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Abstract

Purpose To analyze the macular structure
in a large series of consecutive patients
with different types of uveitis using spectral-
domain optical coherence tomography
(SD-OCT).
Patients and methods Five hundred eyes
of 500 consecutive patients with
anterior, intermediate, posterior, and
panuveitis underwent standardized
macular examination using SD-OCT.
Central retinal thickness (CRT), macular
volume (MV), and presence of cystoid
macular edema (CME), diffuse macular
edema (DME), serous retinal detachment
(SRD), epiretinal membrane with
(ERM+) and without (ERM− ) retinal
surface wrinkling were determined.
Results The anatomic location of
inflammation affected significantly CRT
and MV (Po0.001, respectively), with the
highest values in intermediate and
panuveitis. CME was seen in 25% of all
uveitic eyes, DME in 11%, SRD in 8%,
ERM+ in 18%, and ERM− in 13%. CME
was most frequent in intermediate (40%)
and panuveitis (36%); DME was most
frequent in panuveitis (18%) and posterior
uveitis (17%); SRD was most frequent in
panuveitis (15%) and posterior uveitis
(10%); ERM+ was most frequent in
panuveitis (45%) and intermediate uveitis
(30%); and ERM− was most frequent in
intermediate (14%) and posterior
uveitis (15%).
Conclusion SD-OCT of the macula is
recommended for all uveitis patients. CRT,
MV, and the incidence of CME were highest
in intermediate and panuveitis.
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Introduction

Uveitis is a term to encompass various types
of intraocular inflammation, which can all lead
to changes of the retinal structure, including
macular edema (ME) and epiretinal membrane
(ERM) formation.1

To detect and monitor these changes, spectral-
domain optical coherence tomography
(SD-OCT) has become the standard diagnostic
tool. Besides detection of various macular
pathologies, measurement of general anatomical
indices such as central retinal thickness (CRT)
and macular volume (MV) has been correlated
in previous studies with visual acuity and
response to therapy.2,3

While previous studies using SD-OCT
focused on uveitis patients with manifest
secondary changes of the retina, primarily
CME,2–14 we were interested to analyze the
macular morphology in a large series of
consecutive patients with different types of
uveitis, using SD-OCT. We assessed the CRT,
MV, and presence of cystoid macular edema
(CME), diffuse macular edema (DME), serous
retinal detachment (SRD), ERM with (ERM+)
and ERM without (ERM− ) retinal surface
wrinkling.

Patients and methods

Between 1 January 2012 and 30 May 2014, 623
consecutive patients were referred to the uveitis
service of the Department of Ophthalmology,
the University Hospital of Cologne, in Cologne,
a large city in Germany with about one million
residents. The inclusion criteria for this
prospective, non-randomized single-center
study were (1) confirmed diagnosis of uni- or
bilateral uveitis, and (2) new referral to this
German tertiary center. Patients with isolated
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keratitis, isolated (epi-)scleritis, isolated retinal vasculitis,
and isolated optic neuritis were excluded. Furthermore,
one-eyed patients and patients with significant
opacifications of at least one eye disabling
SD-OCT measurement were excluded. Altogether, 500
patients fulfilled these criteria and were included in this
prospective study performed in conformance with the
tenets of the Declaration of Helsinki. Institutional
review board or ethics committee approval was not
required in this instance. One eye of each patient was
selected. When only one eye was affected with CME,
DME, SRD, ERM+, ERM− , or a combination of these
macular pathologies, and the other eye was not affected,
we selected the affected eye. Otherwise, the eye was
randomly chosen.

Clinical examination

All patients underwent a comprehensive ophthalmic
examination including measurement (Snellen) of best
spectacle-corrected visual acuity (BSCVA) and were
screened for systemic disease associations using a
tailored approach, as described previously.15

Standardization of Uveitis Nomenclature (SUN)
criteria16 were used to classify the uveitis patients
according to the primary anatomic site of inflammation
(anterior uveitis, intermediate uveitis, posterior uveitis,
and panuveitis) and the time sequence of the uveitis
disease (onset, duration of an attack, and course of
uveitis).16 Morphologically, uveitis was classified
as granulomatous, if large, ‘mutton-fat’ keratic
precipitates, iris nodules, and/or optic disc and
choroidal granulomas were detected.17

