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Abstract

Purpose To quantify metamorphopsia with a novel
objective method in patients with epiretinal membrane
(ERM) and to compare the relationships among
metamorphopsia scores, spectral-domain optical
coherence tomography (OCT) findings, and multifocal
electroretinogram (mfERG) results.

Methods This study included 52 eyes of 52 patients
with idiopathic ERM who underwent comprehensive
ophthalmologic examinations, including measure-
ment of best-corrected visual acuity (BCVA), OCT,
and mfERG. The degree of metamorphopsia was
quantified using MonPack One® (Metrovision, Per-
enchies, France). On the topographic map of the early
treatment diabetic retinopathy (ETDRS) grid, retinal
thickness in the central, superior, inferior, nasal, and
temporal subfields were measured, and metamorphop-
sia scores for each corresponding subfield were also
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obtained. The amplitudes and implicit times of mERG
were elicited from each subfield. Then, the correla-
tions among metamorphopsia scores, OCT findings,
and mfERG responses were analyzed.

Results The mean age of the patients was
65.3 £ 18.5 y, and the average metamorphopsia score
of the individual subfields was 2.03 £ 1.18. Initial
BCVA was 0.50 £ 0.12 logMAR, but there was no
significant correlation between metamorphopsia
scores and BCVA. The metamorphopsia scores from
the central subfields showed significant correlations
with central retinal thickness (CRT) (p = 0.001). The
mean metamorphopsia scores in the central subfield
showed a significant relationship with the mean N1
and P1 amplitudes (p = 0.001, p = 0.048, respec-
tively), while no relationship was observed between
metamorphopsia scores and mfERG amplitudes in
other subfields.

Conclusions The degree of metamorphopsia in
patients with ERM could be objectively quantified in
each subfield using a novel metamorphopsia test. The
metamorphopsia scores were significantly correlated
with retinal thickness, especially at the central
subfields, and the scores in the central subfields were
significantly correlated with the N1 and P1 amplitudes
of mfERG. Thus, the metamorphopsia test can be a
useful method to evaluate metamorphopsia symptoms
for patients with ERM.
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Introduction

Epiretinal membrane (ERM) is a pathologic condition
characterized by avascular and fibrocellular mem-
branes that proliferate along the surface of the internal
limiting membrane (ILM) of the retina. It causes
retinal wrinkle, traction, and distortion of the fovea
and can induce symptoms such as decreased vision,
monocular diplopia, and metamorphopsia [1]. Meta-
morphopsia is one of the most common symptoms in
patients with ERM, and about 80-85% of the patients
complain of moderate to severe bends [2, 3]. In many
patients, even when visual acuity improves after
successful surgical removal of the ERM, metamor-
phopsia symptoms may persist.

Quantification of metamorphopsia symptoms is
essential for estimating the visual function, determin-
ing the disease progression, and assessing the treat-
ment outcomes in the patients with ERM. Several
methods have been proposed to objectively evaluate
metamorphopsia in the patients. The Amsler grid,
which has been mainly used in these assessments,
offers the advantage of being intuitive and very simple
to perform [2]. However, it is a subjective test and has
shown low sensitivity and limitations in quantifying
the severity of metamorphopsia. Preferential hyper-
acuity perimetry (PHP) is a psychophysical test that
uses visual hyperacuity to identify and quantify visual
disturbances such as metamorphopsia and scotoma
[4]. In this test, the severity of metamorphopsia in the
area of interest can be quantified by manipulating the
amplitude of the screen. However, PHP is difficult to
perform for elderly patients and requires expensive
equipment. The M-chart has also been used as a
clinical tool for quantification in patients with macular
diseases. However, the M-chart shows limited objec-
tive quantification, and metamorphopsia tests using
the M-chart can be performed only in patients with
visual acuity better than 20/100 without large sco-
tomas [5]. Recently, a novel objective method for
metamorphopsia testing installed in electrophysiology
machine (MonPack One®, Metrovision, Perenchies,
France) was introduced. Using this method,
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metamorphopsia scores are obtained for multiple
regional areas in the central retina after the test.

Optical coherence tomography (OCT) is a useful
modality for diagnosing and assessing the progression
of macular diseases including ERM, and it can
evaluate the retinal structures including retinal thick-
ness, retinal volume, and the integrity of the photore-
ceptor cell layer. With the development of spectral
domain OCT (SD-OCT), higher-resolution examina-
tions within less time have become possible, encour-
aging research on the microstructure of the retina and
visual function [6-8].

In addition, multifocal electroretinogram (mfERG)
allows noninvasive and objective detection of regional
retinal dysfunction, especially in the central retina [9].
In a previous study, delay in the P1 implicit time from
mfERG was a significant predictor of poor visual
recovery after ERM surgery [10]. mfERG can be used
to investigate the pathophysiology of ERM and to
evaluate the degree of functional decline in the macula
on SD-OCT [11].

The purpose of this study was to objectively
quantify the degree of metamorphopsia symptoms
using the novel metamorphopsia testing method in
patients with ERM. Furthermore, the correlations
among metamorphopsia scores from each retinal
region, SD-OCT findings obtained with quantitative
sequencing, and mfERG parameters were also inves-
tigated in this study.

