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Results Higher quality studies concluded that LPC 
leads to greater rates of myopia than intravitreal anti-
VEGF treatment while the rate of adverse events 
and of unfavorable neurodevelopmental outcomes is 
similar. However, there was controversy among the 
included studies concerning the rate of ROP recur-
rence between intravitreal anti-VEGF injections and 
LPC.
Conclusion There is need for future primary studies 
assessing the adverse events of intravitreal anti-VEGF 
injections compared with LPC as treatment modali-
ties for infants with TR-ROP.

Keywords Retinopathy of prematurity · 
Anti-vascular endothelial growth factor · Laser 
photocoagulation · Adverse events · Complications

Introduction

Retinopathy of prematurity (ROP), the leading cause 
of infants’ blindness all over the world [1], is a disor-
der of the retinal vasculature, with pathologic ves-
sels growing into the vitreous instead of the retina [2]. 
Before introducing the use of anti-vascular endothelial 
growth factor (anti-VEGF) agents in infants, clinical tri-
als had confirmed the efficacy and safety of ablating the 
avascular peripheral retina to achieve the regression of 
preretinal neovascularization and prevent ensuing fibro-
vascular retinal detachments [2]. Treatment-warranted 
ROP was defined as a set of characteristics that resulted 
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in a 50% chance of an unfavorable outcome, and cryo-
therapy was the first treatment modality that proved to 
lower that risk when compared to no treatment. [3]. 
Subsequently, ET-ROP study showed the efficacy of 
the laser treatment for a less severe form of treatment-
warranting ROP (type 1 ROP), in which the risk of an 
unwanted outcome was approximately 15% [4].

The BEAT-ROP study [5] was the first prospec-
tive, multicenter, stratified, randomized controlled trial 
(RCT) that attempted a comparison of efficacy between 
intravitreal bevacizumab (IVB) monotherapy and con-
ventional laser photocoagulation (LPC) for zone 1 or 
zone 2 posterior stage 3 + ROP. The study reached the 
conclusion that IVB was beneficial for infants with 
stage 3 + ROP for zone 1(P = 0.003), but not for zone 
2 disease (P = 0.270). Although BEAT-ROP encour-
aged many clinicians worldwide to use IVB as first-
line treatment for ROP, IVB still remains an off-label 
modality. A second RCT evaluating ranibizumab fol-
lowed: RAINBOW study [6], an open-label, multi-
center, randomized, three-arm, parallel group, superior-
ity trial, assigned infants with treatment-requiring ROP 
(TR-ROP) in three groups of 0.2 mg intravitreal ranibi-
zumab (IVR), 0.1  mg IVR and LPC, concluding that 
ranibizumab 0.2 mg is superior to LPC, while having 
less unfavorable ocular outcomes. In September 2019, 
the European Medicines Agency (EMA) approved 
ranibizumab 0.2 mg as an on-label treatment for infants 
with TR-ROP. The RAINBOW study provided evi-
dence on the drug’s efficacy as well as on short-term 
safety issues [6]. However, more information is needed 
concerning the adverse events (AEs), complications, 
and unfavorable functional and structural outcomes of 
the two treatment modalities in the long term.

The aim of this systematic review was to capture 
the current knowledge regarding the adverse events, 
the complications and the unfavorable structural and 
functional outcomes of intravitreal anti-VEGF agents 
and LPC as treatment modalities for TR-ROP, so as to 
guide clinical ophthalmologists in their choice of the 
preferred treatment modality for each case of TR-ROP.

Methods

Study characteristics

This study is a systematic review of RCTs and obser-
vational studies that compared intravitreal anti-VEGF 

injections and LPC as treatment modalities in infants 
with TR-ROP, in terms of adverse events, compli-
cations, and unfavorable structural and functional 
outcomes. Literature search was carried out until 
25/7/2020 without restrictions. The study had been 
registered to PROSPERO with the following registra-
tion number: CRD42020189408.

Eligibility criteria

Inclusion criteria

• The included studies were either RCTs or observa-
tional studies.

• The participants of each study were infants with 
ROP that required treatment.

• The included studies evaluated one of the fol-
lowing intravitreal anti-VEGF agents as mono-
therapy: ranibizumab, bevacizumab, aflibercept, 
pegaptanib, conbercept, and compared its adverse 
events, complications, or unfavorable outcomes 
with one of the following types of LPC, also 
used as a monotherapy: diode laser, argon laser, 
Yttrium aluminum garnet (YAG) laser.

Exclusion criteria

• The studies that did not involve humans as sub-
jects.

• The studies that reported early-stage outcomes 
that are also reported in the complete version of 
the study. In this case, the most complete version 
was included to avoid duplication of our results.

