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Abstract

e AIM: To define the predictive factors of severe retinopathy
of prematurity (ROP) and develop a nomogram for predicting
severe ROP in southeast China.

e METHODS: Totally 554 infants diagnosed with ROP
hospitalized in the Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University and
hospitalized in Taizhou Women and Children’s Hospital were
included. Clinical data and 43 candidate predictive factors
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of ROP infants were collected retrospectively. Logistic
regression model was used to identify predictive factors of
severe ROP and to propose a nomogram for individual risk
prediction, which was compared with WINROP model and
Digirop-Birth model.

o RESULTS: Infants from the Second Affiliated Hospital
and Yuying Children’s Hospital of Wenzhou Medical
University (n=478) were randomly allocated into training
(n=402) and internal validation group (n=76). Infants
from Taizhou Women and Children’s Hospital were set as
external validation group (n=76). Severe ROP were found
in 52 of 402 infants, 12 of 76 infants, and 7 of 76 infants
in training group, internal validation group, and external
validation group, respectively. Birth weight [odds ratio
(OR), 0.997; 95% confidence interval (Cl), 0.996-0.999;
P<0.001], multiple births (OR, 1.885; 95%Cl, 1.013-3.506;
P=0.045), and non-invasive ventilation (OR, 0.288; 95%Cl,
0.146-0.570; P<0.001) were identified as predictive factors
for the prediction of severe ROP, by univariate analysis and
multivariate analysis. For predicting severe ROP based
on the internal validation group, the areas under receiver
operating characteristic curve (AUC) was 78.1 (95%Cl,
64.2-92.0) for the nomogram, 32.9 (95%Cl, 15.3-50.5) for
WINROP model, 70.2 (95%Cl, 55.8-84.6) for Digirop-Birth
model. In external validation group, AUC of the nomogram
was also higher than that of WINROP model and Digirop-
Birth model (80.2 versus 51.1 and 63.4). The decision
curve analysis of the nomogram demonstrated better
clinical efficacy than that of WINROP model and Digirop-
Birth model. The calibration curves demonstrated a good
consistency between the actual severe ROP incidence and
the predicted probability.

o CONCLUSION: Birth weight, multiple births, and non-
invasive ventilation are independent predictors of severe
ROP. The nomogram has a good ability to predict severe
ROP and performed well on internal validation and external
validation in southeast China.

o KEYWORDS: retinopathy of prematurity; nomogram;
predictive factor; birth weight; multiple births; non-invasive
ventilation
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INTRODUCTION

etinopathy of prematurity (ROP) is a fundus disease
R of prematurity with pathological proliferation of
neovascularization and fibrosis, which is an important cause
of blindness in children in both developed and developing
countries'). At present, most countries and regions mainly
set screening standards according to gestational age and birth
weight””, For example, in the United States, ROP screening
criteria are birth weight (BW)<1500 g or gestational age
(GA)<30wk, while in the United Kingdom, screening criteria
are BW<1500 g or GA<31wk. In China, ROP screening
criteria are extensive, including BW<2000 g or GA<32wk.
Extensive screening criteria will improve detection rate but
bring huge screening burden. Most ROP eventually regress
spontaneously, studies in numerous countries reported that
only about 10% or less of screened preterm infants progress
to severe ROP requiring treatment”™. ROP screening is not
only stressful for infants, but also a huge drain on medical
resources. Therefore, the development of new effective
screening programs or models that can reduce the frequency of
screening will contribute to the accuracy and effectiveness of
ROP diagnosis and treatment.
At present, methods to predict the risk of severe ROP by
establishing risk models have been widely studied'”, such as
WINROP model”, CHOP ROP model, ROPScore, PINT ROP,
G-ROP"™, CO-ROP model™, and DIGIROP-Birth model'"".
Some risk models have been extensively validated and have
significantly reduced ROP screening. However, some well-
performed risk models, based on population data from
developed countries in Europe or North America, have not
been performed as well as expected in some developing
countries or some Asian populations. For example, the
WINROP model was 100% sensitive to severe ROP and
reduced the number of infants requiring screening by 76%
in a retrospective study in Sweden"'. But a study in Mexico
showed that WINROP identified 84.7% of severe ROP in very
preterm infants, but only 5.3% in moderate preterm infants'?.
Similar results were seen in southern China, WINROP only
identified 56% of type 1 ROP in a study involving 432 ROP
preterm infants'"!,
This study aims to explore the predictive factors for severe
ROP and to establish a nomogram for predicting severe ROP
in southeast China.

SUBJECTS AND METHODS

Ethical Approval This study was approved by the Ethics
Committee of the Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University and
Taizhou Women and Children’s Hospital (LCKY2019-288),
and was in accordance with the Declaration of Helsinki.
Patient informed consent was waived due to the retrospective
nature of the study.

