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Abstract

Purpose To compare laser photocoagulation and intravitreal injection of bevacizumab (IVB) treatment for retinopathy of pre-
maturity (ROP).

Methods The study included 52 eyes of 26 patients after ROP treatment who were observed up to 5 years of age. Twenty-eight
eyes received laser photocoagulation as the initial treatment (laser group), and twenty-four eyes underwent IVB (IVB group). We
collected data on gestational age, birth weight, 1- and 5-min Apgar scores, zone and stage at the time of treatment, recurrence of
ROP and best-corrected visual acuity (BCVA) (logMAR), equivalent spherical value (SE), ocular complications, and develop-
mental delay at the age of 5.

Results More zone I low-stage eyes were treated with IVB than laser. There was no difference in BCVA (p = 0.836). Although
the mean SE was not different between the groups (p = 0.280), the prevalence of myopia was significantly higher in the laser
group (p = 0.020). Developmental delay was observed in 3 of 14 and 3 of 12 cases in the laser and IVB groups, respectively (p =
0.596). Retinal holes were observed in 2 eyes in the IVB group, with 1 developing localized retinal detachment. There were no
significant differences between the groups in the other factors.

Conclusions Compared to laser for ROP, IVB was not inferior in neurodevelopment or visual outcome and was superior in
refractive error. As cases in the IVB group showed retinal holes, long-term follow-up with fundus examination is recommended
after [VB.

Key messages

® Intravitreal bevacizumab injection (IVB) has been reported to be superior to conventional laser treatment as a
treatment for severe retinopathy of prematurity (ROP) in studies with a short observation period, while [VB might
be associated with higher rates of neurodevelopmental impairment at 1.5 years of age in comparison with laser,
and the long-term safety of IVB for ROP was not known. In this study, there was no significant difference in the
visual acuity and incidence of developmental delay at the age of 5 between IVB and laser groups. Retinal hole
and localized retinal detachment were observed in a few cases in the IVB group. Thus, long-term follow-up
fundus examinations might be required after IVB due to the potential lifetime risk of retinal detachment.
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visual field reduction [4], and suboptimal visual results [5]
have been reported. In 2007, anti-vascular endothelial growth
factor (VEGF) intravitreal therapy appeared as a new treat-
ment modality for ROP [6]. The BEAT-ROP study showed
that the recurrence rate was lower with intravitreal injection of
bevacizumab (IVB) than laser treatment in the zone I stage 3
ROP [7]. The advantages of anti-VEGF treatment compared
with laser treatment include the ease and speed of injection
under topical anesthesia, faster regression of active ROP [8§],
lower rates of severe myopia after treatment [3], and lesser
visual field reduction [4]. However, there are concerns about
the long-term effects on ocular health and potential influence
on neurodevelopment after anti-VEGF therapy because
VEGEF is critical for retinal vascular development [9] and
neurogenesis during brain development [10]. Moreover, a pre-
vious study reported that patients with eyes treated with IVB
had peripheral retinal abnormalities at 9 months old, including
large avascular area, abnormal branching, and shunt [11].
Eyes with peripheral retinal abnormalities have a risk of retinal
diseases such as a retinal hole or rhegmatogenous retinal de-
tachment. However, no information is available on the long-
term ocular safety of IVB for ROP. Regarding
neurodevelopment, Morin et al. [12] reported that more
neurodevelopmental impairment was observed after [VB than
after laser treatment at 18 months of age. In addition, Kennedy
et al. and Lien et al. [13, 14] reported that there was no sig-
nificant difference in neurodevelopment between IVB and
laser at 18 to 22 and 24 months of age, respectively.
However, no previous studies have assessed the
neurodevelopmental outcome of preschool children who were
treated for ROP with IVB. The purpose of this study was to
compare ocular and neurodevelopmental safety and treatment
results at 5 years of age between laser and IVB therapies.

