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Abstract

Purpose  To assess the results of perimetry recorded
under dark- and light-adapted (DA and LA) conditions in
patients with acute zonal occult outer retinopathy
(AZOOR) and to compare the results of electroretinogra-
phy (ERG) and spectral-domain optical coherence tomog-
raphy (SD-OCT) in two groups of AZOOR patients.
Methods Twelve patients with AZOOR were studied.
The diagnosis of AZOOR was based on the results of
ophthalmoscopy, Goldmann kinetic perimetry, and multi-
focal ERGs. In addition, DA and LA perimetry, ERG, and
SD-OCT were performed. The patients were followed for
1-9 years.

Results The patients were classified into two types: type
A patients (3) had a scotoma detected by both DA and LA
perimetry, normal or equally abnormal cone and rod ERGs,
atrophy of the outer nuclear layer (ONL), and disruption of
the inner segment/outer segment (IS/OS) junction line in
the OCT images. Type B patients (7) had a scotoma that
was more prominent in LA than in DA perimetry and a
continuous IS/OS junction line in the OCT images. Two
patients had characteristics of both type A and type B
AZOOR.

Conclusions Our findings suggest that eyes with type A
AZOOR have focal and severe impairment of both the rods
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and cones, and eyes with type B AZOOR have focal and
specific impairment of the cones.
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Introduction

Acute zonal occult outer retinopathy (AZOOR) is an
acquired retinal disorder first reported by Gass in 1993 [1].
The major characteristics of AZOOR are sudden onset of
visual field disturbances, photopsia, and decrease in vision
[1=16]. Ophthalmoscopy at the onset of the disease shows
minimal abnormalities, and the results of electroretinog-
raphy (ERG) indicate retinal dysfunctions in the area cor-
responding to the visual field disturbances [1-16]. AZOOR
affects healthy 20- to 50-year-old individuals, and the
majority of patients have unilateral symptoms at the onset
[1-16]. According to Gass, half of AZOOR patients
develop retinal degeneration during the follow-up period
[3]. The etiology of AZOOR has not been determined, and
no effective treatment is known, except for two studies that
reported that virucides [15] and corticosteroids [16] were
effective.

AZOOR is part of the acute idiopathic blind spot
enlargement (AIBSE) syndrome [17] in which the blind
spot enlargement is caused by focal retinal dysfunction
with subtle abnormal findings of the retina. At present, the
AIBSE syndrome .includes AZOOR, multiple evanescent
white dot syndrome (MEWDS), punctate inner choroid-
opathy (PIC), and multifocal choroiditis (MFC); these
conditions are jointly referred to as the AZOOR complex
[17-20].
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Table 1 Summary of clinical findings of patients with AZOOR

Patient Age/ Follow- Treatment Photopsia BCVA BCVA Refractive Fundi Fundi Scotoma shape  Scotoma Scotoma ERGofthe  OCT at the Nate  Type
sex/  up atthe atthe  error atthe atthe during size after  affected eye  scotoma (Table 2)
eye at years initial  latest initial  latest follow-up light
onset adaptation

1 K2F 7 No No oD 1.2 12 -9.25 WNL WNL BSE Slightly Ne Cones: IS/0S A
oD improved change reduced disrupted

os 12 1.2 -9.75 Rods: ONL
reduced extinguished

2 25/F 2 No Yes oD 1.2 1.2 +0.25 WNL WNL BSE Enlarged No Cones: 18/0S CME A
os change reduced disrapted

0s 12 12 +0.25 Rods: ONL
reduced extinguished

3 32F 1 Steroids ~ Yes oD 12 12 -13.0 WNL WNL BSE (NA) Ne Cones: IS/0S A
oD (pulse) change delayed disrapted

