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Background. Surgical treatment of petroclival meningiomas (PCM), especially of giant PCM, remains one of the most
difficult problems in neurosurgery and is associated with high risks of postoperative morbidity and mortality.

Aim. to determinate frequency and reversibility of post-operative neurological deficit after giant PCMs resection as well
as identify risk factors of this surgery and the resection quality of these tumors.

Materials and methods. The results of surgical treatment of 18 patients underwent 22 operations to resect giant PCMs
were retrospectively studied. The neurological status and Karnofsky Performance Scale (KPS) of patients were assessed
before surgery, immediately after and 6 months later, as well as neuroimaging characteristics of tumors before and after
surgery were studied. We analyzed the influence of various factors on neurological outcomes and the resection quality.
Results. The average PCM volume before surgery was 46.3 + 25.4 cm3, the average resection volume was 81 + 16.8 %.
The incidence of neurological deficit in the early postoperative period was 63.6 %, mortality was 0 %. The most common
complication was injury of cranial nerves (63.6 %). The scores according to Karnofsky Performance Scale (KPS) before
surgery (median 80 %) improved 6 months after surgery (median 90 %). The PCMIS after 6 months was on average equal
to the preoperative level (8.1 + 6.3 and 7.5 + 5.3, respectively). Low Karnofsky Performance Scale status before surgery
(<70 %) did not affect the occurrence of postoperative deficit (p = 0.465)

Conclusion. Surgery of giant PCMs is a difficult problem. Subcompensated patients with these tumors are often rejected
in surgical treatment, however, our results demonstrate that this surgery leads in most cases to an improvement in the patients’
neurological condition in 6 months after surgery, while using the surgical treatment principles described by us.

Keywords: petroclival meningioma, sphenopetroclival meningioma, brainstem compression
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INTRODUCTION

Petroclival meningiomas (PCM) account for 2 % of all
intracranial meningiomas [1]. Surgical removal of these
tumors, especially if they are giant in size, is associated with
a high risk of postoperative complications and mortality,
which is due to the deep location of PCM and their
interaction with the main intracranial vessels, their branches,
the brainstem (BS), cranial nerves (CN), etc. [2—3].

Traditionally, meningiomas with a matrix in the area
of the petroclival junction in the upper 2/3 of the clivus and
the apex of the petrous temporal bone, medial to the 5™
cranial nerve and the internal auditory canal are classified
as PCMs [3]. However, in the case of giant PCMs (>4.5 cm
in size), the localization of the matrix cannot always be
accurately identified, especially at the preoperative stage
[4]. Due to the complexity of the anatomy and the
peculiarities of the distribution of PCMs, many of their
classifications have been designed resulting in some

ambiguity and uncertainty into the issues of their diagnosis
and treatment [4—5].

Petroclival meningiomas are characterized by slow
growth and a long asymptomatic course, often manifesting
clinically only when they reach giant sizes. At the same
time, after the first clinical manifestations, symptoms can
progress quite quickly. Neurologicallyy, PCMs can be
represented by general cerebral, brainstem, cerebellar,
hydrocephalic symptoms, dysfunction of various cranial
nerves [5]. A feature of the clinical picture in patients with
giant PCMs is the damage of various cranial nerves, as well
as an initially lower status according to the Karnofsky
Performance Scale (KPS), which often leads to refusal
in surgical treatment.

Despite the relevance of the problem, there remain
a number of unresolved and controversial issues of PCM
surgery: 1) what the criteria are for patients’ selection for
surgery; 2) what degree of PCM resection can be considered
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satisfactory and what influences on the radicality of PCM
removal; 3) what prognostic factors are for an unfavorable
outcome; 4) preference of two-stage resection in the case
of giant PCMs, taking into account the severity of the patient’s
condition and the volume of the upcoming operation.

We analyzed and systematized our experience in
surgical treatment of patients with giant PCM in this paper.

Aim — to determine the nature and frequency of
postoperative deficit development in surgery of giant PCM,
to identify prognostic factors influencing on neurological
outcomes and the degree of removal radicality of these
tumors.

MATERIALS AND METHODS

Patients’ selection. A retrospective study of surgical
treatment outcomes in patients with giant PCMs was
conducted. The work included patients’ data treated in the
neurosurgical department of the N.I. Pirogov National
Medical and Surgical Center from 2014 to 2022.

Inclusion criteria: 1) surgical removal of petroclival
junction meningeoma with a confirmed histological
diagnosis; 2) tumor size in maximum dimension >4.5 cm

according to magnetic resonance imaging (MRI); 3) age —
from 18 years old.

Exclusion criteria: 1) follow-up <6 months; 2) absence
of postoperative MRI data; 3) surgical anamnesis —
previous tumor resection stages performed in other centers;
4) the presence of concomitant diseases causing decrease
in functional status.

Neurological examination and neuroimaging. All
patients underwent a standard neurological examination, as
well as an assessment of the general somatic status according
to the Karnofsky Performance Scale (KPS) before surgery,
in the early postoperative period, and 6 months after
surgery. Additionally, the neurological status was assessed
using the Petroclival Meningioma Impairment Scale
(PCMIS) [6].

All patients underwent high-field thin-slice MRI twice
in T1 sequences before and after contrast administration,
T2 and FLAIR — 24 h before surgery and within 48 h after
it. PCMs were considered giant if the largest diameter was
>4.5 cm based on the Sekhar classification (Fig. 1) [7].

All patients with PCM were assessed for the presence
of brainstem edema in the FLAIR mode and signs of good

Fig. 1. Examples of brain magnetic resonance images (contrast-enhanced T1-weighted) of patients with giant petroclival meningiomas (a—f): a, d — female
patient, 31 years, Karnofsky performance scale (KPS) 80 %, admitted with complaints of headache, unsteady gait, hyperesthesia in the left half of the face,
exotropia, difficulty swallowing solid food; b, e — female patient, 50 years, KPS 80 %, admitted with complaints of unsteady gait, exotropia, impaired hearing
on the right, and weakness in the right half of the face (House—Brackmann score 2); c, f — female patient, 64 years, KPS 70 %, admitted with complaints
of unsteady gait, weakness in all limbs (4 points) and in the left half of the face (House— Brackmann score 3), absence of hearing on the left, and pain in the
right half of the face
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Fig. 2. Classification of petroclival meningiomas by Ichimura—Kawase: a — meningioma of the upper clivus (UC type), lateral shift of the trigeminal nerve;
b — meningioma of the tentorium (TE type), downward and lateral shift of the trigeminal nerve; ¢ — meningioma of the cavernous sinus (CS type); d —
meningioma of the petrous apex (PA type), upward and medial shift of the trigeminal nerve

Fig. 3. Cases of retrosigmoid approach usage in surgery of petroclival meningiomas: a, b — single-step microsurgical resection of the tumor from left-sided
retrosigmoid approach (magnetic resonance images prior to surgery (a) and after surgery (b)); c—e — microsurgical resection of the tumor from left-sided
retrosigmoid approach as the Ist step with subsequent 2" step through infratemporal access (magnetic resonance images prior to surgery (c), after the I and

2 steps (d, e))

demarcation of tumor from brainstem represented in the
form of liquor layer between the tumor and the brainstem
in the T2 mode. In addition, the presence of brainstem
compression by the tumor was assessed based on the

12

Pirayesh classification [8]. According to preoperative MRI
data, all PCMs were additionally divided into 4 subtypes
(according to Ichimura—Kawase): meningiomas of the
upper part of the clivus (UC type), cavernous sinus (CS
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Fig. 4. Steps of microsurgical resection of petroclival meningiomas through right-sided retrosigmoid approach. Projections of the sigmoid and transverse sinuses
are shown in light blue, cranial nerves (CNs) are denoted by roman numerals (1 — tumor, 2 — right cerebellar hemisphere, 3 — petrous part of the temporal
bone, 4 — tentorium): a — dissection of the subarachnoid cistern of the cerebellopontine angle; b — selection of the CNs VII and V. Surgical corridors between
the CNs through which tumor resection was performed are shown by yellow dashed lines; ¢ — identification of CN VI; d — mobilization of the lower pole of the
tumor, visualization of the caudal group of the cranial nerves. Surgical corridors between the caudal CNs and condyle are shown by yellow dashed lines; e —
dissection of the tentorium to remove the supratentorial fragment of petroclival meningioma. Tentorium is shown by green dashed lines, the line of tentorium
dissection is shown in black; f — final view of the right cerebellopontine angle after tumor resection

type), tentorium cerebelli (TE type), and apex of the
petrous temporal bone (PA type) (Fig. 2) [4].

Surgical treatment. We used 4 surgical approaches:
retrosigmoid, infratemporal with resection of the petrous
apex, lateral suboccipital and pterional. In some cases,
when it was impossible to remove the PCM through one
approach, a two-stage treatment was performed. In most
cases (72.2 %), a retrosigmoid approach with a diameter
of 3—3.5 cm was used to remove the PCM or perform the
Ist (“posterior”) stage of surgical treatment (Fig. 3).

Tumor removal was performed under the control
of computer neuronavigation (Fig. 4). After opening the
dura mater and dynamically retracting the cerebellar
hemisphere (retractors were not used in any case),
cerebrospinal fluid was removed from any accessible basal
cisterns (see Fig. 4, a) [9]. After relaxation of the brain,
cranial nerves were identified on the posterior surface of the
tumor using direct electrical stimulation (see Fig. 4, b).
Then, V, VII-VIII, IX—XI cranial nerves were mobilized,
if possible, to expand the space between them.

The tumor was separated from its matrix through the
formed “windows” as well as and partially devascularized

in the direction from the posterior surface of the temporal
bone pyramid to the clivus with simultaneous reducing the
tumor volume by morcellation and using an ultrasonic
aspirator. When the PCM grew into the internal auditory
canal, we sawed its posterior wall and removed the tumor,
preserving the VII—VIII cranial nerves and the labyrinthine
artery passing through it. After reducing the volume of the
PCM, it became possible to safely separate the tumor from
the cranial nerves (see Fig. 4, ¢). The special attention was
paid to identifying the IV and VI cranial nerves in the
medial sections. The microsurgical dissection and accurate
separation of these nerves from the tumor were performed
(see Fig. 4, d).

The most difficult task was to detach the sixth cranial
nerve in the area of its entry into the Dorello canal, since
the highly vascularized matrix of PCM was often located
here. Then the tumor was separated from the brainstem, the
basilar artery and its branches. In the case of dense fusion
of PCM with the arachnoid membrane of brainstem, vessels
or cranial nerves, the small tumor fragments were left on
these structures, since the priority of treatment was
maximum but safe resection, decompression of the

13
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brainstem and creation of conditions for subsequent
radiation therapy.

After tumor removal in the petroclival area, the space
was freed for manipulations at the apex of the clivus and the
posterior surface of the sella turcica. Here the tumor was
detached from the third cranial nerve and tumor’s accessible
fragments were removed. If the tumor invaded the
tentorium, it was dissected along the perimeter of the
neoplasm to the notch with the detachment of the fourth
cranial nerve while tumor fragments accessible for
visualization were removed (see Fig. 4, e). In the case of a
soft consistency of the PCM and its spreading to the
cavernous sinus, access to the sinus was performed along the
fifth cranial nerve to remove accessible tumor fragments. At
this point, the “posterior” stage of treatment was completed;
its average time was 485.9 = 147.1 min (see Fig. 4, /).

After the surgery, the radicality of tumor removal was
assessed based on the control MRI data. In the case of small
fragments of the PCM in the cavernous sinus area and
in the base of the anterior and middle cranial fossae
accessible for subsequent radiation therapy, the 2" stage
of surgery was not offered to patients. In the case of residual
tumor elements >3 cm in size, the “anterior” step
of treatment was performed in 2—3 months after the 1% step
using the pterional or infratemporal approaches, its average
time was 408 * 74.7 min.

Intraoperative neurophysiological monitoring was
performed in all cases. Direct bipolar stimulation with
a concentric electrode (0.05—0.2 mA, 1 Hz) was used to verify
and evaluate the function of the cranial nerves (III—VII,
IX—XII), which allowed us to verify the course of the nerves
and remove the PCM with maximal radicality. The muscles
tested for the cranial nerves were the following: m. rect. med.,
m. levat. palp. (I11); m. oblg. sup. (IV); m. rect. lat. (VI);
m. masseter, m. digastricus, m. temporalis (V); m. mentalis,
m. orbic. oculi, m. orbic. oris (VI1); m. styloph. (IX); m. lev. vel.
pal., m. cricothyr (X); m. trapezius (XI); m. transv. ling. (XII).

During manipulations near the cranial nerves, the
method of recording motor evoked potentials in the
spontaneous electromyography mode (free run) was used,
which allowed to change the plane of dissection, the degree
of impact on the tumor or instrument depending on the
esponses intensity. In all cases, due to compression of the
brainstem, transcranial stimulation was also used to assess the
motor evoked potentials (a series of 3 pulses up to 210 mV).

Two patients in the study group had previously
undergone ventriculoperitoneal shunting in another
medical institution, with subsequent development of shunt
system dysfunction in both cases. We did not additionally
perform cerebrospinal fluid shunting surgery in any of the
patients because the brain relaxation was achieved by
removing the cerebrospinal fluid after opening the
arachnoid cisterns.

The radicality of tumor resection was assessed using the
Simpson scale. Additionally, the volume of PCM resection
was measured without taking into account the removal or

coagulation of the matrix: 100 % of the volume without
taking into account the matrix was considered total
removal, 95-99 % — close to total, 85—-94 % — subtotal,
<85 % — partial.

Statistical data analysis. Statistical processing was
performed using the SPSS Statistics program (IBM, USA).
The level of statistical significance was set at p <0.05.
To compare independent samples by quantitative
parameters, Student’s t-test and the Mann—Whitney test
were used, and by nominal parameters, x> and Fisher’s exact
test were used. When comparing quantitative characteristics
in >3 independent groups, one-way ANOVA and the
Kruskal—Wallis test were used.

RESULTS

Patients’ characteristics. The study group included
18 patients, 4 of whom underwent two-stage surgery (a total
number of 22 surgeries were performed). The female
to male ratio was 2.6:1, the average age at the time of surgery
was 54.6 * 11.8 years (range, 31—70 years). The median
duration of the disease from the onset of the first symptoms
to surgery was 15 (6—41.5) months. Tumor location was
on the left in 11 (61.1 %) and on the right in 7 (38.9 %)
patients. The average tumor volume before surgery was
46.3 £+ 25.4 cm?. Histological examination results were the
following: grade 1 meningothelial meningiomas were
verified in 15 (83.2 %) patients; meningiomas of mixed type
of structure grade 1, atypical grade 2 and chordoid grade
2 —on 1 case (5.6 %), respectively.

Clinical signs before surgery. The most common
preoperative symptoms were general cerebral (88.9 %) and
cerebellar (66.7 %) syndromes, as well as symptoms
of cranial nerve damage (83.3 %), with 80 % of patients
having symptoms of damage to 2 or more cranial nerves.
The initial status of patients according to the KPS varied
from 50 to 90 % (median 80 %). Three patients (16.7 %)
underwent preventive tracheostomy before surgery, as they
had already pronounced bulbar symptoms, which allowed
the conduction of patients’ rehabilitation in the early
postoperative period.

Radicality of removal. Taking into account the total
volume of resection during two-stage operations, 1 (5.6 %) PCM
was removed radically (100 % of the volume) (radicality
corresponded to grade III according to the Simpson
classification), close to total removal (95—99 %) was
performed in 1 (5.6 %) patient, subtotal (85—94 %) —in 8
(44.4 %), partial (<85 %) — also in 8 (44.4 %) patients
(Fig. 5). On average, the resection volume was 81 = 16.8 %
from the initial tumor volume.

Neurological outcomes of surgical treatment. In the
early postoperative period, 63.6 % of patients experienced
worsening of symptoms, 13.6 % experienced neurological
improvement, and 22.8 % had no significant changes.
Motor deficit developed/increased in 9.1 % of cases,
cerebellar symptoms in 13.6 %, bulbar syndrome in 18.2 %,
and cranial nerve deficit in 63.6 %. The patients’ condition
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assessment according to the KPS was higher before surgery
(median 80 %) than after (median 70 %); the average
PCMIS score before surgery was 7.5 £ 5.3 points, while
after it was 11 * 6.4 points; on average, the difference
between the post- and preoperative condition assessment
according to this scale was 3.6 £ 5.4 points. The most
common complication was deterioration of cranial nerve
function (63.6 %), especially VI (31.8 %) and VII
(36.4 %).

In 2 patients (9.1 %), posthemorrhagic anemia
developed after surgery (intraoperative blood loss of 600 and
1500 ml, respectively), which required blood transfusion;
in 2 other patients (9.1 %), nosocomial polysegmental
pneumonia, developed against the preventive tracheostomy;
which required antibacterial therapy.

In 6 months after surgery, the median of the KPS
assessment was 90 %, and the neurological status according

to the PCMIS scale was on average 8.1 £ 6.3 points (Fig. 6,
Table 1). There was no statistically significant difference
in PCMIS scores before surgery and in 6 months after it
(»p = 0.593). Oculomotor disorders were detected in 6 months
after surgery in 9 patients, and all of them were associated
with insufficiency of the sixth cranial nerve.

Comparison of meningioma groups according to Ichimura—
Kawase. The distribution of meningiomas according to
Ichimura—Kawase was as follows: PCM of the petrous
apex — 8 (44.4 %) cases, upper part of the clivus —
5 (27.8 %), cavernous sinus — 3 (16.7 %), tentorium
cerebelli — 2 (11.1 %). We investigated the relationship
between the type of PCM and various symptoms before
surgery — a significant difference between these PCM groups
was found only in the degree of brainstem compression,
which was higher in the group of petrous apex PCM and
upper part of the clivus (p = 0.006).

Fig. 5. Cases of resection radicality of petroclival meningiomas (magnetic resonance images): a — complete resection (100 %) (Simpson I11); b — close
to complete resection (97.8 %). Arrow shows a fragment of tumor capsule which was tightly attached to the brainstem; ¢ — subtotal resection (88 %). Arrow
shows a fragment of the tumor in the cavernous sinus and tentorium; d — partial resection (64 %). A part of the tumor is left in the cavernous sinus and tumor

fragment tightly attached to the brainstem

a
X
o 100
_8 90
» 80
g Sw/l
©
£ 60
S
< 40
o
>
= 20
<)
£
N Before Early postoperative In 6 months
operation period

36
30

24

12 7.5 8.1

PCMIS score, points

Before In 6 months

operation

Early postoperative
period

Fig. 6. Dynamics of the patients’ condition and neurologic status: a — the Karnofsky Performance scale; b — the PCMIS (Petroclival Meningioma Impairment Scale)
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Table 1. Dynamics of the patients’ neurological condition

Parameter

Karnofsky Performance Scale (median), %

PCMIS score, points

Involvement of the cranial nerves I11, IV, VI, n (%)
Involvement of the trigeminal nerve, n (%)
Involvement of the cochlear and facial nerves, n (%)
Involvement of the bulbar nerves, n (%)

Note. PCMIS — Petroclival Meningioma Impairment Scale.

Table 2. Influence of various factors on the development of postoperative neurologic deficit

CN deficit
Factor
+ - p
Age, years 498+ 112 64+57 0.001*
PCM volume prior
to surgery, cm’ 51+28.8 36.9+144 0.275
Duration of the disease, 14.5 18 0.639
months {6-35.2} {7.2-3.5} ™
KPS <70 %, n (%) 2 (14.3) 2(25.5) 0.465
PCMIS prior to surgery,
points 6.1+37 55+52 0.758
Brainstem compression, _
grade (median) 3 1-2 0.129
Brainstem edema, n (%) 8 (57.1) 3(37.5) 0.330
Cerebrospinal fluid layer
between tumor and 9 (64.3) 7(87.5) 0.255
brainstem, n (%)
Growth in the cavernous
sinus, 7 (%) 11 (78.6) 7(87.5) 0.535
Growth into the IAC, n (%) 9 (64.3) 4 (50) 0.416
Resection volume, cm3 79.8+15.3 70.3+25 0.375
Bulbar syndrome prior 6 (42.9) 2(25) 0.358

to surgery, n (%)

*Statistically significant results.

Before surgery Early postoperative period In 6 months
80 70 90
7.5+£5.3 11+6.4 8.1+6.3
9 (41) 17 (77.3) 9 (40.9)

13 (59.1) 16 (72.7) 8 (36.4)

14 (63.6) 17 (77.3) 12 (54.5)

8 (36.4) 7 (31.8) 4 (18.2)

Motor deficit Bulbar symptoms
+ — P + — P
36.5+7.8 5.8%10.2 0.037* 45.5+13.4 57.1£10.3 0.148
544+£27.6 453+26 0.424 62.7+£13.7 41.6 +£26.3 0.014*
11.5 33.5 9.5

S e | S o] —n | S
0 4 (20) 0.662 1(25) 3(16.7)  0.582
9.5+£35 54%£41 0422 7.8+£3 54+44 0.550
2-3 2 0.864 3 2 0.118
2 (100) 9 (45) 0.238 3(75) 8(44.4) 0.293
1 (50) 15 (75) 0.481 3(75) 13(72.2) 0.708
1 (50) 17 (85) 0.338  4(100) 14 (77.8) 0.418
1 (50) 12 (60) 0.662  4(100) 9 (50) 0.098
85.1+21.1 75,6 £19.1 0.424 70.7 £16.2 78.4+19.8 0.496
2 (100) 6(30)  0.121  3(75) 5(7.8) 0.117

Note. CN — cranial nerves; PCM — petroclival meningioma; KPS — Karnofsky performance scale; PCMIS — Petroclival Meningioma

Impairment Scale; IAC — internal auditory canal.

Prognostic factors for unfavorable outcome. The study
of parameters influencing the development of neurological
deficit (ND) revealed the following data. The patient’s age
influenced both the development of motor disorders
(p=0.001) and symptoms of cranial nerve damage (p = 0.037),
with younger age being associated with a higher incidence
of new postoperative ND. Thus, in individuals <60 years
of age, new ND developed in 90.9 % of cases, while

in individuals >60 years of age it developed in 36.4 %
of cases; these patient groups did not differ in tumor volume
(p = 0.438) and resection volume (p = 0.243). At the same
time, only the tumor volume before surgery (p = 0.014)
significantly affected the development /worsening of bulbar
symptoms in the postoperative period (Table 2).
Prognostic factors for the radicality of PCM removal.
The influence of various factors on the volume of tumor
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Table 3. Influence of various factors on tumor resection volume

Resection
Factor volume, P
mm?®
Grade of brainstem compression:
1 79.5+7 0.701
11 68.4+269
111 81.2 £ 14.7
Cerebrospinal fluid layer between tumor
and brainstem: 0.089
present 71.8 £19.7 ’
absent 89.4+8
Tumor type per Ichimura—Kawase:
ucC 85.9
(51.2—-95.8)
CS 77.7 0.780
TE 69.5
PA 84.7
(73.2—89.9)
Growth into the cavernous sinus:
yes 77.9 (59.2—
86) 0.005*
no 94.4 (87.6—
99.5)

*Statistically significant result.

