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Screening for retinopathy of prematurity 2
in China: a five-year cohort study in seven
screening centers
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Abstract

Background To analyze the demographic characteristics of retinopathy of prematurity (ROP) in China, attempting
to propose optimized screening criteria and hopefully providing valuable information for future updates to the ROP
guideline.

Methods A multicenter, retrospective-cohort study was conducted. The study included infants born between
January 1,2018, and July 31, 2023, who underwent ROP screening and were diagnosed with ROP at seven screening
centers in China. Examinations were carried out in accordance with the ROP guidelines in 2014: infants with a
gestational age (GA)<32 weeks and/or birth weight (BW)<2000 g, or infants who were suspected to be at risk of ROP.
ROP treatment followed the recommendations of the Early Treatment for Retinopathy of Prematurity Cooperative
Group. We utilized receiver operating characteristic (ROC) curves to determine the optimal predictive model, and
conducted internal validation as well as compared the model to current standards.

Results Among the 4770 infants diagnosed with ROP after fundus screening, 1330 (27.9%) infants received
treatment. The mean GA at birth for all enrolled infants was 29.67 + 2.45 weeks, with a mean BW of 1295.89+403.64 g.
This study proposed the optimization of guidelines to be <30 weeks of GA and < 1600 g of BW, achieving a sensitivity
of 99.4%, as high as the current standard, with an 18.0% reduction in screening requirements.

Conclusion Considering the decrease in both GA and BW among the population requiring ROP treatment in China,
it is imperative to contemplate updating the ROP screening guideline.
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Introduction

Retinopathy of prematurity (ROP), a leading cause of
blindness in premature infants, is characterized by path-
ological progression within immature retinal tissue and
can ultimately lead to tractional retinal detachment [1].
Timing plays a crucial role in the successful treatment of
ROP because the disease can advance very rapidly, and
treatment-delayed ROP can lead to permanent blindness.

The optimal ROP screening guidelines are those that
possess the highest sensitivity for detecting high-risk
disease. Most screening guidelines have been based on
birth weight (BW) and gestational age (GA) to identify
infants in need of examination, as these factors have been
acknowledged as major risk factors for ROP develop-
ment. Compared with industrialized countries, devel-
oping countries exhibit a wider range of BWs and GAs
among infants affected by severe ROP. In China, the ROP
screening guidelines were recommended by the Minis-
try of health in 2004, specifying that infants meeting the
following criteria should undergo ROP screening: GA
of less than 32 weeks and/ or BW of less than 2000 g, or
infants with an unstable clinical course [2, 3]. To sure that
infants requiring treatment are not missed, the guidelines
encompass a broader range of mature infants compared
to the criteria in the UK and US [4, 5].

Recent studies have reported that only 11-27% of
screened babies will develop ROP and 6.7-16.6% will
require treatment [6—8]. Although current screening
guidelines have been proven effective and highly sensi-
tive [9], they result in excessive examinations. Some epi-
demiological studies have attempted to update the upper
limits of GA and BW for screening by conducting popu-
lation-based cohort studies of ROP to optimize screening
guidelines in China [10-12]. However, most ROP studies
are presently restricted to local regions.

The aims of this study are to report the demographic
characteristics of ROP and to test the effectiveness of
current China ROP screening guidelines based on exami-
nations of high-risk, premature infants in seven screen-
ing centers in China. With the aspiration to offer some
valuable foundations for future updated to the Chinese
ROP screening guidelines, this study attempts to formu-
late optimized screening criteria based on GA and BW
while validating their internal validity.

Methods

A multicenter, consecutive, retrospective-cohort study
was conducted. The study was approved by the institu-
tional ethics committee and was performed in accor-
dance with the Declaration of Helsinki. It included
infants born between January 1, 2018, and July 31, 2023,
who underwent ROP screening and were diagnosed with
ROP at seven screening centers in China. Infants with
complete follow-up data and without the presence of
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other ocular diseases will be considered for inclusion in
the study. Informed consent was obtained from guard-
ians before each examination.

