history of
Fabry renal disease: influence of alpha-galactosidase A activity and
genetic mutations on clinical course. Medicine (Baltimore). 2002;
81:122-138.

36. Hopkin RJ, Bissler J, Banikazemi M, et al. Characterization of Fabry
disease in 352 pediatric patients in the Fabry Registry. Pediatr Res.
2008;64:550-555.

37. Kampmann C, Linhart A, Baehner F, et al. Onset and progression of
the Anderson-Fabry disease related cardiomyopathy. Int J Cardiol.
2008;130:367-373.

38. Scott LJ, Griffin JW, Luciano C, et al. Quantitative analysis of
epidermal innervation in Fabry disease. Neurology. 1999;52:
1249-1254.

39. Luciano CA, Russell JW, Banerjee T, et al. Physiologic character-
ization of neuropathy in Fabry disease. Muscle Nerve. 2002;26:
622-629.

40. Zarate YA, Hopkin RJ. Fabry’s disease. Lancet. 2008;372:1427-1435.
41. Marshall J, Ashe KM, Bangari D, et al. Substrate reduction augments

the efficacy of enzyme therapy in a mouse model of Fabry disease.
PLoS One. 2010;5:e15033.

42. Ries M, Kim HJ, Zalewski CK, et al. Neuropathic and cerebrovas-
cular correlates of hearing loss in Fabry disease. Brain. 2007;130:
143-150.

43. Ramaswami U, Whybra C, Parini R, et al. Clinical manifestations of
Fabry disease in children: data from the Fabry Outcome Survey.
Acta Paediatr. 2006;95:86-92.
44. Ortiz A, Oliveira JP, Waldek S, Warnock DG, Cianciaruso B,
Wanner C. Nephropathy in males and females with Fabry disease:
cross-sectional description of patients before treatment with
enzyme replacement therapy. Nephrol Dial Transplant. 2008;23:
1600-1607.

45. Bichet DG. Vasopressin receptor mutations in nephrogenic dia-
betes insipidus. Semin Nephrol. 2008;28:245-251.

46. Linhart A, Elliott PM. The heart in Anderson-Fabry disease and
other lysosomal storage disorders. Heart. 2007;93:528-535.

47. Frustaci A, Morgante E, Russo MA, et al. Pathology and function of
conduction tissue in Fabry disease cardiomyopathy. Circ Arrhythm
Electrophysiol. 2015;8:799-805.

48. Frustaci A, Russo MA, Francone M, Chimenti C. Microvascular
angina as prehypertrophic presentation of Fabry disease cardio-
myopathy. Circulation. 2014;130:1530-1531.

49. Nakayama Y, Tsumura K, Yamashita N, Yoshimaru K. Dynamic left
ventricular arterial pressure gradient and sick sinus syndrome
with heterozygous Fabry’s disease improved following implanta-
tion of a dual chamber pacemaker. Pacing Clin Electrophysiol. 1999;
22:1114-1115.

50. Kawano M, Takenaka T, Otsuji Y, et al. Significance of asymmetric
basal posterior wall thinning in patients with cardiac Fabry’s dis-
ease. Am J Cardiol. 2007;99:261-263.

51. Sims K, Politei J, Banikazemi M, Lee P. Stroke in Fabry disease
frequently occurs before diagnosis and in the absence of other
clinical events: natural history data from the Fabry Registry. Stroke.
2009;40:788-794.

52. Ries M, Clarke JT, Whybra C, et al. Enzyme-replacement therapy
with agalsidase alfa in children with Fabry disease. Pediatrics.
2006;118:924-932.

53. Moore DF, Ye F, Schiffmann R, Butman JA. Increased signal in-
tensity in the pulvinar on T1-weighted images: a pathognomonic
MR imaging sign of Fabry disease. AJNR Am J Neuroradiol. 2003;24:
1096-1101.

54. Kolodny E, Fellgiebel A, Hilz MJ, et al. Cerebrovascular involvement
in Fabry disease: current status of knowledge. Stroke. 2015;46:
302-313.

