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Initiation and Use of Propranolol for Infantile
Hemangioma: Report of a Consensus Conference
abstract
Infantile hemangiomas (IHs) are common neoplasms composed of proliferating endothelial-like cells. Despite the relative frequency of IH and
the potential severity of complications, there are currently no uniform
guidelines for treatment. Although propranolol has rapidly been adopted, there is signiﬁcant uncertainty and divergence of opinion regarding safety monitoring, dose escalation, and its use in PHACE syndrome
(PHACE = posterior fossa, hemangioma, arterial lesions, cardiac abnormalities, eye abnormalities; a cutaneous neurovascular syndrome
characterized by large, segmental hemangiomas of the head and neck
along with congenital anomalies of the brain, heart, eyes and/or chest
wall). A consensus conference was held on December 9, 2011. The
multidisciplinary team reviewed existing data on the pharmacologic
properties of propranolol and all published reports pertaining to the
use of propranolol in pediatric patients. Workgroups were assigned
speciﬁc topics to propose protocols on the following subjects: contraindications, special populations, pretreatment evaluation, dose escalation, and monitoring. Consensus protocols were recorded during
the meeting and reﬁned after the meeting. When appropriate, protocol clariﬁcations and revision were made and agreed upon by the
group via teleconference. Because of the absence of high-quality
clinical research data, evidence-based recommendations are not possible at present. However, the team agreed on a number of recommendations that arose from a review of existing evidence, including
when to treat complicated IH; contraindications and pretreatment
evaluation protocols; propranolol use in PHACE syndrome; formulation, target dose, and frequency of propranolol; initiation of propranolol in infants; cardiovascular monitoring; ongoing monitoring; and
prevention of hypoglycemia. Where there was considerable controversy, the more conservative approach was selected. We acknowledge
that the recommendations are conservative in nature and anticipate
that they will be revised as more data are made available. Pediatrics
2013;131:128–140
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Infantile hemangiomas (IHs) are common benign tumors composed of proliferating endothelial-like cells. The
duration and rate of growth are variable; some infants will have hemangiomas that grow very little, whereas
others grow rapidly and at an unpredictable rate. Although most are not
worrisome, ∼12% of IHs are signiﬁcantly complex, requiring referral to
specialists for consideration of treatment.1,2 Complications of hemangiomas,
for which systemic pharmacotherapy is
typically initiated, include permanent
disﬁgurement, ulceration, bleeding, visual compromise, airway obstruction,
congestive heart failure and, rarely,
death. Despite the relative frequency of
IH and the potential severity of complications, uniform guidelines for treatment are lacking.
There are no US Food and Drug Administration (FDA)-approved agents for
the treatment of IH, and treatment is
currently based on expert opinion
and observational studies. Prospective
data addressing the efﬁcacy and safety
of any pharmacologic interventions for
the treatment of IH have not been
generated, and available data are
confounded by the lack of a consensus
on treatment criteria and objective
outcome measures. Agents with reported activity in treating IH include corticosteroids, interferon a, vinca alkaloids,
and, recently, propranolol.3–25
Since the initial report of propranolol
use for the treatment of IH in 2008, there
hasbeen a ﬂurryof casereports andcase
series describing its efﬁcacy and potential side effects.3–6,10–15,18,21,23,24,26–36
These publications were not subjected to
the usual stringency of phase I/II/III clinical trials, and most were not prospective, randomized, or controlled. With
clinical use, propranolol has been found
to be rapidly effective for IH, well tolerated, and better than previous therapies
at inducing regression. These observations, coupled with the immediate avail-

ability of the medication in a pediatric
formulation, have led to a rapid and
widespread adoption of propranolol for
IH. Propranolol suspension is commercially available in the United States, but
it does not currently have an FDAapproved indication for children. Cardiologists have historically used this
medication in infants with the diagnosis
of supraventricular tachycardia. In
contrast to infants with supraventricular tachycardia, for whom initiation of
propranolol typically occurs in an inpatient setting with extensive cardiac
monitoring, the great majority of infants
treated for IH are cardiac healthy and
are treated in an outpatient setting.
Guidelines for dose initiation, dose escalation, and toxicity monitoring were
never generated for use with IH; therefore, each institution designed unique
protocols. These protocols vary considerably; some centers hospitalize all
children for initiation of treatment,
whereas others do so only rarely. Some
experts recommend intensive outpatient monitoring of patients, whereas
others do little to no monitoring.3
The distinct circumstances in which
propranolol has become so widely used
underscores the importance of bringing multiple specialties together to gain
consensus regarding dose initiation,
safety monitoring, dose escalation, and
its use in speciﬁc situations (eg, PHACE
syndrome).3 In this report, we review
existing data on the pharmacologic
properties of propranolol and all published reports pertaining to the use
of propranolol in pediatric patients.
With this review as the evidence base,

a multidisciplinary, multiinstitutional
expert panel met in December 2011 to
develop a standardized, consensusderived set of best practices for the
use of propranolol in infants with IH. As
more information accumulates, it is
expected that this provisional set of
best practices will change.

