
Copyright © 2017 International Pediatric Research Foundation, Inc.

ArticlesClinical Investigationnature publishing group

Background: Oral propranolol reduces retinopathy of 
prematurity (ROP) progression, although not safely. This study 
evaluated safety and efficacy of propranolol eye micro-drops 
in preterm newborns with ROP.
Methods: A multicenter open-label trial, planned accord-
ing to the Simon optimal two-stage design, was performed to 
analyze safety and efficacy of propranolol micro-drops in new-
borns with stage 2 ROP. To this end, hemodynamic and respi-
ratory parameters were monitored, and blood samples were 
collected weekly, for 3 wk. Propranolol plasma levels were also 
monitored. The progression of the disease was evaluated with 
serial ophthalmologic examinations.
Results: Twenty-three newborns were enrolled. Since the 
fourth of the first 19 newborns enrolled in the first stage of 
the study showed a progression to stage 2 or 3 with plus, the 
second stage was prematurely discontinued. Even though the 
objective to complete the second stage was not achieved, 
the percentage of ROP progression (26%) was similar to that 
obtained previously with oral propranolol administration. 
However, no adverse effects were observed and propranolol 
plasma levels were significantly lower than those measured 
after oral administration.
Conclusion: Propranolol 0.1% eye micro-drops are well 
tolerated, but not sufficiently effective. Further studies are 
required to identify the optimal dose and administration 
schedule.

Retinopathy of prematurity (ROP) is a sight-threatening 
disease due to pathological angiogenesis that occurs in 

the incompletely vascularized retina of preterm newborns. 
Despite current therapeutic strategies, ROP still represents a 
significant cause of morbidity and disability in childhood, and 

as many as ~50,000 preterm infants worldwide become blind 
or visually impaired from ROP each year (1). Although ROP 
has been recognized as a relevant cause of blindness in high-
income countries since the 1940s and 1950s, while survival 
rates of most preterm and very-low-birth-weight babies were 
improving, in the early 1990s an emerging epidemic of blind-
ness due to ROP was also recorded in middle-income coun-
tries (2). Currently, Asia is the region presenting the highest 
incidence of blindness due to ROP, followed by Latin America, 
where some countries account for an incidence of blindness/
severe visual impairment related to ROP that is 2.4 times higher 
than in highly industrialized countries (1,3–6). Therefore, the 
detection of a new inexpensive and easily affordable treatment 
strategy might be a relevant issue of global interest.

Apart from the reduction in oxygen tension, which may be 
considered the master regulator inducing the expression of 
angiogenic growth factors in proliferative retinopathies, other 
mechanisms including the activation of inflammatory signaling 
pathways, oxidative stress, and the production of nitric oxide 
are involved in the vascular response to ischemia/hypoxia (7). 
Recently, several studies performed using the C57BL/6J mouse 
model of oxygen-induced retinopathy (OIR) (8,9) to analyze 
the role of the β-adrenergic system in the pathogenesis of ROP 
(10–12) have demonstrated that retinal exposure to hypoxia 
results in an increase of the catecholamine release, which par-
ticipates in the up-regulation of proangiogenic factors leading 
to retinal angiogenesis (11). In addition, these studies have 
shown that β-adrenoreceptor (β-AR) blockade by the non-
selective β1/β2-AR antagonist propranolol prevents both the 
up-regulation of proangiogenic factors and retinal neovascu-
larization (10–12). The observation that vascular abnormalities 
in the superficial plexus that characterize OIR are abolished 
in β1/2-AR knockout mice, while the development of the deep 
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plexus is aided (13), confirms the pivotal role of β2-ARs in the 
pathogenesis of OIR and the possible efficacy of propranolol. 
Conflicting results have been reported in the 129S6 mice (14), 
a strain with a predisposition to develop a more aggressive 
neovascularization (15) and characterized by an enormous 
increase in the expression of β3-ARs (14). This characteristic 
may be responsible for the insensitivity to propranolol of this 
strain, as β3-ARs are only minimally blocked by propranolol 
(16). This discrepancy is most likely due to the different genetic 
background of the mice that may have contributed to the dif-
ferent responses of the retina to hypoxia (17).