55. Moore DF, Altarescu G, Barker WC, Patronas NJ, Herscovitch P,
Schiffmann R. White matter lesions in Fabry disease occur in ‘prior’
selectively hypometabolic and hyperperfused brain regions. Brain
Res Bull. 2003;62:231-240.

56. Mitsias P, Levine SR. Cerebrovascular complications of Fabry’s
disease. Ann Neurol. 1996;40:8-17.

57. Faggiano A, Pisani A, Milone F, et al. Endocrine dysfunction in
patients with Fabry disease. J Clin Endocrinol Metab. 2006;91:
4319-4325.

58. Moore DF, Krokhin OV, Beavis RC, et al. Proteomics of specific
treatment-related alterations in Fabry disease: a strategy to iden-
tify biological abnormalities. Proc Natl Acad Sci U S A. 2007;104:
2873-2878.

59. Kaneski CR, Moore DF, Ries M, Zirzow GC, Schiffmann R. Myelo-
peroxidase predicts risk of vasculopathic events in hemizygous
males with Fabry disease. Neurology. 2006;67:2045-2047.

60. Chabas A, Coll MJ, Aparicio M, Rodriguez Diaz E. Mild phenotypic
expression of alpha-N-acetylgalactosaminidase deficiency in two
adult siblings. J Inherit Metab Dis. 1994;17:724-731.

61. van der Tol L, Smid BE, Poorthuis BJ, et al. A systematic review on
screening for Fabry disease: prevalence of individuals with genetic
variants of unknown significance. J Med Genet. 2014;51:1-9.

62. Dobyns WB. The pattern of inheritance of X-linked traits is not
dominant or recessive, just X-linked. Acta Paediatr Suppl. 2006;95:
11-15.

63. Echevarria L, Benistan K, Toussaint A, et al. X chromosome inac-
tivation in female patients with Fabry disease. Clin Genet. 2016;89:
44-54.

64. Wang RY, Lelis A, Mirocha J, Wilcox WR. Heterozygous Fabry
women are not just carriers, but have a significant burden of dis-
ease and impaired quality of life. Genet Med. 2007;9:34-45.

65. Wilcox WR, Oliveira JP, Hopkin RJ, et al. Females with Fabry dis-
ease frequently have major organ involvement: lessons from the
Fabry Registry. Mol Genet Metab. 2008;93:112-128.

66. Shen Y, Bodary PF, Vargas FB, et al. Alpha-galactosidase A defi-
ciency leads to increased tissue fibrin deposition and thrombosis in
mice homozygous for the factor V Leiden mutation. Stroke. 2006;
37:1106-1108.

http://refhub.elsevier.com/S0887-8994(16)30053-4/sref20
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref20
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref20
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref21
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref21
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref21
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref22
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref22
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref22
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref22
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref23
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref23
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref23
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref23
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref24
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref24
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref24
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref25
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref25
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref25
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref25
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref26
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref26
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref26
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref26
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref27
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref27
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref28
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref28
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref28
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref28
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref29
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref29
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref29
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref30
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref30
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref31
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref31
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref31
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref31
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref32
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref32
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref32
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref33
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref33
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref33
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref34
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref34
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref34
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref35
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref35
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref35
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref35
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref36
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref36
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref36
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref37
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref37
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref37
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref38
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref38
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref38
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref39
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref39
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref39
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref40
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref41
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref41
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref41
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref42
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref42
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref42
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref43
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref43
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref43
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref44
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref44
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref44
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref44
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref44
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref45
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref45
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref46
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref46
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref47
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref47
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref47
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref48
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref48
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref48
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref49
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref49
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref49
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref49
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref49
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref50
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref50
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref50
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref51
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref51
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref51
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref51
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref52
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref52
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref52
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref53
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref53
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref53
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref53
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref54
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref54
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref54
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref55
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref55
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref55
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref55
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref56
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref56
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref57
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref57
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref57
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref58
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref58
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref58
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref58
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref59
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref59
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref59
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref60
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref60
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref60
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref61
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref61
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref61
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref62
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref62
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref62
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref63
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref63
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref63
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref64
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref64
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref64
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref65
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref65
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref65
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref66
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref66
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref66
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref66