Methods

We studied a series of consecutive patients who underwent
treatment for ROP at the University of Tsukuba Hospital be-
tween October 2007 and October 2014. This retrospective
cohort study was approved by the Institutional Review
Board of the Tsukuba University Hospital and was conducted
in accordance with the tenets of the Declaration of Helsinki.
All parents provided written informed consent before ROP
treatment.

Retinopathy of prematurity was defined according to the
International Committee for Classification of ROP protocol
[15]. The indications for treatment included patients whose
retinopathy met the criteria (type 1 ROP) established by the
Early Treatment for Retinopathy of Prematurity Study
(ETROP) [16]. The staging and treatment determination were
performed by a single pediatric retinal specialist (Y.O.).
Treatment, if required, was performed within 72 h of type 1
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ROP diagnosis. Before January 2012, all patients with type 1
ROP received laser photocoagulation as the first-line treat-
ment. After the publication of the BEAT-ROP study, IVB
was offered as a possible alternative to laser therapy for type
1 ROP. The parents were offered the choice of laser or IVB
after the pros and cons of each treatment had been fully ex-
plained. We also explained the status of the off-label use of
IVB for ROP treatment. The final decision to treat with laser
or IVB was made by the parents. Between January 2012 and
October 2014, all parents selected IVB.

All treatments were performed by a single pediatric retinal
specialist (Y.O.). When intubation was deemed necessary to
treat ROP, the patients were intubated. We used fentanyl (1-3
ng/kg per dose) as an anesthetic during intubation and before
and during the treatment. All laser treatments were performed
using an argon laser indirect ophthalmoscope (OcuLight SLx,
Iridex Corporation, Mountain View, CA, USA). The laser
treatment was applied at the following settings: wavelength,
515 nm; duration, 0.3 s; and power, 250-350 mW. Before
IVB, the ocular surface was anesthetized with 4% lidocaine
(Xylocaine) eye drops. The eyelids and conjunctiva were
rinsed with 5% povidone—iodine. A sterile eyelid speculum
was inserted, and bevacizumab 0.625 mg (total volume, 0.025
mL) was injected into the vitreous cavity via the pars plana.

Recurrences requiring additional treatment after laser or
IVB were defined as recurrence plus disease or progressive
extraretinal proliferation. Patients requiring additional laser
treatment within 2 weeks after initial treatment due to incom-
plete laser treatment were not considered to be recurrences.
One pediatric retinal specialist (Y.O.) selected laser or [IVB as
the secondary treatment.

Data collection

The following parameters were collected from the patients’
records: gestational age; birth weight; 1- and 5-min Apgar
scores; the presence of respiratory distress syndrome, sepsis,
intraventricular hemorrhage, and necrotic enteritis; duration of
oxygen therapy and ventilation, ROP zone, and stage at the
time of treatment. Outcome parameters were recurrence rate
of ROP, best-corrected visual acuity (BCVA), spherical
equivalent (SE), presence of myopia, ocular side effects, de-
velopmental delay, and intelligence quotient (IQ) or develop-
mental quotient (DQ) score at 5 years of age. We also collect-
ed the data regarding the total amount of fentanyl used and
whether the patient was reintubated during the treatment.
Best-corrected visual acuity was measured with the
Landolt chart and expressed as a logarithm of minimal angle
resolution (logMAR). Cycloplegic refraction was measured
with an auto ref-keratometer (RC-5000, Tomey Corporation,
Nagoya, Japan), and the SE was noted. Myopia was defined as
a condition in which the SE was <—0.5 diopter (D) [17].
Development was evaluated at 5 years of age. If possible,
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the Wechsler Intelligence Scale for Children IV (WISC IV)
was used, and the intelligence quotient (IQ) was measured. If
the patients were difficult to test with the WISC 1V, we used
the Kyoto Scale of Psychological Development (KSPD). The
KSPD is a standard test in Japan in which developmental
quotient (DQ) is derived. It is considered that DQ is similar
to IQ[18, 19]. AnIQ or DQ (IQ/DQ) score of <70 was defined
as an indicator of developmental delay [20]. Some patients
whose development level was estimated as normal by pedia-
tricians were not tested with WISC IV and KSPD, and the 1Q/
DQ score was assumed to be 100.

