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ABSTRACT
Background: Infants treated for retinopathy of prematurity (ROP) can develop visually significant refractive 
error. However, the degree of refractive error may differ between laser treatment and intravitreal anti-vascular 
endothelial growth factor (anti-VEGF) injection. We reviewed studies that investigated refractive error 
outcomes of treatment in premature infants with ROP.
Methods: In this narrative review, a literature search was carried out in PubMed/MEDLINE from 
01/01/2000 to 20/10/2022 without language restrictions, using the following keywords: “anti-VEGF,” 
“ROP” or “prematurity retinopathy,” and “laser.” We included comparative studies on refractive error 
outcomes of intravitreal anti-VEGF and laser treatments, a combination of both modalities simultaneously 
or sequentially, and two anti-VEGF agents. 
Results: The initial search yielded 164 records. We reviewed the titles and abstracts of the retrieved papers 
and the reference list of published systematic reviews and meta-analyses, meta-analyses, or reviews on our 
topic. Thirty-three records fulfilled our inclusion criteria, which included refractive outcomes in 4350 eyes 
of 2359 participants treated for ROP. Based on the reported refractive outcomes, we divided the studies into 
four categories: 1) those that revealed a higher rate of refractive error in the laser-treated eyes than in the anti-
VEGF-treated eyes; 2) those that revealed no significant difference in refractive outcomes between the two 
treatment modalities; 3) those that revealed a higher rate of refractive error in the anti-VEGF-treated eyes or 
compared refractive outcomes between two anti-VEGF agents; and 4) those that reported refractive outcomes 
in the eyes that received combined simultaneous or sequential treatment with laser after initial anti-VEGF 
treatment. We also summarized the refractive outcomes of all included primary studies in each category. 
Conclusions: This study showed that the laser-treated eyes experienced more myopic shift. However, 
the refractive outcomes in premature infants of laser treatment, anti-VEGF treatment, and a combination 
of both modalities simultaneously or sequentially were often contradictory. This variability resulted from 
obvious differences in the sample size, different follow-up durations, or inhomogeneous study or treatment 
designs. Further well-designed prospective trials on refractive outcomes and the trend of changes in the 
refractive status over long-term follow-ups in the eyes treated with ROP are necessary to identify consensus 
results concerning real-world refractive outcomes of each treatment modality or simultaneous or sequential 
combination of both modalities, to suggest a safe and effective treatment option for eye care professionals.
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INTRODUCTION
Aberrations in refractive development are serious sequelae of retinopathy of prematurity (ROP) [1]. The eyes 
treated with ROP are likely to develop myopia during early childhood. Likewise, the prevalence of the eyes with 
high myopia was increased between the ages of 6 months and 3 years [2]. Laser and intravitreal injection of 
anti-vascular endothelial growth factor (anti-VEGF) treatments are current treatment modalities for ROP [2-4].

During laser monotherapy, numerous children with a history of ROP develop myopia and high astigmatism. 
The myopia is lenticular, and a longer axial length causes the development of high myopia. Furthermore, 
refraction at 1 year can predict the future development of myopia [5]. Most diode laser-treated  eyes with a 
threshold ROP develop myopia. Anisometropia, which is a significant risk factor for poor visual outcomes, is 
also noted in approximately one-half of the patients [6].

A review of articles on anti-VEGF monotherapy for ROP in 466 eyes revealed a prevalence of high myopia 
of 0% – 35%. Anti-VEGF monotherapy caused less myopia and decreased the incidence of high myopia [7]. 
Similarly, another systematic review and meta-analysis of randomized or quasi-randomized controlled trials 
revealed a reduced risk of refractive errors during childhood after anti-VEGF monotherapy [4]. Although 
outcomes have been promising, anti-VEGF treatment for ROP is still a new approach, and the long-term safety 
and determination of the optimum dose are yet to be determined [7].

Anti-VEGF monotherapy in the eyes treated for severe ROP leads to a lower prevalence of myopia compared 
to laser treatment. Similarly, lower anisometropia develops after anti-VEGF monotherapy, with similar levels 
of significant astigmatism between the two treatment modalities [1]. In school children with a history of laser-
treated type 1 ROP, the eyes developed a significantly higher degree of myopia compared to those with a history 
of anti-VEGF monotherapy. The latter group also had favorable developmental outcomes despite similar vision 
[8]. In contrast, another study on the treatment-requiring ROP eyes revealed no significant difference in the 
myopia status between laser and anti-VEGF treatment at 3 years of age [9]. 