Subjects Infants diagnosed with ROP after fundus screening,
hospitalized in the Neonatal intensive care Unit of the Second
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University from January 1, 2015 to December 31,
2020 were included as training group (January 1, 2015 to
December 31, 2019) and internal validation group (January
1, 2020 to December 31, 2020). ROP infants hospitalized
in Taizhou Women and Children’s Hospital from January 1,
2020 to August 1, 2021 were included as external validation
cohort. Fundus screening was performed by pediatric fundus
ophthalmologist with sufficient experience and knowledge
in accordance with the Screening Guidelines for ROP in
China"*. The International Classification of Retinopathy of
Prematurity, Third Edition ICROP3)"* was used for diagnosis
and staging of ROP. Pre-threshold disease type I, threshold
disease stage 3, aggressive posterior ROP, stage 4, and stage 5
require treatment, which were defined as severe ROP, and the
remaining stages were defined as mild ROP.

Inclusion criteria: 1) diagnosis of ROP; 2) GA<32wk or
BW<2000 g; 3) complete medical information. Exclusion
criteria: 1) fundus image blur caused by refractive medium
turbidity; 2) incomplete clinical data.

Data Collection The information of ROP stages and 43
candidate predictive factors were collected retrospectively.
Candidate predictive factors including gender, BW, GA,
weight gain in first week after birth, weight gain in second
week after birth, weight gain in third week after birth,
delivery method, Apgar score at 1min, Apgar score at Smin,
multiple births, assisted conception, neonatal respiratory
distress syndrome, patent ductus arteriosus, neonatal
hyperbilirubinemia, intracranial hemorrhage, neonatal
asphyxia, congenital heart disease, neonatal anemia, sepsis,
bronchopulmonary dysplasia, blood transfusion, oxygen
inhalation, nasal cannula oxygen inhalation, face mask
oxygen inhalation, non-invasive ventilation, endotracheal
intubation, infant incubator, premature rupture of membrane,
intrauterine infection, placental abstention, abnormal amniotic
fluid, umbilical cord around the neck or prolapse, and
intrauterine distress. Meanwhile, maternal factors were also
collected, including age, gestational hypertension, gestational
diabetes, and prenatal use of antibiotics, dexamethasone,
antihypertensive drugs, ritodrine hydrochloride, hypoglycemic
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Table 1 Clinical features of the training, internal validation and external validation groups

Training group (n=402)

Internal validation group (n=76)

External validation group (n=76)

Features Severe ROP  Mild ROP p Severe ROP Mild ROP p Severe ROP Mild ROP p
(n=52) (350) (n=12) (n=64) (n=7) (n=69)

Gender (male/female) 29/23 220/130  0.326 4/8 40/24 0.119 4/3 31/38 0.826

Gestational age (wk) 27.8+2.0 28.6¢1.9  0.007 27.3+1.7 28.4+1.8  0.055 26.9+2.0 29.7#2.3  0.002

Birth weight (g) 10654250  1231+283 <0.001  1108+192 12214334  0.258 1089+308 1330#331  0.069

ROP: Retinopathy of prematurity.

drugs, magnesium sulfate, and vitamin K.

Statistical Analysis Quantitative variables were described
by medians with interquartile ranges (IQRs), and qualitative
variables were described as whole numbers and proportions.
The associations between candidate predictive factors and
severe ROP were assessed by univariate logistic regression
analysis and multivariate logistic regression analysis in
training group. A nomogram was established using the rms
package in R statistical software (version 4.2.0) based on
the independent predictive factors identified by multivariate
logistic regression. The model was evaluated using receiver
operating characteristic curve (ROC), calibration plot, and
decision curve analysis. The area under curve (AUC) of ROC
curve is equivalent to C statistic. The nomogram was verified
in internal and external validation group and compared with
WINROP model and DIGIROP model. All statistical analysis
and nomogram establishing was performed using the R
statistical software (version 4.2.0) and SPSS (version 22). P
value was calculated and a value less than 0.05 was considered
significant.

WINROP Algorithm Screening WINROP was an online
prediction model (www.winrop.com) used to predict the risk
of severe ROP in premature infants based on GA, BW and
postnatal longitudinal weight data analysis. Prediction results
were classified as high risk (red alert) and low risk (green
alert). Data of each infant were entered into the WINROP
model according to the official steps until the “red alert”
appeared or the corrected GA reached 34wk.
DIGIROP-Birth Screening Digirop-Birth model was an
online prediction model (www.digirop.com) used to predict the
risk of severe ROP for premature infants with GA between 24
and 30wk, based on gender, GA, and BW. Predicted outcomes
were the probability of developing severe ROP (0 to 100%).
Data of each infant were input into its online model following
the official steps to obtain results.

