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Abstract

Infantile hemangiomas (IH) are common childhood vascular tumors. Treatment of IH has undergone rapid change in recent years.
Since 2008, oral propranolol has been used to treat complicated IH and has proven superior to previously used therapies. More
recently, the efficacy of other systemic beta blockers, specifically atenolol and nadolol, has been reported. In addition, topical
timolol solution has been effective for treatment of smaller, more superficial IH. The purpose of this article is to review the
current literature of beta-blocker therapy for I1H.
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Introduction

Infantile hemangiomas (IH) are the most common benign vascular tumors in children, with an incidence of 4-10% in infants [1,
2]. The natural course of IH is rapid proliferation during the first few weeks or months of life, followed by a plateau period, and
then involution over several years [3]. Most involute spontaneously without treatment; 90% of IH completely regress by 9 years
of age [4]. However, approximately 10% of IH require intervention to prevent or treat complications such as functional
impairment, disfigurement, scarring, and painful ulceration [5].

Traditionally, oral corticosteroids were the treatment of choice despite varied efficacy and frequent, serious adverse events [3].
Preferred first-line therapy quickly shifted after the 2008 publication by Léauté-Labréze et al. describing the dramatic effect of
oral propranolol on IH involution discovered while treating two children with high output cardiac failure [6]. Since then, many
articles have reported favorable results with propranolol in IH. Propranolol was found to be safer, more tolerable, and more
effective than previously used corticosteroids. However, propranolol does have risks and serious potential adverse effects include
hypotension, bradycardia, hypoglycemia, and bronchospasm. The mechanism of beta-blocker therapy for IH is not fully
understood. Rapid vasoconstriction, inhibition of angiogenesis, induction of apoptosis, and decreased renin production may play a
role [3].

Propranolol is a lipophilic non-selective beta blocker that crosses the blood brain barrier. The beta-adrenergic system plays a role
in memory modulation and novelty detection; the potentially harmful long-term effects of beta-blocking agents on the central
nervous system (CNS) in infancy are unknown [7]. More recently, atenolol and nadolol have been studied as alternative systemic
beta blockers for treatment of IH. These drugs do not cross the blood brain barrier, theoretically eliminating the potential risk of
CNS effects, such as sleep disturbance and future memory deficits. Compared to propranolol, less frequent dosing is required for
atenolol (once daily) and nadolol (twice daily), which may increase patient compliance [7, 8, 9].
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Atenolol is a hydrophilic cardioselective beta blocker that acts primarily as a 3 1-receptor antagonist and spares 3 2-receptors.
Therefore, bronchospasm and hypoglycemia associated with 3 2 blockade are essentially negated with atenolol [8, 9]. Nadolol is
a hydrophilic non-selective beta blocker. In contrast to propranolol, nadolol has less myocardial depressant activity and a longer
half-life (12-24 hours), which decreases rebound growth [7]. The topical 3 -blocker timolol is an alternative to oral propranolol
for smaller, more superficial IH to reduce the risks of adverse events associated with systemic therapy [10, 11, 12]. The purpose
of this article is to review the current literature of beta-blocker therapy for IH.

Methods

In October 2014, four PubMed searches were performed using the terms [“Infantile hemangioma’] AND [‘propranolol’],
[‘atenolol’], [‘nadolol’], or [‘timolol’]. Propranolol and timolol searches were limited to clinical trials or randomized controlled
trials. In addition, three propranolol articles included in this review were PubMed related citations.

Articles written in Chinese were excluded. The authors of articles that could not be accessed were contacted; those that did not
respond were excluded from this review.

Study design, year(s) the study was conducted or year of publication, duration of therapy, number of patients treated with beta
blocker, mean age at treatment initiation, IH location and type, beta blocker dose, divided daily dose or frequency,
outcome/efficacy, adverse events, and number of patients with rebound/regrowth after treatment completion were recorded for
each study. Not all variables were reported in every study.

RESULTS

A. Oral propranolol

Twenty-two articles describing the efficacy of propranolol in the treatment of infantile hemangiomas were included in this review
(Table 1) [8,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33]. Despite a lack of uniformity or
standardization with measured outcomes, several observations including dose, overall response, response time, and rebound
occurrence can be made. The most commonly used propranolol dose was 2 mg/kg/day divided TID; although many variations
have been reported from 0.75-4 mg/kg/day divided BID-TID. Overall, mean age of patients treated during the proliferative phase
was 5 months. Six studies reported treatment of IH after the proliferative phase ranging from 11-31 months of age.

