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A B S T R A C T

Background

Retinopathy of prematurity (ROP) is a vision-threatening disease of preterm neonates. The use of beta-adrenergic blocking agents (beta-
blockers), which modulate the vasoproliferative retinal process, may reduce the progression of ROP or even reverse established ROP.

Objectives

To determine the eJect of beta-blockers on short-term structural outcomes, long-term functional outcomes, and the need for additional
treatment, when used either as prophylaxis in preterm infants without ROP, stage 1 ROP (zone I), or stage 2 ROP (zone II) without plus
disease or as treatment in preterm infants with at least prethreshold ROP.

Search methods

We searched the Cochrane Neonatal Review Group Specialized Register; CENTRAL (in the Cochrane Library Issue 7, 2017); Embase (January
1974 to 7 August 2017); PubMed (January 1966 to 7 August 2017); and CINAHL (January 1982 to 7 August 2017). We checked references and
cross-references and handsearched abstracts from the proceedings of the Pediatric Academic Societies Meetings.

Selection criteria

We considered for inclusion randomised or quasi-randomised clinical trials that used beta-blockers for prevention or treatment of ROP in
preterm neonates of less than 37 weeks' gestational age.

Data collection and analysis

We used the standard methods of Cochrane and the Cochrane Neonatal Review Group. We used the GRADE approach to assess the quality
of evidence.

Main results

We included three randomised trials (N = 366) in this review. Two of these studies were at high risk of bias. All studies reported on prevention
of ROP and compared oral propranolol with placebo or no treatment. We found no trials assessing beta-blockers in infants with established
stage 2 or higher ROP with plus disease.

In one trial, study medication was started aMer one week of life, i.e. prior to the first ROP screening. The other two trials included preterm
infants if they had stage 2 or lower ROP without plus disease. Based on the GRADE assessment, we considered evidence to be of low quality
for the following outcomes: rescue treatment with anti-VEGF or laser therapy; and arterial hypotension or bradycardia requiring inotropic
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support. Evidence was of moderate quality for the following outcomes: progression to stage 2 with plus disease; progression to stage 3
ROP; and progression to stage 4 or 5 ROP.

Meta-analysis of three trials (N = 366) suggested beneficial eJects of oral beta-blockers on the risk of requiring anti-VEGF agents (typical
risk ratio (RR) 0.32, 95% confidence interval (CI) 0.12 to 0.86; I2 = 0%; typical risk diJerence (RD) −0.06, 95% CI −0.10 to −0.01; I2 = 75%;
number needed to treat for an additional beneficial outcome (NNTB) 18, 95% CI 14 to 84) and laser therapy (typical RR 0.54, 95% CI 0.32
to 0.89; typical RD −0.09, 95% CI −0.16 to −0.02; I2 = 31%; NNTB 12, 95% CI 8 to 47). Meta-analysis of two trials (N = 161) demonstrated
a beneficial eJect of oral beta-blockers on progression to stage 3 ROP (typical RR 0.60, 95% CI 0.37 to 0.96; I2 = 0%; typical RD −0.15,
95% CI −0.28 to −0.02; I2 = 73%; NNTB 7, 95% CI 5 to 67). There was no significant eJect of oral beta-blockers on progression to stage
2 ROP with plus disease or to stage 4 or 5 ROP. Although meta-analysis did not indicate a significant eJect of beta-blockers on arterial
hypotension or bradycardia, propranolol dosage in one study was reduced by 50% in infants of less than 26 weeks' gestational age due
to severe hypotension, bradycardia, and apnoea in several participants. Analyses did not indicate significant eJects of beta-blockers on
complications of prematurity or mortality. None of the trials reported on long-term visual impairment.

Authors' conclusions

Limited evidence of low-to-moderate quality suggests that prophylactic administration of oral beta-blockers might reduce progression
towards stage 3 ROP and decrease the need for anti-VEGF agents or laser therapy. The clinical relevance of those findings is unclear
as no data on long-term visual impairment were reported. Adverse events attributed to oral propranolol at a dose of 2 mg/kg/d raise
concerns regarding systemic administration of this drug for prevention of ROP at the given dose. There is insuJicient evidence to determine
the eJicacy and safety of beta-blockers for prevention of ROP due to high risk of bias in two included trials and the lack of long-term
functional outcomes. We would encourage researchers to conduct large, well-designed trials to confirm or refute the role of beta-blockers
for prevention and treatment of ROP in preterm infants. Trials should report on long-term visual impairment. Researchers should consider
dose-finding studies of systemic beta-blockers and topical administration of beta-blockers, in order to optimise drug delivery and minimise
adverse events.

P L A I N   L A N G U A G E   S U M M A R Y

Beta-blockers for prevention and treatment of retinopathy of prematurity

Review question: We reviewed the evidence for the eJect of beta-blockers on retinopathy of prematurity (ROP) in preterm infants.

Background: Babies who are born early (preterm) are at risk of developing disordered growth of the blood vessels in the back of their eyes,
a disease called retinopathy of prematurity. Severe stages of this condition may result in poor vision or even blindness. Early treatment of
retinopathy may improve vision in the long term. Currently, laser therapy is the treatment of choice for severe stages of ROP. However, it is
an invasive procedure requiring expert skills and anaesthesia, and is not available in all countries in the world. Safe and eJective drugs to
prevent the disease are thus desirable. Beta-blockers are believed to be able to stop disordered growth of blood vessels in various parts of
the body including the eye. Beta-blockers are used in children to treat a variety of diseases and are generally well tolerated. Nevertheless,
they also bear the risk of adverse eJects like lowering heart rate and blood pressure. The main aim of this review was to find out whether
beta-blockers compared to placebo (an inactive drug) or no drug oJer important advantages to preterm babies either by preventing severe
stages of ROP or by treating the disease (when critical stages of ROP are already present).

Study characteristics: We examined the research published to 7 August 2017. We found three clinical trials recruiting 366 preterm babies.
All three studies reported on preventing severe stages of retinopathy.

Key results: We found that orally administered beta-blockers may oJer short-term benefits such as lower risk of progression to a more
severe stage of retinopathy and less need for additional treatment. However, there were no data on long-term vision; and studies did not
show an eJect of beta-blockers on the most severe stages of retinopathy. On the other hand, serious adverse eJects of beta-blockers were
reported in one of three studies.

Quality of evidence: The overall quality of evidence for outcomes in this review varied from low to moderate. Thus, our confidence in the
results of this review is very limited. We cannot recommend routine use of beta-blockers for prevention or treatment of ROP in preterm
infants. Future high-quality studies are necessary to determine whether benefits of beta-blockers outweigh their risks in preventing or
treating ROP in preterm infants.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Systemic administration of beta-blockers compared to placebo or no treatment for prevention of
retinopathy of prematurity in preterm infants

Systemic administration of beta-blockers compared to placebo or no treatment for prevention of retinopathy of prematurity in preterm infants

Patient or population: Prevention of retinopathy of prematurity in preterm infants
Setting: Neonatal clinical care units
Intervention: Systemic beta-blockers
Comparison: Placebo or no treatment

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with
placebo or no
treatment

Risk with Be-
ta-blockers

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Severe visual impairment or
blindness at 6 to 12 months'
corrected age

N/A N/A N/A N/A N/A None of the studies reported on this out-
come.

Rescue treatment with an-
ti-VEGF agents

86 per 1000 27 per 1000
(10 to 74)

RR 0.32
(0.12 to 0.86)

366
(3 RCTs)

⊕⊕⊝⊝
LOW

Unblinded studies, incomplete outcome
data, imprecision of point estimate, few
events.

Treatment with laser photo-
coagulation or cryotherapy

194 per 1000 105 per 1000
(62 to 173)

RR 0.54
(0.32 to 0.89)

366
(3 RCTs)

⊕⊕⊝⊝
LOW

Unblinded studies, incomplete outcome da-
ta, imprecision of point estimate.

Progression to stage 2 with
plus disease

38 per 1000 9 per 1000

(1 to 81)

RR 0.25

(0.03 to 2.16)

161

(2 RCTs)

⊕⊕⊕⊝
MODERATE

Imprecision of point estimates, few events,
95% CI includes both 1) no effect and 2) ap-
preciable benefit or appreciable harm.

Progression to stage 3 ROP 375 per 1000 225 per 1000
(139 to 360)

RR 0.60
(0.37 to 0.96)

161
(2 RCTs)

⊕⊕⊕⊝
MODERATE

Imprecision of point estimate, few events.

Progression to stage 4 or 5
ROP

50 per 1000 6 per 1000
(1 to 98)

RR 0.11
(0.01 to 1.96)

161
(2 RCTs)

⊕⊕⊕⊝
MODERATE

Few events, 95% CI includes both 1) no ef-
fect and 2) appreciable benefit or apprecia-
ble harm.

Arterial hypotension and/or
bradycardia requiring treat-
ment

0 per 1000 0 per 1000
(0 to 0)

RR 24.35
(1.32 to 448.50)

366
(3 RCTs)

⊕⊕⊝⊝
LOW

Unblinded studies, few events.
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*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence
High quality: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: we are moderately confident in the effect estimate — the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low quality: our confidence in the effect estimate is limited — the true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate — the true effect is likely to be substantially different from the estimate of effect
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B A C K G R O U N D

Description of the condition

Retinopathy of prematurity (ROP) is a vision-threatening disease
of preterm infants. Vascular endothelial growth factor (VEGF), a
key factor in the pathogenesis of ROP, is essential for retinal blood
vessel development and growth (Ferrara 1997). Inappropriately
high retinal and vitreal VEGF levels seem to be important in
the development of ROP. Retinopathy of prematurity proceeds
in a biphasic fashion (Asthon 1954; Chen 2012; Mutlu 2013;
Smith 2003). In the first phase, VEGF levels are reduced by a
relatively hyperoxic environment, resulting in vessel obliteration.
In the second proliferative phase, starting around 32 weeks'
postmenstrual age (PMA), VEGF levels are elevated as a result of
relatively hypoxic circumstances. This leads to neovascularisation
in the retina with development of aberrant blood vessels from
resident vasculature (Afzal 2007). These new aberrant vessels may
grow into the vitreous body, causing retinal detachment and
haemorrhage (Casini 2014; Hellström 2013). VEGF further interacts
with other growth factors such as insulin-like growth factor 1
(IGF-1), which regulates expression and activation of VEGF in a
positive feedback loop (Löfqvist 2006; Ristori 2011; Smith 1999).
As VEGF plays an important role in neovascularisation, drugs that
influence VEGF levels have been studied as treatment options for
ROP. A protocol of a systematic review on anti-VEGF drugs for
treatment of ROP has been published (Sankar 2016).