However, combined systematic reviews and meta-analyses, meta-analyses, or reviews [3, 4, 10-15] comparing 
the laser-treated eyes with anti-VEGF monotherapy revealed that anti-VEGF injection caused less myopia, a 
lower prevalence of high myopia or astigmatism, and an overall lower risk of refractive errors in childhood. A 
subgroup analysis revealed a higher degree of myopia in aggressive posterior ROP than in type 1 ROP [11].

Not all studies have reported reduced myopia with anti-VEGF than with laser treatment [9, 16], and there 
are no consensus results concerning the refractive outcomes of each treatment modality. In this narrative review, 
we summarized recent evidence on refractive outcomes in premature infants with ROP between anti-VEGF and 
laser-treated treatments, a combination of both modalities simultaneously or sequentially, and two anti-VEGF 
agents.

METHODS
A literature search was carried out in PubMed/MEDLINE from 01/01/2020 to 20/10/2022 without language 
restrictions, using various combinations of the following keywords: “anti-VEGF,” “ROP” or “prematurity 
retinopathy,” and “laser.” We included primary studies comparing refractive outcomes in the eyes with ROP 
between laser treatment and anti-VEGF agents, different anti-VEGF agents, and a combination of both modalities 
simultaneously or sequentially.

RESULTS
We reviewed the titles and abstracts of 164 records and reference lists of published systematic reviews and meta-
analyses, meta-analyses, and reviews. Thirty-three records fulfilled the inclusion criteria. Overall, the refractive 
outcomes of 2359 participants and 4350 eyes treated for ROP had been analyzed and reported. 

Major risk factors of ROP are early gestational age (GA) and low birth weight (BW) [17, 18]. In a study 
by Etezad Razavi et al. [19] involving 38 premature infants’ eyes treated with intravitreal bevacizumab 
(IVB) monotherapy (76 eyes), GA and spherical equivalent of refractive error (SEQ) showed no significant 
correlation, but BW and SEQ at a 1-year adjusted age showed a significant correlation. In the eyes with 
spontaneously regressed ROP (98 eyes of 49 infants), GA and SEQ or BW and SEQ showed no significant 
correlation. At 1 year of age, refractive outcomes showed no significant difference between the IVB-treated 
eyes and the eyes with spontaneous regression of ROP [19]. Thus, parameters other than BW and GA, such 
as the treatment modality, may also play a role in the development of refractive errors in the eyes treated 
for ROP.
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Based on the reported refractive outcomes, we divided the studies into four categories: 1) those that revealed a 
lower rate of refractive error in the anti-VEGF treated eyes [20-22]; 2) those that revealed no significant difference 
in refractive outcomes between the two treatment modalities [9, 16, 23]; 3) those that revealed a higher rate of 
refractive error in the anti-VEGF treated eyes [24] or compared refractive outcomes between two anti-VEGF 
agents [25-27]; and 4) those that reported refractive outcome of sequential treatment with laser after initial anti-
VEGF treatment [28, 29]. Table 1 summarizes the refractive outcomes reported in the 33 primary studies.

Of the 33 papers, 14, including 2475 eyes of 1281 premature infants treated for ROP, reported a lesser degree 
of myopia with anti-VEGF treatment than with laser treatment (Table 1). However, nine papers, including 1046 
eyes of 547 premature infants treated for ROP, reported similar refractive outcomes between the two treatment 
modalities (Table 1). In a study by Vujanovic et al. [30], refractive astigmatism and high myopia were more 
common in the laser-treated eyes, and anisometropia was significantly greater than that in the anti-VEGF-treated 
eyes. Therefore, this study was included in the first category. However, as the frequency of myopia did not differ 
significantly between the two treatment modalities, these results were also mentioned in the results of the studies 
in the second category (Table 1). 

The third category consisted of seven papers, including 481 eyes of 337 premature infants, comparing 
refraction outcomes of anti-VEGF and laser treatments [24], bevacizumab and ranibizumab [25-27, 31], or 
reported refraction outcomes of bevacizumab monotherapy [32, 33] (Table 1). Despite low levels of myopia 
in the anti-VEGF-treated eyes, refractive outcomes differed with the anti-VEGF agent, with the eyes treated 
with bevacizumab being significantly more myopic [25, 26]. However, bevacizumab led to a lower rate of ROP 
recurrence than ranibizumab [15].

