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Abstract  
Infantile hemangiomas (IH) are common childhood vascular tumors.  Treatment of IH has undergone rapid change in recent years.  
Since 2008, oral propranolol has been used to treat complicated IH and has proven superior to previously used therapies.  More 
recently, the efficacy of other systemic beta blockers, specifically atenolol and nadolol, has been reported.  In addition, topical 
timolol solution has been effective for treatment of smaller, more superficial IH.  The purpose of this article is to review the 
current literature of beta-blocker therapy for IH. 
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Introduction 
Infantile hemangiomas (IH) are the most common benign vascular tumors in children, with an incidence of 4-10% in infants [1, 
2].  The natural course of IH is rapid proliferation during the first few weeks or months of life, followed by a plateau period, and 
then involution over several years [3].  Most involute spontaneously without treatment; 90% of IH completely regress by 9 years 
of age [4].  However, approximately 10% of IH require intervention to prevent or treat complications such as functional 
impairment, disfigurement, scarring, and painful ulceration [5].  

Traditionally, oral corticosteroids were the treatment of choice despite varied efficacy and frequent, serious adverse events [3].  
Preferred first-line therapy quickly shifted after the 2008 publication by Léauté-Labrèze et al. describing the dramatic effect of 
oral propranolol on IH involution discovered while treating two children with high output cardiac failure [6].  Since then, many 
articles have reported favorable results with propranolol in IH.  Propranolol was found to be safer, more tolerable, and more 
effective than previously used corticosteroids.  However, propranolol does have risks and serious potential adverse effects include 
hypotension, bradycardia, hypoglycemia, and bronchospasm.  The mechanism of beta-blocker therapy for IH is not fully 
understood.  Rapid vasoconstriction, inhibition of angiogenesis, induction of apoptosis, and decreased renin production may play a 
role [3].  

Propranolol is a lipophilic non-selective beta blocker that crosses the blood brain barrier.  The beta-adrenergic system plays a role 
in memory modulation and novelty detection; the potentially harmful long-term effects of beta-blocking agents on the central 
nervous system (CNS) in infancy are unknown [7].  More recently, atenolol and nadolol have been studied as alternative systemic 
beta blockers for treatment of IH.  These drugs do not cross the blood brain barrier, theoretically eliminating the potential risk of 
CNS effects, such as sleep disturbance and future memory deficits.  Compared to propranolol, less frequent dosing is required for 
atenolol (once daily) and nadolol (twice daily), which may increase patient compliance [7, 8, 9].  
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Atenolol is a hydrophilic cardioselective beta blocker that acts primarily as a β1-receptor antagonist and spares β2-receptors.  
Therefore, bronchospasm and hypoglycemia associated with β2 blockade are essentially negated with atenolol [8, 9].  Nadolol is 
a hydrophilic non-selective beta blocker.  In contrast to propranolol, nadolol has less myocardial depressant activity and a longer 
half-life (12-24 hours), which decreases rebound growth [7].  The topical β-blocker timolol is an alternative to oral propranolol 
for smaller, more superficial IH to reduce the risks of adverse events associated with systemic therapy [10, 11, 12].  The purpose 
of this article is to review the current literature of beta-blocker therapy for IH. 

Methods  
In October 2014, four PubMed searches were performed using the terms [‘Infantile hemangioma’] AND [‘propranolol’], 
[‘atenolol’], [‘nadolol’], or [‘timolol’].  Propranolol and timolol searches were limited to clinical trials or randomized controlled 
trials.  In addition, three propranolol articles included in this review were PubMed related citations. 

Articles written in Chinese were excluded.  The authors of articles that could not be accessed were contacted; those that did not 
respond were excluded from this review.  

Study design, year(s) the study was conducted or year of publication, duration of therapy, number of patients treated with beta 
blocker, mean age at treatment initiation, IH location and type, beta blocker dose, divided daily dose or frequency, 
outcome/efficacy, adverse events, and number of patients with rebound/regrowth after treatment completion were recorded for 
each study.  Not all variables were reported in every study.  

RESULTS 
A. Oral propranolol 

Twenty-two articles describing the efficacy of propranolol in the treatment of infantile hemangiomas were included in this review 
(Table 1) [8,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33].  Despite a lack of uniformity or 
standardization with measured outcomes, several observations including dose, overall response, response time, and rebound 
occurrence can be made.  The most commonly used propranolol dose was 2 mg/kg/day divided TID; although many variations 
have been reported from 0.75-4 mg/kg/day divided BID-TID.  Overall, mean age of patients treated during the proliferative phase 
was 5 months.  Six studies reported treatment of IH after the proliferative phase ranging from 11-31 months of age.  

