
O R I G I N A L  R E S E A R C H

Screening and Risk Factors for Retinopathy 
of Prematurity in a Tertiary Care Hospital in Cairo, 
Egypt
Mohamed Salaheldeen Noor 1, Magdy Elbarbary2, Sherif N Embabi1, Mohamed A Zaki1, 
Hisham Awad1, Mariam Al-Feky1

1Ophthalmology Department, Ain Shams University, Cairo, Egypt; 2Paediatrics Department, Ain Shams University, Cairo, Egypt

Correspondence: Mohamed Salaheldeen Noor, Ophthalmology Department, Ain Shams University, 22 Abdullah Ibn Eltaher street, Makram Edeid, 
Nasr city, Cairo, Egypt, Tel +201093769896, Email msn198840@gmail.com 

Purpose: To evaluate the retinopathy of prematurity (ROP) prevalence, risk factors and screening outcome in a tertiary hospital in 
Cairo, Egypt.
Methods: A prospective observational study was done in Neonatal Intensive Care Unit in Ain Shams University Hospital. A total of 
159 premature infants were screened for ROP based on the most inclusive criteria reported to date. Screening included premature 
infants with gestational age (GA) of ≤34 weeks or birth weight (BW) of ≤2000 grams, or GA >34 weeks or BW >2000 grams, with 
multiple co-morbidities. The prevalence of ROP, plus disease and their correlation with risk factors of interest were studied.
Results: The GA of the included infants ranged from 27 to 36 weeks, mean (SD) 31.87 (± 1.81) weeks. The BW ranged from 640 to 
3900 grams, mean (SD) 1784.71 (± 560.30) grams. The prevalence of ROP more than stage 0 was 25.8% (41 infants), 7.3% of the 
cases (11 infants) showed plus disease and 6.3% (10 infants) showed severe ROP requiring treatment. Of those, 2 cases (20%) fell 
outside the British Guideline’s criteria for Screening. There was a highly significant (p < 0.0001) correlation between ROP more than 
stage 0 and low GA, low BW, mechanical ventilation, respiratory distress syndrome, necrotizing enterocolitis, intraventricular 
haemorrhage, and blood transfusion. No significant correlation was found between appearance of ROP more than stage 0 and gender 
(p = 0.911), patent ductus arteriosus (p =0.187), or sepsis (p =0.998).
Conclusion: ROP is a significant problem in the premature infants in Egypt. Extremely premature infants with lower BW are more 
prone to develop ROP. However, cases with higher GA and BW than mentioned in the British guidelines screening criteria especially 
with multiple comorbidities showed severe ROP requiring intervention, which implies the need to develop a screening guideline for 
the Egyptian population.
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Introduction
Retinopathy of prematurity (ROP), initially described as retrolental fibroplasia by Terry in 1942, is a retinal vascular 
disease that affects premature infants1 and is characterised by abnormal retinal fibrovascular proliferation which can lead 
to total retinal detachment and blindness if no intervention was done in the critical treatment period. Under normal 
conditions, the relatively hypoxic intrauterine environment allows normal retinal vascularization. However, after birth, 
the hyperoxic environment—including room air—suppresses the growth of retinal vessels and results in incomplete 
retinal vascularization (ROP Phase 1). With the increased metabolic demand by the growing retina and incomplete retinal 
vascularisation, further retinal hypoxia occurs which potentiates ROP development (ROP Phase 2).2 With increased 
survival of preterm infants, ROP has become the leading cause of preventable blindness in children, especially in 
developed countries.3

Reported risk factors for ROP include low gestational age (GA), low birth weight (BW), high level of supplemental 
oxygen, and the presence of comorbidities such as patent ductus arteriosus (PDA), necrotising enterocolitis (NEC), 
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intraventricular haemorrhage (IVH), neonatal sepsis, anaemia, and low energy intake and low weight gain in early life.4,5 

