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Abstract

Purpose To evaluate pre-operative and post-operative morphologic characteristics in idiopathic macular epiretinal mem-
brane (ERM) by optical coherence tomography angiography (OCTA).

Methods Thirty-three subjects with unilateral idiopathic ERM were enrolled and the contralateral eyes served as controls.
Vascular parameters including superficial capillary plexus (SCP), deep capillary plexus (DCP), outer capillary plexus (OCP),
and choroidal capillary plexus (CCP) were evaluated by OCTA.

Results The superficial foveal avascular zone (FAZ) was significantly smaller in eyes with ERM (P < 0.0001). The vessel
densities (VDs) were significantly increased in the fovea but dramatically decreased in the parafovea in SCP and DCP of
ERM eyes (all P <0.0001), in contrast to those in OCP and CCP. The blood flow was augmented in OCP but declined in
choroid compared with the controls. In CCP, the mean foveal VD in ERM was significantly smaller (P = 0.023), whereas
parafoveal VD did not significantly change (P = 0.66). At 6 months after surgery, flow area was decreased in OCP (P =
0.0007), and foveal and parafoveal VDs were significantly altered in all layers except the foveal VD in OCP and the choroid
(all P<0.05). The total and inner retinal thickness of the fovea and parafovea were correlated with pre-operative and post-
operative visual outcomes, respectively. Smaller FAZ and greater interocular differences between post-operative and fellow
eyes in FAZ were associated with worse post-operative visual outcomes.

Conclusions OCTA provides a better display of the vascular network of the retina and choroid to evaluate the severity and
surgical prognosis of ERM patients.

Introduction causes metamorphopsia in elderly people [1, 2]. The visual
acuity decreases in eyes with ERM as the severity of disease
advances [1, 3]. The macular epiretinal membrane forms
along the surface of the internal limiting membrane (ILM),
causing vertical traction from the periphery to the center.
Histologically, migration of a number of proliferative cells
through the minor gaps in ILM to the vitreous cavity
probably contributes to the development of ERM [4]. A
pars plana vitrectomy (PPV) with epiretinal membrane-
peeling surgery is the standard therapy to release the tension
and restore the normal structure of the retina in ERM.
Although several reports have discussed the microvascular
anomalies in eyes with ERM [5-9], the comprehensive
exploration into each layer of retina and choroid still needs
to be clarified.

Idiopathic macular epiretinal membrane (ERM), one of the
most common macular diseases, impairs visual acuity and
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Optical coherence tomography (OCT) has been widely
applied in the diagnosis and evaluation of retinal diseases
since it was invented in the 1990s [10]. Despite its advan-
tages in capturing vivid images of retinal structures, OCT
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lacks of the detection and visualization of retinal blood flow
[11]. Optical coherence tomography angiography (OCTA),
designed based on OCT, has been developed as a new
method for detecting retinal and choroidal diseases [12—16].
It makes it possible to visualize the vascular network and
the blood flow by using an algorithm known as the split-
spectrum amplitude decorrelation angiography (SSADA).
Furthermore, SSADA can automatically make segmentation
of the retina and choroid. Due to the advantages of higher
resolution, less time-consuming and non-invasive when
compared with FFA, OCTA has been applied to retinal and
choroidal diseases, such as aged-related macular degenera-
tion (AMD), choroidal neovascularization (CNV), diabetic
retinopathy (DR), and chorioretinopathy [17-20].

This present study sought to explore and quantify the
characteristics of all layers of retinal and choroidal vascu-
latures in ERM patients using OCTA, and to evaluate the
surgical prognosis via analyzing the correlations between
microvascular changes and visual outcomes at 6 months
after surgery.

Methods
Subjects

In this study, 33 subjects (mean age 61.84 +£9.79 years;
range from 50 to 75 years) with a unilateral idiopathic ERM
admitted to Zhongshan Ophthalmic Center from September
2016 to May 2018 were enrolled (sample size was estimated
on the basis of similar research reported in previous studies
[3, 15, 21]). All subjects underwent vitrectomy with epir-
etinal membrane-peeling surgery between December 2016
and November 2017. The normal contralateral eye served as
a control for all participants. Patients with a history of
severe cataract, nystagmus, poor eye fixation, significant
media opacity or ERM secondary to other retinal diseases
were excluded. Those with poor quality of images, signal
strength index <50 and segmentation errors due to severe
ERM-induced retinal layer distortion were also excluded.
Patients with cataract or cystoid macular edema (CME) did
not undergo additional surgeries in combination with ERM
removal. All procedures were in compliance with the tenets
of the Declaration of Helsinki and the written informed
consent was obtained from each participant before the study
started. This study obtained formal review and approval
from ethics committee of Zhongshan Ophthalmic Center
(clinical trial registration number: 2017KYPJ082).

