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Abstract. The aim of the current study was to determine the
association between fundus fluorescein angiography (FFA)
image results, optical coherence tomography (OCT) imaging
results and visual functions in patients with idiopathic epiret-
inal membranes (ERMs). A total of 80 eyes from 40 patients
diagnosed with ERM were analyzed. Best-corrected visual
acuity (BCVA) and metamorphopsia were measured using
the Early Treatment Diabetic Retinopathy Study eye chart
and M-charts, respectively. Macular thickness and volume
were determined using OCT. Macular vascular leakage and
distortion, and foveal avascular zone (FAZ) diameters were
assessed using FFA. BCVA and M-chart results confirmed
macular degeneration in the affected eyes. The area of macular
vascular leakage was positively correlated with macular
volume (r=0.50; P=0.001). The ratio of FAZ diameters was
negatively correlated with central macular thickness (r=-0.41;
P=0.008). The grade of macular vascular distortion was posi-
tively correlated with macular thickness (all r=0.47; P<0.01)
and volume (r=0.53; P<0.001). The results of the current study
demonstrated that FFA may effectively identify the degree of
changes in retinal macular vasculature. Vascular distortion,
measured by FFA, may reflect changes in macular structure
and visual functions. These results suggest a potential applica-
tion of FFA in the pre- and post-surgical evaluation of patients
with ERMs.
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Introduction

Idiopathic epiretinal membranes (ERMs) are macular disor-
ders frequently diagnosed in the elderly and have an incidence
of 2-20% (1). An ERM is a semi-translucent, glial and fibro-
cellular proliferative membrane (2). It usually develops on the
surface of the internal limiting membrane, particularly on
the macular surface, following partial or complete posterior
vitreous detachment. Idiopathic ERM formation is a primary
disease, rather than a disease secondary to trauma, inflamma-
tion, surgery, photocoagulation or cryotherapy.

Contraction or shrinkage of proliferative membranes may
create irregular folds in the membrane itself, and exert antero-
posterior and/or tangential tractional forces on the retina and
retinal vasculature. The anteroposterior force produces vertical
traction and increases retinal thickness; the tangential force
drags the superficial retinal layers away from their original
position, causing deformation and displacement of the retina.
ERMs also alter the morphology, location and permeability of
the retinal vasculature. Morphological abnormalities include
the straightening and/or curling of retinal blood vessels and the
irregularity and shrinkage of the foveal avascular zone (FAZ).
Several studies have demonstrated that retinal vessels and the
retina itself may become displaced due to the tractional forces
caused by the ERM (3.4).

Fundus fluorescein angiography (FFA) is one of the
optimal methods used to observe retinal vascular morphology
and the degree of vascular leakage. Due to the almost trans-
parent nature of the proliferative membrane, FFA allows
clear observation of the deformed retinal vasculature under
the ERM and occasionally, the straightening, displacement
and contraction of the FAZ. Alterations in macular structure,
primarily in macular thickness and vasculature, cause visual
problems in patients with ERMs (4,5). Although the effects
of macular structural alteration on visual function have been
investigated using ocular coherence topography (OCT), few
studies have documented the effects of retinal vasculature
alteration (6-9). Furthermore, to the best of our knowledge,
there have been no studies discussing the potential impact
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of retinal vascular changes on retinal structure and visual
function. Advancements in FFA technology may allow the
reliable measurement of vascular changes and facilitate future
studies into these issues. The present study therefore aimed
to determine the pathophysiological mechanisms underlying
the formation and evolving severity of ERMs. FFA measured
the area of macular vascular leakage, grade of retinal vascular
distortion and contraction of the FAZ. FFA imaging results
were correlated with OCT measurements and visual functions.

Patients and methods

Patients. Patients were recruited from outpatient clinics at
Beijing Tongren Hospital (Beijing, China). The inclusion
criteria included patients with a diagnosis of symptomatic
idiopathic ERMs in one eye using OCT and an ophthalmo-
scope. Patients were excluded if they had secondary ERMs,
ERMs with lamellar or full-thickness macular holes, systemic
or ocular conditions that may affect the macular anatomy
and the results of the FFA, including cystoid macular edema,
bleeding and fluorescein pooling.

A total of 40 adults with ERM were enrolled in the current
study and 80 eyes were studied between September 2013 and
March 2014 at Beijing Tongren Hospital. Informed consent
was obtained from all participants and the current study was
approved by the Ethics Committee at Beijing Tongren Hospital.