Overall, 15 studies reported a 100% response rate to oral propranolol. Of the studies that did not report a 100% response rate,
non-responders ranged from 3-10%. There appears to be an association between age at treatment and IH response, with Sondhi et
al. reporting 100% response in patients less than 6 months, 89% response in patients aged 6-36 months, and 0% response in
patients older than 36 months [19]. Additionally, Fuchsmann et al. cited the two treatment failures occurring in patients with
delayed treatment [31]. Response time was not reported in all studies, but several studies report softening and lightening of color
within 24-48 hours [13, 16, 17, 21]. Holmes et al. reported 100% cessation of proliferation at 2 weeks with regression in 55% of
IH during that same period [23]. Similarly, Léauté-Labréze et al. reported 100% cessation of proliferation after 1 month of
treatment [13]. Furthermore, Zvulunov et al. showed that addition of propranolol during IH involution in patients with a mean age
of 28 months led to increased involution rates [33].

Mean duration of therapy ranged from 1-14 months, with an average of 7 months. Interestingly, Sondhi et al. reported that
treatment after 20 weeks duration was associated with no further significant response [19]. Rebound or recurrence was seen in 13
studies with rates ranging from 2.5% to 40%. Overall, the majority of rebounds was characterized as re-coloration and mild
regrowth and was reported to be successfully retreated with oral propranolol. Three studies reported zero recurrence or rebound
[16, 19, 22]. Ma et al. associated recurrence with early discontinuation of propranolol after only 4-5 months [20].

Ulcerated hemangiomas were specifically reported on by 6 authors. Several publications cited healing of ulcerations anywhere
from 2 weeks to 2 months [17, 21, 27, 31]. Manunza et al. reported rapid resolution in small ulcerations compared to limited
resolution in larger ulcerations [30]. Additionally, Hermans et al. noted that 70% of patients with an ulcerated IH treated after 3.5
months of age had ulcer duration beyond 8.7 weeks of treatment [28]. Furthermore, Saint-Jean et al. commented that ulcerated
hemangiomas on the head and neck resolved faster than those located elsewhere. Only Saint-Jean et al. reported recurrence of
ulceration during rebound. However, they noted resolution of ulceration with re-administration of oral propranolol [27].

Table 1. Oral Propanolol



Study Study design | Year Duration #of Age* IH location Dose Divided Outcome/Efficacy Adverse events Rebound/Regrowth
of therapy | patients & type |(mgfkg/d)| daily
treated dose
Léauté- |[Monocenteric| 2008- 1mo G 3 mos Various 3 for M/A Within 1 month, IH grewth Drowsiness (1), N/A
Labréze |double- 2010 locations 15 days stopped and significant asymptormatic mild
etal. blinded and then involution ensued in all decrease in heart
randomized 4 for 15 propranclol-treated patients. | rate and diastolic
placebo- additional In the propranclcl group, IH blood pressure
controlled days thickness decreased by a
trial mean of 45% (compared to a
mean increase of 11% in the
placebo group), and IH size
decreased by a mean of 16%
{compared to a mean
increase of 9% in the placebo
group).
Within 24 hrs of propranoclol
initiation, softening and color
change from intense red to
purple was noted, with
continued improvemeant
throughout treatment.
Hogeling | Double- 2009- & mos 19 17 mas Various, 2 3 60% decrease in tumor Upper respiratory Not formally assessed,
etal. blinded, 2010 mostly volume (compared to 14%in | tract infection (1], but mild rebound
randomized facial the placebo group). bronchiolitis {4), viral | redness and growth
placebo- In the propranclcl group, IH gastroenteritis (1), was seen,
controlled growth stopped by week 4, streptococeal
parallel- and there was a significant infection {1), cool
group trial decrease in redness and extremities (1),
elevation at weeks 12 and 24 | dental caries [1),
compared to the placebo sleep disturbance {2)
group.
A significant difference in
percent change in volume
between the groups was
found at all weeks, with the
largest difference at week 12,
Bauman | Multi- 2010- 1lmos* (9 3 mos Various 2 3 64% decrease in the mean Dehydration (1}, 22%(2/9)
etal. institutional | 2012 total surface area at 4 mos of | asymptomatic
investigator treatment hypoglycemiz after
-blinded the first dose only
randomized {1). Some patients
placebo- had asymptomatic
controlled EP decreases that
trial resolved
spontaneously, and
there was an
increased incidence
of upper respiratory
tract infections.
Malik et | Randomized | 2011- 10 mes* 10 5 mos Various, 2% 2 According to geometric Asymptomatic None
al. controlled 2012 mostly measurements, maximum hypoglycemiz at the
trial head and reduction occurred in the start of treatment
neck and propranolol group in the first | (1}, somnolence (1)
superficial 3 mos with a mean reduction
of 36 X 21%. All IH's
continued to decrease in size
at 6,12 and 18 mos.
Mean size reduction
(%) * SD based on VAS:
At3mos: 58 * 20
AtSmos: 71+ 18
At 12 mos: B85 = 11
At 18 mos: 90 £ 10
Mean initial response time
was 4 = 3 days.
There was significant early IH
flattening, change in
consistency within 24 hrs, and
eolor fading within 48 hrs.
All IH's continued to fade in
color compared to baseline.
Abarzia- | Double- 2012- & mos 10 Smes Various 2 3 60% complete response Nene A0% (4/10); all
Arayaet | blinded 2013 {complete resolution; residual responded to
al. randomized telangiectasia and redundant reintroduction of
controlled tissue were considered propranolol
trial complets response);
A0% partial response {any
improvement in size, color, or
consistency that did not meet
complete response criteria)
Sans et Prospective | Publish | & mos* 32 4 mos Various 2-3 2or3 | Propranolol efficacy was Wheezing/Asthma 4/16 mild recoloration
al. clinical edin for early 100%. In all IHs, softening and | onset {1), 3/16 mild regrowth;
study 2009 interven color change from intense red | Blood pressure 2 patients restarted
tion {27 to purple was observed decrease 3 hrs after | treatment with good
pts); within 24 hrs, with continued | first dose that results
31 mos improvement thereafter, resolved
for late Ulcerations completely spontaneously (1),
interven healed in <2 mos. Insomnia (2),
tion {5 In the 11 patients who had Agitation (2),
pts) ultrasound exams, results Nightmares (1),

