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ABSTRACT

The aim: Optimizing the interdisciplinary approaches in the diagnosis and monitoring the dynamics of uterine leiomyoma treatment by high-intensity focused ultrasound ablation.
Materials and methods: In the course of scientific research we conducted a survey 72 women of reproductive age were diagnosed with leiomyoma. All patients underwent
bimanual gynecological examination, ultrasound and MRI to determine the condition of the pelvic organs, assess the structure, location, number of myomas, as well as assess
the possible acoustic pathway of high-intensity focused ultrasound. During monitoring, dynamic contrasting was used to determine the zone of node necrosis. Methods of
control in the postoperative period: ultrasound, MRI of the pelvic organs using paramagnetic, were performed after 1, 3, 6 months. Ultrasound ablation of uterine fibroids was
performed using the JC extracorporeal treatment system (Chongging HAIFU (HIFU) Technology Co. Ltd., China) with a built-in ultrasound system (Italy).

Controlling the direct result was based on gray scale changes during real-time ultrasound examination on the monitor of the JC device. Since HIFU is a non-invasive method
of treatment, in the future, the diagnosis was limited to using the ultrasound and MRI paramagnetic. Indicators such as: uterine body size were considered as indicators that
characterize the effectiveness of treatment; specific volume of myoma; regression of uterine body size; regression of the myoma; regression of the node, calculated on its specific
volume, because one patient could have several nodes.

Results: Analyzing the obtained results, it should be noted that for a month the average volume of leiomatous hives that were exposed to HIFU, almost did not change and
was 122 cm®, while three months after treatment it was — 98 cm. The nodes underwent a significant reduction 6 months after the treatment, their volume averaged 61 cm®.
The dynamics analysis results of uterine body volume reduction, which is no less important expected result, showed the following: in the first month after the intervention the
uterine volume almost did not change and, compared to the average size before treatment 342cm®, was 300cm”’. In three months after treatment, the body volume of the uterus
decreased to 264 cm®, and in six months — to 200 cm”.

When assessing the node 6 months after the procedure, it was found that during this period there was a significant reduction in the volume of leiomyoma, which was positively
correlated with the clinical manifestations of the disease.

Conclusions: An interdisciplinary approach with the widespread introduction of modern organ-preserving techniques is an important direction in maintaining the reproductive
health of women with uterine leiomyoma.

Positive dynamics of leiomatous node volume regression depends on its location, volume and MR type. The terms 1 and 3 months after ultrasound ablation are insufficient for
objective radiological evaluation of the treatment outcome, but are important for the choice of further tactics in observing and treating the uterine leiomyoma.
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INTRODUCTION

In modern conditions, one of the most important and
urgent tasks of gynecology is the preserving womenss re-
productive health. The normal functioning of the female
reproductive system is considered to be one of the most
important indicators of public health as a whole. Uterine
fibroids are the most common benign tumor among all
female genital tumors diagnosed in women under the age
of 50 and are the leading indication for hysterectomy (39%
of cases) [1, 2].
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Due to the prevalence of uterine leiomyoma, preserving
the reproductive function in this group of women acquires
great social significance. This is due to the tendency to
increase the average age of women planning their first
pregnancy, when the possibilities of reproductive func-
tion are quite limited. Uterine leiomyoma is a common
cause of decreased fertility in women of reproductive age.
Therefore, every year the number of patients is growing
who, in order to achieve the desired pregnancy, require
using a wide range of modern organ-preserving techniques
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based on multidisciplinary interaction of gynecologists and
radiologists [3, 4].

The tactics of therapeutic measures for uterine leiomy-
oma should be individualized and based on the analysis
of clinical and anamnestic data (age, ovarian reserve,
reproductive plans, take into account the presence of
other causes of infertility), topographic and anatomical
features (myoma location, size, number of nodes), and to
take into account the possible risks and consequences of
the intervention (intra- and postoperative complications,
complications of pregnancy and childbirth) [5-7].

High intensity focused ultrasound (HIFU) is a term de-
scribing the therapeutic use of focused high intensity ultra-
sound waves, which is a completely non-invasive technique
distinguishing it from other treatments of uterine fibroids
and explaining the interest of the scientific community
in it, research and widespread implementation in various
fields of medical practice (7, 8].

