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Abstract

Purpose To evaluate the factors that may be asso-
ciated with refractive outcome in eyes treated with
intravitreal bevacizumab (IVB) injection for retinopa-
thy of prematurity (ROP).

Methods Retrospective case series. Refractive out-
comes of 181 infants who were treated with primary
IVB for Type I ROP or aggressive ROP, were retro-
spectively evaluated. According to the pretreatment
retinal vascularization, eyes were classified into zone
I, zone I-zone II, and zone II groups. The first year,
third year, and final refractive error were analyzed.
Univariate logistic regression test was performed
to evaluate the effect of factors on the development
of > 1 diopter (D) myopia.

Results At the final examination, the mean age was
22.9+10.9 months. The zone II group was more
hyperopic than the zone I-zone II and zone I zone
groups (P=0.001). Of the 331 eyes, 17 eyes (5.1%)
had high myopia, 50 eyes (15.1%) had low myopia,
and 83 eyes (25.1%) had emmetropia. During follow-
up, 110 (33.2%) eyes underwent laser treatment.
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Gestational age, birth weight, neonatal intensive
care unit type, the presence of additional laser treat-
ment, number of injections, the type of ROP, and the
dose of IVB were not associated with the develop-
ment of > 1 D myopia. The pretreatment and prelaser
retinal zones were associated with the development
of > 1 D myopia.

Conclusion The most important factors affecting
the refractive outcome in infants who underwent pri-
mary IVB treatment was the extent of pretreatment
and prelaser retinal vascularization.
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Introduction

Retinopathy of prematurity (ROP) is a disease that
may cause permanent vision loss due to the abnormal
development of retinal vessels. Under the guidance of
randomized and controlled studies conducted in the
1990s to date, anatomical outcomes have gradually
improved with cryotherapy, laser, and anti-vascular
endothelial growth factor (VEGF) treatments [1-3].
In addition to anatomical outcomes, the refractive
outcomes of the treatments affect the visual rehabili-
tation of premature infants [4].

In a prospective randomized study, it has been
shown that anti-VEGF treatment induces less myopia
in Zone I and posterior Zone II cases [5]. Previously,
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low birth weight (BW) and ROP severity were found
to be independent risk factors for myopia develop-
ment, even if the disease regressed spontaneously
without treatment [6, 7]. Furthermore, the refractive
outcomes of anti-VEGF-treated eyes were shown to
be likely affected by many factors [8, 9].

Whereas severe ROP disease is observed in infants
with very low BW and gestational age (GA) in high-
income countries, severe ROP disease may develop
even in heavier and more mature infants in low- and
middle-income countries [10-14]. In the clinic where
the presented study was conducted, the majority of
treated infants are hospitalized in neonatal intensive
care units (NICUs) of private hospitals [15]. In these
NICUs, severe ROP disease may develop even in high
birth-weight infants [11, 15].

The aim of our study, which includes a large
cohort of infants hospitalized in different types of
NICUs, was to investigate the effect of GA, BW, the
type of NICU, pretreatment retinal zone, presence of
additional intravitreal bevacizumab (IVB), presence
of additional laser treatment, prelaser retinal zone,
and age at laser treatment on refractive outcomes, in
eyes treated with IVB.

Methods

The study was conducted in accordance with the ten-
ets of the Declaration of Helsinki. The patient charts
of 283 infants who were treated (by SEB or NS) for
type I ROP or Aggressive-ROP (A-ROP) between
January 2016 and December 2019 were retrospec-
tively evaluated.

The inclusion criteria were as follows: (1) Only
eyes treated with IVB monotherapy as initial treat-
ment; (2) Eyes for which at least one refractive meas-
urement was recorded in the patient chart.

Eyes whose primary treatment was laser, vitrec-
tomy, and laser combined with IVB were excluded.

All patients’ GA, BW, IVB dose, total treatment
regimen, type of NICU, pretreatment retinal zone,
prelaser retinal zone, age at laser treatment, and
recorded refractive parameters during follow-up were
retrospectively evaluated.