Note. UC — meningioma of the upper clivus;, TE — meningioma
of the tentorium; CS — meningioma of the cavernous sinus; PA —
meningioma of the petrous apex.

resection was analyzed (Table 3). Only the spread of PCM
into the cavernous sinus had a statistically significant effect
on the tumor resection volume (p = 0.005).

DISCUSSION

Surgical treatment of PCM remains one of the most
complex problems of modern neurosurgery [5]. Tumors
of this localization are quite rare (2 % of all intracranial
meningiomas), and the frequency of detection of giant
PCM is even lower, but it is the giant size of these neoplasms
that often leads to difficulties in choosing the optimal
treatment strategy.

For maximum radicality of PCM removal, different
centers use different surgical approaches; in our study, we
most frequently used the retrosigmoid approach (59.1 %).
Many surgeons prefer the retrosigmoid approach thanks
to its simplicity, the advantage of brainstem decompression
and the absence of the need for petrosectomy, but its
disadvantage is the need to remove the tumor through the
spaces between the cranial nerves, displaced by the PCM
laterally and posteriorly [10].

The presigmoid approach with petrosectomy is often
positioned as the safest, providing the greatest freedom and
minimizing cranial nerve traction, but at the same time it is
more traumatic and time-consuming [10]. In general, most
experts recommend to give the preference for those approaches
that are more convenient for the surgeon [10—11].

According to the literature data, the mortality rate after
surgery of PCM reaches 5.39 %, and the incidence

Russian Journal of Neurosurgery

of worsening ND is 47.7—82.1 % [2, 5, 10, 12]. The
incidence of new ND in our group in the early postoperative
period was 63.6 %, mortality was 0 %. Six months after
surgery, the patients’ status according to the KPS improved
in most cases compared to the preoperative level (median
80 % before surgery and 90 % in 6 months), and the
integrative status according to PCMIS almost returned
to the initial values (7.5 * 5.3 points before surgery, 11 + 6.4
points immediately after, 8.1 £ 6.3 points after 6 months).

The most frequent complication was the damage of the
cranial nerves (63.6 %). Dysfunction of the sixth cranial
nerve developed after 31.8 % of operations and was the
most resistant to recovery in 6 months after operation,
which is explained by the frequent location of the tumor
matrix of giant PCMs in the area of the Dorello canal,
in which it can be difficult to identify the nerve against the
matrix bleeding.

Cerebellar edema, impaired blood circulation of the
brainstem, and intracranial hematomas are considered to be
the serious complications leading to severe disability or
death [5, 13]. We did not observe these complications in any
of our patients, probably one of the reasons for this was the
rejection of any type of retractors and the use of the
principles of dynamic retraction with an aspirator or other
instrument [9].

In the light of the operation duration and the need for
significant displacement of the cerebellar hemisphere, the
retractor can cause ischemic changes in the cerebellum with
subsequent edema, hemorrhages, etc. The small size of the
trepanation allows avoiding the brain tissue herniation between
the bone and the instruments, without interfering the
visualization of the tumor poles and critical brain structures.

While the main goal in surgery of small and medium-
sized PCMs is their maximally radical removal, the giant
and large size of these tumors limits the radicality
of resection [5]. According to different authors, the average
volume of PCM resection varies significantly from 6.7
to 33 % [10, 12—13].

Radical (100 %) or close to it (95—99 %) resection
of the PCM was performed by us only in 11.2 % of cases,
which is associated with the inclusion in the study group
of only patients with giant PCM (average volume before
surgery — 46.3 = 25.4 cm?, average resection volume — 81
+ 16.8 % of the original). Thus, the obtained results should
be considered taking into account the significant volumes
of resection.

According to the literature data, a low KPS status in the
preoperative period is a predictor of unfavorable outcomes
[12]. In our work, we showed that a low KPS status before
surgery (<70 %) did not affect the development of a new
postoperative ND (p = 0.465): out of 4 patients with a KPS
score of <70 % before surgery, none had an additional
deterioration in status. This pattern is also relevant for
patients with initial bulbar disorders (p = 0.358).

Elderly and senile age is also considered as unfavorable
predictor [12]. In our study, there were no patients over
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70 years old, but when comparing elderly (>60 years) and
younger patients, we showed that in the latter, new
postoperative ND developed more often (90.9 % of cases)
than in the elderly (36.4 % of cases) (p = 0.012), while the
groups were homogeneous in tumor volume and resection
volume.

This result may be due to both objective reasons (easier
and safer traction of nerve structures due to the larger
volume of cerebrospinal fluid spaces in elderly patients) and
insufficient sample size. However, this pattern emphasizes
the possibility of surgical care for patients of the older age
group.

We showed that the development/worsening of bulbar
symptoms is associated with the tumor size (p = 0.014). It was
previously demonstrated that a favorable predictor of the
radicality of tumor removal is the presence of a
cerebrospinal fluid layer between the PCM and the
brainstem, and a predictor of an unfavorable neurological
outcome is brainstem edema according to preoperative
MRI data [8].

However, in our study, these factors did not show their
significance. The radicality of resection was influenced only by

the fact of tumor spread into the cavernous sinus (p = 0.005).
Also, in our study, it was not possible to prove the practical
significance of the PCM classification according to
Ichimura—Kawase (besides the association of PCM of the
clivus upper part and the petrous apex PCM with more
significant compression of the brainstem, p = 0.006) [4].

CONCLUSION

Petroclival meningiomas are a complex problem
of modern neurosurgery. Subcompensated patients with the
giant PCMs have often been rejected surgical treatment,
leaving only the possibility of symptomatic therapy.

The presented small series of clinical cases
demonstrates that surgery of large-sized PCM remains quite
complex, but it allows achieving the improvement of the
patients’ condition in 6 months after surgery in most cases
when using the abovementioned principles of surgical
treatment. Taking into account the frequent spread of the
tumor into the cavernous sinus, the radicality of removal
in our series of observations was slightly higher than 80 %,
however, this created favorable conditions for further
radiation therapy.

—

. Cushing H., Eisenhardt L. Meningiomas: their classification,
regional behavior, life history, and surgical end results. Springfield,
IL: Charles C Thomas, 1938.
2. Zhao Z., Yuan X., Yuan J. et al. Treatment strategy for petroclival
meningiomas based on a proposed classification in a study
of 168 cases. Sci Rep 2020;10(1):4655.
DOI: 10.1038/s41598-020-61497-y

3. Almefty R., Dunn 1., Pravdenkova S. et al. True petroclival
meningiomas: results of surgical management. J Neurosurg
2014;120(1):40—51. DOI: 10.3171/2013.8.JNS13535

4. Ichimura S., Kawase T., Onozuka S. et al. Four subtypes

of petroclival meningiomas: differences in symptoms and operative
findings using the anterior transpetrosal approach. Acta Neurochirurgica
2008;150(7):637—45. DOI: 10.1007/s00701-008-1586-x
5. Shimanskiy V.N., Karnaukhov V.V., Galkin M.V. et al. Treatment
of petroclival meningiomas: current state of the problem. Zhurnal
Voprosy Neirokhirurgii im. N.N. Burdenko = Burdenko’s Journal
of Neurosurgery 2019;83(6):78—89. (In Russ.).
DOI: 10.17116/neiro20198306178

6. Morisako H., Goto T., Ohata K. Petroclival meningiomas resected
via a combined transpetrosal approach: surgical outcomes
in 60 cases and a new scoring system for clinical evaluation.
J Neurosurg 2015;122(2):373—80. DOI: 10.3171/2014.8.JNS132406

7. Sekhar L., Jannetta P., Burkhart L. et al. Meningiomas involving

the clivus: a six-year experience with 41 patients. Neurosurgery

Authors’ contribution

1990;27(5):764—81; discussion 781.
DOI: 10.1227/00006123-199011000-00015
8. Pirayesh A., Petrakakis I., Raab P. et al. Petroclival meningiomas:
magnetic resonance imaging factors predict tumor resectability
and clinical outcome. Clin Neurol Neurosurg 2016;147:90—7.
DOI: 10.1016/j.clineuro.2016.06.002.
9. Spetzler R., Sanai N. The quiet revolution: retractorless

surgery for complex vascular and skull base lesions: clinical
article. J Neurosurg 2012;116(2):291—-300.
DOI: 10.3171/2011.8.JNS101896

10. Li D., Tang J., Ren C. et al. Surgical management of medium
and large petroclival meningiomas: a single institution’s experience
of 199 cases with long-term follow-up. Acta Neurochirurgica 2016;
158(3):409—25; discussion 425. DOI: 10.1007/s00701-015-2671-6

11. Park H., Kim W., Jung H. et al. Radiosurgery vs. microsurgery for
newly diagnosed, small petroclival meningiomas with trigeminal
neuralgia. Neurosurg Rev 2020;43(6):1631—40.
DOI: 10.1007/s10143-020-01346-8

12. Bernard E,, Troude L., Isnard S. et al. Long term surgical results
of 154 petroclival meningiomas: a retrospective multicenter study.
Neurochirurgie 2019;65(2—3):55—62.
DOI: 10.1016/j.neuchi.2019.02.001

13. Shimanskiy V.N. Meningiomas of the base of the posterior cranial
fossa. Clinic, diagnosis and surgical treatment. Dis. ... doct. med.
sci. Moscow, 2005. (In Russ.).

1.M. Alekseev: development of the concept and design of the study, collection and processing of material, statistical data processing, article writing;

N.N. Turabekov: collection and processing of the material,
A.V. Dimertsev: editing of the article;

A.A. Zuev: development of the concept and design of the study, writing and editing of the article.


https://doi.org/10.1038/s41598-020-61497-y
https://doi.org/10.3171/2013.8.JNS13535
https://doi.org/10.17116/neiro20198306178
https://doi.org/10.1227/00006123-199011000-00015
https://doi.org/10.1016/j.clineuro.2016.06.002
https://doi.org/10.3171/2011.8.JNS101896
https://doi.org/10.1007/s00701-015-2671-6

Original report HEﬁPOXMPyPFMH

Russian Journal of Neurosurgery

ORCID of authors

I.M. Alekseev: https://orcid.org/0000-0001-8107-3065
A.V. Dimertsev: https://orcid.org/0000-0003-4578-2205
A.A. Zuev: https://orcid.org/0000-0003-2974-1462

Conflict of interest. The authors declare no conflict of interest.
Funding. The study was performed without external funding.
Compliance with patient rights and principles of bioethics

The study was approved by the Bioethics Committee of the I.1. Pirogov National Medical Surgical Center. All patients gave written informed consent
to participate in the study.

Article submitted: 24.11.2023. Accepted for publication: 19.11.2024. Published online: 15.04.2025.

19


https://orcid.org/0000-0001-8107-3065
https://orcid.org/0000-0003-4578-2205
https://orcid.org/0000-0003-2974-1462

2 HEMPOXUPYPI'MIA

Original report
PAIRY  Russian Journal of Neurosurgery : P

20



HENPOXUPYPI'US

Original report ! :
Russian Journal of Neurosurgery

21



TOM 27
Vol. 27

22

HEI?IPOXI/IPWFMH OpuruHanbHas pabora | Original report

YAWAR Russian Journal of Neurosurgery

DO https://doi.org/10.24412/2587-7569-2025-1-22-32 D) BY 4.0

BimsaHne napamMeTpoB pajino4acToTHOI
TePMOROATY/ANMA HA pa3Mep odara JIeCTpyRIn
BO BpeMs crepeo-JIl
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KoHTaKThI:

Enusaseta AnekcanpposHa loppeesa [is.gordeyeva@gmail.com

BBepeHue. PagyuoyactoTHasn TepMOKOArynsaLms 3NMENTOreHHOM 30Hbl Yepes YyCTaHOBEHHbIE CTEPEO-IEKTPOALI MOXET
ObITb aNbTEPHATUBOI PE3EKTUBHOM ONEepaLMu y NaLUeHTOB C hapMaKopPe3UCTEHTHOM anunencueii.

Llenb uccnepoBaHma — onpefennTb napameTpbl pagMoyacToTHON TEPMOKOAryasLum, BAUAIOWME HAa 0ObeM ovara fe-
CTpyKUMU.

Martepuans! u meTopbl. poBefeHo UccnefoBaHue Ha MaTepuane 6enkoB KypuHbIX aul. C NoMowWbio MYOGUHHBIX 3NeKT-
POLOB C UCMO/b30BAHMEM PA3NIUYHbIX NAPAMETPOB Bbi3BaHbI Pa3iuyHble N0 06beMy oyaru gectpykuuu. 0TobpaHsl 2 na-
LMeHTa, npolueswmne npoleaypy crepeo-anektpoaHiedanorpadum B HMXL um. H.N. NMuporosa, faHHble KoTopbix (pa3mep
oyara iecTpyKLMM U ero BAUsHWE HA TeYeHUe 3a00/1eBaHNA) NPEACTABNEHbI B KAYECTBE NPUMEPOB UCMONb30BAHUA METO-
[a B KNIMHUYECKON NpaKTuKe.

PesynbTartbl. Hanbonbluinii oyar 4ecTpyKLUM NofyyeH B pesynbrate paaMoyacToTHON TEPMOKOAryasLMM Ha MOLLHOCTH
3 BT gautenbHocTbio 180 ¢, NpoBeAEHHOM MeXay COCeAHUMMU KOHTaKTamMu 1 anekTpoaa. PaguoyactoTHas TepMoKoaryns-
LMA NO 3TOM TEXHONOTUM B KNMHWUYECKON NpaKTUKe B OAHOM C/lyyae No3BOJMIA Pa3pylliuTb INUNENTOreHHYIO 30HY Ya-
CTUYHO, BO BTOPOM — NOIHOCTbIO.

PaanoyacToTHas TepMOKOarynaLusa No3BoaseT [obUTbCs CBO6OAbI OT NPUCTYNOB AU CHUKEHUS UX YACTOTbI U UHTEHCUB-
HOCTM Y NauMeHToB C hapMaKope3nCcTeHTHON 3nunencueit. 0GHapYKEeHHble HAMU CBA3WU NapaMeTpoB PafMOoYacTOTHOM
TEPMOKOAryNsLuu ¢ napameTpamu opM1pyembix 04aroB CXOAHbI C NPEACTaBAEHHbIMU B Lpyrux paboTax.
3akntoueHmne. Hanbonblme oyarv gectpykuun GopMUpyIoTCsa B peyibTate pagnuoyacToTHOM TEPMOKOArynsALMM C MeHbLUeil
MOLLHOCTbIO U Bonee AnuTENbHOI 3Kcno3uunei. Ha addheKTMBHOCTb PafMoYacToTHON TEPMOKOArynALMM B KauecTse Te-
panuu anunencuu BAUAET COOTHOWEHWE pa3Mepa NoyYeHHOro oYara AeCTPYKLMM U pa3Mepa INUNenToreHHo i 30HbI.

KnioueBbie cnoBa: crepeo-3nekTposHuedanorpadus, paguoyactotHas TePMOJECTPYKLMS, 04ar 4ecTpyKuuu, GokansHas
(hapMaKope3uCTeHTHAs 3NUNENCus, NPexupypruyeckas AMarHocTuka

Ina uutupoBaHusa: loppeesa E.A., iumepues A.B., Canamos W.T1. u gp. BansHue napameTpoB pafMoyacToTHO! TepMo-
Koarynsumu Ha pasmep o4ara AecTpykuum Bo Bpems ctepeo-33I. Heitpoxupyprus 2025;27(1):22-32.
DOI: https://doi.org/10.24412/2587-7569-2025-1-22-32

Radiofrequency thermocoagulation parameters impact on lesion size during stereo-EEG
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Background. Radiofrequency thermocoagulation of the epileptogenic zone via depth stereo electrodes may be
an alternative to resective surgery in patients with drug-resistant epilepsy.

Aim. To determine the parameters of radiofrequency thermocoagulation that affect the lesion volume.

Materials and methods. A study was conducted using chicken egg whites. With the help of depth electrodes, lesions of different
volumes were produced at different parameters. Data of two patients who underwent stereoelectroencephalography
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at the N.I. Pirogov National Medical Clinical Center (the size of the focus of destruction and its effect on the course
of the disease) are presented as examples of the use of the method in clinical practice.

Results. The largest lesion was created at a power of 3 W for 180 seconds between adjacent contacts of one electrode.
Using this technology in clinical practice allowed partial destruction of the epileptogenic zone in one case and complete
destruction in the second.

Radiofrequency thermocoagulation allows to achieve seizure freedom or a reduction in their frequency and intensity
in patients with drug-resistant epilepsy. The relationships we discovered between the parameters of radiofrequency
thermocoagulation and the parameters of the formed lesions are similar to those presented in other works.
Conclusion. The largest lesions are formed as a result of radiofrequency thermocoagulation with lower power and longer
exposure. The effectiveness of radiofrequency thermocoagulation as a treatment for epilepsy is influenced by the ratio
of the lesion size and the size of the epileptogenic zone.

Keywords: stereoelectroencephalography, radiofrequency thermodestruction, lesion, focal drug-resistant epilepsy,
presurgical diagnostics

For citation: Gordeyeva E.A., Dimertsev A.V., Salamov I.P. et al. Radiofrequency thermocoagulation parameters impact

on lesion size during stereo-EEG. Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(1):22-32. (In Russ.).
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BBEJIEHUE

H3BecTHO, uTO 0KOJ10 30 % TAIIMEHTOB C SMUJICTICUE
cTpagaroT hapMaKope3nuCTeHTHOI hopMoii 3aboeBanms [1].
J71s1 TakmxX TalMeHTOB ONTUMAIBHOM TaKTUKOM JICUeHUST
MOXET OBITb XUPYprU4YeCcKOe JieueHHe srtericni [2]. YToObr
BBITTOJTHUTH OIePaLnio 3(pheKTUBHO, HEOOXOIMMO ITPOBEC-
TH THIATEJILHOE MpEeXUpyprudeckoe oociaeaopanme [3].

O0s13aTeTbHBIMM BUIAMU OOCJICIOBAaHUS B paMKax
MIPEeXUPYPTUYECKON TMATHOCTUKY MALIMEHTOB C (hOKaIh-
HOI1 (papMaKOpe3NCTEHTHOM SIIUICTICUCH SIBJISTFOTCSI MHO-
TOCYTOUHBIA BHACO-3JeKTpO3HIehaTorpadpuIecKuii
(98I') MOHUTOPUHT M MAaTHUTHO-PE30HAHCHASI TOMOTPa-
¢ust (MPT) o smmrenToIoTHdecKoMy IIpOTOKOIy [4].
[Tpu ncnonp30BaHNUM TaHHBIX METOIOB BO3MOXKHO JIOKA-
JIN30BAaTh SIIJICIITOTEHHYIO 30HY IIpUMepHO y 60 % marm-
eHTOoB [5]. Tem naleHTaM, y KOTOPBIX TTOCJIE IPOBEACHUS
STUX UCCIICIOBAHWIA JIOKAIM30BaTh SIMMICIITOTCHHYIO 30HY
He yIaJIoCh, IIOKa3aHO MPOBeACHNE 00CICIOBAHMS C HC-
ITOJTb30BaHMEM JOTIOTHUTEIbHBIX HEMHBAa3MBHBIX METOIOB
(TI03UTPOHHO-3MUCCHOHHAS TOMOTpadust, OMHO(POTOHHAS
SMUCCUOHHAS KOMITBIOTepHAs TOMOTpadusi, MarHUTOZH-
uedanorpadus) [6, 7]. B ciaydae, Korna JaHHBIX METOIOB
HEMHBA3WBHOW TMAaTHOCTUKN OKA3bIBAETCSI HEIOCTATOUHO
IIJIST OTIpEIEICHUSI PACITOIOKEHHUSI SIMICTITOTeHHOM 30HBI,
MMAlMEHTY IT0Ka3aHO IIPOBeI¢HNEe MHBA3UBHOTO BHIECO-
DOI'-MonunTopuHra [8].

OmgHIM 13 cTTIOCOOO0B IIPOBEACHNS NMHBA3UBHOTO BH-
neo-DD-MOHUTOpHHTA SBJISETCSI NCCIeNOBAaHUE C WC-
ITOJIb30BaHMEM INIYOMHHBIX CTePe0-3JIeKTPOIOB (CTepeo-
B938I). Crepeo-23I kak MeTonm moo0CIeTOBaAHUS
B paMKax IIPeXuPypPruIecKoil TMarHOCTUKY Y MallMEHTOB
¢ (pokaabHOI (hbapMaKOpPE3UCTEHTHOM dIUJIeTIcUelt 00J1a-
IaeT MoKa3aHHOU 3((GEeKTUBHOCTHIO U 0€30MaCHOCTHIO
[9, 10]. Bo BpeMs mipoBeneHUS cTepeo-DIDI BOZMOXKHO
BBITIOJTHUTHh PagMoO4YacTOTHYIO TepMokoaryisuuo (PT)
BBISIBJICHHOM 30HBI HauaJjia IIPUCTYTIa 4epe3 YCTaHOBJICH-
HBIC TITYOMHHBIC 3JIEKTPOABI. DTy MPOIEAYPY MAllMECHTHI
xopouio mnepeHocdT [11]. MU3BecTHO, UTO y HEKOTOPBIX
MMAlIMEHTOB IIPMMEHEHNE 3TOTO METOIA TIO3BOJISIET CHU-

3UTh YAaCTOTY IMPUCTYIIOB M BOBCE M30aBUTH ITAIlCHTA
ot Hux [12]. Takum obpaszom, PT B yacTu cirydaeB MOXET
BBICTYIIATh aJIFTEPHATUBON Pe3eKTUBHOM onepaunu. I1o
JTTaHHBIM 3apy0eXXHBIX aBTOPOB, 3¢ dekTuBHOCTL PT 3a-
BUCUT OT COOTHOIICHUSI pa3Mepa odara JCCTPYKIINU
(Ol), momygennoro pu PT, ¢ pasmepoM ammienToreH-
HOI 30HHI [13, 14].

B 6opImmmHCTBE paboT COOOIIAETCA 0 YaCTUIHOM (-
dexTuBHOCTM PT B mtaHe m306aBieHUs OT MPUCTYITOB
TI0 CPaBHEHUIO C PE3CKTUBHBIM XUPYPIHUECKUM JICICHHUEM
[15, 16]. ABTOpBI CBSI3BIBAIOT 3TO CO CPABHUTEIBHO MaJIBIM
ooweMoM OJI, Bo3HuKaromero rmpu nposeaenun PT. On-
HaKO MCITOJIb30BaHKE Pa3IMYHbBIX ITapaMeTpoB PT mo3Bo-
JISIeT DOOUThCST (POPMUPOBAHUS pa3HBIX MO pazmepy OJ1
[17]. B cBOIO 0uepenn, pa3Mep BeizBaHHOTO OJ] HampsMyIo
BJIMSIET HAa TO, HACKOJIBKO OOJIBIIIAS 9aCcTh SIMMICTITOTCH-
HOI 30HBI OyIeT pa3pylieHa B pe3yiasrate PT.

