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Abstract With a prevalence of 2.6-4.5 %, infantile
haemangiomas (IH) represent the most common tumour of
infancy. While the majority of IH does not require therapy
and regresses spontaneously, about 10 % of IH exhibit com-
plications such as obstruction, ulceration or disfigurement.
With the advent of oral propranolol, many conventional
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treatment options have become obsolete. This paper summa-
rizes current recommendations for management of complicat-
ed [H. These recommendations have been written by an expert
group after a consensus process including bibliographic re-
view, several drafts of synthesis, meetings with quantitative
voting system and redaction of an approved final manuscript.
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Conclusion: Oral propranolol is the first-line agent for the
treatment of complicated IH.

What is Known:

* Infantile haemangiomas (IH) are the most common tumours of infancy.
Within a very short period after its discovery and long before the pub-
lication of randomized controlled trials, propranolol has become the
number one agent for the treatment of complicated IH.

What is New:

* We report IH treatment recommendations of an international,
interdisciplinary team of experts, based on an up-to-date review of the
literature.

Keywords Haemangioma - Complications - Therapy -
Infants

Abbreviations

EMA European Medicines Agency

EPC Endothelial progenitor cells

FDA Food and Drug Administration (USA)
GLUT1 Glucose transporter 1

HemSC Haemangioma stem cells

HIF-1 Hypoxia-inducible factor

H Infantile haemangioma

Nd:YAG  Neodym-dotted Yttrium-aluminum-granate laser

PHACE  Posterior fossa-haemangioma-arterial-cardiac-
eye anomaly

RCT Randomized controlled trial

VEGF(R) Vascular endothelial growth factor (receptor)

Introduction

Infantile haemangiomas (IH) represent the most common tu-
mours of infancy, affecting between 2.6 and 4.5 % of all in-
fants [15, 42, 49]. Most haemangiomas are small and regress
spontaneously without any need for intervention; however, 5—
10 % of haemangiomas, often site dependent, can cause seri-
ous complications and require treatment. We review the path-
ogenesis, clinical course and complications of IH and give
recommendations for treatment of complicated
haemangiomas based on published evidence and the consen-
sus agreement of a group of European experts.

Methods

Consensus was reached by a modified Delphi procedure
where the voting process permits the expression of votes in
a quantitative and qualitative way. After a thorough biblio-
graphical review, statements on relevant topics were generated
and circulated to all group members prior to a meeting in
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Castres/France on March 13/14, 2014, where all controversial
issues were extensively discussed. The end result of all this is
a definitive text reflecting the issues addressed in a manner
consistent with the practice of evidence-based medicine. This
final write-up also includes the opinions, experiences and con-
victions of participating experts (see Appendix 1—Final state-
ments with agreement rates). The consensus paper was then
prepared and again circulated to all members for revision and
final approvement. Propranolol has meanwhile been approved
by the FDA and EMA for the treatment of infantile
haemangiomas, based on the results of a large confirmatory
randomized controlled trial [40].

Risk factors and pathogenesis

The main risk factors for the development of IH are female
sex, low birth weight and prematurity [15, 19, 25, 49]. Girls
are affected 2.3-2.9 times more often than boys. Low birth
weight seems to be the most significant risk factor: for every
500-g decrease in birth weight, the risk of IH increases by
409% [15, 16]. Prospective studies [25, 49] have also identified
multiple gestation, increased maternal age, in vitro fertiliza-
tion, pre-eclampsia and placental anomalies (e.g. placenta
previa, placental abruption, abnormal insertion of umbilical
cord) as cofactors. A positive family history in a first-degree
relative increases the risk of IH formation in an infant twofold
[16].

The pathogenesis of IH is still incompletely understood
[35]. Currently, three hypotheses (which are not mutually ex-
clusive) are favoured:

1. Somatic mutation of haemangioma stem cells and upreg-
ulation of VEGFR-signalling—Recent studies suggest
that TH are derived from CD34"/CD133 endothelial pro-
genitor cells (EPC, also referred to as haemangioma stem
cells, HemSC) [12, 23]; they are capable of differentiating
into GLUT1" endothelial cells, and during regression of
IH into adipocytes [23]. Mediators of EPC and
vasculogenesis (e.g. vascular endothelial growth factor
VEGF-A and hypoxia-inducible factor HIF-1) are ele-
vated in children with IH [35, 36].