R. Schiffmann, M. Ries / Pediatric Neurology 64 (2016) 10e20 19
67. Bodary PF, Shen Y, Vargas FB, et al. Alpha-galactosidase A defi-
ciency accelerates atherosclerosis in mice with apolipoprotein E
deficiency. Circulation. 2005;111:629-632.

68. Altarescu G, Moore DF, Schiffmann R. Effect of genetic modifiers on
cerebral lesions in Fabry disease. Neurology. 2005;64:2148-2150.

69. Lenders M, Karabul N, Duning T, et al. Thromboembolic events in
Fabry disease and the impact of factor V Leiden. Neurology. 2015;
84:1009-1016.

70. Uceyler N, Homola GA, Guerrero Gonzalez H, et al. Increased
arterial diameters in the posterior cerebral circulation in men with
Fabry disease. PLoS One. 2014;9:e87054.

71. Ries M, Bettis KE, Choyke P, et al. Parapelvic kidney cysts: a dis-
tinguishing feature with high prevalence in Fabry disease. Kidney
Int. 2004;66:978-982.

72. Thompson RB, Chow K, Khan A, et al. T1 mapping with cardio-
vascular MRI is highly sensitive for Fabry disease independent of
hypertrophy and sex. Circ Cardiovasc Imaging. 2013;6:637-645.

73. Niemann M, Herrmann S, Hu K, et al. Differences in Fabry car-
diomyopathy between female and male patients: consequences for
diagnostic assessment. JACC Cardiovasc Imaging. 2011;4:592-601.

74. Inagaki M, Katsumoto T, Nanba E, Ohno K, Suehiro S, Takeshita K.
Lysosomal glycosphingolipid storage in chloroquine-induced
alpha-galactosidase-deficient human endothelial cells with trans-
formation by simian virus 40: in vitro model of Fabry disease. Acta
Neuropathol. 1993;85:272-279.

75. Banks DE, Milutinovic J, Desnick RJ, Grabowski GA, Lapp NL,
Boehlecke BA. Silicon nephropathy mimicking Fabry’s disease. Am J
Nephrol. 1983;3:279-284.

76. Ferreira S, Ortiz A, Germain DP, et al. The alpha-galactosidase A p.
Arg118Cys variant does not cause a Fabry disease phenotype: data
from individual patients and family studies. Mol Genet Metab.
2015;114:248-258.

77. Calzavara-Pinton PG, Colombi M, Carlino A, et al. Angiokeratoma
corporis diffusum and arteriovenous fistulas with dominant
transmission in the absence of metabolic disorders. Arch Dermatol.
1995;131:57-62.

78. Suzuki N, Konohana I, Fukushige T, Kanzaki T. Beta-mannosidosis
with angiokeratoma corporis diffusum. J Dermatol. 2004;31:
931-935.

79. Kodama K, Kobayashi H, Abe R, et al. A new case of alpha-N-
acetylgalactosaminidase deficiency with angiokeratoma corporis
diffusum, with Meniere’s syndrome and without mental retarda-
tion. Br J Dermatol. 2001;144:363-368.

80. Kawachi Y, Matsu-ura K, Sakuraba H, Otsuka F. Angiokeratoma
corporis diffusum associated with galactosialidosis. Dermatology.
1998;197:52-54.

81. George S, Graham-Brown RA. Angiokeratoma corporis diffusum in
fucosidosis. J R Soc Med. 1994;87:707.

82. Gasparini G, Sarchi G, Cavicchini S, Bertagnolio B. Angiokeratoma
corporis diffusum in a patient with normal enzyme activities and
Turner’s syndrome. Clin Exp Dermatol. 1992;17:56-59.

