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Background: Retinopathy of prematurity (ROP) is increasing in incidence in developing nations, including Egypt. Secondary 
prevention requires timely detection through the development of regional screening guidelines, which should be preceded by large- 
scale studies to characterize the population at risk.
Methods: A prospective, multicentric exploratory study that included five large tertiary institutions in an urban Egyptian setting. All 
infants born with gestational age (GA) < 37 weeks and/or birth weight (BW) ≤ 2000 grams were screened. More mature and heavier 
infants with unstable clinical course were also included. The primary outcome measure was the rate of ROP and high-risk disease 
occurrence in relation to underlying risk factors.
Results: Of the 768 eyes (384 screened infants), 347 eyes (45.2%) had stage 1 or higher disease, and 43 eyes (5.6%) had high-risk 
disease. Eyes with stage 1 or higher ROP and treatment-requiring ROP had a mean (± SD) GA of 33.4 (± 2.6) weeks and 32.8 (± 3.2) 
weeks, and BW of 1842.3 (± 570.1) grams and 1747.6 ± (676.2) grams, respectively. Treatment-requiring eyes belonged to infants that 
had significantly lower GA and significantly higher prevalence of co-morbidities than non-treatment-requiring eyes.
Conclusion: The incidence of ROP and high-risk disease in an urban Egyptian setting are similar to those in comparable settings 
elsewhere and locally. This exploratory study supports tailoring local screening criteria for ROP, and may aid the future development 
of national guidelines.
Keywords: retinopathy of prematurity, ROP, screening, plus disease, preterm

Introduction
Retinopathy of prematurity (ROP) is a vision-threatening condition that remains a leading cause of childhood blindness. 
It occurs due to arrested development of neurovascular retinal components that stimulate aberrant vascular proliferation.1 

The incidence of the disease varies across different regions, reflecting the state of neonatal care. As the quality of the care 
initially improves with subsequent reduction in infant mortality, the rate of ROP may paradoxically increase; this 
probably reflects the early suboptimal care and inadequate number of ophthalmologists trained on ROP screening.2 

Thus, middle-income countries with developing health-care systems have been registering the highest rates of ROP in the 
recent years.3,4
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Although low gestational age (GA) and birth weight (BW) are classically considered the major risk factors for ROP 
development, heavier and more mature infants with co-morbidities or those receiving suboptimal care can also develop 
severe forms of the disease.2,5 Consequently, unified international screening criteria do not exist; regional guidelines are 
developed in accordance to local neonatal care standards and available screening data.6,7 This necessitates organized 
screening efforts to establish the burden of the condition and its regional risk factors, followed by planned prevention 
measures. Prevention is either primary with better access to safe and standardized prenatal care, secondary with tailored 
and enforced screening guidelines for early detection and intervention, or tertiary with management of complications and 
visual rehabilitation.8,9

In Egypt, few reports10–12 suggest a high burden of ROP over the past decade, reflecting the increase in neonatal 
survival rates. However, no established screening guidelines exist to date. Further, rural regions within the country are 
likely to be inflicted by more severe forms of the disease due to lower standard of care.13 The discrepancy in the criteria 
used for screening and in regional conditions of neonatal care, together with the small sample sizes, result in wide 
variability in reporting and indefinite conclusions.

In this prospective, multicentric screening effort, we utilized expanded ROP screening criteria to establish the 
incidence rate and risk factors for ROP development in an urban setting within greater Cairo, Egypt. The aim was to 
provide reference data as a preliminary step for establishing national tailored guidelines for ROP screening.

Methods
This is a preliminary analysis of prospectively acquired screening data started by the Giza Memorial Institute for 
Ophthalmic Research (MIOR), one of the oldest and largest dedicated academic eye institutes in Egypt. The screening 
began in December 2020 and is ongoing as of the time of writing. The final date included in this analysis was April 2022. 
Four large tertiary health-care institutes within the same region with maternal and neonatal services were also selected for 
participation and informed of the study’s inclusion criteria. The study adhered to the tenants of the Helsinki Declaration, 
and ethical approval from the General Organization for Teaching Hospitals and Institutes was obtained (approval ID: 
IOP00074). All parents were adequately informed about the screening procedure and value and provided written 
informed consent prior to the screening procedure. All data were de-identified before analysis to ensure anonymity of 
study participants.