Statistical analysis

Unpaired #-tests were used to compare gestational age, birth
weight, 1- and 5-min Apgar scores, oxygen administration
period, ventilator use period, total amount of fentanyl used,
BCVA, SE, and 1Q/DQ scores between the laser and IVB
groups. Fisher’s exact probability tests were used to compare
the presence of respiratory distress syndrome, sepsis, intraven-
tricular hemorrhage and necrotic enteritis, reintubation, ROP
zone, plus disease at the time of treatment, the recurrence rate
of ROP, ocular side effects, myopia, and developmental dis-
order at 5 years of age. The Mann—Whitney U-test was used to
compare the stage of ROP at the time of treatment. Logistic
regression analyses were used to identify factors associated
with developmental delay. All analyses were conducted using
SPSS (version 26, IBC Corp., Chicago, IL, USA). A p value
less than 0.05 was considered statistically significant.

Results

Subjects

We included 52 eyes of 26 patients with ROP. Twenty-
eight eyes of 14 infants were treated with laser, and 24

eyes of 12 infants were treated with IVB as the first-
line treatment. Baseline characteristics of the 2 groups
are shown in Table 1. There were no statistically sig-
nificant differences between the groups. The status of
ROP at the time of treatment is shown in Table 2. In
the IVB group, more zone I eyes and a lower stage of
eyes were treated than in the laser group (p = 0.039 and
p = 0.010, respectively). The total amount of fentanyl
used for the treatment of ROP was significantly higher
in the laser group (6.5 £ 2.6 pg/kg) than that in the
IVB group (1.7 £ 2.5 pg/kg) (p < 0.001). Six patients
in the IVB group did not receive fentanyl administration
during the treatment. One patient in the IVB group
could not be extubated before IVB, while the others in
the IVB group and all the patients in the laser group
were extubated before the treatment. Reintubation was
performed in all the patients in the laser group and one
patient in the IVB group. There was a significant dif-
ference in the rate of reintubation between both groups
(p < 0.001).

Treatment safety and efficacy of retinopathy of
prematurity treatment

No recurrence was observed after laser photocoagulation. On
the other hand, in the IVB group, 2 of 4 eyes with zone I and 2
of 20 eyes with zone II ROP needed additional treatment due
to recurrence. The two eyes with zone I ROP underwent ad-
ditional laser 10 weeks after IVB, after which, ROP regressed.
Two eyes with zone II ROP underwent additional IVB 8
weeks after initial IVB, after which, ROP temporarily
regressed. However, additional laser treatment was needed 3
weeks after the second IVB because additional recurrence was
observed in both eyes. Finally, ROP in all eyes in both groups
regressed without retinal detachment, corneal opacity, or lens
opacity. In zone Il ROP, there was no significant difference in

Table 1 Patient baseline

characteristics Laser(n = 14) IVB(n = 12) p value
Gestation week (weeks) 257+14 268 +29 0.262
Birth weight (g) 722 £ 147 816 £ 369 0.391
Apgar 1 3.1+20 45+25 0.140
Apgar 5 54+24 64+2.6 0.292
Respiratory distress syndrome 10 (83%) 8 (80%) 0.999
Sepsis 1 (8%) 2 (20%) 0.571
Intraventricular hemorrhage 2 (17%) 2 (20%) 0.999
Necrotizing enteritis 1 (8%) 1 (10%) 0.714
Duration of oxygen therapy (days) 80.3 £34.5 89.8 £54.4 0.622
Duration of ventilation (days) 29.7+18.8 30.8+27.9 0.910

Values are presented as mean + standard deviation

1VB, intravitreal injection of bevacizumab
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Table 2 The status of ROP at time of treatment
Laser (n = 28) IVB (n =24) p value

Zone 1 0 (0%) 4 (16.7%) 0.039*

I 28 (100%) 20 (83.3%)
Stage 1 0 (0%) 4 (16.7%) 0.010%*

2 10 (35.7%) 12 (50.0%)

3 18 (64.3%) 8 (33.3%)
Plus disease +) 24 (85.7%) 22 (91.7%) 0.674

=) 4 (14.3%) 2 (8.3%)

*Significant correlations found between the parameters (Fisher’s exact
probability tests)

**Sijgnificant correlations found between the parameters (Mann—
Whitney U-test)

ROP, retinopathy of prematurity; /VB, intravitreal injection of
bevacizumab

recurrence rate between the groups (laser, 0%; IVB, 10%; p =
0.168).

