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The purpose of this review is to acquaint the audience with the benefits of infantile hemangioma (IH) treatment with local B-blockers, which
are safe for the child, allow for the complete cure of hemangiomas without surgery, complications, scars, and cosmetic defects, and have
practically no systemic side effects. We aimed to analyze the effectiveness and limitations of the use of local B-blockers, to show the possibility
and expediency of IH management in pediatric practice, and to demonstrate that the goal of therapy is not the treatment of complications,
but the prevention of their occurrence and complete resolution of the hemangioma without surgical intervention.

The use of topical B-blockers, such as timolol gel or solution, provides a non-surgical, non-invasive treatment option for IH, minimizing the
systemic exposure and possible side effects associated with oral B-blockers. Local treatment is best started before the age of 2 months —
at an early stage, when IHs are small in size, potentially preventing the need for more invasive treatment methods.

Topical use is associated with alower risk of systemic side effects, such as hypotension or bradycardia, that can occur with oral B-blockers. Topical
treatment can be applied at home, which can be more convenient for parents and caregivers, and also increases the opportunity for treatment
and follow-up by pediatricians. In case of natural disasters or military operations, treatment can be done remotely using teledermatology.

The effectiveness of local B-blockers mostly depends on the age at which treatment was started: the earlier it was started, the higher the
effectiveness. Treatment of complicated IH with deep soft tissue, mucosal, or airway involvement usually requires a combination of systemic
propranolol and topical B-blockers or other interventions such as laser therapy.

The choice of treatment should be selected individually according to the degree of risk of IH, its size, localization, child's age, weight, and other
parameters in each clinical case.

B-adrenoblockers are the most modern, effective, non-surgical, and safe method of treating IH, they can be used both for systemic and local
application. IH can be successfully treated by pediatricians and dermatologists.

No conflict of interests was declared by the authors.
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JlikyBaHHS iHpaHTUIIBHUX reMaHriom MmicueBumMmU B-610KaTopamMu B negiaTpUdHIn
npaxkTuui: ornag niteparypu

O.B.boromoneup-2:3, 0.B. Cemok!, K.I1. Boromoneusb3, C.0.65oromoneusb—LLepemetTseBas 4

YKpaiHCcbKa BiiCbKOBO-MeamyHa akaaemid, M. Kuis

2Akapewmia Cineaii, M. Katosiue, MNonbLia

SIHCTUTYT oepmMartonorii i kocmeTonorii Aoktopa boromonelp, M. Kuig, YkpaiHa

4HaujoHansHWI MeanyHnii yHisepcuteT imeHi O.0O. Boromonsls, M. Kuis, YkpaiHa

MeTol0 1aHOro 0mIsay € O3HAMOMNEHHs ayanTopii 3 nepesaramu AikyBaHHs iHOaHTUAbHVX remaHriom (1) micuesnmn B-b6nokatopamu,
Ake € 6e3neYHnM ANa AUTUHK, 0O3BONSE NOBHICTIO BUNIKYBATW reMaHrioMy 6e3 xipypriyHoro BTpydaHHs, 6e3 ycknagHeHb, pyouis , i npak-
TUYHO HE Mae CUCTEMHIX NOBIHYHKUX edekTiB. My cTaBunn 3a MeTy — npoaHanidyBat ePekTVBHICTb Ta 0OMEXEHHSI 3aCTOCYBaHHS MICLIEBIX
B-6nokatopiB, noka3aTy MOXAMBICTb | AOLINbHICTL BeAeHH: I B neaiaTpuyHin npakTiuj Ta NPOAEMOHCTPYBATH, L0 METOIO Tepanii € He NikyBaH-
HS yCKNaaHEeHb, a NONEPEOXEHHS iX BUHNKHEHHS Ta NMOBHE PO3CMOKTYBAHHS MTEMaHrioMN.

BurikopucTanHs MicLeBux B-610KaTopis, Takvx sk refb abo PO341H TMMONoNyY, 3a6e3nedye 6e3onepalliiinin HeiHBa3BHNIA BapiaHT NikyBaHHS
I, MiHIMIZYI04Y CUCTEMHMIA BIIWB | MOXAMBI NOGIYHI epekTH, NOB'A3aHi 3 nepopabH1MK B-6nokatopamu. Micuese nikyBaHH:A kpalle po3noym-
HaTW y Billi IO 2-X MiCALIB — Ha paHHii cTaii, konu I HeBenvki 3a PO3MIPOM, LLO NOTEHLNHO 3anobirae noTpeoi y Ginbly iHBA3MBHNX METOAAX
NiKyBaHHA.

MicueBe 3aCTOCYBaHHS aCOLIIOETHCS 3 MEHLLIM PUSMKOM CUCTEMHIX NOBIHHNX ePEKTIB, Takmx K apTepiaibHa rinoTeHsia abo bpaankapaia,
AKI MOXYTb BUHVIKAT MPY NEPOPATBHOMY 3aCTOCYBaHHI B-0nokartopis. Micuese nikyBaHHSA MOXHA 3aCTOCOBYBATV BAOMA, LLLO MOXe OyTu 3pyy-
HilMM st 6aTbKiB i OMNiKyHIB, @ Takox 36inbLUye MOXAMBICTb NiKyBaHHS | CNOCTEPEXeHHs Yy neaiarpis. Y pasi CTUXIMHMX X abo BiliCbKOBKX
0ilt nikyBaHHS MOxe OyT1 ANCTaHLiNHM 3a AONOMOrol0 TeneaepmMartonorii.

