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ABSTRACT

Introduction: Scleritis is a rare and severe ocu-
lar inflammatory disease that is often associated
with potentially sight-threatening ocular com-
plications. The aim of the present study was to
characterize ocular complications in non-infec-
tious scleritis and identify predictive variables
for their development.

Methods: Data for this registry-based study were
extracted from the Autolnflammatory Disease
Alliance Network for Scleritis Registry. Univariate
analysis was performed to examine potential asso-
ciations of demographic and clinical variables with
the development of ocular complications. Uveitis
and peripheral ulcerative keratitis were considered
to be extensions of the inflammatory process and
not to be true structural complications. Predictive
factors of ocular complications were assessed using
regression analysis. The impact of ocular complica-
tions on visual acuity—measured by best-corrected
visual acuity (BCVA)—was also analyzed.
Results: A total of 154 patients (218 eyes)
with non-infectious scleritis were enrolled. In
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58 of these patients (87 eyes), 102 ocular com-
plications were recorded, with cataract, scleral
and corneal thinning, and glaucoma and/or
increased ocular pressure being the most fre-
quently recorded complications. Ocular com-
plications were found to be significantly more
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frequent among patients affected by granulo-
matosis with polyangiitis (GPA) (p<0.0001) and
concomitant uveitis (p=0.023). The mean sever-
ity score was significantly higher among eyes
experiencing ocular complications (p<0.0001).
Regression analysis identified three variables
capable of predicting the development of ocu-
lar complications: a diagnosis of GPA [odds
ratio (OR) 7.747, p<0.0001]; the presence of
concomitant uveitis (OR 3.648, p=0.019); and
a high severity score (OR 1.138, p=0.044).
Mean (+standard deviation) BCVA converted
to logMAR was found to be significantly higher
among eyes without ocular complications
(0.12+0.24 vs 0.27+0.49; p=0.005).
Conclusion: Scleritis was accompanied by irre-
versible ocular complications in a considerable
proportion of the patients enrolled in this study.
Patients with a diagnosis of GPA, concomitant
uveitis, and a higher severity score are more
likely to develop ocular complications, and thus
warrant a tighter follow-up schedule and early
treatment in order to minimize the risk of poor
visual prognosis.
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Key Summary Points

Why carry out this study

Real-life robust evidence on long-term
outcomes in patients with non-infectious
scleritis is scarce.

This study aimed at characterizing ocular
complications and detecting predictive fac-
tors for the development of these complica-
tions throughout the disease course.

What was learned from the study

Data from the International Autoinflammatory
Diseases Alliance (AIDA) Network revealed that
patients with scleritis diagnosed with granulo-
matosis with polyangiitis and those who pre-
sent with concomitant uveitis are more likely to
develop ocular complications.

The scleritis severity score is an often over-
looked but reliable tool capable of predicting
the development of ocular complications in
patients with scleritis.

Our findings allow more accurate patient
profiling and identify a subgroup of patients
with scleritis that should undergo tight
follow-up control and proper management to
preserve long-term visual function.

INTRODUCTION

Scleritis is an inflammation of the sclera that
encompasses a broad spectrum of conditions, rang-
ing from mild scleral inflammation to severe and
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aggressive variants of the inflammation associated
with a high risk of irreversible anatomical damage
and poor functional outcome [1, 2]. A significant
proportion of cases are characterized by compro-
mised visual function and a potential threat to the
anatomical integrity of the ocular globe. Visual loss
is present in almost 30% of patients [3, 4]. Previous
studies have reported a heterogeneous spectrum
of complications, including, scleral thinning and
perforation, cystoid macular edema, glaucoma, and
exudative retinal detachment, among others [4, 5].
Damage to nearby structures, such as the cornea,
including peripheral ulcerative keratitis (PUK), the
uvea, and the retina may also occur and further
worsen visual impairment [6]. An additional cru-
cial aspect to be considered is the association of
scleritis with systemic immune-mediated diseases
as this association could influence disease sever-
ity, histopathology, and long-term outcomes [4,
7]. Taken together, these considerations warrant
the need to identify a specific subgroup of patients
with non-infectious scleritis who are more likely
to develop long-term complications ultimately
leading to a poor visual outcome. Prompt detec-
tion of such patients would provide clinicians the
opportunity to early administer systemic immu-
nosuppressive treatments in a top—-down manner
aimed at controlling ocular inflammation and pre-
venting or minimizing visual impairment. In this
context, our previous experiences have highlighted
the efficacy of biotechnological agents, including
both tumor necrosis factor (TNF) inhibitors and
non-TNF inhibitors, in the management of non-
infectious scleritis [8, 9].