The diagnosis of specific manifestations and etiologies
of uveitis was based on the clinical picture and on
classification according to international criteria.18–24

Therefore, patients were grouped into (1) infectious
uveitis, (2) specific clinical entity (HLA-B27-positive
anterior uveitis, Fuchs heterochromic uveitis, Posner–
Schlossman syndrome, multifocal choroiditis, punctate
inner choroidopathy, serpinginous choroidopathy,
multiple evanescent white dot syndrome, birdshot
choroidopathy, presumed ocular histoplasmosis
syndrome, and acute posterior multifocal placoid
pigment epitheliopathy), (3) uveitis associated
with systemic disease, and (4) idiopathic uveitis
in cases in which a specific diagnosis, either ocular
or systemic, could not be made.

SD-OCT measurement of CRT and MV

SD-OCT was performed using Spectralis HRA+OCT
(Heidelberg Engineering, Heidelberg, Germany) and
included acquisition of near-infrared (830 nm) fundus

reflectance, as described previously.25 The high-resolution
SD-OCT had an acquisition speed of 40 000A-scans
and the eye-tracker allowed point-to-point correlation of
near-infrared fundus reflectance and SD-OCT. For each
eye, two OCT scan patterns were performed: (1) a block
containing 37 B-scans (20 × 15°, distance between
B-scans: 125 μm) and (2) a star of six B-scans (angle
between scans was 30°).
SD-OCT analysis was performed using Heidelberg

Eye Explorer Software (V.1.7.0.0., Heidelberg
Engineering). Retinal thickness was defined by the
automated segmentation as the distance between
the first signal from the vitreoretinal interface and the
signal from the posterior boundary of the outermost
high-reflective band that presumably correlates with
Bruch's membrane. Using this retinal thickness,
a thickness map was produced. A clinically significant
ME grid was used that contained three rings, each
having a radius of 0.5 mm, 1.11 mm, and 1.73 mm,
respectively, from the center of the fovea. Using this
grid, the macula was divided into nine sectors and
which was manually centered to the center of the
fovea to measure CRT and MV. All SD-OCT findings
were classified by one of us (RSG).

Definition of macular SD-OCT findings

CME consists of low-reflective intraretinal spaces, clearly
defined and separated by thin, high-reflective retinal tissue.26

DME consists of increased macular thickness and small
low-reflective areas with spongy appearance of the retinal
layers.26

SRD consists of clear separation of the neuroretinal
layer from the retinal pigment epithelium. The angle
formed by these two layers is 20°–30° and the area below
the neuroretinal layer appears typically low reflective.26

ERM consists of an additional secondary layer on the
inner surface of the retina that can lead to tractional
wrinkling of the retinal surface (ERM+) or can be present
without retinal surface wrinkling (ERM− ).13 Exemplar
images of the SD-OCT findings are shown in
Supplementary Figure 3.

Statistical analyses

Statistical analyses were performed using commercial
(SPSS version 21.0 for Windows; SPSS, Chicago, IL, USA),
as well as open source software (R V3.1.1).27,28

Comparisons between groups or variables were
performed using the non-parametric Mann–Whitney
U-test or Kruskal–Wallis H-test, and correlations in cross
tables were derived using the Pearson’s Χ2-test. To correct
for multiple testing, we adjusted all P-values following
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the Benjamini–Hochberg procedure. A corrected P-value
of o0.05 was considered statistically significant.

Results

SD-OCT findings in 500 consecutive uveitis-affected eyes

Out of 1012 consecutively examined eyes in 623 patients,
500 eyes from 500 patients meeting the inclusion criteria
were affected by uveitis. In all uveitic eyes (Table 1,
illustrated in Supplementary Figure 1), mean CRT was
344.5± 131.23 μm (range, 75–1063 μm) and mean MV
was 3.44± 0.68 mm3 (range, 1.58–9.04 mm3).
According to the anatomical location of inflammation,

