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Background: Idiopathic epiretinal membranes (ERMs) often cause metamorphopsia and the progressive
loss of central visual function, which seriously affect quality of life. We aimed to map the distribution pattern
of idiopathic ERMs in China and to examine the factors affecting the surgical choices of multicenter surgeons.
Methods: A national ophthalmologist-oriented questionnaire was administered, applied with a multistage
probability sampling method. Data of essential characteristics, including age, professional title, residence,
and perioperative and postoperative care, were gathered. All the data are expressed as odds ratios (ORs) and
95% confidence intervals (CIs). The histogram and choropleth map were generated by Excel 2016.
Results: In total, 1,137 (85.2%) valid responses were returned with maximized response and completion
rates. The study showed that monthly admission numbers, and preoperative and postoperative care varied
significantly across different regions in China. Generally, the monthly patient admission numbers were
lower in the Western region than the Eastern region. However, patients in the Eastern region had longer
preoperative waiting periods and shorter hospital stays.

Conclusions: The epidemiology of idiopathic ERMs varied significantly across different regions in China.
The distribution pattern of ERM in China and the overview of the factors affecting the surgery approaches

of multicenter surgeons were shown. The findings of this study will contribute to the formulation of medical

policies, and provide insights into the healthcare environments across China.
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Introduction

An idiopathic epiretinal membrane (ERM) is characterized
by a semi-translucent epimacular membranous tissue,
and is caused by cellular proliferation at the vitreoretinal
interface (1). The precise pathology of an ERM includes
the proliferation of different cell types, such as glial
cells, hyalocytes, and fibroblasts, followed by abnormal
posterior vitreous detachment, and vitreoschisis (2,3). After
membrane formation, the contraction and shrinkage of the

proliferative membrane exert anteroposterior and tangential
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tractional forces on the retinal tissue and vasculature (4,5).
An ERM may result in macular distortion, thus inducing
metamorphopsia and the progressive loss of central visual
function, which seriously affect quality of life.

Several population-based epidemiology studies have
sought to estimate the prevalence of ERM. The incidence of
ERM has been reported to vary vastly from 1.0% to 28.9%
among different ethnic groups. Most studies have focused
on Caucasian people (6). However, national epidemiological
data for ERMs among the Chinese population are limited.
A number of studies have reported regional population-
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based ERM prevalence data in economically developed
areas, such as Shanghai and Beijing; however, the incidence
rates reported have ranged from 1.0% to 8.4% (7).

Additionally, ERMs are unlikely to be resolved without
surgical intervention. Vitrectomy and the removal of
ERMs accompanied by internal limiting membrane (ILM)
peeling is one of the most effective treatments for ERMs,
and can remarkably improve the subjective perception of
visual function and metamorphopsia, even in the absence
of significant visual acuity improvement (8). Its surgery
efficacy for ERMs has been validated (9). However, those
studies have mainly focused on prognostic factors after
surgery. To date, only limited studies have been conducted
on geographic variations in ERM surgery (e.g., variations
in surgical methods and surgery timing) among the Chinese
national population. We aimed to map the distribution
pattern of ERM in China and to provide an overview of
the factors affecting the surgery approaches of multicenter
surgeons, thus providing a pilot national dataset.
Specifically, we sought to conduct a national investigation
of ERM care (NIEC) based on a questionnaire.

We present the following article in accordance with
the SURGE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-2722).

Methods
Participants and methods

The conduct the NIEC, a questionnaire was administered
by a Shanghai general hospital with one of the biggest
ophthalmic centers in China. The questionnaire
respondents comprised ophthalmologists rather than
patients, who are more commonly used as respondents.
Briefly, a multistage probability sampling method was
applied based on previous studies. This study encompassed
30 provincial capital cities in China, including 3 tertiary
hospitals in each city. We selected over 10 eligible
ophthalmologists at each selected hospital to complete
the questionnaire. The study was conducted according to
the Declaration of Helsinki (as revised in 2013) and was
approved by the Institutional Ethics Board of Shanghai
General Hospital (No. [2020]92) and individual consent for

this cross-sectional survey was waived.

