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Abstract

Background TIA and stroke, both ischemic and hemorrhagic, may complicate Fabry disease at young-adult age and be the
first manifestation that comes to the clinician’s attention. No definite indications have yet been elaborated to guide neurolo-
gists in Fabry disease diagnostics. In current practice, it is usually sought in case of cryptogenic strokes (while Fabry-related
strokes can also occur by classical pathogenic mechanisms) or through screening programs in young cerebrovascular popula-
tions. Data on recurrence and secondary prevention of Fabry’s stroke are scanty.

Methods The study had a prospective observational design involving 33 Italian neurological Stroke Units. Considering the
incidence of TIA/stroke in the European population aged < 60 years and the frequency of Fabry disease in this category (as
foreseen by a pilot study held at the Careggi University-Hospital, Florence), we planned to screen for Fabry disease a total
of 1740 < 60-year-old individuals hospitalized for TIA, ischemic, or hemorrhagic stroke. We investigated TIA and stroke
pathogenesis through internationally validated scales and we gathered information on possible early signs of Fabry disease
among all cerebrovascular patients. Every patient was tested for Fabry disease through dried blood spot analysis. Patients
who received Fabry disease diagnosis underwent a 12-month follow-up to monitor stroke recurrence and multi-system pro-
gression after the cerebrovascular event.

Discussion The potential implications of this study are as follows: (i) to add information about the yield of systematic screen-
ing for Fabry disease in a prospective large cohort of acute cerebrovascular patients; (ii) to deepen knowledge of clinical,
pathophysiological, and prognostic characteristics of Fabry-related stroke.

Keywords Fabry disease - Genetic disorders - TIA - Ischemic stroke - Intracerebral hemorrhage - Prevention

Introduction

Fabry disease (FD) (OMIM 301500) is an x-inherited
glycosphingolipid storage disorder due to mutations in
a-galactosidase A (GLA) gene; the deficient enzyme activity
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determines a multi-organ disease with progressive manifes-
tations. Transient ischemic attack (TIA) and stroke (both
ischemic or hemorrhagic) are reported as serious compli-
cations in young-adult patients with FD and may lead to
relevant morbidity and reduced life expectancy [1]. In young
Fabry’s males, stroke frequency has been estimated to be 12
times higher compared with general population [2].

Due to heterogeneity and non-specificity of its symp-
toms, FD is often unrecognized and screening programs in
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high-risk populations are increasingly used to facilitate its
identification [3].

The effectiveness of this approach is still a matter of
debate: along with some well-defined pathogenic muta-
tions (responsible for classical or later-onset Fabry disease),
screening programs seem to discover an unexpected high
number of genetic variants of unknown significance (GVUS)
and polymorphisms of GLA gene, and these findings have
proved to be particularly frequent among cerebrovascular
patients [4]. FD prevalence in high-risk populations varies
between studies in relation to the interpretation that different
Authors give to the identified genetic variants [5]. Another
factor that may influence the compute of the prevalence
is the geographical area of origin of patients: in a recent
review, FD has been found in 0.88% of individuals screened
for a cerebrovascular disorder in non-Asian and in 0.62% in
Asian countries [6].

Due to its relatively low prevalence among stroke popu-
lations, a clinical workup for FD is commonly considered
appropriate only in case of cryptogenic events in younger
patients [7]. However, data on the frequency and mecha-
nisms of Fabry-related stroke can be skewed limiting the
focus on cryptogenic rather than all types of stroke. In addi-
tion, no prospective data on neurological and multisystem
outcomes are available for patients in whom a de novo diag-
nosis of Fabry disease is made after a stroke.

A nationwide registry (33 neurological stroke units,
spread over the entire Italian territory) was set up to diag-
nose FD among young-adults with a recent cerebrovascular
event and to systematically collect information for these
purposes.

