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Abstract
Background. Infantile hemangioma (IH) is a neoplasm that is most common in childhood.
Morphologically, hemangiomas are divided into superficial, deep and mixed, focal, segmental,
indeterminate and multifocal. The course of IH includes phases of rapid growth followed by
slow involution. The degree of involution of hemangioma is variable. Hemangiomas can lead
to the appearance of permanent deformities of soft tissues or functional disorders, especially
when localized on the face and vital structures. Clinical heterogeneity of hemangiomas creates
significant difficulties for physicians in resolving issues of treatment tactics. Specific
characteristics of the clinical behavior of hemangiomas of various morphological types can
be crucial in the choice of management tactics for such patients. Objectives. The aim of the
work is to study the effect of different morphological types of hemangioma in children on
the effectiveness of treatment of age-related clinical features. Subjects and Methods. The
study group consisted of 100 children in age from birth to 6 years who have hemangiomas
of different morphological types and localizations and did not receive previous treatment. All
research participants for hemangioma severity scale (HSS), hemangioma activity scale (HAS),
visual analogue scale (VAS) before, during and after treatment were scored. Serum levels
sFas/sFasLs before and during treatment evaluated. Results. With increasing the child's
age, the indicator as for HAS reliably decreases for all types of hemangiomas. In all types of
hemangiomas predominantly an active growth took place. An abortive growth in 10% of
patients was noted. For focal hemangiomas, the indicator of sFas decreases with age, and
for multifocal hemangiomas it increases. In both cases, there is an increase in the sFasL
indicator with increasing age of the child. In our study, in age group before 1 year in the
factor structures, "age" factor was considered to be the main one and manifested by a
decrease in the activity of hemangioma with an increase in the age of the child. Among
children over 1 year age, during the course of treatment, the greatest contribution the
"hemangioma severity factor", the influence of which leads to a decrease in the cosmetic
effect of hemangioma treatment against the background of its high severity and an increase
in the indicator of apoptosis inhibition of sFas. The influence of the "treatment efficacy"
factor leads to a decrease in its cosmetic effect and an increase in the severity of the
manifestations of hemangioma against the background of blocking the manifestations of
apoptosis. Conclusions. When starting treatment of hemangioma in the early stages, the
cosmetic effect increases significantly. A decrease in sFasL in the younger age group may
indicate a decrease or absence of apoptosis processes, which is clinically expressed by
active proliferation. An increase in sFas in the older age group (over a year old) may indicate
a blockage of apoptosis processes and, as a consequence, a slow regression of hemangioma.
Keywords: hemangioma, children, morphological type, age, sFas/sFasL, hemangioma activity
scale, visual analogue scale.
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Introduction
Infantile hemangioma (IH) is a neoplasm that

is most common in childhood [1, 2]. According to
the 2018 classification of the International Society
for the Study of Vascular Anomalies (ISSVA),
hemangiomas are considered to be benign
vascular tumors. The latter include infantile
hemangiomas and congenital hemangiomas of
three types: rapidly involuting (RICH), partially
involuting (PICH), non-involuting (NICH) [3].

Hemangiomas in clinical practice differ in
localization, morphological type and stage of
development [4]. Morphologically, hemangiomas
are divided into superficial, deep and mixed, focal,
segmental, indeterminate and multifocal [5, 6].
The predominant localization of hemangiomas is
on the head, face, neck [7, 8].

 The characteristic course of IH includes
phases of rapid growth due to proliferation followed
by slow involution. Most hemangiomas have the
first clinical manifestations in the form of pale
spots, telangiectasias, pink macules, "scratches"
or "bruises" in the neonatal period, followed by
the rapid development of the tumor [9, 10].

In general, hemangiomas proliferate by the
age of 6–9 months [11]. According to some studies,
the growth of hemangiomas ends at the age of
3 months [12], according to others, the completion
of their growth was observed at 5 months [13].
Subcutaneous hemangiomas, in comparison with
superficial ones, have a much longer proliferative
activity [14], sometimes up to 14 months and even
over 2 years. The growth of hemangiomas in
children over 3 years of age is an atypical pheno-
menon [15].

The degree of involution of hemangioma is
variable. Recent studies have shown that in
untreated hemangioma, in almost 90% of cases,
involution is completed by 4 years of age [16].

Despite the fact that most hemangiomas do
not cause considerable problems, a significant part
of them can lead to the appearance of permanent
deformities of soft tissues or functional disorders,
especially when localized on the face and vital
structures [17, 18]. The presence or consequences
of hemangiomas can affect the quality of life of
both children and their parents due to anxiety, low
self-esteem of children and peer bullying due
cosmetic defects [19].