At baseline, the following data were collected for all
patients: age, gender, best-corrected visual acuity (BCVA)
measured with a Snellen chart, lens status and ophthalmic
history. Slit-lamp biomicroscopy and indirect fundus oph-
thalmoscopy were then performed.
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Fundus fluorescein angiography (FFA)

All eyes were evaluated by FFA at baseline and after
therapy with a commercial OCT device (Heidelberg Spec-
tralis HRA + OCT; Heidelberg Engineering, Heidelberg,
Germany). FFA images were collected at the early phase
(1-5 min post-injection).

OCTA

The OCTA device (Optovue Inc., Fremont, California,
USA) was programmed to repeat B-scans acquired from the
same location and decorrelated between B-scans to detect
the moving erythrocytes. This instrument has an A-scan rate
of 70,000 scans/s, with a wavelength of 840 nm and a
bandwidth of 50 nm. By using an algorithm known as
SSADA, we were able to visualize the blood flow and
microvascular architecture [22, 23]. The SSADA algorithm
was utilized calculate the data and then the images were
displayed in four layers (supplementary Fig. 1A): super-
ficial capillary plexus (SCP), deep capillary plexus (DCP),
outer retina plexus (OCP), and choroidal capillary plexus
(CCP). SCP was set from the ILM offset of 3 um to the
inner plexiform layer (IPL) offset of 16 um. DCP was set
from the IPL offset of 16 um to the IPL offset of 72 ym.
OCP was defined from the IPL offset of 72 um to the retinal
pigment epithelium (RPE) offset of 31 um. And CCP was
set from the RPE offset of 31 um to the RPE offset of 59 um
(supplementary Fig. 1A).

In this study, all participants underwent three different
types of scanning: cross-line scans, retina-map scans, and
angio-retina scans. The cross-line scans provided vertical
and horizontal OCT images, directly showing the location
and structure of the lesions. The retina-map scans offered
overall details of retinal thickness with a color-coded map to
distinguish retinal thickening from thinning. Furthermore,
the angio-retina scans covered an area of 3 mm x 3 mm to
detect the vasculature of SCP, DCP, OCP, and CCP in the
fovea and parafovea (supplementary Fig. 1A).

Blood flow area, non-flow area quantification, and
density analyses

The vascular flow area in which vascular signals were
detected by the SSADA algorithm was drawn and calcu-
lated in a 1-mm radius circle in OCP and CCP (supple-
mentary Fig. 1B). The non-flow area, also known as the
foveal avascular zone area (FAZ), is an area without
capillaries in the macula. Quantification of the vessel den-
sity (VD) is defined as the percentage of an area occupied
by vessels. The OCTA instrument covered the areas of 1
mm X 1 mm and 3 mm x 3 mm, representing the fovea and
parafovea, respectively. By using the software, the
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parafoveal region was automatically divided into four fields:
the superior, inferior, temporal, and nasal quadrants (sup-
plementary Fig. 2A). The average VD of four quadrants was
calculated to analyze parafoveal values.

Central retinal thickness (CRT) assessment

By using the software, the whole retina was auto-
matically segmented into inner and outer portions and
then the mean macular thickness in the fovea (within a
circle of 1 mm diameter) and the parafovea (within a
circle of 3 mm diameter) were calculated. In our study,
we analyzed the full, inner and outer central macular
thickness to explore the changes pre-operatively and
post-operatively.

Interocular differences between post-operative eyes
and fellow eyes

Interocular differences in OCTA parameters at 6 months
after surgery were defined as follows: (the absolute value of
differences between post-operative eye measurement and
fellow eye measurement)/fellow eye measurement) x 100%.
Pearson correlation analysis was performed to identify the
associations between interocular differences in OCTA
parameters and post-operative visual outcomes.

Statistical analysis

Data on the blood flow areas, VDs of four layers, BCVA
and CRT were recorded by two independent technicians.
All data are presented as the means =+ stardard deviation
(SD). One-way ANOVA test was used to make compar-
isons among three or more groups, followed by Dunnett’s
post hoc test. Pearson correlation analysis was used to
analyze the associations between OCTA parameters and
pre-operative and post-operative visual outcomes. P <0.05
was regarded as statistically significant.

