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PURPOSE

To compare structural outcomes, visual function, refraction, and frequency of follow-up
for infants with type 1 retinopathy of prematurity in zone I or zone II posterior treated
with intravitreal bevacizumab (IVB) versus laser.

METHODS

The medical records of infants treated with IVB or laser photocoagulation at our institution from January 2009 to May 2013 were retrospectively reviewed. Only infants with a
minimum of 6 months’ follow-up were included. Outcome measures were structural
outcome, visual acuity, and spherical equivalent (SE) at corrected age of 1 year. The frequency of follow-up visits during 9 months after treatment was evaluated.

RESULTS

A total of 23 eyes of 13 infants were treated with IVB and 22 eyes of 12 infants were treated
with laser. There was no statistically significant difference in gestational age or birth weight
between groups. None developed unfavorable structural outcome. Mean visual acuity was
0.99  0.38 logMAR for the IVB group and 0.71  0.36 logMAR for the laser group (P 5
0.34; 95% CI, 0.52 to 0.19). Mean spherical equivalent was 3.57  6.19 D for the IVB
group and 6.39  4.41 D for the laser group (P 5 0.33; 95% CI, 7.19 to 2.49). In the
IVB group, infants had an average of 16.00  6.00 follow-up visits; in the laser group, 6.00
 3.00 (P \ 0.0001).
Both treatments resulted in good structural outcome, and no difference in visual acuity or refraction. However, more frequent follow-up was observed in the IVB
group. ( J AAPOS 2015;19:140-144)

CONCLUSIONS

V

ascular endothelial growth factor (VEGF) is
known to play a significant role in the pathogenesis of retinopathy of prematurity (ROP),1 and intravitreal injection of anti-VEGF agents has become an
accepted treatment for ROP. The most common agent
used is off-label bevacizumab, which has proved efficacious
for treatment of ROP.2-6 The BEAT-ROP study (Bevacizumab Eliminates the Angiogenic Threat of Retinopathy
of Prematurity) is the only randomized controlled trial
that compared bevacizumab to laser for treatment of
ROP.4 It showed a higher failure rate with laser than bev-

acizumab. Recent studies have also reported a lower degree
of myopia after bevacizumab treatment.7-9 Bevacizumab
treatment has also been shown to carry a risk for late
recurrence and development of retinal detachment.10,11
The current study aims to further elucidate structural
outcomes, visual function, refraction, and frequency of
follow-up visits for infants with type 1 ROP in zone I or
zone II posterior4 treated with intravitreal bevacizumab
(IVB) versus laser for a follow-up period of 1 year of corrected age.
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The medical records of all infants treated for type 1 ROP from
January 2009 until May 2013 at the Hospital for Sick Children,
Toronto, were retrospectively reviewed. Approval of the Research
Ethics Board of the Hospital for Sick Children was obtained. Infants treated with intravitreal injection of bevacizumab or with
retinal laser photocoagulation using diode laser 810 (Iris Medical
Instruments Inc, Mountain View, CA) for type 1 ROP in zone I or
zone II posterior were included. Bevacizumab was offered initially
for select cases when the infant’s general condition would not
allow laser treatment. Following the publication of the BEATROP study in 2011, treatment with bevacizumab was offered as
a possible alternative to laser for treatment-requiring disease in
zone I or zone II posterior.4 Parents were provided with written
information regarding the off-label use of bevacizumab, and the
results of the Early Treatment for Retinopathy of Prematurity
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Table 1. Baseline characteristics of infants treated with bevacizumab and laser

No. patients
No. eyes
BW, g, mean  SD (median; range)
GA, weeks, mean  SD (median; range)
PMA at treatment, weeks, mean  SD
(median; range)
Male/female

Bevacizumab group

Laser group

13
23
722  131 (730; 540-920)
25.2  1.4 (25.1; 23.3-27.6)
37.6  1.7 (37.3; 35.3-41.7)

12
22
674  175 (640; 433-1050)
25.0  1.1 (24.8; 23.6-26.7)
36.7  2.6 (36.5; 33.1-41.6)