The fourth category consisted of four papers, including 480 eyes of 260 premature infants, reporting refractive 
outcomes of sequential [28, 29, 34] or combined laser and anti-VEGF treatments [35] (Table 1). 

Table 1. Summary of refractive outcomes in 4350 anti-VEGF or laser-treated eyes of 2359 premature infants with ROP

Author (Year of Publication) Numbers of included 
infants / eyes 

An evidence-based summary of refractive outcomes

Studies included in the first category

Gundlach et al. (2022) [20] 175 infants / 350 eyes Primary anti-VEGF treatment had a significantly lower incidence of ambly-
opia but no significant difference in the rate of myopia compared to primary 
laser treatment. Laser treatment was associated with the development of 
severe myopia and amblyopia.

Simmons et al. (2021) [1] 48 children / 48 eyes Despite similar refractive errors at the initial visit, the laser-treated eyes had 
a significantly more myopic shift compared to the anti-VEGF-treated eyes 
during the first 3.5 years of age. The prevalence of significant anisometropia 
was comparable between the two treatment modalities. At the final visit, the 
mean (SD, range) SEQ in the laser- and anti-VEGF-treated eyes were - 8.00 
D (5.84 D, - 20.00 to + 3.50 D) and - 2.38 D (4.18 D, - 10.00 to + 2.75 D), 
respectively. During the first 1.1 years, the anti-VEGF-treated eyes showed a 
significant decrease in SEQ over time at an average rate of - 3.5 D/year, but 
the laser-treated eyes showed a significantly faster rate of SEQ change (- 5.0 
D/year). However, after 1.1 years, this rate became significantly slower for 
both treatment modalities.

Chen et al. (2020) [8] 25 children / 47 eyes In school-aged children with a history of type 1 ROP, the laser-treated eyes 
had a significantly higher degree of myopia compared to the anti-VEGF-treat-
ed eyes.

Kang et al. (2019) [36] 165 children / 314 eyes Refractive error at the most recent follow-up (mean [SD] follow-up duration 
of 36.3 [31.9] months) had a significantly stronger association with myopia 
in the laser-treated eyes with type 1 ROP (SEQ: - 1.09 D) compared to the 
anti-VEGF-treated eyes (SEQ: + 0.11 D).

Lee et al. (2018) [37] 42 children / 80 eyes The anti-VEGF-treated eyes had lesser myopia, better uncorrected visual acu-
ity, and comparable best-corrected visual acuity compared to the laser-treated 
eyes or eyes treated with a combination of both modalities.

Roohipoor et al. (2018) [38] 493 infants / 986 eyes The mean (SD) spherical power and SEQ were significantly higher in the 
laser-treated eyes than in the anti-VEGF treated eyes, with no significant 
differences in the astigmatic power.

Vujanovic et al. (2017) [30]  ⃰ 66 children / 132 eyes At the 9-month follow-up examining cycloplegic refraction, high hyper-
metropia was significantly more common in the laser-treated eyes (15.6%) 
than in the anti-VEGF-treated eyes (11.9%). Astigmatism was more common 
in the laser-treated eyes (81.1%) than in the anti-VEGF-treated eyes (71.4%), 
particularly with high astigmatism. Anisometropia was significantly greater 
in the laser-treated eyes (24.4%) than in the anti-VEGF-treated eyes (9.5%). 
High myopia (SEQ < - 3.0 D) was more common in the laser-treated eyes 
(18.9%) than in the anti-VEGF-treated eyes (16.7%).
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 O’Keeffe et al (2016) [39] 15 children / 30 eyes At the 5-year follow-up, less myopia was detected in the anti-VEGF-treated 
eyes compared to the laser-treated eyes.

Gunay et al. (2015) [40] 40 children / 78 eyes  At the 2-year follow-up, the anti-VEGF-treated eyes with aggressive posterior
 ROP (0.42 [3.42] D) were significantly less myopic compared to the
 laser-treated eyes (- 6.66 [4.96] D). Rates of anisometropia and strabismus
 were significantly higher in the laser-treated eyes compared to the anti-VEGF
 treated eyes.s

Hwang et al. (2014) [41] 28 children / 54 eyes The mean SEQs at the last refraction for the anti-VEGF- and laser-treated 
eyes were - 2.4 and - 5.3 D, respectively. The mean SEQs for the zone I 
and II ROP eyes treated with anti-VEGF treatment were - 3.7 and 0.6 D, 
respectively, and for those treated with laser treatment were - 10.1 and - 4.7 
D, respectively. The eyes with type 1 ROP treated with anti-VEGF treatment 
(at 22.4 months) had less myopia compared to the laser-treated eyes (at 37.1 
months), but the laser-treated eyes had a longer follow-up.