83. Beratis NG, Varvarigou-Frimas A, Beratis S, Sklower SL. Angioker-
atoma corporis diffusum in GM1 gangliosidosis, type 1. Clin Genet.
1989;36:59-64.

84. Fimiani M, Mazzatenta C, Rubegni P, Andreassi L. Idiopathic
angiokeratoma corporis diffusum. Clin Exp Dermatol. 1997;22:
205-206.

85. Han F, Wang P, Li Z, et al. Angiokeratoma corporis diffusum in a
patient with Hodgkin lymphoma: a new paraneoplastic skin
manifestation? Br J Dermatol. 2013;168:1351-1353.

86. Di Meo I, Lamperti C, Tiranti V. Mitochondrial diseases caused by
toxic compound accumulation: from etiopathology to therapeutic
approaches. EMBO Mol Med. 2015;7:1257-1266.

87. Themistocleous AC, Ramirez JD, Serra J, Bennett DL. The clinical
approach to small fibre neuropathy and painful channelopathy.
Pract Neurol. 2014;14:368-379.

88. Massi D, Martinelli F, Battini ML, et al. Angiokeratoma corporis
diffusum (Anderson-Fabry’s disease): a case report. J Eur Acad
Dermatol Venereol. 2000;14:127-130.

89. Elleder M. Sequelae of storage in Fabry diseasedpathology and
comparison with other lysosomal storage diseases. Acta Paediatr
Suppl. 2003;92:46-53. discussion 45.

90. Schiffmann R, Rapkiewicz A, Abu-Asab M, et al. Pathological find-
ings in a patient with Fabry disease who died after 2.5 years of
enzyme replacement. Virchows Arch. 2006;448:337-343.
91. Okeda R, Nisihara M. An autopsy case of Fabry disease with
neuropathological investigation of the pathogenesis of associated
dementia. Neuropathology. 2008;28:532-540.

92. Alroy J, Sabnis S, Kopp JB. Renal pathology in Fabry disease. J Am
Soc Nephrol. 2002;13:S134-S138.

93. Altarescu G, Moore DF, Pursley R, et al. Enhanced endothelium-
dependent vasodilation in Fabry disease. Stroke. 2001;32:
1559-1562.

94. Moore DF, Scott LT, Gladwin MT, et al. Regional cerebral hyper-
perfusion and nitric oxide pathway dysregulation in Fabry disease:
reversal by enzyme replacement therapy. Circulation. 2001;104:
1506-1512.

95. Moore DF, Ye F, Brennan ML, et al. Ascorbate decreases Fabry ce-
rebral hyperperfusion suggesting a reactive oxygen species ab-
normality: an arterial spin tagging study. J Magn Reson Imaging.
2004;20:674-683.

96. Rombach SM, van den Bogaard B, de Groot E, et al. Vascular aspects
of Fabry disease in relation to clinical manifestations and eleva-
tions in plasma globotriaosylsphingosine. Hypertension. 2012;60:
998-1005.

97. Stemper B, Hilz MJ. Postischemic cutaneous hyperperfusion in the
presence of forearm hypoperfusion suggests sympathetic vaso-
motor dysfunction in Fabry disease. J Neurol. 2003;250:970-976.

98. Shen JS, Meng XL, Moore DF, et al. Globotriaosylceramide induces
oxidative stress and up-regulates cell adhesion molecule expres-
sion in Fabry disease endothelial cells. Mol Genet Metab. 2008;95:
163-168.

99. Chimenti C, Scopelliti F, Vulpis E, et al. Increased oxidative stress
contributes to cardiomyocyte dysfunction and death in patients
with Fabry disease cardiomyopathy. Hum Pathol. 2015;46:
1760-1768.

100. DeGraba T, Azhar S, Dignat-George F, et al. Profile of endothelial
and leukocyte activation in Fabry patients. Ann Neurol. 2000;47:
229-233.

101. Gelderman MP, Schiffmann R, Simak J. Elevated endothelial mi-
croparticles in Fabry children decreased after enzyme replacement
therapy. Arterioscler Thromb Vasc Biol. 2007;27:e138-e139.

