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Ocular manifestations in patients with systemic sclerosis
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Abstract

Systemic sclerosis (55¢) is a rare, chronic autoimmune disease with unknown etiology. Its prominent
features are fibrosis, vasculopathy and impaired immune response. Disease can also affect eyes
leading to various findings in ophthalmological examination.

The objective of this study was to determine the prevalence and type of ocular involvement in
patients with SSc. A systematic literature review was conducted using electronic databases. A com-
bination of following keywords was used: “systemic sclerosis” and ophthalmology-related search

» o«

terms, including the keywords “eye”,

ocular” and “ophthalmic”.

In conclusion, eyelid and conjunctival abnormalities and dry eye disease are among the most com-
mon ocular manifestations of SSc. Their diversity is connected to complexity of the disease.
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Introduction

Systemic sclerosis (SSc) is a rare, severe systemic
disease of unknown etiology and little-known patho-
mechanism. The disease is characterized by vascular
changes, autoimmune disorders and progressive fibrosis
of the skin and internal organs [1, 2]. There is a limited
form of the disease (IcSSc — limited cutaneous system-
ic sclerosis), in which the occurrence of skin lesions far
exceeds the development of internal organ fibrosis and
a generalized, diffuse form (dcSSc — diffuse cutaneous
systemic sclerosis), in which internal organ involvement
occurs shortly after the appearance of skin lesions.
The location of skin lesions in both forms of the disease
varies and they are characterized by the presence of other
autoantibodies.

Rarely, SSc is characterized by the development of
organ lesions without the appearance or late manifes-
tation of skin lesions, i.e. systemic sclerosis sine sclero-
derma [3]. There are also SSc overlap syndromes with
other systemic connective tissue diseases, most often
with  polymyositis (scleromyositis). Mention should
also be made of a very early systemic sclerosis, which
is a pre-systemic sclerosis condition characterized by

Raynaud’s phenomenon, puffy fingers, disease-specific
autoantibodies, and microvascular alterations at capil-
laroscopy [4]. It is estimated that in 65-80% of patients
with very early systemic sclerosis the full clinical pro-
file of the disease will be revealed within 5 years. It is
unclear whether SSc is a homogeneous disease and is
a nosological unit or is a syndrome with differentiated
etiopathogenesis and only a common final clinical pre-
sentation.

The organ of vision is largely composed of connective
tissue structures. This is a premise suggesting that ocular
changes may occur in patients with SSc. In addition, the
discussed disease substantially affects blood vessels.

Vascular damage primarily involves microcirculation,
which is expressed by the early development of capil-
laroscopic visualized lesions, but may also involve larger
vessels. Typical is Raynaud’s phenomenon, which may
also have organ counterparts. For example, myocardial
ischemia is observed in patients which is not related to
the development of atherosclerosis, but having the na-
ture of transient coronary vasospasm. In the renal and
other arteries (e.g. finger arteries) a hyperplasia of mus-
cle layer that reduces or closes the lumen of the vessel
is developed. In the case of renal arteries, this can lead
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to renal crisis, which was the main cause of death for
SSc patients for many decades. To what extent this phe-
nomenon affects the eye, including retinal blood vessels,
is unknown.

Many systemic connective tissue diseases coexist
with secondary Sjogren’s syndrome — dryness syndrome,
which has a well-known ophthalmic aspect [4]. Accord-
ing to the literature, SSc is accompanied by Sjogren’s syn-
drome even in 23.2% [5], while another study [6] shows
the coexistence of these conditions only in 14%. Review-
ing latest scientific reports, there can be found more
and more papers discussing both ocular symptoms in
patients with SSc, their incidence and correlation with
the stage of the underlying disease. Although most of
the available analyses contain small groups of patients,
this allows us to present the most common ophthalmo-
logic pathologies in patients with SSc.