Ha maHHBIN MOMEHT OTCYTCTBYET OOIIETIPHHSITOE
IpencraBieHre o mapaMmeTpax PT, HeoOxommMBbIx st hop-
mupoBanus O]l ornpeneneHHOro pasmepa. PasHbiMu Ha-
YUYHBIMM IpyMIIaMu BeAETCs padoTa Mo OnpeaeaeH1Io 3TUX
ImapaMeTpoB. B 4acTHOCTH, TIPOBOASTCST SKCIIEPMMEHTATb-
HBbIE MCCJICIOBAHMS C MCITOJb30BaHNEM TOMOTCHHU3UPO-
BaHHOTO OeJIka KypMHOTO SiiIla B KadeCcTBe CyOcTpara,
TTOKa3aBIIKe 3aBUCUMOCTh pa3mepa O/] ot mapamerpoB PT
[13, 18]. Monenb mpuMeHeHUs O0eJIKa KYpUHOTO STl 1T
MMONOOHBIX MCCIIeIOBAaHWI MOAPOOHO OIMMCaHa B psIe pa-
oot [12, 19, 20]. B Hamreit paborte OymyT IpeacTaBICHBI
maHHble O pasMmepax OJI, KoTopble MOXHO BBI3BaTh
IIPY UCIIOJIb30BaHUM PA3IMIHBIX TapaMeTpoB PT.

enb uccrienoBanmns — ONpeaeanuTb NapaMeTPbl Paano-
YaCTOTHOM TePMOKOATYJISIINH, BIVsTIone Ha oobemM O/1.

MATEPUAJIbI U METO/1bI

st u3yyeHus: coorHoieHus: nmapamerpo PT u mo-
nmygaeMbIXx O/ MBI IIpoBeTd SKCIIEPUMEHT i Vitro, a 3aTeM
MIPOaHAIM3NPOBAIN 2 clTydast N3 KITMHNISCKOM ITPaKTHKH,
B KOTOPBIX IaliMeHTaM Obli1a BhilmoHeHa PT Bo Bpems
crepeo-O3T.

23
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OGopynoBanue

st BeiniosiHeHUs Beex npouenayp PT ucnonbs3oBanu
pammodactoTHbIll reHepatop Cosman G4 (Cosman
Medical Inc., CIIIA), rryOMHHBIE TTOJYTUOKHE CTepeO-
5JIEKTPOIBI M3 TUIATHHOUPHUINEBOTO CITIaBa (IUTMHA KOH-
TakTa 2,4 MM, muameTp — 1,1 MM, pacCTOSTHIIE MEXIY KOH-
taktamu — 2,59 mMm) (Ad-Tech Medical, CIIA)
u kpersimuecs: K HUM kKoHHeKTopel CABRIO (Ad-Tech
Medical, CIIIA).

WUccnenosanue in vitro

HccaenoBanue MpoBOOMIN C HCITOIb30BaHUEM HATY-
pPaJIbHBIX TOMOTEHU3UPOBAHHBIX OCIKOB KYPUHBIX SIHII
Temrtepatypoii 25 °C B KauecTBe Cpebl IJIST KOaryJsiiu.
Benku oTnensiin oT XKeJITKOB ¥ IIOMEIIAIH B IIPO3PaYHYIO
€MKOCTh TP KOMHATHOM TeMreparype. B eMKocTh BBO-
IWJIN TTapajuIe]IbHO 2 3JIEKTpoaa TaKM 00pa3oM, ITOOBI
X KOHTAKTHl HAaXOMWJINCh TOYHO APYT HAIIPOTHB ApYyTa.
Koarysiimio mpoBOIMIN MEXIY PSIIOM PaCITOI0XEHHBI-
MM KOHTaKTaMM 1 3JIeKTpoaa, MeXIy OTHaJICHHBIMU KOH-
TakTaMM | 3JIEKTpoma M MEXIy COCeTHUMMN KOHTaKTaMU
PSIIOM PACTIONIOXKEHHBIX 3JIEKTPOIOB Ha PACCTOSTHUH 5 MM.
O/l bopMupoBanu Ha MOIIHOCTH 3, 5, 7 BT HempepbIBHO
Ha ripotsekeHnu oT 90 1o 180 ¢. MolIHOCTh TapaMeTpoB KO-
aryJISILANA KOHTPOJIMPOBAIN MaHyaJIbHO, JOCTUTAST JKeTaeMbIX
3HAYCHUI B TeueHme 15 ¢. JMTeTbHOCTD SKCITO3UIINN U T1a-
pameTpsl MoITHOCTH PT 060CHOBaHEI ITPOTOKOIAMH, TIPE-
JIOXXEHHBIMM B 0oJiee paHHUX McciaegoBaHusax [12, 20].
[pu xKomebaHMSIX MOIITHOCTA Ha (DOHE M3MEHEHUIA COITPO-
THUBJICHUS TTApaMeTPhI TAKKEe MaHyaJIbHO KOPPEKTHUPOBAIH.
PT cuutanu 3aBepiueHHOM, Korma HAOMIOJANICS pe3Kuit
IMOIBEM MMITEIAHCA 1 CITaf HATIPSDKEHUS.

®orodpukcaumio pesyiabratoB PT mpoBoguau ¢ mc-
nonb3oBaHueM doroanmnapara Canon EOS 60D (Canon,
SAnonus). AHanu3 ¢poTorpaduii BEITIOTHSIIA B IPOrpaMMe
Adobe Photoshop CC (Adobe Inc., CIIIA), namepeHus
ITOJTy9aeMBbIX 0YaroB KOATYJISIINU IIPOBOIVIIN C TTOMOIIIBIO
MHCTPYMEHTA «IMHEMKa» MOCJIe CTaHAapTU3aLlu1 KaJpoB.

Kimnuyeckas oueHka

M3 6a3bI JaHHBIX TTALIMEHTOB, TIPOIIEAIINX IIPOLICAYPY
crepeo-O3T, oToOpaHbl 2 ciydyas, B KOTOPBIX ITallueHTaM
BBITTOTHsUTach PT MexXmy KOHTaKTaMM, pacItOIOKEHHBIMU
Ha 1 anekTpone. B 1-M ciydae y nauveHTa Oblia BbIsIBIeHA
BUCOYHas (DopMa SMIICTICUM, BO 2-M cIyJae SITMICTITO-
TeHHasl 30Ha pacliojiarajach 3KcTpaTeMItopaibHO. Pacmo-
JIOXXEHME TTYOMHHBIX 2JIEKTPOIOB, B TOM YHCJIC HAXOXIE-
HHE MX B QYHKIIMOHAJBHO 3HAYMMOM 30HE, ONpPeaeIsIn
mo maHHbIM MPT 1o m 1mociie yCTaHOBKH 3JIEKTPOIOB.
JormorHuTebHO (PYHKIIMOHATBHYIO 3HAYMMOCTB 30H, T10-
TeHLMAJbHO Tomiexamux PT, mpoBepsin ¢ ITOMOIIBIO
MPSIMOM CTUMYJISILIMKA 3THX 30H Yepe3 YCTaHOBJICHHBIC
snekTponbl. PT mpoBoguim mo TOi Xe TeXHOJIOTHH,
4YTO M B UCCJIENOBAHUMU in vitro. B oboux ciydyasix Obuin
WCITOJIb30BaHbI clenyole napaMmeTpsl PT: MoImmHOCTD
3 Br, nimutenbHOCTD Bo3aeiicTBus 180 c.

Pa3zmep O/I, nomyuyernHoro B pe3ynsrate PT, oneHuBa-
JIX TI0 JaHHBIM KOHTpoibHOU MPT, mpoBeneHHOI B 1eHb
PT wnu Ha crenyromnii feHb mocie npouenypsl. OJ1, mo-
JydeHHBI ¢ momoinbio PT, muddepenimmponanmm ot repu-
(hokabHOTO OTEeKa C IMOMOIIBIO T2-B3BEIIeHHBIX N300pa-
xeHuii. [Ipen- 1 mocieomnmepallmOHHBIE OCOOEHHOCTH
TeuyeHUs 3a00JIeBaHMsA Yy MallieHTa ObUIM KauyeCTBEHHO
OIICHEHBI BpauaMU-3ITICTITOIOTaMU.

IIpoBeneHnue 5Toii mpouenypbl ObUIO OLOOPEHO JIO-
KanbHbIM 3T4YeckuMm komutetoM HMXI um. H.W. Iu-
porosa (rpotokon 3acenanust Ne 17 ot 18.11.2020).

PE3YIIBTATDI

HUccnenosanme in vitro

CornpoTuBJieHNE BHYTPU IMYHOTO 6eka 10 Havana PT
cocTaBysuto 254,39 + 8,2 OM 1 He OTIIMYAIOCh B 3aBUCH-
MOCTH OT ITOJIOKEHUS BJIEKTPOIOB OTHOCUTENIHFHO APYT
Ipyra B IPOCTPAaHCTBE. 3HAYEHUE COIPOTUBICHUS U3Me-
HSUTOCh B IpOIlecce KOArysimuu U pocturaio 1,1 kOm.
Bo Bpems mepemaun Toka pa3Mep ydacTKa KoaryJIsiuu
BUIMMO YBEJIMYMBAJICS IO MOMEHTA, KOTIa ITIPOMCXOINIIO
pe3Koe IMOBBIMICHNE CONpOoTUBIeHUSI. OTHOBPEMEHHO
C 9TUM PETUCTPUPOBAIUCH MMAJACHUE TOKA, CIBIIITAMBIN
Tpeck, 1 popmuposascs ouar PT.

ITpu BeinonHeHuu PT mexny oTnaieHHbIMU KOHTaK-
TamMu 1 3yIeKTpoma pa3Mep odara TepMOIECTPYKIINHU yBe-
JIMYUBAJICS TMHEIHO IIPH TTOBBITIICHUNN MOIITHOCTH CTUMY-
Jstmn (p <0,001) (puc. 1).

Pa3zmep O/1, cpopmupoBaHHoro B pe3yabsrate PT, Tak-
K€ CTAaTUCTUYECKH 3HAYMMO YBEJIMUMBAJICS IIPH IIPOJIOH-
rupoBaHuu akcno3uuuu (p <0,001). Takum obpa3zoM,
npu BeinosHeHuu PT MoimqHocThio 7 BT nipomoikuTesib-
HocThIo 180 ¢ pasmepr! O1 6bUM MaKCHMMaIbHBIME (8 +
2,5 MM), a MUHUMaJIbHBIMHA — TIpH 3 BT ¢ aKkcro3unmeit
90 c (4 £ 1,2 mm).

I1pu BeinonHeHun PT Mexnay OnmkKaiIMMy KOHTaK-
tamu | s1ekTpona Hanoospmme pasMepsl O/ oaydeHb
MpU KOAryJIsaIMKA ¢ MOITHOCTBIO 3 BT m skcmo3umuei
180 ¢ (puc. 2). Pe3ynbraThl BappupOBaIN U COCTABIIIN
13 £ 3,2 MM x 8 & 0,4 MMm. CTaTUCTUYECKN 3HAYMMO MEHb-
mme pa3mepsl O/ ObUTH TTOTYIeHBI TP MCIIOIb30BaHUT
motrHocTH 5 BT ¢ axcniosutmeit 180 ¢ (p <0,001). Pe3ynb-
tartbl cocraBuan 10 £ 3,7 mm x 6 = 1,4 mm. Paszmepnr O]
TIPY 9KCITO3UIINY B TeueHre 90 ¢ He UMeTN CTaTUCTUYECKH
3HAYMMBIX Pa3IYMil MEXIY Pa3TUYHBIMU ITapaMeTpamMu
MOIITHOCTH, OMHAKO OBLIN 3HAYMMO MEHBIIIE IIPU COOTBET-
CTBYIOIINX IMMapaMeTpax MOIITHOCTH B CPAaBHEHUH C KCIIO-
sunueit 180 ¢ (p <0,001) (cm. puc. 2).

I1pu BeinonHeHun PT Mexnay OnmkadIMMy KOHTaK-
TaM# T1apajuIeJIbHO PACIIONIOKEHHBIX 3JIEKTPOIOB (MeX-
KOHTaKTHOE PacCTOSTHUE 5 MM) Hanboupire pazmepsl O]
TIOJTyYeHBI TTPU KOATYJISIIIAN ¢ MOIITHOCTHIO 3 BT 11 aKcmo-
sunmeit 180 ¢ (puc. 3). Pe3ynsraTel BApbUPOBAIN U COCTA-
B 14 £ 2,4 mm. CTaTUCTUYECKH 3HAYMMO MEHBIIINE pa3-
mepsl O/1 ObITH TTOTyYeHBI IIPY NCTIOIB30BAHNY MOIITHOCTH
5 u 7 Bt ¢ akcnosummeit 180 ¢ (p <0,001). Pesyiasrarst
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mpu MommHOCTH 5 BT coctaBmm 10 &+ 2,2 MM, a TIpA MOIII-
Hoctu 7 BT — 12 & 3,1 MmM. Pasmepsr O/] ipu skcrio3utiumn
B TedeHue 90 ¢ UMenu pe3ysIbTaThl, UISHTUYHbIE KOarysi-
1IN OTHAJIEHHBIX KOHTAKTOB | 3exTpona.

B ta6s. 1 mpeacTaBieHsl pa3Mepbl y9aCTKOB KOATYJIs -
LIVU, TIOJTyYEHHBIX TIPY PA3TUIHBIX TApAaMETpPaXx.

Puc. 1. Paduouacmomuas mepmoxoazyinuus mexcdy omoaseHHbIMU KOH-
makmamu 001020 21eKmpoda: a — mougpocmsv 3 Bm, npodoascumenvrocmo
decmpyxuyuu 90 c. Jluamemp naubosvuieeo ouaea Koazyasyuy cocmagisem
3, 1 mm, Haumenvuieeo — 2,3 um; 6 — mowpocmo 7 Bm, npodonscumenshocmo
decmpyiyuu 180 c. luamemp nauboavuieeo ovaea Koazyasyuu cocmagisem
6,2 mm, HaumeHvwe2o — 5,1 mm

Fig. 1. Radiofrequency thermocoagulation between remote contacts of one
electrode: a — 3 W power, 90 seconds exposition time. Larger lesion size —
3.1 mm, smaller lesion size — 2.3 mm; 6 — 7 W power, 180 seconds exposition
time. Larger lesion size — 6.2 mm, smaller lesion size — 5.1 mm

Kinnaunyeckas onenka

Bun snextpoaoB nocie npoBeaeHust PT npeacrapieH
Ha puc. 4.

Kmannyeckwii npumep 1. [ayuenmxa, 24 aem, c ghap-
Maxope3ucmenmubim meuenuem snutencuu. Cemuonoeuvecku
NpUCMynsl HOCUAU QOKANBHBLE 2UNOMOIMOPHYIL XapaKmep:
0epanuMenue nPoU3BoAbHOU 0essmeabHOCMU, YMPama 0co3-
HAHHOCMU, 0POAAUMEHMAPHbIE ABMOMAMU3MbL, OUCOHUYe-
CKas YCMAHOBKA NPABOL BePXHell KOHEUHOCU U A8MOMAMU-
3UPOBAHHbIE OBUMNCEHUS 8 Ne60l 8epXHell KOHeYHOCMU.
Yacmoma snusenmuueckux npUCMyno8 npu npueme aHmu-
anusenmu4eckoil mepanuu cocmaegnsna 0o 20 ciyuaeg 8 me-
cay. Tpu eudeo-III-monumopunee 3apecucmpuposano Ha-
Y4an0 UKMAAbHO20 NAmMmepHa 6 Ne60l A00H0-8UCOUHOU
obnacmu (F7-T3-T5). Ilo pesyasmamam MPT eonoeroeo
M032a 00CMOBEPHBIX NOMEHYUANLHO INUACHNOSEHHBIX 04A208
He eviseaeno. [lo pezyavmamam no3umMpoOHHO-3MUCCUOHHOU
momoegpaghuu, coeMeweHHOl ¢ KOMNbIOMEPHOU momozpagu-
eli, 3apecucmpupo8ana obaacms eunoMemabdoaU3Ma 2AKo3bl
8 1€60M GUCOYHOM PECUOHE.

Ilo danuoim cmepeo-I331 3apecucmpuposaro 6 cmepeo-
MUNHBIX CHOHMAKHBIX POKanbHbIX npucmynos. Hauano ux-
MAanbHO20 NAMMEPHA 8 8UOE NOAUNUK -B60AHOBOL AKMUBHOCTU
¢ nepexo0oM Ha 8blCOKOYACTMOMHYIO 8bICOKOAMNAUMYO-
HYI0 aKMUBHOCMb Pe2UCMPUpo8anoch nod KOHMaKmamu
1—4 anexkmpoda NA’, pacnonsoscennsimu 6 obaacmu 1e6oil
amuedanst, nod konmaxmamu 1—4 anekmpooa HC’, pacno-
AONCEHHBIMU 8 20/106Ke 1€6020 2UNNOKAMNA, U NOO KOHMAK -
mamu 1—4 anexmpoda HT’, pacnonodcennvimu 6 mene 1eo-
20 eunnokamna. B xode uccaedosanus peeucmpuposanach
UHMEPUKMANbHASL AKMUEHOCMb N00 Konmakmamu 1—4 anexm-
poda HC’, pacnonoxcennvimu  20106Ke 166020 cUNNOKAMAA,
noo koumaxkmamu 1—3 anexkmpooa HT’, pacnososicennsimu
6 mene 1e6020 SUNNOKAMNA. SHAYUMEAbHO MEHee 8bipaXiCeH -
Has no unoekcy npeocmagieHHOCMU SNUAeNMUPOPMHAS

Puc. 2. Paduouacmomnas mepmoxoazynyus Ha mowHocmu 3 Bm meacdy coceonumu xonmaxmamu 1 snexkmpoda: a — npooosjcumensHoCms 0ecmpykyuu
90 c. Chopmuposan yuacmok xoaeyaayuu pazmepom 10 x 3 um; 6 — npodoancumenvrocms decmpykuuu 120 c. Cihopmuposan yuwacmok Koazyssyuu paz-
mepom 11 % 5 mm; 6 — npodonxcumensrocmo decmpyiyuu 180 c. Cpopmuposan yuwacmok xoaeyaayuu pazmepom 13 x 8 mm

Fig. 2. Radiofrequency thermocoagulation at 3 W power between adjacent contacts of one electrode: a — 90 seconds exposition. Lesion size 10 x 3 mm;
0 — 120 seconds exposition. Lesion size 11 x 5 mm; ¢ — 180 seconds exposition. Lesion size 13 x § mm
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Puc. 3. Paduouacmommuas mepmokoazyanyus mexcdy coceOHumMu KOHMAaKmamu OmoaneHHbIX 21eKmpooos (MeJCKOHMaKmHoe paccmosnue 5 Mm), npodon-
acumensvrocms decmpykyuu 180 c: a — mowpocmo 3 Bm. Cghopmuposan yuacmok Koaeyaayuu ¢ nonepeunvim pasmepom 15,1 mm; 6 — mowpocms 5 Bm.
Cdopmuposan yuacmok Koazyasyuu ¢ nonepeuHvim pamepom 12,3 mm; 6 — mowpocmo 7 Bm. Copopmuposan yuacmoi koaeyaayuu ¢ HOnepeuHvim pasmepom
13,4 mm

Fig. 3. Radiofrequency thermocoagulation at 3 W power between adjacent contacts of two separate electrodes (interelectrode distance 5 mm) for 180 seconds:
a — 3 Wpower. Lesion size 15.1 mm; 6 — 5 W power. Lesion size 12.3 mm; ¢ — 7 W power. Lesion size 13.4 mm

Ta6auua 1. Pasmepor 0uazo6 paduouacmomuoil mepmoKoazyAsyuy NPy UCKOAb308AHUU PAZAUMHBIX NAPAMEMPOE

Table 1. Lesion sizes at different radiofrequency thermocoagulation parameters

Thermocoagulation parameters Lesion size depending on duration of exposure, mm

KoHTaKTbI 2;1€KTPOI0B MomHocTb, BT 90 ¢ 120 ¢ 180 ¢
3 10+ 0,5 11,3+ 2,1 13+£32x8+04
CocenHue KOHTaKThl OTHOTO
3JIEKTpoaa 5 10,5+ 1,2 10,2 = 0,7 10+3,7x6+1,4
Adjacent contacts of one electrode
7 10,4+ 1,4 10+ 0,9 9,5+1,2%x53+04
3 4+1,2 4,8+0,8 7,4+ 1,7
OrtmajieHHbIe KOHTAKTHI OTHOTO
3JIeKTpoaa 5 5,3x0,4 6+1,1 7,5t 1,9
Remote contacts of one electrode
7 6,8+0,9 7,4+1,7 8§+2,5
Bawukalime KOHTaKThbI 3 424112 9,3x1 14+2,4
mapauICJIbHO PACIIOIOXCHHBIX
3JIEKTPOIOB 5 5,1£0,6 6,6+1,7 10+2,2
Adjacent contacts of two separate
electrodes 7 6,7+ 1,3 8,8+24 12+ 3,1

aKmueHOCMb omme4anacs nod KoHmakmamu 4— 6 anexkmpo-
da OF’, pacnoaojceHHbiMU 6 nepedHUX omoenax Aesoil
0cmpoeKosoll doau (puc. 5).

ITlayuenmke eoinonnena PT 6 obaacmu ycmaHo8aeHHbIX
21eKmpo0os 6 ne6oil ucouHoil dose (NA’ — konmaxmor 1—2,
2-3, 3—4, HC’ — konmaxmut 1-2, 2—3, 3—4, HT’ — kon-
makmot 2—3, 3—4). C yuemom obsema 6b1561€HHOU InuULeN -
moeennoll 30ubt PT 6 danHom cayuae Hocuaa He cmMoAbKo
mepanesmu4ecKuil, CKoaAbko OUudeHOCMUYecKull xapaxkmep.

Ilpu koumponvroit MPT eonosnoeo mozea (nposedena
6 meyenue 24 1 nocae PT) no mpaexmopusim yoareHHbIX 21eK-
mpodoe ¢ 30Hax nposedenroli PT euszyaruzupoearucy 30Hbl
decmpyKuyuu ¢ ymepeHHbiM nepughoxatbHoim omexom (puc. 6).