Geloneck et al. (2014) [21] 109 infants / 211 eyes The mean (SD) SEQ was significantly lower in the anti-VEGF-treated eyes 
with ROP in zone I (- 1.51 [3.42] D) than in the laser-treated eyes (- 8.44 
[7.57] D) and in the anti-VEGF-treated eyes with ROP in posterior zone II 
(- 0.58 [2.53] D) than in the laser-treated eyes (- 5.83 [5.87] D). Very high 
myopia (≥ - 8.00 D) was significantly more common in the laser-treated eyes 
with ROP in zone I (51.4%) than in the anti-VEGF-treated eyes (3.8%) and 
in the laser-treated eyes with ROP in posterior zone II (36.4%) than in the 
anti-VEGF treated eyes (1.7%).

Chen et al. (2014) [42] 34 children / 64 eyes At the age of 2 years, 47.5% and 10.0% of the anti-VEGF-treated eyes with se-
vere ROP had myopia and high myopia, respectively, which were significantly 
less than those treated with a combination of anti-VEGF and laser treatments 
(82.4 and 29.4%, respectively), and the anti-VEGF-treated eyes were more 
likely to remain emmetrope.

Harder et al. (2013) [22] 25 children / 49 eyes At the end of the follow-up, the anti-VEGF-treated eyes were significantly 
less myopic than the laser-treated eyes (- 1.04 [4.24] and - 4.41 [5.50] D, 
respectively). The prevalence of moderate and high myopia was signifi-
cantly lower in the anti-VEGF-treated eyes, which had a significantly lower 
refractive astigmatism. In the multivariate analysis, myopia and astigmatism 
were significantly associated with laser treatment. At the 1-year follow-up, the 
anti-VEGF-treated eyes had less myopia and astigmatism compared to the 
laser-treated eyes.

Harder et al. (2012) [43] 16 children / 32 eyes The refractive status of the anti-VEGF-treated eyes with threshold ROP in 
posterior zone II or I or prethreshold ROP in zone I at 10.5 (2.7) months 
of corrected age was compared to that of the laser-treated eyes at 11.5 (1.0) 
months of corrected age. The mean refractive errors of both eyes were signifi-
cantly less myopic in the anti-VEGF-treated group, but refractive astigmatism 
was comparable between groups.

Studies included in the second category

Kang et al. (2019) [44] 27 children / 52 eyes Refraction at 4 years of age revealed no significant difference in mean SEQ 
between the anti-VEGF- and laser-treated eyes with ROP.

Roohipoor et al. (2018) [45] 116 infants / 232 eyes Infants with type 1 ROP in zone II (stage 2 or 3 ROP with plus disease) were 
randomly allocated to the anti-VEGF or laser treatment group and showed 
comparable spherical and cylindrical refractive errors at a postmenstrual age 
of 90 weeks.

Kabatas et al. (2017) [46] 54 children / 108 eyes At 18 months, mean (SD) SEQ was - 1.49 (3.04) D in intravitreal bevacizum-
ab monotherapy, - 1.79 (2.87) D in intravitreal ranibizumab monotherapy, 
and - 1.27 (2.80) D in laser treatment, which were comparable. The magni-
tude of astigmatism did not differ significantly among groups.

Vujanovic et al. (2017) [30]  ⃰ 66 children / 132 eyes At the 9-month follow-up examining cycloplegic refraction, the frequency of 
myopia or clinically significant hypermetropia or axial length did not differ 
significantly between the anti-VEGF- and laser-treated eyes. 

Gunay et al. (2017) [47] 134 children / 264 eyes At an adjusted age of 1.5 years, the mean SEQ did not differ significantly 
between the laser-treated eyes and eyes treated with either anti-VEGF agent. 
However, the laser-treated eyes with ROP in zone I had a significantly higher 
rate of myopia and high myopia than those treated with either anti-VEGF 
agent.

