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Abstract
Objectives This study evaluated the efficacy of intravitreal bevacizumab (IVB) monotherapy for aggressive posterior
retinopathy of prematurity (APROP) and Type 1 retinopathy of prematurity (ROP), along with recurrence rates and treatment
outcomes for recurrences.
Methods This retrospective cohort study reviewed the records of infants with ROP (Type 1 and APROP), who received IVB
treatment between March 2013 and February 2018.
Results A total of 257 eyes from 130 cases (unilateral eyes in three cases) were included. Cases were followed for 121.7 ±
45.7 weeks (range: 70–260 weeks). Recurrence requiring treatment was determined in 14.8% of all eyes at a mean of 9.6 ±
2.7 weeks (range: 6–15 weeks) after initial treatment and a mean of 42.3 ± 2.2 weeks (range: 38–48 weeks) postmenstrual
age. Recurrence requiring treatment was observed in 20.8% of APROP and 5.8% of Type 1 ROP eyes at a statistically
significant difference (p= 0.001). Persistent avascular areas were found in 54 eyes (25.8%) at the corrected age of 1 year,
and prophylactic laser treatment was applied. This was statistically significantly higher in APROP (38.6%) than in Type 1
ROP (10.5%) (p < 0.001). An unfavourable structural outcome (progression to retinal detachment) occurred in one eye
(0.4%), which developed insufficient regression and progression.
Conclusions IVB monotherapy is effective for APROP and Type 1 ROP with Zone 1 and posterior Zone 2 localisation.
However, because of recurrences requiring treatment and persistent peripheral avascular areas, severe, late complications
must be considered, and follow-up examinations must be made. Prophylactic laser treatment for persistent avascular areas
seems effective for minimising long-term complications.

Introduction

Retinopathy of prematurity (ROP) is a vasoproliferative
disease characterised by abnormal development of the
immature retina [1, 2]. Despite ongoing developments in
neonatal and ophthalmic care, ROP remains the leading
cause of blindness in childhood [3].

In the 1990s, laser photocoagulation (LP) became the
primary ROP treatment method, and it has been reported to
be effective in more than 90% of cases [4]. However, in
aggressive posterior retinopathy of prematurity (APROP)
and ROP cases with Zone 1 localisation, high rates of
insufficient regression, negative structural outcomes,
recurrences requiring treatment and refractive defects have
been reported after LP treatment [5–8].

Vascular endothelial growth factor (VEGF) is a strong
pro-angiogenic factor in the pathological angiogenesis of
ROP [9]. Therefore, it has increasingly been used in ROP
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treatment. Anti-VEGF injections have several advantages.
They produce rapid clinical responses, are less troublesome
than laser treatment, eliminate anaesthesia risks in infants
and maintain the vascular development of the immature
retina [10, 11]. Bevacizumab was the first anti-VEGF drug
used for this purpose. The 2011 Bevacizumab Eliminates
the Angiogenic Threat of ROP (BEATROP) study—which
was the first prospective, randomised, controlled compar-
ison of intravitreal bevacizumab (IVB) with conventional
laser treatment—reports that IVB is more effective
than laser treatment, especially in cases with Zone 1 loca-
lisation [7].

However, unexpected and delayed recurrences, observed
in the follow-ups of infants treated with IVB monotherapy,
have recently become a serious problem [12]. Due to the
possibility of long-term sequelae following IVB treatment
for ROP, early diagnosis and treatment of recurrence or
treatment failure are of utmost importance during follow-up.
Therefore, this study evaluated the efficacy of IVB treat-
ment for ROP, as well as the rate and outcome of
recurrences.

Materials and methods

This two-centre, non-randomised, retrospective study was
conducted in the Ophthalmology Department of the School
of Medicine at Kahramanmaras Sutcu Imam University and

the Ophthalmology Department at Gaziantep Children’s
Hospital, which are reference centres for ROP screening and
treatment. The study was approved by the Local Ethics
Committee of Kahramanmaras Sutcu Imam University, and
all procedures complied with the Declaration of Helsinki.
The parents of all studied infants were informed about the
effects of the IVB injections and the possible ocular and
systemic side effects, and their written informed consent
was obtained before each treatment was performed.

