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Retinopathy of prematurity (ROP) is a vaso-proliferative 

retinal disorder that occurs almost exclusively in 

p r e m a t u r e  i n fa n t s  d u e  to  i n c o m p l e te  va s c u l a r 

development of the retina. With improvements in neonatal 

care and survival of very low birth weight infants, ROP has 

emerged as a major cause of avoidable childhood blindness 

globally, particularly in low- and middle-income countries 

(LMICs) like Pakistan [1]. According to the World Health 

Organization, over 15 million babies are born prematurely 

every year, and approximately 32% of surviving infants 

weighing less than 1500 grams may develop ROP [2]. In 
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Pakistan, neonatal mortality remains high, and the burden 

of prematurity-related complications, including ROP, is 

i n c r e a s i n g  s t e a d i l y  [ 3 ,  4 ] .  Tr a d i t i o n a l l y,  l a s e r 

photocoagulation has been the gold standard for treating 

threshold or type 1 ROP. However, intravitreal anti-vascular 

endothelial growth factor (anti-VEGF) agents such as 

Bevacizumab and Ranibizumab have gained popularity due 

to their e�cacy in posterior ROP, ability to preserve 

peripheral retina, and favorable anatomical outcomes [5]. 

Anti-VEGF therapy is especially effective in Zone I or 

aggressive posterior ROP (APROP), where laser treatment 
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Retinopathy of prematurity (ROP) is a leading cause of preventable blindness in children. Anti-

VEGF agents are widely used for treatment, but they pose concerns regarding delayed or 

incomplete retinal vascularization. There is limited local data on the vascularization timeline in 

Pakistani preterm neonates following anti-VEGF therapy. Objectives: To determine the time 

required to achieve complete retinal vascularization after intravitreal anti-VEGF injection in 

preterm neonates with ROP and to identify clinical predictors in�uencing this timeline. 

Methods: This prospective cohort study was conducted over 1.5 years from December 2023 to 

May 2025 at the neonatal nursery of the Pediatric Ward, Liaquat University of Medical and Health 

Sciences, Jamshoro. A total of 63 preterm neonates with treatment-requiring ROP received 

either Bevacizumab or Ranibizumab. Demographic, clinical, and treatment-related data were 

collected. Time to complete vascularization and postmenstrual age (PMA) at vascularization 

were recorded. ANOVA was used to assess statistical differences between subgroups. Results: 

The mean time to complete vascularization was 10.5 ± 2.0 weeks' post-treatment, with a PMA of 

44.5 ± 2.1 weeks. Delayed vascularization (>50 weeks) occurred in 8.5% and reactivation in 6.4% 

of neonates. Stage 3 ROP, Zone I disease, and Bevacizumab were associated with slightly longer 

vascularization times, but none of these comparisons were statistically signi�cant (p>0.05). 

Conclusions: Retinal vascularization typically completes within 10–12 weeks after anti-VEGF 

therapy. Although not statistically signi�cant, trends suggest extended follow-up is advisable in 

neonates with more severe disease or ZONE I ROP.
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is often technically challenging and less effective [6]. 

Despite its therapeutic bene�ts, anti-VEGF use poses a 

unique challenge, the delayed or incomplete retinal 

vascularization that may extend for months' post-

treatment, thereby necessitating prolonged and careful 

follow-up to monitor for disease recurrence or persistent 

avascular retina [7]. The timing of complete retinal 

vascularization following anti-VEGF therapy is a critical 

clinical endpoint, as it has implications for scheduling 

follow-ups, evaluating reactivation risk, and planning 

additional interventions. Several international studies 

have reported wide variability in the time to full 

vascularization, with some cases completing by 48–52 

weeks postmenstrual age (PMA), while others may take 

signi�cantly longer or fail to vascularize completely [8]. 

Factors in�uencing vascular maturation post-treatment 

include gestational age at birth, birth weight, zone and 

stage of ROP, and type of anti-VEGF agent used [9]. 

Ranibizumab, owing to its shorter systemic half-life, has 

been associated with relatively earlier revascularization 

compared to Bevacizumab [10]. In Pakistan, there is a 

signi�cant gap in locally generated data regarding the time 

course of retinal vascularization following anti-VEGF 

therapy. Most neonatal units do not have standardized ROP 

treatment protocols or long-term follow-up systems, 

increasing the risk of undetected persistent avascular 

retina or late recurrence. The scarcity of evidence makes it 

di�cult for ophthalmologists and neonatologists to 

counsel families regarding the expected duration of follow-

up or predict the timeline of retinal maturation. 

