OPUITMHANbHOE UCCINEQOOBAHUE

DOI:10.23888/PAVLOVJ202129189-98 ORIGINAL STUDY

METOIUKA PAJIMOYACTOTHOM OBJIUTEPAIIMM B JEUEHUU
IHAIIMEHTOB C BEHO3HBIMU AHI'MOAUCIIJIAZUAMMU
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I[ens. 3yyenne BO3MOKHOCTH MTPUMEHEHHUS METOJIMKU PaJIMOYaCTOTHON 00IUTEpaluy aH-
THOMATO3HBIX TKaHEH y MAIlMeHTOB ¢ BEHO3HBIMU Mallb(hOpMAaIHSIMH.

Mamepuan u memoost. B 0THOIICHTPOBOE HMCCIEIOBAHNUE PETPOCHEKTHUBHO BKIIOUEHO 42
KIMHHYECKUX cinydas (MyxunH — 57,1% (n=24), Bo3pact 18-44 ner; xenmun — 42,8% (n=18),
BO3pacT oT 18-56 51eT) BeHO3HBIX aHTHOIMCILIA3Ui, KOTOPHIM CyMMAapHO BBHINOJIHEHO 46 BMemna-
TEJILCTB C NMPUMEHEHUEM paauovactotHoi oomutepanuu (PYO). KnuHndeckue nposiBieHHs 3a-
0oJIeBaHUS TPEUMYIIECTBEHHO XapaKTePU30BAIUCH Hajauuuem OojeBoro cuuapoma (71,4%),
kocMmeruueckoro aedekra (100%) u oreunoro cunapoma (95,2%).

Pe3ynomamept. Kiimanueckoe ymydlieHHE CO CHIKCHHEM MHTEHCHUBHOCTH INPOSBICHUN aH-
TMOMAaTO3HOTO Tpollecca YAaaoch A0CTUTHYTh y 37 manueHToB (88,1 %). Croiikas obiuTeparus
KaBEpPH B 30HE PaaHMOYaCTOTHOM BO3jekcTBUS Oblaa 3adukcupoBana y 37 maruentoB (88,0%),
yactuyHas — y 5 maruentos (12,0%). IIpu kaBepHax manoro guametpa (5-20 M) mosHas 007m-
Tepanus kaBepH aocturayra B 100% cimydaeB. M3 mocneonepamoOHHBIX OCTIOKHEHUN OTMEYCHBI
kpoBoTeucHue (2,4%), okor B 30He BBeaeHHUs dekTpoaa (2,4%), mumboppes (2,4%), rumnecresus
(2,4%). IIpu sTOoM, 1O pe3yabTaTaM AYIUIEKCHOTO CKAHUPOBAHUS, BBITOJHICMOIO Ha KOHTPOJIb-
HBIX BU3UTaX, 3HAYMMOTO TPOTrPECCUpOBaHMs 3a00JIeBaHUSI HE HAOIIOAAIO0Ch. Y OHOTO U TOTO
K€ TIAIIMeHTa MOTJIM BCTPEYAThCSl HECKOJIBKO M3 BBIMICYITOMSHYTHIX OCIOXHEHUH. Bee ocnoxHe-
HUS PErPECCUPOBAIN B TCUCHHUE MECSIIIa U HE TPEOOBAIM JICUCHHS B YCIOBUSX CTAI[OHAPA.

3aknwuenue. PannouactoTHast 0OIUTEpAIMs XOPOIIO NTOKa3ana ce0sl Kak MaJOWHBAa3UBHBIN
METO/JI JIEYCHUS BEHO3HBIX aHTHOUCIUIA3Hid. VIcXoAst U3 MOJTYYeHHBIX Pe3yabTaTOB, OHA MOXKET
OBITh PEKOMEHIOBaHa K MCIOJB30BAaHUIO y MAIlMEHTOB C TIyOMHON mopakeHus 6osee 1 cM mpu
HAJIMYUU KaBEPH CPEJAHETO U KPYIMHOTO JMaMeTpa B paMKax CaMOCTOSITEIbHOTO METO/1a JISUCHHUSI,
TaK U B COUYETAHWH CO CTAHJAPTHBIMH PE3CKIIMOHHBIMH METOIUKAMH.