The average age of contacting a pediatric der-
matologist is 5 months, at this time the main growth
and possible complications are already developing
[20, 21]. Clinical heterogeneity of hemangiomas
creates significant difficulties for physicians in
resolving issues of treatment tactics [22, 23].

For hemangiomas that require treatment, the
best time to start is before or immediately after
the onset of obvious risks of complications [24].
It was found that IH treatment in the proliferative
phase allows achieving the best result [25, 26].

Despite the fact that the general signs of the
course of hemangiomas have been studied for a
long time, there is not enough description of the
specific details of the growth of hemangiomas
and information about the variety of manifestations
of growth among hemangiomas of different
subtypes. Specific characteristics of the clinical
behavior of hemangiomas of various morpho-
logical types can be crucial in the choice of
management tactics for such patients.

2. Purpose, subjects and methods:
2.1. The purpose of the work is to study

the effect of different morphological types of
hemangioma in children on the effectiveness of
treatment of age-related clinical features.

2.2. Subjects & Methods
The study group consisted of 100 children who

were consulted on an outpatient basis and who
received treatment at the Regional Children
Clinical Hospital No. 1 in Kharkiv from September
2017 to October 2019. The selection criteria were:
the age of children from birth to 6 years, children
who had neoplasms with clinical signs of
hemangiomas of external location, their compli-
cations and consequences, children who did not
receive previous treatment, children whose repre-
sentatives have agreed to participate in the study.

The methods used in this study were agreed
and approved by the ethics committee of Kharkiv
National Medical University No. 6 dated
04.10.2017, in accordance with the 1975
Declaration of Helsinki.

In almost all cases, the diagnosis was made
during an outpatient visit. The age, sex, birth
weight, the period of hemangioma occurrence and
its morphological type, growth peculiarities (active
or abortive), the maximum size of the heman-
gioma, its localization and depth of spread, the
presence of complications, the period of
appearance of hemangioma regression signs were
determined in children.

The indicators of the general clinical blood
analysis, clinical urine test, blood glucose levels,
sFas and sFasL indicators before and during
treatment, and electrocardiography data were
evaluated. Children receiving systemic propranolol
therapy were consulted by a cardiologist.
According to the indications, echocardiography
was performed, consultations of other specialists
(ophthalmologist, ENT) were appointed.
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To determine the clinical state of heman-
gioma, we used the severity scale (HSS), which
was assessed once during the initial examination,
as well as the hemangioma activity scale (HAS),
which was used before the appointment of
treatment (HAS1) and after three months of
treatment (HAS2). The achieved cosmetic result
was determined using a visual analogue scale
(VAS) based on photographs taken before treat-
ment, during its treatment (VAS1) and after
completion (VAS2). A comparison of photographs
taken before treatment and three months after
the start of treatment was made in order to assess
the dynamics of the process.

Determination of sFas and sFasL indicators
in blood serum was carried out by the enzyme-
linked immunosorbent assay using a commercial
test system manufactured by "Elabscience"
(ELISA, USA) on an enzyme-linked immuno-
sorbent analyzer "Labline-90" (Austria), accor-
ding to the instructions that were added to the kit.

Taking into account the different activity of
hemangiomas and their size, the treatment was
prescribed according to individual indications such
as: active growth of the neoplasm, cosmetic
defects caused by them or obvious risks of their
formation, as well as the desire of the parents to
get rid of the hemangioma.

Treatment of complicated, large and active
hemangiomas was carried out according to the
appointment of systemic therapy with propranolol
(17 children). Children with superficial flat lesions
were prescribed topical treatment with 0.5%
timolol maleate solution (15 children). In cases
of focal (deep, mixed and superficial), some
multifocal and indeterminate hemangiomas,
protruding above the skin surface and spread
subcutaneously, combined treatment with 0.5%
timolol maleate solution and local compression
was prescribed (52 children). Children with volu-
metric formations up to 1 cm in diameter under-
went intratumor administration of triamcinolone
acetonide, followed by topical application of 0.5%
timolol maleate solution (8 children). Intratumor
administration of triamcinolone acetonide was
performed in children with active mucosal
hemangiomas that were small (1 child). Surgical
removal of hemangiomas was performed in
children over a year old due to the presence of a
cosmetic defect and at the request of the parents
(5 children). Two children, 3 and 5 years old, were
not prescribed treatment due to unexpressed
residual changes.

During the treatment, the heart rate and blood
glucose levels were monitored.

Statistical processing of the research results
was carried out using the Statistica 6.0 software
package. Average values of indicators, standard
errors, and, if necessary, medians (Me) and
quartiles (25%; 75%) were calculated. Nonpara-
metric Wilcoxon, Mann-Whitney, Pearson 2

criteria were used to compare the samples due
to the absence of normal distributions of the
studied indicators..