2. Placental theory—The histochemical markers charac-
teristic of IH (GLUT1, Lewis Y, FcRIII, merosin) are
similar to those expressed by placental tissue [12],
which has led to the hypothesis that [H are derived from
embolized placental cells [48]. In fact, the evolution of
IH and placentae—rapid proliferation followed by
gradual involution—are similar. In accordance with
this hypothesis, cases of neonatal haemangiomatosis
associated with placental haemangioma (chorangioma)
have been reported [29].
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3. Hypoxia-induced proliferation—Tissue hypoxia may be a
stimulus for vascular proliferation. Conditions associated
with hypoxia (preterm delivery, placental anomalies, low
birth weight, increased maternal age) are prevalent cofac-
tors for the formation of IH. In posterior fossa-
haemangioma-arterial-cardiac-eye anomaly (PHACE)
syndrome, absence or stenosis of cerebral vessels corre-
lates with ipsilateral segmental haemangiomas [17, 35].
Induction and proliferation of EPC are mediated by HIF-
.

Clinical course and complications

IH exhibit a characteristic non-linear growth pattern: they usu-
ally manifest during the first or second week of life, but not
later than 12 weeks of age [49]; precursor lesions are observed
at birth in up to 65 % [57]. The majority of growth occurs
before 12 weeks of age [57]; growth velocity decreases there-
after and usually comes to a halt between 4 and 6 months.
Segmental haemangiomas and large focal haemangiomas
(mainly deep, particularly in the parotid area) can exhibit an
extended growth phase during the second and third year of life
[8].

Eighty-five to 90 % of IH undergo spontaneous involu-
tion between the 2nd and 6th (and sometimes up to the
10th) year of life [15, 42]. Between 5 and 10 % of all
infantile haemangiomas develop complications requiring
therapy, with some studies quoting as high as 20 % [24].
Typical complications are ulceration, functional impair-
ment (sometimes life threatening) and (imminent or actual)
disfigurement.

1. Ulceration—Ulceration is the most common complica-
tion of IH, affecting up to 10 % of all IH, and 15-25 %
of patients with IH referred for specialist care [10, 27].
Predilection sites are the lower lip, neck and the
anogenital area. Large, segmental and superficial IH
are more often affected than small, focal or deep IH.
Ulceration occurs at a median age of 4 months during
the proliferation phase and can cause bleeding and/or
infection, but pain is the most significant associated
complaint.

2. Functional impairment—Periocular haemangiomas can
compromise vision and cause amblyopia, astigmatism
or strabism. Nasal haemangiomas can impair breathing.
Airway involvement, often heralded by IH around the
“beard area”, can lead to life-threatening subglottic
obstruction. Lip haemangiomas can affect oral feeding.
Bulky neck haemangiomas can affect neck mobility
and lead to positional torticollis. Children with multiple
cutaneous IH (defined as either >5 [34] or >10 [59] IH)

are at increased risk for hepatic haemangiomas and
should thus be screened by ultrasound. In rare cases,
multifocal hepatic IH and large IH can induce high-
output congestive heart failure [53] and/or thyroid
dysfunction [58].

3. Disfigurement—Disfigurement can result from
haemangiomas located in the central areas of the face,
particularly nose, lips, forehead and cheek, and on the
ears. Nasal and lip haemangiomas are known to ex-
hibit slow and frequently incomplete regression. IH
of the parotid area, often large, tend to persist longer
than other IH. Around 50 % of IH will end up with
sequelae such as scars, redundant/anetodermic skin or
telangiectasia [5, 12].

Complimentary investigations and differential
diagnosis

IH is usually diagnosed clinically. For large subcutaneous
haemangiomas, especially when located in the parotid,
supraglottic or paratrachealregion, ultrasound with Doppler
sonography is recommended and MRI may be required for
some IH. The latter should also be performed in the presence
of multiple cutaneous IH to rule out hepatic haemangiomas.
Echocardiography is advisable in children with large
haemangiomas due to their increased risk to develop high-
output cardiac failure. These children and those with
intrahepatic haemangiomas should also be screened for hypo-
thyroidism (TSH). Segmental haemangioma of the face/neck
region is frequently associated with cerebrovascular and car-
diac anomalies (with or without other features of the PHACE
syndrome) and should be screened by MRI angiography of the
head and neck and by echocardiography, ideally prior to the
start of propranolol therapy.

