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ABSTRACT

Background: Retinopathy of prematurity (ROP) is a disease of the retinal vessels in premature newborns and can lead
to a wide range of vision disorders from minor correctable visual acuity defects to retinal detachment. The present
study aimed to determine the efficacy of oral propranolol in the prevention of severe ROP.

Methods: This randomized clinical trial study was conducted on 50 preterm newborns with retinopathy stage I or II
without plus disease hospitalized at Imam Reza Hospital of Kermanshah city, Kermanshah, Iran. The samples were
randomized into two groups (n=25 each). The intervention group received 0.5 mg/kg propranolol orally every 8 hours
and was continued until retinal vascularization completion or the need for treatment by laser therapy or Avastin
injection. In contrast, the control group received only routine care without receiving propranolol. Afterward, the two
groups were compared in terms of progression to stage III and above of retinopathy, plus disease, retinal detachment,
need for laser therapy or Avastin injection, and the duration of the retinal vascularization completion. Adverse events
related to propranolol, such as hypoglycemia, hypotension, and bradycardia, were continuously monitored during the
study. Finally, the data were entered into SPSS24 software and analyzed.

Results: The two groups did not differ significantly in terms of demographic variables at the beginning of the study.
The means of gestational age and numbers (%) of boys were 29+1.29 vs. 29.20+1.35 and 14 (56%) vs. 11 (44%) in the
intervention and control groups, respectively. After the intervention, the duration of the completion of retinal vessels
(day) was shorter in newborns receiving oral propranolol (61.04+6.13) than in the control group (70.08+5.72)
(P<0.001). Moreover, the recovery rate from retinopathy and the incidence rate of plus disease were 88% vs. 68% and
4% vs. 12% in the intervention and control groups, respectively; however, this difference was not statistically
significant (P>0.05). No adverse events related to propranolol were observed.

Conclusion: Although the duration of the completion of retinal vascularization was shorter in newborns receiving oral
propranolol, it was not effective in preventing severe ROP. Multicenter clinical trial studies with a higher sample size
are recommended.
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Introduction

Retinopathy of prematurity (ROP), which was
known in the past as "retrolental fibroplasia®, is a
disease that may occur in the retina of some
premature newborns (1). This disease occurs due
to a delay in the normal vascularization of the
retina, followed by the proliferation of abnormal
vessels into the vitreous, which can lead to a wide
range of visual impairments, from partially
correctable defects to complete detachment of the

retina and blindness (2, 3). In the last decade,
blindness related to ROP has increased, especially
in developing countries, despite the advancement
in neonatal care methods. ROP is becoming the
most common cause of childhood blindness in
developing countries (4). The prevalence of ROP
varies in different regions of Iran. A recent meta-
analysis study reported its prevalence to be 23.5%
(5). Another meta-analysis study in Iran reported
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an increase in the prevalence of ROP from 6% in
2001 to 24.1% in 2016 (6).

The most important risk factors of this disease
include premature birth, especially before the 31st
week of pregnancy, and birth weight of less than
1,500 g. Other causes are mentioned as apnea,
intraventricular hemorrhage, respiratory
disorders, vitamin E deficiency, heart disease,
increased blood carbon dioxide, increased oxygen
consumption, acidosis, hypoxemia, bradycardia,
and receiving blood (7-9).

Retinopathy of prematurity is mostly
asymptomatic, thus newborns at risk should be
screened. Based on the national guidelines, the
recommended screening for ROP should be
performed for all preterm newborns with a
gestational age of < 34 weeks or birth weight of <
2,000 g on the 28t day of birth (10).