RESULTS

Clinical Features A total of 554 infants were diagnosed based
on ICROP3 with 483 mild ROP and 71 severe ROP. Among
these infants, 402 infants were included in the training group,
76 infants were included in the internal validation group, and
76 infants were included in the external validation group. The

clinical features were listed in Table 1.
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Predictive Factors for Severe ROP Univariate analysis
was performed for all 43 candidate predictive factors in
training group, and 8 of them associated with severe ROP
(P<0.05), including BW, GA, weight gain in second week after
birth, weight gain in third week after birth, multiple births,
Apgar score at 1min, Apgar score at Smin, and non-invasive
ventilation (Table 2). Using multivariable analysis, BW [odds
ratio (OR), 0.997; 95% confidence interval (CI), 0.996-0.999;
P<0.001], multiple births (OR, 1.885; 95%CI, 1.013-3.506;
P=0.045), or non-invasive ventilation (OR, 0.288; 95%CI,
0.146-0.570; P<0.001) were all independently associated with
severe ROP (Table 3). Although numerous other candidate
predictors were associated with severe ROP in univariate
analyses, none was significant in the multivariate model (data
not shown).

Nomogram for Severe ROP and Performance We then
established a nomogram to predict severe ROP based on
BW, multiple births, and non-invasive ventilation as we
demonstrated in Table 3. The points for each predictor were
defined as showed in Figure 1A and added to obtain the total
points. The occurrence probability of severe ROP can be
obtained according to total points. The ROC curve of this
model (Figure 1B; Table 4) had an AUC of 72.5% (95%CI,
64.8%-80.1%) in training group, and had well-fitted calibration
curves (Figure 1C).

Internal Validation Internal validation group was predicted
by new nomogram, WINROP model, and Digirop-Birth
model, respectively. According to the inclusion criteria of
WINROP model, 1 case of mild ROP was excluded due to
GA>32wk, and 6 severe ROP and 6 mild ROP were excluded
because of missing longitudinal weight data after birth in
internal validation group. According to the inclusion criteria
of Digirop-Birth model, 7 case of mild ROP were excluded
due to GA>30wk. The AUC of the new nomogram was larger
than that of WINROP and Digirop-Birth, which means the
new model had better predictive performance than WINROP
model and Digirop-Birth model in internal validation. In
decision curve analysis, the new model outperforms WINROP
and Digirop-Birth under most risk thresholds. However, the
calibration curve of the internal validation group fluctuated
greatly, which means the predictive stability of the new model

is not perfect. This may be related to the small sample size
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Table 2 Univariate analysis of the association of candidate

predictors with severe ROP

Table 3 Multivariate analysis of the association of candidate

predictors with severe ROP

Candidate predictor OR 95%Cl P Predictor OR 95%Cl P

Gender 0.745 0.414-1.342 0.327 Birth weight 0.997 0.996-0.999  <0.001
Birth weight 0.998 0.996-0.999 <0.001 Multiple births 1.885 1.013-3.506 0.045
Gestational age 0.804 0.685-0.945 0.008 Non-invasive ventilation 0.288 0.146-0.570 <0.001

Weight gain in first week 1.000 0.998-1.002 0.950

Weight gain in second week 0.994 0.989-0.998 0.005
Weight gain in third week 0.995 0.990-0.999 0.010
Multiple births 2.356 1.308-4.246 0.004
Assisted conception 1.730 0.928-3.225 0.084
Delivery method (0O=vaginal, 1=cesarean) 0.937 0.490-1.795 0.846
Apgar score at 1min 0.886 0.810-0.971 0.009
Apgar score at 5min 0.895 0.824-0.972 0.008
Neonatal respiratory distress syndrome 0.767 0.401-1.467 0.422
Patent ductus arteriosus 0.986 0.518-1.874 0.965
Neonatal hyperbilirubinemia 1.601 0.666-3.850 0.293
Intracranial hemorrhage 1.278 0.710-2.302 0.413
Neonatal asphyxia 1.235 0.681-2.240 0.488
Congenital heart disease 0.754 0.363-1.568 0.450
Neonatal anemia 1.026 0.573-1.839 0.930
Sepsis 1.664 0.924-2.997 0.090
Bronchopulmonary dysplasia 1.033 0.575-1.858 0.913
Blood transfusion 0.929 0.507-1.703 0.813
Oxygen inhalation 0.489 0.219-1.093 0.081
Nasal cannula oxygen inhalation 0.888 0.425-1.854 0.752
Face mask oxygen inhalation 0.660 0.367-1.187 0.165
Non-invasive ventilation 0.466 0.253-0.860 0.015
Endotracheal intubation 0.695 0.387-1.247 0.222
Infant incubator 0.662 0.327-1.339 0.251
Premature rupture of membrane 0.977 0.530-1.802 0.941
Intrauterine infection 1.548 0.780-3.072 0.211
Placental abstention 0.835 0.186-3.741 0.814
Abnormal amniotic fluid 1.264 0.559-2.862 0.573
Umbilical cord around the neck or prolapse 0.534 0.158-1.801 0.312
Intrauterine distress 1.233 0.265-5.725 0.789
Gestational hypertension (maternal) 0.841 0.340-2.078 0.707
Gestational diabetes (maternal) 1.099 0.507-2.381 0.811
Prenatal use of antibiotics (maternal) 1.045 0.581-1.879 0.883
Prenatal use of dexamethasone (maternal) 0.654 0.363-1.179 0.158
Prenatal use of antihypertensive drugs (maternal) 0.796 0.232-2.736 0.717
Prenatal use of hypoglycemic drugs (maternal) 1.960 0.396-9.700 0.410
Prenatal use of ritodrine hydrochloride (maternal) 0.643 0.263-1.575 0.334
Prenatal use of magnesium sulfate (maternal) 0.621 0.300-1.286 0.200
Prenatal use of vitamin K (maternal) 1.071 0.429-2.674 0.883