Study population and dataset

The study included preterm infants (≤34 weeks), screened
between March 2013 and February 2018. Infants identified
as pre-threshold (Type 1) ROP according to the Early
Treatment ROP (ETROP) study [5], with Zone 1 and pos-
terior Zone 2 localisation, or as APROP according to the
International Classification of ROP (ICROP) criteria [13],
and initially treated with IVB, were assessed. APROP was
defined as dilatation and tortuosity of the vascular structures
in all quadrants of the posterior pole, which is not propor-
tional to peripheral retinopathy, with a flat network of
shunts in Zone 1 or posterior Zone 2 within the retina or on
the border of the vascular–avascular retina [13] (Fig. 1a–c).
Type 1 ROP was defined, according to the current guide-
lines, as: Zone 1, any stage ROP with plus disease; Zone 1,
stage 3 ROP with or without plus disease; Zone 2, stage 2 or
3 ROP with plus disease [5] (Fig. 1d–f).

Fig. 1 Fundus photographs, before treatment, from an infant with
APROP, born at 27 weeks (a–c) and another infant with Type 1
ROP, born at 28 weeks (d–f). a Plus disease and flat neovascular-
isation in the posterior zone. b Intraretinal haemorrhage and flat

network of shunt. c Neovascularisations extending to the vitreous
without nasal ridge. d Plus disease within posterior zone. e, f Fibro-
vascular proliferations in posterior zone in stage 3 ROP.
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Patients were excluded if they initially received laser
treatment, received treatment at another centre or had been
diagnosed with grade 4A, 4B or 5 ROP at the first screen-
ing. All data were obtained retrospectively from the infants’
medical records. The data included demographic char-
acteristics, ROP type (APROP or Type 1 ROP), additional
treatment type (IVB or LP), outcomes and local and sys-
temic complications. Postmenstrual age (PMA) at the time
of treatment, vascular maturation of the peripheral retina,
duration of vascularisation, follow-up, recurrence and the
interval between initial treatment and recurrence were also
recorded.

Outcome measures

Primary outcome measures were rates of regression, recur-
rence and vascular maturation of the peripheral retina.
Secondary outcome measures involved evaluating the
results of laser treatment for recurrence and persistent
avascular retina and their relation to unfavourable, abnormal
structural outcomes. The effect of ROP type on outcomes
was also analysed. Unfavourable structural outcomes were
defined as retinal fold or retinal detachment including the
macula, as stated in previous studies [14].

Ophthalmic examinations and treatment modalities

The preterm infants underwent ocular examinations
4–6 weeks postnatally, according to gestational age (GA).
These examinations were conducted by a single, experi-
enced ophthalmologist (AÇ) using an indirect ophthalmo-
scope and scleral depressor. Photographic documentation
was collected via a Heine Video Omega® 2C indirect oph-
thalmoscope (Heine Optotechnik, Herrsching, Germany).
ROP grading, localisation zones and plus disease findings
were classified according to the revised ICROP criteria [13].

IVB was the primary treatment for Type 1 pre-threshold
ROP (Zone 1 and posterior Zone 2 localisation) and
APROP eyes, based on the BEATROP study [7]. The
posterior Zone 2 was defined as the area surrounding the
Zone 1 region, and the radius was threefold the distance
between the centre of the optic disc and the centre of the
macula [7].

IVB was administered in the operating room, accom-
panied by an experienced nurse. After treatment with topi-
cal anaesthesia (0.5% proparacaine hydrochloride), eyes
and the periocular region were disinfected separately with
5% povidone iodine. Bevacizumab (0.625 mg/0.025 ml)
was injected intravitreally, from the inferotemporal or
superotemporal region, at 1 mm from the limbus with a 30-
gauge needle. Vital signs were carefully monitored and
recorded throughout the procedure. Following IVB injec-
tion, moxifloxacin drops were used every 4 h for 1 week as
postoperative infection prophylaxis.