Mueller et al. (2017) [23] 54 children / 108 eyes At the 12-month follow-up, SEQ was comparable between the anti-VEGF- 
and laser-treated eyes with posterior ROP. However, the anti-VEGF-treated 
eyes with posterior ROP had a significantly lower SEQ (+ 0.37 D) compared 
to the anti-VEGF-treated eyes with peripheral zone II ROP (+ 3.0 D).

Gunay et al. (2016) [48] 42 children / 76 eyes Infants with ROP at an adjusted 1-year age showed no significant differences 
in the myopic status between anti-VEGF and laser treatment groups.

Continued Table 1. Summary of refractive outcomes in 4350 anti-VEGF or laser-treated eyes of 2359 premature infants with ROP
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Kuo et al. (2015) [9] 29 children / 29 eyes Cycloplegic refraction at 3 years of age revealed no significant difference in 
the myopic status between the anti-VEGF- and laser-treated eyes.

Isaac et al. (2015) [16] 25 children / 45 eyes The mean visual acuity and SEQ at a corrected age of 1 year were compara-
ble between the anti-VEGF- and laser-treated eyes. The mean (SD) visual 
acuity for the anti-VEGF treated eyes was 0.99 (0.38) logMAR and for 
the laser-treated eyes was 0.71 (0.36) logMAR. The mean (SD) SEQ was 
- 3.57 (6.19) D for the anti-VEGF-treated eyes and - 6.39 (4.41) D for the 
laser-treated eyes. The average number of follow-up visits was significantly 
higher for the anti-VEGF-treated eyes.

Studies included in the third category

Adams et al. (2018) [24] 168 children / 168 eyes Refractive outcomes at the 1-year follow-up of the treated eyes with ROP 
revealed that the proportion of the eyes with myopia ≥ - 5 D was the highest 
in infants with type 1 ROP (31% after anti-VEGF treatment and 5.3% after 
laser treatment) and that the overall proportion of the eyes with myopia ≥ - 5 
D was higher in the anti-VEGF- (26.3%) than in laser-treated infants (6.7%).

Kimyon et al. (2018) [25] 37 children / 68 eyes At an adjusted 1-year age in post-anti-VEGF treatment for the eyes with type 
1 ROP in zone I, the mean (SD) SEQs in the bevacizumab- and ranibi-
zumab-treated eyes were - 1.49 (2.38) and 0.98 (2.18) D, respectively, with 
significantly more myopia in the bevacizumab-treated eyes.

Chen et al. (2018) [26] 33 children / 62 eyes Comparing refractive statuses of the eyes with type 1 ROP post-anti-VEGF 
treatment at a corrected age of 3 years revealed that the frequency of the eyes 
with a refractive error > 1 D and high myopia (< - 5.0 D) was significantly 
higher in the bevacizumab group than in the ranibizumab group.

Lin et al. (2016) [27] 21 children / 40 eyes At the 1-year post-anti-VEGF treatment follow-up of the eyes with a thresh-
old ROP, the mean (SD) SEQs in the bevacizumab- and ranibizumab-treated 
eyes were comparable at - 0.60 (3.86) and 0.46 (1.36) D, respectively.

Chen et al. (2015) [31] 37 children / 72 eyes The anti-VEGF-treated eyes (bevacizumab or ranibizumab) with type 1 ROP 
had minor mean refractive errors at a corrected age of 1 year.

Wu et al. (2013) [32] 28 children / 53 eyes At 18 months of age, infants with the anti-VEGF-treated eyes had a mean 
(SD, range) spherical power, cylindrical power, and SEQ of 0.8 (2.6, - 6.3 
to 7.3 D), - 2.1 (1.1 D, - 5.3 to - 0.3 D), and - 0.1 (1.8 D, - 8.75 to 6.55 D), 
respectively, with 8% having SEQ > - 5.0 D [32]. These findings were parallel 
with the refractive data of the eyes with subthreshold ROP without treat-
ment, which showed a mean (range) SEQ refractive error of - 0.22 (- 9 to + 
2.25 D) at 36 months and were significantly less myopic than the cryothera-
py- or laser-treated eyes [49].