REVIEW
Pharmacologic Properties of
Propranolol
Propranolol is a synthetic, b-adrenergic receptor-blocking agent that is
classiﬁed as nonselective because it
blocks both b-1 and b-2 adrenergic
receptors. Chronotropic, inotropic, and
vasodilator responses decrease proportionately when propranolol blocks
the b-receptor site, resulting in a decrease in heart rate (HR) and blood
pressure (BP). Propranolol is highly
lipophilic and undergoes ﬁrst-pass
metabolism by the liver with only
∼25% of oral propranolol reaching the
systemic circulation. Multiple pathways in the cytochrome P450 system
are involved in propranolol’s metabolism, making clinically important drug
interactions a potential issue (Table 1).
Propranolol had previously been used
in pediatric patients primarily for the
treatment or prevention of cardiac
arrhythmias, hypertension, outﬂow obstructions in congenital heart disease,
and hypertrophic cardiomyopathy. Its
antihypertensive effects result from
decreased HR, decreased cardiac contractility, inhibition of renin release by
the kidneys, and decreased sympathetic

TABLE 1 Drug Interactions
Increase Blood Levels/Toxicity
Inhibitors of CYP2D6:
Amiodarone, cimetidine (but not ranitidine), delavudin,
ﬂuoxetine, paroxetine, quinidine, and ritonavir
Inhibitors of CYP1A2:
Imipramine, cimetidine, ciproﬂoxacin, ﬂuvoxamine, isoniazid,
ritonavir, theophylline, zileuton, zolmitriptan, and rizatriptan
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Decrease Blood Levels/Decrease
Efﬁcacy
Inducers of hepatic drug metabolism:
Rifampin, ethanol, phenytoin, and
phenobarbital
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tone. However, the mechanism of action
of propranolol on IH is yet to be clearly
deﬁned. Some of the proposed hypotheses include vasoconstriction, decreased
renin production, inhibition of angiogenesis, and stimulation of apoptosis.37–39

underestimated because treatment failures may not be as commonly reported.
In publications with adequate data from
which to calculate age at initiation of
therapy, the mean age was 5.1 months,
with a median age of 4 months.

Propranolol Use for IH

Adverse Events of Propranolol in
the Pediatric Population

A comprehensive review of the literature was undertaken to understand
the breadth of current clinical practice.
A PubMed search cross-referenced
with Google Scholar last performed
on December 7, 2011, using the search
terms “propranolol” and “hemangioma” yielded 177 articles. Of these, 115
articles were written in English and
discussed use in humans. Thirty additional articles were excluded because
they were nonapplicable or lacked sufﬁcient clinical data. Eighty-ﬁve articles
(including 1175 patients) were reviewed
in detail.4,11,13,15,18,21,23,24,26–34,36–38,40–104
The majority of these publications included ,5 patients, and nearly all were
retrospective reports. There was only 1
prospective trial and 1 meta-analysis.58,80
Nearly half (35/85; 41%) of the publications
were interim reports with patients still
undergoing treatment; therefore, adverse events may be underestimated.
Although there was signiﬁcant variability in the details provided by each
article, the authors chose to be inclusive to understand the breadth of
current clinical practice.
Response to therapy was discussed in
79 articles, and the deﬁnitions and
measures of response varied widely,
from “stabilization” to “complete response.” Fewer than 10 articles
attempted to quantify the degree of
involution.13,15,23,41,42,58 Positive response in all treated patients was
reported in 86% of publications; the
remaining 14% discussed at least some
treatment failures. In total, 19 of 1175
published patients were reported as
treatment failures, suggesting a 1.6%
treatment failure rate. This rate may be
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Although propranolol has been well
studied in adults, observations of its use
in infants and children, nearly 40 years
in duration, have been mainly anecdotal. There are no FDA-approved indications for propranolol in pediatric
patients in the United States. There is 1
active phase II/III Investigational New
Drug application (ClinicalTrials.gov
NCT1056341) for the use of propranolol
for the treatment of IH. On the basis of
case reports and case series, oral
propranolol appears to have a favorable safety proﬁle in children. Deaths or
acute heart failure have been associated with propranolol initiation only in
the settings of intravenous administration or drug overdose.105,106
Given the variability in study design and
the retrospective nature of most reports, the true incidence of adverse

