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Abstract
Aim: To study the incidence, severity, and risk factors of retin-
opathy of prematurity (ROP) in a tertiary healthcare center 
and to validate the need for screening even neonates with 
higher birth weight and gestational age for ROP 

Materials and Methods: This prospective, observational study 
was conducted in a level-3 neonatal intensive care unit of a 
teaching hospital. A total of 119 neonates were screened for 
ROP, as per the guidelines of the National Neonatology Forum 
of India. Screening was done under topical anesthesia, and 
findings were documented according to the International 
Classification for Retinopathy of Prematurity recommenda-
tions. The data were analyzed for gestational age, birth weight, 
and systemic factors predisposing to ROP.

Results: The overall incidence of ROP was 27.73% (33/119). 
The mean birth weight and gestational age of neonates with 
ROP were 1390 g and 31.1 weeks, respectively. Of the neo-
nates diagnosed with ROP, 42.42% had a gestational age of  
> 32 weeks and/or a birth weight of > 1500 g. The incidence of 
type 1 ROP or treatable ROP was 39.39%. 

The risk factors associated with ROP on univariate analysis were 
birth weight, gestational age, postconceptional age, respir-
atory distress syndrome (RDS), sepsis, blood transfusion, apnea 
of prematurity, and ventilation. On multivariate analysis, birth 
weight, ventilation, blood transfusion, RDS, and sepsis were 
found to be significant predictors of the increased risk of ROP.
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Conclusions: ROP is strongly associated with small, immature, 
and sick neonates. About 40% of the neonates who developed 
ROP had higher gestational age (> 32 weeks) and birth weight 
(> 1500 g)—this observation would have been missed if western 
screening guidelines were used. 

Key Words: Retinal vascularization, gestational age, birth 
weight, respiratory distress syndrome, blood transfusion, apnea 
of prematurity, sepsis

Introduction
Retinopathy of prematurity (ROP) is a leading cause 
of preventable childhood blindness with over 3,00,000 
neonates affected worldwide.1 With a worldwide inci-
dence of 24% to 47% among high-risk neonates,2 ROP 
is increasingly being recognized as a cause of child-
hood blindness in India. Although the survival rate 
of premature neonates has improved owing to the 
increased availability of and accessibility to neonatal 
care, neonates are still prone to develop this potentially 
blinding eye disorder. Further, unlike in the developed 
countries, in developing countries, the screening guide-
lines for ROP are not strictly followed. Early detection 
and timely intervention can help reduce the burden of 
blindness, thus making screening of ROP a compulsory 
step.

Aim
To describe the incidence, severity, and risk factors 
of ROP in a tertiary healthcare center and to validate 
the need for screening even neonates with higher birth 
weight and gestational age for ROP 

Materials and Methods
Study design
This was a prospective, observational, nonrand-
omized study conducted in a tertiary-level neonatal 
intensive care unit (NICU) of a teaching hospital in 
central Maharashtra, between August 2011 and July 
2013. The study was approved by the institutional 
ethics committee and adhered to the guidelines of the  

Declaration of Helsinki. Informed consent was 
obtained from parents of all neonates included in the 
study.  

Inclusion criteria
•	 Preterm neonates with ≤ 34 weeks of gestational 

age and/or birth weight ≤ 1750 g
•	 Preterm neonates with 34 to 36 weeks of gesta-

tional age and/or birth weight between 1751 and 
2000 g who are at a high risk developing ROP 
with risk factors such as need for cardiorespira-
tory support or prolonged oxygen therapy, blood 
transfusion, apnea of prematurity, anemia needing 
blood transfusion, or neonatal sepsis 

•	 Any neonate believed to be at risk of ROP by the 
attending pediatrician 

Exclusion criteria
Neonates who died before full vascularization of retina 
or who were lost to follow-up were excluded. 

Study procedure
A total of 119 preterm neonates admitted in the NICU 
during the study period were screened for ROP as per 
the guidelines of NNF of India.3 The screening was 
done by a trained ophthalmologist in the NICU. The 
first screening was performed between 20 and 30 days 
of life. Pupils were dilated with 0.4% tropicamide and 
2.5% phenylephrine eye drops instilled twice or thrice 
at an interval of 10 minutes. Retinal screening was 
done using an indirect ophthalmoscope with a 20D 
lens under topical anesthesia along with monitoring of 
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vital signs. Pediatric speculum with scleral depression 
was used to examine the retina. Screening was carried 
out until (1) full retinal vascularization, (2) regression 
of ROP was noted with full retinal vascularization, or 
(3) zone-III retinal vascularization was attained without 
previous zone I or II ROP.