Methods

This cross-sectional observational study was per-
formed between July 2018 and June 2020 and enrolled
patients who had received a clinical diagnosis of
unilateral idiopathic ERM by means of ophthal-
moscopy and OCT. Patients with secondary ERM
caused by other retinal etiologies, previous history of
vitreoretinal surgery, and other comorbid macular
diseases, including retinal detachment, retinal vascu-
lar diseases, diabetic retinopathy, macular hole, and
age-related macular degeneration were excluded from
this study. Patients who had nuclear sclerosis of grade
2 or higher on Lens Opacities Classification System
(LOCS) III, glaucoma, and refractive error greater
than 6 diopters were also excluded. To properly
perform the metamorphopsia test, patients with best-
corrected visual acuity (BCVA) lower than 20/200
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were excluded from this study. The normal fellow eyes
without ocular morbidity served as controls. The study
was approved by the institutional review board (IRB)
(IRB No. 2020-07-045) and adhered to the tenets of
the Declaration of Helsinki. Informed consent was
obtained from all individual patients included in this
study at enrollment.

Ophthalmic examinations

All patients who met the abovementioned criteria
underwent comprehensive ophthalmic examinations,
including BCVA, intraocular pressure (IOP) measure-
ment using noncontact tonometry, slit-lamp biomi-
croscopy, and ophthalmoscopy. BCVA was measured
using the Early Treatment Diabetic Retinopathy Study
(ETDRS) charts at a4 m distance. The results of visual
acuity examinations were converted into logarithm of
the minimum angle of resolution (LogMAR) units for
statistical analysis.

Metamorphopsia test

The metamorphopsia test installed in MonPack One®
machine uses a novel method for quantification of

Fig. 1 Methodology of the metamorphopsia test and calcula-
tion of the retinal wrinkling ratio on OCT horizontal scans. The
metamorphopsia test, a novel method used for quantification of
metamorphopsia, is similar to automatic visual field perimetry
(A). White stimulation consisting of a 4 x 4 grid pattern of
straight or curved lines under a dark blue background was
displayed at each subfield on the monitor with a pseudo-random
sequence (B, C). The patient holds the response button while
keeping the eyes on the central red-colored gaze point and

metamorphopsia, similar to automatic visual field
perimetry examination (Fig. 1a). The overall testing
field is divided into 21 subfields under a dark blue
background. White stimulation consisting of a 4 x 4
grid pattern of straight or curved lines is displayed at
each subfield on the monitor with a pseudo-random
sequence (Fig. 1b, c). The patient holds the response
button while keeping the eyes on the central red-
colored gaze point and presses the button when the
grid pattern with straight lines is recognized. The
outermost line of each grid represents a range of 10° in
each direction. Each line spacing shows a difference of
1°, and each inspection point is 4° away from the next
point. Three tests are performed at each subfield. A
curved pattern is presented once to confirm the
reliability of the test, and straight linear patterns are
presented twice to detect the patient’s metamorphop-
sia. A green point is shown if the patient responds
twice for the straight linear pattern, a pink point
represents a single response for the straight linear
pattern, and a red point means that there was no
response for the straight linear patterns. Metamor-
phopsia scores for the 21 subfields were scored as 2
points for green, 1 point for pink, and O points for red.
The patients were tested twice for the straight linear
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presses the button when the grid pattern with curved lines is
recognized. Metamorphopsia scores for 21 subfields were
presented as 2 points for green, 1 point for pink, and 0 points
for red (D). The retinal wrinkling ratio was calculated based on
the lengths of the inner boundary of the outer nuclear layer
(ONL) and the length of the RPE layer measured on the OCT
scan. The length of the inner boundary of the ONL was divided
by that of the RPE layer (E)
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pattern measures; thus, metamorphopsia scores ranged
from O to 4 for the 21 subfields on the result paper
(Fig. 1d). The number of tests presented in a curved
pattern is expressed as “attention losses,” and atten-
tion losses are recorded even for cases involving
abnormally fast reactions. Therefore, higher meta-
morphopsia test scores may indicate more severe
metamorphopsia symptoms, and lower scores may
represent mild symptoms in the patients with ERM.
The relationships between the mean retinal thickness
using OCT scans in the superior, inferior, nasal, and
temporal parafoveal areas and metamorphopsia scores
at each corresponding subfield were evaluated.

In addition, the patients were divided into sub-
groups based on the severity of metamorphopsia in the
central subfield, namely the no-metamorphopsia
group (metamorphopsia score, 0), mild-metamor-
phopsia group (score, 1-2), and severe-metamorphop-
sia group (score, 3—4). The alterations in OCT findings
and mfERG results were compared according to the
subgroups for metamorphopsia severity.

Optical coherence tomography

SD-OCT (Spectralis® OCT, Heidelberg Engineering
Inc., Heidelberg, Germany) was performed with a
raster scan consisting of 31 B-scans in the 30° x 25°
zone centered on the fovea. Each B-scan consisted of
768 A-scans of 9 mm length, and each scan interval
was 240 pm. Through the automatic real time (ART)
mode using an eye tracker system, 25 frames were
averaged to create one B-scan. The test was performed
by a single skilled technician who was blinded to
patient information, and the thickness of the retina was
measured using installed software. The central
(foveal) area of the ETDRS grid and the parafoveal
area within the grid were measured. Central retinal
thickness (CRT, pum) was obtained from the cube scan
results, and the mean retinal thickness values of the
superior, inferior, nasal, and temporal grids were also
estimated. Additionally, the retinal wrinkling ratio
was calculated based on the findings of the OCT
horizontal raster scan images across the macula
(Fig. le). The lengths of the inner boundary on the
outer nuclear layer (ONL) and the retinal pigment
epithelium (RPE) layers were measured manually by a
single reader using Image] (National Institutes of
Health, Bethesda, MD). Subsequently, the length of
the inner boundary on the ONL was divided by that of
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the RPE layer (Fig. le). The correlation of the retinal
thickness and retinal wrinkling ratio on OCT scan
images with the metamorphopsia scores and mfERG
parameters in patients with ERM were investigated.

