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Abstract

Background: Infantile hemangiomas are the most common
tumor of infancy. Propranolol hydrochloride has been
prescribed for decades in the pediatric population for a
variety of disorders. Since 2008 propranolol has replaced
corticosteroids to become the first line of treatment for
infantile hemangioma due to its high effectiveness and low
rate of side effects. Of the side effects reported, the most
serious yet rare side effects include: hypoglycemia,
bronchial hyper-responsiveness, hypotension and
bradycardia.

Objective: To describe the effects and side effects of
propranolol treatment among 100 pediatric patients.

Conclusion: Propranolol has a long history of safe and
effective use in infants and children, and was well tolerated
in our study. Understanding and recognition of deleterious
adverse effects is critical for physicians and caregivers.
Outpatient treatment is possible if parents follow strict
guidelines. Educating parents about mild and transient
symptoms could prevent unnecessary concern.
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Introduction

Hemangiomas are benign vascular tumors that are a quite
common finding among neonates and infants (4% to 10% of all
Caucasian infants) [1]. Infantile hemangiomas typically present a
few weeks after birth and occur more frequently among females
[2]. The characteristic course of infantile hemangiomas begins
with a rapid growth phase in the first months of life, followed by
a plateau and then an involution phase, a process which can last
several vyears [3]. In 40-50% of all affected children,

teleangiectatic cutaneous vessels, fibrous-fatty tissue or scar
formation can be observed as a residue of the lesion [4].

Although most hemangiomas have a self-limiting course,
some may cause severe complications such as visual
impairment, congestive (high cardiac output) heart failure and
disfigurement [5]. Ulceration and infection can occur in up to
20% of cases [6], from which significant and permanent scarring
of the skin may result, leading to cosmetic impairments that may
have an impact on quality of life and future self-confidence of
the patient.

The recently discovered effectiveness of propranolol in
treating infantile hemangiomas has led the drug to be used as
first line of therapy in the vast majority of medical centers.
Although propranolol is well tolerated in most infants, there are
concerns about the drug's potential cardiovascular, metabolic
and behavioral side effects. Propranolol can cause hypotension,
hypoglycemia, bradycardia, pulmonary hyper- reactivity and
other transient symptoms like sleep disturbance, daytime
drowsiness, digestive symptoms and poor weight gain [7].

Methods

We collected during 5 years 100 infantile hemangioma
patients from three pediatrics department in Israel, of which all
been treated with propranolol treatment course. Data extraction
was based on patient hospital medical files and parent’s reports
during follow-up visits. The infants underwent comprehensive
cardiovascular  evaluation including 24  hour holter,
echocardiography, blood pressure and heart rate before and
during the treatment to evaluate the side effects and the
regression of the lesions. We evaluate the effects of personal
parameters like birth weight and gender, treatment
characteristics like duration, maximal dose and initiation time on
final treatment results and its side effects.
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Results

Our group treated 100 hemangioma patients with propranolol
among them suspected side effects were observed in 17
patients (Table 1), of which only five required dose adjustment,
complete, or temporary cessation of propranolol therapy. In
three of the cases there existed doubts concerning the causative
effect of propranolol with respect to the adverse effects
observed.

Among the reported side effects, we emphasize the cases
needed intervention.

Case Reports

Case 1: Convulsive disorder (patient 1)

A five months old female was referred to our pediatric
cardiology clinic for the initiation of propranolol treatment for
an upper lip hemangioma. The patient was born prematurely at
32 weeks, the second of two non-identical twins, with no signs
of distress and a birth weight of 1,460 g. The hemangioma
appeared a few weeks after birth. The infant underwent a full
cardiovascular evaluation including cardiac echocardiography,
ECG, blood pressure and heart rate measurements, which were
all within normal ranges. A complete blood workup was
performed from which no abnormalities could be readily
observed. Propranolol treatment was initiated at an initial dose
of 1 mg/kg/day with no adverse effects. Two weeks later, on the
day the therapeutic dose of 2 mg/kg/day was obtained, the
infant had her first convulsive episode. This episode followed a
breath holding spell during extended crying and lasted
approximately one minute with spontaneous resolution. One
week later she had her second seizure, this time unaccompanied
by crying. The next day her examination revealed no neurologic
deficits except for general symmetric hypotonia. Additional tests
revealed both blood glucose levels and EEG within normal range.
The medical staff had strong doubts about the relation of the
treatment to those episodes and the propranolol sustained.
During the following two months she experienced a few more
seizers, therefore, propranolol was discontinued despite the
significant effect on the skin lesion. The infant was re-examined;
a second EEG showed generalized paroxysmal fast activity at the
initiation of sleep. With the working diagnosis of convulsion
disorder the patient was started on valproic acid.

