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Abstract We aimed to assess the efficacy and safety of low-
dose propranolol for treatment of infantile hemangiomas
(IHs) in China. Our prospective study included data from
89 patients with IH, aged 1-12 months. Plasma renin activ-
ity, angiotensin II, and aldosterone were measured before
initiation of propranolol therapy. Patients were administered
propranolol (0.75-1 mg/kg/day) under close observation.
The volume, texture, and color of lesions were used to
evaluate efficacy. Safety endpoints included heart rate, sys-
tolic and diastolic blood pressures, alanine transaminase,
aspartate transaminase, thyroid function tests, and fasting
blood glucose. Adverse effects were recorded. Mean plasma
angiotensin II concentration in patients with IH was higher
than that in age-matched healthy children, whereas mean
plasma renin activity was lower. Mean aldosterone level was
higher at 1-3 months but lower at 4-12 months, than values
reported previously. After propranolol therapy for 6 months,
IH regression was classed as grade IV in 44 patients
(49.4 %), grade III in 21 patients (23.6 %), and grade II in
24 patients (27.0 %); none were grade I. Mild adverse
effects, including diarrhea, restless sleep, nausea, cold ex-
tremities, and hypoglycemia, occurred in 12 patients
(13.5 %). Slight decreases in heart rate and blood pressure
occurred in all patients (»<0.05). The IHs of four patients
(4.5 %) relapsed after treatment cessation at 4—5 months.
Conclusion: Low-dose propranolol is effective and safe for
Chinese children with IH, and larger-scale studies are
merited. Mechanisms underlying IH pathogenesis, and pos-
sible involvement of the renin—angiotensin—aldosterone sys-
tem, deserve study.
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Introduction

Infantile hemangiomas (IHs) are the most common vascular
tumors of infancy, with an estimated worldwide prevalence
of 1-10 % in newborns and infants [5]. IHs are benign
tumors, and the majority are small in size and self-
limiting; however, in some cases, severe or life-threatening
problems can arise [3]. In 2008, Léauté-Labréze et al. [11]
published their initial report of propranolol as an effective
treatment for IHs. Since then, numerous studies have con-
firmed that propranolol is an effective and highly promising
therapy for IH, and many clinicians now recommend pro-
pranolol as the first-line treatment for problematic IHs.
Compared with people of White race, Chinese individuals
have a greater sensitivity and lower tolerance to beta-
blockers, due to decreased plasma protein binding [17,
18]. Thus, a lower dose of propranolol should be used for
the treatment of IH in Chinese patients. However, a system-
atic study of the use of low-dose propranolol for manage-
ment of IH in Chinese patients has not yet been described.

High levels of renin have been found in infants, Cauca-
sians, females, and premature infants. Itinteang et al. [9]
have recently proposed a crucial role for the renin—angio-
tensin system (RAS) in IH, supported by the clinical obser-
vation of a higher incidence of this tumor in Caucasians,
females, and premature infants [15]. However, to date, no
experimental evidence has been provided to confirm this
hypothesis. The aims of the present study were to analyze
the RAS level in patients with IH, before the use of pro-
pranolol treatment, and to evaluate the efficacy, safety, and
adverse effects of low-dose propranolol for the management
of IH. Here, we present our preliminary experience on the
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treatment of IH with low-dose propranolol in Chinese
children.

Materials and methods
Patients

The ethics committee of Xinhua Hospital, affiliated to
Shanghai Jiaotong University School of Medicine, approved
this study. All parents whose infants participated in this
study were informed of the research purpose and provided
written informed consent. This prospective, interventional
case series was conducted between May 2009 and Decem-
ber 2011. The inclusion criteria were as follows: infants less
than 1 year of age, newly diagnosed with IH, and who had
not been previously treated with corticosteroids or other
medications. The contraindications for use of propranolol
included: a history or risk of asthma, reactive airway dis-
ease, impaired renal or liver function, heart defects or ar-
rhythmia, hypotension, central nervous system disorders,
neonates under the age of 1 month, preterm babies not
reaching a gestational age of 40 weeks, and allergy to
propranolol. Infants who withdrew from follow-up within
6 months were also excluded from the study.

