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1  |   INTRODUCTION

Retinopathy of prematurity (ROP) is a retinal disorder 
that affects premature infants and is a leading cause of 

childhood blindness, characterized by abnormal retinal 
blood vessel development due to dysregulated vascular 
endothelial growth factor (VEGF) (Alon et  al.,  1995; 
Kim et  al.,  2018). The 2019 Global Burden of Disease 
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Abstract
Purpose: Retinopathy of prematurity (ROP) is a major cause of childhood 
blindness, and selecting the optimal treatment between anti-vascular endothe-
lial growth factor (anti-VEGF) and laser therapy is crucial. Understanding 
their impact on key outcomes, particularly mortality, is essential for informed 
clinical decision-making.
Methods: A systematic literature search identified published studies compar-
ing anti-VEGF and laser therapy for ROP up to December 31, 2024. Primary 
outcomes included mortality, retinal detachment, surgical interventions, myo-
pia and neurodevelopmental outcomes. The risk of bias was assessed using the 
Cochrane Risk of Bias Tool and ROBINS-I. Data were synthesized using a 
random-effects model, with risk ratios (RR) and 95% confidence interval (CI). 
This review is registered in PROSPERO (CRD42024585336).
Results: A total of 12 randomized controlled trials (RCTs) and 58 observational 
studies, covering 10 516 infants, were included. Anti-VEGF therapy was associ-
ated with a higher mortality risk than laser therapy (RR: 1.68; 95% CI: 1.23–
2.30), primarily in observational studies (1.85; 1.32–2.60), while RCTs showed 
no significant difference (1.02; 0.46–2.26). Anti-VEGF therapy was linked to 
lower risks of retinal detachment (0.36; 0.27–0.50), fewer surgical interventions 
(0.38; 0.22–0.65), and a lower risk of myopia (0.67; 0.54–0.82). No significant 
differences were found in neurodevelopmental outcomes (1.05; 0.96–1.15).
Conclusions: Anti-VEGF therapy offers benefits over laser treatment, includ-
ing reduced retinal detachment, fewer surgeries and lower myopia risk, with 
no observed increase in mortality or neurodevelopmental impairment. Future 
large-scale RCTs are needed to clarify mortality risks while minimising the 
impact of confounding factors.
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Study reported a rising prevalence of ROP-related vision 
loss (Wang et al., 2024).

Laser therapy has been a key treatment for ROP, 
known for its safety and effectiveness (Good et al., 2003, 
2004, 2006). It aims to eliminate excessive angiogenic 
stimulators like VEGF, Tie-2 and IGF-1 from the avascu-
lar peripheral retina (Imamoglu et al., 2014; Kong, Bhatt, 
et al., 2015). Identifying VEGF's role in ROP has driven 
the exploration of anti-VEGF agents as alternative treat-
ments (Alon et al., 1995). As pegaptanib was first used for 
retinal diseases (Cunningham Jr et al., 2005; Gragoudas 
et  al.,  2004), more anti-VEGF agents have been devel-
oped (Pham et al., 2019). The BEAT-ROP trial (Mintz-
Hittner et al., 2011) demonstrated a significant benefit of 
bevacizumab over laser in infants with Zone I disease, 
while the RAINBOW trial (Stahl et  al.,  2019) showed 
a trend towards improved outcomes with ranibizumab 
compared to laser, though without statistical superiority. 
These findings support the expanding role of intravitreal 
anti-VEGF as a treatment option for ROP.

While both anti-VEGF and laser therapies are effective 
for ROP, safety concerns remain. Specifically, studies sug-
gest anti-VEGF may increase the risk of neurodevelopmen-
tal disabilities and pulmonary hypertension compared to 
laser therapy (Morin et al.,  2016; Natarajan et al.,  2019; 
Nitkin et  al.,  2022). Avery et  al.  (2016) noted that pro-
longed anti-VEGF use for diabetic macular oedema may 
be linked to higher mortality. Although subsequent meta-
analyses found no significant mortality increase with 
anti-VEGF compared to laser in ROP (Sankar et al., 2018; 
Taher et  al.,  2022), Natarajan et  al.  (2019) still reported 
higher mortality rates associated with anti-VEGF use.

