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Abstract

Objectives: To report ocular manifestations in patients with Fabry
disease (FD) from a tertiary eye care center in Tiirkiye.

Materials and Methods: This prospective, cross-sectional study
included 30 eyes of 15 patients with FD. The diagnosis of FD was
made based on a combination of clinical findings, genetic analysis, and
biochemical evaluation. All participants underwent a detailed ophthalmic
examination with special focus on the typical ocular features of FD (cornea
verticillata, conjunctival aneurysms, cataract, retinal vessel tortuosity).

Results: The mean age was 45+17 years (range: 22-75 years), with a
female/male ratio of 2:3. All patients had tortuous conjunctival vessels
and 12 patients (80%) had conjunctival aneurysms. Cornea verticillata was
present in 10 patients (66.6%), lens opacification in 4 patients (26.6%),
and retinal vascular tortuosity in 8 patients (53.3%). All patients had at
least two different ocular findings; most (3 heterozygotes/7 hemizygotes)
had a combination of corneal verticillata and conjunctival vessel
abnormality. The conjunctiva, cornea, and retina were affected together
in 5 hemizygous patients (33.3%). One hemizygous patient had all FD-
related ocular manifestations in both eyes.

Conclusion: To our knowledge, this study is the first to describe the
ocular manifestations of FD in the Turkish population. Although cornea
verticillata is considered a hallmark of FD, it was absent in approximately

Cite this article as: Korkmaz I, Kalkan Ucgar S, Onay H, Yildirim Sézmen E,
Coker M, Palamar M. Ocular Manifestations of Fabry Disease: Report from a Tertiary
Eye Care Center in Tiirkiye. Turk J Ophthalmol 2024;54:127-132

Address for Correspondence: Melis Palamar, Ege University Faculty of Medicine,
Department of Ophthalmology, Tzmir, Tiirkiye

E-mail: melispalamar@hotmail.com ORCID-ID: orcid.org/0000-0002-2494-0131
Received: 20.02.2024 Accepted: 29.05.2024

DOI: 10.4274/tjo.galenos.2024.09482

one-third of patients. Moreover, cataract, another well-known feature
of FD, was present in only 26.6% of the patients. Conjunctival vascular
abnormality alone seems to be quite rare in FD, although it often
accompanies other ocular manifestations. Therefore, recognition of other
mild findings and special consideration of their associations may increase
the diagnostic value of ocular findings in FD.

Keywords: Cornea verticillata, conjunctival aneurysm, Fabry cataract,
Fabry disease, metabolic diseases

Introduction

Fabry disease (FD) is a rare X-linked lysosomal storage
disorder with an estimated prevalence of 1/40,000-1/60,000 in
males and 1/339,000 in females.' It is characterized by abnormal
glycosphingolipid metabolism due to the absence or deficiency
of the alpha-galactosidase A enzyme (0-Gal). Several mutations
in the a-Gal gene (GLA) have been described in FD.** Affected
males are defined as hemizygotes since they only have one
disease-specific allele. As they usually have no detectable o-Gal
enzyme activity, they exhibit the typical clinical picture of the
disease more prominently. However, affected women are defined
as heterozygotes. Unlike men, they show a wide spectrum of
clinical manifestations, ranging from asymptomatic to advanced
disease due to skewed X inactivation.’

Cardiopathy, neuropathy, and cerebrovascular diseases are
the most serious clinical findings that increase morbidity and
mortality in FD.*> Although ophthalmologic involvement is also
quite common in FD and is among the early manifestations of
the disease, it is often overlooked. However, knowing the nature
and frequency of ophthalmologic findings can be beneficial in the
early and accurate diagnosis of FD.® Data on FD-associated ocular
manifestations are limited in the literature, and available studies
mostly involved patients from the USA, Canada, and European
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countries.”®>!% Although there are some articles on FD in the
Turkish population, to the best of our knowledge, there is no
study specific to ophthalmologic involvement of the disease.'"'?
The aim of this study was to report the ophthalmological
manifestations of patients with FD in a tertiary eye care center
from Tiirkiye.

Materials and Methods

This prospective, cross-sectional study was carried out in
accordance with the Declaration of Helsinki after approval by
the Local Ethics Committee of Ege University (decision number:
24-1.1T/33, date: 25.01.2024). Informed consent was obtained
from all participants.

