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ABSTRACT
Objective  This study aimed to evaluate the preference 
for antivascular endothelial growth factor (anti-VEGF) 
versus laser ablation therapy as primary and additional 
treatment in aggressive retinopathy of prematurity (ROP) 
and type 1 ROP.
Methods  This multicentre retrospective study was 
conducted at nine medical centres across South Korea. 
A total of 94 preterm infants with ROP who underwent 
primary treatment between January 2020 and December 
2021 were enrolled. All eyes were classified as having 
type 1 ROP or aggressive ROP. Data on the zone, primary 
treatment chosen, injection dose, presence of reactivation 
and additional treatment were collected and analysed.
Results  Seventy infants (131 eyes) with type 1 ROP and 
24 infants (45 eyes) with aggressive ROP were included. 
Anti-VEGF injection was selected as the primary treatment 
in 74.05% of the infants with type 1 ROP and 88.89% with 
aggressive ROP. Anti-VEGF injection was selected as the 
ROP was located in zone I or posterior zone II, and laser 
ablation was selected when it was located in zone II. The 
anti-VEGF injection doses varied and tended to be higher 
in the aggressive ROP group. Infants with aggressive ROP 
were 2.08 times more likely to require additional treatment 
than those with type 1 ROP. When ROP reactivation 
occurred, laser therapy was preferred as an additional 
treatment.
Conclusion  In Korea, the preference for anti-VEGF 
therapy or laser therapy differed according to ROP subtype, 
zone and primary or secondary treatment. These findings 
suggest that ROP treatment are considered according to 
ROP subtype, location and reactivation.

INTRODUCTION
Retinopathy of prematurity (ROP) is a 
disease that occurs in preterm infants due 
to the abnormal development of retinal 
blood vessels, in which neovascular prolif-
eration occurs at the junction of the 
vascular-avascular retina or within the vascula-
rised retina, progressing to tractional retinal 

detachment.1 2 This is one of the leading 
causes of low vision and vision loss in children 
and can be prevented if treated promptly.3

Innovations in retinal imaging have 
changed the concepts of ROP zone, stage 
and plus disease.4–6 The International Clas-
sification of ROP, Third Edition (ICROP3),7 
defines the term the posterior zone II as an area 
of two disc diameters between zone I and 
zone II, describes a continuous spectrum of 
vascular changes from normal to plus disease 
and recommends the use of the term aggres-
sive ROP instead of aggressive posterior ROP. 
Therefore, it is necessary to study whether the 
new classification of ROP cases based on the 
ICROP3 differs from the existing ROP classi-
fication in terms of disease progression and 
treatment effects.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Current treatments for aggressive retinopathy of 
prematurity (ROP) and type 1 ROP include intravitre-
al antivascular endothelial growth factor (anti-VEGF) 
injection or laser ablation.

WHAT THIS STUDY ADDS
	⇒ Anti-VEGF agents were chosen as the primary treat-
ment when the ROP zone was located in the central 
region, and laser ablation was selected when the 
zone was located in the peripheral retina. Anti-VEGF 
injections were preferred for aggressive ROP over 
type 1 ROP, and higher doses were used in aggres-
sive ROP. If additional treatment was required, laser 
ablation was selected as a secondary treatment.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These findings suggest that ROP treatment are 
considered according to ROP subtype, location and 
reactivation.
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Recently, antivascular endothelial growth factor (anti-
VEGF) agents have emerged as a promising alternative to 
laser therapy for the treatment of ROP. The Bevacizumab 
Eliminate the Angiogenic Treat (BEAT)-ROP study8 
reported that intravitreal bevacizumab (Avastin, Genen-
tech Inc, San Francisco, California, USA) injection was 
more effective than laser ablation for zone I stage 3+ROP. 
In addition, the RAINBOW trial9 showed that infants 
treated with ranibizumab 0.2 mg (Lucentis, Genentech 
Inc) had superior efficacy compared with laser therapy. 
Therefore, the use of anti-VEGF agents for ROP treat-
ment is expected to increase rapidly. However, studies on 
the extent and dose of bevacizumab or ranibizumab in 
real clinical practice are lacking.