Since the appearance of the first industrial plants,
hundreds of thousands of patients with neoplasms of the
prostate, liver, pancreas, mammary glands, brain, and
uterine fibroids have been treated by ultrasound abla-
tion. According to The Focused Ultrasound Foundation,
there are currently more than 200 HIFU research centers
worldwide. The main indication, (41% of all cases; 89353
interventions), for using the focused ultrasound is uterine
leiomyoma [9].

The fundamental physical mechanism of high-intensity
focused ultrasound ablation is the absorption of ultrasonic
waves and their conversion into heat which was first de-
scribed in 1972 [10].

The therapeutic effect of the method is achieved due to
the three main mechanisms of focused ultrasound dam-
aging effects: thermal ablation, acoustic cavitation and
damage to the smallest vessels. The success of ultrasound
ablation directly depends on the accuracy of ultrasound ex-
amining the women before the procedure. Comprehensive
radiological diagnosis includes assessment of the location,
size, number, structure and features of vascularization
of uterine leiomyoma, followed by the development of a
detailed treatment plan. That is why there is a need to im-
prove the approach to sonography and magnetic resonance
imaging of uterine fibroids [7-11].

When analyzing the research results of various authors’
teams, attention is drawn to the lack of common views in
the world scientific community regarding performance
criteria (ovarian function, sexual function, quality of life,
etc.), the frequency of re-examinations and their method-
ology [12-16, 18].

The cited literature data indicate the relevance of studying
the features of uterine fibroids ultrasound ablation. Due
to the prevalence of pathology, especially among women
of reproductive age, this technique of organ-preserving
non-invasive treatment can potentially be shown to many
patients. Individualization of indicating and determining
the place and role of ultrasound ablation as an independent
method and in the combined treatment of uterine fibroids
require further research.

THE AIM

Optimizing the interdisciplinary approaches in the diag-
nosis and monitoring the dynamics of uterine leiomyoma
treatment by high-intensity focused ultrasound ablation.

MATERIALS AND METHODS

In order to evaluate the effectiveness of uterine leio-
myoma organ-preserving treatment by using the
method of high-intensity focused ultrasound ablation,
substantiation of the diagnostic algorithm of primary
examining and monitoring these patients to evaluate
the effectiveness of treatment, 72 women of reproductive
age were diagnosed with leiomyoma. The average age of
women who underwent the procedure was 34 + 4 years.
All procedures were carried out in accordance with the
ethical standards of the responsible committee on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2000.

Inclusion criteria were: established diagnosis of uterine
fibroids; the patient’s desire to preserve the uterus; high
risk of surgical treatment; size 2-8 cm in diameter - for
leiomatous nodes on the anterior wall; 3 - 8 cm in diameter
on the back wall; absence of extra genital pathology in the
stage of decompensation.

Exclusion criteria were: atypical endometrial hy-
perplasia, subserous myomas on a thin stalk; cervical
nodes; lack of opportunity to choose a safe acoustic
path; fibro-scar changes of the anterior abdominal
wall; III-IV degree obesity; pregnancy, IUD; anesthetic
contraindications.

All patients underwent bimanual gynecological exam-
ination, ultrasound and MRI to determine the condition
of the pelvic organs, assess the structure, location, number
of myomas, as well as assess the possible acoustic pathway
of high-intensity focused ultrasound. The type of uterine
leiomyoma was established according to the FIGO clas-
sification [17, 18]. Ultrasound was performed using a
convex sensor with a frequency of 3.7 MHz (C5-2) and a
transvaginal sensor with a frequency of 7.5 MHz (C8-4V)
on a Philips HD11. Sufficient filling of the bladder (bladder
volume not less than 300 ml) was mandatory for transab-
dominal examinations. This filling was considered to be
optimal when the bladder covered the bottom of the uterine
body. The condition of the transvaginal examination was
emptied bladder.

Magnetic resonance imaging was performed on a to-
mograph with a high magnetic field strength (1.5T). The
MRI protocol included the following sequences: T2-ZZ
in the sagittal, axial and frontal planes, T1-ZZ in the axial
plane, T2-ZZ fet set in the axial and frontal planes, DWI
(b-50,1000), T1-ZZ fet set in the sagittal plane, T1-ZZ fet
set in the sagittal, axial and frontal planes [19].