Participants were recruited after referral from the Pediatric
Metabolism and Nutrition Department and Medical Genetics
Department of Ege University. All patients were diagnosed with
FD and were referred to the Ege University Ophthalmology
Department as a part of a comprehensive systemic examination.
The diagnosis was made based on a combination of clinical
findings, molecular genetic analysis, and biochemical evaluation.

A comprehensive case history of systemic findings and
demographic data such as age and sex were recorded. All patients
underwent a detailed ophthalmological evaluation, including
anterior segment examination under slit lamp biomicroscopy,
intraocular pressure measurement with Goldmann applanation
tonometry, and fundus examination under pupil dilatation (after
instillation of one drop of tropicamide 1% [Tropamid 1%, Bilim
Pharmaceuticals, Tiirkiye}). Typical clinical features of FD such
as cornea verticillata, conjunctival aneurysms, conjunctival vessel
tortuosity, presence and type of lens opacification, and retinal
vessel tortuosity were specifically analyzed. Best corrected visual
acuities (BCVAs) were recorded as logarithm of the minimum
angle of resolution (LogMAR). Tear film break-up time (TBUT)
and Schirmer 1 tests were performed for the diagnosis of dry eye.

Patients with chronic systemic disease unrelated to FD
(including connective tissue disorders, diabetes, etc.), who were
receiving any topical or systemic treatments related to other
diseases, and had a history of ocular trauma or concomitant
ocular diseases were not included.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 25.0 IBM Corp., Armonk, NY, USA).
Descriptive statistics were given as mean, standard deviation,
median, minimum, maximum, number, and percentage.

Results

Thirty eyes of 15 patients with ocular manifestations
associated with FD were included. The mean age was 45+17
years (range, 22-75 years), with a female to male ratio of 2:3
(Table 1).

Case histories revealed that 4 patients (26.6%) had a
family history of FD. Four out of 6 heterozygote women
were asymptomatic. The number and severity of systemic
involvements of FD (cardiac, renal and neurological) were higher
in the hemizygote men than in the women. In 9 patients (60%),
0-Gal activity was found to be low in biochemical analysis, and
genetic analysis strengthened the diagnosis. In the remaining
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6 patients (40%), a-Gal activity was within normal limits and
the diagnosis of FD was confirmed by the presence of GLA
mutation in genetic analysis. One patient was already under
enzyme replacement therapy (ERT) when he was examined for
ophthalmological manifestations.

The mean BCVA was 0.03+0.06 LogMAR (range, 0-0.2
LogMAR).

Conjunctival vessel changes constituted the most frequent
ophthalmological findings of FD. Increased tortuosity of the
bulbar conjunctival vessels was bilaterally present in all patients.
In addition, conjunctival saccular aneurysms were also evident in
24 eyes of 12 patients (80%) (Figure 1A).

Cornea verticillata was present in 20 eyes of 10 patients
(66.6%) (Figure 2).

Lens opacification was observed in 4 (26.6%) of the 15
patients. The median age of patients with lens opacification was
38.5 years (mean, 40.2; standard deviation, 16.4; range, 22-62
years). One of them had bilateral “spoke-like” cataract located
at the level of the posterior lens capsule, consistent with the
typical “Fabry cataract” (Figure 1B). The patient’s visual acuity
was affected bilaterally (right: 0.20; left: 0.10 LogMAR). One
patient had bilateral sectoral, wedge-shaped, white cataract at
the level of the anterior subcapsular area, with non-affected visual
acuity (0.00 LogMAR in both eyes). Two patients had blue-dot
(cerulean) cataract. One had bilateral symmetrical opacifications
at the lens periphery, and visual acuities were not affected (0.00
LogMAR in both eyes). The other patient had a BCVA of
0.20 LogMAR in the eye with cataract, and the fellow eye was
pseudophakic (operated elsewhere) at 39 years of age. There was
no significant difference in terms of age between patients with
and without cataracts (p>0.05).

Vascular tortuosity was the most common retinal finding,
present in 8 (53.3%) out of 15 patients. These changes were
bilateral and symmetrical in all patients (Figure 3).