The efficacy of propranolol in inhibiting retinal neo-vascu-
larization in mouse models suggests a potential therapeutic 
role also in preterm newborns. Propranolol is commonly used 
in newborns as an antiarrhythmic drug to treat supraventricu-
lar tachycardia (18), neonatal thyrotoxicosis (19), hyperten-
sion (20), and hypercyanotic spells in newborns with Fallot’s 
tetralogy (21). Therefore, a pilot randomized controlled trial 
was performed (22) to verify the efficacy and safety of oral pro-
pranolol in preterm newborns with an advanced stage of ROP 
(stage 2 without plus in zone II) (23). Oral propranolol proved 
to be effective in reducing ROP progression, as also confirmed 
by other studies (24–26), and its possible role in ROP preven-
tion is currently under investigation (Sanghvi KP, Singh U, 
manuscript in preparation).

However, serious adverse events including severe bradycar-
dia and hypotension have been observed, and even though 
they occurred mainly in conjunction with other conditions 
(i.e., sepsis, anesthesia or tracheal stimulation), these findings 
did not suggest that oral administration was a guarantee of 
adequate safety (22). Nevertheless, topical administration of 
propranolol was tested in animal models and resulted in being 
effective in reducing proangiogenic factors and inhibiting reti-
nal neo-vascularization (27), thus also ensuring plasma drug 
concentrations significantly lower than oral propranolol and 
an optimal tolerability profile, characteristics that suggest a 
reduced risk of adverse events (28).

The aim of this study was to evaluate the safety and efficacy 
of propranolol 0.1% eye micro-drops in preterm newborns 
with an advanced stage of ROP.

METHODS
Definitions
In order to establish the location and severity of ROP, the standard 
international ROP classification was adopted (23).

Patients
A multicenter, open-label, pilot trial was performed in order to ana-
lyze the safety and efficacy of propranolol eye micro-drops in treat-
ing preterm newborns with gestational age <32 wk, diagnosed with 
stage 2 ROP without plus in zone II (23), who were admitted to the 
neonatal care units (NICUs) taking part in the study (NICUs of A. 
Meyer University Children’s Hospital of Florence; University Hospital 
of Siena; and Fondazione IRCCS Cà Granda Ospedale Maggiore 
Policlinico, University of Milan). The exclusion criteria included new-
borns with heart failure, hypotension, recurrent bradycardia (heart 
rate <90 beats per min), second or third degree atrio-ventricular block 
and congenital cardiovascular anomalies, except for persistent ductus 
arteriosus, patent foramen ovale and small ventricular septal defects; 
newborns with renal failure, parenchymal cerebral hemorrhage, and 

other diseases that contraindicate the use of β-AR blockers on enroll-
ment were also excluded.

Treatment was started immediately after stage 2 ROP was diag-
nosed at the discretion of the examiners (R.P. and P.F. for Meyer 
Hospital of Florence; S.O. for Mangiagalli Hospital of Milan; and M.V. 
for Le Scotte Hospital of Siena). The newborns were enrolled without 
stratification by gestational age. All newborns enrolled received pro-
pranolol treatment as an ophthalmic solution (concentration 0.1%): 
three micro-drops of 6 μl propranolol solution (6 μg propranolol 
every microdrop) were topically applied in each eye by nursses using 
a variable volume pipette, three times daily (every 8 h). After admin-
istration, the nasolacrimal duct was carefully compressed for 30 s to 
decrease the percentage of the drug absorbed through the conjuncti-
val and nasal vessels. The procedure was recorded in the newborns’ 
medical records.

It was initially planned to continue this treatment until complete 
development of retinal vascularization, but no longer than 60 d. The 
treatment was discontinued at least 24 h before surgery and/or anes-
thesia, restarted again when the newborns reached clinical stability 
at the discretion of the treating physician. In fact, unstable newborns 
(i.e., after anesthesia induction) have previously shown a high risk 
of adverse events (hypotension and bradycardia) after systemic pro-
pranolol administration (22). The ophthalmologic approach for the 
newborns enrolled in this study was in accordance with the guide-
lines adopted by the ETROP Cooperative Group and the AAP/AAO/
AAPOS guidelines (29,30). Therefore, newborns with ROP who pro-
gressed to stage 2 plus or stage 3 plus were treated with laser pho-
tocoagulation or intravitreal antivascular endothelial growth factor 
(bevacizumab) administration (30). The ophthalmologists chose the 
treatment they considered most appropriate.

Eye-drops were prepared by diluting propranolol hydrochloride 
powder purchased from A.C.E.F. (Fiorenzuola d’Arda, Piacenza, Italy), 
in sterile water for injections at a concentration of 1%. Following this, 
the propranolol 0.1% solution was obtained in a horizontal laminar 
flow hood by adding 9 ml of sterile saline solution to 1 ml of the pro-
pranolol 1% preparation. The solution was prepared sterilely in com-
pliance with the microbiological standards established by European 
Pharmacopoeia (28). The stability and absence of antimicrobial activ-
ity of propranolol eye-drops have recently been reported (28).

