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Abstract
Infantile hemangioma (IH) is the most common benign 

tumor seen in infancy. This review provides up-to-date 
information on the pathophysiology, variations in clinical 
presentation, and natural history of IH, elaborating on 
associated anomalies, such as PHACE(S) syndrome 
and LUMBAR syndrome. Because of the benign and 
self-limiting characteristics seen in more than 90% of 
cases of IH, a conservative approach is usually chosen. 
However, some circumstances, such as ulceration, vision 
loss, breathing difficulties, or potential disfigurement, 
will require treatment during the proliferative phase. 
For decades, treatment of IH has primarily consisted 
of corticosteroids or surgery. Since 2008, propranolol 
has become the treatment of first choice. In this 
article, we bring to light the crucial changes in the 
treatment of IH over the past years. To date, there is 
still a lack of data on the possible long-term effects of 
propranolol treatment in young infants. A theoretical 
probability of the central nervous system being affected 
(that is, impairment of short- and long-term memory, 
psychomotor function, sleep quality, and mood) 
has recently been suggested. This review highlights 
research topics concerning these long-term adverse 
effects. Finally, information is provided on the potential 
instruments to measure IH severity and activity in 
clinical trials and/or in clinical practice and the recently 
developed and first-validated IH-specific quality-of-life 
questionnaire. 
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Core tip: The discovery that propranolol is efficacious in 
the treatment of infantile hemangioma (IH) has led to 
an upsurge in publications, increasing our knowledge of 
this subject. In this review, we provide the most up-to-
date information on the pathophysiology, variations in 
clinical presentation, and natural history of IH. We look 
at possible working mechanisms of several treatments 
and the current concerns regarding the treatment of 
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first choice, propranolol. Finally, we provide an overview 
of instruments, measuring IH severity and/or activity 
and IH-related quality of life. 
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INTRODUCTION
Infantile hemangioma (IH) is a benign vascular 
tumor caused by endothelial cell proliferation. With a 
prevalence of about 4%-10% in the first year of life, it 
is the most common benign tumor of infancy[1-4]. IHs 
may be located in any region of the body, including the 
internal organs, but are mostly (60%) located in the 
skin of the head and neck region[5,6]. The liver is the 
most common extracutaneous site of IHs. Hepatic IHs, 
which can be focal, multifocal, or diffuse, are the most 
common benign liver tumors of infancy[7]. IHs are seen 
3-5 times more often in females than in males. Other 
risk factors for developing an IH [including their crude 
odds ratios (OR)] are: Caucasian race, low birth weight 
(OR = 1.8), prematurity (OR = 1.8), family history of 
IH (OR = 2.5), and being born from a multiple birth (OR 
= 2.2)[8-10]. Because of their benign and self-limiting 
character, no intervention is needed in more than 90% 
of cases. However, there are circumstances that will 
require treatment during the proliferative phase. These 
concern infants with IHs with a substantial morbidity, 
such as ulceration, vision loss, breathing difficulties, or 
potential disfigurement because of the tumor location. 
Until 2008, the treatment of IHs consisted of systemic 
or intralesional corticosteroids or surgery[11,12]. In 2008, 
treatment of IH with propranolol was reported for the 
first time[13]. After that, multiple publications followed, 
and the approach to IHs dramatically changed. This 
shift in the management of cutaneous IHs has also 
influenced the treatment of hepatic IHs[7,14,15]. Pro-
pranolol is currently considered to be the treatment of 
first choice for IHs. 

Propranolol has been used for several decades to 
treat cardiovascular diseases, such as hypertension, 
ischemic heart disease, and arrhythmias in adults and 
children. Although there is an abundance of experience 
with propranolol in infants, responses to propranolol 
have been far better studied in adults than in children[16]. 
Propranolol has its side effects, although these are mild 
compared with previous IH treatments. The short-
term side effects consist of hypotension, bradycardia, 
respiratory symptoms, hypoglycemia, gastrointestinal 
complaints, and cold extremities. The lipophilic nature 
of propranolol facilitates the crossing of the blood-
brain barrier, causing adverse effects such as a sleepy 
and drowsy feeling during the day and restlessness 

at night[17]. Based on studies in adult volunteers and 
animals, it has been postulated that there may be long-
term side effects of this drug, affecting the developing 
central nervous system, when given to infants[18]. 

Our review summarizes the discoveries that have 
been made since 2008 regarding the treatment of IHs 
with propranolol. It also highlights the most important 
areas that still remain unknown.