• The studies that reported the outcome of the inter-
ventions conducted to treat an adverse event of a 
treatment modality for ROP, rather than compar-
ing the outcomes of intravitreal anti-VEGF as 
monotherapy with LPC, also used as a monother-
apy, as treatment modalities for ROP.

Study outcomes

The outcomes of interest were the comparison 
of adverse events, complications, and unfavora-
ble structural and functional outcomes between 
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intravitreal anti-VEGF treatment and LPC, and were 
categorized as follows:

1. Refractive Errors and Biometry Parameters This 
subsection evaluated refractive spherical power, 
spherical equivalent (SE), cylinder power, best-
corrected visual acuity (BCVA), rates of myopia 
and high myopia, rates of anisometropia, rates 
of astigmatism and biometric results (e.g., ante-
rior chamber depth (ACD), lens thickness (LT), 
axial length (AL), and central choroidal thickness 
(CCT)).

2. Adverse events, complications, and unfavorable 
outcomes This subsection evaluated both ocu-
lar and systemic unfavorable outcomes: rates of 
retinal detachment, vitreous hemorrhage, macular 
dragging, retinal fold, macular ectopia, endoph-
thalmitis, ocular inflammations, cataract forma-
tion, glaucoma, corneal opacity requiring trans-
plantation, and death.

3. Disease Recurrence/Disease Regression/Need for 
retreatment There is not a universal definition of 
ROP recurrence and its difference from treatment 
failure. Therefore, the definition of ROP recur-
rence, treatment failure, or treatment success that 
each study used, are provided when the respec-
tive results are reported.

4. Neurodevelopmental Outcomes Reported Bay-
ley-3 scores of cognition, language and motor 
composite were assessed.

5. Optical coherence tomography (OCT) and opti-
cal coherence tomography angiography (OCTA) 
Measurements OCT assessment of the posterior 
part of the eye, including inner foveal thickness 
(IFT), outer foveal thickness (OFT), subfoveal 
choroid thickness (CT), foveal avascular zone 
(FAZ), foveal vessel density (VD), parafoveal 
VD, perifoveal VD and macular volume, is pre-
sented.

6. Other reported outcomes Comparison of serum-
free VEGF levels, serum insulin-like growth fac-
tor–1 (IGF-1) levels and cardiovascular assess-
ment between infants with TR-ROP that were 
treated with either intravitreal anti-VEGF or LPC, 
are included in this subsection.

Searches and search strategy

The following databases were searched: PubMed, 
Cochrane Central Register of Controlled Trials 
(CENTRAL), Scopus, EMBASE and Trip Data-
base. A search in the gray literature, such as Clini-
calTrials.gov and in available conference proceed-
ings of American Academy of Ophthalmology 
(AAO), European Paediatric Ophthalmological 
Society (EPOS), American Association for Pediat-
ric Ophthalmology and Strabismus (AAPOS) and 
EURETINA, has also been conducted. Further-
more, to ensure a systematic search of the exist-
ing literature, reference lists of any included study 
were scanned rigorously to find eligible studies 
that the search may had missed. The basic search 
terms that corresponded to each element of the 
research question were used for the search strate-
gies in all databases. Every step of the systematic 
review process was performed by two independent 
researchers. In the case of disagreements, the final 
decision was determined by the senior author. After 
duplicates were removed, all studies were searched 
by title and abstract. Studies that did not satisfy the 
research question were excluded. Full-text screen-
ing was performed in the remaining, potentially eli-
gible studies. Whenever a study had been published 
in different versions, the latest and most complete 
version was selected. The PRISMA flow diagram is 
presented in Fig. 1 [7].

Risk-of-bias (quality) assessment

The risk-of-bias (quality) assessment for the RCTs 
and non-randomized studies of interventions 
(NRSI) was conducted with the use of the RoB 2.0 
[8] and ROBINS-I [9] tools, respectively.

Patient consent form

No patient consent forms were needed as this is a 
systematic review.
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Results

Refractive errors and biometry

Comparison between three groups (IVB, IVR 
and diode LPC)

The observational studies that compared the refrac-
tive errors and biometric measurements between IVB, 
IVR and diode LPC groups reported no differences 
between the three groups [10–12], as it is shown in 
Table 1.

Comparison between 2 groups

All RCTs [13, 14] and observational studies [15–36] 
that compared intravitreal anti-VEGF injections with 
LPC for refractive errors and biometry are shown 
in Table  2. Raghuram et  al. [15] reported a more 
myopic median refraction and a greater rate of myo-
pia ≤ − 0.25 diopters (D) in diode LPC-treated eyes 
than in IVB-treated eyes at 18–24  months of age 
(P = 0.020, P = 0.040, respectively). These outcomes 
are at moderate overall risk of bias and of the highest 
quality among the observational studies.