Overall, 15 studies reported a 100% response rate to oral propranolol.  Of the studies that did not report a 100% response rate, 
non-responders ranged from 3-10%.  There appears to be an association between age at treatment and IH response, with Sondhi et 
al. reporting 100% response in patients less than 6 months, 89% response in patients aged 6-36 months, and 0% response in 
patients older than 36 months [19].  Additionally, Fuchsmann et al. cited the two treatment failures occurring in patients with 
delayed treatment [31].  Response time was not reported in all studies, but several studies report softening and lightening of color 
within 24-48 hours [13, 16, 17, 21].  Holmes et al. reported 100% cessation of proliferation at 2 weeks with regression in 55% of 
IH during that same period [23].  Similarly, Léauté-Labrèze et al. reported 100% cessation of proliferation after 1 month of 
treatment [13].  Furthermore, Zvulunov et al. showed that addition of propranolol during IH involution in patients with a mean age 
of 28 months led to increased involution rates [33]. 

Mean duration of therapy ranged from 1-14 months, with an average of 7 months.  Interestingly, Sondhi et al. reported that 
treatment after 20 weeks duration was associated with no further significant response [19].  Rebound or recurrence was seen in 13 
studies with rates ranging from 2.5% to 40%.  Overall, the majority of rebounds was characterized as re-coloration and mild 
regrowth and was reported to be successfully retreated with oral propranolol.  Three studies reported zero recurrence or rebound 
[16, 19, 22].  Ma et al. associated recurrence with early discontinuation of propranolol after only 4-5 months [20].   

Ulcerated hemangiomas were specifically reported on by 6 authors.  Several publications cited healing of ulcerations anywhere 
from 2 weeks to 2 months [17, 21, 27, 31].  Manunza et al. reported rapid resolution in small ulcerations compared to limited 
resolution in larger ulcerations [30].  Additionally, Hermans et al. noted that 70% of patients with an ulcerated IH treated after 3.5 
months of age had ulcer duration beyond 8.7 weeks of treatment [28].  Furthermore, Saint-Jean et al. commented that ulcerated 
hemangiomas on the head and neck resolved faster than those located elsewhere.  Only Saint-Jean et al. reported recurrence of 
ulceration during rebound.  However, they noted resolution of ulceration with re-administration of oral propranolol [27]. 
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Reported adverse events during oral propranolol therapy included asymptomatic hypoglycemia, asymptomatic decreases in blood 
pressure and heart rate, bronchospasm, wheezing, transient dyspnea, stridor, sleep disturbance, insomnia, somnolence, cool 
extremities, sweating, gastroesophageal reflux, gastrointestinal complaints (nausea, vomiting, diarrhea), slightly elevated ALT and 
AST, allergic rash, increased incidence of upper respiratory infections, bronchiolitis, viral gastroenteritis, streptococcal infection, 
dehydration, and dental caries.  Four of the twenty-two studies reported no adverse events with propranolol treatment.  

B. Oral atenolol 

Only two studies, retrievable in PubMed, have been published describing the efficacy of oral atenolol in the treatment of IH 
(Table 2).  Both studies compared atenolol to propranolol.  In a randomized, double-blinded control trial, Ábarzúa-Araya et al. 
studied 13 patients with IH treated with atenolol for 6 months compared to 10 patients treated with oral propranolol for 6 months.  
The average age of patients at treatment initiation was 5 months in both arms [8].  In a prospective cohort study by de Graaf et al., 
30 infants with IH treated with atenolol were compared with a historical propranolol-treated control group.  The average duration 
of atenolol treatment was 12 months, and the average age at the time of atenolol initiation was 6 months.  Of note, atenolol-treated 
patients were significantly younger than propranolol-treated patients [9].   Both studies report a daily dosing regimen; however, 
Ábarzúa-Araya et al. used 1 mg/kg/day while de Graaf et al. ranged from 1-3 mg/kg/day, with an overall average of 1.2 mg/kg/day 
[8, 9].   

