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Objective

The aim of the study was to evaluate the efficacy, adverse effects, and success rate of oral
propranolol versus liquid nitrogen oxide gas cryotherapy in the management of cutaneous
hemangiomas in infants and children.

Patients and methods

A prospective study was conducted between March 2011 and May 2015 on 43 patients with
cutaneous hemangioma treated either with oral propranolol (group A, 23 cases) or with liquid
nitrogen (cryotherapy) (group B, 20 cases). The outcome of treatment was evaluated clinically
and with serial photographs before starting treatment and monthly thereafter as regards the
size and color of the lesion. Propranolol was given orally 2 mg/kg per day in two divided doses
for 4-6 months. Cryotherapy settings were applied two to four times for a period of 2—6 months
under inhalation anesthesia using sevoflurane.

Results

With propranolol, complete involution occurred in 78.2% of cases and good response in 17.3%.
Regrowth of the lesion occurred after stopping propranolol in two cases; the parents of the
children were instructed to continue the treatment for a further 3 months. With cryotherapy
complete involution of the lesions occurred in 65% of cases. No recurrence was observed
during the follow-up period. Hypopigmentation at the site of the treated area was evident in
eight cases.

Conclusion

Oral propranolol could be considered a safe and effective treatment strategy for cutaneous
hemangioma. Although inhalational anesthesia is needed for application of cryotherapy,
it is a simple method for treatment of cutaneous hemangioma and has minimal side
effects. However, a randomized controlled study on a large number of patients should

be conducted.
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Introduction

Infantile hemangiomas (IHs) are the most common
benign tumors of infancy occurring in about 5-10% of
newborns and infants, being more common in female
children and in premature infants. Occasionally they
present at birth and usually appear during the first
weeks of life. They usually appear singly, except in
20% of cases, and are commonly located in the skin
and subcutaneous tissues of the head and neck [1-3].
Although most of them grow rapidly during the first
years of life with spontaneous involution, 10-20%
require active intervention because of their aggressive
growth, especially those involving the periorbital area,
parotid region, airways, and anogenital area [4,5].
Hemangiomas may have great psychological impact
on the parents of the affected children; they may feel
panic, fear, sadness, guilt, personal shame, and a sense
of loneliness [6].

Different treatment modalities have been adopted
over the years. However, each of these modalities has
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its own side effects and sometimes potential serious
complications [7-10].

Léauté-Labréze ez al. [8] were the first to report
in 2008 that there is incidental regression of IH in
children treated with propranolol for cardiopulmonary
conditions. The relatively small number treated, the
lack of long-term follow-up, the difference in behavior
of IH, and the variable dose given in different studies
make it difficult to assess the actual safety, efficacy,
incidence, and cause of recurrence [11-14].

In the present work a comparative study for treatment
of cutaneous hemangioma by oral propranolol or by
liquid nitrogen (cryotherapy) was conducted to explore
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the efficacy, adverse effects, regrowth rate, and feasibility
of using either of these two lines for treatment.

Patients and methods

From March 2011 to May 2015 a prospective study
was conducted at Assiut University Children’s Hospital
(a tertiary hospital that serves most of upper Egypt)
on 50 cases having cutaneous hemangioma as defined
by the international society for the study of vascular
anomalies [15]. Children who received any previous
form of treatment for their hemangioma or those with
deep-seated hemangiomas, cardiac anomalies, heart
failure, pulmonary hypertension, or bronchial asthma
were excluded from the study. Four patients failed to
attend during the follow-up period and three patients’
parents refused to participate in this study. Forty-three
patients, aged 3-36 months, were enrolled in this
study with the following reasons for referral: cosmetic
disfigurement in 31 cases, bleeding in seven cases,
ulceration in three cases, and pain in two cases. These 43
cases were divided into two groups: group I (23 cases)
was treated with propranolol (commercially available
preparation inderal) (AstraZeneca plc, London, UK)
given orally as a 10 mg tablet crushed and dissolved
in 10 ml distilled water (1 mg/ml) starting with a
dose of 1 mg/kg per day in two divided doses that was
then increased after 1 week to 2 mg/kg per day in two
divided doses; group II (20 cases) was treated with
liquid nitrogen (cryotherapy) using a Brymill Cro-Ac
(Ellington, CT 06029, USA) hand-held liquid nitrogen
delivery system producing a temperature of -195.6°C
(Fig.1). Hemangiomas manifested in the 43 patients at
2-6 months of age, except in the case of eight children
who were born with hemangiomas (five from group I
and three from group II). Before start of either form of