Therefore, several guidelines were developed to determine the infants to be screened for ROP, including the British Royal 
College of Paediatrics and Child Health in 2008 which recommended screening premature infants with GA of <32 weeks 
or BW of <1501 g.6 On the other hand, the American Academy of Pediatrics (AAP) in 2013 recommended screening for 
ROP if GA was ≤30 weeks or BW ≤1500 g. with screening of selected infants with BW of 1500 to 2000 g or GA of >30 
weeks with an unstable clinical course after assessment by the attending neonatologist.7

Studies conducted in developing countries have demonstrated that the average birth weight and gestational age for 
infants with ROP was higher than what is reported in the literature for infants with ROP in developed countries, which 
implies the need for different screening criteria in developing countries.8–10 ROP was classified into five stages 
depending on the severity of retinal fibrovascular proliferation and into three zones depending on the location of disease 
according to the most recent International Classification of Retinopathy of Prematurity, 3rd edition (ICROP3).12 Plus 
disease was determined as the sign of severity of the disease, in which there is severe retinal venous dilatation and 
arteriolar tortuosity, iris vascular engorgement, poor pupillary dilatation, and vitreous haze.11 Aggressive posterior ROP, 
which is a severe form of ROP, is characterised by posterior vascularisation, prominent plus disease, and rapid 
progression.11 With the most recent International Classification of Retinopathy of Prematurity, 3rd edition (ICROP3), 
the term aggressive ROP (A-ROP) replaced aggressive-posterior ROP (AP-ROP). This decision was made “because of 
increasing recognition that aggressive disease may occur in larger preterm infants and beyond the posterior retina, 
particularly in regions of the world with limited resources.”12

There is a narrow window for intervention in cases of severe ROP to prevent retinal detachment and vision loss. Early 
Treatment for Retinopathy of Prematurity (ETROP) developed guidelines that suggest intervention if the ROP is type 1 
pre-threshold, which is 1) zone I, any stage of ROP, with plus disease; 2) zone I, stage 3 ROP, with or without plus 
disease; or 3) zone II, stage 2 or 3 ROP, with plus disease,13 and close follow-up if ROP is type 2 pre-threshold, which is 
1) zone I, stage 1 or 2 without plus; 2) zone II, Stage 3 without plus.13 Interventions include laser photocoagulation, 
intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF), and/or vitreoretinal surgery for advanced 
cases.14

Many studies were done to assess the prevalence and risk factors for ROP in different countries with various 
outcomes which suggest the need for development of local guidelines, with the reported prevalence rates ranging from 
12.6% to 44.5%,15–18 and that of treatment-requiring ROP ranging from 1.5% to 11.7% in other countries.15–18 The aim 
of this study was to evaluate the ROP prevalence, screening, and risk factors in a tertiary hospital in Cairo, Egypt.

Methods
Study Design and Setting
A prospective observational study was carried out in Neonatal Intensive Care Unit (NICU) in Ain Shams University 
Hospital. In this study, 159 premature born in the period between 1 September 2018 and 1 September 2021 were screened 
for retinopathy of prematurity (ROP).

Approval for the study was obtained from the ethical committee at the faculty of medicine, Ain Shams university 
(Approval Number: FWA: 000017585). Informed consent was taken from the parents of the study participants after 
explanation of the study benefits and methods of examination. Also, data were de-identified following encoding to ensure 
confidentiality of study participants. The study complied with the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Screening was based on the most inclusive criteria reported to date. All premature infants with gestational age (GA) of 
≤34 weeks or birth weight (BW) of ≤2000g were included. Infants were also included if GA >34 weeks or BW >2000 
g but multiple co-morbidities existed, such as RDS, PDA, sepsis, NEC, IVH, repeated blood transfusion or unstable 
clinical course determined by neonatologists. All infants who were lost before sufficient number of ocular examinations 
could be done either to rule out ROP or assess the progression/regression of the established ROP were excluded from this 
study.
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Screening and Data Recording
Ocular examination was performed using binocular indirect ophthalmoscope, +28 Dioptre lens and a paediatric lid 
speculum. An indenting instrument was also used to gently rotate or indent the globe for assessment of retinal periphery 
up to Ora Serrata. Pupil dilatation was done using a combination of Tropicamide 0.5% and phenylephrine 1% eye drops, 
instilled 4 times (once every 15 minutes) starting 1 hour before ocular examination.