Incomplete regression and reactivation of ROP after 
anti-VEGF treatment have become important issues to 
note after the acute phase of ROP.10 11 It is not clear which 
treatment is actually selected by a retinal specialist when 
ROP is reactivated. Therefore, treatment guidelines for 
ROP reactivation after intravitreal anti-VEGF injections 
are required.

Therefore, we aimed to investigate the treatment 
options and short-term outcomes in aggressive ROP 
and type 1 ROP, including the actual doses of anti-VEGF 
agents and the additional treatment tendencies with 
recurrence or incomplete regression.

MATERIALS AND METHODS
This was a retrospective multicentre study in which 
members of the Korean Retina Society participated. 
Details about the purpose of the study, inclusion and 
exclusion criteria were communicated to members who 
expressed an interest in participating in the study, and 
data were collected via a case report form (CRF) for anal-
ysis.

From 1 January 2020 to 31 December 2021, preterm 
infants with gestational age (GA) less than 37 weeks 
were examined. Infants who died before the follow-up 
examination and those who were transferred to another 
hospital were excluded. Diagnosis and classification of 
ROP were performed by expert retinal specialists at each 
hospital according to the ICROP3.7

Preterm infants with ROP who required treatment 
were enrolled in this study (online supplemental figure 
1). All eyes with treatment-requiring ROP were classified 
as type 1 ROP or aggressive ROP. If both eyes received 
different treatments, then each eye of the infant was 
included separately in each treatment group. Demo-
graphic data, such as sex, GA at birth and birth weight 
(BW), were collected from the medical records. Ophthal-
mological data including postmenstrual age (PMA) at 
every examination, ROP subtype at diagnosis, primary 
treatment choice, duration of plus disease disappearance 
after primary treatment, retinal state at every examina-
tion, need for additional treatment, secondary treatment 
choice and local or systemic complications were collected 
via CRF. Furthermore, the locations of treatment-
requiring ROP at diagnosis were divided into zones I, 

posterior zone II and zone II. For treatment, it was inves-
tigated which of the following three treatments would 
be used as the primary treatment: intravitreal anti-VEGF 
injection therapy, laser ablation therapy or combination 
(anti-VEGF injection is administered with laser ablation 
in the same day) therapy. If intravitreal injection therapy 
was chosen, the anti-VEGF agents and injection dosages 
were recorded.

Cases with insufficient treatment or recurrent ROP 
were further analysed. Insufficient treatment was defined 
as a case in which the lesion did not completely disap-
pear and the plus disease persisted even after the first 
treatment within 4 weeks. Reactivation was defined as 
the reappearance of plus disease or the recurrence of 
lesions above the ridge stage at the advancing edge after 
4 weeks. When additional treatment was administered, 
the trends in selecting secondary treatment options for 
additional treatment, the selected anti-VEGF injection 
agent and dose were investigated. Treatment failure was 
considered if it progressed to tractional retinal detach-
ment and required surgery, if the ROP was so severe 
that ophthalmological examination was not possible or 
if further treatment was discontinued. Furthermore, 
during the follow-up period, monitoring was conducted 
to determine if there were any adverse reactions or events 
following additional treatment.

The demographic data of this study were collected and 
analysed by the participants. Ophthalmological data were 
collected and analysed by eye, not by subject. Continuous 
variable data, such as GA, BW, PMA and duration, were 
expressed as mean±SD. Discrete variables were expressed 
as numbers and percentages. IBM SPSS Statistics (V.25.0; 
IBM Corp, Armonk, New York, USA) was used to statisti-
cally analyse the collected data, and statistical significance 
was set at p<0.05.

RESULTS
Characteristics depending on the treatment-requiring ROP 
subtype
A total of 176 eyes of 94 infants (12 eyes in unilateral 
cases) received primary treatment; only these eyes were 
included in this study. In six eyes (three infants), both 
eyes received the same treatment on different days. In 
six eyes (three infants), each eye received different treat-
ments and were included in each treatment subgroup. 
Table  1 shows the demographic and clinical character-
istics of the infants with type 1 ROP or aggressive ROP.