Clinical assessment prior to treatment with propranolol

The patients were admitted to hospital for 7 days. Before the
initiation of propranolol treatment, a careful physical exam-
ination was carried out to rule out respiratory and cardio-
logic diseases. Baseline heart rate, systolic and diastolic
blood pressures, and blood oxygen saturation were moni-
tored and recorded by an ECG monitor (Philips SureSigns
VM6 Monitor). A standard set of laboratory blood tests
were undertaken, including complete blood count, alanine
transaminase (ALT), aspartate transaminase (AST), thyroid
function tests (thyroid-stimulating hormone, total thyroxine
[total T4], free thyroxine [free T4], total triiodothyronine
[total T3], and free triiodothyronine [free T3]), fasting blood
glucose, plasma renin activity, angiotensin II (ATII), and
aldosterone. Color Doppler echocardiography was per-
formed to exclude any patients with heart defects.

Propranolol treatment protocol

On the second day of hospitalization, the patients were
treated with propranolol, given as two separate doses (given
at 8 am and 8 pm). The total dosage was determined by the
age of the patient (1-3 months, 0.75 mg/kg/day; 4—
12 months, 1 mg/kg/day). It was ensured that the patients
were adequately fed every 3 h, in order to avoid drug-
induced hypoglycemia. The patients were kept under close
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observation and received ECG monitoring during the first
3 days. Heart rate and systolic and diastolic blood pressures
were recorded 1 h after each dose of propranolol, which
corresponded with the time of peak absorption. Propranolol
was omitted if blood pressure was measured to be less than
the 5th percentile, according to age [10], and resumed once
the blood pressure had normalized. If the patient tolerated
the total dosage well, we arranged for discharge from the
hospital after 1 week, with follow-up at an outpatient clinic
every 3 months. ALT, AST, thyroid function tests, and
fasting blood glucose were examined at each visit to the
outpatient clinic. Propranolol treatment was maintained for
at least 6 months, and in some patients was continued until
the age of 18 months. If the tumor did not respond to low-
dose propranolol, an additional dose of 0.5 mg/kg/day was
given. Cessation of propranolol treatment was achieved with
dose de-escalation, over a period of 1-2 weeks.

Clinical evaluation

The evaluation of efficacy was determined on the basis of
three parameters: (a) the reduction in tumor volume. Esti-
mates of tumor volume were made using ultrasonography or
MR, prior to medication and 3 and 6 months after medica-
tion. Superficial lesions were measured manually at each
visit; (b) improvement in color; (¢) improvement in texture.
The results were classified into four grades, based on a
previously used rating system: grade I, poor (0-25 % re-
gression); grade II, fair (26-50 % regression); grade III,
good (51-75 % regression); and grade 1V, excellent (76—
100 % regression) [1].

Statistical analysis

Analysis was performed using the SAS statistical software
package (SAS 9.1.3; SAS Institute Inc., Cary, USA). All
data are expressed as numbers, percentages, or means+
standard deviations. Student’s ¢ test was used for compar-
isons between groups. A statistical threshold of p<0.05 was
used as the criterion for statistical significance between
groups.

Results
Patient characteristics

A total of 125 patients were initially enrolled in our study,
and 89 of these completed the full follow-up period. The
characteristics of these 89 patients are summarized in Table 1.
Among these, 52 patients were female and 37 were male,
corresponding to a female-to-male ratio of 1.4:1. The aver-
age age at which medication was initiated was 3.56 months
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Table 1 Patient profiles

Characteristic Number Percentage

Gender (n)
Male 37 41.60 %
Female 52 58.40 %
Total 89 100.00 %

Age of initiation of medication (n)
1-3 months 47 52.80 %
4—6 months 31 34.80 %
7-9 months 8 9 %
10-12 months 3 3.40 %
Average(month) 3.56

Location of IH (n)
Scalp 4 4.50 %
Orbital and periorbital 16 18.00 %
Nose 5 5.60 %
Perioral 10 11.20 %
Neck 16 18.00 %
Trunk 24 27.00 %
Extremities 9.00 %
Perineum 6.70 %

(1-3 months, 47 patients; 4—6 months, 31 patients; 7—
9 months, 8 patients; and 10-12 months, 3 patients). The
locations of the IHs were: the scalp, face (including orbital,
periorbital and perioral regions, and the nose), neck, trunk,
extremities, and perineal region.