3. Results & Discussion
There were 32 (32±4.7)% boys and 68

(68±4.7)% girls in the study group. Children aged
0-6 months – 62 (62±4.9)% persons consisted
the largest age group; there were 17 (17±3.8)%
children aged 7–12 months; 18 (18±3.8)% children
aged 13–36 months and 3 (3.0±1.7)% children
aged 37–72 months.

The children of the study group had four
morphological types of hemangiomas: focal –
71 (71±4.5)% persons; segmental – 4 (4.0±2.0)%
persons; indeterminate – 7 (7.0±2.6)% persons;
multifocal – 18 (18±3.8)% people. Thus, children
with focal and multifocal hemangiomas consisted
the significant (p<0.05) majority in the study group.

The average values of the indicator as for
HAS1, taking into account the age of the child
and the morphotype of the hemangioma are given
in Table 1.

The table shows that with increasing the
child's age, the indicator as for HAS1 reliably
decreases for all types of hemangiomas.

In 30 children, abortive growth of heman-
gioma was noted, among them in 22 up to the
age of 6 months inclusively, in 6 children under
1 year and in two children at the age of 12 months.
Clinical signs of independent regression were
observed in 17 children with active growth and in
2 children with abortive growth of hemangiomas.
In 6 children, signs of regression appeared before
the age of 6 months, in 7 children – in the period
from 7 to 12 months, and in 6 children – from
12 months to 24 months.

According to Table 2, it can be noted that
among all morphotypes of hemangioma, its active
growth is reliably more often observed in both
boys and girls. In the group with active growth,
girls are reliably more common than boys.

The results of the study of the dynamics of
Fas and FasL indicators in children of different
ages during treatment are shown in Fig. 1 and
Fig. 2.

According to the histograms shown in Fig. 1
and Fig. 2, it can be noted that in both cases
there is a tendency to change in the sFas indicator,
but in different directions. For focal hemangiomas,
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Table 1
Average values of the indicator as for HAS1 in age groups of children

with different morphotypes of hemangiomas

Notes: * – differences in the values of the indicator between the age group (0–6) months and other
age groups are reliable (p<0.01); ** – differences in the values of the indicator between the age group
(7–12) months and other age groups are reliable (p<0.01).

Fig. 1. Age-related dynamics of sFas and sFasL
indicators in children with focal hemangioma.

* – differences in the sFasL content in the blood
of children of the age group (0–6) months and

children of other age groups are reliable
according to the Mann-Whitney criteria (p<0.01)

Fig. 2. Age-related dynamics of sFas and sFasL
indicators in children with multifocal hemangioma.
* – differences in the sFasL content in the blood
of children of the age group (0–6) months and

children of other age groups are reliable
according to the Mann-Whitney criteria (p<0.01)

Table 2
Distribution of children with different morphotypes

of hemangiomas by growth characteristics, (%)

Note: 1 – differences in the incidence of active and minimal hemangioma growth in girls are reliable
(p<0.05); 2 – differences in the incidence of active hemangioma growth between girls and boys are
reliable (p<0.05); 3 – differences in the incidence of active and minimal growth of hemangiomas in boys
are reliable (p<0.05).

SURGERY
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the indicator decreases with age, and for multifocal
hemangiomas it increases. In both cases, there is
an increase in the sFasL indicator with increasing
age of the child. According to this indicator,
reliable differences were revealed between the
first and third, and the first and fourth age groups
for the focal hemangioma, and between the first
and third - for the multifocal one. There were no
reliable differences between the indicators for
other morphotypes of hemangioma, which is
associated with the insufficient volume of the
respective groups of children.

To identify the relationship of clinical history
and laboratory indicators in children of different
ages, factor analysis was carried out and factor
structures were plotted (Fig. 3). Since the distri-
bution of the proportion of the studied indicators
did not correspond to the normal one, the pairwise
Spearman's correlation coefficients were used as
input indicators.

Currently, studies are being done on various
factors, including biomarkers that affect: the
clinical behavior of hemangiomas during
treatment [27–29], the development of unwanted
side effects during treatment [30], the risk of
complications [31], and factors of the appearance
of hemangioma in general [32].