Most infantile haemangiomas can be distinguished
easily from vascular malformations according to three
essential criteria (Table 1). The differential diagnosis of
other vascular tumours presenting in infancy has recently
been reviewed [13, 30].

Table 1 Distinction between vascular malformation and vascular

tumour

Criteria Vascular Infantile haemangioma
malformation

Age at manifestation At birth Usually after birth

(week 1-6)
Proliferation No Yes
Regression No yes
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Management
Indications for treatment

Since IH are essentially benign tumours and tend to regress
spontaneously as of the second year of life, treatment is not
required in the majority of cases. On the other hand, all ob-
structive and ulcerated IH require immediate therapy
(Table 2). Large haemangiomas may also require therapy in
case of imminent high-output cardiac failure.

Small haemangiomas close to the eye may or may not
become obstructive depending on their individual growth dy-
namics. The same holds true for haemangiomas with a “risk of
disfigurement”, e.g. all IH located on the face, or larger IH
located in the peri-mammary area in girls. In these cases,
“watchful waiting” or “active non-intervention” is an option,
provided that close monitoring is adopted (Table 3). Monitor-
ing intervals need to be adjusted to the age of the child, which
is inversely related to the growth velocity of IH. The recom-
mended interval for follow-up of haemangiomas “at risk”
with respect to age can thus be expressed by the following
formula:

Age in months = follow-up — interval in weeks

It is recommended to take photographs in order to docu-
ment the state of the haemangioma at each follow-up visit.

Treatment options

With the advent of oral propranolol therapy for IH, many
“classical” therapeutic options have become obsolete. This
refers to topical, systemic and surgical procedures sometimes
used for decades.

Topical treatment options (Table 4)

The most promising potentially useful topical treatment
option is the use of topical beta blockers. Several case
reports and case series have claimed efficacy of propranolol
or timolol; however, so far, only one randomized controlled
trial (RCT) comparing timolol (=15 patients) and placebo
(n=17) has been published [11]. No commercial topical
preparation for use in infantile haemangiomas is available

Table 2 Indications for immediate therapy

Type Risk

Obstructive haemangiomas Obstruction
(eye, airways, anogenital tract)

Ulcerated haemangiomas Pain, scarring

Large facial haemangiomas Disfigurement, scarring

@ Springer

Table 3  “At risk” localizations where small IH require close
monitoring

Type, Location Risk

Periocular [H Amblyopia

Intertriginous areas (neckfold, Ulceration

axillary, anogenital region)

Nose Disfigurement (“‘Cyrano nose”),
nasal obstruction
Lips Disfigurement, functional

impairment (drinking)
Segmental haemangiomas Ulceration, associated anomalies
Mammary region (girls) Large IH only: risk of permanent

disfigurement

yet. Currently, used topical preparations of beta blockers
are not standardized. Serum drug levels or potential signs
of systemic resorption (bradycardia, hypotension) have not
been studied systemically so far in infants. Transcutaneous
resorption can lead to unexpected systemic effects; this risk
is enhanced when timolol is used close to the eye where
transconjunctival absorption is an issue [46]. The risk of
transcutaneous absorption is also enhanced in intertriginous
and/or ulcerated areas. While oral drugs undergo a
“first-pass effect”, i.e. hepatic detoxification, which
leads to a significant decrease of serum levels, topically
applied drugs circumvent this effect, which can result in
increased serum levels. As long as safety and efficacy
have not been studied more systematically, topical beta
blockers cannot be recommended as a standard of ther-
apy. They have, on the other hand, the potential to
become the first-line agent for the treatment of small
and superficial IH located in “problematic” regions, thus
obviating systemic treatment in a significant minority of
children with TH.