All patients had at least two different ocular findings of
FD; 66.6% (3 heterozygous females and 7 hemizygous males)
had a combination of corneal verticillata and conjunctival
vessel abnormality. Conjunctiva, cornea and retina were affected
together in 5 patients (33.3%), and all were hemizygous males.
All Fabry-related ocular findings, including cornea verticillata,
conjunctival vessel abnormalities, cataract, and retinal vascular
tortuosity were bilaterally present in only 1 hemizygous male
patient.

The mean TBUT was 8+3 s (range, 4-10 s). The mean
Schirmer 1 result was 26.3+5.4 mm (range, 19-30 mm).
Bilateral dry eye was present in one patient. Preservative-free
artificial tear drops (Eyestil SD, Sifi, Italy) were initiated.

Discussion

FD is an extremely rare, inherited lysosomal storage disorder
that affects numerous organs. The main life-threatening
manifestations are cardiopathy, neuropathy, and cerebrovascular
diseases.'>!" Although ophthalmologic involvement in FD
is not negligible, it is often underestimated because it is
characterized by mild visual symptoms and signs. Therefore, data
on FD-related ophthalmologic manifestations are quite limited,
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Table 1. Characteristics of the patients

. Age at Cornea Conjunctival Sacc.ular . Retinal
Eaut:;::; g%i(;sis ﬁi‘;l(eM()F/) verticillata tortlllosity z?lgggomn:al Cataract | tortuosity | Mutation I:hcfs ?ﬁcation
P1 25 M + + + - + p.P112L (c.335G>T) Likely pathogenic
P2 75 M + + + - + pP112L (c.335G>T) Likely pathogenic
BS 52 M + + + - - p-G328V (c.983 G>T) Pathogenic
P4 28 M + + + o + p-R342X (c.1024C>T) | Pathogenic
¢.963_964delinsCA Variant of
P5 22 E + + + + - (p-Q321_D322_delins unknown
HN) significance
P6 38 M + + + + + (Cp7sl 294_17 EZ fEs) ;?;;-\ Likely pathogenic
P7 62 E - + + + - p-A143T (c427G>A)* | Likely pathogenic
P8 44 M - + + - - p-AL43T (c427G>A)* | Likely pathogenic
P9 54 M + + + - = p-Y216C (c.647A>G) Pathogenic
P10 34 M + + + = + p-R227X (c.679C>T) Pathogenic
P11 39 F - + + + + p.R118C (c.352C>T) Likely pathogenic
P12 74 F + + - - - p-Y216C (c.647A>G) Pathogenic
P13 38 F - + - - - p-A143T (c427G>A)* | Likely pathogenic
P14 62 F + + + - + p-R227X (c.679C>T) Pathogenic
P15 31 M - + - - + p.A143T (c.427G>A)* | Likely pathogenic

*At the time of diagnosis of the patients this variant was accepted to be a disease causing variant but in the recent classifications this variant is accepted as a “benign” variant (PMID: 37937776).
ACMG: American College of Medical Genetics and Genomics

[

Figure 1. Representative photographs of ocular manifestations in Fabry patients.
(A) Blue arrow indicates conjunctival vascular tortuosity and aneurysmal dilatations,
(B) white arrow indicates Fabry cataract
and the available studies in the literature are mostly from the
USA, Canada, and Europe.”#%1

Ethnicity is a significant modifier in hereditary diseases
and can strongly influence the characteristics of the disease.
Therefore, studies with FD patients originating from different
countries do not always reflect the entire population.”"
Comprehensive studies on FD from Tiirkiye are mostly in the
fields of cardiology, nephrology, and neurology, and data on
ophthalmologic involvement is very limited.'"'>!%!” Inan et al.!”
evaluated peripheral nervous system involvement in 14 patients
with FD and reported that half of the patients had additional
ophthalmological findings, including cornea verticillata (2
patients) and retinal vascular tortuosity (2 patients). In a