showed 40% mean regression

Profuse sweats (1),




in maximal thickness and 2
27% Increase In mean
resistivity index, indicating
lower vascular activity within
the IH.

Cold hands (1)

Vercellin
oetal

Prospective
clinical
study

2008-
2010

€ mos*

Group A:

<12 mos
{mean

7 mos)
[36€ pts]

Group B:

>12 mos
{mean
19 mos)
[32 pts]

Various

In 93% of patients,
propranolol was successful in
stopping proliferation and
accelerating involution of 1Hs,
In the majority of cases,
decreased redness and
palpable softening was noted
within a few days of starting
treatment. Decreased volume
was observed in many cases
after 1-2 weeks of
propranclol. Continusd
improvement was seen, with
some hemangiomas
becoming nearly flatin 6-8
weeks.

Age < 12 mos: 34/36 (94%)
patients had marked
improverment after the first
menth.

Age > 12 mos: 21/32 and 8/32
(91%) patients had markad
and moderate improvement
respectively after the first
month. 3/32 patients showed
noimprovement.

Propranolol was ineffective in
7% of patients.

Nene

1 month after
discontinuation:
recoloration or mild
regrowth in 24%
(16/68); moderate-to-
severe regrowth in
15% {10/68)

Sondhi et
al.

Single-
canter,
historically-
controlled
prospective
open-label
trial

2009-
2011

& mos*

31

11 mos

Various

28/31 (90%) propranciol-
treated patiants had >50%
involution of IH, compared to
anly 4/14 {29%) untreated
patients in the control group.
Propranolol-treated patients
demonstrated significantly
faster and greater degree of
IH involution compared with
no treatment.

The overall mean scere for
propranolol-treated patients
(4.4) was significantly better
than untreated patients [8.4).
3 patients {10%) did not

Insomnia (2),
bronchaspasm (1)

None at the 6 month
follow-up visit

improve with propranoclol
despite 12 wks of therapy.

Response to Propranolol:
20/20 (100%) patients <6
mos of age

8/9 (89%) patients 6 - 3G mes
of age

0/2 (0%) patients > 36 mos

Decrease in size and redness
was most pronounced in the
first 8 weeks, with 65-80% of
involution during this time.
From & to 20 weeks,
statistically significant
reduction in IH was also
noted. Beyend 20 weeks,
response to propranclol was
statistically insignificant.

Ma et al.

Prospective,
intervention
al case
series

2008-
2011

14 mos*

89
(Chinese)

4 mos

Various
locations

0.75-1

During the first week,
superficial lesions changed
color from intense-red to red
or purple, and subcutaneous
lesions changed in texture
from hard to medium.

After 3 months, most IHs
regressed with further
improvement in color (purple
with areas cf gray) and
texture {soft).

After € months, complete
regression was noted in parts
of the |Hs.

After & months:

44/83 {50%) patients had
excellent response (76-100%
regression)

21/89 {24%) patients had
good response (51-75%
regression)

2483 (27%) patients had fair
response (26-50% regression)
0/89 (0%) patients had poor
response {0-25% regression)

Mild diarrhea that
resolved
spontaneously by
the end of the first
week (3), restless
sleep (1), nausea (2),
cold extremities (1),
slight hypoglycemia
{4), slightly elevated
ALT and AST (5}

4.5% (4/89), all of
whom discontinued
propranolol treatment
after 4-5 months.

Celik et
al.

Prospective
clinical

2009-
2011

& mos*

Various

Within 24 hrs of propranclel
initiation, all patients

Necne

2 wks after stopping
propranalol, 10




study

demonstrated color fading
and softening of IHs. Rapid
shrinkage and fading
continued during the first
month. Thereafter, a slower
ratz of invelution was
observed, with the majority
of IHs becoming pale and
nearly flat within & -12 mos.
Total invelution eceurred in 7
IHs.