Measurements of visual acuity and metamorphopsia. All
recruited patients underwent a comprehensive ophthalmic
examination. Best-corrected visual acuity (BCVA) of the
affected eyes was measured at a distance of 4 m using the
Early Treatment Diabetic Retinopathy Study (ETDRS) eye
chart (Precision Vision, Woodstock, IL, USA) and quantified
as the logarithmically transformed score of the minimal angle
of resolution (logMAR). The ETDRS chart included logMAR
labels for each letter size andscring was performed by giving
equal credit (0.02 logMAR units) for each extra letter read
correctly (10).

Metamorphopsia was determined using M-charts
(Inami & Co., Ltd., Tokyo, Japan), which consist of 19 dotted
lines with dot intervals of between 0.2 (fine) and 2.0 (coarse)
visual angles. If patients recognized one of the dotted lines
as straight, its visual angle between dots was considered to
be their metamorphopsia score (11). As dot intervals were
changed from fine to coarse, a decrease in the severity of meta-
morphopsia was noted. The examination distance for every
patient was 30 cm with the best refractive correction. Each
patient underwent three tests with the vertical and horizontal
M-charts and the average of the three scores was recorded (12).

Measurements of retinal vascular leakage, distortion and
FAZ by FFA. FFAs were performed on all affected eyes using
the Heidelberg Retina Angiograph (Heidelberg Engineering,
Ltd., Heidelberg, Germany), according to the manufacturer's
protocol. A blinded examiner analyzed the angiograms to
determine the area of retinal vascular leakage, as defined by
hyper-fluorescence on the angiogram visible 10 min after
fluorescein injection. The examiner also graded the distortion
of macular vasculature and the contraction of the FAZ during
the venous phase.
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Figure 1. Measurement of macular vascular leakage by fundus fluorescein
angiography. The outline of leakage area in the macula was manually drawn
(blue lines) inside the Early Treatment Diabetic Retinopathy Study grid
(yellow lines; diameter, 6 mm). Scale bar, 200 ym.

Leakages in the FFA images were quantified by manually
outlining the leakage area within the ETDRS grid (diameter,
6 mm; Fig. 1), then computing the total area of the leakage into
the software built into the Heidelberg Retinal Angiograph.
Macular leakage was graded on a scale of 1-4 (1, no leakage;
2, vascular leakage outside the central 1 mm area and no
leakage inside it; 3, vascular leakage within the central 1 mm
area but no leakage outside of it; and 4, vascular leakage inside
and outside of the central 1 mm area), based on the method
described by Maguire et al (9) (Fig. 2).

Retinal vascular distortion (Fig. 3) was graded on a scale
of 0-4 based on Maguire ef al method (9); 0, no evidence of
vascular straightening or distortion; 1, straightening and/or
distortion within one 90° quadrant relative to the fovea; 2,
straightening and/or distortion involving two quadrants;
3, vascular straightening and/or distortion involving three
quadrants; and 4, straightening and/or distortion involving all
four quadrants). Straightening also included loss of normal
vascular tortuosity.

Minimum diameters of FAZ were measured on the
affected and fellow eyes by manually drawing the borderline
of the FAZ and measuring their diameters using a digital scale.
To control for individual variability in FAZ measurements, the
ratio of the FAZ in the ERM eye to the FAZ in the fellow eye
was calculated. The calculated ratio indicated the degree of
contraction of the central zone and the surrounding capillary
network.

OCT measurements of macular thickness and volume.
Macular thickness and volume were measured using Cirrus
HD-October 5000 (Carl Zeiss AG, Oberkochen, Germany),
according to the manufacturer's protocol. The scanning
pattern was based on the fast macular map (resolution,
200x200), which measures retinal thickness from the surface
of the internal limiting membrane to Bruch's membrane. Mean
thickness of the macular areas within the ETDRS grid were
measured. The central macular thickness (CMT) was defined
as the thickness of the central zone (diameter, I mm). The
inner ring was defined as the circular area surrounding the
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Figure 2. Visual representation of retinal vascular leakage grading. The images on the left refer to arterial phase, images on the right refer to late phase.
Vascular leakage was graded on a scale of 1-4, as defined by the location of hyper-fluorescence. (A) Grade 1, no vascular leakage. (B) Grade 2, vascular leakage
only outside the central 1 mm area. (C) Grade 3, vascular leakage only within the central I mm area. (D) Grade 4, vascular leakage inside and outside of the
central 1 mm area. Arrows present the location of the leakages. Scale bar, 200 ym.

