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ABSTRACT
Background Fabry disease (FD) is a treatable 
multisystem disease caused by a defect in the alpha-
galactosidase gene. Ocular signs of FD, including corneal 
verticillata, are among the earliest diagnostic findings. 
Conjunctival lymphangiectasia (CL) has not previously 
been associated with FD.
Methods We examined the eyes of a cohort of 13 adult 
patients, eight men and five women, with documented 
classic FD, all treated with enzyme replacement therapy 
(ERT) at the University of Alabama at Birmingham 
between February 2014 and April 2015. The average 
age was 48 years with a range of 35–55 years for men 
and 21–71 years for women. The mean duration of ERT 
was 8.4 years (men 8.9 years, women 7.6 years) with a 
range of 4–14 years. Classical Fabry mutations included 
Q283X, R227X, W236X and W277X. A high resolution 
Haag-Streit BQ-900 slit lamp with EyeCap imaging 
system was used to record conjunctival images.
Results CL was observed in 11 of the 13 patients 
(85%) despite long-term ERT. Clinical presentations 
included single cysts, beaded dilatations and areas of 
conjunctival oedema. Lesions were located within 6 mm 
of the corneal limbus. Ten of the 13 subjects (77%) had 
Fabry-related cataracts and all 13 demonstrated bilateral 
corneal verticillata. Twelve of the 13 patients had 
evidence of dry eye, 9 of whom were symptomatic, and 
10 had peripheral lymphoedema.
Conclusion CL represents a common but under-
recognised ocular manifestation of FD, which persists 
despite ERT, and is often accompanied by peripheral 
lymphoedema and dry eye syndrome.

InTRoduCTIon
Fabry disease (FD) is a rare X-linked lysosomal 
storage disorder caused by a mutation in the gene 
coding for the enzyme alpha-galactosidase A that 
leads to limited or defective enzyme activity.1 
Consequently, globotriaosylceramide (Gb-3) 
progressively accumulates in lysosomes throughout 
the body. Patients with the classic form of FD 
present in childhood with acroparesthesias, hypohi-
drosis, angiokeratomas, ocular findings and gastro-
intestinal symptoms.2 3 Ultimately, kidney failure, 
cardiomyopathy and arrhythmias, and cerebro-
vascular disease develop as Gb-3 builds up in vital 
organs and vascular endothelium causing wide-
spread ischaemia and premature organ failure.4

Ocular signs are among the earliest clinical find-
ings of FD, the most common of which is corneal 
verticillata, found in 95% of hemizygous men and 
nearly 90% of heterozygous women with classic 
mutations.5–7 Other well-described ocular findings 

include tortuous conjunctival and retinal vessels, 
anterior ‘propeller’ and posterior sutural ‘Fabry’ 
cataracts.5–7 Ocular findings have been associ-
ated with eye dryness, visual disturbances and eye 
fatigue,8 but have not yet been shown to impact the 
overall quality of life for patients with FD.9 10

Conjunctival lymphangiectasia (CL) is a rare 
condition in the general population that accounts 
for 1% or less of all conjunctival lesions.11–14 
Having assessed the ocular surfaces of tens of thou-
sands of patients in clinical practice, the authors can 
attest to the rarity of CL in the general population. 
These lesions usually occur due to lymphatic stasis 
from trauma, atopy or neoplastic disease.15 We 
present the ocular findings and related symptoms 
for eight adult male and five adult female patients 
with classic FD, all of whom had received enzyme 
replacement therapy (ERT) for at least 4 years prior 
to evaluation.

MeThodS
examination and clinical findings
Slit lamp examinations were performed on the 13 
adult patients, all of whom had received ERT (1 mg/
kg every 2 weeks, except for patient 8, who received 
0.5 mg/kg) for at least 4 years before the ocular 
examination. The average age was 48 years with a 
range of 35–55 years for men and 21–71 years for 
women. The mean duration of ERT was 8.4 years 
(men 8.9 years, women 7.6 years) with a range 
of 4–14 years. Classical Fabry mutations included 
Q283X, R227X, W236X and W277X.

A Haag-Streit BQ-900 Slit Lamp with EyeCap 
v7.x Imaging System (Haag-Streit International, 
Koeniz, Switzerland) including Release Module, 
Camera Module, and light-emitting diode (LED) 
light source was used to photograph the conjunc-
tivae of all participants. Presence or absence of 
CL was determined according to the definition 
of Welch et al15 by the primary evaluator (MDS) 
and was independently observed in each case from 
the images by a second observer (WJB). Clinical 
data for patients included age, duration of ERT, 
mutation status, ocular symptoms and presence of 
peripheral lymphoedema.