Superficial IHs: 90% (£ 8, 70-
100%) decrease in volume
Combined IHs: 75% {t 11, 54-
94%) decrease in volume

13/14 ulcerated IHs healed
within the first month.

patients had mild
regrowth, which
regressed
spontaneously by 4
wks

Kagami
etal.

Prospective
study

2010-
2012

9 mos*

3mos

Various

Compared to the laser and/or
cryosurgery control group,
propranclol treatment
demonstrated significantly
shorter time from initiation of
therapy to growth arrest
[median 41 {range, 11-147)
vs. 14 {7-53) days), start of
shrinking [93 {11-151) vs. 21
(7-95) days], and start of
color regression [53 (11-98)
vs. 21 {7-72) days).

Ncne

None during the 56—
287 day post-
treatment follow-up

Holmes
etal.

Prospective
clinical
study

First
publish
ed in
2010

3 mos*

Various

Proliferation quickly ceased in
100% of IHs, and significant
regression occurred in 87%.
Palpable softening, colar
change, and proliferation
cessation occurred within 48
hrs in 74% (23/31) of
patients. Froliferation ceased
by 2 wks in the remaining
26% (8/31) of patients.
Regression was noted within
2 wks in55% (17/31) of
patients, within 4 wks in 16%
{5/31) of patients, and within
10 wks in 16% {5/31) of
patients. 13% (4/31) of IHs
remained stable in size,

Transient
asymptomatic
hypotension during a
propranclol loading
dose that resolved
before the
subsequent dose (1),
gastroesophageal
reflux (1), restless at
night (1),
bronchiolitis {1)

24% (5/25);
retreatment with
propranoclol was
effective in all patients

without evidence of
regression. 3 of the 4 patients
with stable |H were >3 mos
old.

Ulceration epithelialization
was seen in 7/8 patients
within 3 wks of treatment.
The other ulcerated IH was
only treated for 1 wk.

Corapcio
Eluetal

Prospective
clinical
study

Publish
ed
2011

& mos*

Various

At the 2™ month of
propranolol therapy, the
regression rate of the mean
dimension of the [H was 38 &
15% (range 15-50%, median
45%).

Qver 9 manths, the
regression rate of the mean
dimension of the |H was 55 £
31% (range 20-80%, median
50%).

Transient
bradycardia which
improved
spontaneously (1)

N/A

Talaatet
al.

Price et
al.

Prospective
clinical
study

Multicenter
retrospectiv
ecase
series

Publish
ed
2012

2005-
2010

7 mos*

& mos*

50
infants;
80 |Hs

& maos

S mes

Various

Various

Size regression:
Excellent: 60 (75%)
Good: 15 (19%)
Fair: 5 (6%)

Poor: 0 (0%)
Mo response: 0 (0%)

Color clearance:
Before treatment: 153 + 22
After treatment: 42+ 13

Sonographic assessment:
Thickness {mm)
Before treatment:9+9
After treatment: 4£7
Resisting index
Before treatment: 0.6
After treatment: 0.8

Color changes, softening and
size regression occurred, with
IHs becoming nearly flat by
the end of treatment.

56/68 propranclol-treated
patients (82%) demonstrated
2 75% clearance compared
with 12/42 patients (29%)

Ulceration and
scarring (1 IH};
residual and for
recoloration (5 IHs);
epidermal atrophy (2
IHs);

telangiectasia (6
IHs);

residual fibrofatty
tissue {10 |Hs)

Hypoglycemia (1),
nonspecific skin
eruption not
associated

2.5% (2/80) regrowth

2/68 (3%)

Both pts responded to
reinitiation of
propranolol




who received oral
corticosteraids.

with propranoclol the
rapy (2)

Saint-
Jeanet
al.

Multicenter,
retrospectiv
e,

abservation
al study

2008-
2009

& mos*

Smes

Ulceratad

2or3

The average time for
complets ulceration healing
was 5.7 weeks (range, 5 days-
8 manths} in all prepranolol-
treated patients. Ulceration
healing required =12 weeks in
3 patients,

Excluding these 3 outliers, the
average time for complete
ulceration healing was 4.3
weeks.

Head and neck ulcerated IHs
healed significantly faster
than those located in cther
areas (4 vs. 7.5 weeks,
respectively).

Complete pain control was
achieved in 14.5 days {range,
1-60 days).

Mightmares (5),
esophageal reflux
(1), cool hands and
feet 1)

4729 {14%) had
recurrence of
ulceration;
reintrod uction of
propranolol led to
camplete healing

Hermans
etal.

Case series
with
matched
historical
controls

2008-
2010

9 mos*

20 pts; 78
IHs

Ulceratad

The average ulceration
duration was significantly
shorter for the propranclol
group (9 wks) compared with
the control group (22 wks).

A shorter time for complete
ulceration healing was noted
in patients starting
propranclol at a younger age.
7/10 (70%) patients who
started propranclol at »3.5
maos of age had an ulceration
that lasted >8.7 weaks
compared with only 2/10
(20%) of patients who began
treatmentat an earlier age.
In all patients, reduced
redness and tenseness
cccurred within the first 3
days and continued
throughout treatment.