As this was an exploratory study to establish adequately inclusive criteria for screening, we set out to adopt to lowest 
possible threshold for screening (Table 1). Infants born with GA < 37 weeks (wk) and/or BW ≤ 2000 grams (g) were 
included in our screening. More mature and heavier infants were also included in the screening if they had an unstable 
clinical course or known associated risk factors (eg, poor weight gain, neonatal respiratory distress syndrome [RDS], 
prolonged oxygen requirement, neonatal sepsis, or blood transfusion).

All screening was performed by adequately trained ophthalmologists from a single institution (MIOR). All infants 
underwent screening at the age of 4 weeks or at 31 weeks of postmenstrual age, even if the infant was in the neonatal 
intensive care unit (NICU). Charts of infants were reviewed for GA, BW, duration of NICU admission, and systemic risk 
factors. Dilated fundus examination was conducted in accordance to the American Academy of Pediatrics (AAP)14 and 
the Royal College of Pediatrics and Child Health (RCPCH) guidelines.15 We used readily-available combination eye 

Table 1 Screening Criteria for ROP in Comparison to Published Criteria and Guidelines

Country Study/Guidelines Year GA (Weeks) BW (Grams)

United States AAP14 2018 ≤30 ≤1500

United Kingdom RCPCH15 2022 <31 ≤1500
Turkey Bas et al16 2018 ≤32 ≤1500

India Shukla et al17 2020 ≤34 ≤2000

Egypt Current Study 2022 <37 ≤2000

Abbreviations: GA, gestational age; BW, birth weight; AAP, American Academy of Pediatrics; RCPCH, Royal College of 
Pediatrics and Child Health.
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drops for pupillary dilation (phenylephrine 2.5% and cyclopentolate 1%). A maximum of three drops were instilled in the 
eye at 15-minute intervals to avoid systemic toxicity. We then employed topical anesthesia (Benoxinate Hydrochloride 
0.4%) during examination of infants that were placed in a swaddling position, with the eyes kept open by an 
appropriately sized speculum. Binocular indirect ophthalmoscopy utilizing a 28-diopter handheld lens was used to 
examine the fundus, with rotation of the eye aided by an indentor.

Classification and staging of the disease was based on the second edition of the international classification of ROP;18 

the third edition19 was made available in the middle of the study and was utilized in later screening episodes. In case of 
positive or equivocal findings, colored fundus photographs were obtained using a contact fundus camera (3nethra neo, 
Forus Health, India). The same camera was used for subjects from all centers and the image analysis was made by two 
experienced retina specialists (more senior staff members) with open adjudication in case of disagreement. Treatment 
decision was based on the early treatment of ROP trial.20 Type I (high risk) disease was considered in zone I when any 
stage ROP was associated with plus disease, or stage 3 ROP without plus disease, and in zone II when stage 2 or 3 ROP 
were associated with plus disease.

Data were collected and tabulated using Excel software. The Statistical Package for Social Science (IBM SPSS 
Version 25) was used for analysis. Normality and hetereoskedasticity of continuous data were assessed with Shapiro– 
Wilk and Levene’s test, respectively. Data were described in terms of mean (± SD) in case of normal distribution, and 
median with interquartile range (IQR) in case of non-normally distributed. Grouping in terms of treatment requirement 
allowed comparing GA, BW, and comorbidities between groups. Continuous outcomes were compared with unpaired 
Student’s t-test or Mann–Whitney U-test according to data distribution. Discrete outcomes were compared with chi- 
squared or Fisher’s exact test accordingly. The alpha risk was set to 5%.