PATHOPHYSIOLOGY
Despite its high incidence, the pathophysiology of IH is 
still unclear. There is no universally accepted theory, and 
no single hypothesis is sufficient to describe and explain 
all of its features. The three most common hypotheses 
that partially explain development of IH are listed below. 

Placental embolization theory
IH endothelial cells share immunohistochemical markers 
with the placental microvasculature. Both possess 
glucose transporter protein type 1 (GLUT-1), Lewis Y 
antigen, merosin, laminin, chemokine receptor 6, CD15, 
insulin-like growth factor 2 (IGF-2), and indoleamine 
2,3-dioxygenase. This immunohistochemical profile 
differentiates IHs from other vascular birthmarks or 
tumors[19-22]. In addition, there is a high level of genetic 
similarity between the placenta and IH[23]. Therefore, 
it was hypothesized that embolization of placental 
endothelial cells to the fetus could play a role in the 
pathogenesis of IH. This hypothesis was strengthened 
by findings that transcervical chorionic villus sampling 
is associated with a threefold increased incidence of 
IH and that placental abnormalities, such as abnormal 
placentation, are associated with a higher incidence of 
IH[24-27]. However, the latter may also be explained by 
the hypoxia hypothesis. In contrast to the placental 
embolization theory are the failed attempts to detect the 
presence of maternal–fetal chimerism in IH tissue[28]. 

Angio- and vasculogenesis theory 
Both angiogenesis (growth of new blood vessels from 
pre-existing vessels) and vasculogenesis (de novo 
formation of blood vessels from stem cells) are hypo-
thesized to contribute to IH formation. IHs may result 
from somatic mutations in a gene mediating endothelial 
cell proliferation (growth regulatory pathways)[29]. 
Such mutations may alternate the vascular endothelial 
growth factor (VEGF) signaling pathway by reducing 
the expression of VEGF receptor 1 (VEGFR-1), which 
causes hyperactivity of VEGFR-2 and may induce IH 
formation through angiogenesis[30]. IGF-2 and basic 
fibroblast growth factor also stimulate angiogenesis and 
are upregulated in proliferating IHs[31,32]. Endothelial 
progenitor cells (EPCs), stem cells of vascular origin 
that are capable of differentiating into endothelial cells, 
seem to play a role in the development of IH through 
vasculogenesis[33]. EPCs possess the surface markers 
(CD34+ and CD133+) that are also found in endothelial 
cells of growing IHs, suggesting that these bone-
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marrow-derived progenitor cells may play a key role in 
the pathogenesis of IHs by inducing postnatal formation 
of vascular tissue[34,35]. In 2008, Khan et al[36] injected 
immune-deficient mice with CD133+ EPCs, which 
resulted in the development of GLUT-1-positive vascular 
tumors in these mice. These findings greatly supported 
the angiogenesis theory. 

Tissue hypoxia theory
Hypoxia, either local or systemic, seems to be the 
most influential inducer of IH development. Hypoxia 
stimulates the proliferation of EPCs[24,37-41]. Transcription 
factor hypoxia-inducible factor 1a (HIF-1a) plays 
a key role in the tissue hypoxia theory. A hypoxic 
environment triggers the production of HIF-1a. HIF-1a 
in turn stimulates transcription of target genes, such 
as GLUT-1, VEGF and IGF-2[42-45]. These stimulations 
may take place either directly by HIF-1a signaling or 
by hypoxia-induced regulation of mammalian target of 
rapamycin (mTOR) complex 1 signaling. Deregulation 
of the mTOR pathway may lead to disorganized 
growth[46,47]. Overexpression of VEGF may also take 
place via the activation of the HIF-2a pathway as a 
response to the pathologic signal of a “dangerous 
hypoxic situation”[48]. It has also been demonstrated 
that the combination of hypoxia and an estrogenic 
environment has a synergic effect on IH endothelial cell 
proliferation, which may explain the greater incidence of 
IHs in girls[48]. 

As stated above, none of these three theories 
explains the pathogenesis of IH completely. Given 
the great variability of clinical presentations of IH, the 
uneven distribution of IHs over the body, the increased 
prevalence of IHs in Caucasians, and its familial 
occurrence, it is most likely that IH pathogenesis is not 
restricted to one factor, but to a combination of genetic 
predisposition and various environmental factors[48,49].