Here, we report the findings of an interna-
tional registry-based multicenter study charac-
terizing ocular complications in non-infectious
scleritis with a specific focus on identifying pre-
dictors of irreversible ocular complications.

METHODS

Study Design, Participants and Data
Collection

Medical records of patients diagnosed with
non-infectious scleritis, either idiopathic or

associated with systemic immune-mediated dis-
eases, were reviewed. Data were extracted in a
double fashion, both retrospectively and pro-
spectively, collected up to 2 November 2025,
from the international AIDA Network Scleritis
Registry. Scleritis Registry is a physician-driven,
electronic-based registry implemented for the
collection of real-life data on demographics,
socioeconomic, clinical, laboratory and thera-
peutic information [10].

The following data were collected: gender, age
at onset, age at diagnosis, associated systemic
disease, human leukocyte antigen (HLA)-typ-
ing, autoantibodies, best-corrected visual acuity
(BCVA) measured on Snellen charts and trans-
formed into logarithm of the minimum angle
of resolution (logMAR), scleritis anatomical
classification according to Watson and Hayreh
[11], number of relapses, concomitant uveitis
(diagnosed during or immediately after scle-
ritis diagnosis), treatments given throughout
disease course, and ocular complications devel-
oped over time from disease onset to the last
follow-up visit. When patients had both anterior
and posterior scleritis, they were assigned to the
group “posterior scleritis”. Scleritis severity scor-
ing was established according to the McCluskey
and Wakefield [12]. Medical charts with > 20%
of values missing were excluded from the study.
All patients were regularly followed up on sched-
uled appointments and in case of necessity (dis-
ease flare and/or safety issues).

Ethical Statement

The study was performed in accordance with
the Helsinki Declaration of 1964, and its later
amendments, and received approval from the
local Ethics Committee of the University of
Siena (Reference No. 14951). All patients or
their legal guardians provided written informed
consent.

Aims and Endpoints

The primary aim of the study was to identify var-
iables associated with the development of ocular
complications in patients with non-infectious
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scleritis throughout the ocular disease course.
Secondary aims were established as: (1) evalua-
tion of the influence of the severity score in the
development of ocular complications; (2) detec-
tion of predictive factors of the development of
ocular complications; and (3) the consequences
of ocular complications on visual function.

The primary endpoint was analyzed using
potential statistical differences between patients
with and without ocular complications accord-
ing to the following variables: sex, lateral-
ity (monolateral vs bilateral), the presence of
autoantibodies, scleritis anatomical classification
(anterior vs posterior), concomitant uveitis, the
associated immune-mediated systemic disease,
and treatment with topical glucocorticosteroids
(GGCs), oral GCs, conventional disease-modify-
ing anti-rheumatic drugs and biotechnological
agents.

Secondary endpoints were examined using
(1) the detection of any statistically significant
difference between patients with and without
ocular complications in the mean scleritis sever-
ity score; (2) binary logistic regression with the
stepwise backward method to identify predictive
factors of the development of ocular complica-
tions; and (3) any difference in BCVA.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics
for Windows (IBM Corp., Armonk, NY, USA).
The normality distribution of continuous vari-
ables was assessed with the Shapiro-Wilk test.
Quantitative variables were reported as the mean
and standard deviation (SD) or as the median
and interquartile range (IQR), as required, and
qualitative variables were reported as absolute
frequencies with the corresponding percent-
ages. Cross-tables were analyzed by Pearson’s
Chi-squared test, and post-hoc analysis through
adjusted residuals was used for contingency
tables with dimensions > 2 x 2. Differences
in median values between groups were tested
using the Mann-Whitney U-test. Potential pre-
dictors of ocular complications were identified