Knruesovie cnosa: 6enosHvle ancuoOUCniasull, 6eHO3HO-KABEPHOZHBIL AHSUOMAMO3, PAOUO-
yacmommuas ooaumepayus, MUHUMAILHO UHBAZUBHbBIE MEMOOUKU, TeYeHUe AHUOOUCHIA3UI.

RADIOFREQUENCY OBLITERATION IN TREATMENT
OF VENOUS ANGIODYSPLASIA

S.V. Sapelkin, N.A. Druzhinina, A.V. Chupin, A.L. Golovyuk, A.V. Abrosimov
Vishnevsky National Medical Research Center of Surgery, Moscow, Russia

Aim. This study aimed to investigate potential use of radiofrequency obliteration (RFO) of
angiomatous tissues in patients with venous malformations.

Materials and Methods. A single-center study retrospectively involved 42 clinical cases
[57.1% of men (n=24), aged 18-44 years; 42.8% of women (n=18) aged 18-56 years] of venous
angiodysplasia, with a total of 46 interventions using RFO. Clinical manifestations of the disease
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were primarily characterized by pain syndrome (71.4%), cosmetic defect (100%), and edema
syndrome (95.2%).

Results. Clinical improvement was possibly achieved with the reduction of the intensity
of manifestations of angiomatous processes in 37 patients (88.1%). Stable and partial obliterations
of caverns in the zone of exposure to radiofrequency were recorded in 37 (88.0%) and 5 (12.0%)
patients, respectively. In caverns with small diameter, obliteration was achieved in 100%
of the cases. Postoperative complications included bleeding (2.4%), burns in the zone of electrode
introduction (2.4%), lymphorrhea (2.4%), and hypesthesia (2.4%). With this, according to the
results of duplex scanning performed on control visits, no significant disease progression was
observed. In the same patient, several complications could occur. All complications regressed
within a month and required no treatment in hospital conditions.

Conclusion. RFO showed advantage as a minimally invasive treatment method of venous
angiodysplasias. Results suggest that RFO can be recommended for use in patients with >1 cm
depth of lesion with caverns of medium and large diameter as an independent treatment method
and in combination with standard resection methods.

Keywords: venous angiodysplasias; venous-cavernous angiomatosis; radiofrequency
obliteration; minimally invasive methods; treatment of angiodysplasias.

Venous malformations (VMs) are Large cavernous and combined angio-
diseases that have been known for several dysplasias of difficult anatomical location
centuries, but up to the present, they are that practically do not undergo spontaneous
still poorly treated and account for the largest regression and have a tendency to become
group of all congenital vascular anomalies. progressive are poorly treated.

Errors in the morphogenesis of the endothelial Development and application of novel
cells initiate excessive angiogenesis and minimally invasive methods contribute to the
proliferation of cells of the venous wall. improvement of treatment results. Reduction
This leads to the formation of a wide network of the scope of surgical interventions is
of venous caverns that are hemodynamically associated with improvement of the patients’
non-functional [1]. According to the literature quality of life. One of the minimally invasive
data, the incidence of all forms of dysplasias methods that proved to be of benefit is
reaches 2.6%; among them, VMs are recorded radiofrequency obliteration (RFO).

in >60% of patients [2-4]. Lesions of the Aim — was to investigate the potential
extremities are noted in 40% of VMs, use of RFO of angiomatous tissues in patients
head and neck lesions in 40%, and trunk with VMs.

lesions in 20% [3,4]. Materials and Methods

Various forms, locations, and involve- In the surgery department of
ment of the adjacent anatomical structures Vishnevsky National Medical Research
often limit the potentials of not only radical Center of Surgery, a retrospective study was
treatment but also of palliative procedures. conducted and included 42 patients with
The incidence of postoperative recurrences venous form of angiodysplasia who under-
reaches 30-48%, which is associated with the went RFO within the frames of therapeutic
spread of VMs and underestimation of the interventions from 2011 to 2018.
scope of lesion [5]. Thus, it is necessary to A total of 46 interventions were
choose an approach that will be appropriate performed with this method. In 6 (14.3%)
and effective in the treatment of a particular patients, RFO was performed as a primary
patient and a group in general. intervention. In the remaining 36 patients,
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each patient underwent a minimum of two
surgeries for the removal of angiomatous
tissues. Of the total number of patients,

57.1% (n=24) were men aged 18-44 years and
42.8% (n=18) were women aged 18-56 years.
Locations of lesions are presented in Table 1.