A recently developed therapeutic approach for ROP focuses on
use of beta-adrenergic blocking agents (beta-blockers), given that
beta-2 receptors are involved in the regulation of VEGF and IGF-1
levels and play an important role in the pathogenesis of several
neovascular retinal diseases (Casini 2014; Dal Monte 2013; Martini
2011).

Standard treatment for individuals at advanced stages of ROP
includes laser photocoagulation and cryotherapy (ET-ROP Group
2003). Despite the overall treatment success of such retinal ablation
therapy, ROP has remained a major cause of potentially avoidable
blindness and visual impairment among children worldwide,
indicating the importance of new strategies for prevention and
treatment of this disease (Blencowe 2013; Gilbert 2008).

Description of the intervention

Beta-blockers, most commonly propranolol, have been suggested
both for early prevention of ROP and for treatment of existing ROP
in preterm neonates (summarised in Bührer 2015). Propranolol has
been used for treatment of infantile haemangioma, for which it
is thought to act by reducing VEGF levels (Léauté-Labrèze 2008;
Manunza 2010; Sans 2009). Similarities between regulation of
growth of infantile haemangiomas and development of ROP have
been postulated (Praveen 2009), and support the hypothesis that
propranolol could be eJective in the treatment of ROP due to
beneficial eJects on retinal neovascularisation.

Propranolol is used in children to treat a variety of diseases,
including hypertension, cardiac arrhythmia, obstructive heart
disease, thyrotoxicosis and migraine headache, and is generally
well tolerated (Drolet 2013; Love 2004). Nevertheless, clinically
relevant adverse events such as hypotension, bradycardia, heart
block, hypoglycaemia and bronchospasm have been reported
(Bonifazi 2010; de Graaf 2011; Fonseca 2010; Frishman 1988;

Léauté-Labrèze 2015). Published data on the use of propranolol
in neonates are very limited. For a small number of cases
of infantile haemangioma, systemic propranolol was given and
was generally well tolerated, but harmful side eJects such as
hyperkalaemia and a single case of apnoea and bradycardia
requiring resuscitation have been reported (Erbay 2010; Frost
2013; Pavlakovic 2010). Alternative routes of administration of
propranolol have been considered to reduce the risk of adverse
events. Recently, propranolol eye drops were applied in an
animal model of ROP, resulting in high retinal and low plasma
concentrations of propranolol (Padrini 2014).

Other beta-blockers such as atenolol and timolol have been used
for angioproliferative diseases in children, but valid data on their
eJicacy and safety profile in comparison with propranolol are not
available (Abarzúa-Araya 2014; Chakkittakandiyil 2012).

How the intervention might work

The current hypothesis suggests that beta-blockers reduce
the retinal expression of angioproliferative factors VEGF and
IGF-1 through blockade of beta-adrenoreceptors (Ristori 2011).
Animal studies on systemic propranolol application have yielded
conflicting results, which have led to controversial discussions
about the potential eJects of propranolol in ROP (Chen 2012; Hård
2011; Ristori 2011). Ocular administration potentially reduces the
risk of side eJects as compared with systemic treatment (Dal Monte
2013; Padrini 2014).

Why it is important to do this review

Retinopathy of prematurity remains a significant complication of
preterm birth, and non-invasive treatment options are desirable.
Beta-blockers serve as a potential pharmacological intervention for
preventing and treating preterm infants with ROP. Three narrative
reviews on use of beta-blockers for prevention and treatment
of preterm infants with ROP have been published (Bührer 2015;
Cavallaro 2014; Filippi 2014). No systematic reviews or meta-
analyses on this topic can be found in the literature. The use of beta-
blockers for prevention and treatment of ROP needs to be formally
assessed in order to provide caregivers with clinically relevant data
on their eJicacy and safety.

The aim of this systematic review was to summarise current
evidence on benefits and harms of beta-blockers for prevention and
treatment of ROP in preterm infants.

O B J E C T I V E S

For prevention studies, the primary objective was to determine
whether early administration of beta-blockers reduces the
incidence and severity of ROP in preterm infants compared with
placebo or no treatment. We classified studies as prevention trials if
they enrolled preterm infants without ROP or with confirmed stage
1 ROP in zone I or stage 2 ROP without plus disease in zone II. We
regarded trials with the aim of avoiding development of ROP as
primary prophylaxis and trials with the aim of avoiding progression
of ROP towards more severe stages as secondary prophylaxis.

For treatment studies, the primary objective of this review was
to determine the eJects of beta-blockers compared with placebo
or no treatment on severe visual impairment or blindness and on
structural outcomes. We classified studies as treatment trials if they
enrolled preterm infants with at least prethreshold ROP.

Beta-blockers for prevention and treatment of retinopathy of prematurity in preterm infants (Review)
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For both types of trials, the secondary objective was to determine
the safety of beta-blocker administration.

For both types of trials, we planned to perform subgroup analyses
to consider whether gestational age (extremely preterm neonates
< 28 weeks' gestational age, very preterm neonates 29 to 31
weeks' gestational age, preterm infants 32 to 36 weeks' gestational
age) or specific beta-blocking agents influence the outcomes of
interventions.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All randomised controlled trials (RCTs) and quasi-randomised
clinical trials of beta-blockers in preterm neonates were eligible for
inclusion in the review. We planned to include parallel-group but
neither cross-over nor cluster RCTs in this systematic review.

Types of participants

We considered preterm infants (< 37 weeks' gestation at birth) for
inclusion in the review.

• For prevention trials, infants without ROP or with confirmed
stage 1 (zone I) or stage 2 ROP without plus disease (zone II) were
eligible for inclusion in the review.

• For treatment trials, we considered infants with at least
prethreshold ROP for inclusion in the review.

• For the purposes of this review, we planned to exclude studies
that enrolled infants who had established retinal detachment
before randomisation, or who had received anti-VEGF treatment
or retinal ablation therapy before randomisation.

Types of interventions

We considered the following interventions and control treatments
for inclusion in this review.

• Systemic administration of any beta-blocker at any dose and
duration versus placebo or no treatment.

• Ocular administration of any beta-blocker at any dose and
duration versus placebo or no treatment.

Enrolled infants could receive intravitreal anti-VEGF treatment,
laser photocoagulation or cryotherapy, if threshold disease
developed.

Types of outcome measures

Primary outcomes

• Functional outcomes at six to 12 months' corrected age: severe
visual impairment (acuity < 20/200) or blindness (acuity <
20/400) as defined by the World Health Organization (who.int/
blindness/en/).

• Need for additional treatment.

• ◦ Anti-VEGF agent.

◦ Laser photocoagulation.

◦ Cryotherapy.

◦ Vitrectomy.

• Structural outcomes (International Committee Retinopathy
2005).

• For prevention trials.
◦ Progression of ROP to stage 2 with plus disease.

◦ Progression of ROP to stage 3 with or without plus disease.

◦ Progression of ROP to stage 4 or 5 disease.

• For treatment trials.
◦ Progression of ROP to stage 4 or 5 disease.

Secondary outcomes

• Functional outcomes at six to 12 months' corrected age include
the following.

• ◦ Amblyopia.

◦ Nystagmus.

◦ Refractive error in either eye.

• Unfavourable structural outcomes, assessed at six to 12 months'
corrected age, defined as follows (adapted from Andersen 2000).

• Retinal fold involving the macula.

• Retinal detachment involving zone I of the posterior pole.

• Retrolental tissue or 'mass' obscuring the view of the
posterior pole.

• Early childhood unfavourable retinal structure, assessed at four
to six years, defined as follows (adapted from Andersen 2000).

• ◦ Retinal fold involving the macula.

◦ Partial or complete cataract.

◦ Partial retrolental membrane.

◦ Obstructed view of macula from:
▪ partial or complete cataract;

▪ partial retrolental membrane;

▪ partial or complete corneal opacity (due to ROP); or

▪ enucleation from all causes.

• Childhood mortality measured as:
◦ death before discharge from primary hospital; or

◦ death before one year of corrected age.

• Adverse neurodevelopmental outcomes at 18 to 24 months'
corrected age.
◦ Cerebral palsy.

◦ Moderate to severe developmental delay as assessed by
validated neurodevelopmental tests such as Bayley Scales of
Infant Development.

• Complications of preterm birth, including:

• ◦ intraventricular haemorrhage (IVH) grade 1 to 4 (Papile
classification) (Papile 1978);

◦ severe IVH grade 3 to 4 (Papile classification) (Papile 1978);

◦ periventricular leukomalacia (PVL) (Mercier 2007;
Valcamonico 2007);

◦ mild, moderate or severe bronchopulmonary dysplasia
(BPD) at 36 weeks' postmenstrual age (PMA) based on the
classification suggested by Jobe and Bancalari (Jobe 2001)
and calibrated by an oxygen reduction test, as described
previously (Walsh 2003);

◦ neurodevelopmental impairment (assessed at ≥ 12 months'
corrected age by a validated scale, e.g. GriJiths or Bayley
Scales of Infant Development) (Bayley 2006; GriJiths 1954;
Mercier 2007); and

◦ necrotising enterocolitis (NEC) ≥ stage 2 (modified Bell's
criteria) (Bell 1978).

Beta-blockers for prevention and treatment of retinopathy of prematurity in preterm infants (Review)
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• Potential adverse events, including:
◦ hypotension requiring treatment with inotropic agents;

◦ bradycardia (< 80 beats/min) requiring treatment with
inotropic agents or endotracheal intubation, or both;

◦ cardiac arrhythmia requiring treatment;

◦ bronchospasm requiring treatment;

◦ thrombocytopenia (platelet count < 100,000 × 109/L);

◦ hypoglycaemia (glucose level < 2.5 mmol/L); and

◦ hyperkalaemia (potassium level > 6.2 mmol/L).

Search methods for identification of studies

We conducted systematic searches for randomised or quasi-
randomised controlled trials and considered only parallel-group
trials. We did not apply any language, publication year, or
publication status restrictions.

Electronic searches

We searched the following sources: Cochrane Neonatal Review
Group Specialised Register, Cochrane Central Register of Controlled
Trials (CENTRAL; 2017, Issue 7), PubMed (January 1966 to 7 August
2017), Embase (January 1974 to 7 August 2017), Cumulative Index
to Nursing and Allied Health Literature (CINAHL) (January 1982 to
7 August 2017) and the Science Citation Index database (1984 to 7
August 2017).

Appendix 1 lists the search terms used.

Searching other resources

We checked references and cross-references from identified studies
and searched the Institute for Scientific Information (ISI) Web of
Science using any known RCT as the starting point. We searched
for unpublished studies from the proceedings of the Pediatric
Academic Societies Meetings (from January 1990 to 7 August
2017) by hand- and online searching. We searched clinical trials
registries for ongoing or recently completed trials (clinicaltrials.gov;
controlled-trials.com and who.int/ictrp).