events in IH population is difﬁcult to ascertain. For example, routine screening
for bradycardia was only documented
in 128 of 1175 (10%) of patients reported.
Of the 85 articles, 48 (56%) reported no
complications in any patient, although
reports of complications with propranolol usage increased over time
from 2008 to 2011 (Table 2). The most
frequently reported serious complications were asymptomatic hypotension
or hypotension for which no additional
details were provided; pulmonary
symptoms related to direct blockade of
adrenergic bronchodilation; hypoglycemia or hypoglycemic seizure; asymptomatic bradycardia; and hyperkalemia.
The most commonly reported nonpotentially life-threatening complications were sleep disturbances including
nightmares, somnolence, cool or mottled extremities, diarrhea, and gastroesophageal reﬂux/upset.
Bradycardia and Hypotension
As a b-blocker, propranolol decreases
HR and, in part, BP as a result of negative chronotropic and inotropic
effects on the heart. Propranolol’s
effects on BP and HR in children peak

TABLE 2 Complications Due to Propranolol in Hemangioma Patients
Complications Recorded

Asymptomatic hypotension or
hypotension (unspeciﬁed)
Symptomatic hypotension
Pulmonary symptoms
(bronchoconstriction,
bronchiolitis, wheezing,
pulmonary obstruction,
apneic episode)
Hypoglycemia
Asymptomatic bradycardia or
bradycardia (unknown)
Symptomatic bradycardia
Sleep disturbance (including
nightmares)
Somnolence
Cool or mottled extremities
Diarrhea
Gastroesophageal reﬂux disease
or gastrointestinal upset

No. of Patients/ Total
No. of Patients in
Papers Reporting
Complication

Frequency (%) of
Overall Frequency
Complication Among (%) of Total of 1175
Papers Reporting
Patients Reviewed
Said Complication
in 85 Papers

33/228

14.5

2.8

3/46
16/201

6.5
8.0

0.3
1.4

10/88
11/126

11.4
8.7

0.9
0.9

1/2
44/326

50
13.5

0.1
3.7

26/220
20/225
9/53
8/133

11.8
8.9
17.0
6.0

2.2
1.7
0.8
0.7
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32 mo

6 mo

6 mo

8 mo

NS

Breur

de Graaf Patient 13
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Fusilli
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BID, twice daily; HPA, hypothalamic-pituitary-adrenal; NS, not speciﬁed; po, oral administration; RSV, respiratory syncytial virus; TID, 3 times daily.

NS
NS
NS

10 mo
Holland Case 3

NS

18 mo
Holland Case 2

2.5 mg/kg/day divided 2 wk
BID

5 mo

NS

Dose administered may have been higher
because patient had 2 prescriptions
(20 mg/5mL and 40 mg/5mL)
Hypoglycemia reported in 1 of 68
patients in study
NS
NS

15 mg/dL

Last meal at 11 PM
15 mmol/L

Irritability and seizures
upon waking
Seizures

Propranolol at 3 AM; did not
wake at 6 AM
Propranolol at 6:30 AM w/o eating,
developed seizures at 10 AM
(10-h fast)
NS
160 d

48 mg/dL
Less responsive
NS
NS

12 mo
Holland Case 1

4 mg/kg; dosing
interval NS
2 mg/kg/day divided
TID
2 mg/kg/day divided
TID

32 mg/dL
Unresponsive in AM
Several (overnight fast)

2.5 h
8.5 mo

13 h (overnight fast)
Few months

2h
3 wk

3 wk

20 mg/dL

24 mg/dL

Fussiness attributed to teething Nl po
intake reported
Recent resolution of illness with
decreased po intake
Setting of RSV, but po intake preceding
days reportedly normal
Concurrent treatment with prednisone
with recent taper; signiﬁcant HPA axis
suppression demonstrated with
undetectable AM cortisol
Prolonged fasting
55 mg/dL

Timing of last meal not speciﬁed
48 mg/dL

Asymptomatic; detected on
routine blood work
Pale, cold, clammy, increasingly
unresponsive
Cool, unresponsive after
overnight fast; seizures
Found limp, pale
Unknown
10 d

2 mg/kg/day divided
TID
2 mg/kg/day divided
TID
1.25 mg/kg/day divided
BID
2 mg/kg/day divided
TID
2 mg/kg/day divided
BID
36 d
Lawley Case 2