The severity of ROP was identified according to the most recent International Classification of Retinopathy of 
Prematurity, 3rd edition (ICROP3).12 The first screening was initiated at 4 weeks postnatal age for all infants. After initial 
examination, infants were divided either they needed treatment within 48 to 72 hours or follow-up according to the Early 
Treatment of Retinopathy Of Prematurity study (ETROP study).13 The schedule of follow-up visits was determined 
according to the severity of retinal findings recorded on each visit following the ETROP study protocol.13

Data recording included GA, BW, presence of respiratory distress syndrome (RDS) and its grade based on chest x-ray 
findings according to the four-stage radiographic scale,19 mechanical ventilation (MV) and its duration, continuous positive 
airway pressure (CPAP) therapy and its duration, patent ductus arteriosus (PDA), sepsis, necrotizing enterocolitis (NEC) and 
intraventricular haemorrhage (IVH). In cases that needed blood transfusion, the number of blood transfusions was recorded.

At the end of follow-up period, data recording included the most severe ROP stage during the follow-up period for 
each examined eye. For the cases that required treatment, postmenstrual age (PMA) at which treatment was initiated was 
recorded. For all eyes, PMA of full retinal vascularization in close proximity to Ora Serrata was recorded if <60 weeks, 
otherwise considered persistent avascular retina according to Chiang et al.12

Statistical Analysis
Data were collected, revised, coded, and entered to the Statistical Package for Social Science (IBM SPSS) version 23. 
The quantitative data were presented as mean, standard deviations and ranges when parametric and presented as median, 
interquartile range (IQR) when non-parametric. Also, qualitative variables were presented as number and percentages.

The comparison between groups with qualitative data were done by using Chi-square test. The comparison between two 
groups with quantitative data and parametric distribution was done by using the independent t-test, while the comparison 
between two groups with quantitative data and non-parametric distribution was done by using Mann–Whitney test.

The confidence interval was set to 95% and the margin of error accepted was set to 5%. So, the p-value was 
considered significant if <0.05, and highly significant if <0.01.

Results
Demographic Data
The demographics of the screened infants are shown in Table 1. One-hundred and fifty-nine patients were included in this 
study, 88 males (55.3%) and 71 females (44.7%). The GA of the included infants ranged from 27 to 36 weeks, with 

Table 1 Distribution of Gender, Gestational Age (GA), Birth Weight (BW), 
Weight at First Exam and Postmenstrual Age (PMA) at First Exam in the 
Studied Infants

N = 159

Gender Females 71 (44.7%)
Males 88 (55.3%)

GA (weeks) Mean±SD 31.87 ± 1.81
Range 27–36

BW (gm) Mean±SD 1784.71 ± 560.30
Range 640–3900

PMA at first exam (weeks) Mean±SD 35.85 ± 1.87

Range 31–40
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a mean (SD) of 31.87 (± 1.81) weeks. Infants had BW ranging from 640 to 3900 grams, with a mean (SD) of 1784.71 (± 
560.30) grams.

Prevalence of Retinopathy of Prematurity
The prevalence of ROP changes more than stage 0 in the screened infants was 25.8% (41 infants). Nine screened infants 
(5.7%) had complete retinal vascularization at the first examination, while 109 infants (68.6%) had incomplete retinal 
vascularization at their first examination (stage 0 ROP). Nineteen infants (11.9%) had stage 1 ROP while 12 infants 
(7.5%) had stage 2 ROP, and 4 infants (2.5%) had stage 3 ROP. Six infants (3.8%) had aggressive ROP (AROP). Nine 
infants (6%) had ROP changes in zone 1, while 80 infants (53.3%) had ROP changes in zone 2 and 61 infants (40.7%) 
had ROP changes in zone 3 (Table 2).