During those few months without propranolol treatment the
seizures continued and the hemangioma underwent a
substantial regression. Several attempts to continue the
propranolol were made; during each attempt a substantial
improvement of the hemangioma was observed, however when
the first convulsion took place, the propranolol was discontinued
by the infant's parents.

Case 2: Bradycardia and asystole reports
Case 2A: (patient 2)

A healthy ten month old female infant with two hemangiomas
was referred to our pediatric cardiology clinic for initiating
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propranolol treatment. The lesions appeared a few weeks after
birth. One of the lesions was on her scalp and the other was on
the labium majus. Following a routine cardiovascular and blood
evaluation which was normal, treatment protocol was initiated.
The primary dose of 1 mg/kg/day oral propranolol was well
tolerated in the clinic with no side effects. During the
adjustment period to the treatment, the dose was increased to 2
mg/kg/day, and mild side effects were reported by the parents
including irritability and sleep disturbance. A 24 hour ECG
Holter-monitoring detected episodes of bradycardia as a result
of an increased vagal tone, with no asystole or complex
arrhythmia presented. The propranolol dose was reduced to 1.5
mg/kg/day. The treatment was well tolerated and one month
later a successful attempt to increase the dose to 2 mg/kg/day
ensued. This dose increase caused no side effects and a
repeated Holter-monitoring showed a normal rate with no
episodes of bradycardia.

Case 2B: (patient 3)

A three month old female was referred to our pediatric
cardiology clinic due to a right lower lip hemangioma. The lesion
appeared two weeks after birth. Following a baseline
cardiovascular and blood evaluation which was normal a
treatment protocol was initiated. The primary dose of 1
mg/kg/day was well tolerated in the clinic with no side effects.
Two weeks later when a therapeutic dose of 2 mg/kg/day was
reached, a 24 hour ECG Holter-monitoring detected episodes of
bradycardia and numerous premature ventricular beats. The
propranolol dose was reduced to 1.5 mg/kg/day. The treatment
was well tolerated, no side effects were detected and a repeated
Holter-monitoring test showed a normal cardiac rate with no
episodes of bradycardia.

Case 2C: (patient 4)

A three month old male infant was referred to our pediatric
cardiology clinic for initiating propranolol treatment due to three
hemangiomas. One hemangioma was located on his forehead, a
second lesion on his left arm and a third lesion on the back of his
neck. The lesions appeared immediately after birth. Following a
routine cardiovascular and blood evaluation that was normal, a
propranolol treatment protocol was initiated. The primary dose
of 1 mg/kg/day was well tolerated in the clinic with no side
effects. Two weeks later when the therapeutic dose of 2
mg/kg/day was obtained, a 24 hour ECG Holter-monitoring
detected one episode of asystole that lasted for 3.5 seconds.

Case 3: Hypoglycemia (patient 5)

A healthy four year old female patient started propranolol
treatment due to three hemangiomas on her face and neck. The
lesions appeared immediately after birth. Following a routine
cardiovascular and blood evaluation that was normal, a
propranolol treatment protocol was initiated. The primary dose
of 0.5 mg/kg/day was well tolerated in the clinic with no side
effects. This dose was titrated up to 2 mg/kg/day over a 72 hour
period. The patient took no other medication and had no history
of hypoglycemia. The patient received the dose without
interruption for 3 months. On the day of the event she ate
breakfast and had no fever, nausea, vomiting or diarrhea. A few
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hours after receiving her morning dose of propranolol she
became pale, disoriented and unresponsive and was therefore,
admitted for further evaluation. In the emergency room she was
hemodynamically stable. Her glucose level was 12 mg/dl and no
hypothermia was detected. She was rapidly revived with IV
glucose and oral fluids. Propranolol treatment was
consequentially terminated immediately.