Ilocae nposedenus PT npedcmasaennocms u amnaumy-
da snusenmuopmuoll akmusHocmu nod KOHMAaKmamu
anekmpodos HC’ , HT” u OF’ pe3xo cHu3uauch, 4mo moxicem
cayacuUmsb 00HUM U3 Kpumepuee ycneutHo nposedenuoli PT

(puc. 7).
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Puc. 4. Buewnuii 6uo 31ekmpodog nocue 6binoaHeHus paduo4acmomuol mepmoKoazyisyuu

Fig. 4. Electrode appearance after radiofrequency thermocoagulation
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Puc. 5. Cmepeo-snekmposnyegharoepapus nayueHmeu 8 MmelcnpucmynHom nepuoode. Kpacuoimu cmpeaxamu ommeueHvl KOHMAaKmol, 100 KOMOPbIMU pe-
2UCMPUPOBANACH UHMEPUKMANbHAS SNUACRMUMECKAs AKIMUBHOCHb

Fig. 5. Interictal stereoelectroencephalography. Red arrows show contacts under which interictal spiking was registered
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Puc. 6. Maenumno-pesonancras momoepagus nayueHmru nocae npogederus: paduo4acmomHoil mepMoKoazy Ay

Fig. 6. Magnetic resonance imaging after radiofrequency thermocoagulation
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Puc. 7. Cmepeo-anexkmposnyepanrocpagus nayueHmgu nocie nposederus paduo4acmomHoll mepmokoazyssyuu. Kpacuvimu cmpeakamu ommeueHsl KOH-
makmol, n00 KOMOPbIMU PE2UCMPUPOBANACH UHMEPUKMANbHAS INUACNMUMECKAs AKMUBHOCb

Fig. 7. Stereoelectroencephalography after radiofrequency thermocoagulation. Red arrows show contacts under which interictal spiking was registered

Ilocne binontenHoeo neverus y NaAyUeHmKYU omme4anacs
pemuccus npucmynos é meuerue 2 mec. Taxum oopasom, PT
1n03604UAa 0ONOAHUMENLHO NOOMEepOUmb 2Unome3y 0 pac-
NOAOJNCEHUU SNUNENIMO2EHHOI 30HbL 8 1e80Il UCOUHOU dose.
Cnycms 2 mec nocae PT 60306H08UAUCH GhoKanbHBIE 2UNOMO-

MOpHble COCMOSIHUSL, KOMOPble HOCUAU MeHee BbipadCceHHblll
u npodoaxcumenshsiii xapakmep. Ha ocnoseanuu npedxupyp-
euueckoeo oocaedoganus u peyavmamos PT npunsamo pewe-
HUe 0 yeaecoodpazHoCmi NPoBedeHUs. XUpypeuecKoeo neve-
Hus. Tlayuenmke gvinonnena onepayus: nepeoHemeouanbHas
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BUCOUHAS N00- U AMULOANSUNNOKAMUIKMOMUS c1e8d Nod
HelipoghuzuonoeuuecKUM KOHMPOoAeM ¢ UHMPAONepayUoOHHbIM
npobyxcoeruem.

[locaeonepayuonnbiii kamamuez — 1 200: anurenmuue-
cKue npucmynsi He NOBMOPSAUCH, 3a IMO 8peMs 08axNCObl
npoeeder cymo4Hblii CKaabnogulil eudeo-331-monumopune
(uepe3 6 u 12 mec nocae onepayuu), no pe3yabmamam Komo-
D020 SNUAENMUPOPMHAS AKMUBHOCMb He 3apecUcmPUpo8and.
IIposodumcs nocmenennas ommeHa NPOMUBONPUCIYNHOI
mepanuu. Tlayuenmra coobujunsa 06 yayuweHuu Kavecmea
acusnu. Tlocareonepayuonnutii ucxoo no wixane Engel — Ia.

Kimnnaeckwnii npumep 2. [layuenmra, 32 aem, c ¢ap-
MakKope3ucmeHmnsIM meveHuem gokanvroil snusencuu. Ce-
MUOA0UMECKU INUACNMUYeCKUe NPUCMYNbL BPOMEKAnU 8 GU-
de MoOwHOMbL, 2UNepcarusayuu, yyecmea cmpaxa, KAOHUU
AUYA U weu caeda, KAOHUU AeB0ll 8epXHell KOHeYHOCMU
6e3 ympamol oco3HanHocmu. Yacmoma snusenmuyeckux
NpUCMYNO08 NpuU npueme nPomueocydopoNICHONU mepanuu co-
cmasasiaa 0o 1—-2 pas 6 denv. Ilo pezyssmamam MPT eon06-
HO20 MO032a @blsiGAeHaA (POKAAbHAS KOPKO8As OUCHAA3US
(DPKI) npaesoii 106H0IL doau.

B cea3u c pacnonoxcenuem oonacmu ©KJ 6 nenocpeo-
CMBEeHHOU b6Au30cmu K (YHKYUOHAALHO 3HAYUMbBIM 30HAM
MO032a 0451 onpedenerus 006ema pe3eKyuu NPUHAMO peuleHue
0 npoeederuu cmepeo-3I-monumopunea. Ilo pezynsmamam
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cmepeo-III 3apecucmpuposeana ukmanbras aKmueHoCMs
100 KOHMaKmamu 31eKmpo0os, Haxo0AUUMUCT BHYMPU 00~
aacmu DKI[ u 6 nenocpedcmeennoil bauzocmu om Hee.
Ha unmepukmanshoil 3anucu ¢ 8bicCOKUM UHOEKCOM nped-
CMABAEHHOCMU 3aPecucmMpupo8ana dnUlenmugdopmuas ax-
musHocms nod konmaxkmamu 2—6 anekmpooa AA, pacnono-
JCEHHBIMU HA epanuye A00HOU U MeMeHHOU NOKPbIUKU,
nod kommakmamu 3—6 s1ekmpoda BB, pacnonoiceHHbimu
8 meMeHHOIl NOKpbluiKe, o0 KoHmakxmamu 3—6 snexkmpo-
da D, pacnoaodicentbimu 8 100H0U NOKpbLUIKE, OO KOHMAK -
mamu 5—06 31ekmpoda CC, pacnonoxdceHHoviMu 6 HUNCHUX
omadenax npeyeHmpaibHoil u3euauHsl (puc. §).

C nomouybio npsamoil 31eKmpu1eckoil CmuMyAsyuu yepe3
YCMaHosaeHHble I1eKmpodbl onpedenensl epaHuubl QyHK-
YUOHANBbHO 3HA4UMOU 30Hbl. Boimoanena PT kommakmos
21eKmpo0os, 6061eHEHHbIX 8 UHULUALUIO NPUCMYNA, C COXPa-
HeHueM KOHMAKMmMOo8, PACHONONCEHHbIX 8 (YYHKYUOHANLHO
3HAUUMOIL 30He — 6 MedUANbHbIX OMAeAax npasoll 8UCOHHOU
doau u mMeduobazanvHulX omaoenax nNpaeoil A00HOU 0oau:
anekmpodet AA — konmaxkmoet 1—4, BB — konmakmut 4—06,
CC — koumakmuot 4—5. Ilocae nposedennoii PT npedcmag-
AEHHOCMb U AMAAUMYO0a SNUAeNMUDOPMHOL AKMUBHOCMU
nod konmaxmamu 3nekmpodos AA, BB, CC u DD cru3zunuce,
Umo Modcem CAYICUMb OOHUM U3 Kpumepues YCHeuiHo
npogedennoii PT (puc. 9).

Puc. 8. Cmepeo-aaexmposnyeganoepaghus nayuenmru 8 mexcnpucnynnom nepuode. Kpacuoimu cmpenkamu ommeueHvl KOHMAKmMol, 100 KOMOPbIMU pe-

cUCMpUpPOBANACH UHMEePUKMANbHAA SnUienmu4ecKas akmueHocms

Fig. 8. Interictal stereoelectroencephalography. Red arrows show contacts under which interictal spiking was registered
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Puc. 9. Cmepeo-anexkmposnuyeganoepaghus nayuenmiu nocae nposedenus paduouacmomHoii mepmoxoazyaayuu. Kpacusimu cmpeakamu ommeuervl KOH-
makmat, 00 KOMOPbIMU Pe2UCMPUPOBANACS UHMEPUKMANbHAS INUAENMUYECKAs AKIMUBHOCMb

Fig. 9. Stereoelectroencephalography after radiofrequency thermocoagulation. Red arrows show contacts under which interictal spiking was registered

Puc. 10. MaeHumuo-peszonancras momoepagus nayueHmxu nocie nposedeHus paduo4acmomHoll mepmoKoazyiauyuu

Fig. 10. Magnetic resonance imaging after radiofrequency thermocoagulation

IIpu konmponwroit MPT 2010681020 M032a, 8bIN0OAHEHHOT OBCYRJIEHUE
6 meuenue 24 v nocae PT, no mpaexmopusm yoaneHHbix 31eK - PanmodacroTHast TepMOKOAryISIIIUS HAILIUIA ITMPOKOE
mpodos 6 3onax nposedennoii PT eusyasuzuposasucs 30Hbi  TIPUMEHEHNE B KIIMHUUYECKOI MTpakTuke. UMerotcst omyo-
decmpykyuu ¢ ymepeHHbiM nepughokansivim omekom (puc. 10). TVKOBaHHBIE Pe3yabTaThl IKCIIEPUMEHTATBHBIX MCCIIe-
Ilocne npogedenus PT snusenmuueckux npucmynog JOBaHUU — Kak in vitro, Tak u in vivo [12, 13, 18, 20].
He ommeuanocy. Ha dannbiii momenm nayuenmka céo6oona  CoriacHO JaHHBIM JUTepatyphbl, addexkrusHocTs PT mst
OM NPUCMynos 6 meuetue 2 1em. noctmkeHus nonoxurenbHoro ucxona (I—I1 mo Engel)
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cocTaBiisieT 0KoJ10 62 % [16]. JlaHHBLIA METOM, IIPUMEHSI-
eMBIil TI0 OKOHYAaHUM 3aIucu crepeo-DII, mo3Boisier
IIOOUTBHCSI M30aBIICHUSI OT IIPUCTYIIOB 0€3 MOIOJTHUTEIb-
HBIX XMPYPTUUECKHNX BMEIIIATeIbCTB. B TO Xe Bpems cBO-
0oma OT MPUCTYNOB — HE €AMHCTBEHHBIN KIMHUIECKU
3HaunMbIil apdekT PT. B 3aBcuMocTi OT 0cOOeHHOCTE
OpraHU3allNy MEIUITMHCKOM IMOMOIIIM HalleHTaM ¢ (ap-
MaKOPE3WCTEHTHOM SIMIIICTICHEit BpeMsI OXKUIaHUS Pe3eK-
TUBHOTO BMeIlIaTeJIbcTBa MOXET mocturath 12 mec [21]. PT
TO3BOJISIET CHU3UTHh MHTEHCUBHOCTD U YACTOTY CYTOPOXKHBIX
MIPUCTYIIOB, YTO OJArOIPUSITHO CKA3hIBAETCSl HA KAYECTBE
XKU3HU MMALIMEHTOB, OXWIAIOIINX ITPOBEACHNST HEMPOXHUPY-
TMYECKOro BMeIaTeabcra [22]. I1o maHHBIM JIMTEpaTypEHL,
He OIMMCAHO 3HAYMMBIX ITOOOYHBIX 3(h(PEKTOB ITPOBEACHNS
PT, ogHako 3TOT BOIpoC TpeOyeT JaIbHEUIIEro U3y4eHUsI
BBy MaJIOTO KOJTM4YeCcTBa HabmoneHmii [23].

TeM He MeHee B Hallleit cTpaHe IpUMEHEHNE MeToaa
orpaamyeHo. [Ipexae Bcero 3To CBI3aHO C OTCYTCTBUEM

cepTuUKAINY TEX JIEKTPOAOB, KOTOPbIE OBUTN UCTIONb-
30BaHbl B KIMHUYECKUX UCCIENOBAHUSX C OMYOJIMKOBaH -
HBIMU pe3yiibTataMu. B Tekylieii paboTte MpuBoasTCS pe-
3yJbTaThl KJIMHUYECKOW ampobamuu TpUMeHEeHUS
snekTponoB Ad-Tech Medical (CIIIA). I[Toce momydeHusT
00GPEHUS TOKATBHOTO 3TUYECKOTO KOMUTETA U TP CO-
OJIIOZICHUN ATUYECKUX U IOPUAMYECKUX acTIeKTOB HAMU
MPOBEACHO MCCIIeIOBAHME in Vitro, pe3yJbTaThl KOTOPOTO
COTMOCTaBMMBI C paHee BBIMTOJHEHHBIMM paboTaMM,
YTO TIO3BOJISIET «9KCTPATIONMPOBATH» PE3YIBTAThI B KIW-
HUYECKYIO TTPAKTUKY.

SARJIIOYEHUE
HawnGombime oyaru necTpyKiuu (popMHUPYIOTCS B pe-

synsrate PT ¢ MeHbl1Ieid MOIITHOCTBIO 1 00Jiee IJIMTEIbHON
skcno3unmeit. Ha apcdpextuBHocTs PT B KauecTse Tepanum
SIUJIETICUY BIIUSIET COOTHOIIEHHE pa3Mepa TOJTy4eHHOTO
O/l v pa3Mepa SIMUIENTOTeHHOM 30HbI.
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C OIYXOIIAAMU TOJIOBHOTO MO3ra 1 JIMHAMUKA

ee BOCCTAHOBIIEHISI B PAHHEM II0CIe0IePaIOHHOM
Hepuoje

C.H. Kaypkun’ 2, C.JI. JIucrparos', !.B. Ipuropses!, JI.B. Cksopuos'’2, 1.B. Cennko!, I'.E. Banosa' 2

'IDI'BY «Dedepanvhbiii yenmp mo3ea u Helipomexnono2ui> DedepanvHoeo meduko-ouosoeuueckozo azenmemea Poccuu; Poccus,
117997 Mockesa, ya. Ocmposumsanosa, 1, cmp. 10;

2DIAOY BO «Poccuiickuii HAUUOHAAbHYLI UCCAeA08amMenbCKUll Meduyunckui ynusepcumem um. H. H. ITupoeosa» Munzopasa
Poccuu; Poccus, 117997 Mockea, ya. Ocmposumsinosa, 1

KoOHTaKThI:

Cepreit Hukonaesuy KaypkuH kaurkins@bk.ru

BeepeHue. Onyxonu rososHoro mosra (OIM) aBnsioTcsa OfHOM U3 Hanbosee akTyanbHbIX NPobeM B COBPEMEHHON Heil-
poxupypruun. Xupyprudeckoe nevyenne OI'M cunTaloT MaKCUManbHO ycnewHsIM METOf0M. B paHHeM nocneonepaunoHHOM
nepuoe y NaLuueHToB pa3BrUBAETCA HEBPONOTUYECKUiT U YHKLMOHANbHBIA aeduuuT. leduunt dyHKUMM XOAbObI CHUXA-
€T KaYeCTBO XW3HU NaLMEHTOB, X HE3ABUCMMOCTb, MOBbLILWAET PUCK NafieHNil. PeabunuTtaunoHHbIe MeponpusTUs, peanu-
3yemble MyNbTUANCLUNAMHAPHOW KOMaHAOW B NocneonepaLyoHHOM Nepuofe, HanpasneHbl Ha yny4weHne GyHKLMOHN-
poBaHuUA nauueHTa.

Llenb nccnepoBaHus — 13yyntb GyHKUMOHANbHBIE U KTMHUYECKUE cocTaBAsoWmMe QYHKUMM X0AbObI Y naumeHTos ¢ OI'M
B paHHeM nocneonepayyoHHOM Nepuoge.

Marepuansi u Metoabl. [lecsats nauueHTos ¢ OI'M npownu nocneonepalMoHHyio paHHioK peabunutaumio. [lo u nocne one-
pauuu 1 nocne peabunuTaLMOHHOTO JIeYeH!s NPOBEAEHA ANArHOCTUKA YHKLMMU XOfbObI C MOMOLLbIO KOMMIEKCA aHaNu-
3@ ABVXKEHWIA U OLLEHKM NO KNHWUYECKUM LWKanam.

Pesynbrathl. BoisBneHo ynyylweHune cornacHo KnnHMYeckum wkanam bapten n Pusepmup B BUAe [OCTUKEHUA CaMOCTO-
ATENbHOCTU U HE3aBUCUMOCTU. TecTbl, MOMOrawLMe oLeHNUTb 6e30MacHOCTb X0Ab0bl, NPOAEMOHCTPUMPOBANY YyUILEHUE
noka3saresieil — 0T BbICOKOrO pUCKa NajeHuns nocie onepauum o 6esonacHoin xoab0obl nocne peabunutaumn. 06beKTUBHASA
AMarHocTuka GyHKLUUM XoAbbbI NOKa3ana, YT0 OCHOBHbIE NapaMeTpbl LEMOHCTPUPYIOT CUHAPOMOKOMMEKC, XapaKTepHbIil
Insi MeafeHHoit xoab6bl. OGHapykeH cneunduyHblil gns o6cnenoBaHHOM rpynnbl hYHKLUOHANbHbIA (eHOMeH — 136bi-
TOYHas aKTUBHOCTb MbILWL, PU 3HAYUTENIbHO MEHbLUEN CKOPOCTU XOAbObI.

3aknioueHue. OueHKa npef- 1 nocneonepauuoHHOro hyHKLMOHaNLHOTO COCTOAHNSA XOAbObI NAaLMEHTOB BaXHa C TOYKM
3pEeHUs NOCTPOEHMS CTpaTernu NeYeHUs NauMeHTa u NoAGopa MHANBUAYaNbHOM NPOrPaMMbl MEAULMHCKON peabuauTauuu.
Ncnonb3oBaHMe KNMHUYECKUX WKAN U 0OBEKTUBHOI [AUArHOCTUKM NMO3BONAET OOHAPYXUTb CKPbITLIA ABUTaTENbHbIA fe-
tuuut. 06cnenoBaHue U peabunuTaLus HUBEAUPYIOT BBICOKUI NOCAEONePaLMOHHbIA PUCK NAAEHU.

KnioueBble cnoBa: onyxob roN0OBHOTO MO3ra, paHHAsA peabunuTtaLus, HapyleHue NoXoaKW, 0ObEKTUBHASA [UATHOCTUKA,
pWCK NageHunin

Insa yutupoBanua: Kaypkut C.H., luctparos C.[., lpuropbes W.B. u fp. HapyweHue dhyHKLMM X0f60bl y 6ONBHbBIX C OMy-
XONIAMM FOJIOBHOMO MO3ra W AWHAMMKa ee BOCCTAHOB/EHUSA B PaHHeM nocneonepaunoHHom nepuoge. Heitpoxupyprus
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Background. Brain tumors (BT) are one of the most pressing problems in modern neurosurgery. Surgical treatment
of BT is the most successful method. In the early postoperative period, patients have neurological and functional deficits.
Lack of walking function reduces the quality of life of patients, independence, and increases the risk of falls. Rehabilitation
activities of the multidisciplinary team in the postoperative period are aimed at improving the functioning of the patient.
Aim. To study the functional and clinical components of walking function in patients with a brain tumor in the early
postoperative period.

Materials and methods. Ten patients with BT underwent postoperative early rehabilitation. Before and after the
operation, after rehabilitation treatment, the diagnosis of walking function was performed using a complex of motion
analysis and evaluation according to clinical scales.

Results. An improvement has been achieved on the Bartel and Rivermead clinical scales in the form of independence
and independence. Tests responsible for walking safety demonstrated an improvement in performance from a high risk
of falling after surgery to safe walking after rehabilitation. Objective diagnosis of walking function showed that the
main parameters demonstrate a syndrome complex characteristic of slow walking. A functional phenomenon specific
to the examined group was found — excessive muscle activity at a significantly lower walking speed.

Conclusion. Assessment of the pre- and postoperative functional state of patients’ walking is important from the point
of view of building a patient’s treatment strategy and selecting an individual medical rehabilitation program. The use
of clinical scales and objective diagnostics makes it possible to detect hidden motor deficits. Examination and
rehabilitation eliminate the high postoperative risk of falls.

Keywords: brain tumor, early rehabilitation, gait disorders, objective diagnosis, risk of falls
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BBEJIEHUE

Ormyxonu TooBHOTO Mo3ra (OI'M) aBASIIOTCST OTHOM
13 HanOoJjiee aKTyaIbHBIX ITPO0JIEM B COBPEMEHHO Heli-
poxupypruu [1]. ITo ctaTucTrke, B TOMY/ISIIAY NALIMEHTOB
CILIA y 70 % nui; 06Hapy:KMBalOT JOOPOKAYECTBEHHBIE,
ay 30 % — 3nokauyecTBeHHbIe omyxouau [2, 3]. MeHuH-
TMOMBI COCTaBISIOT 53,3 % Bcex MOOpOKaYeCTBEHHBIX
OITyX0JIeit IEHTPATbHOM HEPBHOI CHCTEMBI, CPEITH 37T0KA-
4yeCTBEHHbIX 00pa3oBaHuii B 80 % ciiyyaeB 0OHAPYKMBAIOT
JIMOMBI [4, 5].

IMTanumenThl, y KOTOpHIX BEIIBIAIOT OI'M, HyXIaroTcs
B pa3IWYHBIX BUIax iedeHUs. K MeTomam JedeHUs maim-
eHTOB ¢ TiepBnYHbIMUA OI'M B HacTosIIIee BpeMsl OTHOCSIT
XUPYPIUUECKOE JIEYEHUE, PAAUOTEPANNIO, IPOTUBOOIY-
XOJIEBYIO JIEKapCTBeHHYIO Tepamuio. biaromapst coBep-
IIEHCTBOBAHMIO IIPOBOAMMOTO KOMIUIEKCA JICUSOHBIX ITPO-
Leayp pe3yJabTaThl BEDKMBAEMOCTH IaiimeHToB ¢ OI'M
yarydinaorces [6].

Llenpio XUpyprudecKoro JIeYeHUs SIBJISICTCS] MaKCH-
MaJIbHO 0e30TacHOe yaaJeHME OIMYyXOJIM C COXpaHEHUEM
MIPeAOIepallnOHHOTO HEBPOJIOTMYECKOT0O CTaTyca, OMHAKO
3TO He Bcerma BO3MOXHO [7, 8].

