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Background: Infantile hemangiomas (IHs) are the most frequently occurring pediatric lesions. Oral 
propranolol has been shown to be safe and effective in infants with IHs. Side effects such as sleep 
disturbances have been associated with propranolol. Atenolol is a hydrophilic, selective β1-blocker and 
therefore may be not associated with side effects attributable to β2-adrenergic receptor blockade and 
lipophilicity. However, the efficacy of atenolol in the treatment of IHs is poorly understood. The aim of 
this study was to evaluate the efficacy of atenolol in the treatment of proliferating IHs in a clinical cohort 
including 133 consecutive patients.
Methods: In this study, we enrolled 133 patients diagnosed as proliferating IHs from the routine 
clinical and referral practices of the authors. The procedures followed were in accordance with the ethical 
standards of the Institute Review Board of Shanghai Ninth People’s Hospital and Helsinki Declaration. 
Clinical characteristics, including demographic data and clinical morphology, were collated. Responses to 
oral atenolol therapy were graded as: excellent, good, fair and poor. According to the reaction to atenolol 
treatment, additional medications or therapy were used for IH patients to achieve satisfactory clinical results.
Results: In this study, 128 (96.2%) of 133 IH patients responded to oral atenolol, and the response rate 
(RR) was significantly different for different ages of patients (P<0.05), with the youngest patients having 
the highest RR. The mean time of treatment was 4.9 months. Forty-one patients who exhibited residual 
hyperpigmentation or telangiectasia were further treated with timolol maleate cream (n=32) or pulsed dye 
laser (n=9). All the 41 patients showed positive response. No life-threatening complications were noted 
during and after oral atenolol. Only 4 (3.0%) of 133 patients developed minor complications including 
diarrhea. No agitation and bronchospasm were noted in our study.
Conclusions: This study demonstrated that atenolol was effective in the treatment of IHs. Compared to 
propranolol, atenolol seems to have a similar effect on IHs. Furthermore, atenolol seems to be less frequently 
associated with potentially life-threatening side effects.
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Introduction

Infantile hemangiomas (IHs), which ensue from endothelial 
cell (EC) hyperplasia, are the most common soft tissue 
tumors of infancy (1). IHs occur in 3% to 10% of infants. 
Higher risk is associated with several well-known factors, 
including low birth weight, female predominance, 
prematurity and multiple gestation (2). IHs arise in the first 
few weeks after birth, then display an active growth period 
followed by spontaneous involution. The characteristic 
evolution of nearly all IHs is proliferation, stabilization, and 
slow, spontaneous involution (3). For decades, treatment of 
IHs has mainly been focused on corticosteroids or surgery. 
Since 2008, numerous publications have shown the efficacy 
of oral propranolol for the treatment of His (4-6). Because 
propranolol is a highly lipophilic β-blocker and thus 
capable of crossing the blood-brain barrier (BBB), there 
is a theoretical probability of the central nervous system 
being affected by propranolol (7) (that is, impairment of 
short- and long-term memory, psychomotor function, sleep 
quality, and mood). Although these side effects are usually 
well tolerated, some patients must discontinue treatment. 
On the other hand, atenolol, a hydrophilic cardio-
selective β-blocker that acts principally on β1 receptors, 
does not cross the BBB and has fewer β2 effects (8). More 
recently, atenolol has been studied as an effective and 
safe systemic β-blocker for treatment of His (9-11). Early 
intervention can make the risk of development of potential 
complications to a minimum during the proliferative stage 
of IHs. In this study, we present our experience in the 
treatment of IHs with oral atenolol as a first-choice therapy 
in 133 consecutive patients. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-5359).

Methods

Study design

In this study, 133 patients diagnosed as proliferating IHs 
at the Department of Oromaxillofacial Head and Neck 
Surgery, Shanghai Ninth People’s Hospital were enrolled 
from January 2015 to December 2017. The procedures 
followed were in accordance with the ethical standards of 
the Institute Review Board of Shanghai Ninth People’s 
Hospital (SH9H-2019-T272-1) and Helsinki Declaration 
(as revised in 2013). The Institutional Review Board of 
Shanghai Ninth People’s Hospital approved this study. 
Written informed consents were obtained from all parents 

of the patients. Informed consent was obtained from the 
guardians of the patients whose images were presented 
in the study. Data collected for each patient included 
demographic characteristics, type of IHs (superficial, deep, 
or compound), duration of treatment, initial treatment age, 
reported adverse effects, and response rate (RR) to atenolol.