The postmenstrual age for appearance of ROP changes more than stage 0 (stage 1 or more) ranged from 32 to 40 weeks. Plus 
disease appeared in 11 cases (7.3%) and pre-plus appeared in 9 infants (6.2%). Ten of the screened infants (6.3%) had severe ROP 
changes that needed treatment with 8 infants receiving treatment in both eye (5%) and 2 infants receiving treatment in one eye 
(1.3%). Of those, 2 cases (20%) fell outside the British Guidelines for Screening. The first case was a male premature infant with 
GA 34 weeks and birth weight 2000 grams, with 28 days of exposure to mechanical ventilation, 2 weeks of CPAP exposure, RDS 
grade 4, IVH, 4 times blood transfusion. This infant showed AROP that required bilateral intravitreal anti-VEGF injection. 
The second case was a male premature infant with GA 34 weeks and BW 1960 g. with RDS grade 4, 21 days of exposure to 
mechanical ventilation, neonatal sepsis, 3 times blood transfusion, NEC. The infant showed bilateral stage 3 ROP in zone 2 with 
plus disease that improved after bilateral anti-VEGF injection.

The PMA of receiving treatment in the screened infants ranged from 33 to 41 weeks. Three of the screened infants 
(1.9%) did not achieve full retinal vascularization with persistent avascular area in the retina more than 2-disc diameters 
from Ora Serrata. One hundred and fifty-six infants (98.1%) achieved full retinal vascularization at PMA ranging from 37 
to 51 weeks (Table 3). The PMA of achieving full retinal vascularization in the cases that had stage 0 ROP ranged from 
37 to 41 weeks, while the PMA of achieving full retinal vascularization in the cases that had ROP changes more than 
stage 0 ROP ranged from 38 to 51 weeks (Table 4). Three cases that had ROP changes more than stage 0 did not achieve 
full retinal vascularization.

Risk Factors for Development of Retinopathy of Prematurity
In the screened infants, there was a highly significant (p < 0.0001) correlation between appearance of ROP changes more than 
stage 0 and GA, BW, and weight at first examination of the screened infants (4 weeks after delivery), receiving mechanical 
ventilation, mechanical ventilation duration, receiving CPAP, CPAP duration, RDS grade, presence of NEC, IVH, blood 
transfusion, number of blood transfusions (Table 5). On the other hand, no significant correlation was found between appearance 
of ROP changes more than stage 0 and gender (p = 0.911), presence of PDA (p = 0.187), or sepsis (p =0.998) (Table 5).

Also, there was a highly significant correlation (p < 0.0001) in the screened cases between the development of plus 
disease (which is the sign of severity) and GA, BW, and weight at first examination of the screened infants (4 weeks after 
delivery), receiving mechanical ventilation, mechanical ventilation duration, RDS stage, blood transfusion, and number 
of blood transfusions. There was a significant correlation between plus disease and both receiving CPAP (p = 0.041) and 
NEC (p = 0.020) (Table 6). However, no significant correlation was found between appearance of plus disease and gender 
(p = 0.464), PDA (p = 0.054), IVH (p =0.524) or sepsis (p =0.115) (Table 6).

Table 2 Distribution of ROP Stages and Aggressive ROP 
(AROP) Among the Screened Infants

ROP Stage Stage 0 109 (68.6%)
Stage 1 19 (11.9%)

Stage 2 12 (7.5%)
Stage 3 4 (2.5%)

AROP 6 (3.8%)
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Discussion
In this work, we demonstrate that the prevalence of ROP according to the most inclusive screening criteria in a tertiary 
care hospital in Egypt is 25.8%. The most important risk factors for developing ROP are low GA, low BW receiving 
mechanical ventilation especially for long duration, receiving CPAP, high grade of RDS, presence of NEC, IVH, blood 
transfusion and increased number of blood transfusions