A

Figure 3. Visual representation of retinal vascular distortion grading. Vascular distortion in fundus fluorescein angiographs was graded on the extent of
straightening and/or distortion in the ellipses (yellow circles). (A) Grade 1, straightening and/or vascular tortuosity limited to a 90° quadrant centered on the
fovea. (B) Grade 2, straightening of the retinal vessels within two quadrants. (C) Grade 3, vascular straightening within three quadrants. (D) Grade 4, vascular

straightening in all four quadrants. Scale bar, 200 pm.

CMT (width, I mm). The outer ring was defined as the circular
area surrounding the inner ring (width, 1.5 mm). Thickness
readings of the four quadrants for each ring were taken and
the mean of macular thickness was calculated for the inner
and outer rings. The total macular volume was measured and
recorded by OCT. For all clinical examinations, examiners
were not told the results of the angiogram analysis.

Statistical analysis. BCVA results are presented as logMAR
scores. OCT results are presented as the value of thickness
and volume. FFA results are presented as the value of leakage
area and grading of vascular image. Pearson's correlation
analysis was used to determine the association among the size
of leakage area, the ratio of FAZ diameters, and mean macular
thickness and volume. Since there were heterogeneous

distributions for the grading of vascular distortion (K-S
test, z=8.6; P=0.035) and macular leakage (K-S test, z=31.0;
P=0.0001), the non-parametric Spearman correlation was used
to analyze the association between grading of vascular distor-
tion and other factors, including BCVA, M-chart scores, OCT
measurements and FFA findings. P<0.05 was considered to
indicate a statistically significant difference for two-tailed tests
of calculated correlational coefficients. All statistical analysis
was performed using SPSS V.24 (IBM Corp., Armonk, NY,
USA).

Results

Symptomatic primary ERMs are more likely to be severe and
affect elderly patients. The mean age of the recruited patients
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was 62.3+8.2 years old (range, 33-78 years), demonstrating that
it is primarily the elderly population that is affected by ERMs
(data not shown). Of the 40 patients, 77.5% were female and
47.5% possessed an ERM in their right eyes. The mean dura-
tion of symptoms was 12.4+13.3 months (range, 1-60 months).
The results of FFA demonstrated that vascular distortion
and leakage were severe (grade =3) in the majority of patients
(Table I). Table I also details the severity of the measurements
in the patients by grading the values. The results of BCVA,
M-chart and OCT were moderate in the majority of patients.

Vascular leakage and distortion increase with macular thick-
ness and volume, whereas the FAZ ratio decreases as the CMT
increases. Table II presents the association between OCT and
FFA measurements. The macular leakage area was positively
correlated with the thickness of the outer ring in the ETDRS
grid (Fig. 4A) and the macular volume obtained with OCT
(Fig. 4B). No correlation was identified among the macular
leakage area and CMT or inner ring thickness. However, a
negative correlation between the ratio of FAZ diameters and
CMT was identified (Fig. 5).

Table II also identified positive correlations among the
grade of vascular distortion, and the thickness of the macular
sections (the central zone, inner ring and outer ring; Fig. 6A)
and the macular volume (Fig. 6B). Positive correlations were
also identified among the grade of macular leakage, and the
macular volume (Fig. 7A) and thicknesses of the inner and
outer rings (Fig. 7B), but not the CMT.

Vascular distortions positively correlate with worsening
metamorphopsia and visual acuity, which also worsens with
centralized thickening of the macula. The correlations between
visual functions (BCVA,M-charts score and symptom duration)
and OCT/FFA outcomes were analyzed by Spearman's corre-
lation. Table III demonstrated that positive correlations were
identified among BCVA and the CMT (Fig. 8A), the thickness
of inner ring (Fig. 8B) and the grade of vascular distortion. A
positive correlation was identified between the total M-chart
score and the grade of vascular distortion (Fig. 9). However,
no correlation was identified between symptom duration and
imaging results (Table III). In addition, no correlation was
identified between vascular distortion and leakage (data not
shown).