However, ROP is still the most common
preventable cause of vision impairment in
childhood. Considering the progressive course of
the ROP, treatment measures in the early stages
are much more effective because, in the final
stages of the disease, the treatment is highly
difficult, expensive, and in some cases impossible
(11). In stages I and II of retinopathy, newborns
are usually only followed up; nevertheless, from
stage III onwards, treatment with laser or
intravitreal injection of anti-vascular endothelium
growth factor drugs, such as Avastin, begins.
However, due to the need for anesthesia
interventions, side effects (e.g., bleeding), corneal
opacity in laser treatment, and problems related
to Avastin injection (e.g, the painfulness of the
treatment process and the possibility of
endophthalmitis) attention has been directed to
less invasive interventions, such as oral
propranolol (12, 13). Propranolol blocks beta-2
adrenoreceptors. The effect of oral propranolol in
preventing angiogenesis has been proven in
animal models (14).

Generally, in the pathogenesis of ROP, there
are two completely different phases, including the
first phase, vascularization, and the second phase,
neovascularization. Our  knowledge  and
understanding of this pathogenic process will help
us to clarify our ideas about disease. Hence, the
discovery of the pathophysiology of ROP has
increased the use of selective therapies that target
the angiogenesis pathway (15, 16). Some studies
have suggested that the beta-adrenergic system
may be involved in the development of ROP. For
example, the polymorphism of beta-adrenergic
receptors has been introduced as the main reason
for the lower incidence of retinopathy in many
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black infants compared to non-black ones (17).
Animal studies have also demonstrated the effect
of B2-adrenergic ($2-AR) on improving ROP (18).
The results of these studies have mentioned that
blocking B2-AR can reduce hypoxia-induced
vascularization. (19). On the other hand,
considering that blocking beta-adrenergic
receptors causes the destruction of infantile
hemangiomas that have abnormal angiogenesis,
propranolol (nonselective beta-blocker) may also
prevent the development of retinopathy with such
a similar mechanism (20). In 2008, French
researchers evaluated the efficacy of propranolol
on the regression of infantile hemangioma for the
first time (21). Common side effects of
propranolol include hypotension, hypoglycemia,
and bradycardia, which are usually transient.

The first study that showed the effect of
propranolol on the prevention and treatment of
ROP was performed in 2010 (22). Since then,
several studies have been conducted in different
countries about the efficacy of propranolol on
ROP. The results of some studies have shown that
propranolol reduces neovascularization and
prevents the progression of ROP stage Il to more
advanced stages (stage Il and above) (23-25).Ina
clinical trial conducted by Ozturk et al. with the
aim of investigating the effect of oral propranolol
in the treatment of ROP, 126 newborns with
stages 0 to II retinopathy were randomly divided
into control and treatment groups with
propranolol at a dose of 2 mg/kg/day. The results
of the study showed that newborns with stage Il
retinopathy benefited more from propranolol
treatment compared to infants with stage 0 or I
retinopathy (26). However, the studies conducted
in this field are limited and their results regarding
the efficacy of propranolol are contradictory.
Therefore, the present study was designed and
implemented to investigate the efficacy of oral
propranolol in the prevention of severe ROP.

Methods

This randomized clinical trial study (RCT)
was designed and implemented with the aim of
investigating the efficacy of oral propranolol in
the prevention of severe retinopathy in preterm
newborns admitted to the neonatal intensive
care unit of Imam Reza Hospital of Kermanshah,
Iran. The study was carried out over 12 months,
from Sep 2021 to Aug 2022. In this study, the
selection of samples was based on available
sampling. Randomization of newborns was
conducted by the computer and statistic
consultant using a random number generator
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system. Considering a 95% confidence interval
and 90% power, the minimum required sample
size was determined at 25 newborns in each
group. All preterm newborns with a gestational
age of < 34 weeks or birth weight of < 2,000 g
underwent ophthalmological examination on the
28t day of birth. Among them, newborns with
stage I or I ROP without plus disease being
hospitalized for at least 1 week after starting the
study were enrolled in the study. On the other
hand, newborns with major congenital
malformation, cardiovascular disease, recurrent
bradycardia, ocular anomalies, ROP stage IIl and
above, renal failure, and grade 2 and 3
intraventricular hemorrhage, as well as
newborns who needed oxygen therapy for more
than 28 days postnatal, were excluded from
the study.