Treatment regimen

Prior to treatment, the patients were screened for 
contraindications and an echocardiography was performed 
to detect any possible congenital heart defects such as 
atrioventricular block or bradycardia. All patients received 
oral atenolol (atenolol tablet, The Central Pharmaceutical 
Co., Ltd., Tianjin Municipality, China) in an outpatient 
setting and no patient required hospitalization during the 
study for initiation of treatment. During the treatment, 
atenolol dosage was adjusted according to body weight. 
Atenolol was administered in the morning and late 
afternoon, 30 minutes after feeding. The initial dosage of 
atenolol was 0.5 mg/kg/day. After 1 week of treatment, 
atenolol dosage was increased to 1 mg/kg/day. The dosage 
was adjusted every month as the  increase  in weight. In 
the last month of treatment, the therapy was discontinued 
based on the clinical responses. The administration of oral 
atenolol was tapered by decreasing to one-half dose for 
2 weeks. If no rebound occurred, the dose was decreased 
to one-quarter dosage in the following 2 weeks, and then 
discontinued.

Subsequent therapy

For patients with minor tumor reduction after treatment 
with atenolol  for  3 months,  oral  prednisone was 
administered at a dose of 2 mg/kg/day every 2 days. If the 
patients were nonresponsive to atenolol and prednisone, 
bleomycin was injected into lesions at a dose of 1 mg for 1 
to 3 sessions. For patients with residual hyperpigmentation 
or telangiectasia after oral atenolol, the IH surface was 
smeared with 0.5% timolol maleate cream topically three 
times a day. If the patients were nonresponsive to 1-month 
treatment of timolol maleate cream, pulsed dye laser was 
applied at a wavelength of 595 nm and at a pulse duration of 
10 ms.

Outcome measurement

All hemangiomas underwent ultrasonographic examination 
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Figure 1 Clinical characteristics of patients.
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and were photographed at each visit to evaluate the 
therapeutic efficacy. Ultrasound examination was adopted 
to quantify the volume of IH. The volume of IH was 
defined as previously described (12). Both photographs 
and ultrasound scan were carried out at 2, 4, and 8 weeks 
following treatment and at each follow-up. Volume 
change of IHs could be evaluated under direct vision using 
photographs, and ultrasound scan provided the quantitative 
data for analysis. Responses to oral atenolol therapy was 
graded as poor (0 and <40%), fair (≥40% and <60%), good 
(≥60% and <80%) and excellent (≥80%).

Statistical analysis

Analysis was performed using SPSS software package 
(version 26.0; SPSS, Chicago, IL, USA). RR to atenolol was 
summarized according to patient demographic or disease 
characteristics using analysis of paired t-test. P<0.05 was 
considered to be significant difference.

Results

Clinical features

The mean age of 133 patients was 6.17±4.84 (range: 1–25, 
median: 5) months. The average age at the appearance 
of IHs was 1.99±1.29 weeks. The mean age at treatment 
initiation was 4.91±3.73 weeks. The average treatment 
duration was 5.39±3.35 months (Figure 1). There was 
a female predominance with a ratio of 2.3:1. Nineteen 
(14.3%) of 133 patients were preterm infant, and the most 
commonly used tocolytic agent was progestin for the 

treatment of premonitory abortion during pregnancy. The 
primary locations included trunk (28, 21.1%), extremities 
(23, 17.3%), head and neck region (82, 61.7%) including 
cheek(23, 17.3%), scalp(14, 10.5%), forehead (13, 9.8%), 
parotid gland (9, 6.8%), lip (8, 6.0%), neck (8, 6.0%) and 
nose (7, 5.3%) (Figure 2). The mean size of hemangioma 
was 16.56±11.73 cm2. Of the 133 cases, 104 (78.2%) cases 
were superficial, 11 (8.3%) were deep-seated, and 18 
(13.5%) were compound.