Methods

Each patient < 60 years of age admitted for TIA, ischemic
stroke (IS), or intracerebral hemorrhage (ICH) was screened
for FD and listed in the Cerebrovascular-section of the
Fabry-Stroke Italian Registry (FSIR). Patients identified
as having a novel FD diagnosis (including individuals with
polymorphisms or GVUS) were entered in the Fabry-section
of the registry, where a baseline multi-system staging and
prospective 12-month follow-up were recorded. Based on a
structured history and baseline test results, each FD patient
was identified as a previously misdiagnosed case or as a
novel diagnosis in which cerebrovascular disorder was the
first manifestation of FD. Family members with FD, as iden-
tified by the pedigree analysis, were also included in this sec-
tion through an identification code that links the relative to
the index case (specifying the degree of kinship and allow-
ing for a separate analysis of the data) (Fig. 1). We planned
to screen for FD a total of 1740 cerebrovascular patients.
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FD screening procedures

A dried blood spot (DBS) test was performed to dose
enzyme activity in males and to sequence GLA exonic
regions and intron—exon boundaries in females and males
with reduced a-galactosidase activity.

Data collection

Data were entered by local investigators into an electronic
case report form accessible at http://www.studiorifs.it with a
confidential account. The central database was managed by
an experienced data manager (GP) at the NEUROFARBA
Department, University of Florence. Before starting enroll-
ment, a detailed manual was distributed to guide collabo-
rators in appropriately applying definitions and accurately
registering variables.

Cerebrovascular-section of FSIR included socio-demo-
graphics, risk factors, stroke pathogenesis and recurrence,
FD-suggestive symptoms, and results of FD testing. TTA/IS
etiology was defined using the computerized CCS (Causa-
tive Classification of Stroke) algorithm [8]. ICH etiology has
been classified according to SMASH-U (Structural lesion,
Medication, Amyloid angiopathy, Systemic/other disease,
Hypertension, Undetermined) classification [9].

Fabry-section of FSIR included blood and urine labora-
tory tests, results of cerebral, vascular, and cardiac imaging,
and treatments applied for both vascular brain event and FD.
Based on a multi-system staging, we computed the Disease
Severity Scoring System (DS3) [10]. This is an international
standardized scale to grade FD severity after assessing 4
disease domains: peripheral nervous system, kidney, heart,
and central nervous system.

The recurrence of cerebrovascular events and the multi-
organ progression were recorded at follow-up, revaluating
DS3, together with results of blood and urine tests, and car-
diac imaging. A 12-month MRI was performed to monitor
cerebrovascular progression (including markers of small
vessel disease).

Central imaging assessment

MRI was evaluated centrally at the Careggi Hospital, blind
to clinical data. Infarct type, number, and vascular territory
were recorded. For ICH, number and deep versus lobar loca-
tion were evaluated. Markers of small vessel disease were
rated using STRIVE criteria [11]. Imaging markers associ-
ated with FD were also searched, including pulvinar sign,
tortuosity, and/or ectasia of the basilar artery. The basilar
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artery diameter was measured using the Fellgiebel method
[12]. Basilar artery tortuosity was rated according to indica-
tions of SIFAP study [13].

Data monitoring

A monthly monitoring program was performed by the coor-
dinating center, each local investigator being notified about
missing or inconsistent data. Automatic alerts about incom-
plete variables were also provided during the saving proce-
dure of case report forms.

Sample size estimates

The sample size of 1740 cerebrovascular patients has been
calculated considering the following: (i) the incidence
of TIA/stroke in the European < 60-year-old population
(29/100.000) reported by the European Registers Of Stroke
study [14]; (ii) the expected FD prevalence among Italian
cerebrovascular patients of the same age (2.8% with 95%
CI 0.57-8.18) reported from the pilot FD screening study
carried out in Florence in 2011-2012 [15].

Based on these data, we were waiting for 49 (95% CI
10-142) de novo FD diagnoses from the screened popula-
tion. Assuming that, on average, five family members would
be diagnosed as having FD for every proband [16], we could
estimate 245 (95% CI 50-710) FD relatives.

Statistical analyses

In addition to estimating the incidence of Fabry-related
stroke in a continuous, prospective, and large cohort of
young-adults with acute cerebrovascular disease, the fur-
ther endpoints were recurrence of cerebrovascular accidents
and progression of multi-system involvement on DS3 in FD
patients at 12-month follow-up.

