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Abstract
Objective To evaluate the efficacy and safety of 2% topical
propranolol cream in the treatment of proliferating infantile
strawberry hemangiomas.
Methods A total of 40 infants were enrolled; 2% propran-
olol cream was applied three times daily. In the subse-
quent monthly visit, dynamic changes in tumor size, tex-
ture, and color were recorded. The adverse events (AEs)
were observed. Treatment outcomes were scored on a
four-point scale. All patients were followed up for 12
mo after treatment.
Results The overall response was graded Scale 1 (poor re-
sponse) in 2 patients, Scale 2 (moderate response) in 15 pa-
tients, Scale 3 (good response) in 17 patients, and Scale 4
(excellent response) in 6 patients. No significant differences
were seen in treatment outcomes between female and male
patients, among lesion locations/size, or in the age at the start
of the treatment. No obvious AEs were reported.
Conclusions 2% topical propranolol cream is safe and ef-
fective for the treatment of proliferating infantile straw-
berry hemangiomas.
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Introduction

Infantile hemangiomas (IHs) are common congenital be-
nign tumors that arise from the abnormal proliferation
of vascular endothelial cells (VECs) in the mesoderm.
The estimated incidence of IHs is 1.1–2.6% in new-
borns [1]. Strawberry hemangiomas most commonly oc-
cur in the head and neck region, followed by the trunk
and extremities. The natural course of hemangiomas is
generally divided into the proliferating, plateau, and re-
gression phases. During the proliferating phase, IH
growth is rapid and complications such as ulceration,
bleeding, and infections may occur. Their growth rate
varies among individuals, but they commonly feature
two periods of growth (after birth and 4–6 mo after
birth) [2]. It is widely accepted that early therapeutic
intervention should be considered during the proliferat-
ing phase [3, 4], which can slow the tumor growth,
accelerate the IH regression, shorten the natural course,
minimize the potential complications, and protect the
patient’s physical function. Propranolol has been in-
creasingly recommended as a new treatment for patients
with IHs. However, the drug targeting and adverse ef-
fects of orally administered propranolol remain contro-
versial [5]. The index report presents 40 cases with
proliferating strawberry IHs that were treated with topi-
cal 2% propranolol cream. The aim of the current study
was to assess the efficacy and safety profile of 2%
propranolol cream.

Yuanyuan Wang and Xingcun Zhang contributed equally to this study
and share first authorship.

Electronic supplementary material The online version of this article
(doi:10.1007/s12098-017-2303-7) contains supplementary material,
which is available to authorized users.

* Yuangang Lu
11794643@qq.com

1 Department of Plastic and Cosmetic Surgery, Daping Hospital &
Institute of Surgery Research, Third Military Medical University,
Chongqing 400042, People’s Republic of China

Indian J Pediatr (June 2017) 84(6):425–429
DOI 10.1007/s12098-017-2303-7

Efficacy and Safety of 2% Topical Propranolol Cream
for the Treatment of Proliferating Infantile
Strawberry Hemangiomas

http://dx.doi.org/10.1007/s12098-017-2303-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s12098-017-2303-7&domain=pdf


Material and Methods

This was a case series study. From January 2012 through
January 2013, a total of 40 outpatients (12 males, 28 females;
age range 30 d to 12 mo) presenting with strawberry heman-
giomas were enrolled in authors’ hospital. Based on their
medical history, clinical data, and B-scan ultrasound, all pa-
tients had a confirmed diagnosis of strawberry hemangioma
according to the 1996 International Society for the Study of
Vascular Anomalies criteria. The enrolled patients did not re-
ceive any therapies for the hemangiomas prior to study entry.
Some patients suffered two to five skin lesions, one of which
was considered in the statistical analysis.

Patients who met the following criteria were excluded
from the study: (1) condition complicated by any contra-
indications of propranolol including asthma, allergic rhini-
tis, tracheobronchitis, pneumonia, hypoglycemia, hypoten-
sion, platelet crisis, bradycardia, second- or third-degree
atrioventricular block, acute heart failure, cardiogenic
shock, liver or kidney dysfunction, glomerulonephritis, or
thyroid dysfunction; (2) signs of acute inflammation; (3)
incomplete data; (4) unwilling to comply with the study
protocol; and (5) parents refused to provide written in-
formed consent.