Systemic risk factors and ocular findings were docu-
mented. ROP was classified according to the Interna-
tional Classification of ROP (ICROP).4,5 Follow-up 
examinations were recommended by the examining 
ophthalmologist on the basis of retinal findings and 
carried out until full vascularization in neonates 
without ROP and/or regression of ROP with full vascu-
larization in those with ROP.6,7

ROP was determined as severe/treatable based on the 
following recommendations of the Early Treatment of 
ROP (ETROP) study.8 

Type 1 ROP 
•	 Zone I, any stage ROP with plus disease
•	 Zone I, stage 3 ROP with or without plus disease
•	 Zone II, stage 2 or 3 ROP with plus disease

Type 2 ROP
•	 Zone I, stage 1 or 2 ROP without plus disease
•	 Zone II, stage 3 ROP without plus disease

As per the ICROP revisited, a condition character-
ized by a typical posterior location, prominence of plus 
disease, and the ill-defined nature of the retinopathy 
was diagnosed as aggressive posterior ROP (APROP). 
This rapidly progressing retinopathy was previously 
referred to as type II ROP and Rush disease.9-11

Statistical analysis
The collected data were compiled in Microsoft Excel 
and Master sheet was prepared. For analysis of these 
data, SPSS software version 20 (IBM Corp, Armonk, 
NY, USA) was used. Qualitative data were represented 
in the form of frequencies and percentages. Quantita-
tive data were represented in the form of mean ± SD. 
For univariate analysis of qualitative data, Χ2 test was 
used. Also, regression analysis was used to compute the 
relationship between the various risk factors and the 
development of ROP. P value was checked at < 5% level 
of significance.

Results
The birth weight of the 119 neonates, screened for ROP, 
ranged from 700 to 2800 g (mean 1.49 kg) and their 
gestational age ranged from 28 to 42 weeks (mean 32.6 
wk) (Table 1). Of the 119 neonates, 33 neonates were 
found to have ROP, with the incidence of ROP being 
27.73%. The mean birth weight (1390 ± 310 g; P = .012) 
(Table 2) and the mean gestational age (31.12 ± 2.67 
wk; P = 0.0000) (Table 3) of neonates with ROP was 
significantly on the lower side. It was noted that of the 
33 neonates with ROP, 13 (42.42%) had a gestational 
age of > 32 weeks and/or birth weight of > 1500 g. ROP 
was classified into type 1 and type 2 as per the ETROP 
study—13 (39.39%) neonates had type 1 or treatable 
ROP; there were no cases of APROP in our study; ROP 
regressed without any intervention in 12 (36.36%) 
neonates; 6 (18.18%) neonates were defaulters; 4 
(12.12%) neonates died before ROP regressed; and 11 
(33.33%) neonates were treated with laser. 
Table 1. Distribution of Preterm Neonates Screened 
for ROP as per Birth Weight and Gestational Age

Parameters Minimum Maximum Mean SE SD 95% CI

Birth 
Weight, g 700 2800 1498 0.03172 0.35747 1420–

1550

Gestational 
Age, wk 28 42 32.6535 0.24933 2.80978 32.12–

33.148

Post-
conceptional 
Age, wk

31 45 36.7480 0.27814 3.13447 36.19–
37.24

ROP, retinopathy of prematurity.

Table 2. Distribution of Neonates Based on Birth 
Weight and Incidence of ROP 

ROP n Mean Birth 
Weight, g

Birth Weight, g
t Value P Value

Minimum Maximum

Present 33 1390 ± 310 700 2000
2.55 .012; S

Absent 86 1570 ± 360 700 2800

ROP, retinopathy of prematurity; S, significant.
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Table 3. Distribution of Neonates Based on Gesta-
tional Age and Incidence of ROP

ROP n
Gestational Age, wk

t Value P Value
Mean ± SD Minimum Maximum

Present 33 31.12 ± 2.67 28 37
4.09 .0000; 

S
Absent 86 33.34 ± 2.65 28 42

ROP, retinopathy of prematurity; S, significant.