EdexTnBHICTb MicLeBux B-anpeHo6n0kaTopis 30e6inbloro 3anexnTs Bif, Biky, B AKOMy Oyn10 pO3N04aTOo fliKyBaHHSA: YM paHille po3noyaro —
TUM BULLA ePEKTUBHICTb. JlikyBaHHS yeknaaHeHnx I i3 ypaxeHHaM mmbokmMx M’ akuX TKaHWH, CAM30BKX 060N0HOK ab0 AnMxanbHVX LWSXIB 3a-
3BUYait NOTPEBYE KOMMIEKCHOrO 3aCTOCYBaHs CUCTEMHOIO NPOMNPAHOA0NY Ta MICLIEBMX B-6110KaTopiB abo IHLLNX BTPYYaHb, Takmx K nasepHa
Tepanis.

Bubip nikyBaHHA Mae ninbupatics iHavBiayanbHO BiANOBIAHO A0 cTyneHsa puanky I i poamipy, nokanisadji, Biky AUTVHK, Barv Ta iHLWKX Napa-
METPIB Y KOXHOMY KNIHIYHOMY BUNALKY.

B-anpeHobnokatopy € Hacy4acHiwmM, edekTnBHM, be3onepauinHiM i 6e3neqHM MeToaoM NikyBaHHS: I, iX MOXHA BMKOPUCTOBYBATM 5K
019 CUCTEMHOIO, Tak i 419 MiCLLEBOr0 3aCTOCYBaHHS. JlikyBaHHA II7 MOXYTb YCNILIHO NPOBOAVTY NeAiatpy Ta AepMatonori.

ABTOPY 3a8BNSHOTb NP0 BIACYTHICTb KOHPIKTY IHTEPECIB.

KniouoBi cnoBa: iHGaHTIbHA reManrioMa, NikyBaHHA reManriom, mMicuesi B-6n1okatopu, TUMONO.
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Introduction

he most common benign vascular tumor
I in childhood is infantile hemangioma
(TH), which is found in approximately
4-5% of children in the first year of life [15].
IHs were distinguished from other congenital
vascular anomalies by J.B. Mulliken and
J. Glowacki (1982) based on the discovery of their
unique characteristics: absence at birth, passage
through a phase of increased cellular proliferation,
followed by a phase of involution, and, ultimately,
regression over time [24].

Recent studies have shown an increase in the
incidence of IH in the population over the last
decades, which correlates with indicators of low
birth weight, as well as an increase in the number
of premature births and pregnancy complications
[2]. The anatomical location of TH can have
prognostic consequences and cause impairment of
vital functions (for example, respiratory or visual
obstruction), scar formation, and /or disfigurement
of the affected areas, which not only affects the
appearance and psychological state but also poses
a potential threat to life [5,34].

While many IHs resolve on their own without
causing complications, some can present challenges.
The percentage of complications associated with
[Hs can vary widely depending on factors such as
the location, size, and characteristics of the IH.

The frequency and types of complications
associated with ITHs can vary widely from one
case to another [6]. Here are some of the potential
complications and their relative frequencies:

— Ulceration: Approximately 10—15% of IHs can
ulcerate, typically when they are large or located in
areas of high friction, such as the diaper area or the neck.
Ulceration can lead to pain, infection, and scarring.

— Functional impairment: The location of the
IH can affect vital functions. For instance, an IH
near the eye might cause visual obstruction, while
one near the mouth or nose may interfere with
feeding or breathing. Functional impairment is less
common but can be more serious when it occurs.

— Cosmetic disfigurement: TH on the face or
other visible areas can cause cosmetic concerns for
both the child and the parents, as visible scarring
or skin texture changes may remain.

— Psychosocial impact: Children with visible
IHs may experience psychosocial challenges due
to teasing or self-esteem issues. Parents may also
experience emotional distress when dealing with
their child's condition.
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— Strabismus: TH near the eye can lead
to strabismus (crossed eyes) if not managed
appropriately.

— Airway obstruction: THs in the throat, nose, or
neck area can cause airway obstruction in severe
cases. Prompt medical attention is crucial in such
instances.

— Hemorrhage: Although rare, IHs can bleed
spontaneously or following minor trauma. Bleeding
can be concerning, especially in cases of ulceration.

It's important to note that most IHs do not lead
to complications and tend to regress over time.
However, any infant with an IH should be closely
monitored by a healthcare provider to assess its
growth and development.

To date, a very clear scheme of indications and
contraindications for the treatment of IHs has
been developed. While previously the «wait and
see» method was considered expedient, today THs
are divided into groups depending on their risk
(low, medium, high, the highest, etc.), which gives
an understanding of which THs need to be treated
and how.

Today, B-blockers are the primary option for
the treatment of IHs, which not only has significant
effectiveness but also greatly simplifies the
treatment of this pathology, making it possible to
be performed not only by a qualified dermatologist
but also by a pediatrician and even remotely
by the method of telemedicine.