Age (maternal) 1.003 0.942-1.067 0.927

ROP: Retinopathy of prematurity; OR: Odds ratio; Cl: Confidence

interval.

(Figure 2; Table 4).
External Validation External validation group were predicted
by nomogram, WINROP model and Digirop-Birth model,

ROP: Retinopathy of prematurity; OR: Odds ratio; Cl: Confidence

interval.

Figure 1 New nomogram for prediction of severe ROP A: New
nomogram for prediction of severe ROP. To estimate the probability
of severe ROP, mark patient values at each axis, draw a straight line
perpendicular to the point axis, and sum the points for all variables.
Next, mark the sum on the total point axis and draw a straight line
perpendicular to the probability axis. B: ROC curve of nomogram
in training group; C: Calibration plot of nomogram in training
group. ROP: Retinopathy of prematurity; ROC: Receiver operating

characteristic curve.

respectively. In WINROP model, 15 case of mild ROP was
excluded due to GA>32wk. In Digirop-Birth model, 28 case
of mild ROP were excluded due to GA>30wk, 1 case of
severe ROP were excluded due to GA<24wk. The AUC of
the new nomogram was also larger than that of WINROP
and Digirop-Birth. In decision curve analysis, the new model
also outperforms WINROP and Digirop-Birth. However, the
calibration curve of the internal validation group fluctuated
greatly, which may be related to the small sample size (Figure 2;
Table 4).

Mixed Validation In order to minimize the impact of sample
size, we combined all the data from the internal validation
combination and external validation group into a mixed validation
group, which was verified in the same way. The results showed
that the new nomogram has good efficiency and the fluctuation

of calibration curve is reduced (Figure 2; Table 4).
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Figure 2 Validation of the nomogram A: ROC curve of nomogram in internal validation group (left), external validation group (middle) and

mixed validation group (right); B: Calibration plot of nomogram in internal validation group (left), external validation group (middle) and

mixed validation group (right); C: Decision curve of nomogram in internal validation group (left), external validation group (middle) and mixed

validation group (right). ROC: Receiver operating characteristic curve.

Table 4 The AUC of different groups in 3 models AUC% (95%Cl)
Model Training Internal validation External validation Mixed validation
Nomogram 72.5 (64.8-80.1) 78.1(64.2-92.0) 80.2 (64.9-95.5) 80.1(70.7-89.6)
WINROP - 32.9 (15.3-50.5) 51.1(30.2-71.9) 42.4(28.5-56.3)
Digirop-birth - 70.2 (55.8-84.6) 63.4 (35.3-91.5) 68.1 (55.0-81.2)

AUC: Area under curve; Cl: Confidence interval; ROP: Retinopathy of prematurity.

DISCUSSION

Most ROP will regress naturally, severe ROP which
requiring treatment tends to be less than 10% of the screened
population™. This study investigated the predictive factors for
severe ROP in southeast China, and found that BW, multiple
births, and non-invasive ventilation are risk factors for severe
ROP. We established a nomogram for assessment of the risk of
severe ROP.

BW is a recognized predictive factor for ROP. Low BW
increases the risk of incident ROP and severe ROP!".

286

Low BW is associated with a greater likelihood of retinal
underdevelopment. GA was not included in new nomogram
because it was not statistically significant in multivariate
analysis. We hypothesized that GA may be associated with
the occurrence of ROP, but the association between mild ROP
and severe ROP was not significant, which may require larger
sample size to verify.

Numerous studies have found that multiple birth is associated
with ROP and severe ROP'". However, other studies reported
lower incidence of ROP in multiple births"”, or no differences
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between singleton and multiple births''”. But the sample sizes
of these studies were relatively small. A population-based

18] - . . . .
¥ in Taiwan, China, included insurance

retrospective study'
claims data from 27 830 twins and 111 080 singleton cohort.
The study found that the overall incidence of ROP was 13.6
times higher in the twin group than in the singleton group.
Multiple gestation, which tend to be associated with many
perinatal problems, include low GA, low BW, less mature
lung function, and longer duration of oxygen use, which may
increase the probability of severe ROP in preterm multiple
births. With the development of assisted reproductive
technology, the incidence of multiple births has further
increased, so the impact of multiple births on ROP deserves
our attention.