In most patients, pain
decreased within a few days
of starting propranolol.

Drowsiness/tirednes
5(6), restless
sleeping (2), cold
extremities (6), poor
feeding (2),
gastrointestinal
complaints
{diarrhea, vomiting)
1)

4/19 {21%) had partial
regrowth and slightly
increased redness;

no recurrence of
ulceration

Buckmill
eretal.

Retrospecti
ve single

2008-
2009

Treated
until 12

32

Various

97% (31/32} improved with
propranolol,

Semnelence (6),
gastroesophageal

20% (1/5) that had
completed therapy

institution
case series

mos old,
unlessin
the
involutio
nal phase
(treated
atleast6
mos and
until
benefit
ceases)

16/32 (50%) excellent
responders: no additional
therapy needed. Four of
these patients achieved
complete resolution without
signs of residual disease.
15/32 [47%) partial
responders: decreased size
and growth but had adjuvant
therapy before or after
propranclol.

1/32 (3%) non-responder:
persistent growth.

reflux (2), allergic
rash (1), respiratory
syneytial virus
exacerbation (1)

Manunza
etal.

Case series

2008-

& mos*

Head and
neck

Softening, color fading, and
growth cessation occurred in
all IHs.

26/30 patients responded
within 1 wk, and the other
4/30responded within 1 mo.
All IHs showed continued
improvement thereafter,
There was rapid healing of
small superficial ulcers, but
limited response of larger
deeper ulcers. In 2 patients,
ulceration worsened.

Asymptomatic
isolated systolic
blood pressure

<70 mmHg that
normalized later that
day (3)

N/A

Fuchsma
nn et al.

Multi-
institutional
retrospectiv
e study

2008-
2009

9 mos*

30%*

4 mos
for early
treatme
nt {33
pts); 29
mes fer
late
treatme
nt {6 pts})

Head and
neck

2-3

37/39 |Hs treated with
propranolol had lightening of
color and reduction in size
within 2 weeks. Softening and
healing of ulcerations also
accurred within 2 weeks.

In the 16 patients who had
ultrasound exams, results
showed decreased
hemangioma thickness and
vascular activity.

2/39 hemangiomas
{subglottic and nasal tip) had
no response or partial
response. In both of these
cases, propranolol treatment
was delayed and given after
cther treatment failures.

Trouble sleeping (5),
mild diarrhea (2)

430 mild recoloration
6/30 regrowth;
propranclol was
effective with
reinitiation.

Bagazgoi
tiaet al.

Multicenter
retrospectiv
€ case

2008-
2009

S mos*

& mos

Various

Average |H reduction (size
and color):
32%at 4 wks

Agitated sleep (10},
stridor (1)

N/A




series 44% at B wks

52%at 12 wks
56% at 16 wks
61% at 20 wks
65% at 24 wks
65% at 28 wks
G8% at 32 wks

Number of IHs with 250%
reduction in severity:

8/71 (11%) IHs at 4 weeks
24/71 {34%) IHs at & weeks
42/71(59%) IHs at 16 weeks

Zvulunov | Multicenter | 2009 4 mos* 42 28 mos Post- 2* NfA In all patients, the rate of Sleep disturbance NSA
etal. retrospectiv proliferativ involution significantly {2), somnolence (1),
e case & phase; increased with propranolol, transient dyspnea (1)
series predomina compared with the rate of
ntly mixed involution during active
type nonintervention before

treatment.

VAS reduction rate before
treatment was 0.4/month
compared to the accelerated
rate of 0.3/menth during
propranclal treatment.

Mean VAS score of 6.8 before
treatment was reduced to 2.6
during treatment.

Comments:
* = mean

VAS (Visual Analogue Scale)

Reported adverse events during oral propranolol therapy included asymptomatic hypoglycemia, asymptomatic decreases in blood
pressure and heart rate, bronchospasm, wheezing, transient dyspnea, stridor, sleep disturbance, insomnia, somnolence, cool
extremities, sweating, gastroesophageal reflux, gastrointestinal complaints (hausea, vomiting, diarrhea), slightly elevated ALT and
AST, allergic rash, increased incidence of upper respiratory infections, bronchiolitis, viral gastroenteritis, streptococcal infection,
dehydration, and dental caries. Four of the twenty-two studies reported no adverse events with propranolol treatment.

B. Oral atenolol

Only two studies, retrievable in PubMed, have been published describing the efficacy of oral atenolol in the treatment of IH

(Table 2). Both studies compared atenolol to propranolol. In a randomized, double-blinded control trial, Abarzia-Araya et al.
studied 13 patients with IH treated with atenolol for 6 months compared to 10 patients treated with oral propranolol for 6 months.
The average age of patients at treatment initiation was 5 months in both arms [8]. In a prospective cohort study by de Graaf et al.,
30 infants with IH treated with atenolol were compared with a historical propranolol-treated control group. The average duration
of atenolol treatment was 12 months, and the average age at the time of atenolol initiation was 6 months. Of note, atenolol-treated
patients were significantly younger than propranolol-treated patients [9]. Both studies report a daily dosing regimen; however,
Abarzia-Araya et al. used 1 mg/kg/day while de Graaf et al. ranged from 1-3 mg/kg/day, with an overall average of 1.2 mg/kg/day
[8, 9].

