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ABSTRACT

Background: Infantile hemangioma (IH) is observed at varying frequencies among children,
impacting 10% of infants. The majority of uncomplicated IH cases experience spontaneous
involution, while a minority necessitate intervention. This study aimed to assess the safety and
effectiveness of propranolol in treating IH in Libyan pediatric patients.

Methods: From 2013 to 2016, a total of 100 patients diagnosed with infantile hemangioma (IH)
were monitored at a pediatric tertiary hospital's hematology clinic. Their demographic and
clinical information, along with digital images of the lesions, were collected prospectively to
evaluate coloration, size, and improvement of the hemangioma lesions. Following parental
consent to initiate treatment, a regimen of oral propranolol, atenolol, or a combination of
propranolol and steroids was commenced.
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Results: The study included 100 children diagnosed with infantile hemangioma (IH), consisting of
62% females and 38% males. Out of these, 68 children were treated exclusively with propranolol,
while 12 were started on atenolol. The remaining 20 children received a combination of steroids
and propranolol. Hemangioma lesions were primarily located on the face (56%). After an average
follow-up duration of 10.53 +7.21 months, among the 68 children treated solely with propranolol,
12 under the age of 12 achieved complete resolution of their hemangiomas, 15 demonstrated
near-complete resolution, and the remaining 41 showed a significant reduction in hemangioma
size without considerable disfigurement. Following a six-month discontinuation of propranolol, 2
children from this group experienced a relapse of their lesions. In one instance, the lesion
resolved after 12 months of resuming propranolol, while the other required 18 months of
treatment. Among the children treated with atenolol, two attained complete resolution, two had
near-complete resolution, and 8 exhibited a significant reduction in hemangioma size. No relapses

. . or changes in lesion size were noted after the cessation of atenolol.
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daily dosage of 2 mg/kg, with no significant adverse effects reported. Atenolol serves as an
alternative to propranolol, while steroids, despite their potential side effects, have been shown
to improve lesions in certain pediatric patients. Nevertheless, further large multicenter studies
are necessary.
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INTRODUCTION

The most prevalent benign vascular tumor in infants is
an infantile hemangioma (IH), which occurs in approximately
4% to 5% of newborn babies. [1] These types of vascular lesions
are also known as "Strawberry” lesions. Hemangiomas come in
various forms. Those present at birth are known as congenital
hemangiomas, while infantile hemangiomas develop in the
weeks or months following birth. The latter type is
distinguished by an initial phase of rapid expansion, followed
by a period of natural regression.[2]

The underlying causes of |Hs remain largely unknown, though
several theories exist. The prevailing hypothesis proposes that
oxygen deprivation increases the expression of glucose
transporter-1 (GLUT1) and vascular endothelial growth factor,
triggering the movement of endothelial progenitor cells
characterized by increased CD133 and CD31 markers. [3] An
alternative theory suggests that increased hemangioma stem
cells originate from placental trophoblasts [4], promoting
vascular growth. Another perspective suggests that the
development of infantile hemangioma involves both
vasculogenesis (the creation of new blood vessels from
progenitor cells) and angiogenesis (the formation of new
vessels from existing ones). [3] It has been proposed that
angiogenic factors stimulate endothelial cells and pericytes to
initiate the development of a capillary network. [5] These
theories are summarized in (Figure 1).

Hemangioma is primarily found in the head and neck, although
it can also affect other sites. Hemangioma lesions are usually
painless. However, infantile hemangioma may ulcerate, bleed,
and develop a secondary infection. [6,7] Steroids were the
first line of treatment before the propranolol era. [8]
Nevertheless, steroid adverse effects, such as weight gain,
cushingoid facies, hypertension, adrenal suppression,
hyperglycemia,  immunosuppression,  gastric irritation,
behavioral changes, bone complications, and transiently
reduced longitudinal growth, make their use as a first-line type
of treatment an unfavorable option. Recently, it has been
reported that propranolol has higher efficacy than steroids for

treating IHs, providing the basis for propranolol use as an
alternative to steroids. [9]

Propranolol is a non-selective Beta-blocker that has been used
for a long time in treating hypertension, portal hypertension,
and the prevention of arrhythmia. Recently, it was reported
that propranolol can rapidly and significantly reduce
hemangioma lesions without significant lethal adverse effects.
[10] Propranolol treats large segmental hemangiomas of the
trunk and extremities and large hemangiomas of the face.
[11,12] Propranolol successfully treated IH for 4-8 months, [13]
and even until the end of the proliferation phase, or even up
to complete resolution.

