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Abstract
Purpose The purpose was to quantify and compare the sever-
ity of aniseikonia in patients undergoing vitrectomy for vari-
ous retinal disorders.
Methods We studied 357 patients with retinal disorders in-
cluding epiretinal membrane (ERM), macular hole (MH),
cystoid macular edema with branch / central retinal vein oc-
clusion (BRVO-CME / CRVO-CME), diabetic macular ede-
ma (DME), macula-off rhegmatogenous retinal detachment
(M-off RD), and macula-on RD (M-on RD) as well as 31
normal controls. The amount of aniseikonia was measured
using the New Aniseikonia Test preoperatively and at
6 months postoperatively.
Results Of all patients, 59% presented aniseikonia.
Preoperative and postoperative mean aniseikonia were 4.0
± 4.1% and 3.0 ± 3.6%, respectively. In particular, 68% of
patients with ERM had macropsia, and approximately half
of MH, RVO-CME, DME, and M-off RD patients had
micropsia. Preoperative aniseikonia was significantly severe
in ERM than in other disorders. Vitrectomy improved anisei-
konia only in MH, while visual acuity was improved in all
disorders except CRVO-CME.
Conclusion More than half of the patients showed aniseikonia
preoperatively. A majority of ERM patients exhibited
macropsia, whereas MH, RVO-CME, DME, and macula-off
RD patients presented micropsia. The aniseikonia score was
greatest in ERM patients. In most retinal disorders, surgery
significantly improved visual acuity, but not aniseikonia.
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Introduction

Aniseikonia is a difference of perceived image size between
two eyes, and symptoms of aniseikonia, such as headache,
asthenopia, photophobia, reading difficulty, nausea, vertigo,
and dizziness, are various, and a sense of discomfort differs
among individuals [1, 2]. Therefore, aniseikonia plays an im-
portant role in visual function and quality of life.
Anisometropia, induced by a difference of spherical equiva-
lent between two eyes, is relatively common in aniseikonic
patients, and was reported in various pathological conditions
including oblique astigmatism, aphakia, pseudophakia, and
corneal refractive surgery [3–8]. In contrast, retinally induced
aniseikonia is less-noted. Retinally induced aniseikonia may
occur following stretching or compression of the retina, which
changed the perceived image size due to space alteration
among the photoreceptors [9]. Prior studies have investigated
retinally induced aniseikonia in epiretinal membrane (ERM)
[9–15], retinal detachment (RD) [15–20], age-related macular
degeneration [21], macular edema [18], and central serous
chorioretinopathy [22]. No reports so far, however, have ad-
dressed aniseikonia in patients with macular hole (MH),
cystoid macular edema with retinal vein occlusion, and dia-
betic macular edema (DME). In addition, a comparison of
aniseikonia and any postoperative changes in aniseikonia
among these retinal disorders has not been documented.

In the present study, aniseikonia data from normal subjects
and patients with various retinal disorders were assessed using
the New Aniseikonia Test (Handaya, Tokyo, Japan). This
study was aimed at comparing aniseikonia among retinal
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disorders and to make an evaluation the of the relationship
between aniseikonia and visual function in each disorder.

Methods

The study population consisted of a series of 357 eyes of 357
patients who were diagnosed and treated with retinal disorders
between August 2011 and December 2013 at Tsukuba
University Hospital. The subjects were 204 male and 153
female patients, averaging 62.3 ± 11.0 years of age (mean
± standard deviation). This study included 81 patients with
ERM, 80 patients with MH, 28 patients with cystoid macular
edema with branch retinal vein occlusion (BRVO-CME), 12
patients with cystoid macular edema with central retinal vein
occlusion (CRVO-CME), 20 patients with DME, 67 patients
with macula-off rhegmatogenous RD (M-off RD), and 69 pa-
tients with macula-on rhegmatogenous RD (M-on RD), who
all underwent vitrectomy. Thirty-one subjects served as nor-
mal controls (NC). We conducted this prospective, interven-
tional, consecutive study in accordance with the Declaration
of Helsinki and received approval from the institutional re-
view committees of the University of Tsukuba Hospital.
Signed informed consent was obtained from all study subjects.
Exclusion criteria comprised eyes with ophthalmic disorders
except for mild refractive errors and mild cataract, and a pre-
vious history of vitrectomy. Patients who showed anisometro-
pia greater than 2.0 diopters before and/or six months after
surgery were also excluded. Patients who had undergone vit-
rectomy for bilateral eyes within 6 months apart were also
excluded.