With regards to response rates, Abarztia-Araya et al. showed a 54% complete response compared to 60% of the patients on oral
propranolol. A complete response included residual telangiectasia and redundant tissue [8]. de Graaf et al. reported no significant
difference in the quantitative improvement values for the two treatment groups. They reported a 90% response rate of clinical
involution for atenolol-treated patients at 2 weeks compared to a 100% response rate for propranolol-treated patients [9].
Abarzlia-Araya et al. reported 2 patients with rebound growth after discontinuation of atenolol that responded to re-treatment [8].
de Graaf et al. did not comment on recurrence or rebound.

Only de Graaf et al. commented on the use of atenolol for ulcerated IH. Of these 8 patients, only 2 showed an inadequate
response to oral atenolol at 2 weeks. One of these patients had previously failed oral propranolol.

Table 2. Oral atenolol



Study | Studydesign | Year | Duration #of Age* IH Dose Divided Outcome[Efficacy Adverse Rebound/

of patients location | (mg/kg/d) | daily events Regrowth
therapy | treated & type dose
Abarzua- | Double- 2012- | 6 mos 13 5 Various |1 1 54% complete response | None 15% (2/13);
Araya et | blinded 2013 mos (complete resolution; both
al. randomized residual telangiectasia responded to
controlled and redundant tissue reintroduction
trial were considered of atenclol

complete response);
46% partial response
(any improvement in
size, color, or
consistency that did not
meet complete response

criteria)
de Graaf | Prospective 2010- | 12 mos* | 30 6 Various | 1% 1 90% {27/30) of patients | Diastolic BP N/A
etal. cohort study | 2011 mos showed clinical below the 5th
involution (softening, percentile for
color change, and size age (1),
reduction) at 2-8 wks. Transient
2/8 ulcerated IHs had restless sleep
insufficient response (8],
after 2 wks of Constipation
treatment. (2},

There was no significant | Diarrhea (2),
difference in VAS scores | Cold

or AHAS between the extremities
atenolol and propranolol | {(some)
groups.

Comments:
¥= mean

VAS (Visual Analogue Scale); HAS {Hemangioma Activity Score)

According to de Graaf et al., only 3% (1/30) of patients treated with atenolol had severe adverse effects (hypoglycemia, bronchial
hyperreactivity, or hypotension), compared with 25% (7/28) of propranolol-treated patients. Mild adverse effects (restless sleep,
constipation, and diarrhea) were reported in 40% (12/30) of atenolol-treated patients, compared with 50% (14/28) of propranolol-
treated patients [9]. In contrast, Abarzta-Araya et al. reported no adverse events for patients treated with atenolol or propranolol

[8].
C. Oral nadolol

One study, Pope et al., describing the efficacy of oral nadolol in the treatment of IH (Table 3) was found on PubMed. The study
compared nadolol 2 mg/kg/day divided twice daily to propranolol 2 mg/kg/day divided three times daily in an assessor-blinded
cohort study of 19 patients with head and neck IH. Treatment duration in both arms was 6 months. Using a Visual Analogue
Scale (VAS), they found mean percentage IH shrinkage was 51 + 18% at 4 weeks, 83 *+ 14% at 12 weeks, and 97 + 3% at

24 weeks for nadolol-treated patients, compared to 28 + 10% at 4 weeks, 56 + 17% at 12 weeks, and 86 + 15% at 24 weeks for
propranolol-treated patients. Compared to propranolol, nadolol had a faster and more favorable effect on IH. There was a
significant difference in IH involution between the nadolol and propranolol groups at the end of treatment. Six months of oral
nadolol treatment led to nearly complete involution of IH. There was no comment on rebound or regrowth in this study.

Table 3. Oral nadolol



Study | Studydesign | Year | Duration #of Age* IH Dose Divided Outcome/Efficacy Adverse Rebound/

of patients location | (mg/kg/d) | daily events Regrowth
therapy | treated & type dose
Abarzda- | Double- 2012- | 6 mos 13 5 Various |1 1 54% complete response | None 15% (2/13);
Araya et | blinded 2013 mos (complete resolution; both
al. randomized residual telangiectasia responded to
controlled and redundant tissue reintroduction
trial were considered of atenclol

complete response);
46% partial response
(any improvement in
size, color, or
consistency that did not
meet complete response

criteria)
de Graaf | Prospective 2010- | 12 mos* | 30 6 Various | 1% 1 90% (27/30) of patients | Diastolic BP N/A
etal. cohort study | 2011 mos showed clinical below the 5th
involution (softening, percentile for
color change, and size age (1),
reduction) at 2-8 wks. Transient
2/8 ulcerated IHs had restless sleep
insufficient response (8],
after 2 wks of Constipation
treatment. (2},

There was no significant | Diarrhea (2),
difference in VAS scores | Cold

or AHAS between the extremities
atenolol and propranolol | {(some)
Broups.