Discussions

The present study analyzed changes in the retinal vasculature
of patients with ERM and identified a clear correlation between
the degree of certain vascular changes based on FFA results and
the thickening of the macular retina based on OCT measure-
ments. Specifically, the area and degree of macular leakage was
positively correlated with the thickness of the outer ring and the
macular volume. In addition, the thickening of the inner and
outer rings was positively correlated with the degree of vascular
leakage and distortion. It was indicated that the thickness of
the central zone was affected by factors other than increased
vascular leakage. To the best of our knowledge, the present
study is the first known attempt to investigate the vascular
changes of the macula using FFA and determine whether these
changes were correlated with alterations in visual functions.
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Table I. Summary of visual function and imaging results of
patients.

A, Distribution of results of visual function

Visual function Frequency %
BCVA, logMAR score
(Snellen score, feet)
logMAR=0.3 (<20/40) 11 275
0.3<logMAR<0.7 (20/40-20/100) 23 575
logMAR=0.7 (=20/100) 6 15
M-chart total scores
O=score<1.0 14 35
1.1=<score<3.0 19 47.5
3.1=<score<4.4 7 17.5
B, Distribution of OCT measurements
OCT measurements Frequency %
CMT, ym
CMT=400 5 12.5
400<CMT<600 31 775
CMT=600 4 10
MV, mm?
MV=l1 6 15
11<MV<14 27 67.5
MV=14 7 17.5
C, Quantified outcomes of FFA
FFA outcomes Mean SD Range
Area of leakage, mm? 5.61 8.90 0-44 85
FAZ ratio 0.42 0.20 0.14-0.94

D, Grading results of vascular image

Subjective grading

Vascular image grade 0 1 2 3 4
Distortion, % 0 10 17.5 35 37.5
Leakage, % - 12.5 75 275 525

BCVA, best-corrected visual acuity; logMAR, logarithmically
transformed score of the minimal angle of resolution; OCT, optical
coherence tomography; CMT, central macular thickness; MV, macular
volume; FFA, fundus fluorescein angiography; FAZ, foveal avascular
zone; SD, standard deviation.

Tractional forces caused by the ERM consist of the
anteroposterior force, which thickens the fovea by shifting
it towards the center of the vitreous and the tangential force,
which thickens the fovea by shifting the peripheral retinal
tissue towards the center of the macula. The present study
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Thickness
Central zone Inner ring Outer ring Macular volume
Area of leakage 0.26 0.30 0.55¢ 0.50°
FAZ ratio -041° -0.30 -0.12 -0.16
Vascular distortion 0.62¢ 0.59¢ 0.47° 0.53¢
Vascular leakage 0.29 0.32° 0.50° 0.45°

1P<0.05; *P<0.01; and °P<0.001. OCT, optical coherence tomography; FAZ, foveal avascular zone; FFA, fundus fluorescein angiography.
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Figure 4. Area of leakage is positively correlated with outer ring thickness and macular volume. The correlation between the area of macular vascular leakage
by fundus fluorescein angiography and (A) the outer ring macular thickness by OCT or (B) macular volume by OCT. OCT, optical coherence tomography.

“Extreme outlier.

identified a negative correlation between the CMT and the
ratio of FAZ diameters. A smaller ratio of FAZ diameters
may have reflected a greater tangential contraction towards
the fovea in the affected eye compared with the fellow eye.
The tangential traction force may have caused thickening
of the central zone. However, no significant correlation was
identified among the ratio of FAZ diameters and the thick-
ness of the inner and outer rings or total macular volume,
suggesting that tangential traction primarily affects the
CMT.

Tangential traction causes thickening of the fovea and
shrinking of the macula, contributing to retinal vascular
distortion, which reflects the degree of the twisting and/or
straightening of the retinal vessels. Retinal vascular distortion
was graded using a semi-quantitative system that does not take
into account the distance from the fovea and the severity of
vascular distortion. The vascular distortion grade was posi-
tively correlated with the thickness of the central zone, inner
and outer rings, and macular volume. This suggests that the
tangential force from the ERM increases macular thickness
and distorts retinal vasculature.

Anteroposterior and tangential forces on the retina may
alter vascular permeability (11), and consequently contribute
to an increase in macular volume. In the present study,

1.00- 8

FAZ ratio
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CMT (um) r=-0.41,P<0.01

Figure 5. As the central zone thickens, the FAZ ratio decreases. The FAZ and
CMT were measured by fundus fluorescein angiography and optical coher-
ence tomography, respectively. FAZ, foveal avascular zone; CMT, central
macular thickness.

the increase in macular volume in patients with ERM was
positively correlated with the extent of macular leakage. The
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Table III. Associations between imaging techniques and visual functions.