CRT was 337.3± 119.14 μm (range, 187–951μm) for
anterior uveitis, 380.10± 139.06 μm (range, 172–1063 μm)
for intermediate uveitis, 319.10± 133.99 μm (range,
75–966 μm) for posterior, and 378.48± 165.81 μm
(range: 165–836 μm) for panuveitis.
MV (Table 1, illustrated in Supplementary Figure 2)

was 3.40± 0.57 mm3 (range, 2.12–7.07 mm3) for
anterior uveitis, 3.64± 0.78 mm3 (range, 2.23–9.04 mm3)
for intermediate uveitis, 3.30± 0.78 mm3 (range,
1.58–7.58 mm3) for posterior uveitis, and 3.61± 0.79 mm3

(range, 2.15–5.82 mm3) for panuveitis.
Statistically, the differences between the anatomic

location of inflammation regarding CRT and MV
were significant (Po0.001, respectively), with highest
values in intermediate and panuveitis.
About 259 patients were without detectable macular

pathology and 88 patients had 1 macular pathology.
All other patients had combinations of at least two
macular pathologies. Macular findings of all uveitis-
affected eyes included CME in 25% (n= 124), DME in
11% (n= 56), SRD in 8% (n= 40), ERM+ in 18% (n= 90),
and ERM− in 13% (n= 64) (Table 1).

In anterior uveitis, CME occurred in 21% (n= 55),
DME in 8% (n= 21), SRD in 7% (n= 19) and ERM+ in
11% (n= 28), and without in 12% (n= 31).
In intermediate uveitis, CME was present in 40%

(n= 39), DME in 11% (n= 11), SRD in 5% (n= 5),
ERM+ in 30% (n= 29), and ERM− in 14% (n= 14).
In posterior uveitis, CME was determined in 17%

(n= 18), DME in 17% (n= 18), SRD in 10% (n= 11),
ERM+ in 17% (n= 18), and ERM − in 15% (n= 16).
In panuveitis CME was present in 36% (n= 12), DME

in 18% (n= 6), SRD in 15% (n= 5), ERM+ in 45% (n= 15),
and ERM− in 9% (n= 3).

Clinical characteristics of uveitic eyes with and without
CME

The presence of CME was significantly associated
with higher age at onset of uveitis (Po0.001),
insidious onset of uveitis (Po0.001), persistent
duration of an attack of uveitis (Po0.001), a chronic
course of uveitis (Po0.001), bilateral occurrence of
uveitis (P= 0.004), lower BSCVA (Po0.001), and etiology
of uveitis (Po0.001), being more frequent in association
with systemic disease and idiopathic uveitis (Table 2).
There was no significant association of CME with
gender and the type of inflammation (granulomatous vs
nongranulomatous).

Clinical characteristics of uveitic eyes with and without
DME

The presence of DME was significantly associated with
bilaterality of uveitis (P= 0.001) and lower BSCVA
(Po0.001) (Table 3). There was no significant association
of DME with age at onset, gender, onset of uveitis,

Table 1 Spectral-domain optical coherence tomography (SD-OCT) findings of 500 uveitis-affected eyes by anatomic location of
inflammation

Total Anterior uveitis Intermediate uveitis Posterior uveitis Panuveitis
(n= 500) (n= 265) (n= 97) (n= 105) (n= 33)

Macular volume (mm3)
Median(range) 3.31 (1.58–9.04) 3.28 (2.12–7.07) 3.51 (2.23–9.04) 3.21 (1.58–7.58) 3.41 (2.15–5.82)

Central retinal thickness (μm)
Median(range) 302 (75–1063) 297 (187–951) 329 (172–1063) 288 (75–966) 311 (165–836)

Macular findings
Cystoid macular edema, n (%) 124 (25%) 55 (21%) 39 (40%) 18 (17%) 12 (36%)
Diffuse macular edema, n (%) 56 (11%) 21 (8%) 11 (11%) 18 (17%) 6 (18%)
Serous retinal detachment, n (%) 40 (8%) 19 (7%) 5 (5%) 11 (10%) 5 (15%)
Epiretinal membrane with retinal
surface wrinkling, n (%)

90 (18%) 28 (11%) 29 (30%) 18 (17%) 15 (45%)

Epiretinal membrane without
retinal surface wrinkling, n (%)

64 (13%) 31 (12%) 14 (14%) 16 (15%) 3 (9%)
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duration of an attack of uveitis, the course of uveitis,
the type of inflammation, and etiology of uveitis.