The use of B-blockers for the treatment of THs
was proposed by Dr. Christine Léauté—Labreze
and her colleagues in 2008 [19]. They conducted a
study that demonstrated the efficacy of propranolol,
a B-blocker, in treating THs, leading to a significant
breakthrough in the management of this condition.

B-blockers work by antagonizing the effects
of adrenaline (epinephrine) and norepinephrine,
two neurotransmitters that stimulate beta-
adrenergic receptors in the body [14,20,30,41].
The mechanism of action of B-blockers can be
summarized as follows: binding to beta-adrenergic
receptors, inhibition of adrenergic stimulation,
reduction of heart rate, lowering blood pressure,
and bronchoconstriction. Also, B-blockers can
have various effects on other organ systems, such
as reducing the release of insulin from the pancreas,
which can impact blood sugar levels. They may also
affect the nervous system, reducing symptoms of
anxiety and tremors.

Overall, the mechanism of action of B-blockers
is to counter the effects of the sympathetic nervous
system, which is responsible for the «fight or
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flight> response. By blocking beta-adrenergic
receptors, B-blockers help reduce heart rate, blood
pressure, and the workload on the heart, making
them valuable medications in the management
of conditions like hypertension, arrhythmias, and
anxiety and, in the case of IHs, for promoting
the regression of these vascular growths. The
determination of the method and its indications or
contradictions before the start of treatment is one of
the most important key points in the management
program of patients with TH [16,39].

The purpose of this review was to familiarize the
audience with the benefits of treatment with local
B-blockers (it has almost no systemic side effects),
to analyze the effectiveness and limitations of the
use of topical B-blockers, to show the possibility
and feasibility of managing TH in pediatric practice,
and to demonstrate that its goal is not to treat

We analyzed 18 literature reviews and clinical
studies published in PubMed and MEDLINE
during the 2012-2023 period, where the use of
local B-blockers in TH was studied, including
treatment carried out in dermatology and
pediatric inpatient and outpatient conditions. This
made it possible to conclude the effectiveness of
various topical treatment methods, and optimal
indications for their appointment, determine the
frequency of complications, and compare various
topical preparations used for the treatment of TH,
including complicated forms (Table).

In general, we reviewed 18 articles (including
reviews, meta-analyses, clinical trials, and cases)
that involved about 3252 children (ages from
birth until 15 months) with more than 3300 TH
of different types (from small and superficial
to extensive and complicated). We compared

complications, but to prevent them from occurring treatment with different B-blockers, their
and to obtain an ideal medical and cosmetic effect.  outcomes, and complications.
p
Table
The list of reviewed research about IH cases in children from birth to 15 months
Author, year, Number Compli-
type of re- of patients, Diagnosis Treatment Outcomes c atign
search age
Y.J. Tang Topical The clinical efficacy
w : - propranolol of topical propranolol gel
gltir?ilée(ilz’?r;aﬁ)y 33 children Superficial IH gel for 1 and at 1 and 3 months of use was None
3 months of use |45 and 82%, respectively.
. - Three topical 90% of lesions improved from Minor local
A, Price . Small superficial forms of the start of treatment. A good reactions were
etal. (2018), 597 patients hemangiomas ol lent T least b d
systematic with 632 IH at risk of cosmetic | ProPranclior. or excellent response (at leas Observe
review CONSeaUences cream, ointment, [50% reduction in size) was in 1.3% of
q and gel observed in 59% of cases patients
25 children
G. Xu : 90% demonstrated
etal.(2012).  [!1NGA0CTARTE Ig)perficial IH 126 propranclol |5 good (57%) or partial (33%)  |None
clinical trial (28 lesions) response to treatment
Archauer system. The majority
5 boys Superficial IH of treated hemangiomas
M. Kovacevi¢ . on the forehead, (62.5%) reached IV degree.
etal. (2014), Sngdgggs back of the neck, g):ﬁapr;opranolol The lll-degree result was None
clinical trial 18 months forearm, abdomen, achieved in 12.5% and Il
or back degrees in 25% of patients with
IH on the abdomen
Archauer system. Grade | (poor)
Y.N. Zhai reaction accounted for 17.24%,
etal (2013), |51 children H 3% proprandlol | grade |l (moderate) - 24.14%,  |ND
clinical trial 9 grade lll (good) — 44.83%,
grade IV (excellent) — 13.79%
J. Mashiah 57.3% showed a good
etal. (2017), 63 patients H 4% propranolol response, 25.3% — a partial Minor local
retrospective with 75 IH gel response, and 17.3% — a poor or |side effects
study no response to treatment
L.Q. Gan 296 drons 24 had a good response, 162
etal. (2018), 224 captives Superficial IHs of%arte%\o\ had a partial remission, and 38 |None
follow-up study had no response
éi' %g?ﬁit(t%?g)’ 73 patients Most patients Timolol maleate >95% showed improvement
re}[/ros ective p had superficial gel 0.1 0r0.5% as measured by visual ND
rovi p hemangiomas (62/73) analog scale (VAS)
eview
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Continuation of table

