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SCIENTIFIC REPORT

Aniseikonia associated with epiretinal membranes

M Ugarte, T H Williamson

Aims: To defermine whether the computerised version of the
new aniseikonia test (NAT) is a valid, reliable method to
measure aniseikonia and establish whether aniseikonia
occurs in patients with epiretinal membranes (ERM) with
preserved good visual acuity.

Methods: With a computerised version of the NAT, hor-
izontal and vertical aniseikonia was measured in 16
individuals (mean 47 (SD 16.46) years) with no ocular
history and 14 patients (mean 67.7 (14.36) years) with ERM.
Test validity was evaluated by inducing aniseikonia with size
lenses. Test reliability was assessed by the test-retest method.
Results: In normal individuals, the mean percentage (SD)
aniseikonia was —0.24% (0.71) horizontal and 0% (0.59)
vertical. Validity studies revealed mean (SD) 0.990 (0.005)
horizontal and 0.991 (0.004) vertical correlation coeffi-
cients, 0.985 (0.111) horizontal and 0.989 (0.102) vertical
slope. Repeatability coefficients were 1.04 horizontal and
0.88 vertical. Aniseikonia in patients with ERM ranged from
4% to 14%. Eight patients showed 2% or more size difference
between horizontal and vertical meridians.

Conclusions: The aniseikonia test used in this study can be
considered a simple, fast, valid and reliable method to
measure the difference in image size perceived by each eye.
Aniseikonia does occur in symptomatic patients with ERM.
The effect of ERM on image size is heterogeneous across the
retinal area affected.

lular proliferations on the retinal inner surface. They

develop either spontaneously, in association with ocular
diseases (for example, retinal detachment, chorioretinitis,
retinal vein occlusions), or following surgery (for example,
scleral buckling, cataract extraction, retinal cryopexy). The
5 year Blue Mountain Study found a 5.3% cumulative
incidence of spontaneous ERM above the age of 49.! ERM
are generally located in the macula and their ability to
contract® can distort the photoreceptor distribution in the
fovea. This would affect image perception causing an object
to appear larger (macropsia) or smaller (micropsia). Some of
the symptoms in patients with ERM may result from
aniseikonia (Greek: anisos, unequal; eikon, image) or the
perception of the same image as being of different size with
each eye. A few studies have reported aniseikonia in macular
disease such as ERM,’ * vitreoretinal traction,” and central
serous retinopathy.” However, the prevalence of aniseikonia
in ERM is unknown since it is not tested routinely in the
clinic.

Aniseikonia can be measured by two dimensional and
three dimensional methods. The space eikonometer® depends
on the observed effect of size lenses on a three dimensional
array of cords and rods. It is very accurate but the
information provided is difficult to interpret. The use of the
instrument was discontinued in the 1970s. A simplified test

E piretinal membranes (ERM) are non-vascular fibrocel-

www.bjophthalmol.com

Br J Ophthalmol 2005;89:1576-1580. doi: 10.1136/bjo.2005.077164

consisting of graded stereoscopic cards reproducing the space
eikonometer target was developed later on.” The performance
of this test requires good stereopsis. This is known to be
reduced in patients with aniseikonia, making its results
unreliable. The NAT measures aniseikonia directly, by
presenting a red and a green semicircle to each eye by means
of dissociation with red/green goggles. It is easy and rapid to
perform® ® and we consider it ideal for clinical use. We used a
computerised version of the NAT after confirming its validity
and reliability to measure aniseikonia in symptomatic
patients with unilateral macular ERM.

MATERIALS AND METHODS

Sixteen volunteers, mean age 47 (SD 16.46), 10 women and
six men, without ocular history and less than 1 dioptre (D)
anisometropia were included in the control group. Fourteen
patients, mean age 67.7 (SD 14.36), five women and nine
men, with ERM were recruited between October 2003 and
December 2004. Inclusion criteria were visual complaints,
less than 1 D anisometropia, logarithmic minimum angle of
resolution (logMAR) visual acuity (VA) 0.5 or better in each
eye, and unilateral macular ERM. The research carried out
followed the tenets of the World Medical Association
Declaration of Helsinki. Subjects underwent ocular examina-
tion, refraction, best corrected VA, orthoptic assessment,
metamorphopsia analysis with Amsler chart, threshold
horizontal and vertical aniseikonia measurement, slit lamp
examination, and funduscopy.