In this manuscript, the term "pretreatment" has
been used for describing the period, prior to the
first injection of IVB in infants even if they have
received additional treatments. The retinal zone was
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determined with a 28-diopter lens according to the
guidance of the International Committee for Classi-
fication of ROP (ICROP) revisited report [16]. The
location of the disease was determined by evaluat-
ing the extent of pretreatment retinal vascularization
in all quadrants. As shown in Fig. 1, according to the
pretreatment retinal zone, eyes were grouped into
zone I, zone I-zone II, and zone II groups.

The eyes were analyzed into two groups according
to the presence of additional laser treatment. The IVB
group was composed of eyes treated with IVB mono-
therapy or repeated IVB injections. The IVB + laser
group was composed of eyes treated with an addi-
tional laser after primarily bevacizumab treatment.

In the IVB +laser group, eyes were divided into
three subgroups according to the age at laser treat-
ment. Eyes that underwent laser treatment under
45 weeks postmenstrual age (PMA), between 45
and 60 weeks PMA, and after 60 weeks PMA were
defined as the early, intermediate, and late laser
groups.

In hospitals where ROP follow-up or treatment
could not be applied, hospitalized infants were being
brought to the outpatient clinic of the study center
for examination or treatment with a transport incuba-
tor. NICU of the study hospital was defined as Type
1 NICU, and NICUs of the nonstudy hospitals were
defined as Type 2 NICU. The NICU of the study hos-
pital was graded as level 4, the NICUs of the non-
study hospitals were graded as <level 3 by the Minis-
try of Health of Turkey.

The treatment decision, zone classification, treat-
ment, and refractive measurements of all patients
included in the study were performed by two ROP
experts (S.E.B. and N.S). In the study clinic, IVB
monotherapy was the primary treatment method in all
zone | and posterior zone II eyes, and IVB was also
the partially preferable treatment method in periph-
eral zone II eyes. The treatment methods, follow-up
procedure, and refractive measurement technique
included in the study are described as follows.

After topical anesthesia, an injection of Altuzan
(Roche, Basel, Switzerland) 0.625 mg or 0.3125 mg
was introduced into the vitreous from 1.5 mm to the
limbus with a 30-gauge 4 mm or 6 mm needle. All
intravitreal injections were performed in the surgery
room by providing the necessary sterility conditions
[17]. Topical moxifloxacin eye drop prescribed for 1
week eight times a day. After the injection, a control
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Fig. 1 The three subgroups
according to pretreatment
retinal zone, each encom-
passing the previous one,
are illustrated in the figure.
A line was drawn from

the nasal ora serrata to the
temporal ora serrata to
show the retinal zones. A
circle with a central optic
disk and a radius of two
optic disk-to-fovea distance
(ODF) is drawn to separate
zone | and zone 1. With
the gradual evaluation,

the three subgroups are
described as follows. (1)

Zone I: Pretreatment retinal
vascularization was in zone
I'in all quadrants (area
surrounded by red dashed
line). (2) Zone I-zone II:
Pretreatment retinal vascu-
larization was in zone I in
at least one quadrant and
zone II in other quadrants
(area surrounded by yellow
dashed line). (3) Zon 2: Pre-
treatment retinal vasculari-
zation was in zone II in all
quadrants (area surrounded
by blue dashed line)

examination was performed within days 1-3. Weekly
visits were performed for eyes with a response to
treatment. If there was no sign of recurrence at the
first month of treatment, the follow-up intervals were
extended by 1 week. For the infants younger than
60 weeks PMA, if recurrence was detected, IVB or
laser treatment was performed according to the extent
of retinal vascularization. Fluorescein angiography
(FA) was performed in eyes with signs of recurrence
or persistent avascular retina (PAR) after 60 weeks
PMA. For the infants older than 60 weeks PMA, laser
treatment was performed in all eyes with hyperfluo-
rescent leakage and prophylactic laser was performed
to some of the eyes with PAR. The main criteria for
laser treatment for the eyes with PAR are as follows:
(1) accompanying hyperfluorescent leakage on FA;
(2) if the width of avascular retina between the vascu-
lar termination to the ora serrata was longer than four
times of optic disc diameter and if the PAR is accom-
panied by moderate-severe pigmentary changes; (3)

the patients with a risk of not continuing follow-up.
Treatment decision for the eyes with PAR was consti-
tuted with the consultation and informed consent of
the legal guardians of the patients and with an indi-
vidualized patient-specific approach.