Martinez-Castellanos et al. 
(2013) [33]

13 infants / 18 eyes The anti-VEGF-treated eyes with ROP were followed-up over the 5-year 
period. Eleven (61%) had myopia (≥ - 0.5 D) at 12 months, which increased 
to 12 eyes at 60 months with a mean myopic change of < 1 D in 4 years. 
Two-thirds of the eyes had low myopia (≤ - 3 D) at 60 months, and eyes with 
high-risk prethreshold or threshold ROP had the most favorable outcome 
(mean myopia of - 1.75 D).

Studies included in the fourth category

Hoppe et al. (2022) [28] 34 infants / 68 eyes Infants with type 1 ROP treated with the anti-VEGF and delayed laser 
treatments, at least 2 weeks and < 1 year after the initial anti-VEGF injection 
[28], developed lower rates of high myopia compared to those with a history 
of laser monotherapy [2].

Bayramoglu et al. (2022) 
[29]

181 infants / 331 eyes After primary anti-VEGF treatment in infants with ROP, the extents of 
pre-treatment and pre-laser retinal vascularization were associated with the 
development of ≥ - 1 D myopia at a mean (SD) age of 22.9 (10.9) months, 
without additional laser treatment.

Gangwe et al. (2021) [34] 32 infants / 63 eyes Infants with aggressive posterior ROP after primary anti-VEGF treatment 
were randomly allocated to a delayed (laser at 6 weeks or earlier in case of 
recurrence of plus disease) or an early (laser at 1 week) laser treatment group. 
The eyes in the former group required fewer laser spots. At 6 months, the 
eyes in the former group were less myopic than those in the latter.

Araz-Ersan et al. (2015) [35] 13 children / 18 eyes Children with a history of combined anti-VEGF and laser treatments for 
type 1 ROP had comparable spherical or cylindrical refractive errors as the 
laser-treated eyes at 2 years of age.

Abbreviations: ROP, retinopathy of prematurity; VEGF, vascular endothelial growth factor; SD, standard deviation; SEQ, spherical 
equivalent of refractive error; D, diopters; logMAR, logarithm of the minimum angle of resolution. Note: ⃰ considering the results, 
we presented this study in two categories.

DISCUSSION
Most studies concluded that the laser-treated eyes experienced more myopic shift [1, 8, 20-22, 30, 36-43]. 
Overall, anti-VEGF monotherapy resulted in low myopia. In a comparative interventional case series, Lee et al. 
found that anti-VEGF monotherapy led to less myopia and better uncorrected visual acuity compared to laser 
treatment or a combination of anti-VEGF and laser treatments [37]. 

Continued Table 1. Summary of refractive outcomes in 4350 anti-VEGF or laser-treated eyes of 2359 premature infants with ROP
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Geloneck et al. [21] in a randomized controlled trial allocated the eyes in the anti-VEGF and laser treatment 
groups, with a mean (standard deviation [SD]) age of 2.5 (0.9) years at the time of refraction, who had a 
comparable GA and BW. The mean (SD) SEQs in the eyes with zone I ROP and without recurrence in the anti-
VEGF and laser treatment groups were - 1.36 (3.34) and - 7.34 (7.44) D, respectively, while in the eyes with 
zone II posterior ROP and without recurrence in the anti-VEGF and laser treatment groups were - 0.63 (2.56) 
and - 5.20 (5.77) D, respectively. The SEQ was significantly lower in the anti-VEGF-treated eyes than in the laser-
treated eyes [21]. 

Harder et al. [22] investigated refractive outcomes in a retrospective study involving 23 eyes treated with 
the anti-VEGF monotherapy and 26 eyes treated with laser treatment with comparable GA and BW over a 
1-year follow-up. At a mean (SD) follow-up of 11.4 (2.3) months after birth, the anti-VEGF-treated eyes were 
significantly less myopic compared to the laser-treated eyes (mean [SD]: - 1.04 [4.24] versus - 4.41 [5.50] 
D), with less moderate myopia (17% versus 54%), less high myopia (9% versus 42%), and lower refractive 
astigmatism (mean [SD]: - 1.0 [1.04] versus 1.82 [1.41] D). They concluded that a single administration of anti-
VEGF caused less myopization and astigmatism compared to laser treatment [22].