Recent meta-analyses suggest that anti-VEGF may 
better reduce myopia and delay recurrence in ROP 
(Ortiz-Seller et  al.,  2024; Xu et  al.,  2023), but evidence 
on systemic side effects and structural outcomes, such 
as retinal detachment, remains inconclusive (Chen 
et al., 2023; Popovic et al., 2021; Sankar et al., 2018; Taher 
et al., 2022). Hence, we conducted this systematic review 
and meta-analysis to comprehensively assess efficacy 
and safety, offering a balanced view of benefits and risks.

2  |   M ETHODS

2.1  |  Literature search

This study adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (Liberati 
et  al.,  2009). A literature search was conducted in 
EMBASE, Ovid-Medline, Cochrane library and Scopus 
using appropriate keywords: retinopathy of prematurity, 
vascular endothelial growth factors, and laser (Search 
strategies detailed in Table  S1). W.D.W completed the 
final search on December 31, 2024. The review is regis-
tered in PROSPERO (CRD42024585336).

2.2  |  Inclusion/exclusion criteria

We included studies according to the following criteria 
were as follows: (1) randomized controlled trials (RCTs) 

or observational studies; (2) involved preterm infants 
with ROP; (3) a comparison between anti-VEGF and laser 
therapy; and (4) a report of at least one clinical outcome, 
such as mortality, retinal detachment, surgical interven-
tion, myopia, developmental delay, etc. The exclusion 
criteria were as follows: (1) Phase I and II clinical trials, 
(2) studies including patients with vitreoretinal diseases 
caused by other than ROP, (3) studies using solely combi-
nation therapy with anti-VEGF and laser, and (4) studies 
focusing on advanced stages of ROP (Stages 4 and 5). 
W.D.W and W.T.Y independently reviewed the articles 
for inclusion using EndNote X9.

2.3  |  Data extraction and quality assessment

W.D.W and W.T.Y independently extracted data and 
assessed the risk of bias, with S.I.P resolving disagree-
ments. RCTs were evaluated using the Cochrane Risk of 
Bias Tool 2.0 (Sterne et al., 2019), and observational stud-
ies with the ROBINS-I tool (Sterne et al., 2016). In case of 
disagreements, S.I.P. made the final decision following 
Cochrane Handbook guidelines (Higgins et al., 2024).

2.4  |  Data synthesis and analysis

The meta-analysis was conducted using Review Manager 
5.4. The primary outcomes were mortality rate, retinal 
detachment incidence, need for surgical intervention, 
myopia incidence and neurodevelopmental consequences 
(developmental delay or cerebral palsy). The secondary 
outcomes were unfavourable ocular outcomes, including 
retinal or macular dragging/traction, retinal holes, macu-
lar or retinal fold, macular ectopia, haemorrhage, uveitis, 
endophthalmitis, cataract or lens opacity, keratitis, cor-
neal erosion and corneal opacity. Outcomes were ana-
lysed as dichotomous variables using risk ratios (RR) with 
95% confidence intervals (CI), with statistical significance 
set at p < 0.05. Heterogeneity was assessed via Cochran Q 
and I2 statistics (p < 0.10, I2 > 40% indicating significance). 
Sensitivity analysis tested result robustness, funnel plots 
assessed publication bias and subgroup analysis com-
pared RCTs and observational studies. A random-effects 
model was used due to the diversity in clinical conditions.