Table 4. Univariate Analysis of Risk Factors of ROP

Parameters Χ2 Values P Values
Sex 0.402 .818; NS
Birth Order 1.24 .094; NS
Birth Weight 3.45 .04; S
Gestational Age 10.04 .000; S
Postconceptional Age 9.06 .000; S
Oxygen With Ventilator Support 13.40 .0000; S
RDS 25.53 .0000; S
Sepsis 14.89 .0000; S
Blood Transfusion 29.61 .0000; S
Apnea Spell 61.43 .0000; S
Fetal Distress 0.408 .523; NS
Anemia 71.88 .0000; S

NS, not significant; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity;  
S, significant.

Table 5. Multivariate Analysis of Risk Factors of ROP

Parameters β Constant Standard Error P Values
Constant 0.677 0.436 .000; S
Birth Weight 0.088 0.106 .012; S
Gestational Age − 0.024 0.014 .082; NS
Oxygen With Ventilator 
Support − 0.146 0.095 .000; S

Blood Transfusion 0.253 0.085 .004; S
RDS 0.177 0.082 .033; S
Sepsis 0.228 0.080 .005; S

NS, not significant; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity;  
S, significant.

Univariate analysis (Table 4) of the various risk factors 
of ROP showed that respiratory distress syndrome 
(RDS), sepsis, blood transfusion, apnea of prematurity, 
and oxygen with ventilator support were the signifi-

cant risk factors, whereas multivariate analysis (Table 5) 
showed that birth weight, gestational age, oxygen with 
ventilator support, and blood transfusion were statis-
tically significant risk factors for the development of 
ROP.

Table 6 summarizes the association between develop-
ment of ROP and the various risk factors.
Table 6. Association Between Development of ROP 
and Risk Factors

Parameters

ROP
Χ2 

Values
P 

Values
Present

(n = 33)

Absent

(n = 86)

Total

(n = 
119)

Sex
Male 19 51 70

0.402 .818
Female 14 35 49

Birth Order
Single 25 67 92

NA NA
Twin 8 19 27

Birth Weight, 
g

≤ 1000 4 3 7

3.45 .04

1001–
1250 8 14 22

1251–
1500 8 26 34

1501–
1750 12 21 33

> 1750 1 22 23

Gestational 
Age, wk

≤ 30 16 13 29

10.04 .000
31–32 10 17 27
33–34 3 40 43
> 34 4 16 20

Oxygen
Given 10 13 23

13.40 .0000Not given 23 73 96

RDS Present 26 24 50 25.53 .0000Absent 7 62 69

Sepsis
Present 30 29 59

14.89 .0000
Absent 3 57 60

Blood 
Transfusion

Given 24 17 41
29.61 .0000

Not given 9 69 78

Apnea of 
Prematurity

Present 24 4 28 61.43 .0000
Absent 9 82 91

Fetal Distress Present 3 5 8 0.408 .523
Absent 30 81 111

Anemia
Present 29 14 43

71.88 .0000
Absent 4 72 76

NA, not applicable; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity.
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Discussion
In our study, we screened preterm neonates for ROP 
as per the screening criteria defined by the NNF of 
India.3 The birth weight of neonates ranged from 700 
to 2800  g (mean = 1498 g) and their gestational age 
ranged from 28 to 42 weeks (mean = 32.6535 wk; 
Table 1). The incidence of ROP in our study was found 
to be 27.73% (33/119 neonates); of the 33 neonates, 13 
had type 1 ROP. 

We found that low birth weight was a significant risk 
factor on univariate (P = .04) as well as multivar-
iate analyses (P = .012), whereas gestational age was 
a significant risk factor only on univariate analysis  
(P = .000) and not on multivariate analysis (P = .082 
[NS]) for the development of ROP, both type 1 and 2. 
The mean birth weight and gestational age of neonates 
with ROP were 1390 ± 310 g (range = 700–2000 g) and 
31.12 ± 2.67 weeks (range = 28–37 wk), respectively 
(Tables 2 and 3). The mean birth weight and gestational 
age of neonates with type 1 ROP were 1450 ± 180 g and 
30.30 ± 2.28 weeks, respectively. 