Data collection and analysis

We used the standard methods of Cochrane and the Cochrane
Neonatal Review Group.

Selection of studies

Two review authors (SK and SMS) independently searched the
literature and identified eligible trials as described above. We
considered only RCTs and quasi-RCTs that fulfilled the above
criteria for inclusion in this review. We did not include studies
published only in abstract form, unless final results of the
trial had been reported and we could ascertain all necessary
information from the abstract or the authors, or both. All review
authors separately selected studies for inclusion. We resolved
disagreements through discussion involving all review authors. We
listed excluded studies in the 'Characteristics of excluded studies’
table, along with reasons for exclusion.

Data extraction and management

All review authors' independently extracted, assessed and coded
data using standardised data extraction forms. One review author
(SK) entered data into Review Manager 5 (Review Manager 2014). A
second review author (SMS) checked data for accuracy. We reached

consensus by discussion and contacted original study authors
when questions arose or additional data were required.

Assessment of risk of bias in included studies

Two review authors (SK, SMS) independently assessed the risk of
bias (low, high, or unclear) of all included trials using the Cochrane
‘Risk of bias’ tool (Higgins 2011) for the following domains.

• Sequence generation (selection bias).

• Allocation concealment (selection bias).

• Blinding of participants and personnel (performance bias).

• Blinding of outcome assessment (detection bias).

• Incomplete outcome data (attrition bias).

• Selective reporting (reporting bias).

• Any other bias.

Any disagreements were resolved by discussion or by a third
assessor. See Appendix 2 for a more detailed description of risk of
bias for each domain.

Measures of treatment e9ect

We performed statistical analyses using standard methods of the
Cochrane Neonatal Review Group. We analysed the results of
studies using Review Manager 5 soMware (Review Manager 2014);
and presented results as risk ratios (RRs), risk diJerences (RDs),
numbers needed to treat for an additional beneficial outcome
(NNTBs) or numbers needed to treat for an additional harmful
outcome (NNTHs) for categorical variables. We planned to use
mean diJerences (MDs) for continuous variables.

We replaced within-group standard errors of the mean (SEMs) as
reported in a trial by providing corresponding standard deviations
(SDs) using the formula SD = SEM × √N. We reported 95% confidence
intervals (CIs) for each statistic.

Unit of analysis issues

We included all RCTs and quasi-RCTs in which the unit of
randomisation and analysis was the individual infant. We did not
include cluster RCTs.

Dealing with missing data

We addressed incomplete outcome data as mentioned above
(Assessment of risk of bias in included studies). If outcomes
specified in this review were measured but not reported, we
contacted study authors to request such data.

Assessment of heterogeneity

We assessed the magnitude of heterogeneity of treatment eJects
using the I2 statistic. I2 (calculated as I2 = 100% × (Q − df)/Q; where
Q is the Cochrane heterogeneity statistic and df shows degrees
of freedom) lies between 0% and 100%. I2 cut-oJs and labels for
heterogeneity were applied as follows.

• I2 less than 25% — no heterogeneity.

• I2 = 25% to 49% — low heterogeneity.

• I2 = 50% to 74% — moderate heterogeneity.

• I2 ≥ 75% — high heterogeneity.
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In addition, we carefully inspected each forest plot for
heterogeneity, as indicated by lack of overlapping CIs of individual
trials.

Assessment of reporting biases

We intended to assess reporting and publication biases by
examining the degree of asymmetry of a funnel plot in Review
Manager 2014.

Data synthesis

We conducted statistical analyses according to recommendations
of the Cochrane Neonatal Review Group (neonatal.cochrane.org/
en/index.html) using Review Manager 5 soMware (Review Manager
2014). We used a fixed-eJect model to pool data for meta-analyses
and to analyse treatment eJects in individual trials. We performed
an analysis of all participants randomly assigned on an intention-
to-treat basis. We used the Mantel-Haenszel method for calculation
of risk ratios (RRs) and risk diJerences (RDs). We planned to use the
inverse variance method for measured quantities and standardised
mean diJerences (SMDs) to combine trials that measure the same
outcome using diJerent methods with 95% CIs. For dichotomous
outcomes, we estimated RRs with 95% CIs and NNTBs.

Quality of evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schünemann 2013), to assess the quality of evidence for the
following (clinically relevant) outcomes: severe visual impairment
or blindness at six to 12 months' corrected age; the need for
additional treatment (anti-VEGF agents, laser photocoagulation,
cryotherapy, vitrectomy); progression of ROP to stage 2 with plus
disease or higher (prevention trials); and progression of ROP to
stage 4 or 5 (treatment trials).

Two authors independently assessed the quality of the evidence
for each of the outcomes above. We considered evidence from
randomised controlled trials as high quality but downgraded the
evidence one level for serious (or two levels for very serious)
limitations based upon the following: design (risk of bias),
consistency across studies, directness of the evidence, precision of
estimates and presence of publication bias. We used the GRADEpro
GDT Guideline Development Tool to create a ‘Summary of findings’
table to report the quality of the evidence.

The GRADE approach results in an assessment of the quality of a
body of evidence in one of four grades.

1. High: we are very confident that the true eJect lies close to that
of the estimate of the eJect.

2. Moderate: we are moderately confident in the eJect estimate —
the true eJect is likely to be close to the estimate of the eJect,
but there is a possibility that it is substantially diJerent.

3. Low: our confidence in the eJect estimate is limited — the true
eJect may be substantially diJerent from the estimate of the
eJect.

4. Very low: we have very little confidence in the eJect estimate
— the true eJect is likely to be substantially diJerent from the
estimate of the eJect.

Subgroup analysis and investigation of heterogeneity

We aimed to analyse potential sources of heterogeneity by
performing prespecified subgroup analyses.

Potential subgroup analyses included the following.

• Gestational age: extremely preterm neonates at less than 28
weeks' gestational age; very preterm neonates at 29 to 31 weeks'
gestational age; preterm infants at 32 to 36 weeks' gestational
age.

• Specific beta-blocking agents.

Sensitivity analysis

DiJerences in study design of included trials might aJect the results
of the systematic review. We aimed to explore the robustness of
results for the primary outcome by performing sensitivity analysis
based on methodological quality of included trials. For this, we
aimed to exclude studies at high risk of bias. Additionally, we
planned to perform a sensitivity analysis to compare the eJects
of beta-blockers in truly randomised trials as opposed to quasi-
randomised trials.

R E S U L T S

Description of studies

See: Characteristics of included studies

Results of the search

The search identified 27 reports (Figure 1). We detected six
potentially eligible studies. Of these, three were excluded. Details
of excluded studies along with the reasons for exclusion are listed in
the 'Characteristics of excluded studies' table. Three studies were
included in this review (Filippi 2013; Korkmaz 2017; Sanghvi 2017).
Three ongoing trials were identified.
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Figure 1.   Study flow diagram.
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Included studies

Three studies incorporating a total of 366 preterm infants met
inclusion criteria of this review (Filippi 2013; Korkmaz 2017; Sanghvi
2017). These trials were conducted as ROP prevention trials and
included preterm infants diagnosed with stage 2 or lower ROP
without plus disease (Filippi 2013; Korkmaz 2017) or preterm
neonates in whom ROP was not assessed at enrolment but very
unlikely to be present as they were less than 8 days old (Sanghvi
2017). A post hoc decision was made to accept eligibility of this
study where the risk of ROP at entry was low but unknown. Details
of included studies are given in the 'Characteristics of included
studies' table. Of the three included trials, two trials were placebo-
controlled (Korkmaz 2017; Sanghvi 2017), while the third trial
compared beta-blocker administration to no treatment (Filippi
2013). All three included studies specified eligibility criteria for
study participants.

Filippi 2013 was a two-centre RCT conducted in Milan and Florence,
Italy. FiMy-two preterm infants with a gestational age of 23 to 31
weeks were enrolled immediately aMer detection of stage 2 ROP
without plus disease. The mean postnatal age at study entry was 68
days. Infants were randomised to receive oral propranolol (1 mg/
kg/d to 2 mg/kg/d) or no treatment. Propranolol was administered
until complete retinal vascularisation and for a maximum of 90
days. Primary outcomes included progression to stage 2 ROP with
plus disease and progression to stage 3 ROP. Secondary outcomes
included progression to stage 4 or 5 ROP, incidence of laser therapy,
rescue treatment with bevacizumab, need for vitrectomy, plasma
VEGF, and sE-selectin concentrations.

Korkmaz 2017 was a single-centre study in preterm infants of
less than 32 weeks' gestational age (mean gestational age 28
weeks) conducted in Kayseri, Turkey. This study enrolled 205
preterm infants diagnosed with stage 2 or lower ROP. They were
randomly assigned to receive propranolol (2 mg/kg/d) or placebo
(physiologic saline solution). Participants received study drug

from 31 weeks' PMA at the earliest. Duration of treatment was
not reported. Primary outcomes included the incidence of laser
therapy and platelet mass index. Secondary outcomes were not
defined.

Sanghvi 2017 was a two-centre study in preterm neonates with
a gestational age of 26 to 32 weeks, performed in Mumbai,
India. This study enrolled 109 preterm neonates in the first
week of life and randomly assigned them to oral propranolol
(1 mg/kg/d) or placebo (calcium carbonate 1 mg/kg/d). Drug
administration was started on day seven of life and continued
until complete retinal vascularisation or 37 weeks' PMA (mean
duration of drug administration, 32 days in the intervention group,
41 days in the control group). Primary outcome was all-stage ROP.
Further outcomes included the incidence of laser therapy, rescue
treatment with anti-VEGF agents, adverse events such as recurrent
bradycardia, hypotension, hypoglycaemia, and visual outcome at
12 months' PMA.

Excluded studies

We excluded three identified studies from this review. Two trials
were excluded because they were not randomised or quasi-
randomised trials (Bancalari 2016; Filippi 2016). The third trial
was published as a research letter (Makhoul 2013). This trial
was excluded because methodological details could not be fully
clarified and 17/20 participants were lost to follow-up. Details of
excluded studies along with the reasons for exclusion are listed in
the 'Characteristics of excluded studies' table.

Risk of bias in included studies

Overall, one trial was at low risk of bias (Sanghvi 2017); whereas
the other two trials were at high risk of bias (Filippi 2013;
Korkmaz 2017). Ratings of methodological quality are given in the
'Characteristics of included studies' table and are summarised in
Figure 2.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Allocation

Random sequence generation: Filippi 2013 and Sanghvi 2017
met this criterion. Randomisation procedure was not specified in
Korkmaz 2017. Additional information obtained from the authors
clarified that allocation method in Korkmaz 2017 was neither
rigorous nor concealed.

