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ABSTRACT
Objective: To evaluate the systemic and local effects and side effects of intravitreal bevacizumab injection in preterm 
infants with aggressive posterior retinopathy of prematurity.
Material and Methods: A total of 16 patients were included in this single-center observational cohort study between 
June 2020 and March 2021. The clinical, laboratory, and radiological findings before and after intravitreal injection of 0.3 
mg bevacizumab were recorded for a total of 32 eyes.
Results: The patients’ mean gestational age at birth was 25±0.38 weeks and their mean birth weight was 695±119.2 
g. None of the patients developed complications such as local vitreous hemorrhage or endophthalmitis secondary to 
intravitreal injection administered at a postmenstrual age of 34 weeks, and none required repeated injections. There was 
no increase in the rate of intraventricular hemorrhage after injection. There was no statistically significant difference in the 
patients’ laboratory parameters, blood pressure values, or systemic findings before and after treatment.
Conclusion: Although no systemic or local side effects were observed in patients treated with intravitreal bevacizumab 
injection in this study, patients should be monitored closely for systemic hypertension, intraventricular hemorrhage, and 
hypotension. More detailed studies are needed to evaluate later neurodevelopmental outcomes compared to other 
treatment options.
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ÖZ
Amaç: Agresif posterior prematüre retinopatisi olan prematüre bebeklerde intravitreal bevacizumab enjeksiyonunun 
sistemik, lokal etkilerini ve yan etkilerini değerlendirmek.
Gereç ve Yöntemler: Haziran 2020 ile Mart 2021 arasında tek merkezli gözlemsel kohort çalışmasına toplam 16 hasta 
dahil edildi. Toplam 32 göz için intravitreal 0.3 mg bevacizumab enjeksiyonu öncesi ve sonrası klinik, laboratuvar ve 
radyolojik bulgular kaydedildi.
Bulgular: Hastaların doğumdaki ortalama gestasyonel yaşı 25±0.38 hafta ve ortalama doğum ağırlığı 695±119.2 gr’dı. 
Hiçbir hastada postmenstrüel 34 haftalıkken intravitreal enjeksiyona sekonder lokal vitreus kanaması veya endoftalmit 
gibi komplikasyonlar gelişmedi, hiçbirinde tekrarlanan enjeksiyon gerekmedi. Enjeksiyondan sonra intraventriküler 
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This study included patients diagnosed as having APROP and 
treated with intravitreal bevacizumab between June 2020 and 
March 2021. The observational cohort study was approved by 
the local ethics committee in the institution where the clinical 
study was conducted (date 11.06.2020, E1-20-748).

Retinal examination:

Ophthalmologists qualified and competent in the area of ROP 
performed retinal examinations using 20- and 28-diopter 
lenses after placing a lid speculum. The infants were placed in 
supine position for the examinations, which were performed at 
bedside in the NICU under appropriate monitoring. To visualize 
the retina and vitreous, mydriasis was induced with 2.5% 
phenylephrine and 0.5% tropicamide 2 to 3 times at 5-minute 
intervals, starting 1 hour before the examination. Patients with 
ideal pupil dilation were examined 45 to 60 minutes after the 
last instillation. ROP was classified according to the ICROP 
(International Classification of Retinopathy of Prematurity) (1,2). 

Intravitreal Injections:

The advantages, disadvantages, and expected benefits of 
laser photocoagulation and intravitreal bevacizumab injection 
in the treatment of ROP were explained in detail to the parents 
and their informed consent was obtained. Intravitreal injections 
were administered 1.5 mm from the limbus under appropriate 
sedation and sterile conditions. Bevacizumab 0.3 mg/0.0125 ml 
was used as the anti-VEGF agent. All injections were performed 
by the same specialist ophthalmologist (O.O.). Moxifloxacin eye 
drops were used 4 times a day for 5 days as post-procedure 
endophthalmitis prophylaxis. 

Data regarding the preterm infants’ demographic characteristics 
(gestational age, birth weight, sex, mode of delivery, need for 
resuscitation in the delivery room) and antenatal/postnatal risk 
factors (clinical chorioamnionitis, prelabor rupture of membranes 
at term [PROM] or preterm [PPROM], preeclampsia, antenatal 
corticosteroid therapy) were obtained from medical records. 

