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Abstract

psychophysical contrast sensitivity function (CSF).

measured.

Background: To investigate the effect of idiopathic epiretinal membrane (ERM) on the retinal-image quality and

Methods: Forty-four subjects with diagnosis of idiopathic unilateral ERM were enrolled in this cross-sectional
observational clinical study. The fellow unaffected eyes were set as the control group. For retinal-image quality
assessment, an Optical Quality Analysis System (OQAS) based on double-pass technique was used to evaluate
objective scatter index (OSI) and Strehl ratio. For visual performance, the CSF under photopic condition was

Results: For retinal-image quality, the result of double-pass device revealed a significant lower Strehl ratio and
larger OSI in the ERM eyes compared to the fellow eyes (all P < 0.05). For visual performance, the CSF at all spatial
frequencies under photopic condition were also significantly degraded in the ERM eyes compared to the fellow
eyes (all P<0.05). For the ERM eyes, the reduction of Strehl ratio and CSF was 29.41 and 54.39%, respectively, and
the increase of OSI was 164.10% compared to the fellow eyes. Besides, BCVA significantly correlated to the total
CSF (ERM eyes, r=—0.53, P < 0.001; the fellow eyes, r=—0.467, P=0.002) and Strehl ratio (ERM eyes, r=—0.485,
P=0.001; the fellow eyes, r=—0.311, P=0.043) in both of the ERM and the fellow eyes.

Conclusion: Eyes affected with ERM showed poorer retinal-image quality and visual performance than the
normal eyes. Retinal-image quality measured by OQAS based on double-pass technique could be useful for
assessing the retinal-image quality for ERM-affected eyes, in which retinal scattering was significantly increased.
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Background

Epiretinal membrane (ERM) is a common retinal disease
leading to significant visual impairment with an inci-
dence of 2.2 and 28.9% [1-3]. In addition to the second-
ary ERM which can be caused by ocular pathology such
as inflammation, trauma, tumors, or intraocular surgery,
idiopathic ERM formation is a primary disease which
can also often occur in the elderly [4]. It is characterized
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by a semi-translucent, glial and fibrocellular proliferative
membrane at the vitreoretinal interface [5], which can
exert tractional forces causing displacement of retina
and retinal vessels [6, 7]. This pathology with character-
istic morphological abnormalities, including curling and/
or straightening of retinal vessels and deformation or
displacement of the retinal tissues, may have a negative
impact on the visual quality by changing the light
reflected onto the altered retina.

For vision assessment, visual acuity (VA) is the most
widely used parameter, but it cannot completely repre-
sent the whole visual performance at different degrees of
contrast and spatial frequency in the real world. OQAS
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based on the double-pass technique has been used in
the past to detect the retinal-image quality, such as op-
tical aberration, diffraction and scattering, with good re-
liability [8—11]. The OQAS can provide parameters such
as objective scatter index (OSI), Strehl ratio and modula-
tion transfer function cut off requency (MTF cutoff),
and it has been used extensively for visual asthenopia
[8], eyes implanted with diffractive multifocal or mono-
focal intraocular lenses [9], endothelial keratoplasty [10]
and healthy young population [11]. Contrast sensitivity
function (CSF), providing the ability to detect difference
in luminance and distinguishing details, is another good
choice which can provide more information on visual
function than VA [12]. It has been revealed that im-
paired CS may be found in cases of normal VA [13].

Although the superiority of retinal-image quality and
CSF for assessing the visual function has been demon-
strated and used in series of researches about many
kinds of patients or healthy people, there is still a lack of
information on the difference of retinal-image quality
and psychophysical CSF between the ERM and healthy
eyes. In this study, objective parameters of optical qual-
ity, including objective scatter index (OSI), Strehl ratio,
and psychophysical CSF at five spatial frequencies (1.5,
3, 6, 12, and 18 cpd (cycles per degree)) were used to as-
sess the effect of retinal structural change on the visual
function in the ERM eyes.