Results

A total of 33 eyes (33 patients) with ERM from 50 to 75
years old (mean age: 61.84+9.79 years) were enrolled,
including 14 men and 19 women. Approximately 27.27% (9
eyes) of affected eyes were complicated with CME, 90.90%
(30 eyes) suffered from cataract, and none of the eyes were
pseudophakic at baseline. Patients with cataract and CME
did not undergo additional surgeries in combination with
membrane peeling. The average logMAR BCVA was 0.11
+0.15 (Snellen 20/26 equivalent) in normal controls and
0.82+0.41 (Snellen 20/133 equivalent) in affected eyes
(Table 1). And the logMAR BCVA was improved to 0.36 +

0.28 (Snellen 20/47 equivalent) at 6 months after therapy
(Table 1).

Interocular comparisons at baseline

Table 1 presents interocular differences between the normal
contralateral eyes and eyes with ERM. In the SCP, eyes
with ERM had a smaller area of FAZ than the contralateral
eyes (P <0.0001). The foveal VDs were increased whereas
the parafoveal VDs were significantly decreased in both
SCP and DCP (all P <0.0001, difference 95% CI referred to
Table 1). Mean flow area in OCP was markedly larger than
that of unaffected contralateral eyes (P = 0.039), in contrast
to the tendency in CCP (P = 0.025). Our results also found
that eyes with ERM had a lower foveal VD (P = 0.0008,
difference 95% CI [—11.79% (—19.20% to —4.38%)] but a
higher parafoveal VD in OCP (P = 0.0094). With respect to
the CCP, VD in the fovea showed a significant decrease in
comparison with the controls (P = 0.023, difference 95% CI
[-6.23%(—11.76% to —0.69%)]), but the parafoveal one
did not alter (P =0.66). The CRT in both foveal and par-
afoveal regions was markedly increased in eyes with ERM
(both P <0.0001).

Comparisons between post-operative and pre-
operative OCTA analyses

As shown in Table 1, OCTA parameters of the affected eyes
were statistically compared at baseline and 6 months after
therapy. At post-operative 6 months, eyes had a larger area
of FAZ compared with that at baseline (P = 0.025). Addi-
tionally, foveal VDs were significantly decreased and par-
afoveal VDs were obviously increased in both SCP and
DCP (SCP: foveal VD P =0.002; parafoveal VD P =
0.023; DCP: foveal VD P =0.036; parafoveal VD P =
0.026). Mean value of flow area in OCP was markedly
decreased from (1.14 +0.13) mm? to (0.83 +0.26) mm? (P
=0.0007), whereas that in CCP did not significantly change
(P=0.74). In OCP, VD in the parafovea at 6-month follow-
up visit was significantly smaller than that at baseline (P =
0.034), but the foveal VD remained unchanged after therapy
(P=0.29). With respect to the CCP, VD did not sig-
nificantly change in both foveal and parafoveal regions in
eyes with ERM after surgery (both P = 0.55). Furthermore,
post-operative CRT became significantly thinner in all
layers in both foveal and parafoveal regions (both P <
0.0001).

Correlations in OCTA parameters and visual
outcomes

OCTA parameters measured in SCP, DCP, OCP, and CCP
were not correlated with pre-operative LogMAR BCVA

SPRINGER NATURE
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Table 2 Pearson correlation analysis of the pre-operative and post-
operative BCVA and Optical Coherence Tomography Angiography
Parameters in Patients with Epiretinal Membrane

BCVA, logMAR

Pre-operative Post-operative

Pearson r P value Pearson r P value

value value
SCP
FAZ area (mm?) 0.13 0.61 —0.53 0.0014*
Foveal VDs (%) —0.19 0.42 0.30 0.28
Parafoveal VDs (%) 0.16 0.52 0.11 0.69
DCP
Foveal VDs (%) —0.36 0.13 —0.075 0.79
Parafoveal VDs (%) —0.15 0.54 0.27 0.34
OCP
Outer retina flow  0.25 0.30 —0.31 0.25
area (mmz)
Foveal VDs (%) 0.32 0.19 —0.071 0.80
Parafoveal VDs (%) 0.083 0.74 —0.10 0.72
CCP
Choroid flow area  —0.20 0.42 0.13 0.63
(mm?)
Foveal VDs (%) —0.20 0.42 0.18 0.53
Parafoveal VDs (%) 0.0082 0.97 0.13 0.64
Thickness measured at foveal centre, um
Total 0.73 <0.0001* 0.59 0.0003*
Inner retina 0.51 0.0032*% 0.48 0.0045%*
Outer retina 0.25 0.31 0.49 0.062
Thickness measured at parafovea, pm
Total 0.38 0.033*  0.80 <0.0001*
Inner retina 0.70 <0.0001* 0.42 0.015*
Outer retina 0.27 0.26 0.33 0.24