In our study, in all age groups in the factor
structures, two factors were found, which
indicates their plasticity. In the younger age group
(Fig. 3,a), the first factor of the factor structure,
plotted according to the indicators obtained during
the course of treatment, called the "age factor of
activity", explains 41% of the total variance. The
action of this factor leads to a decrease in the
activity and severity of hemangioma against the
background of an increase in the child's age. The
action of the second factor, called the "weight
factor", which explains 27% of the total variance,
leads to a decrease in apoptosis indicators against
the background of an increase in the child's weight
at birth. It is known that low birth weight is one
of the risk factors for hemangioma, and it also
determines the severity and activity [33]. The
sFas and sFasL indicators characterize the level
of intensity of apoptosis processes. The sFasL
concentration can be proportional to the intensity
of apoptosis processes [34]. The exact mecha-
nism of interaction between membrane and
soluble forms of Fas and FasL (sFas, sFasL) re-
mains unknown [35]. It has been suggested that
soluble Fas has an inhibitory effect on Fas/FasL-
mediated apoptosis [36]. The total contribution
of factors to the total variance is 68%, which

Fig. 3. Factor structures of indicators of patients of different age groups with hemangioma

SURGERY
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indicates the presence of a random component,
which has increased after treatment. This is a
sign of significant external influences on the
studied system of indicators in young children.
After treatment, the first factor has changed its
configuration, it only affects the activity of the
hemangioma, which decreases with increasing
age of the child. The contribution of this factor to
the total variance has decreased and is 32%. The
second factor, called the "regression factor", leads
to an increase in the VAS indicator after treat-
ment, which happens in parallel to a decrease in
the sFas indicator.

In the second age group of children (Fig. 3,b),
the action of the first factor, plotted according to
the indicators obtained during the course of
treatment, leads to an increase in the cosmetic
effect of treatment against the background of a
decrease in hemangioma activity (according to
HAS) and an increase in the child's age. The
contribution of this factor to the total variance is
48%. The second factor of the structure – the
"hemangioma severity factor" – causes an
increase in the indicator according to HSS against
the background of a decrease in apoptosis. The
total contribution of both factors to the total
variance is 71%, which indicates a smaller
influence of the random component on the system
of the studied indicators than in the first age group
(Fig. 3,a). The action of the first factor of the
structure, plotted according to the indicators
obtained after treatment, leads to an improvement
in the results of treatment with an increase in the
child's age against the background of a decrease
in hemangioma activity (according to HAS). The
structure of relationships in the system of
indicators in the factor and its contribution to the
total variance is similar to that obtained during
the course of treatment. The same configuration
of connections in the factor indicates the conti-
nuation of positive trends in hemangioma
regression under the influence of the treatment.
The action of the "weight" factor in this age group
leads to a decrease in apoptosis indicators with an
increase in the age of the child. The total
contribution of factors after treatment is also 71%.

In the first and second age groups, the
greatest contribution to the total variance was
made by the "age" factor, which is considered to
be the main one. In the third age group (Fig. 3,c)
during the course of treatment, the greatest
contribution (41%) to the total variance is made
by the first factor – the "hemangioma severity
factor", the influence of which leads to a decrease

in the cosmetic effect of hemangioma treatment
against the background of its high severity and
an increase in the indicator of apoptosis inhibition
of sFas. This coincides with modern ideas about
the need for early treatment of hemangioma and
a decrease in the cosmetic effect of treatment
with its late initiation [37, 38]. The influence of
the "age" factor is manifested by a decrease in
the activity of hemangioma with an increase in
the age of the child. The contribution of both
factors to the total variance is 70%. After treat-
ment in the older age group, in comparison with
the state during the treatment and with other
groups, there is an increase in the number of
connections in the structure from 5 to 6, which
indicates an increase in the determinism of the
system. The influence of the "treatment efficacy"
factor leads to a decrease in its cosmetic effect
and an increase in the severity of the manifes-
tations of hemangioma against the background
of blocking the manifestations of apoptosis. The
structure of connections in the second factor
confirms the idea of a decrease in hemangioma
activity with an increase in the age of the child.
The total contribution of both factors to the
variance is 83%, which indicates an insignificant
influence of the random component.

Thus, the analysis of the structure of rela-
tionships between indicators in factors obtained
in different age groups during and after treatment
confirms modern clinical concepts of the course
and outcomes of treatment of hemangioma in
children.

Conclusions
1. Before treatment, the activity of heman-

gioma decreases with the age and, accordingly,
the severity of hemangioma decreases.

2. The activity and severity of hemangioma
decreases after treatment, but with predominance
in the younger age group (up to 1 year), which
affects the outcome of treatment, that is, when
starting treatment of hemangioma in the early
stages, the cosmetic effect increases significantly.

3. A decrease in sFasL in the younger age
group may indicate a decrease or absence of
apoptosis processes, which is clinically expressed
by the opposite manifestations – active prolife-
ration. An increase in sFas in the older age group
(over a year old) may indicate a blockage of
apoptosis processes and, as a consequence, a
slow regression of hemangioma.
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