0os 12 12 -12.0 Rods: ONL atrophy
normal

4 em/ 9 No No oD 1.0 1.0 -1.0 WNL WNL BSE Improved  Enlarged Cones: COST B
OD reduced indistinct

oS 12 1.0 ~1.0 Rods: ONL atrophy
nermal

5 aa6mM/ 1 No No oD 20 20 +0.25 WNL WNL BSE (NA) Enlarged Cones: (NA) B

0s normal
0os 20 20 +0.25 Rods:
normal

6 44/F/ 4 Steroids Yes oD 20 1.5 +0.5 WNL WNL BSE (NA) Enlarged Cones: Unremarkable B

0Os (pulse) reduced
0OS 15 6.9 +0.5 Reds:

slightly

reduced

7 26/M/ 6 No No oD 1.0 1.0 -55 WNL WNL BSE Improved  Enlarged Cones: Unremarkable B
oD reduced

oS 10 1.0 —-4.0 Rods:
slightly
reduced

8 26/ 1 No No oD 12 1.2 -20 WNL WNL Constriction NA) Enlarged Cones: Unremarkable B
os severely (OCT 3000)

reduced
0S 15 15 -2.0 Reds:
normal

9 38/F 1 No Yes oD 1.0 1.0 +0.25 WNL WNL Ring-shaped (NA) Enlarged Cones: Unremarkable B
oD reduced

os 1.0 1.0 +0.25 Rods:
bilaterally
reduced
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Table 1 continued

Patient Age/ Follow- Treatment Photopsia BCVA BCVA Refractive Fundi TFundi Scotoma shape  Scotoma Scotoma ERGofthe  QCT at the Note  Type
sex/ up at the at the error atthe at the during size after  affected eye  scotoma (Table 2)
eye at  years initial  latest initial  latest follow-up light
onset adaptation

10 34/F 2 No No oD 1.2 12 -10.0 WNL WNL Nasal Improved Em:n-ged Cones: Unremarkahle B

os hemianopia reduced
oS 12 12 ~10.0 Rods:

slightly

reduced

11 28/F 1 No . Yes oD 1.0 12 -0.5 WNL WNL BSE + Central No change Enlarged Cones: COST A+B

oD reduced &  indistinct
delayed
oS 15 15 +0.25 Rods:
slightly
reduced
12 26/ 3 Steroids No oD 10 1.0 —6.5 Scar Scar BSE + Central Improved [Enlarged Cones: 1S/08 MFC A+B
os (oral) severely disrupted ouU
reduced and ONL
0SS 05 04 -7.5 Scar  Scar Rods: RD
reduced atthefovea  op

Boldface: findings of the affected eye

BCVA best-corrected visual acuity, ERG electroretinogram, OCT optical coherence tomography, WNL within normal limits, BSE blind spot enlargement, NA not available, IS/0S inner-/outer-segment junction line, ONL
outer nuclear layer, COST cone outer segment tip line, CME cystoid macular edema, MFC multifocal choroiditis, RD history of retinal detachment surgery
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Fig. 1 Fundus photographs and
multifocal electroretinograms
(MfERGs) of the affected eye in
patients 1 and 4

Patient 1
(type A)

Patient 4
(type B)

High-resolution optical coherence tomography (OCT)
and adaptive optics scanning laser ophthalmoscopy (AO-
SLO) have been improved, and the newer models have
allowed clinicians to investigate the microstructure of the
retina in more detail. The OCT images recorded from
patients with the AZOOR complex show abnormalities of
the outer layers of the retina including the inner segment-
outer segment (IS/0S) junction line [6-11, 14, 20] and the
cone outer segment tip (COST) line [11, 12]. In 2011,
observations of the retina with an AO-SLO suggested a
selective loss of cones with relatively well-maintained rods
in the area of the scotoma [13, 14].

Dark- and light-adapted (DA and LA) perimetry has
been used to study the retinal dysfunction in patients with
cone dysfunction syndrome [21~23], retinitis pigmentosa
[23, 24], and other retinal disorders [2, 21, 24, 25]. The
results of DA and LA perimetry in three patients with
AZOOR were reported by our laboratory, and we sug-
gested that there were selective focal impairments of the
cones [26, 27].