The computerised NAT consisted of matched pairs of red/
green semicircles with a white, round fixation target on a
black background. The fixation target was 3 cm in diameter
and the red semicircle 15 cm. The diameter of the green
semicircle varied in 1% steps (from —14% to +14%). Subjects
viewed the monitor from 66 cm with appropriate correction
and red/green goggles. The white target projected an image
1.5°around fixation and the red semicircle 7.5% 1% variation
in the green semicircle diameter corresponded to 0.15°
(9 minutes of arc) increases/decreases in retinal image size.
Two series of matched semicircles (horizontal and vertical)
were presented at random. The individual had to identify the
pair in which both semicircles appeared equal in size. The size
difference represented the percentage of aniseikonia.
Threshold aniseikonia was measured by bracketing.
Different pairs were shown reversing about threshold. The
average of three reversals was taken as the threshold.

The precision of our measurements was assessed by
evaluating the test validity and reliability. Validity was
analysed by calculating the agreement between our measure-
ments and the true value obtained by inducing micropsia/
macropsia in one eye of the 16 controls using four size lenses
(magnification (m): +3%, +5%, +7% and +9%, spectacle
magnification (M), M = 1 + (m/100): 1.03, 1.05, 1.07, and
1.09, respectively). By placing the concave or convex lens
surface facing the eye the image size was increased or

Abbreviations: ERM, epiretinal membranes; NAT, new aniseikonia test;
VA, visual acuity


http://bjo.bmj.com/
http://group.bmj.com/

Downloaded from bjo.bmj.com on February 12, 2012 - Published by group.bmj.com

Aniseikonia in epiretinal membranes

1577

Table 1 Profile and clinical characteristics of subjects in the control group
Right eye Left eye
Control Age g ey 4
No Sex (years) Refraction (D) VA Refraction (D) VA
1 F 20 Plano -0.1 Plano -0.1
2 M 26 Plano -0.2 Plano -0.2
8] F 27 Plano —0.1 Plano -0.1
4 M 31 Plano -0.2 Plano -0.2
5 F 37 —0.50 sphere -0.2 —0.50/-0.25x025 -0.2
6 F 40 —2.75/-0.5x056 -0.1 —3.25/-0.75x014 0
7 M 43 Plano -0.1 —0.50 sphere 0.1
8 M 47 +0.75/—-0.75x176 -0.1 +1.00/-0.25%121 -0.1
9 F 50 Plano -0.1 Plano -0.1
Add +2.00 Add +1.75
10 F 51 Plano -0.1 Plano -0.1
Add +2.00 Add +2.00
11 F 53 +1.50/-0.50x094 -0.1 +1.50 sphere —-0.2
Add +2.00 Add +2.00
12 M 55 Plano -0.1 Plano -0.1
Add +2.00 Add +2.00
13 F 59 —0.75/-1.25x067 -0.1 -0.75 -0.1
14 M 66 Plano +0.1 Plano +0.1
Add +3.00 Add +3.00
15 F 69 Plano -0.1 Plano 0
Add +2.75 Add +2.50
16 F 78 +0.50/—1.00x049 -0.1 —0.50/-2.00x074 -0.1
Add +3.00 Add +3.00
Mean (SD) 47 (16.46) —0.1(0.07) —0.1(0.10)
VA, logMAR visual acuity.

reduced, respectively. Correlation coefficient, the slope of the
best fit linear regression, and y axis intercept were calculated.
Reliability was examined by measuring agreement between
repeated measurements’ recorded 2 weeks apart on 10
control individuals (20-69 years old). The magnification
used in reliability studies was —9%, —5%, 0%, +5%, and
+9%. The coefficient of repeatability' was calculated. The
unpaired ¢ test was used to compare aniseikonia results in
controls and patients.