In the seven screening centers, examinations were con-
ducted following the ROP guidelines recommended by
the Chinese Ophthalmological Society in 2014: infants
with a GA<32 weeks and/or BW<2000 g, or infants sus-
pected to be at risk of ROP ( such as those with serious
systemic diseases or infants who received long-term oxy-
gen supplementation) [3]. The first screening was per-
formed at 31 to 32 weeks postmenstrual age or 4 to 6
weeks after birth, depending on which came first. If ROP
was identified, subsequent examinations were carried out
weekly until the disease progressed to a stage requiring
treatment or established ROP showed signs of regression.

Pupils were dilated using a combination of 0.5% tropi-
camide and 0.5% phenylephrine eye drops. The majority
of fundus examinations were performed at the bedside
by an experienced ophthalmologist, utilizing a 20-diop-
ter lens and a binocular indirect ophthalmoscope. Addi-
tionally, some premature infants underwent examination
with the RetCam Imaging System (Clarity Medical Sys-
tem, Pleasanton, CA, USA).

ROP was classified according to the international
classification system [13, 14]. If the infants had differ-
ent stages in their eyes, we recorded the more advanced
stage as the patient’s stage. ROP was treated in accor-
dance with the recommendations of the Early Treatment
for Retinopathy of Prematurity Cooperative Group at
the type 1 prethreshold stage [15]. Treatment was car-
ried out within 72 h after type 1 ROP and aggressive ROP
(AROP) were detected. Anti-vascular endothelial growth
factor intravitreal injection was given, and eight hundred
ten-nanometer diode laser surgery was performed for
patients in the threshold and Type 1 prethreshold stages.
Vitrectomy and/ or scleral buckling surgery were con-
ducted for infants in stages 4 and 5.

We conducted statistical analysis using the Statistical
Package for the Social Science (SPSS) program, version
22.0 (IBM Corporation, Armonk, New York, USA). Two-
tailed probability levels of less than 0.05 were considered
to indicate statistical significance. We performed a one-
sample Kolmogorov-Smirnov test to examine whether
the samples were normally distributed. Numerical data
were presented as meanzstandard deviation (SD). We
compared the infant characteristics between ROP cases
with treatment and those without treatment. Univariate
analysis of assumed risk factors was carried out using
the x2 test or the t-test. The distribution of GA and BW
was analyzed for the entire study population and within
each group. The ability of GA and BW to predict out-
comes was measured using the are under the ROP curve
(AUC) for their respective cut-off values. To establish
the recommended cut-off points for GA and BW in ROP
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screening, Youden’s index was employed, maximizing the
combined sensitivity and specificity. We generated four
integrated values near the cut-point of the GA and BW
pair, resulting in four screening models. These four mod-
els were internally validated and compared with the cur-
rent screening criteria.

Results

From January 2018 to July 2023, a total of 5010 infants
were diagnosed with ROP following fundus screening at
seven screening centers in China. Among them, 240 were
excluded due to death or lost to follow-up. As a result,
the final study population comprised 4770 infants.

In this study, 2830 (59.3%) of infants were male. The
data for GA and BW exhibited a normal distribution
(Kolmogorov-Smirnov test, P>0.05). The mean GA at
birth for all infants was 29.67+2.45 weeks, and the mean
BW was 1295.891+403.64 g. Among all infants diagnosed
with ROP, 1330 (27.9%) infants received treatment, while
3440 (72.1%) did not receive treatment. Baseline char-
acteristics of the study cohort were analyzed (Table 1).
Infants who receive treatment exhibited significantly
lower GA and BW compared to those who did not
receive treatment( p<0.001). The study cohort consisted
of infants recruited from seven ROP screening centers
across China, covering five geographic regions of North-
east, North, Northwest, Southwest, and South China
(Fig. 1).