OCTA opticalcoherence tomography angiography, ERM epiretinal
membrane,

BCVA best-corrected visual acuity, SCP superficial capillary plexus,
FAZ foveal avascular zone, VDs vessel densities, DCP deep capillary
plexus, OCP outer retinal capillary plexus, CCP choroidal capillary
plexus

*The value was statistically significant (P < 0.05)

(Table 2). By contrast, total and inner CRT measured at
fovea and parafovea were significantly positively correlated
with LogMAR BCVA (Fig. 1 A to D, Table 2), but no
significant association was identified between outer CRT
(fovea and parafovea) and pre-operative visual outcome (P
>0.05, Table 2). These findings indicate that epiretinal
membrane-induced retinal thickening in macula contributes
to worse visual acuity, and inner retina rather than outer
portion is responsible for the retinal thickening.

Among post-operative OCTA parameters, FAZ area was
negatively correlated with post-operative LogMAR BCVA
(r=—0.53, P=0.0014, Fig. le and Table 2), implying that

smaller post-operative FAZ area may have no significant
improvement on visual acuity in ERM eyes at post-
operative 6 months. Similar to findings in pre-operative
correlation, positive correlations were identified between
CRT (total and inner, fovea and parafovea) and post-
operative LogMAR BCVA (Fig. 1f to i, Table 2), indicating
that recovery in macular thickness, especially inner retinal
thickness, is a pivotal predictor in surgical prognosis of
visual acuity, which is consistent with the study of Joe et al.
[24] but in contrast to the findings of Arichika et al. [21].

Furthermore, interocular differences between post-
operative eyes and fellow control eyes were also eval-
uated. Interestingly, similar to post-operative findings,
interocular differences in FAZ area, CRT measured in the
fovea and parafovea (total and inner) showed significant
correlations with post-operative LogMAR BCVA (Fig. 1j-n,
Table 3), suggesting that eyes with larger interocular dif-
ferences in FAZ area and macular CRT, compared to the
control contralateral eyes, had worse visual outcomes at
6 months after surgery. These findings provide another
aspect of OCTA parameters in predicting surgical prognosis
of ERM patients.

Case

Figure 2 showed OCTA and FFA parameters in a case of
ERM before and after surgery. A 67-year-old female with
ERM in her right eye received a complete ophthalmic
examination, a bilateral OCTA evaluation and FFA mea-
surement before and after surgery. The visual acuity was 20/
20 in her left eye and 20/60 in her right eye, and the OCT
scans showed a remarkable formation of epiretinal mem-
brane along the surface of ILM (Fig. 2b). The pre-operative
OCTA indicated that the area of superficial FAZ was
markedly decreased in the eye with ERM in comparison
with the normal contralateral eye (Fig. 2a). Vessel distortion
and vascular tortuosity were observed in OCTA and FFA in
the affected eye due to the contraction of epiretinal mem-
brane (Fig. 2a, b). Compared to FFA, OCTA images could
provide more details in the microvasculature of the retina.
No leakage was observed at the early phase of FFA in the
pre-operative eye and fellow eye. The FAZ zone, vessel
distribution and VD were greatly improved at 6 months
after vitrectomy and membrane-peeling surgery. Further-
more, visual acuity was improved from 20/60 to 20/40 and
total foveal CRT was decreased from 589 to 441 ym at post-
operative 6 months.

Discussion

ERM, one of the most common retinal diseases, destroys
visual acuity and causes metamorphosis due to traction of
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Fig. 1 Correlations between OCTA parameters and visual outcomes.
Scatter plots showing the associations between the a total foveal CRT,
b total parafoveal CRT, c¢ inner foveal CRT, d inner parafoveal CRT
and pre-operative LogMAR BCVA, respectively. e FAZ area in the
treated eyes was negatively correlated with post-operative LogMAR
BCVA. Positive associations between f total foveal CRT, g total
parafoveal CRT, h inner foveal CRT, i inner parafoveal CRT and post-
operative LogMAR BCVA, respectively. Post-operative interocular