Glucose
Symptoms
Time From Last
Dose to Detection of Hypoglycemia
Duration of
Propranolol
Therapy Before
Hypoglycemia
Dose

Symptomatic hypoglycemia and hypoglycemic seizures have been reported
in infants with IH treated with oral
propranolol (Table 3).59,61,63,64,86,88,90,107
These cases occurred in both newborns and toddlers but were often associated with poor oral intake or
concomitant infection. The mechanisms through which propranololinduced hypoglycemia develops are
not completely understood. Nonselective b-blockers, such as propranolol, may block catecholamineinduced glycogenolysis, gluconeogene-

Age at Time of
Hypoglycemic
Episode

Hypoglycemia

TABLE 3 Hypoglycemia in IH Patients Treated With Propranolol

around 2 hours after an oral dose.47
The reported protocols for initial dose,
dose titration, and prospective monitoring were extremely variable and
therefore difﬁcult to compare in a uniform fashion. Three prospective studies, although limited by small patient
numbers and signiﬁcant missing data,
provide useful information. During initiation of propranolol for IH in infants,
bradycardia (,2 SD of normal) and
hypotension (, 2 SD of normal) after
the ﬁrst dose (2 mg/kg/day divided 3
times daily) were infrequent and
asymptomatic.47 Changes (z scores
.2) in systolic BP from baseline occurred in 7%, 22%, and 13% at 1, 2, and
3 hours postpropranolol dosing, respectively. For HR, there were no
changes in z scores from baseline .2
at any time point measured. As a group,
signiﬁcant changes in BP occurred only
at 2 hours.47 In 28 patients treated for
IH with doses up to 4 mg/kg/day, bradycardia was not noted as a side effect.59 In a separate study of 25 infants
by Schiestl and colleagues, HR was
continuously monitored during sleep
and transient bradycardia was reported in 4/25 infants. Decrease in diastolic BP ,50th percentile was noted
in 16 of 28 patients (57%) in 1 study, but
only 1 patient developed clinically recognizable changes with cold extremities and prolonged capillary reﬁll.59

Other Factors
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sis, and lipolysis, predisposing to hypoglycemia. Most of the reported
patients who developed hypoglycemia
were prescribed relatively low doses
(1.25–2.0 mg/kg/day), suggesting that
hypoglycemia associated with propranolol may not be dose-dependent.
Historically, the 1 reported pediatric
fatality from an accidental overdose of
oral propranolol had a documented
blood glucose level of 0 mg/dL, suggesting that hypoglycemia may be the
most serious complication in children.106 Patients with IH may be at increased risk if they have received or
are concomitantly receiving treatment
with corticosteroids, because adrenal
suppression may result in loss of the
counterregulatory cortisol response
and increase the risk of hypoglycemia.88 Children, infants, and especially
preterm infants appear to be at higher
risk for this hypoglycemia as their
glucose utilization rates are threefold
higher in the fasting state and their
glycogen stores are lower.108
Clinical manifestations of hypoglycemia
in infants can vary widely. Mild hypoglycemia produces symptoms associated
with counterregulatory epinephrine action, including sweating, shakiness,
tachycardia, anxiety, and hunger. With
propranolol-induced b-adrenergic blockade, early symptoms may be masked.
Therefore, because sweating is not typically blocked by b-blockers, this may
be a more reliable symptom for diagnosis. More severe hypoglycemia produces symptoms of neuroglycopenia,
including lethargy, stupor, poor feeding,
seizures, apnea, loss of consciousness,
and hypothermia.
Bronchospasm
Bronchial hyperreactivity, described as
wheezing, bronchospasm, or exacerbation of asthma/bronchitis, is a recognized side effect of propranolol as the
result of its direct blockade of adrenergic bronchodilation. Certainly, the
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use of propranolol in the setting of
known reactive airway disease must
be considered cautiously. The development of bronchial hyperreactivity in
the setting of an acute viral illness in
patients on propranolol has necessitated temporary discontinuation of
therapy.59
Hyperkalemia
Hyperkalemia (without electrocardiographic changes) was reported in 2
children on propranolol for IH.72,109 The
cause of the hyperkalemia is not
known, but the authors postulate that it
was tumor lysis from the large ulcerated IH combined with impaired potassium uptake into cells as the result
of b blockade. Dental caries have been
reported in 2 pediatric patients treated
with propranolol, although this may be
related to the formulation of the suspension (if it contains sucrose). b-adrenergic antagonism of salivary gland
function resulting in decreased salivation has also been postulated as
a contributing factor.58,70