Questionnaires

Our research team designed a standardized ophthalmologist-
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oriented questionnaire to elicit information about essential
characteristics, such as age, professional title and residence,
and perioperative and postoperative care. The questionnaire
included questions relating to monthly admissions of ERM
(1-10, 11-20, 21-30, 31-40, or >40), preoperative waiting
times (1-3, 4-7, 8-14, 15-30, or >30 d), hospitalization
periods (1-3, 4-5, 6-7, or >7 d), and the choice of a
conservative treatment or a vitrectomy with ERM removal
and ILM peeling. A web-based questionnaire engine made it
easier for respondents to complete the questionnaire.

30 provincial capital cities were categorized into 6 regions
(i.e., Eastern, Northern, South-Central, South-Western,
North-Eastern, and North-Western). The Eastern region
comprised Shanghai, Jinan, Nanjing, Hangzhou, Fuzhou,
Hefei, and Nanchang; the Northern region comprised
Beijing, Tianjin, Shijiazhuang, Taiyuan, and Huhehaote; the
South-Central comprised Zhengzhou, Wuhan, Changsha,
Guangzhou, Nanning, and Haikou; the South-Western
comprised Chongqing, Chengdu, Guiyang, and Kunming;
the North-Eastern comprised Shenyang, Changchun,
and Haerbing; and the North-Western comprised Xian,
Lanzhou, Xining, Yinchuan, and Wulumuqi (10). The
various regions had different socioeconomic statuses (SESs),
different climates, and terrains, and a different number of
patients, and thus represented the primary conditions all
over China. The analyses of ERMs were based on these
regions to identify particular factors.

The web-based questionnaire was distributed via a
specified website, email, or mobile device to the respondent
ophthalmologists simultaneously to maximize the response
and completion rates. The returned questionnaires were
collected and reviewed by 1 reviewer within 30 days.

Statistical analysis

All the data are expressed as odds ratios (ORs) and 95%
confidence intervals (CIs). The histogram and choropleth
map were generated by Excel 2016. SPSS (SPSS for
Windows, version 22.0) software was used for the statistical
analysis.

Results
Participants

Among the 1,335 email- and mobile-based NIEC
questionnaire issued, 1,137 (85.2%) valid responses
were returned, including 1,025 (90.1%) mobile- and 112
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Table 1 The common characteristics of the NIEC questionnaire respondents
Characteristics Eastern Northern North-Eastern  North-Western  South-Central South-Western Total
Individuals 295 234 101 154 232 121 1,137
Age (years), n (%)
<30 16 (5.4) 24 (10.3) 10 (9.9) 12 (7.8) 25(10.8) 21 (17.4) 108 (9.5)
31-40 211 (71.5) 170 (72.6) 71 (70.3) 97 (63.0) 166 (71.6) 71 (58.7) 786 (69.1)
41-50 63 (21.4) 38(16.2) 17 (16.8) 38 (24.7) 33 (14.2) 28 (23.1) 217 (19.1)
51-60 5(1.7) 2(0.9) 3(3.0) 7 (4.5) 8 (3.4) 1(0.8) 26 (2.3)
>60 0 0 0 0 0 0 0 (0.0
Professional title, n (%)
Intern 3(1.0) 6 (2.6) 5(5.0) 8(5.2) 4(1.7) 5(4.1) 31(2.7)
Resident 57 (19.3) 64 (27.3) 16 (15.8) 17 (11.0) 30 (12.9) 31 (25.6) 215 (18.9)
Attending 160 (54.3) 116 (49.6) 44 (43.6) 63 (40.9) 147 (63.4) 45 (37.2) 575 (50.6)
Associate chief physician 67 (22.7) 43 (18.4) 30 (29.7) 54 (35.1) 42 (18.1) 36 (29.8) 272 (23.9)
Chief physician 8(2.7) 5(2.1) 6 (5.9) 12 (7.8) 9(3.9) 4 (3.3) 44 (3.9)

NIEC, national investigation of ERM care.

