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ABSTRACT

Infantile hemangioma (IH) is a significant and common interdisciplinary issue in the pediatric population. The
etiology of this condition is not fully understood. Several hypotheses exist regarding the origin of IH: the placental
hypothesis, genetic mutations, and the influence of external factors. Treatment approaches for IH are diverse and
include systemic pharmacotherapy, local treatment, and surgical intervention. Each of these methods has both
advantages and limitations, making it impossible to use any single approach as a universal solution for all patients.
The beta-blocker propranolol is currently recognized as the first-line medication. The authors of the lecture presented
a literature review of modern approaches to selecting treatment for IH, as well as predictors of propranolol efficacy
and its possible mechanism of action.
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PE3IOME

WNudanruneHas remanrunoma (M) — 3HaunMas u pacpocTpaHeHHas mpoOiieMa MeKAUCIUIUTMHAPHOTO XapaKTepa
B JISTCKOI MOy ISIIUH. DTHOJIOTHS JAaHHOTO 3a00JIeBaHMs 10 KOHIA He 3BecTHA. CyIIecTByeT HECKOIBKO TUIIOTE3
BO3HHKHOBeHHUs WI': mmaneHTapHas, B pe3yiabTaTe TeHETHYECKOH MyTallid M BO3IEHCTBHS BHEUIHHX (DaKTOPOB.
IMoaxoxs! K JedeHNIO MHGAHTHIGHBIX TEMaHTHOM PAa3HOOOPA3HBI M BKIIOYAIOT CHCTEMHYIO (hapMaKOTEeparuio,
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MECTHOE ¥ XHpypruueckoe jgedeHue. Kaxapli 3 HuX o0nasaet Kak JOCTOMHCTBAMH, TaK M OTPAaHUYCHUSIMHU, YTO
JleNlaeT HEBO3MOXKHBIM HCIIOJIb30BaHUE OJHOTO M3 METOJIOB B KayeCTBE YHUBEPCAIBHOTO AJS BCEX IALUEHTOB.
[IpenapaToM repBoii JTMHUK B HACTOSIIEE BPeMs IPU3HAH [-aApeHOOI0KATOP MPOIIPAHOJION.

ABTOPBI JIEKIIMH TIPEJICTABUIIM JIMTEPATyPHBIH 0030p COBPEMEHHBIX MOIXOAO0B K BHIOOPY JeueHNs HH(DAHTIIBHBIX I'e-
MAaHTHOM, a TAKKe MPETUKTOPHI 3 PEKTHUBHOCTH MPHMEHEHHS IPOIIPAHOIIONA H €r0 BO3MOXKHBII MEXaHNU3M JICHCTBHSL.
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INTRODUCTION

The aim of the lecture was to provide a literature
review of data on the pathogenesis and treatment
methods of infantile (neonatal) hemangioma (IH),
as well as to present the results of current research
on potential predictors of pharmacological therapy
efficacy.

IH represents a benign vascular tumor formed
through proliferation of vascular endothelial cells
resulting from impaired local angiogenesis. Among
all vascular pathologies, IH is the most prevalent,
occurring in 5-10% of children during their first
year of life [1]. The condition is more frequently
diagnosed in girls, Caucasian children, and twins. It
has been observed that I[H develops particularly often
in newborns with low birth weight and in preterm
infants. This makes the pathology a significant concern
in pediatric practice [2].

GENERAL INFORMATION

IH has a diverse localization, but in 60% of cases,
it occupies the head and neck region [3]. Clinical
manifestations usually begin in the first weeks of life.
A distinctive feature of IH is the dynamic nature of
the tumor. During the first six months of life, active
proliferation is observed, during which hemangioma
reaches its maximum size. At the age of 89 months,
a stabilization phase occurs, characterized by slowing
of the formation growth, followed by a regression
stage, which can last from one to several years [4].
The average age of spontaneous involution cessation
is 3.5 years [5]. To determine the treatment strategy,
it is important to differentiate IH from other vascular
anomalies presented in the ISSVA (International

Society for the Study of Vascular Anomalies)
classification of 2014 [6]. Differential diagnosis is
made between vascular malformations and rarer forms
of vascular tumors: congenital hemangioma, tufted
angioma, and kaposiform hemangioendothelioma
[2]. The diagnosis is made on the basis of anamnestic
data and a specific disease pattern. Ultrasound and
magnetic resonance imaging can be used as additional
diagnostic methods [5]. In complicated cases, the
immunohistochemical marker GLUT1 (glucose
transporter 1) allows for differentiating IH from other
vascular anomalies, except for verrucous venous
malformation. This protein is responsible for glucose
transportation and is expressed in any form of IH at all
stages of its development [7].