Multifocal electroretinogram

The first-order kernel mfERG responses were elicited
using MonPack One®, according to the standard
document of the International Society for Clinical
Electrophysiology of Vision (ISCEV) for mfERG
recording [9]. Prior the mfERG recording, the eyes
were light-adapted for at least 15 min in room light,
and the pupils of the patients were fully dilated with
1% tropicamide and 2.5% phenylephrine hydrochlo-
ride. Refractive correction was provided at the time of
the test. Corrective lenses were placed in a holder
positioned in front of the eye with proper centration.
The recording was performed by an experienced
investigator using contact lens electrodes (ERG jet®,
Fabrinal SA, La Chaux-de-Fonds, Switzerland) after
anesthetizing the cornea with proparacaine 0.5% eye
drops.

The stimulus consisted of an array of 61-scaled
hexagon-based patterns presented on a liquid crystal
display (LCD) monitor with a frame frequency of
75 Hz. The luminance of the stimulus for white was
200 cd/m>, and the contrast was 99.3%. A 61-scaled
hexagonal stimulus with a central fixation point at a
viewing distance of 33 cm (corresponding to a field
of & 30° horizontally and + 24° vertically) was used.
The luminance of the bright hexagon was maintained
at 100 cd/m? while that for the dark hexagon was <

1 cd/m? and that for the background cover was 30 cd/
m?® The stimulus frequency was set at 17 Hz. The
bandpass of the filters was 3 to 100 Hz, and amplifi-
cation was performed with a gain of 105. Fixation
stability was continuously monitored with a mounted
infrared camera during the recording.

The mfERG results, including the amplitude and
implicit times of the P1 and NI responses, were
evaluated. The N1 amplitude was measured from the
baseline to the N1 trough, and the P1 amplitude was
measured from the N1 trough to the P1 peak, and they
were expressed as response density per unit area (nV/
deg?). The implicit times of the N1 and P1 waves were
presented by measuring the time from the onset of the
stimuli and expressed in milliseconds (ms). Averaged
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values were used after five repeated recordings to
increase the reliability of the analyses.

Individual mfERG responses for the hexagons were
grouped into five concentric rings centered on the
fovea for analysis (ring 1 representing the < 2° field,
ring 2 representing the 2°-5° field, ring 3 representing
the 5°-10° field, ring 4 representing the 10°-15° field,
and ring 5 representing the > 15° field). In each
concentric ring, responses from the foveal (ring 1) and
parafoveal (ring 2) areas that mainly reflect the
macular function were obtained. In this study, aver-
aged amplitudes and implicit times from ring 1 and
ring 2 were compared with the central metamorphop-
sia score and CRT. After dividing the testing field into
the central, superior, inferior, nasal, and temporal
subfields, averaged amplitudes and implicit times
from each subfield of the mfERG were also compared
with the metamorphopsia scores at the corresponding
subfields (Fig. 2).

Statistical analysis
Comparisons of data between the ERM-affected eye

and the control contralateral eye were performed using
paired ¢ test. In addition, one-way ANOVA (analysis

of variance) with post hoc was performed for the
subgroup analysis of the groups with no, mild, and
severe metamorphopsia scores in the central subfield.
A linear regression model was used to analyze the
relationships among the degree of quantitative meta-
morphopsia, mfERG results, and OCT findings. Sta-
tistical analysis was performed using SPSS software
(IBM SPSS Statistics for Windows, Version 21.0,
IBM Corp., Armonk, NY). A p-value of < 0.05 was
considered statistically significant.

Results
Demographic characteristics

In total, 52 eyes of 52 patients were included in this
study. Of the enrolled patients, 28 were female, and 24
were males. Ten patients had previously undergone
cataract surgery. The mean age of all patients was
65.3 £ 18.5 years (mean £ SD, range: 47-83 years).
The mean initial BCVA of the ERM-affected eye was
0.50 £ 0.12, and that of the fellow eyes was
0.82 £ 0.26 (Table 1). Eleven patients had a history
of hypertension, and five patients had a history of
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Fig.2 Representative clinical findings for a 62-year-old patient
with idiopathic ERM. A thickened fibrovascular membrane was
found on fundus examination (A) and OCT scan (B, C) with a
deviation map (D). Metamorphopsia scores for 21 subfields
were obtained (E), and mfERG responses were also elicited

from the patient (F). The results of the metamorphopsia test and
mERG recordings were analyzed after dividing the test field of
the retina into central, superior, inferior, nasal, and temporal
subfields (E, F)
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Table 1 Demographic characteristics of enrolled idiopathic
epiretinal membrane (ERM) patients

No. of patients (eyes) 52 (52)
Female:male 28: 24
Mean age (years)* 65.3 £+ 18.5 (47-83)