Table 1
Clinical Characteristics of Patients with Venous Malformations (n=42)
Number Depth Size of Presence Presence of
Location of Patients, of Lesion, Caverns, of Flebolytes, Blocked Caverns,

n (%) mm mm n (%) n (%)
Head 4 (9.5) 5-11 5-9 3(7.0) 3(7.1)
Neck 3(7.1) 6-11 7-11 1(2.4) 0
Upper extremities 5 (11.9) 10-15 7-15 1(2.4) 1(2.4)
Trunk 7 (16.6) 11-15 10-32 3(7.1) 0
Lower extremities 23 (54.7) 9-25 9-32 12 (28.6) 4 (9.5)

Clinical manifestations of the disease
were mostly characterized by pain syndrome
(71.4%), cosmetic defect (100%), and edema
syndrome (95.2%). In 1 (2.4%) patient,
trophic disorders were seen above the area of
the lesion.

In patients with lesion of the trunk and
extremities, elastic compression was used in
the postoperative period. For this, stockings
of the 3rd compression class or short-stretch
compression bandages were used. All patients
received conservative treatment with veno-
active drugs.

The use of the RFO method in patients
who underwent surgery was justified by a

severe disease course. The angiomatous
process spread to several anatomic structures,
which did not allow interventions without
risk for the patient. One of the main tasks in
this case was elimination of bleeding risk and
reduction in the volume of angiomatous
tissues to improve the patients’ quality of life.

A program of complex preoperative
examination included duplex scanning (DS)
of wvessels, ultraviolet scanning of soft
tissues, and computed or magnetic resonance
tomography (Figure 1). With these methods,
the location and depth of the lesions and
involvement of internal organs and adjacent
anatomic structures were clarified.

Fig. 1. Duplex scanning of angiomatous tissues. VVenous caverns
with low-velocity blood flow based on the Doppler curve data
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The study included patients with
venous-cavernous forms of angiomatosis
characterized by the existence of caverns,
grapelike venous cavities separated with thin-
walled trabeculas. According to their size,
caverns were classified to small (5-20 mm),
medium (21-30 mm), and large (>30 mm).
The size of venous caverns in the analyzed
clinical cases ranged from 5 to 32 mm,
and the depth of the lesions ranged from
7 to 25 mm. Flebolytes were identified in
9 (45.2%) patients.

RFO of angiomatous tissues. The RFO
method is based on the local exposure of
biological tissue to magnetic radiation.
For this, a generator is used in transmitting
electric current to an electrode. The generated
magnetic field induces oscillation of particles
of surrounding tissues, heating them to the
extent of necrosis. Unlike other surgical
treatment methods, RFO does not inhibit
generated charged particles by the tissues
surrounding the active electrode. For this, a
catheter should be placed inside the tissues.
As a rule, the temperature may reach 90-
100°C; however, modern generators can

prevent boiling of the tissue fluid. In this
method, the temperature does not exceed
>100°C, and the generator turns off auto-
matically. This (ionic) method of heat
production permits coagulation of larger
volumes of tissues.

In our clinical practice, we used radio-
frequency Cool-tip RF Ablation System
(Valleylab, Covidien, USA, Figure 2)
coagulator. The device is operated by a
specially trained person who controls the
electrode temperature, and temperature
and impedance of tissues. Before the surgery,
the operator prepared a container with
crushed ice and placed it into a flask that
contains physiological saline. The tubes
from the flask were directly connected to
the radiofrequency catheter. During the
surgery, the physiological saline circulates
through the tubes, cooling the catheter

and preventing its excessive heating. As
a rule, for any interventions, ablation with
a single electrode kit E catheter is used in
lesions 15 cm in length and the length
of the operating part was 1-2 cm depending
on the volume of lesion.

Fig. 2. Cool-tip RF Ablation System radiofrequency coagulator (Valleylab, Covidien, USA)

Puncture of angiomatous tissues and
intervention are performed under ultrasound
control (Figure 3A). In venous caverns located
at a depth of <10 mm, a hydraulic cushion

with saline solution is preliminarily created.
The working part of the radiofrequency
catheter is positioned in the projection of
conglomerates of pathological  vessels
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(venous caverns, Figure 4). The subsequent
obliteration of this zone depends on the size
of the venous caverns and the resistance of
the tissues (Figure 3B). On average, one RFO
session takes 3-5 min. The number of

sessions varies depending on the volume.
After the radiofrequency exposure, the

temperature was measured. In this case, it
should be >50°C to induce destruction of
protein structures and cell membranes.