There are three clinical forms of IH: nodular,
appearing as a single locus (the most common form);
segmental, limited to an anatomical segment, and
multifocal, manifested by multiple hemangiomas with
visceral lesions, more often of the liver. Depending
on the depth of the skin lesion, the following forms
are distinguished: superficial, affecting only the upper
layers of the dermis and accounting for about 60% of
all IHs; subcutaneous, located in the deep layers of the
dermis and hypodermis, accounting for 15% of IHs;
and mixed, accounting for about 25% in the profile of
IHs [8].

Most hemangiomas are small asymptomatic
masses that tend to regress on their own. However,
about 10% of IHs can lead to local complications:
ulcers, hemorrhage, necrosis, cosmetic defect and
less often — to functional disorders of vital organs.
Complications occur in the proliferation phase and
are most typical of segmental forms of IH [9, 10].
Multifocal IH with liver damage can be accompanied
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by severe thrombocytopenia and lead to thyroid
hypofunction due to overexpression of type 3
iodothyronine deiodinase, inactivating thyroxine, and
secretion of TTH-like factor thyrotropin [3]. Facial
IHs are of particular concern because of possible
complications in the eyes, as well as respiratory
and swallowing disorders. Massive hemangiomas
in this region may be accompanied by pathologies
of the posterior fossa, cardiovascular, ophthalmic,
and endocrine abnormalities as part of the PHACES
syndrome (Posterior fossa, Hemangioma, Arterial
lesions, Cardiac abnormalities, Eye abnormalities,
Sternum). Among them, cerebrovascular abnormality
is found in 72% of cases [11]. Voluminous IH in the
sacrococcygeal and perineal region may be a symptom
of LUMBAR syndrome (Lower body, Urogenital
anomaly, Myelopathy, Bone deformities, Anorectal
malformations, Renal anomalies), characterized by a
combination of [H, urogenital anomalies, myelopathy,
bone deformities, and renal anomalies. Thirty
percent of patients with this syndrome have only one
associated anomaly, and the risk of ulcers is about
70% [12]. These syndromes are mostly found in girls,
with the prevalence of about 2% of all hemangiomas
[13]. Very rare, but the most dangerous complications
of [H can be disorders of vital functions. For example,
hemangiomas of the upper respiratory tract can cause
respiratory distress syndrome, mediastinal and liver
tumors can form heart failure, and hemangiomas on
the mucous membranes of the gastrointestinal tract
can cause massive intestinal bleeding [8]. Voluminous
hemangiomas after involution leave residual changes
in the form of telangiectasias, fibrofatty changes, and
skin atrophy, decreasing the quality of life of patients
[14]. Despite the interdisciplinary nature of the
problem, IHs often lack proper medical supervision
and timely treatment, which worsens the prognosis of
the disease and leads to the complications described
above.

ETIOLOGY AND PATHOGENESIS

The etiology of this disease is not completely
known and remains a subject of scientific research.
There are several hypotheses of IH origin, including
placental, following genetic mutations, and external
factors.

The hypothesis of placental origin is supported by
the expression of placental markers, such as laminin,
merosin, GLUT-1, Lewis Y antigen, and Fc gamma
receptor II (CD32) in the blood vessels of IH [15,
16]. According to this assumption, risk factors for [H

include chorionic villus sampling and amniocentesis
in pregnant women, in the course of which there may
be transfer of mesenchymal cells of chorionic villi
from the placenta into the fetal circulatory system
and further into susceptible tissues, which represents
the initiating stage of pathologic angiogenesis [17,
18]. According to a recent study by F. Moisan et al.,
endothelial cells of IH lack aquaporin-1 (AQP1), a
water channel modulated during tumor cell migration
and invasion, whereas endothelial cells derived from
placental tissue are AQP1-positive [17].

It is believed that hemangiomas occur as a result of
somatic mutation and clonal expansion of progenitor
cells. The presence of the stem cell-specific SALL4
gene in IH cells supports this assumption [19]. Genetic
predisposition to the development of hemangiomas
is currently unconfirmed, but it is also one of the
possible causes of IH development [7]. There are
data on monozygotic twins with almost identical
periorbital hemangiomas [20]. A number of scientific
works in recent years have considered mutations and
polymorphisms in genes regulating angiogenesis as
possible causes of IH development [21, 22].

In the last decade, the hypothesis of the influence of
external factors, such as hypoxia, increased estrogen
level, and inflammation, has been widely spread
[23]. Among them, the leading role is attributed to
fetal hypoxia resulting from: multiple pregnancies
and pregnancies complicated by preeclampsia,
gestational diabetes mellitus, placental abnormalities
or detachment, as well as late pregnancy,
prematurity, and low birth weight [22, 24, 25]. It is
not fully understood what mechanisms regulate the
development of IH in hypoxia, but many researchers
agree that the key process is the disturbance of
vasculogenesis and the predominance of angiogenic
factors over antiangiogenic ones [25, 27]. Vascular
endothelial growth factor (VEGF) and fibroblast
growth factor-2 (FGF-2) are currently considered to
be the main angiogenic factors [24, 28]. Hypoxia as a
root cause of I[H development is supported by the data
on the increased level of renin in premature and low
birth weight infants, which promotes differentiation of
tumor stem cells and leads to the growth of immature
vascular tissue [25]. The results of the studies by R.M.
Hyland and V. Praveen showed that retinopathy of
prematurity and IH have a common mechanism of
development — microvascular ischemia leading to
neovascularization [27, 28].