1‘18

recent consensus statement, Ezgu et al.'® conveyed Tiirkiye’s

multidisciplinary perspective on FD. Although they mentioned

Figure 2. Cornea verticillata in a patient with Fabry disease. Red arrow indicates
whorl-like gray opacities irradiating from the central cornea

the characteristic features of ophthalmologic involvement in
their review, they did not make a population-based assessment of
its prevalence.'® Moreover, ophthalmological studies of FD in the
Turkish population have mostly focused on microvascular signs
of ocular involvement before visible symptoms appear.'***?"* In
summary, although there are various studies on FD among the
Turkish population, there is a lack of detailed and specific data

on the nature and frequency of ophthalmologic findings of FD.
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Figure 3. (A) Right and (B) left eye of a patient with Fabry disease. Black arrows
show increased retinal vascular tortuosity, which is more evident at the posterior
pole

To the best of our knowledge, this study is the first to specifically
describe the nature and frequency of ocular manifestations of FD
in the Turkish population.

The diagnosis of FD is challenging and often delayed,
especially in cases without a clear family history. Fuller et al.?
reported that the diagnosis of FD was made years after symptom
onset (approximately 16 years in women and 14 years in men).
In the natural course of FD, accumulation of undegraded
glycosphingolipids causes progressive cell damage and eventual
failure of organs such as the kidneys, heart, and the central
and peripheral nervous systems. Therefore, delay in diagnosis
is associated with further damage to the affected organs and
causes an increased risk of morbidity and mortality.*! Moreover,
FD is one of the rare genetic lysosomal storage diseases with a
medical treatment option. The widespread use of ERT, a major
breakthrough in its treatment, has reinforced the importance of
early detection of FD.»**” A high index of suspicion for FD is
essential for timely recognition, but whole-population screening
is not very cost-effective as it is an incredibly rare clinical
condition.?*

The presence of ophthalmological findings gains importance
here by providing important clues to the clinician. Ocular
manifestations are one of the first observable findings of FD,
and slit-lamp examination alone is often sufficient to identify
the findings. Therefore, it is critical for an ophthalmologist to
know the nature, frequency, and possible consequences of ocular
manifestations of FD.** Typical ophthalmologic features are
conjunctival vascular abnormalities (vascular aneurysms and
tortuosity), cornea verticillata, cataract, retinal vessel tortuosity,
and rarely retinal vascular occlusion.’'****3% The incidence of
each is reported at varying rates in studies conducted in different
regions.®”'*» Nguyen et al.” reported from Australia that bulbar
conjunctival vascular abnormality (97.1% in hemizygotes and
78.1% in heterozygotes) is the most common ophthalmologic
manifestation in patients with FD, followed by cornea
verticillata (94.1% in hemizygotes, 71.9% in heterozygotes)
and retinal vascular tortuosity (76.5% in hemizygotes, 18.8%
in heterozygotes).” Similarly, in a longitudinal study conducted
in Canada, the most common ocular findings were reported as
conjunctival vascular tortuosity (85.7%) and cornea verticillata
(89.2%).% Consistent with the literature, in the present study,
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conjunctival vascular tortuosity (100%) and aneurysmal
dilatations (80%) were the most frequent ocular signs of FD,
followed by cornea verticillata (66.6%).

Cornea verticillata is considered to be the hallmark of FD and
is a well-known manifestation of the disease. It is characterized
by whorl-like opacities concentrated in the epithelial and
subepithelial layers of the cornea and is typically bilateral %
Although cornea verticillata is highly suggestive of FD, it may
also occur secondary to pharmacological (e.g., amiodarone,
chloroquine, hydroxychloroquine) and non-pharmacological
(e.g., multiple myeloma) etiologies.”” In the literature, cornea
verticillata has been reported at a frequency ranging from
43.7% to 94.5% in patients with FD.* This diversity may be
related to the age, genotypes, and ethnicities of the patients,
as well as to the subjectivity of the clinician’s assessment. In
the present study, approximately one-third of the patients did
not have cornea verticillata. However, conjunctival vascular
abnormalities were detected in a significant proportion of the
patients. Although cornea verticillata is considered to be the
most distinctive ophthalmologic finding of FD, it may not be
present in every patient. Therefore, it is important to recognize
other mild and easily overlooked findings of FD in addition to
already well-known classical findings.