The precise mechanism by which propranolol affects the
hemangioma lesion is unknown; different mechanisms have
been suggested. Storch and Hoeger suggested that propranolol
interferes with the function of endothelial cells, including
vascular tone, angiogenesis, and apoptosis [11] by
downregulation of vascular endothelial growth factor
expression in hemangioma. [12,14] Propranolol administration
can reduce the effects of vasoconstriction, angiogenesis
inhibition, apoptosis induction, and the central pathway of B-
blockade, which predisposes to IH. [12] Propranolol's
multifaceted action makes it superior to previous therapies
(e.g., corticosteroids).

Propranolol is contraindicated in premature infants within two
weeks of birth, infants with obstructive bronchitis, anomalies
of the central nervous system, and infants with abnormal renal
function. [15] Bradycardia, hypotension, bronchospasm,
wheezing, hypoglycemia, and electrolyte abnormalities are all
potentially significant side effects of propranolol. [12,13]
These side effects are infrequently recorded and are usually
minor and temporary. [12,13] Other rarely reported
propranolol adverse effects include sleep disturbances (e.g.,
restless sleep, nightmares) and gastrointestinal discomfort.
Propranolol therapy is usually beneficial when initiated early
in the proliferation phase. A study noted that Oral beta-blocker
therapy has proven highly effective and well-tolerated in
treating infantile hemangiomas.

Possible theories of infantile hemangioma pathogenesis

Oxygen deprivation stimulating
glucose transporter-1expression

Increased vascular endothelial growth
factor triggers endothelial progenitor

cells, increasing vessels formations

Infantile Hemangioma Pathogenesis

Increased hemangioma stem cells

production by placental trophoblasts

Angiogenesis and vasculogenesis
theory

Figure 1: Summarizes the possible mechanisms of infantile hemangioma pathogenesis.
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The treatment yields positive results in over 94% of patients,
with 90% experiencing resolution of the primary functional
issue that prompted the intervention. [16] A study of 311
hemangioma patients concluded that treatment of IH with oral
beta-blocker therapy is highly effective and well tolerated.
More than 94% of patients responded to treatment, and 90%
showed resolution of the primary functional indication for
treatment. The same study reported that switching to another
beta-blocker agent produces a good response without problem.
[17]

Recent articles indicated that propranolol is considered a first-
line treatment with fewer side effects. However, there is still
debate surrounding the optimal drug dosage, administration
schedule, timing of initiation, treatment duration, and
methods for monitoring adverse reactions. [8,18,19] A
literature review shows no prospective study has described the
optimal dosage or methods for monitoring side effects in
infants and children. Hence, this study was designed to assess
the safety and effectiveness of propranolol in treating IH in
Libyan pediatric patients.

MATERIALS AND METHODS
Study design, population, and setting

A prospective study was conducted at the Tripoli Children’s
Hospital hematology outpatient clinic from October 2013 to
December 2016. The hospital is located at the heart of the
Libyan capital. It has almost 250 beds, including 12 intensive
care beds. Various outpatient clinics are available, including
hematology and neonatology. The hematology clinic is a daily
clinic run by a team consisting of a hematologist, a specialist,
and a resident. Patients who require admission are referred to
the hospital, and the hematology and general pediatric teams
follow up with them.

Patients recruitment

The patients were recruited from those following the
hematology clinic in Tripoli Children's Hospital. The children
with IHs and their parents received an educational leaflet
about the disease and available therapy options. After they
understood the process, the parents gave us consent to collect
the data and agreed to include the pictures and the data
results in this paper.

Inclusion and exclusion criteria

Children were excluded if they had contraindications to
propranolol, such as a history of allergic reactions or
sensitivities, hypoglycemia, hypotension, advanced heart
block (second- or third-degree), cardiac failure, severe
bradycardia, asthma, chronic diseases (cardiac, kidney, or
lung), or digestive system disorders that could affect
propranolol intake or absorption. Furthermore, the
researchers excluded children with insufficient or inconsistent
follow-up visits.