With regards to response rates, Ábarzúa-Araya et al. showed a 54% complete response compared to 60% of the patients on oral 
propranolol.  A complete response included residual telangiectasia and redundant tissue [8].  de Graaf et al. reported no significant 
difference in the quantitative improvement values for the two treatment groups.  They reported a 90% response rate of clinical 
involution for atenolol-treated patients at 2 weeks compared to a 100% response rate for propranolol-treated patients [9].  
Ábarzúa-Araya et al. reported 2 patients with rebound growth after discontinuation of atenolol that responded to re-treatment [8].  
de Graaf et al. did not comment on recurrence or rebound.  

Only de Graaf et al. commented on the use of atenolol for ulcerated IH.  Of these 8 patients, only 2 showed an inadequate 
response to oral atenolol at 2 weeks.  One of these patients had previously failed oral propranolol. 

Table 2. Oral atenolol 

 



 
According to de Graaf et al., only 3% (1/30) of patients treated with atenolol had severe adverse effects (hypoglycemia, bronchial 
hyperreactivity, or hypotension), compared with 25% (7/28) of propranolol-treated patients.  Mild adverse effects (restless sleep, 
constipation, and diarrhea) were reported in 40% (12/30) of atenolol-treated patients, compared with 50% (14/28) of propranolol-
treated patients [9].  In contrast, Ábarzúa-Araya et al. reported no adverse events for patients treated with atenolol or propranolol 
[8].  

C. Oral nadolol 

One study, Pope et al., describing the efficacy of oral nadolol in the treatment of IH (Table 3) was found on PubMed.  The study 
compared nadolol 2 mg/kg/day divided twice daily to propranolol 2 mg/kg/day divided three times daily in an assessor-blinded 
cohort study of 19 patients with head and neck IH.  Treatment duration in both arms was 6 months.  Using a Visual Analogue 
Scale (VAS), they found mean percentage IH shrinkage was 51 ± 18% at 4 weeks, 83 ± 14% at 12 weeks, and 97 ± 3% at 
24 weeks for nadolol-treated patients, compared to 28 ± 10% at 4 weeks, 56 ± 17% at 12 weeks, and 86 ± 15% at 24 weeks for 
propranolol-treated patients.  Compared to propranolol, nadolol had a faster and more favorable effect on IH.  There was a 
significant difference in IH involution between the nadolol and propranolol groups at the end of treatment.  Six months of oral 
nadolol treatment led to nearly complete involution of IH.   There was no comment on rebound or regrowth in this study. 

Table 3. Oral nadolol 

 



 
 

Reported adverse events during nadolol treatment included cold extremities, gastrointestinal symptoms, sleep disturbance, and 
cold-induced wheezing.  Additionally, asymptomatic decrease in heart rate from a mean of 139 ± 14 beats per minute (bpm) to 
115 ± 11 bpm was recorded [7].   Adverse events of propranolol treatment and rebound growth were not included in the study.   

D. Topical timolol 

Three studies describing the efficacy of topical timolol in the treatment of IH (Table 4) were retrieved from PubMed.  All studies 
report BID application; however, timolol concentration differed (0.1, 0.25, or 0.5%).  Treatment duration ranged from 2-6 months, 
and average age at treatment initiation was 2-8 months.  

According to Chan et al., there was a marginally significant difference in IH size between timolol and placebo groups at 12 and 16 
weeks, with smaller IH in the timolol group.  At 8, 20, and 24 weeks, the timolol-treated patients had significantly more IH with ≥ 
5% volume reduction.  Additionally, the timolol group had significantly more photos scoring 0 (no redness) and fewer photos 
scoring 2 (completely red) [10].  Results from Chakkittakandiyil et al. showed improvement in 99% (72/73) of patients, with a 
mean VAS improvement of 45 ± 30%.  The only patient who did not improve was a 4-month-old male with a mixed IH that 
increased in size during 2 weeks of treatment with timolol 0.5% solution [11].  Chambers et al. found IH color improved in all 
timolol-treated patients, and IH thickness decreased in 12/13 patients.  Superficial (n = 5; 100% good response) and mixed (n = 7; 
43% good response, 57% moderate response) IH decreased in size; the one deep IH increased in size (poor response) despite 
topical timolol treatment [12].  Overall, Chan et al. found topical timolol was more effective for IH with a mean diameter <11.3 
mm [10], and Chakkittakandiyil et al. reported better response in superficial IH, with 0.5% concentration, and with treatment 
duration longer than 3 months [11].  