Clinical characteristics of uveitic eyes with and
without SRD

The presence of SRD was significantly associated
with higher age at onset of uveitis (P= 0.075), lower

BSCVA (Po0.001), and etiology of uveitis (P= 0.032),
being more frequent in association with infectious
uveitis and systemic disease (Table 4). There was
no significant association of SRD with gender,
onset of uveitis, duration of an attack of uveitis,
course of uveitis, type of inflammation, and
laterality of uveitis.

Table 2 Clinical characteristics of 500 uveitis-affected eyes with and without cystoid macular edema

Total
(n= 500)

WITH cystoid
macular edema

WITHOUT cystoid
macular edema

P-valuea

(n= 124) (n= 376)

Age at onset (years) o0.001b

Mean± SD (range) 45± 19 (1–90) 52± 18 (2–83) 42± 18 (1–90)
0–15, n (%) 32 (6%) 6 (5%) 26 (7%)
16–24, n (%) 33 (7%) 2 (2%) 31 (8%)
25–44, n (%) 189 (38%) 32 (26%) 157 (42%)
45–64, n (%) 161 (32%) 46 (37%) 115 (31%)
≥ 65, n (%) 85 (17%) 38 (31%) 47 (12%)

Gender 0.460c

Female, n (%) 278 (56%) 74 (60%) 204 (54%)
Male, n (%) 222 (44%) 50 (40%) 172 (46%)

Onset of uveitis o0.001c

Sudden, n (%) 319 (64%) 55 (44%) 264 (70%)
Insidious, n (%) 181 (36%) 69 (56%) 112 (30%)

Duration of an attack of uveitis o0.001c

Limitedd, n (%) 318 (64%) 55 (44%) 263 (70%)
Persistente, n (%) 182 (36%) 69 (56%) 113 (30%)

Course of uveitis o0.001c

Acutef, n (%) 89 (18%) 11 (9%) 78 (21%)
Recurrentg, n (%) 237 (47%) 45 (36%) 192 (51%)
Chronich, n (%) 174 (35%) 68 (55%) 106 (28%)

Type of inflammation 0.127c

Granulomatous, n (%) 74 (15%) 25 (20%) 49 (13%)
Nongranulomatous, n (%) 426 (85%) 99 (80%) 327 (87%)

Laterality of uveitis 0.004c

Unilateral, n (%) 220 (44%) 39 (31%) 181 (48%)
Bilateral, n (%) 280 (56%) 85 (69%) 195 (52%)

BSCVA (Snellen) o0.001b

Mean± SD (range) 0.60± 0.35 (0–1.6) 0.36± 0.25 (0–1.35) 0.68± 0.34 (0–1.6)
o0.1, n (%) 39 (8%) 15 (12%) 24 (6%)
0.1–0.4, n (%) 150 (30%) 69 (56%) 81 (22%)
0.5–1.0, n (%) 293 (59%) 39 (31%) 254 (68%)
41.0, n (%) 18 (4%) 1 (1%) 17 (4%)

Etiology of uveitis o0.001c

Infectious uveitis, n (%) 74 (15%) 10 (8%) 64 (17%)
Specific clinical entity, n (%) 124 (25%) 12 (10%) 112 (30%)
Uveitis associated with systemic disease, n (%) 82 (16%) 31 (25%) 51 (13%)
Idiopathic uveitis, n (%) 220 (44%) 71 (57%) 149 (40%)

Abbreviation: BSCVA, best spectacle-corrected visual acuity (Snellen). aCorrected for multiple testing (Benjamini–Hochberg). bMann–Whitney U-test.
cΧ2-test. d≤ 3 months duration. e43 months duration. fEpisode characterized by sudden onset and limited duration. gRepeated episodes separated
by periods of inactivity without treatment ≥ 3 months in duration. hPersistent uveitis with relapse in o3 months after discontinuing treatment.
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Clinical characteristics of uveitic eyes with and without
ERM in presence or absence of retinal surface wrinkling