The mean GA for type 1 ROP was 25.7±1.8 weeks, while 
the mean GA for aggressive ROP was 25.2±2.0 weeks. The 
mean BW for type 1 ROP was 832.01±274.84 g, whereas 
it was 824.21±311.87 g for aggressive ROP, indicating no 
statistical significance between the two groups. The loca-
tion of type 1 ROP at primary treatment was 18:34:79 for 
zone I: posterior zone II: zone II, whereas the location 
of aggressive ROP was 20:6:19, indicating that lesions 
occurred more frequently in the zone I area in aggressive 
ROP than in type 1 ROP (44.25% vs 13.74%, p<0.0001). 
The mean values of PMA at primary treatment were 
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38.3±6.1 weeks in type I ROP and 35.6±3.4 weeks in 
aggressive ROP, indicating significantly different between 
groups. In the type I ROP group, intravitreal anti-VEGF 
injection was administered as the primary treatment in 
97 eyes (74.05%), laser ablation in 32 eyes (24.42%) and 
combination therapy in two eyes (1.53%). In the aggres-
sive ROP group, anti-VEGF drugs in 40 eyes (88.89%) 
and laser ablations in five eyes (11.11%) were selected 
as the primary treatment. After primary treatment, 
the mean duration of plus disease disappearance was 
17.9±16.3 days for type 1 ROP (two eyes, did not disap-
pear plus disease until retreatment was decided) and 
28.7±14.1 days for aggressive ROP (four eyes, did not 
disappear), indicating significant differences between 
groups. Thirty-five eyes (26.72%) with type 1 ROP and 25 
eyes (55.56%) with aggressive ROP required additional 
treatment after initial treatment, which was 2.08 times 
higher than that of type 1 ROP.

Primary treatment choice and response to treatment in type 
1 ROP
Type 1 ROP was diagnosed in 131 eyes of 70 preterm 
infants. Anti-VEGF injections were administered to 97 
eyes (intravitreal bevacizumab injections in 37 eyes and 
intravitreal ranibizumab injections in 60 eyes), laser 
therapy in 32 eyes and combination therapy in two eyes 
as the primary treatment (table 2).

In the type 1 ROP bevacizumab-treated subgroup 
(n=39 eyes), the ROP zone at primary treatment was 
zone I in six eyes, posterior zone II in 10 eyes and zone 
II in 21 eyes. The injection dosage of bevacizumab was 
0.625 mg/0.025 mL in 12 eyes (half of the adult dose for 

treatments of macular oedema and age-related macular 
degeneration), 0.5 mg in 12 eyes, 0.375 mg in 6 eyes 
and 0.2 mg in 10 eyes. It took 11.6±8.4 days after injec-
tions for plus disease to completely disappear. During 
follow-up examination, reactivation of ROP was observed 
in 10 eyes, and the mean periods from primary treat-
ment to secondary treatment was 38.6±9.8 days. In all 
cases of reactivated ROP, laser therapy was performed as 
a secondary treatment, and there was no progression to 
retinal detachment.

In the type 1 ROP ranibizumab-treated subgroup 
(n=60 eyes), the zone of type 1 ROP was located in zone 
I in 10 eyes, posterior zone II in 21 eyes and zone II in 
29 eyes. The injection dosage was 0.2 mg/0.02 mL (the 
same dose as performed in the RAINBOW study) in 48 
eyes and 0.1 mg in 12 eyes. It took 14.7±14.5 days for plus 
disease to completely disappear after injection, but plus 
disease did not disappear in two eyes, until retreatment 
was performed. Additional treatment-requiring ROP 
occurred in 25 eyes, and their mean time to retreatment 
was 71.8±38.0 days.

Laser therapy was performed as the primary treatment 
for 32 eyes. At the time of treatment, the zone of type 1 
ROP was located in zone I in 2 eyes, posterior zone II in 3 
eyes and zone II in 27 eyes. After laser treatment, it took 
34.1±26.2 days for the plus disease to completely disap-
pear, and there were no cases that required additional 
treatment.