All  ophthalmological examinations were
performed by an experienced retina subspecialist.
The retina subspecialist responsible for the eye
examination and a nurse responsible for collecting
patients' data were unaware of the assignment of
infants into groups (the study was double-blind).
Eligible newborns were randomly divided into
intervention and control groups (n=25 each).

Routine care included feeding support,
cardiorespiratory = monitoring, daily  blood
pressure  monitoring, and periodic eye
examination. The intervention group received
routine treatment in addition to 0.5 mg/kg
propranolol (Hakim Co, Thran, Iran) orally every 8
hours, and its administration was continued until
retinal vascularization completion on ophthalmic
examination or the need for treatment by laser
therapy or intraocular Avastin administration.

In contrast, the control group underwent only
routine care that was given to preterm newborns
and they did not receive propranolol. Considering
that in addition to investigating the efficacy of
propranolol, we also wanted to check the safety of
the drug in preterm newborns with retinopathy, it
was necessary for the newborns to be hospitalized
and under monitoring for at least 1 week after the
start of the treatment. Newborns in both groups
were monitored for bradycardia, apnea, and
hypotension for at least 1 week after entering the
study, and the medication was discontinued in
case of any side effects. After the discharge of the
newborn, the occurrence of any problem, such as
lethargy and poor feeding, was followed up
through phone calls.

Furthermore, the newborns of both groups
were examined by a retinal subspecialist every 1
to 2 weeks until retinal vascularization
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completion. Finally, the two groups were
compared in terms of progression to stage III and
above of retinopathy, plus disease, retinal
detachment, need for laser therapy or Avastin
injection, and the duration of follow-up days until
the retinal vascularization completion.

For all newborns, all independent variables,
including demographic, and clinical variables,
such as postnatal age, gender, gestational age,
birth weight, duration of receiving Oz, history of
blood transfusion, history of receiving surfactant,
intraventricular hemorrhage (IVH), necrotizing
enterocolitis (NEC), patent ductus arteriosus
(PDA), and the stage of retinopathy before the
intervention, as well as all data related to
dependent variables, including bradycardia,
apnea, hypotension, progression to stage III and
above of retinopathy, plus disease, retinal
detachment, the need for laser therapy or Avastin
injection, and the duration of follow-up days until
the retinal vascularization completion, were
entered into the pre-designed form.

Before data collection, the aims of the research
were explained to the parents, then informed
consent was obtained from them. This study was
approved by the Deputy of Research and Ethics
Committee of Kermanshah University of Medical
Sciences (ID: IR KUMS.REC.1400.258). This study
was also approved by the Iranian Registry of
Clinical Trials (ID:IRCT20101018004961N12).

Statistical Analysis

Data were analyzed using SPSS24. Mean,
standard deviation (SD), and frequency (%) were
used for descriptive analyses. Then, an
independent sample t-test was used to compare
the mean of quantitative variables in two groups,
and the Chi-square test or Fisher's exact test to
check the relationship between qualitative
variables. The significance level was considered
less than 0.05.

Results

A total of 58 preterm newborns with
retinopathy stage I or Il entered the study. Five
newborns declined to participate. One newborn
was excluded from the intervention group and
two cases from the control group due to discharge
with parental consent before completing the study
(the attrition rates were 7.4 and 3.8 in
intervention and control groups, respectively).
Finally, 50 preterm newborns, who had the
eligibility criteria, were enrolled and participated
in two groups of intervention (n=25) and control
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(n=25). Figure 1 details the flow of participants in
the trial. Table 1 shows the baseline and clinical
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Figure. 1. Flow chart of study on oral propranolol and severe retinopathy of prematurity