In studies conducted in Indian settings, the incidence 
of ROP varies—46%, 47%, 21.7%, 21%, and 22.3% 
in studies conducted by Charan et al12 (1995), Rekha et 
al13 (1996), Gupta et al14 (2004; ≤ 35 wk or ≤ 1500 g), 
Dutta et al15 (2004; ≤ 32 wk or ≤ 1700 g), and Chaud-
hari et al16 (2009; ≤ 32 wk or ≥ 1500 g), respectively. 

Studies conducted in recent years with screening 
criteria including heavier and older neonates showed 
the incidence of ROP to be similar to or more than 
that in our study. Vinekar et al,17 in 2007, studied 
neonates with mean birth weight of 1533.9 g (range = 
1251–2750 g) and mean gestational age of 30.9 weeks 
(range = 26–35 wk) and found the incidence of ROP to 
be 41.5%. In a study conducted by Hungi et al18 (2012) 
in south India, the incidence of ROP was found to be 
41.5% and that of type 1 ROP was found to be 26.4% 
in neonates with birth weight ≤ 2000 g and/or gesta-
tional age ≤ 34 weeks. The sensitivity of the American 
and British screening guidelines to detect threshold or 
worse ROP in the study conducted by Vinekar et al17 
was 82.4% and 77.4%, respectively. In our study, of 

the 119 neonates screened, 33 (27.73%) had ROP and 
of these 33 neonates, 13 had type 1 ROP. Of the 13 
neonates with type 1 ROP, 6 (46.15%) were heavier 
and older (gestational age > 32 wk and birth weight  
> 1500  g). These neonates would have been missed if 
we had followed the American (gestational age < 31 wk 
and/or birth weight < 1500 g) or British (gestational age 
< 32 wk and/or birth weight < 1251–1501 g) criteria for 
ROP screening.19

Univariate analysis of the various risk factors (Table 
4) showed that there was a statistically significant 
association between ROP and birth weight (P = .04), 
gestational age (P = .000), RDS (P = .0000), sepsis  
(P = .0000), blood transfusion (P = .0000), 
apnea of prematurity (P = .0000), and oxygen 
with ventilator support (P = .0000). Multivar-
iate analysis (Table 5) showed that birth weight 
(P = .012), oxygen with ventilator support 
(P  = .000), blood transfusion (P = .004), RDS  
(P = .033), and sepsis (P = .005) were statistically 
significant risk factors for the development of ROP. 
These findings are comparable to that of various other 
studies.14,15,17,20,21

Thus, in our study, we found that there was a signifi-
cant association between the various risk factors and 
development of ROP (Table 6) in preterm neonates 
with gestational age up to 34 weeks and/or birth weight 
up to 1750 g; neonates with gestational age of 34 to 
36 weeks and/or birth weight of 1751 to 2000 g who 
are at a high risk of developing ROP; and neonates 
believed to be at risk by the attending neonatologist. 
This shows that the screening guidelines for ROP in 
developing countries must also include the heavier and/
or older neonates, especially if they have the associated 
risk factors as they are equally susceptible to develop 
ROP. This was also stated in a study by Jalali et al,22 
which confirmed that severe ROP occurs in a signifi-
cant number of neonates who fall outside the screening 
criteria of ROP in high-income countries. In their 
review on the incidence of ROP, Zin and Gole23 found 
that in middle-income countries, high rates of preterm 
birth and thus the increasing rate of resuscitation, along 
with suboptimal care, have resulted in an increase in 
the incidence of ROP. In the recent past, the incidence 
of ROP has also been observed in heavier and older 
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neonates. Thus, to reduce or prevent the incidence of 
ROP, it is essential to have ROP screening guidelines 
appropriate to middle-income countries and provide 
good-quality and timely care to mothers and neonates. 
Steps to increase the awareness of ROP—screening 
criteria and its long-term effects—are called for.

Conclusions
In our study, we screened neonates for ROP based on 
the guidelines recommended by the NNF of India 
and found an incidence of ROP of 27.73%. ROP is 
strongly associated with smaller, more immature, and 
sicker neonates. However, in our study, about 40% of 
neonates who developed ROP were of higher gesta-
tion (> 32 wk) and birth weight (> 1500 g). These data 
would be missed if western screening guidelines were 
used. Screening guidelines with broader criteria are 
needed to ensure that even older and heavier neonates 
are screened at an early age to prevent the complications 
of ROP.
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