KimHanaeckast KapTiHA ¥ ypOBEHb aKTUBHOCTH TTAIIH -
€HTAa B ITOCJICONEePAIIMOHHOM TIepHO/Ie — BaXKHBIN (pakTop,
BIMSTIONINI Ha peabuanTaiioHHbIe MeporpusTus. Co-
[JIACHO TOCJICOHUM HAHHBIM, B pPaHHEH peaduInTalnu
B IIOCJICOTICPAIIMIOHHOM TIEPUOIE HYKIAIOTCS OKOJIO 15—
17 % nauuenTtos [9]. CyliecTBYIOT yOeaUTeIbHbIE JOKA-
3aTeJIbCTBA TTOJIOXHUTEIFHOTO BIUSTHUS TIPOLICAYpP paHHEH
peadINTAIIHN Y ITAITMEHTOB C OCTPHIM HAPYIIICHHEM MO3-
roBoro kpoBoooOpamieaus (OHMK) Ha 1-M sTane menm-

OUHCKOM peabmmmranuu [10], omHAKO JUTEpaTYpHI I10
peabumutanmu rmamyeHToB ¢ OI'M B paHHEM Tocieorepa-
LIMOHHOM TTepuojie HeaocTaTouHo [11, 12]. Peabmmmraum-
OHHBIE MEPOIIPUSITHUS B TIOCICOTIEPAIIMOHHOM IIePHOIIEe
HaIpaBJIeHbI Ha yiIydllieHre (PyHKIIMOHUPOBAHMS (IBUTA-
TEJIBHOTO, TICHXOJIOTMIeCKOT0, KOTHUTUBHOTO), a TaKXe
MpOoPUIAKTHAKY ITOOOIHBIX 3(P(PEKTOB M MATOJIOTHICCKUX
COCTOSIHU#, TaKMX KaK WHOEKIMOHHO-TPOGUISCKIE
OCJIOXXHEHMSI, BETETATUBHO-META00IMICCKIE, SMOLINO-
HaJIbHO-KOTHUTUBHEIE.

Haunmygmme pe3yibsraThl MOTyYeHBI IIPU paHHEH pea-
OMIUTAIINM C TIPUMEHEHUEM MYJIBTHUINCIUILIIMHAPHOTO
nonaxona [13]. B uccnenoBanusx, onvchiBalommx 3 ex-
TUBHOCTH peabunuTauny mamueHto ¢ OI'M, mmokasaHno,
YTO BOCCTAHOBUTEIBbHOE JIEUCHUE, CIICAYIOIee cpasy
3a OIEPATUBHBIM JIEYUEHUEM, JEMOHCTPUPYET YJIyULLIEHUE
(GYHKIIMOHAIBHBIX TTOKa3aTesiel (moka3aTeirst (YHKIINO-
HaJIbHOI HE3aBUCUMOCTH), ¥ 3TO YIYUIIICHNE COXPaHSIEeT-
Cs TIOCJIe BBIMUCKY U3 cTallMoHapa. J{oCTUTHYTEIE M3Me-
HeHUs (PYHKIIMOHAJIBHOTO COCTOSHMS OOIIMpHEEe, YeM
y naureHToB nociae OHMK u yepenmHO-M03roBoii TpaB-
MBI, ¥ BO3HMKAIOT HE3aBUCMMO OT THUIIA U JOKAJIN3aIUU
omnyxonu [14].

Y MHOIMX MaIMeHTOB HEBPOJOTUYCCKUN ITeDUIIUT
pa3BUBaETCS HE TOJBKO IOCJIE OTEPATUBHOTO JICUCHMS,
HO M 0 XMPYpPru4ecKoro BMelareabcTsa [15]. Ha npen-
oriepaliMoHHOM atare y 22 % nauueHToB ¢ OI'M oTMeua-
eTcst MOoTopHbIi nedpunut [16]. HeBponornuecknii neummr
BIIMSIET HA (PYHKIIMOHATBHOE COCTOSTHUC W IBUTATCIIHPHBIC
CITOCOOHOCTH MaIMeHTOB. OMHNM 13 BaXKHEUIIINX HAaBBIKOB
saBisieTcsa xonpba. OHa MMeeT KoJIoccalbHOe 3HAYeHUE
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IS TIOIIEep>KaHMSI KadeCcTBa SKM3HU MallMeHTOB, X He3a-
BUCUMOCTH, OKa3bIBaeT BIMSHUE HA MHOTHUE aCIICKTHI,
Takue KaK BOCIIPUSTHE ceOsl CAMOCTOSTEIBHBIM B OOIIIe-
CTBE, BHITIOJITHEHHME TPYIOBBIX U CeMEMHBIX PyHKIMit [17].
Y maumeHToB ¢ OI'M BO3HUKAIOT aHOMAJIUN TTOXOIKHU
B BUIIE alIPaKCUH ITOXOIKN M CHIKEHUSI CKOPOCTH XOIBOBI
[18]. HapymeHuss MOTOPUKH, YYBCTBUTEIHLHOCTU W pPaB-
HOBECHUSI CO3IAI0T TPYOAHOCTH TIPHU IIEPEIBHXKCHHU,
YTO TIPUBOAMT K TTOBBIIIIEHHOMY pUCKY mageHwuii [19, 20].
Cy1iecTByeT MHOXECTBO MCCIICIOBAHUI, OMMMCHIBAIOIINX
pe3yJIBTaThl peabIIUTalK Ha aMOyIaTopHOM 3tare [21—23],
OIHAKO paboT 10 M3YYCHMIO TTATOJIOTUH ITOXOOKHM Ha CTa-
IIMOHAPHOM 3Tare y manueHToB ¢ OMI HeMHOTO.

Ilenp nccaenoBanuss — M3y4YNTh QYHKIMOHATbLHBIC
1 KIMHUIECKNE COCTaBIISIOMMe (PYHKIIUM XOTbOBI Y Ma-
meHToB ¢ OI'M B paHHEM ITOCIICOTIe PAITMOHHOM IEPHUOJIE.

MATEPUAJIbI 1 METO/1bl

JIM3aiin uccaenoBaHus: SKCIepUMeHTaIbHOE HEpPaH-
JIOMM3MPOBAaHHOE IIPOAOJBHOE IMIOTHOE MCCIICAOBAaHME.

Ycnosus nposenennsi. MiccienoBaHue MpoBEAEHO B Me-
puon ¢ 2022 mo 2023 1. B 1abopaTopruy HayIHO-HCCIIe-
IOBATEJIbCKOTO IIEHTpPa MEIWIIMHCKON peaduInTaluu
DIIMH ®MBA Poccun.

Kpurepnu coorBercTBusA. Kputepuu BKIIOYEHUS: HA-
JIMYME BIIEPBbIe BEISIBIICHHOI mosTyinapHoii OI'M; Bo3pact
ot 18 1o 75 net; pyHKIIMOHAIbLHASI TOTOBHOCTD MAllMeHTa
K BepTUKaIu3alMu; afekBaTHas peakiiys Ha mpoby ¢ op-
TOCTa30M; BO3MOXXHOCTb A€PXKaTh BEPTUKAJIbHYIO CTOHKY
B T€U€HHE HEe MeHee 1 MUH; CITOCOOHOCTD K X0nboe 6e3 Mmo-
CTOPOHHMX BCIIOMOTATEIbHBIX IIPEIMETOB; SICHOE CO3Ha-
HHE C YPOBHEM OOIPCTBOBAHMUS, JOCTATOYHBIM TSI YCBO-
€HMSI W BBHIIIOJIHEHMS WHCTPYKUHWU IIPU IIPOBEICHUU
HCCIIEIOBAHMUS Y TPECHUPOBOK; OTCYTCTBIE KOTHUTHUBHBIX
HapyIIeHNH, TIPEIISITCTBYIOIINX ITOHMMAHUIO TTOCTABIICH-
HBIX HCCIIEAOBATEIEM 3a/1a4; OTCYTCTBME CEHCOMOTOPHOM
ada3uu rpyooii CTEIIEeHN; OTCYTCTBHE TEKOMIICHCHPOBaH-
HO# COMaTUYECKOM IAaTOJIOTUH, UIIEMUIECKIX N3MEHE-
HUI 110 JTaHHBIM 3JIEKTPOKapANOTpaMMBbI, CEPACYHON He-
nmocratouHocTH (II xmace m Boime 1o Killip); oTcyrcTBre
3a0oJieBait LIeHTpaJbHO U TIepudepruIecKoil HEPBHOM
cuctembl mromuMo OI'M B aHaMHe3€e, COIPOBOXIAIOIITX -
CsI HEBPOJIOTUIECKUM ACDUIIMTOM (IIOCICACTBUS TPABM,
OHMK, monauHeiiponaTi U T. 11.); OTCYTCTBHE OpTOIIe-
INYeCcKoil TmaTojornu (cycTaBHBIC AedopMaln U KOH-
TPaKTYpPHI, BEIPAXKEHHBIN 00JIEBOM CUHIPOM, aMITyTalluy
KOHEUYHOCTE, onepaliii Ha CycTaBaX HIKHMX KOHEYHO-
CTeil ¢ UCIOJIb30BaHNEM METAJUIOKOHCTPYKIIUM 1 Op.);
corylacue ImaieHTa Ha IIpoBeIeHNe 00beKTUBHOM qrar-
HOCTUKM (PYHKIIUY XOJIbOBI.

KpuTepnn UCKITIOUeHUS: JICTAIbHBII MICXOM; HAXOXKIIe-
HHE B HEPOXUPYPTAIECKOM OTIEICHUH ITOCTIE OIIepaliiy
MeHee 9 THeli; 0TKa3 MalMeHTa OT IIPOBEICHNS JICUeOHBIX
¥ TMAaTHOCTUYECKUX MEPOIIPUATHI; HealeKBaTHas peak-
LIUS CEPAEYHO-COCYIMCTOM CUCTEMBI Ha IIPOOY ¢ TTOIyOp-
TOCTa30M; TIOSIBJICHHE Y ITAIlEHTa OTPaHMINBAOIINX (DaK-
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TOPOB U (DAKTOPOB PUCKA IIPOBEACHMS PeabINTALIMOHHBIX
MEPOTPUATUI, NCKITFOYAOIINX BO3MOXKHOCTD ITPOBEICHMS
MEIULIMHCKOW peabUInTaLMK; IPyOble KOTHUTUBHEIE pac-
CTPOIICTBA; IICUXO3MOLIMOHAIbHOE BO30YXIEHME; ITPU3HA-
KU UCTEPUU; TICEBIOOYIBOAPHBIA CUHAPOM (HACUIbLCTBEH-
HbIIl CMeX, IjIa4); TpoMOO3 BeH HMXHEH KOHEYHOCTU
0e3 NMpU3HAKOB peKaHaIM3aluu JUOO0 apTepUalbHbIMA
Tpom003.

Onucanue MeaumUHCKOro BMemarteiabcTBa. Chop-
MUPOBaHbI 2 IPYIIIbL: IPYIIIa KOHTPOJIS, COCTOSIIAS U3
20 ucneiTyeMbIX (oTcyTcTBHE B aHamMHe3e OHMK, tpasm
rOJIOBHOI'O MO3ra, OlepaTUBHBIX BMELIATEILCTB HA TOJIOB-
HOM MO3r€, ITO3BOHOYHUKE U HIKHUX KOHEUHOCTSIX, OT-
CYTCTBME JBUTATEIbHOIO Ae(UIINTA), U OCHOBHAS IPYIIIA,
BKJIo4aioniasi 10 mauueHTOB C BIEPBbIE BbISIBICHHBIMU
OI'M, KoTOpBIE MONMYYMIIN TTOJTHBIN 00beM CITeaIN31-
POBAHHOM MOMOILK: OIEPATUBHOE U MEAMKAMEHTO3HOE
Jie4eHue, peabuINTalMOHHbIE MEPOIIPUSITUS, BbIIIOJIHSI-
€Mbl€ CIIeLMATUCTaMU MYJIBETUANCLIUILIMHAPHON KOMAaHIbI
OTHEJICHHS paHHEe MEIULIMHCKON peabuInTaluu, 1 00b-
€KTUBHYIO TMAaTrHOCTHUKY aJITOPUTMA XOIBOBI 10 U ITOCTIe
oIepanuu, Mocjie peabuaIUuTalMOHHBIX MEPOIPUSITHUIA.
[pynmnel HabUpaau MO pe3ysbTaTaM U3y4eHUs] UCTOPUA
6o0m1e3Hu B otaeneHnu Helipoxupyprun @IIMH ®@MBA
Poccuu u nogbopa nauneHTOB ¢ MOAXOASIIMM I10 KJIac-
cruduKanuy (TAI OITYXOJIM, PacIlojIoXKeHNe) 3a00eBa-
HUEM.

O0BeKTHI (YI9aCTHHKH) HccaenoBanns. [pymma KoHT-
posrst: 20 mpakTIdecKy 3mopoBbIX Il (10 skeHIMH 1 10 MyK-
YUH, cpenHuit Bo3pacT 28,8 * 3,7 roma (23—35 neT)),
He UMEIOLIMX B aHAMHE3€e TPaBM U 3a00/IeBaHUI OTIOPHO-
JIBUTaTeJbHOIO alrapara, LieHTpaabHOM U nepudepude-
CKOI1 HEPBHOM CHCTeM. DTa IpyIliia BKJIOYeHa B UCCIIEN0-
BaHMe [Ji1 OOHApYy:KEHHUS BCEX BO3MOXHBIX AeTajleid
(PYHKLIMOHATIBHOIO COCTOSIHMS KaK J0 XMPYPru4ecKoro
JIeYeHUs1, TaK U ITOCJIe IIPOBEACHUS peaOINTALIVN.

[pynna nauueHToB, MPOLIEAIINX ITOCIeONepalMOH-
HYIO PaHHIOIO peabuInTaluIo, cocTostia u3 10 mauueHToB:
4 My>X4MHBI ¥ 6 XXKEHILWH, cpeaHuii Bo3pact 46,3 £ 13,7 ro-
Ja (22—65 net), cpenruii poct 168,6 = 10 cm (157—184 cm),
cpemnauii Bec 78,1 * 20,3 xr (48—107 KT), y 2 malIMEHTOB
OIyXOJIb PACITOJIAraaach B IIPaBOM IOIYLIAPUH, Y 8 — B Jie-
BOM, Y 3 aLMEHTOB OITyXO0JIb PACIIOIAraiach psSaOM C MO-
TOPHOM 30HOM.

B rpyrire maluueHToB, IPOLIEIIIMX IT0CAeOnepaioH-
HYIO PAaHHIOIO peabUINTALIMIO, IIEPE OIepAaTUBHBIM BME-
IIATEJTbCTBOM UMEJIUCH CIIEAYIOIIME CUMITTOMBI: TOJIOBHAS
60716 (60 %), cynopoxubie mpuctyiibl (30 %), ob1uas cia-
6octh (20 %), runecte3un (20 %), TPyAHOCTHU CO 3PEHU-
eM (20 %), ronoBokpyxenue (10 %), HapylleHe ITOXOI -
ku (10 %), napymenue peun (10 %). XKanob He ObLIO
y 20 % nauueHTOB.

CornnacHO KJIMHUYECKOI KapTUHE OOILIEMO3roBast CUMIT-
ToMaTuKa BoisiBiieHa y 5 (50 %) mauuenTos, y 1 (10 %) na-
LMeHTa HaOJIIoMaIach MMpaMUIHAs CHMIITOMATHKA B BUIIE
rnapesa 70 4 6ajuIoB I10 1lIKaJjie OLIEHKU MBIIIEYHON CHUJIbI
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(Medical Research Council Weakness Scale), y 2 (20 %) na-
LIMEHTOB BBISIBJICHBI Pa3IMIHbIC HAPYIIICHUS 3pSHUS B BH-
ne remuaHornicuu, y 3 (30 %) — HapylIeHUsT YyBCTBUTE b~
HoctH, ¥ 3 (30 %) — smunenicus, y 1 (10 %) nmauueHTa
C KPYITHOI OCTPOBKOBO TTTMOMOI — 3 depeHTHO-MOTOP-
Has ada3us Jerkoii crenenu, y 2 (20 %) — ncuxudyeckue
HapymeHus. Couetanue 2 v 60jiee CHHIPOMOB BBISIBJICHO
y 5 (50 %) mauueHTOB.

Mertonb uccienosanus. Memoouka oyenku QyHKuyuu
X0060b1. [IarHOCTUKY (DYHKIIMH XOIHOBI BRITTOTHSIIM C TIO-
MOIIBIO KOMIUIEKCa aHaIM3a ABrkeHui «Ctannuc» («Heii-
pocodT1», Poccust).

KoMrIutekc cocTouT 13 aBTOHOMHBIX MHEPIIMOHHBIX
ceHcopoB. Kaxnplii ceHcop «HelipoceHe» nMeeT Kaamopo-
BaHHBIM MOIYJIb OecTuIaT(hOPMEHHOI HAaBUTAILINH, TT03BO-
JISTIOIIM# OTIPEAeIIATh ITOBOPOTHI CEHCOPA B IIPOCTPAHCTBE
C BBICOKOI TOYHOCTBIO U PSAJ APYTUX OMOMEXaHUYECKUX
napaMeTpoB. CeHcophsl comepxaTt Wi-Fi-mMonynbs conpsi-
JKEHUS C KOMITBIOTEPOM, aBTOHOMHBIN MCTOYHUK ITUTAHS
M 2 KaHajla perucTpaluy djeKTpoMuorpaMmbl (DMI).
Heiipocercopsl 1o 6ecripoBogHOMY MHTepdeiicy yepes
Wi-Fi-poyrep coenmHeHBbl ¢ pabo4yuM HpPOTpPaMMHBIM
obecreueHEeM, KOTOPOE OCYIIIECTBIISICT aBTOMATUUICCKYIO
PETUCTPAIINIO 1 MOCIISAYIONIYI0 00pabOTKY TaHHBIX C (pop-
MHPOBaHWEM CTAaHIAPTHOTO IIPOTOKOJA MCCIIeIOBAHMSI.
Oo61as cxema paboThl KOMITIEKCa U300pakeHa Ha puc. 1.
CucreMa nMeeT COOCTBEHHYIO HEMPOHHYIO CETh JIISI OIT-
peneeHrsI [UKJIa I1ara ¢ BBICOKOM TOUHOCTBIO.

7151 perrcTpaiy OLIeHNBAaEMBbIX ITApaMEeTPOB HCIIONb-
30BaJId 7 MTHEPLIMOHHBIX CEHCOPOB (puc. 2). Kaxkmerii ceHcop
OCYIIECTBIISIET PETUCTPAIINI0 KHHEMAaTUIECKNX TTapaMe-
TpOB 1 comepKuT 2 KaHana DMI -pernctpaunu. CeHCcophl
pa3MeIaroTCs Ha KpecTIle, Hapy>KHOM ITOBEPXHOCTH CPEI-
Helt TpeTu 6enpa, HapyKHOM JIOABIKKE U TIOTBEME CTOITBI
Ha 00eMX HIKHUX KOHeYHOCTIX. DMI perucrpupoBanach

C KPYITHBIX MBIIIEYHBIX TPYII, OTBETCTBEHHBIX 3a ITBHUTA-
TEJILHBIN aKT: YeTBIPEXTIaBOM MBIIIIIEI Oenpa U cyMMap-
HOI aKTUBHOCTY IBYTJIaBOU 1 TTOJIYCYXOXIIBHOM MBIIIIIL,

Puc. 2. IIpoyecc buomexanuueckoii duasnocmuxu gynkyuu xo0vowt. Iloxa-
3aHbl UHEPYUOHHbBIe ceHcopbl «Helipocenc» na bedpe, eonenu u cmone (ewje
I cencop Haxodumca c3adu Ha kpecmuye). K cencopam na eonenu u bedpe
nodxatouens: coomeemcmeyougue IMIT-31exkmpodsl 045 pecucmpayuu yHK-
YUOHANLHOLUL 2NEKMPOMUOSPAMMbL

Fig. 2. Process of biomechanical diagnosis of walking function. Neurosens
inertial sensors on the thigh, calf and foot are shown (1 other sensor is located
on the back on the sacrum). Sensors on the calf and hip are connected to the
corresponding EMG electrodes for functional electromyogram registration
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Puc. 1. O6was cxema komnaexca «Cmaoduc» («Heitipocogpm», Poccus) das uccaedosanus gyniyuu xoow0ut

Fig. 1. General diagram of the Steadys complex (“Neurosoft”, Russia) for walking function analysis
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nepeaHei 00bLIEOEPIIOBOK MBILILBI 1 CYMMapHOM ak-
TUBHOCTY HAPYXKHOI 1 BHYTPECHHEH TOJIOBOK TPEXTIIABOMA.
Hnst pukcaumy TaTYnMKOB Ha MMALlMEHTE MCIIOIb30BaIN
CIIeIIMalIbHbIC 3JITACTUYHBIC MAaHXeTHI. 711 perucTpamnu
OMI ucIoap30BaIy OTHOPA30BhIC IIOBEPXHOCTHBIC 3JICK-
Tpoasl Mederen.

s aHaM3a UCIIOIb30BaIA 3HAYCHMS JUIMHBI ITUKJIa
mara (cMm) (paccTosTHHE, KOTOpOe IIpeoojieBaeT HOTa
OT TIOCTAaHOBKM CTOITBI Ha OIOPY IO CJICAYIOIICH ImocTa-
HOBKU €€ Ha OITOPY), CKOPOCTH XOIBOBI (KM/9), IJTUTEITb-
HOCTU IepUOoaa ABOIHOM orophbl (B % OT BpeMeHHM LIMKJIa
1Iara), aMIUIMTYIObI IBVDKeHU (crubaHue-pa3rubaHume)
BO BpeMsI XOIBOHI IST Ta300€IPEHHOT0, KOJICHHOTO Y TO-
JICHOCTOITHOTO CYCTaBOB (B Tpamycax) M aHAJIM3UPOBAIHN
MaKCHUMaJIbHYIO pa3BUBaeMylO aMIUIATYIY 3a IIMKJI II1ara
B MKB 1151 miepeHeit 60pIe0epIioBoil MBI (fibialis
anterior), NKPOHOXHBIX MBI (gastrocnemius), TIPSIMOI
MBIIIIEI Oeapa (rectus femoris), TIOIyCyXOXWJIBHON U TI0-
JIyTIepeIIOHYaTOM MBI Oenpa (semimembranosus and
semitendinosus).

[IporpammMHOe obecIiedeHIE OIPEAEIISIO IIUKIIBI IIa-
ra mjist 00emxX HMKHUX KOHEYHOCTE M B COOTBETCTBUU
C HAMU PacCYUTHIBAJIO APYTYE TTapaMeTPhI B aBTOMATHIE-
CcKoM pexkruMe. KoHeYHOCTh, COOTBETCTBYIOINIASI CTOPOHE
OITyXOJIA, 0003HAYAIaCh KaK KOHTpalaTepaabHasi, a Ipo-
THBOITOJIOXHAST — KaK UIICHIaTepaibHasl.