The purpose of this study was to compare the DA and
LA visual fields and OCT images with the clinical features
of 12 AZOOR patients.

Patients and methods
The research protocol was approved by the Ethics Review

Board of the Kinki University Faculty of Medicine, and the
procedures conformed to the tenets of the Declaration of
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Helsinki. All clinical tests were performed after obtaining
signed informed consent from all of the patients.

We studied 12 Japanese patients (5 men and 7 women)
who were diagnosed with AZOOR at Kinki University
Hospital from July 2003 to June 2013. AZOOR was
diagnosed on the basis of the clinical history, ophthal-
moscopy, Goldmann kinetic perimetry, and multifocal
ERGs (mfERGs). Fluorescein fundus angiography (FA),
indocyanine-green fundus angiography (IA), Octopus
automated static perimetry, International Society for Clin-
ical Electrophysiology of Vision (ISCEV)-Standard full-
field ERG [28], and OCT were also used.

The stimuli for the ISCEV-Standard fuli-field ERGs
[28] were obtained from white light-emitting diodes
(LEDs) embedded in a contact-lens electrode (EW-102 and
WLS-20; Mayo Corp., Inazawa, Japan). A bioamplifier
(MEB-5504; Nihon Kohden, Tokyo, Japan) was used to
amplify and record the ERGs. mfERGs were recorded with
the Visual Evoked Response Imaging System (Veris Sci-
ence 5.0; Electro-Diagnostic Imaging, Redwood City, CA,
USA).

Three background luminances were used for the kinetic
perimetry: 0 cd/m? or 0 asb for the DA kinetic perimetry,
10.0 cd/m® or 31.5 asb for the conventional kinetic
perimetry, and 34 cd/m? or 106.8 asb for the LA kinetic
perimetry. The DA kinetic perimetry was carried out after
20 min of dark adaptation, and the LA kinetic perimetry
after 10 min of light adaptation with a background light of
34 cd/m®. All kinetic perimetry was performed by a well-
trained technician in a light-tight room.
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Patient 1 May/17/2006
{type A) L R

June/21/2012

DA-GP

CV-GP

LA-GP

Patient 4 July/10/2003 ‘December/15/2005 June/20/2012
(type B) L R PR R

DA-GP (NA) (NA) (NA) (NA)

CV-GP

LA-GP (NA) (NA)

Fig. 2 Results of Goldmann kinetic perimetry (GP) in patients 1 and
4, Dark-adapted and light-adapted GPs (DA-GP and LA-GP) were
pecformed in-addition to the conventional GP (CV-GP). In patient 4

Static perimetry was performed in three . patients
(patients 4, 5, 6) using the Octopus 101 automated
perimeter (Haag-Streit, Koeniz, Switzerland) under both
DA and LA conditions. The DA and LA static perimetry
was performed under the same conditions as- DA and LA
kinetic perimetry, i.e., with no background and with
background light of 34 cd/m? after LA. Both DA and LA
static perimetries were performed using Program 32 with
the Normal strategy. The size and duration of the targets
were 1 and 100 ms for the DA static perimetry and 3 and
200 ms for the LA static perimetry. A small dim red cross
was used as a fixation target for the DA static perimetry
and a green cross for the LA static perimetry. The visual
fixation ‘was monitored with an infrared camera. A panel
located in front of the Octopus 101 -automated: perimeter
was covered with a dark-red plastic plate. The perimeter

on '15 December 2005, no scbtoma was detected by CV-GP although
a large and dense scotoma was detected by LA-GP, and it remained
9 years after the onset. NA indicates not available

was light-tight, and .no leak from the light source of the
perimeter was detected during the examination.