Methods

This cross-sectional observational clinical study on pa-
tients with idiopathic unilateral ERM was conducted in
the Beijing Tongren Hospital between October 2013 and
July 2014. This study followed the tenets of the Declar-
ation of Helsinki, and was approved by the ethical com-
mittee of the Beijing Tongren Hospital. Informed consent
was obtained from each patient before the study.

The inclusion criterion was the presence of unilateral
ERM. The exclusion criterion included: history of any
intraocular surgery except for uncomplicated phacoe-
mulsification, presence or history of age-related macular
degeneration, diabetic retinopathy, retinal detachment,
central or branch retinal vein occlusion, central or
branch retinal artery occlusion, inflammatory eye disor-
ders, different type and severity of cataract between the
two eyes, ocular trauma, or any other potential cause of
vision loss than ERM.

All the patients were assessed by two independent
observers. Cycloplegic manifest refractions were con-
ducted, and the best corrected VA (BCVA) was recorded
as logMAR values for statistical analysis. LOCS III sli-
tlamp grading was used to match the type and severity
of cataract between the ERM and the fellow eyes.

A high-definition optical coherence tomography (Cirrus
HD-OCT, Carl-Zeiss Meditec, Dublin, CA, USA) was
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conducted with a macular cube 512 x 128 combo across
an area of 6 x6 mm. The stages of ERM were identified
with B-scan OCT images according the indication of
Govetto et al. [14]:stage I: presence of mild ERM (the
morphologic or anatomic disruption was negligible); stage
II: the foveal depression was absent and the outer nuclear
layer was characteristically stretched; stage III: the inner
foveal layers anomalously crossed the central foveal area
with a less pronounced widening of the outer nuclear
layer, but all the retinal layers could be clearly identified
on the OCT images; stage IV: the disruption of the macula
was remarkable and the retinal layers could not be clearly
identified on the OCT images.

Data of objective visual quality (retinal-image quality)
were taken using an optical-quality device, OQAS (Op-
tical Quality Analysis System, Visiometrics SL, Tarrasa,
Spain), based on the double-pass technique. Spherical
error was automatically corrected, and the cylindrical
error was corrected with appropriate lens in order to
optimize measurements on the double-pass system. In
order to minimize the effect of tear film on the light
scattering, all the measurements were taken after several
eye blinks. The optical parameters including OSI and
Strehl ratio were recorded for 4-mm pupil. The OSI par-
ameter is often used to qualify the intraocular scattered
light [15] that a small OSI value is usually correlated to
eyes with low scattering. The Strehl ratio is often com-
puted as the ratio between MTF area of the eye and the
diffraction-limited MTF area. For normal people, it is
about 30% [16], and a lower Strehl ratio value indicates
a poor optical system aberration.

The Optec 6500 vision testing system (Stereo Optical
Co. Inc., Chicago, IL, USA) was used to measure the
functional acuity contrast testing (F.A.C.T). Tests were
performed monocularly with best spectacle correction
and natural pupil. The sinusoidal grating was set as the
target chart and located at a fixed distance (2.5 m from
the subjects) under a constant luminance of 85 cd/m?
CS values were converted to numerical values at five
spatial frequencies (1.5, 3, 6, 12, and 18 cpd) by using a
conversion chart of F.A.C.T. All the measurements were
conducted three times at all spatial frequencies to con-
firm an appropriate result.

For statistical analysis, SPSS Version 16.0 (SPSS 16.0,
Inc., Chicago, IL) was used. Firstly, a Sample K-S test
was used to test the data for normality. A paired-sam-
ples t test was used to compare the values of spherical
equivalent refractive error (SER), BCVA, severity of cata-
ract, parameters of retinal-image quality and CSF be-
tween the ERM and fellow eyes. Characteristics, optical
performance and CSF in the 4 subgroups of the ERM
eyes were compared using a one-way ANOVA. The CSF
as a function of the Strehl ratio was analyzed to identify
the correlation between visual performance and
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retinal-image quality using Pearson correlation analysis.
The association between the BCVA with the total CSF
and Strehl ratio was also tested using Pearson correl-
ation analysis. For ERM eyes, association between the
severity of ERM with BCVA, OSI, Strehl ratio and total
CSF was assessed by excluding the effect of the grade
of cataract using partial correlation analysis. P values
lower than 0.05 at two tails were considered statistically
significant.