The cycloplegic refractive error was measured by
using the Plusoptix A09 (Plusoptix GmbH, Nurem-
berg, Germany) device. If the measurement values
were out of range or the measurements could not be
taken due to excessive pupil dilation, retinoscopy
was performed by using streak retinoscopy and reti-
noscopy bars.

The measurement recorded in the patient’s
chart at the nearest time to the postnatal age of
12 months and 36 months was defined as the first-
year SE (between 6 and 24 months) and third-year
SE (between 24 and 48 months), respectively. The
last refractive measurement recorded in the patient’s
chart was defined as the final SE.
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Refractive errors were divided into 6 categories
as described in previous studies as follows: very high
myopia (< —8 Diopter (D), high myopia (< -8 to—5
D), low myopia (< —5 to—1 D), emmetropia (< —1
to 1 D), low hyperopia (=+1 to+4 D), and high
hyperopia (> +4D) [18].

Statistical analysis

Statistical analysis was performed with SPSS (SPSS
Inc, PASW Statistics for Windows, Version, 18.0,
Chicago, USA) software. The distribution of param-
eters was checked by the Kolmogorov—Smirnov test.
If data were normally distributed, parametric tests
were used to analyze variables (one-way ANOVA
or independent ¢ test). If one of the groups was not
normally distributed, nonparametric tests were used
to analyze variables (Kruskal-Wallis or Mann—Whit-
ney U). A P value of less than 0.05 was considered
statistically significant. When a significant difference
was found between groups with one-way ANOVA,
the post hoc analysis test method was determined
according to the homogeneity of the variances. For
the analyses in which three groups were compared
using the Kruskal-Wallis test, the significance of the
difference between the groups was evaluated with the
Mann—Whitney U test. In post hoc analysis, a P value
lower than 0.017 (0.05/3=0.017) with Bonferroni
correction was considered statistically significant. For
dependent variables, nonparametric variables were
evaluated using the Wilcoxon test. Univariate logistic
regression analysis was performed to analyze the fac-
tors that may be effective for the development of > 1
D myopia.

Results

The refraction measurements of 334 eyes of 182
infants, who had been treated with IVB, were acces-
sible in the patient charts. Two eyes of one infant
were excluded due to bilateral vitreoretinal surgery
and lens extraction in one eye. Two infants had uni-
lateral lens opacities. The eye that underwent cataract
surgery was excluded because of central lens opacity
that obscured the visual axis. Eye with peripheral lens
opacity and whose refraction could be measured was
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included. Further analyses were carried out on 331
eyes of 181 infants.

The mean GA and BW of 181 infants were
28.6+2.6 weeks and 1252+417 g, respectively.
In the first year, third year, and final examination,
refraction measurements of 329, 125, and 331 eyes
were evaluated, respectively. The mean ages of the
first year, third year, and final examination were
12.9+3.8,31.4+5.8, and 22.9 + 10.9 months, respec-
tively. Of the treated eyes, 104 (31%) were diagnosed
with A-ROP, and 227 (69%) were diagnosed with
type 1 ROP. The dose of bevacizumab was 0.625 mg
in 70% of eyes and 0.3125 mg in 30% of eyes. Dur-
ing follow-up, 223 eyes underwent FA, and 110 eyes
underwent additional laser treatment.

Fourteen infants had been hospitalized in the type
1 NICU, and 167 infants had been hospitalized in the
type 2 NICU. Nonstudy hospitals consist of 45 differ-
ent hospitals, and most of them were located in north-
western Turkey.