The increased level of estrogen in the
postpartum period and expression of its receptors
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on the endothelium of IH microvessels affect further
proliferation of endotheliocytes, probably due to the
effect on FGF-2 production [7]. The prevalence of
hemangiomas in girls also suggests a possible role of
estrogen in the etiology of the disease, by stimulating
angiogenesis through the expression of the angiogenic
factor VEGF [29, 30]. For the same reason, it is
thought that higher estrogen levels in pregnant women
may affect the vascularization process in the fetus and
lead to abnormal vascular proliferation [31]. It has
been shown that estrogen concentration in peripheral
blood increases in the proliferative phase of IH and
decreases in the involution phase, and in the profile of
hemangiomas, there are significantly more receptors
to estrogen than in unchanged vessels [30]. Thus, in
breast cancer, estrogen increases proliferation and
migration of endothelial cells [31]. Another study
demonstrated the effect of estrogen on the migration
of mast cell progenitors in IH tissue, where activated
mast cells secreted angiogenic factors VEGF and FGF-
2 [32]. In addition, these cells secrete chymotrypsin,
trypsin, and matrix metalloproteinases necessary for
the destruction of extracellular matrix, providing
space for IH vascular growth [31].

Despite the active study of etiology and
pathogenesis, none of the existing hypotheses yet
explains all the features of epidemiology, course, and
clinical manifestations of IH.

TREATMENT

Treatment approaches to IH are diverse and
include systemic pharmacotherapy, topical, and
surgical treatment [33]. Each of them has both
advantages and limitations, which makes it impossible
to use one method for all patients. Currently, a need
for a personalized approach based on individual
patient characteristics, the clinical presentation of the
disease, and potential risks associated with therapy is
increasingly emphasized [34].

Topical treatment of IH with a nonselective
B-blocker timolol is widely used for small superficial
skin lesions. It is generally well tolerated and can
produce excellent visual results [35, 36]. However,
therapy with this drug has side effects, such as
desquamation, erythema, local xerosis, ulceration, and
risk of secondary infection [37].

Surgical treatments include cryodestruction,
sclerotherapy, excision, and laser irradiation.
Cryodestruction has been known for a long time, but
with the advent of new techniques, its use has been
limited. Exposure to liquid nitrogen at —195.6 °C is

effective for superficial nodular hemangiomas. In
case of more diffuse tumors with abundant blood
supply, the method is not used due to a possible risk
of cosmetic defects and hemangioma regrowth [38].
Sclerotherapy is used for small superficial masses
with small feeding vessels. Its essence is to inject a
sclerosant into the feeding vessel of hemangioma,
which damages the endothelium and promotes
thrombus formation. Disadvantages of this treatment
method are risks of microcirculation disorder in tissues
around hemangioma, up to necrosis of the tumor.
Surgical excision is indicated in life-threatening
conditions associated with the localization of IH or
its complications and to eliminate residual changes
in the tumor after involution, such as excess tissue.
Laser irradiation is effective in eliminating residual
skin pigmentation [39, 40]. Despite the effectiveness
of topical and surgical treatments, they have a risk of
complications, including hypopigmentation, burns,
localized skin atrophy, and infection [41].

Systemic pharmacotherapy is wused mainly
for potentially dangerous forms of hemangiomas
associated with their localization, size or structural
features of the lesion area [42]. First-line drugs
currently encompass p-blockers, which proved highly
efficient in a multicenter randomized controlled trial
in 2015. They include non-selective B-blockers acting
on PBl-, B2-, and P3-adrenoreceptors and selective
drugs mainly blocking [l-adrenoreceptors [43].
Propranolol, a non-selective B-blocker, has become the
gold-standard therapy for [Hs due to its high efficacy
and satisfactory tolerability [44]. However, cases of
tumor resistance to therapy as well as tumor regrowth
after treatment completion have been reported [25,
45]. Due to non-selectivity of the drug, side effects
can develop, such as hypotension, bradycardia,
bronchospasm, hypoglycemia, and electrolyte balance
disorders.