JAnarHocTuky (yHKIIUM XOAbOBI ¢ TIOMOIIBIO KOM-
1wrekca «CTaI1C» BBITTOTHSIIN BO BpeMsI XOIbOBI ITaIlueH-
Ta 10 TIPSIMOIT POBHOM ITOBEPXHOCTH C YIOOHO IMaIlieHTy
CKOPOCTHIO 0€3 TOMOTHUTEILHBIX CPeICTB onophl. Mccie-
JIIOBaHME B cpeaHeM 3aHuMato ot 15 mo 20 muH. Makcu-
MaJIbHOE KOJTMYECTBO UCCIIEAOBAHN (DYHKIINU XOABOBI —
3 pa3za: 3a 18—24 4 no omepauuun, yepes 2,5 + 0,5 nHa
ITOCJIe OITepally U 10 UCTCICHUM HEACIHHOTO Kypca pe-
abumuratuu — 11,6 = 3,5 nHs.

Memoouka xaunuueckoii ouenxu. OyHKIINOHATBHEIC
BO3MOXXHOCTH MALIMEHTOB, ITPONICAIINX KYpPC peadmiIinTa-
LIV, OLICHUBAJI C TIOMOIIBIO KIIMHNYECKUX IIKAJT; MHACKC
nmuHamMudeckoi moxonku (Dynamic Gait Index, DGI),
tecT «BcTanb 1 uan» (Timed Up and Go Test, TUG), uH-
nmekce xomp0nl Xay3epa (Hauser Ambulation Index, HAI)
MonuduIpoBaHHas mkana PankmHa (Modified Rankin
Scale), mamexc moounpHOocTH PuBepmun (Rivermead
Mobility Index), nHaeKC orpaHU4YeHUS XXU3HEAESITeIbHO-
ctu bapren (Barthel Index), mkana peaOmIMTaIiOHHON
MapIIpyTU3aIUH.

Taxcke OLIEHUBAIN PE3YJIBTATHI TOCTVKEHIMSI OITMCAHHBIX
W M3MEPEHHBIX HAPYIICHWI 300POBbSI M BO3MOXHOCTEI
MmarreHTa B JoMeHax MexXIyHapoaHOU Kilaccu(prKamm
(GYHKIIMOHMUPOBAHUS OTPaHNYCHUM XU3HEACITCTbHOCTH
W 300POBBSI «AKTUBHOCTD U YIacTHe»: (PYHKIIUS CTEPEO-
trma rmoxonku (d770), mpeomoneHue mpensaTcTBuii (d4551)
1 Xomb0a Ha KopoTkue paccrostHus (d4500).

MeTompl Jieuenns. BceM mareHTaM BBIITOJTHEHO OITe-
paTUBHOE BMEIIATEIIBCTBO B BUIE KPAHUOTOMUU C MUKPO-
XUPYPTUICCKUM YIOAJCHUEM OITYXOJH IOA KOHTPOJIEM
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HepodU3M0I0rn4ecKoro MOHUTOpUHra. B mocieomnepa-
LIMOHHOM TIEpPUOE BCE MALIMEHThl HAXOAWINCH B OTAEIIE-
HUM peaHMMallMd ¥ MHTEHCHUBHOM Teparuu B TeYEHUE
CYTOK U I1OCJI€ KOHTPOJIbHBIX UCCIEA0BAHUI (KOMITBIOTED-
HOI ToMorpaduu roJOBHOIO MO3ra U YJIbTPa3BYKOBOTO
HCCJIEIOBAHMS COCYI0B HMXXHUX KOHEYHOCTE) mepeBo-
JUJINCH B CTPYKTYpPHOE OTIEJIeHUE.

[To JaHHBIM TMCTOJOTMYECKOrO UCCIeIOBaHMs Y 2 Ia-
LIMEHTOB ObLIU BbISIBJICHBI MEHUHITUOMBI, ¥ 8 — [JIMOMBI
Pa3IMYHOM CTENEHU 3]I0KAYECTBEHHOCTH. Y BCEX MallieH-
TOB ObLIM CYIIPaT€HTOPHUAIbHBIE OIMyXOJIu. Y MalLMeHTOB
C MEHMHTMOMAaMH B 1 ciIydyae oImyxoJib pacrosarajiach KOH-
BEKCUTAILHO, B IPYIrOM — B 00J1aCTH Oyropka TypeLKOro
cenja. Y nauueHToB ¢ riavomamu B 4 (50 %) ciyvasix omy-
XOJIb pacroarajach U30JIMPOBaHHO B 1 101e (OCTPOBKOBOIA,
3aThIJIOYHOM, BUCOYHOM U JI0OHOI), B 2 (25 %) ciaydasix
rJiMoMa ropaxasa 2 1oy (TEMEHHYIO U BUCOYHYIO, 3aThl-
JIOUHYIO U BUCOUHYIO), B 2 (25 %) cinydasix obpa3oBaHue
pPacIpoCTPaHsIOCh Ha 3 101X TOJIOBHOIO MO3ra (JIOOHYIO,
BMCOYHYIO, OCTPOBKOBYIO).

B nocieonepaliioHHOM MepUOE MALIMEHTHI I10JIyYa-
JIA JIEKAPCTBEHHYIO T€PaIlnio: HECTEPOUIHBIMU IPOTUBO-
BOcHaauTelbHbIMU Ipenapatamu (90 % mnaLueHTOB),
koprukoctepounamu (70 %), antukoHBy/IbcaHTamu (60 %),
MHrUOUTOpaMu MPOTOHHOM rtomiib (50 %), IPOTUBOPBOT-
HbiMU cpenctBamu (40 %), cepAedYHBIMU [NIMKO3UIAMM
(30 %), antukoarynsiutamu (20 %).

[MaiumeHThl, IPOILIEAIIe 0CIECONEPALIMOHHYIO paH-
HIOIO peabuauTanuio (B paHHEM IOCIeonepaluOHHOM
rnepuoe), oTMedain 1 Wik HECKOIbKO XKajlo0: roJ0BHast
6076 (60 %), Hapyiienue peun (40 %), obiiast c1abOCTh
(30 %), Hapyuienue moxoaku (20 %), TpyAHOCTH CO 3pe-
ureM (10 %), romoBokpyxenue (10 %). XKanob He GbIIO
y 20 % nauuentos. [1ocie onepaTUBHOIO BMELLIATEILCTBA
2Kaj100bl Ha CYIOPOKHBIE IPUCTYIIbI U TUIIECTE3UU OTCYT-
CTBOBAJIM.

MenunuHckasa peadmmranusg. BceM manmeHTaMm oc-
HOBHOM1 IPYIIIIbI UCCJIEA0BAHMS IPOBOIMIN MHANBUIYAIb-
HO IOoA00paHHbIE peabMIMTALIMOHHbIE MEPOIPUITHUSI
Ha npotskenuu 11,6 = 3,5 aus (ot 10 go 21 aHs) ¢ npo-
JIOJKUTEIBHOCTBIO 3aHATUIA OT 1 10 3 4.

Hcnonb3oBajiu ciaeayioiye METOAUKH: IbIXaTeIbHbIE
yOpaxKHEeHUs, AMILUIATYAHASI TMMHACTUKA, UHANBUIYa/Ib-
HblE 3aHITUS JIedeOHOI (DU3KYIBTYPOii, X0abba Mo mpsi-
MOJi IIpY ITOMOLY MOpY4YHel, Xoap0a 10 JeCTHULIE, Me-
XaHOTepallMsl Ha almaparax ¢ 3jJeKTpornpuBoaoM. Bce
peadbWIMTALIMOHHbIE MEPOIIPUSITUSI IIPOBOAWIM C KOHT-
poJieM apTepUabHOrO JABJIEHUSI, YaCTOThI CEPAEYHBIX
cokpamieHuit 1 SpO, 10 NOsABIEHUs NPU3HAKOB IIEPEYTOM-
JIEHMSI Y YCTAJIOCTH MALIMEHTOB.

Craructmgecknii anam3s. O0paboTKa IMOTyICHHBIX pe-
3yJITATOB IIPOBEAEHA C TIOMOILBIO CTAHAAPTHBIX METOIOB
OIMCATENbHOM BapUALIMOHHOM CTATUCTUKM C PACYETOM
CPeIHUX 3HAYEHMI 1 CpeIHEKBAIPATUYHOTO OTKJIOHEHUSI.
Hcnonp3oBanm mporpaMMHEIi maket Statistica-12 (Tibico,
StatSoft, CIIIA). Berauciasiu MeauaHy M KBapTUIHN
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Ta6muua 1. Pezyabmamot uccaedosanus OUHAMUKY COCIMOSHUA NO KAUHUMecKUM wKaram u domenam MKD

Table 1. Dynamics of patients’ condition per clinical scales and domains of the ICF

Ikanst IIkaxs1 Mapmipy-
Ka;-lli{)l;%]ll:) o OyHKUNOHAIbHBIE KAl OLCHUBAHNS o Homenst MK®
Tepron Ganmr
DGI  HAI TUG bapren Pusepwun Pomkun HIPM 4770 44551 44500
o onepauuu 90 2% 0 90 12 2,5 2,5 0 0 0
Prior to surgery [90; 100] [90; 95] [7; 14] [2; 3] [2; 3]
Tlocne onepaiuu 90 23 2[1; 5] 11 90 12 3 3 0,5 0,5 1
After surgery [80; 90] [14; 24] 2 [7;18] [90; 95] [7; 14] [3; 3] [3; 3] [0; 3] [0;3]* [0;3]*
Tocne peaGumi- 90 24 e 10595 14 3 3 0 0 0
! [90; 100] [22; 24] ’ [8; 14] [90;95] [12;14]  [2;3] [2;3] [0;1] [0;1] [0;1]

After rehabilitation

*/locmogepro ¢ eeposmuocmoro p <0,05 (no cpaguenuro ¢ makum xce nokaszamenem 00 Onepayuil).

Ilpumenanue. MKD — mexncoynapodnas kaaccugpuxayust (pyHKUUOHUPOBAHUS 02PAHUYEHUN HCU3HEOesMeAbHOCMU U 300D08bsL;
HIIPM — wkana peabusumavuonroii mapupymusauuu, DGI — undexc ounamuueckoii noxooxku (Dynamic Gait Index); HAI — undexc
x00v0bt Xayzepa (Hauser Ambulation Index); TUG — mecm «ecmanb u uou» (Timed Up and Go Test).

*Significant with probability p <0.05 (compared to the same characteristic prior to surgery).

Note. ICF — International Classification of Functioning, Disability and Health; RSS — Rehabilitation Routing Scale; DGI — Dynamic Gait Index;

HAI — Hauser Ambulation Index; TUG — Timed Up and Go Test.
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Fig. 3. Diagrams of the dynamics of step cycle length and walking speed. All values differ significantly from the control group, and walking speed after

rehabilitation significantly differs from its value prior to surgery

(25-1, 75-i1 npouenTrN). OlIeHKY TOCTOBEPHOCTH pa3-
JIMYMIA BBITOJHSIIM C IIOMOLIbIO KpuTepusi BuikokcoHa —
ManHa—YUTHU, IPUHSIB B KAYECTBE YPOBHS CTATUCTAYE-
ckoit 3Haunmoctu p <0,05. [IpoBoauIn cpaBHUTEIbHYIO
OLIEHKY aHAJIOTMYHbIX [apaMeTPOB, IMOJIYYEHHBIX C KOH-
TpaslaTepajbHOM M UIICHUIATepalbHOI CTOPOH, ¢ IMOKa3a-
TEJISIMUA TPYIIIBEI KOHTPOJISL.

PE3VIIBTATHI

PesynbraThl rpyniiel HAlMeHTOB, MPOIIEAIITNX MTOCIIe-
OTIEPAIIMOHHYIO PAHHIOI PeabUINTAIINIO, TIPEICTABIIEHbI
B TabOJ1. 1 1 Ha mmarpaMmax (puc. 3—5).

BoIsiBiIeHO TocTOBepHOE CHIXKEHME (DYHKIIMOHATBHBIX
BO3MOKHOCTEI, OLIeHUBaeMBbIX C TTOMOIIIbIo MHAekca HAI,
KakK TocJie OMepaTUBHOTO BMEILATEeJIbCTBA, TaK M MOCHe
peabuIMTAIIIY TTO CPAaBHEHUIO C MTOKA3aTeNISIMU JI0 OTlepa-
uuu. [locie ormepaTMBHOTO BMeEIIATEIbCTBA JOCTOBEPHO

3HAYMMO BO3pOcJa IMpodieMaTHKa AKTUBHOCTH B TOMEHAX
«Xompba Ha KOPOTKHE paccTOsTHUST» U «[Ipeomoenme mpe-
MATCTBAN».

JlnrMHa LyKIIa 11ara, CKOpOCTh XOAbOBI ObLIA JOCTO-
BEpHO MEHBIIIE, YeM B KOHTPOJILHOI IPpyIIIie, BO BCeX 3 U3-
MepeHUsX (cM. puc. 3). [Tocme XupypruaecKoro JICUCHUS
00a TToKa3areIsi CHU3MIMCh ¥ BEpHYJINCH K TIPEXXHNM 3Ha-
YeHMSIM TT0CIIe Kypca peadbuuraini. OqTHaKO HU B OMTHOM
W3MEpPEeHUH OHM HE JOCTUTIN HOPMATHUBHOTO 3HAYCHMSI.
Bce n3ameHeHMST TPOMCXOMUIIN B AUAIIA30HE CYIIIECTBEHHO
HIKE HOPMATUBHOTO.

IToka3zaTess eprona IBOMHOI OITOPHI OBUT JOCTOBEPHO
BBIIIIE PE3YIBTaTOB KOHTPOIBLHOM TPYIIITHI IJIST 00X HITK-
HUX KOHEYHOCTE! BO BCeX 3 M3MEPEHUSIX (CM. pucC. 4).

ITocne Xxupypru4ecKoro JICUeHUs IToKa3aTelb BO3-
poc (yXyIlIeHne) 1 IMOoCiIe peadMIMTAIlMOHHOIO Kypca
BEPHYJICS K TIpeXXHeMy 3HadueHnI0. Ho Bce 3 m3aMepeHms



OpuruHanbHas pabota | Original report

HENPOXUPYPI'UISI

Russian Journal of Neurosurgery

%

40 T T T
[o onepauwu / Before surgery | Mocne onepauwn / After surgery Mocne peabunutayun / 1 Kowutponb/
1 1 After rehabilitation 1 Control

35 T T T

| | |

1 1 1

30 ; ? ;

1 1 1

1 1 1

25 : : :

1 1 1

1 1 1

20 L L L

I I I

1 1 1

15 1 1 1

I 1 1

1 1 1

.IO 1 1 1

1 1 1

1 1 1

5 1 1 1

1 1 1

1 1 1

0 , '. : ;
KoHTpa- Wncunare- KoHTpa- Mncunate- KoHTpa- Wncunare-
natepanbHo / panbHo / natepanbHo / panbHo / natepasbHo / panbHo /
Contralateral Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral

Puc. 4. JJuaepamma 3navenuii nepuoda 060iiHoil onopul yukaa waea (6 %). Bce 3navenus umerom docmogepHbie OMAUMUSA OM SPYRNbL KOHMPOAS

Fig. 4. Diagram of double support period of the step cycle (in %). All values differ significantly from the control group

Jlaiv TI0Ka3aTesu CYIECTBEHHO BBIIIIE, YEM Y 3II0POBBIX
B3pOCIIBIX.

AMILIATYAA ABUXKEHUI TOJIEHOCTOMTHOTO CycTaBa Obl-
JIa JOCTOBEPHO MEHbIIIE Pe3yJIbTaTa KOHTPOJIBHOM IPYIIITHI
JUTST 00eMX HUKHUX KOHEYHOCTE! BO BCEX 3 M3MEPEHMSIX
(cM. puc. 5). AMIUIUTYIa ABMKEHU Ta300eIpEeHHOTO Cy-
CTaBa UTCWIATEPAIBHOW KOHEYHOCTH BO BCex 3 m3mepe-
HUSIX U KOHTpJIaTepaTbHOM KOHEYHOCTH TTOCIIE XUPYPTH -
YECKOTO JIeYeHUs OblIa JOCTOBEPHO MEHbBIIIE pe3ysbraTa
KOHTPOJIbHOM TPYIIITHI.

IIpu mnccnengoBaHnu (GYHKIUM MBI TIPUA XOIb0OE
YCTaHOBJIEHO JJOCTOBEPHOE YBEJIMUEHNE OUDIEKTPUIECKOM
aKTUBHOCTHM MBIIII] TIO CPAaBHEHUWIO C TOKAa3aTelsIMU
KOHTPOJIBHOM IpyMIibl, KpOME MepeaHei 601b111e0eplioBoit
MBIIIIBI ¥ YeTHIPEXTJIABOM MBIIIILIBI Oeapa, BO BCeX 3 U3-
MEpEHUSIX.

OBCYRJIEHUNE

[ManmeHTsI, IEpeHECIINE OTIEPaTUBHOE BMEIIATETh-
CTBO W TOJyYMBIINE PeabWINTAIIMOHHBIE TPOIEAYDHI,
HE TIPOJEMOHCTPUPOBAIA OTPULIATEILHBIX PE3YJIBTATOB
U peakiiuy Ha MHIVBUIYaTbHO MOJ00pPaHHYIO BOCCTAHO-
BUTEJIBHYIO TTPOTPaMMY U TMATHOCTUKY (DYHKIIMY XOIHOBI.

YnydieHue coOCTOSTHUSI TAMEHTOB 10 (DYHKIIMOHATb-
HbeiM ikanaMm (bapten, PuBepmun) mo3BossieT UM ObITh
CaMOCTOSITEIbHBIMA U HE3aBUCUMBIMU KaK B OBITOBOI1
cdepe (xompba o KBapTHPE, JIECTHUIIE, BBIXO Ha YIIHILY,
MocelieHre Mara3uHa), Tak 1 B TpyJOBOI 1 OOIIECTBEH-
HOU NIESATETHHOCTH, YTO TTONTBEPKAAETCSI NAHHBIMU JINTE-
patypsi [14].

[Mocne onmepaTMBHOTO BMEUIATENbCTBA MOKA3aTeNN
1IKaJI, MO3BOJISIIOIIUX OLEHUTh 0€30MacCHOCTh XOJbOBI

(DGI u HAI), crtoco6HOCTh MOOAepXUBaTh paBHOBECHE
U HEOOXONMMOCTb WMCMOJb30BAaHUS NOMOJHUTEIBHBIX
CPEACTB OMOPbI MPU MEPEABUXKEHNUN, CBUAECTENBCTBYIOT
0 BBICOKOM pucKe nafeHutt [24]. [1o mqaHHbIM TUTEpaTyphl,
55 % manuveHToB XUPypPruIecKoro Mpoduiis UMeoT cpej-
HU ¥ BBICOKMIT YPOBHHM pucKa ImameHuii [25]. [TageHms
MAIMEHTOB C HEBPOJOTUYECKUM Ne(PULIMTOM TIPUBOIST
K TSDKKWM TOCJEACTBUSM B BUJE TIEPEIOMOB TPYOUAThIX
KOCTel, pebep, YepernHO-MO3TOBBIX TPABM, HOBPEXIEHMUS
BHYTPEHHUX OpraHoB [26]. B pe3ynbrate nmpoBeneH st NH-
IUBUAYAJTbHO MOJ0OPaHHOU MpOorpaMMbl MEIULIMHCKOM
peadunTalui U MEAUKAMEHTO3HOTO JICUEHUS ITPOUCXO-
AT CTATUCTUYECKU 3HAUMMOE YIyUYllIeHUE XOAbObI, PUCK
NaaeHU HUBEJIUPYETCS.

HecMmoTtps Ha paznuyus B BUaX OIMyXOJel U UX JIOKa-
3annu, GYHKIIMOHATBHO, TT0 U3MEHEHUIO TTapaMeTPOB
XOAbOBI 00CIENOBAHHBIE MALIMEHTHI MPEACTABIISIU OTHO-
POIHYIO TPYMITy C OTHOCUTEJIBHO HEOOJBIION CTEMEHBIO
HapymeHnit. O0beKTUBHASI TMAaTHOCTUKA (DYHKIINHY XOIb-
OBl ITOKa3aj1a, YTO OCHOBHbBIE TAPaAMETPBI JEMOHCTPUPYIOT
CUHJIPOMOKOMIUIEKC, XapaKTEPHBIN 111 MEIJIEHHOU XOIb-
Obl: HAOIIOAAETCS CHUXXKEHUE CKOPOCTU XOAbOBI, JJIUHBI
LMKJIA [1ara, YBEJIMYEHUE MEPHUOIA TBOMHOMN OTIOPHI, CHU-
XKEHUE aMIUTUTYA IBUXEHUI B Ta300€PEHHOM U KOJIEH-
HOM cycTaBax. Y 3TOW IpyIIbl NALMEHTOB OTCYTCTBYET
ACUMMETpUSI MapaMeTPOB, XapaKTepHasi, Hampumep,
JUISI TeMUTIape3a Tocie 1epedpabHOTO UHCYIbTA [27].
Cxokast KapTUHa TUarHOCTUIECKUX PE3YJIBTaTOB OMKCaHa
B pabore S. Krajewski 1 coast. [28], rae rmpu oTOOpE B HMC-
clieqoBaHMeE y TTALIMEHTOB OTMEYaIach CHUKEHHAsT (PyHK-
st Xonb0Obl. OgHAKO MBI OOHAPYXUIU TO, YTO HUKAK
HE COrJlacyeTcsl C MEAJIEHHON XOAb00oi, — yBeJIuueHue
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pamempom 6 epynne KOHmMpoas

Fig. 5. Diagram of dynamics of hip and ankle joint amplitudes (in %). *Significant differences from the same parameter in the control group

OMI-akTuBHOCTH MBI, 719 MeIJIeHHOM XOAb0bI 310~
POBOTO Y€JI0BEKA XapaKTePHO CHMXKEHUE 3TON aKTUBHOCTH
[29]. B marHOM city4yae qaxke MeJIeHHAsI XOIb0a IpoTeKa-
€T B YCJIOBUSIX TTOBBIIIIEHUS MBIIIIEYHOU akTuBHOCTU. CO-
OTBETCTBEHHO, Mbl OOHAPYXWIN CIEeUMMUIHBIN I
00cnenoBaHHOM Tpynbl QYHKIIMOHATBHBIN (hDeHOMEH —
M30BITOYHYIO AaKTUBHOCTD MBI TIPU 3HAYUTETHHO MEHb-
1€l CKOpOCTU XOAbObI. TaKuM 00pa3oM, Jaxke MOTeHIH-
aJbHbIE YHEPTETUYECKUE 3aTpaThl Ha TepeaBUXEeHUE
y 9TOM IPYIITHI TAIMEHTOB 3HAYUTENIBHO BHIIIIE, YEM Y 310-
POBBIX JTUII.