(9.9%) email-based completed questionnaires. The other
questionnaires were ultimately excluded due to email
failures, incomplete responses, missing items, or specific
errors. The common characteristics of the respondents who
completed the NIEC questionnaire are set out in 7able 1.

Montbly admissions of ERM patients

Based on the presented statistical results, the proportion
of the monthly admissions of ERM patients in different
regions were similar. The Western region accounted for a
relatively small proportion of the monthly admissions due
to the SES of the region.

"To conduct the quantitative comparison among different
regions, monthly admissions of over 20 patients were
chosen to compare proportions. The South-Western and
North-Western regions had the smallest proportions of
admissions [13.3% (16 of 121) and 15.6% (24 of 154)],
followed by the South-Central (36.2%; 84 of 232), North-
Eastern (37.6%; 38 of 101), Northern (49.2%; 115 of 234),
and Eastern regions (60.7%; 179 of 295) (see Table 2, and
Figures 1 and 24).

Preoperative and postoperative care

The determining factors chosen for the continuative
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analysis were prognosis and comorbidity after treatment,
and preoperative and postoperative care. The preoperative
waiting time and the length of hospital stay varied
significantly among different regions (Figure 2B). The
Eastern and Northern regions accounted for larger
proportions of long waiting times of over 30 days [45.8%
(135 of 295) and 44.9% (105 of 234), respectively], [note:
North-Western region (3.3% (5 of 154); OR: 25.14 and
24.26; 95% CI: 10.02-63.10 and 9.59-61.33; P<0.001].
Additionally, the proportions of hospitalization periods
less than 3 days were also compared. The North-Western
region accounted for the highest proportion (73.4%; 113
of 154), while the Eastern region had the lowest proportion
[2.0% (6 of 295); OR: 132.75; 95% CI: 54.85-321.29;
P<0.001] (see Table 2 and Figure 2C,D).

The choice of conservative treatment versus ERM surgery

Patients with mild symptoms and comorbidities may benefit
from conservative treatments; however, other patients
might choose conservative treatments for socioeconomic
reasons. The peeling of the ILM is applied as an accessory
procedure to improve the curative effect. However, some
doctors do not use ILM peeling because its functional
benefits are debated.

Thus, it is crucial to establish the appropriate standards
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Table 2 Common variables in the treatment of ERM according to the NIEC questionnaire