The mechanism of B-blocker action in IH is not
fully understood. Currently, researchers agree that
the main role of propranolol is to trigger autophagy of
hemangioma cells. However, the specific molecular
mechanism and cellular stage of this process remain
unexplored [46]. There is evidence supporting the
effect of B-blockers on PB-adrenergic receptors of
IH mast cells, thereby promoting endotheliocyte
apoptosis [47]. It was also suggested that -blockers
can increase the production of angiogenic factor
VEGF-A. These studies are consistent with the
conclusion that the level of VEGF-A in blood
decreases in patients with IH upon propranolol
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administration [48, 49]. To date, much attention
has been paid to the role of glucose metabolism
in angiogenesis of endothelial cells. Oxidative
phosphorylation, pyruvate metabolism, and the
tricarboxylic acid cycle potentially play a key role in
the pathogenesis of IH. Propranolol in turn inhibits
pyruvate kinase activity, suppressing glycolysis and
thus inhibiting the growth of hemangiomas [50]. The
mechanism of action of B-blockers in IH requires
further study, as it may help develop new treatment
options and identify early factors of successful
therapy. In addition to B-blockers, other systemic
drugs, such as glucocorticoids and metronomic
chemotherapy with vinblastine / cyclophosphamide,
are also used in the treatment of IH. These methods
are usually used when first-line therapy is inefficient
or in addition to B-blockers in the treatment of severe
and complicated forms of hemangiomas [3].

PREDICTORS OF EFFECTIVE TREATMENT
WITH PROPRANOLOL

A number of studies have identified early signs
of effective treatment with [-blockers, namely
propranolol. A reduction in heart rate by more than
20% from baseline at the initiation of propranolol
therapy may be an early marker of a good response to
treatment [51].

Initiation of treatment in the first six months of
life is considered to be a determinant of successful
treatment. This is due to the fact that overexpression
of [Pl-adrenergic receptors is observed in the
proliferative phase of hemangioma, which, according
to the authors, contributes to the greatest efficacy of
the drug during this period [52].

Platelet-derived growth factor PDGF-BB may
be a potential marker of a response to propranolol
treatment, as its level significantly decreases during
therapy. However, these results were obtained on
a sample of five patients and require additional
studies [53]. Platelet-derived growth factor (PDGF)
is a family of cytokines consisting of four isoforms:
PDGF-A, PDGF-B, PDGF-C, and PDGF-D, which
are produced mainly by platelets, endothelial cells,
smooth muscle cells, and macrophages. The PDGF-
BB isoform plays an important role in angiogenesis
and tissue regeneration. Receptors to this protein are
located in the vascular wall on fibroblasts and smooth
muscle cells, through which a cascade of signals is
initiated, leading to the activation of cell proliferation
and the production of factors related to angiogenesis
and extracellular matrix remodeling [54].

The level of cytokines IGF-1, IL-6, IL-8, PIGF,
RANTES, and TGFB1 decreases in patients with
progressive IH growth and can be used as a predictor
of hemangioma growth and be a point of application
of immunotherapy as a new treatment approach
[55]. 1t should be taken into account that the sample
in this study was not representative and consisted of
three patients.

The results of scientific works devoted to the role of
VEGF in the process of hemangioma growth are rather
contradictory. Most authors come to the conclusion
that VEGF level determines the clinical course of IH
[56, 57], while others point to the absence of significant
changes in VEGF level depending on the stage of the
disease, which casts doubt on its use as a predictor of
a response to therapy [50]. VEGF is known to be a
potent mediator of angiogenesis and vasculogenesis in
fetuses, children, and adults. During embryogenesis,
it regulates proliferation, migration, and growth of
endothelial cells, thereby determining the density and
size of blood vessels. After birth, VEGF maintains the
integrity of endothelial cells and acts as a mitogen for
micro- and macrovascular endothelial cells [58].

Structural features of the tumor detected by
instrumental diagnostic methods may also be a
prognostic factor for successful treatment with
propranolol in IH. Hypervascularization of the tumor
according to the results of color Doppler imaging
before therapy and reduction of vascularization in
the early period of treatment may be a harbinger of
a good response. This is probably due to the fact
that propranolol induces vasoconstriction and has
an antiangiogenic effect, resulting in decreased
vascularization of hemangioma. The prominent fatty
component of hemangioma detected on magnetic
resonance imaging before treatment was more
common in patients with a poor response to therapy
thereafter [24].

CONCLUSION

Infantile hemangioma is a significant and
widespread problem of interdisciplinary nature in
the pediatric population, represented by clinical
forms ranging from superficial masses prone to
self-resolution to extensive tumors leading to local
complications or impairment of vital functions. The
etiology of this disease is not fully understood. The
leading role in the pathogenesis is attributed to the
hypoxic state of the fetus. For a timely and correct
choice of a treatment strategy for patients, it is
important to differentiate this disease with other
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vascular malformations. Diagnosis is usually made
on the basis of anamnestic and clinical data. The
choice of a treatment method should be based on
clinical evaluation, including individual patient
characteristics, localization and size of the lesion,
taking into account possible risks and complications
of the chosen approach. Monitoring the effectiveness
of therapy, especially in complex cases, should be
based not only on subjective clinical assessment,
but also on objective imaging and laboratory control
methods. Laboratory control may include monitoring
of biomarkers related to tumor activity and the
body’s response to therapy. An integrated approach
to the assessment of treatment dynamics facilitates
timely correction of therapy, reducing the risk of
complications and improving overall efficacy.