10/3

6/6

P value, (95% CI for difference)

0.44 ( 175 to 78.92)
0.69 ( 1.27 to 0.85)
0.3 ( 2.7 to 0.88)
0.23 (0.56 to 20.0); OR 5 3.33

BW, birth weight; CI, confidence interval; GA, gestational age; OR, odds ratio; PMA, postmenstrual age; SD, standard deviation.
(ETROP) and BEAT-ROP studies.4,12 We explained to parents
that the lack of long-term data on ocular or systemic safety and
the paucity of data on long-term visual outcomes makes it impossible to know whether IVB treatment results in better visual acuity
or field than laser treatment. Because of the risk of late disease reactivation, we also informed parents that infants receiving IVB
require dilated fundus examinations with peripheral retinal examinations for a significantly longer period than laser-treated neonates. The parents were given time for careful consideration
and were encouraged to discuss treatment options further with
the treating ophthalmologist. The final decision to treat with laser
or bevacizumab was made by parents.
Bevacizumab 0.625 mg/0.025 ml was injected into the vitreous
cavity with a 30-gauge needle 1.0 mm posterior to the corneoscleral junction. All injections were performed in the neonatal intensive care unit under topical anesthesia.
The treating ophthalmologist’s diagnosis of zone I ROP according to the International Classification of Retinopathy of Prematurity (ICROP) was accepted.13 Two ophthalmologists
reviewed fundus images (RetCam; Clarity Medical Systems,
Pleasanton, CA) taken immediately before treatment to confirm
the accuracy of zone diagnosis for each treated eye with zone II
posterior allocation. Zone II posterior was defined as in the
BEAT-ROP study as a circle with a radius originating at the optic
disk and three times the distance between the center of the disk
and the center of the macula.4 Patients in whom the center of
the macula could not be identified accurately on imaging were
excluded.
Data on baseline characteristics, including sex, gestational age,
birth weight, and postmenstrual age (PMA) at the time of treatment were collected. Primary outcome of the study was structural
outcome at a corrected age of 1 year. Secondary outcome measures included visual acuity, refractive errors, and frequency of
follow-up visits. Structural outcome was defined as in the
ETROP.12 Monocular grating visual acuity was collected for
each treated eye, where available. Visual acuity was reported as
in the ETROP study using conversion from cycles per degree
into logMAR.12 Visual acuity was divided into 4 categories;
normal if it was #0.91 logMAR, subnormal if .0.91 and #1.2
logMAR, poor if it was .1.2 logMAR but measurable by standard
acuity cards, and blind/low vision if no light perception. These
categories were then grouped into favorable outcome that
included eyes in the normal and subnormal categories, and unfavorable outcome that included eyes in the poor and blind categories. Refractive errors were recorded as spherical equivalent
after cycloplegic refraction with cyclopentolate hydrochloride
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1% at a corrected age of 1 year. Prevalence of myopia ($0.25
D) and prevalence of high myopia ($5.00 D) were calculated.14-17
Follow-up after laser treatment at our institution consists of
seeing infants weekly until resolution of neovascularization and
then as indicated by the patient’s clinical need. IVB-treated infants are seen at 1 day after injection, then weekly until resolution
of neovascularization, and thereafter according to response based
on follow-up screening guidelines.18 Follow-up beyond 45 weeks’
PMA is individually tailored based on extent of retinal vascularization.
Frequency of follow-up visits during the first 9 months after
treatment was assessed for each included infant. Nine months
was chosen because reported cases of late recurrence and retinal
detachment with IVB would have been expected to occur by
this stage.10,19
Statistical analysis for continuous data was performed using
two-sample t tests; the Fisher exact test was used for categorical
data using SAS for Windows software version 9.3 (SAS Institute,
Cary, NC). Repeated measures analysis (GEE model) was performed for visual acuity and spherical equivalent calculations.
All P values were two sided and were considered statistically significant if \0.05.

