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Background. Ophthalmic involvement (OI) is an early manifestation of systemic
vasculitis and may lead to blindness.

Purpose. Aim of the study was to identify the frequencies and patterns of Ol in patients
with ANCA-associated vasculitis (AAV) and polyarteritis nodosa (PAN) and evaluate the
laboratory changes depending on OI.

Material and Methods. This work included retrospective study (112 patients with PAN
and 80 patients with AAV) and prospective cohort study, which evaluated serum levels of
endothelin-1 (ET-1) in 36 patients and 26 healthy controls.

Results. Ol at diagnosis in AAV occurred 4 times more often compared to PAN and
consisted of conjunctivitis/episcleritis (16% AAV patients), optic neuropathy (5% PAN
patients), orbital mass, uveitis, scleritis, epiphora or dry eyes. O was more commonly
detected in PR3-ANCA(+) vs PR3-ANCA(-) patients. The levels of ET-1 were elevated in
patients without OI compared with control group and patients with OI, but ability of ET-1
to differentiate such patients was poor.

Conclusion. The most common Ol in patients with AAV was episcleritis. Optic neuropathy
was the only manifestation of OI in patients with PAN. OI were more commonly detected
in PR3-ANCA(+) vs PR3-ANCA(-) patients. The serum levels of ET-1 were significantly
elevated in patients without Ol compared with patients with OI and control group, but its
diagnostic value was not approved in the ROC analysis.

Introduction. ANCA-associated vasculitis (AAV) and
polyarteritis nodosa (PAN) are systemic vasculitis with in-
flammation and necrosis of small and medium vessels in
multiple organs. [1]. The clinical manifestations vary from
local form with single-organ involvement to multisystem
life-threatening patterns. The two types of ANCA are
generally distinguished, antibodies against proteinase-3
(PR3), which are typical for granulomatosis with poly-
angiitis (GPA), and antibodies against myeloperoxidase
(MPO), which are predominantly detected in patients with
microscopic polyangiitis (MPA) and some patients with
eosinophilic granulomatosis with polyangiitis (EGPA).
[2]. Negative PR3-ANCA and MPO-ANCA do not ex-
clude the diagnosis of ANCA-associated vasculitis. The
limited form of vasculitis is often ANCA-negative. Dif-
ferent clinical manifestations of vasculitis are associated
with a certain frequency of detection of ANCA. According
to Lionaki S. et al., the majority of patients with isolated
renal disease were positive for MPO-ANCA (81%), while
almost all patients with bone destruction or saddle-shaped
deformity of the nose showed PR3-ANCA (94%). [3].

Ophthalmological manifestations, including ocular or
orbital involvement, are common clinical signs of systemic
vasculitis that occur in 16-52% of patients with AAV and
in 10-20% of patients with PAN. [4-6]. Eye involvement
is an initial presenting finding in 8% to 16% of patients.
[6-8]. Ocular involvement is frequently seen in GPA, but
rarely in EGPA and MPA. [9]. Gender predominance of
ophthalmological manifestation is still discussed. Some

studies have reported a male predominance of 57-63% [4,
10], the others have shown a female predominance of 51
-72%. [5, 11]. All parts of the eye and orbit can be affect-
ed; however, scleritis and orbital mass are the most com-
mon presenting manifestation. Conjunctivitis, peripheral
ulcerative keratitis, uveitis, choroidal disease, and retinal
vasculitis can be also the clinical features of systemic vas-
culitis. The orbital mass formation is a clinical indication
for ANCA testing. [12]. Eye damage can lead to blindness
and significant socio-economic consequences. The mor-
tality rate of patients with ocular manifestations in AAV is
2.75-fold higher than patients with other inflammatory eye
disorders [10]. That’s why the early recognitions of ocular
disease and evaluation of other signs of systemic process
are the corner stone in diagnosis of AAV and PAN.

Most of the previous studies of ophthalmological man-
ifestations of AAV were limited to case reports, case series
or retrospective studies. There are no specific laboratory
markers for ocular involvement in systemic vasculitis. En-
dothelin-1 (ET-1) is a potential participant in the local reg-
ulation of intraocular pressure, ocular blood vessel tone,
and iris smooth muscle tone, suggesting that it may be an
important mediator in the development of ocular patholog-
ic conditions. [13]. Lower ET-1 plasma levels were found
in the optic neuropathy. [14].

The objectives of the present observational study in
cohort of patients with AAV and PAN were to analyze the
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frequencies and patterns of ophthalmic involvement, and
laboratory characteristics.