Surgical treatment options (Table 5)

For many years, surgical treatment options were considered
essential for the treatment of complicated IH. There are no
prospective studies comparing laser surgery or cryosurgery
and propranolol; retrospective studies however indicate that
oral propranolol is more effective than both [37]. Cryosurgery
might be indicated in selected cases, but the evidence to sup-
port this is purely empirical. Conventional surgery is indicated
for the rare haemangioma resistant to propranolol therapy and
may occasionally be indicated in an emergency situation but
still has an important role in reconstruction post-resolution to
excise redundant skin and residual scarring. Pulsed dye laser
(595 nm) and intense pulsed light (IPL) can be used for the
treatment of persistent telangiectasias; in some cases, addi-
tional treatment with the Nd: YAG laser may be required.
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Table 4 Evaluation of topical
treatment options for infantile Method

Reasons/concerns

haemangiomas
Not recommended

Intralesional corticosteroids
Intralesionalbleomycin
Intralesional propranolol

Topical ultrapotent corticosteroids

Topical imiquimod

Potentially useful
Topical timolol

Topical propranolol

Skin atrophy/scarring, systemic resorption
Skin atrophy, systemic toxicity

Lack of efficacy, potential systemic resorption
Skin atrophy, systemic resorption

* Some case reports and small case series demonstrate moderate
efficacy, but no RCT available

» Skin irritation, crusting, sometimes ulceration

» Multiple case reports and small case series demonstrate efficacy, but
only one small RCT published so far

* Potential systemic resorption

» Multiple case reports and small case series demonstrate efficacy,
but no RCT available so far

* Potential systemic resorption

Systemic treatment options (Table 6)

Retrospective studies comparing oral propranolol and cortico-
steroid treatment of IH have shown that propranolol therapy
was more effective, resulting in fewer surgical interventions

and demonstrating better tolerance, with minimal adverse ef-
fects [52]. Two small RCTs comparing propranolol and pred-
nisolone therapy have been published so far; both involved 10
or less patients per study arm. In the first study [43], propran-
olol had a more rapid therapeutic effect compared to prednis-
olone and the combination of both did not result in higher

Table 5 Evaluation of surgical

treatment options for infantile Method Reasons/concerns

haemangiomas

Not recommended as first-line therapy

Pulsed dye laser * Not sufficiently effective in the proliferative phase of IH

* Painful procedure, requires general anaesthesia

* Risk of ulceration

* No RCT

Limited usefulness (for special indications)

Cryotherapy * Regularly used in some countries only®

« Case series report efficacy in small IH®, but no RCT

* Side effects: blistering, risk of scarring, depigmentation, pain®

Nd:YAG laser * Painful procedure, requires general anaesthesia

* Multiple procedures required

* Rarely complete response

* No RCT

* Maybe indicated when propranolol contraindicated, not tolerated or ineffective

Pulsed dye laser or IPL  « Only for residual telangiectases after incomplete regression

Surgery * Indicated for removal of residual bulky masses in cosmetically critical areas

* Maybe indicated when propranolol is contraindicated, not tolerated or ineffective

IPL intense pulsed light
# Germany, Austria

b Depth <34 mm, area <1-1,5 cm?

“Newer devices potentially associated with fewer side effects (electrical cooling with Peltier technique: focal
temperature —32 °C as compared to —196 °C with liquid nitrogen)
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Table 6 Evaluation of other

systemic treatment options for Method

Reasons/concerns

infantile haemangiomas
Not recommended

Interferon therapy

Vincristine

Potentially useful
Corticosteroids (OCS)

Sirolimus

Serious side effects in infants (25 % spastic diplegia)

Haematological side effects and risk of peripheral neuropathy

* Monotherapy in case of propranolol intolerance

* Low dose in combination with propranolol for PHACES syndrome

« Anti-angiogenic effects potentially useful

« Potential side effects (e.g., on regular angiogenesis in infants) unknown
* No RCT yet available

efficacy. In the other study [6], both medications were equally
effective: while prednisolone had a faster response rate, pro-
pranolol was significantly better tolerated.

Oral corticosteroids could still be considered for patients
with complicated IH who do not respond to propranolol or
those who exhibit primary contraindications or develop
side effects. A combination of low dose corticosteroids
and propranolol has been proposed as a potentially safer
approach to treatment for segmental haemangiomas in
patients with PHACES syndrome with cerebral vascular
involvement [22]. There is however a theoretical concern
that the combination of oral corticosteroids and propranolol
might increase the risk of hypoglycaemia, particularly
following discontinuation of corticosteroids, because
adrenal suppression may inhibit counter-regulatory cortisol
release [9].