The OCT images were obtained with spectral domain
(SD)-OCT (Cirrus™ HD-OCT version 5.1; Carl Zeiss
Meditec,-Dublin;, CA, USA). The five-line scans with a
distance of 75 pm between lines were performed, and four
images were-averaged. The length of the scan-was 9.0 mm
horizontally- and 6.0 mm vertically. - The: OCT scan was
centered on the fovea, and temporal and nasal scans were
also performed to cover the area of the scotoma.

Results

The clinical characteristics of the 12 patients with AZOOR
are-listed in Table 1. All of the patients were generally
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Fig. 3 Results of dark- and
light-adapted Octopus
automated static perimetry
obtained from patient 4 (type B
AZOOR). In the right eye,
sensitivity of the retina was
normal on dark-adapted
perimetry where a dense

scotoma was detected on light- Dark-

adapted perimetry adapted
Light-
adapted

healthy, and their age at the onset of the symptoms ranged
from 25 to 46 years. The patients were followed for
1-9 years with no medications, except three patients who
were treated with corticosteroids by the referring hospital.
Because the treatments were ineffective, they were dis-
continued before the patients were referred to our clinic
(Table 1),

At the initial visit, the fundus of all patients appeared
normal despite the sudden onset of visual field abnormal-
ities (Fig. 1; Online Resource 1). The visual field abnor-
malities were unilateral in all of the patients, and reduced
mfERGs were detected in the corresponding areas of the
visual field abnormalities (Fig. 1; Online Resource 1).
Photopsia was reported in 5 of the 12 patients. The vision
was normal in all of the patients except in patient 12, in
whom a central scotoma developed during the follow-up
period (Table 1; Online Resource 5). Twelve eyes of six
patients were within £ 1.0 D; six eyes of three patients
were myopic with a range of —1.0 to —8.0 D; and six eyes
of three patients had myopia >8.0 D (Table 1).

During the follow-up period, the fundus remained nor-
mal in all of the patients, even patients 1, 4, 6, and 7, who
were followed for more than 3 years (Table 1). FA and 1A
were unremarkable in all of the patients. FA and 1A were
not performed for patient 2 because of pregnancy.

The location and shape of the visual field defects were
as follows: seven patients with an enlargement of the blind

@ Springer

spot (BSE), two patients with a combination of a BSE and
a central scotoma, one patient with nasal hemianopia, one
patient with overall constriction of the visual field, and one
patient with a ring-shaped scotoma (Table I; Online
Resources 2-5).

In patients 1, 2, and 3, the size of the scotoma was the
same on both DA and LA perimetry or larger on DA
perimetry (Figs. 2, 4; Online Resource 2). On the other
hand, in patients 4-10, a deep scotoma was detected by LA
perimetry, but not by DA perimetry (Figs. 2, 3, 4; Online
Resources 3-5). During the follow-up period, the area of
the visual field abnormalities increased in patient 2 and
decreased in patients 1, 4, 7, 10, and 12 (Online Resources
2-5). In the ERG tests, both the rod and cone ERGs had
normal amplitudes in patients 3 and 5, both the rod and
cone ERGs were reduced in the affected eye of patients 1
and 2, and the cone ERGs were more reduced than the rod
ERGs in the affected eye of patients 4 and 6-12 (Table 1;
Figs. 5, 6; Online Resources 2-5).

In the OCT images, the IS/OS junction line was dis-
rupted, and the ONL was thinner in the area where the
scotomas were detected on both DA and LA perimetry in
patients 1, 2, 3, and 12 (Fig. 7; Online Resource 6, white
bars). The COST line was indistinct in the area where the
scotoma was detected on LA perimetry in patients 4 and 11
{(Fig. 7 and Online Resource 6, gray and white bars). No
abnormal findings were found in the HD-OCT images of
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Fig. 4 Horizontal profile of

retinal sensitivity measured by Patient 1

DA-GP (dotted lines) and LA-
GP (solid lines). The open
arrows indicate the scotoma that
was detected by both DA- and
LA-GP (type A AZOOR), and

the closed arrows indicate the
scotoma that was detected by
LA-GP but not by DA-GP (type
B AZOOR). In patient 4,
conventional GP (CV,; dotted
lines) was performed instead of
LA-GP. NA indicates not
available
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patients 6, 7, 9, and 10. Cystoid macular edema was found
in patient 2, but the visual acuity was not reduced (Table 1;
Online Resource 6).