Material and methods

Data source and study population

This work included retrospective and prospective stud-
ies, which were conducted at a rheumatology department
of two Kyiv tertiary hospitals. Retrospective study includ-
ed identification of medical records of potential patients
with AAV and PAN treated from 1979 to 2013 from the
clinical database. Selected medical records were reviewed
to confirm the diagnosis of AAV or PAN according to
the ACR 1990 criteria [15, 16, 17] and definition of the
Chapel Hill Consensus Conference 2012. [1]. The search
process is shown in Fig.1. Confirmed patient’s data on
demographics (sex and age at diagnosis), initial presenta-
tion signs, systemic and ophthalmological manifestations
and laboratory features (ESR, CRP, eosinophilia, serum
creatinine level and ANCA, including PR3-ANCA and
MPO-ANCA). Patients with ANCA-associated vasculitis
usually were analyzed. Clinical activities of patients were
calculated according to the Birmingham Vasculitis Activ-
ity Score (BVAS), version 3. [18].

Prospective study included 36 patients with systemic
vasculitis (28 patients with AAV and 8 patients with PAN)
with and without eye involvement and 26 healthy controls
seen from 2013 to 2018. Ophthalmological manifestations
were present in 17 patients. Persons of healthy control
did not have any autoimmune or inflammatory disease or
cardiovascular disease, or take immune-suppressive treat-
ment. The serum levels of endothelin-1 (ET-1), pmol/L,
were determined by immunoassay analysis using the kits
of Biomedica (USA). The outcomes of this study were the
differences in marker levels between patients with and
without eye involvement and healthy controls. All the pa-
tients with ophthalmologic involvement had been seen at
least once by an ophthalmologist. Approval for this study
was obtained from the Bogomolets National medical uni-
versity review board (approval number 28/20). According
to the conclusion of the bioethical commission, the study
did not contain an increased risk for the subjects of the
study and was performed taking into account the existing
bioethical norms and scientific standards regarding the
conduct of clinical research involving patients. All pro-
cedures in this study were performed in accordance with
1964 Helsinki declaration and its later amendments.

Statistical analysis

Data are presented as mean (standard deviation) for
continuous variables with normal distribution and as me-
dian (range) for continuous variables with abnormal distri-
bution or number (%) for qualitative variables. Distribu-
tions of marker values were evaluated for normality using
Shapiro—Wilk test. Comparisons were conducted using the
Chi-square test or the Fisher’s exact test for categorical
variables and Student’s t-tests for continuous variables.
Differences in laboratory marker levels between patients
and healthy controls were estimated by analysis of the ab-
solute changes in marker levels. Receiver operating char-

acteristic (ROC) analysis was used for evaluation of diag-
nostic significance of laboratory data. The area under ROC
curve (AUC) and 95% confidence intervals for ET-1was
calculated. P <0.05 was considered statistically significant.
Analyses were performed using SPSS software, v.15.0.1.

Results

The most frequent clinical manifestations at PAN onset
were fever (96%), myalgia (79%), weight loss (61%), ar-
thritis (48%), skin lesions (44%) and peripheral polyneu-
ropathy (31%). Asthma, upper respiratory tract involve-
ment, hemoptysis and glomerulonephritis were reported
only in patients with AAV. There were no significant dif-
ferences between patients with PAN and AAV in the me-
dian age of onset and clinical activity according to BVAS
(Table 1).

Ophthalmological ~ manifestation  (conjunctivitis/
episcleritis) at the disease’s onset was present in 3 patients
with GPA and one patient with EGPA and MPA. Two pa-
tients with PAN had optic neuropathy as an initial sign.
Ocular symptoms were combined with the others systemic
features in all patients.

Ophthalmological involvement at diagnosis consisted
of conjunctivitis/episcleritis (10 GPA, 2 MPA, and 1 EGPA
patients), optic neuropathy (6 PAN patients), orbital mass
(2 GPA patients), uveitis (1 GPA patient), scleritis (1 GPA
patient), epiphora (1 GPA patient) or dry eyes (I EGPA
patient). Most often eye involvement occured in patients
with GPA (in 37% of patients). Gender and age differences
in the incidence of ophthalmic manifestations of GPA were
not detected. In general, at the time of diagnosis, ocular
manifestations in AAV occurred 4 times more often com-
pared to PAN (22.5% vs 5.4%, p=0.0004). Optic neuropa-
thy was the only manifestation of eye lesions in patients
with PAN. Ocular changes were more commonly detected
in PR3-ANCA positive GPA patients (50%) in comparison
with PR3-ANCA negative GPA patients (15%, p <0.05).
PR3-ANCA positive GPA patients did not differ sig-
nificantly from PR3-ANCA negative GPA patients in the
BVAS activity index (24.8 vs 20.46, respectively) and de-
mographic characteristics (age - 47.1 vs. 41.3 years, men,
% - 33.3 vs. 38.5, respectively).

