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Abstract:

Relevance. Venous malformation is an abnormal development of the collecting blood vessels based on the
vascular wall formation disorder, which occurs during the peripheral vascular network differentiation. Ac-
cording to various sources, venous malformation prevalence ranges from 1 to 2 in 10 000 newborns. Head and
neck VMs significantly reduce patients’ quality of life, causing severe functional and aesthetic impairments.
Sclerotherapy is an effective treatment method for children with venous malformations. In recent years, ble-
omycin has been the most commonly used sclerosant. It is a glycopeptide antibiotic synthesized by Strepto-
myces verticillus and belongs to cytostatic medications. It is successfully used for venous malformations scle-
rotherapy, also in children.

Purpose. The study aimed to improve the sclerotherapy method by combining the advantages of foam-form
sclerotherapy and bleomycin.

Materials and methods. We provided experimental and clinical stages of the study. There were 48 samples
of rats’ external femoral veins morphologically examined in the experimental stage. We divided the rats into
2 groups depending on the administrated agent: the first group — 3% polidocanol (lauromacrogol 400), the
second group - bleomycin-polidocanol mini-foam composition. The histological assessment identified the
changes in the vein endothelium, necrosis of tissue structures, cell dystrophy characteristics. In the clinical
stage we also divided patients into 2 groups following the same treatment protocols as in the experimental
stage. The results assessment included presence or absence of clinical manifestations and magnetic resonance
imaging malformation features.

Results. In the experimental stage the first group, in which the bleomycin-polidocanol mini-foam composi-
tion was used, demonstrated more pronounced irreversible changes in the venous vessel endothelium com-
pared to the second group. In the clinical stage the second group where bleomycin-polidocanol mini-foam
composition was used showed rather good and satisfied results than in the group where standard polidocanol
technique was carried out.

Conclusions. The study revealed that the proposed method of venous malformation sclerotherapy using new
bleomycin-polidocanol mini-foam composition is more effective than the polidocanol foam-form sclerother-
apy. The new method is highly effective, minimally invasive, safe and can be considered an independent treat-

ment method in children with head and neck venous malformations.

Keywords: venous malformation, sclerotherapy, bleomycin, polidocanol, vascular malformations, cytostatic

agents, endothelium, rats, sclerosing solutions, quality of life.

1. Introduction

Venous malformation (VM) is an abnormal development of the collecting blood vessels based
on the vascular wall formation disorder, which occurs during the peripheral vascular network dif-
ferentiation. VMs are slow-flow vascular anomalies characterized with poor smooth muscle layer
development. The VM endothelium is not prone to proliferation. However, clinical manifestations
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of the disease are associated with local hemodynamic disturbances resulting from the inclusion of
the malformed vascular bed into the circulation. Hemodynamic disturbances are characterized by
local venous stasis with intravascular chronic coagulopathy development resulting in calcinates
and phleboliths formation. The incidence of VM according to various data sources ranges from 1-
2 cases per 10,000 newborns [1, 2] up to 1-4% of the population [3]. According to the U.S. consoli-
dated data, venous malformations occur in 48% among all types of vascular malformations [4].
According to the literature, VMs are localized in the head and neck area with the frequency from
14.7% [5] up to 74% [6]. The venous malformations incidence among all vascular malformations in
children is 21.5% [7]. The main pathogenetic mechanism of the disease is TEK gene mutation, locus
9p21.2 (short arm of the ninth chromosome). The TEK gene encodes the TIE2 protein, which is the
intracellular domain of the tyrosine kinase receptor in endothelial cells; this protein functions as
an angiopoietin I receptor. The TEK gene signaling pathway is the main factor in the formation of
intercellular connections between the endothelium and the smooth muscle layer in venous vessels
development. The TEK gene mutations are the major causes of an abnormal venous formation [8].
Clinical manifestations of head and neck venous malformations vary from the limited oral mucosa
phlebectasis to the extensive diffuse angiomatosis spreading to several anatomical areas. Head and
neck VMs, in addition to functional disorders, cause the aesthetic defects, thus, significantly ham-
pering patient’s social adaptation. The majority of authors recognize a surgical method to treat VM
[9,10, 11]. The authors note the angiomatous tissues radical excision difficulty due to the high risk
of intra- and postoperative bleeding. Also, an excision of significantly sized malformation can be
compromised due to the high aesthetic requirements of maxillofacial surgery [12, 13]. In addition,
the frequency of VM’s recurrences is high [14].