Comments:
*= mean

VAS (Visual Analogue Scale); HAS (Hemangioma Activity Score)

Reported adverse events during nadolol treatment included cold extremities, gastrointestinal symptoms, sleep disturbance, and
cold-induced wheezing. Additionally, asymptomatic decrease in heart rate from a mean of 139 + 14 beats per minute (bpm) to
115 + 11 bpm was recorded [7]. Adverse events of propranolol treatment and rebound growth were not included in the study.

D. Topical timolol

Three studies describing the efficacy of topical timolol in the treatment of IH (Table 4) were retrieved from PubMed. All studies
report BID application; however, timolol concentration differed (0.1, 0.25, or 0.5%). Treatment duration ranged from 2-6 months,
and average age at treatment initiation was 2-8 months.

According to Chan et al., there was a marginally significant difference in IH size between timolol and placebo groups at 12 and 16
weeks, with smaller IH in the timolol group. At 8, 20, and 24 weeks, the timolol-treated patients had significantly more IH with >
5% volume reduction. Additionally, the timolol group had significantly more photos scoring 0 (no redness) and fewer photos
scoring 2 (completely red) [10]. Results from Chakkittakandiyil et al. showed improvement in 99% (72/73) of patients, with a
mean VAS improvement of 45 + 30%. The only patient who did not improve was a 4-month-old male with a mixed IH that
increased in size during 2 weeks of treatment with timolol 0.5% solution [11]. Chambers et al. found IH color improved in all
timolol-treated patients, and IH thickness decreased in 12/13 patients. Superficial (n = 5; 100% good response) and mixed (n =7,
43% good response, 57% moderate response) IH decreased in size; the one deep IH increased in size (poor response) despite
topical timolol treatment [12]. Overall, Chan et al. found topical timolol was more effective for IH with a mean diameter <11.3
mm [10], and Chakkittakandiyil et al. reported better response in superficial IH, with 0.5% concentration, and with treatment
duration longer than 3 months [11].

TABLE 4: Topical Timolol



Study Study design | Year | Duration | #of Age* | IH location Dose Freque Outcome [Efficacy Adverse | Rebound/
of patients & type ncy events Regrowth
therapy | treated (#patients)

Chanetal. | Double- 2011- | 6mos 15 2mos | Various 1dropof BID Comparing timolol and placebo None Post-trial
blinded, 2012 locations 0.5% gel groups, there was a marginally follow-up
randomized significant difference in IH size at of most
placebo- Superficial 12 and 16 wks (with smaller IHs in patients
controlled, timolol-treated patients) and a showed no
parallel-group significant difference in tblinded significant
trial photo score distribution at 24 wks. rebound

Chakkittak | Multicenter First 3mos* |73 8 mos | Mostly 62/73 BID 72/73 (99%) patients improved; Sleep None at

andiyilet | retrospective | publis head and treated mean VAS improvement was disturbance] 3-6 mos

al. cohort study hed in neck with 0.5% 45 + 30% at the last follow-up (1) follow-up
2011 gel-forming appointment.

Mostly solution

superficial
11/73
treated
with 0.1%
gel-forming
solution

Chambers | retrospective, | 2007- | 2 mos 13 5 mos | MNon-vision- | 2 drops of | BID Timolol group None 1/13;

etal. consecutive, 2011 threatening | 0.25% gel 8 (62%): good response** no
non- periocular 4 (31%): moderate response recurrence
randomized, IHs 1 (8%): poor response after re-
comparative initiation of
single-masked Various Observed group treatment
cohort study types 0 (0%): good response for an

1 (10%): moderate response additional
9 (90%): poor response 6 mos.
Timolol-treated superficial (n = 5;

100% good response) and mixed

(=7, 43% good, 57% moderate

response) |Hs decreased in size; the

one deep IH increased in size (poor

response) despite topical timolol

treatment.

Comments:
*= mean
tBlinded photo score = one blinded investigator scored clinical photographs based on IH redness (0 = no redness, 1 = ~50% red, and 2 = completely red).

VAS (Visual Analogue Scale) is a 100-mm scale (-100 = doubling in the size and extent of the IH, 0 = no change, and +100 = complete shrinkage). 5 mm is equivalent to a
10% change.

**Response to therapy was subdivided into good (>50% decrease in size), moderate (0-50% decrease in size), and poor (increased in size or led to visually significant
ptosis or astigmatism).