RESULTS
A summary of the ophthalmic examination of the 16 controls
and 14 patients with unilateral ERM is shown in tables 1 and
2. The logMAR VA (mean (SD)) was —0.1 (0.1) in the
controls, 0.18 (0.25) in the eye with ERM in our patients, and
0 (0.13) in the unaffected eye. All patients with ERMs had
visual symptoms.

The NAT validity was assessed by comparing our measure-
ments with the true value obtained by inducing increments/

reductions (—9%, —7%, —5%, —3%, 0%, +3%, +5%, +7%, and
+9%) in the green semicircle using size lenses (fig 1). This
revealed (mean (SD)): (1) correlation coefficient of 0.990
(0.005) for horizontal and 0.991 (0.004) vertical aniseikonia,
confirming the agreement between our measurements and
its true value; (2) slope of 0.985 (0.111) horizontal and 0.989
(0.102) vertical aniseikonia, suggesting there is a small
underestimation, (3) y axis intercept of —0.08 (0.468)
horizontal and —0.06 (0.339) vertical. The test-retest method
revealed coefficient of repeatability, 1.04 horizontal and 0.88
vertical (table 3). In both meridians the differences between
readings 1 and 2 were within 2 SD of the mean. The results
from this test can, therefore, be considered reproducible and
reliable.

The range of horizontal and vertical threshold aniseikonia
in patients with unilateral ERM was 4-14% (fig 2). Eleven
patients perceived the image of the affected eye as larger and
three as smaller than in the fellow eye. In eight patients,
there was 2% or more difference between the amount of

(Mean (SD))

Correlation coefficient 0.991 (0.004)
Slope: 0.989 (0.102)

Y axis intercept: <0.06 (0.339)

Figure 1 Horizontal (A) and vertical
(B) aniseikonia measured in 16 normal
subjects affer inducing changes in the
green semicircle size (mognﬁication
(m): —9%, —7%, 5%, —3%, 3%, 5%,

7%, and 9%) with size lenses. The
straight line represents the ideal test, 1
correlation coefficient, 1 slope and Y-
axis infercept at 0.

(Mean (SD))
Correlation coefficient 0.990 (0.005)
Slope: 0.985 (0.111)

Y axis intercept: —<0.08 (0.468)
= A B
< 10 < lop
2 8 g 8C
2 o § o

L 9 r
2 4F 2 4
S 2 s 20
5 L K r
£ O g O
qo2F £ 2f
& 4 S b
< L - L
T 6 S -6
o = < L
% -8 o -8~
2 oL Lo £ ol |
= -9 -7 -5 3 0 3 5 7 9 -9 -7

Induced change in image size
using afocal size lenses (%)

-5 -3 0 3 5 7 9

Induced change in image size
using afocal size lenses (%)