According to mentioned above the treatment tactic of patients with VM of head and neck
should be pathogenetically reasonable and based on principles of:

1. Efficiency;

2. Minimal invasivness;

3. Safety.

The sclerotherapy method is fully corresponded to these criteria. Sclerosing therapy or scle-
rotherapy is an alteration on the venous malformation endothelium using a chemical substance to
destroy its intima, followed by venous wall adhesion and, as a consequence, removal of pathologi-
cal veins from the blood flow.

Sclerotherapy advantages are:

1) Selective effect on decompensated collective blood vessels (in case of endovascular agent
injection);

2) Minimally invasive procedure;

3) Malformations management in complicated localization;

4) The procedure can be carried out without anesthetic assistance in elderly patients;

5) Absence of postoperative defects and scars.

Foam-form sclerosing therapy has been widely spread in clinical practice since 1993. It is
based on the irregular bubbles dispersion with increased sclerosing agent concentration on the
surface injection into the vessel lumen, and, as a result, has maximal sclerosing effect.

The described form has a number of advantages:

1) "Empty vein" effect by evenly displaced blood from the venous malformation lumen;

2) Sclerosing solution and the VM endothelium contact prolongation by keeping the agent
in the vessel lumen until the bubbles decay, whereas the native agent form rapidly dissolves in the
blood, losing its initial effectiveness;

3) Administrated agent's amount reduction;

4) Persistent pronounced vasospasm after the sclerosing solution foam-form injection into
the vessel’s lumen contributes to the development of sclerophlebitis, which is a predictor of VM
persistent remission.

Considering foam-form sclerotherapy advantages, not all sclerosing agents are suitable for
foam formation. Only detergents are suitable for this purpose due to its lyophilic center that re-
duces surface tension. However, recently, other pharmacological agent groups have become wide-
spread. A large data amount about using bleomycin in the treatment of children with venous mal-
formations is recorded in the foreign and domestic literature. Bleomycin is a glycopeptide antibi-
otic synthesized by Streptomyces verticillus and belongs to cytostatic medications. This agent is
being successfully used for venous and lymphatic malformations sclerotherapy, also in children.

In order to improve the sclerotherapy method for venous malformations of the head and neck,
we combined the advantages of foam-form sclerotherapy and the effectiveness of the bleomycin.

2. Materials and Methods

The presented mini foam composition is prepared of 3 components which are polidocanol
(Aethoxysklerol 3%, Kreussler Pharma, Germany), bleomycin and an atmospheric air. 3% Aethox-

16




OTORHINOLARYNGOLOGY, HEAD and NECK PATHOLOGY (ORLHNP) 2023, 2 (2) ISSN 2989-1523 (Online)

ysklerol and the same amount of bleomycin solution are mixed in a three-component syringe ac-
cording to the Tessari method (Tessari L. 2000) with an atmospheric air in the second syringe. The
optimal ratio of bleomycin-polidocanol-air is 1:1:4. The detergent component molecule of the foam
composition (polidocanol) is a dipole with a lyophilic center and hydrophilic and hydrophobic
sites at the opposite ends. Due to this feature, some of these molecules are fixed by the hydrophobic
part to the membrane of endotheliocytes, causing denaturation of proteins and destroying the vas-
cular endothelium with an extended exposure of the basal membrane. The second component of
the mini foam composition (bleomycin) enhances the damaging effect on the malformation endo-
thelium, complementing the total sclerosing effect and reducing the risk of disease recurrence by
local angiogenesis suppression.

Figure 1. Magnetic resonance imaging of a patient with extensive venous malformation of the right parotid,
buccal regions and right pterygopalatine fossa

The study was approved by the Ethics Committees of A.I. Evdokimov Moscow State Medical
University of Dentistry and Medicine (MSMSU). In the period from 2016 to 2021 in A.LEvdokimov
MSMSU Clinical center of Maxillofacial and Plastic surgery we treated 62 patients 0-18 years
of age diagnosed with venous malformation of head and neck. The diagnosis was based according
to general examination data: interview, anamnesis, physical examination, functional tests (filling
and compression symptoms, Valsalva maneuver) and additional methods of examination. All pa-
tients underwent Doppler color flow mapping ultrasound. Doppler color flow mapping should be
the primary link in the diagnostic of this pathology, since it has several advantages: it is noninva-
sive, does not require special patient preparation and anesthesia. Also, ECHO-graphy combined
with color flow Doppler is a rather informative technique in VM diagnostic: it allows not only
revealing the vascular component of the malformation, but also determining the blood flow type
and angioarchitectonics of the malformation. Ultrasonography also detected the presence of cavi-
ties sharply increasing in volume when performing compression tests. Thrombi, including those
with signs of organization, and phleboliths were detected echographically.