CLINICAL PRESENTATION 
IHs develop in the first days, weeks, or months of 
life. They are not to be confused with congenital 
hemangiomas, which are fully developed at birth and 
either rapidly involute during the first year of life (rapidly 
involuting congenital hemangiomas) or do not involute 
at all (non-involuting congenital hemangiomas)[50,51]. 
Many children who develop an IH are born with a 
visible precursor lesion, such as a pale macule with 
telangiectasia or mottled vascular stain, at the future 
IH location[52]. Fully developed, an IH feels elastic and 
frequently warm. The tumor is not pulsating and is 
painless, except in the case of ulceration[48]. There is a 
great variation in size, but in most cases (80%), IHs 
are not greater than 3 cm in diameter[8]. Recognized 
risk factors for developing an IH include female sex, 
prematurity, multiple gestation, and low birth weight. 
Caucasians are at greater risk of developing an IH 
compared with individuals of Hispanic or African 
origin[5,6,53]. 

In the classification of the International Society 
for the Study of Vascular Anomalies (ISSVA), four 
different patterns of IH are described[54]. According to 
their pattern, IHs can be grouped into focal, multifocal, 
segmental (plaque-like, covering an embryologic 
segment), and intermediate/indeterminate[48,50]. Inter-
mediate/indeterminate IHs show characteristics of 
both focal and segmental IHs. They do not entirely 
encompass an accepted embryologic segment nor 
do they arise from a single focus[48,51]. Segmental IHs 
have a higher complication rate and are associated 
abnormalities[55]. Apart from the pattern, the ISSVA 
classification makes a distinction between four different 
types of IHs, according to their clinical appearance: (1) 
superficial (50%-60%); (2) deep (15%); (3) mixed 
(25%-35%), which are distinguished by the layer(s) of 
the skin affected[55]; and (4) reticular/abortive/minimal 
growth, which is distinguished by its typical growth 
pattern[56,57].

Superficial IH 
Superficial IHs are the most common type of IHs. They 
involve the papillary dermis and appear as bright red 
“strawberry” lesions in the case of a localized superficial 
IH (Figure 1) or as a plaque-like red lesion in the case 
of a segmental superficial IH (Figure 2). Segmental IHs 
are more often associated with complications, such as 
ulceration and associated anomalies, and more often 
require therapy[8,48].

Deep IH
Deep IHs involve the deep, reticular dermis and subcutis, 
resulting in a tumor with a bluish shine or (when 
deeper) normal skin color (Figure 3). Because of these 
characteristics, deep IHs may easily be misdiagnosed 
at first[55]. Deep IHs appear later than superficial IHs; 
typically around the age of 2 mo, and may have a 
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longer proliferative phase compared with the superficial 
types[17,51,52].

Mixed IH
Mixed IHs have both superficial and deep components 
(Figure 4). The proliferative phase of the deep com-
ponent in mixed IHs also stops later than in superficial 
IHs[17,48].

Reticular/abortive/minimal growth IH
A minority of IHs have arrested or minimal growth 
beyond the stage resembling the precursor lesions. 
Although their natural course is different from that of 
the other three types, these lesions do express GLUT-1 
proteins and have similar other immunohistochemical 
characteristics (Figure 5)[56,57]. Several terms have 
been used to describe these in the literature. The most 
commonly used terms are reticular, abortive, or minimal 
growth IH. IHs of this type seem to have a predilection 
for the lower body[57]. The exact incidence of this type 
of IH is unknown, but it is believed to be relatively rare. 
However, a recent study by Munden et al[27] in which 
578 pregnant women were prospectively enrolled and 
their infants followed up for 9 mo after birth, reports 
that of the infants with an IH, 20% had a reticular, 
abortive, or minimal growth IH.

Despite several hypotheses, the pathogenesis of 
segmental vs focal and superficial vs deep IHs remains 
unclear[19]. 

NATURAL HISTORY
IHs have a unique pattern of evolution. As stated 
above, IHs are not fully developed at birth, but start 
to grow shortly after birth (usually within a few days 
or weeks) from normal appearing skin or a precursor 
lesion[51]. This typical delay serves as a diagnostic 

tool, especially in deep IHs where the skin color may 
be bluish or even normal[48]. After a relatively short 
proliferative phase in the first 3-9 mo of life, the slow 
involution phase takes place between the median age 
of 2-4 years[8,48,58,59]. However, the proliferative phase 
may extend until 12 mo after birth, and in some cases, 
up to 24 mo after birth[48,60]. Approximately 25%-69% 
patients with IH may develop a residual lesion after 
complete involution of the IH. Residual lesions may 
consist of skin atrophy, skin surplus, telangiectasias, 
pigmentation, scarification after ulceration and/or 
fibrofatty tissue[3,58,61]. Epidermal invasion of an IH in 
combination with a deep component in the IH is most 
prone to residual lesions[58]. The difference in reported 
incidence of residual lesions in several studies may 
be explained by usage of different populations (e.g., 
secondary/tertiary referral vs primary referral). 

