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Introduction

Retinopathy of prematurity (ROP) is an important cause of 
childhood blindness worldwide. The incidence of ROP has 
increased as the survival rate of premature infants with a 
lower gestational age increased (1). When an infant is born 
with incomplete vascularization, the retina tries to complete 
vascularization in an external environment. This can lead to 
the development of retinopathy. As the incidence of ROP 
has increased, studies related to treatment options and re-

search demonstrating the effectiveness of peripheral avascu-
lar retina ablation in the treatment of ROP have multiplied 
(2, 3). The primary purpose of this treatment is to destroy 
and remove the areas of avascular retina to achieve regres-
sion of disease. However, since peripheral ablation causes 
destruction of a wide area of the retina, especially in zone 
I disease, new treatment modalities have been investigated 
(3, 4–9).

Once the role of vascular endothelial growth factor 
(VEGF) in the ROP etiopathogenesis was defined, treatment 
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with intravitreal injection of anti-VEGF drugs emerged. Be-
vacizumab is a humanized anti-VEGF monoclonal antibody 
commonly used in the treatment of ROP (4, 5). An intact 
blood-retinal barrier is of utmost importance; hence, ROP 
infants often carry the risk of systemic absorption as a result 
of an impaired or underdeveloped barrier. The systemic and 
local side effects of anti-VEGF drugs and a precise dosage for 
ROP treatment in premature infants are still unknown (6, 7).

The primary purpose of this study was to evaluate the 
local and systemic effects of IVB in ROP treatment.

Methods

The medical records of patients who had undergone IVB 
treatment for ROP between January 2014 and October 2018 
were reviewed. The Denver II Developmental Test was ad-
ministered during control examinations after 2016 in order 
to evaluate and understand the systemic effects of IVB. The 
ROP classification and treatment and retreatment decisions 
were made according to the results of the international clas-
sification of ROP and Early Treatment for Retinopathy of 
Prematurity (ETROP) study (8–9). 

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and the study was ap-
proved by the hospital ethics committee. 

Before the examination, the pupil was dilated with 1.25% 
phenylephrine (Mydfrin; Alcon, Geneva, Switzerland) and 
1% tropicamide (Tropamid; Bilim Pharmaceuticals, Istanbul, 
Turkey). All of the examinations were performed using in-
direct ophthalmoscopy (Omega 500; Heine, Gilching, Ger-
many) and the scleral indentation was performed by a single 
ophthalmologist. The exclusion criteria included a follow-up 
time of fewer than 18 months and the presence of any con-
genital ocular anomaly.

The IVB injection was performed in an operating room. 
Vital signs were monitored by an anesthesiology specialist 
during the entire procedure. Intravitreal injections were ad-
ministered under topical anesthesia with 0.5% proparacaine 
hydrochloride ophthalmic solution (Alcain; Alcon, Geneva, 
Switzerland). After disinfection of the periocular skin and 
the conjunctiva with 2.5% povidone-iodine (Batticon; Adeka, 
Istanbul, Turkey), a lid speculum was positioned to keep the 
eyes open. The infants were held by experienced nurses 
throughout the procedure and 0.625 mg (0.025 mL) intrav-
itreal bevacizumab (Altuzan; F. Hoffmann-La Roche, Basel, 
Switzerland) was injected 1 mm posterior to the limbus 
using a 30-gauge needle. After the injection, retinal artery 
perfusion was controlled using indirect ophthalmoscopy. All 
of the procedures were carried out by the same surgeon 
(Dr. SGÇ). A topical antibiotic eye drop was prescribed to 
be applied 4 times a day for 5 days following the procedure. 

Laser photocoagulation (LPC) was performed under gen-

eral anesthesia with an 810 nm diode laser indirect ophthal-
moscope (Oculight SL; Iridex Corp., Mountain View, CA, 
USA). Laser ablation was applied to the entire avascular 
retina between the disease border and the ora serrata in 
a near confluent pattern. Topical antibiotic and steroid eye 
drops were prescribed to use for 7 days following the laser 
treatment. 