The last examination revealed high myopia in 17
eyes (5.1%), low myopia in 50 eyes (15.1%), emme-
tropia in 83 eyes (25.1%), low hyperopia in 167 eyes
(50.5%), and high hyperopia in 14 eyes (4.2%). Logis-
tic regression analysis was performed to determine
the factors associated with>1 D myopia. Gestational
age, BW, NICU type, the number of IVB injections,
the dose of IVB injections, the type of ROP, the pres-
ence of additional laser treatment, and the age at laser
treatment were not associated with the development
of>1 myopia (Table 1). The pretreatment retinal
zone and prelaser retinal zone were associated with
the development of > 1 myopia.

Macular dragging (straightened temporal retinal
vessels and macular heterotopia) was noted in only
2 eyes during follow-up. One eye with mild straight-
ened temporal retinal vessels had —0.25 D myopia
and the other eye with macular heterotopia had —7.50
D myopia at final examination.

Comparison of refractive outcomes according to the
pretreatment retinal zone

In comparison with pretreatment retinal vasculariza-
tion, the first year and final SE were significantly dif-
ferent between the different zone groups (Table 2). In
the post hoc analysis of the final SE outcomes, a sta-
tistically significant difference was found between the
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Table 1 Univariate logistic

X Covariates P Value QOdds Ratio 95% Confidence
regression analyses of Interval
covariates for > 1D myopia -
development Lower Upper
GA, (W) 0.500 1.036 0.936 1.146
BW, (g) 0.429 1.00 0.999 1.000
NICU type 0.708 0.833 0.321 2.164
Pretreatment retinal zone 0.002 0.607 0.444 0.832
GA gestational age, BW Number of injections 0.205 2.048 0.676 6.208
birth Wellght’ NICU Type of ROP 0.780 1.085 0.612 1.924
neonata intensive care Dose of IVB 0.582 0.845 0.463 1.540
unit, /VB intravitreal
bevacizumab, ROP Presence of additional laser treatment 0.938 0.978 0.553 1.730
retinopathy of prematurity, Prelaser retinal zone 0.023 0.159 0.033 0.772
D diopter, w weeks, g Age at laser treatment, (w) 0.759 0.997 0.979 1.016

grams

zone II and zone I groups and between the zone II and
zone I-zone II groups.

Comparison of refractive outcomes according to the
presence of additional laser treatment

One hundred and ten eyes underwent additional
laser treatment. Two doses of IVB were adminis-
tered to 15 eyes in the IVB group and 10 eyes in the
IVB +laser group. The mean age at laser treatment
was 62+26 weeks PMA. In the IVB +laser group,
GA and BW were significantly lower, but refractive
results were similar in both groups (Table 3). Pre-
treatment zones were similar between groups.

In the IVB +laser group, prelaser retinal vasculari-
zation was in the zone II in all quadrants in 93.6% of
eyes, and prelaser retinal zone was more anterior than
the pretreatment retinal zone (P =0.000 Wilcoxon).

Subgroup analysis of laser treated eyes

In the early and intermediate laser groups, laser was
performed due to early treatment failure, reactivation
of the disease, or hyperfluorescent leakage. In the late
laser group, 20 eyes were treated due to hyperfluores-
cent leakage, and 26 eyes were treated due to PAR
despite the absence of any significant vascular activ-
ity on FA.

The mean age at the final refraction examination
was 24.6+13.2 months. The average duration time
between the laser and the final refraction examination
was 16.8 +11.6 months. First-year SE, third-year SE,
and final SE results were similar between the groups

(Table 4). The prelaser retinal vascularization was
in zone II in 86%, 93%, and 100% of the eyes in the
early, intermediate and late laser groups, respectively.
In all subgroups, the prelaser retinal zone was sig-
nificantly more advanced than the pretreatment retinal
zone (P=0.000; Wilcoxon).

Comparison of refractive outcomes according to the
type of NICU

Patients in the Type 1 NICU had significantly lower
GA and BW than patients in the Type 2 NICU. There
was no statistically significant difference between the
two groups in terms of the first year and third year
of SE; however, the final SE was found to be hyper-
opic in the Type 1 NICU group (Table 5). Pretreat-
ment retinal vascularization were similar between the
groups (P=0.553).