Fig. 1  The PRISMA flow diagram of this systematic review. 
(from: Moher D, Liberati A, Tetzlaff J, Altman DG, The 
PRISMA Group (2009) Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses: The PRISMA Statement. 
PLoS Med 6: e1000097. https:// doi. org/ 10. 1371/ journ al. pmed1 
000097)

https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1371/journal.pmed1000097
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Table 1  Observational studies comparing refractive errors and biometric measurements between IVB, IVR, diode LPC treatment 
modalities for TR-ROP

IVB intravitreal bevacizumab, IVR intravitreal ranibizumab, LPC laser photocoagulation, TR-ROP treatment-requiring retinopathy of 
prematurity, ROBINS-I risk of bias in non-randomized studies of interventions, ROP retinopathy of prematurity, ANOVA analysis of 
variance, SE spherical equivalent, D diopter(s), CA corrected age, AL axial length (mm)

Authors/first author Year Participants Treatment modalities 
being compared

Outcomes Risk-of-bias assessment 
with ROBINS-I  tool9

Kang et al. [10] 2019 30 eyes (diode LPC 
group)

20 eyes (IVB group)
2 eyes (IVR group)

IVB 
(0.625 mg/0.025 mL),

IVR (0.2 mg/0.02 mL),
Diode LPC

No differences between 
groups at age of 
4 years in:

 Mean spherical power 
(P = 0.490, ANOVA 
test),

 Mean cylinder power 
(P = 0.290, ANOVA 
test),

 Mean spherical equiva-
lence (P = 0.600, 
ANOVA test)

Moderate overall risk 
of bias

Kabatas et al. [11] 2017 24 eyes of 12 type 1 
ROP infants (IVB 
group),

12 eyes of 6 type 1 ROP 
infants (IVR group),

72 eyes of 36 type 1 
ROP infants (diode 
LPC group)

IVB 
(0.625 mg/0.025 mL, 
100 mg/ 4 ml flacon) 
with diode LPC,

IVR 
(0.25 mg/0.025 mL, 
10 mg/1 ml flacon) 
with diode LPC, IVB 
(0.625 mg/0.025 mL, 
100 mg/4 ml 
flacon) with IVR 
(0.25 mg/0.025 mL, 
10 mg/1 ml flacon)

No differences between 
groups in

 Mean spherical equiva-
lent at 18 months CA 
(P = 1.000, P = 1.000, 
P = 1.000 respec-
tively),

 Mean cylindrical value 
at 18 months CA 
(P = 0.456, P = 1.000, 
P = 1.000 respectively)

Serious overall risk of 
bias due to baseline 
and time-varying 
confounding

Gunay et al. [12] 2017 55 infants with TR-ROP 
(IVB group)

22 infants with TR-ROP 
(IVR group)

57 infants with TR-ROP 
(diode LPC group)

IVB 
(0.625 mg/0.025 mL),

IVR 
(0.25 mg/0.025 mL),

Diode LPC

No differences between 
groups in:

 Spherical equivalent 
at 1.5 years CA 
(P = 0.130, ANOVA 
test),

 Rate of myopia 
(SE ≤ − 0.25 D) 
at 1.5 years CA 
(P = 0.080, ANOVA 
test),

 Rate of high myo-
pia (SE ≤ − 5.0 D) 
at 1.5 years CA 
(P = 0.970, ANOVA 
test)

 Mean AL at 1.5 years 
CA (P = 0.390, 
ANOVA test)

Critical overall risk of 
bias due to baseline 
and time-varying 
confounding
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Adverse events, complications, and unfavorable 
structural outcomes

Comparison between three groups

RCTs In the RAINBOW trial [6], unfavorable struc-
tural outcomes, defined as structural abnormalities 
that have potential effects on visual acuity were found 
in all three arms: 1 infant in the 0.2 mg IVR arm, 5 in 
the 0.1 mg IVR arm, and 7 infants in the LPC arm. 
At 24  weeks after initial treatment, death, serious 
adverse events (SAEs) and non-serious systemic AEs 
were similar between the treatment groups as 4 deaths 
occurred in each group. In the 0.2 mg IVR group, one 
infant had a moderate cataract formation, while in the 
0.1 mg IVR group, one infant developed endophthal-
mitis in one eye. These outcomes are at low overall 
risk of bias.

Comparison between 2 groups

The results of all the RCTs [5, 6, 13, 37–39], and 
the observational studies [10, 19, 22, 27, 31, 33, 36, 
40–47], that compared the adverse events, complica-
tions, and unfavorable outcomes between intravit-
real anti-VEGF injections and LPC, are displayed in 
Table 3.