Gunay et al. [40] investigated refractive outcomes in a retrospective study involving 48 eyes in the anti-VEGF 
treatment group and 30 eyes in the laser treatment group during a mean period of 2 years with comparable mean 
GA (26.40 and 27.30 weeks, respectively), BW (901.40 and 941.00 g, respectively), and sex distribution. The 
mean (SD) SEQ was 0.42 (3.42) D (range: - 8.75 to + 5.00 D) in the anti-VEGF-treated eyes and - 6.66 (4.96) D 
(range: - 15.5 to + 1.75 D) in the laser-treated eyes. The anti-VEGF monotherapy-treated eyes were significantly 
less myopic compared to the laser-treated eyes at 2 years. The laser-treated eyes had significantly higher rates of 
anisometropia and strabismus compared to the anti-VEGF-treated eyes [40]. 

Roohipoor et al. [38] conducted a retrospective case series study involving 724 (73.4%) eyes in the anti-
VEGF and 262 (26.5%) eyes in the laser treatment group and found that the mean (SD) of the sphere and SEQ 
were significantly higher in the laser-treated eyes (- 1.31 [2.83] and -2.84 [2.77] D, respectively) than in the anti-
VEGF-treated eyes (0.19 [3.21] and - 1.26 [3.19] D, respectively), but the cylindrical power was comparable. 
The last refraction was performed at the mean (SD) post-GA of 27.2 (7.7) months (range: 19 to 35 months) in 
the anti-VEGF group and 24.1 (14.8) months (range: 9 to 39 months) in the laser treatment group [38].

Some studies revealed comparable refractive outcomes between the two treatment modalities for ROP [9, 
16, 23, 30, 44-48]. The treatment type did not influence long-term refractive outcomes in ROP [44]. Isaac et al. 
[16] included 23 eyes in the anti-VEGF treatment group and 22 eyes in the laser treatment group and compared 
SEQ at a corrected age of 1 year and found no significant difference in the visual acuity or SEQ. The mean (SD) 
SEQ in the anti-VEGF- and laser-treated eyes were -3.57 (6.19) and - 6.39 (4.41) D, respectively [16].

Kuo et al. [9] investigated refractive outcomes in a retrospective comparative study involving 14 eyes in 
the laser treatment group and 15 eyes in the anti-VEGF treatment group at 3 years of age, with comparable GA 
(27.43 [2.93] versus 27.33 [2.94] weeks) and BW (1006.79 [327.65] versus 1079.67 [357.48] g). The mean 
(SD) SEQs at 3 years of age in the laser- and VEGF-treated eyes were - 1.71 (1.27) D (range: - 4.375 to 0.125 
D) and - 1.53 (2.20) D (range: - 5.875 to 1.500 D), respectively. The eyes with type 1 ROP in the laser and anti-
VEGF treatment groups had similar refraction and myopic status [9].

In a retrospective comparative study, Mueller et al. [23] followed-up the anti-VEGF and laser-treated 
eyes up to 12 – 15 months of age. The SEQ at 12 months after treatment was comparable between the two 
treatment groups in patients with posterior ROP and peripheral zone II. The SEQ was significantly lower in 
the laser-treated eyes with posterior zone II ROP than in the IVB-treated eyes with peripheral zone II ROP, 
without significant difference in visual acuity. Furthermore, the anti-VEGF-treated eyes with posterior ROP 
had a significantly lower SEQ (+ 0.37 D) compared to the anti-VEGF-treated eyes with peripheral zone II 
ROP (+ 3.0 D) [23].

The third category of papers reported a higher proportion of myopia between the anti-VEGF- and 
laser-treated eyes [24] and bevacizumab- and ranibizumab-treated eyes [25, 26]. Chen et al. [31] found 
comparable mean refractive errors for the two anti-VEGFs with a significantly higher chance of high myopia 
in the bevacizumab treated eyes. In addition, a minor myopic shift was reported in the eyes treated with 
bevacizumab alone [32, 33] (Table 1).

Despite low levels of myopia in the anti-VEGF-treated eyes, refractive outcomes may differ with specifically 
administered anti-VEGF agents, with the bevacizumab-treated eyes being significantly more myopic [25, 
26, 31]. However, Lin et al. [27] found comparable refractive outcomes for the two anti-VEGFs. Though, 
bevacizumab can lead to a lower ROP recurrence rate compared to ranibizumab [15].
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Adams et al. [24] conducted a longitudinal national surveillance study involving 168 children and reported 
refractive outcomes for the eyes treated for ROP. Refractive outcomes at the 1-year follow-up of the treated eyes 
with ROP revealed that the proportion of eyes with myopia ≥ - 5 D was the highest in infants with type 1 ROP 
(31% after anti-VEGF treatment and 5.3% after laser treatment) and that the overall proportion of the eyes with 
myopia ≥ - 5 D was greater in the anti-VEGF group (26.3%) than in the laser-treated infants (6.7%) [24]. 