Most common ophthalmic symptoms
in patients with systemic sclerosis

Eyelids

Eyelid skin involvement is best documented in the
scientific literature and also one of the most common
ophthalmic symptoms in patients with SSc. It manifests
itself in the stiffness and tightness of the eyelid skin, re-
striction of eyelid mobility, ectropion, blepharophimosis,
eyelid telangiectasia and ciliary madarosis [7, 8]. Szucs et
al. [7] found eyelid changes in 57% of patients with SSc in
their analysis. In a study performed by Ratilglia et al. [9]
thickening and hardening of the eyelid skin was observed
in 77% of subjects. Gomes et al. [10] reported changes
in eyelids were more common in the form of dcSSc and
in patients whose diagnosis of the underlying disease
was made at a younger age — on average 35.9 years vs.
44.6 years in patients without eyelid involvement [8, 10].

Eyelid abnormalities in the course of SSc are the
result of fibrosis processes-accumulation of collagen,
mainly of type |, occurring in the connective tissue in the
course of the disease [11]. The stiffness of the eyelid skin
leads to a limitation of their mobility, which significant-
ly affects the disorder of tear film distribution over the
anterior surface of the eye, having a significant impact
on the impairment of sharp, clear vision. In turn, lagoph-
thalmos causes excessive loss of tear film resulting from
the increased evaporation process. Both disorders lead
to the development of chronic dry eye disease (DED) in
patients with SSc [7, 10].

Conjunctiva

The conjunctiva due to its rich vascularization is par-
ticularly affected by vasculopathy in the course of SSc.
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Ophthalmologic examination reveals conjunctival vas-
cular congestion, neovascularization, telangiectasia and
varicose vein dilatation [6]. In the analysis of Ratilglia
et al. [9], conjunctival tortuosity and dilatation were
found in 63% of 30 examined patients.

On the other hand, in the study by West and Bar-
nett [8], which included 38 patients with SSc, 27 of them
(71%) had vascular sludging within the conjunctiva
and 19 (50%) had dilated vessels. It was also noted
that the changes in the conjunctival blood vessels
resemble those seen in nailfold capillaroscopy in the
course of SSc [8].

In 1993, Mencel et al. [12] conducted a study of con-
junctival biopsies of 21 patients with SSc. Microscopic
examination of the samples revealed thinning of the
conjunctival epithelium and its keratinization, irreg-
ularity of epithelial cells and significant loss of gob-
let cells. The severity of the changes, however, did not
show a correlation with the duration of the disease or
symptoms of patients in the field of DED. In all biopsies,
mast cell infiltration was also found, half of which was
in the degranulation phase, indicating the active release
of mediators from their granules. Similar changes were
also observed in skin and lip biopsies [12]. Based on the
studies, it is believed that mast cells may participate in
tissue fibrosis in scleroderma [13]. All tested samples
showed features of fibrosis beneath the epithelium and
around capillaries. Numerous active fibroblasts, collagen
fibers grouped in bundles and thickening of capillary
walls were observed. Fibrosis was present in conjunc-
tival biopsy in all patients regardless of the duration of
the disease and signs, which may serve as a future diag-
nostic tool in the early stages of the disease [12].

Dry eye disease

According to many authors, dry eye disease (DED)
is the most common ocular manifestation of SSc. In
analysis of Szucs et al. [7], DED affected 64.7% of the
51 patients examined. In turn, in the study of Gomes et al.
[10] involving 45 patients, DED was found in 48.9% of
them. DED in the course of SSc is the result of eyelids
disorders (which have been described earlier) as well as
impairment of the production of tear film itself.

Pathomechanism involves fibrosis in the tear ducts,
which leads to a reduction in the production of aque-
ous layer of tears. In turn, reducing the number of goblet
cells of the conjunctival epithelium causing a decrease
in the secretion of the tear film mucin layer. It has been
studied that in patients with SSc, the velocity of tear se-
cretion is reduced by as much as 67% compared to the
control group [14].

As a result of the aforementioned changes, there is ex-
cessive evaporation of tears from the eye surface and their
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quantitative and qualitative deficiency [15]. It has also
been proven that the severity of DED in an ophthalmo-
logical examination does not correlate with the duration
of the underlying disease and the duration of ophthalmic
symptoms [12]. Interestingly, in the study of Rentka et al.
[16], she showed a weak correlation between signs and
symptoms in dry eye syndrome in the course of SSc.