102. Unal Aksu H, Oner E, Erturk M, et al. Aspirin resistance in patients
with impaired renal functions. Kardiol Pol. 2014;72:331-338.

103. Vedder AC, Biro E, Aerts JM, Nieuwland R, Sturk G, Hollak CE.
Plasma markers of coagulation and endothelial activation in Fabry
disease: impact of renal impairment. Nephrol Dial Transplant.
2009;24:3074-3081.

104. Aerts JM, Groener JE, Kuiper S, et al. Elevated globotriaosyl-
sphingosine is a hallmark of Fabry disease. Proc Natl Acad Sci U S A.
2008;105:2812-2817.

105. Niemann M, Rolfs A, Stork S, et al. Gene mutations versus clinically
relevant phenotypes: lyso-gb3 defines Fabry disease. Circ Car-
diovasc Genet. 2014;7:8-16.

106. Shen JS, Meng XL, Wight-Carter M, et al. Blocking hyperactive
androgen receptor signaling ameliorates cardiac and renal hy-
pertrophy in Fabry mice. Hum Mol Genet. 2015;24:3181-3191.

107. Gupta S, Ries M, Kotsopoulos S, Schiffmann R. The relationship of
vascular glycolipid storage to clinical manifestations of Fabry
disease: a cross-sectional study of a large cohort of clinically
affected heterozygous women. Medicine. 2005;84:261-268.

108. Auray-Blais C, Cyr D, Ntwari A, et al. Urinary globotriaosylceramide
excretion correlates with the genotype in children and adults with
Fabry disease. Mol Genet Metab. 2008;93:331-340.

109. Schiffmann R, Kopp JB, Austin 3rd HA, et al. Enzyme replacement
therapy in Fabry disease: a randomized controlled trial. JAMA.
2001;285:2743-2749.

110. Eng CM, Guffon N, Wilcox WR, et al. Safety and efficacy of re-
combinant human alpha-galactosidase Adreplacement therapy in
Fabry’s disease. N Engl J Med. 2001;345:9-16.

111. Sirrs SM, Bichet DG, Casey R, et al. Outcomes of patients treated
through the Canadian Fabry disease initiative. Mol Genet Metab.
2014;111:499-506.

112. Banikazemi M, Bultas J, Waldek S, et al. Agalsidase-beta therapy
for advanced Fabry disease: a randomized trial. Ann Intern Med.
2007;146:77-86.

113. Germain DP, Waldek S, Banikazemi M, et al. Sustained, long-
term renal stabilization after 54 months of agalsidase beta
therapy in patients with Fabry disease. J Am Soc Nephrol. 2007;
18:1547-1557.

http://refhub.elsevier.com/S0887-8994(16)30053-4/sref67
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref67
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref67
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref68
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref68
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref69
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref69
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref69
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref70
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref70
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref70
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref71
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref71
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref71
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref72
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref72
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref72
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref73
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref73
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref73
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref74
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref74
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref74
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref74
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref74
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref75
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref75
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref75
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref76
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref76
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref76
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref76
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref77
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref77
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref77
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref77
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref78
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref78
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref78
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref79
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref79
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref79
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref79
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref80
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref80
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref80
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref81
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref81
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref82
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref82
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref82
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref83
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref83
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref83
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref84
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref84
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref84
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref85
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref85
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref85
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref86
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref86
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref86
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref87
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref87
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref87
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref88
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref88
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref88
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref89
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref89
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref89
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref89
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref90
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref90
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref90
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref91
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref91
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref91
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref92
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref92
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref93
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref93
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref93
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref94
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref94
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref94
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref94
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref95
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref95
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref95
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref95
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref96
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref96
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref96
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref96
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref97
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref97
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref97
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref98
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref98
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref98
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref98
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref99
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref99
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref99
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref99
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref100
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref100
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref100
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref101
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref101
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref101
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref102
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref102
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref103
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref103
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref103
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref103
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref104
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref104
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref104
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref105
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref105
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref105
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref106
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref106
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref106
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref107
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref107
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref107
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref107
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref108
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref108
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref108
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref109
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref109
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref109
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref110
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref110
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref110
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref110
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref111
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref111
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref111
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref112
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref112
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref112
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref113
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref113
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref113
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref113