Characteristics Eastern Northern  North-Eastern North-Western South-Central South-Western
Monthly number of cases, n (%)
1-10 14 (4.7) 16 (6.8) 38 (37.6) 98 (63.6) 27 (11.6) 74 (61.1)
11-20 102 (34.6) 103 (44.0) 25 (24.8) 32 (20.8) 121 (52.2) 31 (25.6)
21-30 140 (47.5) 84 (35.9) 26 (25.7) 21(13.6) 72 (31.0) 10 (8.3)
31-40 28 (9.5) 21 (9.0) 8(7.9) 3(2.0) 10 (4.3) 6 (5.0)
>40 11 (3.7) 10 4.3) 4 (4.0) 0 2(0.9) 0
Preoperative waiting time (h), n (%)
1-3 6 (2.0) 8 (3.4) 12 (11.9) 113 (73.4) 23 (9.9) 79 (65.3)
4-7 12 (4.0) 8 (3.4) 25 (24.7) 21(13.6) 62 (26.7) 13 (10.7)
8-14 30(10.2) 26 (11.1) 30 (29.7) 7 (4.5) 51 (22.0) 12 (9.9)
15-30 112 (38.0) 87 (37.2) 22 (21.8) 8(5.2) 44 (19.0) 7 (5.8)
>30 135 (45.8) 105 (44.9) 12 (11.9) 5(3.3) 52 (22.4) 10 (8.3)
Length of hospitalization (d), n (%)
1-3 163 (55.2) 104 (44.4) 22 (21.8) 10 (6.5) 26 (11.2) 12 (9.9)
4-5 102 (34.6) 107 (45.7) 48 (47.5) 59 (38.3) 101 (43.5) 28 (23.2)
6-7 22 (7.5) 13 (5.6) 27 (26.7) 64 (41.6) 90 (38.8) 52 (51.2)
>7 8 (2.7) 10 (4.3) 4 (4.0) 21(13.6) 15 (6.5) 19 (15.7)
Rationale for conservative treatment, n (%)
Comorbidities and contraindications 227 (77.0) 140 (59.8) 45 (44.5) 43 (27.9) 75 (32.3) 33 (27.3)
SES 31(10.5) 63 (26.9) 42 (41.6) 98 (63.6) 112 (48.3) 82 (67.8)
Other reasons 37 (12.5) 31 (13.3) 14 (13.9) 13 (8.5) 45 (19.4) 6 (4.9)
Vitrectomy with ERM removal and ILM peeling, n (%)
Yes 228 (77.3) 143 (61.1) 64 (63.4) 31 (20.1) 157 (67.7) 43 (35.5)
No 70(22.7)  91(38.9) 37 (36.6) 123 (79.9) 75 (32.3) 78 (64.5)
ERM, epiretinal membrane; NIEC, national investigation of ERM care.
and protocols for conservative treatments. Respondents Discussion

most often cited “comorbidities and contraindications”
(49.5%; 563/1,137) as the major reason for choosing
conservative treatments. SES was more commonly cited
as the main reason for choosing conservative treatment
in Western regions, especially the South-Western regions
(67.8%; 82 of 121) than it was in Eastern regions [10.5%
(31 of 295); OR: 17.91; 95% CI: 10.51-30.50; P<0.001].
Respondents in the Western regions seldom cited “choice of
vitrectomy with ERM removal and ILM peeling”, especially
the South-Western region (20.1%; 31 of 154) than the
Eastern region (77.3%; 228 of 298) (Tuble 2).

© Annals of Translational Medicine. All rights reserved.

According to the data collected from the national
ophthalmologist-oriented questionnaire, the proportion
of monthly admissions and preoperative and postoperative
care varied greatly depending on geographic locations in
China.

Previous studies have shown that different factors
are associated with the prevalence of ERM, including
age, gender, and ethnicity. Ogihara et 4/. reported that a
prognosis of ERM was closely associated with older age,
female gender, myopia, and hyperlipidemia (11). Zhu ez al.
found that the incidence of ERM was associated with
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Figure 1 Comparison of the monthly admissions of ERM patients in different regions according to the NIEC questionnaire. ERM,
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Figure 2 Characteristic variations of ERMs in different regions. (A) The different proportions of monthly admissions; (B) the distribution
of percentages of preoperative waiting time; (C) the distribution of the length of hospitalization; (D) the distribution of the choice of

conservative treatment. ERMs, epiretinal membranes.
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diabetes and a higher level of education (7). Conversely,
another study conducted by Bu et 4/. identified age and
hypertriglyceridemia as the risk factors of developing
ERM (12). The different prevalence of ERM in these
studies could be attributed to different population
compositions and social status. In the present study, a
national investigation of ERM care was conducted to
improve the epidemiological dataset and medical treatment.