Treatment group for ROP was divided into four sub-
groups: Type 1 ROP, Stage 4 ROP, Stage 5 ROP, and
AROP. Stratification was carried out based on BW and
GA (Table 2). The association between the rate of ROP
requiring treatment and BW, as well as GA, exhibited a
negative correlation (p<0.001, with Kendall’s correlation
coefficients of -0.905 and —0.867, respectively). Among
the 1330 cases of patients requiring treatment for ROP,
73.2% of patients had a BW of <1250 g, and 82.6% were
born with a GA of <30 weeks. As BW and GA increased,
there was a progressive decrease observed in the rate of
ROP requiring treatment. Within the groups, those with
a BW of 751-1000 g and a GA of 27-28 weeks exhibited
the highest number of cases necessitating treatment for

Table 1 Demographic characteristics of the study population
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ROP. Furthermore, the highest count of severe ROP cases
(including Stage 4, Stage 5, and AROP) was observed
within the subgroup with a BW of 1251-1500 g and GA
of 29-30 weeks (Fig. 2).

By calculating ROC curves based on the GA and BW
data from this patient cohort, we identified recom-
mended optimal cut-off points with maximum Youden
index: 1502.50 g of BW (AUC 0.701) and 29.79 weeks of
GA (AUC 0.720) (Fig. 3). At the 95% confidence level, the
AUC range for BW was 0.685 to 0.717, while for GA, the
AUC range was 0.705 to 0.736. The confidence intervals
for both indicators were relatively narrow, indicating high
precision of the estimates and stable results. The model
demonstrated acceptable and robust discriminative abil-
ity. We synthesized four pairs of predictive models for
ROP using integral values near the suggested GA and BW
cut-off points for subsequent analysis. Assuming strict
adherence to screening criteria, infants whose GA or BW
surpasses the screening threshold, irrespective of other
risk factors, are excluded from the screening process.

Ensuring that no cases requiring treatment are missed
is crucial in ROP screening, and sensitivity should there-
fore be prioritized when developing ROP screening
guidelines. Although the Youden index seeks a balance
between sensitivity and specificity, we will emphasize
maintaining sensitivity in subsequent validations and
the establishment of screening criteria. Our acceptable
standard for sensitivity was set to be no lower than the
existing screening criteria in China. In our study, the
existing screening criteria accurately identified 1322 out
of 1330 infants requiring treatment (sensitivity, 99.4%),
as shown in Table 3. The remaining 8 unrecognized
cases all exhibited an unstable clinical course, including
concomitant systemic diseases. The United Kingdom
standards achieve a sensitivity of 99.2% but may miss
11 cases requiring treatment for ROP, while the United
states standards achieve a sensitivity of 98% but may
miss 27 cases. Applying the most conservative model
(GA <30 weeks or BW<1600 g) to the current cohort
would have resulted in the diagnosis of 1322 out of 1330
infants requiring treatment (sensitivity, 99.4%), main-
taining a sensitivity level as high as the current standard.

ROP with treatment ROP without treatment Pvalue
Number (%) 1330(27.9%) 3440(72.1%)
Men (%) 764(57.4%) 2066(60.1%) 0.099"
GA Mean+SD, w 28374213 30.17+2.37 <0001"
Range 20.57-36.86 2443-36.86
BW Mean+SD, g 1093.73+300.53 137404 +£411.24 <0.001"
Range 450-2540 500-3600

“Estimated with Pearson x2 test

Estimated with independent-samples t-test

ROP, retinopathy of prematurity; GA, gestational age; BW, birth weight; w, weeks; g, grams
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(3] Shijiazhuang, Hebei Province (n=915)
(4] Ningxia Hui Autonomous Region (n=370)

(8] chongging Municipality (n=626)

@ Kunming, Yunnan Province (n=345)

Guangxi Zhuang Autonomous Region (n=1045)

Fig. 1 Distribution of retinopathy of prematurity screening centers in this study in China. This map is based on the standard map with the approval num-
ber GS (2016)2923 downloaded from China’s State Bureau of Surveying and Mapping website, and the base map has not been modified

Table 2 Numbers and proportions of infants developing different stages of ROP, according to BW and GA