After the procedure, the infants were examined at 1 day, 
1 week, 3 weeks, and every month after the treatment. Sub-
sequent control examinations occurred according to disease 
status and vascularization. The patients were monitored un-
til full vascularization of the retina was observed.

Fluorescein angiography (FA) was performed using the 
Retcam3 (Clarity Medical Systems, Pleasanton, CA, USA). 
When incomplete or abnormal vascularization was seen 
with indirect ophthalmoscopy after 60 weeks gestational 
age (GA), FA was performed on patients whose parents ap-
proved the procedure. The FA procedure was carried out in 
an operating room under intravenous sedation. The exami-
nation included a bolus of 10% fluorescein solution (Alcon, 
Geneva, Switzerland) administered intravenously and a dose 
of 0.1 mL/kg body weight. Photographs were recorded in the 
early, middle, and late phases. All of the treated infants were 
carefully observed by a treating neonatologist. In addition, a 
systemic evaluation was conducted during and after the FA 
procedure. Vascular abnormalities observed with FA were 
classified according to the Lepore et al. study (10).

In order to evaluate the subsequent overall development 
of ROP patients who underwent anti-VEGF treatment, the 
Denver II Developmental Test was administered to evaluate 
neurodevelopment in the patients over 2 years of age who 
had been treated with IVB. The Denver II test was admin-
istered by a pediatrician using the latest version developed 
specifically for Turkish children. A total of 134 different tasks 
were evaluated for gross motor, fine motor, expressive lan-
guage, and personal social skills. Each patient’s performance 
was monitored and recorded for each task in order to 
compare them with age-based standards (11). The statisti-
cal analyses were performed using IBM SPSS Statistics for 
Windows, Version 22.0 software (IBM Corp., Armonk, NY, 
USA). The Kruskal-Wallis and Mann-Whitney U tests were 
used for group analysis. A value of p<0.05 was accepted as 
statistically significant.

Results

In all, 38 eyes of 19 infants were included in the study and the 
mean length of follow-up was 32.2±4.3 months (range: 24-
36 months). IVB treatment was performed on 9 infants with 
APROP disease (Group 1), 6 infants with zone I disease at any 
stage with plus disease (Group 2), and 4 infants with stage 
2-3 disease with plus disease in zone II (Group 3). The mean 
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birth weight in the study group was 733±101 g (range: 600-
950 g) in Group 1, 723±105g (range: 610-850 g) in Group 2, 
and 1605±103 g (range: 1460-1700 g) in Group 3. The mean 
GA was 26.5±1.23 weeks (range: 25-29 weeks) in Group 
1 and 26.5±1.76 weeks (range: 25-30 weeks) in Group 2, 
and 32.2±0.82 weeks (range: 31-33 weeks) in Group 3. The 
mean GA at the time of the injection was 32.2±0.44 weeks 
(range: 32-33 weeks) in Group 1, 32.5±0.83 weeks (range: 
32-34 weeks) in Group 2, and 38.5±2.06 weeks (range: 35-
41 weeks) in Group 3. No statistically significant difference 
was found in the GA, birth weight, or treatment weeks be-
tween Group 1 and Group 2 (p>0.05); however, a significant 
difference was observed in Group 3 (p=0.02).

Complete retinal vascularization (via indirect ophthalmo-
scopic examination) was observed in 24 eyes (4 APROP; 12 

zone I, stage 3 disease; 8 zone II, stage 3 disease) treated with 
a single dose of bevacizumab therapy and required no addi-
tional treatment. Completion of vascularization was seen at 
a mean of 59.5±6.3 weeks (range: 55-64 weeks) in Group 
1, 64.2±2.8 weeks (range: 61-68 weeks) in Group 2, and 
51.75±2.4 weeks (range: 48-55 weeks) in Group 3. Recur-
rence developed in 12 eyes of 6 infants with previously diag-
nosed APROP disease with a mean observation at 12.8±2.4 
weeks (range: 9-16 weeks) after the first treatment. Recur-
rence was viewed as a classic disease (not APROP or atypical 
ROP) and LPC was performed on those patients (Table 1). 