Combination therapy was performed in two eyes of two 
infants. In two cases, coadministration of anti-VEGF agent 
was 0.5 mg and 0.25 mg of bevacizumab, respectively, 

Table 1  The demographic and clinical characteristics of the infants with type 1 ROP or aggressive ROP

Parameters
Infants with type 1 ROP
(n=70, 131 eyes)

Infants with aggressive ROP
(n=24, 45 eyes) P value

Gestational age, weeks 25.7±1.8 25.2±2.0 0.2311

Birth weight, g 832.01±274.84 824.21±311.87 0.9079

ROP zone at primary treatment, eyes

 � Zone I 18 eyes 20 eyes <0.0001*

 � Posterior zone II 34 eyes 6 eyes

 � Zone II 79 eyes 19 eyes

PMA at primary treatment, weeks 38.3±6.1 35.6±3.4 0.0003*

Primary treatment choice, eyes

 � Anti-VEGF injection monotherapy 97 eyes 40 eyes 0.1075

 � Laser ablation monotherapy 32 eyes 5 eyes

 � Combination (anti-VEGF+laser treatment) 2 eyes none

 � Time of plus disease disappearance after primary 
treatment, days

17.9±16.3 ~ not 
disappear

28.7±14.1 ~ not disappear 0.0467*

Additional treatment-requiring eyes 35 eyes (26.72%) 25 eyes (55.56%) 0.0004*

Values of gestational age, birth weight, PMA at primary treatment and periods of plus disease disappearance in each group are presented as 
mean±SD.
*Statistically significant by the Pearson’s χ2 test or Fisher’s exact test.
anti-VEGF, antivascular endothelial growth factor.PMA, postmenstrual age; ROP, retinopathy of prematurity;
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and no secondary treatment was required during the 
follow-up period.

Primary treatment choice and response to treatment in 
aggressive ROP
Among the 45 eyes of 24 preterm infants with aggressive 
ROP, 40 eyes (7 eyes of bevacizumab, 33 eyes of ranibizumab) 

selected anti-VEGF injection and five eyes selected laser treat-
ment as their primary treatment (table 3).

In the aggressive ROP bevacizumab-treated subgroup 
(n=7), the ROP zone at the first treatment was zone 1 
in one eye, zone 2 in two eyes and zone 2 in four eyes. 
The injection dosage of bevacizumab was 0.625 mg 

Table 2  Primary treatment choice and response to treatment in type 1 retinopathy of prematurity (ROP)

Parameter
Bevacizumab injection
(37 eyes)

Ranibizumab injection
(60 eyes)

Laser ablation
(32 eyes)

Combination therapy
(2 eyes)

ROP zone at primary treatment, eyes

 � Zone I 6 eyes 10 eyes 2 eyes None

 � Posterior zone II 10 eyes 21 eyes 3 eyes None

 � Zone II 21 eyes 29 eyes 27 eyes 2 eyes

PMA at primary treatment, weeks 38.4±4.2 36.3±2.8 43.5±14.1 37.5

Anti-VEGF injection dose and numbers

B 0.625 mg 9 eyes R 0.2 mg 48 eyes none B 0.5 mg 1 eye

B 0.5 mg 12 eyes R 0.1 mg 12 eyes none B 0.25 mg 1 eye

B 0.325 mg 6 eyes none

B 0.2 mg 10 eyes none

Periods of plus disease disappearance 
after primary treatment, days

11.6±8.4 14.7±14.5 ~ not 
disappear

34.1±26.2 14

Additional treatment-requiring eyes 10 eyes (27.03%) 25 eyes (41.67%) None None

Duration of additional treatment after 
primary treatment, days

38.6±9.8 71.8±38.0 – –

Values of gestational age, birth weight, PMA at primary treatment, periods of plus disease disappearance and duration of additional 
treatment in each subgroup are presented as mean±SD.
anti-VEGF, antivascular endothelial growth factor.B, bevacizumab; PMA, postmenstrual age; R, ranibizumab;

Table 3  Primary treatment choice and response to treatment in aggressive retinopathy of prematurity (ROP)

Parameter
Bevacizumab injection
(7 eyes)

Ranibizumab injection
(33 eyes)

Laser ablation
(5 eyes)