In the Type 1 NICU group, none of the infants
underwent treatment with a BW of more than 1500 g.
A color fundus photograph of an infant born at
33 weeks PMA with a BW of 2200 g and underwent
IVB treatment, hospitalized in the Type 2 NICU, is
presented (Fig. 2).

Comparison of refractive outcomes according to
gestational age and birth weight

In 270 eyes of 146 infants, GA was lower than
32 weeks. There was no statistically significant
difference between the two groups in terms of
first, third year, or final SE (Table 6). Pretreat-
ment retinal vascularization were similar between

@ Springer



3204

Int Ophthalmol (2022) 42:3199-3210

Table 2 Comparison of demographic data and refractive outcomes according to pretreatment retinal zone
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Pairwise comparison

Zone 11

Zone I-Zone 11

Zone 1

PI-P3"  P2-P3"

PI-P2"

N

Median (Q1-Q3) N Median (Q1-Q3)

N

Median (Q1-Q3)

0.450%
0.827%
0.010«
0.128%
0.001K
0.337

176
176

29 (27-31)

74
74
74

28 (27-30)

81

28 (27-31)

GA, (w)

1250 (900-1600)
1.50 (0.25-2.84)
1.25(0.13-2.25)

1235 (915-1502)

81

1230 (880-1505)

BW, (2)

0.050 0.045

0.814

176
75

1.19 (- 3,75 t0 2.38)
0.81 (—0.25 to 1.56)
0.88 (—2.75t0 1.78)

12 (10-15)
32 (26-37)
23 (15-32)

79
20
81

0.88 (= 1.50 to 2.25)
—1.25(-2.841t0 1.84)

1.00(—1.75 to 1.88)

12(10-13)

First-year SE
Third-year SE

Final SE

30

0.001 0.007

0,887

176
176

1.50 (0.25-2.50)
12 (11-16)
29 (26-36)

74

74

81

Age at first year, m

0.104
0.464%

75
176

30
74

29
81

34 (27-38)

Age at third year, m
Age at FR, (m)

21 (15-28)

19 (16-25)

N number of subjects, GA gestational age, BW birth Weight, SE Spherical equivalent, FR final refraction, w week, g gram, m months, K Kruskal-Wallis, " Mann-Whitney U

the groups (P=0.221). In 244 eyes of 131 infants,
BW was<1500 g. The mean SE at the first year,
third year, and last visit were similar between the
BW <1500 g and BW > 1500 g groups (Table 6). Pre-
treatment retinal vascularization was similar between
the groups (P=0.525).

Discussion

Our results support that the most important factor
affecting refractive outcomes in eyes treated with IVB
is pretreatment retinal vascularization. In our hetero-
geneous cohort, infants who had been hospitalized
in different types of neonatal intensive care units,
BW, and GA were not related to refractive outcomes.
Additional laser treatment and age at laser treatment
were not related to refractive outcomes. For all that,
prelaser retinal vascularization was found to may
affect the refractive outcomes.

It has been shown that progression of retinal vas-
cularization, which starts from the optic nerve head,
is not symmetrical, and there is nasotemporal asym-
metry during the development of the retinal vascu-
lature [19]. Nasotemporal asymmetry may cause
confusion in the determination of zones [20]. In the
ICROP 2005, it was not clearly specified that zone
determination should be performed according to the
which border (posterior—anterior) of retinal vasculari-
zation [16, 21]. At the time of clinical practice, we
noted the anterior and posterior extent of the retinal
vascularization in eyes whose vascularization was in
both zone I and zone II. To our knowledge, it has not
been investigated whether this intermediate zone dif-
fers from zone I or zone II in terms of refractive out-
comes in IVB-treated eyes. In our cohort, the zone II
eyes were more hyperopic than the zone I-zone II and
zone I eyes. However, the final refraction did not dif-
fer between the zone I-zone II and zone I eyes.