It should not be forgotten that in some patients
with SSc, secondary Sjogren’s syndrome may coexist
giving symptoms of DED. In the previously mentioned
study by Mancel et al. [12], biopsies of patients with pri-
mary Sjogren’s syndrome were also analyzed, showing
different background for conjunctival changes in both
diseases. In Sjogren’s syndrome lymphocytic infiltrates
were present in all samples, whereas fibrosis was not
observed. It can be presumed that both types of lesions
will be present in patients with SSc and secondary
Sjogren’s syndrome, but this requires further, detailed
histopathological examination.

Cornea

The thickest layer of the cornea is its stroma consti-
tuting 90% of the total thickness. It is made of collagen
fibers, mainly collagen type | and V [17, 18]. In systemic
sclerosis, excessive collagen deposition occurs, especial-
ly of type I, Il and V in the skin and internal organs [19],
which led to the hypothesis that corneal thickness in pa-
tients with SSc should be increased.

The literature presents several studies verifying this
assumption, however, their results are contradictory.
Serup et al. [20] in an analysis of 32 patients with SSc
showed an increase in corneal thickness, especially in
the first 8 years of the disease. However, Gomes et al.
[21] did not confirm this, stating no significant difference
in corneal thickness in 37 patients with SSc, compared
to the control group. Sahin Atik et al.[22] observed a sta-
tistically insignificant tendency to decreased corneal
thickness in 34 patients with SSc. One of the latest stud-
ies, published by Nagy et al. [23], which includes many
cofounding factors, supports corneal thickness reduc-
tion in patients with SSc compared to the control group.

To conclude, the impact of SSc on the thickness of
the cornea requires further, extended studies on larger
patient groups. They should include physiological diurnal
changes in corneal thickness as well as other potential
confounding factors such as gender, race, age and body
mass index. It seems reasonable to conduct long-term
observation as pathologic changes in the course of SSc
appear earlier in tissues with more vascular components.

Pupil diameter

Studies indicate that the nervous system is also in-
volved in systemic sclerosis. This applies to both central

and peripheral nervous system. Studying the patho-
genesis of Raynaud’s phenomenon, showed increased
activity of the sympathetic nervous system while a de-
crease in the parasympathetic nervous system [24, 25].
Therefore, it was decided to check whether the pupil
diameter under the influence of both the parasympa-
thetic and sympathetic nervous system will be different
in patients with SSc compared to the control group.

In 2002 and 2003, Bertinotti and del Roso [26, 27]
conducted a study of the basal pupil diameter and un-
der the influence of substance P (constricts the pupil
by directly affecting the sphincter pupillae muscle). The
results showed that the basal diameter of the pupil in
patients with SSc was smaller than in the control group
with more intense narrowing found to occur under the
influence of substance P. In addition, these changes
were more evident in patients with limited scleroderma
than generalized. The results indicate dysfunctions of
the peripheral nervous system especially in lcSSc.

Iris

The most common iris abnormalities in ophthal-
mologic examination in patients with SSc are transil-
lumination defect and vascular deformation, which is
particularly evident in people with light iris [7, 8]. Szucs
et al.[7] observed changes in the iris in 13.7% of patients
while Gomes et al. in 8.9% [6]. It is believed that the rea-
son for these changes is vasculopathy involving the iris
as part of the uvea, which in turn leads to vascular dis-
orders and iris epithelial atrophy [7].

Lens

The studies conducted so far do not allow to clearly
determine the effect of systemic sclerosis on the devel-
opment of cataract. It seems that glucocorticoid drugs
used in some SSc patients may have an effect on the
acceleration of lens opacification processes than the
underlying disease alone [7, 10]. However, it should be
emphasized that modern principles of treatment of
patients with SSc practically exclude the use of gluco-
corticosteroids. These drugs are thought to increase the
risk of renal crisis. The use of glucocorticoids in the early
stages of the disease (puffy fingers) or in severe arthritis
is exceptionally allowed [28].

Retina

The retina is characterized by immunologically fa-
vored microcirculation, lack of resident fibroblasts and
adrenergic vasomotor innervation [29, 30]. This struc-
ture seems to protect it against vasculopathy and fibro-
sis processes that occur in systemic sclerosis.