www.bjophthalmol.com


http://bjo.bmj.com/
http://group.bmj.com/

Downloaded from bjo.bmj.com on February 12, 2012 - Published by group.bmj.com

Ugarte, Williamson

1578

“Ajinoo [pnsiA YyWBo| ‘YA

(as)
(€L'0) 0 (Gz0)8L'0 (9e71) £'£9 ursy
10— 901%05°0—/ST €~ L'0- 680%6/°0—/00°€— 3jou 4o |IN sisdoauays J0og 145 W 4!
afe papayp
1'0— oup|d 1'0— oun|g ur AxedoAud pup appng Ai[pArY 9e W el
00°¢t PPY 00°¢+ PPY
10— ££0%00C—/SL 0+ 1’0+ €80%00° L —/oup|d 3jou 4o |IN Buipoau Ajjnoyyip “oidojdip uojnoouig 124 W cl
a4s pajpayp ‘oopyd say|noyIp
1'0— 0£0%0G"0— /oun|d 20— 960%GZ | —/oun|d -4sod pwapao JbjNdDW PIojSAD Buipoau ‘sisdoausys Jood ‘pidouayisy (o W Ll
aoo¢t PPY a00°¢t PPV
0 G/1X00 L —/ouo|d 1’0+ 920%05°0— /ST 0+ opjoydopnasd |piejojig ayoopoay [o4idiod0 ‘AijoAry Iz q ol
09"+ PPY 09°L+ PPV
0 081%G'| —/oud|d €0t 690%05°0— /050~ ajou §o |IN seounjsip BuiBpnl Ajnoigiq g9 W 6
€0t LLL*0§ L —/ouR|d Sot+ GG1*00'L—/05°0+ ppjpydopnasd |piso)ig WlefElps [PRXiife] V8 E| 8
05°¢* PPY 05°¢* PPY
L0 £91%00°€—/05 0+ €0t €20%G7 €~ /oup|d Sjou jo |IN WelElks [Peiife] L9 W VA
0G" L+ PPV ST L+ PPY
¢ot 001*00'L—/A 059G+ G0+ 001*0$°0—/A 00°'G+ 3jou 4O |IN piqoydojoyq (Y4 E| 9
05°¢* PPY 05°¢+ PPY
0 920% 05 0—/oup|d 0 GOLX0S L —/SL'1— pijoydopnasd |piso)ig Ul [Pt ) €8 W S
00°C+ PPP G/ L+ PPY
0 asayds @ 05 [ — 1’0+ as8yds q 057~ 3jou 4o |IN Butpoas Aynoyyip ‘uoisia paiinig 8/ 4 4
aG/e¢t PPV ST+ PPY AL Buiyoiom
1o+ aseyds @ 0G| — S0+ 9/0%XGT L—/SL 1—  oke papaypun ul pipydopnesq pidojdip ‘Aomp saypiny pesoo) spalgo €/ 4 a
SZ 1+ PPY SL 1+ PPV e
10+ asayds Gz'z+ G0t asayds 0Q'g+ 3jou 4o |IN uoIsIA paLin|g /9 W z
10— 920% | —/ounld 0 9L0XSTT—/SL 1+ ppjpydopnasd |piojo)ig pisdoiDy 6L W L
VA (@) uononiyey VA (@) uowoniyey Aiogsiy aojnoQ swoydwAg (s1024) 2By Xxag oN
asn)

a4s papaypun

a4 papayy

W3 _U.hm._U__CD _+=>> w._Cm_._UQ H_O wUIwTO.-UU;U;U _UU_ __U —UCU 0__“*0Ln_ A O_JU._.

www.bjophthalmol.com


http://bjo.bmj.com/
http://group.bmj.com/

Downloaded from bjo.bmj.com on February 12, 2012 - Published by group.bmj.com

Aniseikonia in epiretinal membranes

1579

Table 3 Assessment of agreement between repeated measurements of horizontal (A)
and vertical (B) threshold aniseikonia
Difference
between
1st reading 2nd reading readings
Coefficient of
Mean (SD) Mean (SD) Mean (SD) repeatability
(A) Induced horizontal aniseikonia with size lenses
—9% —8.4(1.10) —7.8 (0.54) 1(0.53) 1.05
-5% —4.5(0.47) —4.7 (0.42) 0.3 (0.42) 0.84
0% —0.2 (0.59) —0.05 (0.55) 0.5 (0.53) 1.05
5% 4.0 (0.71) 4.3 (0.63) 0.5 (0.41) 0.82
9% 8.0 (1.07) 8.1 (0.96) 0.6 (0.52) 1.03
Mean (SD) 0.58 (0.519) 1.03(0.119)
(B) Induced vertical aniseikonia with size lenses
~9% ~7.8(1.14) ~7.9(0.85) 0.7 (0.53) 1.06
—5% —4.6(0.83) —4.7 (0.42) 0.3 (0.42) 0.88
0% 0.1 (0.62) 0.3 (0.43) 0.45 (0.37) 0.74
5% 4.7 (1.13) 4.5(1.10) 0.5 (0.41) 0.82
9% 8.1 (0.70) 7.8 (0.48) 0.8 (0.42) 0.84
Mean (SD) 0.57 (0.440) 0.84(0.119)
N, 10.
Two readings were taken on 10 subjects in the control group (Nos 1, 3, 5,7, 9,10, 11, 12, 13, and 15) with a
2 week interval. Induced aniseikonia with size lenses, magnification (m): —9%, —5%, 0%, 5%, 9%.

aniseikonia detected in the vertical and horizontal meridians.
The unpaired ¢ test comparing horizontal and vertical
aniseikonia in controls and patients with ERMs revealed
p =0.0419 and p = 0.0024, respectively.