Safety and efficacy results at the age of 5 for ROP are
shown in Table 3. There was no significant difference in
BCVA and SE at the age of 5 between the two groups (p =
0.836 and p = 0.186, respectively). The prevalence of myopia
was significantly higher in the laser group than in the IVB
group (p = 0.020).

Retinal holes were observed in 2 eyes in the IVB group, of
which 1 developed retinal detachment. The patient was
reassessed monthly without surgery because the retinal de-
tachment was localized without progression (Fig. 1). In con-
trast, retinal holes were not observed in the laser group, al-
though there was no significant difference in the incidence of
the retinal hole between the groups (p = 0.208). In the laser
group, esotropia was observed in 3 patients. Accommodative
esotropia was not observed, and the visual acuity of these
patients was good. In the IVB group, esotropia was not ob-
served, and there was no significant difference between the
groups with regard to the incidence of esotropia (p = 0.140). In
the IVB group, intermittent exotropia was observed in 2 pa-
tients, whereas it was not observed in the laser group. There
was no significant difference between the groups with regard
to the incidence of intermittent exotropia (p = 0.208).

Fig. 1 Color fundus photograph of the left eye of a 5-year-old girl after
intravitreal injection of bevacizumab for retinopathy of prematurity. A
retinal hole and localized retinal detachment are observed in the temporal
avascular retina (arrow head)

Developmental delay at 5 years of age was identified in 3
out of 14 cases in the laser group and 3 out of 12 cases in the
IVB group. There was no significant difference between the
two groups (p =0.596) (Table 3). The IQ/DQ scores were 77.9
+ 15.6 in the laser group and 84.0 = 16.5 in the IVB group,
with no significant differences between the two groups (p =
0.352) (Table 3). Logistic regression analyses revealed that
the duration of ventilation had a significant predictive value
for the presence of developmental delay at 5 years of age (beta
0.11; OR 1.11; 95% CI 1.02-1.22; p = 0.018; OR and CI for
ventilator use period are given per day). Other factors (gesta-
tion weeks, birthweight, 1- and 5-min Apgar scores, presence
of respiratory distress syndrome, sepsis, intraventricular hem-
orrhage and necrotic enteritis, duration of oxygen therapy, and
the type of first-line treatment [laser or IVB]) had no signifi-
cant predictive value.

Discussion

In the BEAT ROP study, in eyes with zone I stage 3 ROP, the
recurrence rate was lower with IVB than laser treatment.

Table 3 Five-year safety and

efficacy results for ROP Laser IVB p value
BCVA (logMAR) 0.11+0.23 0.10+0.17 0.836
SE (D) —0.87 £3.14 —0.04 £ 0.31 0.186
No. of eyes with myopia 15/28 (54%) 3/24 (15%) 0.020%*
1Q/DQ 779 £15.6 84.0 £16.5 0.352
No. of patients with developmental delay 3/14 (21.4%) 3/12 (25.0%) 0.596

Values are presented as mean + standard deviation*Significant at p < 0.05 (Fisher’s exact probability tests). ROP,
retinopathy of prematurity; /VB, intravitreal injection of bevacizumab; BCVA, best-corrected visual acuity; SE,
equivalent spherical value; /Q/DQ, intelligent quotient or developmental quotient score
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However, few studies have since directly compared the treat-
ments [8, 21]. Mueller et al. and Hwang et al. studied treat-
ment outcomes after [VB versus laser treatment for ROP.
Mueller et al. [8] reported no recurrences occurring in infants
treated with laser and in 12% of infants treated with IVB.
Hwang et al. [21] also reported a similar recurrence rate with
both laser and IVB (zone I, 19 and 20%; zone II, 0 and 0%,
respectively). In our study, there was no significant difference
between the laser and IVB groups in the recurrence rate of
zone I ROP (0 and 10%, respectively). Judging from previous
reports and our results, we considered that, in terms of recur-
rence rate, there might not be a large difference between laser
and IVB for zone 11 ROP.