Table 3 Prevalence of ROP Changes More Than Stage 0 in the Screened Infants, the 
Distribution on zone1, Zone 2 and Zone 3 ROP Changes, Distribution of Plus, Preplus 
Disease, the Number of Cases That Needed Treatment, Treated Eyes, the Treatment 
Postmenstrual Age (PMA), the Number of Cases That Did Not Achieve Full Retinal 
Vascularization, the PMA of Appearance of ROP Changes (Stage 1 or More) and 
Achieving Full Retinal Vascularization in the Screened Infants

N = 159

ROP (more than stage 0) Negative 118 (74.2%)
Positive 41 (25.8%)

Zone Zone 1 9 (6.0%)
Zone 2 80 (53.3%)

Zone 3 61 (40.7%)

Plus No 139 (92.7%)
Yes 11 (7.3%)

Preplus No 135 (93.8%)
Yes 9 (6.2%)

Treatment No treatment 149 (93.7%)
Treatment 10 (6.3%)

Treated eyes No treatment 149 (93.7%)
One eye 2 (1.3%)

Two eyes 8 (5.0%)

Treatment PMA Mean ± SD 37.20 ± 2.24
Range 33–41

Complete retinal vascularization. No 3 (1.9%)
Yes 156 (98.1%)

Complete retinal vascularization PMA Mean ± SD 39.92 ± 1.67
Range 37–51

Appearance of ROP (stage 1 or more) Mean ± SD 35.63 ± 1.76

Range 32–40

Table 4 Comparison Between the Postmenstrual Age (PMA) of Complete Retinal 
Vascularization in the Cases That Had Stage 0 ROP or Complete Retinal Vascularization 
at the First Exam and the Cases That Had ROP Changes More Than Stage 0

ROP (More Than Stage 0)

Negative Positive

N = 118 (74.2%) N = 41 (25.8%)

Complete retinal vascularization PMA Mean ± SD 39.47 ± 0.83 41.29 ± 2.62
Range 37–41 38–51
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Different guidelines were developed to determine the infants to be screened for ROP. These guidelines showed 
variation among developed and developing countries; In 2008, The United Kingdom guideline development group 
recommended screening all infants with GA <32 weeks or with birth weights of less than 1501 g.20 The American 
guidelines published by the American Academy of Paediatrics in 2013 recommended screening for ROP if GA was ≤30 
weeks or BW ≤1500 g, with selected infants with higher BW or GA who had unstable clinical course determined by the 
attending neonatologist.21 More recent guidelines developed in the United States recommended screening infants with 
even less GA and BW.22 On the other hand, other studies conducted in developing countries demonstrated that the 

Table 5 Correlation Between ROP Changes More Than Stage 0 and Gender, Gestational Age (GA), Birth Weight 
(BW), Weight at First Examination, Receiving Mechanical Ventilation (MV), Mechanical Ventilation Duration, Receiving 
Continuous Positive Airway Pressure Ventilation (CPAP), CPAP Duration, Respiratory Distress Syndrome (RDS) 
Stage, Patent Ductus Arteriosus (PDA), Sepsis, Necrotizing Enterocolitis (NEC) and Intraventricular Hemorrhage 
(IVH) in the Screened Infants

ROP (More Than Stage 0) Test Value P-value Sig.