Table 1. Comparison of baseline and clinical variables in the intervention and control groups

oo . Intervention group Control group «
Qualitative Variables n (%) n (%) P-Value
Girl 11 (44) 14 (56)
Gender Boy 14 (56) 11 (44) 0.396
Total 25 (100) 25 (100)
Yes 11 (44) 7 (28)
History of blood transfusion No 14 (56) 18 (72) 0.239
Total 25 (100) 25 (100)
Yes 20 (80) 21(84)
History of receiving surfactant No 5(20) 4 (16) 0.713
Total 25 (100) 25 (100)
Intraventricular hemorrhage \I(\]eos 169((2746)) 241((1862) 0.480
(grade 1) Total 25 (100) 25 (100)
Yes 2(8) 3(12)
Necrotizing enterocolitis No 23 (92) 22 (88) 0.637
Total 25 (100) 25 (100)
Yes 7 (28) 3(12)
Patent ductus arteriosus No 18 (72) 22 (88) 0.157
Total 25 (100) 25 (100)
Stage 1 12 (48) 11 (44)
Stage of retinopathy before intervention Stage 2 13 (52) 14 (56) 0.777
Total 25 (100) 25 (100)
Quantitative variable Number Mean SD P-Value**
N 25 29.32 1.18
Postnatal age at first eye examination (day) 25 28.88 109 0.165
Gestational age (week) ;g ;ggg i;g 0.595
Birth weight (g) ;g 112126684 112742 0.991
Duration of receiving O (day) ;g ‘2}?; ‘1}25 0.815

*Chi square test **Independent sample t-test
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postnatal age of newborns at the time of
diagnosing ROP at the first ophthalmic
examination were 29.32+1.18 and 28.88+1.09
days in the intervention and control groups,
respectively. In terms of the stage of retinopathy
before the intervention, 52% and 56% of the
subjects were in stage Il in the intervention and
control groups, respectively. The two groups had
no statistically significant differences in terms of
gender, postnatal age, gestational age, birth
weight, history of blood transfusion, history of
receiving surfactant, duration of receiving
oxygen, IVH (grade 1), NEC, PDA, and retinopathy
stage at the beginning of the study, which
showed that the randomization was done
properly (Table 1).

Table 2 presents the primary and secondary
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outcomes after the intervention. As can be seen,
the results of the independent sample t-test
showed that the duration of the retinal
vascularization completion in the intervention
group (61.04+6.13) happened 10 days earlier than
in the control group (70.08+5.72), and this
difference was statistically significant (P<0.001).
Based on the result of the Chi-square test, the
recovery rate from retinopathy was 88% in the
intervention group, while it was 68% in the
control group; however, this difference was not
statistically significant (P=0.088). Moreover, the
incidence rate of plus disease was lower in the
intervention group than in the control group (4%
vs. 12%); however, this difference was not
statistically significant (P=0.297).

Table 2. Comparison of the primary and secondary outcomes in two intervention and control groups

Intervention group

Control group

Qualitative Variables Number (%) Number (%) P-Value
. Recovery 22 (88) 17 (68)
isrfiegfvgf;fg;“"pathy after Stage I1i 3(12) 8(32) 0.088*
Total 25 (100) 25 (100)
Yes 1(4) 3(12)
Plus disease and stage III No 24 (96) 22 (88) 0.297**
Total 25 (100) 25(100)
Quantitative variable Number Mean S.D P-Value
The duration of the retinal 61.04
L . 25 6.13
vascularization completion after 0.001%*%<
intervention(day) 25 70.08 5.72

*: Chisquare test ~ **: Fisher's exacttest ***: Independent sample t-test

It should be noted that all the newborns
studied had retinopathy in zone 2 and we did not
have any cases in zone 1 or 3. No cases of stage 4
or 5 retinopathy were reported in the studied
newborns.

All newborns who needed treatment, including
3 neonates in the intervention group and 8 in the
control group, were treated with intraocular
Avastin injection, and none of the newborns
received laser treatment. Any side effects caused
by the use of oral propranolol, such as apnea,
hypoglycemia, and hypotension, did not occur in
any of the studied newborns.

Discussion

As preterm births have become more common
in recent years, so have the diseases associated
with them. One of the most important of these
diseases is ROP (18). Therefore, in this study, we
were looking for a less invasive method with
fewer side effects to treat this disease, which is the
most common cause of preventable visual
impairment in newborns.