Sirolimus, an inhibitor of the mammalian target of
rapamycin (mTOR), has been demonstrated to have potent
anti-angiogenic activity both in vitro and in kaposiform
haemangioendothelioma. Case reports indicate that it might
be helpful in complicated IH as well [38], but RCTs demon-
strating safety and efficacy are needed before any recommen-
dations for the role of sirolimus in IH can be given.

Oral propranolol

For the treatment of hypertension and other indications, e.g.
hypertrophic cardiomyopathy, hyperthyroidism or migraine,

Table 7  Side effects of oral propranolol for the treatment of [H

propranolol had been used in infants and children at doses
up to 6-8 mg/kg/day since 1964 before the discovery of its
effects on haemangioma [20]. Since the serendipitous discov-
ery of the effect of propranolol on proliferating IH in 2008,
nearly 500 case reports and case series have been published
involving more than 2000 patients. So far, two RCTs [32, 40]
have been published. As demonstrated in these RCTs, in large
case series [28, 56] and in a meta-analysis of 1264 reported
cases [44], the response rate of oral propranolol at a dose of 2—
3 mg/kg/day and after a mean of 6 months of therapy is 96—
98 %; side effects are reversible and in the majority of cases
benign (Table 7). Sleep disturbance, somnolence and irritabil-
ity can be observed in 15-25 % of all infants. The degree of
lipophily of beta blockers correlates with their ability to cross
the blood-brain barrier [45]. As propranolol is a highly lipo-
philic betablocker, there are theoretical concerns regarding
potentially relevant neurodevelopmental or cognitive side ef-
fects of propranolol [39].

Due to its impressive efficacy and safety profile, propran-
olol has become the first-line therapy for [H worldwide and in
aremarkably short course of time. This is certainly attributable
in part to the fact that unlike “new” drugs, propranolol, which
was introduced to the market as an anti-hypertensive agent
40 years ago, is readily available as a generic drug. Its wide-
spread use without a formal RCT or a formal “market launch”
has lead to some variability and uncertainty among practicing
paediatricians, dermatologists and general practitioners
concerning pretreatment investigations, dosing and
monitoring.

Very common (>10 %) Common (1 to 10 %)

Uncommon (>0.1 %) Unknown frequency

Bronchitis
Sleep disorders Nightmares, irritability, somnolence

Diarrhoea, vomiting Constipation, acrocyanosis/cold extremities

Bronchiolitis, bronchospasm, slightly decreased BP  AV-block, decreased HR ~ Bradycardia, symptomatic hypotension

Vasoconstriction, Raynaud’s phenomenon

Decreased BG Hypoglycaemic seizures

BP blood pressure, HR heart rate, BG blood glucose
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Pretreatment evaluation and contraindications

Prescribers should be experienced in evaluating young chil-
dren. Treatment should be initiated only in clinical settings
equipped and qualified for the safe and immediate manage-
ment of any adverse event, in particular cardiovascular events.
Before the start of propranolol therapy, infants need to be
checked for contraindications to therapy (Table 8). A pretreat-
ment ECG is required when history and/or clinical examina-
tion (bradycardia [see Table 8], arrhythmia) raise any concern
about rhythm anomalies. In these cases, consultation with a
paediatric cardiologist is mandatory.

Since all other possible cardiac contraindications can be de-
tected by history, physical examination, a routine echocardiog-
raphy, is not essential unless there is a specific clinical indica-
tion [7, 18]. Obviously, baseline values are required for heart
rate and blood pressure. Baseline glucose levels are only re-
quired in preterm or small for date infants, in infants with failure
to thrive and those with a history of hypoglycaemic episodes.

Initiation of therapy and dosage

Dose escalation is recommended with propranolol as the in-
dividual cardiovascular response of infants cannot be antici-
pated; the initial cardiac response to 3-blockade can be pro-
nounced [18].