Figure 1

Brymill Cro-Ac hand held liquid nitrogen delivery system.

treatment a complete clinical and cardiac examination
or preanesthetic fitness test was performed to detect
any cardiac disease or unfit patients. Written informed
consent was taken from the parents of the 43 patients
about the line of treatment, and the study protocol
was approved by the surgical ethical committee at
Assiut University. Patients from both groups were
admitted for 24 h after start of treatment and were
monitored clinically for bradycardia, hypotension, and
symptoms of hypoglycemia (i.e. lethargy, restlessness)
or postcryotherapy complications. On  discharge,
parents of patients from group I were instructed to
stop the drug if the child had a serious incidence of
cough or dyspnea. Photographs of the hemangioma
were taken before start of treatment and during the
follow-up period. The clinical assessment during
treatment included reduction in size, change in
color, complications developed, and any relapse. The
treatment period was either until complete involution
had occurred or for 6 months at its maximum range for
both groups, so as to have uniform results.

Cryotherapy technique

The procedure was performed in the operating theater
without any premedication. Anesthesia was induced
with 8% sevoflurane in 100% oxygen under standard
monitoring, including ECG, noninvasive arterial
pressure monitoring, and pulse oximetry, which
were applied during induction and maintenance of
anesthesia. After insertion of the intravenous line,
children received 15 mg/kg paracetamol intravenously.
End-tidal sevoflurane concentration was adjusted
according to clinical signs (arterial pressure or heart
rate within 20% of baseline). Spontaneous breathing
was maintained throughout the procedure.

After disinfecting the target area and covering it with
K-Y jelly to ensure better thermoconductivity, the
target area was directly sprayed with liquid nitrogen
for 20-30 s until an ice ball was formed over the lesion,
followed by a thaw period of ~90 s. The freeze—thaw
cycle could be repeated according to the size of the
lesion. After completion of the procedure the child
was sent to a postanesthetic care unit if there was no
compromise in airway or hemodynamic instability
perioperatively.

The final results of all patients in both groups were
determined on the basis of four-point scale modified
after Achauer ez al. [16] based on improvement in
volume, color, and texture after treatment. These
parameters were rated using the following scales: poor
(0 to 25% response rate), fair (26 to 50% response rate),
good (51 to 75% response rate), and excellent (76 to
100% response rate).



Follow-up visits were scheduled every 2 weeks for the
first month, and then monthly thereafter. During this
period all comparative parameters were assessed, along
with heart rate, blood pressure, and blood glucose level
for patients from group I.

Statistical analysis

'The data were analyzed using SPSS (version 16; SPSS
Inc., Chicago, Illinois, USA). Descriptive statistics
were calculated. Cross-tabulation using the y*-test for
categorical data was presented in the form of frequency
and percentage). The difference was considered
significant if the P value was less than or equal to 0.05.

Results

'The demographic and clinical data of all patients are
summarized in Table 1. Nineteen cases from group
I and 17 from group II had solitary lesions. There
was no statistically significant difference between
groups regarding the cause of referral, site, size, and
type of the lesions (Table 1). The treatment period
in group I ranged from 4 to 6 months. By the end of
this period 18 cases had excellent response, four had
good response, and one had fair response (Figs. 2-5).
Nine cases developed bradycardia without any further
clinical manifestations. Two cases (one from the good
response group and one with fair response) developed
regrowth of their lesion after stopping treatment and
were instructed to continue the same dose for another
3 months. Thereafter, excellent response was obtained
without further recurrence during the follow-up period.