Four studies were included in the fourth category concerning refractive outcomes [28, 29, 34, 35]. Recently 
published studies on potential therapeutic benefits of the anti-VEGF and laser combination treatment have 
shown promising outcomes [29, 34, 35]. Laser treatment may still be required as an additional treatment for 
patients not responding to the IVB injection or for those in whom ROP worsens after the IVB injection [32]. 
Laser treatment may be more efficacious in managing ROP with a significantly lower retreatment incidence than 
anti-VEGF treatment, and supplemental laser ablative treatment could reduce recurrence after initial anti-VEGF 
treatment [12, 15]. However, myopia decreased significantly more with anti-VEGF treatment than with laser 
treatment [12, 14].

 Infants with type 1 ROP treated with anti-VEGF and delayed laser treatments, at least 2 weeks and < 1 
year after the initial anti-VEGF injection, developed lower rates of high myopia [28] compared to those with a 
history of laser monotherapy [28, 2]. After primary anti-VEGF treatment in infants with ROP, the extents of pre-
treatment and pre-laser retinal vascularization were associated with the development of ≥ 1 D myopia at a mean 
(SD) age of 22.9 (10.9) months, without additional laser treatment [29]. Large-scale randomized trials with a 
longer follow-up to evaluate anti-VEGF monotherapy in comparison with anti-VEGF and laser combination 
treatment are necessary to assess whether or not adverse effects of laser and general anesthesia outweigh their 
benefits in terms of preventing ROP reactivation associated with anti-VEGF monotherapy [28, 50, 51].

This review summarized the recent evidence on refractive outcomes in the eyes treated for ROP. Results 
of the primary studies showed variability stemming from differences in the sample size, follow-up duration, or 
inhomogeneous study or treatment designs. However, our interpretation should be verified using systematic 
reviews or meta-analyses. Considering the inclusive nature of systematic reviews, we may have overlooked some 
available primary studies. Our review failed to follow a systematic review or meta-analysis protocol, which could 
have provided more practical outcomes. However, because systematic reviews are narrow in scope, we decided 
to take advantage of conventional reviews to provide a broad overview of this topic. The current literature on this 
topic has no consensus results and indicates the necessity for future well-designed prospective trials. Finally, since 
a higher degree of myopia in aggressive posterior ROP than in type 1 ROP [11] was reported in the subgroup 
analysis, future studies should elucidate whether the observed refractive status in the treated eyes is a function 
of the treatment modality or protocol or depends on the zone of involvement (The anti-VEGF-treated eyes with 
posterior ROP developed a significantly lower SEQ compared to the anti-VEGF-treated eyes with peripheral 
zone II [23]) or stage of ROP (With random allocation of the eyes with stage 2 or 3 ROP to the anti-VEGF or 
laser treatment group, comparable spherical and cylindrical refractive outcomes were found at a postmenstrual 
age of 90 weeks [45]), or both. Moreover, the impact of child age factor should be investigated over a long follow-
up, as after 1.1 years, the rate of SEQ change was significantly slower for both treatment modalities [1].

CONCLUSIONS
In addition to age-related deterioration of the eye in complicated ROP, a major reason for vision loss is 
anisometropia and refractive errors. The treatment modality could predict the refractive outcomes during the 
follow-up. Almost half of the included studies reported that the laser-treated eyes experienced a more myopic shift. 
However, the refractive outcomes in treating ROP of premature infants compared between post-laser and anti-
VEGF treatments, post-anti-VEGF agents, and a combination of both modalities simultaneously or sequentially 
were often contradictory. This variability resulted from differences in the sample sizes, follow-up durations, or 
inhomogeneous study or treatment designs of the included studies. Further well-designed prospective trials on 
refractive outcomes and the trend of changes in the refractive status over long follow-ups in the eyes treated with 
ROP are necessary to identify consensus results concerning real-world refractive outcomes of each treatment 
modality or simultaneous or sequential combination of both modalities. Timely correction of refractive errors 
and anisometropia are critical in this group of children. This finding might be useful for ophthalmologists and 
optometrists in prescribing glasses and preventing amblyopia in patients with ROP. 
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