Allocation concealment: this was deemed adequate in Filippi 2013.
Additional information obtained from Sanghvi 2017 clarified that
allocation method was concealed.

Blinding

Blinding of intervention: Filippi 2013 did not attempt to
blind caregivers or parents towards the intervention. Additional
information obtained from Korkmaz 2017 clarified that the
intervention was unblinded. Blinding of caregivers and parents was
deemed adequate in Sanghvi 2017.

Blinding of outcome assessments: all three trials masked assessors
of primary outcomes (ophthalmologists), which was confirmed
aMer obtaining additional information from two authors (Korkmaz
2017; Sanghvi 2017).

Incomplete outcome data

We assessed attrition bias as low risk in one trial (Sanghvi
2017); and as high risk in two trials (Filippi 2013; Korkmaz 2017).
Reporting of outcomes was complete in Filippi 2013 as outcomes
from 51/52 (98%) enrolled infants were reported. In 6/26 (23%)
infants allocated to the intervention group, administration of beta-
blocker was discontinued early due to severe adverse eJects.
Three infants died prior to hospital discharge (5.7%); outcomes
from one infant allocated to the intervention group, who died
nine days aMer initiating treatment, were not reported. This was
confirmed aMer obtaining additional information from the authors.
The other two deceased infants had been allocated to the control
group and had established stage 3 ROP with plus disease. Their
data were included in the analysis. Korkmaz 2017 enrolled 205
preterm infants. A total of 34 infants (16.6%) were excluded
aMer randomisation for various reasons. Outcome data were
deemed incomplete due to unbalanced loss to follow-up with the
majority of exclusions occurring in the intervention group. In the
intervention group, 27/110 (24.6%) participants were excluded; in
the control group, 7/95 (7.4%) participants were excluded. Reasons
for exclusion included irregularities in administration of study drug
(n = 13, intervention group), parental request (n = 6, intervention
group), potential adverse events such as bradycardia, apnoea,
hypotension, hypoglycaemia, increasing respiratory support (n =
6, intervention group; n = 3, control group), and requirement of
anti-VEGF treatment (n = 2, intervention group; n = 4, control
group). Additional information obtained from the authors clarified
that outcome data from patients excluded aMer randomisation
and study drug administration were not available. Sanghvi 2017,
a trial of primary prophylaxis of ROP enrolling children less than
8 days of postnatal age, reported a mortality of 6.4% (7 of 109)
prior to the first ROP screening. Primary outcome (all-stage ROP)
from these infants was thus not reportable. Complete outcome data
were reported from the remaining 102 participants (94%).

Selective reporting

We assessed reporting bias as low risk in two out of three trials
as they reported primary outcomes and main secondary outcomes

(Filippi 2013; Sanghvi 2017), and as high risk in one trial (Korkmaz
2017). Filippi 2013 reported all outcomes specified in the report.
Some of the secondary outcomes specified in the registered trial
protocol (blindness and retinal detachment within six months from
beginning of treatment were not reported). Sanghvi 2017 reported
all outcomes specified in the report. Visual long-term outcomes
at 12 months' PMA were not prespecified in the trial protocol but
reported. This trial was registered retrospectively . Korkmaz 2017
was not a registered trial and a trial protocol was not available.

Other potential sources of bias

None detected.

E9ects of interventions

See: Summary of findings for the main comparison Systemic
administration of beta-blockers compared to placebo or no
treatment for prevention of retinopathy of prematurity in preterm
infants

See Summary of findings for the main comparison for the
comparison of beta-blockers versus placebo or no treatment for
prevention of ROP in preterm infants without ROP or prevention of
ROP progression in infants with confirmed stage 1 or stage 2 ROP
without plus disease. We found no eligible trials comparing beta-
blockers to placebo or no treatment in infants with established
stage 2 or higher ROP with plus disease.

Primary outcomes

Functional outcomes at six to 12 months' corrected age

None of the included studies reported on severe visual impairment
or blindness at six to 12 months' corrected age.

Need for additional treatment in prevention trials

Rescue treatment with anti-VEGF agents (Outcome 1.1)

All three included studies reported on this outcome (Filippi
2013; Korkmaz 2017; Sanghvi 2017). Individual trials reported no
diJerence in the rate of rescue treatment with anti-VEGF agents
between beta-blocker and control groups. Meta-analysis suggested
a significant eJect of beta-blockers on rescue treatment with anti-
VEGF agents (typical RR 0.32, 95% CI 0.12 to 0.86; I2 = 0%; typical
RD −0.06, 95% CI −0.10 to −0.01; I2 = 75%; N = 366 participants from
three studies; NNTB 18, 95% CI 14 to 84) (Analysis 1.1). We graded
the quality of evidence as low due to risk of bias and imprecision
(Summary of findings for the main comparison).

Treatment with laser photocoagulation or cryotherapy (Outcome 1.2)

All three trials reported on the incidence of laser therapy (Filippi
2013; Korkmaz 2017; Sanghvi 2017). None of them reported a
significant eJect of beta-blockers on this outcome. Meta-analysis
suggested a beneficial eJect of beta-blockers on this outcome
(typical RR 0.54, 95% CI 0.32 to 0.89; I2 = 0; typical RD −0.09, 95%
CI −0.16 to −0.02; I2 = 31%; N = 366 participants from three studies;
NNTB 12, 95% CI 8 to 47) (Analysis 1.2). We graded the quality of
evidence as low due to risk of bias and imprecision (Summary of
findings for the main comparison)

Korkmaz 2017 provided additional data on the use of anti-VEGF
agents and laser photocoagulation allowing for intention-to-treat-
analysis of those outcomes.
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Vitrectomy

In Filippi 2013 and Sanghvi 2017, no vitrectomy was performed.
Korkmaz 2017 did not report on vitrectomy.

Structural outcomes

Progression to a more severe stage of ROP in prevention trials

Progression to stage 2 ROP with plus disease (Outcome 1.3)

Filippi 2013 and Sanghvi 2017 reported on progression to stage 2
ROP with plus disease. Neither found a significant eJect of beta-
blockers on this outcome. Meta-analysis of the results from these
two trials did not indicate a significant eJect of beta-blockers
(typical RR 0.25, 95% CI 0.03 to 2.16; I2 = 0%; typical RD −0.04,
95% CI −0.09 to 0.02; I2 = 0%; 161 participants from two studies)
(Analysis 1.3). We graded the quality of evidence as moderate
due to imprecision of results (Summary of findings for the main
comparison).

Progression to stage 3 ROP (Outcome 1.4)

Filippi 2013 and Sanghvi 2017 reported on this outcome. In Filippi
2013, the risk of progression to stage 3 ROP was significantly lower
in the beta-blocker versus control group, whereas in Sanghvi 2017,
beta-blockers had no significant eJect on progression to stage
3 ROP. Meta-analysis of data from these two trials indicated a
beneficial eJect of beta-blockers on progression to stage 3 ROP
compared to placebo or no treatment (typical RR 0.60, 95% CI
0.37 to 0.96; I2 = 0%; typical RD −0.15, 95% CI −0.28 to −0.02; I2 =
73%; N = 161 participants from two studies; NNTB 7, 95% CI 5 to
67) (Analysis 1.4). We graded the quality of evidence as moderate
due to imprecision of results (Summary of findings for the main
comparison).

Progression to stage 4 or 5 ROP (Outcome 1.5)

Filippi 2013 and Sanghvi 2017 reported on progression to stage 4 or
5 ROP. Filippi 2013 reported no diJerence in the risk of progression
to stage 4 or 5 ROP in beta-blocker versus control group. In Sanghvi
2017, no infant developed stage 4 or 5 ROP. Meta-analysis did not
indicate an eJect of beta-blockers on progression to stage 4 or
5 ROP (typical RR 0.11, 95% CI 0.01 to 1.96; I2 = 0%; typical RD
−0.05, 95% CI −0.11 to 0.01; I2 = 90%; N = 161 participants from
two studies) (Analysis 1.5). We graded the quality of evidence as
moderate due to imprecision of results (Summary of findings for the
main comparison).

Additional information obtained from Korkmaz 2017 clarified that
no data were available on progression of ROP.

Secondary outcomes

Functional outcomes at six to 12 months' corrected age -
amblyopia, nystagmus and refractive error in either eye

Nystagmus at six to 12 months' corrected age (Outcome 1.6)

Sanghvi 2017 reported no diJerence in the incidence of nystagmus
at 12 months' corrected age (RR 1.64, 95% CI 0.41 to 6.51; RD 0.04,
95% CI −0.06 to 0.13) (Analysis 1.6).

Filippi 2013 mentioned preliminary results on nystagmus at 12
months' corrected age with a lower incidence in beta-blocker
versus control group (10% vs. 30%). However, no detailed values
were published thus data could not be included in meta-analysis.

Korkmaz 2017 did not report on nystagmus at 12 months' corrected
age.

Refractive error in either eye at six to 12 months' corrected age
(Outcome 1.7)

Sanghvi 2017 reported no diJerence in the incidence of refractive
error at 12 months' corrected age (RR 0.69, 95% CI 0.28 to 1.67; RD
−0.06, 95% CI −0.19 to 0.08) (Analysis 1.7).

Filippi 2013 and Korkmaz 2017 did not report on refractive error.

Unfavourable structural outcomes at six to 12 months of age

None of the studies reported this outcome.

Early childhood unfavourable retinal structure at four to six years

None of the studies reported this outcome.

Mortality before discharge from the primary hospital (Outcome 1.8) or
before one year of corrected age

Mortality before hospital discharge was not diJerent between beta-
blocker and control groups in Filippi 2013 and Sanghvi 2017. Meta-
analysis of data from these trials did not indicate a significant
eJect of beta-blockers versus placebo or no treatment on mortality
(typical RR 0.99, 95% CI 0.30 to 3.29; I2 = 0%; typical RD −0.00, 95%
CI −0.08 to 0.07; I2 = 0%; N = 161 participants from two studies)
(Analysis 1.8). Korkmaz 2017 did not report on mortality. None of
the studies reported on mortality aMer hospital discharge.

Complications of preterm birth

Bronchopulmonary dysplasia (Outcome 1.9)

Filippi 2013 and Korkmaz 2017 reported no diJerence in the risk
of BPD between beta-blocker and control groups. Similarly, meta-
analysis of data from these two trials did not show a significant
eJect of beta-blockers on BPD (typical RR 1.14, 95% CI 0.75 to 1.73;
I2 = 0%; typical RD 0.03, 95% CI −0.07 to 0.13; I2 = 10%; N = 257
participants from two studies) (Analysis 1.9).