Additionally, the following were also recorded: 

• Respiratory distress syndrome (RDS) requiring surfactant 
(8),

• Hemodynamically significant patent ductus arteriosus 
(hsPDA) requiring treatment (echocardiographically 
documented with continuous murmur, hyperdynamic 

INTRODUCTION

Retinopathy of prematurity (ROP) occurs secondary to abnormal 
vasoproliferation in the retina of preterm infants and is among 
the leading causes of blindness. The Turkish ROP Neonatal 
Study Group reported the incidence of ROP in Turkey as 8.1% 
in infants with low birth weight (LBW) and 19.4% in infants with 
extremely low birth weight (ELBW) (1). In the TR-ROP study, 
birth weight, gestational age, duration of oxygen therapy, and 
relative weight gain at postnatal 28 days were found to be 
independent risk factors for ROP (2). Although the incidence 
of ROP is gradually decreasing due to well-planned screening 
programs, clinical studies investigating new risk groups and 
different treatment modalities are needed.

Aggressive posterior ROP (APROP) is a form characterized by 
plus disease in zone I and posterior zone II disproportionate 
to peripheral disease findings, and it can lead to retinal 
detachment without early diagnosis and treatment (3). Laser 
photocoagulation and intravitreal anti-vascular endothelial 
growth factor (VEGF) agents (bevacizumab, ranibizumab) 
are commonly used in its treatment. There are publications 
suggesting that anti-VEGF agents provide better visual 
outcomes than laser photocoagulation in the treatment of 
APROP involving zone I (4,5). However, anti-VEGF agents 
have also been reported to cause adverse effects such as 
hypotension, hypertension, and intracranial hemorrhage (ICH)  
(6,7). In this single-center study, the clinical, radiological, 
and laboratory results of patients with APROP who required 
intravitreal bevacizumab injection (IVI) were examined for 
possible side effects after the procedure. 

MATERIAL and METHODS

The ROP Diagnosis, Treatment, and Education Center, which 
operated within the Dr. Zekai Tahir Burak Women’s Health 
Training and Research Hospital from 2004 until becoming 
affiliated with Ankara City Hospital, is one of the first centers in 
Turkey to implement a monitoring program for ROP. It continues 
to serve as the highest volume diagnosis and treatment center. 
The center provides ROP screening and treatment for infants 
born in and/or followed up in the neonatal intensive care unit 
(NICU) of the same hospital, as well as infants at-risk infants 
from the province and by the national emergency call center. 

kanama oranında artış olmadı. Tedavi öncesi ve sonrası hastaların laboratuvar parametreleri, kan basıncı değerleri veya sistemik bulguları 
arasında istatistiksel olarak anlamlı bir fark yoktu.
Sonuç: Bu çalışmada intravitreal bevacizumab enjeksiyonu ile tedavi edilen hastalarda sistemik veya lokal yan etki görülmemekle birlikte 
hastalar sistemik hipertansiyon, intraventriküler kanama ve hipotansiyon açısından yakından izlenmelidir. Diğer tedavi seçeneklerine kıyasla 
daha sonraki nörogelişimsel sonuçları değerlendirmek için daha ayrıntılı çalışmalara ihtiyaç vardır.
Anahtar Sözcükler: Bevacizumab, Hipertansiyon, Hipotansiyon, İntrakraniyal Kanama, Prematüre Retinopatisi 
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precordium, left-to-right shunt, pulsatile pulse and wide pulse 
pressure, increased oxygen requirement, cardiomegaly, and 
congestive heart failure) (9),

• Early neonatal sepsis (within first 72 hours in very low birth 
weight infants) and late neonatal sepsis (after 3 days) (10), 

• Time to oral intake, necrotizing enterocolitis (NEC) higher 
than stage IIb according to Bell staging (11),

• Oxygen requirement at postnatal 7, 14, 21, and 28 days and 
duration of invasive and non-invasive mechanical ventilation 
(MV),

• Intraventricular hemorrhage (IVH; ventricular enlargement 
and periventricular infarction stage 3 according to Volpe 
staging) (12), concomitant diseases, and late morbidities. 

Hematological and biochemical parameters, IVH presence 
and stage, systolic, diastolic, and mean arterial blood pressure 
(BP) values measured using an appropriate sleeve, and 
ocular findings 48 hours before and 96 hours after intravitreal 
bevacizumab injection were obtained from patient records and 
the hospital database.

Statistical analysis:

Statistical analyses were performed using SPSS version 22.0 
(IBM Corp, Armonk, NY). p values < 0.05 were accepted as 
statistically significant. Normal distribution of measured values 
were analyzed graphically and with Shapiro-Wilk test. Results 
were presented as mean and standard deviation or median, 
minimum, and maximum values. Paired-samples t test was 
used to compare patients’ pre- and post-treatment values.