[Tocne onepaTMBHOrO JieUeHUsI OTMEYAETCS elle OOJIb-
1ee CHUKeHre (PyHKIIMOHABHBIX TTOKA3aTeNIel XOabObI.
OpmHako KOPOTKOTO Kypca peadWInTalui OKa3bIBaeTCs
JIOCTATOYHO JJISI MX BO3BPAIICHUS K JOOTIEPAIITMOHHBIM
MOKa3aTeIsiM, YTO BITOJIHE COTJIACYETCSI C JAHHBIMU JIPY-
roro uccienoBaHus [28]. DTo ITO3BOISIET MPEAITOIOXUTh,
YTO MOCJEAYIOlIee HEMTPEPHIBHOE BOCCTAHOBUTEILHOE Jie-
YyeHne He0OX0IUMO 1 OymeT 3(pPeKTUBHBIM.

CiemyeT OTMETHUTBH TOT (DaKT, YTO MOJyUYECHHBIC N3ME-
HEHUSI HE MTUAarHOCTUPOBAIN C TMTOMOIIBIO KJIACCUIECKUX
KIMHAYECKNX (DYHKIIMOHAIBHBIX IITKAJ, U TIAIUEHTHI HE
MMen Xajtod Ha cocTosiHre (hyHKIIMU XOnbobl. Pacxox-
JIeHWe TaHHBIX (yHKIIMOHATBHOTO, OMOMEXaHUYECKOTO
WCCIIEOBAHNS Y JAHHBIX, TIOTy4YEHHBIX TTOCPEICTBOM KITH-
HUYECKUX IIKaJ, ObJIO OTMEYEHO B MPEIIIECTBYIOIINX

paboTax ¢ y4aCTUEM OPTONEAUYECKUX OOJBHBIX U TMall-
€HTOB B paHHEM BOCCTAaHOBUTEILHOM IIEPUOIE TTOCIIe MH-
cynwra [27, 30]. Cymmupysi 3T TaHHBIE, MOXHO C/IEaTh
BBIBOJI, YTO KJIMHNYECKHUE IIIKAJIBI 1 OOBEKTUBHOE MHCTPY-
MEHTaJIbHOE MCClIea0BaHre (PYHKIIMN XOAbOBI AlOT pa3-
JIMYHYIO MH(OPMAIIAIO 1 00JIaTaroT pa3HOM «30HOM OTBET-
CcTBeHHOCTW». [To-BUuaMMOMY, VTSI KIIMHUIIACTOB 3TOT (pakKT
elre He cTajl oueBUIHBIM. OIHAKO B OTHOIICHUN (DYHKITNT
XOIBOBI OITYOJIMKOBAaHHBIE PE3Y/IBTaThl U JAHHBIC 3TOTO HC-
CJIETOBaHMS TTIO3BOJISIIOT ClIeIaTh TAKOoe 0000IIIeHE.

BaxxHBIM 371eMEHTOM TaK:Ke SIBJISIETCSI TIOAXO K JIeUe-
HUIO: KAYECTBEHHOE BHICOKOTEXHOJIOTMYHOE OIIepaTUBHOE
1 MEAMKaMEHTO3HOE JiedeHIEe, KOMITICKCHAsI IIpeaorepa-
MOHHAS TUaTHOCTHUKA, MHIWBUIYAIbHO IMOMOOpaHHAS
mporpaMMa peadWIMTallud M MYJIbTUINCIUTUIMHAPHBIN
noaxoxn [31].

SARJIIIOYEHUE

O1ueHKa IpeaonepalmoHHOro (OYHKIIMOHAIBHOTO CO-
CTOSTHUSI XOIbObI Y MAallMEHTOB BaXkHa C TOUKU 3PEHUS
MOCTPOEHUSI CTpaTErvu JICUEHUsI U 1oa0opa UHAWBUILY-
aJbHOW MporpaMMbl MEAULIMHCKOW peadMaMTalluu,
TeM 00Jiee YTO MPUBBIYHbIE KIMHULKUCTY UHCTPYMEHTBI
B BUIE KIIMHUYECKUX IIIKAJI IIPH OIIeHKe (PYHKIINU XOIBOBI
Jal0T WUHbIE PE3YIbTaThl IO CPABHEHUIO C OOBEKTUBHBIM
MHCTPYMEHTAIbHBIM 00CJIeIOBAHUEM.
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Jlaxke Ha KOPOTKOM IIPOMEXYTKE BPpEMEHHU ITOCTIe
XUPYPITUIECKOTO JIeUYeHUSI 00HAapyXUBaeTCS CHUXE-
HUe QYHKIIUHN XOIBOBI C TTOCICAYIONINM €€ He TTOJTHBIM
BOCCTAHOBJICHHEM J0 TOOIEPAllMOHHOTO COCTOSIHMUS.
dyHkumoHanabHOe cocTossHUE 00bHBIX ¢ OI'M xapak-
TEepU3yeTCI CUMMETPUYHBIM CHUXKECHUEM OOJIBIIMH-
cTBa (DYHKIIMOHAJIBHBIX ITapaMETPOB XOAbOBI B cOUE-
TaHUU C M30BITOYHON MBIIIEYHOW aKTHBHOCTHIO.
JlaHHAsT CHMIITOMAaTHUKa OCTAeTCSI IMTOCTOSTHHOU B Te-
YeHMe BCero Iepuoaa HabJMoaeHUS B UCCICIOBAaHUMT —
OKOJIO 2 He.

IIpoBeneHnue mpoleayp paHHE MeIUIIMHCKOI peadu-

JINTAIIAY TTIO3BOJISIET YIYUIIUTD (PYHKIMOHATBLHBIE MCXOIbI
omnepaTuBHoro jedyeHus OI'M. OueHka Xoab0bI C TTOMO-
IIbI0 KIMHUYECKUX IIKAJI U METOJA OOBEKTUBHOMN aMar-
HOCTUKM JAeT BO3MOKHOCTD BBISIBJISITh CKPBITYIO ITAaTOJIO-
TUIO TIOXOJIKM, BBICOKMI PUCK TMaJeHWIl U ¢ TTOMOIIBIO
MYJIBTUANCIUATUIMHAPHOTO peadMINTALIMOHHOTO MOIX01a
BOCCTaHABJIMBATh YTPAaYeHHYIO (DYHKIIUIO.

B nanbHeliem Mol IUTaHUPYEM IIPOBCACHUNE UCCIIEN0-

BaHUSI C OOJIBIINM YMCJIOM MAMEHTOB U OLIEHKOU B 3aBU-
CHUMOCTH OT THUIIA OITYXOJIN.
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Bo3amoskHOCTH O1IEHKN COCTOAHUA
napasepreopabHbIX MbIiL 10 ganabim MPT
nepe;, oreparueii mo noBojy cTeHo3a
IMO3BOHOYHOI'0 KaHaJja

C.O0. Apecrtos, C.H. Mopo3oBa, A.O. I'vina, M.B. KporenkoBa

@I'bHY «Hayunwiii yenmp neeponoeuu»; Poccus, 125367 Mockea, Boaokosamckoe uwocce, 80

KoHTaKThI:

Cepreit Onerosuy ApecTos sarestov@gmail.com

BBeaeHue. YcnewHoCTb XMpypruyeckoro eyeHns cTeHo3a N03BOHOYHOMO KaHana BO MHOTOM 3aBUCUT OT BCECTOPOHHei
npefonepaLMoHHO OLEHKM, B TOM YUCIE COCTOSHUA napaBepTeOpanbHbIX Mbllwl. HecMoTps Ha KNOYEBYIO POfb 3TUX
MbILIL, B NOAJAEPXKAHUN NO3BOHOYHUKA U 06N€rYeHn BOCCTAHOBNEHUS NOCE ONepaLmu, UX COCTOSHUE YacTo YNycKaT
13 BUAY NPW CTaHAAPTHOM NpefonepaLyuoHHON oLeHKe.

B ctatbe paccmartpuBaloTCs BO3MOXHOCTU WCMONb30BaHWUA MarHUTHO-pe3oHaHcHoi Tomorpaduu (MPT) ans oueHku
COCTOsIHWA NapaBepTebpanbHbIX MbIWL Nepes onepauuei. lpegnonaraeTcs, 4To BKAOYEHWE AeTaNbHOTO aHaNM3a 3TUX
MbIWWL, B NPeAONepaLMOHHbIE MPOTOKObI 3HAYUTENBHO YIYYLWNUT NNAHUPOBAHKUE ONepaLuu, NOMOXKET 6onee TWATeNbHO
noabupartb NOAXOAALYI MANOUHBA3UBHYIO TEXHONOTUIO U B UTOTE YAYYIWIWT Pe3ynbTaThl XUPYPruyeckoro neyeHus
LaHHOI natonoruu. Ml NnpMBogUM pe3ynbTaTbl MUIOTHOTO UCCNef0BaHMsA O 0TPaboTKe ONTUMANbLHOMO BapMUaHTa Npo-
BegeHus MPT nauueHTam nepep onepauueil u onpefeneHus BO3MOXHOCTU OLEHKU COCTOSHUA napaBepTebpanbHbIX
MbILL, C €r0 NOMOLLbO.

Llenb nccnepoBaHusa — 13yyeHe BO3MOXKHOCTU UCMOb30BaHMsA pa3paboTaHHOro HaMU MHAEKCA KUPOBOTO 3aMelleHNs
INsi OLEHKM COCTOSIHUA napaBepTeGpanbHbIX MbIWL, U aHANU3 ero 06bEKTUBHOCTH NO CPABHEHUIO C METOAUKOI KONMYecT-
BEHHOTO pacyeTa tpakuuu xupa B Mbiwuax (M. Gloor et al.) no gaHHbiM MPT, BbisSiBNIEHWE ONTUMANBLHOMO YPOBHSA UCCNe-
AOBaHWA AN NPOBEfEHNs BblleyKa3aHHOM OLEHKH.

Marepunanbi U metoabl. B nccnefgosaHum npuHanm yyactue 16 naumMeHToB C CUMNTOMHbLIM CTEHO30M MO3BOHOYHOTO Ka-
Hana (cpegHuit Bo3pacT 43 rofa, paBHOE KONMYECTBO MYXKYMH U KEHLMH), KOTOpbIM Gbina npoegeHa MPT Ha Tomorpade
Siemens Magnetom Prisma 3T. Oco60e BHMMaHWe yaeneHo OLeHKe NNOLWAAM U XKUPOBOii MHdUALTPaLUKM NnapaBepTebpans-
HbIX MbILWL, C UCMONb30BAHWEM TPEXMEPHOI aKkCUanbHo nocneposartenbHocTu T1 rpagueHTHOro 3xa U metoaukm Dixon
LNs XKUPONOAABAeHNs. AHANU3 M300paXKeHM, NONYYEHHBIX C NOMOLLbI0 3TUX NOC/IELOBATENbHOCTEN, NPOBOAUIMN B NPO-
rpamme InobitecPro, roe u3mMepsnach MHTEHCMBHOCTL CUTHANA W NAOWAAb MbIWL, @ TAKKE PACCYMTHIBAICA NOKasaTeb
(hpaKLmMK Xupa n UHAEKC XMPOBOTro 3aMmelleHns. CTaTUCTUYECKNIA aHaNN3 BbINOHANM C NOMOLLbio nporpammbl Statistica
Bepcuu 8.0.

Pe3synbratbl. [1py KauyecTBEHHOM aHanu3e U306paXKeHuWit BbIABAEHbLI BApUALMM TOUYEK NPUKPENIEHNUA MbILWL K KOCTHbIM
CTPYKTYpaM, 4To 06YCIOBUIO Pa3nuyus B JAHHbIX CPEAM NALMEHTOB M HA Pa3HbIX YPOBHAX. B yacTHoCTH, npukpenneHue
dacuum K 3uroanodm3apHoMy CycTaBy NOCTOAHHO BU3yanM3MpoOBanOCh Ha ypoBHe L, B oTinune oT yposHeit L, u L.
Kpome Toro, paznuyHsle yrbl U3rn6a NosiCHUYHOO 10PA03a BAUSNM HA NOSHOE BKIOYEHWUE OCTUCTOrO OTPOCTKA B NAOC-
KOCTb Cpe3a Ha ypoBHAX L, u L, ycnoxHAA cTaHaapTu3npoBaHHblii c6op AaHHbIX. [MCTOrpaMMBbl, NOCTPOEHHbLIE ANs onpe-
AEeNeHNs ONTUMANbHOTO YPOBHSA U3MEPEHUs, NOKa3anyu HauMeHbLLyio BapuabenbHOCTb MHAEKCA 3aMeLLeHUs XK1pa Ha YpoB-
He L, cpean naumentos. KoppensunoHHelit aHanu3 CnupmeHa BbIABMA 3HAYUTENbHYIO MONOXKUTENbHYIO CBA3b
(ro=0,74, p <0,05) Mmexay NpepnoXeHHbIM UHAEKCOM 3aMelLeHuns xupa u dpakumnei xupa. JinHeliHble rpacdukmn ans sTux
nepeMeHHbIX NPOAEMOHCTPUPOBANM, YTO C YBEIMYEHWUEM [OAM KUPA B MbIWLAX TOYHOCTb MHAEKCA 3aMelleHus Xupa
yAyylwaetcs, Oyayun HaMMeHbLIeid NpU HU3KKUX [ONAX Kupa.

3aknioueHue. MonyyeHHble HAMU JaHHble CBUAETENbLCTBYIOT O NEPCNEKTUBHOCTYU BKIIOYEHWUS B NPOTOKON AOONEPALMOH-
Horo MPT-uccnefoBaHuUs NOSACHUYHO-KPECTLLOBOMO OTAENA NO3BOHOYHWKA aKCManbHbIX T1-B3BelEHHbIX N300paxeHuil,
napasnesbHbIX HUKHEN 3aMbIKaTeNbHOM NAACcTUHKE L -NO3BOHKA, 1 N3MEpeHNs NPEeANOXEHHOr0 MHAEKCA XMPOBOrO 3a-
MeLLEHMs, 04HAKO AN1s ONpefeseHns BO3MOXHOCTY ero UCNOb30BaHUsA B KAYecTBe NPOrHOCTUYeckoro akTopa Heobxo-
LMMO NpOBEefieHNe UCCNeS0BaHNA JAHHOTO NOKa3aTeNs Ha bonblueli BbIOOPKE NaLMEHTOB B fUHAMUKE.

KnioueBble cnoBa: MarHMTHO-pe3oHaHCHas TOMOrpadus, CTeHO3 NO3BOHOYHOTO KaHana, NOACHUYHO-KPECTLOBbIA OTAEeN
NO3BOHOYHMKA, AOONEPALUOHHOE UCCNe0BaHWeE, NapaBepTebpasbHble MbILLibl, XUPOBAsA MHMANLTPALMA MbILWL, XUPYp-
ruyeckoe neyeHue CTeHO3a NO3BOHOUHOTO KaHana
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Presurgical MRI-based assessment of paravertebral muscles in patients with spinal stenosis

8. 0. Arestov, S.N. Morozova, A.O. Gushcha, M. V. Krotenkova
Research Center of Neurology; 80 Volokolamskoye Shosse, Moscow 125367, Russia

Contacts: Sergey Olegovich Arestov sarestov@gmail.com

Background. The successful surgical management of spinal stenosis depends on a comprehensive preoperative
evaluation, including the assessment of paravertebral muscle health. Despite the pivotal role of these muscles
in supporting the spine and facilitating post-surgical recovery, their condition is frequently overlooked in standard
pre-surgical assessments. This article underscores the importance of utilizing magnetic resonance imaging (MRI)
to evaluate the paravertebral muscles’ integrity before surgery. Proposed methods and data could contribute to better
surgical prognoses and elevate the quality of life for patients undergoing surgery for spinal stenosis.

Aim. To study the possibilities of using the index of fat replacement developed by us to evaluate condition of the
paravertebral muscles and to analyze its objectivity compared to quantitative calculation of fat fraction in the muscles
(M. Gloor et al.) per MRI data, to identify the optimal study level to perform the abovementioned evaluation.
Materials and methods. Data were acquired from 16 patients with symptomatic spinal canal stenosis (average age
43 years, an equal number of men and women) who underwent MRI on a Siemens Magnetom Prisma 3T scanner. Special
attention was paid to evaluating the area and fatty infiltration of the paravertebral muscles using a three-dimensional
axial T1 gradient echo sequence and the Dixon technique for fat suppression. Images assessment was performed using
the InobitecPro software, where the muscles signal intensity and area was measured, and the fat fraction index and fat
replacement index were calculated. Statistical analysis was performed using Statistica version 8.0 software, allowing
for an objective assessment of the degree of fatty infiltration in the paravertebral muscles in patients with spinal canal
stenosis.

Results. Qualitative analysis of images showed consistently visible attachment of fascia to the facet joint at the L, level,
unlike at L, and L, levels. Additionally, the varying curvature angles of lumbar lordosis affected the complete inclusion
of the spinous process on axial plane at L, and L, levels, complicating standardized data collection. Histograms
constructed to determine the optimal measurement level showed the least variation in the fat replacement index at L, among
patients. Spearman’s correlation analysis revealed a significant positive relationship (ro = 0.74, p <0.05) between
proposed fat replacement index and fat fraction values. Linear graphs for these variables clearly demonstrated that with
an increase in muscle fat fraction, the accuracy of the fat replacement index improves, being least precise at lower fat
fractions.

Conclusion. The obtained data show potential benefit of including axial T1-weighted images parallel to the inferior
endplate of the L, vertebra and calculation of the proposed index of fat replacement into preoperative MRI protocol.
However, to determine the possibility of using the index of fat replacement as a prognostic factor, it must be studied
dynamically in a large patient sample.

Keywords: magnetic resonance imaging, spinal stenosis, lumbosacral spine, preoperative examination, paravertebral
muscles, fatty infiltration in muscles, surgical treatment of spinal stenosis
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BBEJIEHUE

CTeH03 M03BOHOYHOTO KaHaJIa Ha TIOSICHUIHOM YPOB-
He — HamOoJjiee YacTo oIeprupyeMasi IIaToJIOTHs, IIpUIeM
BCe Yallle OH BOZHUKAET B MOJIOAOM TPYIOCTIOCOOHOM BO3-
pacte [1], 4TO TTOOHUMAET 3Ty MPOOIEMY HA TIPUHLIUIIN-
aJIbHO WHOM COLIMAbHO-3KOHOMWYECKU ypoBeHb. Co-
BpeMeHHBIe 3((PEKTUBHBIC ITOIXOIBI K XUPYPTUICCKOMY
JICYUCHUIO TPHIK MEXITO3BOHKOBBIX TUCKOB ITOSICHUIHO-
KpECTIIOBOTO OTAejia MO3BOHOYHMKA pa3pabOTaHBI

M YCTIEIITHO MPUMEHSIOTCS Kak 3a pyoexxom, Tak u B Poc-
cum [2, 3], omHako HabomaeMoe CHUXXKEHHE KadyecTBa
JKM3HU MOCJe onepainuu TpedyeT HOBBIX MOIX0/I0B K Be-
JNEHUIO JaHHOW KOTropThl MallMeHTOB. B CBsA3U ¢ 3TUM
MOKMCK HanboJiee paliMoOHaJbHOTO XMPYPruyeCcKoro Jieue-
HHUSI CTEHO30B MO3BOHOYHOTO KaHaja 1 MOJIXO0I0B K Te-
panuu U peabuanTalu B MocaeonepaliMOHHOM Iepuo-
e OCTaeTcsl aKTyaJabHON Ipo0JIeMOil COBpeMEHHOM
HEMPOXUPYPTUH.
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BapuaHThl XUpyprudecKoro jJedeHusl, Kak IIpaBUIoO,
pa3BUBAIOTCS B HAIIPABJICHUU YMEHBIICHUS XUPYpPrude-
CKOTO JOCTyTa, IpuoOpeTas Ha3BaHNE MAaJIOMHBAa3BHBIX,
XOTsI YETKOTO KPUTEPHSI MAaJIOMHBA3UBHOCTH HE CYIIECT-
ByeT [4]. MuHUMabHO MHBA3UBHEIE OMepallii, KaK Ipa-
BWJIO, HaIleJICHBI Ha JOCTIDKCHUE TEKOMIIPECCUHU IT03BO-
HOYHOTO KaHajla ¢ MUHUMAaJIbHBIM ITOBPEXICHNEM TKaHEeH
Oraromapsi KCIIOJIb30BaHIIO MEHBIINX T10 pa3Mepy pa3pe-
30B U CIIEINAIN3MPOBAHHBIX MTHCTPYMEHTOB, UTO, KaK I10-
JIaTraloT, MPUBEAET K CHIDKEHMIO ITOCIICOIepallmiOHHOMN
3a00J1eBa€MOCTH ¥ YCKOPEHMIO BOCCTAaHOBJICHUS.

D.E Kader u coasr. emie B 2000 T. TpogeMOHCTPUPO-
BaJI CBSI3b OOJIM B CIIMHE C XUPOBOIT MH(PUIBTpaLIMEeii
MBI W TPEIJOXWIN KiacCU(PUKAIUIO W3MEHECHHI
B Mbimnax [4]. K coxanennio, pazpadboranHas aBTopaMu
KimaccupuKamusl KacaeTcsl BCeX MapaBepTeOpalbHBIX
MBIIIIII B IIeJIOM — 0e3 yJeTa MX aHaTOMUIECKOM (hyHKITNH.
Takum oO6pa3zom, CykaeHUE O COCTOSIHUM TTapaBepTeOpaib-
HBIX MBIIIII KaK O IIPOTHOCTUIECKOM (haKTOpPE HE SIBIISICT-
cs1t HoBBIM. J.R. Cooley 1 coaBT. TakXKe OTMETIJIA CBSI3b
0oJieit B CIIMHE C HEAOCTAaTOUHBIM KAa4eCTBOM MBILIII [5].
Ipyrma aBTopoB 13 AHrnuM B 2020 I. ormy0JIMKoBaJia Cuc-
TeMaTHIeCKUii 0030p, comepKalnii CBUICTeIbCTBA OoJiee
BBIPAXKEHHOTO CHIDKCHUSI MHTEHCUBHOCTH 0OJICH MoCIe
oIepaiy Py UCXOTHO 00jIee HU3KOM XUPOBOM MH(PMITH-
TpaluMK{ MHOIOpa3aeabHOM MbILILEI [6]. B yactu Bowes-
X B 0030p pabOT OCYIIIECTBIISUIM Ka9eCTBEHHYIO OIICHKY
MBIIIIII IT0 MAaTHUTHO-PE30HAHCHBIM TOMOTpaMMaM, B TOM
yuce mo Kinaccudukaumu Kader, KoTopast SBIsIeTCS B U3-
BECTHOM CTeTICHN CYObeKTUBHOM, CJI0XKHA B MCITOIb30Ba-
HUU 1 TIO3TOMY 3HAYUTEIFHO 3aBUCUT OT OITbITA Bpaya [7].
Oco0bIit nHTEpecC TpeacrasisgeT padorta J. Gu u coaBbT.,
B KOTOPOIT paCCUNUTHIBAJIM ITPOLICHT ITMKCENIEH ¢ MTHTCHCHUB-
HOCTBIO XXMpa OTHOCHUTEJIFHO MHKCEIeH ¢ MHTEHCUBHO-
CTBIO MBIIIIII, a 3aTeM CTeTIeHh MH(MIIBTPAIINY KJIAaCCU(DH-
LIMPOBAJIM KaK HOPMAJIbHYIO, YMEPEHHYIO U BEIPAXKCHHYIO,
pa3mesIvB IO TePTUISIM [8]. DTOT METOI IIPEICTaBIISICTCS
OOBEKTUBHBIM, OHAKO CJIOXEH B MCIOJIb30BAaHUH, TaK
KaK TpeOyeT TOIMOIHUTEILHOTO IIPOTrPaMMHOTI0 00ecIiede-
Hus. Bee 3T0 00yCIOBIMBAET aKTYaIbHOCTD JATBHEHIIIETO
ITOMCKAa METOMIOB KOJMYECTBEHHON OIIEHKU MapaBepTe-
OpaJIbHBIX MBIIIILI.