The study was approved by the Ethics Committee of
Daping Hospital, Third Military Medical University (No.
2012006; January 10, 2012). The Ethics Committee is certif-
icated by WHO/SCIDER, and consists of 14 members, in-
cluding experts in clinics, nursing, pharmacy and manage-
ment. For all patients, the past medical and family histories
were recorded prior to treatment. Each patient underwent a
thorough physical examination. Other indices included digital
photographs of the hemangiomas, lesion size, ultrasound im-
ages, physical signs (body temperature, pulse, blood pressure,
and respiratory frequency), cardiac color ultrasound images,
blood routine examination, coagulation function, liver and
renal function tests, and blood sugar analysis to avoid the
contraindications of propranolol prior to the treatment.
Changes in heart rate and blood pressure were measured be-
fore the first treatment of 2% topical propranolol cream and
after 2 h of treatment. The patients’ parents were informed of
the safety profile and risk of propranolol treatment of IHs and
provided informed consent.

The oral propranolol preparation was previously ground
and mixed with glycerin at a concentration of 20 mg/g. All
of the procedures were conducted in the pharmacy department
of Daping Hospital. The workshop of pharmacy department
was GMC C-class and the production approval was autho-
rized by Ministry of Public Health, Chengdu Military
Region. After the skin was cleaned, 2% topical propranolol
cream was applied evenly on the lesion surface three times
daily, followed by gentle massage to facilitate complete ab-
sorption. Patients with ulceration were given propranolol until

the wound healed. Parents were warned about the potential
treatment complications including hypotension, bradycardia,
hypoglycemia, and tracheospasm.

All of the adverse events (AEs) were recorded. Patients
were sent to the hospital if symptoms such as low spirits,
drowsiness, or loss of appetite occurred. All patients were
followed up via telephone every 2 wk. If redness, itching, or
other propranolol-related AEs were reported during the
follow-up period, the interruption of propranolol was permit-
ted and symptomatic treatment was adopted. A subsequent
visit was required every month after treatment, and the dy-
namic changes in tumor size, texture, and color were observed
and captured. A regularly scheduled re-examination including
routine blood screening, liver and renal function tests, and
blood sugar level checking was conducted every 2 mo.
According to the standards for the withdrawal of oral propran-
olol, the discontinuation of propranolol treatment was indicat-
ed by the successful disappearance of hemangiomas or the 8-
mo treatment duration [6].

The recordings obtained from patients and the clinical, vi-
sual and manual examinations were considered the subjective
assessment. Meanwhile, the objective assessment involved
the pre- and post-treatment differences in the digital photo-
graphs and ultrasound images and the regression degree.
Tumor size was recorded using the hemisphere measurements
[7] and digital photographs. Treatment outcomes were scored
according to a four-point scale [8], which was defined as fol-
lows: scale 1 (poor response), 0–25% shrinkage; scale 2 (mod-
erate response), 26–50% shrinkage and color fading; scale 3
(good response), 51–75% shrinkage and color fading; and
scale 4 (excellent response), 76–100% shrinkage as well as
total tumor disappearance and normal or nearly normal skin
color restoration.

The observed and recordedAEs after propranolol treatment
included edema, erythema, blistering, erosion, ulceration, hy-
perpigmentation, hypopigmentation, depigmentation, scar-
ring, low spirits, drowsiness, hypotension, bradycardia, hypo-
glycemia, and tracheospasm. The temporary interruption of
propranolol due to AEs was permitted until all symptoms
disappeared completely.

Descriptive statistics were used to summarize the de-
mography (age and sex) and the background characteris-
tics (tumor size and location) of the patients. According to
the age at the start of the treatment, the patients were
divided as follows: 0–3 mo, >3–6 mo, and >6–12 mo.
Patients were also divided according to the size and the
locations of the treated lesions (0–5 cm2, > 5–10 cm2, and
>10 cm2, on the head and neck, trunk and extremities,
respectively). Among the responded groups, the Kruskal-
Wallis test was used to compare the age, tumor size and
location. The Mann-Whitney U test was used to compare
the gender group. The results were considered significant
if P < 0.05.
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Results

A total of 40 infants (12 male, 28 female; median age, 4.5 mo;
range, 30 d to 12mo) who fulfilled the inclusion and exclusion
criteria were ultimately enrolled. The tumor areas were
1.0 cm × 1.5 cm to 3.0 cm × 5.0 cm. Of the 40 lesions, 23
were located on the head and neck, nine were on the trunk, and
eight were on the extremities.