by binary logistic regression computed with the
backward stepwise method. Given the dichoto-
mous nature of the dependent variable, patients
experiencing multiple complications were coded
as having the outcome “complication,” regard-
less of the number of events. The following
variables were included in the initial regression
model: sex, the presence/absence of GPA, ana-
tomical pattern of scleritis, concomitant uveitis,
severity score, and treatment with topical and/
or oral GCs. The significance threshold was set
at 0.05, and all tests were two-sided.

RESULTS

Of the 162 patients enrolled in the interna-
tional AIDA Network Scleritis Registry, 154 were
enrolled in the present study, for a total of 218
eyes. Eight patients were excluded due to incom-
plete records. Scleritis was unilateral in 90 cases
and bilateral in 64 cases. The female-to-male
ratio was 1.83. Mean age at onset and at diag-
nosis was 44.67 and 45.52 years, respectively.
Mean (£SD) disease duration at last follow-up
was 71.53+79.48 months [median (IQR) was
equal to 48.50 (78.50) months]. More detailed
clinical and demographic data are provided
in Table 1. Scleritis was classified as idiopathic
in 61 cases. In terms of associated systemic
immune-mediated diseases, the most frequently
encountered diagnosis was granulomatosis
with polyangiitis (GPA) (31 patients) followed
by rheumatoid arthritis (14 patients) and axial
spondyloarthritis (10 patients). The pie chart in
Fig. 1 illustrates all the systemic immune-medi-
ated diseases diagnosed in our cohort.

A total of 102 ocular complications were
recorded in 58 patients (87 eyes), with cataract
being the most frequent complication (31 eyes),
followed by scleral thinning (16 eyes), glaucoma
(11 eyes), corneal thinning (9 eyes), macular
edema (8 eyes), and corneal scars (7 eyes). Fig-
ure 2 shows the complications recorded.

Ocular complications were found to be
significantly more frequent among patients
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Table 1 Demographics and clinical characteristics of patients enrolled in the present study

Feature Description

No. of patients 154

Sex (females/males), 7 99/54

Ethnicity White (7 =86)
Hispanic (» =47)
Arab (n=15)
Black (n=4)

Southeast Asia (n=1)
South Asia (n=1)

Age at onsct, years (mean + SD) 44.67+17.67

Age at diagnosis, years (mean + SD) 45.52+17.59
Diagnostic delay, years (median [IQR]) 0.00 [0.50]
Laterality Unilateral (z=90)

Bilateral (n =64)
Anatomic pattern (no. of eyes) Anterior scleritis (n=151)
Diffuse (»=96)
Nodular (z=33)
Necrotizing (n=7)
- Necrotizing with inflammation (2 =6)

- Necrotizing without inflammation/scl-

eromalacia perforans (z=1)
Not reported (7 =15)
Posterior scleritis (n=37)

Anatomical classification unavailable for 30

eyes

Concomitant uveitis (no. of patients) n=28

Concomitant PUK (no. of patients) n=14

HLA typing HLA-B*27 positivity (= 3)

HLA-B*51 positivity (z=6)

HLA-Cw6 positivity (n=1)
HLA-DRBI positivity (z=2)

HL A Human leukocyte antigen, IQR interquartile range, PUK peripheral ulcerative keratitis, SD standard deviation
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WMGPA ERA Axial SpA SLE mVEXASsyndrome ®RP PsA iIBD JIA mothers®