The presence of ERM+ was significantly associated
with higher age at onset of uveitis (Po0.001),
insidious onset of uveitis (P= 0.002), persistent
duration of an attack of uveitis (P= 0.001), a chronic
course of uveitis (P= 0.001), lower BSCVA (Po0.001),
and etiology of uveitis (P= 0.001), being more

frequent in infectious uveitis and in association
with systemic disease and idiopathic uveitis (Table 5).
There was no significant association of ERM+
with gender, the type of inflammation
(granulomatous vs nongranulomatous), and the
laterality of uveitis.
The presence of ERM− was significantly associated

with higher age at onset of uveitis (P= 0.018), insidious

Table 3 Clinical characteristics of 500 uveitis-affected eyes with and without diffuse macular edema

Total
(n= 500)

WITH diffuse
macular edema

WITHOUT diffuse
macular edema

P-valuea

(n= 56) (n= 444)

Age at onset (years) 0.960b

Mean± SD (range) 45± 19 (1–90) 45± 19 (6–85) 45± 19 (1–90)
0–15, n (%) 32 (6%) 3 (5%) 29 (7%)
16–24, n (%) 33 (7%) 5 (9%) 28 (6%)
25–44, n (%) 189 (38%) 19 (34%) 170 (38%)
45–64, n (%) 161 (32%) 19 (34%) 142 (32%)
≥ 65, n (%) 85 (17%) 10 (18%) 75 (17%)

Gender 0.958c

Female, n (%) 278 (56%) 30 (54%) 248 (56%)
Male, n (%) 222 (44%) 26 (46%) 196 (44%)

Onset of uveitis 0.967c

Sudden, n (%) 319 (64%) 35 (64%) 284 (64%)
Insidious, n (%) 181 (36%) 21 (36%) 160 (36%)

Duration of an attack of uveitis 0.851c

Limitedd, n (%) 318 (64%) 34 (61%) 284 (64%)
Persistente, n (%) 182 (36%) 22 (39%) 160 (36%)

Course of uveitis 0.453c

Acutef, n (%) 89 (18%) 6 (11%) 83 (19%)
Recurrentg, n (%) 237 (47%) 28 (50%) 209 (47%)
Chronich, n (%) 174 (35%) 22 (39%) 152 (34%)

Type of inflammation 0.604c

Granulomatous, n (%) 74 (15%) 6 (11%) 68 (15%)
Nongranulomatous, n (%) 426 (85%) 50 (89%) 376 (85%)

Laterality of uveitis 0.001c

Unilateral, n (%) 220 (44%) 12 (21%) 208 (47%)
Bilateral, n (%) 280 (56%) 44 (79%) 236 (53%)

BSCVA (Snellen) o0.001b

Mean± SD (range) 0.60± 0.35 (0–1.6) 0.43± 0.32 (0–1.25) 0.62± 0.35 (0–1.6)
o0.1, n (%) 39 (8%) 11 (20%) 28 (6%)
0.1–0.4, n (%) 150 (30%) 19 (34%) 131 (30%)
0.5–1.0, n (%) 293 (59%) 25 (45%) 268 (60%)
41.0, n (%) 18 (4%) 1 (2%) 17 (4%)

Etiology of uveitis 0.425c

Infectious uveitis, n (%) 74 (15%) 7 (13%) 67 (15%)
Specific clinical entity, n (%) 124 (25%) 14 (25%) 110 (25%)
Uveitis associated with systemic disease, n (%) 82 (16%) 14 (25%) 68 (15%)
Idiopathic uveitis, n (%) 220 (44%) 21 (37%) 342 (45%)

aCorrected for multiple testing (Benjamini–Hochberg). bMann–Whitney U-test. cΧ2-test. d≤ 3 months duration. e43 months duration. fEpisode
characterized by sudden onset and limited duration. gRepeated episodes separated by periods of inactivity without treatment ≥ 3 months in duration.
hPersistent uveitis with relapse in o3 months after discontinuing treatment.
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onset of uveitis (P= 0.009), persistent duration of an
attack of uveitis (P= 0.004), a chronic course of uveitis

(P= 0.004), and BSCVA (P= 0.001) (Table 5). There was

no significant association of ERM− with gender, the type

of inflammation (granulomatous vs nongranulomatous),

the laterality of uveitis, and etiology of uveitis.

Discussion

The present study revealed that the anatomic location of
inflammation significantly affected CRT and MV, with the
highest values in intermediate and panuveitis. Overall,
there was a wide range of CRT and MV in patients with
all types of uveitis.