ROP zone at primary treatment

 � Zone I 1 eyes 19 eyes none

 � Posterior zone II 2 eyes 4 eyes none

 � Zone II 4 eyes 10 eyes 5 eyes

PMA at primary treatment, weeks 36.3±2.7 36.3±2.8 39.2±5.9

Anti-VEGF injection dose and numbers

B 0.625 mg 5 eyes R 0.25 mg 9 eyes none

B 0.5 mg 2 eyes R 0.2 mg 16 eyes

R 0.1 mg 8 eyes

Periods of plus disease disappearance after 
primary treatment, days

47.6±12.7 22.1±25.8 ~ not disappear 20.2±11.3

Additional treatment-requiring eyes 2 eyes (28.58%) 21 eyes (63.64%) 2 eyes (40.00%)

Duration of additional treatment after primary 
treatment, days

18 62.3±40.9 13

Values of gestational age, birth weight, PMA at primary treatment, periods of plus disease disappearance and duration of additional 
treatment each subgroup are presented as mean±SD.
anti-VEGF, antivascular endothelial growth factor; B, bevacizumab; PMA, postmenstrual age; R, ranibizumab.
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in five eyes and 0.5 mg in two eyes. It took an average 
time of 47.6±12.7 days for plus disease to disappear after 
bevacizumab treatment. Both eyes receiving 0.5 mg of 
bevacizumab had insufficient regression within 4 weeks 
and required further treatment.

In the aggressive ROP ranibizumab-treated subgroup 
(n=33), ROP lesion were located in zone I in 19 eyes, 
posterior zone II in 4 eyes and zone II in 10 eyes; the 
injection dosage for treatment was 0.25 mg for 9 eyes, 
0.2 mg for 16 eyes and 0.1 mg for 8 eyes. In 29 eyes, plus 
disease disappeared after the first injections, which took 
22.1±25.8 days on average. However, it did not completely 
disappear in four eyes; therefore, additional treatment 
was required. Additional treatment was performed for 21 
eyes, including three eyes because of a lack of treatment 
and 18 eyes because of reactivation. The mean interval 
time between primary treatment and additional treat-
ment was 62.3±40.9 days. During the follow-up period, 
none of the patients progressed to retinal detachment.

Laser therapy was primarily performed in five eyes, and 
the lesions were located in zone II in all eyes. In three 
eyes, plus disease disappeared after primary treatment, 
which took 20.2±11.3 days. However, because plus disease 
in two eyes did not disappear within 4 weeks, it was 
regarded as a lack of treatment, and secondary treatment 
was performed. During the follow-up period, none of the 
patients progressed to retinal detachment.

Additional treatment due to reactivation and lack of treatment
In 34.09% of all cases, additional treatment was required 
because of insufficient treatment and ROP reactivation 
after the primary treatment. In type 1 ROP, additional 
treatment was performed in 35 eyes (26.72%) out of 131 
eyes (figure 1). In the bevacizumab-treatment subgroup 
of type 1 ROP, 10 out of 37 eyes received secondary treat-
ment. Reactivation occurred in two eyes injected with 
0.625 mg bevacizumab, four eyes injected with 0.5 mg 
bevacizumab and four eyes injected with 0.325 mg bevaci-
zumab during primary treatment. Reactivation occurred 
in two eyes (2/6, 33.3%) with an initial ROP located in 
zone I, four eyes (4/10, 40.0%) in posterior zone II and 
two eyes (2/21, 9.5%) in zone II. Laser therapy was addi-
tionally performed as a secondary treatment for all eyes, 
and no further treatment was required. In the type 1 
ROP ranibizumab-treatment subgroup, 25 out of 60 eyes 
received additional treatment, and all of them received 
ranibizumab 0.2 mg injection as the primary treatment. 
Regarding the ROP zone at primary treatment, addi-
tional treatment was done 7 eyes (7/10, 70.0%) in zone I, 
8 eyes (8/21, 38.1%) in posterior zone II, 10 eyes (10/29, 
34.5%) in zone II. Two eyes were treated with laser abla-
tion due to a lack of treatment. In addition, 23 eyes were 
treated as a result of ROP reactivation, among which 
19 received laser therapy and 5 received ranibizumab 
0.2 mg injections. In one eye, where ranibizumab was 
injected twice consecutively, the therapeutic effect was 