The examinations comprised measurements of the best-
corrected visual acuity (BCVA), the severity of aniseikonia
using the New Aniseikonia Test (NAT), fundus examinations
with indirect ophthalmoscopy, and the retinal microstructure
by spectral-domain optical coherence tomography (OCT)
(Cirrus high-definition OCT; Carl Zeiss, Dublin, CA). All
ophthalmological examinations were performed before and
6 months after surgery. The BCVA, measured by the Landolt
Chart, was expressed as the logarithm of the minimum angle
of resolution (logMAR).

The NAT, introduced in 1988 by Katsumi and his col-
leagues [3], is a simple method to quantify the amount of
aniseikonia. The test consists of matched pairs of red/green
semicircles with a target size of 4 cm, and allows for measure-
ment from 1% to 24% of aniseikonia. Two semicircles with
different sizes in each pair are placed in a consecutive manner
with a difference in 1% increments. A subject who wears red/
green spectacles views the plates so that the right eye can see
either of the semicircles in every pair and the left eye can see
the other one. The subject is asked to indicate the pair in which
two semicircles seem to be the same size. The actual differ-
ence in the size of the halfmoons in the corresponding pair

represents the percentage of the subject’s aniseikonia.
Measurements were performed at a distance of around
40 cm in vertical as well as horizontal meridians, and the
obtained mean values also were used to analyze data.
Aniseikonia of 2% or greater was deemedmacropsia, whereas
that of +2% or less was considered micropsia. The examiners
administering the NAT tests were experienced orthoptists and
were masked to the fundus findings of the patients.

ERMwas defined as a translucent membrane involving the
fovea, with or without distortion of the inner retinal surface on
biomicroscopy and OCT, and vitrectomy was indicated if pa-
tients complained of significant metamorphopsia and/or
blurred vision. The indication for vitrectomy in MH included
stage II - VI full-thickness macular hole on OCT. The indica-
tion for vitrectomy in BRVO and CRVO included persistent
CME. DME was defined by clinically significant macular
edema according to the ETDRS guidelines and diagnosed
with slit-lamp biomicroscopy with foveal thickness
of ≥ 300 μm as measured by OCT, and vitrectomy was indi-
cated when ≥ 3 months had passed after at least one session of
laser treatment. The indications for vitrectomy in RD included
presence of causative horseshoe tears due to posterior vitreous
detachment. In the patients with RD, preoperative aniseikonia
evaluation was not performed, because of the rapid nature of
its onset and significant disturbance of visual function.

Surgery consisting of 25-gauge transconjunctival
sutureless vitrectomy under sub-Tenon local anesthesia was
performed by three vitreoretinal surgeons (F.O., Y.O., Y.S.).
When a clinically significant cataract was observed, we simul-
taneously conducted an operation for cataract. A core vitrec-
tomy was performed with induction of posterior vitreous de-
tachment if not already present. Peripheral retinal examination
with scleral depression was performed to search for a retinal
tear or dialysis in all cases. Fluid/gas exchange was performed
if iatrogenic retinal tear or rhegmatogenous retinal detachment
was identified intraoperatively. In patients with ERM, the
membrane was removed from the macula with intraocular
forceps. After the ERM was peeled, 0.1 - 0.2 ml of 0.025%
brilliant blue G solution was applied to the macular area.
Then, we completely peeled the remaining internal limiting
membrane. In patients with MH, the inner limiting membrane
was peeled off with the aid of brilliant blue G solution, follow-
ed by fluid/gas exchange. In patients with RD, surgical pro-
cedures comprised release of vitreous traction around the
breaks, internal drainage of the subretinal fluid, total fluid/
gas exchange using air or 20% SF6, and endolaser photoco-
agulation. For the subsequent 1-5 days, the patients kept a
face-down position.