TABLE 4: Topical Timolol 

 



 

 
 

Rebound growth was observed in only one patient: a 5-month-old infant with a mixed IH that almost completely resolved during a 
2 month course of topical timolol but increased in size within 2 weeks of stopping treatment.  Regression occurred with 
reintroduction of timolol, and rebound growth did not recur after treatment cessation at 1 year of age [12].  Sleep disturbance in 
one patient was the only reported adverse event from the 101 timolol-treated patients in the reviewed studies [11].  

Conclusions 
Beta blockers are currently the standard of care for IH.  Oral propranolol has been the focus of most research and studies in 
treatment of IH.  In December 2011, a multidisciplinary panel of experts established consensus recommendations (Figure 1) for 
propranolol pretreatment workup, initiation, formulation, target dose, frequency, and monitoring.  According to these guidelines, 
pretreatment ECG should be obtained if heart rate is below normal for age, if the patient has a history of arrhythmia or current 
arrhythmia, if there is a family history of congenital heart conditions or arrhythmias, or if there is a maternal history of connective 
tissue disease.   

The recommended formulation is 20mg/5mL preparation, and the recommended target dose is 1-3 mg/kg/day, with the majority of 
panel experts encouraging 2 mg/kg/day, divided into three daily doses [32].  Propranolol hydrochloride oral solution 
(Hemangeol®) is now FDA-approved for the treatment of proliferating IH with a concentration of 4.28 mg/ml and a 
recommended dose of 3.4 mg/kg/day divided into twice a day dosing [33].  A low starting dose is encouraged because most 
episodes of bradycardia and hypotension occur during initiation of treatment or dose escalation.  Heart rate and blood pressure 
should be measured at baseline and 1 and 2 hours after the first propranolol dose and after dose escalations > 0.5 mg/kg/day.  
Also, a minimum of one set of vital signs should be measured when the patient reaches target dose.  If heart rate or blood pressure 



is abnormal for the patient’s age, continue monitoring until they are within normal limits.  Inpatient monitoring for initiation of 
oral propranolol is recommended for infants ≤ 8 weeks corrected gestational age, infants with poor social support, infants with 
cardiovascular or respiratory comorbidities, and infants who require maintenance of blood glucose.  Otherwise, outpatient 
initiation of propranolol is acceptable [32]. 

 
Figure 1. Propranolol treatment consensus recommendations 

More recently, investigations of the efficacy and safety of other beta blockers have been conducted.  Data from Ábarzúa-Araya et 
al. and de Graaf et al. show similar efficacy of propranolol and atenolol in treatment of IH, with atenolol having less side effects.  
Furthermore, since atenolol selectively antagonizes β1-receptors and spares β2-receptors, it is not contraindicated in patients 
with asthma or bronchial hyper-reactivity.  Another advantage of atenolol is once daily administration which may improve 
compliance [8, 9].  More studies are recommended to strengthen the evidence of atenolol use in IH. 

According to results from the cohort study by Pope et al., nadolol was faster and more effective than propranolol for inducing IH 
involution.  In patients with proliferative IH, nadolol had a significantly better outcome when compared to propranolol.  The 
longer half-life of nadolol allows twice daily dosing and may increase adherence [34].  More studies of nadolol efficacy in patients 
with IH are needed.  To our knowledge, there are no randomized controlled trials of nadolol for treatment of IH.  

Hydrophilic atenolol and nadolol cannot cross the blood brain barrier, theoretically reducing CNS adverse events, such as sleep 
disturbance, nightmares, and potential long-term memory loss.  Of note, eight patients treated with atenolol had “transient restless 
sleep” [9], and one patient receiving nadolol suffered from “sleeping disturbance,” [34] without further details provided.  

Lastly, topical timolol is a good alternative to oral propranolol for smaller, more superficial IH [10, 11, 12].  Based on our review, 
topical timolol may have a slower onset of action compared to oral propranolol.  In addition, topical timolol may be used as an 



adjunct to shorten duration of oral therapy and to prevent rebound growth.  Topical therapy may be beneficial for patients who 
have contraindications to systemic beta blockers or parents who are worried about the adverse effects of systemic therapy.   

In conclusion, the superior safety and efficacy of propranolol over previously used corticosteroids is widely accepted.  Currently, 
oral propranolol is first-line therapy for complicated IH.  However, with the emerging use of other beta blockers for IH, we may 
see a shift in treatment recommendations in the coming years as more studies are published and the long term effects of beta-
blocker use in infants continues to be evaluated.   
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