Past history

Hypertension 11
Diabetes mellitus 5
Pseudophakic eyes 10

“Mean =+ standard deviation

diabetes without diabetic retinopathy findings. Ten
patients had previously undergone cataract extraction

surgery.
OCT findings

In OCT scans for the affected eyes, the retinal thickness
for the central, superior, inferior, nasal, and temporal
subfields on the ETDRS grid were 495 £ 102 pm,
428 4+ 98 um, 454 &+ 78 pm, 434 £ 83 um, and
463 £ 95 um, respectively, while the corresponding
retinal thickness of the control eyes was 270 4+ 93 pm,
324 + 83 um, 321 £ 82 um, 318 + 90 pm, and
332 + 87 um, respectively (Table 2). Thus, the retinal
thickness in all subfields of the affected eyes were
significantly greater than those in the fellow eyes
(p < 0.001). Furthermore, the retinal wrinkling ratios
were 1.36 £ 0.11 in the ERM-affected eyes and
1.26 £ 0.19 in contralateral eyes. The difference in
the retinal wrinkling ratios for both eyes was also
statistically significant (p = 0.008) (Table 2).

Metamorphopsia scores

Metamorphopsia scores were obtained for a total of 21
subfields. The mean total metamorphopsia score

across all subfields was 42.69 + 24.93, while the
corresponding mean total scores for the superior,
inferior, nasal, and temporal subfields were
17.26 £ 9.39, 15.78 £9.75, 1536 +£9.24 and
16.63 + 9.37, respectively. In addition, the scores
for the central subfield was 2.12 + 1.80 points. The
mean individual subfield metamorphopsia score was
2.03 £ 1.18 (Table 3).

There was no significant correlation between
metamorphopsia scores and BCVA (p = 0.522)
(Fig. 3a). Moreover, metamorphopsia severities did
not show a stepwise correlation with increases in the
mean retinal wrinkling ratio under OCT scans. Only
the subfield with a metamorphopsia score of 4 points
had a significantly high retinal wrinkling ratio, com-
pared to the other subfields with metamorphopsia
scores from 0 to 3 points (p < 0.001) (Fig. 3b).

The metamorphopsia scores from the central sub-
fields showed a significant correlation with CRT
(» = 0.001, R> = 0.131) (Fig. 3c). However, the cor-
relations between the mean metamorphopsia scores
and CRT according to the individual subfields were
rather complicated (Fig. 3d). Therefore, the patients
were divided into subgroups based on the severity of
metamorphopsia in the central subfield, and in the no-
metamorphopsia group (score, 0), mild-metamor-
phopsia group (scores, 1-2), and severe-metamor-
phopsia group (scores, 3—4). The mean CRT gradually
increased, and the CRT in the no metamorphopsia
group was significantly different from that in the
severe metamorphopsia group (p = 0.001) (Fig. 3e).
Unfortunately, there was no significant difference in
the CRT between the no and mild metamorphopsia
groups or between the mild and severe metamorphop-
sia groups.

Table 2. Baseline clinical Affected eye Contralateral eye p-value’
characteristics in the ERM-
affected eyes and BCVA (LogMAR)* 0.50 £+ 0.12 0.82 £ 0.26 < 0.001
;Zg:i:tera] eyes of the Retinal thickness on subfields (pm)
Central 495 + 102 270 £+ 93 < 0.001
Superior 428 4+ 98 324 + 86 < 0.001
Inferior 454 + 78 321 £+ 82 < 0.001
“Best-corrected visual Nasal 434 + 83 318 + 90 < 0.001
acuity Temporal 463 + 95 332+ 87 <0.001
"Analyzed using paired r- Retinal wrinkling ratio 1.36 £ 0.11 1.26 £ 0.19 0.008

test
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Table 3 Results of the metamorphopsia test in the affected eyes of the patients

No. of subfields

Summation of metamorphopsia scores*

Mean metamorphopsia scores/ subfield*

Total field 21 42.69 £ 24.93 2.03 £ 1.18
Subfields
Central 1 2.12 + 1.80 2.12 + 1.80
Superior 8 17.26 £ 9.39 2.07 £ 1.17
Inferior 8 15.78 £ 9.75 1.70 £ 1.22
Nasal 8 15.36 + 9.24 1.92 + 1.21
Temporal 8 16.63 £ 9.37 2.16 + 1.17
“Mean + standard deviation
A B..
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Fig. 3 The correlations among metamorphopsia scores, best-
corrected visual acuity (BCVA), and retinal thickness on OCT.
There was no significant correlation between metamorphopsia
scores and BCVA (p = 0.522) (A). The only subfield with a
metamorphopsia score of 4 points had a significantly high retinal
wrinkling ratio (p < 0.001) (B asterisk). The metamorphopsia
scores for the central subfields presented significant correlations
with central retinal thickness (CRT) (p = 0.001, R*= 0.131)
(C). The correlations between mean metamorphopsia scores and

Correlations with mfERG parameters

The mfERG results for the ERM-affected eyes of the
enrolled patients are shown in Table 4. The mean N1
amplitude of the central subfield was -439.8 4+ 284.7
nV/deg®. The mean amplitudes of the P1 and N2