The mean scores and standard deviations were calculated
for age, aniseikonia and BCVA in patients with retinal disor-
ders and normal controls. The Paired t-test was performed to
compare preoperative and postoperative results. The relation-
ship between preoperative and postoperative parameters of
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visual function was examined with the Pearson’s correlation
coefficient. Fisher’s protected least-significant difference
(PLSD) was performed to compare age and aniseikonia
among retinal disorders. All tests of association were consid-
ered statistically significant if p < 0.05. The analyses were
carried out using StatView (version 5.0, SAS Inc., Cary, NC,
USA).

Results

Table 1 summarizes the background data of normal controls
and patients with retinal disorders. The patients in the RD
group were significantly younger than those in the other
groups (p < 0.05). Of the 357 patients, 64 were pseudophakic
and 293 were phakic, 192 patients underwent cataract surgery
combined with vitrectomy and 30 patients received scleral
buckling surgery. Preoperative and 6-month postoperative ab-
solute differences of spherical equivalent between both eyes
were 0.57 ± 0.48 (range: 0.0 ∼ 1.9D) and 0.71 ± 0.51 (range:
0.0 ∼ 1.9D), respectively.

Preoperatively, 131 (59%) patients had aniseikonia (66 pa-
tients had micropsia, 65 had macropsia, and 90 had no anis-
eikonia) in all cases. The absolute value of aniseikonia was
4.0 ± 4.1%, and the degree of aniseikonia ranged from -21.5%
to +19.5%. Figure 1 shows distribution of preoperative anis-
eikonia in each disorder. In ERM patients, 68% exhibited
macropsia and only a few (2%) had micropsia. On the other
hand, micropsia was observed in many of MH (48%), BRVO-
CME (39%), CRVO-CME (50%), and DME (45%) patients
and macropsia was rare. Postoperatively, 80 patients (22%)
had micropsia, 179 (50%) had macropsia, and 98 (27%) had
no aniseikonia in all cases. The absolute value of aniseikonia
was 3.0 ± 3.6%, and the amount of aniseikonia ranged from -
20.5% to +17%. The postoperative proportion of macropsia in
ERM was 69%, which was comparable to the preoperative
value. The proportion of micropsia in MH decreased from
48% to 18%, while that of BRVO-CME and CRVO-CME
increased after surgery. In M-off RD patients, 48% showed
micropsia, whereas 75% of M-on RD patients did not have
any aniseikonia (Fig. 2).

The box-and-whisker plots of the preoperative and postop-
erative aniseikonia in each group are displayed in Fig. 3.
Significant differences in aniseikonia were found between
NC and all retinal disorders except DME. Preoperative anis-
eikonia in ERM was significantly higher than that in other
disorders. Preoperative aniseikonia in CRVO-CMEwas lower
than that in DME (Fig. 3a). Postoperatively, significant differ-
ences in aniseikonia were found between NC and all retinal
disorders exceptMH andM-on RD. Postoperative aniseikonia
in ERM was significantly higher than that in other disorders.
Significant differences were also seen among other disorders
(Fig. 3b).

Vitrectomy significantly improved the absolute value of
aniseikonia and BCVA in all cases. Subgroup analysis showed
significant improvement of BCVA in all disorders except
CRVO-CME. On the other hand, postoperative aniseikonia
was significantly lower than the preoperative one only in
MH, while no change was confirmed in other disorders
(Table 2).

When scores of all the patients with retinal disorders were
analyzed, the preoperative absolute value of mean aniseikonia
correlated significantly with the postoperative absolute value
of mean aniseikonia (r = 0.592, p < 0.0001, Fig. 4a) and
changes in the absolute value of mean aniseikonia (r = 0.479,
p < 0.0001, Fig. 4b). Subgroup analysis revealed preoperative
aniseikonia correlated significantly with postoperative anisei-
konia in every group except DME. In addition, preoperative
aniseikonia correlated significantly with changes in aniseikonia
in ERM, MH, and BRVO-CME (Table 3).

The preoperative absolute value of aniseikonia showed a
significant correlation with preoperative BCVA in all cases
(r = 0.252, p < 0.0001, Fig. 5a), while the postoperative abso-
lute value of mean aniseikonia was associated with postoper-
ative BCVA (r = 0.201, p < 0.0001, Fig. 5b). Subgroup anal-
ysis showed a significant correlation between preoperative
aniseikonia and BCVA in ERM and MH. Postoperative anis-
eikonia was significantly associated with postoperative BCVA
only in M-off RD (Table 4).