Author, year, Number Compli-
type of re- of patients, Diagnosis Treatment Outcomes c atign
search age
D.P Xuetal. 35 children, . . 51.4% had a good response,
(2015), mean age Superficial IH I;)ap?g:aa}[lglmolol 31.4% had a partial response, None
clinical trial 4.7 months and 17.2% had no response
Localized, - ,
FZ Mufoz— 60 patients segmental, %?Jgégggtﬁgégkﬁzrg%csglgirg
Garza et al. with 1H or indeterminate IHs [0.5% timolol lacebo arouns in terms of ND
, in the firs ocated on the head |maleate solution
(2021), in the first 2 located on the head leat lut gompletegor npear—complete
clinical trial months of life ggg{/osr‘_tneesck or other resolution of IH at 24 weeks
Z.Y.Ngetal ND (Children Cutaneous IH Topical timolol Achievement of clinically
(2016), review up to 12 months onthe face as primary significant improvement (SAS)  |ND
of 4 articles of age) monotherapy ranged from 47 to 88%
K Plttaen Timolol is a well-tolerated, Side effects
etal (29016) Localized (80.1%) safe treatment option that were mild
retrospective 731 patients and superficial Topical timolol demonstrates the best response [and occurred
stud p (55.3%) IH in thin superficial IH regardless  |in 3.4% of
Y of pretreatment size patients
S.A. Ovadia
- The response rate
emteatg—(gr?;?)éB 550 patients Egr%grﬁci‘glmas Topical B-blockers |to treatment was 80% ND
of 17 studigs 9 for superficial hemangiomas.
Systemic
Satisfactory therapeutic adverse events
HW Wu Oral propranolol  |resultsin 97 / 96.4%, with oral
etal (2018) 362 /362 patient|IH 2.0 mg/kg/day /  |respectively. No significant propranolol
’ topical timolol differences between (3.9%) / with
the two groups topical timolol
(0%)
- Combined use of oral
. Mixed IH Oral propranolol ; .
G. Li . in the mouth and topical timolol propranolol and topical timolol
etal. (2016), 31 patients and maxillofacial maleate VS. pro- maleate has a better clinical None
clinical trial area oranolol P response than oral propranolol
alone
Hemangiomas improved
| Weibel et al 20 infant si%:]iﬁcangly du\;iAng treatment,
. Weibel et al. infants , . . . with a median increase
g Small proliferative Topical timolol .
(2016), clinical (age range hemangiomas gel 0.5% of 7 points at 5 months. Local ND
trial 2-35 weeks) timolol therapy is effective in
IH, but systemic absorption of
timolol occurs
M. Almebayadh Cream with e
(2020), clinical 2 cases Ulcerative IH brimonidine 0.2% ;Eglg;rz g?tglft?evgggenm None
case and timolol 0.5% Y

Note: highlighted used in the trials' methods of treatment and their effectiveness, indications for their appointment, and complications; ND — no data.

Informed consent of the patients (parents of
the children or their guardians) was obtained for
conducting the research and publishing the results.

Nowadays, the pathogenesis of TH is poorly
understood, but several hypotheses have been put
forward. Although none of them explain all the
characteristics of ITH, ongoing research into the
pathophysiology has led to the development and
implementation of new treatment options [22,33].
Thus, it was suggested that the renin-angiotensin
system (RAS) may play akey role in the proliferation
of endothelial cells in TH [11]. T. Itinteang et al.
(2011) reported that TH endothelial cells in the
proliferative phase express angiotensin-converting
enzyme (ACE) and angiotensin II receptor (ATII),
integral components of the renin-angiotensin system
(RAS). The authors suppose that high levels of
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renin in blood serum, together with local expression
of ACE, lead to a high concentration of ATII and
stimulate TH cell proliferation [10]. In addition,
recent studies have demonstrated increased RAS
activity under conditions of hypoxia or oxidative
stress [18] and, in particular, the role of hypoxia-
inducible factor-1a. (HIF-1a) and its targets,
including the molecular marker GLUT-1 and
vascular endothelial growth factor (VEGF), in the
development of TH [ 13]. Also, spontaneous involution
of TH may be associated with asharp decrease in serum
renin levels with age and /or depletion of endothelial
progenitor cells over time [11].

The potential connection with the RAS can
explain the mechanism of action of B-blockers, the
use of which has become a real revolution in the
treatment of TH [19,35]. In the world literature,
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the strategy of prescribing the non-selective
adreno-blocker propranolol for the treatment of
IH is widely covered. Various explanations have
been proposed for the mechanism of propranolol's
effect on IH-producing cells, including its
vasoconstrictor, antiangiogenic, and apoptotic
effects [14,20,30,41]. It has been demonstrated that
propranolol (at a dose of 2 mg/kg) is an effective
drug at all stages of the development of TH, both to
stop growth during the proliferation phase and to
accelerate the involution phase [8,9].