In order to ascertain optimal cardiovascular monitoring
during the initiation of propranolol therapy, hospital

admission is recommended at least for the most sensitive pop-
ulation of infants:

1. All infants <2 months of age (age corrected for prematu-
rity) should be admitted for monitoring HR and BP at
baseline and after 1 and 2 h [4, 18, 56]. No consensus
could be reached whether these precautions should also
be extended to older infants (up to the age of 3 months) as
well. Older infants might as well be admitted to a day
clinic where HR and BP are controlled at baseline and
after 1 and 2 h following every dose increase [4, 56].

2. Babies weighing less than 3.5 kg should be admitted and
monitored during dose escalation. Premature babies in
particular are at increased risk for bradycardia and hypo-
tension when treated with propranolol [19].

3. All infants at immediate risk of life-threatening
(subglottic) haemangioma [18].

4. Children with significant comorbidity affecting the car-
diovascular system, the respiratory system or the blood
glucose maintenance [18].

5. Children with inadequate social support [18].

US authors, based on a small retrospective study [41], con-
cluded that hospitalization might not be necessary at all for the
induction of propranolol therapy. Indications and duration of
hospital admissions depend on national regulations and prac-
tice habits. US recommendations are certainly due to a much
stricter admission policy in general.

Table 8 Contraindications for

propranolol therapy in infants Contraindications

Specifications, reference values

with IH
Neonates 0—4 weeks

Potential drug interactions®

Bronchial asthma

Exceptions for rapidly growing, immediately life-threatening
IH

Calcium channel blockers and other anti-hypertensive agents,
antiarrhythmic agents (propafenone, quinidine,
amiodarone, lidocaine), digitalis glycosides, dihydro-
pyridines, NSAID, lipid lowering drugs, rifampicin,
phenobarbital, corticosteroids etc.

AV-block II°-I1I° Sick sinus syndrome

Bradycardia, hypotension

Cardiac failure
Proneness to hypoglycaemia

Reference values (lower limits of normal for age)

Age HR RR
[months] [bpm] [mmHg]
0-3 100 65/45
3-6 90 70/50
6-12 80 80/55

Metabolic diseases, e.g. glycogenosis

Hypersensitivity to propranolol hydrochloride

Phaeochromocytoma
Raynaud’s syndrome

? Drug intake history also refers to lactating women
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Mild, clinically asymptomatic reductions (by about 5—
8 mmHg) of mean systolic and diastolic BP, respectively, are
a common finding during the first 3 days of propranolol ther-
apy in infants, while follow-up studies have shown that there
is no further reduction of BP during the remainder of the 6-
months treatment period [26, 54].

In older childen, therapy can be initiated on an outpatient
basis. Dosage should be increased once a week (starting with
1.0 mg/kg/day) until the final dose 0of 2.0 (or 3.0) mg/kg/day is
reached. Baseline values for heart rate and blood pressure
should be assessed before and 1 and 2 h after each dose in-
crease; the same is recommended after interruption of therapy.

For inpatients, therapy should be started at a dose of
1.0 mg/kg/day, with cardiovascular assessment before and 1
and 2 h after the prescribed dose is administered. If well tol-
erated, the propranolol dose can be increased to 2 mg/kg/day
the next day if the child remains in hospital. For outpatients,
the dose is increased once weekly. In case of bradycardia or
hypotension (see Table 8 for age-related reference values),
dose increases should be postponed or reduced.

Hypoglycaemia and hypoglycaemic seizures are among
the most serious risk factors of propranolol therapy [9, 18,
33, 54]. Routine screening of serum glucose is however not
indicated because the timing of reported hypoglycaemic
events was variable and unpredictable [18, 54]. Care should
be taken to prevent hypoglycaemia by strictly administering
propranolol during or after routine feeding. Propranolol ther-
apy should be interrupted in case of poor oral intake,
vomiting, pronounced diarrhoea or during episodes of ob-
structive bronchitis/bronchiolitis.

The standard dose in the majority of studies reported to
date is 2 mg/kg/day [3, 4, 7, 26, 28, 32, 44, 50, 54, 56] with
a range of dosing between 0.5 and 3.0 mg/kg. As demonstrat-
ed in the multicenter study [40], 3 mg/kg/day is superior to
1 mg/kg/day, but studies comparing 2 and 3 mg/kg/day have
not been reported yet. Since both regimes, 2 and 3 mg/kg/day
[40], have documented efficacy and safety, the recommended
dose of propranolol is 2-3 mg/kg/day.