On a follow-up examination after cessation of treatment the
patient appeared well with no apparent sequelae or similar
clinical episodes reported.

Case 4: Poor weight gain (patient 6)

A four months old male was referred to the pediatric
cardiology clinic for commencement of propranolol treatment
due to one hemangioma on his right medial eyelid. The lesions
appeared a few weeks after birth. His birth weight was 2,630 g.
Following a routine cardiovascular and blood evaluation that
was normal, treatment initiation began for this baby, at a weight
of 7,370 g (75" weight percentile). The primary dose of 1
mg/kg/day was well tolerated in the clinic with no side effects.
This dose was increased within a week up to 2 mg/kg/day. Upon
follow-up examination we noticed that the patient was not
gaining weight appropriate for his age, specifically, a weight gain
of 90 g in two weeks was observed. The treatment continued
with recommendation for more frequent meals. Two months
later, the patient reached the 50t percentile for weight. Caloric
intake was increased to 1 ml=1 kcal (instead of 1 mI=0.65 kcal in
breast milk/standard formula). In addition, the parents received
strict instructions regarding the frequency of meals and night
feeding. Further follow-up examinations showed sufficient
weight gains as a result of the altered feeding program, and
upon termination of the 15 month treatment schedule the
patient was in the 50t" percentile for weight.

Case 5: hyperactive airway: (patient 7)

A healthy three month old male, born at term and weighing
3,360 g, was noted to have a superolateral hemangioma inside
his eye socket, proximal to the lacrimal fossa. The hemangioma
caused mild exophthalmos with no eye damage or visual
impairment. Another hemangioma was spotted on his chest.
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The hemangiomas appeared in the first few weeks of life. The
patient was started on propranolol at 1 mg/kg/ day which was
increased to 2 mg/kg/day after 14 days. He was fully immunized
and had no known allergies. Family history is notable for his
father having childhood asthma. The hemangiomas showed
marked improvement during treatment. Five months later he
achieved full regression of the lesions and treatment was
terminated. Two months later the propranolol had to be
resumed due to recurrence of the hemangiomas and treatment
was well tolerated. One month after continuation of treatment,
he suffered from an episode of wheezing and bronchiolitis was
suspected. There were concerns among the staff whether the
event might be associated with an upper respiratory tract viral
infection. Propranolol was ceased by the parents for two months
during which his wheezing disappeared. Due to rebound growth
of the hemangioma propranolol was commenced with no
further episodes of wheezing or need for a bronchodilator. The
patient was treated with oral propranolol for almost a year until
complete clearance of the hemangiomas.

Case 6: Mild and transient side effects: (patients
8-17)

Among the 17 children that reported having side effects from
the treatment only five needed intervention. Seven of the
children were reviewed in previous cases. The other patients
with reported side effects suffered from mild and transient
symptoms.

Overall, three patients had wheezing during an upper
respiratory viral infection. No intervention was necessary and
the respiratory disturbances disappeared upon resolution of the
illness in each case.

Four patients were reported to have sleep disturbances and
irritability. No intervention was necessary, parents were
reassured that there was no cause for alarm and during
subsequent follow-up visits the issue did not resurge. Three
patients had significant weight loss (100 g in one week), parents
were educated about frequent feeding and the infants gained
weight by the next follow-up visit. One infant had transient hair
lose.

Table 1: Reported side effects among 100 patients treated with propranolol for infantile hemangioma.

Demographics Treatment

Patient Birthweight (g) Gender Onset (days) Duration (days) Max dose (mg/kg/day) Side effect Management

1 1460 Female 141 305 2 Convulsion Cessation

2 2960 Female 314 295 2 Bradycardia /Asystole Dose adjusment
3 3500 Female 104 Ongoing 2 Bradycardia /Asystole Dose adjusment
4 Unknown Male 92 Ongoing 2 Bradycardia /Asystole Dose adjusment
5 2584 Female 1481 95 2 Hypoglycemia Cessation

6 2630 Male 62 452 2 Poor weight gain uc

7 3360 Male 103 224 2 Hyper reactive airway uc
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8 2000 Female 433 341 2 Hyper reactive airway uc
9 2740 Female 163 307 2 Poor weight gain uc
10 2185 Male 144 339 2 Poor weight gain uc
1 3700 Female 213 319 2 Irritability uc
12 2380 Female 439 382 2 Hyper reactive airway uc
13 1260 Female 86 365 3 Hair lose uc
14 2685 Male 183 170 2 Sleep disturbance uc
15 2100 Female 310 297 3 Sleep disturbance uc
16 3180 Female 57 339 2 Sleep disturbance uc
17 1750 Female 115 295 2 Mild bradycardia uc
UC - Unchanged

Discussion

Propranolol has been used for the treatment of cardiac
condition in children for over 3 years [8].