SURVEY OF PROPRANOLOL USE
FOR IH
A survey was designed and was distributed to established prescribers of
propranolol in Fall 2011 for IH by Drs
Sarah L. Chamlin, Beth A. Drolet, Anita N.
Haggstrom, and Anthony J. Mancini.
The response rate was 76%, and most
respondents were pediatric dermatologists (88%), academicians (84%), and
experienced clinicians with a mean of
15.25 years in practice. Before starting
propranolol, the following studies were
obtained with the noted frequency:
electrocardiogram (ECG; 81%), BP measurement (41%),echocardiogram(38%),
and HR measurement (38%). Cardiology
consultation was “always obtained” by
34% of respondents and “never obtained” by 25%, with the remainder
(41%) stating that they “sometimes
obtained” such consultation. Seventeen

(53%) prescribers “always” or “sometimes” admitted patients to the hospital
to initiate therapy, with only 3 of these
prescribers stating that they always
admitted. The other respondents admitting children did so under special
circumstances, including young age
(under 6–8 weeks), extreme prematurity, signiﬁcant comorbidity, PHACE
syndrome, airway hemangioma, and
poor social situations. Most respondents (81%) started propranolol at 0.5 to
1.0 mg/kg per day, with a goal dose of 2.0
mg/kg per day in 84% of patients. Dosing
was twice daily for 38% and 3 times daily
for 47%, with the remaining 15% dosing
3 times daily initially with a change to
twice daily when the child was older (6–
12 months of age).

CONSENSUS METHODS
A consensus conference was held in
Chicago, Illinois, on December 9, 2011.
This conference was sponsored by the
National Institute of Arthritis and
Musculoskeletal and Skin Diseases
(1R34AR060881-01). Twenty-eight participants attended from 12 institutions,
representing 5 specialties. Collectively,
the group has treated .1000 infants
with propranolol for IH. Given the
inconsistencies in current institutional
policies, consensus was difﬁcult to obtain on all issues. Because of the especially vulnerable patient population of
infants aged 1 to 6 months, the group
chose to remain cautious in the approach to these recommendations.
Where there was considerable controversy, the more conservative approach
was selected until additional safety data
can be obtained.
Results of the survey were shared, and
participants were asked to review all
existing literature on the use and adverse effects of propranolol in the
treatment of IH, PHACE syndrome, and
other indications in the pediatric population. These data were summarized,
and work groups were assigned speciﬁc
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topics to propose protocols on the following subjects: contraindications,
special populations, pretreatment evaluation, dose escalation and monitoring,
and patient education. These protocols
were presented to the entire group and
debated using an iterative process
(nominal group technique).110 Consensus protocols were recorded during the
meeting, reﬁned after the meeting, and
resubmitted to the entire group for
discussion by teleconference and electronic review. Comments were recorded
and discussed, and when appropriate,
protocol clariﬁcations and revisions
were made and agreed on by the group
via teleconference.
Because of the absence of high-quality
clinical research data, evidence-based
recommendations are not possible
at the present time, and these are not
American Academy of Pediatrics–
endorsed recommendations. However,
the multidisciplinary team agreed on
a number of recommendations that
arose from a review of existing evidence. It is acknowledged that, in many
areas, evidence is generally conﬁned to
expert opinion, case reports, observational or descriptive studies, and uncontrolled studies. We acknowledge
that the following recommendations
are conservative in nature, and we
anticipate that they will be revised as
more data are made available.

CONSENSUS RECOMMENDATIONS
When to Treat IH
Given the wide spectrum of disease and
the natural tendency for involution, the
greatest challenge in caring for infants
with IH is determining which infants are
at highest risk for complications and in
need of systemic treatment. Medical
management is highly individualized,
and treatment with oral propranolol is
consideredin the presenceof ulceration,
impairment of a vital function (ocular
compromise or airway obstruction), or
risk of permanent disﬁgurement. Before

the initiation of therapy, the potential
risks of adverse effects are carefully
considered and weighed against the
beneﬁts of intervention. A medical team
with expertise in both the management
of IH and the use of oral propranolol in
infantsprovidesthe mostoptimal careto
patients in need of systemic therapy with
propranolol.
Contraindications and
Pretreatment History
Before initiating propranolol therapy for
IH, screening for risks associated with
propranolol use should be performed.
Relative contraindications are listed in
Table 4. The prescribing physician
should perform, or obtain documentation of, a recent normal cardiovascular
and pulmonary history and examination. Key elements of the history are
poor feeding, dyspnea, tachypnea, diaphoresis, wheezing, heart murmur, or
family history of heart block or arrhythmia. The examination should be
performed by a care provider with experience in evaluating infants and
children. The examination should include HR, BP, and cardiac and pulmonary assessment.
Pretreatment ECG
Routine ECG screening before initiation
of propranolol for hemangiomas has
been advocated, although the utility of
ECG screening for all children with
hemangiomas before initiation of propranolol therapy is unclear. In the future, a more indication-driven ECG
strategy is likely to develop because the
incidence of ECG abnormalities that
TABLE 4 Contraindications to Propranolol
Therapy
Cardiogenic shock
Sinus bradycardia
Hypotension
Greater than ﬁrst-degree heart block
Heart failure
Bronchial asthma
Hypersensitivity to propranolol hydrochloride