ROP with treatment, N (%) ROP without treatment, Total,

Type 1 ROP, ROP stage 4, ROP stage 5, AROP, Total, N (%) N

N (%) N (%) N (%) N (%) N (%)
BW, g
<750 160 (72.7) 1(0.5) 0(0) 3(13) 164 (74.5) 56 (25.5) 220
751-1000 377 (33.3) 22019 3(0.3) 21(1.9 423 (37.4) 709 (62.6) 1132
1001-1250 350 (29.7) 17 (1.4) 3(0.3) 17(14) 387 (32.8) 790 (67.2) 1177
1251-1500 218 (22.2) 34 (3.5) 7(0.7) 15(1.5) 274(27.9) 706 (72.1) 980
1501-1750 32(54) 8(14) 2(03) 6(1.0) 48(8.1) 542 (91.9) 590
1751-2000 10 (2.2) 6(1.3) 2(04) 2(04) 20 (4.3) 443 (95.7) 463
>2000 7(3.3) 6(2.9) 1(0.5) 0(0) 14 (6.7) 194 (93.3) 208
Total 1154 (24.2) 94 (2.0) 18 (0.4) 64 (1.3) 1330 (27.9) 3440 (72.1) 4770
GA w
<26 187 (60.7) 3(1.0) 0(0) 8(2.6) 198 (64.3) 110 (35.7) 308
27-28 407 (36.7) 19(1.7) 5(0.5) 20(1.8) 451 (40.7) 657 (59.3) 1108
29-30 387 (26.0) 41(2.8) 5(0.3) 17(1.2) 450 (30.3) 1037 (69.7) 1487
31-32 132 (11.1) 21(1.8) 5(04) 12(1.0) 170 (14.3) 1014 (85.7) 1184
33-34 27 (5.8) 9(2.0) 2(04) 2(04) 40 (8.6) 428 (91.4) 468
>34 14 (6.5) 1(0.5) 1(0.5) 5(23) 21(9.8) 194 (90.2) 215
Total 1154 (24.2) 94 (2.0) 18 (0.4) 64 (1.3) 1330 (27.9) 3440 (72.1) 4770

ROP, retinopathy of prematurity; AROP, aggressive retinopathy of prematurity; GA, gestational age; BW, birth weight; w, weeks; g, grams
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Fig. 2 Distribution of infants with retinopathy of prematurity requiring treatment according to birth weight and gestational age. The Y-axis represents
the number of cases of retinopathy of prematurity (ROP) requiring treatment, categorized into aggressive retinopathy of prematurity (AROP), ROP Stage
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weight
1.0
0.8
2 0.6
2
=
(7]
o
o 0.4-
0.2
) —— Birth weight  [AUC = 0.701, 95% CI(0.685, 0.717)]
—— Gestational age [AUC = 0.720, 95% CI(0.705, 0.736)]
0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 3 Receiver Operating Characteristic Curve Analysis of Birth weight
and Gestational age. The Y-axis represents sensitivity and the X-axis rep-
resents 1-specificity. The red curve illustrates birth weight, with an area
under the curve (AUC) of 0.701 and a 95% confidence interval (Cl) of 0.685
to 0.717. The blue curve represents gestational age at birth, with an AUC
of 0.720 and a 95% Cls of 0.705 to 0.736

Additionally, among the 4770 infants, the number requir-
ing examinations would have decreased to 3913, result-
ing in a reduction of 857 examinations (18.0%). We also
experimented with broader screening criteria. While
these criteria maintained a sensitivity level comparable to
the existing ones, they resulted in reduced specificity and
did not significantly decrease the screening volume. Con-
sequently, we identified the optimal screening criteria to
be a GA<30 weeks or BW <1600 g.