Table 4 Clinical characteristics of 500 uveitis-affected eyes with and without serous retinal detachment

Total
(n= 500)

WITH serous retinal
detachment

WITHOUT serous
retinal detachment

P-valuea

(n= 40) (n= 460)

Age at onset (years) 0.075b

Mean± SD (range) 45± 19 (1–90) 50± 17 (6–79) 44± 19 (1–90)
0–15, n (%) 32 (6%) 1 (3%) 31 (7%)
16–24, n (%) 33 (7%) 2 (5%) 31 (7%)
25–44, n (%) 189 (38%) 9 (22%) 180 (39%)
45–64, n (%) 161 (32%) 19 (48%) 142 (31%)
≥ 65, n (%) 85 (17%) 9 (22%) 76 (16%)

Gender 0.967c

Female, n (%) 278 (56%) 23 (57%) 255 (55%)
Male, n (%) 222 (44%) 17 (43%) 205 (45%)

Onset of uveitis 0.604c

Sudden, n (%) 319 (64%) 23 (57%) 296 (64%)
Insidious, n (%) 181 (36%) 17 (43%) 164 (36%)

Duration of an attack of uveitis 0.273c

Limitedd, n (%) 318 (64%) 21 (53%) 297 (65%)
Persistente, n (%) 182 (36%) 19 (47%) 163 (35%)

Course of uveitis 0.273c

Acutef, n (%) 89 (18%) 7 (18%) 82 (18%)
Recurrentg, n (%) 237 (47%) 14 (35%) 223 (48%)
Chronich, n (%) 174 (35%) 19 (47%) 155 (34%)

Type of inflammation 0.162c

Granulomatous, n (%) 74 (15%) 10 (25%) 64 (14%)
Nongranulomatous, n (%) 426 (85%) 30 (75%) 396 (86%)

Laterality of uveitis 0.840c

Unilateral, n (%) 220 (44%) 16 (40%) 204 (44%)
Bilateral, n (%) 280 (56%) 24 (60%) 256 (56%)

BSCVA (Snellen) o0.001b

Mean± SD (range) 0.60± 0.35 (0–1.6) 0.22± 0.21 (0–0.8) 0.63± 0.34 (0–1.6)
o0.1, n (%) 39 (8%) 11 (28%) 28 (6%)
0.1–0.4, n (%) 150 (30%) 24 (60%) 126 (27%)
0.5–1.0, n (%) 293 (59%) 5 (12%) 288 (63%)
41.0, n (%) 18 (4%) — 18 (4%)

Etiology of uveitis 0.032c

Infectious uveitis, n (%) 74 (15%) 10 (25%) 64 (14%)
Specific clinical entity, n (%) 124 (25%) 3 (8%) 121 (26%)
Uveitis associated with systemic
disease, n (%)

82 (16%) 10 (25%) 72 (16%)

Idiopathic uveitis, n (%) 220 (44%) 17 (42%) 203 (44%)

Abbreviation: BSCVA, best spectacle-corrected visual acuity (Snellen). aCorrected for multiple testing (Benjamini–Hochberg). bMann–Whitney U-test.
cΧ2-test. d≤ 3 months duration. e43 months duration. fEpisode characterized by sudden onset and limited duration. gRepeated episodes separated by
periods of inactivity without treatment ≥ 3 months in duration. hPersistent uveitis with relapse in o3 months after discontinuing treatment.
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Macular findings were detectable in all anatomical
locations of uveitis, with CME being the most common
finding, followed by ERM+, ERM− , DME, and SRD.
The incidence of CME has been estimated in previous

reports to about 33% of uveitis patients29 and more recent
studies using OCT revealed incidences of CME between
25 and 69% of ME in uveitis.26,30 Our present study
revealed an incidence of CME in uveitis equal to the lower
end of these findings (25%). Intermediate and panuveitis
were the anatomical locations most commonly affected by
CME, and CME was significantly associated with BSCVA
and bilaterality of uveitis, as described by others.3

In addition, we found several significant risk factors to
develop CME including age at onset of uveitis, insidious
onset of uveitis, persistent duration of an attack, and a
chronic course of uveitis. Furthermore we found no
significant correlation of CME to gender.
DME has been reported in 42–61% of ME-affected eyes

with uveitis.26,30 In uveitis-affected eyes, we found DME
in 11% of patients, being most common in posterior and
panuveitis and least common in anterior uveitis.
However, due to a possible referral bias, a tertiary center
is likely to get more referrals with severe cases of anterior
uveitis, which is likely to over-estimate the risk of macular