Rebound growth was observed in only one patient: a 5-month-old infant with a mixed IH that almost completely resolved during a
2 month course of topical timolol but increased in size within 2 weeks of stopping treatment. Regression occurred with
reintroduction of timolol, and rebound growth did not recur after treatment cessation at 1 year of age [12]. Sleep disturbance in
one patient was the only reported adverse event from the 101 timolol-treated patients in the reviewed studies [11].

Conclusions

Beta blockers are currently the standard of care for IH. Oral propranolol has been the focus of most research and studies in
treatment of IH. In December 2011, a multidisciplinary panel of experts established consensus recommendations (Figure 1) for
propranolol pretreatment workup, initiation, formulation, target dose, frequency, and monitoring. According to these guidelines,
pretreatment ECG should be obtained if heart rate is below normal for age, if the patient has a history of arrhythmia or current
arrhythmia, if there is a family history of congenital heart conditions or arrhythmias, or if there is a maternal history of connective
tissue disease.

The recommended formulation is 20mg/5mL preparation, and the recommended target dose is 1-3 mg/kg/day, with the majority of
panel experts encouraging 2 mg/kg/day, divided into three daily doses [32]. Propranolol hydrochloride oral solution
(Hemangeol®) is now FDA-approved for the treatment of proliferating IH with a concentration of 4.28 mg/ml and a
recommended dose of 3.4 mg/kg/day divided into twice a day dosing [33]. A low starting dose is encouraged because most
episodes of bradycardia and hypotension occur during initiation of treatment or dose escalation. Heart rate and blood pressure
should be measured at baseline and 1 and 2 hours after the first propranolol dose and after dose escalations > 0.5 mg/kg/day.

Also, a minimum of one set of vital signs should be measured when the patient reaches target dose. If heart rate or blood pressure



is abnormal for the patient’s age, continue monitoring until they are within normal limits. Inpatient monitoring for initiation of
oral propranolol is recommended for infants < 8 weeks corrected gestational age, infants with poor social support, infants with
cardiovascular or respiratory comorbidities, and infants who require maintenance of blood glucose. Otherwise, outpatient
initiation of propranolol is acceptable [32].

Propranolol Treatment Consensus Recommendations

Pretreatment ECG if HR is below normal for age

< 1 month old: < 70 bpm
1-12 months old: < 80 bpm
>12 months old: < 70 bpm

History of arrhythmia or current arrhythmia

Family history of congenital heart conditions or arrhythmias

Maternal history of connective tissue discase

Inpatient initiation if < 8 weeks corrected gestational age

Poor social support

Cardiovascular or respiratory comorbiditics

Require maintenance of blood glucose

Formulation 20mg/3ml. preparation
Target dose 1-3 mg/kg/d (majority recommend 2 mg/kg/d)
Frequency TID

HR and BP monitoring at | Bascline

1 and 2 hours after the first propranolol dose

After dose escalations > 0.5 mg/ke/d

Target dose

Figure 1. Propranolol treatment consensus recommendations

More recently, investigations of the efficacy and safety of other beta blockers have been conducted. Data from Abarziia-Araya et
al. and de Graaf et al. show similar efficacy of propranolol and atenolol in treatment of IH, with atenolol having less side effects.
Furthermore, since atenolol selectively antagonizes 3 1-receptors and spares {3 2-receptors, it is not contraindicated in patients
with asthma or bronchial hyper-reactivity. Another advantage of atenolol is once daily administration which may improve
compliance [8, 9]. More studies are recommended to strengthen the evidence of atenolol use in IH.

According to results from the cohort study by Pope et al., nadolol was faster and more effective than propranolol for inducing IH
involution. In patients with proliferative IH, nadolol had a significantly better outcome when compared to propranolol. The
longer half-life of nadolol allows twice daily dosing and may increase adherence [34]. More studies of nadolol efficacy in patients
with IH are needed. To our knowledge, there are no randomized controlled trials of nadolol for treatment of IH.

Hydrophilic atenolol and nadolol cannot cross the blood brain barrier, theoretically reducing CNS adverse events, such as sleep
disturbance, nightmares, and potential long-term memory loss. Of note, eight patients treated with atenolol had “transient restless
sleep” [9], and one patient receiving nadolol suffered from “sleeping disturbance,” [34] without further details provided.

Lastly, topical timolol is a good alternative to oral propranolol for smaller, more superficial IH [10, 11, 12]. Based on our review,
topical timolol may have a slower onset of action compared to oral propranolol. In addition, topical timolol may be used as an



adjunct to shorten duration of oral therapy and to prevent rebound growth. Topical therapy may be beneficial for patients who
have contraindications to systemic beta blockers or parents who are worried about the adverse effects of systemic therapy.

In conclusion, the superior safety and efficacy of propranolol over previously used corticosteroids is widely accepted. Currently,
oral propranolol is first-line therapy for complicated IH. However, with the emerging use of other beta blockers for IH, we may
see a shift in treatment recommendations in the coming years as more studies are published and the long term effects of beta-
blocker use in infants continues to be evaluated.
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