Instrument settings and image capture
On the slit lamp, the 12.5× right eyepiece with 
reticle was focused, both eyepieces were adjusted for 
the examiner’s refraction, and the manufacturer’s 
white balance and filter checks were performed to 
maximise image quality. On the EyeCap computer, 
the camera exposure time was set to 33 ms. The 
slit illumination filter on the light tower was set to 
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‘clear’ (brightest setting, no filter—pin set to far right or far left 
of examiner) for all images.

Diffuse and cross-sectional views of the bulbar conjunctivae 
were obtained. The manufacturer’s recommended settings were 
altered in order to optimise these views. For diffuse views, the 
aperture stop was closed to optimise image quality. Magni-
fication was set to 10× or 16×. On the instrument platform, 
background illumination was set to 15%–30% and slit beam 
illumination was turned off (set to zero). Beginning with the 
right eye, each patient was instructed to turn their eyes in the 
appropriate direction to image the temporal bulbar conjunctiva, 
followed by the inferior, superior and nasal bulbar conjunctivae. 
The same sequence was used to capture diffuse images on the 
left eye.

When CL was observed, a cross-sectional image of each lesion 
was attempted using the following settings: on the slit lamp 
tower, slit beam width was set to <0.2 mm, aperture stop to 
4–6 mm, aperture to 1 and magnification to 16× or 25×. On 
the instrument platform, background illumination was set to 
15%–30% and slit beam illumination to 50%–60%.

ReSulTS
CL was observed in 11 of the 13 subjects (85%) in this cohort. 
Clinical presentations of CL in this series included single and 
confluent fluid-filled cysts (figure 1), sausage-like beaded dila-
tations resembling a ‘string of pearls’ (figure 2) and areas of 

conjunctival oedema (figure 3). All lesions were located within 
6 mm of the corneal limbus, within the pericorneal lymphatic 
ring.15 The presence of bilateral corneal verticillata was 
confirmed in each patient (figure 4). CL prevalence and other 
patient characteristics of this cohort are summarised in table 1. 
The quantity, location and type of CL lesions are summarised in 
table 2.

Interestingly, six of the seven men with CL and one without CL 
had lymphoedema of the lower extremities. Five of the six men 
with peripheral lymphoedema also had eyelid oedema. Three 
of the women in this cohort had lower limb lymphoedema and 
one of these had eyelid oedema. Twelve of the patients, except 
the youngest woman, reported subjective complaints of dry 
eye and/or foreign body sensations similar to those associated 
with conjunctival cysts.14 Other well-documented ocular mani-
festations of FD in this cohort included bilateral conjunctival 
vessel abnormalities (figure 3) and corneal verticillata (figure 4). 
Fabry-related cataracts were detected in 10 of 13 subjects (seven 
men, three women).

Additionally, 12 of the 13 patients in our cohort (92%) exhib-
ited clinical signs associated with dry eye syndrome (DES). These 
included inflammatory eyelid disease (eg, blepharitis, meibo-
mian gland dysfunction), superficial punctate keratitis, excessive 
watering of the eyes or a combination. Nine of the 12 with DES 
(75%) reported symptoms of foreign body sensation, chronic 
irritation and/or photophobia. Eight of the nine patients who 
were symptomatic for DES (89%) also had CL.

dISCuSSIon
Corneal lesions and conjunctival blood vessel abnormalities 
are common anterior segment findings in patients with classic 
FD,6 16 but a literature search for CL associated with FD revealed 
only one report of chemosis.17 Additionally, ocular symptoms 
associated with CL have not been emphasised and have not 
been addressed in overall assessments of Fabry symptomology 
or quality of life.9 10 Dry eye symptoms were described in a 
survey examination of patients with FD.8 Symptoms of DES may 

Figure 1 Slit lamp views of conjunctival lymphangiectasia (CL) in 
Fabry disease. (A) Circled: Distended lymphatic channels on the bulbar 
conjunctival surface of patient 6. The surrounding yellow areas represent 
pooling of sodium fluorescein dye, which has been instilled topically to 
enhance the visibility of these elevated irregularities. (B) Arrow: Cross-
sectional view of the same CL lesion shown in (A).