REFERENCES

1. Drolet B.A., Frommelt P.C., Chamlin S.L., Haggstrom A.N.,
Bauman N.M., Chiu Y.E. et al. Initiation and use of propran-
olol for infantile hemangioma: report of a consensus con-
ference. Pediatrics. 2013;131(1):128-140. DOI: 10.1542/
peds.2012-1691.

2. Khachatryan L.A., Kletskaya I.S. Simply about Complicated:
Infantile Hemangioma. Pediatric Hematology/Oncology and
Immunopathology. 2021;20(1):192-206. (In Russ.).

3. Rodriguez Bandera A L., Sebaratnam D.F., Wargon O., Wong
L.-C.F. Infantile hemangioma. Part 1: Epidemiology, patho-
genesis, clinical presentation and assessment. Journal of the
American Academy of Dermatology. 2021;85(6):1379-1392.
DOI: 10.1016/j.jaad.2021.08.019.

4. Chang L.C., Haggstrom A.N., Drolet B.A., Baselga E., Cham-
lin S.L., Garzon M.C. et al. Growth characteristics of infan-
tile hemangiomas: implications for management. Pediat-
rics. 2008;122(2):360-367. DOI: 10.1542/peds.2007-2767.

5. Holm A., Mulliken J. B., Bischoff J. Infantile hemangioma:
the common and enigmatic vascular tumor. The Journal of
clinical investigation. 2024;134(8):e172836. doi: 10.1172/
JCI172836

6. Wassef M., Blei F., Adams D., Alomari A., Baselga E., Beren-
stein A. et al. Vascular anomalies classification: recommen-
dations from the International Society for the Study of Vas-
cular Anomalies. Pediatrics. 2015;136(1):¢203—e214. DOI:
10.1542/peds.2014-3673.

7. Khachatryan L.A., Shcherbakov A.P., Chikvina LI., Niko-
lacva D.M. New Approaches to Solving an Old Problem.
Pediatric  Hematology/Oncology and Immunopathology.
2022;21(1):122-135. (In Russ.). DOI: 10.24287/1726-1708-
2022-21-1-122-135.

8. Schwartz R.A., Sidor M.I., Musumeci M.L., Lin R.L., Micali
G. Infantile haemangiomas: a challenge in paediatric derma-
tology. Journal of the European Academy of Dermatology
and Venereology. 2010;24(6):631-638. DOI: 10.1111/5.1468-
3083.2010.03650.x.

9. Léauté-Labréze C., Harper J.I., Hoeger P.H. Infantile haeman-

gioma. The Lancet. 2017;390(10089):85-94. DOI: 10.1016/
S0140-6736(16)00645-0.

10. Siegel D.H. PHACE syndrome: Infantile hemangiomas as-
sociated with multiple congenital anomalies: Clues to the
cause. American Journal of Medical Genetics Part C: Sem-
inars in Medical Genetics. 2018;178C(3):407—413. DOLI:
10.1002/ajmg.c.31648.

11. Tacobas 1., Burrows P.E., Frieden 1.J., Liang M.G., Mulliken
J.B., Mancini A.J., Kramer D., Paller A.S., Silverman R., Wag-
ner A.M., Metry D.W. LUMBAR: Association between cutane-
ous infantile hemangiomas of the lower body and regional con-
genital anomalies. The Journal of Pediatrics. 2010;157(5):795—
801.e1-7. DOI: 10.1016/j.jpeds.2010.05.027.

12. Khachatryan L.A., Nikolaeva D.M., Shcherbakov A.P. When
the Disease Goes beyond the Skin — Skin Changes Can Be
a Sign of Systemic Disease. Pediatric Hematology/Oncology
and Immunopathology. 2020;19(3):95-104. (In Russ.). DOI:
10.24287/1726-1708-2020-19-3-95-104.

13. Baselga E., Roe E., Coulie J., Muiloz F.Z., Boon L.M., Mc-
Cuaig C.M. et al. Risk factors for degree and type of sequelae
after involution of untreated hemangiomas of infancy. JAMA4
Dermatology. 2016;152(11):1239—1243. DOI: 10.1001/jama-
dermatol.2016.2905.

14. Itinteang T., Tan S.T., Guthrie S., Tan C.E.S., McIntyre B.C.,
Brasch H.D., Day D.J. A placental chorionic villous mesen-
chymal core cellular origin for infantile haemangioma. Jour-
nal of Clinical Pathology. 2011;64(10):870-874. DOI:
10.1136/jclinpath-2011-200191.

15. Sun Z.Y., Yi C.G., Zhao H., Yin G.Q., Gao M., Liu Y.B. et
al. Infantile hemangioma is originated from placental tropho-
blast, fact or fiction? Medical Hypotheses. 2008;71(3):444-
448.