The ocular manifestations of 36 patients with systemic
vasculitis included in prospective study were presented
by episcleritis (n=10), anterior uveitis (n=3), ischemic
optic neuritis (n=3, in GPA patients) and occlusive retinal
vasculitis (n=1). Eye involvement was an initial presen-
tation in 14% of patients. All patients had active disease
(BVAS>11). Patients with and without eye involvement
did not differ significantly according to BVAS, ANCA,
ESR and CRP. The level of ET-1 (mean +SD) in patients
with eye involvement (n=17) was 0.28 £ 0.13. There was
no significant difference in ET-1 level between patients
with eye involvement and control group (0.27 + 0.10, p>
0.05). At the same time, in patients without eye involve-
ment (n=19), it was significantly elevated (0.36 = 0.34)
compared with control group and with group of patients
with eye involvement (p<0.001).

25



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2022 - Number 6 (509)

ROC analysis (Fig.2) showed that the AUC for ET-1 is
0.5+0.10 (95% CI 0.32-0.69, p=0.98), which indicates not
acceptable capacity for ET-1 to differentiate groups of pa-
tients with ocular involvement and patients without ocular
involvement (sensitivity - 59%, specificity - 57%).

Discussion

Ocular involvement in systemic vasculitis ranges from
mild to blindness- threatening without appropriate treat-
ment. The "red eye" sign may occur in variable ophthal-
mological manifestations (conjunctivitis, blepharitis,
episcleritis, scleritis, keratitis) with different prognoses.
That’s why patients with suspected systemic vasculitis
should be referred to an ophthalmologist. It should be kept
in mind that ocular manifestations are not specific only for
AAV or PAN and should be differentiated from other vas-
culitis, inflammatory and infectious processes.

The results of this retrospective study of systemic vas-
culitis patients from rheumatology departments presented
the frequencies of different ocular and orbital involve-
ments at disease onset and diagnosis of AAV or PAN. Gen-
erally, the ocular signs were detected in 6.3% of patients
with AAV and 1.8 % of patients with PAN at disease onset
and in 22.5% AAV and 5.4 % PAN at diagnosis (Table 2).
Most often eye involvement occurs in patients with GPA
(in 37% patients) and corresponds to the literature data
(ranging from 13 to 40%). [19-23]. Gender and age dif-
ferences in the incidence of ophthalmic manifestations in
the onset of GPA were not detected. Literature data about
gender differences in the incidence of ophthalmic manifes-
tations of GPA is still controversial. [4, 5, 8, 10].

The most common type of ocular manifestation in this
cohort was episcleritis, particularly in PR3-ANCA-pos-
itive patients, which is in line with previous studies. [5,
7]. The only ophthalmic manifestation of PAN was optic
neuropathy, which was detected in 5% of patients and rep-
resented by anterior ischemic optic neuropathies. Inflam-
matory optic neuritis was present also in few of our GPA
patients in prospective study.

The frequency of orbital mass or pseudotumour was
not high in our cohort and occurred only in two patients.
The biopsy for conformation of granuloma or vasculitis
was not performed. Due to literature data, 30% of patients
with orbital mass did not have other organ involvement at
the time of AAV diagnosis and one-third of these patients
had negative ANCA. [5, 26].

The signs of epiphora or dry eyes can develop in pa-
tients with AAV [27]. These manifestations were pres-
ent in patients in our study. The epiphora appears due to
involvement of the lacrimal sac secondary to inflamma-
tory prosses of the surrounding sinuses. Dry eyes may be
provoked by granulomatosis inflammation of the lacrimal
glands.

The serum levels of ET-1 were lower in AAV and PAN
patients with eye involvement compared with patients
without eye involvement, but this cannot be used for di-
agnostic purposes.

Our study has some strengths and limitations. We de-
scribe here the unique study of ophthalmological manifes-
tation of AAV and PAN in Ukraine. Limitations include
retrospective design of the first study that may have influ-
ence on completeness of data and a relatively small number
of patients including in prospective analysis that requires
combination of all AAV and PAN in one group. Ophthal-
mological examinations were performed only for patients
with ocular complaints. That’s why our study might have
underestimated the frequencies and missed patients with
isolated eye involvement, which were treated only by oph-
thalmologist. Follow-up ophthalmological examinations
were not performed.