Results
The final analysis included 768 eyes of 384 screened infants. The percentage of infants admitted to the NICU that 
fulfilled the screening criteria in the four auxiliary tertiary centers during the study interval were 46%, 39.5%, 31%, and 
22%. Table 2 demonstrates the demographic and co-morbidity distribution of the examined infants. The median (IQR) 

Table 2 Distribution of Demographic and Co-Morbidity 
Variables in the Studied Sample (n = 384)

Variable Distribution

GA (weeks) 34 (32–36)
Median (IQR)

BW (grams) 1875 (1555–2410)

Median (IQR)
NICU Stay (days) 24 (15–33)

Median (IQR)

Multiple Gestation 50 (13%)
n (%)

Co-morbidities
n (%)
RDS 132 (34.4%)

Sepsis 77 (20.1%)

Prolonged Oxygen Therapy 51 (13.3%)
Apnea 17 (4.4%)

Bronchopulmonary Dysplasia 12 (3.1%)

Multiple Blood Transfusion 7 (1.8%)
Necrotizing Enterocolitis 5 (1.3%)

Mechanical Ventilation 2 (0.5%)

None 206 (53.6%)

Abbreviations: GA, gestational age; BW, birth weight; NICU, neonatal 
intensive care unit; RDS, respiratory distress syndrome.
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GA of the examined infants was 34 (32–36) wk, and the median (IQR) BW was 1875 (1555–2410) g. Infants were 
admitted to the NICU for a median (IQR) of 24 (15–33) days. Over half of the infants (206, 53.6%) did not develop an 
associated co-morbidity. In those with co-morbidities (178, 46.4%), the most common were RDS (132, 34.4%) and 
neonatal sepsis (77, 20.1%).

The results of ROP screening are given in Table 3. The majority of the eyes (421, 54.8%) had stage 0 disease, and 
only a small proportion had pre-plus (62, 8.1%) or plus (31, 4%) disease. The eyes that had stage 1 or higher disease 
(347, 45.2%) belonged to infants with a mean (± SD) GA and BW of 33.4 (± 2.6) wk and 1842.3 (± 570.1) g.

Forty-three eyes (5.6%) had type I disease and were candidates for intervention. When analyzing risk factors in 
infants with treatment-requiring disease, their mean (± SD) GA and BW were found to be 32.8 (± 3.2) wk and 1747.6 (± 
676.2) g, respectively, which were lower than those of non-treatment-requiring infants (34.2 ± 2.8 wk [p = 0.0245], and 
1998.6 ± 627.8 g [p = 0.0706], respectively). A significantly higher proportion of infants that required treatment (63.6%) 
had developed co-morbidities compared to those that did not require treatment (45.3%, p = 0.0257). All infants with 
treatment-requiring disease that fell outside the AAP screening criteria for GA and BW (11, 2.9%) had one or more co- 
morbidities and an unstable clinical course.

Discussion
Secondary prevention of ROP entails timely detection and treatment of cases. This requires the development of regional 
screening guidelines, which is an evolving process with continuous updates from large-scaled studies.7,21,22 Although the 
disease is emerging in African nations, no formal screening guidelines exist in most of the continent’s countries, 
including Egypt.23 In this exploratory, relatively-large prospective study of ROP in an urban Egyptian setting, we 
demonstrate that the incidence of high-risk disease (type I ROP, 5.6%) was within reported ranges, but with a distribution 
of risk factors that is more consistent with developing nations like India,17 rather than developed ones like the United 
States14 or the United Kingdom.15

The optimum ROP screening guidelines are ones that have the highest sensitivity for detecting high-risk disease.2,24 