Follow-up examinations were performed 1 day, 3 days
and 1 week after IVB application. Then, follow-up intervals
were weekly for the first month post injection, every
2 weeks for the second and every 3–4 weeks thereafter,
until ROP had regressed and vascularisation of the periph-
eral retina had reached Zone 3. Each examination evaluated
disease regression (via indirect fundoscopic analysis),
recurrence, the presence of tractional elements and periph-
eral vascularisation. Successful treatment was defined as
remission of plus disease, good pupil dilation and reduced
disease grade. Outcomes were further classified as insuffi-
cient regression (persistence of plus disease and neovascu-
larisation at 3–5 days post injection), progression (post-
injection intravitreal haemorrhage, increased neovascular-
isation and formation of tractional components) and recur-
rence requiring treatment (recurrence of plus disease and
extraretinal fibrovascular proliferation, despite initial
regression post injection) (Fig. 2). Patients with insufficient

Fig. 2 Fundus photographs of
an infant who developed
recurrence requiring
treatment, 6 weeks after initial
IVB; previously, ROP findings
had regressed completely.
a Extraretinal fibrovascular
proliferations. b Double ridge
appearance.
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regression, progression and recurrence requiring treatment
were treated with LP.

Cases with no recurrence or recurrence not requiring
treatment (grade 1 or grade 2 eyes, with Zone 2 or Zone 3
localisation, not accompanied by plus disease) were closely
monitored until peripheral retinal vascularisation was
completed. These cases were evaluated under sedation with
detailed indirect fundoscopic examination at the corrected
age of 1 year and prophylactic LP treatment was applied to
the persistent avascular areas (peripheral avascular retina at
the corrected age of 1 year was described as persistent
avascular areas) to reduce the risk of late ROP reactivation
[15–18].

Transpupillary diode LP was performed under operating
theatre conditions with sedation or general anaesthesia. LP
was performed in all quadrants from the vascularised retina
region to the ora serrata, in close confluent form, using a
810-nm head-mounted diode laser (Iridex; Oculight SL,
Mountainview, CA, US). Following LP, antibiotic and
steroid drops were prescribed every 4 h for 1 week. Follow-
up examinations were made weekly for the first month after
LP and at 3–4-week intervals thereafter until the ROP
findings receded. Follow-up examinations were continued
at 3–4-month intervals after the patients turned 1 year old.

Cases with a second recurrence despite IVB and LP (i.e.,
plus disease with the presence of a ridge or fibrovascular
proliferation over the laser scars) (Fig. 3) were treated with
IVB again. Follow-up examinations were made weekly for
the first month and at 3–4-week intervals thereafter until all
recurrent ROP findings receded. Cases with progression or
no regression despite all interventions were referred for
vitreoretinal surgery (VRS).

Statistical analyses

Data were analysed via the Statistical Package for the Social
Sciences 16.0 for Windows. When analysing numerical data
conforming to the normal distribution and whose variances
were homogeneous, Student’s t-test was performed for
independent variables. The Mann–Whitney U test analysed
numerical data that did not meet the parametric test

assumptions. The χ2 test examined categorical data. Con-
tinuous data were stated as mean ± standard deviation
(range), and categorical values were stated as number (n)
and percentage (%). P < 0.05 was considered statistically
significant.

Results

Records of 5200 preterm infants (≤34 weeks), screened
between March 2013 and February 2018, were reviewed.
Final analysis was performed on 257 eyes from 130 cases
(unilateral in three cases) treated with IVB for Type 1 ROP
or APROP. The mean GA was 28.2 ± 2.7 weeks (range:
22–34 weeks), and the mean birth weight (BW) was 1133.7
± 356 g (range: 480–2300 g). APROP was diagnosed in 154
(59.9%) eyes and Type 1 ROP in 103 (40.1%) eyes. Zone 1
localisation was found in 112 (43.6%) eyes and posterior
Zone 2 localisation in 145 (56.4%) eyes. No significant
difference was determined between the groups in terms
of GA, BW, gender or time of initial treatment (p= 0.530,
p= 0.155, p= 0.126, p= 0.324, respectively). Table 1
shows the cases’ demographic characteristics.

