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Abstract: Fabry disease (FD) is a lysosomal disorder leading to

progressive systemic involvement, including microvascular damage

that leads to neurological and cardiovascular disorders. We hypothesize

that the latter could be documented at an early stage by performing a

microcirculation study with nailfold capillaroscopy and evaluation of

Raynaud phenomenon.

The objective was to measure the prevalence of Raynaud phenom-

enon and nailfold capillaroscopic abnormalities in FD.

This cross-sectional study included a standardized questionnaire and

a nailfold capillaroscopy that assessed previously reported patterns in

FD (dystrophic and giant capillaries, avascular fields, irregular archi-

tecture, dilatation and density of capillaries, hemorrhage), and was

conducted on 32 Fabry patients and 39 controls. Capillaroscopic

photographs were reviewed by 2 independent blinded investigators.

Twelve Fabry patients (38%) suffered from Raynaud phenomenon,

5 were males (ie, 50% of male Fabry patients), compared with 2 controls

(13%) (P< 0.001), of whom none were males (P< 0.001). Raynaud

phenomenon was concomitant or before the occurrence of pain in the

extremities in 42% of Fabry patients.

More ramified capillaries were significantly observed in Fabry

patients (12/32, 38%) than in controls (5/39, 13%, P¼ 0.016).

Secondary Raynaud phenomenon should lead to screening for FD,

especially in men. By extension, in high-risk populations for FD, the

presence of Raynaud phenomenon and ramified capillaries should be
alie Triclin, Berna ,
and Achille Aouba, MD

Abbreviation: FD = Fabry disease.

INTRODUCTION

F abry disease (FD), secondary to a deficit in a-galactosidase
A caused by abnormalities in the GLA gene, belongs to

X-linked lysosomal disorders. The progressive accumulation of
neutral glycosphingolipids, particularly globotriaosylceramide,
within lysosomes leads to a multiorgan disease.1,2 The ‘‘clas-
sic’’ severe phenotype, including systemic involvement, has an
estimated incidence of 1 in 117,000 in the general population.3

This figure is probably underestimated, as suggested by new-
born screening and by the discovery of atypical variants with
late-onset isolated renal or cardiac manifestations.4–7 A diag-
nosis is frequently delayed for many years because of non-
specific signs.8

Enzyme-replacement therapy is available and decreases
morbidity,9–11 especially if it is started before the onset of
complications, hence the importance of early screening of these
patients. One of the earliest and common symptoms is pain in
the extremities,1 classically attributed to neurologic involve-
ment (small nerve fibers of the peripheral somatic and auto-
nomic nerve systems).12–14 FD also induces vasculopathy of
small vessels by accumulation of neutral glycosphingolipids in
smooth muscular and endothelial cells, which affect the micro-
circulation.15,16 Raynaud phenomenon results from a disorder
of vascular thermoregulatory control mechanisms, related to an
increased sympathetic activity affecting the microcirculation
and to endothelial dysfunction. This is more pronounced in the
case of secondary Raynaud phenomenon.17

Although nailfold capillaroscopy assesses small vessels
and Raynaud phenomenon is secondary to dysregulation of
vascular homeostasis, little research has been done on these
subjects in FD.

The first identification of dystrophic capillaries in FD
occurred in 1993 with the description of 3 case reports,18

followed by another case report of ramified capillaries in
1994,19 and a study of 8 members of a family who had FD
in 2006, which reported 37% of ramified capillaries.20 Wasik
et al,21 in a matched case–control study with 25 Fabry patients
(17 men, 8 women) in 2009, reported 72% of dystrophic
capillaries, with a higher incidence of Raynaud phenomenon
in Fabry patients, especially male patients (20%). Costanzo
et al,22 in 2014, supported these results and reported 52.6% of
dystrophic capillaries in a study of 19 Fabry patients, compared
with 0% in 19 matched controls.
his study was to measure the prevalence
on and nailfold capillaroscopic abnorm-
rt of Fabry patients.
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TABLE 1. Demographic and Clinical Characteristics of Fabry
Patients and Controls