Results
In all, 44 patients with unilateral ERM (15 males and 29
females) were enrolled in this study. The average age of
patients was 63.70 +8.38 years (range from 38 to
74 years). The mean grade of LOCS III nuclear color
(NC), nuclear opalescence (NO), cortical cataract (C)
and posterior subcapsular cataract (P) was 2.80 + 0.94,
2.56 +£0.92, 0.61 + 0.87 and 0.05 + 0.21, respectively.
Table 1 summarizes the results of Paired-samples t test
comparing the ERM eyes with the fellow eyes. The re-
fraction error was best matched between the ERM and
fellow eyes. Visual acuities accessed by logMAR of the
ERM eyes were significantly worse than that of the fel-
low eyes (0.48 + 0.28 vs. 0.02 £ 0.14, P < 0.001). Two sub-
jects have accepted bilateral cataract surgery and
intraocular lens implant, and the type and severity of
cataract classified using LOCS III slittamp grading
system were similar between the two eyes of all the
included patients (all P>0.05). Retinal-image quality

Table 1 Difference between ERM eyes and the fellow eyes at
presentation

Parameters ERM eyes Fellow eyes P-value
SER (D) 0.08 +1.24 -0.09 +1.23 0.306
BCVA (logMAR) 048 £ 0.28 0.02 £ 0.14 <0.001
LOCS Il NC grade 2.80 £ 0.94 2.75 087 0486
LOCS 1l NO grade 256 + 092 2.54 + 0.89 0.781
LOCS Il C grade 061 + 087 065 + 0.74 0511
LOCS Il P grade 0.05 = 0.21 0.07 £ 0.25 0323
oSl 3.09 £ 1.90 117 +£1.11 <0.001
Strehl ratio 0.12 £ 0.05 0.17 £ 0.05 < 0.001
Spatial frequency (cpd)
1.5 31.55 £ 1948 5045 + 2238 <0.001
3 33.52 + 26.07 64.23 + 36.89 <0.001
6 28.73 £ 2062 6541 + 2644 <0.001
12 461 £6.79 2816 £ 1872 <0.001
18 0.86 +2.29 939 +£6.90 <0.001
Total 99.27 + 64.84 217.64 + 85.04 <0.001

SER: spherical equivalent refractive error; D: diopter; BCVA: best corrected
visual acuity; LOCS IlI: Lens Opacities Classification System Ill; NC: nuclear color;
NO: nuclear opalescence; C: cortical cataract; P: posterior subcapsular cataract;
OSI: objective scatter index; cpd: cycles per degree. P < 0.05 at two tails was
considered to be statistically significant
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accessed by OQAS of the ERM eyes was worse than that
of the fellow eyes. For the ERM eyes, values of OSI was
significantly larger, and values of the Strehl ratio were
significantly less compared to the fellow eyes (all P<
0.05). In addition, for the ERM eyes, the reduction of
Strehl ratio was 29.41%, and the increase of OSI was
164.10% compared to the fellow eyes. When compared
to the fellow eyes, the CS values of the ERM eyes were
significantly decreased at all spatial frequencies (1.5, 3, 6,
12, 18 cpd), under photopic condition (all P < 0.05, Fig. 1
& Table 2). Reduction of the total CS values was 54.39%
for the ERM eyes.