Disease recurrence/disease regression/need for 
retreatment

In the RAINBOW study [6], treatment success, 
defined as alive and without treatment switch and 
unfavorable structural outcome or active ROP at 
day 169, was reported as odds ratio (OR) and 95% 
Confidence Interval (CI) in pairwise comparisons 
of the treatment arms: OR = 2.19 (CI 0.99 to 4.82; 
P = 0.050) of 0.2 mg.

IVR compared to LPC, and OR = 1.57 (95% CI: 
0.76 to 3.26) of 0.1 mg IVR compared to LPC. This 
outcome is at low overall risk of bias.

The results of all the other RCTs (except RAIN-
BOW), and the observational studies, that compared 
the rates of disease recurrence, disease regression, 
need for retreatment between IVB, IVR and LPC 
groups, are displayed in Table 4 [5, 6, 10, 13, 19, 22, 
29, 33, 36–40, 42, 44–46, 48–51].

Neurodevelopmental outcomes

Observational studies

The observational studies [15, 17, 22, 36, 44, 47, 
52–55] that compared neurodevelopmental outcomes 
between intravitreal anti-VEGF and LPC for TR-ROP 
were of moderate or serious overall risk of bias and 
found many similarities between the two treatment 
modalities, while in case a significant difference 
existed, LPC had the better results in terms of neu-
rodevelopmental outcomes (Table 5).

In the RCT of Kennedy et  al. [56], 16 infants of 
the BEAT-ROP study were evaluated for medical 
and neurodevelopmental outcomes at 18–28  months 
corrected age (CA). The authors reported similar 
results in all outcomes when comparing the two treat-
ment groups at follow-up (median cognitive score 
P = 0.060, language score P = 0.180, motor com-
posite score P = 0.220, gross motor function level 
P = 0.850, rate of cerebral palsy P = 1.000, median 
CA P = 0.100, median weight percentile for age 
P = 0.270, median length percentile for age at follow-
up P = 0.390, median head circumference percentile 
for age at follow-up P = 0.460). These outcomes are at 
medium overall risk of bias. This is the only RCT that 
we found concerning the comparison of neurodevel-
opmental outcomes between intravitreal anti-VEGF 
and LPC treatment modalities for TR-ROP.

OCT and OCTA measurements

The observational studies [16, 20], that compared 
the macular OCT and OCTA measurements between 
intravitreal anti-VEGF and LPC in infants with TR-
ROP were of critical overall risk of bias and in case a 
significant difference existed, IVB treatment showed 
lower mean foveal, parafoveal, perifoveal, and inner 
foveal thickness (Table 6).

Finally, studies that compared other reported out-
comes [54, 57–59], such as serum-free VEGF levels, 
serum Insulin-like growth factor 1 (IGF-1) levels, 
tricuspid E-wave values, odds of returning to respira-
tory baseline by 48  h, number of diagnoses at time 
of discharge, hospitalization days, days for oxygen 
requirement, and duration of hospitalization, are sum-
marized in Table 7.
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Discussion

This systematic review of the literature regarding 
treatment of ROP revealed that higher quality studies 
concluded that LPC leads to greater rates of myopia 
than intravitreal anti-VEGF treatment, while the rate 
of adverse events and of unfavorable neurodevelop-
mental outcomes is similar. However, there was con-
troversy among the included studies concerning the 
rate of ROP recurrence. Studies agree on findings 
regarding the refractive outcome, the rates of adverse 
events, and the neurodevelopmental outcomes, while 
they differ in disease recurrence rates. Notably, 
authors defined their outcomes differently and results 
are thus not directly comparable. Furthermore, most 
studies are observational and of moderate risk of bias, 
so safe conclusions cannot be drawn.

The RCTs [14] and the observational studies [15, 
19] of the highest quality concluded that eyes treated 
with LPC developed more myopic refraction than the 
eyes treated with intravitreal anti-VEGF injections, 
a finding shared with the majority of observational 
studies as well [16, 20–23, 27–29, 33–36]. Rates of 
adverse events, complications and unfavorable out-
comes were similar between intravitreal anti-VEGF 
agents and LPC in high quality RCTs like RAINBOW 
[6] and BEAT-ROP [5]. Results in lower-quality 
RCTs [13, 37–39] and observational studies [10, 19, 
22, 27, 31, 33, 36, 40–47] did not generally differ.