Safety
Cardiovascular and respiratory parameters were continuously 
monitored (Infinity Delta, Dräger Medical System, Telford, PA, and 
IntelliVue MX800 Philips, Philips Healthcare, Saint-Laurent, Quebec, 
Canada). Bradycardia was defined as a single heart-rate drop below 
100 bpm; apnea, as a pause in breathing for more than 20 s or less 
when associated with desaturation, bradycardia, pallor, or reduced 
tone; hypotension, as mean arterial blood pressure less than the tenth 
centile for gestation/birth weight and postnatal age (31). In addition, 
blood gas analyses, complete blood counts, glucose levels, serum lev-
els of electrolytes, total protein levels, and renal and liver function 
tests were measured before starting treatment and once a week for 
the first 3 wk of treatment. Similarly, electrocardiograms and echo-
cardiograms were performed before starting treatment and once a 
week for the next 3 wk. In cases of hypotension and/or bradycardia 
unresponsive to adrenaline, atropine, isoproterenol hydrochloride, 
terlipressin or glucagon were available. Salbutamol and betametha-
sone were available for treating cases of bronchospasm. Weight was 
recorded daily.

Plasma Propranolol Evaluation
Plasma propranolol was monitored by measuring the plasma level 
on dried blood spots with the liquid-chromatography tandem-mass 
spectrometry test (32) before starting treatment, during the first 3 d 
of treatment, and at steady-state on the tenth day of treatment (33).

Efficacy
The main indicator of the efficacy of the propranolol eye-drops treat-
ment was the rate of progression of the disease from stage 2 ROP 
without plus to stage 2 ROP with plus or stage 3 with plus. Complete 
ophthalmologic evaluations were performed in accordance with inter-
national guidelines (29,30); however, considering the possibility of 
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topical adverse effects, during the first 21 d of treatment these clinical 
examinations were also performed every 3–4 d. The ophthalmologic 
exam verified the absence of local adverse events due to treatment 
with propranolol eye micro-drops, and also monitored the ROP pro-
gression using indirect ophthalmoscopy. The RetCam Imaging System 
II (Clarity Medical Systems, Pleasanton, California) was systemati-
cally used by ophthalmologists (R.P. and P.F. for the Meyer Hospital of 
Florence; S.O. for the Mangiagalli Hospital of Milan; and M.V. for the 
Le Scotte Hospital of Siena) to compare the ROP evolution.

Stop Criteria and Dose Changes
In the event of any severe adverse events attributable to topical pro-
pranolol treatment (bradycardia, bronchospasm, severe hypotension 
or severe local signs) the study would promptly have been stopped. 
However, with approval from the Ethic Committee, the study would 
have been restarted reducing the dosage to two micro-drops of 6 μl 
propranolol solution (0.1%), in each eye, three times a day. Similarly, 
if the trial had failed during the first stage because the plasma con-
centrations of propranolol were higher than 20 ng/ml (the mean 
plasma concentration observed at steady-state after oral administra-
tion of 1 mg/kg/d) (22,33), the study would have been restarted with a 
reduced dose (two micro-drops, in each eye, three times a day).

Ethical Approval and Informed Consent
The study was approved by the Italian Medicines Agency Institutional 
Review Board and performed in accordance with the guidelines for 
human experimentation. The Ethics Committees of all the centers 
involved in the trial approved this study. Written informed consent 
was obtained from the parents of the newborns.

Experimental Plan and Data Analysis
This study was planned according to the Simon optimal two-stage 
design for phase II clinical trials (34). A limited number of patients 
were enrolled in stage 1: if the number of clinical failures had been 
more than a preset value, the trial would have been stopped due to 
failure to demonstrate efficacy. Otherwise, an additional group of 
patients would have been enrolled in stage 2. If the cumulative num-
ber of clinical failures had been greater than another preset value, 
the trial would have ended by declaring the topical administration of 
propranolol at a concentration of 0.1% noneffective. Otherwise, the 
treatment would have been considered sufficiently effective for fur-
ther investigation. Clinical failure in this study was defined as a pro-
gression of ROP to stage 2 or 3 with plus and/or a mean propranolol 
plasma concentration at the steady-state >20 ng/ml.