Fig.1 Systemic immune-mediated systemic diagnosis
associated with non-infectious scleritis. Asterisk (*) indi-
cates other diagnoses: IgG4-related disease, Cogan’s syn-
drome, Takayasu arteritis, MPA, GCA, and ADA2 defi-
ciency (one per patient). ADA2 Adenosine deaminase 2,
GCA giant cell arteritis, GPA granulomatosis with poly-

affected by GPA [odds ratio (OR) 5.054,
95% confidence interval (CI) 2.179-11.722,
p<0.0001] and concomitant uveitis (OR 2.574,
95% CI 1.118-5.927, p=0.023), respectively.
Specifically, 30% of patients with scleritis with-
out GPA developed ocular complications, com-
pared to 68.8% of patients with scleritis with a
diagnosis of GPA. A similar trend was observed
in patients with scleritis and concomitant uvei-
tis (57%) compared to those without concomi-
tant uveitis (34%), with 28 patients (36 eyes)
with scleritis having concomitant uveitis. The
most frequent anatomical pattern of uveitis
was anterior (56.7%) while 13.3% and 30% of
the eyes had posterior uveitis and panuveitis,
respectively. The anatomical pattern of uveitis
(“anterior” uveitis group vs “posterior or panu-
veitis” group) was not significantly associated

angiitis, /BD inflammatory bowel diseases, ¢G4 immuno-
globulin G4, JI4 juvenile idiopathic arthritis, MPA micro-
scopic polyangiitis, PsA psoriatic arthritis, R4 rheumatoid
arthritis, RP relapsing polychondritis, SLE systemic lupus
erythematosus, SpA spondyloarthritis, VEXAS syndrome
El enzyme, X-linked, autoinflammatory and somatic

with the occurrence of ocular complications
(p=0.88).

The anatomical pattern of scleritis was not
significantly associated with the development of
ocular complications throughout disease course
(p=0.172).

Treatment with topical and/or oral GCs was
associated with a significantly lower occurrence
of structural ocular complications (OR 0.460,
95% CI 0.237-0.891, p=0.020). Also, no sig-
nificant association was found between the use
of advanced therapies with biotechnological
agents and the occurrence rate of ocular com-
plications (p=0.311). The mean (+SD) [median
(IQR)] treatment delay from disease onset to
the first biologic used was 33.32+£43.14 [13.50
(52.00)] months.

The mean (£SD) severity score among eyes
experiencing ocular complications (1.83 +2.46)

A\ Adis



Ophthalmol Ther

35 ",«/
131

s b

’s

20

Fig.2 Ocular complications recorded throughout disease
course. Asterisk (*) indicates other complications: phthisis
bulbi, blindness, grade IV optic disc edema, superior cho-

was significantly higher than that among eyes
without any recorded complications (0.68+1.58)
(p<0.0001).

Regression analysis identified three variables
capable of predicting the development of ocular
complications: a diagnosis of GPA (OR 7.747,
95% CI 2.891-20.759, p<0.0001), the pres-
ence of concomitant uveitis (OR 3.648, 95%
CI 1.241-10.722, p=0.019), and severity score
(OR 1.138, 95% CI 1.003-1.290, p=0.044). The

roidal folds, retinal vessel congestion, epiretinal membrane,
and anterior synechiae

results of the univariate and multivariate analy-
ses are summarized in Table 2.

Mean (+SD) BCVA converted in logMAR was
found to be significantly higher among eyes
without ocular complications (0.12+0.24 vs
0.27£0.49; p=0.005).
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Table 2 Variables predicting the development of ocular complications in scleritis and their respective significance in univari-

ate and regression analysis

Univariate analysis

Variable p value
Sex 0.128
Associated systemic disease 0.183
GPA <0.0001*
Autoantibodies 0.074
Laterality 0.132
Concomitant uveitis 0.023*
Anatomic pattern 0.172
Topical and/or oral GCs 0.020*
cDMARD:s 0.551
Biotechnological agents 0.311
Regression analysis

Variable OR Lower CI Upper CI p value
GPA 7.747 2.891 20.759 <0.0001
Concomitant uveitis 3.648 1.241 10.722 0.019
Severity score 1.138 1.003 1.290 0.044

¢DMARDs Conventional disease modifying anti-theumatic drugs, CI confidence interval, GCs glucocorticosteroids, GPA

granulomatosis with polyangiitis, OR odds ratio

* indicates statistical significance (p < 0.05)