Cataract is another classical manifestation of FD which,
unlike other findings, causes symptoms such as decreased vision
and dysphotopsia. Theoretically, subcapsular lens opacification
with a spoke-like appearance at the posterior capsule is defined
as typical “Fabry cataract”. In addition, cataract may present
as a wedge-shaped white deposit at the anterior subcapsular
level in FD.® However, the incidence of cataract is lower
compared to other ophthalmological features.” In a multicenter
study conducted across Europe, Fabry cataracts were reported
in 9.8% of heterozygotes and 23.1% of hemizygotes.” Higher
rates of cataract were reported from Canada (67.7%) and
Australia (62.4%), although still relatively low compared to
other ophthalmologic manifestations.”® In the current study, the
least common ophthalmologic manifestation was cataract, with
a rate of 26.6%. The lower rate of cataract in this study can be
explained by the sex distribution, as 40% of patients were female
heterozygotes. Because FD is an X-linked inherited disease, sex
disparity strongly affects the disease characteristics. As a general
rule, FD symptoms are more pronounced in men due to the
greater disease severity.'™! This sex difference may be more
decisive and striking in cataract, which has a lower incidence
compared to other ocular findings of FD.

Different ocular structures can be affected in FD. Therefore,
the coexistence of multiple ophthalmologic findings is not
uncommon. In fact, conjunctival vascular tortuosity rarely occurs
in isolation in FD and is usually associated with other ocular
findings.” Sodi et al.’ reported local associations of tortuous
vessels with cornea verticillata or cataract in FD. This coexistence
seems to be more prominent in males. Consistent with this, all
participants in the current study had at least two detectable
ocular findings, most of which were a combination of corneal
verticillata and conjunctival vessel abnormalities. In addition,
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the coexistence of three or more clinical features was observed in
33.3% of the patients and all of them were male. This supports
that sex differences also affect the number of ophthalmological
areas affected. In parallel with other systemic involvements,
typical ophthalmological manifestations of FD can be seen more
frequently and more prominently in men.

Dry eye syndrome (DES) is a multifactorial disease that
accompanies a significant proportion of systemic diseases. It
has been suggested that the accumulation of abnormal deposits
in the autonomic ganglia and lacrimal glands may lead to
diminished lacrimal gland function.’’** Consequently, it has
been hypothesized that the frequency of DES increases in FD
3031 Davey® reported in a visual
symptom survey analysis that FD patients had significantly more

“dryness” symptoms compared to healthy individuals. Moreover,
1'20

due to decreased tear secretion.

Bitirgen et al.*® showed corneal nerve fiber damage, reduced
corneal sensitivity, and increased dendritic cells in patients with
FD using in vivo confocal microscopy. Although all these data
support an association between dry eye and FD, the nature of
their relationship remains controversial. In the present study,
DES was present in only one patient, who was misdiagnosed as
having a rheumatologic disease. Further studies are still needed
to reach a clear conclusion about DES in FD.

Study Limitations

The main limitations of this study are the small number of
subjects included and the subjective evaluation of the findings.
Measurable, precise parameters are not available yet, so potential
interobserver differences in the evaluation of FD-related ocular
findings are inevitable. Further studies with a population-based,
multicenter design and more participants are still needed to
clearly define the ophthalmological features of FD. In addition,
this study presents the ophthalmological clinical picture in
a single time frame, immediately after the diagnosis of FD.
However, a longitudinal study to see whether the ocular findings
change over time will be more valuable.

Conclusion

In conclusion, slit-lamp examination alone is usually
sufficient to identify the ocular findings and guide the diagnosis
of FD, especially when there is clinical suspicion. Awareness
among ophthalmologists about the nature and frequency of
FD-related findings may be helpful in early and accurate
diagnosis. Ethnicity is the major modifier in hereditary diseases,
and FD-related ophthalmologic manifestations may vary in
populations originating from different regions. To the best of
our knowledge, there is no previous report of ophthalmologic
involvement of FD in the Turkish population. Although cornea
verticillata is considered to be the most distinctive and prevalent
ophthalmologic manifestation of FD, approximately one-third of
the patients did not have corneal verticillata in the present study.
Furthermore, cataract, another well-known feature of FD, was
present in only 26.6% of the patients. Therefore, in addition to
well-known specific findings, recognition of other mild findings
and special consideration of their local associations may increase
the diagnostic value of ocular manifestations in FD.
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