Numerous studies have identified long-term mechanical
ventilation as a risk factor for ROP and severe ROP"**", In
this study, non-invasive ventilation was associated with severe
ROP (P<0.05) and was a protective factor. The protective
effect of non-invasive ventilation on severe ROP may be
related to reasonable and stable oxygen concentration and
reduced mechanical ventilation time.

At present, there are many excellent prediction models in the
field, with advanced algorithms and large modeling sample
sizes. For example, the WINROP model was 100% sensitive
to severe ROP of 353 infants in Sweden'"!, and 98.6% of
1706 infants in another multicenter study involving the United
States and Canada”". In a retrospective study with 445 infants
in Italy, WINROP showed 93.2% sensitivity to identify
severe ROP, while ROPScore and CHOP ROP showed 100%
sensitivity, respectively™.

But in several studies, models based on population from
developed countries in Europe and North America tend to
produce mediocre results in other developed countries in
Asia and Africa or developing countries. A WINROP study in
South Korea showed a sensitivity of 90.0% and specificity of
52.6%". In a study of 352 preterm infants in the developing
country of Mexico, WINROP correctly identified 84.7% of
type 1 ROP in very preterm infants, but only 5.3% in moderate
preterm infants'"”, Similar results were seen in a study of 432
ROP preterm infants in southern China, WINROP correctly
identified 56% of type 1 ROP (28/50) in all infants"?.
Digirop-Birth model, based on Swedish data, performed
less satisfactorily in identifying infants with severe ROP in
a retrospective study of 442 Chinese premature infants than
previously reported. The AUC was 0.634 and sensitivity was
51.6% when threshold was 0.0084"".

In this study, new nomogram model was established based on
the analysis results of risk factors for severe ROP. Compared
with WINROP model and Digirop-Birth model, new
nomogram has better performance in validation groups. The

model can be transformed to a nomogram for easy clinical use.
In the future, we will collect more data from clinical centers in
southeast China and other regions of China to further refine the
new model.
In summary, we found that BW, multiple births, and non-
invasive ventilation were significantly associated with severe
ROP, of which low BW and multiple births were risk factors
and non-invasive ventilation was protective factor. We
established a new nomogram model for predicting of severe
ROP, which is more effective than WINROP model and
DIGIROP-Birth model in southeast China.
There are several limitations to this study. Although we
analyzed a large number of predictors, the sample size was still
small, which may affect the accuracy of the analysis. Although
internal and external validation were used, the sample size of
the validation group was also small and some analyses may be
limited. Our new nomogram still needs a larger sample size for
validation and improvement.

ACKNOWLEDGEMENTS

Authors’ contributions: Zheng SL designed and supervised

whole study; Li XY, He HW, Jin KL, Zhang LX, Zhou Y, Zhu

ZM and Wu HIJ collected data; Liu D, Li XY, Zhang LX, and

Jiang CC analyzed data; Li XY and Jiang CC designed and

verified model; Liu D and Li XY wrote the manuscript.

Foundation: Supported by Wenzhou Science and Technology

Project (N0.Y20190173).

Conflicts of Interest: Liu D, None; Li XY, None; He HW,

None; Jin KL, None; Zhang LX, None; Zhou Y, None; Zhu

ZM, None; Jiang CC, None; Wu HJ, None; Zheng SL,

None.

REFERENCES

1 Kim SJ, Port AD, Swan R, Campbell JP, Paul Chan RV, Chiang MF.
Retinopathy of prematurity: a review of risk factors and their clinical
significance. Surv Ophthalmol 2018;63(5):618-637.

2 Mora JS, Waite C, Gilbert CE, Breidenstein B, Sloper JJ. A worldwide
survey of retinopathy of prematurity screening. Br J Ophthalmol
2018;102(1):9-13.

3 Yan HX, Li MH, Wang L, Wu L, Fan J, Zhou Y, Gou KL, Zhang ZF,
Wang YS. Twelve-year profile of screening results of retinopathy
of prematurity at a tertiary care institute in Northwest China. Int J
Ophthalmol 2022;15(2):312-319.

4 Khorshidifar M, Nikkhah H, Ramezani A, Entezari M, Daftarian N,
Norouzi H, Shahiari M, Radfar M, Norinia R, Karimi S. Incidence
and risk factors of retinopathy of prematurity and utility of the
national screening criteria in a tertiary center in Iran. Int J Ophthalmol
2019;12(8):1330-1336.