All findings for ROP and plus disease had regressed in
247 (96.1%) eyes within 48–72 h. Ten eyes (3.9%) had
insufficient regression and progression after initial injection
(two eyes, Type 1 ROP; eight eyes, APROP). These eyes
received LP 1 week after IVB. Except for one eye with
APROP, in which progression was observed despite laser
treatment, ROP findings regressed in all other eyes, and no
recurrence was observed. In the eye with progression
despite laser treatment, grade 4A ROP developed, and this
case was referred for VRS. Table 2 shows the results after
initial IVB treatment and recurrence rates.

Figure 4 demonstrated fundus photographs from an
infant who underwent LP treatment due to insufficient
regression and subhyaloid haemorrhage after IVB.

No recurrences were found in 141 eyes (54.9%) in
consecutive, regular follow-up examinations. A total of 78
(30.4%) eyes exhibited recurrence not requiring treatment,
and they recovered spontaneously (Table 2). No recurrence

Fig. 3 Fundus photographs of
an infant, born at 22 weeks,
with second recurrence at a
postmenstrual age of 58 weeks,
despite IVB+laser
photocoagulation treatment.
a, b Fibrovascular proliferation
over laser scars.
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was observed in 67% of Type 1 ROP eyes and in 46.8% of
APROP eyes, and the difference was statistically significant
(p= 0.001) (Table 2). Vascular maturation completed at
PMA 57.7 ± 3.42 weeks (range: 52–66 weeks) in eyes with
no recurrence and not requiring additional treatment.

Recurrence requiring treatment was apparent in 38 eyes
(14.8%) at 9.6 ± 2.7 weeks (range: 6–15 weeks) post IVB
(Table 2). No statistically significant difference was
observed between the groups in terms of PMA of recurrence
development or time from first treatment to recurrence (p=
0.122, p= 0.892, respectively) (Table 2). Recurrence
requiring treatment was observed in 32 (20.8%) of 154 eyes

with APROP and in 6 (5.8%) of 103 eyes with Type 1 ROP,
and the difference was statistically significant (p= 0.001).

LP was applied to all eyes with recurrence requiring
treatment. After LP, ROP and plus disease findings
regressed in all eyes. A second recurrence was determined
in six eyes (2.3%) following laser treatment, and IVB
injection was repeated, after which ROP findings regressed
in all eyes. Table 3 shows the demographic characteristics
and treatment results for cases with second recurrence
despite IVB+ LP treatment.

Persistent avascular areas were found in 54 (25.8%) out
of 209 eyes, excluding those who underwent LP due to

Table 1 Demographic
characteristics of the Type 1
ROP and APROP cases.

All cases Type 1 ROP APROP p

Patients/eyes 130/257 53/103 77/154

GA (weeks) mean ± SD
(range)

28.2 ± 2.7 (22–34) 28.4 ± 2.2 (24–33) 28.1 ± 2.9 (22–34) 0.530

BW (g) mean ± SD (range) 1133.7 ± 356
(480–2300)

1190.6 ± 355
(550–2300)

1094 ± 354
(480–2100)

0.155

Gender (male), n (%) 68 (52.3) 32 (60.4) 36 (46.8) 0,126

Time of initial injection
(PMA) (weeks), mean ± SD
(range)

34.0 ± 2.1 (31–40) 34.1 ± 1.7 (31–38) 33.9 ± 2.2 (31–40) 0.324

Zone 1 eyes, n (%) 112 (43.6) 24 (23.3) 88 (57.1) <0.001

Mean follow-up period
(weeks), mean ± SD (range)

121.7 ± 45.7
(70–260)

129.1 ± 42.09
(70–260)

116.6 ± 47.6
(70–260)

0.126

ROP retinopathy of prematurity, APROP aggressive posterior premature retinopathy, GA gestational age, BW
birth weight, PMA postmenstrual age, SD standard deviation.

Table 2 Recurrence and
treatment results of Type 1 ROP
and APROP cases.