DISCUSSION

Scleritis is a rare and severe ocular inflammatory
disease that is often associated with potentially
sight-threatening ocular complications and,
in some instances, even globe perforation [2].
It often accompanies systemic diseases such as
GPA, rheumatoid arthritis, and systemic lupus
erythematosus [13]. Of the 154 patients with
non-infectious scleritis enrolled in the present
study, we recorded ocular complications in 58
(37.7%) patients—87/218 (39.9%) eyes. This per-
centage is lower than that reported in previous
similar studies, in which > 75% of the patients
with scleritis were found to develop complica-
tions [3, 14-16]. This difference could be purely
methodological as most previous studies defined

concomitant uveitis and PUK as ocular com-
plications whereas we considered these ocular
manifestations to be a more extensive inflam-
matory process involving structures nearby the
sclera. In fact, adjacent ocular structures such
as the uveal tract and peripheral cornea could
be part of the same underlying inflammation
process rather than true complications due to a
shared immunologic environment. In this con-
text, uveitis and PUK could be part of the same
disease spectrum. Anterior uveitis in particular
may accompany scleritis, and the extension of
scleral inflammation to the anterior uveal tract
could worsen the ocular prognosis [5]. The most
frequent ocular complication in our cohort was
cataract, followed by scleral or corneal thin-
ning and glaucoma/ocular hypertension. These
complications—particularly elevated intraocular
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pressure, cataract and to a lesser extent scleral/
corneal changes—have also been reported to
be the most common ocular complications
in other studies [15-17]. Ocular hypertension
and glaucoma specifically may occur in about
one-fifth of patients with scleritis, as described
in a large series of patients with scleritis [18].
For completeness, it should be emphasized
that both cataract and ocular hypertension
may result from chronic GCs use rather than
the uncontrolled ocular inflammatory process
alone, highlighting the need for the early intro-
duction of steroid-sparing agents. The roughly
2-year delay in initiating a biologic agent in our
cohort could explain its non-significant impact
on reducing the frequency of irreversible ocular
complications.

Applying the Watson and Hayreh classifica-
tion, we found that anterior diffuse scleritis was
more prevalent than posterior scleritis, anterior
nodular scleritis, and anterior necrotizing scle-
ritis in our patient population. The anatomical
pattern did not impact the occurrence rate of
ocular complications, suggesting that anterior
scleritis should be equally monitored and receive
the same degree of clinical caution as posterior
scleritis. Posterior scleritis, however, is associated
with a high potential of visual loss, affecting
roughly one third of the patients, mainly due
to the potential extension of the inflammatory
process to nearby structures, such as the cho-
roid, external retina, and optic nerve, leading to
macular changes or optic atrophy [4].

In terms of associated immune-mediated dis-
eases, across previous studies, approximately
22-37% of patients with scleritis received a sys-
temic diagnosis [3, 14, 16, 17]. In comparison, a
higher proportion of high-burden systemic dis-
eases was detected in our cohort (60%), likely
due to referral bias that led to the chronic man-
agement of more severe cases. This, in turn, may
limit the representation of systemic scleritis in
the general population in which milder cases are
more prevalent. In previous reports, the autoim-
mune diseases most commonly associated with
scleritis were rheumatoid arthritis, followed
by ANCA-associated vasculitis, and relapsing
polychondritis [3, 14, 16, 17]. In keeping with
these results, we also found that the most com-
mon systemic diagnostic entities were GPA and

rheumatoid arthritis. According to our findings,
patients with scleritis with a diagnosis of GPA are
significantly more likely to develop irreversible
ocular complications, confirming the findings of
earlier studies in which patients with a diagnosis
of GPA exhibited a worse ocular prognosis. In
the study by Sainz de la Maza et al., GPA was
more commonly associated with a necrotizing
pattern, visual loss, and PUK [7]. Additionally,
ophthalmologists and theumatologists evaluat-
ing patients with scleritis should give an extra
consideration to this diagnostic hypothesis,
since GPA is less frequently diagnosed before
scleritis onset than other systemic diseases such
as rheumatoid arthritis [16, 19]. Therefore, test-
ing for PR3-ANCA/MPO-ANCA autoantibodies
becomes a crucial part of the serologic work-
up, particularly in the subset of patients with
positive c-ANCA without evidence of systemic
vasculitis, who are more likely to experience
difficult-to-treat scleritis [18]. High-impact
immune-mediated diseases including GPA and
rheumatoid arthritis should be the main focus
when screening patients with scleritis for an
underlying systemic disease.