the membrane. Further comprehensive investigations in the
microvasculature of ERM have aroused more and more
attention from ophthalmologists. Although accumulating
studies have focused on the blood flow and vascular char-
acteristics in eyes with ERM before and after surgery [5, 8,
9], specific and comprehensive analyses at different depths
of the retina and choroid using OCTA are still in need. We
therefore explored deeper into the blood flow, VDs and
CRT in eyes with ERM via OCTA pre- and post-
operatively.
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differences (%) in j FAZ area, k total foveal, 1 total parafoveal CRT,
(m) inner foveal and (n) parafoveal CRT were positively associated
with LogMAR BCVA at 6 months after surgery. Pearson’s correlation
coefficient (r) and p values for the slope of the regression line are
provided in the figure. OCTA optical coherence tomography angio-
graphy, CRT central retinal thickness, BCVA best-corrected visual
acuity, FAZ foveal avascular zone

FFA is a common instrument to explore vascular
characteristics in retinal diseases. Macular vessel distor-
tion and vascular tortuosity were identified on both FFA
and OCTA images of eyes with ERM. Compared with
FFA, OCTA is non-invasive and it provides high-
resolution images, making it possible to quantify vas-
cular characteristics in multiple diseases. Using OCTA,
we demonstrated interocular differences between eyes
with ERM and the unaffected eyes in terms of SCP, DCP,
OCP, and CCP. In comparison with the fellow eyes, eyes
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Table 3 Pearson correlation analysis of the post-operative BCVA and
interocular  differences of Optical Coherence Tomography
Angiography Parameters in Patients underwent epiretinal membrane
revomal

Interocular differences (%) Post-operative BCVA,

LogMAR
Pearson r value P value

SCP

FAZ area 53.91+31.25 0.85 <0.0001*
Foveal VDs 27.39+20.18 0.27 0.35
Parafoveal VDs 12.68+8.53  —0.16 0.58
DCP

Foveal VDs 70.89 £42.68 —0.2 0.5
Parafoveal VDs 10.67+11.94 —-0.32 0.27
OCP

Outer retina flow area 60.56+104.1 0.14 0.64
Foveal VDs 41.32+23.52 —0.13 0.67
Parafoveal VDs 17.77+13.58 0.22 0.46
CCP

Choroid flow area 10.32+6.99 —-0.32 0.26
Foveal VDs 16.80+13.40 —0.33 0.26
Parafoveal VDs 5.57+4.38 —-0.27 0.35
Thickness measured at foveal centre

Total 55.18 £25.59 0.59 0.0003*
Inner retina 65.41+31.35 0.66 <0.0001%*

42.05+23.67 0.33 0.25
Thickness measured at parafovea

Outer retina

Total 35.31+36.83 0.78 <0.0001%*
Inner retina 45.15+32.50 0.77 <0.0001*
Outer retina 13.61+8.55 0.3 0.29

Interocular differences at 6 months after surgery were defined as
follows: (the absolute value of differences between post-operative eye
measurement and fellow eye measurement)/fellow eye measure-
ment) x 100%

OCTA optical coherence tomography angiography, ERM epiretinal
membrane, BCVA best-corrected visual acuity, SCP superficial
capillary plexus, FAZ foveal avascular zone, VDs vessel densities,
DCP deep capillary plexus, OCP outer retinal capillary plexus, CCP
choroidal capillary plexus

*The value was statistically significant (P < 0.05)

with ERM had a smaller superficial FAZ area, indicating
that the contraction from the periphery to the center of the
membrane contributes to the decrease in FAZ, in accor-
dance with results from Kim et al. [9]. Interestingly,
foveal VDs were notably increased but parafoveal VDs
were significantly decreased in both SCP and DCP, in
contrast to the tendency in OCP and CCP. The imbalanced
distribution of foveal/parafoveal VDs in different seg-
mentation of ERM indicates that ERM-associated traction
causes different vessel distortion in retina and choroid. It
is plausible to assume that vessels in SCP and DCP are

augmented due to the centripetal force of ERM, which
may subsequently impair the microvasculature in OCP
and CCP. Kim et al. [9] reported that eyes with ERM had
lower parafoveal VDs in SCP and DCP, but he only
focused on the inner retinal layer (SCP and DCP) and did
not evaluate VDs in the fovea as well as the blood flow. In
this investigation, we explored the blood flow in both eyes
and our results showed that the flow area was larger in
OCP, but smaller in CCP compared with that of the
unaffected eye. Since we and other scientists [21]
uncovered that the outer retina was thickened in the foveal
region in ERM, we therefore make an assumption that the
enlargement of the flow area in OCP attributes to the
thickening of the outer retina as more blood flow is nee-
ded to satisfy the metabolic demand. However, the precise
mechanisms whereby ERM plays different roles in the
flow area in OCP and CCP remain to be elucidated by
subsequent research.