Figure 2 Beaded dilatations resembling a ‘string of pearls’ on the 
bulbar conjunctival surfaces of patients 3, 5 and 11. The black arrows 
trace these linear elevations. (A): ‘String of pearls’ configuration 
within the superior conjunctiva of patient 11. (B): Conjunctival 
lymphangiectasia on the nasal bulbar conjunctiva of patient 3, 
enhanced with sodium fluorescein. (C): Intersecting lymphatic channels 
are visible on the inferior bulbar conjunctival surface of patient 5. A 
faint trace of sodium fluorescein remains.
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be complicated by CL and corneal dysaesthesia resulting from 
small-fibre neuropathy in patients with FD.18

Pathophysiology of Cl
CL occurs when normal lymphatic vessels become distended 
and/or leak to create areas of lymphatic oedema within the 
bulbar conjunctivae. This uncommon condition typically occurs 
secondary to local lymphatic scarring or distal obstruction and 
can either be unilateral or bilateral.15 CL accounts for 1% or less 
of conjunctival lesions in the general population and 5%–8% 
of all conjunctival cysts.11–14 Lymphangiectasia of the conjunc-
tiva occurs more commonly in middle-aged adults in response 
to IgE-mediated allergies, inflammatory or neoplastic diseases, 
organ transplant rejection or scarring from ocular trauma 
or surgery.11 15 19 None of these conditions were identified in 
subjects with CL in this cohort, except patient 3, who underwent 
cataract extraction using sutureless corneal incisions (which 
eliminate trauma to conjunctivae, thus sparing conjunctival 
lymphatics).20

The primary differential diagnosis for CL is epithelial inclu-
sion cysts of the conjunctiva, which form when epithelial cells 
are displaced by trauma or inflammation and proliferate to 
form fluid-filled cavities. Unlike CL, inclusion cysts occur more 
commonly in the first 3 decades of life, tend to be larger and 
more bullous than lymphangiectasia and are prone to form near 
or within conjunctival fornices.12

Other potential diagnoses for CL include allergic conjuncti-
vitis, cystic conjunctival nevi, conjunctivochalasis, hereditary 
lymphoedema syndromes, congenital lymphatic malforma-
tions, hypoproteinaemia, local venous hypertension, increased 
vascular permeability, inflammatory disorders, tumours, cancer 
metastasis, transplant rejection, conjunctival and eyelid surgeries 
and Loa loa infestations.11 12 15 17 19 21 22 Based on case histories 
and clinical observations, these conditions were not thought to 
be present in the subjects with CL in this cohort.

Cl in Fd
The pathophysiology of CL in FD is not known but may be related 
to lymphatic dysregulation considering lymphatic dysfunction in 
FD is well documented.2 Amann-Vesti et al23 demonstrated that 
lymphangiopathy of the skin in patients with FD is character-
ised by obliteration of lymphatic microvessels, microlymphatic 
hypertension and reduced lymph drainage capacity. Even when 
oedema is not clinically apparent, severe structural and func-
tional changes are present in the initial lymphatics of the skin 
due to Gb-3 accumulation in FD.23 Hence, possible mechanisms 
of CL are lymphatic vessel fragmentation and/or obstruction of 
lymphatic vasculature by Gb-3, resulting in leakage of lymph 
into conjunctival interstitium, or lymphatic stasis with visible 
vessel distention.

Interestingly, all lesions in the 11 patients with CL in this 
cohort were located within the lymphatic-rich perilimbal area 
of the bulbar conjunctivae, an observation which might further 
support the hypothesis that lymphatic vessel fragmentation or 
obstruction of lymphatic channels by Gb-3 lead to CL forma-
tion in FD.15 23 24 Importantly, CL was detected in our patients 
despite long-term ERT, similar to the lack of response of periph-
eral lymphoedema to ERT.2 A previous report7 described two 

Figure 3 Conjunctival lymphangiectasia shown as areas of oedema 
resembling focal chemosis within the lower conjunctivae of patients 
1 and 4. (A): The black arrows surround an area of oedema in patient 
1. White arrows indicate vascular anomalies known as telangiectasia, 
aneurysmal outpouchings of blood vessel walls within conjunctivae 
caused by reduced sympathetic tone of vascular smooth muscle in Fabry 
disease (FD). (B): Conjunctival oedema in patient 4 is indicated by the 
black arrows. White arrows here denote tortuosity and ‘sausaging’ of 
conjunctival blood vessels, a characteristic of FD.