IH AND RISK OF ASSOCIATED 
ANOMALIES
There are two types of IHs that may be predictive of an 
underlying anomaly. These are (1) large, flat, segmental 
IHs of the face, which are associated with PHACE(S) 
syndrome and (2) IHs in the lumbosacral or perineal 
region, which may be predictive of LUMBAR syndrome 
[also known as Perineal hemangioma, External genitalia 
malformations, Lipomyelomeningocele, Vesicorenal 
abnormalities, Imperforate anus, and Skin tag (PELVIS) 
or Spinal dysraphism, Anogenital, Cutaneous, Renal 
and urologic anomalies, associated with an Angioma of 
Lumbosacral localization (SACRAL) syndrome]. 

PHACE(S) syndrome
The term PHACE was introduced in 1996 by Frieden 
et al[62], describing a combination of five anomalies: 
(1) posterior fossa abnormalities; (2) hemangioma of 
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Figure 2  Superficial segmental infantile hemangioma. Figure 3  Deep infantile hemangioma.
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the face (segmental); (3) arterial abnormalities (intra- 
and extracranial); (4) cardiac and aortic defects; and 
(5) eye anomalies. A sixth anomaly: Sternal cleft or 
supraumbilical raphe was added later[48]. PHACES 
syndrome is a spectrum of anomalies, because most 
affected children (70%) have only one extracutaneous 
manifestation[63]. The so-called “Dandy-Walker synd-
rome” is the most common brain involvement, followed 
by cerebellar hypoplasia or dysgenesia as a result of 
posterior fossa abnormalities[48,63]. Until 2009, a dia-
gnosis of PHACES syndrome required the presence of 
a segmental, flat IH of the face in addition to one or 
more of the five anomalies described above[62,64]. In 
2009, a consensus was reached defining PHACES as 
the presence of a characteristic segmental hemangioma 
or hemangioma greater than 5 cm in diameter of the 
face or scalp plus one major criterion or two minor 
criteria[65]. The exact incidence of PHACES is unknown. 
It has been postulated that in 20%-31% of children 
with segmental facial IHs, there is an association with 
PHACES[64,66]. A full workup for PHACES syndrome 
is suggested in every infant with a large (> 5 cm), 
segmental, facial hemangioma. This includes a complete 
physical examination as well as careful cardiac (including 
echocardiogram), ophthalmologic and neurologic (inclu-
ding MRI of the head and MRA of the entire head and 
neck area) assessments[67].

LUMBAR syndrome 
IHs in the lumbosacral area or perineum are also 
associated with underlying structural anomalies. These 
IHs are also most commonly, but not exclusively, 
segmental[68]. A tethered cord in the context of spina 
bifida occulta should be considered, although more 
extensive associated morbidity may be the case. For these 
conditions, different acronyms have been suggested, 
such as SACRAL[69] and PELVIS[70]. The most recently 
proposed acronym, LUMBAR is preferred; it refers to 
the association of lower body hemangioma and other 
cutaneous defects, urogenital anomalies, ulceration, 
myelopathy, bony deformities, anorectal malformations, 
arterial anomalies, and renal anomalies[68]. There is no 
diagnostic consensus for LUMBAR, SACRAL, or PELVIS, 

such as for PHACES. Screening with ultrasound scanning 
of the spine, abdomen, and pelvis is suggested for all 
patients with a segmental IH greater than 2.5 cm in 
diameter of any lumbosacral or perineal region who are 
younger than 3 mo. For children older than 3 mo, MRI is 
indicated[68,71]. 

MANAGEMENT (PAST, PRESENT AND 
FUTURE)
The management of IHs has been changed drastically 
since the discovery of the efficacy of propranolol 
treatment for this indication in 2008[13]. Although there 
are no uniform international guidelines available for 
the treatment of IHs, propranolol is now considered 
to be the treatment of first choice. Before that, a 
whole range of treatments had been applied. Some of 
these treatments are rarely or no longer used (e.g., 
X-irradiation therapy) because of their side effects and/
or low efficacy. 