Severe intraventricular haemorrhage (grade III to IV IVH) (Outcome
1.10)

All three included studies reported this outcome and none reported
statistically significant diJerences in grade III to IV IVH in beta-
blocker versus control groups. Similarly, meta-analysis of data from
the three trials did not indicate a significant eJect (typical RR 1.00,
95% CI 0.44 to 2.26; I2 = 0%; typical RD 0.00, 95% CI −0.04 to 0.04; I2
= 0%; N = 366 participants from three studies) (Analysis 1.10).

Necrotising enterocolitis ≥ stage 2 (Outcome 1.11)

In Korkmaz 2017 and Sanghvi 2017, there were no significant
diJerences in the incidence of stage 2 or greater NEC in beta-blocker
versus control groups. Meta-analysis of data from these two studies
did not show a significant eJect of beta-blockers on NEC (typical RR
2.45, 95% CI 0.50 to 12.11; I2 = 0%; typical RD 0.02, 95% CI −0.02 to
0.05; I2 = 77%; N = 314 participants from two studies) (Analysis 1.11).

Additional data obtained from two authors enabled intention-to-
treat-analysis of outcomes 1.10 and 1.11 (Korkmaz 2017; Sanghvi
2017).

None of the studies reported on PVL or neurodevelopmental
impairment.
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Adverse events

Arterial hypotension requiring inotropic treatment (Outcome 1.12)

Filippi 2013 reported that three infants in the beta-blocker
group (gestational age 23 to 25 weeks) required inotropic agents
due to hypotension, severe apnoea and bradycardia. Therefore,
propranolol dose in this study was subsequently reduced by 50%
for participants of less than 26 weeks' gestation. Overall, Filippi
2013 reported no statistically significant eJect of beta-blockers on
the incidence of arterial hypotension. Korkmaz 2017 and Sanghvi
2017 reported no events. Meta-analysis of data from three trials
did not indicate a significant eJect of beta-blockers on arterial
hypotension requiring inotropic agents (typical RR 7.00, 95% CI 0.38
to 129.11; I2 = not applicable; typical RD 0.02, 95% CI −0.01 to 0.04;
RD 0.04, 95% CI −0.01 to 0.09; I2 = 82%; N = 366 participants from
three studies) (Analysis 1.12). We graded the quality of evidence as
low due to risk of bias and imprecision (Summary of findings for the
main comparison).

Bradycardia requiring inotropic agents (Outcome 1.13)

Filippi 2013 reported no significant diJerence in the risk of
bradycardia requiring inotropic agents between the beta-blocker
and control groups. In Korkmaz 2017 and Sanghvi 2017, no patient
with bradycardia was reported. Meta-analysis of data from three
trials indicated no significant eJect of beta-blockers on bradycardia
requiring inotropic agents (typical RR 11.00, 95% CI 0.64 to 189.31;
I2 = not applicable; typical RD 0.03, 95% CI −0.00 to 0.06; I2 = 86%;
N = 366 participants from three studies) (Analysis 1.13). The quality
of evidence was graded low due to risk of bias and imprecision
(Summary of findings for the main comparison).

Bronchospasm requiring treatment (Outcome 1.14)

Filippi 2013 reported no diJerence in risk of bronchospasm
requiring treatment between beta-blocker and control groups
(RR 3.00, 95% CI 0.13 to 70.42; RD 0.04, 95% CI −0.06 to 0.14)
(Analysis 1.14). Korkmaz 2017 and Sanghvi 2017 did not report on
bronchospasm.

Hypoglycaemia (Outcome 1.15)

Korkmaz 2017 reported no significant diJerence in the risk of
hypoglycaemia between the beta-blocker and control groups. In
Sanghvi 2017, no patient had hypoglycaemia. Meta-analysis of
two trials did not indicate a significant eJect of beta-blockers on
hypoglycaemia (typical RR 6.05, 95% CI 0.32 to 115.73; I2 = 0%;
typical RD 0.02, 95% CI −0.01 to 0.04; I2 = 20%; N = 314 participants
from two studies) (Analysis 1.15).

Additional data obtained from one author allowed for intention-to-
treat-analysis of outcomes 1.12, 1.13, and 1.15 (Korkmaz 2017).

Filippi 2013 narratively reported that infants on oral propranolol
had higher potassium levels compared to control infants but
that values were within the normal range. No hyperkalaemia
was reported. Korkmaz 2017 reported adverse events in nine
patients (intervention group, n = 6; control group, n = 3) and
excluded those patients from analysis aMer stopping study drug
(see Incomplete outcome data (attrition bias)). Adverse events
in Korkmaz 2017 included apnoea, arterial hypotension without
treatment requirement and increase in respiratory support. Details
of these events are unknown.

Data were not suitable for subgroup or sensitivity analyses.

D I S C U S S I O N

Summary of main results

Analysis of three RCTs suggests that prophylactic oral
administration of beta-blockers compared to placebo or no
treatment may reduce the risk of progression to stage 3 ROP
in preterm infants without ROP or confirmed stage 2 or lower
ROP without plus disease, and may decrease the risk of requiring
laser therapy or anti-VEGF agents. Although meta-analysis did not
indicate a significant eJect of oral beta-blockers on the risk of
hypotension or bradycardia requiring inotropic agents, propranolol
dosage in Filippi 2013 was reduced by 50% in infants of less than
26 weeks' gestation due to severe hypotension, bradycardia, and
apnoea in several extremely preterm infants. Meta-analysis from
two trials did not indicate an eJect of prophylactic oral beta-
blockers on mortality or complications of preterm birth. We found
no conclusive evidence to suggest or refute eJects of prophylactic
oral beta-blockers on long-term visual function, progression to
stage 4 or 5 ROP, or long-term neurodevelopment.

We identified no trials on the use of topical beta-blockers for
prevention of ROP and none that assessed the eJect of beta-
blocker treatment in infants with established stage 2 or higher ROP
with plus disease.

Overall completeness and applicability of evidence

The primary objective of this systematic review was to determine
the eJect of beta-blockers on ROP progression, need for additional
treatment, and functional long-term outcomes in preterm infants
without ROP or confirmed stage 2 or lower ROP without plus
disease. Four RCTs on this topic were identified and three of them
were included in this review. These three studies incorporated
a total of 366 participants and all three were concerned with
oral administration of propranolol compared to placebo or no
treatment (Filippi 2013; Korkmaz 2017; Sanghvi 2017). Included
trials provided incomplete evidence to address the objectives
of this review. Beta-blockers were found to reduce the risk of
progression to stage 3 ROP but not to more severe stages of ROP
(stage 4 or 5 ROP). Further, the use of beta-blockers was associated
with reduced rates of children undergoing laser therapy or anti-
VEGF treatment. The clinical importance of these results remains
unknown as none of the trials reported on long-term functional
outcomes such as severe visual impairment or blindness. Given
that adverse events including arterial hypotension and bradycardia
were reported, safety concerns have to be addressed. Although
meta-analysis did not reveal a significantly increased risk of
hypotension or bradycardia requiring inotropic agents in infants
treated with beta-blockers, those eJects cannot be ruled out given
that two out of three trials were at high risk of bias and there were
few reported events. A fourth RCT, Makhoul 2013, was published as
a research letter and we excluded it from this review as outcomes
from 17/20 patients were not reported and methodological details
could not be clarified. It is unlikely that inclusion of this trial would
have led to relevant changes to the conclusions of this review.

Given the paucity of data available and the high risk of bias in Filippi
2013 and Korkmaz 2017, applicability and generalisability of the
results of this review are very limited. We found no evidence to
suggest or refute the use of beta-blockers for treatment of at least
prethreshold ROP as no trials were identified.

Beta-blockers for prevention and treatment of retinopathy of prematurity in preterm infants (Review)
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Quality of the evidence

The overall quality of evidence for outcomes in this review
varied from low to moderate (Summary of findings for the main
comparison). Thus, internal validity of the results of this review
is very limited. The risk of selection and reporting bias was high

in Korkmaz 2017. The risk of performance and attrition bias was
high in two studies because caregivers and families were not
blinded to the intervention and more than 20% of participants were
withdrawn due to serious adverse events (Filippi 2013; Korkmaz
2017) (Figure 3). The risk of detection bias for the primary outcomes
was low as outcome assessors (ophthalmologists) were masked in
all included trials.

 

Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 

Potential biases in the review process

We did not apply language restrictions to reduce publication bias
and we contacted authors of potentially eligible studies to clarify
study methodology. We further contacted authors of included
studies to clarify methodological details of the trials and to obtain
relevant outcome data.

Agreements and disagreements with other studies or
reviews

We identified one systematic review on the use of propranolol
for prophylaxis of ROP (Bührer 2015). This review included two
RCTs incorporating a total of 72 preterm infants (Filippi 2013;
Makhoul 2013). The authors of the review reported a non-
significant trend towards a reduced risk of laser treatment or
bevacizumab injection in infants allocated to propranolol and
found substantial diJerences in inclusion criteria and duration
of propranolol administration in the two trials. They concluded

Beta-blockers for prevention and treatment of retinopathy of prematurity in preterm infants (Review)
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that well-designed trials were urgently needed to assess the
clinical benefit-to-risk ratio of propranolol for prevention of vision-
threatening ROP. Makhoul 2013 was included in Bührer 2015 but
excluded from the current review due to an 85% loss to follow-up
and unclear methodological details (study published as a research
letter). The overall findings from the review of Bührer 2015 do not
substantially diJer from those of the current review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This review found limited evidence of low-to-moderate quality
suggesting that oral beta-blockers may reduce the risk of
progression to stage 3 ROP (but not to stage 4 or 5 ROP) and
reduce the risk of requiring laser treatment or anti-VEGF agents.
The clinical relevance of those findings is unclear as no data on
long-term vision impairment or blindness have been published.
Serious adverse events attributed to propranolol at a dose of 2
mg/kg/d raise concerns regarding systemic administration of this
drug for prevention of ROP at the given dose. There is insuJicient
evidence to determine the eJicacy and safety of oral beta-blockers
for prevention of ROP due to high risk of bias in two out of three
included trials and the lack of long-term functional outcomes. We
cannot recommend routine use of oral propranolol for prevention
of ROP in preterm infants.