Depending on the intensity of the predominant MR
signal on T2-ZZ in relation to the myometrium and
skeletal muscles, the following MR types of fibroids were
distinguished: Type I - low intensity signal predominates
on T2-ZZ, nodes in the form of black homogeneous for-
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mations. Type IT - the signal of average or mixed intensity
on T2-ZZ, knots in the form of gray formations prevails.
Type III - dominated by high-intensity signal on T2VI,
nodes in the form of white formations.

Measurements of the size of the uterus and myomas were
performed in three orthogonal planes (length - anteri-
or-posterior size — width) followed by hardware calculation
of the corresponding volumes by the formula: V = 0.52 x
L x AP x W, where V is the volume, cm3; L - length, cm;
AP - anterior-posterior size, cm; W - width, cm; 0.52 -
correction factor for oval objects, in particular, myomas.

During monitoring, dynamic contrasting was used to
determine the zone of node necrosis. Methods of control
in the postoperative period: ultrasound, MRI of the pelvic
organs using paramagnetic, were performed after 1, 3, 6
months.

Ultrasound ablation of uterine fibroids was performed
using the JC extracorporeal treatment system (Chongqing
HAIFU (HIFU) Technology Co. Ltd., China) with a built-in
ultrasound system (Italy).

Features of anesthesiological method support were ultra-
sonic ablation, complete immobilization of the patient, ade-
quate sedation with the availability of elementary contact in
conditions of general hypothermia and non-physiological
position of the patient for a long time. Due to the above,
multicomponent sedation was used.

Controlling the direct result was based on gray scale
changes during real-time ultrasound examination on the
monitor of the JC device. Since HIFU is a non-invasive
method of treatment, in the future, the diagnosis was
limited to using the ultrasound and MRI paramagnetic. To
objectify the effect, monitoring terms of 1, 3 and 6 months
after ablation were chosen. Indicators such as: uterine
body size were considered as indicators that characterize
the effectiveness of treatment; specific volume of myoma;
regression of uterine body size; regression of the myoma;
regression of the node, calculated on its specific volume,
because one patient could have several nodes [20, 21].

The preparation of data for analysis was carried out in
Microsoft Excel, and statistical analysis of the data was
carried out mainly using specialized software STATISTICA
64 ver.10.0.1011.0 firm StatSoft Inc.

RESULTS

According to the results of radio-diagnostic methods of
examination (ultrasound, MRI) 47 patients with uterine
leiomyoma were divided into groups according to MR-type
and localization of leiomatous nodes (Tables 1-3).

The average specific volume of the leiomatous node
before treatment was 131 cm3, the minimum specific size
was 3.7 cm3, and the maximum was 522 cm3, respectively.
Also in the dynamics of the study, we evaluated how during
the changes in the size of leiomatous nodes changed the
volume of the uterine body, which before treatment aver-
aged 342 cm’.

When forming a group of patients for possible further
ultrasound ablation of leiomatous nodes: the appro-
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Table 1. Distribution of leiomatous nodes according to the FIGO classifi-
cation (abs,%)

Type of leiomatous node the number of leiomatous

nodes

TypeO, 1,2 7(9,8)
Type 3 12(16,7)

Type 4 31 (43)
Type 5 22 (30,5)
Total 72 (100)

Table II. Distribution of leiomatous nodes by MR-type (abs,%)

Type of leiomatous The number of leiomatous nodes
node abs %
MR-type 1 51 84,8
MR-type 2 21 15,2
The total number of 72

Tablell. Distribution of leiomatous nodes of the uterine body by localization

The number of leiomatous nodes

Localization

abs %
The antervlor wall of the 45 62,5
uterine body
The back wall of the 27 37,5
uterus
The total number of 72

priate radio-diagnostic exclusion criteria were used:
sonographic signs — the presence of calcifications in
the myomatous node; intensive vascularization during
Doppler; MRI signs - MR type 3; combination of MRI
and sonographic signs — according to FIGO classification
type 6, type 7; localization in the isthmus or projection
of the bottom of the uterine bodys; size less than 3 cm on
the posterior wall of the uterus; the size of the myoma
is more than 8 cm.