Discussion

In our present study, preoperative and postoperative aniseiko-
nia was assessed with the NAT in patients with various retinal
disorders and was compared with each other. In addition, we
identified the characteristics of aniseikonia in each of the
disorders.

Overall, more than half the retinal disorders accompanied
aniseikonia. The absolute value of aniseikonia was 3.4%, and
aniseikonia ranged from -21.5% to +19.5%. From a clinical
perspective, symptoms were induced only when the percent-
age of aniseikonia reached more than 3–5% [23].
Nevertheless, discomfort levels tended to vary among differ-
ent individuals based on their binocular fusion tolerance and
stereopsis was able to tolerate up to 5% aniseikonia [10, 11].
Aniseikonia induces various symptoms such as headache,
asthenopia, photophobia, reading difficulty, nausea, vertigo,
and dizziness [1, 2]. Thus, it is probable that quality of life is
impaired in patients with retinal disorders who exhibit severe
aniseikonia.

The hypothesis of retinally induced aniseikonia may be
associated with altered distribution of photoreceptors. If the
photoreceptors are compressed closely, the object image stim-
ulates a larger number of receptors and appears larger than it
actually is (i.e., macropsia). Contrastingly, when the
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photoreceptors are stretched apart, the object image stimulates
less receptors and tends to appear smaller (i.e., micropsia) [9].
As preoperative characteristics of aniseikonia in each disorder,
macropsia was dominant in ERM, whereas micropsia was
conspicuous in MH, BRVO-CME, CRVO-CME, and DME.
Postoperatively, the distribution of aniseikonia was un-
changed in ERM, BRVO-CME, CRVO-CME, and DME,
while the proportion of micropsia decreased in MH (Fig. 2).

Macular contraction due to ERM distorts the distribution of
photoreceptors. Thus, it is known that ERM is a representative
disorder that exhibits macropsia. A majority of ERM patients
presented macropsia in this study, which was consistent with
the findings of previous reports [11–14]. In RVO-CME and
DME, it was presumed that the retina was stretched due to
outer retinal cyst and serous retinal detachment, resulting in
micropsia. In the retinal structure of MH patients, serous ret-
inal detachment and/or outer retinal cyst (fluid cuff) appeared
during the forming process so that the photoreceptors were
stretched apart. This was presumably a reason that many
MH patients exhibited micropsia. Approximately half of M-
off RD patients had micropsia and most of M-on RD patients

had no aniseikonia. It was known that a major cause of
micropsia in M-off RD was persistent and/or transient CME,
subretinal fluid, and retinal displacement due to gas
tamponade [19]. The postoperative scores in M-on RD were
significantly lower than those in all the other disorders. The
result was reasonable because there was no damage involving
the macula. Of 69 patients with M-on RD, 13 (19%) had
macropsia. Of the 13 macropsic eyes, ten had ERM but the
other three eyes did not exhibit any abnormal morphologic
change. In M-on RD patients, macropsia was caused by mac-
ular contraction due to ERM following surgery.

The severity of preoperative and postoperative aniseiko-
nia showed awide variation depending on the type of disease
(Fig. 3).We found that preoperative aniseikonia in ERMwas
re l a t i ve ly h igh compared wi th o the r d i so rde r s .
Postoperatively, no difference was observed among NC,
MH, and M-on RD. In contrast, postoperative aniseikonia
remained in ERM, RVO-CME, DME, and M-off RD.
Previousstudies reported thatpreoperativeandpostoperative

Table 1 Background data of normal controls and patients with retinal disorders

NC ERM MH BRVO-CME CRVO-CME DME M-off RD M-on RD

Number of eyes 31 81 80 28 12 20 67 69

Men / women 17 / 14 38 / 43 38 / 42 18 / 10 6 / 6 16 / 4 43 / 24 45 / 24

Age (years) 62.3 ± 7.1 66.7 ± 9.2 65.9 ± 5.8 64.0 ± 11.6 66.4 ± 11.6 63.6 ± 11.2 59.4 ± 10.5* 54.0 ± 12.4*

NC= normal controls, ERM = epiretinal membrane, MH=macular hole, BRVO-CME = cystoid macular edema with branch retinal vein occlusion,
CRVO-CME= cystoid macular edema with central retinal vein occlusion, DME = diabetic macular edema, M-off RD=macula-off rhegmatogenous
retinal detachment, M-on RD=macula-on rhegmatogenous retinal detachment.