The progression rate from stage 2 ROP to stage 2 or 3 plus previ-
ously reported in our units was ~38% (22). The treatment was con-
sidered effective if it halved the progression ratio. Hence, considering 
an alpha error of 0.05 and a power of 80%, the treatment would have 
been considered noneffective if we had observed at least 4 failures in 
the first 19 newborns enrolled (stage 1), or at least 12 out of 55 new-
borns enrolled (stage 2) (Figure 1). The total duration of the study 
would have been 2 y.

Newborns were divided into two groups, of 23–25 and 26–32 wk to 
evaluate the safety of propranolol treatment in newborns with differ-
ent gestational ages. Biochemical data were grouped according with 
the data of samplings: at enrollment, after 7, 14, and 21 d. The t-test 
was used to assess possible differences in such data between these 
groups. Moreover, explorative statistical analyses were conducted to 
assess the association between predictors and clinical failure. The 
Fisher’s exact test was used for categorical variables and the Kruskal–
Wallis test for continuous variables. The null hypothesis was accepted 
with a P-value higher than 0.05.

RESULTS
A total of 23 newborns were enrolled and received propran-
olol eye micro-drops. Treatment was started at 66.5 ± 25 d 
of life (postmenstrual age 36.3 ± 3.7 wk), as soon as stage 2 
ROP was diagnosed. The demographic and obstetric charac-
teristics of the study population are summarized in Table 1. 
Fifteen patients (65.2%) were outborn, and the majority was 

transferred to our NICUs for a surgical emergency. Globally, 
the comorbidities recorded (Table 1) did not substantially dif-
fer from those previously reported in our settings (22) and 
included a high number of newborns undergoing surgery. 
Interestingly, 21 newborns (91.3%) underwent at least one sur-
gical operation: 12 surgical closures of patent ductus arterio-
sus, two neurosurgeries, and 12 abdominal operations (seven 
for necrotizing enterocolitis, three for bowel perforation, and 
two for intestinal malformation). Treatment was temporarily 
discontinued in two newborns (one before a ventriculoperito-
neal shunt implant and the other before intestinal recanaliza-
tion) for 2 and 3 d, respectively.

Safety
During the study, none of the severe adverse events usually 
related to propranolol (i.e., bradycardia, bronchospasm, apnea, 
and severe hypotension) or severe local signs due to pro-
pranolol eye micro-drops was observed. Hemodynamic and 
respiratory parameters, continuously monitored during the 
treatment period, did not present relevant abnormalities, and 
no significant differences were observed between newborns of 
different gestational ages (see Supplementary Figures S1 and 
S2 online). No extended hospital stays were observed for new-
borns involved in the study due to apnea, bradycardia, or other 
side effects. No resuscitation was needed during the study.

Electrocardiographic and cardiac ultrasounds were normal 
in all newborns. Finally, no significant abnormalities were 
recorded for the variables of blood gas analysis, complete 
blood count, blood glucose, serum electrolytes, serum total 
protein, C-reactive protein, renal, and liver function. In par-
ticular, no substantial differences were observed between the 
values on enrollment and the values after 7, 14 or 21 d (see 
Supplementary Table S1 online).

As shown in Figure 2, plasma propranolol during the first 
3 d of treatment and on the tenth day (steady-state) was con-
sistently below the cut-off value of 20 ng/ml, and ~10 times 
lower than that reported after oral administration of 1 mg/
kg/d of propranolol (22,33). None of the enrolled newborns 
showed propranolol values higher than 20 ng/ml in any blood 
samplings, and, therefore, no clinical failure was attributable to 
excessively high levels of plasma propranolol.

Efficacy
The study was discontinued after a total of 23 newborns were 
enrolled, when the fourth of the first 19 newborns presented 
a progression of ROP from stage 2 to the threshold for the 
ophthalmologic treatment (stage 2 or 3 with plus). Therefore, 
the objective to complete the second stage was not reached. 
The ophthalmologic outcomes, assessed by RetCam images, 
are summarized in Table 2 and Figure 3 show three patients 
treated with eye micro-drops. One newborn was treated for 
the development of ROP stage 2 plus after only 14 d of eye 
micro-drops administration. Five newborns developed ROP 
stage 3 plus. Two of these were treated just 13 and 19 d, because 
the ROP progressed rapidly; the other three newborns were 
treated for a longer period (38, 44, and 65 d). Therefore, overall, 
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6 of the 23 newborns (26.1%; CI 95% 44.0 to 8.1%) showed 
ROP progression to stage 2 or 3 plus. Five of them belonged 
to the group with GA 23–25 wk. Three of these received treat-
ment with laser photocoagulation, but in two newborns (three 
eyes) a progression to stage 4 ROP was recorded, vitrectomy 
was performed in two eyes of two newborns, and one eye 
progressed to stage 5 despite a rescue treatment with bevaci-
zumab. The other three newborns were treated with bilateral 
intravitreal bevacizumab as the first choice, and none of them 
progressed to a more advanced stage. Interestingly, all these 
newborns showed a high incidence of comorbidities including 
more than one surgical operation.