CRT for the individual subfields were complicated (D).
Therefore, the patients were divided into subgroups as the no-
metamorphopsia group (score, 0), mild-metamorphopsia group
(scores, 1-2), and severe-metamorphopsia group (scores, 3—4).
The mean CRT in the no metamorphopsia group was
significantly different from that in the severe group
(p =0.001) (E). There was no significant difference in the
CRT between the no- and mild-metamorphopsia groups, or
between the mild- and severe-metamorphopsia groups

responses were 699.6 + 378.6 and -585.9 £ 351.2
nV/deg?, respectively. The mean metamorphopsia
scores in the central subfield showed a significant
relationship with the mean N1 amplitude (p = 0.001,
R* = 0.081) (Fig. 4a), while the other subfields
showed no relationship between the metamorphopsia
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Table 4 Results of
multifocal

N1 amplitudes (nV/deg?)*

P1 amplitudes (nV/deg?)*

N2 amplitudes (nV/deg?)*

electroretinogram (mfERG) Subfields

;‘;tti};tiffe‘”ed eyes of the Central ~ —439.8 + 2847 699.6 + 378.6 —585.9 + 351.2
Superior  —318.1 &+ 144.5 646.3 £+ 263.1 —546.9 £ 273.7
Inferior —331.4 £ 132.6 669.5 + 217.1 —572.3 £ 198.6
Nasal —316.7 £ 106.1 666.7 £ 197.8 —587.3 £ 188.1
Temporal —305.4 + 120.1 6643. £ 232.8 —509.0 £ 243.5

NI implicit times (ms)* P1 implicit times (ms)* N2 implicit times (ms)*

Subfields
Central 28.7 £ 3.5 475 £ 44 66.9 + 8.2
Superior 29.6 + 4.0 488 £ 5.1 67.8 +£ 9.2
Inferior 28.9 + 3.8 484 + 4.7 68.1 £ 6.7

. Nasal 29.2 £ 3.1 482 £ 49 67.6 £ 8.7

Mean =+ standard

deviation Temporal 295 + 4.2 479 £ 3.8 68.0 + 7.5

score and N1 amplitude. Moreover, a significant
correlation of the metamorphopsia score with the
mean P1 amplitude was observed only in the central
subfield (p = 0.048, R? =0.104) (Fig. 4b). However,

the metamorphopsia scores were not correlated with
the N2 amplitudes in all subfields (Fig. 4c).

Similar to the analysis using CRT, the correlations
of metamorphopsia scores with the averaged N1, P1,

200 %0 200
% g | X g
b > 4
2 S 3
S 3 2
T z 2
= £ £
o —
o, o
-t $ S 0
E= H] 2
= o] £ 2
% E- g.
< o0
) E @ 500
E Subfields - o~
= — Central o z
& -soof — Superior s 5
g = Inferior @ 500 3
Nasal P = =
— Temporal i

T T T T T
0 1 2 3 4

Mean metamorphopsia scores

T T T T ) ;
[ 1 2 3 4 0
Mean metamorphopsia scores

p=0.021

T T T T
1 2 3 4

Mean metamorphopsia scores

400

00

§

Mean N1 amplitude at central (nV/deg?) U

g
Mean P1 amplitude at central (nV/deg?) |'|'|

P<0.001
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800

Mean N2 amplitude at central (nV/deg?) T

10004

Mild Severe No

Mild

T T T T

Severe Mild Severe

(1-2 scores) (34 scores)

Fig. 4 The correlations between metamorphopsia scores and
mfERG amplitudes. The mean metamorphopsia scores in the
central subfield showed a significant relationship with the mean
N1 amplitude (p = 0.001, R? = 0.081) (A, arrow), while other
subfields showed no relationship between metamorphopsia
scores and the N1 amplitudes. A significant correlation of
metamorphopsia scores with the mean Pl amplitude was
observed only in the central subfield (p = 0.048, R* = 0.104)
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(B, arrowhead), not in the other subfields. However, metamor-
phopsia scores were not correlated with N2 amplitudes in all
subfields (C). The mean N1 and P1 amplitudes in the severe
metamorphopsia group was significantly lower than those in the
no-metamorphopsia group (p = 0.001, p = 0.021, respectively)
(D E), but not significant in the mild-metamorphopsia group. On
the other hand, the mean N2 amplitude in mfERG showed no
significant difference related to metamorphopsia severity (F)
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and N2 amplitudes were also analyzed after dividing
the patients into subgroups based on metamorphopsia
severity (Fig. 4). The mean N1 and Pl amplitudes
gradually decreased according to metamorphopsia
severity (Fig 4d—f). The mean N1 amplitude of the
severe metamorphopsia group was significantly lower
than that of the no metamorphopsia group (p = 0.001)
(Fig. 4d) and did not significantly differ from that of
the mild-metamorphopsia group. The mean P1 ampli-
tude of the severe metamorphopsia group was also
significantly lower than that of the no metamorphopsia
group (p = 0.021) (Fig. 4e). Conversely, the mean N2
amplitude in mfERG showed no significant difference
related to metamorphopsia severity (Fig. 4f).