In this study, no significant difference was observed be-
tween the groups in visual acuity at the age of 5. Previous
studies have compared visual outcomes between patients
treated with IVB and laser and reported that no significant
difference was observed in visual acuity between the treat-
ment groups at the ages of 1 [8] and 4 to 6 [22] years.
Judging from previous studies and our study, we considered
IVB to have the same therapeutic effect on visual acuity as
laser.

In this study, myopia was observed more frequently in the
laser group than in the IVB group. Previous studies have
assessed the influences of IVB and laser on refractive error.
Geloneck et al. [3] investigated refractive error in the BEAT-
ROP cohort at 2.5 years of age. They reported that the prev-
alence of very high myopia (£—8.00 D) was higher in eyes that
received laser than in eyes that received IVB. Lee et al. [22]
studied the influence of [IVB and laser on the refractive error in
4 to 6 years old children after ROP treatment and reported that
eyes treated with laser had a significantly higher degree of
myopia. Judging from previous reports and our study, we
determined that the risk of myopia is lower in eyes treated
with IVB than in eyes treated with laser.

In the IVB group, retinal holes were observed in 2 eyes,
with retinal detachment observed in 1 of the 2 eyes. To the
best of our knowledge, no studies have reported cases of a
retinal hole or rhegmatogenous retinal detachment in eyes
with regressed ROP after anti-VEGF therapy. VEGF plays
an important role in normal retinal vascular development [9],
and thus, anti-VEGF treatment in neonatal eyes may affect
normal vascular growth. Lepore et al. studied the structural
outcome at 4 years of age in eyes treated with IVB using
fluorescein angiography. They reported that all eyes treated
with IVB showed abnormalities at the periphery, such as avas-
cular area, vessel leakage, shunts, abnormal vessel branching,
and tangles; whereas a small number of eyes treated with laser
showed abnormalities at the periphery [23]. Hamad et al. [24]
studied late-onset retinal findings and complications in un-
treated ROP and reported that, of patients with avascular ret-
ina, 84.1% showed associated peripheral retinal findings such
as lattice-like changes, retinal holes, and retinal tears. We

speculate that some eyes have a large avascular area in the
peripheral retina after IVB treatment. Therefore, they might
have an increased lifetime risk of a retinal hole or retinal de-
tachment compared with eyes treated with laser. Yoon et al.
reported anti-VEGF with deferred laser therapy. They per-
formed laser therapy on the avascular retina extending to the
ora serrata after retinal vascularization following IVB treat-
ment. They reported that anti-VEGF with deferred laser ther-
apy yielded better anatomical outcomes (without retinal fold,
disc dragging, retrolental tissue obscuring the view of the
posterior pole, or retinal detachment) and lesser myopic re-
fractive error than conventional laser therapy [25]. We
suspected that it might be more effective to conduct laser
treatment on the avascular retina after IVB to reduce the risk
of retinal detachment throughout the lifetime of ROP patients.
Snyder et al. [26] reported a case of ROP reactivation at 2.5
years of age after bevacizumab monotherapy. Laser on the
avascular retina after IVB may also prevent late recurrence,
as reported by Snyder et al. Further investigation is needed to
compare the incidence of retinal detachment or late recurrence
between IVB monotherapy and IVB with deferred laser
therapy.