All cases Type 1 ROP APROP p

Number of eyes 257 103 154

Initial treatment success, n (%) 247 (96.1) 101 (98.1) 146 (94.8) 0.324

Insufficient regression and progression,
n (%)

10 (3.9) 2 (1.9) 8 (5.2) 0.324

Recurrence according to ROP type

No recurrence, n (%) 141 (54.9) 69 (67.0) 72 (46.8) 0.001

Recurrence not requiring treatment,
n (%)

78 (30.4) 28 (27.2) 50 (32.5) 0.367

Recurrence requiring treatment, n (%) 38 (14.8) 6 (5.8) 32 (20.8) 0.001

Recurrence requiring treatment in Zone
1 ROP, n (%)

32 (28.6) 4 (16.7) 28 (31.8) 0.203

Persistent avascular areas, n (%) 54 (25.8) 10 (10.5) 44 (38.6) <0.001

Time of recurrent ROP (PMA, weeks),
mean ± SD (range)

42.3 ± 2.2
(38–48)

41.8 ± 2.5 (38–48) 42.5 ± 2.1
(38–47)

0.122

Interval between initial treatment and
recurrence (weeks), mean ± SD (range)

9.6 ± 2.7 (6–15) 9.5 ± 1.2 (8–11) 9.6 ± 3.0 (6–15) 0.892

Second recurrence after IVB+ LP,
n (%)

6 (2.3) 0 6 (3.9) N/A

Unfavourable structural outcome, n (%) 1 (0.4) 0 1 (0.6) N/A

ROP retinopathy of prematurity, APROP aggressive posterior premature retinopathy, PMA postmenstrual
age, n number of eyes, SD standard deviation, LP laser photocoagulation, N/A not applicable.
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insufficient regression, progression and recurrence requiring
treatment at the corrected age of 1 year and confluent pro-
phylactic LP treatment was applied to all visible avascular
areas. Persistent avascular areas were determined in 38.6%
of APROP eyes and 10.5% of Type 1 ROP eyes, and the
difference was statistically significant (p < 001) (Table 2).
The mean follow-up period for patients who underwent
prophylactic laser treatment for persistent avascular areas
was 115.1 ± 54.3 weeks (range: 70–260 weeks), and none
of these patients experienced unfavourable structural out-
comes or late reactivation (tractional retinal detachment
[TRD], recurrence of plus disease or fibrovascular
proliferations).

Recurrence requiring treatment was determined in 16.7%
of Type 1 ROP eyes and in 31.8% of APROP eyes with

zone 1 localisation. Although the rate was higher in APROP
eyes, the difference was not statistically significant (p=
0.203) (Table 2).

No severe ocular complications, such as retinal detach-
ment, cataract or endophthalmitis, were observed in any eye
after IVB. In three eyes, subhyaloid haemorrhage and
intravitreal haemorrhage were observed on the first post-
operative day, but these spontaneously recovered. All cases
were followed up for a mean of 121.7 ± 45.7 weeks (range:
70–260 weeks), and, in the long term after follow-up, an
unfavourable structural outcome was found in one eye
(0.4%), which developed insufficient regression and
progression.

Discussion

This research has demonstrated that IVB is successful in
Type 1 ROP (Zone 1 and posterior Zone 2 localisation) and
APROP, with similar regression rates. The recurrence rate
was significantly higher in APROP eyes compared to Type
1 ROP. APROP is a severe form of ROP, which can rapidly
progress to retinal detachment when early intervention is
not made [13], and post-treatment success rates differ in
combinations of anti-VEGF monotherapy with laser treat-
ment or cryotherapy [5, 7, 14]. In previous studies,
favourable structural outcomes (ranging from 71 to 84%)
have been obtained in cases of developing APROP despite
early LP [19, 20]. In an extensive case series, Yetik et al.

Fig. 4 Fundus photographs of
an infant born at 28 weeks,
who received laser
photocoagulation (LP)
treatment due to insufficient
regression and subhyaloid
haemorrhage after IVB.
a Neovascularisations had not
regressed completely after IVB
in the first week. b Plus disease
in the posterior zone had not
regressed completely after IVB
in the first week. c Subhyaloid
haemorrhage developed after
IVB. d Healed posterior zone 1
year after LP. e Laser scars 1
year after LP.