Two twins (patients 14 and 15), who did not progress to the 
stage plus, showed a stable ROP at stage 2 for all 60 d of treat-
ment. However, 4–5 d after discontinuing treatment, a rebound 
of the disease with a progression to stage 3 was observed in 
both twins. The treatment with propranolol eye micro-drops 
was resumed for another 15 days, and the ROP regressed. As a 
result, for the following eight patients the treatment limit was 
extended to 90 d.

DISCUSSION
The serendipitous demonstration that propranolol promotes 
the regression of infantile hemangiomas (35), the most com-
mon vascular tumor in infancy sometimes associated with 
ROP (36,37), aroused interest in the involvement of the 
β-adrenergic system in hypoxia-induced angiogenic processes 
in humans (36).

The evident relationship between ROP progression and 
comorbidities characterized by strong clinical stress represents 
an indirect confirmation of the role of the adrenergic system. 
The high percentage (~40%) of ROP progression from stage 2 
to stage 2 or 3 plus previously reported in our clinical setting 

may be related to the high number of outborn newborns trans-
ferred to our hospitals (all regional reference centers for neona-
tal surgical diseases) for surgery (22). In this study, more than 
90% of the enrolled newborns underwent at least one surgical 
operation. Even though the association between ROP and sur-
gical treatments has not yet been established, it is reasonable to 
assume that the stress related to surgical interventions could 
promote ROP progression.

As a consequence of many observations in the animal model, 
four pilot clinical trials performed in newborns with ROP stage 
2 showed that propranolol administered orally protects new-
borns from ROP progression (22,24–26). Newborns treated 
with 1–2 mg/kg/d oral propranolol showed mean steady-state 
plasma concentrations of the drug ranging between 20 and 
60 ng/ml, and a significantly reduced progression to stage 3 
or stage 3 plus, compared with newborns receiving standard 
treatment (22). However, some serious adverse effects attribut-
able to this drug have been reported. As a result, we wondered 
whether topical administration might be a safer strategy to 
ensure effective retinal concentrations of propranolol.

A recent study performed in the C57Bl/6J mouse OIR model 
demonstrated that propranolol eye-drops are able to reach the 
retina, reducing vascular endothelial growth factor and insulin-
like growth factor I up-regulation in response to hypoxia, and 
preventing retinal neo-vascularization (27), indicating that topi-
cal eye application might represent an alternative delivery route 
to systemic administration, thus avoiding the risk of side effects. 
A more recent study performed in rabbits reported that the 
administration of propranolol 0.1% eye-drops induces retinal 
concentrations of this drug similar to those measured after 1 mg/
kg/d oral administration, but with significantly lower plasma lev-
els (28). These findings opened the perspective of possible topical 
treatment with propranolol in newborns with ROP.

Figure 1.  The Simon two-stage optimal design algorithm of the study.

Preterm newborns with gestational age <32
weeks and stage 2 ROP without plus in zone II

Exclusion criteria: newborns with heart failure
hypotension, bradycardia, 2 or 3 degree AV block,
congenital cardiovascular anomalies, renal failure,
parenchymal cerebral hemorrhage.

Stage I:
Enrollment of 19 newborns

Failures ≥ 4/19 Failures < 4/19

Failures ≥ 12/55 Failures < 12/55

Lack of efficacy

Failure: progression to stage 2 or 3 plus or mean propranolol plasma concentration > 20 ng/ml

Efficacy of eye drops

Stop of the study
Lack of efficacy

Transition to stage II:
Enrollment of other 36 newborns (total 55 newborns)
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This is the first trial that analyzes the therapeutic role of pro-
pranolol eye micro-drops in preterm newborns with ROP: the 
objective was to evaluate whether the topical delivery system 
could reduce ROP progression while maintaining plasmatic 
drug concentrations low enough to avoid adverse events.