Complete retinal vascularization was not established in 
either eye of 1 infant with APROP disease and recurrence 
occurred at the 83rd week. Nonetheless, in both the re-
currence and non-recurrence groups, good anatomical and 

Table 1. Results of the current study

Patient GA  GA weeks at Birth weight ROP (group) Retreatment Retreatment      FFA           Denver II

 (weeks) treatment   (weeks after type

  (0.625 mg   treatment)

  intravitreal

  bevacizumab 

1 29 33 780 1    Normal

2 27 32 680 1 9 Laser  Normal

3 25 32 630 1 12 Laser  Normal

4 26 32 735 1   Atrophy Motor delay

       zone 

5 27 32 780 1   12 Laser  Normal

6 25 32 730 1 14 Laser  Motor delay

7 27 33 950 1   Peripheral Normal

       AV shunt 

8 26 32 600 1 16 Laser  Normal

9 27 32 720 1 14 Laser  Normal

10 30 34 780 2    Normal

11 26 32 630 2   Peripheral Normal

       leakage 

12 26 32 820 2    Normal

13 26 32 850 2    Normal

14 25 32 610 2    Normal

15 26 33 650 2    Normal

16 31 35 1460 3   Normal Normal

17 33 38 1700 3   Normal Normal

18 32 39 1610 3    Normal

19 33 38 1650 3    Normal

AV: Arteriovenous; FFA: Fundus fluorescein angiography; ROP: Retinopathy of prematurity.
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functional results were obtained. No complications, such as 
cataract or endophthalmitis, were detected.

An increase in the cup-to-disc (C/D) ratio was observed 
in 1 infant diagnosed with APROP within 1 week of the IVB 
injection. Intraocular pressure measurements were per-
formed with a tonometer (Tono-Pen; Bio-Rad, Hercules, CA, 
USA), and the results were 16 Mm Hg in the right eye and 
28 Mm Hg in the left eye. Anti-glaucoma drops (50% diluted 
dorzolamide/timolol combination) were prescribed follow-
ing the measurement. After 4 weeks of treatment with the 
anti-glaucoma drops, it was observed that the progressive 
axial length had ceased to increase and the high intraocular 
pressures had decreased to 16 Mm Hg and 22 Mm Hg, in the 
right and left eye, respectively. Elevated intraocular pressure 
was not observed during the monthly follow-up visits. At 
the end of the sixth month, the use of anti-glaucoma drops 
was discontinued. Regression was also observed in the axial 
length and in the C/D ratio (Fig. 1). 

FA was performed on 5 patients who had received an an-
ti-VEGF injection when the parents approved the procedure. 
In 2 patients from Group 3, the FA assessment was normal 
(Fig. 2). In 1, one patient, areas of chorioretinal atrophy and 
macular hyperfluorescence were detected, and in another 
patient, peripheral avascular retina areas and vascular leak-
age were noted (Figs. 3, 4). Arteriovenous shunt formation 
was observed in 1, one of the patients who underwent the 
FA procedure (Fig. 5). 

The results of the Denver II Developmental Test adminis-
tered to 19 children revealed that the test outcomes proved 
consistent with the corrected age of the infants. Two pa-
tients showed a developmental delay in gross motor tasks 
while demonstrating normal development in fine motor, 
personal social, and expressive language skills. Both patients 
with a motor delay had a grade 3 intracranial hemorrhage 

and ventriculoperitoneal shunt surgery had been performed 
during neonatal unit care. The corrected age of the Denver 
II test was 25.2±1.4 months (range: 24-27 months) (Table 1).

Discussion

Our aim in this study was to investigate the safety and effi-
cacy of IVB therapy in the treatment of APROP disease; zone 
I, any stage, with plus disease; and zone II, stage 2-3, with 
plus disease. 