No complications were observed from using
sevoflurane as inhalational anesthesia. The number
of cryotherapy applications ranged from two to four

Figure 2
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times at 4-6-week intervals depending on the size
and response of hemangioma. Hyperemia, edema, and
swelling occurred immediately after cryotherapy in five
cases, which improved within 1-2 weeks. Cryonecrosis
and formation of dark, dry eschar occurred in four
cases. Separation of the eschar commenced and
was completed by the end of the first month after
cryotherapy, leaving a healthy smooth mobile scar. The
main complication due to the use of liquid nitrogen
was the hypopigmentation at the site of the lesion in
eight cases.

The cryotherapy period ranged from 2 to 6 months by

the end of this period 13 cases had excellent response,

Table 1 The demographic data, site, size, and type of the
lesion in the 43 patients

ltems

Propranolol
(group 1) (N =23
cases) [n (%)]

Cryotherapy
(group Il) (N =20
cases) [n (%)]

Number of preterm infants 5(21.7) 3 (15.0)

Age at start of treatment

(months)
<6 9 (39.1) 7 (35.0)
6-12 11 (47.8) 12 (60.0)
13-36 3(13.1) 1 (5.0)

Sex (female : male)
Site of lesions

17 (73.9) : 6 (26.1) 15 (75.0) : 5 (25.0)

Head and neck 12 (52.2) 10 (50.0)

Trunk and back 7 (30.4) 6 (30.0)

Limbs 4 (17.4) 3 (15.0)

Genitalia 0 (0.0) 1 (5.0)
Size of lesions (cm)

<2 4 (17.4) 2 (10.0)

2-5 14 (60.9) 16 (80.0)

>5 5 (21.7) 2 (10.0)
Type of lesion

Solitary 19 (82.6) 17 (85.0)

Multiple 4 (17.3) 3 (15.0)
Figure 3

Patient before starting propranolol therapy.

Same patient at the end of treatment.
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five had good response, and two cases had fair response
(Figs. 6 and 7). No cases developed regrowth after
cryotherapy. ‘There was no statistically significant
difference between the two groups regarding response to
treatment or regrowth after treatment (Table 2). The start
of response to propranolol therapy was noted from 3 to 4

Table 2 Treatment response and regrowth of the lesion in the
43 patients

ltem Propranolol Cryotherapy P value
(group 1) (group II)
(N = 23 cases) (N = 20 cases)
[n (%)] [n (%)]
Response to treatment
Excellent 18 (78.3) 13 (65.0) 0.531
Good 4 (17.4) 5 (25.0) 0.813
Fair 1 (4.3) 2 (10.0) 0.900
Poor 0 (0.0) 0 (0.0) -
Regrowth of the lesion 2(8.7) 0 (0.0) 0.532

Figure 4

weeks when the hemangioma started to decrease in size
and become softer. This response was noted from the first
session in cryotherapy.

All patients were followed up for 1 year, and the
main  persistent  postcryotherapy — complication
(hypopigmentation) resolved over 3—4 months.

Discussion

Propranololis a nonselective beta-adrenergic antagonist
that is well absorbed from the gastrointestinal tract and
distributed throughout the body, with the highest level
in the lungs, kidneys, brain, and heart. Oral propranolol,
which markedly improved the medical treatment
of Fallot tetralogy and hypertrophic obstructive
cardiomyopathy in children, was also considered
by many authors to be the first line of treatment for

Figure 5

Patient before starting propranolol therapy.

Same patient 2 months after starting treatment.

Figure 6

Figure 7

e e, ™

Male baby before starting cryotherapy.

Same patient at the end of cryotherapy.




IHs [5,17-19]. The mechanism of action of propranolol
is not well understood. Potential explanations for the
therapeutic effect of propranolol on hemangiomas
include vasoconstriction, which is immediately visible
as a change in color, associated with a palpable tissue
softening. Other proposed mechanisms of action are a
downregulation of angiogenetic factors such as vascular
endothelial growth factor and basic fibroblast growth
factor and an upregulation of apoptosis of capillary

endothelial cells [5,8].