In order to reduce its systemic absorption, the lacrimal sac at 
the medial canthus was compressed following the instillation 
of each microdrop as this blocks the passage of the drug via 
the nasolacrimal duct to the wide absorptive area of the nasal 

and pharyngeal mucosa. Moreover, several studies have dem-
onstrated that by reducing the eye-drop volume, the pharma-
codynamics effects are maintained, whereas the plasma drug 
concentration and systemic side effects decrease (38–40). In 
fact, the precorneal area can only contain a small volume of 
liquid solutions and ~80% of the volume of a standard drop 
rapidly reaches the lower conjunctival fornix and passes down 
the nasolacrimal duct (41), contributing to systemic side 
effects. As a result of these observations, we chose to admin-
ister propranolol eye microdrops to newborns enrolled in this 
study.

Plasma Propranolol Levels
The strategy to use topical administration of 0.1% eye 
micro-drops allowed us to obtain plasma concentrations of 
propranolol in our newborns that were significantly lower 
and more stable than those obtained in a previous study 
after the oral administration of 1 mg/kg/d (Figure 2). The 
demonstration that the plasma levels of propranolol in our 
newborns were very similar to those measured in rabbits 
after the administration of the same drops (28), allows us to 
imagine that even in infants the drug’s concentration in the 
retina could be similar to that obtained with oral adminis-
tration, as observed in rabbits (28). If so, the availability of 

Table 1.  Comparison of baseline characteristics and comorbidities

Group  
23–25 wk

Group  
26–32 wk

n = 12 n = 11

Baseline characteristics

 Gestational age, wk, mean ± SD 25.3 ± 0.8 28.4 ± 2.4

 Birth weight, g, mean ± SD 746 ± 144 820 ± 286

 Male, n (%) 7 (58.3) 6 (54.5)

 Cesarean delivery, n (%) 6 (50) 10 (90.9)

 Stained amniotic fluid, n (%) 0 0

 Outborn, n (%) 6 (50) 9 (81.8)

 Apgar Score, 1 min, mean ± SD 4.1 ± 1.8 4.7 ± 2.1

 Apgar Score, 5 min, mean ± SD 6.5 ± 1.1 7.4 ± 1.2

 Caucasian race, n (%) 12 (100) 9 (81.8)

 Age at enrollment, d, mean ± SD 72.8 ± 26.6 59.6 ± 23.6

 Postmenstrual age at the enrollment, wk, 
mean ± SD

35.7 ± 2.7 36.9 ± 2.9

 Weight at enrollment, g, mean ± SD 1,741 ± 572 1,696 ± 758

 Respiratory support at the enrollment, n (%) 7 (58.3) 9 (81.8)

 Survival, n (%) 12 (100) 11 (100)

Comorbidities and cointerventions

 Respiratory distress syndrome, n (%) 12 (100) 11 (100)

 Surfactant treatment, n (%) 11 (91.7) 10 (90.9)

 Oxygen exposure, n (%) 12 (100) 11 (100)

 Duration of oxygen exposure (d), median 
(range)

59.5 (6–137) 34 (4–71)

 Bronchopulmonary dysplasia a, n (%) 12 (100) 6 (54.5)

 Candida sepsis, n (%) 2 (16.7) 1 (9.1)

 Other sepsis, n (%) 10 (83.3) 7 (63.6)

 Newborns transfused with red blood cells, n (%) 12 (100) 11 (100)

 Number of red blood cell transfusions, 
median (range)

7 (4–13) 5.5 (2–8)

 Intraventricular hemorrhage, grade 3–4, n (%) 6 (50) 2 (18.2)

 Posthemorrhagic hydrocephalus, n (%) 1 (8.3) 1 (9.1)

 Cholestasis, n (%) 5 (41.7) 7 (63.6)

 Neurosurgery, n (%) 1 (8.3) 1 (9.1)

 Surgical closure of patent ductus arteriosus, n (%) 8 (66.7) 4 (36.4)

 Surgery for intestinal diseases, n (%) 5 (41.7) 7 (63.6)
aOxygen requirement at 36 wk postmenstrual age.

Figure 2.  Plasma propranolol concentrations measured by DBS in the  
23 newborns (continuous black line), during the first 3 d (a) and in the 
tenth day of treatment (b), compared with plasma propranolol concentra-
tions obtained in the previous study after oral (1 mg/kg/d) propranolol 
administration (dotted black line).
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a preparation that provides an adequate amount of the drug 
in the retina with low plasma concentrations could help to 
overcome the risks of adverse effects as described with the 
oral preparation (22). While the high incidence of adverse 
effects after oral propranolol excluded the possibility of test-
ing higher doses of the drug, this study with eye micro-drops 
offers the possibility of increasing the retinal concentration 
of propranolol and probably also its efficacy, in view of the 
fact that its retinoprotective effect is dose-dependent in the 
animal model (10).