would limit propranolol use in children
with IH appears low.4,7,10,13,15,18,21,25,27,29
For example, congenital complete
heart block is rare, with an estimated
prevalence of 1 in 20 000 live births,111
and this is most commonly associated
with maternal connective tissue disease.112 Consensus was not achieved
on the use of ECG for all children with
IH, but ECG should be part of the pretreatment evaluation in any child when
1. the HR is below normal for age113:

 newborns (,1 month old), ,70
beats per minute,

 infants (1–12 months old), ,80
beats per minute, and



children (.12 months old):
,70 beats per minute.

2. there is family history of congenital
heart conditions or arrhythmias
(eg, heart block, long QT syndrome,
sudden death), or maternal history
of connective tissue disease.
3. there is history of an arrhythmia
or an arrhythmia is auscultated
during examination.
Because structural and functional
heart disease have not been associated
with uncomplicated IH, echocardiography as a routine screening tool before
initiation of propranolol is not necessary in the absence of abnormal clinical
ﬁndings.
Propranolol Use in PHACE
Syndrome
PHACE syndrome (Online Mendelian
Inheritance in Man database ID 606519)
is a cutaneous neurovascular syndrome present in one-third of infants
with large, facial hemangiomas; it is
characterized by large, segmental
hemangiomas of the head and neck and
congenital anomalies of the brain,
heart, eyes, and/or chest wall.114
Arterial anomalies of the head and neck
are the most common noncutaneous
manifestation of PHACE syndrome, and
acute ischemic stroke is a known
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complication.115 Although the arterial
anomalies are widely variable, infants
with PHACE syndrome believed to be at
highest risk for stroke are those with
severe, long-segment narrowing or
nonvisualization of major cerebral or
cervical arteries in the setting of inadequate collateral circulation, especially when there are coexisting
cardiac and aortic arch anomalies
(Table 5).116 Theoretically, propranolol
may increase the risk of stroke in
PHACE syndrome patients by dropping
BP and attenuating ﬂow through absent, occluded, narrow, or stenotic
vessels. Furthermore, nonselective
b-blockers, such as propranolol, have
been shown to increase variability in
systolic BP to a greater degree than b1selective agents, and labile BP is
a known risk factor for stroke.117 There
are 2 reports of acute ischemic stroke
in PHACE syndrome patients on propranolol to date. Both patients were
concomitantly on oral steroids and had
severe arteriopathy.116 Cardiac and
aortic arch anomalies are also commonly seen in PHACE syndrome and
require echocardiography to assess
intracardiac anatomy and function.
Propranolol administration in these
patients should be managed in close
consultation with cardiology.
Infants with PHACE syndrome represent
a unique management challenge because most affected infants have extensive facial hemangiomas, with high
risk for both medical morbidities and
permanent facial scarring. Such
patients are thus prime candidates for
propranolol therapy.4 The potential
beneﬁts of treatment must be weighed
against the risks. The safe use of propranolol in individuals with PHACE has
been described in several small case
reports and case series, although no
clinical trials have been conducted to
assess the overall safety.27,115
It is recommended that infants with
large facial hemangiomas at risk for
134

TABLE 5 Imaging and Clinical Features and Stroke Risk in PHACE Syndrome

PHACE be thoroughly evaluated with
MRI/magnetic resonance angiography
of the head and neck and cardiac imaging to include the aortic arch before
considering propranolol. If imaging
results place a patient into a higher risk
category for stroke (Table 5), consultation and comanagement with neurology is appropriate. If the potential
beneﬁts of propranolol outweigh the
risks, the consensus group recommends use of the lowest possible dose,
slow dosage titration upward, close
observation including inpatient hospitalization in high-risk infants, and 3
times daily dosing to minimize abrupt
changes in systolic BP.
Formulation, Target Dose, and
Frequency
Propranolol is currently commercially
available in propranolol hydrochloride
oral solution (20 mg/5 mL and 40 mg/5
mL). It is recommended that the 20 mg/5
mL preparation be used because of the
small volumes required for this indication. The consensus group recommends a target dose of 1 to 3 mg/kg per
day with most members advocating
2 mg/kg per day, the median dose
reported in the literature. Given the
fact that dose escalation is required
with propranolol and that IH often respond rapidly to even low doses, physi-