Figure 1  Additional treatment choice trends in cases of reactivation or lack of primary treatment in type 1 retinopathy 
of prematurity (ROP). The flow chart shows the number of eyes that received at least one additional treatment. Additional 
treatment was performed within 4 weeks of the primary treatment because of a lack of treatment. If ROP was reactivated, it was 
performed 4 weeks after the primary treatment. The initial ROP zone was divided into zone I: posterior zone II: zone II, and the 
corresponding cases (eyes) was indicated with a number. B, bevacizumab; R, ranibizumab.
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insufficient; therefore, laser treatment was additionally 
performed 93 days after the second treatment. Reactiva-
tion did not occur in the laser therapy or combination 
therapy groups; therefore, secondary treatment was not 
required.

Secondary treatment was performed in 25 (55.56%) 
out of 45 eyes with aggressive ROP, and none of the eyes 
progressed to retinal detachment during the follow-up 
period (figure  2). In the aggressive ROP bevacizumab-
treatment subgroup, only two eyes injected with 
bevacizumab 0.5 mg as the primary treatment received 
additional treatment due to lack of treatment. One eye 
that received laser treatment as secondary treatment no 
longer required additional treatment. In the other eye, 
where the plus disease did not disappear even 1 week 
after the first injection, 0.625 mg of bevacizumab was 
injected as an additional treatment. However, there was 
no improvement after the second injection, and the laser 
treatment was administered 23 days later.

In the aggressive ROP ranibizumab-treatment 
subgroup, additional treatment was performed for 21 
eyes, which included 6 out of 9 eyes with 0.25 mg of ranibi-
zumab injected, 10 out of 16 eyes with 0.2 mg injected 
and 5 out of 8 eyes with 0.1 mg injected during primary 
treatment. Additional treatment was performed in 13 
eyes (13/19, 68.4%) in zone I, two eyes (2/4, 50.0%) in 
posterior zone II, six eyes (6/9, 66.7%) in zone II. Owing 
to insufficient treatment, three eyes received secondary 

treatment, among which two eyes received laser therapy 
and one eye received anti-VEGF injection treatment 
consecutively. Secondary treatment was performed in 18 
eyes with recurrent ROP. Laser treatment was performed 
in 10 eyes, ranibizumab injection in six eyes and combi-
nation therapy in two eyes. In all cases in which the 
second injection of ranibizumab was administered, the 
same or higher dose than the first injection was selected. 
Among the two consecutive injections of ranibizumab, 
one eye did not regress; therefore, laser ablation was 
performed as the third treatment. In the laser therapy 
group, secondary treatment was performed in two out of 
five eyes due to insufficient treatment. At that time, one 
eye received additional laser treatment and the other eye 
was treated in combination with bevacizumab 0.625 mg.

DISCUSSION
Based on multicentre clinical data, this study was divided 
into type 1 ROP and aggressive ROP, investigated the 
tendency to select anti-VEGF injections and laser abla-
tion as the primary treatment in real clinical settings, the 
injection dose and frequency and the need for additional 
treatment after primary treatment.

The study findings are summarised as follows: (1) 
when selecting primary treatment, retinal specialists 
selected anti-VEGF injections when the ROP zone was 
located closer to the central area, whereas they selected 
laser therapy when lesions were located in the peripheral 

Figure 2  Additional treatment choice trends in cases of reactivation or lack of primary treatment in aggressive retinopathy 
of prematurity (ROP). The flow chart shows the number of eyes that received at least one additional treatment. Additional 
treatment was performed within 4 weeks of the primary treatment because of a lack of treatment. If ROP was reactivated, it was 
performed 4 weeks after the primary treatment. The initial ROP zone was divided into zone I: posterior zone II: zone II, and the 
corresponding cases (eyes) was indicated with a number. B, bevacizumab; R, ranibizumab.
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area, indicating a preference for anti-VEGF injections for 
aggressive ROP rather than type 1 ROP; (2) the dose of 
anti-VEGF injections administered by retinal specialists 
varied, and a higher dose was injected into the vitreous 
cavity in aggressive ROP than in type 1 ROP; (3) 34.09% of 
the eyes receiving primary treatment received additional 
treatment due to the lack of treatment and reactivation 
of ROP, which occurred more frequently with anti-VEGF 
injection than with laser treatment, and more frequently 
required additional treatment, especially in aggressive 
ROP; (4) if additional treatment was required, laser 
therapy was preferentially selected. However, if an anti-
VEGF injection was selected, it was administered at a dose 
equal to or greater than the primary injection dose.

