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Purpose: To investigate the incidence and clinical characteristics of ROP in extremely 
preterm (EP) and extremely low birth weight (ELBW) infants in eastern China.
Patients and Methods: This retrospective study included 104 infants with a birth weight 
(BW) ≤ 1000 g and gestational age (GA) ≤ 28 weeks, who were admitted to the Eye and 
ENT Hospital of Fudan University over 10 years. The infants were examined for ROP with 
RetCam. Infants with type 1 ROP and aggressive posterior ROP (AP-ROP) were treated. The 
risk factors evaluated were GA and BW.
Results: Mean GA was 26.63 ± 0.88 weeks and mean BW was 892.39 ± 108.06 g. Of the 
104 infants, 83 (79.8%) developed ROP, three (2.9%) had AP-ROP, 14 (13.5%) had type 1 
ROP, and 10 (9.6%) had type 2 ROP. The proportions of infants with BW ≤750 g and 
751–1000 g were 8.7% and 91.3%, respectively, and the incidences of severe ROP in these 
infants were 22.2% and 15.8%, respectively. The infants with severe ROP had a mean GA of 
26.56 ± 0.68 weeks and mean BW of 860.00 ± 163.48 g, and 47.1% of severe ROP occurred 
in infants with a GA of 26 weeks. However, multivariate logistic regression showed that the 
severity of ROP was not directly inversely related to GA or BW in this study population.
Conclusion: In EP and ELBW Chinese infants, who were admitted to the Eye and ENT 
Hospital of Fudan University, the development of ROP was more frequent and the incidence 
of severe ROP that progressed to the stage that required treatment was high.
Keywords: retinopathy of prematurity, extremely low birth weight, extremely preterm, risk 
factors

Introduction
Retinopathy of prematurity (ROP) is a complication of prematurity that is character-
ized by abnormal retinal vascular development and may lead to blindness. Patients 
with a history of ROP presented a higher risk of myopia and retinal disease when they 
grown up.1 Recently, with the development of neonatal care in developing countries, 
the survival rate of extremely low birth weight (ELBW) infants has increased 
(ELBW: birth weight ≤1000 g).2 As a result, the incidence of severe ROP has 
increased.3 Most mild or moderate ROP regresses spontaneously, but severe ROP 
may result in blindness. Therefore, it is crucial to detect and treat severe ROP as early 
as possible.4,5 Worldwide data suggest that the incidence and clinical characteristics 
of ROP vary significantly from country to country.6–8 In some lower- and middle- 
income countries, severe ROP is still an important cause of blindness in premature 
infants. In the previous work, our research team has evaluated the natural involution 
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of acute retinopathy of prematurity not requiring treatment.9 

However, there have been limited studies of the incidence 
and clinical characteristics of ROP among extremely pre-
term (EP:gestational age≤ 28 weeks) and ELBW infants in 
the Chinese population.

In this research, we studied the rate of any ROP and 
ROP treatment, in ELBW infants with GA ≤28 weeks 
based on two risk factors: GA and BW in eastern China.

Patients and Methods
Patients
This was a retrospective study. We reviewed the medical 
records of EP and ELBW infants with BW ≤ 1000 g and 
GA ≤ 28 weeks who were admitted to the Eye and ENT 
Hospital of Fudan University over a 10-year period 
between January 2010 and January 2020. Infants with 
a major congenital malformation or chromosomal anoma-
lies or who died before the end of ROP screening were 
excluded.

The demographic data collected included GA, BW, 
gender, ROP stage, postmenstrual age (PMA:gestational 
age at birth plus chronological age in weeks) at the onset 
of ROP, treatment, PMA at treatment intervention, and 
time to regression. The study was approved by the 
Institutional Review Board of the Eye and ENT Hospital 
of Fudan University, and all the patients’ guardians pro-
vided written informed consent. We confirm that this study 
was conducted in accordance with the Declaration of 
Helsinki.