Past
X-irradiation: Although there was already evidence 
that IHs involute spontaneously, X-irradiation has been 
widely used for two decades between 1930 and 1950, 
resulting in (unnecessary) radiation exposure and post-
radiation skin atrophy, pigmentation, telangiectasia, 
contractures, and risk of skin cancer[72-74]. 

Vincristine: Vincristine is a vinca alkaloid that is 
widely used in cancer chemotherapy. Treatment of 
IHs with vincristine was first described in 1993[75]. This 
chemotherapeutic drug inhibits microtubule formation, 
causing arrest of mitosis and subsequent apoptosis[76]. 
Additionally, vincristine seems to affect angiogenesis[77]. 
Nowadays, it may only be indicated for severe IHs 
that are resistant to other therapies. The use of vincri-
stine requires a central venous catheter for chronic 
administration. Furthermore, it has potential severe 
side effects, such as peripheral mixed sensorimotor 
neurotoxicity[78]. Other, less severe, side effects include 
rash, alopecia, and local reactions, such as phlebitis and 
necrosis[74].
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Interferon: The use of subcutaneous interferon a-2a 
and -2b for the treatment of IHs was first described 
in 1989[79]. Its therapeutic effectiveness has been 
attributed to its anti-angiogenic properties. Interferon a 
induces apoptosis of endothelial cells, which might also 
explain the clinically and histologically observed invo-
lution without any sign of inflammation or necrosis[80]. 
Despite its high success rates, the use of interferon in 
the treatment of complicated IHs has been abandoned, 
because of its major side effects, such as spastic 
diplegia and blood abnormalities[81,82].

Topical corticosteroids: Potent topical steroids have 
been described for small, superficial, localized IHs[83]. Side 
effects include acne, perioral dermatitis, hypertrichosis, 
cutaneous atrophy, striae, hypopigmentation, and sub-
cutaneous fat atrophy. Since the availability of topical 
b-blockers, with fewer side effects, topical steroids are 
less often prescribed in current practice[76].

Topical imiquimod: Imiquimod is an immune modu-
lator. In 2002, the potential of imiquimod to shorten 
the involution phase of IH was first reported[84]. Due 
to its anti-angiogenic and apoptotic effects, imiquimod 
contributes to the regression of IH[85,86]. Its efficacy is 
equivalent to the efficacy of the topical b-blocker timolol 
(0.5% ophthalmic solution), which was first described a 
few years after the discovery of propranolol treatment 
for IHs[87,88]. However, timolol is more effective than 
imiquimod in terms of color involution and onset time[89]. 
Furthermore, imiquimod has a less favorable adverse-
reaction profile and has never really become a very 
common treatment for IHs that are suitable for topical 
therapy[88].

Present
Watchful waiting: Knowing IH’s natural history, it is 
justified to be restrictive in actively treating this self-
limiting condition. Starting in the 1950s, physicians 
began to prefer this approach over the invasive X-irra-
diation and/or surgical removal[73]. At the present 
time, watchful waiting is still considered to be the best 
approach for the vast majority of patients with IH. 

Systemic propranolol (first choice): In 2008, after 
the report of the very successful therapeutic effect 
of propranolol, IH treatment changed drastically[13]. 
Currently, propranolol has become the treatment of first 
choice for IHs. It seems that propranolol stops growth 
and induces an IH regression that is much better and 
safer than previous therapies[90]. Recently, Léauté-
Labrèze et al[91], published a large-scale randomized 
placebo-controlled trial showing that propranolol is 
effective at a dose of 3 mg/kg per day for 6 mo in 
the treatment of IHs. This treatment resulted in a 
significantly higher success rate compared with placebo 
(60% vs 4%). These outcomes are in line with the 
results of the RCT conducted by Hogeling et al[92] in 
2011. Earlier, Malik et al[93] had shown in their RCT 

that propranolol had a consistent, rapid therapeutic 
effect with a lower number of complications compared 
with prednisolone. They also demonstrated that a 
combination of both propranolol and prednisolone was 
not superior to propranolol alone[93]. An RCT carried 
out by Zaher et al[94] proved the superiority of oral 
admission of propranolol compared with topical and 
intralesional application. While the general mechanism 
of action of propranolol is well established as an 
antagonist of both b1- and b2-adrenergic receptors, 
the precise mechanism of action on IHs remains 
uncertain[19]. It is known that propranolol is effective in 
IH through vasoconstriction, inhibition of angiogenesis, 
induction of apoptosis, or dysregulation of the renin–
angiotensin system (RAS)[95,96].