The key to treating type 1 ROP and aggressive ROP is 
to reduce the amount of VEGF in the retina and vitreous 
cavity.1 Current treatment are laser ablation, which burns 
the avascular retina to reduce the number of retinal cells 
that produce VEGF,12 and intravitreal anti-VEGF injec-
tions that reduce VEGF levels by binding between VEGF 
and the anti-VEGF agents in the eye.13 14 Intravitreal anti-
VEGF injections in use include bevacizumab (off-label 
use),8 ranibizumab (EU approved drug)9 and afliber-
cept (off-label use; a phase III study is being conducted 
on this).15 16 Intravitreal injection therapy is becoming 
increasingly popular because it is simpler to perform and 
provides a faster treatment response than conventional 
laser therapy.17 18

The rate of disease progression in infants with ROP 
requiring treatment varies depending on the subtypes 
(type 1 ROP vs aggressive ROP) and location of lesions 
(zone I vs posterior zone II or zone II),19 20 so the effects 
of laser therapy and intravitreal injections may differ. 
Çömez et al21 reported that although intravitreal anti-
VEGF injections were effective for aggressive ROP and 
type 1 ROP with zone I and posterior zone II lesion, addi-
tional treatment was required in many cases of aggressive 
ROP. Roohipoor et al22 reported that both laser therapy 
and anti-VEGF injection treatment were effective for type 
1 ROP with zone II, but retreatment was lower with laser 
therapy.

In this study, Korean retinal specialists showed a 
tendency to choose anti-VEGF injection when ROP 
was located in zone I or posterior zone II and to 
select laser treatment when ROP was located in zone 
II. It has also been shown that anti-VEGF treatment is 
more frequently selected for aggressive ROP than for 
type 1 ROP. The reason is as follows: aggressive ROP 
is characterised by marked plus disease, no notice-
able findings at the junction of vascular and avascular 
retina and a rapid progression of vascular abnormali-
ties.21 23 24 Because the tempo of aggressive ROP is fast, 
anti-VEGF injection is more effective than laser therapy 
in lowering the high concentration of VEGF in the eye 
rapidly. Laser therapy has the advantage of reducing 
reactivation by destroying the avascular retina,25 but the 
wider the laser treatment area, the narrower the field 
of view. In particular, in the case of aggressive ROP, it 

may be difficult to determine the laser treatment range 
because the boundary between the avascular retina and 
vascular retina is not prominent.23 In addition, since 
PMA at the primary treatment for aggressive ROP is 
earlier than that for type 1 ROP, it seems that anti-VEGF 
injection therapy is preferable to laser therapy because 
premature infants have poor lung function and cannot 
tolerate general anaesthesia.

The appropriate injection dose and frequency of intra-
vitreal anti-VEGF injections are controversial because of 
the risks of ocular and systemic exposure. The dose of 
bevacizumab administered in the BEAT-ROP study8 was 
0.625 mg, which is half the adult dose. The RAINBOW 
study9 used ranibizumab 0.2 mg (equivalent to 40% 
of the clinically approved adult dose for age-related 
macular degeneration) and ranibizumab 0.1 mg. When it 
considers that the vitreous capacity of premature infants 
is approximately 1/4 that of adults, it can be considered 
a high dose.1 In age-related macular degeneration, the 
intravitreal half-life of bevacizumab was approximately 
4.9–6.7 days, and its serum half-life was measured to be 
11.3–18.7 days,26 while in ROP, the serum half-life of 
bevacizumab was 21 days on average, and serum beva-
cizumab was detected for more than 2 months.27 28 In 
the case of neovascular macular degeneration, the intra-
vitreal half-life of ranibizumab was 9 days and its serum 
half-life was 2 hours.29 In ROP, the intravitreal half-life 
ranibizumab was as short as 5.6 days, and the serum half-
life was 7.2 hours (0.3 days), which took longer than the 
case of macular degeneration.30 As a result, premature 
infants have a longer serum half-life of anti-VEGF agents 
than adults, so it takes longer for the VEGF concentra-
tion to return to normal. Since bevacizumab has an Fc 
domain, it takes time to remove, and its serum half-life is 
much longer than that of ranibizumab by about 20 days, 
which increases the risk of systemic exposure.31 When 
using anti-VEGF injections for the treatment of ROP, 
it is recommended to use a small dose of bevacizumab 
or a drug with a short serum half-life, such as ranibi-
zumab.32 33 However, other aggressive ROP studies34–36 
have used ranibizumab doses of 0.25–0.3 mg. Similarly, 
our study showed that although the dose of VEGF admin-
istered by retinal specialists varied, they tended to select 
higher doses for aggressive ROP than for type 1 ROP. 
Therefore, further studies are needed to determine the 
appropriate injection dose according to the subtype and 
lesion of ROP.