R. Schiffmann, M. Ries / Pediatric Neurology 64 (2016) 10e2020
114. Schiffmann R, Ries M, Timmons M, Flaherty JT, Brady RO. Long-
term therapy with agalsidase alfa for Fabry disease: safety and
effects on renal function in a home infusion setting. Nephrol Dial
Transplant. 2006;21:345-354.

115. Schiffmann R, Askari H, Timmons M, et al. Weekly enzyme
replacement therapy may slow decline of renal function in pa-
tients with Fabry disease who are on long-term biweekly dosing.
J Am Soc Nephrol. 2007;18:1576-1583.

116. Tahir H, Jackson LL, Warnock DG. Antiproteinuric therapy and
Fabry nephropathy: sustained reduction of proteinuria in patients
receiving enzyme replacement therapy with agalsidase-beta. J Am
Soc Nephrol. 2007;18:2609-2617.

117. Schiffmann R, Swift C, Wang X, Blankenship D, Ries M.
A prospective 10-year study of individualized, intensified enzyme
replacement therapy in advanced Fabry disease. J Inherit Metab
Dis. 2015;38:1129-1136.

118. Hoffmann B, Garcia de Lorenzo A, Mehta A, Beck M, Widmer U,
Ricci R. Effects of enzyme replacement therapy on pain and
health related quality of life in patients with Fabry disease: data
from FOS (Fabry Outcome Survey). J Med Genet. 2005;42:
247-252.

119. Eto Y, Ohashi T, Utsunomiya Y, et al. Enzyme replacement therapy
in Japanese Fabry disease patients: the results of a phase 2
bridging study. J Inherit Metab Dis. 2005;28:575-583.

120. Schiffmann R, Floeter MK, Dambrosia JM, et al. Enzyme replace-
ment therapy improves peripheral nerve and sweat function in
Fabry disease. Muscle Nerve. 2003;28:703-710.

121. Hilz MJ, Brys M, Marthol H, Stemper B, Dutsch M. Enzyme
replacement therapy improves function of C-, Adelta-, and Abeta-
nerve fibers in Fabry neuropathy. Neurology. 2004;62:1066-1072.

122. Schiffmann R, Hauer P, Freeman B, et al. Enzyme replacement
therapy and intraepidermal innervation density in Fabry disease.
Muscle Nerve. 2006;34:53-56.

123. Low PA, Opfer-Gehrking TL. The autonomic laboratory. Am J Elec-
troneurodiagn Technol. 1999;39:65-76.

124. Germain DP, Charrow J, Desnick RJ, et al. Ten-year outcome of
enzyme replacement therapy with agalsidase beta in patients with
Fabry disease. J Med Genet. 2015;52:353-358.

125. Rombach SM, Smid BE, Linthorst GE, Dijkgraaf MG, Hollak CE.
Natural course of Fabry disease and the effectiveness of enzyme
replacement therapy: a systematic review and meta-analysis:
effectiveness of ERT in different disease stages. J Inherit Metab
Dis. 2014;37:341-352.
126. El Dib RP, Nascimento P, Pastores GM. Enzyme replacement
therapy for Anderson-Fabry disease. Cochrane Database Syst Rev.
2013;2:CD006663.

127. Anderson LJ, Wyatt KM, Henley W, et al. Long-term effectiveness
of enzyme replacement therapy in Fabry disease: results from the
NCS-LSD cohort study. J Inherit Metab Dis. 2014;37:969-978.