5 Chow PPC, Yip WWK, Ho M, Lok JYC, Lau HHW, Young AL. Trends
in the incidence of retinopathy of prematurity over a 10-year period. Int
Ophthalmol 2019;39(4):903-909.

6 Lin LS, Binenbaum G. Postnatal weight gain and retinopathy of

287



Retinopathy of prematurity in China

prematurity. Semin Perinatol 2019;43(6):352-359.

7 Wu C, Vanderveen DK, Hellstrom A, Lofqvist C, Smith LEH.
Longitudinal postnatal weight measurements for the prediction of
retinopathy of prematurity. Arch Ophthalmol 2010;128(4):443-447.

8 Binenbaum G, Bell EF, Donohue P, Quinn G, Shaffer J, Tomlinson
LA, Ying GS, Study Group GR OP. Development of modified
screening criteria for retinopathy of prematurity: primary results from
the postnatal growth and retinopathy of prematurity study. JAMA
Ophthalmol 2018;136(9):1034-1040.

9 McCourt EA, Ying GS, Lynch AM, Palestine AG, Wagner BD, Wymore
E, Tomlinson LA, Binenbaum G, Study Group GR OP. Validation
of the Colorado retinopathy of prematurity screening model. JAMA
Ophthalmol 2018;136(4):409-416.

10 Pivodic A, Hard AL, Lofqvist C, Smith LEH, Wu C, Briinder
MC, Lagréze WA, Stahl A, Holmstrom G, Albertsson-Wikland K,
Johansson H, Nilsson S, Hellstrom A. Individual risk prediction for
sight-threatening retinopathy of prematurity using birth characteristics.
JAMA Ophthalmol 2020;138(1):21-29.

11 Hellstrom A, Hard AL, Engstrom E, Niklasson A, Andersson E, Smith
L, Lofqvist C. Early weight gain predicts retinopathy in preterm
infants: new, simple, efficient approach to screening. Pediatrics
2009;123(4):e638-e645.

12 Zepeda-Romero LC, Hard AL, et al. Prediction of retinopathy of
prematurity using the screening algorithm WINROP in a Mexican
population of preterm infants. Arch Ophthalmol 2012;130(6):720-723.

13 Bai YC, Wu R, Chen SZ, Wei SY, Chen HJ, Chen YC, Feng SF, Lu
XH. Efficacy of the WINROP algorithm for retinopathy of prematurity

screening in Southern China. Int J Ophthalmol 2021;14(1):127-132.

14 Wang L, Zhang ZF, Tao MZ, Li MH, Wang YS. The prevalence of
retinopathy of prematurity in the mainland of China from 2008 to
2018. Zhonghua Yan Ke Za Zhi 2021;57(5):379-385.

15 Chiang MF, Quinn GE, Fielder AR, ef al. International classification

288

of retinopathy of prematurity, third edition. Ophthalmology
2021;128(10):e51-e68.

16 Friling R, Axer-Siegel R, Hersocovici Z, Weinberger D, Sirota L, Snir
M. Retinopathy of prematurity in assisted versus natural conception
and singleton versus multiple births. Ophthalmology 2007;114(2):
321-324.

17 Petrigli IS, Kara C, Demirel N, Ulubas Isik D, Bas AY. Retinopathy
of prematurity in extremely premature infants: multiple births versus
single births. Turk J Med Sci 2018;48(1):131-135.

18 Tseng HC, Sung FC, Mou CH, Lin HY, Chiang, Hsia NY, Tzeng YL.
Population based retrospective cohort study on risk of retinopathy of
prematurity in twins. PLoS One 2020;15(3):¢0230346.

19 Gantz MG, Carlo WA, Finer NN, et al. Achieved oxygen saturations
and retinopathy of prematurity in extreme preterms. Arch Dis Child
Fetal Neonatal Ed 2020;105(2):138-144.

20 Li YA, Zhou XH, Cai XJ, Yang CH. Clinical feature and predictive
factor analysis for spontaneous regression of retinopathy of prematurity
in a Chinese population. Int J Ophthalmol 2022;15(12):1978-1984.

21 Wu C, Lofqvist C, Smith LEH, VanderVeen DK, Hellstrom A,
Consortium WINRPP. Importance of early postnatal weight gain for
normal retinal angiogenesis in very preterm infants: a multicenter
study analyzing weight velocity deviations for the prediction of
retinopathy of prematurity. Arch Ophthalmol 2012;130(8):992-999.

22 Piermarocchi S, Bini S, Martini F, et al. Predictive algorithms for
early detection of retinopathy of prematurity. Acta Ophthalmol
2017;95(2):158-164.

23 Choi JH, Lofqvist C, Hellstrom A, Heo H. Efficacy of the screening
algorithm WINROP in a Korean population of preterm infants. J4MA
Ophthalmol 2013;131(1):62-66.