OCT
Thickness FFA
Central Inner Outer Macular Area of FAZ Vascular
zone circle circle volume leakage ratio distortion
BCVA 0.57¢ 0.50° 0.14 0.24 0.09 -0.21 0.33*
M-chart 0.30 0.30 0.11 0.15 -0.06 0.03 0.42°
Symptom duration -0.06 -0.12 -0.22 -0.21 -0.12 -0.17 -0.21

P<0.05; "P<0.01; “P<0.001. BCVA, best-corrected visual acuity; OCT, optical coherence tomography; FAZ, foveal avascular zone; FFA,
fundus fluorescein angiography.
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indicate outliers and are labelled with the subject's serial number.
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Figure 7. Macular vascular leakage is positively correlated with macular thickness and volume. Macular vascular leakage (measured by fundus fluorescein
angiography) was positively correlated with (A) inner and outer ring thickness, and (B) macular volume (measured by optical coherence tomography).

contribution of increased vascular permeability to the CMT  contraction. A possible explanation for this is that the leakage
was not deemed to be significant, suggesting that vascular  of the retinal vasculature is affected by factors other than
leakage has a limited effect on the central zone compared  vascular distortion, including inflammation and the prolifera-
with the forces of traction caused by proliferative membrane  tive membrane itself (13). Visual acuity was determined as
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Figure 9. Macular vascular distortion is positively correlated with BCVA and
M-chart scores. Macular vascular distortion was measured by fundus fluo-
rescein angiography. BCVA, best-corrected visual acuity. "Extreme outlier.

BCVA in the present study and was positively correlated with
the thickness of the central zone and inner ring. However,
no correlations were identified among BCVA and outer ring
thickness and macular volume. These results were consis-
tent with those of previous studies (14-19). Additionally,
the BCVA results were positively correlated with the grade
of vascular distortion. The results of the present study were
in accordance with those of a previous study by Gass (20),
which stated that the loss of BCVA in eyes with ERMs was
associated with distortion of the retina. It is important to note
that visual acuity and metamorphopsia are subjective percep-
tual measurements, which may be affected by a number of
factors in addition to the variables measured in the current
study (21-23).

The results of FFA in the present study revealed that the
degree of metamorphopsia was correlated with the grade
of vascular distortion. These results are consistent with the
results of a study by Arimura et al (24), which demonstrated
that metamorphopsia scores measured by the M-charts were
positively correlated with retinal contraction due to ERMs.

However, it is important to note that vascular distortion is
just one factor affecting the degree of metamorphopsia. Other
contributing factors, including the disorder of arrangement
and edema of inner nuclear layer (25,26), were not investigated
in the present study.

OCT measures the exact retinal thickness in different
macular regions and the whole macular volume. In the present
study, a positive correlation between CMT, inner ring macular
thickness and BCVA was determined, indicating that a thicker
centralized area worsens visual acuity. These results are in
accordance with those of previous studies (17,19). However,
there was no correlation between the OCT results and the
severity of metamorphopsia. OCT does not directly identify
the vascular changes that occur as a result of ERMs, including
vascular leakage and distortion.

FFA is a commonly used tool in retinal vascular disease
and macular edema diagnosis, as it identifies the severity of
vascular leakage and distortion. In the present study, the asso-
ciation between the semi-quantitative variables of macular
vascular changes and visual functions were analyzed. The
grading of vascular distortion was positively correlated with
BCVA logMAR and M-chart scores, demonstrating that
changes to the macular vasculature are important in visual
functions, particularly in metamorphopsia. This feature of
FFA compensates for the limitations of OCT. The combina-
tion of OCT and FFA may be important as it may improve
understanding of the pathophysiology and evaluation of visual
functions in patients with ERM.

In conclusion, FFA may be an effective method of exam-
ining the vascular changes that occur in patients with ERMs.
The identification of the correlation between FFA findings,
OCT measurements and visual functions may improve under-
standing of the pathophysiological mechanisms underlying
ERM development. FFA may be used to investigate the factors
affecting the anatomical and functional prognosis of patients
with ERM and estimate the severity of ERM development.
FFA may also be adopted to determine the indication and
timing of ERM surgery for the best prognosis, by comparing
the severity of change in affected eyes prior to and following
surgery.
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