128. Buechner S, Moretti M, Burlina AP, et al. Central nervous system
involvement in Anderson-Fabry disease: a clinical and MRI
retrospective study. J Neurol Neurosurg Psychiatry. 2008;79:
1249-1254.

129. Alegra T, Vairo F, de Souza MV, Krug BC, Schwartz IV. Enzyme
replacement therapy for Fabry disease: a systematic review and
meta-analysis. Genet Mol Biol. 2012;35:947-954.

130. Murray GJ, Anver MR, Kennedy MA, Quirk JM, Schiffmann R.
Cellular and tissue distribution of intravenously administered
agalsidase alfa. Mol Genet Metab. 2007;90:307-312.

131. Ramaswami U. Fabry disease during childhood: clinical manifes-
tations and treatment with agalsidase alfa. Acta Paediatr Suppl.
2008;97:38-40.

132. Warnock DG, Thomas CP, Vujkovac B, et al. Antiproteinuric ther-
apy and Fabry nephropathy: factors associated with preserved
kidney function during agalsidase-beta therapy. J Med Genet. 2015;
52:860-866.

133. Cybulla M, Kurschat C, West M, et al. Kidney transplantation and
enzyme replacement therapy in patients with Fabry disease.
J Nephrol. 2013;26:645-651.

134. Ries M, Mengel E, Kutschke G, et al. Use of gabapentin to reduce
chronic neuropathic pain in Fabry disease. J Inherit Metab Dis.
2003;26:413-414.

135. Mechler K, Mountford WK, Hoffmann GF, Ries M. Pressure for drug
development in lysosomal storage disordersda quantitative
analysis thirty years beyond the US orphan drug act. Orphanet J
Rare Dis. 2015;10:46.

136. Xu S, Lun Y, Brignol N, et al. Coformulation of a novel human
alpha-galactosidase A with the pharmacological chaperone
AT1001 leads to improved substrate reduction in Fabry mice. Mol
Ther. 2015;23:1169-1181.

137. Germain DP, Hughes DA, Nicholls K, et al. Treatment of Fabry’s
disease with the pharmacologic chaperone migalastat. N Engl J
Med. 2016;375:545-555.

138. Pacienza N, Yoshimitsu M, Mizue N, et al. Lentivector transduction
improves outcomes over transplantation of human HSCs alone in
NOD/SCID/Fabry mice. Mol Ther. 2012;20:1454-1461.

http://refhub.elsevier.com/S0887-8994(16)30053-4/sref114
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref114
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref114
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref114
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref115
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref115
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref115
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref115
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref116
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref116
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref116
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref116
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref117
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref117
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref117
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref117
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref118
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref118
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref118
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref118
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref118
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref119
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref119
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref119
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref120
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref120
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref120
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref121
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref121
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref121
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref122
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref122
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref122
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref123
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref123
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref124
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref124
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref124
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref125
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref125
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref125
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref125
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref125
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref126
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref126
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref126
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref127
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref127
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref127
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref128
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref128
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref128
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref128
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref129
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref129
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref129
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref130
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref130
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref130
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref131
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref131
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref131
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref132
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref132
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref132
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref132
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref133
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref133
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref133
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref134
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref134
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref134
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref135
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref135
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref135
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref135
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref135
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref136
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref136
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref136
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref136
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref137
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref137
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref137
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref138
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref138
http://refhub.elsevier.com/S0887-8994(16)30053-4/sref138

	Fabry Disease: A Disorder of Childhood Onset
	History and etiology
	Molecular basis or pathophysiology
	Clinical manifestations
	Small fiber neuropathy
	Kidney dysfunction
	Heart disease
	Cerebrovascular stroke
	Other abnormalities
	Variants
	Fabry disease in women
	Disease modifiers
	Fabry trait as a genetic risk factor
	Imaging
	Differential diagnosis
	Pathology
	Genetics and diagnosis
	Disease management
	Specific therapy
	Nonspecific therapy

	Future treatments
	References