Disease recurrence, disease regression and need 
for retreatment were similar between intravitreal 
anti-VEGF injections and LPC in the RAINBOW 
study [6], the highest-quality RCT available in our 
systematic review concerning that outcome. Some 
of the lower-quality RCTs concluded that the rate 
of disease recurrence was greater in the intravitreal 
anti-VEGF injection group [37–39], while others like 
BEAT-ROP [5] concluded the exact opposite. Finally, 
other RCTs [13] agreed with the findings of RAIN-
BOW [6]. Some of the observational studies of higher 
quality concluded that rates of ROP recurrence were 
greater in the intravitreal anti-VEGF injection group 
[19], while others reported similar ROP recurrence 
rates between the two treatment groups [29, 45, 48], 
and others concluded that rates of ROP regression 
were greater in eyes treated with intravitreal anti-
VEGF injections [50].

The only RCT that conducted a comparison of 
neurodevelopmental outcomes between intravitreal Ta
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e 

4 
 (c

on
tin

ue
d)

A
ut

ho
rs

/fi
rs

t a
ut

ho
r

St
ud

y 
Ty

pe
Ye

ar
Pa

rti
ci

pa
nt

s
Tr

ea
tm

en
t m

od
al

iti
es

 b
ei

ng
 

co
m

pa
re

d
O

ut
co

m
es

R
is

k-
of

-b
ia

s a
ss

es
sm

en
t 

w
ith

 R
oB

 2
  to

ol
8  o

r w
ith

 
RO

B
IN

S-
I  t

oo
l9

M
in

tz
-H

itt
ne

r e
t a

l. 
[5

]
R

an
do

m
iz

ed
 c

lin
ic

al
 tr

ia
l

20
11

30
0 

ey
es

 o
f 1

50
 in

fa
nt

s w
ith

 
RO

P 
(z

on
e 

1 
or

 z
on

e 
2 

po
ste

rio
r s

ta
ge

 3
+

)

IV
B

 (0
.6

25
 m

g/
0.

02
5 

m
l),

D
io

de
 L

PC
IV

B
 g

ro
up

 h
ad

:
 L

ow
er

 ra
te

s o
f R

O
P 

re
cu

r-
re

nc
e 

co
m

pa
re

d 
to

 th
e 

LP
C

 g
ro

up
 (O

R
 =

 0.
17

, 
95

%
 C

I: 
0.

05
–0

.5
3;

 
P 

=
 0.

00
2,

 fo
r z

on
es

 1
 a

nd
 

2 
co

m
bi

ne
d)

O
th

er
 o

ut
co

m
es

:
 P

er
fo

rm
an

ce
 o

f P
PV

: 2
 

ey
es

 (I
V

B
 g

ro
up

), 
13

 e
ye

s 
(L

PC
 g

ro
up

)

M
ed

iu
m

 o
ve

ra
ll 

ris
k 

of
 b

ia
s 

(“
So

m
e 

C
on

ce
rn

s”
 in

 th
e 

Ro
B

 2
.0

 to
ol

)

an
ti-

VE
G

F 
an

ti-
va

sc
ul

ar
 e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
, L

PC
 la

se
r p

ho
to

co
ag

ul
at

io
n,

 T
R-

RO
P 

tre
at

m
en

t-r
eq

ui
rin

g 
re

tin
op

at
hy

 o
f p

re
m

at
ur

ity
, R

oB
 2

 v
er

si
on

 2
 o

f t
he

 C
oc

hr
an

e 
ris

k-
of

-
bi

as
 to

ol
 fo

r r
an

do
m

iz
ed

 tr
ia

ls
, R

O
BI

N
S-

I r
is

k 
of

 b
ia

s 
in

 n
on

-r
an

do
m

iz
ed

 s
tu

di
es

 o
f i

nt
er

ve
nt

io
ns

, R
O

P 
re

tin
op

at
hy

 o
f p

re
m

at
ur

ity
, I

VB
 in

tra
vi

tre
al

 b
ev

ac
iz

um
ab

, O
R 

od
ds

 ra
tio

, 
C

I c
on

fid
en

ce
 in

te
rv

al
, P

PV
 p

ar
s p

la
na

 v
itr

ec
to

m
y,

 IV
R 

in
tra

vi
tre

al
 ra

ni
bi

zu
m

ab
, P

M
A 

po
stm

en
str

ua
l a

ge
, F

A 
flu

or
es

ce
nt

 a
ng

io
gr

ap
hy

, A
PR

O
P 

ag
gr

es
si

ve
 p

os
te

rio
r r

et
in

op
at

hy
 o

f 
pr

em
at

ur
ity



1053Int Ophthalmol (2023) 43:1027–1062 

1 3
Vol.: (0123456789)

Table 5  Observational studies comparing neurodevelopmental outcomes between intravitreal anti-VEGF and LPC treatment modali-
ties for TR-ROP