The most common serious adverse effects of pro-
pranolol are bradycardia, hypoglycemia, and hypo-
tension. Other reported adverse side effects in adults 
and children include bronchospasms, congestive heart 
failure, hypothermia, somnolence, sleep disturbance, 
nightmares, depression, nausea, vomiting, diarrhea, 
hyperkalemia, gastro-esophageal reflux, psoriatic 
drug rash, and respiratory symptoms[92]. Because of 
the lipophilic nature of propranolol and the potential 
to penetrate the blood-brain barrier, the probability 
of affecting the developing central nervous system of 
infants with IH was postulated in a report in 2013[97]. 
This information was further elaborated by Langley 
et al[18] in 2015. In 2014, Gonski et al[98] showed no 
gross motor development problems in propranolol-
treated children with IH. Recently, our group confirmed 
these findings. We not only looked for problems with 
gross motor development, but also included the fine 
motor/adaptation/personal social functioning and 
communication in our study[99-101], using the “van 
Wiechen scheme”, a Dutch screening instrument 
based on the developmental model of an American 
developmental psychologist and pediatrician (A. Gesell). 
No signs of psychomotor developmental problems were 
found[101]. Despite these promising findings, it is still 
unclear what effects, either subtle or not, propranolol 
has on the developing brain. Future prospective 
studies on later age, using universal screening tools or 
more advanced neuropsychologic tests are needed to 
support these findings. Until then, propranolol should 
only be prescribed for children with IHs with current or 
impending complications.

Topical b-blockers (first choice): As an alternative 
to oral b-blockers, topical b-blockers have been used 
for superficial IHs. There are different forms of topical 
b-blockers, but timolol (0.5% ophthalmic solution or 
0.1% gel), a non-selective b-blocker, is most widely 
used[76]. In 2013, a double-blind placebo-controlled 
RCT was published, comparing topical timolol 0.5% 
solution with placebo for superficial IHs. Timolol was 
shown to be safe and effective[102]. Recently, timolol 
0.5% ophthalmic solution was compared with laser 
treatment, where timolol proved to be a safe, effective, 
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and painless alternative to lasers for the treatment of 
superficial IHs. In mixed IHs, laser treatment provided 
better results than timolol, because of its deeper 
penetration[103]. Comparison between timolol 0.5% 
ophthalmic solution and 5% imiquimod cream in 54 
patients with IH (half of the IH was treated with timolol 
and other half with imiquimod) showed similar efficacy, 
but fewer side effects were seen in the timolol group[89].

Systemic corticosteroids (second choice): In the 
1960s, systemic corticosteroids were found to be an 
effective treatment for IHs[104,105]. The mechanism of 
action is still not completely understood, but the main 
theory is that corticosteroids suppress the VEGF-A 
expression and therefore inhibit angiogenesis and/or 
vasculogenesis[106]. The usually recommended dose is 
2-3 mg/kg per day, which is most effective in the early 
proliferating phase[107,108]. With a treatment response 
of 84%-90% and an overall rebound rate of 36%, this 
therapy became the first-choice therapy for severe IHs, 
requiring intervention[73,107,109]. The most common side 
effects of systemic corticosteroids are cushingoid facies 
(71%), personality changes (29%), gastric irritation 
(21%), fungal infection (6%), and diminished weight 
gain (42%) and height (35%)[110]. Other possible 
side effects were systemic infection, hypertension, 
increased appetite, aseptic necrosis of bones and 
cardiomyopathy[20]. Currently, systemic corticosteroids 
have become a little-used second-line option, because 
of the lower efficacy and less favorable side-effect 
profile compared with propranolol[76]. 

Intralesional corticosteroids (in specified indi-
cations): Intralesional corticosteroids (mostly triam-
cinolone 10 mg/mL) offer an alternative to systemic 
therapy for small IHs[76]. This therapy was initially used 
by ophthalmologists for periorbital IHs. Because of the 
risk of retinal artery damage and blindness, intralesio-
nal corticosteroids are no longer used for periorbital 
IHs[111-113]. The common side effects may include sub-
cutaneous atrophy and hypopigmentation[76]. 