RESULTS

The patients’ mean gestational age at birth was 25±0.38 
weeks and their mean birth weight was 695±119.2 g. Of the 
16 infants in the study, 11 (68.8%) were female, 13 (81%) were 
born by cesarean section, 14 (87.5%) underwent advanced 
resuscitation in the delivery room, and all received endotracheal 
surfactant therapy. Ten (62.5%) of the preterm infants had 
received a complete course of antenatal steroid, while 4 (25%) 
received no antenatal corticosteroid therapy. Other risk factors 
and diseases are summarized in Table I.

Intravitreal bevacizumab injection was administered to a total of 
32 eyes at a mean postmenstrual age of 34±0 weeks. Stage 
I-II ROP and plus disease were detected in 12 infants (75%) 
and APROP in zone I was detected in 10 infants (62.5%). 
None of the patients required repeated injections and none 
developed complications associated with the procedure. There 
was no increase in the rate of IVH after injection. There were 
no statistically significant differences in the patients’ laboratory 

parameters, blood pressure values, or systemic findings before 
and after treatment (Table II).

Table I: Summary of the antenatal and clinical characteristics 
of preterm infants with ROP (n=16). Data presented as mean 
± standard deviation or number and percentage.
Birth weight, g 695±119.2
Gestational age, weeks 25±0.38
Sex (F), n (%) 11 (68.8)
Mode of birth (C/S), n (%) 13 (81.0)
Complete course of antenatal 
corticosteroid 10 (62.5)

No antenatal corticosteroid 4 (25.0)
Preeclampsia 1 (6.3)
Chorioamnionitis 2 (12.5)
PPROM 4 (25.0)
Resuscitation in the delivery room 14 (87.5)
Early neonatal sepsis 8 (50.0)
Late neonatal sepsis 15 (93.8)
hsPDA 11 (68.8)
Day 7 Invasive ventilation 5 (33.3)
Day 14 Invasive ventilation 9 (56.3)
Day 21 Invasive ventilation 8 (50.0)
Day 28 Invasive ventilation 4 (25.0)
MV duration, (days) 37.4±22.3
NIV duration, (days) 24.1±13.0
BPD mild/moderate 6 (37.5)
BPD severe 10 (62.5)
Oral intake start time, (days) 3±0.3 (2-4)
Rate of weight gain, (g/day) 13.3±4.4
Necrotizing enterocolitis 7 (43.8)
Intraventricular hemorrhage 5 (31.3)
Stage I-II ROP/APROP 12 (75.0)
Stage III APROP 4 (25.0)
Zone I APROP 10 (62.5)
Zone II APROP 6 (37.5)
Pre-treatment systolic BP, (mmHg) 88±8.8 (81-93)
Post-treatment systolic BP, (mmHg) 91±7.7 (83.2-95.7)
Pre-treatment diastolic BP, (mmHg) 52.5±7.5 (47.7-60)
Post-treatment diastolic BP, (mmHg) 54.5±5.6 (51-57)
Pre-treatment mean BP, (mmHg) 63.5±7.6 (57-70.7)
Post-treatment mean BP, (mmHg) 65.5±7.2 (60-69.7)

F: Female, C/S: Cesarean section, PPROM: Preterm prelabor rupture 
of membranes, hsPDA: Hemodynamically significant patent ductus 
arteriosus, MV: Mechanical ventilation, NIV: Noninvasive mechanical 
ventilation, BPD: Bronchopulmonary dysplasia, ROP: Retinopathy of 
prematurity, APROP: Aggressive posterior ROP, BP: Blood pressure
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37 days, 93.8% received surfactant, 62.5% had severe BPD, 
and 31.3% had ICH. Lee et al. (17) and Anaya-Alaminos et 
al. (18) determined that the preterm infants of mothers with 
PROM had a lower risk of severe ROP, whereas preterm infants 
with bacteremia and postnatal hyperoxemia were at higher 
risk of severe ROP. The prevalence of PPROM was 25% in 
this study. In a meta-analysis investigating the association 
between sepsis and ROP, sepsis was found to be directly 
associated with all stages of ROP (19). Late neonatal sepsis 
was observed in nearly all of the patients in the present study. 
There are also studies demonstrating a direct association with 
chorioamnionitis and funisitis (20).