Mueller et al. reported that myopia was higher
in the posterior zone than in the peripheral zone II,
regardless of the type of treatment [22]. In that study,
the eyes in zone I ROP and posterior zone II ROP
were considered the ’posterior zone’ and were com-
pared with the peripheral zone (the more peripheral
part of zone II). In a retrospective study in which 28
eyes were treated with IVB for zone II ROP, the mean
SE was reported as 1.99 D at the last visit, and this
outcome was similar to zone 2 eyes of our study [23].
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Table 3 Comparison of demographic data and refractive outcomes according to type of treatment
IVB group IVB +laser group p"
Mean+SD Median (Q1-Q3) N Mean + SD Median (Q1-Q3) N
GA, (w) 29.0+2.5 29 (27-31) 221 28.1£2.7 28 (26-30) 110 0.006
BW, (g) 1295+413 1275 (994-1575) 221 1164 +413 1175 (747-1495) 110 0.010
First-year SE 0.69+2.62 1.25 (- 0.25t0 2.38) 219 0.89+2.53 1.19 (—0.13 to 2.90) 110 0.502
Third-year SE 0.52+£2.50 1.06 (- 0.03 to 1.75) 82 0.40+2.67 1.00 (—0.50 to 2.38) 43 0.829
Final SE 0.63+2.52 1.25 (0.00-2.25) 221 0.52+244  0.88(-0.281t02.13) 110 0.444
Age at first year, (m) 13+3 12 (11-15) 219 13+4 12 (10-14) 110 0.72
Age at third year, (m) 30+6 28 (26-36) 82 33+6 33 (28-38) 43 0.017
Age at FR, (m) 22+10 21 (15-16) 221 25+13 20 (15-32) 110 0.311

SD standard deviation, N number of eyes, GA gestational age, BW birth Weight, SE spherical equivalent, w week, g gram, /VB intra-

vitreal bevacizumab, " Mann—Whitney U, FR final refraction

In the presence of recurrence or PAR in eyes
treated with primary IVB, laser photocoagulation
may be considered to the peripheral avascular ret-
ina [24, 25]. In a study conducted with eyes with
Type 1 ROP in zone I, it has been reported that [IVB
with deferred laser treatment (27 eyes, mean age at
laser treatment was 43 weeks PMA) resulted in less
myopic refractive error than combined IVB with
zone I sparing laser [26]. In infants with posterior
type 1 ROP, between the comparison of 34 eyes
treated with primary laser and 40 eyes treated with
primary IVB with delayed laser (after 60 weeks
PMA), it has been shown that primary laser eyes
had significant myopia [27]. In the aforementioned
study, refractive outcomes of eyes treated with IVB
monotherapy (8 eyes) and with IVB plus delayed
laser (after the 60 weeks PMA) were similar. The
limitations of that study were the small sample size
and the lack of analysis according to the age at the
laser treatment. Furthermore, to the best of our
knowledge, the effect of the timing of laser treat-
ment on refractive error in eyes treated with primary
IVB was not adequately investigated. In the univari-
ate analyses of our study, the presence of additional
laser treatment and the timing of laser treatment
were not related with the development of>1 D
myopia. In addition, final SE were similar between
early, intermediate, and late laser groups. The facts
that the final refraction age of the late laser group
was higher than that of the early laser group, and
the pretreatment retinal zone was more advanced in
the late laser group compared to the other groups
might also have affected group comparisons.

In our study cohort, in the presence of recur-
rence and if retinal vascularization was in zone I in
the majority of the quadrants, the second dose of
IVB was performed. In the IVB +laser group, prela-
ser retinal vascularization was significantly more
advanced than retinal vascularization at the time of
the first treatment. Univariate analysis showed that
prelaser retinal vascularization was significantly asso-
ciated with>1 D myopia. Based on all these data, it
is conceivable that prelaser retinal vascularization
affects the final refraction rather than the presence
of additional laser application and the week of laser
application.