Therapeutic outcomes

Statistical analysis showed significant differences in RR for 
different age groups of patients, with the youngest patients 
having the highest RR (P<0.05, t-test). RR to atenolol of 
the group younger than 8 weeks was 97.8% (Figure 3), 
compared with 93.1% for patients older than 8 weeks and 
younger than 12 weeks (Figure 4), and 81.4% for patients 
older than 12 weeks (Figure 5). Gender had no significant 
impact on RR to atenolol between different age groups. 
There was no significant difference of RR to atenolol 
between different types of IHs (for superficial, deep-seated, 
or compound hemangiomas, RR: 96.1%, 92.8% vs. 88.5%, 
P>0.05). Additionally, as to the location of IHs, there was 
highest RR when IHs were located in the cheek and lowest 
RR in the neck (RR: 98.1%, 84.2%, P<0.05). Moreover, 
RR to atenolol was subdivided as follows: excellent in 
47 (35.3%) patients, good in 64 (48.1%) patients, fair 
in 17 (12.8%) patients, and poor in 5 (3.8%) patients. 
The average period of oral atenolol treatment was 5.39± 
3.35 (range, 2–15) months (Figure 1). During the outpatient 
follow-up, complain of diarrhea was recorded in 4 (3.0%) 
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of 133 patients. No patients discontinued treatment due 
to the side effects. No sleep disturbance, somnolence, and 
bronchospasm were noted. In summary, no patients in our 
study suffered from major medical complications.

Patient response to subsequent therapy

For patients with fair response to oral atenolol (17 patients), 

oral prednisone was added to the treatment regimen. After 
oral prednisone, 15 (88.2%) IHs in the 17 patients involuted 
without recurrence, and one patient was not responsive to 
oral glucocorticoid. The one nonresponsive patient and five 
poor-responsive patients were then treated with bleomycin 
injection. No recurrence was observed in the six cases, 
and the clinical results of the six patients were satisfactory. 
After oral atenolol treatment, 41 patients exhibited residual 

Figure 2 The location of IHs in this study. IH, infantile hemangioma.
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Figure 3 Response of superficial IHs in the upper lip to oral atenolol. (A) Before starting oral atenolol therapy, at the age of 2 months; (B) at 
the age of 14 months after oral atenolol therapy; obvious discoloration was noted. IH, infantile hemangioma.
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Figure 4 Response of compound IH on the scalp to oral atenolol. (A) A 3-month-old male patient had a large compound hemangioma 
located on his scalp; (B) obvious volume reduction and discoloration were noted after 11-month treatment of oral atenolol; (C) at the age of 
17 months after end of topical timolol therapy; obvious discoloration was noted. IH, infantile hemangioma.

B CA

BA

Figure 5 Response of superficial IH on the scalp to oral atenolol. (A) A 3-month-old female patient had a hemangioma located on her scalp 
which showed ulceration on its surface; (B) the hemangioma significantly regressed after 4-month treatment of oral atenolol. IH, infantile 
hemangioma.

hyperpigmentation or telangiectasia. Thirty-two patients 
were administered timolol maleate cream (Figure 4) and 
9 patients who were nonresponsive to 1-month treatment 
of timolol maleate cream underwent pulsed dye laser 
irradiation. All the 41 patients showed positive response.

No severe systemic complications were noted in our 

study. Only 4 (3.0%) of 133 patients developed minor 
complications including diarrhea. No agitation and 
bronchospasm were noted in this case series. The average 
follow-up period was 2.86±0.92 years (Figures 3-5). In the 
groups of excellent (47 patients) and good (64 patients) RR 
to atenolol, recurrence of IHs were observed in 3 (2.7%) of 
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111 patients. After receiving additional atenolol treatment 
for fewer than 4 months, all the recurring IHs faded away.