Unlike the results for amplitudes, implicit times
from mfERG did not show significant changes with
metamorphopsia scores at all subfields (Fig. 5). There
were also no significant differences in the N1, P1, and
N2 implicit times in the subgroups categorized by
metamorphopsia severity (Fig. 5).
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Discussion

Metamorphopsia is a common symptom presenting in
about 85% of patients with ERM, and this condition
has been evaluated using the Amsler grid or
M-chart [2, 5, 12]. The Amsler grid has been primarily
used for assessing and quantifying metamorphopsia in
macular diseases. However, this tool is inaccurate and
cannot easily quantify the severity of metamorphop-
sia. Bouwens and Van Meurs attempted to quantify
metamorphopsia using the Sine Amsler grid, but they
found that it was not suitable for general clinical
situations and was limited with regard to objective
quantification [2]. Lakshminarayanan et al. and Shin-
oda et al. also attempted to quantify metamorphopsia
by modifying the Amsler grid, but their method could
not be used clinically because of its complexity [4, 13].
On the other hand, assessments based on the
M-chart can quantify metamorphopsia more objec-
tively than those with the Amsler grid by determining
only the deflection of the line seen by the patient.
However, this approach also has the disadvantage that
it is difficult to determine the degree of metamor-
phopsia part by simply showing only one horizontal or
vertical line at the center of the field [5].

(9]
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Fig. 5 The correlations between metamorphopsia scores and
mfERG implicit times. Unlike the amplitudes, implicit times in
mfERG did not show significant change related to

metamorphopsia scores at all subfields (A—C). There was also
no significant difference in the N1, P1, and N2 implicit times
according to metamorphopsia severity (D-F)
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As described above, quantification of metamor-
phopsia in patients with ERM has been attempted in
various previous studies, but there is no clearly
established objective evaluation method. To address
these issues, a novel objective metamorphopsia test
was proposed, that uses assessments similar to those of
automatic visual field perimetry. The reproducibility
of this metamorphopsia test has already been shown in
our previous domestic paper [14]. In this study,
therefore, the relationship between retinal structure
and quantitative metamorphopsia could be clarified,
and the correlation between the localized retinal
function and the degree of metamorphopsia in the
area corresponding to the subfields was also identified
using OCT scans and mfERG findings.

Visual acuity was not correlated with metamor-
phopsia scores in this study. Visual acuity was
relatively maintained despite an increase in the
metamorphopsia scores. This suggests that visual
disturbances and metamorphopsia are separate symp-
toms and that metamorphopsia does not just neces-
sarily lead to visual impairment in patients with ERM.

The metamorphopsia scores were correlated with
the retinal thickness measurements obtained with
OCT scans in this study. Several previous studies
have evaluated the correlations between metamor-
phopsia symptoms and retinal structural findings
detected using OCT. Metamorphopsia induced by
ERM was related to the edematous areas of the retina
measured using OCT [15]. In particular, the inner
nuclear layer of the retina was a potentially useful
indicator for ERM surgery. Recently, ectopic inner
foveal layers based on the OCT-based grading
scheme in patients with advanced stages of ERM
were considered a good indicator for metamorphopsia
[16]. A previous paper reported that the degree of
metamorphopsia was also reduced after successful
ERM removal surgery [17]. However, in most studies,
the M-chart was used to quantify the metamorphopsia
symptoms of the patients with ERM. In this study, a
more objective metamorphopsia testing method was
used, and we tried to investigate the correlation of the
degree of metamorphopsia with retinal structural
characteristics, including retinal thickness and retinal
wrinkling. The results showed that the metamorphop-
sia degree was significantly correlated with retinal
thickness only in the central retina. Unfortunately, this
relationship was not identified in the subfields, other
than the central subfield. The retinal wrinkling ratio

@ Springer

also only showed a correlation in the patient group
with high metamorphopsia scores.

Many previous studies have attempted to evaluate
the retinal function in patients with ERM using
mfERG recordings and OCT scans. Photoreceptor
disruption found on OCT scans and the delay of the P1
implicit time on mfERG were significant predictors of
visual prognosis after ERM removal surgery [10].
CRT and inner retinal layer thickness obtained with
OCT were strongly correlated with BCVA and the P1
amplitude of mfERG [11]. The retinal functional
status in patients with ERM was evaluated using
mfERG, and the correlations of the degree of meta-
morphopsia with retinal structural findings at each
subfield were also investigated. There was a signifi-
cant correlation between the mfERG amplitudes and
metamorphopsia scores. Similar to the results between
metamorphopsia degree and retinal thickness, the
degree of metamorphopsia showed a significant rela-
tionship with the N1 and P1 amplitudes in the central
subfield. We attempted to determine if there was a
significant correlation between the metamorphopsia
scores and mfERG responses in the superior, inferior,
nasal, and temporal subfields, but we could not find a
definite correlation. After dividing the patients into
subgroups based on metamorphopsia severity, the N1
and P1 amplitudes were different between the no- and
severe-metamorphopsia groups; however, a stepwise
significant relationship was not identified. Moreover,
the implicit times of mfERG did not change according
to the severity of metamorphopsia symptoms. Taken
together, several correlations among metamorphopsia,
retinal structural integrity assessed with OCT, and
localized retinal function elicited from mfERG were
found, especially for the central retina. The retinal
areas with a metamorphopsia score of 4 points showed
greater retinal thickness, a more wrinkled retinal
structure, and reduced N1 and P1 amplitudes in the
mfERG response.

However, the correlations were observed mostly in
the corresponding area of central retina. The outermost
line of each grid in the metamorphopsia test represents
a range of 10°. The central retinal thickness using the
ETDRS grid in the OCT scan measures the average
thickness of the retina with a diameter of 1 mm. In
mfERG recording, Ring 1 and Ring 2 represented a
field of 5° It is not rigorous enough to perform
correlation analysis with the measurements carried out
at different extension. It is suggested that correlations
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were rarely observed outside the central retina,
because of this inconsistency of the extension among
the examinations.