Implications for research

We encourage researchers to undertake large, well-designed RCTs
to confirm or refute the role of beta-blockers for prevention of ROP.
In addition to outcomes such as progression of ROP and risk of
requiring laser treatment or anti-VEGF agents, these trials should
report on adverse events and long-term visual impairment. Due to
observed adverse events in previous trials, dose-finding studies of
systemic use of beta-blockers and ocular administration of beta-
blockers (given by standardised methods with particular attention
to the nominal dose delivered to the eyes) should be considered in
order to optimise drug delivery and minimise adverse events.
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Methods 2-centre randomised controlled trial performed in Milano and Florence, Italy.

Allocation concealment: yes.

Randomisation: computer-based random number generation (blocks of 8).

Blinding of caregivers and personnel to intervention: no.

Blinding of outcome ascertainment: yes (ophthalmologist).
Complete follow-up: yes.

Participants Preterm neonates (n = 52 enrolled, n = 51 analysed).

Inclusion criteria: gestational age < 32 weeks and stage 2 ROP without plus disease in zone II.

Infants were stratified by centre and gestational age (23 to 25 weeks' gestational age and 26 to 31
weeks' gestational age).

1 neonate allocated to the intervention group was relocated to the control group on the first day of us-
ing study drug due to serious adverse effects from propranolol.

Intervention group: mean (SD) postnatal age, 67 (±14) days; mean (SD) weight 1678 (± 393) grams.

Control group: mean (SD) postnatal age, 68 (± 17) days; mean (SD) weight 1559 (± 431) grams.

67.3% of neonates were outborn and the majority of neonates were transferred to the 2 study centres
for surgery. 15 (57.7%) participants in the intervention group and 13 (50%) participants in the control
group had at least 1 major surgical intervention. Surgery was predominantly performed for closure of
patent ductus arteriosus, hydrocephalus, and intestinal disease.
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Exclusion criteria: neonates with congenital or acquired cardiovascular anomalies, renal failure, cere-
bral haemorrhage; preterm infants with ROP in zone I or ≥ stage 2 ROP without plus disease in zone II.

Interventions Intervention group (n = 25 analysed): oral propranolol (2 mg/ml syrup) at a dose of 0.5 mg/kg 6 hourly
(n = 18); dosage was reduced to 0.25 mg/kg 6 hourly in 8 infants with a gestational age of 23 to 25
weeks. Duration of treatment: until complete retinal vascularisation, but no more than 90 days. Mean
(range) treatment duration 66 (6 to 90) days.

Control group (n = 26 analysed): no control treatment.

Standard treatment for ROP was offered to all study participants if indicated (laser photocoagulation,
rescue therapy with anti-VEGF agents).

Outcomes Primary outcome:

Progression of ROP to stage 2 ROP with plus disease or to stage 3 ROP with or without plus disease.

Secondary outcomes:

Incidence of laser therapy, rescue treatment with bevacizumab, progression to stage 4 or 5 ROP, need
for vitrectomy. Plasma VEGF and sE-selectin concentrations.

Notes Registered with clinicaltrials.gov NCT01079715.

Dr Filippi (contact author) provided additional information on study methodology.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random sequence.

Allocation concealment
(selection bias)

Low risk Allocation was concealed by using sequentially numbered, opaque, sealed en-
velopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding of the intervention was not attempted.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors (ophthalmologist and data analyst) were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 52 patients were randomised. In the intervention group, 1/26 (4%) infants died
after 9 days of treatment; in the control group, 2/26 (8%) infants died prior to
complete retinal vascularisation. In 6/26 (23%) infants allocated to the inter-
vention group, treatment was discontinued early due to severe adverse ef-
fects. Additionally, 1 patient from the intervention group was relocated and
analysed in the control group due to severe adverse effects after 1 day of pro-
pranolol treatment. Reporting of outcomes from the single deceased infant in
the intervention group was incomplete.

Selective reporting (re-
porting bias)

Low risk Primary outcome reported as specified in the report. Some of the secondary
outcomes specified in the registered trial protocol (blindness and retinal de-
tachment within 6 months from beginning of treatment, see NCT01079715)
were not reported.

Other bias Low risk None detected.
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Methods Single-centre randomised controlled trial performed in Kayseri, Turkey.

Allocation concealment: no.

Randomisation: nurse on clinical service flipped a coin. Depending on the result, she openly prepared
propranolol or physiological saline solution.

Blinding of caregivers and personnel to intervention: no.

Blinding of outcome ascertainment: yes (ophthalmologist).
Complete follow-up: no.

Participants Preterm neonates (n = 205 enrolled, n = 171 analysed).

Inclusion criteria: gestational age < 32 weeks, birth weight < 1500 grams and ≤ stage 2 ROP.

Participants were stratified into 3 groups: no ROP; stage 1 ROP; stage 2 ROP.

Intervention group: mean (SD) gestational age 28.2 (± 2.04) weeks; mean (SD) birth weight 1069 (± 289)
grams.

Control group: mean (SD) gestational age 28.4 (± 1.91) weeks; mean (SD) birth weight 1068 (± 284)
grams.

Exclusion criteria: infants with cardiovascular anomalies, renal failure, IVH > stage 1, NEC ≥ stage 2.

Withdrawal criteria: renal failure, apneas, hypoglycaemia, bradycardia, hypotension, insufficient
weight gain, or on parental request. Participants in the intervention group were excluded post-ran-
domisation if administration of propranolol was interrupted for more than 24 hours and upon failure to
thrive.

Interventions Intervention group (n = 83 analysed): oral propranolol (1 mg/ml saline solution) at a dose of 0.5 mg/kg
6-hourly.

Control group (n = 88 analysed): placebo (physiological saline solution).

Duration of treatment: initiation of treatment ≥ 31 weeks' PMA. Duration of treatment not standardised
and not reported.

Outcomes Primary outcome:

Incidence of laser therapy; platelet mass index.

Secondary outcomes: not defined. The following outcomes were reported: platelet count, BPD, IVH,
PDA, NEC, sepsis.

Notes Dr Baştuğ (contact author) provided additional information on study methodology and data analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Randomisation was accomplished by a clinical nurse who flipped a coin. Un-
balanced numbers of participants in intervention (n = 110, 54%) and control
groups (n = 95, 46%).

Allocation concealment
(selection bias)

High risk Study drug was prepared openly in the neonatal unit.
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Blinding of the intervention was not attempted.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors (Ophthalmologists) were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk A total of 34/205 (17%) infants were excluded post-randomisation due to se-
rious adverse events of propranolol (n = 9), withdrawal of parental consent
(n = 6), poor adherence to administration of propranolol (n = 13), and use of
anti-VEGF (n = 6). The vast majority of exclusions occurred in the intervention
group, resulting in unbalanced numbers of dropouts (study group, n = 27/110
(25%) excluded; control group, n = 7/95 (7%) excluded).

Selective reporting (re-
porting bias)

High risk No study protocol available. Trial was not registered.

Other bias Low risk None detected.

Korkmaz 2017  (Continued)

 
 

Methods 2-centre randomised, placebo-controlled trial performed in Mumbai, India.

Allocation concealment: yes.

Randomisation: computer-based random number generation (blocks of 2 or 4).

Blinding of caregivers and personnel to intervention: yes.

Blinding of outcome ascertainment: yes (ophthalmologists).
Complete follow-up: yes.

Participants Preterm neonates (n = 109 enrolled, n = 102 analysed).

Inclusion criteria: gestational age 26 to 32 weeks, postnatal age < 8 days.

Participants were stratified into 2 groups according to gestational age (26 to 28 weeks' gestational age,
29 to 32 weeks' gestational age).

Intervention group: mean (SD) gestational age 29.54 (± 1.69) weeks; mean (SD) postnatal age 5.78 (±
1.74) days; mean (SD) birth weight 1235 grams (± 280).

Control group: mean (SD) gestational age 29.12 (± 1.74) weeks; mean (SD) postnatal age 5.96 (± 1.87)
days; mean (SD) birth weight 1155 grams (± 284).

Exclusion criteria: patients with recurrent bradycardia, second and third degree AV-block, hypotension,
refractory hypoglycaemia and major congenital malformations.

Interventions Intervention group (n = 55 analysed): oral propranolol (1 mg/ml sterile water) at a dose of 0.5 mg/kg 12-
hourly.

Control group (n = 54 analysed): placebo (calcium carbonate 1 mg/ml) at a dose of 0.5 mg/kg 12 hourly.

Duration of treatment: from day 8 of life until 37 weeks' PMA or until complete retinal vascularisation;
median (range) treatment duration 32 (7 to 72) days in the intervention group, 41 (1 to 107) days in the
control group.
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Outcomes Primary outcome:

All stages of ROP.

Secondary outcomes:

Adverse events such recurrent bradycardia, hypotension, hypoglycaemia. Incidence of laser therapy,
rescue treatment with anti-VEGF agents, visual outcome at 12 months' corrected age.

Notes Registered retrospectively with ctri.nic.in CTRI/2013/11/004131.

Dr Sanghvi (contact author) provided additional information on study methodology and data for sub-
group analysis.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random sequence.

Allocation concealment
(selection bias)

Low risk Study coordinator nurse had access to the opaque binder containing the pre-
specified sequence of allocation, provided by a statistician.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Care givers (physicians and nurses) were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors (ophthalmologist and physicians) were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 109 patients were randomised. In the intervention group, 4/55 (7%) infants
died and in the control group, 3/54 (6%) infants died prior to first ROP screen-
ing. Further 22 patients (20%) were lost to visual follow-up at 12 months' cor-
rected age (secondary outcome).

Selective reporting (re-
porting bias)

Low risk Primary outcome reported as specified in the trial protocol. Visual long-term
outcomes at 12 months' PMA were not prespecified in the trial protocol but re-
ported. Trial was registered retrospectively.

Other bias Low risk None detected.

Sanghvi 2017  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bancalari 2016 Data from VLBW infants (n = 47) with stage 2 or 3 ROP in zone II-III were retrospectively analysed.
Authors assessed the effect of propranolol on progression of ROP. Infants in the intervention group
received propranolol. Outcomes of the intervention group were compared to a historical control
group not receiving propranolol. Excluded because the study was not a randomised or quasi-ran-
domised trial.

Filippi 2016 Preterm neonates (n = 23, gestational age < 32 weeks) with stage 2 ROP, zone II without plus disease
received propranolol as ophthalmic solution until complete development of retinal vascularisa-
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Study Reason for exclusion

tion, but no more than 60 days. Trial was discontinued early. Excluded because the study was not a
randomised or quasi-randomised trial.

Makhoul 2013 Preterm infants (n = 20, gestational age 23 to 28 weeks) with stage 1 (zone I) ROP, stage 2 or high-
er (zone I or II) ROP, and/or plus disease were randomised to receive propranolol or placebo. Out-
comes included progression of ROP and need for invasive interventions. This study was published
as a research letter. Excluded because methodological details could not be fully clarified and due
to 85% loss to follow-up (17/20 patients lost to follow-up).