24 Chen SZ, Wu R, Chen H, Ma WB, Du SL, Li C, Lu XH, Feng SF.
Validation of the DIGIROP-birth model in a Chinese cohort. BMC
Ophthalmol 2021;21(1):236.



	OLE_LINK1
	_Hlk153980435
	OLE_LINK2
	_Hlk497904036
	OLE_LINK3
	OLE_LINK4
	OLE_LINK7
	OLE_LINK6
	_Hlk155087113
	OLE_LINK19
	OLE_LINK1
	_Hlk108183234
	OLE_LINK4
	OLE_LINK3
	_Hlk144110637
	_Hlk143699779
	OLE_LINK2
	_Hlk153184806
	_Hlk153963765
	OLE_LINK4
	OLE_LINK5
	OLE_LINK3
	OLE_LINK6
	_Hlk154412031
	_Hlk155345943
	_Hlk155118750
	_bookmark2
	_bookmark0
	OLE_LINK19
	_Hlk154656288
	_Hlk142210946
	_Hlk108183234
	_Hlk148600599
	_Hlk155309063
	_Hlk148631675
	OLE_LINK3
	OLE_LINK1
	OLE_LINK2
	OLE_LINK12
	_Hlk109776729
	_Hlk89613148
	OLE_LINK14
	OLE_LINK15
	OLE_LINK5
	OLE_LINK10
	OLE_LINK17
	OLE_LINK18
	OLE_LINK16
	_Hlk154670734
	_Hlk529541727
	_Hlk790823
	_Hlk89787106
	_Hlk153963975
	OLE_LINK21
	OLE_LINK22
	OLE_LINK38
	OLE_LINK39
	OLE_LINK40
	OLE_LINK41
	OLE_LINK32
	OLE_LINK33
	_Hlk155964871
	_Hlk155937011
	_Hlk155937081
	_Hlk155937096
	OLE_LINK19
	_Hlk151967548
	_Hlk108183234
	_Hlk155937705
	_Hlk97471926
	_Hlk36934333
	_Hlk151914951
	_Hlk120173505
	_Hlk142073013
	_Hlk142071728
	_Hlk119481332
	_Hlk119481371
	_Hlk142073083
	_Hlk119503895
	_Hlk142124773
	_Hlk119481543
	_Hlk118086145
	_Hlk38228873
	_Hlk142079559
	_Hlk142076790
	_Hlk37401618
	_Hlk60170133
	_Hlk37585750
	_Hlk37585628
	_Hlk37585724
	_Hlk118624916
	OLE_LINK16
	_Hlk790823
	_Hlk89787106
	_GoBack
	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk146838352
	_Hlk146837875
	_Hlk146956660
	A highly sensitive fluorescent probe RN-NA reveals peroxynitrite as a novel biomarker for primary open angle glaucoma
	Bo Qin1,2, Yuan Lei1,2, Luo Bao3, You-Jia Zhang1,2, Ke-Yin Liu3, Yu-Hong Chen1,2

	N-acetylserotonin alleviates retinal ischemia-reperfusion injury via HMGB1/RAGE/NF-κB pathway in rats
	Yu-Ze Zhao1, Xue-Ning Zhang2, Yi Yin1, Pei-Lun Xiao3, Meng Gao1, Lu-Ming Zhang2, Shuan-Hu Zhou4, Shu-Na Yu3, Xiao-Li Wang2, Yan-Song Zhao1

	Digital measuring the ocular morphological parameters of guinea pig eye in vivo with Python
	Yue Di, Zhong-Bao Qiao, Hai-Yun Ye, Xin-Yue Li, Wen-Ting Luo, Wang-Yi Fang, Tong Qiao

	Impact of multifocal gas-permeable lens designs on short-term choroidal response, axial length, and retinal defocus profile
	Muteb Alanazi1, Patrick Caroline2, Amane A. Alshamrani2, Maria Liu3

	Glaucoma drainage device implantation and cyclophotocoagulation in the management of refractory glaucoma after Descemet-stripping automated endothelial keratoplasty
	Min-Shu Wang1,2, Xue-Chuan Dong3, Mi-Yun Zheng4, Xiang Fan1,2, Ge-Ge Xiao1,2, Jing Hong1,2, Ling-Ling Wu1,2

	Baerveldt glaucoma implant with Supramid© ripcord stent in neovascular glaucoma: a case series
	Yuen Keat Gan1, Shiivaa Manjare Birapadian1, Muhammad Irfan Abdul Jalal2, Norshamsiah Md Din1,3

	Efficacy and safety of Usights UC100 illuminated microcatheter in microcatheter-assisted trabeculotomy
	Shuo Yu1,2, Ke Xu1,2, Chun Zhang1,2

	Quantifying peripapillary vessel density and retinal nerve fibre layer in type 1 diabetic children without clinically detectable retinopathy using OCTA
	Ling Chen, Yun Feng, Sha-Sha Zhang, Yan-Fang Liu, Ping Lin