Fabry
Patients

Control
Group

P
Value

n 32 39
Age, mean�SD 45.5� 13.8 48.2� 11.5 0.38
Sex ratio (males/females) 0.46 (10/22) 1.6 (24/15) 0.02
Smoking, n (%) 1 (3) 4 (10) 0.37
Hypertension, n (%) 8 (25) 4 (10) 0.1
Hyperlipidemia, n (%) 4 (13) 4 (10) 1
Diabetes, n (%) 1 (3) 3 (8) 0.63
Enzyme-replacement

therapy, n (%)
25 (78) N/A N/A

Pain in the extremities, n (%) 28 (88) N/A N/A
Cornea verticillata, n (%) 22 (69) N/A N/A
Angiokeratoma, n (%) 18 (56) N/A N/A
Abnormal sweating, n (%) 18 (56) N/A N/A
Cardiac involvement, n (%) 18 (56) N/A N/A
Abdominal pain, n (%) 17 (53) N/A N/A
Hearing loss, n (%) 15 (47) N/A N/A
Unexplained fever, n (%) 12 (38) N/A N/A
Renal involvement, n (%) 11 (34) N/A N/A
Stroke, n (%) 8 (25) N/A N/A
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METHODS

Patients
We performed a cross-sectional study during a patient-

support association meeting. This meeting, organized by the FD
French patients association in June 2013, brought together
already diagnosed Fabry patients from all over France. Diag-
noses were made by experienced clinicians in FD on patients
presenting clinical signs or familial history of the disease with a
biological confirmation (a-galactosidase activity with a genetic
analysis of the a-galactosidase A gene for men, and excretion of
urinary Gb3, a-galactosidase activity, and gene mutation
analysis for women). The subjects fulfilled the following
inclusion criteria: being aged �18 years, and had given their
written informed consent after oral information was supplied by
the investigators.

Data Collection
The subjects viewed a slideshow focusing on Raynaud

phenomenon, describing its 3 phases with photographs. They
then completed a standardized self-assessment questionnaire,
including age, gender, medical history, cardiovascular risk
factors, and manifestations of FD, enzyme-replacement therapy,
and Raynaud phenomenon. They also underwent a nailfold
capillaroscopy23 of the 3 last fingers of each hand (CapXview

Deshayes et al
HD, X
are p
amo
( p<

2 |
port technologies, Craponne, France) to assess the fol-
ng parameters, according to the previously reported pat-
lowi

terns
 observed in FD:
(1) d
ystrophic capillaries (particularly bushy and ramified

c
apillaries),
(2) a
vascular fields,
(3) i
rregular architecture,
(4) d
ilatation of capillaries,
(5) giant capillaries,

(6) hemorrhage, and
to the literature, the prevalence of Raynaud phenomenon varies
from 0.5 to 16%26,28,29 in the general male population, and 2.5%
to 22% in the general female population.26

TABLE 2. Characteristics of Patients Suffering From RP

Fabry
Patients

Control
Group

P
Value

Males with RP, n (%) 5/10 (50) 0/24 (0) <0.001
Females with RP, n (%) 7/22 (32) 2/15 (13) 0.27
Total with RP, n (%) 12/32 (38) 2/39 (5) <0.001
(7) density of capillaries (per mm).

Two independent blinded reviewers assessed the capillaro-
scopic photographs. A consensus was reached regarding any
differences. Accompanying persons constituted the control
group.

This study was approved by the local ethics committee.
Data sets are available from the Dryad repository, at http://

datadryad.org/ with the doi:10.5061/dryad.kq04t.

Data Analyses
Statistical analyses were performed using R 3.0.3 software.

Categorical variables are reported as percentages and were
compared using the x2 or Fisher exact test, according to
expected frequencies. Continuous variables are expressed as
their means� standard deviations, and were analyzed using
Student t test. A P value of <0.05 was considered statistically
significant.