Table 3 The demographic and clinical characteristics of cases that
developed second recurrence despite the laser photocoagulation
treatment applied for recurrence requiring treatment and initial IVB.

ROP type GA (weeks) BW (g) Age at treatment (PMA
in weeks)

1st IVB LP 2nd IVB

Case 1 APROP 22 480 31 40 58

Case 2 APROP 24 600 32 39 46

Case 3 APROP 25 670 32 42 64

ROP retinopathy of prematurity, APROP aggressive posterior
premature retinopathy, PMA postmenstrual age, GA gestational age,
BW birth weight, IVB intravitreal bevacizumab, LP laser
photocoagulation.
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[21] evaluate the results of applying 0.625 mg IVB to 122
pre-threshold, threshold and APROP cases. A 92% success
rate was achieved in 31 APROP cases following 0.625 mg
IVB monotherapy, and all ROP findings receded. However,
repeated treatments were needed more often in APROP
cases than in pre-threshold and threshold ROP cases. Garcia
Gonzales et al. [22] have observed recurrence requiring
treatment in 8 (44.4%) of 18 eyes with APROP and in 2
(4.2%) of 48 eyes with classic ROP, reporting that initial
ROP type is a strong risk factor in ROP recurrence.
Therefore, initial IVB treatment is effective in APROP eyes,
but high recurrence rates must be considered.

In the current study, late recurrence rates and onset of
late recurrence coincided with previous research. Martinez-
Castellanos et al. [23] evaluate 672 ROP cases to which
IVB was applied between 2005 and 2017; they have
observed recurrence requiring treatment in 6.8% of cases at
a mean of 12 weeks (range: 4–16 weeks) after initial
treatment. In the BEATROP study [7], recurrences are
observed at a mean of 16 ± 4.4 weeks (mean PMA: 51.2 ±
4.6 weeks) after the first injection. A shorter interval has,
thus, been determined in the current study than in the
BEATROP study.

Similar to the present research and in contrast with the
BEATROP study, Hwang et al. [24] determined reactiva-
tion to occur at a mean of 9.0 ± 5.7 weeks after the first
injection, and Ling et al. [25] reported this interval to be a
mean of 8.8 ± 3.9 weeks (mean PMA: 43.4 ± 3.5 weeks).
These differences could be due to ethnic composition and
demographic variations. In the BEATROP study [7], the
patients’ mean GA and BW are 24.7 ± 1.7 weeks and 714 ±
200 g, respectively, while in the current study, the patients
were older and had higher BWs: 28.2 ± 2.7 weeks and
1133.7 ± 356 g, respectively. This, as well as the divergent
patient management practices in neonatal intensive care
units, could have caused the difference in the ROP reacti-
vation interval. Inter-specialist differences may also have
been seen in the clinical diagnosis of ROP recurrence; for
example, various thresholds may be adopted to define pre-
plus and plus disease, which could cause variations in
treatment criteria [25].

Previous studies have shown that anti-VEGF treatments
cause persistent avascular retina, and delayed recurrences
and TRD may appear even 2.5 years later [17, 18, 26].
However, no consensus has been reached concerning how
these avascular areas can be followed up or treated. In the
current study, persistent avascular areas were determined in
25.8% of eyes without peripheral laser treatment at the
corrected age of 1 year, and this rate was significantly
higher in APROP eyes (38.6%) than in Type 1 ROP eyes
(10.5%). In a previous study using fluorescein angiography
(FA) to examine recurrence rates and peripheral avascular
areas following IVB in APROP and classic ROP eyes,

permanent non-perfusion areas and more extensive leakage
were observed in APROP eyes, and all of those eyes
underwent prophylactic laser treatment at a PMA of
60–70 weeks. In the long-term follow-up (mean: 125 weeks
PMA) no abnormal structural outcomes were observed [22].
In a study in Turkey [27], retinal vascular structures were
evaluated with FA at a mean of 95 postmenstrual weeks in
58 APROP patients. Peripheral avascular areas and late
leakages were found in 10.3% of the cases, and confluent
LP treatment was applied. Non-perfusion areas and leakage
in cases initially treated with Bevacizumab could cause late
reactivation and poor structural outcomes. Therefore, to
minimise risks of future complication, and because of pre-
viously reported late complications [15, 18], prophylactic
LP treatment was applied to such eyes in the current study,
and no unfavourable structural outcomes were observed in
the long-term follow-ups.