Results
A total of 23 eyes of 13 infants were treated with IVB and 22
eyes of 12 infants were treated with laser. Table 1 shows
baseline characteristics of the two groups. There was no
statistically significant difference between groups.
Table 2 shows indications for treatment in each group.
All eyes were treated for type 1 ROP.
In the IVB group, all eyes received a single injection of
0.625 mg. Ten infants were treated in both eyes and 3 in
one eye only. At last follow-up, no infant developed endophthalmitis, vitreous hemorrhage, cataract, or retinal
detachment, and none of these eyes had developed a recurrence.
All 12 infants in the laser group were treated in both
eyes. However, in 2 infants that had disease in zone II posterior, the other eye was treated for zone II posterior stage
3 preplus (type 2 ROP), and thus these two eyes were
excluded from the analysis. Two weeks following treatment, one eye of an infant who had stage 3 with plus disease
in zone I was found to have a small skipped area associated
with persistent new vessels and was retreated with laser.
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Table 2. Indication of treatment by zone, stage, and presence of
plus disease in bevacizumab and laser treated groups
Treatment group, no. eyes
ROP parameter
Zone
I

Bevacizumab

Laser

Y
N
Y

5
3
0

6
0
2

Y

15

14

Stage

Plus (Y/N)

3
3
2
3

II posterior

None of the eyes in our cohort developed unfavorable
structural outcomes. In the IVB group, the regression of
neovascularization was seen within 3-5 days after treatment
and as early as within 24 hours. In the laser-treated group,
there were 2 eyes that had increase in preexisting preretinal
hemorrhage extending to the macular area after treatment.
In these 2 eyes the hemorrhage resolved completely
without structural sequelae.
Monocular visual acuity was measurable for 15 of 23 eyes
(65%) in the IVB group at a mean corrected age of 11.06 
1.43 months (median 11; range 8.75-14.25) and for 18 of 22
eyes (82%) in the laser group at a mean corrected age of
12.1  2.36 months (median, 12.75; range 7.75-15.0; P
for difference in corrected age 5 0.27; 95% CI, 0.87 to
2.96). The mean visual acuity for the IVB group was 0.99
 0.38 logMAR (median, 0.97; range, 0.5-1.68) and 0.71
 0.36 logMAR (median, 0.81; range, 0.0-1.1) for the laser
group (P 5 0.34; 95% CI, 0.52 to 0.19). Among eyes with
measurable monocular visual acuity, favorable outcome
was seen in 12 of 15 eyes (80%) in the IVB group and 18
of 18 eyes (100%) in the laser group (P 5 0.08; 95% CI
for difference, 0.4 to 0.002). The 3 eyes (20%) in the
IVB group that had unfavorable visual outcome had visual
acuity in the poor category.
Refraction was available for each treated eye. The mean
spherical equivalent was 3.57  6.19 D (median, 2.5 D;
range, 15.0 to 1 6.5 D) for the IVB group and 6.39 
4.41 D (median, 6.5 D; range, 13.0 to 1 0.5 D) for the
laser group (P 5 0.33; 95% CI, 7.19 to 2.49), as shown
in Figure 1. The mean corrected age at cycloplegic refraction
was 10.81  1.71 months (median, 11; range, 7.5-14.25) for
the IVB group and 11.29  2.58 months (median, 12.38;
range, 7.25-14.25) for the laser group (P 5 0.58; 95% CI,
1.31 to 2.28). The prevalence of myopia was 14 of 23
(61%) in the IVB group and 21 of 22 (95%) in the laser group
(P 5 0.076; OR, 0.124 [95% CI for difference, 0.012-1.23]).
The prevalence of high myopia 8 of 23 (35%) in the IVB
group and 13 of 22 (59%) in the laser group (P 5 0.27,
OR 0.44 [95% CI for difference, 0.10-1.92]).
The average number of eye examinations within the first
9 months after treatment for the IVB group was 16  6
(median, 16; range 8-28), compared to 6  3 examinations
(median, 6; range, 4-14) in the laser group (P \ 0.0001).