Levels of plasma renin activity, ATII, and aldosterone
in patients with IH

The mean plasma renin activity was 0.91 ng/ml/h (range,
0.1-7.92 ng/ml/h; Fig.1a). Since the test kit used for deter-
mination of plasma ATII could only detect concentrations in
the range 0-800 pg/ml, values more than 800 pg/ml were

recorded as >800 pg/ml. Of the 89 patients, 52 (58.4 %) had
high plasma ATII (>800 pg/ml). In the remaining 37 patients
(41.6 %), the mean plasma ATII level was 371.17 pg/ml
(range, 36.8-779.33 pg/ml; Fig. 1b). The mean plasma
aldosterone level was 462.35 pg/ml (range, 185.36—
1,634.45 pg/ml; Fig.1c, Table 2).

Effect of low-dose propranolol treatment

In 86 of the 89 patients, the IHs responded to low-dose
propranolol treatment and decreased in size. The other three
patients were given an additional 0.5 mg/kg/day propranolol
during the first week. The parents of the patients were
satisfied by the obvious improvement in the color (changing
from intense-red to red or purple) of the superficial lesions,
during the first week following the initiation of therapy. In
addition, subcutaneous tumors had changed in texture from
hard to medium by the end of the first week.

After treatment with propranolol for 3 months, most of
the IHs regressed. MRI scanning showed that the volumes
of deep lesions in the orbital and parotid areas had regressed
by more than 30 %. Furthermore, noticeable improvements
in color were observed in superficial and cutaneous tumors,
with lesions turning purple with areas of gray. The texture
also changed to that of soft in most cases. Three patients
who started therapy at the age of 1-3 months, and four
patients who started therapy at the age of 4-6 months, dis-
played only mild regression at the time of the first follow-up
visit. For this reason, the dose of propranolol was increased
by an additional 0.5 mg/kg/day for subsequent therapy.

After treatment with propranolol for 6 months, even
better results were observed: parts of the IHs had completely
regressed, and the patients had stopped taking medication.
The results were rated as follows: 44 patients (49.4 %)
showed a grade IV response, 21 patients (23.6 %) a grade
111 response, and 24 patients (27.0 %) a grade II response; no
patients had a grade I response (0.0 %) (Fig. 2). At the
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Fig. 1 Plasma renin activity (a), plasma angiotensin II level (b), and plasma aldosterone concentration (¢) in patients from different age groups.
The mean values for the different age groups are presented. Age of patients (days)
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Table 2 Average and observed range of plasma renin activity and of aldosterone and angiotensin II concentration

Age group PRA (ng/ml/h) ALD (pg/ml) Ag 11 <800(pg/ml) Ag 11 >800(pg/ml)
n Average  Range n Average  Range n Average  Range n Average
1-3 months 47 0.72 0.1-2.84 47 525.46 222.84-1,634.45 22 386.76 53.02-779.33 25 >800
4-6 months 31 1.04 0.1-7.92 31 412.62 248-822.37 12 307.87 36.8-775.48 19 >800
7-12 months 11 1.38 0.1432 11 332.87 185.36-711.36 3 509.98 485.96-546.46 8 >800

beginning of the study, it had been arranged that the patients
should continue to receive propranolol until the tumor had
completely regressed, up to an age limit of 18 months. The
mean medication duration was found to be 13.6 months
(range, 5—-16 months).

Safety of low-dose propranolol treatment

We observed that slight decreases in heart rate and blood
pressure occurred in all patients during hospitalization
(Table 3). Although blood pressure was seen to decrease,
the average blood pressure value in all patients remained
above the Sth percentile value for patients of that age
[10]. In 5 of the 89 patients (5.6 %), ALT and AST were
slightly elevated after medication with propranolol for
3 months. The dosage in these patients was adjusted to
0.75 mg/kg/day, and the patients were seen in the De-
partment of Pediatrics to receive further advice. No

obvious suppression of thyroid function was observed
after treatment for 6 months with low-dose propranolol.