In previous reports, the fact that BW and the sever-
ity of ROP were reported to be related to myopia even
in untreated preterm infants complicates the interpre-
tation of our results [6, 28]. Severe ROP disease typi-
cally occurs in infants with a very low GA and BW in
developed countries, whereas it may develop in larger
preterm infants in developing countries [11, 29, 30].
The development of severe ROP, even in larger pre-
term infants hospitalized in the Type 2 NICUs, might
have increased our study cohort’s average GA and
BW. The fact that the same clinicians treated infants
hospitalized in both types of NICUs according to the
same criteria, we consider that the treatment thresh-
old were similar between the groups. In a study pre-
viously reported in our study hospital, it was shown
that mean GA and BW were significantly higher in
infants from external NICUs [15]. In a multicenter,
prospective study conducted in our country, it was
stated that severe ROP disease that requires treat-
ment in infants with higher GA and BW is originated
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Table 5 Comparison of demographic data and refractive outcomes according to the NICU type
Type 1 NICU Type 2 NICU ™
Median (Q1-Q3) N Median (Q1-Q3) N
GA, (w), infant 27 (24-29) 14 29 (27-31) 167 0.045
BW, (g), infant 855 (695-1190) 14 1280 (950-1600) 167 0.001
First-year SE 1.88 (- 0.31 to 3.25) 26 1.25 (- 0.25 t0 2.50) 303 0.194
Third-year SE 1.63 (-2.25t02.19) 13 1.00 (- 0.09 to 2.09) 112 0.479
Final SE 2.06 (—0.40 to 3.34) 26 1.00 (- 0.13 t0 2.13) 305 0.014
Age at first year, (m) 12 (9-14) 26 12 (10-15) 303 0.767
Age at third year, (m) 31 (25-36) 13 30 (26-37) 112 0.414
Age at FR, (m) 25 (17-31) 26 21 (15-27) 305 0.167

N number of subjects, GA gestational age, BW birth weight, SE spherical equivalent, FR final refraction, w week, g gram, m months,
NICU neonatal intensive care unit, Type 1 NICU NICU of the study hospital, Type 2 NICU NICU of the nonstudy hospitals, " Mann—

Whitney U

Fig. 2 The pretreatment
photographs at 39 weeks
postmenstrual age (PMA)
of the large preterm infant
who has been hospitalized
in the neonatal intensive
care unit of a nonstudy hos-
pital are presented (2200 g,
33 weeks at birth). A, C
On the left side, posterior
pole focused wide-angle
color photographs of both
eyes are shown. B, D On
the right side, extraretinal
fibrovascular proliferations
are shown (white dashed
rectangle) on the ridge
focused photographs. Infant
was diagnosed as bilateral
Type 1 retinopathy of pre-
maturity in the zone II with
stage 2-3 and plus disease

in private hospital NICUs, and this situation may be
related to intensive care conditions, especially exces-
sive oxygen administration [11]. In the Type 1 NICU
group, in which GA and BW were found significantly
lower in our study, first-year and third-year SE were
not different compared to the Type 2 NICU. Further-
more, the final SE was more hyperopic in the Type
1 NICU group. In addition, in comparisons that were
performed according to the BW and GA, the refrac-
tive outcomes were similar between the groups.

These findings suggest that, in our heterogeneous
cohort, most of which consisted of infants hospital-
ized in the NICU of nonstudy hospitals, GA and BW
did not affect the refractive outcome independently.
In infants hospitalized in NICUs where intensive care
conditions are homogeneous and adequate, GA and
BW may be related to severe and posterior located
ROP, and GA and BW may be related to refractive
outcomes. Therefore, it would be more appropri-
ate to limit the results of our study to infants treated
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Table 6 Comparison of demographic data and refractive outcomes according to gestational age and birth weight
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pm

> 1500 g Group
Median (Q1-Q3)

g Group
Median (Q1-Q3)

<1500

pm

>32 GA Group
Median (Q1-Q3)

<32 GA Group

N

N

Median (Q1-Q3)

0.000
0.000
0.622

50
50
87
37
87
87
37
87

32 (31-33)

31
131
242

1

28 (26-29)

0.000
0.000
0.174

0.713

35
35
25
61

33 (32-33)

146

28 (27-29)

GA, (w), infants

1733 (1620-1893)
1.13 (0.00 to 2.25)

1050 (800-1320)

146 1710 (1600-1950)

268

1130 (818-1410)

BW, (g), infants

1.25 (- 0.25 t0 2.69)
1.25 (- 0.13 t0 2.25)
1.25 (- 0.25 t0 2.25)