FIG 1. Box plot of the distribution of spherical equivalent refractive error in eyes of infants with type 1 retinopathy of prematurity in zone I or
zone II posterior treated with intravitreal bevacizumab versus those
treated with laser photocoagulation at one year of corrected age.

Discussion
Our study showed that treatment with either IVB or laser
resulted in good response, with regression of neovascularization and favorable structural outcome. This is in keeping
with the ETROP study, which reported 90.9% favorable
structural outcome for type 1 ROP following laser ablation12 and the BEAT-ROP study which showed that bevacizumab is more effective in the treatment of stage 3 with
plus disease ROP than laser.4 Significant treatment effect
was shown for zone I but not zone II posterior.4 Lack of
recurrence in our patients is in contrast to the 6% recurrence in the BEAT-ROP study and lack of regression in
12% of eyes in a retrospective multicenter case series
from Taiwan.4,9 The difference in our study may be a
reflection of the relatively small number of patients.
The present study found that IVB resulted in rapid
regression of type 1 ROP in zone I and zone II posterior
with a single injection of 0.625 mg bevacizumab, the same
dose used in the BEAT-ROP study, which is half the
adult dose.4 Harder and colleagues7 used a dose of
0.375 mg bevacizumab in 9 children with good response.
Kuniyoshi and colleagues20 used a dose of 0.25 mg bevacizumab in 8 eyes of 4 patients. This dose was found to be
effective in 6 eyes with type 1 ROP in zone II posterior.20
Additional treatment was required for the 2 eyes that had
ROP in zone I. Spandau and colleagues21 found progression of ROP in the 4 eyes they treated with higher dose
bevacizumab 0.625 mg but not in 4 eyes treated with
0.4 mg. Further studies are needed to determine the
lowest effective dose of bevacizumab that can enhance
normal vascularization of retina with minimal systemic
side effects.
Few studies have considered refractive errors following
treatment with bevacizumab.7-9,22,23 Table 3 summarizes
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Table 3. Degree and prevalence of myopia in infants treated with intravitreal bevacizumab injection (IVB) in 4 studies

Study

Mean CA  SD
(range), months

Current study
10.8  1.71 (7.25-14.25)
Wu et al9
17.8  7.6 (8.0-35.0)
Harder et al7
11.1  3.1 (7.0-23.0)
Martinez12
Castellanos et al8
Geloneck et al23
30  10.8b
Chen et al22

24

No. eyes with
refraction/total
no. eyes

Prevalence rate myopia, %
% eyes
in zone I

23/23
53/162
23/23
9/9 (group 3 of
reported patients)
110/140

35%
10%
NA
NA

40/40

NA

47%

Mean SE  SD (range), D

$0.25 D

$5.00 D

15 to 16.5)
8.75 to 6.55)
12.5 to 4.63)
5.00 to 0.75)a

61
NA
NA
56a

35
8
17
11a

zone I: 1.5  3.42 ( 8.56 to
6.0); zone II posterior: 0.58
 2.53 ( 13.0 to 2.5)
0.98  4.05

NA

11c

47.5

10

3.57  6.19 (
0.1  1.8 (
1.04  4.24 (
1.09  0.62 (

CA, corrected age; D, diopters; NA, not available; SE, spherical equivalent.
Calculated from raw data provided in the original paper.
b
For all infants enrolled in the study.
c
For IVB treated eyes without recurrence as shown in Figure 4 in the original paper.
a