B-blockers offer several benefits, but they
can also be associated with potential side effects
and complications. As has been shown in analyzed
studies, B-blockers have shown remarkable efficacy
in promoting the regression of IHs. They can lead
to a significant reduction in the size and color of the
IH. By reducing the size of the TH, B-blockers can
help prevent complications associated with these
growths, such as ulceration, functional impairment,
and cosmetic disfigurement. Treating IHs with
B-blockers can lead to an improved quality of life
for both the child and their family, as it addresses
the psychosocial impact and functional concerns.
Propranolol and other B-blockers can help
minimize scarring that may result from ulceration
or healing of the IH.

Simultaneously, complications caused by the use
of B-blockers can be determined from the literature
and personal observations [12]. It is known that
B-blockers can lower blood pressure and heart rate,
which may lead to hypotension and bradycardia.
They can affect glucose metabolism and potentially
lead to hypoglycemia, particularly in young infants.
In rare cases, B-blockers may cause respiratory
distress and bronchospasm, especially in infants
with pre-existing respiratory issues. Prolonged use
of B-blockers can alter thyroid function, potentially
leading to hypothyroidism. Nausea, vomiting, and
diarrhea are possible gastrointestinal side effects.

It is important to note that these complications
mainly concern the systemic use of the drug.
Close monitoring during treatment is essential to
minimize the risk of side effects and complications.
Most side effects are temporary and can be managed
with appropriate medical care.

Due to the risk of systemic side effects, the
recommended topical administration of propranolol
and the B1- and B2-adrenoceptor blocker timolol,
which is safe and effective, has a minimal number
of side effects, allowing the agents to be considered
a primary treatment, especially in the early stages
of the development of IH or with small, thin lesions

[28]. Theoretically, topical B-blockers act only
locally and do not enter the systemic circulation.
But nowadays, local B-blockers are used to treat
IH with both deep and superficial components
of lesions, as well as amblyogenic TH [29].

As shown in Table 1, many studies are available
on the use of topical propranolol. Y.J. Tang et al.
(2015) investigated the effect of propranolol gel
on the level of plasma renin, ATII, and VEGF
in superficial TH (n=33). The control group
consisted of 30 healthy infants of the same age. The
clinical efficacy of topical propranolol gel at 1 and
3 months of use was 45% and 82%, respectively.
The levels of renin, ATII, and VEGF in the
blood plasma before treatment were higher than
in the control. Concentrations of VEGF and
renin after 1 and 3 months of treatment were
significantly reduced compared to the values
before treatment (271.51£18.59 vs. 362.16+27.29
and 405.18+42.52 vs. 565.86£49.66 pg/ml;
240.80+£19.89 vs. 362.16+27.29 and 325.90+35.78
vs. 565.86+£49.66 pg/ml, respectively), but
ATII levels in plasma decreased slightly. It was
concluded that since increased levels of renin,
ATTII, and VEGF are recognized as risk factors for
the occurrence and development of TH, propranolol
gel can inhibit the proliferation of IH by reducing
the concentration of VEGF and renin [36].

A systematic review (12 articles, 597 patients
with 632 IH), conducted by A. Price et al.
(2018), evaluated the use of topical propranolol.
Three topical forms of propranolol were used:
cream, ointment, and gel. The concentration
of propranolol ranged from 0.5 to 5%. The duration
of treatment ranged from 2 weeks to 16.5 months.
Overall, 90% of lesions improved after the start
of treatment. A good or excellent response
(at least 50% reduction in size) was observed
in 59% of cases. Earlier initiation of treatment
(under 3 months of age) was correlated with
improved outcomes. No systemic side effects were
reported. Minor local reactions were observed
in 1.3% of patients. The authors believe that topical
propranolol is safer than oral propranolol, although
it may be less effective. Topical propranolol is more
suitable for patients with small superficial THs
at risk of cosmetic consequences [31].

G. Xu et al. (2012) stated that therapy with
1% propranolol cream is a safe and effective
treatment for superficial TH and can be used as an
adjunctive treatment. 25 children in the age range
of 1-10 months (28 lesions) were treated.
Propranolol was applied topically three times
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daily for 21 weeks (range: 5-59 weeks). Of the
28 IHs according to the 3-point system, 90%
demonstrated a good (57%) or partial (33%)
response to treatment. Systemic complications
were not observed in any of the patients [40].

The clinical efficacy and safety profile of 1% pro-
pranolol cream for the treatment of superficial
IH (n=33) were determined by M. Kovacevi¢
et al. (2014) Five boys and three girls aged 3
to 12 months with superficial IH on the forehead,
and back of the neck, forearm, abdomen, or back
were examined. Propranolol was administered
twice daily for 10 months, with clinical evaluation
every 1-2 months. Efficacy was assessed according
to the Archauer system: grade I (poor): <25%
reduction in size; grade 1T (moderate): 26 to 50%
reduction; grade IIT (good): a reduction from
51 to 75%; and grade IV (excellent): >75%
reduction. The majority of treated THs (62.5%)
reached the IV degree. The III-degree result was
achieved in 12.5% and the II-degree in 25% of
patients with IH on the abdomen. The treatment
was well tolerated without side effects, i.e., topical
application of 1% propranolol cream is a safe,
effective, and inexpensive therapeutic option for
the treatment of superficial TH [17].