This study had several limitations. First, this study
was limited by the small size of the study population.
The present results should be validated with a large
sample. Second, because this study was a cross-
sectional observational study, we could not assess the
consecutive changes in metamorphopsia and mfERG
findings during the natural course of the disease. In the
future, alterations in metamorphopsia score and
mfERG results should be evaluated for longer periods
and compared with the results obtained after ERM
removal surgery. If the postoperative changes in
metamorphopsia scores are investigated, these scores
may be used as an essential criterion or indicator to
decide regarding surgical treatment in patients with
ERM. Third, the proficiency in performing the meta-
morphopsia test may have affected the results, similar
to an automated visual field perimetry. The metamor-
phopsia test is a new method, and several repeated
measurements may be required for each patient.
Fourth, it is possible that the subfields of the
metamorphopsia test, the ETDRS grid of OCT, and
the concentric ring of mfERG do not exactly match
each other, as discussed in the previous paragraph. The
test field on the retina was divided into central,
superior, inferior, nasal, and temporal subfields in this
study; accordingly, some subfields might have
ambiguous boundaries while others might have over-
lapped. Fifth, different types or degrees of cataract in
the patients may influence the symptoms of metamor-
phopsia, although the patients with lens opacity of
grade 2 or higher in the LOCS system were excluded
from this study. Clinical data associated with the lens
state of the patients with ERM were overlooked.
Nevertheless, this study is meaningful in that the
degree of metamorphopsia symptoms in patients with
ERM was compared with the retinal structure and
retinal function at localized subfields.

In conclusion, the degree of metamorphopsia for
each subfield was objectively quantified using the
metamorphopsia test, and metamorphopsia scores in
various subfields of patients with ERM were obtained.
The degree of metamorphopsia was correlated with
central retinal thickening on OCT. mfERG also
demonstrated significant reduction of localized retinal
function in the central subfields, and this reduction

correlated with the metamorphopsia scores. The
metamorphopsia test can be a useful method to
evaluate patients with ERM complaining of metamor-
phopsia symptoms. These results can be applied to
other macular diseases, such as macular hole or age-
related macular degeneration, and they may improve
our understanding of the changes in metamorphopsia
following treatments, including vitreous retinal
surgery.

Funding This report was supported by the National Research
Foundation of Korea (NRF) grant funded by the Ministry of
Science and Technology Information and Communication (No.
2020R1G1A1013752). The funders had no role in case
selection, decision to publish, or preparation of the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no
conflict of interest.

Informed consent Informed consent was obtained from a
individual participants included in the study.

Ethical approval All procedures performed in the case report
involving human participant were in accordance with the ethical
standards of the Celal Bayer University Medical Faculty Ethics
Committee (Approval Date: 14 March 2018, Approval Number:
20.478.486) and with Helsinki Declaration (1964) and its later
amendments or comparable ethical standards. This study was
approved by the Institutional Reviewer Board (IRB) of
Soonchunhyang University Cheonan Hospital (IRB No.
2020-07-045).

Statement of human rights All procedures performed in the
case report involving human participant were in accordance
with the ethical standards of the Celal Bayer University Medi-
cine Faculty and with the 1964 Helsinki Declaration and its later
amendments.

Statement on the welfare of animals This report does not
contain any studies with animals performed by any of the author.

Open Access This article is licensed under a Creative
Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made.
The images or other third party material in this article are
included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/

304 Doc Ophthalmol (2021) 142:293-304
References 10. Kim JH, Kim YM, Chung EJ, Lee SY, Koh HJ (2012)
Structural and functional predictors of visual outcome of

1. Seo S, Lim HW, Shin YU, Kang MH, Seong MC, Cho HY epirefinal membrane surgery. Am J Ophthalmol
(2013) Morphologic and functional evaluation before and 153(1):103-110. https://d01.org/10.1016/].aJ0.2011.96.021
after vitrectomy in idiopathic epiretinal membrane patients 11. Hwang JU, Sohn J, Moon BG, Joe SG, Lee JY’ K1m J,G’
using microperimetry. J Korean Ophthalmol Soc Yoon YH (2012) Assessment of macular function for idio-
54(6):893-901 pathic epiretinal membranes classified by spectral-domain

2. Bouwens MD, Van Meurs JC (2003) Sine amsler charts: a optical coherence tomography. Invest Ophthalmol Vis Sci
new method for the follow-up of metamorphopsia in 53(7):3562—3.569. https://doi.org/10.1167/iovs.12-9762 .
patients undergoing macular pucker surgery. Graefes Arch 12. Klel?‘ R, Klein ,BE,’ Wang Q, Moss SE (1994) The epi-
Clin Exp Ophthalmol 241(2):89-93. https://doi.org/10. demiology of epiretinal membranes. Trans Am Ophthalmol
1007/s00417-002-0613-5 Soc 92:403-425 (discussion 425-430)

3. Wong JG, Sachdev N, Beaumont PE, Chang AA (2005) 13. Gastaud P, Beétis ‘F, Rouhett.e H, Hofman P (2000)
Visual outcomes following vitrectomy and peeling of Ultrastructural 'ﬁndlngs ,Of, ep}macular membrgne and
epiretinal membrane. Clin Exp Ophthalmol 33(4):373-378. detached posterior hyaloid in vitreomacular traction syn-
https://doi.org/10.1111/j.1442-9071.2005.01025 drome. J Fr Ophtalmol 23(6):587-393 ,