Adverse effects of low-dose propranolol treatment

Adverse effects of propranolol, besides those mentioned
above, were suspected in 12 patients (13.5 %). Three
patients developed mild diarrhea on the second day of
propranolol treatment, but this had almost completely re-
solved spontaneously by the end of the first week, without
any intervention. One patient had restless sleep during the
course of treatment, and another two experienced mild nau-
sea during the first week, but these symptoms disappeared
during the second week. One patient, receiving 0.75 mg/kg/
day propranolol, developed cold lower extremities on the
third day of treatment. We adjusted the dosage to 0.5 mg/kg/
day, and the symptoms disappeared. We increased the dos-
age to 0.75 mg/kg/day in the second week of treatment, and

Fig. 2 a, e, i Patients presenting with proliferating IH, involving the
orbital and periorbital region. b, f, j MRI of the IHs. ¢, g, k After
treatment with propranolol for 3 months, obvious regression could be

@ Springer

observed. d, h, 1 Follow-up at 6 months showed further regression, and
no rebound growth occurred



Eur J Pediatr (2013) 172:653-659 657

,§‘ e i A no recurrence of the symptom of cold extremities occurred.
° 134: H a Slight hypoglycemia was detected in four patients (4.5 %)
Slges after treatment with propranolol for 3 months. We asked the
parents of these patients to administer the drug around
M mealtimes and to provide more regular feeding. No patient
= ; i: % was found to develop bronchospasm or leukocytosis.
SEEE
& g 8 Relapse of IHs after cessation of propranolol treatment
zl =l - o Obvious rebound growth of [Hs was observed in 4 of the 89
g g E E E patients (4.5 %); these patients had discontinued propranolol
o § i treatment after 4-5 months. As a result, propranolol treat-
I = ment was restarted in these patients, according to our dosage
regimen.
% * %
e
~ | H oH A . .
5]l 0T e Discussion
b= SIS
IHs affects 1-10 % of newborns and infants worldwide.
[ Although IHs are generally benign and self-limiting in na-
= E % E ture, a significant minority involve complications. In a pro-
B Qe spective cohort study at seven US pediatric dermatology
<| =5 clinics, with a consecutive sample of 1,058 children, 24 %
of patients were found to experience complications related
2z i TS M to their [Hs [6]. In patients with complications, a wait-and-
g % T see policy should be abandoned and proper treatment
i % E E % instigated.
< &= Propranolol is usually used for treating cardiac arrhyth-
mias and hypertension. However, in the past 4 years, nu-
§ *: 5k merous groups worldwide have demonstrated the efficacy of
~ E E 3 propranolol for treating IHs, used at an empmcal dosgge of
2|lgeg 2-3 mg/kg/day [11] Although many questions remain un-
< |- answered, propranolol is recommended as a first-line treat-
§ . ment for all rapidly proliferating IHs with functional deficit
8 - AR and disfigurement.
.§‘ = E E E There are three main mechanisms by which propranolol
<2 :‘j g% has been suggested to hasten the involution of rapidly pro-
) - liferating IHs. The early effects have been attributed to
% I T R vasoconstriction, due to decreased release of nitric oxide.
- S|lwcsZ Intermediate effects are thought to be due to block of pro-
§ g § $ 84 - angiogenic signals (vascular endothelial growth factor
S| T E a &3 £ [VEGF], basic fibroblast growth factor, and matrix metal-
S 8 loproteinases 2 and 9) that result in growth arrest. Long-
g o g term effects are believed to be due to induction of apoptosis
g et T | in proliferating endothelial cells.
‘é E ) ;5 There may also be alternative mechanisms by which
2| 2 % E propranolol exerts its effects on IHs. In the recent study of
i % é 28|73 Itinteang et al. [9], the authors hypothesized that VEGF and
S| 2 2 _E- oy 5 ATII could drive both proliferation and differentiation of
S g5 2|5 endothelial progenitor cells into mitotically active endothe-
O| g 5 = o | > . ) . o
| B Eo 2|2 lial cells that characterize IH. Propranolol, acting primarily
2 9 g :3 % N at the kidneys, reduces renin activity, and thereby decreases
sl < RN the conversion of angiotensinogen to angiotensin-I (ATT),
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and ultimately the conversion of ATI to ATII by angiotensin