Propranolol has been effectively used worldwide since 2008
for the treatment of infantile hemangiomas and is well tolerated
in most infants. However, due to systemic beta blockers having
the potential to cause adverse effects and due to lack of
experience with this indication of treatment, concerns still exist
regarding the drug's potential cardiovascular, metabolic and
behavioral side effects.

Propranolol can cause hypotension, hypoglycemia,
bradycardia, pulmonary hyper- reactivity and other transient
symptoms like sleep disturbance, daytime drowsiness, digestive
symptoms and poor weight gain [9].

Most cases described in the literature regarding seizures
during propranolol treatment presented with a seizure after the
first dose in the initiation of treatment, while most of the events
were hypoglycemia related.

Regarding our patient (Case 1), since propranolol was
resumed in this patient without any seizure-like incidents, the
probability of cause and effect between propranolol and
seizures is highly unlikely.

As a beta blocker, propranolol decreases heart rate and in
part, blood pressure as a result of negative chronotropic and
inotropic effects on the heart. The effect of Propranolol on heart
rate and blood pressure in children peak around two hours after
an oral dose [10]. The consensus guidelines recommend heart
rate and blood pressure measurement one and two hours after
initiation of beta- blocker therapy and after a significant dose
increase [9]. Routine cardiovascular monitoring that include
ECG, blood pressure and heart rate measurement, is not
recommended after at least one set of normal measurement
once target dose has been achieved. Furthermore, there is no
recommendation in the literature for 24 hour ECG Holter-
monitoring. Although the effect of beta- blockers on blood
pressure can be seen shortly after the first dose, the maximal
effect is reached after 48 hours, corresponding with the
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accumulation of propranolol in plasma, after achieving a steady
state [11]. Our data show that both hypotension and
bradycardia/asystole during follow-up can be missed by
following the recommendations of the consensus protocol.

Although the bradycardia events that were observed in this
paper were considered not to be clinically relevant and had no
therapeutic consequences, it is important for one to be aware
that these events might occur among the healthy pediatric
population. It is especially important to detect recurrent events
as we are uncertain what influence these adverse effects have
on cardiovascular, gross motor, or neurocognitive systems in the
long term.

We believe that a single 24 hour ECG Holter- monitoring is
necessary once the target dose has been achieved and further
evaluation should include questioning about symptoms,
providing data for therapy adjustment.

Propranolol for the treatment of infantile hemangioma is a
relatively new indication [12]. Existing publications cited doses
between 1 and 3 mg/kg/day. The effectiveness and safety of the
treatment has been proven in this full range of doses [9].
According to the cases described above we believe in
personalized medicine, adjustment of treatment protocol and
dosage to each patient taking into consideration the
improvement rate and side effects.

The association between propranolol and hypoglycemia in
infants and children is well known and is noted in the product
insert. However, this adverse effect is best recognized during the
neonatal period with older infants and children considered to be
at a low risk [13].

From the literature review of hypoglycemia associated with
propranolol therapy in infants and children preformed in 2010
we can conclude that the vast majority of hypoglycemia events
take place in the morning, after an overnight to 24 hour fast.
Most of the reported patients who developed hypoglycemia
were prescribed relatively low doses, suggesting that
hypoglycemia associated with propranolol may not be dose
dependent [9], never the less dosage of over 4 mg/kg/day
seems to put the patient at a higher risk [14].
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Normal glucose homeostasis is thought to be impaired
through inhibition of beta adrenergic mediated glycogenolysis,
gluconeogenesis and lipolysis [9]. Children and infants seem to
be at higher risk for this adverse effect because their glucose
utilization rates are higher in the fasting state (3 fold higher in
infants) [13]. This is partly attributed to an existing greater brain
mass relative to their body weight [15]. In addition, glycogen
stores are lower in infants and children compared with adults,
thus leading to a reduced fasting ability [16]. As a result, a
patient taking propranolol may be vulnerable to hypoglycemia
during periods of prolonged fasting when counter regulatory
mechanisms may fail.