ROP Screening Methods and Treatment
Tropicamide 0.5% eye drops were instilled four times in 
1 hour before the examination. ROP screening was per-
formed according to the screening guidelines using 
RetCam (Clarity Medical Systems, Pleasanton, CA, 
USA). All examinations were performed by experienced 
ophthalmologists. The first screening examination was per-
formed in the neonatal intensive care unit (NICU) at 30–31 
weeks PMA. The examinations were repeated at specific 
intervals, depending on the severity of ROP, until vascular-
ization had reached Zone III or ROP had completely 
regressed after treatment. The stages of ROP were classified 
according to the International Classification of ROP. Based 
on the Early Treatment of Retinopathy of Prematurity 
(ETROP) standards,10 the infants were divided into five 
groups: AP-ROP; type 1 ROP; type 2 ROP; not type 1 or 
2 ROP; and no ROP. AP-ROP and type 1 ROP were 

designated severe ROP. All infants with AP-ROP and 
Zone I type 1 ROP were treated with anti-vascular endothe-
lial growth factor (VEGF) therapy. 0.25 mg (0.025 mL) 
ranibizumab was injected intravitreally via the pars plana. 
The other type 1 ROP infants were treated with argon laser 
photocoagulation using indirect ophthalmoscopy with the 
parameters: laser power, 150 mW; laser duration, 200 ms; 
laser pulse interval, 200 ms.

Statistical Analysis
The statistical analysis was performed with the SPSS 24.0 
software (IBM Corporation, Armonk, NY, USA). The 
results are presented as numbers and frequencies for cate-
gorical variables and as means ± standard deviations for 
continuous variables. The χ2 test was used to compare 
categorical variables. Student’s unpaired t-test was used 
to compare continuous data. Multivariate logistic regres-
sion analyses were used to evaluate the risk factors for 
severe ROP. P ≤ 0.05 was considered statistically signifi-
cant. The adjusted odds ratio (OR) and 95% confidence 
interval (CI) were calculated.

Results
Study Population
During the 10-year period, a total of 104 infants met the 
inclusion criteria of EP and ELBW. The mean GA was 
26.63 ± 0.88 weeks (range: 23.10–28.00 weeks) and the 
mean BW was 892.39 ± 108.06 g (range: 300–1000 g). Of 
the 104 infants, 52.5% were male and 47.5% were female, 
which did not differ significantly. The demographic data 
for the infants enrolled in the study are presented in 
Table 1.

The median PMA at the onset of ROP was 34.51 ± 2.40 
weeks (range: 30–40 weeks). Fewer than half the eyes 
(41.8%) were vascularized to zone III by 37 weeks PMA.

Table 1 Distribution of the Infants in the Study

Number (N=104) Percentage (%)

Present 83 79.8%
Absent 21 20.2%

AP-ROP 3 2.9%

Type 1 ROP 14 13.5%
Type 2 ROP 10 9.6%

Not type 1 or 2 ROP 56 53.8%

No ROP 21 20.2%

Abbreviations: ROP, retinopathy of prematurity; AP-ROP, aggressive posterior 
ROP.
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Distribution of Severity of ROP
Of the 104 infants, only 21/104 (20.2%) showed no ROP, 
whereas 83/104 (79.8%) developed ROP. The incidence 
rates of type 1 ROP and type 2 ROP were 13.5% (14/104) 
and 9.6% (10/104), respectively. Three (2.9%) infants had 
AP-ROP, but only one ultimately developed retinal detach-
ment (stage 4A). None of the infants developed stage 5 
ROP. All the infants with type 1 ROP received laser 
treatment and those with AP-ROP received anti-VEGF 
therapy. Of the cases of severe ROP, 47.1% occurred in 
infants with a GA of 26 weeks.

Distribution of Stages and Incidence of 
ROP by GA
The incidence of ROP among infants with GA of ≤25 
weeks was 100%, but neither infant had type 1 ROP or 
AP-ROP. The incidence rates of ROP and type 1 ROP 
among infants with GA of 26–27 weeks were 82.4% (28/ 
34) and 17.6% (6/34), respectively, and these were the 
highest rates observed in this research (Table 2).

Distribution of Stages and Incidence of 
ROP by BW
Among infants with BW of ≤750 g, only two infants had 
type 1 ROP and two had type 2 ROP. ROP was detected in 
71.1% (27/38) of infants with BW of 751–900 g; 10.5% (4/ 
38) of these infants had type 1 ROP and 7.9% (3/38) had 
AP-ROP. The rate of ROP was higher among the infants 

with BW of 900–1000 g than in infants with BW of 751–900 
g. However, the rate of AP-ROP was less than that of infants 
with BW of 751–900 g (Table 3).