Discussion

Our results showed that patients with AZOOR can be
divided into two types according to the DA and LA peri-
metric findings: type A patients have scotomas that are

detected by both DA and LA perimetry (patients 1, 2, 3;
Fig. 2; open arrows in Fig. 4; Online Resource 2), and type
B patients have scotomas that are more prominent in LA
than in DA perimetry (patients 4-10; Fig. 2; closed arrows
in Fig, 4; Online Resources 3-5).

-The type A patients (patients 1-3) had normal or
reduced cone and rod ERGs, a disrupted IS/OS. junction
line, and atrophic ONL (Figs. 5, 6, 7; Online Resources 2
and 6). These findings suggest focal atrophy of both the
rods and cones (Table 2).
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Rod b-wave

Fig. 5 Amplitudes of the full-

w@v) (W)  Flash b-wave

(Y]
field ERGs. The shaded areas ¢ 600 "
indicate the normal range 400 -
5 ® 2 1
ke k=] — 400
jo3 @ @
© B B
g £ 200 g
< < < 200 A
100 200 300 (uV) 200 400 (V) 200 400 600 (V)
Fellow eye Fellow eye Fellow eye
W) Cone b-wave qv)  Flicker b-wave
200 9 150 o Type A AZOOR
% 5‘1 (patients 1-3)
el
kel
£ £ 100 Type B AZOOR
@ 100 2 (patients 4-10)
3= E < ;
< * 504
g Type A+B AZOOR
i {patients 11 & 12}
100 200 (uv) 50 100 150 (V)
Fellow eye Fellow eye
Fig. 6 Results of International Patient 1 (type A) Patient 4 (type B)

Society for Clinical

Electrophysiology of Vision R
(ISCEV)-Standard full-field .
ERGs in patients 1 and 4. In (Affected)
patient 4 (type B AZOOR), the Rod
cone responses including the
flicker ERG were reduced in the L
affected eye, whereas the rod
ERG showed the same
amplitude in both eyes R
(Affecled)
Flash
L
R
(Affected)

SVACNBERE

ST

J\% ]

A

~A _i
\ A e

(Affected)
Flicker ; —J
L /\q_/\.,/\,/\,,/\r/\ 20 msce.

On the other hand, type B patients (patients 4-10) had
large visual field defects in the LA perimetric fields that
were not detected after dark adaptation (Figs. 2, 3; Online
Resources 3-5). The retinal sensitivities measured across
the horizontal meridian with Goldmann kinetic perimetry
are shown in Fig. 4. The results of DA perimetry in
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patients 4-10 showed normal sensitivity where the scotoma
was detected by LA perimetry (Fig. 4, closed arrows). In
the type B patients, the cone ERGs were more reduced than
the rod ERGs (Figs. 5, 6; Online Resources 3-5). The OCT
images of patients with type B AZOOR showed a contin-
uous IS/0S junction line in all patients and ONL thinning
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Patient 1
(type A)

7 years after-
onset

Patient 4
(type B)

9 years after
onset

Fig. 7 Results of optical coberence tomography (OCT) with Cir-
rus™ HD-OCT in patients 1 and 4. The white and gray bars beneath
the images indicate the corresponding area to the.scotoma. I patient
1, the inner segment/outer segment (IS/OS) junction line was
disrupted, and the outer nuclear layer (ONL) was atrophic where