When performing sonography in the projection of the
necrosis zone, the result of HIFU-exposure, visualized
increase in echogenicity, lack of vascularization. The size
of the myoma as a whole was assessed by ultrasound. All
patients underwent MRI of the pelvic organs after the
procedure. And if before the HIFU procedure the MRI
results were informative without contrast enhancement,
then after the treatment the intravenous administration of
paramagnetic during the MRI was mandatory. (figure 1)

Only when performing MRI with a paramagnetic it was
possible to assess NPV (necrosis zone). On T2-ZZ these
zones are inhomogeneous, mainly hypo intensive MR sig-
nal. On T1ZZ we noted a hyper intensive MR signal, and
after dynamic contrast on the periphery of the node inho-
mogeneous accumulation of paramagnetic. Mainly in the
center of the stroma of the leiomatous node, an area with
no accumulation of paramagnetic in the form of a zone of
hypo intense signal with a clear outline was detected; this
was precisely the zone of necrosis (NPV) (Figure 2).
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Fig. 1. General view of the system HIFU.

600518606
PELVIS F+CONTR
WAVE_isoSAG

2243

Pelvis F
sag T2 frFSE

Fig. 3. MRl of the pelvic organs, T1- ZZ using dynamic contrasting, sagittal
Fig. 2. magnetic resonance imaging of the pelvic organs, T2 - ZZ, sagittal  projection. Leiomatous node of the uterine body after the procedure: a clear-
projection. Leiomatous node of the uterine body before the procedure: 1. Iy formed area of necrosis in the projection of the myoma; hyperintensive
leiomatous node; 2. hyperintensive endometrium; 3. the body of the uterus.  endometrium, uterine body.

Table IV. Dynamics of regressive changes in leiomatous nodes and the uterine body as a result of HIFU exposure

Parameter Medium .
(month)
Specific volume of the node (cm?)
122,4
- ClI[94,2;150,5] 82,9
98,7
* Cl[74,9;122,5] 61,9
61,1
o Cl[43,2;78,5] 37,2
The specific volume of the uterine body
300
) CI[253,2;347] 2344
264,5
* ClI[221;307,5] 202,8
200,4
o Cl[167,8;233] 143,9
DISCUSSION The regression of uterine leiomyoma volume depended

The dynamics of regressive changes of leiomatous nodes  on the location, volume, and MR of the leiomatous node
and the body of the uterus as a result of HIFU-exposure  type. Analyzing the obtained results, it should be noted that
are presented in table 4. for a month the average volume of leiomatous hives that
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were exposed to HIFU, almost did not change and was 122
cm®, while three months after treatment it was — 98 cm3.
The nodes underwent a significant reduction 6 months after
the treatment, their volume averaged 61 cm® (Table IV).

The dynamics analysis results of uterine body volume reduc-
tion, which is no less important expected result, showed the
following: in the first month after the intervention the uterine
volume almost did not change and, compared to the average
size before treatment 342cm’, was 300cm’. In three months
after treatment, the body volume of the uterus decreased to
264 cm?, and in six months - to 200 cm® (Table IV).

When assessing the node 6 months after the procedure,
it was found that during this period there was a significant
reduction in the volume of leilomyoma, which was positive-
ly correlated with the clinical manifestations of the disease.

CONCLUSIONS

An interdisciplinary approach with the widespread introduc-
tion of modern organ-preserving techniques is an important
direction in maintaining the reproductive health of women
with uterine leiomyoma. Criteria for exclusion of patients
for ultrasound ablation of uterine leiomyoma: the presence
of calcifications in the leiomatous node (sonographic signs);
intensive vascularization (Doppler signs); MR type 3 leioma-
tous node (MRI signs); and leiomatous nodes type 6, type 7,
localization of leiomatous nodes in the isthmus or projection
of the bottom of the uterine body, the size of the leiomatous
node is less than 3 cm on the posterior wall of the uterus, the
size of the leiomatous node is more than 8 cm.

Positive dynamics of leilomatous node volume regression
depends on its location, volume and MR type. The terms
1 and 3 months after ultrasound ablation are insufficient
for objective radiological evaluation of the treatment out-
come, but are important for the choice of further tactics in
observing and treating the uterine leilomyoma.
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