3  |   RESU LTS

3.1  |  Literature search

The literature search and selection process are illustrated 
in Figure 1. A comprehensive search across multiple da-
tabases identified 3202 references, along with one addi-
tional reference from other sources. After removing 1648 
duplicates and excluding 1452 irrelevant titles/abstracts, 
102 full-text articles were assessed for eligibility, leading 
to the exclusion of 32 additional studies. The remaining 
70 studies met the inclusion criteria and were subjected 
to qualitative analysis. Ultimately, 70 studies, including 
12 RCTs and 58 observational studies, were included in 
the quantitative meta-analysis.
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3.2  |  Characteristics of the eligible studies

The characteristics of the included studies (12 RCTs 
and 58 observational studies) are summarized in 
Table  1. The 70 studies included between 9 and 1577 
infants diagnosed with ROP, ranging in gestational age 
from 23 to 32 weeks. The experimental group consisted 
of patients who received anti-VEGF therapy, including 
aflibercept, bevacizumab, conbercept or ranibizumab. 
Patients who received laser therapy were assigned to 
the control group. The follow-up periods ranged from 
1 months to 5 years.

3.3  |  Quality of the included studies

The 12 included RCTs were evaluated using the 
Cochrane risk-of-bias tool 2.0 (Sterne et  al.,  2019), 
with most showing a low risk of bias across five core 

domains, except for one study (O'Keeffe et  al.,  2016) 
classified as high risk (Table S2). The 61 observational 
studies, including retrospective and prospective co-
horts, were assessed with the ROBINS-I tool (Sterne 
et  al.,  2016), generally presenting a moderate risk of 
bias, particularly due to confounding factors. However, 
biases in participant selection, intervention classifica-
tion, outcome measurement and result reporting were 
largely considered low (Table S3).

3.4  |  Mortality

Our meta-analysis of 3626 individuals from 7 RCTs and 
12 observational studies found a higher mortality risk 
with anti-VEGF treatment compared to laser therapy 
(RR: 1.68; 95% CI: 1.23–2.30; Figure 2). Publication bias 
was assessed using a funnel plot (Figure S1). In observa-
tional studies, anti-VEGF therapy showed a significantly 

F I G U R E  1   Study selection flowchart.

3,202 Records identified through databases 
searching

1,362 EMBASE
704 Ovid-Medline
112 CENTRAL

1,023 Scopus
1 Records identified through other

sources

1,648 Duplicate records 

1,554 Records screened

1,452 Records excluded on 
title and abstract review

102 Full-text articles assessed for eligibility 32 Articles excluded with
reasons

9 Intervention or 
outcome not of interest

13 No data amenable for 
meta-analysis

2 Do not meet the PICO
5 Letter to the editor
2 Case report
1 Review

70 Studies included in qualitative analysis

70 Studies included in quantitative
synthesis (meta-analysis)

12 RCTs
58 Observational studies

Population (P):

Infants diagnosed with retinopathy of prematurity

Intervention (I):

Anti–vascular endothelial growth factors therapy

(including bevacizumab, ranibizumab, aflibercept, etc.)

Comparison (C):

Laser therapy

Outcome (O):

All treatment-related outcomes

(including mortality, retinal detachment, need for 

surgery, etc.)
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higher mortality risk (RR 1.85; 95% CI 1.32–2.60). 
However, the RCT subgroup showed no significant in-
crease (RR 1.02; 95% CI 0.46–2.26).

Several studies have reported causes of death across 
various organ systems, with respiratory diseases 
being the leading cause in both treatment groups. The 
causes and their respective proportions are detailed in 
Figure S2.

3.5  |  Retinal detachment

Our analysis of 8787 eyes from 6 RCTs and 27 obser-
vational studies found a significantly lower risk of reti-
nal detachment with anti-VEGF treatment compared 
to laser therapy (RR 0.36; 95% CI 0.27–0.50; Figure 3). 
Subgroup analysis showed no significant difference in 
RCTs (RR 1.05; 95% CI 0.44–2.52), while observational 
studies reported a lower incidence with anti-VEGF (RR 
0.31; 95% CI 0.22–0.44).

3.6  |  Vitrectomy/scleral buckle/surgery

Analysis of 3787 eyes from 5 RCTs and 12 observational 
studies showed that anti-VEGF therapy significantly re-
duced the need for surgical interventions in infants with 

ROP (RR 0.38; 95% CI 0.22–0.65; Figure 4). Subgroup 
analysis showed a reduction in surgical interventions 
with anti-VEGF therapy in RCTs (RR 0.29; 95% CI 
0.10–0.84) and observational studies (RR 0.42; 95% CI 
0.23–0.77).