Values are presented as the mean ± standard deviation

* Significantly different from the other groups (p < 0.05, Fisher’s PLSD)

Fig. 2 Distribution of postoperative aniseikonia in retinal disorders.
ERM = epiret inal membrane, MH = macular hole , BRVO-
CME = cystoid macular edema with branch retinal vein occlusion,
CRVO-CME = cystoid macular edema with central retinal vein
occlusion, DME = diabetic macular edema, M-off RD = macula-off
rhegmatogenous retinal detachment, M-on RD = macula-on
rhegmatogenous retinal detachment

Fig. 1 Distribution of preoperative aniseikonia in retinal disorders.
NC = normal controls, ERM = epiretinal membrane, MH = macular
hole, BRVO-CME = cystoid macular edema with branch retinal vein
occlusion, CRVO-CME = cystoid macular edema with central retinal
vein occlusion, DME= diabetic macular edema
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aniseikonia (5.7 - 8.0 degrees of visual field angles) in ERM
was 5.0% - 6.6% and 4.1% - 6.5%, respectively [12–14], and
postoperative aniseikonia in RD was -2.3%[19]. These
values were consistent with our results. However, subjects
with ERM and RD partially overlapped in our previous

reports [12, 19]. It can be considered that distortion of the
distribution of photoreceptors due to macular contraction in
ERM is greater than the distortion caused by retinal stretch in
CME and/or serous retinal detachment so that aniseikonia
scores tend to be higher in ERM.

Fig. 3 Box and whisker plots with the top and bottom boundary of the
box indicating the 75th and 25th percentiles. Whiskers above and below
the box indicate the 90th and tenth percentiles, respectively. a.
Preoperative mean aniseikonia in retinal disorders. b. Postoperative
mean aniseikonia in retinal disorders. NC = normal controls,
ERM = epiret inal membrane, MH = macular hole , BRVO-

CME = cystoid macular edema with branch retinal vein occlusion,
CRVO-CME = cystoid macular edema with central retinal vein
occlusion, DME = diabetic macular edema, M-off RD = macula-off
rhegmatogenous retinal detachment, M-on RD = macula-on
rhegmatogenous retinal detachment. * Significantly different in Fisher’s
Protect Least Significant Difference (Fisher’s PLSD)

Table 2 Preoperative and
Postoperative Visual Functions in
Patients with Retinal Disorders

Preoperative absolute value
of mean aniseikonia (%)

Postoperative absolute value
of mean aniseikonia (%)

Preoperative

BCVA
(logMAR)

Postoperative

BCVA
(logMAR)

All cases 4.0 ± 4.1 3.0 ± 3.6* 0.46 ± 0.55 0.18 ± 0.28*

ERM 5.1 ± 4.4 5.0 ± 4.4 0.30 ± 0.21 0.14 ± 0.18*

MH 3.3 ± 3.8 1.7 ± 2.1* 0.72 ± 0.35 0.26 ± 0.30*

BRVO-CME 3.3 ± 3.6 2.9 ± 3.0 0.47 ± 0.32 0.28 ± 0.26*

CRVO-CME 4.4 ± 5.9 5.3 ± 6.3 0.79 ± 0.38 0.69 ± 0.45

DME 2.5 ± 2.2 3.0 ± 3.3 0.63 ± 0.29 0.47 ± 0.24†

M-off RD - 3.3 ± 3.4 1.00 ± 0.76 0.13 ± 0.21*

M-on RD - 1.3 ± 2.1 0.05 ± 0.35 -0.05 ± 0.08†

BCVA= best-corrected visual acuity, ERM= epiretinal membrane, MH =macular hole, BRVO-CME = cystoid
macular edemawith branch retinal vein occlusion, CRVO-CME = cystoidmacular edema with central retinal vein
occlusion, DME= diabetic macular edema, M-off RD=macula-off rhegmatogenous retinal detachment, M-on
RD=macula-on rhegmatogenous retinal detachment.