Safety
Similar to what was observed in the study with oral admin-
istration, biochemical, hematologic, hemodynamic, and 
respiratory parameters in newborns treated with proprano-
lol 0.1% eye micro-drops were stable. No adverse effects and 
no increase in hospitalization were observed after topical 
administration of propranolol 0.1%. Considering the high 
prevalence of comorbidities in this study population, the 
optimal profile of safety and tolerability recorded with topi-
cal administration in this type of patient is even more reas-
suring. These micro-drops were also well tolerated locally, 
without any signs of topical injury. However, the number 
of patients treated was too small to make a definitive safety 
judgment.

Efficacy
As regards the efficacy of propranolol eye micro-drops, the 
objective to reduce the percentage of progression of ROP to 
stage 2 or 3 with plus disease to < 19% (half of our historical 
rate of ROP progression which is the same observed after oral 
treatment) was not reached after the first stage of the study. 
In fact, 4 out of 19 newborns showed a progression of ROP to 
stage 2 or 3 with plus and, therefore, the study was prematurely 
interrupted. Overall, the ratio of newborns in which ROP pro-
gressed to stage 2 or 3 with plus disease was 26%. Even though 
our ambitious objective was not achieved, the results were sub-
stantially similar to those obtained after oral administration 
of propranolol, but with no adverse effects and definitely low 
plasma propranolol levels (22). Therefore, this study suggests 
that topical administration of propranolol could be an effec-
tive strategy for counteracting ROP progression, even though 
some remarks should be made.

Study Limitations
First of all, the number of subjects treated is small and future 
studies are warranted to increase the sample size.

Second, there is no scientific evidence that topical proprano-
lol gets into human vitreous and reaches the retina or what 
concentration is required to get there. Therefore, the optimal 

Table 2.  Ophthalmologic outcome

All 
newborns

Group 
23–25 wk

Group 
26–32 wk

N = 23 n = 12 n = 11

Progression to stage 2 
ROP with plus, n (%)

Newborns 1/23 (4.3) 0/12 (0) 1/11 (9.1)

Eyes 2/46 (4.3) 0/24 (0) 2/22 (9.1)

Progression to stage 3 
ROP without plus, n (%)

Newborns 10/23 (43.5) 6/12 (50) 4/11 (36.4)

Eyes 20/46 (43.5) 12/24 (50) 8/22 (36.4)

Progression to stage 3 
ROP with plus, n (%)

Newborns 5/23 (21.7) 5/12 (41.7) 0/11 0)

Eyes 9/46 (19.6) 9/24 (37.5) 0/22 (0)

Clinical failures (stage 2 
or 3 plus), n (%)

Newborns 6/23 (26.1) 5/12 (41.7) 1/11 (9.1)

Eyes 11/46 (23.9) 9/24 (37.5) 2/22 (9.1)

Treatment with laser 
photocoagulation, n (%)

Newborns 3/23 (13.0) 2/12 (16.7) 1/11 (9.1)

Eyes 5/46 (10.9) 3/24 (12.5) 2/22 (9.1)

Treatment with 
bevacizumab, n (%)

Newborns 4/23 (17.4) 3/12 (25.0) 1/11 (9.1)

Eyes 8/46 (17.4) 6/24 (25.0) 2/22 (9.1)

Progression to stage 4 
ROP, n (%)

Newborns 2/23 (8.7) 1/12 (8.3) 1/11 (9.1)

Eyes 3/46 (6.5) 1/24 (4.2) 2/22 (9.1)

Vitrectomy, n (%) Newborns 2/23 (8.7) 1/12 (8.3) 1/11 (9.1)

Eyes 2/46 (4.3) 1/24 (4.2) 1/22 (4.5)

Progression to stage 5 
ROP, n (%)

Newborns 1/23 (4.3) 0/12 (0) 1/11 (9.1)

Eyes 1/46 (2.2) 0/24 (0) 1/22 (4.5)

ROP, retinopathy of prematurity.