Authors/first author Year Participants Treatment modalities 
being compared

Outcomes Risk of bias assessment 
with ROBINS-I  tool9

Arima et al. [53] 2020 53 infants with type 1 
ROP

IVB 
(0.625 mg/0.025 ml),

LPC (type unspecified)

At 18 months CA, IVB 
group had:

 Lower mean score 
in the Language-
Social domain DQ 
(P = 0.010), even after 
the adjustment for 
GA and birth weight 
(P = 0.030)

No differences between 
groups in KSPD 
scores at 18 months 
CA, for:

 Postural-Movement 
domain DQ 
(P = 0.100)

 Cognitive-Adaptive 
domain DQ 
(P = 0.170)

 Overall domain DQ 
(P = 0.100)

Moderate overall risk 
of bias

Raghuram et al. [15] 2019 60 eyes of 34 infants 
with TR-ROP

IVB 
(0.625 mg/0.025 ml),

Diode LPC

At 18–24 months 
CA, no differences 
between groups in 
rates of:

 Moderate to severe 
NDI (P = 0.380)

 Severe NDI (P = 0.120)
 Cerebral palsy 

(P = 0.500)
 Hearing loss requir-

ing amplification 
(P = 0.690)

 Motor Bayley scores 
(P = 0.580)

 Cognitive Bayley 
scores (P = 0.830)

 Language Bayley 
scores (P = 0.450)

Moderate overall risk 
of bias

Therani et al. [17] 2019 111 eyes of 64 infants 
with TR-ROP

IVB (dose unspecified),
LPC (type unspecified)

At 18–24 months 
CA, no differences 
between groups in:

 NDI scores (OR = 1.63; 
95% CI: 0.54–4.87, 
adjusted OR = 1.77; 
95% CI: 0.46–6.73)

 sNDI scores 
(OR = 2.19; 95% CI: 
0.80–5.98, adjusted 
OR = 2.31; 95% CI: 
0.75–7.14)

Serious overall risk of 
bias due to missing 
information in three 
domains of bias 
assessment
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Table 5  (continued)

Authors/first author Year Participants Treatment modalities 
being compared

Outcomes Risk of bias assessment 
with ROBINS-I  tool9

Kang et al. [36] 2019 314 eyes of 165 infants 
with type 1 ROP

IVR 
(0.25 mg/0.025 ml),

Diode LPC

Mean follow-up: 
36.3 ± 31.9 months. 
No differences 
between groups in:

 Rate of adverse 
neurodevelopmental 
outcomes (P = 0.73)

Moderate overall risk 
of bias

Zhang et al. [44] 2019 283 infants with TR-
ROP

IVB (dose unspecified),
LPC (type unspecified)

After 2 years of follow-
up, no differences 
between groups in 
rates of:

 CP (P = 0.060, adjust-
ing for IVH)

 Motor delay 
(P = 0.540)

 Cognitive delay 
(P = 0.680)

 Language delay 
(P = 0.060)

Serious overall risk of 
bias due to miss-
ing information in 
two domains of bias 
assessment

Chen et al. [54] 2018 49 eyes of 25 patients 
with TR-ROP

IVB 
(0.625 mg/0.025 ml),

Diode LPC

At an average of 
20 months CA, no 
differences between 
groups in:

 Rates of neurode-
velopmental delay 
at 20 months CA 
(adjusted OR = 0.87; 
95% CI, 0.08–9.46)

Moderate overall risk 
of bias

Peyton et al. [47] 2018 22 infants with type 1 
ROP

IVB (dose unspecified),
LPC (type unspecified)

LPC group had:
 Higher rate of CP 

(P = 0.005)
No differences between 

groups in Bayley-III 
standard scores for:

 Cognitive outcomes 
(P > 0.050)

 Language outcomes 
(P > 0.050)

 Motor outcomes 
(P > 0.050)

 Rate of neurode-
velopmental delay 
(P = 0.090)

 Rate of hearing loss 
(P = 0.770)

 Rate of bilateral vision 
loss (P = 0.100)

Serious overall risk of 
bias due to baseline 
confounding
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anti-VEGF and LPC, which was at medium overall 
risk of bias, found no differences in the neurode-
velopmental outcomes between the two treatment 

modalities [56]. Most of the observational stud-
ies of higher quality also report this result [15, 36, 
52, 54]. However, some high-quality observational 

Table 5  (continued)

Authors/first author Year Participants Treatment modalities 
being compared

Outcomes Risk of bias assessment 
with ROBINS-I  tool9

Lien et al. [52] 2016 62 infants with type 1 
ROP

IVB 
(0.625 mg/0.025 ml),

Diode LPC,
Combination of IVB 

(0.625 mg/0.025 ml) 
and diode LPC

24 months after treat-
ment diode LPC 
group had:

 Higher mean MDI 
score (P = 0.030)

 Higher mean PDI score 
(P = 0.002)

than the IVB + LPC 
group

No differences between 
three groups in:

MDI and PDI scores 
measured at 6 months, 
12 months, and 
18 months after 
treatment (P = 0.380 
and 0.830, 0.790 
and 0.056, 0.100 and 
0.697, respectively)

Moderate overall risk 
of bias

Morin et al. [55] 2016 125 infants with TR-
ROP

IVB (dose unspecified),
LPC (type unspecified)

At 18 months CA, LPC 
group had:

 Higher motor compos-
ite score (P = 0.020)

 Lower rate of neu-
rodevelopmental 
disabilities (OR = 3.1; 
95% CI: 1.2–8.4)

No differences between 
groups in:

 Language composite 
scores (P > 0.050)

 Cognitive scores 
(P > 0.050)

Moderate overall risk 
of bias

Kong et al. [22] 2015 80 eyes of 42 patients 
with type 1 ROP ||

IVB 
(0.625 mg/0.025 ml),

LPC (type unspecified)

At 1 year CA, no differ-
ences between groups 
in:

 Gross motor DQ 
(P = 0.780)

 Visual motor DQ 
(P = 0.840)

 Language DQ 
(P = 0.840)

 Cognitive DQ 
(P = 0.830)

Serious overall risk of 
bias due to time-vary-
ing confounding

anti-VEGF anti-vascular endothelial growth factor, LPC laser photocoagulation, TR-ROP treatment-requiring retinopathy of prema-
turity, ROBINS-I risk of bias in non-randomized studies of interventions, IVB intravitreal bevacizumab, CA corrected age, NDI neu-
rodevelopmental impairment, OR odds ratio, CI confidence interval, sNDI significant neurodevelopmental impairment, ROP retin-
opathy of prematurity, IVR intravitreal ranibizumab, CP cerebral palsy, IVH intraventricular hemorrhage, MDI mental developmental 
index, PDI psychomotor developmental index, DQ developmental quotient, GA gestational age, KSPD Kyoto scale of psychological 
development
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studies supported that the intravitreal anti-VEGF 
group had worse neurodevelopmental outcomes in 
the Language-Social domain Developmental Quo-
tient (DQ) at 18 months CA [53], motor composite 
score at 18 months CA [55], or more neurodevelop-
mental disabilities [55]. This may be due to the fact 
that there is only one RCT comparing neurodevel-
opmental outcomes between intravitreal anti-VEGF 

and LPC, and due to the observational design of 
the other studies.

The studies that reported OCT and OCTA meas-
urements were of very low quality due to critical 
overall risk of bias and generally concluded that 
foveal thickness was lower, while mean foveal avas-
cular zone (FAZ) was higher in the IVB group [16, 
20].

Table 6  Observational studies comparing OCT and OCTA measurements between intravitreal anti-VEGF and LPC treatment 
modalities, in infants with TR-ROP

OCT optical coherence tomography, OCTA  optical coherence tomography angiography, anti-VEGF anti-vascular endothelial growth 
factor, LPC laser photocoagulation, TR-ROP treatment-requiring retinopathy of prematurity, ROBINS-I risk of bias in non-rand-
omized studies of interventions, ROP retinopathy of prematurity, IVB intravitreal bevacizumab, IFT inner foveal thickness, VD vessel 
density, FAZ foveal avascular zone, OFT outer foveal thickness, CT choroidal thickness

Authors/first author Year Participants Treatment modalities being 
compared

Outcomes Risk of bias assessment with 
ROBINS-I  tool9

Chen et al. [16] 2019 47 eyes of 
25 infants 
with type 1 
ROP

IVB (0.625 mg/0.025 ml),
Diode LPC

At 1 year post-treat-
ment, IVB group 
had:

 Lower mean IFT 
(P = 0.002)

 Lower mean foveal 
VD (P = 0.020)

 Higher mean FAZ 
(P = 0.004)

 Higher mean 
parafoveal VD 
(P = 0.010)

No differences 
between groups in:

 Mean OFT 
(P = 0.180)

 Mean subfoveal CT 
(P = 0.450)

 Mean perifoveal VD 
(P = 0.460)

 Mean foveal VD 
(P = 0.050)

Critical overall risk of bias due 
to selection bias

Lee et al. [20] 2018 80 eyes of 
42 patients 
with type 1 
ROP

IVB (0.625 mg/0.025 ml),
Diode LPC, IVB 

(0.625 mg/0.025 ml) + diode 
LPC

The IVB monother-
apy group had:

 Lower mean 
foveal thickness 
(P < 0.010)