LPC is still the gold standard for ROP treatment but it 
has been demonstrated that the success rate of laser treat-
ment might be low in zone I disease (3, 9, 30) and different 
strategies are warranted (12). Subsequent studies indicated 
that if LPC is initially performed on the avascular retina and 

Figure 2. Normal FA image of a patient in group 3 (66 weeks of age).

Figure 1. Increased C/D ratio in one patient with APROP disease after 
anti-VEGF injection (68 weeks of age).

Figure 3. Chorioretinal atrophy area and persistent vascular tortuos-
ity in a group 1 patient (69 weeks of age).
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then on the flat neovascularization region a week later, it 
caused less hemorrhage and fibrous component formula-
tion. While LPC might result in a permanent effect in ROP 
treatment, the transient increase in VEGF after destruction 
of the avascular retina and the decrease in VEGF concen-
tration in the vitreous after 2-3 weeks of treatment may 
cause disease progression in critical cases (4, 12). APROP 
disease, in particular, is characterized by vascular changes like 
flat neovascularization and intraretinal shunt formations, and 
retinal detachment may evolve rapidly (3, 12). Furthermore, 
the influence of peripheral visual field loss and the possibility 
of the enlargement of laser spots is not known in these pa-
tients, who have a long life expectancy (13). 

IVB has been widely used in other retinal diseases and 

was initially considered as a complementary treatment to 
LPC. Monotherapy techniques were developed when suc-
cessful results were obtained with IVB alone in patients who 
were not able to undergo laser treatment due to unfavorable 
retinal imaging (14).

IVB is thought to cause regression of neovascularization 
by reducing the VEGF concentration in the vitreous, which 
creates the conditions for normal retinal vascularization (4). 

When IVB treatment is used as monotherapy in ROP, the 
first problem is the transient effect. If the VEGF blocking 
effect of the drug decreases before the completion of vas-
cularization, the disease can recur and additional injections 
or laser treatment may be required (20). There is still no 
consensus on the choice of the right anti-VEGF drug, the 
dosage, or the timing of an injection (15).

Lorenz et al. (16) treated 17 pre-term infants with se-
vere ROP using IVB (0.312 mg in 0.025 mL per eye) and the 
results indicated that acute ROP regressed in 19 of the 27 
monitored eyes (70%) with a single injection. The regression 
rate was 100% (9 eyes) and 80% (8 eyes) in posterior zone 
II and zone I eyes, respectively, while it proved to be 25% (2 
eyes) in aggressive posterior ROP eyes. The study population 
consisted of infants with APROP at a GA of 23 4/7 weeks±7 
days and a mean birth weight of 581±113 g. The success rate 
in our research proved 100% in the APROP group. This vari-
ation may be explained by the higher dosage we applied or 
by the heavier weight of the patients included in our study. 
Similarly, Ekici et al. (31) reported a 100% regression rate in 
APROP patients with an aflibercept injection. Mintz-Hitner 
et al. (4) also observed successful treatment with 0.625 mg 
IVB in 1 infant. APROP treatment remains a difficult chal-
lenge, however. The results vary across a number of studies.

In our study, 4 infants categorized as stage 3 with plus dis-
ease in zone II who received an IVB injection demonstrated 
completed vascularization without any complication. Wu et 
al. (17) injected IVB 41 eyes of 23 patients and they observed 
regression after only 1 dose of bevacizumab in 37 of 41 eyes 
with stage 3 ROP. LPC was used to treat the remaining 4 eyes 
with recurrence in order to achieve ROP regression. Menke et 
al. (18) observed complete retinal vascularization 6 months af-
ter intravitreal ranibizumab monotherapy in ROP infants with 
zone II, stage 3, and plus disease in 6 eyes of 4 patients.

In a study conducted by Mintz et al. (19), no recurrence 
was observed among 29 of 31 zone I patients who had re-
ceived an IVB injection. As for the structural result, macular 
dragging was seen in 1 patient. 

Hu et al. (20) retrospectively reviewed the data of 17 eyes 
of 9 patients who had experienced recurrence of ROP fol-
lowing an initial treatment with IVB monotherapy and found 
a mean recurrence time of 14.4 weeks. In our study, the 
mean time to recurrence was 12.8 weeks. Hu et al. treated 

Figure 5. Peripheral av shunting in a group 1 patient (66 weeks of age).