There are many contradictory conclusions in the
literature about the effect of SSc on retinal pathologies.

Reumatologia 2020; 58/6
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In some studies, no relationship was found between SSc
and retinopathy [31, 32]. Ushiyama et al. [33] analyzed
the fundus photos of 29 SSc patients and compared
the incidence of retinal abnormalities with the control
group and with the result of nailfold capillaroscopy.
Retinal changes were found in 34% of patients with
SSc, and in the control group only in 8% of patients.
There was no correlation between abnormal capillaros-
copy and retinal lesions in SSc patients. Patients with
retinal abnormalities were more likely to have concomi-
tant hypertension. In fundus examination, hard exu-
dates and tortuosity of vessels were most commonly
found. Coexisting diabetes and retinopathy, which is
the most common cause of retinal hard exudates, were
not included in this study.

Cheung et al. [34] found that retinal vascular tortu-
osity correlates with hypertension and other parame-
ters depending on the type of vessel-venous or arterial,
which was not specified in the study by Ushiyama et al.
[33]. Therefore, the assessment of the impact of SSc on
retinal pathologies requires further study with a larger
group of patients, while taking into account cofounding
factors, especially hypertension.

Isolated cases of ophthalmic vascular events have
also been reported. Konuk et al. [35] presented a case of
ocular ischemic syndrome in a 43-year-old patient with
dcSSc who had complete stenosis of the internal carotid
artery and, as a consequence, ipsilateral loss of vision.
In turn, Raja et al. [36] described a case of a 75-year-old
patient with [cSSc who developed central retinal artery
embolism, leading to unilateral loss of vision.

Choroid

The choroid is the most vascularized part of the eye,
and for this reason it was thought that vasculopathy in the
course of SSc would also affect it to a significant extent.
Histopathological studies conducted by Maclean and
Guthrie [37] showed thickening of the precapillary base-

Table 1. Incidence of ocular findings in patients with
systemic sclerosis

Ocular findings Percent (%)
Eyelid (stiffness, tightness, telangiectasia) 51.1-77.0
Conjunctiva (neovascularization, 15.7-63.0
teleangiectasia, varicose vein dilatation)

Dry eye disease 48.9-64.7
Iris (transilumination, vascular deformation) 8.9-13.7
Cataract 42.2-51.0
Retina (hard exudates, tortuosity of vessels) 10.0-34.0
Choroid (perfusion abnormalities) 33.0-50.0
Glaucoma 11.1-21.6
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ment membrane, swelling of endothelial cells and oblite-
ration of small vessel lumen and areas of choroidal ische-
mia. The research of Grennan et al. [32] using fluorescein
angiography confirmed choroidal perfusion disorders. In
this study, areas of choroidal non-perfusion were observed
in up to 50% of subjects. This affected all patients with
the aggressive form of dcSSc, but also a few patients with
a milder form, where the skin lesions concerned only fin-
gers. Coskun et al. [38] in their study using optical cohe-
rence tomography (OCT) found significant choroid thin-
ning in SSc patients compared to the control group.

In 2019, Ranjbar et al. [39] using angio-OCT described
in patients with systemic sclerosis reduced perfusion in
all layers of the choroid in the submacular region. These
studies included confounding factors such as patient
age, body mass index, and axial length of the eyeball,
which also affect choroidal thickness.

Glaucoma

The relationship between SSc and the incidence of
glaucoma has been analyzed in several studies. Gomes
et al. [10] found the presence of open angle glaucoma in
11.1% of subjects, which gives a higher frequency than
in the general population (2.4% for the Brazilian popula-
tion). The authors suggest that the increased incidence
of glaucoma in SSc patients may be due to vasculo-
pathy, which in this case would involve perfusion and
circulation in the blood vessels of the optic nerve. Alla-
nore et al. [40] analyzed 61 patients with SSc and found
between them significantly more frequent glaucoma
changes than in the control group. The described devi-
ations included a cup/disc area of the optic disc ratio
> 0.3 and changes in the field of view. Intraocular pres-
sure in all patients was within the accepted norm and
therefore a relationship between SSc and normal pres-
sure glaucoma was concluded.