Table 5 Clinical characteristics of 500 uveitis-affected eyes with and without epiretinal membrane in presence and absence of retinal
surface wrinkling

Total
(n= 500)

WITH
epiretinal
membrane
showing
retinal
surface

wrinkling

WITHOUT
epiretinal
membrane
showing
retinal
surface

wrinkling

P-valuea WITH
epiretinal
membrane
showing
no retinal
surface

wrinkling

WITHOUT
epiretinal
membrane
showing no

retinal
surface

wrinkling

P-valuea

(n= 90) (n= 410) (n= 64) (n= 436)

Age at onset (years) o0.001b 0.018b
Mean± SD (range) 45± 19(1–90) 54± 19 (2–87) 43± 18 (1–90) 50± 18(11–84) 44± 19(1–90)
0–15, n (%) 32 (6%) 2 (2%) 30 (7%) 3 (5%) 29 (7%)
16–24, n (%) 33 (7%) 5 (6%) 28 (7%) 4 (6%) 29 (7%)
25–44, n (%) 189 (38%) 18 (20%) 171 (42%) 20 (31%) 169 (39%)
45–64, n (%) 161 (32%) 34 (38%) 127 (31%) 18 (28%) 143 (33%)
≥ 65, n (%) 85 (17%) 31 (34%) 54 (13%) 19 (30%) 66 (15%)

Gender 0.211c 0.398c
Female, n (%) 278 (56%) 57 (63%) 221 (54%) 31 (48%) 247 (57%)
Male, n (%) 222 (44%) 33 (37%) 189 (46%) 33 (52%) 189 (43%)

Onset of uveitis 0.002c 0.009c
Sudden, n (%) 319 (64%) 43 (48%) 276 (67%) 30 (47%) 289 (66%)
Insidious, n (%) 181 (36%) 47 (52%) 134 (33%) 34 (53%) 147 (34%)

Duration of an attack of uveitis 0.001c 0.004c
Limitedd, n (%) 318 (64%) 41 (46%) 277 (68%) 29 (45%) 289 (66%)
Persistente, n (%) 182 (36%) 49 (54%) 133 (32%) 35 (55%) 147 (34%)

Course of uveitis 0.001c 0.004c
Acutef, n (%) 89 (18%) 10 (11%) 79 (19%) 8 (12%) 81 (19%)
Recurrentg, n (%) 237 (47%) 32 (36%) 205 (50%) 21 (33%) 216 (49%)
Chronich, n (%) 174 (35%) 48 (53%) 126 (31%) 35 (55%) 139 (32%)

Type of inflammation 0.464c 0.992c
Granulomatous, n (%) 74 (15%) 10 (11%) 64 (16%) 10 (16%) 64 (15%)
Nongranulomatous, n (%) 426 (85%) 80 (89%) 346 (84%) 54 (84%) 372 (85%)

Laterality of uveitis 0.104c 0.967c
Unilateral, n (%) 220 (44%) 31 (34%) 189 (46%) 29 (45%) 191 (44%)
Bilateral, n (%) 280 (56%) 59 (66%) 221 (54%) 35 (55%) 245 (56%)

BSCVA (Snellen) o0.001b 0.001b
Mean± SD (range) 0.60± 0.35 (0–1.6) 0.40± 0.28 (0–1.0) 0.64± 0.35 (0–1.6) 0.45± 0.31 (0–1.35) 0.62± 0.35 (0–1.6)
o0.1, n (%) 39 (8%) 13 (14%) 26 (6%) 5 (8%) 34 (8%)
0.1–0.4, n (%) 150 (30%) 42 (47%) 108 (26%) 28 (44%) 122 (28%)
0.5–1.0, n (%) 293 (59%) 35 (39%) 258 (63%) 29 (45%) 264 (60%)
41.0, n (%) 18 (4%) — 18 (4%) 2 (3%) 16 (4%)