Figure 4. Peripheral vascular leakage in group 2 patients (65 weeks 
of age).
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eyes with recurrent ROP disease after an IVB injection with a 
second bevacizumab injection in 4 eyes, LPC in 12 eyes, and 
surgical retinal detachment repair in 5 eyes. We preferred 
to use LPC on the avascular retina region of 6 infants with 
recurrent disease. 

In a study by Hu et al., study, the maximum age of pa-
tients with recurrence requiring treatment was 69 weeks 
postmenstrual age (PMA). In the BEAT-ROP study (Beva-
cizumab Eliminates the Angiogenic Threat for Retinopathy 
of Prematurity), the primary outcome endpoint for the as-
sessment of recurrence was 54 weeks PMA (19). Although 
the latest recurrence occurred at 48 weeks PMA, persistent 
avascular retina areas in zone III were seen in 1 eye of 1 
infant after the age of 83 weeks. Yetik et al. (25) observed 
regression with a single IVB injection in 95.4% of their study 
group comprised of 238 eyes of 122 infants with threshold 
APROP disease. They applied a second injection to 11 eyes 
with recurrence of the disease, and then a third injection 
to 4 eyes with a second recurrence. Eventually, all of the 
eyes in that study group demonstrated full retinal vascular-
ization without any complication. In our study, an avascular 
section spanning an area of 3 mm (larger than 2 optic disc 
diameters) from the ora serrata was observed in 1 patient. 
Tahija et al. (26) reported that among 20 eyes with ROP 
treated with IVB as monotherapy, peripheral avascular areas 
of more than 2 disc diameters were present up to 4 years 
after treatment in more than 50% (n=11 eyes). Of those 11 
eyes, 9 had fluorescein leakage at the vascular-avascular junc-
tion. In our study, 1 patient had vascular leakage. We believe 
that more fluorescein leakage and avascular areas may have 
been detected if FA had been performed in more patients. In 
addition to FA, assessment of the peripheral avascular region 
and vascular leakage is essential regarding late recurrence.

Lorenz et al. (16) observed that FA anomalies have been 
reported, such as dye leakage at the site of active ROP, ab-
normal vascular branching, circumferential vessels ("naked" 
arteriovenous shunt), hyperfluorescent lesion, capillary tuft 
formation, areas of hypofluorescence, periarteriolar loss of 
capillary bed macula, absence of foveal avascular zone, hy-
poperfusion, and hyperfluorescence due to leakage. In our 
study, we had similar findings of chorioretinal atrophy and 
macular hyperfluorescence, peripheral avascular retina areas, 
vascular leakage, and arteriovenous shunt formation. The FA 
findings of 2 members of Group 3 were evaluated as normal. 
Two of the children in Group 3 were bigger and heavier; 
there was less avascular retinal space to complete. Group 
3 completed vascularization earlier than other groups at a 
mean of 51.75±2.4 weeks (range: 48-55 weeks), while the 
mean was 59.5±6.3 weeks (range: 55-64 weeks) in Group 1 
and 64.2±2.8 weeks in Group 2.