This stimulated our adoption of the most encompassing screening criteria in Egypt to date in order to better characterize 
our studied population. Although direct comparison to other cohorts is not possible due to differences in cutoff screening 
criteria of GA and BW, the incidence of ROP (excluding stage 0, 45.2%) and of high-risk disease (5.6%) in our sample 
were relatively comparable to previous reports. In a study from Turkey that included all preterm infants from 49 NICUs, 
the overall incidence of ROP was 30% and of severe ROP was 5%.25 In a prospective, multicentric study in China that 
screened infants with GA ≤ 34 wk and/or BW ≤ 2000 g, the incidence of ROP and type 1 ROP were 17.8% and 6.8%, 
respectively.26 A study from Alexandria, Egypt that screened infants with BW < 1250 g and maternal postmenstrual age 
<32 wk found the incidence of ROP to be 34.4% and of type 1 ROP to be 9.8%.11 The largest retrospective report of 
screened Egyptian infants to date included 2318 preterm infants, without specifying the utilized screening criteria, and 
found that the incidence of type 1 disease was 5.7%.27

Table 3 Screening Results in the Studied Eyes (n = 768)

Variable, n (%) OD OS Total

Stage 0 208 (54.2%) 213 (55.5%) 421 (54.8%)
Stage 1 115 (29.9%) 113 (29.4%) 228 (29.7%)

Stage 2 36 (9.4%) 32 (8.3%) 68 (8.9%)

Stage 3 14 (3.6%) 16 (4.2%) 30 (3.9%)
Stage 4 2 (4.54%) 1 (0.3%) 2 (0.3%)

Stage 5 10 (2.6%) 9 (2.3%) 19 (2.5%)

Pre-plus 32 (8.3%) 30 (7.8%) 62 (8.1%)
Plus 15 (3.9%) 16 (4.2%) 31 (4%)

Type I (high risk) 21 (5.5%) 22 (5.7%) 43 (5.6%)

Abbreviations: OD, oculus dexter (right eye); OS, oculus sinister (left eye).
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National screening protocols should initially adopt more inclusive criteria to accommodate for regional inconsistence 
in neonatal care standards and ROP prevalence.24,28 With gradual improvement in neonatal care over the years, a shift in 
occurrence of severe disease towards smaller and less mature infants is often seen, allowing for later adjustments to 
screening guidelines and reducing their financial burden.22,29,30 Regional discrepancy is also noted across different 
settings within the same nation and could necessitate tailored screening; for instance, a higher prevalence of severe ROP 
among heavier and more mature infants was found in rural compared to urban settings in India.31,32 This may also be the 
case in Egypt. A recent study by Tawfik et al13 that screened infants in 32 NICUs in rural Egypt with cutoffs GA ≤ 34 wk 
and/or BW ≤ 2000 g found the incidence of treatment-requiring ROP to be 47.4%, much higher than the rate of high-risk 
disease in our study (5.6%).

We found that the main risk factors for developing treatment-requiring disease were a low GA (mean; 32.8) and BW 
(mean; 1747.6 g), and the presence of co-morbidities (prevalence; 63.6%). This is in line with published findings. Low 
GA and BW, and the use of supplemental oxygen are considered the major risk factors linked to ROP development 
within the literature.2 Other associated risk factors include RDS, sepsis, intraventricular hemorrhage, apnea, continuous 
positive pressure ventilation, and frequent blood transfusion.33

A strength of this study is including one of the largest screening samples for ROP to date in Egypt. Further, the 
prospective nature, the inclusion of multiple urban centers, and the wide-range screening criteria contribute to the 
strength of study design and limit missing of any heavier and more mature infants that may develop the disease. 
A limitation of the work is that the results cannot be generalizable to a nation-wide level due to heterogeneity in neonatal 
healthcare provision. Another limitation is that the number of treatment-requiring infants was insufficient to allow for 
multivariate regression analysis of risk factors.

In conclusion, we provide a large analysis of incidence and risk factors of ROP in an urban Egypt setting. The incidence 
rates of ROP and of high-risk disease were comparable to national and international rates, although occurrence of treatment- 
requiring disease was significantly less than in a large recent study from a rural setting.13 This exploratory study can serve in 
tailoring local criteria for ROP screening, and in the future development of national guidelines. With national plans for 
digitalization of the healthcare system, easier documentation and referral of infants that require screening could be expected, 
and a greater contribution of telemedicine could limit the proportion of missed screening encounters.
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The authors report no conflicts of interest in this work.
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