Etiology of uveitis 0.001c 0.731c
Infectious uveitis, n (%) 74 (15%) 17 (19%) 57 (14%) 10 (16%) 64 (15%)
Specific clinical entity, n (%) 124 (25%) 7 (8%) 117 (29%) 15 (23%) 109 (25%)
Uveitis associated with
systemic disease, n (%)

82 (16%) 20 (22%) 62 (15%) 14 (22%) 68 (16%)

Idiopathic uveitis, n (%) 229 (44%) 46 (51%) 174 (42%) 25 (39%) 195 (45%)

Abbreviation: BSCVA, best spectacle-corrected visual acuity (Snellen). aCorrected for multiple testing (Benjamini–Hochberg). bMann–Whitney U-test.
cΧ2-test. d≤ 3 months duration. e43 months duration. fEpisode characterized by sudden onset and limited duration. gRepeated episodes separated by
periods of inactivity without treatment ≥ 3 months in duration. hPersistent uveitis with relapse in o3 months after discontinuing treatment.
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pathology in this group of patients. In our study, DME
was only associated with BSCVA and bilateral uveitis,
possibly because of a more severe course in bilateral
inflammatory entities. Interestingly, no other tested
clinical parameter including age at onset, gender, onset
of uveitis, duration of an attack and course of uveitis, type
of inflammation and etiology of uveitis was significantly
associated with this finding. To our knowledge, this has
not been reported previously.
SRD was reported in 15% of uveitis patients, associated

with vision impairment and being most frequent (47%) in
intermediate uveitis.5 We also found an association with
lower BSCVA in uveitis patients with SRD, but in
contrast, the overall incidence of SRD was lower in our
study (8% in all types of uveitis) and lowest in
intermediate uveitis (5%). In addition, our data indicate
a significant association of SRD with higher age at onset,
and etiology of uveitis with higher incidence of infectious
uveitis and systemic disease.
ERM has been reported to be common in patients

with uveitic ME, with 72 of 104 eyes with ME due to
uveitis in 1 study.13 Furthermore, the presence of ERM
formation in uveitic ME was reported to be associated
with a poorer visual acuity improvement following
treatment if retinal wrinkling was present (ERM+).13

In the present study, we found ERM formation to be
comparably significantly associated with BSCVA,
regardless of the presence of retinal wrinkling (Po0.001
for ERM+ and ERM− ). It is conceivable, that in the
previous study13 the association of lower BSCV to
presence of wrinkling might actually represent an
association to CRT, similar to our study. In addition,
both types of ERM formation were significantly
associated with higher age at onset, insidious onset of
uveitis, persistent duration of an attack, and a chronic
course of uveitis. Both, ERM+ and ERM− , were not
significantly associated with the type of inflammation
(granulomatous vs nongranulomatous) or the laterality
of uveitis. Only ERM+, but not ERM− , was associated
with the etiology of uveitis, being more frequent in
infectious uveitis, in association with systemic disease
and in idiopathic uveitis.
Altogether, previous studies regarding OCT macular

findings in patients with uveitis are often difficult to
compare due to various inclusion criteria, methods
(time domain vs SD-OCT), and the focus on specific
macular findings such as CME and ERM. To our
knowledge, this is the first study to analyze a large series
of consecutive patients with uveitis with standardized
SD-OCT regarding CRT, MV, the three known patterns of
ME (CME, DME, and SRD) including ERM+ and ERM− ,
as well as various clinical characteristics.
In conclusion, SD-OCT of the macula is recommended

for all uveitis patients, because macular findings were

detected in all types of uveitis, regardless of clinical
characteristics. CRT, MV, and the incidence of CME
were highest in intermediate and panuveitis.

Summary

What was known before
K Macular edema is a significant cause of morbidity in

uveitis patients. In previous OCT studies, macular
findings in patients with uveitis are often difficult to
compare and to interpret due to various inclusion criteria,
methods (time domain spectral-domain optical coherence
tomography (SD-OCT)), and the focus on specific macular
findings such as cystoid macular edema and epiretinal
membranes.

What this study adds
K Analysis of the macular structure in a large prospective

series of consecutive patients with different types of
uveitis using SD-OCT. SD-OCT of the macula should be
recommended for all uveitis patients, as we detected
macular findings in all types of uveitis, regardless of
clinical characteristics.
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