Figure 3.  Examples of three newborns enrolled at ROP stage 2 with-
out plus (a, c, e) and treated with propranolol 0.1% eye micro-drops. 
In the first two patients the progression of ROP stopped (b, d), while in 
patient 3, stage 3 with plus developed and laser photocoagulation was 
performed (f).

a b

c d

e f
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dosage and concentration of the eye-drops to use in preterm 
newborns is still uncertain. We prudentially chose a total dose 
of three 6 µl micro-drops in each eye three times a day (108 
µl/d corresponding to 108 µg/d), based on the plasma and reti-
nal propranolol concentrations obtained in the rabbit model 
(28). However, considering the optimal safety profile that we 
have demonstrated in preterm newborns, it is likely that this 
dosage could be increased without compromising the safety 
and tolerability.

Third, the optimal time to start propranolol treatment is not 
yet clear. In this study, treatment was started at an advanced 
stage of ROP (stage 2 without plus), a stage that is quite close 
to the threshold of ophthalmologic treatment. Half of the 
newborns who did not improve after propranolol rapidly 
deteriorated, and treatment with propranolol was limited to 
a few days. Therefore, starting the therapy more precociously 
could represent an additional advantage.

The main limitation of current studies in newborns is rep-
resented by the availability of antagonists active exclusively on 
β1 and β2-AR, while recent findings suggest that β3-ARs are 
also actively involved in hypoxia-induced retinal neo-vascu-
larization. The evidence that propranolol (inactive in blocking 
β3-AR) failed to suppress retinal neovascularization or the up-
regulation of growth factors in an OIR mouse model based on a 
different strain characterized by an increased expression of β3-
AR mRNA (129S6 mice) supports this idea (14). Additionally, 
the finding that in this mouse strain retinal neovasculariza-
tion is particularly aggressive (15), suggested that the different 
genetic background of the mice may have contributed to the 
different responses of the retina to hypoxia, and that β3-ARs, 
the up-regulation of which is dramatically more pronounced 
in 129S6 than in C57BL/6J mice during OIR development, 
could play a pivotal angiogenic role (17). The involvement of 
β3-ARs was clearly demonstrated in mouse retinal explants, 
where β3-ARs have been found to modulate hypoxia-induced 
vascular endothelial growth factor release through the activa-
tion of the nitric oxide signaling pathway (42). The role of β3-
ARs is finally confirmed by the finding that selective β3-AR 
activation leads to the formation of retinal neovascular tufts 
in β1/2-AR knockout mice (13). In humans, the difference in 
genetic background has been proposed to explain why ROP 
progression to severe stages is less frequent in black than in 
Caucasian infants, even though the disease exhibits the same 
incidence rate in both populations. The protection in black 
infants seems to depend on a higher frequency of β-AR poly-
morphisms, and more specifically on a polymorphism of G 
protein-coupled receptor kinase 5, which desensitizes β-ARs, 
thus leading to resistance to noradrenergic stimulus and offer-
ing protection against ROP (43). Consequently, the possibility 
exists that not only in mice but also in humans, the variable 
therapeutic response to propranolol may depend on differ-
ences in genetic background such as a different expression 
level of retinal β3-ARs. Unfortunately, at present, there are no 
approved blockers for targeting β3-ARs in humans.

Another limitation of this research is represented by the 
study design, which does not require the presence of a control 

group, a group not receiving any treatment or receiving a pla-
cebo. The primary purpose of a clinical pilot study concerning 
a new therapeutic approach is to determine its possible toxicity 
and/or “biological activity against the disease under study to 
warrant more extensive development” (34). The possibility of 
rapidly understanding if a new therapeutic strategy is safe and 
probably effective is the main advantage of this study design. 
However, subsequent confirmation from a controlled study 
with a control group is essential.

Conclusion
This pilot study investigated for the first time the safety and 
efficacy of a new topical delivery system for the administra-
tion of propranolol in newborns with ROP. While proprano-
lol 0.1% eye micro-drops seem to be well tolerated even in 
high-risk patients, such as preterm newborns with a high 
prevalence of comorbidities, they are not sufficiently effective. 
However, the number of newborns evaluated was small and 
further prospective studies are needed to obtain meaningful 
conclusions.

In this trial, a very low dosage of propranolol was employed 
and newborns were enrolled late, when the disease was already 
at an advanced stage and the entire growth factor cascade has 
already triggered the angiogenesis. The reassuring safety and tol-
erability profile of propranolol eye micro-drops together with the 
very low plasmatic levels, encourages further experimentation 
with the administering of a higher concentration of propranolol 
(0.2 %) to newborns at an earlier stage of the disease (ROP stage 
1) (NCT02504944). In fact, it is likely that an earlier treatment 
with propranolol (in coincidence with the beginning of the pro-
angiogenic factors up-regulation) could increase its effectiveness.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/pr
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