This study aimed to evaluate the time to complete retinal 

vascularization following anti-VEGF therapy in Pakistani 

preterm neonates and to identify potential clinical 

variables that may in�uence this timeline. 

(0.625 mg) or Ranibizumab (0.25 mg) intravitreal injections 

as the primary treatment for ROP. Infants with congenital 

ocular anomalies, previous laser photocoagulation, or 

incomplete follow-up data were excluded. Baseline data 

were collected from hospital records and veri�ed by the 

study team at enrollment. ROP zone, stage, and laterality 

were determined through dilated retinal examination by a 

pediatric ophthalmologist using indirect ophthalmoscopy 

(Keeler Vantage Plus), following the International 

Classi�cation of ROP (ICROP, 3rd edition). Zone I includes 

the central posterior retina, Zone II extends to the nasal ora 

serrata, and Zone III comprises the peripheral temporal 

retina. Staging was based on disease severity: Stage 1 

(demarcation line), Stage 2 (ridge), and Stage 3 (extraretinal 

proliferation). Systemic risk factors such as sepsis, oxygen 

therapy, mechanical ventilation, intraventricular 

hemorrhage, and necrotizing enterocolitis were identi�ed 

from documented neonatal diagnoses. Each patient was 

followed at 1, 3, and 6 months' post-treatment, based on 

international guidelines and adapted for local feasibility, 

considering compliance challenges and follow-up 

limitations in the Pakistani healthcare setting. At every 

follow-up, indirect ophthalmoscopy was performed by a 

quali�ed ophthalmologist to assess retinal vascular 

progression, disease regression, or recurrence. Indirect 

ophthalmoscopy was performed using a Keeler Vantage 

Plus headset with a 20D condensing lens under topical 

anesthesia. The primary outcome variable was the time (in 

weeks) from anti-VEGF administration to the point of 

complete retinal vascularization, de�ned as full extension 

of retinal  vessels to zone I I I  without any active 

neovascularization or plus disease. Secondary outcomes 

included postmenstrual age (PMA) at completion of 

vascularization, presence of persistent avascular retina, 

r e a c t i va t i o n  o f  R O P,  a n d  a ny  i n j e c t i o n - r e l a te d 

complications. Data were entered and analyzed using SPSS 

version 25.0. Descriptive statistics were used to 

summarize patient characteristics. Data were normally 

distributed, and the Normality of data distribution was 

measured via the Shapiro-Wilk test. Comparative analyses 

of time to complete vascularization across clinical 

subgroups (ROP stage, ROP zone, anti-VEGF type) were 

conducted using one-way ANOVA. A p-value of <0.05 was 

considered statistically signi�cant.

M E T H O D S

This prospective cohort study was conducted over a 

duration of 1.5 years at the Neonatal Nursery of Pediatric 

Ward, Liaquat University of Medical and Health Sciences, 

Jamshoro. Ethical approval was obtained from the 

institutional review board before the commencement of 

the study by the ethical review committee of the Institute 

of Ophthalmology, Liaquat University of Medical and Health 

Sciences, vide letter No. LUMHS/Dir/Ophth/-24. All 

neonates diagnosed with treatment-requiring ROP from 

December 2023 to May 2025 were assessed for eligibility 

and recruited consecutively following parental consent. 

The sample size was calculated via the Open Epi sample 

size calculator by taking the prevalence of ROP in Preterm 

neonates as 15.8% [11] with a 10% margin of error and a 97% 

con�dence interval. Inclusion criteria comprised preterm 

neonates born at ≤34 weeks of gestation and/or with a birth 

weight ≤2000 grams, who received either Bevacizumab 

R E S U L T S

The majority were male (61.9%), delivered via cesarean 

section (57.1%), and born as singletons (74.6%). The mean 

gestational age was 29.5 ± 1.5 weeks, and the mean birth 

weight was 1250 ± 200 grams, aligning with known risk 

parameters for ROP in premature infants, Table 1.
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D I S C U S S I O N

This study aims to evaluate the time to complete retinal 

vascularization after intravitreal anti-VEGF therapy in 

preterm neonates with ROP and to explore clinical factors 

in�uencing this timeline. The mean time to complete 

vascularization was found to be 10.5 ± 2.0 weeks, with a 

mean PMA at completion of 44.5 ± 2.1 weeks. These 

�ndings are consistent with previously published literature 

Table 1: Demographic Characteristics (n=63)

Variables Frequency (%)