The results of our RCTs showed that the

duration of the completion of retinal vessels was
shorter in newborns receiving oral propranolol
(61.04+6.13) than in the control group
(70.08+5.72) (P<0.001). Additionally, the recovery
rate from retinopathy and the incidence rate of plus
disease were 88% vs. 68% and 4% vs. 12% in the
intervention and control groups, respectively;
however, this difference was not statistically
significant (P>0.05). Although this was not
statistically significant, considering that 3 out of 25
newborns in the intervention group had stage III
retinopathy compared to 8 out of 25 newborns in
the control group, it showed that it was clinically
significant. The non-significance of the p-value
seemed to be due to the small sample size.

In line with the results of the study, in a study
conducted by Filippi et al. to determine the safety
and efficacy of oral propranolol in preterm
newborns with an early phase of retinopathy, the
newborns who received oral propranolol 0.5
mg/kg/6 hours, the incidence of stage III
retinopathy or stage III with plus disease was 52%
and 42% less than the control group, respectively.
The need for laser therapy and treatment with
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intravitreal bevacizumab was 52% less than in the
control group. However, side effects, especially
hypotension, bradycardia, and sepsis, were
reported in 19.2% of these newborns treated with
propranolol (24). In a study conducted by
Makhoul et al. on 20 premature newborns with
ROP (stage I or II) with a gestational age of 24 to
28 weeks and a birth weight of less than 1,500 g,
the need for aggressive treatments, such as laser
in newborns receiving propranolol, was less than
that in the placebo group; however, due to the
small sample size, it was not statistically
significant (25). In addition, in a meta-analysis
study conducted by Stritzk et al. to evaluate oral
propranolol in the prevention of ROP, 6 studies
with 461 newborns were included in the analysis.
Finally, the evaluation of this review showed that
oral propranolol had a significant and effective
effect in preventing severe ROP in premature
newborns of < 32 weeks of gestational age. In the
studies examined in this review, the progression
of the disease to stage II or higher, the incidence
rate of plus disease, and the need for treatment for
laser or anti-vascular endothelial growth factors
injection were significantly reduced in newborns
receiving oral propranolol (15). The results of a
study by Ozturk et al. on 126 very preterm
newborns reported that propranolol had no effect
on the improvement of ROP in stages 0 and I[;
however, it could be effective in the treatment of
ROP stage II. The researchers of this study stated
that the reason for the different efficacy of
propranolol in different stages of ROP was due to
the fact that retinal tissue was more hypoxic in
stage II; therefore, the efficacy of beta-blockers
was greater for these tissues (26). In a study by
Mirjalili et al., although the rate of improvement of
ROP in the propranolol group was higher than in
the control group (81.34% vs. 66.77%), this
difference was not statistically significant (27),
this finding was consistent with the recovery rate
in our study.

Plus disease is the most important pathology
in ROP monitoring. The presence of this disease
indicates that ROP is progressive. It is one of the
most important criteria in clinical and treatment
decisions for ROP. In our study, the incidence rate
of plus disease in the intervention group was
lower than in the control group (4% vs. 12%);
however, this difference was not statistically
significant. In the study by Ozturk et al., the same
results were obtained; in other words, the
incidence rate of the plus disease in the
propranolol intervention group was lower than
that in the placebo group; however, it was not
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statistically significant (25).

The present study had several strengths and
limitations. The most important limitation of this
single-center study was the small sample size of
premature newborns participating in the study.
However, the long-term follow-up of newborns in
terms of vision for at least 75 days after the
intervention and the safety evaluation of oral
propranolol in addition to its efficacy in the
treatment of retinopathy were the strengths of
this study.

Conclusion

The results of our study showed that
propranolol with a dose of 1.5 mg/kg/day cannot
prevent the progression of retinopathy to stages
III and above; nonetheless, it was able to shorten
the duration of retinal vessel completion.
Multicenter clinical trial studies with a higher
sample size are recommended.
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