Fig. 3. Surgical intervention with ultrasound (US) control (A) and the results of US examination
in B-mode (B). Echo-positive signals in the radiofrequency ablation zone (arrow)

Fig. 4. Introduction of a radiofrequency catheter with UV control into the thickness
of angiomatous tissues in the buttock region

The effectiveness of the RFO depends
on the hydration of tissues. Surgical
procedures performed with high impedance
are associated with strong heating of

surrounding tissues. Thus, it is important to
control the position of the electrode upon
completion of the procedure. Premature
removal of the catheter out of the puncture
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channel may lead to burned skin. The punc-
ture hole does not need suturing, and the skin
above the target site becomes dense to touch
and mildly pale. After surgery, elastic
compression of the zone of exposure is required.

The follow-up period was 1 vyear
with intermediate visits in 1, 3, and 6 months.
Pain syndrome was evaluated on a visual
analog scale before and on the 7th day, 1, 3,
6, and 12 months after the surgical interven-
tion. In DS in the postoperative period,
the degree of obliteration of caverns in the
zone of intervention, area of residual lesion,
existence of residual caverns, and their sizes
were evaluated.

The results were given in absolute (n)
and relative (%) values. Because of the
low statistical power of the observation, no
statistical analysis was conducted. However,
the clinical significance was the basis for the
rationale of data publication.

Results and Discussion

Clinical improvement after RFO
was noted in 37 (88.1%) patients. Before the
operation, 41 patients presented with pain
syndrome of different severities (97.6%,
Table 2). In the evaluation of the patients’
condition in 12 months, the pain syndrome
completely regressed in 34 patients (82.9%).
In 11.9% of the patients, vague pain persisted
in the zone of lesion provoked by active
physical loads. In three patients with a diffuse
cavernous angiomatosis, pronounced pain
persisted in the long-term follow-up period.

In the preoperative period, 40 (95.2%)
patients presented with edema in the area
of the lesion, while after the intervention,
their number decreased to 6 (14.3%).
Pain syndrome regressed in 25 cases (83.3%),
and the complaints in five patients (11.9%)
were associated with diffuse spread of the
disease (Table 3).

Table 2

Evaluation of Patients’ Condition on VAS before and after Surgical Intervention (n=42)

Severity of Pain Syndrome, points Before RFO, n (%) 12 Months after RFO n (%)
0 1(2.4) 34 (80.9)

1-3 9 (21.4) 5(11.9)

4-6 11 (26.2) 3(7.1)

7-9 21 (50.0) 0

10 0 0

Table 3

Dynamics of the Clinical Complaints of Patients before and after Intervention

Complaint Before RFO, n (%) After RFO, n (%)

Cosmetic defect 42 (100) 41 (97.6)

Pain syndrome 30 (71.4) 5 (11.9)

Bleeding 5 (11.9) 1(2.4)
Hypesthesia 2(4.7) 1(2.4)

Edema 40 (95.2) 6 (14.3)
Senestopathy 1(2.4) 1(2.4)

Trophic disorders 1(2.4) 0
Lymphorrhea 1(2.4) 1(2.4)

Results were objectively evaluated in
control DS of the intervention zone in 1 and
12 months after the intervention. Stable and

partial obliterations of the caverns in the RFO
zone were recorded in 37 and 5 patients, re-
spectively (Table 4).
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Table 4

Results of DS of Angiomatous Tissues in RFO Area in 12 Months (n=42)

Size of Caverns Number Result of RFO
before RFO, of Patients, | Complete Obliteration, | Partial Obliteration, | Absence of Obliteration,
mm n n (%) n (%) n
5-20 30 30 (100) 0 0
21-30 6 5(83.3) 1(16.7) 0
>30 6 2(33.3) 4 (66.7) 0

Four patients were subjected to repeated
interventions. This was associated with a
lesion of the skin, muscles, and even
bone structures, which entailed excessive
deposition of blood in this area, development
of trophic disorders, and recurrent bleeding.
In six patients, RFO was performed as a
preoperative procedure before subsequent
interventions.