Our study examined the monthly admissions for ERM
rather than its incidence, which represents a slightly
different approach to previous studies. Patients suffering
from ERM might not attend hospitals for specific reasons.
Thus, our findings are directly related to the medical
condition in China. The proportions of monthly admissions
of over 20 patients varied greatly among different regions
(see Table 2 and Figure 1). The South-Western and North-
Western China regions accounted for a smaller proportion
of admissions (13.3% and 15.6%), compared to the Eastern
China region (60.7%). The gross domestic product level of
the Eastern China region is relatively higher than that of
the Western region. Thus, our data showed that lower SES
was associated with fewer admissions. The lower SES of the
Western region might result in fewer hospitalizations and
limited access to medical care. Additionally, some patients
might choose a conservative treatment rather than surgery
at hospital due to poverty.

The findings in this study also showed the differences
between preoperative and postoperative care in each region.
Patients in the Eastern and Northern regions waited longer
for surgery than those in the Western regions. Indeed, a
majority of patients in the Eastern region waited over 30 days
for surgery. A large number of patients might have
undergone surgery in the developed regions due to better
medical care and the higher economic income of those
regions. The top hospitals in the developed area were always
full of patients and had a high number of admissions and
insufficient operating rooms. Notably, ERM often occurs in
elderly individuals, especially those with comorbidities and
anticoagulant agents. Thus, early operations might improve
prognosis and life quality. Expanding the hospital level of
top hospitals and improving the medical care offered by
the other hospitals could help patients flow from high-level
hospitals to other hospitals for early operations.

The most common rationale in the lower SES regions
for the conservative treatment of ERM was economic
issues. Patients in remote districts, such as the Western
region, chose a conservative treatment due to economic
issues. However, increased comorbidities were the primary
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consideration in most areas, especially the Eastern region.
Surgery for ERMs is important to improve patients’ long-
term visual condition (13). The peeling of ILM is applied as
an accessory procedure to improve the curative effect, (14)
and results in a lower recurrence rate (15). However, the
choice of vitrectomy with ERM removal and ILM peeling
was very unpopular in the Western regions. Doctors in the
Western regions preferred a more conservative approach,
which may have been informed by inadequate surgical
guidelines (see Tuble 2). Optical coherence tomography
angiography (OCTA)-based preoperative imaging,
quantification of choroidal vasculature and perfusion state
in patients with ERMs are important. Significant diurnal
variations in patients with symptomatic ERM were reported
and time of day should be considered when comparing
longitudinal follow-up OCTA data (16).

This study has certain advantages. The web-based
questionnaire was distributed by a specified website,
email or mobile devices to particular ophthalmologists
simultaneously to maximize response and completion rates
and control responder bias. The respondents comprised
ophthalmologists instead of the more commonly used
patients to enable us to examine general medical data.
The findings of this study will assist in the formulation of
medical policies, and should provide insights into healthcare
environments across China.

The study had some limitations. First, the data might
not be suitable for the entire country. We used a strict
multistage probability sampling procedure to reflect the
current situation, and our respondents comprised over
1,000 surgeons; however, not every surgeon specifically
treats ERMs. The medical data gathered from the doctors
via the questionnaire may also be subjective, which further
minimizes our responder bias. In terms of the subjective
bias in our study, 1,065 doctors from 180 hospitals were
included in this study. The answers were nearly the same
by the participants of 1 hospital, indicating low subjectivity
bias. Additionally, we could not collect information on
patients’ discharge destinations after they left the emergency
department; thus, the entire hospitalization period may not
have been estimated precisely. Finally, unlike in a similar
questionnaire from Australia (17), our questionnaire did not
include any specific scores to estimate socioeconomic status
in China. Consequently, we had to use income data from
the National Bureau of Statistics of China as a measure of
SES. Lastly, the study of intraoperative dyeing usage for
staining ILM was not included in this questionnaire due to
the availability problem of dyes in mainland China (18,19).
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In conclusion, the monthly admissions and preoperative
and postoperative care of ERM patients varied significantly
across different regions in China. Generally, the monthly
patient admissions numbers were relatively lower in the
Western China region compared to the Eastern region.
However, patients in the Eastern China region have longer
preoperative waiting times and shorter hospital stays.
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