Discussion

In the past decade, the introduction of oral propranolol 
for treating IHs has been revolutionary. This β-blocker 
has a safer drug profile than long-lasting systemic  
corticosteroids (13). Studies conducted to compare oral 
atenolol with oral propranolol for treating IHs showed 
atenolol was as effective as propranolol (11,14). Atenolol is 
a synthetic, β1-selective (cardio-selective) adrenoreceptor 
blocking agent and is  l ipid insoluble hydrophil ic 
compounds. Potential benefits of atenolol over propranolol 
include its inability to cross the BBB, which may lead to less 
sleep disturbance and irritability and perhaps theoretically 
fewer impacts on neurodevelopment/emotional memory. 
Recently a meta-analysis including 1,175 patients with 
IHs treated with propranolol demonstrated that the most 
frequent side effect was sleep disturbances, including 
nightmares (3.7%) (15). In this study, 4 patients (3.0%) 
suffered from gastrointestinal reactions such as diarrhea 
after initiating atenolol, which was well tolerated in the 4 
patients and required no treatment discontinuation. No 
sleep disturbance, somnolence was complained by the 
parents of patients. To our knowledge, this is the largest 
case series to date to evaluate the clinical efficacy of oral 
atenolol for the treatment of IHs. Compared with our 
previous described cohort treated with oral propranolol (12), 
oral atenolol shows fewer central nervous system effects, 
which is in accordance with another retrospective study (14). 
No bronchospasm was observed in our study, which was in 
alignment with the conclusion that hydrophilic β1 blocker 
reduced β2 receptor blockade and then decreased the risk of 
pulmonary side effects (16).

Typically, few side effects are reported in patients 
receiving β-blockers for IHs. The clinical efficacy of oral 
atenolol in this series of 133 IH patients was exciting, 
with few relapses and good RR, and insignificant adverse 
events. Twenty-two patients undergoing subsequent 
therapy achieved  satisfactory therapeutic effect. After 
oral atenolol treatment, forty-one patients exhibiting 
residual hyperpigmentation or telangiectasia were 
administered timolol maleate cream or pulsed dye laser 
and achieved good results. Timolol is a β-blocker, which 
is used topically in eye drops to reduce raised intra-ocular 
pressure and now plays an important role in the treatment 
of superficial IHs as an off-label agent (17-19). Topical 

timolol treatment provided an effective supplement to 
systemic atenolol therapy without any systemic toxicities. 
The ability to use a less frequent dosing interval with 
atenolol versus propranolol attributes to differences in 
the pharmacokinetics and metabolism properties of the 
two drugs: propranolol has a half-life of 3–6 hours (20), 
compared with atenolol’s half-life of 6–9 hours (21), 
which may be beneficial to improve patient compliance. 
However, further studies are needed for the preferred 
age to initiate treatment of IHs, the optimal dosage, 
duration of treatment and the criteria for discontinuing  
treatment.

Theoretically, β-blockers have some similar potential 
mechanisms of action on IHs. β-blockers produce a 
therapeutic vasoconstrictive effect due to inhibition of 
adrenaline-mediated vasodilation. This leads to decreased 
erythema and softening of IHs within a few treatments 
(22,23). During the proliferative stage of IHs, β-blockers 
are thought to decrease the expression of vascular 
endothelial growth factor (VEGF), thereby opposing 
aberrant angiogenesis (23,24). β-blockers have been also 
theorized to decrease inhibition of apoptotic pathways 
in IHs, which may promote tumor involution (25,26). 
Although the underlying mechanisms of β-blockers 
treatment are still unclear, β-blockers have currently 
evolved as the  first-choice medicine for IHs. A previous 
study showed that propranolol reduced the proliferation of 
induced pluripotent stem cells, initiated the conversion to 
mesenchymal phenotype and subsequently triggered rapid 
IH involution (27). In this study, we found that a younger 
age was associated with a better RR to treatment, which was 
in alignment with the previous findings. However, further 
studies are needed for explaining the underlying mechanism 
of β-blockers in IH treatment.

In conclusion, this study demonstrates that treatment 
of IHs with oral atenolol shows high efficacy and tolerance 
with few adverse effects. There seem to be no differences 
in RRs between both β-blockers, but atenolol has the 
advantage of lower-dose administration and reduced 
number of β2 adverse events. A randomized controlled 
clinical trial should be conducted to prove the equal efficacy 
and better tolerance of atenolol compared with propranolol. 
Therefore, we propose that atenolol could be added to the 
therapeutic arsenal for the treatment of IHs.
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