The mean BW of infants who developed severe ROP was 
860.00 ± 163.48 g and their mean GA was 26.56 ± 0.68 
weeks, whereas those of the infants with not type 1 or 2 ROP 
were 913.73 ± 85.53 g and 26.59 ± 1.00 weeks, respectively. 
The differences in the mean GA and BW of the two groups 
were not statistically significant (both P > 0.05). However, 
PMA at the onset of ROP was statistically significantly 
different between the two groups (P < 0.05). PMA at the 
onset of ROP was younger in infants with severe ROP than in 
infants with not type 1 or 2 ROP (Table 4).

Multiple Logistic Regression Analysis
In previous studies of older premature infants, GA and BW 
were significant predictors of the development of severe 
ROP.11–13 However, in our study, a multivariate logistic regres-
sion showed that neither BW (OR: 0.996; 95% CI: 0.990–-
1.001; P = 0.110) nor GA (OR: 1.151; 95% CI: 0.601–2.205; 
P = 0.671) was a risk factor for the development of severe ROP 
in this EP and ELBW infant population. Our conclusion does 
not contradict those of other major articles because the inclu-
sion criteria for BW and GA were quite different.

Characteristics of Infants with Severe ROP
The mean PMA at first diagnosis of AP-ROP and type 1 
ROP was 33.33 ± 3.06 weeks and 33.14 ± 1.96 weeks, 

Table 2 Distribution of ROP by GA

GA(wk) Percentage of ROP AP-ROP Type 1 ROP Type 2 ROP Not Type 1 or 2 ROP No ROP

≤25 100% (2/2) 0% (0/2) 0%(0/2) 0%(0/2) 100% (2/2) 0%(0/2)

25–26 77.8% (14/18) 0% (0/18) 11.1% (2/18) 5.6%(1/18) 61.1%(11/18) 22.2%(4/18)

26–27 82.4% (28/34) 5.9%(2/34) 17.6% (6/34) 14.7%(5/34) 44.1%(15/34) 17.6% (6/34)
27–28 78.0% (39/50) 2.0%(1/50) 12.0% (6/50) 8.0%(4/50) 56.0%(28/50) 22.0%(11/50)

Total 79.8% (83/104) 2.9%(3/104) 13.5% (14/104) 9.6%(10/104) 53.8%(56/104) 20.2%(21/104)

Abbreviations: GA, gestational age; ROP, retinopathy of prematurity; AP-ROP, aggressive posterior ROP.

Table 3 Distribution of ROP by BW

BW (g) Percentage of ROP AP-ROP Type 1 ROP Type 2 ROP Not Type 1 or 2 ROP No ROP

≤500 g 100% (1/1) 0% (0/1) 100% (1/1) 0%(0/1) 0%(0/1) 0%(0/1)
501 g to 750g 75.0% (6/8) 0% (0/8) 12.5%(1/8) 25.0%(2/8) 37.5%(3/8) 25.0%(2/8)

751 g to 900g 71.1% (27/38) 7.9%(3/38) 10.5% (4/38) 10.5% (4/38) 42.1%(16/38) 28.9%(11/38)

901 g to 1000g 86.0% (49/57) 0% (0/57) 14.0%(8/57) 7.0%(4/57) 64.9%(37/57) 14.0%(8/57)
Total 79.8% (83/104) 2.9%(3/104) 13.5% (14/104) 9.6% (10/104) 53.8% (56/104) 20.2% (21/104)

Abbreviations: BW, birth weight; ROP, retinopathy of prematurity; AP-ROP, aggressive posterior ROP.
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respectively. The distribution of severe ROP in different 
GA and BW groups were showed in Tables 2 and 3.

Most (10/14, 71.4%) of the infants with type 1 ROP 
developed stage 3 ROP in zone II with plus disease at 
a mean PMA of 33.20 ± 1.75 weeks, whereas the other three 
infants with type 1 ROP developed stage 2 ROP in zone II 
with plus disease at a mean PMA of 31.67 ± 0.58 weeks, and 
only one developed stage 3 ROP in zone I without plus 
disease. Ten infants with type 2 ROP all showed stage 3 
ROP in zone II without plus disease (Table 5).