Although intravitreal therapy in premature infants ap-

pears to be safe, important concerns remain regarding the 
escape of the anti-VEGF drug from the vitreous to the sys-
temic circulation and the quantity of an effective dose. The 
volume of the vitreous in adults is 4 mL, while it is 1 mL in 
infants. Such differences between adults and infants have gen-
erated discussion about the safe and appropriate dose, but 
a commonly well-accepted dose in infants is half of the adult 
dose (0.025-0.03 mL) (21, 25). VEGF concentration in the 
systemic circulation is critical in premature organogenesis. 
Sato et al. (21) measured the serum concentration of beva-
cizumab and VEGF before and after an intravitreal injection 
of 0.25 mg or 0.5 mg bevacizumab in 11 infants. They ob-
served a significant negative correlation between the serum 
concentration of bevacizumab and the VEGF dose. However, 
one of the significant limitations of the study was that they 
applied LPC on the peripheral avascular retina before the 
administration of IVB. The LPC procedure can break down 
the retinal barrier. During the period when development is 
in progress, neurological tests can be useful to observe the 
effects of these medications. In our study, normal neurologi-
cal development was observed in 17 of the 19 infants treated 
with anti-VEGF; gross motor delay was detected in 2 infants. 
Martinez-Garcia et al. (6) reported that the majority of 7 pa-
tients injected with 0.625 mg IVB showed standard neurode-
velopmental scores according to the Bayley Scale of Infant 
Development. In another study of 125 infants in which Morin 
et al. (7) compared the use of laser and bevacizumab, greater 
odds of neurodevelopmental disabilities were observed in the 
group treated with bevacizumab at the end of an 18-month 
period. Martinez-Castellanos et al. (22) also analyzed the ef-
fect of IVB, using a dosage of 1.25 mg in 13 patients, and they 
found that only 1 patient showed neurodevelopmental delay 
at the end of a 5-year period. Our outcomes are similar. 
We observed disabilities in 2 patients. These children with 
a motor delay may be able to catch up with their peers as 
they age, or the condition may persist, with the possibility 
of additional health problems. Developmental delays are fre-
quently seen in children born prematurely, and may continue 
until the pre-school or school age. (23) The developmental 
delay in our cases was probably due to prematurity, rather 
than the systemic effect of anti-VEGF drugs. In this study, we 
administered the Denver II test at a minimum of 2 years of 
age to reduce the prematurity effect. Weight and the num-
ber of gestational weeks may result in a larger immature reti-
nal surface, and an anti-VEGF injection may induce systemic 
transition and cause more developmental delay. The Denver 
II scale is useful for the evaluation of neurodevelopment, but 
for nutritional or systemic effects, other specific tests should 
also be employed. We did not detect any systemic problems 
in our patients, including the respiratory system. Respiratory 
disease is a significant source of morbidity and mortality in 
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premature infants, and VEGF is also known to play an essen-
tial role in alveolar maturation (24).

Anti-VEGF drugs administered intravitreally to treat 
ROP disease can trigger fibrovascular proliferation and acute 
contraction of the retina, and these contractions can cause 
retinal detachment. In a case report submitted by Honda 
et al. (27), acute contraction of the proliferative membrane 
was observed, resulting in funnel-like retinal detachment in 
1 eye of an infant who had received an IVB injection due to 
stage IVA ROP disease. Serious adverse events, such as a 
macular hole, rhegmatogenous retinal detachment, bilateral 
progressive vascular attenuation, perivascular exudation, and 
optic atrophy have also been reported after an IVB injec-
tion for ROP (28). In our study, we observed a progressive 
axial length increase and a rise in the intraocular pressure 
in 1 eye without any sign of congenital glaucoma. This com-
plication was thought to occur due to an accumulation of 
bevacizumab molecules in the trabecular meshwork, and it 
was treated with anti-glaucoma drops. Additionally, protein 
aggregates and silicone oil microdroplets can accumulate in 
the bevacizumab syringes, and this accumulation can occlude 
the trabecular meshwork, leading to a rise in the intraocu-
lar pressure (29). We think that this elevation persists until 
the molecule is absorbed; it may be transient or permanent 
according to the organization of the trabecular meshwork. 

 The limitations of our study include the small number of 
patients, the application of FA on only some of patients, and 
a short follow-up period for neurological development. This 
research was not designed as a drug safety study.

In conclusion, an IVB injection is an effective treatment 
modality for infants with ROP disease. Good anatomical, 
functional, and neurodevelopmental results can be obtained 
in most cases. Higher rates of recurrence or persistence are 
more likely in APROP patients; however FA can be used to 
detect vascular malformation. The Denver II and other tests 
are important tools for neurodevelopmental assessment. 

In conclusion, additional studies are required to further 
determine the safety of anti-VEGF drugs in ROP disease and 
the potential side effects. 
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