Esotropia was observed in 3 of 14 patients (21.4%) in the
laser group and was not observed in the IVB group. However,
there was no significant difference between the laser and the
IVB groups in the incidence of esotropia. Gnanaraj et al. [27]
studied long-term results following cryotherapy or laser pho-
tocoagulation for ROP and reported that esotropia was ob-
served in 27.3% of patients. Our result is consistent with
theirs. Intermittent exotropia was observed in 2 of 12 patients
(16.7%) in the IVB group in this study. Wu et al. [28] reported
that exotropia was observed in 1% of eyes treated with
bevacizumab, a lower incidence rate than that in our study.
The reason for this discrepancy is unclear. The age at exami-
nation was 1.5 years in the aforementioned study, so exotropia
might have been overlooked due to the difficultly of testing
strabismus.

VEGEF is considered to be crucial for the development of
organs in infants [29]. Disturbance of vascular development at
the cerebral level could be detrimental to brain development.
Thus, the influence of anti-VEGF therapy for ROP on
neurodevelopment is of concern, and this concern has trig-
gered research assessing the influence of IVB on
neurodevelopment. Morin et al. [12] reported that IVB may
be associated with higher rates of neurodevelopmental impair-
ment at 1.5 years of age in comparison with laser. Kennedy
et al. and Lien et al. [13, 14] reported that, in terms of devel-
opmental outcomes, there was no significant difference be-
tween IVB and laser at 18 to 22 and at the corrected age of
24 months, respectively. However, there are no studies on the
long-term safety of anti-VEGF therapy for ROP with regard to
neurodevelopment. In this study, the incidence of develop-
mental delay and 1Q/DQ scores were not significantly
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different between the laser and the IVB groups at 5 years of
age. Logistic regression analysis revealed that only the dura-
tion of ventilation was an independent risk factor for develop-
mental delay, while the type of treatment (laser or IVB) did
not show any significant association with developmental de-
lay. Walsh et al. [30] investigated the risk factors for an 18-
month neurodevelopmental disability among extremely low
birth weight (501 to 1000 g) infants and reported that the risk
of neurodevelopmental disability increased if the infant re-
quired protracted mechanical ventilation. Their result is con-
sistent with ours. Based on the results of previous studies and
our study, IVB is likely to be as safe for neurodevelopment as
laser in the long term for ROP treatment. We considered that
the general conditions of the infants, and not the treatment
procedure for ROP, might have an influence on their
neurodevelopment.

The total amount of fentanyl used and rate of reintubation
was lower in the IVB group than those in the laser group.
Novitskaya et al. [31] investigated anesthetic procedures for
ROP interventions in the UK, and they reported that fewer
patients who received intravitreal injections received general
anesthesia, intravenous sedation, and intubation than those
who received laser injections. Based on this result as well as
our own findings, we concluded that IVB can be performed
with lighter anesthesia than laser therapy.

The limitations of this study include that it is a ret-
rospective historical control study and the relatively
small number of patients. Moreover, more zone I low-
stage eyes were treated with IVB than laser. Laser ther-
apy can contribute to visual field constriction, especially
in the zone I ROP; thus, we considered that IVB tended
to be chosen as the preferred treatment of zone I ROP.
In the IVB group, a lower stage of eyes was generally
treated than in the laser group. It is known that IVB
may induce fibrous contractions followed by tractional
retinal detachment in ROP with proliferative tissue [32];
thus, we considered that laser therapy tended to be cho-
sen as the preferred treatment of a higher stage of ROP.
In terms of development tests, 5 patients who were
assessed as developing normally by pediatricians were
not tested with WISC IV. Further prospective studies
which are well matched for the zone and stage of
ROP with larger sample sizes are needed.

In conclusion, there was no significant difference in
BCVA between the 2 groups, and the prevalence of
myopia was significantly lower in the IVB group than
in the laser group. There was no significant difference
in the incidence of developmental delay and 1Q/DQ
scores at the age of 5 between the groups. Retinal hole
and localized retinal detachment were observed in a few
cases in the IVB group. Thus, long-term follow-up with
fundus examinations might be required after IVB due to
the potential lifetime risk of retinal detachment.
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