Negative Positive

N = 118 N = 41

Gender Females 53 (44.9%) 18 (43.9%) 0.013* 0.911 NS
Males 65 (55.1%) 23 (56.1%)

GA (week) Mean±SD 32.25 ± 1.43 30.78 ± 2.29 4.805• 0.000 HS
Range 28–36 27–36

BW (gm) Mean±SD 1900.00 ± 562.18 1452.90 ± 404.41 4.684• 0.000 HS
Range 1000–3900 640–2400

Weight at first exam (gm) Mean±SD 2417.72 ± 618.42 1755.63 ± 468.58 6.255• 0.000 HS
Range 1358–4000 865–3150

Mechanical ventilation No 83 (70.3%) 2 (4.9%) 52.405* 0.000 HS
Yes 35 (29.7%) 39 (95.1%)

MV duration (days) Median (IQR) 7 (5–8) 18 (8–25) −5.375≠ 0.000 HS
Range 1–18 6–34

CPAP No 38 (32.2%) 3 (7.3%) 9.847* 0.002 HS
Yes 80 (67.8%) 38 (92.7%)

CPAP duration (weeks) Mean±SD 1.27 ± 0.52 2.16 ± 0.86 −6.960• 0.000 HS
Range 0–3 1–4

RDS stage No RDS 31 (26.3%) 0 (0.0%) 71.407* 0.000 HS
Stage I 76 (64.4%) 11 (26.8%)

Stage II 10 (8.5%) 17 (41.5%)
Stage III 1 (0.8%) 6 (14.6%)

Stage IV 0 (0.0%) 7 (17.1%)

PDA No 77 (65.3%) 22 (53.7%) 1.741* 0.187 NS
Yes 41 (34.7%) 19 (46.3%)

Sepsis No 95 (80.5%) 33 (80.5%) 0.000* 0.998 NS
Yes 23 (19.5%) 8 (19.5%)

NEC No 108 (91.5%) 30 (73.2%) 8.942* 0.003 HS
Yes 10 (8.5%) 11 (26.8%)

IVH No 109 (92.4%) 30 (76.9%) 6.893* 0.009 HS
Yes 9 (7.6%) 9 (23.1%)

Notes: P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant. *Chi-square test; •Independent t-test.
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average birth weight and gestational age for infants with ROP was higher than what is reported in the literature for 
infants with ROP in developed countries, which implies the need for different screening criteria in developing 
countries.23 As our tertiary hospital lies in a developing country, we opted for including all infants with GA ≤ 34 
weeks or BW ≤ 2000g, with screening of selected infants with higher BW or GA who had unstable clinical course 
determined by the attending neonatologist. We also assessed the contribution of different risk factors to the development 
of ROP and plus disease.

Table 6 Correlation Between Plus Disease and Gender, Gestational Age (GA), Birth Weight (BW), Weight at First 
Examination, Receiving Mechanical Ventilation (MV), Mechanical Ventilation Duration, Receiving Continuous Positive 
Airway Pressure Ventilation (CPAP), CPAP Duration, Respiratory Distress Syndrome (RDS) Stage, Patent Ductus 
Arteriosus (PDA), Sepsis, Necrotizing Enterocolitis (NEC) and Intraventricular Hemorrhage (IVH) in the Screened 
Infants

Plus Disease Test Value P-value Sig.

No Yes

N = 139 N = 11

Gender Females 60 (43.2%) 6 (54.5%) 0.536* 0.464 NS
Males 79 (56.8%) 5 (45.5%)

GA Mean ± SD 31.76 ± 1.62 31.00 ± 2.57 1.433• 0.154 NS
Range 27–35 27–36

BW (gm) Mean ± SD 1777.47 ± 546.79 1426.36 ± 472.15 2.068• 0.040 S
Range 800–3900 640–2400

Weight at 1st exam. (gm) Mean ± SD 2251.10 ± 625.03 1676.73 ± 634.33 2.931• 0.004 HS
Range 1030–4000 865–3150

Mechanical ventilation No 84 (60.4%) 0 (0.0%) 15.108* 0.000 HS
Yes 55 (39.6%) 11 (100.0%)

MV duration Median (IQR) 8 (6–15) 28 (20–29) −4.557≠ 0.000 HS
Range 1–28 12–34

CPAP No 39 (28.1%) 0 (0.0%) 4.171* 0.041 S
Yes 100 (71.9%) 11 (100.0%)

CPAP duration (weeks) Mean ± SD 1.44 ± 0.68 2.45 ± 0.93 −4.515• 0.000 HS
Range 0–3 1–4