Discussion
Since the issuance of government guidelines, awareness
regarding ROP has increased, leading to a greater num-
ber of conducted ROP studies. A reduction in neonatal
mortality has led to an increased population of babies at
risk of ROP due to improvements in neonatal care. The
reported rate of infants requiring treatment for ROP in
our country ranges from 7.1 to 16.6% [6, 7, 10], whereas
in developed countries, it ranges from 5.2 to 15.4%
[16-18]. In Egypt, Aziz et al. reported that 12.4% of eyes
exhibited high-risk ROP and required treatment [19].
A retrospective study conducted in 2022 on premature
neonates from northern Iran yielded similar results [20],
with the incidence of ROP requiring treatment estimated
at approximately 13.4%. The result of our study was nota-
bly higher at 27.9%, surpassing most previous reports
in our country. This discrepancy might be attributed to
the fact that we exclusively included tertiary referral cen-
ters, which typically receive a larger number of referred
patients, thereby resulting in an increased rate of ROP
treatment. The percentage of ROP cases requiring treat-
ment in this study was higher than that in other coun-
tries. This variation could be due to combined differences
in neonatal care, distinct screening criteria, economic
conditions, ethnicities, and other associated risk factors.
The mean GA and BW of ROP cases in this study were
found to be similar to those reported in previous studies.
However, the mean GA and BW in the ROP treatment
group were lower than what has been previously docu-
mented [6, 10]. In this study, over half of the ROP requir-
ing treatment had a GA of less than 30 weeks (82.6%)
and a BW of less than 1250 g (73.2%). These proportions
are higher than the 63.4% and 48.7% observed in a 2013
study [11]. A recent study conducted by Yang et al. also
reported outcomes similar to those in our study [10].
The proportion of ROP requiring treatment occurring in
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Table 3 Evaluation of different screening criteria for ROP
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Relevant criteria Screening Criteria Number of Number of infants  Number of infants requiring treatment Sensi-
infants fulfilling  not meeting Number of Number of infants  tivity for
criteria criteria infants fulfilling  not meeting ROP re-

criteria criteria quiring
treat-
ment
United Kingdom GA<32wor 4262 508 (12.0%) 1319 1 99.2%
BW=<1500g

China GA< 32w or 4550 220 (4.6%) 1322 8 99.4%
BW <2000 g

Optimize criteria GA<29w or 3569 1201(25.2%) 1266 64 95.2%
BW<1500g

Optimize criteria GA<29w or 3828 942 (19.8%) 1291 39 97.1%
BW<1600 g
Optimize criteria GA<30w or 3723 1047 (22.0%) 1303 27 98.0%
/United States BW<1500¢g
Optimize criteria GA<30w or 3913 857 (18.0%) 1322 8 99.4%
BW <1600 g

Broader criteria GA<30w or 4088 682(14.3%) 1322 8 99.4%
BW<1700g

Broader criteria GA<31lwor 4075 695(14.6%) 1322 8 99.4%
BW<1600g

ROP, retinopathy of prematurity; GA, gestational age; BW, birth weight; w, weeks; g, grams

infants with low GA and BW has increased, which may
be associated with the improvement in medical care for
neonates in China over the past few decades [21]. The
workload of pediatric ophthalmologists for screening
ROP is particularly burdensome due to the large popu-
lation base in China. While numerous studies have con-
firmed the effectiveness of current guidelines, expansive
screening standards seem to strain the healthcare system
and lead to many unnecessary examinations. Fundoscopy
for ROP screening has proven to be uncomfortable, espe-
cially for preterm babies [22]. A prospective study based
in neonatal units across two tertiary-level hospitals in
Shanghai indicates that by progressively narrowing the
scope of screening, more cases of ROP would go unde-
tected. However, the majority of these cases represent
mild ROP that does not require treatment. It is suggested
to optimize the screening criteria to include infants with
a GA of <33 weeks and a BW of <1750 g, which could
result in a 43% reduction in examinations [11]. Research
findings from 2020 demonstrate that using an optimized
model (GA <32 weeks or BW <1600 g) could spare exam-
ination for 2422 infants (43.2%), with only one case of
Stage 1 ROP being missed (sensitivity of 98.41%) [10] A
study from Hebei province proposed further narrowing
the screening criteria to <32 weeks of GA and <1800 g of
BW, resulting in a 21.6% reduction in screenings without
missing severe cases [12]. Our study proposes an opti-
mally refined screening standard of <30 weeks of GA and
<1600 g of BW, which is narrower than those previously
suggested in the literature.