Figure 4 Corneal verticillata (CV), the hallmark ocular sign of Fabry 
disease, was observed in all patients in this cohort. (A): CV with a 
central vortex, in patient 1. These lesions are commonly referred to 
as corneal ‘whorls’. (B): CV with an inferior vortex, in patient 5. (C): 
Superior view of the cornea in (B), showing presumed migration of 
globotriaosylceramide from the limbal region.
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classic male patients who did not have corneal verticillata 
following 9 years of ERT but without baseline assessment and 
follow-up examinations. Therefore, the effects of ERT on the 
ocular findings in FD remain unclear.

Recent reports have re-emphasised the importance of corneal 
verticillata as an important disease-defining manifestation of 
FD.7 The phenotypic variation of FD, especially in classic female 
patients and in patients with late-onset variants, is well appreci-
ated. Currently, available biomarkers like lyso-Gb-3 may assist 
in the stratification of patients with FD.25 Similarly, more exten-
sive description and characterisation of the ocular findings in FD 
may improve the diagnostic criteria beyond the current binary 
assessment of the presence or absence of corneal verticillata. 

In conclusion, conjunctival lymphangiectasia accounts for 
about 1% of all conjunctival lesions in the general population, 
making the finding of CL in 85% of this cohort much higher 
than expected. The concordance between peripheral lymphoe-
dema and CL, and the poor response to long-term ERT, suggest a 
pathophysiological link between these two manifestations of FD. 
An association may also exist between CL and DES, the symp-
toms of which may be impacted by Fabry-related corneal dysaes-
thesia. Thus, it is important to take a thorough history of ocular 
symptoms and assess for DES in patients with FD.

The members of this cohort are patients with classic FD with 
varying degrees of renal, cardiac and central nervous system 
involvement, all treated with long-term ERT. Their clinical status 
is, therefore, fairly homogenous, making correlations between 
ocular and systemic conditions difficult to interpret. Identi-
fication of CL as an additional ocular manifestation of FD is 
important for all eye care providers, especially those who treat 
dry eye symptoms and anterior segment specialists who routinely 
scan the cornea and conjunctiva for blemishes due to contact 
lens wear or refractive surgery. Considering the persistence of 
CL and DES with long-term ERT, further studies are needed to 
evaluate the severity of all ocular complaints in FD, especially 
those associated with CL and the response to local therapy for 
DES in patients with FD.
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Table 1 Prevalence of conjunctival lymphangiectasia and other characteristics of adult patients with classic Fabry disease

Subject Gender (male/female) GlA mutation eRT (years) Peripheral lymphoedema Conjunctival lymphangiectasia dry eye

1 Male R227X 5 Yes Yes Yes

2 Male R227X 14 Yes No Yes

3 Male R227X 10 Yes Yes Yes*

4 Male R227X 14 Yes Yes Yes*

5 Female R227X 4 No Yes No

6 Male W277X 5 Yes Yes Yes*

7 Female W277X 7 Yes Yes Yes*

8 Male W277X 4 Yes Yes Yes*

9 Female W277X 8 No Yes Yes*

10 Male W236X 10 Yes Yes Yes*

11 Female W236X 9 Yes Yes Yes*

12 Male W236X 9 No Yes Yes

13 Female Q283X 10 Yes No Yes*

*Indicates additional presence of dry eye symptoms, such as chronic irritation and foreign body sensation.
GLA, alpha-galactosidase A locus; ERT, enzyme replacement therapy with agalsidase beta, peripheral lymphoedema in any extremity; dry eye findings included evaporative dry 
eye caused by inflammatory lid disease or reduced tear production.26

Table 2 Type and location of conjunctival lymphangiectasia lesions 
in this cohort

Subject no eye (R/l) location Type of lesion lesions (n)

1 R Inferonasal Diffuse 1

2 – – – –

3 L Nasal
Inferonasal

SoP*
Single cyst

1
1

4 R Inferonasal Diffuse 1

L Inferonasal
Superosemporal

Single cyst
Single cyst

1
3

5 R Inferonasal SoP* 3

6 R Superotemporal SoP* 3

7 R Nasal
Inferonasal

Single cyst
Single cyst

1
1

8 R Superonasal Single cyst 1

9 R Inferotemporal Single cyst 1

L Temporal Single cyst 1

10 R Superior SoP* 1

11 L Superotemporal SoP* 1

12 R Temporal
Superotemporal
Inferotemporal

Single cyst
Single cyst
Diffuse

1
1
1

L Inferotemporal Single cyst 1

13 – – – –

*SoP, String of Pearls (multiple connected cysts).
Note that subjects 5 and 6 had multiple Strings of Pearls (SoP).
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