RESULTS
Seventy-one questionnaires were collected from 32 Fabry

patients (45%) and 39 controls (55%). Concerning demographic
data, sex ratio was statistically different, with more men in the
control group (Table 1). Data regarding Raynaud phenomenon
resented in Table 2. Pain in the extremities was reported
ng 28 Fabry patients (88%) versus in none of the controls
0.001). Patients with FD and Raynaud phenomenon all

www.md-journal.com
suffered from pain in the extremities, versus no pain in the
controls (P¼ 0.011). Raynaud phenomenon was concomitant or
before the occurrence of pain in the extremities in 42% of Fabry
patients. Twenty-five of the 32 Fabry patients (78%) (10/10
males, 15/22 females) were receiving enzyme-replacement
therapy. The only nailfold capillaroscopy parameter that was
statistically different was a particular major dystrophic capillary
pattern (Table 3, Figure 1).

DISCUSSION
This study reveals a higher incidence of Raynaud phenom-

enon in Fabry patients (38%) than in controls (5%), versus 3–
22%24–26 in the general population. This figure is higher than
the 15.3% reported in the study by Germain et al, who measured
the prevalence of Raynaud phenomenon in Fabry patients.27

Among males, half of our Fabry patients had Raynaud phenom-
enon compared with none among the control group. According

N/A¼ not applicable, SD¼ standard deviation.
P value of < 0.05 was considered statistically significant.
RP¼Raynaud phenomenon.
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TABLE 3. Results of Nailfold Capillaroscopic Parameters

Fabry Patients
(n¼ 32)

Control Group
(n¼ 39) P Value

Dystrophic capillaries, n (%) Female, n (%)/
male, n (%)

14 (64)/9 (90) 11 (73)/19 (79) 0.73/0.65

All, n (%) 23 (72) 30 (77) 0.63
Bushy
capillaries, n (%)

Female, n (%)/
male, n (%)

1 (5)/2 (20) 2 (13)/6 (25) 0.56/1

All, n (%) 3 (9) 8 (21) 0.33
Ramified
capillaries, n (%)

Female, n (%)/
male, n (%)

6 (27)/6 (60) 3 (20)/2 (8) 0.72/<0.005

All, n (%) 12 (38) 5 (13) 0.016
Avascular fields, n (%) Female, n (%)/

male, n (%)
2 (9)/1 (10) 1 (7)/0 (0) 1/0.30

All, n (%) 3 (9) 1 (3) 0.33
Irregular architecture, n (%) Female, n (%)/

male, n (%)
5 (23)/3 (30) 2 (13)/2 (8) 0.68/0.14

All, n (%) 8 (25) 4 (10) 0.10
Hemorrhage, n (%) Female, n (%)/

male, n (%)
3 (14)/4 (40) 4 (27)/5 (21) 0.41/0.40

All, n (%) 7 (22) 9 (23) 0.91
Dilatation of capillaries, n (%) Female, n (%)/

male, n (%)
8 (36)/7 (70) 9 (60)/10 (42) 0.16/0.14

All, n (%) 15 (47) 19 (49) 0.88
Giant capillaries, n (%) Female, n (%)/

male, n (%)
1 (5)/0 (0) 0 (0)/0 (0) 1/1

All, n (%) 1 (3) 0 (0) 0.46
Density of capillaries

per mm, mean�SD
Female/male 9.5� 1.92/8.8� 1.62 8.53� 1.64/9.42� 1.32 0.13/0.26

All 9.29� 1.83 9.08� 1.49 0.67

Medicine � Volume 94, Number 20, May 2015 Microangiopathy Assessment in Fabry Disease
Secondary Raynaud phenomenon in men is usually
thought to be associated with chronic occupational exposure,
especially in manual workers, which may explain the higher
incidence of dystrophic capillaries in men.30 The high preva-