RDS grade Grade 0 30 (21.6%) 0 (0.0%) 75.485* 0.000 HS
Grade 1 86 (61.9%) 1 (9.1%)

Grade 3 17 (12.2%) 2 (18.2%)
Grade 3 5 (3.6%) 2 (18.2%)

Grade 4 1 (0.7%) 6 (54.5%)

PDA No 91 (65.5%) 4 (36.4%) 3.718* 0.054 NS
Yes 48 (34.5%) 7 (63.6%)

Sepsis No 115 (82.7%) 7 (63.6%) 2.449* 0.118 NS
Yes 24 (17.3%) 4 (36.4%)

NEC No 123 (88.5%) 7 (63.6%) 5.449* 0.020 S
Yes 16 (11.5%) 4 (36.4%)

IVH No 122 (89.1%) 9 (81.8%) 0.524* 0.469 NS
Yes 15 (10.9%) 2 (18.2%)

Notes: P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant. *Chi-square test; •Independent t-test.
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The prevalence of ROP changes more than stage 0 in our screened group was 25.8%, with plus disease appearing in 
7.3% of the cases. And, 6.3% of the screened infants needed treatment. Our prevalence was comparable to that reported 
in other studies conducted elsewhere, including Saudi Arabia (28%24), Iran (32%25) and Southern India (21.6%16). 
A study conducted in mainland China also similarly utilized the inclusive criteria of BW (up to 2000g) and GA (up to 34 
weeks), and the reported prevalence of ROP and severe ROP requiring treatment were 17.8% and 6.8%, respectively.26 

Previous studies to assess the prevalence and risk factors for ROP in Egypt were scarce and had variable results. In 
a large study of 402 preterm babies from neonatal ICUs in Mansoura city from March 2013 to March 2015, 237 (59%) 
infants developed ROP, among whom 24 (10.1%) developed plus disease.27 Another study included 240 infants in Itay 
Elbaroud City, Behera Province, Egypt, showed that the overall incidence of ROP was 34.1%, and the incidence of type 1 
ROP was 26.3% of the infants.28 Other smaller scale studies reported that the prevalence of ROP ranged between 
19.2%29 and 48.2%.30

ROP changes more than stage 0 were more prevalent in infants with lower GA and birth weight, with mean GA of 
affected infants around 31 weeks (30.78 ± 2.29) and mean BW around 1450 g (1452.90 ± 404.41). This was consistent 
with the United Kingdom guideline development group20 and the American Academy of Paediatrics guideline.21 

However, ROP changes were also found in infants with GA up to 36 weeks and BW up to 2400 g, and even more; 2 
cases (20% of treated cases) with GA and BW above the American and British guidelines showed severe ROP changes 
that required treatment. This was comparable to results found by studies carried out in China,26 India31 and Iran,32 which 
indicated the importance of developing new guidelines that include screening of infants with higher GA and BW in 
developing countries.

The PMA for appearance of any ROP changes more than stage 0 ranged from 32 to 40 weeks (mean 35.63 ± 1.76 
weeks), while the PMA of appearance of severe ROP changes that needed treatment ranged from 33 to 41 weeks (mean 
37.20 ± 2.24 weeks). No severe ROP changes were noticed before 6 weeks chronological age or before 33 weeks PMA. 
These findings are comparable with previous studies.33–35 This can be explained by understanding the pathophysiology of 
ROP, in which two phases of the disease occur. Phase I ROP leads to vaso-obliteration that starts immediately after birth 
due to a marked decrease in vascular endothelial growth factor (VEGF) and insulin-like growth factor-1 (IGF-1). Phase II 
starts around 33 weeks PMA. During this phase, there is a rebound increase in VEGF levels, especially if there is retinal 
hypoxia with increasing retinal metabolism and demand for oxygen leading to abnormal vasoproliferation.36