We found a significantly higher frequency of
ocular complications in patients with scleritis
and concomitant uveitis compared to patients
with isolated scleritis, likely indicating a more
vigorous inflammatory process extending to the
uveal tract. This, in turn, may lead to a higher
incidence of structural complications, regardless
of the anatomical pattern of uveitis.

Our data aligns with the available literature
reporting a higher rate of visual morbidity in
patients with scleritis and associated uveitis.
Liao et al. recently observed a worse visual acu-
ity and a higher risk of posterior segment com-
plications in this subgroup of patients [6]. Other
reports have revealed that patients with scleri-
tis-associated uveitis had a significantly higher
level of necrotizing scleritis, a greater decrease in
vision, PUK, and glaucoma [S]. In this context,
regular examination of the uvea is mandatory in
patients with scleritis, as the extension of scleral
inflammation to the uveal tract warrants a more
aggressive treatment approach and a tighter fol-
low-up schedule.

Using the scoring system for the severity of
scleritis, we found a considerably higher score
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in patients with scleritis who developed ocular
complications. Interestingly, McCluskey and
colleagues found a lower response rate to sys-
temic treatment in patients with a higher sever-
ity score [12]. Consequently, assessing scleritis
severity at an early stage of disease provides a
window of opportunity. In this context, an opti-
mized treatment approach could alter the natu-
ral course of the disease and preserve long-term
visual function. The multivariate analysis con-
firmed the results of our analysis. Patients with
scleritis diagnosed with GPA and those with
concomitant uveitis had a 7.7-fold and 3.6-fold
increased risk, respectively, of developing ocu-
lar complications throughout the disease course.
Similarly, for every 5-unit increase in severity
score, the odds of recording an ocular complica-
tion increases by 1.90-fold. Therefore, patients
with these features should alert ophthalmolo-
gists as they should be considered to be at high
risk of visual impairment. Patients with this
profile should then receive early immunosup-
pressive treatment to minimize the risk of sight-
threatening complications. On the contrary, the
significant association between treatment with
topical and/or oral GCs and the development of
ocular complications likely reflects confounding
by indication bias as well as the potential risk of
GCs-related complications.

The impact on visual function was also signifi-
cant as patients experiencing ocular complica-
tions showed a significantly lower visual acuity.

Study limitations are the registry-based nature
of the study, lack of detailed therapeutic data,
and referral bias. This registry-based study and
the lack of a standardized pre-established proto-
col account for the differences across the partici-
pating centers in terms of diagnostic approach,
disease assessment (including McCluskey sever-
ity score), and management. Missing data as well
as unstandardized treatment algorithms, both
consistent shortcomings in retrospective stud-
ies, should also be acknowledged. The sample
size and the relatively small number of events
restrain the number of predictors in the regres-
sion model, in accordance with the event-per-
variable principle, which might have reduced
the power to detect valuable associations. The
highly skewed data on follow-up represent
a limitation, as patients with longer disease

duration are more likely to develop complica-
tions, introducing a time-dependant ascertain-
ment bias. This may be better addressed with a
time-to-event analysis in a future study with a
larger sample size. Finally, most patients who
are enrolled and regularly followed in tertiary
referral centers represent a more severe patient
subset compared to the general ophthalmologic
population, as reported in the present cohort.
Consequently, applying our findings to milder
cases might be imprecise.

CONCLUSION

Non-infectious scleritis is a severe ocular
inflammatory disorder that is frequently asso-
ciated with irreversible ocular complications.
Patients with a diagnosis of GPA, those with
concomitant uveal inflammation, and those
with a high severity score are more at risk of
developing ocular complications. Therefore,
this phenotype warrants a detailed diagnos-
tic work-up, a tight follow-up schedule, and
proper early treatment to prevent or minimize
the risk of poor long-term visual prognosis.
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