P value of < 0.05 was considered statistically significant.
SD¼ standard deviation.
lence of Raynaud– phenomenon in FD, hardly described so far,
should be considered as a cause of secondary Raynaud phenom-
enon. By inducing small-fiber neuropathy (both autonomic and

FIGURE 1. Capillaroscopic photographs of (A) ramified and
(B) bushy capillaries (�50).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
sensitive),12,13 endothelial dysfunction,15,16,31 smooth-muscle-
cell proliferation,32 the accumulation of neutral glycosphingoli-
pids may impair vascular tone and favor Raynaud phenomenon.
Because Raynaud phenomenon is concomitant or before the
occurrence of pain in the extremities in almost half of Fabry
patients, this could be, at least in part, a causal factor of this pain.

Consistent with data in the literature,18–22 a significantly
higher rate of ramified capillaries in Fabry patients was
observed, particularly in males, which may reflect a more
severe involvement of the microcirculation in the latter, as
already identified for other involvements.1 In contrast, no
significant difference was found regarding dystrophic capil-
laries as a whole. This discrepancy might be explained by the
higher proportion of males, more susceptible to dystrophic
capillaries,30 within our control group compared with the Fabry
group, or it may have been because of improved microcircula-
tion after treatment. Indeed, 78% of our Fabry patients were
receiving enzyme-replacement therapy, compared with 0% in
the other 2 published studies. López-Rodrı́guez et al20, in their
study of a family of 8 members who had FD (5 of them receiving
enzyme-replacement therapy), noted that the 3 patients with a
normal nailfold capillaroscopy were under treatment. It would
be interesting to carry out a prospective study on the diagnostics
of FD to monitor any associations between capillaroscopic

abnormalities and enzyme-replacement therapy.

Angiokeratoma and tortuosity of the conjunctival and
retinal blood vessels have been previously described.1 It now

www.md-journal.com | 3



seems that dystrophic capillaries, observed by nailfold capil-
laroscopy, and newly reported vessel tortuosity, visible on the
external surface of the upper eyelid,33 enrich Fabry vasculo-
pathy of new clinical signs that can be easily accessed in a
clinical examination. These clinical signs could improve
screening of people in high-risk populations for FD (hyper-
trophic cardiomyopathy, dialysis patients, stroke in young
people).1

To our knowledge, this study is the third,21,22 but the
largest, study to assess nailfold capillaroscopic abnormalities
in FD. The control group was constituted of family members,
sharing the same genetic and/or environmental factors, potential
source of confounding factors. It was not matched on age and
sex. Despite this, age was not statistically different between the
2 groups. The female predominance in our Fabry patients can be
explained by a higher mortality and morbidity rate in male
patients before the availability of enzyme-replacement
therapy,34 impeding their participation to meetings, and/or by
a possible over-representation of females in the patient-support
association meetings.35,36 This non-comparability of the control
group regarding sex ratio is the main limitation of this study.
Nevertheless, the predominance of males in the control group,
more susceptible to dystrophic capillaries, could have revealed
a more specific pattern of dystrophic capillaries in FD, namely
ramified capillaries, not discovered hitherto. Moreover, the
inhomogeneity of Fabry patients regarding enzyme-replace-
ment therapy, unlike the other 2 studies, opens up new perspect-
ives of studies that can explain some of the discrepancies
encountered with previous data. Because this study was based
on self-assessment questionnaire, no data on mutations were
available. Therefore, no genophenotypic correlation could be
done. We report the prevalence of Raynaud phenomenon and
nailfold capillaroscopic abnormalities in French Fabry patients.
Hence, our findings may not apply to other countries with
different genetic and environmental factors.

CONCLUSION
Our data strengthen the fact that secondary Raynaud

phenomenon should lead to screening for FD, especially in
men. By extension, in high-risk populations for FD (ie, hyper-
trophic cardiomyopathy, dialysis patients, stroke in young
people), the presence of ramified capillaries and Raynaud
phenomenon should also be assessed.
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