The mean GA and BW of infants with severe ROP 
were 26.55 ± 0.62 weeks and 863.15 ± 142.64 g, respec-
tively. The incidence of ROP in infants with BW ≤ 750 
g and BW 750–1000 g was 77.8% (7/9) and 80.0% (76/ 
95), respectively, and the incidence rates of severe ROP 
were 22.2% (2/9) and 15.8% (15/95), respectively. The 
percentage of severe ROP was greater in infants with 
BW < 750 g than in infants with BW of 751–1000 
g. However, a statistical analysis showed no significant 
differences in the characteristics of the two BW groups, 
except in the mean GA (Table 6).

Discussion
ROP is an important cause of low visual acuity or blind-
ness especially in developing countries with low infant 
mortality rates. With advances in neonatology, the survival 
rates among ELBW and very low birth weight (VLBW) 
premature infants have increased. As a result, the number 
of preterm babies with ROP has increased.14 However, 
few studies of the ROP epidemic in EP infants born with 
ELBW in developing countries have been published, and 
these infants are considered to be at significantly higher 
risk of severe ROP. This retrospective study investigated 
the incidence and clinical characteristics of ROP in EP and 
ELBW infants at a single center in eastern China.

The incidence of ROP in ELBW infants varies across 
different populations and races, ranging from 90% in 
Brazil to 32.8% in India. In this study, our results showed 
an incidence of 79.8% ROP in EP and ELBW Chinese 
infants who met the established criteria for ROP screening. 
Our findings are consistent with some of the other studies. 
In Brazil, Graziano et al reported that 78.5% of infants 
with BW <1000 g and 72.7% of infants with GA <30 

Table 4 Characteristics in Patients with Severe ROP, Those with Not Type 1 or 2 ROP and No ROP

Variables Severe ROP Not Type 1 or 2 ROP No ROP P value

BW(g)
Average±SD 860.00±163.48 913.73±85.53 873.10±103.66 0.12

Range 300–990 565–1000 640–1000

GA(weeks)

Average±SD 26.56±0.68 26.59±1.00 26.87±0.80 0.43
Range 25.40–27.90 23.10–28.00 25.10–28.00

PMA of onset of ROP(weeks)
Average±SD 33.22±2.03 35.13±2.33 0.01

Range 30.00–37.00 31.00–40.00

Abbreviations: BW, birth weight; GA, gestational age; PMA, postmenstrual age; ROP, retinopathy of prematurity; AP-ROP, aggressive posterior ROP.

Table 5 Characteristics of Infants with Severe ROP and Type 2 ROP

No. Mean (SD) PMA of Onset of ROP (wk)

BW (g) GA (wk)

AP-ROP 3 863.33 (55.08) 26.77 (1.00) 33.33 (3.06)
Type 1 ROP 14

Stage 3 zone 2 with plus 10 836.00 (199.84) 26.58 (0.60) 33.20 (1.75)

Stage 2 zone 2 with plus 3 906.67 (144.34) 26.43 (0.91) 31.67 (0.58)
Stage 3 zone 1 without plus 1 950 26.1 37

Type 2 ROP 10

Stage 3 zone 2 without plus 10 868.5 (105.91) 26.54 (0.53) 33.30 (2.06)

Abbreviations: BW, birth weight; GA, gestational age; PMA, postmenstrual age; ROP, retinopathy of prematurity; AP-ROP, aggressive posterior ROP.
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weeks had ROP.15 Another multicenter study from Brazil 
by Zin et al found that the rates of ROP in infants with 
BW <1000 g were 61.9%.16 In a study in Brunei 
Darussalam, the incidence of ROP among ELBW infants 
(86.7%) was much higher than that among VLBW infants 
(27.8%).17 Moraes et al reported that 90% of preterm 
infants with BW < 1000 g developed ROP.18 A report 
from India showed that 32.8% of preterm babies with 
BW < 1000 g developed ROP which was lower than the 
proportions in other reports.19 According to the CRYO- 
ROP study, 81.6% of ELBW infants developed ROP,20 and 
the ETROP study showed that 82.5% of infants with BW 
< 1000 g developed ROP.21 A multi-country research 
project by Brian A. Darlow showed that the rate of any 
ROP in infants born between 24 and 28 weeks, with BW < 
1500 g, ranged from 25.2% to 91.0% in Switzerland and 
Japan, respectively, and that the rate of treatment varied 
from 4.3% to 30.4%.22