In the internal validity verification, we observed that
the sensitivity of the proposed optimized model (99.4%)
is equally high compared to the sensitivity of the current
screening standards, resulting in a reduction of 857 infant
examination (18.0%). Although the optimized screen-
ing model may miss 8 cases, all of which are high-risk
patients, these cases would also be missed by the existing
screening criteria if relying solely on GA and BW. Among
these 8 missed cases, 2 were Type 1 ROP, 5 were Stage 4
ROP, and 1 was Stage 5 ROP. All these patients under-
went hyperbaric oxygen therapy. Among the 5 patients
with Stage 4 ROP, 3 had concurrent cardiovascular dis-
eases, and 2 had respiratory diseases. The patients with
Stage 5 ROP also had a respiratory condition. Both cases
of Type 1 ROP had cardiovascular diseases. However,
according to the third criterion of the existing standards,
which states that infants with an unstable clinical course
should still be included in the screening, these 8 patients
would not been missed since they present systemic high-
risk factors.

The existing screening guidelines primarily rely on GA
and BW. Although they demonstrate a high sensitivity in
predicting severe ROP, it is crucial to acknowledge that
their sensitivity is not 100%, as certain cases with higher
GA and BW might also necessitate treatment. An ideal
screening standard should minimize the number of
screenings while ensuring that no sever ROP cases are
missed. Therefore, it is essential to integrate “extra crite-
ria” into ROP screening to improve both sensitivity and
specificity. These criteria could include overall health
condition and duration of oxygen therapy, and should be
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further refined based on high-risk factors specific in the
Chinese population.

Developed countries have made significant advance-
ments in the research of ROP screening models. In 2006,
Sweden introduced the WINROP model [23], which was
pioneering in incorporating postnatal factors such as
Insulin-like Growth Factor 1 levels and postnatal weight
gain into the ROP risk predictior. This significantly
enhanced the sensitivity and specificity of screenings.
Subsequently, new predictive models like the PINTROP
[24], CHOPROP [25], and ROP Score models [26] were
developed based on postnatal weight gain indicators.
However, these models have showed inconsistent pre-
dictive performance and limited clinical utility dur-
ing external validation across various countries, which
has restricted their widespread application. In 2018, the
United States introduced the G-ROP model [27], which
was subjected to validation studies in multiple countries
due to its scientific rigor, transparency, and practicality
[28]. This model has been validated in developed regions
like Japan and Taiwan, while its applicability might not
be suitable for our country [29, 30]. Moreover, China’s
research into ROP risk prediction models is still in its
nascent stages. Further research should focus on con-
ducting more in-depth prospective, multicenter studies
to advance this field effectively.

This study represents the most extensive multicenter
investigation conducted to date, encompassing a wide
range of geographical regions in China. However, there
are additional potential limitations to consider. The first
limitation was the study design. Retrospective data col-
lection can introduce bias into the study design. The loss
of patients during follow-up in the retrospective cohort
study resulted in data missingness, introducing poten-
tial bias into the analysis. Second, although this study
encompasses diverse regions, it cannot be considered
representative of entire Chinese population. As there
are variations in demographic characteristics, economic
level, and healthcare conditions across different regions
in china, further population-based studies on premature
infants in the broader community are essential.

Conclusion

The results of this study indicate a decrease in both GA
and BW among the population requiring treatment for
ROP, compared to previous data. However, the current
guidelines remain relatively broad. Optimizing guide-
lines could lead to a more efficient ROP screening pro-
cess. This study proposes the optimization of guidelines
to be <30 weeks of GA and <1600 g of BW, resulting in
a sensitivity of 99.4% and a reduction of 18.0% in screen-
ing requirements. For high-risk ROP cases with large GA
and BW, comprehensive assessment in conjunction with
other indicators is essential. Our future research plans
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include a multicenter, prospective study based on Chi-
nese populations to explore high-risk factors for ROP and
establish “extra screening criteria”. This effort aims to fur-
ther optimize the ROP screening model and enhance its
efficiency.
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