In conclusion, the most common ocular manifestation
in patients with AAV was episcleritis, which occurred in
almost one third of GPA patients. However, scleritis, uve-
itis, optic neuropathies and orbital mass were registered in
systemic vasculitis. Ophthalmic findings in MPA, EGPA,
and PAN are much rarer. Optic neuropathy is the only
manifestation of eye lesions in patients with PAN. Ocu-
lar disease generally occurred in PR3-ANCA positive pa-
tients with other systemic manifestations. The serum level
of ET-1 was significantly elevated in patients without eye
involvement compared with patients with eye involvement
and healthy controls, but it didn’t have significant diagnos-
tic value according to the ROC analysis. The management
of AAV and PAN patients with ophthalmological manifes-
tations required combined efforts of a rheumatologist with
an ophthalmologist.
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Table 1. General characteristics of patients with PAN and AAV at the disease’s onset

Characteristic (nz:‘:l 2) ('::glo) p
Sex, n (%) Male 73 (65.2) 30 (37.5) 0.0001
Female 39 (34.8) 50 (62.5) 0.0001
Age at diagnosis (yr), mean £SD 41.5£14.5 40.7£14.8 0.09
Fever, n (%) 107 (95.5) 69 (86.3) 0.02
Weight loss, n (%) 68 (60.7) 36 (45.0) 0.03
Myalgias, n (%) 88 (78.6) 13 (16.3) 0.000001
m;’gsgﬁq ot Myositis, n (%) 6 (5.36) 1(1.25) 0.13
Muscles weaknesses, n (%) 12 (10.7) 2 (2.50) 0.03
Joints Arthralgia, n (%) 27 (24.1) 25 (31.3) 0.27
involvement Arthritis, n (%) 54 (48.2) 24 (30.0) 0.01
Cutaneous and mucous membrane, n (%) 49 (43.8) 23 (28.8) 0.03
Peripheral sensorineural polyneuropathy, n (%) 35(31.1) 9(11.3) 0.009
Nervous system Mononeuritis, n (%) 7 (6.25) 2 (2.50) 0.22
involvement CNS lesions, n (%) 8 (7.14) 3(3.75) 0.32
Lesions of the cranial nerves, n (%) 7 (6.25) 3(3.75) 0.44
Diastolic arterial hypertension, n (%) 33 (29.5) 1(1.25) 0.00001
Abdominl Abdominal pain, n (%) 15 (13.4) 2 (2.50) 0.01
Vomiting, n (%) 5(4.46) 0 -
Raynaud's syndrome, n (%) 18 (16.1) 2 (2.50) 0.10
Cardiovascular Livedo, n (%) 9 (8.04) 2 (2.50) 0.10
Cardialgia, n (%) 7 (6.25) 3(3.75) 0.44
Arrhythmias, n (%) 4 (3.57) 3(3.75) 0.95
Cough, n (%) 22 (19.6) 26 (32.5) 0.04
Dyspnea, n (%) 17 (15.2) 39 (48.8) 0.00001
Respiratory Pulmonary infiltrates, n (%) 17 (15.2) 39 (48.8) 0.00001
disorders ENT-involvement, n (%) 0 19 (23.8) -
Hemoptysis, n (%) 0 9(11.3) -
Asthma, n (%) 0 5 (6.25) -
Lymphadenopathy, n (%) 4 (3.57) 0 -
Renal, n (%) 0 10 (12.5) -
Episcleritis/conjunctivitis, n (%) 0 5 (6.25) -
BVAS, mean +SD, 21.847.03 23.5+7.93 0.72
Elevated C-reactive protein, n (%) 67 (59.8) 44 (55.0) 0.43
Elevated ESR, n (%) 74 (66.2) 60 (75.0) 0.15
Leukocytosis, n (%) 41 (36.6) 25 (22.5) 0.04
Eosinophilia, n (%) 10 (8.92) 16 (20.0) 0.03
Elevated serum creatinine level, n (%) 18 (16.1) 21(26.3) 0.08
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Table 2. Ophthalmologic manifestations in systemic vasculitis in this study and according to literature data

PAN GPA EGPA MPA
This study Other studies This study Other studies  [This study] Other studies | This study | Other studies
6/112 o 14/38 o 2/34 |30/270 (11.1%) o o
(5.4%) 30/348 (8,6%) [6] (37%) 112/417 (27%) [19] (5.9%) 4] 2/8 (25%) |25/280 (8.9%) [4]

42/393 (10.7 %) [4]

44/184 (24 %) [20]

152/392 (39%) [21]

2/15 (13%) [22]

1781445 (40%) [23]

56/180 (31%) [24]

117/343 (34.1 %) [2]

1/85 (1.1%) [25]

patients with systemic vasculitis,
undifferentiated vasculitis or suspected
vasculitis (n=272)

compliance with the ACR (1991
criteria definition of the Chapel Hill
Consensus Conference 2012

PAN (n=112), GPA (n=3%8),
EGPA (n=34) and MPA (n=8)

not satisfying the

diagnostic criteria (n=80)

Figure 1. Flowchart of identification of patients for retrospective study
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Figure 2. The ability of ET-1 differentiates groups of patients
with ocular involvement and patients without ocular involve-
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