16. Bauland C.G., van Steensel M.A.M., Steijlen P.M. et al.
Hemangioma in the newborn: increased incidence after cho-
rionic villus sampling. Prenatal Diagnosis. 2010;30(10):913—
917.

17. Moisan F., Oucherif S., Kaulanjan-Checkmodine P., Prey S.,
Rousseau B., Bonneu M. et al. Critical role of Aquaporin-1
and telocytes in infantile hemangioma response to propranolol
beta blockade. Proceedings of the National Academy of Scienc-
es of the United States of America. 2021;118(7):¢2018690118.
DOI: 10.1073/pnas.2018690118.

18. Harbi S., Wang R., Gregory M., Hanson N., Kobylarz K.,
Ryan K. et al. Infantile hemangioma originates from a dys-
regulated but not fully transformed multipotent stem cell. Pro-
ceedings of the National Academy of Sciences of the United
States of America. 2016;113(7):1592-1597. DOI: 10.1073/
pnas.1516258113.

19. Castrén E., Salminen P., Vikkula M., Pitkédranta A., Klockars T.
Inheritance patterns of infantile hemangioma. Pediatrics.
2016;138(5):€20161623. DOI: 10.1542/peds.2016-1623.

20. Oszajca K., Szemraj J., Wyrzykowski D., Chrzanowska B.,
Salamon A., Przewratil P. Single-nucleotide polymorphisms of
VEGF-A and VEGFR-2 genes and risk of infantile hemangio-
ma. International Journal of Dermatology.2018;57(10):1201-
1207. DOI: 10.1111/ijd.14127.

21. Chen Q., Ying H., Yu Z., Chang L., Chen Z., Chen J. et al.
Apelin receptor as a specific marker and promising therapeu-

bionneteHb cMbUpcKon meanumHbl, 2026; 25 (1): 144-151 149



Bukovetskaya M.S., Kamaltynova E.M.

Infantile Hemangioma: Modern Perspectives on Pathogenesis and Treatment

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

150

tic target for infantile hemangioma. Journal of Investigative
Dermatology. 2023;143(4):566-577.¢12. DOI: 10.1016/j.
jid.2022.09.657.

Xiang S., Gong X., Qiu T., Zhou J., Yang K., Lan Y. Insights
into the mechanisms of angiogenesis in infantile hemangio-
ma. Biomedicine & Pharmacotherapy. 2024;178:116345.

Wu H., Ji Y., Zheng J. Editorial: Advances in the medical
management of infantile hemangioma. Frontiers in Oncology.
2023;13:1229197. DOI: 10.3389/fonc.2023.1229197.

de Jong S., Itinteang T., Withers A.H.J., Davis P.F., Tan S.T.
Does hypoxia play a role in infantile hemangioma? Archives
of Dermatological Research. 2016;308(4):219-227. DOI:
10.1007/s00403-016-1635-x.

Drolet B.A., Frieden 1.J. Characteristics of infantile heman-
giomas as clues to pathogenesis: does hypoxia connect the
dots? Archives of Dermatology. 2010;146(11):1295-1299.
DOI: 10.1001/archdermatol.2010.1295-1299.

Lo K., Mihm M., Fay A. Current theories on the pathogen-
esis of infantile hemangioma. Seminars in Ophthalmology.
2009;24(3):172—177. DOI: 10.1080/08820530902805438.
Hyland R.M., Komlési K., Alleman B.W., Tolnai M., Wood
L.M., Bell E.F., Ertl T. Infantile hemangiomas and retinopathy
of prematurity: clues to the regulation of vasculogenesis. Eu-
ropean Journal of Pediatrics. 2014;173(6):723-728.

Praveen V., Vidavalur R., Rosenkrantz T.S., Hussain N. In-
fantile hemangiomas and retinopathy of prematurity: pos-
sible association. Pediatrics. 2009;123(3):e484-¢489. DOI:
10.1542/peds.2008-2278.

Kleinman M.E., Greives M.R., Churgin S.S., Blechman K.M.,
Chang E.IL., Ceradini D.J. et al. Hypoxia-induced mediators
of stem/progenitor cell trafficking are increased in children
with hemangioma. Arteriosclerosis, Thrombosis, and Vas-
cular Biology. 2007;27(12):2664-2670. DOI: [Add DOI if
available].

Zhang L., Wu H.W., Yuan W., Zheng J.W. Estrogen-mediated
hemangioma-derived stem cells through estrogen receptor-o
for infantile hemangioma. Cancer Management and Research.
2017;9:279-286. DOI: 10.2147/CMAR.S138687.

Przewratil P., Sitkiewicz A., Andrzejewska E. Serum levels of
basic fibroblastic growth factor (bFGF) in children with vascu-
lar anomalies: Another insight into endothelial growth. Clin-
ical Biochemistry. 2010;43(10-11):863-867. DOI: 10.1016/j.
clinbiochem.2010.03.010.