Surgery (in specified indications): Surgical treatment 
of IH is suitable in some specific cases. It is indicated in 
well-circumscribed, pedunculated, or ulcerated lesions 
that have failed to respond to medical treatment, grow 
rapidly, or cause significant deformity[114]. Although 
propranolol treatment has been a breakthrough in the 
management of IHs, many children still require plastic 
surgery after the involution phase. At the present time, 
most surgical interventions in IHs are used to treat 
those involuted IHs that have left residual lesions, such 
as skin surplus, scarification after ulceration and/or 
fibrofatty tissue[115,116]. 

Laser therapy (in specified indications): Pulsed dye 
laser (PDL) is the most commonly used laser treatment 
for superficial and ulcerating IHs and for residual 

lesions. The literature on the effectiveness of PDL in 
IHs is somewhat controversial. Some earlier studies 
suggest that early treatment of IHs with PDL prevents 
further growth, induces tumor regression, and improves 
cosmetic outcome, while an randomized controlled 
trial of 121 infants showed no significant difference 
in complete clearance or minimum residual signs 
between the PDL-treated group and the observational 
group[117-120]. Conventional PDL is ineffective in the 
treatment of deep IHs. Its penetration depth is limited 
due to the optical absorption and scattering in the 
epidermis and dermis[121]. Introduction of a long-pulse 
PDL in combination with an epidermal cooling system 
made a greater depth of vascular injury possible[120,122]. 
Additionally, the use of long-pulse PDL with an epider-
mal cooling system decreases the risk of scarring 
and induction of ulceration[122]. These types of laser 
treatment are not painless and may require anesthesia 
in infants.

The larger, deep IHs may also be effectively treated 
using the neodymium-doped yttrium aluminum garnet 
(ND:YAG) laser. However, due to greater risk of scarring 
or hypo- or hyperpigmentation, this therapy should be 
preserved for difficult, recalcitrant cases[121,123,124]. 

Therapy with the fractionated CO2 laser is reserved 
for involuted IHs with residual fibrofatty tissue, atrophic 
plaques, or other textural changes[125].

Future
Other systemic b-blockers: Propranolol is a non-
selective, lipophilic, b-adrenergic receptor antagonist, 
which binds to b1- and b2-adrenergic receptors[126]. The 
potential side effects of propranolol made physicians 
and researchers search for an alternative b-blocker 
that is as effective as propranolol, but with fewer side 
effects. It was suggested that a hydrophilic, selective b1-
blocker, atenolol, which occurs at lower concentrations 
in the brain, may have these characteristics[127,128]. A 
small randomized controlled trial showed no significant 
difference in effectiveness between atenolol and pro-
pranolol. However, no difference in adverse effects was 
demonstrated either[129]. In 2009, oral nadolol, a non-
selective b-blocker, which is significantly less lipophilic 
than propranolol, was found to have a significant effect 
on IH growth, with a rapid reduction in size[130,131]. 
Recently, a small retrospective study of 48 participants 
showed effects of nadolol similar to those of propranolol. 
Although serious adverse effects were rare, side effects 
such as sleep disturbance, behavior problems, gas-
trointestinal symptoms, and cold extremities were still 
frequently seen[132]. In 2010, a case report suggested 
the use of acebutolol for the treatment of infantile 
subglottic hemangioma, because of fewer side effects 
on resting heart rate than propranolol, metoprolol, and 
atenolol[133]. 

In general, b-blocker lipophility and/or selectivity 
are factors that determine the efficacy and side-effect 
profile. It is unclear whether a degree of lipophilicity 
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may be required for tissue penetration and efficacy 
of IH treatment. It is also unclear whether b1- or b2-
blockade or a combination of the two is needed to 
achieve a therapeutic effect. In conclusion, the search 
for a b-blocker with the best effectiveness and the most 
favorable side-effects profile, is still ongoing.

Rapamycin: Rapamycin, also known as sirolimus, is 
a bacterial macrolide that also has antifungal effects. 
Since rapamycin is an mTOR inhibitor, it inhibits mTOR 
signaling, an important regulator of growth and pro-
liferation. By inhibiting the mTOR signaling pathway, 
rapamycin decreases the elevated VEGF and HIF-1 
levels produced by endothelial cells, and reduces IH 
proliferation[134-136]. Rapamycin not only negatively 
affects cell proliferation, but also metabolism, as 
well as angiogenesis. Additionally, rapamycin seems 
to limit stem cell replicative capabilities, affecting 
vasculogenesis[137]. At this time, rapamycin treatment 
use is restricted to clinical trials until better safety data 
are available[20,76].