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Topical betaxolol for the prevention of retinopathy of prematurity.

Methods Randomised, placebo-controlled trial.

Participants Preterm infants < 1251 grams birth weight.

Interventions Topical betaxolol 0.25% or placebo twice daily between 32 and 35 weeks' PMA.

Outcomes Primary outcome: development of apnoea and/or bradycardia; secondary outcome: ROP requiring
treatment.

Starting date 2012

Contact information Smith-Kettlewell Eye Research Institute

Notes Phase 1 interventional study/prevention study

NCT01660620 Ongoing 

 
 

Trial name or title A prospective cohort study for propranolol treatment in retinopathy of prematurity.

Methods Randomised, placebo-controlled trial.

Participants Preterm newborns (birth weight less than 1500 grams) with stage 1 or 2 ROP in zone II or III without
plus.

Interventions Propranolol ophthalmic solution (0.2%) 0.25 mg/kg/d. 3 microdrops propranolol solution or place-
bo in each eye 4 times daily until complete retinal vascularisation, but no more than 90 days.

Outcomes Primary outcomes: ROP progression; rate of surgical treatment; adverse effects, steady state plas-
ma concentrations of propranolol.

Starting date 2017

Contact information chuannie@sina.com

Notes Phase 2 interventional study

NCT03038295 Ongoing 
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Trial name or title Propranolol for prevention of threshold retinopathy of prematurity (ROPROP).

Methods Randomised, placebo-controlled trial.

Participants Extremely preterm infants.

Interventions Oral propranolol 1.6 mg/kg/d in 4 divided doses or placebo given for 4 to 10 weeks.

Outcomes Primary outcome: survival until 48 weeks' PMA without ≥ stage 3 ROP.

Starting date 2018

Contact information christoph.buehrer@charite.de, roman.weimann@charite.de

Notes Phase 2 interventional study

NCT03083431 Ongoing 

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Beta-blockers for prevention of ROP

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Rescue treatment with an-
ti-VEGF agents

3 366 Risk Ratio (M-H, Fixed, 95% CI) 0.32 [0.12, 0.86]

1.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.25 [0.05, 1.10]

1.2 Secondary prophylaxis 2 257 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.11, 1.50]

2 Treatment with laser photo-
coagulation or cryotherapy

3 366 Risk Ratio (M-H, Fixed, 95% CI) 0.54 [0.32, 0.89]

2.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.68 [0.35, 1.32]

2.2 Secondary prophylaxis 2 257 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.19, 0.90]

3 Progression to stage 2 ROP
with plus disease

2 161 Risk Ratio (M-H, Fixed, 95% CI) 0.25 [0.03, 2.16]

3.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.20 [0.01, 4.00]

3.2 Secondary prophylaxis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.82]

4 Progression to stage 3 ROP 2 161 Risk Ratio (M-H, Fixed, 95% CI) 0.60 [0.37, 0.96]

4.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.34, 1.60]

4.2 Secondary prophylaxis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.28, 0.90]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5 Progression to stage 4 or 5
ROP

2 161 Risk Ratio (M-H, Fixed, 95% CI) 0.11 [0.01, 1.96]

5.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5.2 Secondary prophylaxis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.11 [0.01, 1.96]

6 Nystagmus at six to 12
months' corrected age

1 109 Risk Ratio (M-H, Fixed, 95% CI) 1.64 [0.41, 6.51]

6.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 1.64 [0.41, 6.51]

7 Refractive error at six to 12
months' corrected age

1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.28, 1.67]

7.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.28, 1.67]

8 Death before hospital dis-
charge

2 161 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.30, 3.29]

8.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 1.31 [0.31, 5.58]

8.2 Secondary prophylaxis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 0.5 [0.05, 5.18]

9 Bronchopulmonary dyspla-
sia

2 257 Risk Difference (M-H, Fixed, 95%
CI)

0.03 [-0.07, 0.13]

9.1 Secondary prophylaxis 2 257 Risk Difference (M-H, Fixed, 95%
CI)

0.03 [-0.07, 0.13]

10 Intraventricular haemor-
rhage grade 3 to 4

3 366 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.44, 2.26]

10.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

10.2 Secondary prophylaxis 2 257 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.44, 2.26]

11 NEC stage 2 or higher 2 314 Risk Ratio (M-H, Fixed, 95% CI) 2.45 [0.50, 12.11]

11.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 2.45 [0.50, 12.11]

11.2 Secondary prophylaxis 1 205 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

12 Arterial hypotension requir-
ing treatment

3 366 Risk Ratio (M-H, Fixed, 95% CI) 7.0 [0.38, 129.11]

12.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

12.2 Secondary prophylaxis 2 257 Risk Ratio (M-H, Fixed, 95% CI) 7.0 [0.38, 129.11]

13 Bradycardia requiring treat-
ment

3 366 Risk Ratio (M-H, Fixed, 95% CI) 11.0 [0.64, 189.31]

13.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

13.2 Secondary prophylaxis 2 257 Risk Ratio (M-H, Fixed, 95% CI) 11.0 [0.64, 189.31]

14 Bronchospasm requiring
treatment

1 52 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 70.42]

14.1 Primary prophylaxis 1 52 Risk Ratio (M-H, Fixed, 95% CI) 3.0 [0.13, 70.42]

15 Hypoglycaemia (glucose
level < 2.5mmol/L)

2 314 Risk Ratio (M-H, Fixed, 95% CI) 6.05 [0.32, 115.73]

15.1 Primary prophylaxis 1 109 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

15.2 Secondary prophylaxis 1 205 Risk Ratio (M-H, Fixed, 95% CI) 6.05 [0.32, 115.73]

 
 

Analysis 1.1.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 1 Rescue treatment with anti-VEGF agents.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 Primary prophylaxis  

Sanghvi 2017 2/55 8/54 53.05% 0.25[0.05,1.1]

Subtotal (95% CI) 55 54 53.05% 0.25[0.05,1.1]

Total events: 2 (Beta-blocker), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.83(P=0.07)  

   

1.1.2 Secondary prophylaxis  

Filippi 2013 2/26 5/26 32.85% 0.4[0.09,1.88]

Korkmaz 2017 1/110 2/95 14.1% 0.43[0.04,4.69]

Subtotal (95% CI) 136 121 46.95% 0.41[0.11,1.5]

Total events: 3 (Beta-blocker), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.96); I2=0%  

Test for overall effect: Z=1.35(P=0.18)  

   

Total (95% CI) 191 175 100% 0.32[0.12,0.86]

Total events: 5 (Beta-blocker), 15 (Control)  

Heterogeneity: Tau2=0; Chi2=0.26, df=2(P=0.88); I2=0%  

Test for overall effect: Z=2.27(P=0.02)  

Test for subgroup differences: Chi2=0.26, df=1 (P=0.61), I2=0%  

Favours beta-blocker 10000.001 100.1 1 Favours control
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Analysis 1.2.   Comparison 1 Beta-blockers for prevention of ROP,
Outcome 2 Treatment with laser photocoagulation or cryotherapy.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.2.1 Primary prophylaxis  

Sanghvi 2017 11/55 16/54 46.49% 0.68[0.35,1.32]

Subtotal (95% CI) 55 54 46.49% 0.68[0.35,1.32]

Total events: 11 (Beta-blocker), 16 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.15(P=0.25)  

   

1.2.2 Secondary prophylaxis  

Filippi 2013 4/26 10/26 28.79% 0.4[0.14,1.11]

Korkmaz 2017 4/110 8/95 24.72% 0.43[0.13,1.39]

Subtotal (95% CI) 136 121 53.51% 0.41[0.19,0.9]

Total events: 8 (Beta-blocker), 18 (Control)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=2.23(P=0.03)  

   

Total (95% CI) 191 175 100% 0.54[0.32,0.89]

Total events: 19 (Beta-blocker), 34 (Control)  

Heterogeneity: Tau2=0; Chi2=0.9, df=2(P=0.64); I2=0%  

Test for overall effect: Z=2.43(P=0.02)  

Test for subgroup differences: Chi2=0.87, df=1 (P=0.35), I2=0%  

Favours beta-blocker 10000.001 100.1 1 Favours control

 
 

Analysis 1.3.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 3 Progression to stage 2 ROP with plus disease.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 Primary prophylaxis  

Sanghvi 2017 0/55 2/54 62.71% 0.2[0.01,4]

Subtotal (95% CI) 55 54 62.71% 0.2[0.01,4]

Total events: 0 (Beta-blocker), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.06(P=0.29)  

   

1.3.2 Secondary prophylaxis  

Filippi 2013 0/26 1/26 37.29% 0.33[0.01,7.82]

Subtotal (95% CI) 26 26 37.29% 0.33[0.01,7.82]

Total events: 0 (Beta-blocker), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

   

Total (95% CI) 81 80 100% 0.25[0.03,2.16]

Total events: 0 (Beta-blocker), 3 (Control)  

Heterogeneity: Tau2=0; Chi2=0.06, df=1(P=0.81); I2=0%  

Test for overall effect: Z=1.26(P=0.21)  

Test for subgroup differences: Chi2=0.06, df=1 (P=0.81), I2=0%  

Favours beta-blocker 10000.001 100.1 1 Favours control
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Analysis 1.4.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 4 Progression to stage 3 ROP.