Treatment initiation and follow-up process

The researchers collected data, including the child's age at
first presentation, gender, wheezing history, family atopy
history, lesion location, and size, as well as whether the
lesion(s) was/were deep or superficial, ulcerated, infected, or
bleeding before treatment. After a comprehensive discussion

with parents regarding the nature of propranolol, its potential
effects on the lesion, and possible side effects, the parents
agreed to sign a consent form for collecting the
aforementioned data and permission to publish the results
without mentioning any identifying characteristics.
Photographs of the lesion(s) were taken at the first visit as a
reference for changes in the lesion during subsequent follow-
up visits (size and color). Parents were asked to document in
writing any changes in their child's health or behavior that
might indicate potential propranolol-related adverse effects,
providing a detailed description.

Following a clinical assessment, patients underwent
electrocardiography, ultrasonography, and MRI as needed.
Subsequently, propranolol was initiated for only 68 children
and continued till they improved. The initial dose was 1
mg/kg/day, given in three equal doses on the first day. Blood
pressure, heart rate, and blood sugar were monitored during
the first 5 hours after receiving the first treatment dose as an
inpatient. Then, the child was discharged and reevaluated the
next day for side effects. The propranolol dose was then
increased to 2 mg/kg/day on the second day, divided into
equal doses every eight hours, and continued if no side effects
were reported. Patients were closely monitored after starting
propranolol to adjust the dosage, evaluate its effectiveness,
and identify any new adverse reactions. Twelve patients had
atenolol; ten of these individuals had a family history of
asthma or bronchospasm, and for the other two children, one
had developed bronchospasm, and one had gastroesophageal
reflux features after starting propranolol. In 20 children with
unusually large hemangiomas, infected lesions, or lesions near
critical organs like the vocal cords and eyes, a combination of
steroids and propranolol was initially administered for one
month, followed by a gradual reduction in one to two months.

Statistical analysis and ethical approval

The mean, standard deviation, and frequency were computed
utilizing the SPSS statistical software version 2020 along with
Microsoft Excel 2021. Ethical approval for conducting the study
was granted by the Tripoli Children Research Ethics
Committee, and the final approval was provided by the
Hospital Director.

RESULTS

The gender distribution comprised 62% females and 38% males.
The ages of participants varied from 30 days to 60 months.
Eighty-seven children were < 12 months, while 13 were
between 13 and 60 months. The follow-up duration was
between 5 and 19 months. (Figure 2) represents the gender of
the children and the number of lesions.

GENDER NUMBER

multiple,
male 19

, femal,
62, 62%

Figure 2: The gender distribution and the number of lesions
in the participating children.

single,
81
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Hemangioma lesions were distributed, with 56% occurring on
the face, 11% on the lips, and 6% found on the nose, specifically
two at the nasal tip, 3% on the nasal sides, and 1% on the
intranasal septum. Four patients exhibited ear lesions, two
with pre-auricular and two with post-auricular lesions.
Periorbital IH was observed in five patients, while eyelid |H
occurred in four cases. Thirteen children presented with
hemangiomas on their cheeks, eight on their foreheads, and
one on their necks. A patient presented with an IH located on
the chest. Twelve children exhibited hemangioma lesions on
their extremities: four on the shoulder, one on the arm, five
on the forearm, and two on the thigh. Furthermore, one lesion
was identified in the inguinal region, while four were present

in the perineum, comprising two skin scrotal and two perianal
lesions. Nineteen children were identified with multiple
hemangiomas affecting internal organs, including one in the
vocal cord, liver, scrotal skin, tongue, and superficial
cutaneous region. Some children presented with bleeding in
three patients, feeding difficulties in two children, and
infected lesions in eight children, with five of these lesions
being ulcerated. One child demonstrated respiratory
obstruction characterized by stridor and severe dyspnea; two
children exhibited ptosis, while two others presented with
thrombocytopenia. These presentations are summarized in
(Figure 3).

presentaion

10
5

infected ulceration stridor
lesion
W presentaion 8 5 2

bleeding | thrombocy ptosis difficult
topenia feeding
3 2 2 2

B presentaion

Figure 3: resents the presenting feature and the number of children presented with each feature

Outcome

Collectively, 14 infants under one year of age experienced
complete  hemangioma  disappearance, 17 children
experienced near-complete disappearance, and 69 children
noted a decrease in hemangioma size. The outcome is
summarized in (Figure 4).

Outcome of the hemangioma

80% 69%
70%
60%
50%
40%
30% [v)
i 14% 17%
ol A

0%

Completely Near Completely Marked
Resoved Resolved Improvement

Figure 4: Summary of the hemangioma outcome.