3.7  |  Myopia

Analysis of 2479 eyes from 2 RCTs and 19 observational 
studies showed a lower incidence of myopia with anti-
VEGF therapy than laser (RR 0.67; 95% CI 0.54–0.82; 
Figure 5). Subgroup analysis also indicated reduced risk 
in both RCTs (RR 0.45; 95% CI 0.29–0.70) and observa-
tional studies (RR 0.70; 95% CI 0.56–0.87).

3.8  |  Developmental delay/cerebral palsy

Analysis of 1764 patients from 2 RCTs and 13 obser-
vational studies found no significant difference in 
developmental delay or cerebral palsy risk between 
anti-VEGF and laser therapy (RR 1.05; 95% CI 0.96–
1.15; Figure  6). Subgroup analysis also demonstrated 
no significant difference in both RCTs (RR 0.77; 95% 
CI 0.38–1.57) and observational studies (RR 1.07; 95% 
CI 0.96–1.18).

F I G U R E  2   Forest plot of the mortality rate comparing anti-VEGF and laser groups. CI, confidence interval.
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3.9  |  Retina dragging/macular dragging/
macular traction

Analysis of 4455 eyes showed anti-VEGF therapy signifi-
cantly reduced the risk of retinal dragging, macular drag-
ging or macular traction compared to laser therapy (RR 
0.33; 95% CI 0.18–0.59; Figure S3). Subgroup analysis con-
firmed reduced risk in both RCTs (RR 0.24; 95% CI 0.06–
0.96) and observational studies (RR 0.37; 95% CI 0.17–0.78).

3.10  |  Retinal holes

An observational study of 52 eyes found no significant 
difference between treatments (RR 5.80; 95% CI 0.29–
115.21; Figure S4).

3.11  |  Macular fold/retinal fold

Data from 2351 eyes showed no significant differ-
ence between treatments (RR 1.85; 95% CI 0.26–13.07; 
Figure S5), with RCTs (RR 0.65; 95% CI 0.12–3.63) and 
observational studies (RR 9.88; 95% CI 0.24–404.10) 
yielding similar results.

3.12  |  Macular Ectopia

Analysis of 625 eyes showed no significant difference in 
the risk of macular ectopia (RR 0.37; 95% CI 0.12–1.16; 
Figure S6), with similar findings in RCTs (RR 0.46; 95% 
CI 0.12–1.82) and observational studies (RR 0.22; 95% 
CI 0.03–1.74).

F I G U R E  3   Forest plot of the retinal detachment rate comparing anti-VEGF and laser groups. CI, confidence interval.
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3.13  |  Haemorrhage

Data from 3974 eyes across 4 RCTs and 13 observational 
studies showed no significant difference in the risk of 
haemorrhage (RR 1.01; 95% CI 0.57–1.76; Figure  S7). 
Subgroup analysis found no significant difference in 
RCTs (RR 0.88; 95% CI 0.26–3.00) or observational stud-
ies (RR 1.14; 95% CI 0.58–2.23).

3.14  |  Uveitis

One observational study of 46 eyes found no significant 
difference (RR 0.07; 95% CI 0.00–1.45; Figure S8).

3.15  |  Endophthalmitis

The overall analysis of 1845 eyes found no significant dif-
ference in risk between anti-VEGF and laser treatments 
(RR 1.39; 95% CI 0.06–34.02; Figure S9).

3.16  |  Cataract/lens opacity

Data from 5391 eyes across 6 RCTs and 13 observational 
studies showed no significant difference in the risk of 
cataract or lens opacity (RR 1.47; 95% CI 0.61–3.55; 
Figure S10). Subgroup analysis found no significant dif-
ference in RCTs (RR 1.26; 95% CI 0.28–5.66) or observa-
tional studies (RR 1.59; 95% CI 0.53–4.74).