The ERM eyes were identified to 4 stages according
to the B-scan OCT images (stage II, n=11; stage III,
n=21; stage IV, n=12). Characteristics, optical per-
formance and CSF in the 4 subgroups of the ERM
eyes were summarized in Table 2. Statistically signifi-
cant differences in BCVA, optical performance and
CS values were found between the 4 subgroups (all
P<0.05). BCVA was progressively deteriorated from
stage II to stage IV (P<0.001). For optical perform-
ance, values of OSI steadily increased, and values of
Strehl ratio significantly decreased from stage II to
stage IV (all P<0.05). For CSF, values at all spatial fre-
quency, except for at the spatial frequency of 18 cpd,
were also progressively decreased as the stages in-
creased (all P<0.05).

The CSF as a function of the Strehl ratio was analyzed
to determine any correlation between visual perform-
ance and retinal-image quality. Significant correlation
between the total CS value and the Strehl ratio were
found for the ERM and the fellow eyes (both P <0.05).
The correlation coefficient of r for the ERM and the fel-
low eyes were 0.60 and 0.35, respectively. In addition,
BCVA significantly correlated to the total CSF (ERM
eyes, r=-0.53, P<0.001; the fellow eyes, r=-0.467, P
=0.002) and Strehl ratio (ERM eyes, r=-0.485, P=
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Table 2 Characteristics, optical performance and CSF of the ERM eyes
Parameters Stage Il (n=11) Stage lll (n=21) Stage IV (n=12) P-value
Age (Years) 6191 £ 929 64.00 = 747 64.83 = 949 0.698
SER (D) -0.07 £ 146 022 +1.18 -0.04 +1.22 0.772
BCVA (logMAR) 037 +£028 041 £0.25 073 +£0.19 0.001
oSl 204 £ 143 289 £1.71 439 £ 199 0.007
Strehl ratio 0.15+ 0.03 0.11 £ 0.05 0.10 £ 0.05 0.016
Spatial frequency (cpd)
1.5 47.36 £ 15.76 32.05 £ 19.80 1617 £ 597 <0.001
3 56.36 + 25.46 3448 + 22.85 1092 + 6.14 <0.001
6 4573 £17.33 30.14 £ 1762 1067 £ 13.25 <0.001
12 10.82 £ 885 367 £5.08 058 £ 202 <0.001
18 182+ 328 052+ 172 058 +2.02 0.285

SER: spherical equivalent refractive error; D: diopter; ¢pd: cycles per degree. P < 0.05 at two tails was considered to be statistically significant

0.001; the fellow eyes, r=-0.311, P =0.043) in both of
the ERM and the fellow eyes.

For the ERM eyes, the severity of the ERM was signifi-
cantly correlated to the BCVA (r=0.41, P=0.010), OSI
(r=0.35, P=0.032), Strehl ratio (r=-0.35, P=0.031)
and the total CS value (r=-0.69, P<0.001) after ad-
justed for the grade of LOCS III NC, NO, C and P.

Discussion

Until today, the real effect of Idiopathic ERM on the vis-
ual function is not better understood, especially on the
retinal-image quality and visual performance. In the
current study, ERM eyes showed reductions in BCVA,
CS values at five spatial frequencies and Strehl ratio, and
increases in OSI compared to the fellow eyes. In
addition, the total CS value was significantly correlated
to the Strehl ratio for the ERM and the fellow eyes. Fur-
thermore, in the ERM eyes, BCVA, CS and most of the
optical parameters were progressively deteriorated as the
stages increased with a significant deformation of retina.
To our knowledge, this is the very few study demon-
strating a strong effect of ERM on the visual function,
including BCVA, retinal-image quality and CSF.

The precise pathophysiology of the ERM is not
completely clear, but many studies indicated that the
characteristic changes of the inner and outer retinal
microstructure, such as increase in the inner retinal layer
thickness [17, 18], disruption of the inner segment ellips-
oid zone and photoreceptor outer segments [19-21], may
have association with vision loss in eyes with ERM.
Govetto et al. [14] established a new OCT-based classifica-
tion system identifying novel morphologic features of ret-
ina and found that the presence of continuous ectopic
inner foveal layers has a significant association with
negative VA prognosis. Nevertheless, the relationship be-
tween this anatomic change in inner retina with the
retinal-image quality and CSF remains unknown. In our

study, for the ERM eyes, the severity of the ERM was sig-
nificantly correlated to the BCVA, OSI, Strehl ratio and
the total CS value after adjusted for the grade of cataract,
indicating that BCVA, CS and the optical parameters were
progressively deteriorated as the severity of ERM in-
creased with a significant deformation of retina.