YN. Zhai et al. (2013) treated 51 children
with TH with 3% propranolol gel 3-4 times
a day by evenly applying the gel to the lesion
surface. The Archauer system was used to evaluate
the therapeutic efficacy of topical propranolol over
1—10months. Patientswith agrade I (poor)reaction
accounted for 17.24%, grade II (moderate) —
24.14%, grade 111 (good) — 44.83%, and grade IV
(excellent) — 13.79% [42].

J. Mashiah et al. (2017) conducted
a retrospective study of the results of topical
treatment of 63 patients with 75 ITH with 4%
propranolol gel (150 mg/5 cm? per lesion, twice
daily for 5-9 months). Of the total number of THs,
57.3% showed a good response, 25.3% had a partial
response, and 17.3% had a poor or no response to
treatment; that is, 82.6% of cases recorded a good
or partial response to treatment. Age at initiation
of treatment, duration of treatment, thickness
of the superficial component, and size of lesions
have been shown to predict response to therapy.
At the same time, minor local side effects were
observed in only two patients: irritation, redness,
and peeling of the treated area. No systemic side
effects were reported [23].

L.Q. Gan et al. (2018) conducted a follow-
up study of the results of the stagnation of
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carteolol for the treatment of superficial THs. The
study included 349 patients, who were divided
into two groups: the treatment group (n=224)
with 2% drops of carteolol hydrochloride two days
per day for 6 months; and the caution group without
treatment. Among infants treated with carteolol,
24 had a good response, 162 had partial remission,
and 38 had no response. In the observation group,
7 cases had remission, 32 had partial remission,
and 86 had no remission. No adverse reactions were
observed, meaning that 2% carteolol hydrochloride
drops are an effective and safe topical treatment for
IH [7].

One of the first series of studies conducted by
A. Chakkittakandiyil et al. (2012) retrospectively
reviewed the results of treatment for 73 patients
who received timolol maleate gel 0.1 or 0.5%
(62/73). Most patients had superficial IHs,
and >95% showed improvement as measured
by the visual analog scale (VAS). Predictors of
a better response were the superficial type of TH,
0.5% timolol concentration, and duration of use
of more than 3 months [3].

H. Chan et al. (2013) found that timolol was
more effective for lesions with a mean diameter
<11.3 mm (100 mm3 in volume) compared to larger
lesions. It is recommended to use timolol maleate,
1 drop of gel, twice a day. One drop of timolol
maleate (0.5%) contains 0.25 mg of the drug [4].
Some authors recommend using timolol maleate
3—4 times a day [27]. Treatment is more effective
in the proliferative phase than in the involution
phase, and plaques respond better to therapy
than nodules [4].

D.P. Xu et al. (2015) evaluated the clinical
effects and safety of topical timolol maleate
every 12 hours for 22 weeks for the treatment
of superficial TH (n=35, mean age 4.7 months).
Changes in the size, texture, and color of the mass
were recorded monthly. All patients completed
the treatment. Of the 35 THs, 51.4% had a good
response, 31.4% had a partial response, and 17.2%
had no response. The total response rate was 82.8%.
No systemic or local side effects caused by timolol
maleate were observed. The authors believe that
topical timolol maleate may be an effective and
safe alternative to systemic propranolol for the
treatment of superficial TH [40].

FZ. Munoz—Garza et al. (2021) investigated
the efficacy of 0.5% timolol maleate solution twice
daily for 24 weeks for the treatment of IH in the
first 2 months of life (n=60). ITHs were localized,
segmental, or indeterminate in 87, 10, and 3%
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of patients, respectively, and were located
on the head and/or neck (33%) or other body
sites (67%). No significant differences were found
between the timolol and placebo groups in terms
of complete or near-complete resolution of IH at
24 weeks (42% vs. 36%). There were no differences
in the reduction of TH size (volume and thickness).
Color improvement was observed in week 4 in
the timolol group. The results demonstrated
that topical treatment of TH with timolol in the
proliferative phase can prevent further growth and
the need for treatment with oral propranolol [25].

In a review of four articles by Z.Y. Ng et al.
(2016), they evaluated the results of topical
timolol as primary monotherapy for cutaneous
IH on the faces of children up to 12 months of age
and determined differences in outcomes between
early (before 6 months) and late (after 6 months)
initiation of treatment. Achievement of clinically
significant improvement, defined by a standardized
assessment score of 3 or higher, ranged from 47%
to 88%. IH regression was greater in patients
who received timolol before 6 months of age than
in patients who started treatment later [26].

Since the topical use of timolol in a large cohort
of the pediatric population with TH is insufficiently
covered, K. Piittgen et al. (2016) retrospectively
evaluated timolol efficacy and safety, response-
related characteristics, and adverse effects among
731 patients. The majority of IHs were localized
(80.1%) and superficial (55.3%). Distortion risk
was the most common indication for therapy
(74.3%). Duration of therapy, initial thickness, and
subtype were significant predictors of treatment
response. The best response was observed with
superficial TH <1 mm thick. 7.3% of patients needed
further therapy with systemic B-blockers. Side
effects were mild and occurred in 3.4% of patients.
No cardiovascular side effects were documented.
The authors concluded that timolol is a well-
tolerated, safe treatment option that demonstrates
the best response in thin superficial TH, regardless
of pretreatment size. Timolol can be recommended
as an alternative to systemic B-blockers, and
watchful waiting for the involution of IH [32].