Of the 68 children who received only propranolol, 12 children
< 12 years had their hemangioma resolved completely, another
15 children had almost resolved hemangioma, and the rest (41
children) showed a significant decrease in hemangioma size
without disfigurement. After six months of propranolol
discontinuation, two children had a relapse of the lesion. In
one child, the lesion disappeared after 12 months of restarting
propranolol, and the other child's lesion required 18 months of
propranolol.

Among children who had atenolol, two had complete
resolution, two had near-complete resolution, and 8 had a
considerable decrease in the hemangioma lesions. No relapses
or changes in the lesion sizes occurred after atenolol
discontinuation. For the 20 children who received
corticosteroids and propranolol, the lesions improved
significantly in size. The summary of the outcome of the
hemangioma lesion following the therapy, according to
improvement and treatment used, is presented in (Table 1).
(Figures 5-6) show examples of the degree of improvement of
the hemangioma lesions.
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Fig 5-A

Fig 5-B

Fig 6-A Fig 6-B

Figures 5-6 : Shows two different children before and after beta-blocker therapy

Table 1: Treatment Outcomes of Hemangioma.
Treatment Group  Number of

Complete Near- Significant
Children Resolution Complete Decrease in
Resolution Size

Relapse After Discontinuation

Propranolol Only 68 12 (age <12
years)
Atenolol 12 2 2
Corticosteroids + 20
Propranolol
DISCUSSION

Parents or medical professionals can detect hemangioma
shortly after birth, although it may develop later. Generally,
infantile hemangioma is a harmless condition that resolves on
its own. [2] Nevertheless, there have been instances of severe,
extensive, and disfiguring hemangiomas. Prompt diagnosis and
treatment are recommended and yield positive results.
Recently, beta-blockers have become the preferred medical
intervention for infantile hemangioma, with minimal side
effects. Propranolol inhibits B1 and B2 receptors, causing
peripheral vasoconstriction due to unopposed a-adrenergic
receptor activity, resulting in the constriction of peripheral
blood vessels. [20] When taken orally by fasting patients,
propranolol is completely absorbed, reaching peak plasma
levels within 1 to 2 hours. The propranolol plasma half-life is 3
to 6 hours, with the liver accounting for 90% of its elimination.
Propranolol is widely used for IH treatment and effectively
heals or reduces hemangioma, surpassing the treatment effect
of steroid treatment. It serves as an effective alternative due
to its rapid and immediate response, avoiding side effects
associated with prolonged high-dose steroid therapy. [9]

Steroid is a recognized standard first-line treatment for a quick
hemangioma. [9] Although the exact mechanism of
propranolol's action on IH is unclear, studies suggest that
vasoconstriction plays a crucial role in improving lesions, [21]
and inhibits proangiogenic pathways in the proliferative phase.
[22] It increases microvascular endothelial cell death while
suppressing proangiogenic signals such as vascular endothelial
growth factor and essential fibroblast growth factor.
Propranolol treatment swiftly impairs the proliferation and
promotes the regression of severe hemangioma, even after the

2 children relapsed after 6 months from
propranolol discontinuation (one child
needed 12 months and another had 18
months of propranolol

8 No relapse

20 (all improved = No Relapse

significantly)

growth phase has concluded [13] with a favorable safety
profile.

Known side effects of propranolol include transient
bradycardia, hypotension, hypoglycemia, hyperkalemia,
diarrhea, and bronchospasm in patients with underlying
reactive airways. [11,13,22] Propranolol was discontinued in
12 children (12%) due to bronchospasm; 10 children had a
family history of wheezing, one child had developed wheezing,
and one had gastroesophageal reflux after initiating
propranolol. In these 12 patients, propranolol was substituted
with atenolol. Atenolol also proved effective in treating
hemangioma without significant reported bronchospasm or
other complications observed with propranolol in the present
study. Interestingly, the complete disappearance rate in
children with propranolol or atenolol was not different (~13%).

Some physicians offer propranolol as an outpatient treatment
with an initial test dose, while others require hospitalization
to begin therapy. In this study, a third of the first dose of
propranolol (1 mg/kg/day)was administered in the hospital;
then the child was monitored for 5 hours. If there were no
complications, the child was discharged and reassessed the
next day for any side effects, and the dose was increased to 2
mg/Kg/day.