 Lower mean parafo-
veal (P < 0.010)

 Lower mean peri-
foveal thickness 
(P < 0.010)

No differences 
between groups in:

 Subfoveal CT 
(P = 0.210)

 Macular CT 
(P = 0.230)

Critical overall risk of bias due 
to selection bias
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Finally, an RCT with high overall risk of bias that 
compared the serum levels of free VEGF and IGF-1 
between IVB and LPC treatment groups found lower 
serum levels of these two biochemical markers in 
the IVB group [57]. The observational studies that 
reported different outcomes related to the wide spec-
trum of adverse events were of very low quality and 
therefore analyzing these studies is out of the scope of 
this systematic review [54, 58, 59].

Intravitreal anti-VEGF treatment leads to lower 
rates of myopia, having a similar rate of adverse 
events and unfavorable neurodevelopmental outcomes 
as LPC. Therefore, intravitreal anti-VEGF treatment 
seems to have the preferable outcomes overall. How-
ever, no safe conclusions can be drawn concerning 
the rates of disease recurrence. More primary stud-
ies need to be conducted to give a definite answer to 
which treatment modality has greater rates of disease 
recurrence and to verify the aforementioned findings.

Strengths and weaknesses

This study captured the comparison of all the adverse 
events, complications, and unfavorable structural and 
functional outcomes between intravitreal anti-VEGF 
injections and LPC that have been reported in the 
literature concerning the treatment of TR-ROP. Due 
to its systematic nature, this study aimed to sum-
marize all current knowledge in view of facilitating 
clinical decisions. The adverse event comparison was 
stratified in sections that correlated with clinical sig-
nificance, distinguishing different clinical entities of 
interest. Finally, the critical appraisal of the included 
studies was thoroughly conducted by assessing the 
risk of bias of each outcome of each individual study. 
Two independent researchers conducted the risk-of-
bias assessment to limit bias as much as possible.

On the other hand, it should be mentioned that 
there is high heterogeneity between the included stud-
ies due to the very wide spectrum of the outcomes of 
our interest. This is the reason for not performing a 
quantitative synthesis of the results (meta-analysis).

Furthermore, some reported outcomes have been 
defined in different ways from study to study. For 
example, in the result section of disease recurrence 
or regression and need for retreatment, RAINBOW 
study defined treatment success as: alive and without 
treatment switch and unfavorable structural outcome Ta
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or active ROP at day 169 [6], while BEAT-ROP 
study defined treatment failure as: the recurrence 
of neovascularization in one or both eyes arising 
from the retinal vessels and requiring retreatment by 
54 weeks’ postmenstrual age [5]. That is, an obstacle 
encountered in many other outcomes of interest and 
therefore the included studies were synthesized in a 
descriptive way to succeed in providing the reader 
with conclusions that reflect everyday clinical prac-
tice. Lastly, an endogenous limitation that is related 
to the pathophysiology of ROP is that it is not clear if 
ROP recurrence is an adverse event or a failure of the 
respective treatment modality; therefore, ROP recur-
rence and adverse events were analyzed in different 
result sections.

Clinical implications

Almost all the included studies, and most impor-
tantly, the higher quality studies like RAINBOW [6], 
agreed that LPC treatment leads to greater refractive 
errors and greater rates of myopia than intravitreal 
anti-VEGF treatment modalities. Similarly, almost all 
included studies reported no differences in the rates 
of adverse events, complications, unfavorable struc-
tural outcomes, and unfavorable neurodevelopmental 
outcomes between LPC and anti-VEGF. Findings of 
different high-quality studies, in terms of ROP recur-
rence/regression and need for retreatment, are overall 
controversial. This may be partly due to different defi-
nitions of ROP recurrence in the different studies that 
investigated this outcome or due to the vague nature 
of the outcome itself, because some authors interpret 
ROP recurrence as an adverse event, while others as 
failure of the applied treatment.

Eyes treated with LPC for TR-ROP tend to have 
more myopic refraction than the eyes treated with 
intravitreal anti-VEGF injections, while the rates of 
adverse events, complications, unfavorable structural 
outcomes, and unfavorable neurodevelopmental out-
comes between the two treatment modalities seem to 
be similar. The RAINBOW study is designed to fol-
low up participants until the age of five years so hope-
fully more data will become available soon [6]. There 
is a need for more primary studies, and a consensus 
needs to be agreed upon concerning the definition of 
the outcomes of interest. This would help in lowering 
the heterogeneity of future systematic reviews and in 
providing clinical ophthalmologists with more precise 

and more high-quality evidence about the comparison 
of intravitreal anti-VEGF injections and LPC in the 
treatment of TR-ROP.
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