Values are presented as the mean ± standard deviation

Significantly different from the preoperative values (Paired t-test, * p < 0.0001; † p < 0.05)
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The relationship between the severity of ERM and anisei-
konia is unknown. However, a previous report on aniseikonia
in ERM investigated preoperative aniseikonia was associated
with thickness of the ganglion cell layer (GCL) and inner
nuclear layer (INL), and postoperative aniseikonia had a sig-
nificant correlation with central foveal thickness, GCL and
INL thickness. In addition, Asaria et al. [24] reported that
ERM patients with a longer duration of symptoms before sur-
gery had worse stereopsis both preoperatively and postopera-
tively. Longer duration and severe ERM may be caused by
deterioration in aniseikonia.

In our present study, there were four cases with CME (5%)
and two cases with transient subretinal fluid (2%) caused by
ERM. These cases had relatively small values of macropsia
compared with typical ERM. Macropsia due to ERM may be
offset by micropsia due to CME or subretinal fluid.

As shown in the results, vitrectomy significantly improved
aniseikonia and visual acuity overall. Subgroup analysis
showed visual acuity increased in all disorders except
CRVO-CME, while aniseikonia improved only in MH.

These results suggest that even after successful vitrectomy
and improvement of visual acuity, abnormal distribution of
photoreceptors cannot be restored. Therefore, it seems that
aniseikonia testing is a highly sensitive measurement to eval-
uate visual function in patients with foveal disorders. In ERM,
irregular traction of the retina is observed in various direc-
tions. As a result, even if the retina is restored to an almost
normal condition by membrane peeling, the distribution of
photoreceptors may not be restored. In contrast, as MH ac-
companies concentric and efferent movement of retinal pho-
toreceptors, it is considered that the distribution of photore-
ceptors can be restored with comparative ease in MH by sur-
gery. In addition, visual function is not impaired at an early
stage of ERM, RVO-CME, and DME, so that the duration
from onset to surgery tends to be relatively long. Irreversible
photoreceptor cell loss and changes in cone-cell alignment
were caused by prolonged macular traction in eyes with
DME or BRVO [25, 26]. Therefore, a long disease duration
often observed in ERM, RVO-CME, and DME may cause
disruption of photoreceptor cells and result in a permanent

Fig. 4 a. Preoperative absolute
value of mean aniseikonia versus
postoperative absolute value of
mean aniseikonia in all patients.
b. Preoperative absolute value of
mean aniseikonia versus changes
in absolute value of mean
aniseikonia in all patients

Table 3 Subgroup analysis:
Relationship between
preoperative and postoperative
absolute values of mean
aniseikonia and between
preoperative values and changes
in absolute values

Preoperative absolute value of mean
aniseikonia and postoperative absolute value
of mean aniseikonia

Preoperative absolute value of mean
aniseikonia and changes in the absolute value
of mean aniseikonia

r p value r p value

ERM 0.718 <0.0001* 0.296 <0.01*

MH 0.288 <0.01* 0.863 <0.0001*

BRVO-CME 0.658 <0.0001* 0.590 <0.001*

CRVO-CME 0.673 <0.05* -0.064 0.847

DME 0.334 0.152 -0.042 0.864

ERM= epiretinal membrane, MH =macular hole, BRVO-CME= cystoid macular edema with branch retinal vein
occlusion, CRVO-CME = cystoid macular edema with central retinal vein occlusion, DME = diabetic macular
edema.

* Significantly different in Pearson’s correlation coefficient
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change of cone cell alignment. Previous studies reported bet-
ter recovery of visual acuity and better improvement of anis-
eikonia in ERM patients who had surgery at an earlier date
[14]. Since visual acuity decreases quickly as soon as MH
develops, the duration from onset to surgery tends to be short
in MH. This might be a reason that aniseikonia was better
improved in MH.

Overall, preoperative aniseikonia was significantly associ-
ated with postoperative aniseikonia as well as changes in an-
iseikonia. Subgroup analysis revealed that preoperative anis-
eikonia showed a correlat ion with postoperat ive
metamorphopsia in all disorders except DME. It is suggested
that surgical treatment should be considered as early as

possible after a vitreoretinal disorder is recognized, so that
vitrectomy can be performed to prevent further deterioration
of the patient’s aniseikonia.