Our study also disclosed post-operative features of
OCTA in ERM. Post-operatively, eyes had a larger area of
FAZ, a lower rate of foveal VD and a higher rate of
parafoveal VD in both SCP and DCP. In the OCP, both
the flow area and the parafoveal VD had statistically
significant alterations after therapy, whereas the foveal
VD remained unchanged. However, eyes did not show
any alterations after therapy in parameters detected in
CCP. All these findings detected by OCTA determines
that membrane-peeling surgery not only effectively
improves morphologic characteristics of the macula, but
also normalizes the blood flow and VDs in the fovea and
parafovea.

Furthermore, our study identified several correlations
between OCTA parameters and visual outcomes. Firstly,
both foveal and parafoveal CRT were correlated with pre-
operative visual acuity, indicating that eyes with thicker
epiretinal membrane had worse visual outcomes. Interest-
ingly, the inner retina thickness rather than the outer portion
was revealed to be significantly correlated with pre-
operative visual acuity, indicating a crucial role of inner
retina in predicting visual outcomes of eyes affected by
ERM.

Our study also disclosed that post-operative eyes with
larger FAZ area had a better prognosis of visual outcomes.
One possible explanation is that epiretinal membrane
removal relieves retinal mechanical traction from periphery
to center and improves macular vessel distortion, which
enlarges FAZ area, normalizes macular morphology and
improves BCVA. Similarly, foveal and parafoveal CRT
were both correlated with post-operative visual outcomes,
emphasizing the significance of macular CRT in the prog-
nosis of ERM.

Notably, positive correlations were identified in intero-
cular differences between OCTA parameters and
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Fig. 2 Pre-operative and post-operative OCTA and FFA analyses of an
ERM patient. a Representative images were shown from the normal
contralateral eye and the affected eye in a patient with ERM before and
after surgery using OCTA. The overall OCTA morphology of the
fovea was presented as follows: SCP, DCP, OCP, and OCP. Post-
operative evaluation was performed at 6 months after therapy. b
Representative images of FFA and En Face OCT images were shown
in a case of pre-operative and post-operative ERM eye and normal

post-operative visual outcomes. In other words, post-
operative eyes with greater differences in FAZ area,
foveal and parafoveal CRT, especially the inner portion had
worse visual prognosis at 6 months after therapy compared
with the fellow eyes. All these findings suggest that OCTA
parameters, especially FAZ area and CRT (total and inner),

SPRINGER NATURE

DCP OCP CCP

En Face OCT

fellow eye. FFA images were collected at the early phase post dye
injection and the macula was magnified to show vascular distortion as
in the figure. No leakage was found in pre-operative and post-operative
eyes at the early stage of FFA. OCTA optical coherence tomography
angiography, SCP superficial capillary plexus, DCP deep capillary
plexus, OCP outer retinal capillary plexus, CCP choroidal capillary
plexus

could be used to evaluate the surgical prognosis of ERM in
various aspects.

There were several limitations in our study. Firstly, a
small number of participants were recruited in this study,
which might yield false-negative or false-positive results.
Secondly, different locations of ERM probably affect these
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measurements and a more specific classification needs to be
carried out. Additionally, we also excluded the cases pre-
senting with severe retinal distortion and segmentation
errors because severe epiretinal membrane could confound
OCTA signals and measurements, which might induce a
selection bias.

In conclusion, we comprehensively illustrate the micro-
vascular characteristics before and after epiretinal membrane
surgery by OCTA in terms of the blood flow and VDs at
different depths of the retina and choroid. Our study also
discloses that ERM not only causes vascular distortion in the
inner retina, but also affects the outer retina and even
choroid to some extent, providing a solid foundation for the
microvascular pathogenesis of ERM. The OCTA analyses
also predict the surgical prognosis as well as pave the way
for clinicians to comprehensively understand the vessel and
blood flow changes after therapy.

Summary
What was known before

e The traction of epiretinal membrane leads to vessel
distortion in macula, mainly affecting superficial vessel
densities in the foveal region.

What this study adds

e This study systematically and comprehensively evalu-
ated OCTA parameters in eyes with epiretinal mem-
brane, such as the blood flow as well as vessel densities
in the fovea and parafovea at different layers of retina
and choroid.

e And it also compared pre- and post-operative vascular
parameters to determine surgical prognosis.
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