Magnetic resonance imaging (MRI) is the most informative method to diagnose the venous
malformations (Fig.1). This technique is highly informative to determine the malformation's size,
localization and configuration. It also allows determining the volume of venous hyperemia in the
affected area. No bolus contrast enhancement is required; the malformation is clearly visualized on
T2-weighted image. At low blood flow rates, it is possible to detect signs of sedimentation. The
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necessity of providing head and neck soft tissue MRI in venous malformations of all sizes and vo-
calizations is due to the probability of intra- and extracranial lesion foci, which may not manifest
clinically. However, this highly informative technique has its disadvantages: the study is time-con-
suming and can be only performed under general anesthesia in young children.

Multi slice computer tomography (MSCT) angiography was additionally performed in 5 pa-
tients with extensive VMs. This method was not highly informative in VM diagnostic, a moderate
accumulation of contrast agent in the venous cavities was detected 5 minutes after the injection.
The method is also characterized by high radiation exposure and the need for intravenous injection
of a contrast agent. In young children this study can be performed only under anesthesia support

(Fig2).

| 7 17:04
B O Bseaure 3neck TekcT 427 novcka H € n ﬂ MY ¥ & [ ~ooEmzW oG oo, O

trial version - 16 days left - purchase a license at hitps:

-
B O Beeaute 31ech TeKCT Ans novcka H @ » B M ¥ 8 & ACOE ™ ZW m

TN T A 22

L

17:18
04032021

Figure 2. MSCT angiography of a 17-year-old patient with extensive venous malformation of the right side of
the face. 3D reconstruction

All patients underwent sclerosing therapy: 41 patients were treated using the standard "foam-
form" technique with 3% polidocanol solution and 21 patients - using the new bleomycin-polido-
canol mini foam composition. The method was carried out as follows (FIg.3): under inhalation
anesthesia, we performed puncture of one of the venous malformation cavities with an injection
needle (two needles for extensive malformations) under ultrasound navigation; after the aspiration
test, the foam was injected through one needle. The volume of injected sclerosant was calculated
according to the formula: Vo = x A x B x C, where: Vo - malformation volume, cm; A - height, cm; B
- width, cm, C-thickness, cm. In most cases, foam leaking through the second needle is determined,
which is one of the signs of intravascular needle placement. The needle position does not change
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throughout the procedure, the foam spreads in full volume through all the VM cavities, which is
confirmed by intraoperative ultrasound monitoring. After the necessary volume of the drug is in-
jected, the needles are removed and manual compression is performed for 5 minutes. The technique
did not differin the studied groups.

Figure 3. The process of performing VM sclerotherapy with the new bleomycin-polidocanol mini-foam com-
position. The arrow indicates the foam leaking through the second needle.

The number of procedures varied from 1 to 6. The time interval between the sclerotherapy
procedures ranged from 30 days to 4 months, depending on the severity of the lesion, stage of treat-
ment and social factors. An ultrasound was performed 30 days after the surgery in order to decide
on the next stage of treatment. In the case of pathological vascularization absence according to the
ultrasound findings, the patient underwent a control MRI scan. We performed MSCT in 12 pa-
tients on the third day after surgery. Numerous air bubbles evenly filling the entire volume of the
malformation were visualized (Fig. 4). It should be noted that during paravasal injection of the
foam form of the drug, air bubbles are concentrated strictly in the place of needle puncture. Thus,
this method can be used as a postoperative control in the treatment of VM.

For morphological assesment of the proposed VM sclerotherapy efficiency, an experimental
study was performed. Wistar laboratory rats of both genders with an average body weight of 180-
220 g were used in the experiment. All experiments were performed according to the "Statute on
legal and ethical principles of medical and biological research’ (VAK Bulletin of the Ministry of
Education of Russia. 2002. Ne3. P. 77-75); 'Rules for work with experimental animals’ (Appendix
to the Order of the Ministry of Health of the USSR, August 12, 1977, N 755) and the "European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes’, March 18, 1986. In order to assess morphological changes in the studied site we in-
jected sclerosing agents into the intact tissues of laboratory rats: external vein of right and left hind
limbs.

A total of 12 rats were involved in the experiment and divided into 2 groups depending on the
injected agents: group 1 - 3% polydocanol (lauromacrogoal 400), group 2 - new bleomycin-pol-
ydocanol mini-foam composition.