After 1 wk of treatment, most of the tumor color began to
fade and the tumor was softening with a decreased skin surface
temperature. The tumor shrank over time and looked darker,
had a soft texture, and showed a plaque-like regression. After 3
mo of treatment, most of the hemangiomas were completely
regressed, with mild telangiectasias on the surface. All patients
were followed for 12 mo after treatment. Among these pa-
tients, three had complete regression after 2 mo of treatment;
however, the hemangiomas recurred after 5 mo of propranolol
withdrawal but were managed with a second course of pro-
pranolol therapy. The overall response was graded scale 1 in
two patients, scale 2 in 15 patients, scale 3 in 17 patients, and
scale 4 in six patients (Figs. 1, 2 and 3). There were no signif-
icant differences in the treatment outcomes between female
and male patients or in the age at the start of treatment. The
differences in outcomes related to lesion location and size were
also not statistically significant (Table 1). Two patients reported
gastrointestinal reactions such as mild diarrhea and loss of
appetite, but the symptoms were manageable with propranolol
discontinuation and the therapy was resumed once until their
symptoms were alleviated and had disappeared.

No obvious propranolol-related AEs were reported, includ-
ing bradycardia, hypotension, altered respiratory rate, or ab-
normalities in blood routine and lung function tests. No cases
of allergic reaction, tissue infections, or necrosis occurred.

Discussion

Strawberry hemangiomas, also known as isolated heman-
giomas, are benign tumors identified by the rapid prolifer-
ation of VECs and the formation of new capillaries. The
pathogenesis of strawberry hemangiomas has not yet been
fully clarified [9]. Some hemangiomas leave recognizable
marks after spontaneous regression, such as mild telangiec-
tasias and skin shrinkage, tissue ischemia and necrosis, tis-
sue injuries, and scarring, all of which would seriously im-
pact an individual’s physical function and appearance as
well as cause economic and psychological burdens [10].
Hemangioma growth rates are unpredictable and their re-
gression rates are highly variable. Thus, it is widely accept-
ed that prompt diagnosis and therapeutic intervention of
these lesions should be considered during their proliferat-
ing phase, which can inhibit the tumor growth, shorten the
natural course, reduce complications, protect the patient’s
physical function, and not alter their appearance.

In 2008, French researchers found that oral propranolol
effectively reduced IH volume and color [11]. A variety of
clinical studies have demonstrated that propranolol treatment
can shorten the natural course of IH and suppress its prolifer-
ation [4, 12–14]. Moreover, propranolol can exert its thera-
peutic effects on the proliferating and regression phases of
IHs. Propranolol is characterized by its rapid onset of action,
better patient tolerance, and few AEs. Thus, propranolol is
increasingly considered a first-line therapy for hemangiomas
in the clinical setting. Nevertheless, the mechanisms of bio-
logical action of propranolol in the treatment of IHs remain
unclear. Propranolol can inhibit nitric oxide production and
release, reduce the expression of angiogenic factors including
vascular endothelial growth factor, basic fibroblast growth

Fig. 1 Strawberry hemangiomas
– Skin lesion of the chest
(a) before treatment
(b) after treatment

Fig. 2 Strawberry hemangiomas
– Skin lesion of the head
(a) before treatment
(b) after treatment
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factor, and matrix metalloproteinase (MMP) as well as down-
regulate the mitogen-activated protein kinase pathway, but it
can also inhibit MMP-9 and human brain microvascular en-
dothelial cell expression, activate mesenchymal stem cell dif-
ferentiation, and induce G-protein–coupled receptor polymor-
phism [15, 16]. It was previously discovered that a dose-
dependent effect of propranolol on IHs and the drug-related
AEs were associated with administration route [6]. Orally ad-
ministered drugs with first-pass metabolism have low bio-
availability, and only approximately 25% of drugs can enter
the blood circulation and exert their therapeutic effects.
However, higher doses are always associated with an in-
creased risk of AEs. The potential propranolol-related AEs
of nonselective β-blocker mainly include bradycardia, hypo-
tension, hypoglycemia, and tracheospasm. In addition, insom-
nia, drowsiness, night terrors, fatigue, and gastrointestinal