Gender

Mode of Delivery

Birth Type

Male

Female

Cesarean Section

Normal Vaginal

Singleton

Multiple

Mean Gestational Age

Mean Birth Weight

39 (61.9%)

24 (38.1%)

36 (57.1%)

27 (42.9%)

47 (74.6%)

16 (25.4%)

29.5 ± 1.5 Weeks

1250 ± 200 Grams

Results outline the clinical characteristics. Most neonates 

had Stage 2 ROP (68.3%) followed by Stage 3 (28.6%). Zone II 

was the most common site of disease (61.9%), with bilateral 

involvement seen in 90.5% of cases. Common systemic risk 

factors included sepsis (20.6%), oxygen therapy (19.0%), 

and ventilation (17.5%), indicating a high burden of neonatal 

complications contributing to ROP progression, Table 2.

Table 2: Clinical Characteristics

Variables Frequency (%)

GendeROP Stage

ROP Zone

Laterality

Systemic Risk Factorsr

Stage 1

Stage 2

Stage 3

Zone I

Zone II

Zone III

Bilateral

Unilateral

Sepsis

O2 Therapy

Ventilation

IVH

NEC

None

02 (3.2%)

43 (68.3%)

18 (28.6%)

19 (30.2%)

39 (61.9%)

05 (7.9%)

57 (90.5%)

6 (9.5%)

13 (20.6%)

12 (19.0%)

11 (17.5%)

9 (14.3%)

8 (12.7%)

10 (15.9%)

Findings describe the distribution of time to complete 

retinal vascularization. The mean time to complete 

vascularization post anti-VEGF treatment was 10.5 ± 2.0 

weeks, with a median of 10 weeks and a range of 6–16 

weeks. Delayed vascularization beyond 24 weeks was 

observed in 8.5% of cases, and ROP reactivation occurred 

in 6.4% of neonates, Table 3.
Table 3: Distribution of Time to Complete Retinal Vascularization

Variables Value

Mean Time (Weeks Post Anti-VEGF)

Median Time

10.5 ± 2.0 Weeks

10 Weeks

Range

Delayed Vascularization (>24 Weeks PMA)

ROP Reactivation After Regression

6 – 16 Weeks

4 (8.5%)

3 (6.4%)

This study compares vascularization timing by clinical 

predictors. Stage 3 ROP, Zone I involvement, and 

Bevacizumab treatment were associated with numerically 

longer times to complete vascularization. However, ANOVA 

p-values showed no statistically signi�cant differences 

among ROP stage (p=0.369), zone (p=0.197), or anti-VEGF 

type (p=0.980), Table 4. 

Table 4: Comparative Analysis of Time to Complete Retinal 
Vascularization by Key Predictors (n=63)

Mean Time 
to Vascul-
arization
 (Weeks)

Predictor 
Variables

Subgroup

9.5 ± 1.5

10.3 ± 1.6

11.3 ± 2.2

11.2 ± 2.1

10.0 ± 1.8

10.7 ± 2.0

10.7 ± 2.0

10.1 ± 2.1

ROP Stage

ROP Zone

Anti-VEGF 
Type

Stage 1

Stage 2

Stage 3

Zone I

Zone II

Zone III

Bevacizumab

Ranibizumab

95% CI
 (Time)

8.43 – 10.57

9.73 – 10.87

10.21 – 12.39

10.19 – 12.21

9.42 – 10.58

8.73 – 12.67*

10.08 – 11.32

9.16 – 11.04

Delayed 
Vasculari-

zation 
(>50 

Weeks)

1 (10%)

1 (6.1%)

2 (11.1%)

2 (10.5%)

2 (6.3%)

0 (0.0%)

3 (6.8%)

1 (5.3%)

p-
value

0.369

0.197

0.980

The results illustrate the cumulative outcomes of retinal 

va s c u l a r i z at i o n,  R O P  re a c t i vat i o n,  a n d  d e l aye d 

vascularization at 1, 3, and 6 months post-anti-VEGF 

treatment. It highlights a progressive increase in complete 

vascularization and a gradual emergence of complications 

requiring continued follow-up, Figure 1.

31.7%

76.2%

100.0%

1.6% 3.2% 4.8%1.6%

4.8% 6.4%
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1 Month 3 Months 6 Months

Follow-Up Outcomes at 1, 3, and 6 Months Post Anti-VEGF Treatment 

Completed Vascularization ROP Reactivation

Delayed Vascularization Identified

Figure 1: Follow-Up Outcomes at 1, 3, and 6 Months Post Anti-
VEGF Treatment (n=63)
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