Table 2 Characteristics of the two types of AZOOR

the scotoma was detected (white bar; type A AZOOR), whereas in
patient 4, the IS/OS junction line was continuous, the cone outer
segment tip (COST) line was indistinet, and the ONL was thin but
remained where the scotoma was detected by the LA-GP (gray bar,
type B AZOOR) )

Full-field ERG Visual field abnormality OCT findings at the scotoma Prognosis Presumed
pathogenesis
Type  Within normal limits or both  Detectable under both dark- and  Atrophic ONL and absence  Stable or Focal
A rod and cone responses light-adapted conditions of IS/0S junction line deteriorated  ‘photoreceptor
reduced dysfunction
(atrophy)
Type  Within normal limits or cone  Prominent under light-adapted Unremarkable or indistinct  Stable or Facal cone
B response more reduced than  conditions and undetectable COST line and ONL improved dysfunction

rod response

under dark-adapted conditions

thinning in the long-term

in one of the seven patients (Table I; Fig. 7; Online
Resource 6).

These findings suggest that the retinal impairment in
type B AZOOR 1is milder and less progressive than that in
type A AZOOR. In addition, LA perimetry suggested a
focal cone dysfunction where the scotoma was detected.
These unique findings correspond with those of recent
reports on the selective abnormality of the COST line [11,
12] or the selective loss of the cones [13, 14] in AZOOR
patients and are similar to the findings of previous case
reports [5; 22, 25].

Although some type B AZOOR patients had a reduc-
tion of the scotoma during the follow-up period (Table 1;
Fig. 2), they complained that the symptoms. were not
improved. They reported a dense scotoma in a bright
room or outdoors on sunny days, but the scotoma disap-
peared in darkened rooms or outdoors at might. These

complaints are consistent with the results of DA and LA
perimetry in patients with type B AZOOR and suggest
that LA perimetry is more useful than conventional
perimetry for detecting visual field abnormalities in type
B patients.

The analysis of the scotoma was complicated in patients
11 and 12. In patient 11, a scotoma involving the macular
area was detected on both DA and LA perimetry, although
the vision was good, and the OCT showed a continuous IS/
OS line with an indistinct COST line (Online Resources 5
and: 6). Patient 12 showed the characteristics of type B
AZOOR at the initial visit; however, a central scotoma
appeared during the follow-up period that was detected by
both DA and LA perimetry. In addition, the IS/OS junction
line at the central scotoma was disrupted in the OCT
images (Online Resources 5 and 6). Full-field ERGs
recorded in both patients showed a cone-dominant
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dysfunction '(Online Resource 5), consistent with the
characteristics of type B-AZOOR.

We concluded that, for the present, these patxents are
type A + B (Table 1); a final conclusion regarding the
AZOOR type will probably be made after future longitu-
dinal clinical observations.

Jacobson et al. [2] examined 24 patients with AZOOR and
allied diseases and reported that absolute scotomas were
detected by both DA and LA static perimetry. In addition, both
rod and cone ERGs were significantly reduced in these eyes.
These results indicate that most of the patients in Jacobson
et al.’s study [2] had the characteristics of type A AZOOR.
Type A AZOOR, which is clinically more severe thantype B,
may be more prevalent in other countries than in Japan.

In summary, ourresults indicate that patients with AZOOR
can be divided into two types according to the results of DA
and LA perimetry, ERGs, and OCT (Table 2).

Patients classified as having type A AZOOR had sco-
toma detectable by both DA and LA perimetry, and those
classified as having type B AZOOR had more prominent
scotoma detected better by LA than by DA perimetry. The
retinal dysfunction in type A AZOOR is probably due to
severe focal photoreceptor atrophy and that in type B
AZOOR to focal and cone-specific dysfunction. The
prognosis of type A AZOOR appears to be poorer than that
of type B AZOOR. Further studies are needed because of
the limitation of the number of cases and the length of the
follow-up period of this study.
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