published results and those of the current study for mean
spherical equivalent, prevalence of myopia, and high
myopia. Previous studies reported a lower degree of
myopia and high myopia compared to our IVB group.
The ETROP results on the prevalence of myopia at 9
months reported that “the prevalence of myopia and high
myopia tended to increase as the stage of ROP (severity)
increased and with the presence of plus disease.”14 Also,
in the early treatment group, eyes in zone I were more
likely to have high myopia than those in zone II.16 Inclusion of patients with more severe ROP may be one reason
for the higher degree and prevalence of myopia observed in
the current study.
Geloneck and colleagues23 in the BEAT ROP study
report on refractive outcomes at a mean age of 2.5 years
showed a lower degree of myopia in both zone I ( 1.51
 3.42 D) and zone II posterior ( 0.58  2.53 D) in the
bevacizumab-treated group, which was significantly
different from the laser treated group ( 8.44  7.57 D)
for zone I and ( 5.83  5.87 D) for zone II posterior. All
the eyes in their study had stage 3 plus disease and a large
proportion of zone I disease in the IVB group. Therefore,
in comparison to their study, severity of disease does not
explain the higher rate and degree of myopia in our patients. The explanation may be in the difference in patient
characteristics between their study and ours.
Our small sample size of 23 eyes is comparable to those
of previously reported studies (Table 3). A larger sample
size may be required to detect a statistically significant difference in rates of myopia between patients treated with
IVB versus laser.
Our study showed no statistically significant difference
in the mean visual acuity between IVB and laser groups
at 12 months’ corrected age. However, monocular visual
acuity was measurable in only 65% for IVB eyes and in
82% of laser-treated eyes. Therefore our results should
be interpreted with caution. The prospective study by
Martinez-Castellanos and colleagues8 found a higher rate
of unfavorable visual acuity outcome at 12 months
compared to our cohort (8/9 eyes in group 3). Of note,
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all 9 eyes in their study had progressed to favorable
outcome at 3 years of follow-up.
To our knowledge, our study is the first to report on frequency of follow-up visits after IVB treatment. The difference in follow-up after IVB and laser (16 vs 6 visits) was
statistically significant. Although we did not have any
recurrence of ROP, not all retinas vascularized to the periphery. Lack of a definite end point as seen with laser is
the main reason for longer and more frequent follow-up
and the question remains whether avascular retina could
potentially cause a recurrence requiring extended followup. The BEAT-ROP results showed that the mean time
of recurrence was 16 weeks after treatment with IVB and
recommended careful follow-up until completion of vascularization without active disease or clinically significant
traction.4 However, Moshfeghi and Berrocal19 have argued
that this follow-up period is inadequate to identify all potential recurrences and complications. At least 72.3 weeks’
postmenstrual age was felt to be the required length of
monitoring.19 Indeed, Hu and colleagues10 reported on a
series of late retinal detachments following IVB treatments. The current lack of guidelines regarding frequency
and length of follow-up after IVB may lead to significant
stress on infants undergoing frequent follow-ups at an
older age and can strain ophthalmological resources.11
Tahija and colleagues24 used fluorescein angiography to
evaluate extent of peripheral retinal vascularization
following monotherapy with IVB for zone I and zone II
posterior ROP. They observed that despite effectiveness
of bevacizumab in achieving regression of neovascularization in posterior retina, 11 of 20 eyes did not have normal
peripheral vascularization 6.75 to 56 months after treatment. Nine of 11 eyes had fluorescein leakage at the
vascular avascular junction. Lepore and colleagues25 in a
randomized controlled trial showed extensive areas of peripheral avascular retina on fluorescein angiography performed 9 months after treatment with bevacizumab
compared to the more typical retinochoroidal atrophy
seen after laser treatment. Also, vascularization of the peripheral retina in normal infants may only be up to 2 disk
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areas from the ora serrata.26 All of the above factors
complicate the safe end point of ROP screening in infants
following IVB.
Although we did not encounter any unfavorable structural outcomes, a relatively short follow-up and small
numbers limit our ability to comment on long-term effects
or safety concerns and the ideal follow-up regimen.
In conclusion, in this cohort of infants, both bevacizumab and laser treatments resulted in good structural
outcome. Furthermore, there was no statistically significant difference in the degree of myopia between groups.
Failure of retinal vascularization for a prolonged period
is a cause for concern and results in repetitive patient exposure to distressful eye examinations. A careful assessment of
extent and rate of vascularization is important in managing
this complicated retinal disease.
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