Hogeling ez al. [20] reported that IH significantly
dropped in volume, redness, and elevation with a
6-month course of propranolol. Bertrand ez a/. [21]
reported good to excellent response to propranolol for
the same duration. Hassan and Shreef [22] reported
complete resolution after a treatment period of
6—14 months. In this study we had 78.2% excellent
response after completing 6 months of treatment with
propranolol.

Although a definite reduction or even disappearance
of hemangioma is well documented with
propranolol [5], some authors have observed
that a relative number of these lesions recur
after propranolol withdrawal without possible
causes [23,24]. The reported recurrence rate after
stopping propranolol therapy ranged from 6 to 19%
in some studies [5,25]. Sans e al. [24] in their series
reported 8% recurrence, all of which occurred before
the age of 1 year. Hassan and Shreef [22] followed
gradual withdrawal of propranolol therapy over 4
weeks and saw a 3.3% regrowth rate. In this study
we did not follow the gradual tapering of the dose,
and two out of 23 cases (8.6%) had regrowth of
their lesion after cessation of propranolol treatment.
Both cases were below 6 months of age at the start
of treatment. This relatively high rate of regrowth
could be related to sudden interruption of treatment
and to continuation of the active proliferative phase
of hemangioma in these cases. This finding is in
agreement with the results obtained by other authors
as well [5,26].

Although the safety and efficacy of propranolol as
a treatment for hemangioma have been reported
in a recent systematic literature review [27],
other studies reported severe hypotension and
hypoglycemia even when using propranolol in
the recommended doses [28]. In this study we
did not encounter any significant adverse effects
from propranolol apart from bradycardia, which
may be related to the adjusted dose given and the
good monitoring especially at the beginning of
treatment. This is in agreement with the results
obtained by other authors [5].
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Treatment by cold application has been in use since
ancient Egyptian times (3500 BC), where they were
using cold application in an attempt to treat various
ailments [10]. Many researchers have described the
use of cryosurgery in the treatment of lesions in the
skin, anorectal region, and eyes, in autolaryngeal
lesions, bone, and brain diseases [14,29]. Liquid
nitrogen, the most popular and effective cryogen used
today, became readily available only after 1945. Use of
either closed probes or spraying proved to be the most
effective because of its low temperature (-195.6°C),
easy availability from medical and commercial sources,
low cost, and safety of use. Also it is not flammable
and is inert chemically [30]. The results obtained in
1986 at Assiut University, Egypt [10], on the use of
cryotherapy for treatment of cutaneous hemangioma
stimulate us to compare its efficacy, adverse effects,
advantages, and incidence of recurrence in comparison
with oral propranolol.

'The mechanism of cell death by cryo is through the
formation of intracellular and extracellular ice crystals
immediately after cryotherapy. ‘The extracellular
ice reduces extracellular water, increasing solute
concentration and osmolality, which causes a fluid shift
and disrupts the cell membranes. Further damage is
produced during the thawing process when intracellular
ice damages mitochondria and the endoplasmic
reticulum decreases the cell survival. Large ice crystals
are more damaging than small ones. Also slow thawing
is associated with the recrystallization of ice and is
more destructive than rapid thawing [31,32].

In this study 20 cases were treated by cryotherapy
using liquid nitrogen. Excellent results with complete
involution were obtained in 65%, good results in 25%,
and fair results in 10%. These rates are comparable to

those reported by other authors [31,33].

There was no regrowth of lesions in any case after
cryotherapy during the follow-up period. All of
the adverse effects were minor and comparable
to those reported by others [31,33]. It was
reported that melanocytes are more affected by
cold than keratinocytes [10]. This may explain the
hypopigmentation in the eight cases as a complication
of cryotherapy, but all cases were self-limited and
improved during the follow-up period.

Study limitation

'The small sample size and lack of randomization of
the treatment options are the main limitations of this
study.
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Conclusion

Oral propranolol is a safe and effective treatment
modality for cutaneous hemangioma, provided the
optimum dose at the start of treatment is established
and proper monitoring of the patient is implemented.
Although cryotherapy application needs general
anesthesia, it has tolerable side effects, gives rapid
response and could be considered a second effective
line in the treatment of cutaneous hemangioma.
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