cians will often use dose response to
determine an individual’s optimal target
dose. Dose escalation from a low starting dose is always recommended even
in the presence of inpatient monitoring
as the initial cardiac response to b
blockade may be pronounced.
The consensus group advocates that
the daily dose of propranolol be divided
into 3 times daily dosing with a minimum of 6 hours between doses, balancing considerations of safety,
efﬁcacy, and convenience.
Initiation of Propranolol in Infants
With IH
Some facilities may have the resources
and expertise to safely monitor all
patients in an outpatient setting, and
some practitioners continue to admit
all infants. The following suggestions
were made regarding monitoring for
potential side effects while initiating
oral propranolol for the treatment of
problematic IH (Fig 1). We acknowledge
that the data for safe outpatient initiation is mounting but still relatively
limited for this indication. The recommendations are age-dependent with
patients divided into 2 age groups.
Inpatient hospitalization for initiation
is suggested for the following: Infants
#8 weeks of gestationally corrected
age, or any age infant with inadequate
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social support, or any age infant with
comorbid conditions affecting the cardiovascular system, the respiratory
system including symptomatic airway
hemangiomas or blood glucose maintenance.
Outpatient initiation with monitoring
can be considered for infants and
toddlers older than 8 weeks of gestationally corrected age with adequate
social support and without signiﬁcant
comorbid conditions.
Cardiovascular Monitoring
The peak effect of oral propranolol on HR
and BP is 1 to 3 hours after administration. Patients should be monitored
with HR and BP measurement at baseline and at 1 and 2 hours after receiving
the initial dose, and after signiﬁcant
dose increase (.0.5 mg/kg/day), in-

cluding at least 1 set of measurements
after the target dose has been achieved. If HR and BP are abnormal, the
child should be monitored until the vitals normalize. Dose response is usually most dramatic after the ﬁrst dose;
therefore, there is no need to repeat
cardiovascular monitoring multiple
times for the same dose unless the
child is very young or has comorbid
conditions affecting the cardiovascular
system or the respiratory system including symptomatic airway hemangiomas. Bradycardia is important to
recognize because the accurate measurement of BP in infants may be
challenging. HR is simple to measure,
and normative data for inappropriate
bradycardia have been established as
follows:

 Newborns (,1 month old), ,70
beats per minute

 Infants (1–12 months old), ,80
beats per minute



Children (.12 months old),
,70 beats per minute

SystolicBPvariessigniﬁcantly between1
month and 6 months ofage,sonormative
data are difﬁcult to interpret. Moreover,
most pediatric normative BP tableswere
designed to evaluate for hypertension,
not hypotension, and are based on
auscultatory measurements.118 Oscillometric devices are convenient and
minimize observer error, but they do not
provide measures that are identical to
auscultation. Obtaining accurate BP
measurements in neonates and infants
may be challenging, and BP measurements should be obtained by experienced personnel. The infant should be in
a warm room and in a resting state,
awake or asleep. The use of an appropriately sized infant cuff is essential. The

FIGURE 1
(A) Summary of recommended dose initiation for inpatient scenario. (B) Summary of recommended dose initiation for outpatient scenario. PO, oral administration; q6, every 6; q8, every 8.
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inﬂatable portion of the cuff should
encircle $75% of the limb circumference, and the length of the cuff should
be at least two-thirds of the length of the
upper limb segment. Speciﬁc age-based
normative parameters for identiﬁcation
of systolic hypotension in infants are
difﬁcult to provide; as a general guide,
we would describe systolic BP that is
below normal (less than ﬁfth percentile
oscillometric or ,2 SD of normal auscultation)119 as follows:

 Newborn: ,57 mm Hg (,5th percentile oscillometric) or 64 mm Hg
(2 SD auscultation)

 6 months: ,85 mm Hg (,5th percentile oscillometric) or 65 mm Hg
(2 SD auscultation)