reactions such as nausea, vomiting, acute abdominal pain,
and mild diarrhea have also been reported in patients treated
with propranolol. Intravenous injection can increase the ab-
sorption over that of oral administration but is both inconve-
nient and has poor compliance. Based on these findings, pro-
pranolol was made with glycerin for external use on the skin to
ensure good efficacy while minimizing the AEs [17]. After
using topical propranolol, the cutaneous parts of the heman-
giomas had changed in color from bright red to purple with
areas of gray, and subcutaneous tumor had changed in texture
from hard to soft. There was visible shrinkage of the heman-
gioma and/or skin color shallowed [18, 19]. Topical propran-
olol can make a reduction in volume, color, and elevation of
IHs, which can control the growth of hemangioma, or promote
tumor regression. The concentration of propranolol was
higher in index study than those in previous studies (2% vs.
1%) [20–22], which can greatly increase the transdermal ab-
sorption ratio, improve targeting, and achieve better efficacy.
The first-pass metabolism and systemic effects due to oral
administration can be prevented, as can the laser therapy–re-
lated AEs including ulceration, bleeding, and infections.
Furthermore, the external administration route is safe and con-
venient, able to decrease local skin inflammation, and can
reduce treatment costs and the need for hospital admission.

Prior to the treatment, all patients underwent clinical as-
sessments including electrocardiography, cardiac color ultra-
sonography evaluation, blood glucose, blood pressure, and
heart rate measurements. Patients were hospitalized for at least
3 d before the propranolol treatment. A stepped care program
was adopted during the treatment. The present study revealed
that 2% topical propranolol cream is an effective treatment for
proliferating infantile strawberry hemangiomas. The response
of hemangiomas was graded scale 1 in two patients, scale 2 in
15 patients, scale 3 in 17 patients, and scale 4 in six patients.
No obvious differences were found in the treatment outcomes
between female and male patients with hemangiomas or in the
age at the start of the treatment. The authors also found no
significant differences in location/size-related outcomes. No
obvious AEs were reported in index study.

Therefore, it is concluded that early therapeutic inter-
vention with propranolol cream is a necessity for infants
with red patches or plaques of skin present at birth or
when a condition is definitely diagnosed as hemangiomas,

Fig. 3 Strawberry hemangiomas
– Skin lesion of the left leg
(a) before treatment
(b) after treatment

Table 1 Differences in outcomes related to age, size, location and
gender upon initiation of treatment of lesions among 4 response groups

Therapeutic effects Difference test

Group N I II III IV X2/Z P

Age, mo

0–3 20 2 7 10 1 1.319 0.517

> 3–6 12 0 4 6 2

> 6–12 8 0 4 1 3

Total 40 2 15 17 6

Size, cm2

0–5 26 1 9 13 3 0.238 0.888

> 5–10 10 1 4 2 3

> 10 4 0 2 2 0

Total 40 2 15 17 6

Location

Head & Neck 23 1 7 11 4 1.232 0.540

Trunk 9 1 3 4 1

Extremities 8 0 5 2 1

Total 40 2 15 17 6

Gender

Female 28 0 11 12 5 -1.125 0.261

Male 12 2 4 5 1

Total 40 2 15 17 6
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to prevent progression to the rapid proliferation phase.
Moreover, propranolol combined with laser therapy can
be recommended for patients with hemangiomas who
have dismal outcomes after treatment with propranolol
alone. Based on these findings, 2% topical propranolol
cream has proven effective and safe in the treatment of
proliferating infantile strawberry hemangiomas.

It is generally accepted that the external preparation of pro-
pranolol has a better therapeutic effect on superficial heman-
gioma than on deep hemangioma. Thus, further studies are
required to verify the feasibility of this drug delivery system
for treating deep hemangiomas by increasing the percutaneous
absorption and infiltration of propranolol into the dermis and
center of the lesion under the skin.

In summary, the current study demonstrated that the admin-
istration of 2% topical propranolol cream is a safe and effec-
tive approach for the treatment of proliferating infantile straw-
berry hemangiomas and may become an optimal treatment in
clinical practice.
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