Overall, preoperative aniseikonia was significantly associat-
ed with preoperative visual acuity, and postoperative aniseiko-
nia was significantly related to postoperative visual acuity.
However, subgroup analysis revealed that preoperative anisei-
konia showed a correlation with preoperative visual acuity only
in ERM andMH, and postoperative aniseikonia was associated
with postoperative visual acuity only in M-off RD. In these
disorders, relatively good visual acuity was maintained com-
paredwith the remaining disorders. Thus, it was considered that
aniseikonia was associated with visual acuity only when visual
acuity was relatively good. An explanation for no association
between aniseikonia and visual acuity in M-on RD was that
visual acuity was unchanged and remained at a relatively high
level before and after surgery. Regarding RVO-CME and
DME, it was possible that we could not find any association,
because the numbers of cases were small.

Retinally induced aniseikonia cannot be corrected fully
with conventional optics because it is field-dependent an-
iseikonia [10]. Besides aniseikonia, the induction of post-
operative anisophoria poses another problem. Wright et al.
assessed binocularity in patients after successful RD sur-
gery, and observed aniseikonia in 35% and diplopia in 18%
[27]. Our study did not examine diplopia. It will be neces-
sary to evaluate the relation between aniseikonia and bin-
ocularity in patients with retinal disorders in order to treat
retinally induced aniseikonia. In addition, our hypothesis
about retinally induced aniseikonia may be associated with
altered distribution of photoreceptors. However, it is not
possible to prove it, because the distribution of photorecep-
tors of the pathologic retina cannot be detected by OCT. It
is therefore difficult to guess the amount of aniseikonia
from OCT findings in retinal disorders.

Fig. 5 a. Preoperative absolute
value of mean aniseikonia versus
preoperative BCVA in all
patients. b. Postoperative absolute
value of mean aniseikonia versus
postoperative BCVA in all
patients. BCVA= best-corrected
visual acuity

Table 4 Subgroup analysis: Relationship between aAbsolute value of
mean aniseikonia and BCVA

Preoperative absolute value
of mean aniseikonia and
preoperative BCVA

Postoperative absolute
value of mean aniseikonia
and postoperative BCVA

r p value r p value

ERM 0.248 <0.05* 0.047 0.676

MH 0.325 <0.005* 0.203 0.071

BRVO-CME 0.286 0.141 -0.018 0.927

CRVO-CME 0.039 0.907 0.564 0.055

DME -0.154 0.521 0.184 0.442

M-off RD - - 0.272 <0.05*

M-on RD - - 0.093 0.451

BCVA = best-corrected visual acuity, ERM = epiretinal membrane,
MH=macular hole, BRVO-CME = cystoid macular edema with branch
retinal vein occlusion, CRVO-CME = cystoidmacular edemawith central
retinal vein occlusion, DME = diabetic macular edema, M-off
RD = macula-off rhegmatogenous retinal detachment, M-on
RD=macula-on rhegmatogenous retinal detachment.

* Significantly different in Pearson’s correlation coefficient
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Our study had several limitations. First, the sample size
was rather small, especially patients with BRVO, CRVO,
and DME. That may have influenced the aniseikonia results.
Second, postoperative follow-up was short. Previous studies
reported that visual acuity in patients with ERM improved
more at 1-3 years postoperatively than at 6 months postoper-
atively [28]. In addition, visual acuity in patients with RD
improved more even at 1 to 5 years postoperatively [29, 30].
Aniseikonia improved for the period between 7 and 45months
postoperatively in patients who experienced retinal detach-
ment [18]. Thus, longer-term investigations of patients after
vitrectomy might give somewhat different results regarding
aniseikonia. Third, patient selection of BRVO-CME, CRVO-
CME, and DME may be inadequate. In this study, vitrectomy
was indicated to patients with persistent CME that was not
resolved after administration of corticosteroid and/or anti-
VEGF agents. Therefore, it was possible that we only selected
patients with poor visual outcome. Future studies with a larger
sample size, longer follow-up period, and appropriate patient
selection will further facilitate our understanding of aniseiko-
nia in patients with retinal disorders.

In conclusion, we investigated pre- and postoperative anis-
eikonia in various retinal disorders. More than half of the
patients had aniseikonia. Macropsia was dominant in ERM,
and micropsia was conspicuous in MH, RVO-CME, DME,
and macula-off RD. Aniseikonia was most severe in ERM.
Vitrectomy improved aniseikonia only in MH.
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