3.17  |  Keratitis

One observational study of 108 eyes found no significant 
difference (RR 1.40; 95% CI 0.06–33.51; Figure S11).

3.18  |  Corneal erosion

Analysis of 1123 eyes from 4 observational studies found 
no significant difference (RR 0.90; 95% CI 0.25–3.29; 
Figure S12).

3.19  |  Corneal opacity

Data from 3053 eyes showed no significant difference 
(RR 0.79; 95% CI 0.20–3.07; Figure S13). Subgroup anal-
ysis found no significant difference in RCTs (RR 0.17; 
95% CI 0.02–1.56) or observational studies (RR 2.02; 
95% CI 0.36–11.47).

4  |   DISCUSSION

VEGF regulation in angiogenesis has been a focal point 
in understanding the pathophysiology of various dis-
eases. Early studies on intravitreal anti-VEGF injec-
tions mainly explored the potential risks, such as arterial 
thromboembolic events and significant cardiovascular 
or nonocular hemorrhagic events, yet found no substan-
tial connections (Cheng et al., 2012; Thulliez et al., 2014). 

F I G U R E  4   Forest plot of the surgical rate comparing anti-VEGF and laser groups. CI, confidence interval.
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However, later research indicated an increased risk of 
vascular events in patients receiving regular anti-VEGF 
treatment (Avery & Gordon, 2016; Ueta et al., 2014).

When examining mortality rates, the picture is more 
complex. Avery et al. (2016) proposed that monthly anti-
VEGF injections might increase mortality in diabetic 
macular oedema patients, though other meta-analyses 
found no significant rise in mortality across a variety 
of retinal and macular conditions (Dalvin et  al.,  2019; 
Reibaldi et al., 2020; Ueta et al., 2014).

Research on anti-VEGF in infants with ROP remains 
relatively scarce. Natarajan et al.  (2019) found no mor-
tality difference between intravitreal bevacizumab (IVB) 
and laser therapy during hospitalization, but follow-up 
at 18–26 months' corrected age showed higher mortality 
in the IVB group. Zayek et al. (2020) reported higher ini-
tial mortality in IVB-treated infants (16%) versus laser-
treated (3%), though this was not statistically significant 
after adjustment for confounders. Moreover, two meta-
analyses of RCTs concluded that anti-VEGF and laser 
therapy had comparable mortality rates in ROP infants 
(Sankar et al., 2018; Taher et al., 2022).

Frieden (2017) argued that while RCTs minimize bias 
and confounding, their small sample sizes and short fol-
low-up periods can limit the assessment of rare but severe 
adverse effects. Therefore, employing additional research 
data, such as from observational studies, can provide a 
broader perspective for informed clinical decisions.

Given the rarity and severity of adverse effects like 
mortality, we included both RCTs and observational 
studies for a more comprehensive analysis. While obser-
vational studies are valuable for identifying rare safety 
events and allowing long-term follow-up, our subgroup 
analysis revealed inconsistencies between observational 
and RCT findings, suggesting the potential influence 
of confounding factors. Notably, the RCT subgroup 
showed no significant difference in mortality. As a re-
sult, we emphasize the need for large-scale RCTs with 
extended follow-up periods to better evaluate treatment 
safety and resolve discrepancies between study designs.

To conduct a comprehensive analysis, we included 
mortality from all causes for infants undergoing either 
anti-VEGF or laser treatment. Moreover, according 
to the methodological approach proposed by Cheng 
et al. (2016), when analysing negative outcomes such as 
death rates, studies with ‘both-armed zero-event’ cases 
should be removed to reduce assessment bias. Thus, 
studies reporting no deaths in either treatment group 
were excluded from the overall effect synthesis.

When exploring the causes of mortality, while anti-
VEGF therapy in adults has been linked to vascular ad-
verse events (Avery & Gordon, 2016; Ueta et al., 2014), 
our study indicates that in infants, respiratory diseases 
are the primary cause of mortality in both treatment 
groups, with a notably higher incidence in those treated 
with anti-VEGF (Figure S2).