12 (10-15)
31 (26-37)
19 (14-27)

0.88 (—0.25t02.19
0.88 (0.13 to 1.56)

1.50 (- 0.13 to 2.66)
1.19 (-0.25t0 2.21)
1.25 (- 0.13 t0 2.25)

12 (10-15)
31 (26-37)
19 (14-27)

First-year SE
Third-year SE

Final SE

0.142
0.402

0.75 (= 0.13 to 1.50)
1.13 (-0.13 to 1.88)

12 (10-16)
30 (26-37)
23 (18-27)

88
244
242

100
270

268

0.341

61
25
61

0.88 (—0.19 to 1.88)

13 (10-16)
28 (27-36)
23 (19-28)

0.935

0.800
0.366
0.041

Age at first year, (m)

0.336

88
244

100
270

Age at third year, (m)
Age at FR, (m)

0.015

61

N number of subjects, GA gestational age, BW birth weight, SE spherical equivalent, FR final refraction, w week, g gram, m months, " Mann—Whitney U

with IVB in a heterogeneous cohort. In addition, it
should not be ignored that there may be referral bias
in infants referred for treatment. On the other hand,
when each NICU is evaluated within itself, we con-
sider that GA and BW may affect the refractive results
in relation to the severity of ROP.

In randomized controlled studies, it has been
demonstrated that the highest risk for the develop-
ment of high myopia is narrowing of the temporal
vascular arcade and macular heterotopia [6, 31]. In
our study, only two of the treated eyes were noted as
macular dragging, which might have contributed to
the decreasing prevalence of high myopia. Perform-
ing IVB in the early stage of the disease may result in
a lower rate of macular dragging. A major advantage
of IVB monotherapy compared with laser treatment is
the less destructive procedure and faster regression of
neovascularization by blocking VEGF in the vitreous
[22]. Compared to laser therapy, IVB monotherapy
may lead to faster regression of acute disease, result-
ing in less myopia.

Consisting of a large sample size, the evaluation
of the eyes whose vascularization was in both zone I
and zone II in a separate subgroup, and the evaluation
of the effect of additional IVB and additional laser
treatments was the remarkable features of our study.
Other notable aspects are evaluating the effect of
age at additional laser treatment and prelaser retinal
vascularization on refractive outcomes. Variation in
diagnosis and classification of ROP disease was mini-
mal because all infants were treated in a single center
and by two clinicians, and most of the decisions were
made together.

The retrospective and nonrandomized design of
the study was the major limitation of the study. The
lack of third-year refraction results in majority of the
patients, and higher standard deviation of the exami-
nation age for the third year and final outcomes were
the limitations of the study. In addition, in the major-
ity of patients the refraction measurement was taken
with only plusoptix device instead of in combination
with retinoscopy, and visual acuity not assessed were
the other limitations of our study. Zone classifica-
tion was carried out according to the pretreatment
examination performed by indirect ophthalmoscope.
Since wide-angle fundus photography device became
available at April 2018, zone determination was car-
ried out by only examination performed by indirect
ophthalmoscope before this date. Although analyzing
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the results of infants hospitalized in different types
of NICUs provided data to understand the effect of
intensive care conditions on the refractive outcome, it
was also a limitation to generalize our results.

In conclusion, in cases of recurrence in eyes whose
retinal vascularization has not improved adequately,
a second dose of IVB may not directly affect the
refractive outcome; furthermore, it may lead to the
progression of retinal vascularization and reduce the
myopic effect of subsequent laser treatment. In the
presence of recurrence, the extent of retinal vascu-
larization and the possible systemic risks of a second
dose of IVB should be considered together. Birth
weight and GA may not be independent parameters
influencing refractive outcomes in infants treated
with IVB. Delayed laser treatment may not affect the
final refraction in eyes whose retinal vascularization
was in zone II in all quadrants. In eyes with an addi-
tional laser, prelaser retinal vascularization may be a
predictive parameter rather than the age at the laser
treatment. Our study suggests that, in infants who
underwent primary IVB injection, pretreatment reti-
nal vascularization is the most critical determinant of
refractive outcomes.
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