However, Chan and Liu [41] believe that the Alla-
nore study contains methodological errors in the analy-
sis of field of view results, and also includes only one
measurement of intraocular pressure. Therefore, the in-
creased risk of glaucoma in SSc patients requires further
research.

Incidence of ocular findings in patients with SSc is
presented in Table |.

Pathogenesis of ocular involvement
in patients with systemic sclerosis

The pathogenesis of ocular involvement, as well
as the pathogenesis of changes in internal organs and
the involvement of body integumentary system in SSc
patients is complex and poorly understood. The coope-
ration of three groups of mechanisms is assumed [42].
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These include vascular changes, immune disorders
and fibrosis. It is often assumed that the fibrosis pro-
cess is an advanced stage of the disease and the acti-
vation of fibroblasts combined with excessive produc-
tion of extracellular components of connective tissue
is a common descent of vascular changes and altered
immune-inflammatory processes.

In SSc patients early in the disease, including the pre-
clinical stages, numerous autoantibodies are detected.
They are quite closely related to the clinical profile and
course of the disease. Patients have stable (constitutio-
nal) activation and an increased number of B-CD19 cells
accompanied by a decrease in the number of B-CD22
cells. In addition to autoantibodies directed against cel-
lular components, there are also antibodies directed to
adhesion proteins, endothelin A receptor, angiotensin
Il receptors and endothelial cells. Autoantibodies are
thought to be involved in the development of vascular
lesions, including leading to damage to endothelial cells.
It is associated with the activation of vascular wall cells
and the proliferation of myofibroblasts of the middle layer
of small vessels. Activation of the fibrosis process can
occur in different ways.

The role of hypoxia and oxygen free radicals, release
of growth factors (primarily profibrotic growth factors:
transforming growth factor B — TGF-B, connective tissue
growth factor — CTGF, platelet-derived growth factor —
PDGF) and pro-inflammatory factors (interleukin 6) and
impaired apoptosis of cells regulating the deposition
of extracellular substance components [43]. However,
it should be noted that SSc, unlike other systemic con-
nective tissue diseases, is characterized by relatively low
inflammation. An increase in inflammatory markers is
found only in the early stages of the disease and with
late infectious complications [44].

Ocular manifestation of the disease can reflect all
of these processes, including vascular, autoimmune,
inflammatory ones and excessive deposition of con-
nective tissue components. Attempts are made to dis-
tinguish primary changes associated with the pathoge-
nesis of the disease and secondary changes. Secondary
changes may result from complications (e.g. bacterial or
viral infections), and may also be associated with the
treatment being used.

Contemporary SSc therapy is based on the use of
treatment targeted at individual organs. Immunosup-
pressive and antiproliferative drugs are used. Immu-
noablation with autologous stem cell transplantation
is considered to be the most effective therapy, but is
unfortunately only applicable to some patients [45].
The treatment procedures can have a direct or indirect
effect on the organ of vision. Of course, SSc patients may
have ophthalmic disease as incidental comorbidities.

Conclusions

In order to draw reliable conclusions about the im-
pact of SSc on the eye, further standardized studies
with more numerous groups of patients are required.
It would also be necessary to prove clear correlations be-
tween ophthalmic changes, their type and severity, and
the progression of systemic sclerosis. The dependence
of the autoantibody profile, the severity of skin fibrosis,
the development of organ changes as well as the sever-
ity of microcirculation changes and the severity of the
inflammatory process on the occurrence and severity of
changes in the organ of vision are unknown.

The impact of the treatment may also be significant.
Another issue is the hypothetical possibility of early de-
tection of SSc or the determination of disease activity or
its progression and prognosis based on the analysis of
ocular changes.

To summarize the above analysis, currently the best
documented ophthalmic manifestations in SSc are eye-
lid, conjunctival, dry eye syndrome and choroidal per-
fusion disorders. They result from fibrosis and vascu-
lopathy, which are the main features of the underlying
disease. Ocular involvement occurs in many rheumato-
logical diseases, hence clinicians should be vigilant not
to miss the ophthalmological pathology in the course of
SSc and ensure adequate treatment is provided at the
appropriate time.

The authors declare no conflict of interest.
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