S.A. Ovadia et al. (2015) published a meta-
analysis of 17 studies involving 550 patients
evaluating topical B-blockers. The response rate to
treatment was 80% for superficial IHs. A significant
difference between local propranolol and timolol
was not registered [28].

According to H'W. Wu et al. (2018), both oral
propranolol (n=362) at 2.0 mg/kg/day and topical
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timolol (n=362) by applying three times a day
athin layer of hydrogel over the entire lesion surface
for 6-7 months achieved satisfactory therapeutic
resultsof97% and 96.4%, respectively. Nosignificant
differences were found in the improvement of VAS
scores between the two groups. The incidence of
systemic adverse events in patients treated with
oral propranolol (3.9%) was significantly higher
than in patients treated with topical timolol
(0%). Clinical response was not associated with
sex, duration of treatment, location, size of lesion,
or gestational age at birth, but was closely
associated with age at the start of treatment, i.e.,
a younger age at the start of treatment predicted a
higher rate of regression [38].

The combined treatment of mixed IH with the
combined use of oral propranolol and topical timolol
maleate is not well documented in the literature. In
their study, G. Li et al. (2016) included 31 patients
with mixed TH in the mouth and maxillofacial
area who were divided into experimental (gro-
up A, n=14) and control (group B, n=17) groups.
Group A patients received oral propranolol
in combination with topical timolol maleate,
and group B patients received propranolol alone.
The maximum duration of treatment was planned
for 8 months. There was a significant fading of
color in group A (mean VAS score: 8.36£1.39) than
in group B (7.18£1.71) at the end of treatment,
while the reduction in size in group A (8.00+1.75)
was not significantly different from group B
(7.59+1.80). The duration of treatment in group
A was shorter than the duration of treatment in
group B (5.64£1.45 and 6.71+1.10 months,
respectively). Therefore, the combined use of oral
propranolol and topical timolol maleate contributes
to a better clinical response in the treatment of
mixed TH than oral propranolol alone. No serious
side effects were observed in both groups [21].

It has not been definitively established whether
topical B-blockers act only locally or whether their
action is partially due to systemic absorption.
L. Weibel et al. (2016) treated 40 infants (age
range 2—-35 weeks) with small proliferative THs
with topical timolol gel 0.5% twice daily and
assessed urinary timolol excretion and serum
levels. 23 patients (58%) had superficial THs, and
17 (42% had mixed THs. The average size of IH
was 3 ecm? (from 0.1 to 15 c¢m?). ITHs improved
significantly during treatment, with a median
VAS increase of 7 points at 5 months. Urinalysis
was positive in 20 of 24 patients (83%). Three
infants were also positive for serum timolol
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Fig. 1. Results of local treatment of IH with B-blocker timolol maleate gel 1%: A — 4-month-old child, B — 8-month-old child,

C — 10-month-old child, and D — 14-month-old child

(median 0.16 ng/mL [range 0.1-0.18 ng/mL]).
Nossignificant side effects were recorded. According
to the authors' conclusions, local timolol therapy is
effective in TH, but systemic absorption of timolol
occurs. Because serum levels were low, this confirms
that the use of timolol for small IHs is safe, but
caution is advised when treating ulcerative or large
IHs, in very young children, or with concomitant
systemic propranolol [37].

Ulcers are the most frequent compli-
cation of TH. M. Almebayadh (2020) reports
two cases of ulcerative TH treated twice daily
with a new form of cream with brimonidine
0.2% and timolol 0.5% (a combination of a selective
B-2-adrenergic blocker and a non-selective
B-blocker). In both cases, the ulcers healed within
7-10 days after treatment. No local or systemic
side effects were recorded. The author believes
that brimonidine 0.2%-timolol 0.5% cream is
a promising alternative for the local treatment
of ulcerative IHs [1].

In our practice, we have been using a group
of B-blockers in various dosage forms for the
treatment of THs for more than 10 years and had the
opportunity to compare the effect of an ointment
with a concentration of the active substance
with anaprilin from 1% to 5% and the effect of
a timolol gel with a concentration of 0.25% to 1%.
This allows us to clearly define the advantages
and disadvantages of each treatment method.
In particular, the ointment with anaprilin caused
a bigger number of complications: it is non-sterile
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(it cannot be used for THs with ulcers), and
it is dangerous to use near the eyes, nose, and
mouth. There were significantly fewer cases
of adverse reactions to the gel with timolol.
It was noticed that using the gel twice a day
is usually not enough; it depends on the age
of the child, the location of the lesion, and
the need to wash the child. In general, the
dosage and frequency of application of the gel
depended on the age of the patient and the pro-
liferating activity of IH and varied from three
times a day to every three hours (depending on
the location of the lesion in the diaper area).
At the same time, there was amuch higher efficiency
of using 1% gel, compared with 0.5% — a faster
stoppage of IH growth was observed.

In particular, we use a topical B-blocker in
the form of a gel containing timolol maleate at
concentrations of 0.25%, 0.5%, and 1%. This
product is sterile, can be used for ulceration
and the location of IHs near the eyes and on the
mucous membranes is accurate in dosage and is safe
for the child. Numerous clinical cases have proven
its effectiveness. Below are some of them.