As ROP is a preventable disease, preterm infants weighing 
less than 1500 g should receive oxygen therapy with saturation 
monitoring in accordance with established guidelines (21). For 
the conditions in Turkey, it is recommended to monitor infants 
with gestational age ≤ 34 weeks and birth weight < 1700 g 
according to the routine screening program (2). A model 
incorporating postnatal growth into ROP screening (G-ROP) 
has recently been developed for preterm infants who do not 
meet conventional birth weight and gestational age criteria, 
and gestational age < 28 weeks, birth weight < 1051 g, weight 
gain <120 g during postnatal days 10-19, weight gain <180 g 
during days 20-29, weight gain <170 g during days 30-39, and 
hydrocephalus were reported as poor prognostic factors (22). 
Treatment tment modalities commonly used for ROP include 
cryotherapy, laser photocoagulation, IVI, and retinal surgery 
(23).

APROP is the most aggressive form of ROP and its treatment 
is more challenging compared to classical ROP (3). A 
study investigating APROP risk factors found that maternal 
chorioamnionitis and intrauterine growth restriction (IUGR) 
were directly associated with APROP (24). Only two of the 
patients in this study had chorioamnionitis, and none had 
IUGR. In a routine ROP screening program, APROP was 
detected in a series of 3 infants born at gestational ages of 
27 weeks, 305/7 weeks, and 31 weeks, and the authors 
emphasized the potentially aggressive course of this disease 

DISCUSSION

The results of this study indicate that intravitreal bevacizumab 
therapy can be safely used in very low birth weight preterm 
infants, has no effect on vital signs and blood parameters, and 
is not associated with important morbidities of prematurity. 
As ethical considerations preclude randomized controlled or 
placebo-controlled studies in critical, sight-threatening diseases 
that require urgent treatment such as APROP, sharing drug 
side effects and observed complications through retrospective 
cohort studies and case reports is more valuable scientifically.

In 2013, the American Academy of Pediatrics and American 
Academy of Ophthalmology recommended ROP screening for 
all infants with birth weight ≤ 1500 g and/or gestational age ≤ 
30 weeks and those infants born after 30 weeks of gestation 
with birth weight of 1500-2000 g and clinical problems 
requiring cardiopulmonary support (13). In Turkey, it is generally 
recommended to screen all infants born at or before 32 weeks 
of gestation. The first eye examination is performed at 30-
31 weeks of postmenstrual age for all infants born before 27 
weeks of gestation and at postnatal 4 weeks for infants born 
after 27 weeks of gestation (2).

The pathogenesis of ROP is explained by the development of 
abnormal neovascularization due to elevated VEGF and insulin-
like growth factor-1 (IGF-1) levels, and the most important risk 
factors are prematurity and low birth weight (14). Elevated 
inflammatory markers secondary to complement activation 
have been shown to be useful in the prediction of ROP and 
early intervention (15). In a meta-analysis of ROP risk factors, 
prenatal steroid use, gestational age, MV duration, and RDS 
were associated with ROP development, while gestational age, 
bronchopulmonary dysplasia (BPD), erythrocyte suspension 
transfusion count, ICH, and periventricular leukomalacia were 
associated with ROP progression (16). In the present study, 
62.5% of the infants received a complete course and 12.5% 
received a half course of prenatal corticosteroid, the mean 
gestational age was 25 weeks, the mean duration of MV was 

Table II: Comparison of blood and blood pressure parameters before and after intravitreal bevacizumab therapy.
Pre-treatment Post-treatment p

CRP, (mg/dL) 3.6 (1.15-25) 3.2 (1.0-10.9) 0.160
WBC, (x109/L) 7655.0±675.5 7720.6±664.9 0.870
Hb, (g/dL) 9.7±0.5 9.8±0.5 0.490
PLT (x109/L) 340562±53740 349812±53133 0.710
Systolic BP (highest), mmHg 93 95 0.460
Diastolic BP (highest), mmHg 60 57 0.880
Mean BP (highest), mmHg 70 69 0.950
Systolic BP (lowest), mmHg 81 83 0.840
Diastolic BP (lowest), mmHg 47 51 0.130
Mean BP (lowest), mmHg 57 60 0.250

CRP: C-reactive protein, WBC: White blood cells, Hb: Hemoglobin, PLT: Platelets, BP: Blood pressure
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hypertension, hypotension, and ICH risk have been reported. 
However, no systemic or local side effects were observed in the 
injected eyes in this study. Additionally, none of the treated eyes 
required a second injection or laser treatment during follow-up. 
Nevertheless, ROP patients who receive intravitreal injections 
should be monitored closely for possible short-term drug side 
effects. More extensive studies are needed to determine the 
dose with highest efficacy and lowest side effects, and later 
neurodevelopmental outcomes should be investigated in 
comparison with other treatment options.
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