Macca L., Altavilla D., Di Bartolomeo L., Irrera N., Borgia F.,
Li Pomi F. et al. Update on treatment of infantile hemangio-
mas: What’s new in the last five years? Frontiers in Pharma-
cology. 2022;13:879602. DOTI: 10.3389/fphar.2022.879602.
Khachatryan L.A., Chikvina LI., Kletskaya I.S. In Search of a
Rare Disease: Congenital Hemangiomas. Pediatric Hematolo-
gy/Oncology and Immunopathology. 2021;20(1):145-155. (In
Russ.). DOIL: 10.24287/1726-1708-2021-20-1-145-155.

Khan M., Boyce A., Prieto-Merino A., Wedgeworth E., Flohr
C. The role of topical Timolol in the treatment of infantile
hemangiomas: A systematic review and meta-analysis. Acta
Dermato-Venereologica.  2017;97(10):1167-1171.  DOI:
10.2340/00015555-2725.

Price A., Rai S., McLeod R.W.J., Birchall J.C., Elhassan H.A.
Topical propranolol for infantile haemangiomas: a systemat-

36.

37.

38.

39.

40.

41.

42

43.

44.

45.

46.

47.

ic review. Journal of the European Academy of Dermatology
and Venereology. 2018;32(12):2083-2089. DOI: 10.1111/
jdv.14963.

Mufioz-Garza F.Z., Rios M., Roé-Crespo E., Bernabeu-Wit-
tel J., Montserrat-Garcia M.T., Puig L. et al. Efficacy
and safety of topical timolol for the treatment of infantile
hemangioma in the early proliferative stage. JAMA Derma-
tology. 2021;157(5):583-587. DOI: 10.1001/jamaderma-
t01.2021.0469.

Regina G., Impedovo G., Angiletta D. et al. A new strategy
for treatment of a congenital arteriovenous fistula of the neck:
Case report. European Journal of Vascular and Endovascular
Surgery. 2006;32:107-1009.

Khachatryan L.A., Nikolaeva D.M. Modern Therapy of In-
fantile Hemangiomas. Pediatric Hematology/Oncology and
Immunopathology. 2021;20(2):156-167. (In Russ.). DOI:
10.24287/1726-1708-2021-20-2-156-167.

David L.R., Malek M.M., Argenta L.C. Efficacy of pulse dye
laser therapy for the treatment of ulcerated haemangiomas:
A review of 78 patients. British Journal of Plastic Surgery.
2003;56(4):317-327.

Sajan J.A., Tibesar R., Jabbour N. et al. Assessment of pulsed-
dye laser therapy for pediatric cutaneous vascular anoma-
lies. JAMA Facial Plastic Surgery. 2013;15(6):434-438. DOLI:
10.1001/jamafacial.2013.257

Wedgeworth E., Glover M., Irvine A.D., Neri I., Baselga E.,
Clayton T.H. et al. Propranolol in the treatment of infantile
haemangiomas: Lessons from the European Propranolol In the
Treatment of Complicated Haemangiomas (PITCH) Taskforce
survey. British Journal of Dermatology. 2016;174(3):594-
601. DOI: 10.1111/bjd.14233

. Kotlukova N.P., Belysheva T.S., Shats L.I., Fochenkova V.A.,

Chavpetsova E.D., Belogurova M.B. et al. Opportunities of
Drug Therapy for Infantile Hemangiomas in Russia. Russian
Journal of Pediatric Hematology and Oncology (RZhDGiO).
2022;9(2):22-28. (In Russ.).

Hoeger P.H., Harper J.I., Baselga E., Bonnet D., Boon L.M.,
Ciofi Degli Atti M. et al. Treatment of infantile haemangio-
mas: recommendations of a European expert group. European
Journal of Pediatrics. 2015;174(7):855-865. DOI: 10.1007/
s00431-015-2570-0.

Caussé S., Aubert H., Saint-Jean M., Puzenat E., Bursztejn A.-
C., Eschard C. et al. Propranolol-resistant infantile haemangi-
omas. British Journal of Dermatology. 2013;169(1):125-129.
Vlastarakos P.V., Papacharalampous G.X., Chrysostomou M.,
Tavoulari E.F., Delidis A., Protopapas D. et al. Propranolol
is an effective treatment for airway haemangiomas: a critical
analysis and meta-analysis of published interventional stud-
ies. Acta Otorhinolaryngologica Italica. 2012;32(4):213-221.
Ye Y., Zhong H., Dou L., Song W., Dong C., Lu W. et al.
Propranolol inhibits the angiogenic capacity of hemangioma
endothelia via blocking B-adrenoceptor in mast cell. Pediatric
Research. 2022;92(2):424-429. DOI: 10.1038/s41390-021-
01683-4.