F I G U R E  5   Forest plot of the myopia rate comparing anti-VEGF and laser groups. CI, confidence interval.
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VEGF plays a critical role in lung development, 
and its reduced expression has been associated with 
abnormal lung growth and bronchopulmonary dyspla-
sia (Bhatt et  al.,  2001; Mariduena et  al.,  2022; Myint 
et al., 2021). Additionally, Khalili et al. (2018) demon-
strated in animal models that anti-VEGF antibod-
ies primarily affect the lungs, potentially leading to 
pulmonary hypertension. Nitkin et  al.  (2022) further 
found that patients receiving anti-VEGF therapy re-
quired pulmonary vasodilators more often than those 
treated with laser therapy, suggesting a possible link to 
pulmonary hypertension. These findings may help ex-
plain the increased mortality from respiratory diseases 
observed in our analysis.

Existing meta-analyses show conflicting results on 
retinal detachment risk. Popovic et  al.  (2021) found no 
significant difference between anti-VEGF and laser ther-
apy, while Chen et al. (2023), in a larger study, reported a 
higher risk with laser treatment. Our comprehensive anal-
ysis, which included 6 RCTs and 27 observational studies, 
demonstrated a considerably increased risk of retinal de-
tachment among patients treated with laser therapy.

Popovic et  al.  (2021) also reported that anti-VEGF 
therapy reduces the need for surgical interventions. Our 
research consistently revealed that infants with ROP 
who received anti-VEGF treatment were less likely to re-
quire subsequent surgical procedures compared to those 
treated with laser therapy.

In terms of refractive outcomes, Popovic et al. (2021) 
found no difference in refractive outcomes between 

anti-VEGF and laser therapy, suggesting that ROP sever-
ity plays a larger role in myopia development. However, 
numerous meta-analyses have reported lower rates of 
myopia in eyes treated with anti-VEGF compared to 
laser (Chen et al., 2023; Kong et al., 2021; Li et al., 2018; 
Tan et  al.,  2019; Wang et  al.,  2020). Our meta-analysis 
of 21 studies aligns with these findings, demonstrating a 
lower risk of myopia following anti-VEGF therapy com-
pared to laser.

As VEGF is a vital factor for angiogenesis across 
various organs, and the same isoform of VEGF has 
been detected in the brain and eyes in animal exper-
iments (Ng et  al.,  2001), concerns have arisen about 
whether using anti-VEGF to treat ROP might also 
affect nervous system development. Sato et  al.  (2012) 
discovered that IVB therapy could lower systemic 
VEGF levels in infants. Also, research has shown that 
anti-VEGF agents can remain in circulation for up to 
2 months, during which time serum VEGF levels de-
crease and take 2–3 months to normalize (Kong, Bhatt, 
et al. (2015); Huang et al., 2018; Cheng et al., 2020). On 
the other hand, Kong, Bhatt, et  al.  (2015) noted that 
laser treatment also lowers serum VEGF levels, likely 
due to retinal cell destruction, though its effects are 
less pronounced than those of IVB therapy.

Meta-analyses on IVB therapy show conflicting 
results, with one finding no increased risk of severe 
neurodevelopmental issues and another linking it to 
higher cognitive impairment risk (Kaushal et  al.,  2021; 
Tsai et  al.,  2021). Studies in 18-month-old ROP infants 

F I G U R E  6   Forest plot of the incidence of developmental delay or cerebral palsy comparing anti-VEGF and laser groups. CI, confidence 
interval.
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reported higher risks of severe neurodevelopmental dis-
abilities and delays in language and social skills with IVB 
compared to laser (Arima et al., 2020; Morin et al., 2016). 
However, growing evidence suggests that there may be no 
significant difference in neurodevelopmental outcomes 
between ROP patients treated with anti-VEGF or laser 
(Ahn et al., 2022; Celik et al., 2022; Chen et al., 2018; Chou 
et  al.,  2022; Kennedy et  al.,  2018; Marlow et  al.,  2021; 
Murakami et al., 2021; Natarajan et al., 2019; Raghuram 
et al., 2019; Rodriguez et al., 2019; Zayek et al., 2020; Zhang 
et  al.,  2020). Follow-up was typically under 28 months, 
with two studies extending to 5 years, still showing no 
significant cognitive or developmental differences (Chou 
et al., 2022; Murakami et al., 2021).