Reactivation of ROP usually occurs after anti-VEGF 
injection and rarely after laser treatment, with complete 
regression or incomplete regression of the original 
lesion.7 Reactivation phase proceeds in various ways from 
the demarcation line to the stage requiring treatment. 
However, reactivation is defined differently in the litera-
ture,37 and the degree of reactivation has been reported 
differently depending on the types and doses of thera-
peutic agents as well as the study period.38 39 In our study, 
treatment insufficiency and reactivation were classified 
based on 4 weeks before and after the first treatment.
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Currently, there is no clear consensus on when and 
how to treat reactivation. Martínez-Castellanos et al40 
proposed a treatment algorithm for treatment failure 
and reactivation of ROP after bevacizumab injection. 
They recommended that anti-VEGF injection should be 
repeated if new lesions above the ridge stage reappear or 
flat new blood vessels are observed at the advanced edge, 
and vitrectomy should be performed if vitreous traction 
is observed on the ridge lesion.

In this study, 52 eyes received secondary treatment 
for ROP reactivation, and no vitrectomy was performed 
in any case. Secondary treatment was required more 
frequently with anti-VEGF injections than with laser 
therapy, as well as more frequently with ranibizumab 
than with bevacizumab. It should be noted that the dura-
tion of additional treatment after primary treatment 
was shorter with bevacizumab than with ranibizumab. 
The reason is that although there are few cases, in the 
case of bevacizumab, laser ablation was performed if it 
was determined that additional treatment was needed 
within 2–6 weeks. There were no cases where the injec-
tion agent was administered more than three times, and 
there were no cases where another anti-VEGF agent was 
selected for reinjection. In all cases of the second injec-
tion, a higher dose than the first injection or the same 
dose as the first injection was selected. If the therapeutic 
effect was judged to be insufficient after two consecu-
tive injections, laser treatment was performed. Based on 
our experience, laser treatment should be preferred if 
additional treatment is required, and it is not necessary 
to select a dose lower than the primary treatment when 
selecting anti-VEGF.

The limitation of this study include that the members of 
the Korean Retinopathy Society who participated in the 
study were informed of the standardised classification of 
ROP and plus disease, but the classification and treatment 
selection of ROP was based on individual judgement. In 
addition, the types and doses of anti-VEGF injections 
used in the study varied, and long-term follow-up and 
safety studies were lacking. Additional studies are needed 
more effective doses and frequencies of intravitreal anti-
VEGF injections for ROP. However, this study presents 
data on the preference of anti-VEGF injection therapy as 
a primary treatment and as an additional treatment in 
a real clinical setting for ROP requiring treatment over 
the last 2 years. This is expected to be of great help to 
retinal specialists interested in anti-VEGF injections for 
ROP treatment.

In conclusion, this study is noteworthy in that it 
confirms the tendency to select intravitreal anti-VEGF 
injections or laser ablation according to the subtype of 
ROP and location of the lesion. It may also be helpful 
to come up with new guidelines for ROP treatment by 
understanding the tendency to opt for second-line treat-
ment when reactivation occurs after injection. These 
findings suggest that ROP treatments are considered 
according to ROP subtype, location and reactivation in 
actual clinic situation.
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