Lorusso B., Cerasoli G., Falco A., Frati C., Graiani G., Maded-
du D., et al. B-blockers activate autophagy on infantile heman-
gioma-derived endothelial cells in vitro. Vascular Pharmacol-
0gy. 2022;146:107110. DOI: 10.1016/j.vph.2022.107110.

Bulletin of Siberian Medicine. 2026; 25 (1): 144-151



Reviews and Lectures

48.

49.

50.

51.

52.

53.

Makkeyah S., Elseedawy M., Abdel-Kader H., Mokhtar G.,
Ragab 1. Vascular endothelial growth factor response with pro-
pranolol therapy in patients with infantile hemangioma. Pedi-
atric Hematology and Oncology. 2022;39(3):215-224. DOI:
10.1080/08880018.2021.1961956.

Yang K., Li X., QiuT., ZhouJ., Gong X., Lan Y., et al. Effects
of propranolol on glucose metabolism in hemangioma-derived
endothelial cells. Clinical and Applied Thrombosis/Hemosta-
sis. 2018;24:663-668.

Resi¢ A., Benco Kordi¢ N., Obuljen J., Baskovi¢ M. Impor-
tance of Determining Vascular Endothelial Growth Factor
Serum Levels in Children with Infantile Hemangioma. Me-
dicina (Kaunas). 2023;59(11):1914. DOI: 10.3390/medici-
na59111914.

Park H.J., Lee S.-Y., Rho M.H., Jung H.L. Ultrasound
and MRI findings as predictors of propranolol therapy re-
sponse in patients with infantile hemangioma. PLoS ONE.
2021;16(3):¢0247505. DOI: 10.1371/journal.pone.0247505.
Chong J.H., Prey S., Mya H.T., Delarue A., Labreze C. Can
the extent of heart rate reduction predict the clinical response
of infantile haemangiomas to propranolol? British Journal
of Dermatology. 2018;178(3):¢196-e197. DOIL: 10.1111/
bjd.15966.

YuL., LiS., SuB, Liu Z., Fang J., Zhu L., et al. Treatment
of superficial infantile hemangiomas with timolol: evaluation

Author Information

54.

55.

56.

57.

58.

of short-term efficacy and safety in infants. Experimental and
Therapeutic Medicine. 2013;6(2):388-390.

WuH.W., Wang X., Zhang L., Zheng J.W., Liu C., Wang Y .A.
Topical timolol vs. oral propranolol for the treatment of superfi-
cial infantile hemangiomas. Frontiers in Oncology.2018;8:605.
Tani S., Kunimoto K., Inaba Y., Mikita N., Kaminaka C.,
Kanazawa N., et al. Change of serum cytokine profiles by
propranolol treatment in patients with infantile hemangio-
ma. Drug Discoveries & Therapeutics. 2020;14(2):89-92.
DOI: 10.5582/ddt.2020.03014.

Abdullacv M.A., Kantemirova B.I., Romanova A.N., Ulukha-
nov O.B., Seidova S.S. Analysis of the Correlation between
Serum Platelet-derived Growth Factor Levels and the Severity
of Acute Coronary Syndrome. Modern Problems of Science
and Education. 2024;(1). (In Russ.).

Yamashita T., Jinnin M., Makino K., Kajihara I., Aoi J., Ma-
suguchi S., et al. Serum cytokine profiles are altered in patients
with progressive infantile hemangioma. Bioscience Trends.
2018;12(4):438-441. DOI: 10.5582/bst.2018.01118.
El-Raggal N.M., El-Farrash R.A., Saad A.A., Attia E.A.S.,
Saafan H.A., Shaaban L.S. Circulating Levels of Vascular
Endothelial Growth Factor and Basic Fibroblastic Growth
Factor in Infantile Hemangioma Versus Vascular Malfor-
mations. Clinical and Applied Thrombosis/Hemostasis.
2018;24(4):663-668. DOI: 10.1177/1076029617710333.

Bukovetskaya Maria S. — Hematologist, Regional Children’s Hospital, Tomsk, buk.ms@mail.ru, ORCID ID: https://orcid.org/0009-
0004-1942-7773
Kamaltynova Elena M. — Dr. Sci. (Med.), Deputy Chief Physician for Medical Affairs, Regional Children’s Hospital; Professor,
Division of Intermediate-level Pediatrics with a Course in Childhood Diseases, Siberian State Medical University; Chief External Specialist
in Pediatric Preventive Care in Siberian Federal District, Tomsk, Russia, eleant21@yandex.ru, ORCID ID: http://orcid.org/0000-0002-
2234-5355

(P<) Bukovetskaya Maria S., buk.ms@mail.ru

Received on 15.05.2025;
approved after peer review on 17.09.2025;
accepted on 16.10.2025

bionneteHb cMbUpcKon meanumHbl, 2026; 25 (1): 144-151 151