The mean PMA for complete retinal vascularization in this study was 39.47 ± 0.83 weeks, which is comparable to 
what was found in previous studies.37,38 However, the mean PMA of complete retinal vascularization was higher in 
infants who had regressed ROP (41.29 ± 2.62 weeks). Furthermore, three cases in this study had persistent avascular 
retina with halted retinal vascularization in zone 3 more than 3-disc diameters from ora serrata. The three cases had 
severe ROP changes that needed intervention with intravitreal anti-VEGF (Ranibizumab) injection. Delayed retinal 
vascular development and persistent avascular retinal in cases of regressed ROP especially after intravitreal anti-VEGF 
injection was also reported in previous studies.39,40

There was no correlation between gender and appearance of ROP changes, which is consistent with the CRYO-ROP 
study41 and New York cohort study,42 but contradictory to other studies that found males to be more prone to ROP 
changes.42,43 Also, there was a significant correlation between appearance of ROP changes more than stage 0 and RDS 
stage, consistent with previous reports.44,45 Exposure to mechanical ventilation, CPAP especially for long durations, was 
associated with increased incidence of ROP changes more than grade 0 in this study. Similar results were reported by 
other studies.46,47

In this study, there was no significant correlation between PDA and ROP or plus disease. Other studies, like this 
study, found no significant correlation between PDA and ROP.48,49 Also, no significant correlation was found in this 
study between sepsis and ROP or plus disease. However, sepsis was found to be independently associated with the 
development of severe ROP in premature infants.50 Meanwhile, other studies, like this study, found that sepsis status was 
not significantly different between premature infants with and without ROP.45,51

There was a highly significant correlation between necrotizing enterocolitis (NEC) and incidence of ROP in this 
study, with a significant correlation between NEC and plus disease. Perinatal inflammation, such as NEC, was reported to 
be a risk factor for ROP. The cellular mechanisms by which systemic inflammation may affect retinal vascular 
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development and influence retinal neuronal function are still ill-defined. However, systemic inflammatory stress can 
perturb retinal angiogenesis and lead to vascular aberrations such as ROP.52

In this study, there was a highly significant correlation between intraventricular haemorrhage (IVH) and incidence or 
ROP more than stage 0. However, there was no significant correlation between IVH and plus disease. Association between 
IVH and ROP remains unclear. Previous studies have found a significant correlation between ROP and IVH.53–55 Other 
studies concluded that both IVH and ROP are complications of prematurity and there is no significant correlation between 
severity of ROP and IVH grade.56,57

There was a highly significant correlation between ROP and blood transfusion in this study, with a highly significant 
correlation between number of blood transfusions and ROP. Also, there was a highly significant correlation between plus 
disease and blood transfusion and number of blood transfusions. Previous studies showed that repeated blood transfu-
sions can be a potential risk factor for ROP.58,59 However, other studies did not find a significant correlation between 
blood transfusion and ROP. As the most severely ill infants receive more RBC transfusions and are also more susceptible 
to develop ROP changes.60,61

Limitations of our work include the relatively small sample size of screened infants and the inclusion of one centre in 
the study. Not all risk factors reported to increase the risk for ROP were assessed in this study. However, the importance 
of our study lies in demonstrating that premature infants with higher GA and BW need screening for ROP in our local 
population, which carries public health implications.

In conclusion, our study demonstrates that the prevalence of ROP, according to the most inclusive screening criteria, 
in Ain Shams University, Cairo, Egypt, is 25.8%. The most important risk factors for developing ROP are low GA, low 
BW, receiving mechanical ventilation especially for long duration, receiving CPAP, high stage of RDS, presence of NEC, 
IVH, and blood transfusion. It is important to mention that severe ROP changes that needed intervention were found in 
infants with GA up to 34 weeks and BW up to 2000 g, which exceeds the British guidelines for screening for ROP and is 
similar to the Indian guidelines for ROP screening. This signifies the need for other national large-scale studies to 
develop an Egyptian guideline for screening for ROP.
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