This study found an unfavourable structural outcome in
one eye (0.4%), which progressed to retinal detachment,
despite laser treatment, because of insufficient regression
following IVB. In the ETROP study [5], unfavourable
structural outcomes are observed in 4.9% of 325 cases in
which LP treatment was applied. Ling et al. [25] also
determined unfavourable structural outcomes in 3 of 61
eyes (4.9%) to which laser treatment was applied, and this
rate was found to be lower (0.9%) when IVB was used. The
risk of progression to retinal detachment is lower following
IVB. However, continued VEGF expression from periph-
eral avascular areas may increase risks of long-term
vitreoretinal complications.

Contrary to the desired outcomes of anti-VEGF appli-
cations in APROP eyes, adverse treatment effects, such as
incomplete retinal vascularisation, very late reactivation and
TRD, have been reported recently [8, 28–31]. In the current
study, a second recurrence was observed, despite intense
confluent laser treatment, in three APROP cases to which
laser treatment was applied in response to late reactivation
post IVB injection. These cases also received a second
round of IVB injections. Tanaka et al. [32] treated a case
series of extremely preterm APROP infants with combined
IVB and laser treatments, and extensive disease activity
with fibrovascular proliferation was seen.

In extremely preterm infants with immature vascular
structures, anti-VEGF treatment could cause not only
widespread loss in the capillary beds resulting in vascu-
larised posterior retinas with wide non-perfusion areas, but
also loss in the original retinal capillary beds and new
vascular abnormalities—including aneurysm-like capillary
formations and looped capillary vessels. This could cause
persistent VEGF expression and ROP reactivation [32].
Similarly, a neonatal animal study has shown that impaired
VEGF gradients lead to incorrect retinal vessel develop-
ment, resulting in aneurysm-like formations [33]. Therefore,

3308 A. Çömez et al.



in APROP cases treated with anti-VEGF agents, because of
late reactivation and persistent avascular areas, even if laser
treatment is applied, the possibility of severe, repeated, late
recurrence must be taken seriously, and regular, close
follow-up examinations must be made in these cases.

A major limitation of this study is that it was retro-
spective, and detailed evaluation of peripheral persistent
avascular areas, especially in eyes with recurrence, could
not be made with FA. In addition, the mean follow-up
period was 121.7 weeks and, to evaluate much longer-term
results (particularly after prophylactic LP treatment), further
studies are needed.

IVB is an effective treatment for APROP and Type 1 ROP
with Zone 1 and posterior Zone 2 localisation. However, due
to higher recurrence rates requiring treatment and persistent
peripheral avascular areas in APROP eyes, the risk of severe,
late complications must be considered, and intensive follow-
up examinations must be made. Prophylactic laser treatment
for persistent avascular areas seems an effective option for
minimising the risk of long-term complications.

Summary

What was known before

● Intravitreal bevacizumab (IVB) has been used exten-
sively in the treatment of retinopathy of prematurity
(ROP) in recent years, However, unexpected and
delayed recurrences observed in the follow-up of infants
treated with IVB monotherapy have recently become a
serious problem.

What this study adds

● IVB monotherapy is an effective treatment for both
aggressive posterior retinopathy of prematurity (APROP)
and Type 1 ROP with zone 1 and posterior zone 2.

● Especially in patients with APROP, requiring treatment
recurrences and persistent avascular areas after IVB
monotherapy are more common than Type 1 ROP, and
second recurrence can be seen despite additional laser
treatment.

● The application of prophylactic laser for persistent
avascular areas after IVB seems to be an effective option
to be able to reduce the risk of long-term complications
to a minimum.
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