Table 9  Pretreatment evaluation and ongoing monitoring during therapy

Another dose-related issue is the dosing interval. Again, in
the majority of studies, three equal doses were applied [4, 7,
18, 26, 28, 32, 44, 50, 54, 56] as opposed to two in the mul-
ticenter study [40]. Mean serum levels are about 12 % higher
(67.1vs. 60.1 ng/ml, range 24—127 and 26—140 ng/ml, respec-
tively) with two instead of three doses [14]. For the purpose of
daily life practicability, two doses (given at least 9 h apart) are
preferential.

Duration of therapy and ongoing monitoring

Six months is considered the standard duration of therapy [4,
7, 18, 28, 32, 40, 44, 50]. Our experience suggests that in
some children treatment might be necessary for a longer time,
i.e. up to 12 months or even longer. While the relapse rate is
around 17-20 % after 6 months of propranolol therapy [2, 3],
courses of 12 months of treatment have been associated with a
significantly lower rate of relapse (5 %) [21]. It is recommend-
ed to check the heart rate and to adjust the dose to the increas-
ing body weight every 4 weeks (Table 9). Interruptions of
therapy are mandatory during episodes of obstructive bronchi-
tis for as long as symptoms persist and/or beta-mimetic inha-
lations are required. Serious event such as cardio-respiratory
arrest following bronchiolitis in one infant treated with pro-
pranolol has been described [55]. Propranolol treatment
should be interrupted in case of poor oral intake and intercur-
rent obstructive bronchitis.

At the end of therapy, some authors suggest tapering the
dose for 2 weeks before discontinuation [4], this is however
not universally accepted [18]. It is advisable to take photo-
graphs of the haemangioma and perform follow-up examina-
tions 3 and 6 months after discontinuation of therapy in order
to check for relapse.

Special precautions in children with PHACE syndrome

Many if not most segmental haemangiomas of the face and/or
neck are disfiguring; some also cause occlusion of the eye or

Parameter Pretreatment evaluation Initiation of therapy Monitoring during therapy Interval

ECG Only when indicated® No No -

Heart rate Yes Yes Yes * Every 4 weeks
* Before/after dose increases
* After breaks

Blood pressure Yes Yes® No -

Blood glucose Only when indicated® No No -

 History of arrhythmia and/or clinical bradycardia or arrhythmia
®Before, 1 and 2 h after propranolol

¢ Preterm or small for date baby, failure to thrive, history of hypoglycaemia
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life-threatening paratracheal compression; they also frequent-
ly tend to ulcerate. Children with PHACE syndrome are at risk
of'having associated cardiovascular anomalies. Long-segment
narrowing of major cerebral or cervical vessels without col-
lateral circulation represents an indication of increased risk of
stroke [47]. It is therefore strongly recommended to observe
several precautions in children with segmental haemangioma
before propranolol treatment is started:

1. Pretreatment evaluation—Preferentially, MRI angiogra-
phy and echocardiography should be performed before
initiation of propranolol therapy [18, 47].

2. Initiation of therapy—Patients should be admitted for the
initiation of therapy. It is recommended to start at
0.5 mg/kg/day and titrate the dose slowly (in 0.5 mg/kg
intervals).

3. Dose interval—Three times per day dosing is at present
considered advisable to minimize critical changes in
blood pressure [18, 47].

4. Close follow-up including neurological consultation is
recommended.

Future developments

As propranolol crosses the blood-brain barrier, long-term fol-
low-up studies are needed in particular with respect to neuro-
development [31, 39]. There is no evidence to date of any
long-term issues from its use in cardiology. Preliminary stud-
ies indicate that hydrophilic beta blockers such as nadolol [51]
and atenolol [1] may be at least as effective for IH as propran-
olol. Due to their hydrophily, central nervous side effects are
expected to be less likely. If confirmed in randomized con-
trolled studies, these and perhaps other beta blockers might
become a reasonable alternative to propranolol. The early use
of topical beta blockers, such as propranolol or timolol, is
potentially the way forward for superficial haemangiomas,
but further studies are needed to evaluate their efficacy and
safety.
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