According to the literature, the cumulative incidence of
stroke recurrence within 1 year is around 3.0% [17]. Consid-
ering that these values refer to younger patients (<45 years)
and that stroke frequency is correlated with age, we sup-
posed in our population a higher recurrence rate, reason-
ably 4%. We also hypothesized that FD patients may have
a higher recurrence risk. The population size of our study
had a 12% power to identify a frequency of 5% relapses at
1 year in the FD group. The power could increase to 33% if
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the recurrence rate in FD patients was 7% and to 63% if this
was 10% (alpha=0.05, one-tailed test).

Regarding the progression of multi-system involvement
on DS3 at 12 months, the overall forecasted sample size of
FD patients offered a power greater than 90% to identify
over time changes of at least 2 points at DS3 (alpha=0.05,
two-tailed test).

As secondary endpoint, we investigated the progression
of markers of small vessel disease between baseline and
12-month MRI.

Study organization

The NEUROFARBA Department coordinated and moni-
tored the project. An experienced interpretative committee
was established, including experts in the field of FD, lyso-
somal diseases, stroke management, and advanced statistics,
for monitoring both accrual and quality of data and interpret-
ing results of FD screening.

Discussion

The yield of systematic screening for FD in young patients
hospitalized for an acute cerebrovascular disorder remains
controversial. One of the advantages of this approach is to
facilitate the diagnosis of a rare and phenotypically heteroge-
neous disease increasing the chance of treating it if revealed.
On the other hand, the high number of GLA gene GVUS and
polymorphisms detected by screening programs represents
a challenging issue for neurologists: according to van der
Tol et al., over 90% of individuals tested for stroke or small
fiber neuropathy carried an uncertain/neutral or of unknown
significance variant of GLA gene [4], whereas Doheny et al.
estimated that FD prevalence in populations with ischemic
or cryptogenic strokes decreased from 0.67% (males) and
1.11% (females) to 0.13% (males) and 0.14% (females) when
only mutations responsible for classical or later-onset phe-
notype were considered [5].

Whether GVUS are an incidental finding without any
clinical significance, a mutation responsible for a non-clas-
sical (predominantly neurological) form of FD, or whether
they may have some role (independently from FD) in the
pathogenesis of the cerebrovascular disease, is a debated
challenge.

Since 2008, 4 screening studies for FD have been con-
ducted among patients suffering from a cerebrovascular
event in Italy. The frequency of “well-defined” GLA gene
mutations was as follows: 3% in the GENS multicenter
study, conducted in the Lombardy Region in patients
selected by a diagnostic algorithm [18]; 2.8% in the single
center study conducted in Florence [15]; 0.6% in the single
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center study conducted in Northern Sardinia [19]; 0% in the
IPSYS multicenter study [20]. In addition, the frequency of
polymorphisms and GVUS of the GLA gene was respec-
tively as follows: 0% (GENS) [18], 0.9% (Florence) [15],
0.6% (Northern Sardinia) [19], 0.6% (IPSYS) [20]. These
figures look to some extent different from the prevalence
rates reported in the most recent literature reviews [35, 6]:
although the differences may be the mere expression of a
sampling bias, it cannot be excluded that the distribution
of this genetic disease may also be influenced by the geo-
graphic area of provenience of patients.

Finally, despite the reported negative impact of stroke
occurrence on survival and quality of life of FD patients
[1], data regarding cerebrovascular involvement in FD
remain scanty. In a recent review about FD treatments,
only a minority of controlled studies paid attention to
the central nervous system (CNS) and information about
neurological outcomes derives mostly from observational
and retrospective studies, open design of which may be
a source of bias regarding clinical events and symptoms
type and severity [21].

The CNS outcomes’ sub-investigation in FD was prob-
ably due to a shared concept that enzyme replacement ther-
apy (ERT) is not useful because it is unable to cross the
blood-brain barrier. However, a recent meta-analysis has
documented a beneficial effect of ERT in stroke prevention
[22], and the recent availability of a specific chaperone (able
to cross the blood-brain barrier) has further contributed to
restore interest in this topic.

The multicenter design of FSIR, including an active pro-
gram for identification of naive patients with Fabry-related
stroke and their follow-up, may reduce inaccuracies and pro-
vide more systematic, prospective, and possibly informative
data.

Conclusions

We believe that our study may contribute to generate selec-
tive and detailed data about relationships between stroke and
FD. From a translational viewpoint, the concept of potential
interactions between conventional risk factors and FD angi-
opathy may have further potential therapeutic implications.
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