4. Lakshminarayanan V, Aziz S, Enoch JM (1991) Quantifi- 14. Shinoda K, Ishida S, Kawashima S, Matsuzaki T, Yamada
cation of metamorphopsia using hyperacuity techniques. K, Katsura H ,(2900) A new ‘meth.od for quantification of
Optom Vis Sci 68(12):942-945. https://doi.org/10.1097/ metamorphopsia in patients with epiretinal membrane. Jpn J
000063241991 12000-00005 Ophthalmol 44(4):424-427. https://doi.org/10.1016/S0021-

5. Matsumoto C, Arimura E, Okuyama S, Takada S, Hashi- 5 1,5 5(00)00173-8 R R R
moto S, Shimomura Y (2003) Quantification of metamor- 15. Kim P, Park SY (2016) Correlation between quantification
phopsia in patients with epiretinal membranes. Invest ‘?f metarporp h9p31a apd op! tlce}l coherence tomography
Ophthalmol Vis Sci 44(9):4012-4016. https://doi.org/10. findings in patients with epiretinal membrane. J Korean
1167/i0vs.03-0117 Ophthalmol Soc 57(4):588-594. https://doi.org/10.3341/

6. van Velthoven ME, Faber DJ, Verbraak FD, van Leeuwen Jk0s.2016.57.4.5 88 . .
TG, de Smet MD (2007) Recent developments in optical 16. Watanabe A, A”mOtO_ S, lehl O (2009) Correlathlon
coherence tomography for imaging the retina. Prog Retin between metamorphopsia anfi epiretinal membrane optical
Eye Res 26(1):57-77. https://doi.org/10.1016/j.preteyeres. coherence tomography findings. Ophthalmology 116(9):
2006.10.002 1788-1793. https://doi.org/10.1016/j.0phtha.2009.04.046

7.Ko TH, Fujimoto JG, Schuman JS, Paunescu LA 17. Alkabes M, Fogagnolo P, Vujosevic S, Rossetti L, Casini G,
Kowalevicz AM, Hartl I, Drexler W, Wollstein G, Ishikawa De Cilla S (2020) Correlation between new OCT parameters
H, Duker JS (2005) Comparison of ultrahigh-and standard- and metamorphopsia in advanced stages of epiretinal
resolution optical coherence tomography for imaging membranes. Acta Ophthalmol. https://doi.org/10.1111/ao0s.
macular pathology. Ophthalmology 112(11):1922e1- 14336 . . . . . .
1922¢15 18. Kinoshita T, Imaizumi H, Okushiba U, Miyamoto H, Ogino

. Schmidt-Erfurth U, Leitgeb RA, Michels S, Povazay B,

Sacu S, Hermann B, Ahlers C, Sattmann H, Scholda C,
Fercher AF, Drexler W (2005) Three-dimensional ultra-
high-resolution optical coherence tomography of macular
diseases. Invest Ophthalmol Vis Sci 46(9):3393-3402.
https://doi.org/10.1167/i0vs.05-0370

. Hood DC, Bach M, Brigell M, Keating D, Kondo M, Lyons

JS, Marmor MF, McCulloch DL, Palmowski-Wolfe AM
(2012) ISCEV standard for clinical multifocal elec-
troretinography (mfERG) (2011 edition). Doc Ophthalmol
124(1):1-13

@ Springer

T, Mitamura Y (2012) Time course of changes in meta-
morphopsia, visual acuity, and OCT parameters after suc-
cessful epiretinal membrane surgery. Invest Ophthalmol Vis
Sci 53(7):3592-3597. https://doi.org/10.1167/iovs.12-9493

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps

and

institutional affiliations.


https://doi.org/10.1007/s00417-002-0613-5
https://doi.org/10.1007/s00417-002-0613-5
https://doi.org/10.1111/j.1442-9071.2005.01025.x
https://doi.org/10.1097/00006324-199112000-00005
https://doi.org/10.1097/00006324-199112000-00005
https://doi.org/10.1167/iovs.03-0117
https://doi.org/10.1167/iovs.03-0117
https://doi.org/10.1016/j.preteyeres.2006.10.002
https://doi.org/10.1016/j.preteyeres.2006.10.002
https://doi.org/10.1167/iovs.05-0370
https://doi.org/10.1016/j.ajo.2011.06.021
https://doi.org/10.1167/iovs.12-9762
https://doi.org/10.1016/S0021-5155(00)00173-8
https://doi.org/10.1016/S0021-5155(00)00173-8
https://doi.org/10.3341/jkos.2016.57.4.588
https://doi.org/10.3341/jkos.2016.57.4.588
https://doi.org/10.1016/j.ophtha.2009.04.046
https://doi.org/10.1111/aos.14336
https://doi.org/10.1111/aos.14336
https://doi.org/10.1167/iovs.12-9493

	Correlations among metamorphopsia test scores, optical coherence tomography findings and multifocal electroretinogram responses in epiretinal membrane patients
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Ophthalmic examinations
	Metamorphopsia test
	Optical coherence tomography
	Multifocal electroretinogram
	Statistical analysis

	Results
	Demographic characteristics
	OCT findings
	Metamorphopsia scores
	Correlations with mfERG parameters

	Discussion
	Open Access
	References