 1 year: ,88 mm Hg (,5th percentile oscillometric) or 66 mm Hg (2
SD auscultation)
Patients who have HR and systolic BP
measurements below these values
during propranolol initiation/dose escalation warrant careful evaluation for
additional evidence of cardiovascular
compromise and should be considered
at higher risk for continued propranolol
use at that dose/continued dosage escalation.
The inpatient and outpatient dose escalation recommendations are agedependent with patients divided into 2
age groups, as shown in Fig 1.
Ongoing Monitoring
As discussed earlier, patients should be
monitored with HR and BP measurement at baseline and at 1 and 2 hours
after a signiﬁcant dose increase (.0.5
mg/kg/day), including at least 1 set of
measurements after the target dose
has been achieved. There is no published information on the utility of
Holter monitoring in infants after initiating propranolol to identify occult
bradycardia or arrhythmias, and this
group has not reached consensus on
a recommendation for Holter moni-
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toring after reaching a steady dose.
Most centers represented at the conference do not perform or recommend
Holter monitoring in this setting on
a routine basis.

hypoglycemia or with medical conditions known to produce hypoglycemia.

Preventing Hypoglycemia

Currently, the most signiﬁcant barrier
to the implementation of a multiinstitutional clinical trial for the treatment of IH with oral propranolol is the
lack of standardized toxicity monitoring
in infants without anatomic cardiac/
vascular anomalies, as well as in infants with PHACE syndrome. Despite
the widespread use of this drug, no

Although recognition of signs or
symptoms of hypoglycemia may prompt
early intervention, measures should be
taken to decrease the risk of hypoglycemia. Because asymptomatic hypoglycemia was not detected in studies
that included a random serum glucose
as part of routine monitoring, and the
timing of hypoglycemic events, as outlined in Table 3, has been variable and
unpredictable, routine screening of
serum glucose is not indicated. Propranolol should be administered during the daytime hours with a feeding
shortly after administration. Parents
should be instructed to ensure that
their child is fed regularly and to avoid
prolonged fasts. In otherwise healthy
children, the risk of hypoglycemia is
age-dependent and begins after 8
hours of fasting in children 0 to 2 years
of age.47 Infants ,6 weeks should be
fed at least every 4 hours, between 6
weeks and 4 months of age should be
fed at least every 5 hours, and .4
months of age should be fed at least 6
to 8 hours. Propranolol should be discontinued during intercurrent illness,
especially in the setting of restricted
oral intake. Children undergoing procedures or radiologic imaging requiring fasting for sedation should be
supported with Pedialyte (Abbott Nutrition, Abbott Laboratories, Columbus,
OH) or glucose-containing IV ﬂuids
during periprocedural periods. Preoperative blood glucose levels may
identify additional patients whose
symptoms might otherwise be masked
by preoperative medications and anesthesia. Particular care should be
taken in using propranolol in preterm
infant, patients prescribed other medications known to be associated with

CONCLUSIONS

TABLE 6 Consensus Meeting Key Learnings
• There are no FDA-approved indications for
propranolol in pediatric patients in the
United States.
• There is signiﬁcant uncertainty and divergence of
opinion regarding safety monitoring and dose
escalation for propranolol use in IH.
• ECG should be part of the pretreatment evaluation
in any child when the HR is below normal,
arrhythmia is detected on cardiac exam, or there
is a family history of arrhythmias or maternal
history of connective tissue disease.
• Cardiac and aortic arch anomalies are commonly
seen in PHACE syndrome and require
echocardiography to assess intracardiac
anatomy and function in at-risk children.
• It is recommended that the 20 mg/5 mL
preparation of propranolol be used.
• The consensus group advocates that the daily
dose of propranolol be divided into 3 times daily.
• Regardless of the setting in which propranolol is
initiated, it is recommended that the propranolol
dose be titrated up to a target dose, starting at 1
mg/kg/day divided 3 times daily.
• The peak effect of oral propranolol on HR and BP is
1 to 3 h after administration.
• Dose response is usually most dramatic after the
ﬁrst dose of propranolol.
• Bradycardia may be the most reliable
measurement of toxicity because obtaining
accurate BPs in infants may be challenging, and
normative data for bradycardia are better
established.
• If a major escalation in dosage (.0.5 mg/kg/day)
is indicated, the patient’s HR should be assessed
before, 1 and 2 h after the increased dose is
administered.
• Hypoglycemia may be the most common serious
complication in children treated with propranolol
for IH.
• Propranolol should be discontinued during
intercurrent illness, especially in the setting of
restricted oral intake to prevent hypoglycemia.
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systematic strategy currently exists to
identify toxicities of therapy for infants
with IH. The consensus team agreed
on a number of recommendations that
arose from a review of existing evidence

supplemented by expert opinion and
clinical experience (Table 6). These
recommendations will provide the
platform for large-scale phase II/III
clinical trials to determine optimal

dosing regimens and long-term safety
proﬁles. We anticipate that these guidelines will be modiﬁed as more data
are made available from these future
studies.
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