While a meta-analysis by Diggikar et al. (2023) linked 
anti-VEGF therapy to a higher risk of cognitive impair-
ment compared to laser treatment, our analysis found 
no significant difference in neurodevelopmental impair-
ment or cerebral palsy between treatments.

4.1  |  Strengths and limitations

Our meta-analysis has several strengths. We included 
a large-scale sample from both RCTs and observa-
tional studies. We comprehensively assessed multiple 
outcomes, exceeding previous meta-analyses, and ob-
served low heterogeneity among studies. Additionally, 
we conducted a subgroup analysis of RCTs and obser-
vational studies. While our initial analysis suggested 
a higher mortality risk with anti-VEGF therapy, the 
RCTs subgroup showed no significant difference in 
mortality risk, highlighting the potential influence 
of confounding variables in observational studies. 
We also explored the causes of death and found that 
respiratory diseases were the leading cause of mor-
tality, with a higher proportion in infants receiving 
anti-VEGF therapy. While previous studies on neu-
rodevelopmental outcomes have reported conflicting 
results, our analysis provides clear evidence, showing 
no significant differences in neurodevelopmental out-
comes between the two treatments.

This study has limitations. First, we did not analyse 
the effects of different anti-VEGF dosages, frequencies or 
specific agents, limiting insights into their individual effi-
cacy and safety. Notably, combining all anti-VEGF agents 
in analysis may mask important differences in systemic 
effects. Intravitreal injections of bevacizumab, aflibercept 
and conbercept have been shown to reduce serum VEGF 
levels (Cheng et al., 2020; Huang et al., 2018; Kong, Bhatt, 
et  al.,  2015; Sato et  al.,  2012), whereas the RAINBOW 
trial (Stahl et al., 2019) found no clear evidence of serum 
VEGF suppression following intravitreal ranibizumab. 
Therefore, it is possible that ranibizumab may be less 
likely to cause systemic adverse effects associated with 
VEGF suppression than other anti-VEGF agents.

Second, selection bias may affect non-randomized 
studies. Findings from the BEAT-ROP trial (Mintz-
Hittner et  al.,  2011), which demonstrated a benefit of 
bevacizumab over laser therapy in Zone I but not in 
Zone II disease, may have led clinicians to preferentially 
use anti-VEGF therapy for more severe ROP or less 

mature infants. Conversely, laser therapy may be more 
frequently applied in more mature eyes or infants. This 
hypothesis may help explain why a higher mortality risk 
associated with anti-VEGF therapy was observed in the 
observational studies but not in RCTs.

Third, the cause of high heterogeneity in myopia out-
comes was not explored. Finally, the included studies 
lack RCTs with long-term follow-up, resulting in insuf-
ficient analysis of long-term treatment outcomes. To 
address these limitations, future large-scale RCTs with 
extended follow-up are needed for a more comprehensive 
comparison of bevacizumab, ranibizumab, aflibercept 
and laser therapies.

5  |   CONCLUSIONS

Our meta-analysis shows that anti-VEGF therapy re-
duces retinal detachment, surgical interventions, and 
myopia risk in infants with ROP without increasing neu-
rodevelopmental impairment or cerebral palsy. Notably, 
we identified a higher mortality risk associated with 
anti-VEGF treatment, a concern not widely reported in 
previous studies. However, in the subgroup analysis, the 
RCT subgroup showed no significant difference in mor-
tality risk, suggesting that confounding factors in obser-
vational studies may have influenced the results. This 
highlights the need for large, well-controlled trials that 
adjust for confounders to further evaluate the safety of 
anti-VEGF therapy.
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