Angiotensin-converting enzyme inhibitors: With 
the expanding knowledge on IH pathogenesis as a 
result of the discovery of the efficacy of b-blockers for 
this indication, the regulation of hemogenic endothelium 
regulated by the RAS in IHs became a point of interest 
with possible therapeutic consequences[138]. A year 
later, expression of components of the RAS by the 
endothelium of proliferating IHs was shown[139]. The 
role of the RAS in IH is supported by the clinical 
observation of a higher incidence of IHs in premature 
infants, females, and Caucasians, since these groups 
have a higher renin level or activity than full-term 
infants, males, and black infants, respectively[139-142]. In 
connection with these findings, a clinical trial of eight 
patients with IH conducted in 2012 reported promising 
results for captopril treatment[143]. Shortly after that, 
it was contradicted by a small retrospective review 
from Australia, assessing patients with IH who had 
to discontinue treatment with prednisolone because 
of steroid-induced hypertension. Of the patients who 
received captopril after discontinuing prednisolone, 33% 
demonstrated no changes in IH and 58% demonstrated 
a worsening[144]. More prospective randomized studies 
are needed to confirm or disprove these findings. 

Oral itraconazole: Recently, efficacy of oral itracona-
zole was reported in six infants with IH. An obvious 
clinical improvement was noted in all cases during a 
3-mo period, with an improvement of 80%-100%. Side 
effects were mild and limited[145]. The exact mechanism 
of itraconazole effectiveness is not yet fully understood, 
but it seems that itraconazole has an anti-angiogenic 
effect by inhibiting the VEGRF-2[146]. The future will 
teach us what itraconazole adds to the therapeutic 
arsenal for IHs.

ASSESSMENT OF IH SEVERITY AND 
ACTIVITY
The number of prospective studies of IH and its 
treatment has increased rapidly. Especially since the 
discovery of propranolol for this indication, the need 
for validated and reliable instruments to measure IH 
severity and activity in clinical trials has become an 
important issue. In 2011, the Hemangioma Activity 
Score (HAS) was developed, which provided a total 
activity score by measuring the swelling, color, 
and ulceration of IH. HAS seems to be suitable for 
evaluating IH activity and response to treatment over 
time[147,148]. In 2012, the Hemangioma Investigator 
Group Research Core developed another scoring 
system, the Hemangioma Severity Scale (HSS)[149]. 
The HSS not only takes the objective items, such as 
size, location, and complications into account, but it 
also assesses the subjective items, such as pain and 
risk of disfigurement[149]. Recently, a group of Bulgarian 
dermatologists presented the Hemangioma Activity and 
Severity Index[150]. 

Time will tell which scoring system has the best 
qualities to be implemented in clinical practice and used 
for research purposes. 

IMPACT OF IH ON QUALITY OF LIFE
It is well known that visible abnormalities, such as 
IH, may affect the quality of life (QoL) of children or 
their parents/caregivers. Several studies have tried 
to measure the impact of IH on children and their 
parents. Until recently, either validated non-IH-specific 
or non-validated but IH-specific questionnaires have 
been used, providing controversial information[151-153]. 
This controversy may be explained by the absence 
of attention to impact of IH-specific factors (e.g., 
localization, size, and complications) in non-IH-specific 
questionnaires or by use of non-validated IH-specific 
questionnaires. Most of them measure the overall 
psychosocial well-being instead of measuring a specific 
IH-related psychosocial impact[151]. In February 2015, 
Chamlin et al[154] presented a validated IH-specific QoL 
questionnaire. It is only matter of time before the first 
reports of the impact of IHs on the QoL of children 
and their parents will appear using this validated, IH-
specific questionnaire, giving more reliable information. 
These reports will be followed by studies on the effects 
of different treatments on QoL. This information will 
provide us with the tools to optimally deploy the 
therapeutic arsenal for IHs. 

CONCLUSION
The discovery that propranolol is efficacious in the 
treatment of IH has led to an upsurge in publications, 
increasing our knowledge of this subject. In this review, 
we provided the most up-to-date information about the 
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pathophysiology, variations in clinical presentation, and 
natural history of IHs. We looked at possible working 
mechanisms of several treatments and current worries 
regarding the treatment of first choice, propranolol. 
Finally, we provided an overview of the instruments 
measuring IH severity and/or activity and IH-related 
QoL.
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