Clinical manifestation of hypoglycemia in infants can vary
widely. Mild hypoglycemia produces symptoms associated with
counter- regulatory epinephrine action, including sweating,
shakiness, tachycardia, anxiety and hunger [13]. With
propranolol induced beta adrenergic blockade, early symptoms
may be masked. Sweating is not typically blocked by beta
blockers, therefor this may be a more reliable symptom for
diagnosis [17]. More sever hypoglycemia produces symptoms of
neuroglycopenia, inducing lethargy, stupor, seizures, apnea,
poor feeding, loss of consciousness and hypothermia [13].

The most common predicting factors for hypoglycemia during
the treatment are infants being younger than 1 year of age with
limited glycogen storage, low birth weight, systemic illness and
previous treatment with corticosteroids [18]. The latter is
significant because adrenal suppression may result in loss of the
counter regulatory cortisol response [19]. Our patient (Case 3) is
a healthy 4 year old healthy girl, hence this is a very uncommon
presentation which mandates further investigation for the cause
of this event. Inborn errors of carbohydrate and fatty acid
metabolism are uncommon and their association with
hemangiomas is unknown.

Propranolol should be discontinued during intercurrent
iliness, especially in the setting of restricted oral intake. We also
recommend regular food intake and receiving the medication
every day at the same time, before meals and never overnight.
Frequent feeds must be encouraged.

Hypoglycemia as a side effect of propranolol therapy needs to
be viewed seriously; since it is known that repetitive and
sustained hypoglycemia in infants may lead to permanent
impairment of brain growth and function [15].

Manifestation of consistent poor weight gain as seen in our
patient (case 4) is not very common and could be multifactorial.
The patient weight should be monitored at every follow-up visit
(especially for the escalation of the dose regimen) and frequent
feeds must be encouraged.

It is widely accepted that propranolol and other non-selective
beta- blockers are contraindicated in patients with asthma and
Fatal adverse reactions due to propranolol had been described
in adult patients asthma [20]. However, there are hardly any
case reports of wheezing in children while taking propranolol
without a history or an underlying asthma. Among the cases
reported, all of them were adequately controlled with beta
agonist and inhaled corticosteroids which suggests that
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propranolol may not be contraindicated if wheezing develops
[21].

The mechanism by which propranolol may exacerbate
wheezing is related to the receptors for bronchodilatation and
bronchoconstriction. Bronchodilatation is mediated through
catecholamine stimulation of beta 2 receptors in the lung. Non
selective beta adrenergic blockers, such as propranolol, can
cause bronchoconstriction [22]. This process may lead to an
exaggerated bronchoconstriction response to usually nontoxic
stimuli such as a viral illness or aeroallergens [21].

Wheezing is very common in infancy, with reported
prevalence of 28.5% to 32% [23]. The case of bronchial hyper
reactivity can be attributed simply to underlying viral
bronchiolitis because severity of bronchospasm in this illness is
highly variable in infants [24].

The cause of wheezing in our case (case 5) may have been
multifactorial, and the authors cannot exclude the possibility of
a viral induced wheeze.

Conclusion

During 2009-2015 one hundred infants with hemangiomas
completed treatment with oral propranolol in our department..
Suspected side effects were observed in 17 infants.

The vast majority of frequently reported side effects are
transient and mild. It is imperative for caregivers and
professionals to be educated in recognizing possible side effects
of beta-blocker treatment in patients with infantile
hemangiomas and act accordingly. This information should be
given to the family at the first consultation.

Most side effects reported (12/17) were related to maternal
(parental) coping with infant's behavior during treatment
progress in the initial phase of propranolol therapy. Transient
and mild adverse effects such as feeding problems, restlessness
and sleeping pattern disturbances are very subjective. It is
important to differentiate between complaints made due to
misunderstanding stemming from parents performing online
web searches to real, life threatening symptoms caused by
medications given to children.

The absence of adverse effects during the monitored initial
treatment does not preclude the possibility of developing
serious adverse effect from propranolol later in the course of
treatment. Educating parents is therefore, important for patient
safety.
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