Clinical case 1

Patient: 1 year, 2 months (age 4 months at the
beginning of treatment), female.

Localization: Skin of the genital area

Clinical diagnosis: TH in the proliferation phase.

The duration of treatment with a local B-blocker
(timolol maleate gel 1%) was 10 months (Fig. 1 A,
B, C, D).
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Fig. 2. Results of local treatment of IH with B-blocker timolol maleate gel 1%: A — 4-month-old child; B — 6-month-old child;
C — 8-month-old child; D — 10-month-old child; E — 12-month-old child; F — 15-month-old child

Fig. 3. Results of local treatment of IH with B-blocker timolol maleate gel 1%: A — 2-month-old child; B — an 11-month-old child

Clinical case 2

Patient: 1 year, 3 months (age 4 months at the
start of treatment), female.

Localization: Skin of the lateral surface of the
trunk.

Clinical diagnosis: TH in the proliferation phase.

The duration of treatment with local B-blocker
timolol maleate gel 1% was 10 months (Fig. 2 A, B,
C, D, E, F).

Clinical case 3

Patient: 11 months (at the time of treatment,
age 2 months), female.

Localization: Skin of the foot.

Clinical diagnosis: TH in the phase of active
proliferation with a tendency to exophytic growth.

The duration of treatment is 9 months (Fig. 3
A, B).

Clinical case 4

Patient: 1 year (age 1.5 months at the start of
treatment), male.

Localization: Skin of the penis.

Diagnosis: TH in the phase of active proliferation.
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Treatment: local B-blockers, timolol maleate gel
0.25-0.5% for 6 months of treatment (Fig. 4 A, B).

All treatment was carried out remotely.

Clinical case 5

Patient: 1,2 years (age 2 months at the start of
treatment), male.

Localization: Skin of upper lip and nose.

Diagnosis: TH of critical localization in the
phase of proliferation.

At the age of 2 months, treatment with timolol
maleate gel 0.5-1%: was started after an in-person
visit to the clinic.

Recommended: additional examination with
the consultation of a cardiologist, ultrasound
of the heart, and blood analysis to rule out
contraindications of taking anaprilin. Anaprilin at
a dose of 2—4 mg/kg for 12—15 months. During the
additional examination time, apply local timolol
maleate gel 0.5% for two weeks.

The result after two weeks of the timolol ma-
leate gel 0.5% usage was so significant that there
was no need to begin systemic anaprilin treatment.
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Fig. 4. Results of local treatment of IH with B-blocker timolol maleate gel 0.25-0.5%: A — 1,5-month-old child; B — 6-month-old child

ol
' = ._
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Fig. 5. Results of local treatment of IH with B-blocker timolol maleate gel 0.5-1%: A — 2-month-old child; B — 14-month-old child

Complete resolution of the TH was achieved within
12 months. Treatment with timolol maleate gel
0.5—1% — 12 months remotely, then patients came
to the clinic for an ultrasound control to finish the
treatment (Fig. 5 A, B).

Conclusions

Due to the accumulation of clinical studies
and the analysis of their results, it is confirmed
that B-blockers are the most modern, effective,
and safe method of TH treatment, and can be used
both for systemic and local use. Timely treatment
initiation of local or systemic therapy allows to
stop the proliferation of the tumor and prevent
the development of complications and cosmetic
defects, instead of treating them. Topical therapy
with B-blockers is an effective and safe method
of treatment for patients with different TH. In
addition, such THs may successfully be treated
by doctors not of a dermatological profile, but
by pediatricians or combined. Significant visual
reduction in size has been reported in up to 80% of
IHs. Treatment of complicated IHs involving deep
soft tissues, mucous membranes, or airways usually
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requires comprehensive treatment (systemic
propranolol, surgery, etc.), and the additional role
of local B-blocker therapy and clear indications for
its implementation are topics of future research.

It can be resumed that the use of topical
B-blockers, such as timolol gel or solution, in the
treatment of IHs offers several potential benefits:

1. Provide a non-invasive treatment option for
IHs. This can be especially beneficial for parents
and caregivers who prefer non-systemic treatments.

2. Topical application allows for a localized
effect on the IH, minimizing systemic exposure
and potential side effects associated with oral
B-blockers.

3. Topical treatment can be initiated at an early
stage when the TH is small, potentially preventing
the need for more invasive treatments later on.

4. By promoting regression of the TH, topical
B-blockers can help improve the cosmetic outcome,
especially when used for superficial or facial IHs.

5. Topical application is associated with
a lower risk of systemic side effects, such as
hypotension or bradycardia, which can occur
with oral B-blockers.
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6. Topical treatments can be applied at home,
which can be more convenient for parents and
caregivers, and increase the possibility of being
treated by pediatricians and dermatologists. In the
case of natural disasters or military operations, the
treatment can be remote via teledermatology.

7. The effectiveness of topical PB-blockers
depends mostly on the age at which treatment was
started: the earlier the beginning — the higher the
effectiveness.
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8. Deeper or larger THs may require sys-
temic treatment with oral B-blockers or other
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