It was reported that propranolol can be started as an inpatient
at 0.5 mg/kg/day on day one and increased to 1 mg/kg/day on
day two. If no adverse effects occur, the dose is increased
directly to 2 mg/kg/day orally in three divided doses every 8
hours on the third day, after which the patient is discharged.
[23] Another study examined 108 patients and concluded that
the average duration of treatment was longer than 12 months.
The maximum dose of propranolol of 3 mg/kg/day was
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achieved after 3 to 5 months of treatment. Side effects
occurred in 19 patients, with night anxiety and nightmares
being the most common. They reported an excellent response.
[24] Hence, it is generally accepted to initiate propranolol
therapy with a low dose and gradually increase the dose with
a slow increment.

Corticosteroid treatments are most effective during the
proliferative phase, usually occurring between one and four
months after the lesion's occurrence. Systemic steroids were
first used to treat IH in 1960, with prednisolone doses ranging
from 2-4 mg/kg/day given as a single morning dose, depending
on the clinical presentation. Steroid side effects include
gastrointestinal  discomfort, irritability, weight gain,
cushingoid appearance, hypertension, growth retardation,
adrenal suppression, and immunosuppression. [25] In this
study, 20 patients received steroid therapy for complications:
one patient had stridor from vocal cord involvement, another
experienced nasal blockage from an eye-area hemangioma,
and a third had nasal obstruction from a septal hemangioma.
The other 17 patients had either ulcerated or large
hemangiomas near vital organs. Propranolol, in conjunction
with a brief course of steroids, was highly effective in quickly
reducing hemangioma size and color in the present study. The
full dose of steroids lasted only for one month, then tapered
and stopped after 1-2 months, while propranolol continued.
The lesions treated by the combined therapy had no
recurrences.

In the present study, atenolol was administered to 12 children
with hemangioma, and the response was good, supporting the
available reports. [26] All patients in the present study
responded excellently to treatment: 73 patients experienced
a reduction in hemangioma size, 12 patients achieved
complete resolution, and 15 patients showed near-complete
disappearance without significant reported adverse effects.
Studies have associated propranolol with adverse effects,
including perspiration, chilled extremities, and loose stools, in
cases of hemangioma. [27]

These reactions can be attributed to oral propranolol liquid
preparations, which contain varying amounts of maltitol,
propylene glycol, sorbitol, ethanol, and benzyl alcohol, [17]
potentially causing these side effects rather than propranolol.
In the present study, most of these side effects were not
reported. A minority of our participants reported
thrombocytopenia. We believe that thrombocytopenia is not
due to propranolol because large hemangiomas may cause
thrombocytopenia by increasing platelet sequestration and
destruction. [28]

In this study, we have not observed any difference in the
treatment duration of the three groups (propranolol, atenolol,
or the steroid plus propranolol group) in the hemangioma
improvement rate. However, only two cases in the propranolol-
treated group had recurrences that required a prolonged
propranolol course (12-18 months), as reported in a recent
report. [23] Reports have described the use of initial
combination therapy with systemic corticosteroids and
propranolol, resulting in rapid improvement, usually within 3
months, allowing for faster corticosteroid tapering. Comparing
propranolol and steroids showed its superiority. [9] A meta-

analysis study revealed that the propranolol effective rate was
greater than that of steroids in treating IH (P<0.00001), with
fewer propranolol complications than steroids (P<0.00001). [9]

Limitations

Although the number of patients involved is 100 children, there
was a good chance that the number could be higher, providing
more robust results and conclusions. A comparison of responses
between the different beta-blockers used had not been
conducted, which could support the superiority of
propranolol's efficacy. Furthermore, a comparison between the
response rate and efficacy of steroids alone and with
propranolol was not conducted. The study did not have a
control or comparative arm, and there are some deficiencies
in the statistical analysis, such as a lack of stratified analysis.
We believe these limitations must be considered carefully in
future research.

CONCLUSION

Propranolol is an effective treatment for infantile
hemangiomas, demonstrating low side effects and recurrence
rates. However, treatment should be individualized, and
further comparative studies are warranted. Nonetheless, close
monitoring for bronchospasm and wheezing is essential.
Atenolol is a suitable alternative due to its widespread
availability, favorable safety profile, and comparable efficacy.
While steroid therapy remains an option, its use should be
limited due to potential adverse effects.
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