The age of ROP onset may differ in EP and ELBW 
infants from that in older premature infants. An unnecessarily 
early screening examination would be an unjustifiable eco-
nomic burden, but the later detection of ROP may cause the 
optimal window for its treatment to be missed. Therefore, it 
is important to perform the initial ROP examination of EP 
and ELBW infants at the optimal time. According to the 
latest joint statement of the American Academy of 
Pediatrics, the American Academy of Ophthalmology, the 
American Association for Pediatric Ophthalmology and 
Strabismus, and the American association of certified orthop-
tists published in 2018, 31 weeks PMA is the recommended 
time to perform the initial ROP screening examination for 
infants with a GA ≤ 28 weeks.23 In this study, the median 
PMA at the onset of ROP was 34.51 ± 2.40 weeks (range: 
30–40 weeks), which was earlier than in the studies of infants 

with BW > 1000 g. These data are similar to those of other 
ELBW studies and indicate that the more premature the 
infant, the earlier that ROP might occur, increasing the risk 
of developing severe ROP.24

This study included 104 infants with BW ≤ 1000 g and 
GA ≤ 28 weeks. Of the 83 (79.8%) infants who developed 
ROP, three (2.9%) had AP-ROP, 14 (13.5%) had type 1 
ROP, 10 (9.6%) had type 2 ROP, and only one developed 
retinal detachment. Nearly half the cases of AP-ROP or type 
1 ROP occurred in infants with a GA of 26–27 weeks. The 
incidence of ROP was also highest in infants born with a GA 
of 26–27 weeks. Therefore, the incidence and severity of 
ROP were not directly inversely related to GA and BW in 
the EP and ELBW infants. Although the other major articles 
suggested that low GA and low BW were associated with 
severe ROP. In fact, the two approaches are not conflicting 
but complementary. Our research mainly focuses on the EP 
and ELBW infants whose GA and BW were low enough. 
This means that we continue to refine the analysis in their 
low GA and BW subgroup. In general, there is no doubt that 
low GA and low BW are perinatal risk factors for ROP. 
Moreover, our research provides a refinement and supple-
ment to the above conclusions.

We also compared the characteristics of ROP between 
infants with BW ≤ 750 g and BW 750–1000 g. The rate of 
severe ROP was greater in infants with BW ≤ 750 g than 
in infants with BW of 751–1000 g. However, a statistical 
analysis showed that the two groups did not differ signifi-
cantly in many characteristics, except their mean GA.

There were several limitations to this study. First, the 
retrospective design of the study meant that the data were 
inconsistent and that the follow-up period was not stan-
dardized and varied among patients. Second, it is well 
recognized that in large series, lower GA and lower BW 

Table 6 Characteristics of Different Birth Weight Groups

BW Groups P value

≤750g 751–1000g

Total 9 (2) 95 (15)

Percentage with ROP 77.8%(7/9) 80.0%(76/95) 0.58
Percentage of severe ROP 22.2%(2/9) 15.8%(15/95) 0.45

Mean BW of all cases(g) 640.56W of al 916.25W of a

Mean BW of treated cases (g) 525n BW of 905.33W of t
Mean GA of all cases 25.96GA of 26.70GA of 0.01

Mean GA of treated cases (wk) 26.05GA of t 26.63GA of 0.27

PMA of onset of ROP(wk) 35.86f ons 34.38f ons 0.52

Abbreviations: BW, birth weight; GA, gestational age; PMA, postmenstrual age; ROP, retinopathy of prematurity; AP-ROP, aggressive posterior ROP.
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indicate a greater the risk of ROP. However, these risk 
factors may lose much significance when other risk factors 
are included. In this study, many other systemic postnatal 
factors were not included when the risk of ROP was 
calculated because the data were incomplete. Therefore, 
there may have been some bias in our results. Third, our 
sample size was insufficient to generalize our findings to 
all EP and ELBW infants in the Chinese population.

However, our study still provides useful information on 
the incidence and clinical characteristics of ROP in EP and 
ELBW infants in eastern China. With economic growth, 
improvements in neonatal care, and the development of the 
two-child policy throughout the Chinese populations of main-
land China, it is predicted that the survival rate of EP and 
ELBW infants will continue to increase. Therefore, data on 
the clinical characteristics of and risk factors for severe ROP 
are important for its timely screening and treatment in China.
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