OQAS can measure data on Strehl ratio and OSI
which provides full information on optical performance,
including aberrations, diffraction and scattering. The
Strehl ratio, ranging from 0 to 1, is defined as the ratio
between MTF area of the eye and the diffraction-limited
MTF area. A lower value of Strehl ratio indicates poor
optical quality with greater aberration and ocular scat-
tering. In the current study, the results, that the Strehl
ratio of the ERM eyes were lower compared to the fel-
low eyes, indicated a poor retinal-image quality for the
ERM eyes. As demonstrated in previous studies [22, 23],
interaction of light pass through the ocular media,
reflected on the retina, all together influence the
retinal-image quality. The OSI can quantitatively meas-
ure the intraocular scattering, which is correlated to the
LOCS III system and macular thickness [15]. It indicated
that OSI could be used as an index to reflect the abnor-
mality in retina, if the crystalline lens was normal. In the
current study, age-related cataract cannot be avoided be-
cause most of the patients included were elderly, but the
type and severity of cataract were best matched using
LOCS III slitlamp grading. Consequently, a higher OSI
value found for the ERM eyes suggested that anatomic
retinal change in ERM eyes would present more scatter-
ing than a relative healthy eye of a subject with the same
age and refractive error. In addition, our result was con-
sistent with previous studies [24, 25] that the Strehl ratio
was lower and the OSI was higher as age increased.
Also, the values of Strehl ratio and OSI for the fellow
eyes in the current study were consistent with Ortiz et
al’s study [25] with similar age range (Strehl ratio, 0.17
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+0.05 vs. 0.17 +0.04, respectively; OSI, 1.17 £ 1.11 vs.
1.11 £ 0.50, respectively).

Both of VA and CSF are used as psychophysical testes
which will be influenced by optical [26] and neural fac-
tors [27], but the CSF can evaluate the visual function
more comprehensively than does VA. VA reflects the
visual function under the same and high contrast,
whereas the CSF measures the threshold contrast for
seeing target under different spatial frequency. Now-
adays, CSF has been widely accepted and used as a sen-
sitive measure for evaluating visual function in many
researches [28—30]. In the current study, significant dif-
ferences were found at all spatial frequency between the
ERM and fellow eyes. In addition, significant correlation
between the CSF and the Strehl ratio were found for
both the ERM and the fellow eyes, indicating a correl-
ation between visual performance and retinal-image
quality. Taking into account that the results for BCVA,
retinal-image quality and visual performance, such as
psychophysical CSF, showed a same trend for the ERM
eyes, the objective devices, such as OQAS, and F.A.C.T
charts could be used to assess the visual function in pa-
tients with ERM. These assessments may also be used as
operational indications for the ERM or an index asses-
sing the prognosis of surgery for the ERM, which war-
rants for further clinical researches.

It should be noted that we only measured the CSF
under the photopic condition in this study, because the
CSF test is time consuming and requires close cooper-
ation of the patient which is difficult task especially for
old patients. Therefore, further researches of ERM con-
sidered the CSF under both the photopic and mesopic
conditions are warranted.

Conclusion

In conclusion, our result demonstrated that there is a
higher ocular scattering in the ERM eyes than in the
normal eyes, and this may degrade the retinal-image
quality and CSF. The different level of retinal-image
quality and CSF may be due to the fact that charac-
teristic anatomic abnormality caused in the retina
may change the light reflected onto the retina. There-
fore, it is important to assess both of the retinal-
image quality using objective device and CSF in
patients with ERM. In addition, our results also indi-
cated the feasibility of using a double-pass technique
or FACT test in extensive clinical researches to
assess the objective and psychophysical visual quality
of ERM pathologies.
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