DISCUSSION
ERM can alter retinal morphology'' and function.""'* The
compression, separation, and/or tilt of photoreceptors can
result in the perception of an image as being larger
(macropsia)/smaller (micropsia) and simultaneous stimula-
tion of corresponding retinal regions by uncorrelated images.
If one of them is not suppressed the inability to integrate
information from each eye can cause an extremely confusing
experience. We propose that some of the symptoms in ERM
may be due to aniseikonia, a condition in which each eye
perceives the same image as being of different size.

It is essential to have clinical methods to measure
aniseikonia accurately. In this study, we used a computerised
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Patients with unilateral macular epiretinal membranes

Figure 2 Horizontal and vertical aniseikonia (%) measured in 14
patients with unilateral macular ERMs. In 11 patients the image
perceived by the affected eye was larger than in the fellow eye
(macropsia) and in the remaining three, the eye with the ERM detected
images as smaller (micropsia). Eight patients demonstrated 2% or more
difference in image size Eetween horizontal and vertical meridia.

version of the NAT after confirming its validity and
repeatibility. Validity, the extent to which the test measures
what it purports to measure, was evaluated by inducing
aniseikonia with size lenses in 16 controls and comparing our
measurements with the true value. Correlation coefficients
(mean (SD)) were 0.990 (0.005) horizontal and 0.991 (0.004)
vertical, in good accordance with studies by others.* ”
Horizontal and vertical slope (mean (SD)) was 0.985
(0.111) and 0.989 (0.102), respectively, suggesting a small
underestimation. In this context, NAT comparisons with the
space eikonometer'® and phase difference haploscope'” have
also shown an underestimation. This may be due to a greater
sensory fusion range when dissociating with red/green
anaglyphs. The Y axis intercepts (representing ‘““inherent”
aniseikonia) (mean (SD)) were —0.08 (0.468) horizontal and
—0.06 (0.339) vertical. Repeatability coefficients were 1.04
horizontal and 0.88 vertical; 1% difference in target size
corresponds to 0.15° or 9 minutes of arc variation in the
retinal image size projected 7.5° around fixation. The
logarithmic VA (mean (SD)) in the centre of the fovea of
our controls was —0.1 (0.01) (equivalent to 0.75 minutes of
arc minimal angle of resolution). Given that the VA reduces
as a function of eccentricity'®; 7.5° away from the fovea the
VA would be about 10-20% of the maximum (5-10 minutes
of arc); therefore, repeatability coefficients of 1.04 and 0.88
can be considered acceptable.

Threshold aniseikonia (mean (SD)) in controls was
—0.24% (0.71%) horizontal and 0% (0.59%) vertical. Several
studies have advocated different values of “normal” anisei-
konia based on binocular fusion tolerance thresholds (1.5%,"
5-8%,” and 18%'). This great variation could depend on the
type of aniseikonia investigated (for example, axial or
refractive anisometropia) or the method used (target size,
distance from target). It would, therefore, be advisable to
standardise the methodology in order to be able to compare
results. In symptomatic patients with unilateral ERMs
(n = 14) aniseikonia ranged from 4% to 14%, similar to other
studies.” Because of the heterogeneous shape of epiretinal
proliferation the effect on retinal morphology would be
expected to vary across the area affected. This was confirmed
by a more than 2% difference in horizontal and vertical
aniseikonia in eight patients. This heterogeneity implies that
the compensatory mechanisms of the visual system or
optical correction with iseikonic lenses would be ineffective.
In our own experience, surgical removal of ERM improves
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micropsia/macropsia. Further studies are currently being carried
out by us to determine the effect of surgical intervention on
image size, aniseikonia, and patients’ symptoms.

The results presented here support the idea that the
computerised version of the NAT is a simple, fast, reliable
method to measure aniseikonia clinically. Aniseikonia occurs
in symptomatic patients with macular ERMs with good VA.
The change in image size caused by the ERM is hetero-
geneous across the retinal area being distorted. This can
result in intolerable symptoms when working with both eyes
simultaneously.
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