	Nomogram to predict severe retinopathy of prematurity in Southeast China
	Dan Liu1, Xing-Yong Li2,3, Hong-Wu He1, Ka-Lu Jin1, Ling-Xia Zhang4, Yang Zhou3, Zhi-Min Zhu5, Chen-Chen Jiang6, Hai-Jian Wu7, Sui-Lian Zheng1

	OCTA characteristics in non-arteritic central retinal artery occlusion and correlation with visual acuity
	Hong-Xia Gong1, Bin Wu2, Shi-Yong Xie3

	Effect of aflibercept combined with triamcinolone acetonide on aqueous humor growth factor and inflammatory mediators in diabetic macular edema
	De-Shuang Li1, Hong-Xia Liao1, Jing-Lin Zhang2, Bo Qin1

	Intravitreal injection of conbercept for diabetic macular edema complicated with diabetic nephropathy
	Yuan-Zhang Zhu, Zhi-Zhi Dou, Wen-Ying Wang, Qing-Yue Ma, Wen-Dan Yi, Ning-Ning Yao, Yi-Chong Liu, Xiao-Di Gao, Qian Zhang, Wen-Juan Luo

	RDH12-associated retinal degeneration caused by a homozygous pathogenic variant of 146C>T and literature review
	Jin Li, Yi-Qun Hu, Hong-Bo Cheng, Ting Wang, Long-Hao Kuang, Tao Huang, Xiao-He Yan

	Using choroidal thickness to detect myopic macular degeneration
	Ran Liu1,2, Meng Xuan1, De-Cai Wang1, Ou Xiao1, Xin-Xing Guo3, Jian Zhang1, Wei Wang1, Monica Jong4,5, Padmaja Sankaridurg4,5, Kyoko Ohno-Matsui6, Qiu-Xia Yin, Ming-Guang He1,7,8,9, Zhi-Xi Li1

	One-year results for myopia control of orthokeratology with different back optic zone diameters: a randomized trial using a novel multispectral-based topographer
	Wen-Ting Tang, Xiang-Ning Luo, Wen-Jing Zhao, Jia Liao, Xin-Yue Xu, Hui-Dan Zhang, Li Zhang

	Two different autorefractors for vision screening in children and adolescents
	Xiao-Jun Chen1, Lin-Jie Liu2, Bing Sun1, Dan-Dan Jiang2, Shu-Shu Zuo1, Yan-Hui Wang1, Chun-Hua Zhang1, Yan-Yan Chen2

	Brain mechanism of acupuncture for children with anisometropic amblyopia: a resting functional magnetic resonance imaging study based on voxel-mirrored homotopic connectivity
	Jue Wang1, Jing Jia1, Yan Sun2, Chong-Bing Ma1, Yu-Zhu Chen1, An-Guo Liu1, Xing-Ke Yan1

	Clinical usefulness of the baby vision test in young children and its correlation with the Snellen chart
	Ya-Lan Wang1,2, Jia-Jun Wang1,2, Xi-Cong Lou1,2, Han Zou1,2, Yun-E Zhao1,2

	Comparison of vergence mechanisms between university students with good and poor sleep quality
	Pui Juan Woi1, Joyce Yi Ling Lu1, Mohd Izzuddin Hairol1, Wan Nur Amirah Ibrahim2

	Ophthalmic exam and ophthalmology residents’ subspecialty preference 
	Ari Leshno1,2, Daf Shalev2,3, Daphna Landau Prat1,2

	Predictive visual field outcomes after optic chiasm decompressive surgery by retinal vessels parameters using optical coherence tomography angiography 
	Wen-Juan Yu1, Jin Xiao2, Guang-Xin Wang3, Chang Jiang1, Wei Zha1, Rong-Feng Liao1

	Frequency and associated factors of accommodation and non-strabismic binocular vision dysfunction among medical university students
	Jie Cai1, Wen-Wen Fan2, Yun-Hui Zhong3, Cai-Lan Wen3, Xiao-Dan Wei3, Wan-Chen Wei3, Wan-Yan Xiang3, Jin-Mao Chen1

	Insight into small eyes: a practical description from phenotypes presentations to the management
	Sana Niazi1, Sorcha Ní Dhubhghaill2,3, Farideh Doroodgar1,4, Zisis Gatzioufas5, Mohammad Hossein Dehghan4

	Rhegmatogenous retinal detachment in highly myopic eyes with implantable collamer lens
	Jun Li, Chong-Lin Chen, Jia-Qing Li, Xiao-Ling Liang, Chun Zhang

	Ocular decompression retinopathy after phacoemulsification in a patient with primary acute angle-closure glaucoma undergoing chemotherapy
	Yi-Lin Chen, Xiao-Nan Yang, Ying-Li Liu, Wen-Tao Li, Li-Jun Huo