The animals were weighed and the amount of administered drugs was calculated. Medetomi-
dine 0.05 ml/100 ¢ was administered intramuscularly in order to provide anesthesia and zoletil
100 5 mg/100 g intramuscularly was also administrated 10 minutes later. The lower extremities
were fixed and a tourniquet was applied. 0.2 ml of sclerosing agents were slowly injected into the
external femoral vein through an insulin needle. The needle was removed, hemostasis was per-
formed by finger compression. For morphological study, animals were removed from the experi-
ment by intramuscular injection of zoletil 100 10 mg/100 g on the 7th day after the drug administra-
tion. Histological evaluation included revealing changes in the endothelial layer of the venous ves-
sel, necrosis of tissue structures and cell dystrophy.
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Figure 4. MRI scan of a 13-year-old patient with venous malformation of the tongue. MSCT of the same pa-
tient on the 2nd day after sclerosing therapy. Even distribution of gas bubbles over the entire volume of the
malformation is visualized.

3. Results

3.1 Results of the clinical stage of the study.

The results were assessed as follows: absence of clinical manifestations and MRI features of
malformation - good, clinical manifistation and malformation volume decrease according to MRI
data - satisfactory, clinical manifestation persistence, absence of MRI dynamics - unsatisfactory.
Good result was achieved in 33 patients (80%), satisfactory - in 6 patients (15%). In 2 patients
(5%) we considered the result to be unsatisfactory. The results in the second group of 21 patients
who underwent sclerosing therapy with bleomycin-polidocanol mini-foam composition were as-
sessed in the similar way. The results were distributed as follows: good result was achieved in 19
patients (90.5%) and satisfactory result- in 2 patients (9.5%). We did not obtain unsatisfactory
result in the group where bleomycin-polidocanol mini-foam composition was used. The results of
the treatment of children are summarized in Table 1.

Bleomycin-polidocanol mini-foam composition in addition to its significant advantages such
as minimal invasivness, selective effect on the pathological venous pool, absence of surgical trauma
of the adjacent anatomical structures, has also the following advantages:

1.The combined effect of two sclerosing agents on the vascular endothelium significantly in-
creases the sclerotherapy efficiancy;

2.Relapse probability decrease due to angiogenesis inhibition in the injection site of the com-
position;

3.This technique has been shown to be highly effective in large venous malformations (3 or
more anatomical areas of the head and neck);

4.Surgeries that are necessary to achieve permanent irreversible sclerophlebitis of pathologi-
cal venous vessels number decrease;

5.The total rehabilitation time of the child is significantly reduced (Fig.5).
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Table 1. Sclerotherapy results

Average

amount of Obtained re- Total amount of

The agent .
sclerotherapy sults patients
procedures
Good Satisfactory  Unsatisfactory

Polidocanol
foam-form 2.68 33(80%) 6(15%) 2(5%) 41
Bleomycin-
polidocanol
mini foam 1.46 19(90.5%)  2(9.5%) 0 21
composition
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Figure 5. MRI of a 13-year-old female patient with venous malformation of the tongue. Before treatment (left)
and after one session of sclerotherapy with the new bleomycin-polidocanol mini-foam composition (right -
complete absence of pathological vascularization).

3.2. Results of the experimental stage of the study

Morphological study of 24 specimens divided into 2 groups depending on the injected drugs
was performed: Group I - 3% polidocanol (lauromacrogol 400), Group 1I - bleomycin-polidocanol
mini-foam composition. 12 specimens of external vein of Group I revealed different degrees of
plasma impregnation and one case of vessel wall unwinding; the endothelium is preserved in 11
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samples. In four specimens a collapsed lumen with "adhered” endothelium was detected. In 8 other
samples the lumen was narrowed. In three samples a mixed clot was detected in the vein lumen.
12 specimens of external vein of Group Il revealed different degrees of plasma impregnation
and vessel wall unwinding; in 3 samples there was a collapsed lumen with "adhered" endothelium,
and in the remaining 9 samples there was no endothelium and the vessel's lumen was dilated. There
was a mixed clot in venous lumen in one specimen;
Comparative data by groups are presented in Table 2.

Table 2. Compatarive data of the groups

Specimens amount
Changes characteristics in the vein ~ Bleomycin-polidocanol foam composition ~ Polidocanol (lauromacrogol 400)

Complete absence of endothelium 18 2
Partial absence of endothelium 6 8
Totally preserved endothelium 0 6

‘adhered’ endothelium 6 8
Vein thrombosis 2 6

Figure.6. Comparison of external femoral vein specimens after polidocanol 3% (A) and new bleomycin-
polidocanol mini-foam composition (B). Hematoxylin and eosin staining, magnification 200x. A - Par-
tially preserved endothelium. B — Complete absence of endothelium

4 Conclusions

Clinical and experimental studies revealed that the proposed method of treatment of children
with head and neck venous malformations using the new bleomycin-polidocanol mini-foam com-
position showed greater efficacy than 'foam-form" sclerosing therapy using polidocanol. This
method is highly effective, minimally invasive, safe and can be considered as a first-line method in
the treatment of children with this pathology.
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