converting enzyme. The authors proposed a crucial role for
the RAS in the biology of IHs, since clinical observations
had reported a higher incidence of this tumor in White,
female, and premature infants whose renin level was higher
than their counterparts. Despite the higher level of renin and
greater incidence of IHs in White, female, and premature
infants, no direct evidence has confirmed the relationship
between renin level and the onset of IH. Thus, we analyzed
the RAS level in patients with IH to verify this hypothesis.
Compared with that of age-matched healthy children [4], we
found that patients with IH demonstrated an elevated level
of plasma ATII, but decreased plasma renin activity. The
aldosterone level was higher at 1-3 months, but lower at 4—
12 months, than values reported in a previous study by
Fiselier [4] (Table 2). Hence, our laboratory findings did
not support the hypothesis of Itinteang et al. [9] but instead
revealed a higher plasma ATII level in patients with TH.
Therefore, it remains unclear whether the RAS contributes
to the onset or development of IH, and if so, what the
underlying mechanism is. Further studies should focus on
revealing the relationship between the RAS and IH.
Propranolol has been widely used at an empiric dosage of
2-3 mg/kg/day in Western countries. Some authors have
suggested that a good treatment response may be related to
the dose, such that the maximum safe dose (3 mg/kg/day)
should be used [7]. In the last 2 years, more and more
authors have noticed that a propranolol dosage less than
2-3 mg/kg/day may also achieve satisfactory outcomes.
Tan and colleagues reported that propranolol at 1.5—
2.0 mg/kg/day was effective and safe for the treatment of
problematic proliferating IHs [15, 16]. In China, more and
more clinicians have started using propranolol for the treat-
ment of TH [2, 8, 12], but the dosages chosen have been
similar to those used in children in Western countries.
Zhou revealed that Chinese individuals had at least a
twofold greater sensitivity to the beta-blocking effects of
propranolol than White subjects. In Chinese people, less
propranolol is bound to plasma protein, resulting in a greater
proportion of pharmacologically active, unbound drug in the
plasma that may contribute to the increased sensitivity to
this agent [17]. The concentration of propranolol required to
produce 50 % suppression of the exercise-induced increase
in plasma renin activity was sevenfold lower in Chinese
individuals than in White subjects [19]. In addition, infants
may be more susceptible to the adverse effects of propran-
olol because hepatic first-pass metabolism is immature and
bioavailability therefore greater. Thus, we considered it
appropriate to treat our patients with IHs with a lower
dosage of propranolol than that used for White individuals.
In spite of the considerable amount of clinical studies pub-
lished in China, only one research article has considered
low-dose propranolol treatment [14], and hence there is a
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lack of information concerning the efficacy and safety of
low-dose propranolol treatment.

In the present study, we found that the color and texture
of the [Hs were clearly improved during the first week. After
treatment with low-dose propranolol for 6 months, the
results were similar to those reported for use of 2—3 mg/
kg/day propranolol in children from Western countries. We
believe that the IHs of patients continuing to take propran-
olol would further involute. Thus, the final efficacy of our
low-dose propranolol treatment would be expected to be
even more encouraging. In the review of Menezes [13],
adverse events occurred in 18.1 % of 154 patients treated
with 2-3 mg/kg/day propranolol. Compared with patients
treated with a higher dose, the incidence of adverse events
was lower in our study. Taken together, these data suggest
that a propranolol dose of 0.75—-1 mg/kg/day is appropriate
for Chinese children. Larger-scale studies should be under-
taken to further investigate the safety and efficacy of low-
dose propranolol in Chinese children.
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