Postoperative complications included
bleeding (2.4%), a site of introduction of
electrode (2.4%), lymphorrhea (2.4%), and
hypesthesia (2.4%). According to the
results of DS performed on control visits,
no significant regression of the disease was
noted. In one patient, several of the above
complications might occur. All complications
regressed within a month and did not require
hospital treatment.

As regards the obtained results, one
cannot deny that the only method that can
provide radical results in the treatment of
venous angiodysplasias is open resective
surgical intervention. However, the need in
such interventions arises again and requires
stepwise treatment of this group of patients.
This sets certain tasks before surgeons, that is,
to reduce the injury rate of the intervention by
increasing its effectiveness and to minimize
intraoperative blood loss. Development and
introduction of modern minimally invasive
interventions into the clinical practice help
solve these tasks.

RFO as a method of treatment for
angiodysplasia which came to light in 2005,
after the publication by E. van der Linden, et
al. of an article about the first successfully
operation in patients [6]. Since then, surgical

interventions began to appear in the works of
many surgeons worldwide. Thus, A.H. Kim,
et al. (2009) described a single case of treat-
ment of a female patient with venous
angiodysplasia on the face. By the 3rd month
of follow-up, the area of the lesion reduced
from 20.25 to 5.4 cm? [7].

The topic was indirectly touched upon
by S. Behravesh, et al. (2016). According to
the authors, endovenous thermal ablation may
play an auxiliary role in treatment of large
VM, while radiofrequency ablation demonst-
rated good results in a limited number of
patients who are not suitable for
sclerotherapy, or after previous unsuccessful
therapy. RFO was performed in two patients
without complications in the early post-
operative period [8].

From the analysis of the literature, RFO
is mostly used as a method supplementing
standard surgical intervention in rather rare
cases. In this connection, practically no
works have been conducted on large samples
of patients [8,9].

The largest clinical observation of
application of RFO method was carried out
in 2012. Y. Gao, et al. stated that RFO as
a minimally invasive and safe method may
be used as an alternative treatment for VM
and other skin diseases. In a study of 16
patients, the results presented considerable
improvement of the quality of life in 10
(62.5%) patients. However, for assessment of
the efficiency and for comparison with other
methods, randomized research is required [9].

In our study, clinical improvement was
recorded in 37 patients (88.1%), which is
comparable with the results given in the
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world literature. Alleviation of pain syndrome
as well as its complete regression is the main
result of the given intervention that was
demonstrated in the works of our foreign
colleagues and in patients who were on
treatment in our center.

Given the possibility of instant
processing of large areas of obliterated tissue,
RFO is undoubtedly efficient. A stable
obliteration could be achieved even with
large-diameter caverns (>30 mm), which
were confirmed by DS in 12 months after the
intervention. In case of large angiomatous
tissues involving several anatomic regions,
we performed stepwise surgical interventions
(7.1%).

RFO shows good results with low
impedances and permit a good implementa-
tion of radiofrequency coagulation at large
depths with control of the obliteration
process. This is very important because the
main problem remains to be the formation of
carbon deposit in the region of the electrode,
which can be solved by automatic cooling of
the catheter in the RFO process.

RFO can be used both independently, in
combination with open interventions, or may
be supplemented with sclerobliteration. In
comparison with open resections, RFO does
not require an incision, which dramatically
reduces the risk of postoperative bleeding. In

our study, this complication developed only
in one patient (2.4%).

However, despite the technical success
of the procedures, heating of tissues may
lead to trophic disorders. To avoid such
complications, the electrode should be placed
to the correct depth, that is, >10 mm from the
surface of skin, and a hydraulic cushion
above the region of intervention should be
created. This will diminish the risks of burns.

Conclusion

RFO is proved to be a good palliative
treatment method of venous angiodysplasia.
Based on the obtained results, RFO can be
performed in patients with lesion depth >1 cm
and caverns of medium and large diameters,
both as an independent treatment method and
in combination with standard resective
methods. Such interventions are characterized
by acceptable frequency of postoperative
complications and lead to the regression of
clinical complaints in 88.1% of the cases
within a follow-up period up to 1 year. RFO
Is not a radical intervention; however, despite
being a palliative treatment method, it
demonstrates good results.

This type of operative treatment in the
«arsenal» of vascular surgeons will allow us
to perform surgical treatment in such group of
patients with higher effectiveness and lower
injury rate.
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