Study or subgroup Favours be-
ta-blockers

Favours control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.4.1 Primary prophylaxis  

Sanghvi 2017 9/55 12/54 40.22% 0.74[0.34,1.6]

Subtotal (95% CI) 55 54 40.22% 0.74[0.34,1.6]

Total events: 9 (Favours beta-blockers), 12 (Favours control)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.77(P=0.44)  

   

1.4.2 Secondary prophylaxis  

Filippi 2013 9/26 18/26 59.78% 0.5[0.28,0.9]

Subtotal (95% CI) 26 26 59.78% 0.5[0.28,0.9]

Total events: 9 (Favours beta-blockers), 18 (Favours control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.31(P=0.02)  

   

Total (95% CI) 81 80 100% 0.6[0.37,0.96]

Total events: 18 (Favours beta-blockers), 30 (Favours control)  

Heterogeneity: Tau2=0; Chi2=0.63, df=1(P=0.43); I2=0%  

Test for overall effect: Z=2.15(P=0.03)  

Test for subgroup differences: Chi2=0.61, df=1 (P=0.44), I2=0%  

Favours beta-blocker 10000.001 100.1 1 Favours control

 
 

Analysis 1.5.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 5 Progression to stage 4 or 5 ROP.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 Primary prophylaxis  

Sanghvi 2017 0/55 0/54   Not estimable

Subtotal (95% CI) 55 54 Not estimable

Total events: 0 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.5.2 Secondary prophylaxis  

Filippi 2013 0/26 4/26 100% 0.11[0.01,1.96]

Subtotal (95% CI) 26 26 100% 0.11[0.01,1.96]

Total events: 0 (Beta-blockers), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.5(P=0.13)  

   

Total (95% CI) 81 80 100% 0.11[0.01,1.96]

Total events: 0 (Beta-blockers), 4 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.5(P=0.13)  

Test for subgroup differences: Not applicable  

Favours beta-blocker 10000.001 100.1 1 Favours control
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Analysis 1.6.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 6 Nystagmus at six to 12 months' corrected age.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.6.1 Primary prophylaxis  

Sanghvi 2017 5/55 3/54 100% 1.64[0.41,6.51]

Subtotal (95% CI) 55 54 100% 1.64[0.41,6.51]

Total events: 5 (Beta-blockers), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

   

Total (95% CI) 55 54 100% 1.64[0.41,6.51]

Total events: 5 (Beta-blockers), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

Favours beta-blocker 111 Favours control

 
 

Analysis 1.7.   Comparison 1 Beta-blockers for prevention of ROP,
Outcome 7 Refractive error at six to 12 months' corrected age.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.1 Primary prophylaxis  

Sanghvi 2017 7/55 10/54 100% 0.69[0.28,1.67]

Subtotal (95% CI) 55 54 100% 0.69[0.28,1.67]

Total events: 7 (Beta-blocker), 10 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.83(P=0.41)  

   

Total (95% CI) 55 54 100% 0.69[0.28,1.67]

Total events: 7 (Beta-blocker), 10 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.83(P=0.41)  

Favours beta-blocker 111 Control

 
 

Analysis 1.8.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 8 Death before hospital discharge.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.8.1 Primary prophylaxis  

Sanghvi 2017 4/55 3/54 60.22% 1.31[0.31,5.58]

Subtotal (95% CI) 55 54 60.22% 1.31[0.31,5.58]

Total events: 4 (Beta-blocker), 3 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.36(P=0.72)  
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Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.8.2 Secondary prophylaxis  

Filippi 2013 1/26 2/26 39.78% 0.5[0.05,5.18]

Subtotal (95% CI) 26 26 39.78% 0.5[0.05,5.18]

Total events: 1 (Beta-blocker), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.58(P=0.56)  

   

Total (95% CI) 81 80 100% 0.99[0.3,3.29]

Total events: 5 (Beta-blocker), 5 (Control)  

Heterogeneity: Tau2=0; Chi2=0.47, df=1(P=0.49); I2=0%  

Test for overall effect: Z=0.02(P=0.98)  

Test for subgroup differences: Chi2=0.47, df=1 (P=0.49), I2=0%  

Favours beta-blocker 10000.001 100.1 1 Favours control

 
 

Analysis 1.9.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 9 Bronchopulmonary dysplasia.

Study or subgroup Beta-blocker Control Risk Difference Weight Risk Difference

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.9.1 Secondary prophylaxis  

Filippi 2013 14/26 10/26 20.32% 0.15[-0.11,0.42]

Korkmaz 2017 21/110 18/95 79.68% 0[-0.11,0.11]

Subtotal (95% CI) 136 121 100% 0.03[-0.07,0.13]

Total events: 35 (Beta-blocker), 28 (Control)  

Heterogeneity: Tau2=0; Chi2=1.11, df=1(P=0.29); I2=9.73%  

Test for overall effect: Z=0.62(P=0.53)  

   

Total (95% CI) 136 121 100% 0.03[-0.07,0.13]

Total events: 35 (Beta-blocker), 28 (Control)  

Heterogeneity: Tau2=0; Chi2=1.11, df=1(P=0.29); I2=9.73%  

Test for overall effect: Z=0.62(P=0.53)  

Favours beta-blockers 10.5-1 -0.5 0 Favours control

 
 

Analysis 1.10.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 10 Intraventricular haemorrhage grade 3 to 4.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.10.1 Primary prophylaxis  

Sanghvi 2017 0/55 0/54   Not estimable

Subtotal (95% CI) 55 54 Not estimable

Total events: 0 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.10.2 Secondary prophylaxis  

Filippi 2013 8/26 8/26 100% 1[0.44,2.26]

Korkmaz 2017 0/110 0/95   Not estimable
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 136 121 100% 1[0.44,2.26]

Total events: 8 (Beta-blockers), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 191 175 100% 1[0.44,2.26]

Total events: 8 (Beta-blockers), 8 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Test for subgroup differences: Not applicable  

Favours beta-blocker 10000.001 100.1 1 Favours control

 
 

Analysis 1.11.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 11 NEC stage 2 or higher.

Study or subgroup Favours be-
ta-blockers

Favours control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.11.1 Primary prophylaxis  

Sanghvi 2017 5/55 2/54 100% 2.45[0.5,12.11]

Subtotal (95% CI) 55 54 100% 2.45[0.5,12.11]

Total events: 5 (Favours beta-blockers), 2 (Favours control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

   

1.11.2 Secondary prophylaxis  

Korkmaz 2017 0/110 0/95   Not estimable

Subtotal (95% CI) 110 95 Not estimable

Total events: 0 (Favours beta-blockers), 0 (Favours control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 165 149 100% 2.45[0.5,12.11]

Total events: 5 (Favours beta-blockers), 2 (Favours control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

Test for subgroup differences: Not applicable  

Favours beta-blocker 1000.01 100.1 1 Favours control

 
 

Analysis 1.12.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 12 Arterial hypotension requiring treatment.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.12.1 Primary prophylaxis  

Sanghvi 2017 0/55 0/54   Not estimable

Subtotal (95% CI) 55 54 Not estimable

Total events: 0 (Beta-blockers), 0 (Control)  

Favours beta-blocker 1000.01 100.1 1 Favours control
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Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.12.2 Secondary prophylaxis  

Filippi 2013 3/26 0/26 100% 7[0.38,129.11]

Korkmaz 2017 0/110 0/95   Not estimable

Subtotal (95% CI) 136 121 100% 7[0.38,129.11]

Total events: 3 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.31(P=0.19)  

   

Total (95% CI) 191 175 100% 7[0.38,129.11]

Total events: 3 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.31(P=0.19)  

Test for subgroup differences: Chi2=0, df=1 (P<0.0001), I2=100%  

Favours beta-blocker 1000.01 100.1 1 Favours control

 
 

Analysis 1.13.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 13 Bradycardia requiring treatment.

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.13.1 Primary prophylaxis  

Sanghvi 2017 0/55 0/54   Not estimable

Subtotal (95% CI) 55 54 Not estimable

Total events: 0 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.13.2 Secondary prophylaxis  

Filippi 2013 5/26 0/26 100% 11[0.64,189.31]

Korkmaz 2017 0/110 0/95   Not estimable

Subtotal (95% CI) 136 121 100% 11[0.64,189.31]

Total events: 5 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.65(P=0.1)  

   

Total (95% CI) 191 175 100% 11[0.64,189.31]

Total events: 5 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.65(P=0.1)  

Test for subgroup differences: Not applicable  

Favours beta-blocker 10000.001 100.1 1 Favours control
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Analysis 1.14.   Comparison 1 Beta-blockers for prevention of ROP, Outcome 14 Bronchospasm requiring treatment.

Study or subgroup Beta-blockers Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.14.1 Primary prophylaxis  

Filippi 2013 1/26 0/26 100% 3[0.13,70.42]

Subtotal (95% CI) 26 26 100% 3[0.13,70.42]

Total events: 1 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

   

Total (95% CI) 26 26 100% 3[0.13,70.42]

Total events: 1 (Beta-blockers), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

Favours beta-blocker 10000.001 100.1 1 Favours control

 
 

Analysis 1.15.   Comparison 1 Beta-blockers for prevention of
ROP, Outcome 15 Hypoglycaemia (glucose level < 2.5mmol/L).

Study or subgroup Beta-blocker Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.15.1 Primary prophylaxis  

Sanghvi 2017 0/55 0/54   Not estimable

Subtotal (95% CI) 55 54 Not estimable

Total events: 0 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.15.2 Secondary prophylaxis  

Korkmaz 2017 3/110 0/95 100% 6.05[0.32,115.73]

Subtotal (95% CI) 110 95 100% 6.05[0.32,115.73]

Total events: 3 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

   

Total (95% CI) 165 149 100% 6.05[0.32,115.73]

Total events: 3 (Beta-blocker), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

Test for subgroup differences: Not applicable  

Favours beta-blocker 111 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategy

("retrolental fibroplasia" [MeSH] OR "retinopathy of prematurity" [MeSH]) AND ("Propranolol" [MeSH] OR "adrenergic beta-
antagonists" [MeSH] OR beta blocker) AND ("controlled clinical trial" [Publication Type] OR "randomised controlled trial" [Publication
Type]).
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Appendix 2. Risk of bias tool

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?

For each included study, we categorized the method used to generate the allocation sequence as:

• low risk (any truly random process e.g. random number table; computer random number generator);

• high risk (any non-random process e.g. odd or even date of birth; hospital or clinic record number); or

• unclear risk.

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?

For each included study, we categorized the method used to conceal the allocation sequence as:

• low risk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);

• high risk (open random allocation; unsealed or non-opaque envelopes, alternation; date of birth); or

• unclear risk

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

For each included study, we categorized the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for diJerent outcomes or class of outcomes. We categorized the methods as:

• low risk, high risk or unclear risk for participants; and

• low risk, high risk or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we categorized the methods used to blind outcome assessment. Blinding was assessed separately for diJerent
outcomes or class of outcomes. We categorized the methods as:

• low risk for outcome assessors;

• high risk for outcome assessors; or

• unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were incomplete
outcome data adequately addressed?

For each included study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion where reported, and whether missing data were balanced across groups or
were related to outcomes. Where suJicient information was reported or supplied by the trial authors, we re-included missing data in the
analyses. We categorized the methods as:

• low risk (< 20% missing data);

• high risk (≥ 20% missing data); or

• unclear risk.

6. Selective reporting bias. Are reports of the study free of suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

• low risk (where it is clear that all of the study's prespecified outcomes and all expected outcomes of interest to the review have been
reported);

• high risk (where not all the study's prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported); or

• unclear risk.
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7. Other sources of bias. Was the study apparently free of other problems that could put it at a high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (for example, whether there
was a potential source of bias related to the specific study design or whether the trial was stopped early due to some data-dependent
process). We assessed whether each study was free of other problems that could put it at risk of bias as:

• low risk;

• high risk;

• unclear risk

If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.
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errors."
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