HMHTEepec aBTOPOB K CTPYKTYpe MHOTOpPa3aeIbHOMI
MBIIIIIBI CBSI3aH C HECKOJIBKMMM TTprnurHaMu. Kak yoenm-
TeJAbHO Moka3zaHo B ucciaenosanuu J.E. Makintosh u co-
aBT., OIyOJUKOBaHHOM B 1988 T., MHOTOpa3nenpHasl I0-
sSicHUWYHast Mbimua (m. multifidus) siBnsietcs Hambosee
MEIWaIbHON M OOJIBIION cpedu ITapaBepTeOpabHBIX
Mo [9]. [TapHbIe MBIIIIBL ASACTBYIOT COMPYKECTBEHHO
C 2 CTOPOH U SIBJISTIOTCS HEOOXOMMMBIMM JIJIST TIOIIEPXKAHMST
MIPaBWILHOI OCAHKM!, KOHTPOJIST IBYKCHUI ITO3BOHOYHM -
Ka ¥ paclpenejieHUsT Harpy3KW BO BpeMsl pa3InIHOMN aK-
TuBHOCTUA. HapyiieHrne min ocimabieHUEe MMEHHO 3TUX
MBIIIIIT MOKET 3HAYNTEIHPHO BIIMSITh HAa OITOPOCIIOCOOHOCTD
IMO3BOHOYHHMKA W CITOCOOCTBOBATH PAa3BUTUIO MJIU TIPO-
IPECCUPOBAHMIO €T0 JeTeHepaTUBHBIX U3MeHeHMit [10].
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B uccaenoBanum E. De Martino u coaBr. [10] yoenurenb-
HO MOKa3aHo, YTO [TUTEIbHOE Oe31eiicTBre (B X MUCCIIe-
IOBaHUHM 3TO HaXOXIEHME TTAallMeHTa B TIOJIOKECHUH JIeXKa
okoJio 60 THel) MPUBOIUT K YXYIIICHUIO U Pa3pylIeHNIO
VIMEHHO 3aIHel TPyl MBIIIII-CTA0MIN3aTOPOB ITO3BO-
HOYHMKA. JINIIIeHHBIE OCTATOYHOM MBIIIICYHON 3aIIUTHI,
OITOPHBIC CTPYKTYPHI ITO3BOHOYHHUKA IIPETEPIICBAIOT M0~
CTeNeHHOe pa3pylleHNe, a BCIEICTBUE JIIUTEIbHBIX ITepe-
TPY30K IIPOMCXOIUT ITOCTeTICHHOE (POpMUPOBAHHE CTEHO3a
MO3BOHOYHOTO KaHajia. COOTBETCTBEHHO, O0JIee TITy0oKOe
TMOHMMAaHME POJIM TapaBePTeOPaTbHBIX MBIIIIIL B JICUCHUHN
TMaTOJIOTMYECKNX COCTOSTHHI, CBSI3aHHBIX C TIO3BOHOYHM -
KOM, TIOMOXKeT pa3paboTtarh 0onee 3(ppeKTUBHEBIE U TIep-
COHAJIM3NPOBAHHBIC TIOMXOOBI K JICUCHUIO, a BHEAPECHUE
METOIMK, HaIlpaBJICHHBIX Ha YCTpaHeHHE TUCOYHKIINU
napaBepTeOpaIbHBIX MBIIII, MOXET ITOMOYb MEIUITNH-
CKMM CHEIHUAIINCTaM YIYUYIIUTh Pe3yIbTaThl JICUCHHUS,
CHU3WUTh MHTEHCUBHOCTH OOJIM W MTOBBICUTH (DYHKITHO-
HaJIbHBIE BO3MOXHOCTH MAllHEHTOB.

C yyeToM BapnabeTbHOCTA aHATOMUM M 9acTO HECO-
TIOCTAaBUMOCTH CJIy9aeB 2 pa3HbIX MAIIMEHTOB CYIIECTBYET
npobiieMa omnpeneaeHUST ONTUMAIbHOW yCpemTHEHHOM
OITOPHOM TOYKHU MCCIICAOBAHMS IS BOBMOXHOCTH CpPaB-
HEHMS KaueCcTBa MapaBepTeOpaTbHBIX MBITIIII.

Ilenb uccienoBanus — M3y4YeHUE BO3MOXHOCTU UC-
TOJIB30BaHUS pa3pabOTaHHOTO HAMM MHIIEKCA KUPOBOTO
3aMelIeHMs I OLIEHKW COCTOSTHMSI apaBepTeOpalbHbIX
MBIIII ¥ aHAJIN3 €0 O0BEKTUBHOCTH I10 CPaBHEHMIO C M3-
BECTHOI METONMKOM KOJIMIECTBEHHOTO pacyeTa (ppakimu
xupa B Mbinax [11] mo manasiMm MPT, a Takke BbISIBiIC-
HHE ONTUMAJIBHOTO YPOBHSI MCCIICAOBAHMS TSI TIPOBEIE-
HUS BBIIICYTIOMSTHYTOM OIICHKH.

MATEPUAJIbI U METO/1bI

B uccinenoBaHue ObLIM BKJIIOYEHBI 16 MalMeHTOB.
Kputepun BKimoueHus: Bo3pacT > 18 jieT, HaJuune CUMII-
TOMHOTO CT€HO3a II03BOHOYHOTO KaHajla Ha ITOSICHUIYHOM
YpOBHE, OTCYTCTBHE B aHAMHe3¢ TaHHBIX 00 OIlepaTUBHOM
BMEIIATEILCTBE Ha IIO3BOHOYHUKE, ITOANMCAHNE ITallieH-
TOM MH(GOPMUPOBAHHOTO COTJIACHsI Ha yIacTHE B MCCIIC-
JIIOBAaHUM M BO3MOXKHOCTb JMHAMUYECKOTO HAOTIOICHUS
3a IMaIleHTOM CPOKOM He MeHee roma. Kpurepusmu He-
BKJTIOUCHMS SIBJISUIMCH OTKA3 OT YYaCTHsI B CCIICIOBAHUM,
oITlepaTUBHOE BMEIIATEILCTBO HA TTIO3BOHOYHUKE B aHAM-
He3e WX JII00ble JaHHBIC O MOBPEXICHUM ITapaBepTe-
OpaJbHBIX MBIIII, TTPOTUBOIIOKA3aHUSI K IPOBEICHMIO
MPT-uccnenoBanusl.

CpenHuii BO3pacT UCIIBITYeMbIX cocTaBui 43 (£27) ro-
IIa, 9UCI0 My>KYrMH — 8, >keHIMUH — 8. HakaHyHe orepa-
umu BceM 16 marmentam nposoauian MPT-uccienoBanme
MMOSICHUIHO-KPECTIIOBOTO OTIe/Ia TTO3BOHOYHUKA Ha TO-
Morpade Siemens Magnetom Prisma 3T mmo craHmapTHOMY
mpoTokoiry. Kpome Toro, mis o1ieHKY TUTOLIAAN U CTeTICH!
KMPOBOM MH(MWIBTPAIIMN MBIIIIII B IIPOTOKOJI ObIJIa BKITIO-
YeHa TpeXMepHas aKCHajbHas ITOCIeIOBaTeIbHOCTD T1
rpagueHTHOro 3xa (T1-vibe) 6e3 XuporomaBIeHUS

4o
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Puc. 1. Maenumno-pe3oHancHble momoepammol: casummanvras (a) u KopoHapras (6) pekoHcmpykyuu mpexmepHoi nocaedosameaviocmu T'1-vibe das pas-
MemKu aKCUanbHbIX CPe306 NapaineabHo HUNCHUM 3ambikamenbivim naacmunkam L -, L -, L -nossonkos. Keamoie aunuu — cpasnusaemie aKcuanbible

cpe3sbl (HO HUDICHUM 3AMbIKAMENAbHbIM NAACMUHKAM men n0380HK08)

Fig. 1. Magnetic resonance images: sagittal (a) and coronal (6) reconstruction of the T1-vibe 3D sequence for mapping of axial sections parallel to the inferior
endplates of the L, L, L;vertebrae. Yellow lines show the compared axial sections (along the inferior endplates of the vertebrae)

co cieayomumu napamerpamu: TR — 7 mc, TE — 2,46 mc,
FOV — 160 MM, ToniuHa cpe3a — 1 MM, KOJIM4eCTBO Cpe-
308 — 160, paccTrossHue Mexay cpezamu — 20 %, yroia
OTKJIOHEHHUST — 12°, BpeMsl ucciemoBanus — 4 MuH 34 c.
V 5 13 y4aCTHUKOB MCCJIEA0BAHUST UCITOJIb30BAIN aHAJIO-
TUYHBIN pexXUM C XKUpOoToaaBjieHeM no Metoauke Dixon
(T1-vibe Dixon), njist 4ero 6110 TOOABIEHO BTOPOE BPEMS
cbopa curnana sxa (TE2 — 3,69 Mc), BpeMs ucciienoBaHus
coctaBuio 6 MuH. [lociaenoBatenbHocTh ¢ T1-KOHTpacT-
HOCTbIO Obl1a BbIOpaHa [jisl OLIEHKM XHUPOBOTO 3aMellie-
HUS, TaK KaK 1 Boja (0TeK), M MBIIIIeYHAasl TKaHb Ha JaH-
HBIX N300paXkeHUSIX XapaKTePU3YIOTCSI HU3KUM CUTHAJIOM
10 CPAaBHEHUIO C XXUPOM, UTO OIIPEIeISIET IIPEUMYIIECTBO
3TOU TIOCIENOBATEIbHOCTU IIJISI OLIEHKU XUPOBOU WH-
duIBTpalI MO CPaBHEHUIO C ITOCIEIOBATEILHOCTSIMU
¢ T2-KOHTpacCTHOCTHIO.

M3o0paxeHus1, MOJyYeHHbIE C TTOMOILIbIO BBIILIEOIH -
caHHOI1 TTocienoBarebHOCTA T1-vibe 0e3 XXuporoaaB-
JIEHWST, OTKpBhIBaIX B Tiporpamme InobitecPro B pexume
MYJBTHIUIAHAPHON peKOHCTPYKIINH, TOE CTPOUINCH aKCH-
aJIbHBIE CPEe3bl, MapajuleIbHbIe B KOPOHAPHOM U CarmT-
TaJIbHOU MTPOESKIIVSIX HUKHUM 3aMBIKATeIbHBIM TIACTHH-
kam L.-, L,-, L,-mo3BonkoB (puc. 1). Ha mocTpoeHHbIX
M300paKeHUSIX Ha BCeX 3 YPOBHSIX C MOMOIIIBIO MHCTPY-
MeHTa «ROI monuroH» o0BomMINM MHOTOpa3nejbHBIC
MBIIIIIBI ¢ 00X CTOPOH, KaK TT0Ka3aHo Ha puc. 2 (BIOIb
TPAaHUIBI OCTUCTOTO M CYCTAaBHOTO OTPOCTKOB, 3aTEM IIO
dacmy MHOTOpa3meTbHOM MBIIIIIBI), IJISI OLIEHKHU Cpem-
HEW MHTEHCUBHOCTM CUTHaJja U IUIOLIAAU BbIACIECHHON’
30HHEI. KpoMe Toro, B pexkxume T1-vibe 0e3 skuporongasie-
HUS ¢ TToMoIIbio MHcTpyMeHTa «ROI oBam» m3mepsiiu

Puc. 2. IIpumep uzmepenus uHMeHCUBHOCU CUSHAAA OM MHO20PA30eNbHbIX
MUY U HCUPOBOIL KaemuamKu y nayuenma ra yposne L . 2Keamoie aunuu —
2PYRNA MblUY-CIMAadUAU3aMOpO8

Fig. 2. An example of measurement of signal intensity from the multifundus
muscle and fatty tissue in a patient at the L level. Yellow lines show stabilizer
muscles

CPEHIOI0 MHTEHCUBHOCTh CUTHAJIA B XXMPOBOU KJIeTYaTKe
cJieBa OT MapaBepTeOpaTbHBIX MBI (CM. puC. 2).

JI7151 00bEeKTUBM3AIIMY TIONYYEHHBIX TaHHBIX O HAJIA-
YUW XAPOBOU TKAHU B CTPYKTYPE MBIIIII] HAMU ObUT pa3-
paboTaH W NMPUMEHEH WHAECKC XWPOBOTO 3aMEIeHUs
(index of fat replacement, IFR): IFR = IM/IF, rme IM —
CpeImHSISI UHTEHCUBHOCTh CUTHAJIA OT 30HbI, COOTBETCTRY-
o11e MHOropasaeabHou Mbiile, IF — MHTeHCUBHOCTD
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Puc. 3. Axcuanvhbie pexoncmpykyuu cepuii nocaedogamensvrnocmu T1-vibe Dixon Ha ypoeHe, napaineabHOM HUdJCHel 3aMblKAMeAbHOl NAACMUHKe
L -noseonka, c cuenanom moasko om xcupa (a) u moavko om 600bi (6) 04 KoauHeCmeeHHoll OUeHKU GpaKyuu scupa

Fig. 3. Axial reconstruction of the T1-vibe Dixon sequence series at the level parallel to the inferior endplate of the L vertebra with a signal only from fat (a)

and only from water (6) for quantitative estimation of fat fraction

CHTHAaJIa B XXMPOBOI1 KJIeTYaTKe CJIeBa OT ITapaBepTeOpab-
HBIX MBIIIIII.

VY manmeHToB, KOTOPHIM BBITIOJHSIIA PEKUM C METO-
JIUKOM >XupornoaaBieHus Dixon, aHaIOrMYHbBIM 00pa3oM
U3MePSUTA MTHTEHCUBHOCTh MarHUTHO-PE30HAHCHOTO CHUT-
HaJla Ha peKOHCTPYUPOBAHHBIX CEPUSIX C CUTHAJIOM TOJIb-
ko ot xkupa (IF) u Tonsko ot Bomsl (IW) (puc. 3) ms pac-
yeTta ImokasaTeis dpakumu xupa (fat fraction, FF)
o ¢popmyne FF = 1F/(IW + IF), npenjioxeHHOro nu3Ha-
YaJIbHO IJTSI KOJIMYECTBEHHOM OLIEHKH KUPOBOTO 3aMellle-
HUSI MBILIILL Y TIALIMEHTOB ¢ MuomnaTtusimu [11].

CTaTUCTUYECKUI aHAJIN3 TTOJTyYeHHBIX JAHHBIX IIPO-
BOJIWJIM B TIporpamMme Statistica Bepcuu 8.0.

[MammenTaM, BKIIIOYEHHBIM B MCCIIeIOBaHME, ObLIa
BBHITIOJITHEHA MUHUMAJIbHO WHBA3WBHAS ITMCKIKTOMUS
C IOCJIEAYIOIINM HaOIoneHneM B TedeHne roga. Mccie-
JIOBaHWE OTOOPEHO JIOKAJTBHBIM 3TUYECKUM KOMHUTETOM
HayyHoro meHTpa HeBpOJOTHMH (IIPOTOKOJ 3aceHaHMUs
Ne2-7/23 ot 15.02.2023).

PE3VJIBTATbBI

¥ Bcex BKITIOUCHHBIX B MCCIICIOBaHKE TTAIIMEHTOB I10-
clie TIPOBEACHMST MaJOMHBAa3UBHON XMPYPIUIECKOM Ie-
KOMIIPECCHHU Ha YKa3aHHOM YPOBHE OTMEYAIIOCh CYOBEK-
TUBHOE YJIYJIIEHWE COCTOSHHS B BHUIE YMEHBIICHMUS
0osneid.

IIp1 KavecTBEeHHOM aHaIM3¢ MPEeAoIepallmOHHBIX
MPT-u3zo6paxeHuii ObUIN BISIBIIEHBI OCOOEHHOCTU pac-
MMOJIOXKEHHS TOUYEK MPUKPEIUICHHWS MBI K KOCTHBIM
CTPYKTYpaM, B CBSI3U C YeM ITOICUET TaHHBIX BapbHPOBAI
Y pa3HbIX NMALMEHTOB, MPUYEM OT YPOBHS K YpOBHIO. Tak,
B OTJIMYME OT ypoBHei#i L, v L,, Ha ypoBHe L, Bcerna 4eTko
BU3YaJIU3MPOBAJIOCh MPUKpEIUIeHne Pacuu K TyrooT-
poctyaToMy cyctaBy. Kpome Toro, m3-3a pa3HoOTo yrjia

KPWBH3HBI MOSICHUIHOTO JIOPI03a OCTUCTHI OTPOCTOK
Ha ypoBHsiX L, u L, He Bcerna mojHOCTbIO BXOAMI B ILIO-
CKOCTB Cpe3a, YTO TaKxKe 3aTPYIHSI0 YHU(DUIINPOBAHHBII
MOACYET JaHHBIX.

IIpu pacyere nHIEKCA XUPOBOTO 3aMelleHus y 16 ma-
LMEHTOB MeJIMaHbI COCTaBMIN: Ha ypoBHe L, — 0,43 [0,36;
0,46] n 0,43 [0,38; 0,45], L, — 0,42 [0,37; 0,44] u 0,42
[0,39;0,47], L, —0,4310,35;0,47] n 0,46 [0,41; 0,5] cripa-
Ba U cJIeBa COOTBETCTBEHHO (B KBaJIpaTHBIX CKOOKAxX OTpa-
JKeHHI 1-11 1 3-i1 KBapTim). AHaJIOTUYHBIC CTATUCTIYCCKIES
mapaMeTpsl GpaKIInK XXK1pa Y 5 BKIIIOUSHHBIX B HCCIIEIO-
BaHHMe TNALMEHTOB COCTaBuIM Ha ypoBHe L, — 0,33 10,31, 0,4]
u 0,38 [0,35; 0,4], na yposre L, — 0,39 [0,39; 0,4] n 0,39
[0,39; 0,41], na yposHe L, — 0,43 [0,42; 0,58] u 0,43 [0,38;
0,54] cipaBa 1 cjieBa COOTBETCTBEHHO, Y TEX Xe 5 Tmaru-
€HTOB MHIECKC XMNPOBOTO 3aMEeIIeHUsI COCTaBMII Ha YPOBHE
L,—0,43]0,41;0,43] n 0,45 [0,44; 0,49], na yposhe L, — 0,41
[0,37;0,43] n 0,44 [0,42; 0,45], na yposne L, — 0,45 [0,39;
0,49] 1 0,46 [0,44; 0,53] cipaBa u cieBa COOTBETCTBEHHO.
[1pu cpaBHeHNM TaHHBIX TTOKA3aTeNIei Ha KaKIOM YPOBHE
OTIEIBHO TSI KaXIOi CTOPOHEI IO KpuTepnio MaHHa—
YUTHU TOCTOBEPHBIX Pa3TUNUNil HE BHISIBIICHO.

st oripeie IeHusT ONTUMAILHOTO YPOBHSI IIPOBEICHMS
W3MepeHUI OBIIN ITOCTPOSHBI TUCTOTPAaMMBI pacIipeaesie-
HUS MHIEKCA XUPOBOTO 3aMellleHns Ha ypoBHAX L,, L, L,
Y BOIIEIIINX B MCCIIEOBAaHNE TTALIMEHTOB, IIPOICMOHCTPH-
poBaBIIIe HANMEHBIINI pa30poc IoKa3aTeIeil Ha ypoBHE
L, (puc. 4).

IIpu xoppesiimorHoM aHamm3e CriipMeHa BEISIBJICHA
JOCTOBEpHast IIOJIOXKUTEIbHAs CBsI3b (ro = 0,74, p <0,05) Mex-
Iy TIOKa3aTeJIsIMM pa3paboTaHHOTO HAMI MHICKCA XKUPOBOTO
3aMeIIeHUS U 3HAYCHUSIMA (bpaKIIK Kupa (puc. 5).

3arteM IS TeX Ke IMepeMEeHHBIX OBLIN ITOCTPOCHBI JIM -
HelfHbIe TpadUKM, KOTOPBIE SIBHO IEMOHCTPUPYIOT, UTO
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Fig. 5. Scatter plot for fat fraction and index of fat replacement

C MOBBIIIEHNEM (PpaKILIMK XXMpa MOBBIIIAETCS TOYHOCTh
rmokasaTeJieil MHIeKca XUPOBOTO 3aMellleHUs: HauMeHee
TOYHBIM SBJISIETCS 3TOT MapaMeTp TPpY HU3KOM (Ppakinm
KKpa B MblILax (puc. 6).

VYV 2 u3 16 maumneHTOB M3 00CIENOBAHHON TPYITIIBI
B TeUEHUeE rojia IocJie OIepaTUBHOTO BMEIIATEIbCTBA Ha~
Omonancs peluauB KIIMHNYECKOM CUMITTOMATHUKY B BUIE
B0300HOBJIeHUsT 6oseii. UM Obu10 BhimosiHeHO MPT-uc-
cliefOBaHUE MOSICHUYHO-KPECTILIOBOTO OT/esIa TTO3BOHOY-
HHUKa, KOTOPOe TTOATBEPAUIIO TTOSIBIEHNE PelANBa TPEDLKI
nIHcka ¢ opMUpoBaHMEM CTEHO3a Ha YPOBHE ONEepalini.

IIpu peTpoCIEKTUBHOM aHaJIn3e COCTOSTHUST MBIIII]
y MallMeHTOB C PELIMANBOM MHAEKC KUPOBOTO 3aMeIeHUS
B 000MX CIIydasiX ObIJI 3HAUUTEJLHBIM, OMHAKO HE CaMbIM
BBICOKMM B MCCIICIOBAHHOM TpyITITe (TTAIMeHT 1 (CKeHIIMHA):
crpaBa IFR = 0,44, ciea IFR = 0,51; matmeHT 2 (My>X4m-
Ha): cripaBa IFR = 0,44, ciesa IFR = 0,51).

OBLCYRJIEHNE

[IpenorepanimoHHOE TTPOTHO3UPOBAHNUE BEPOSITHOTO
HMCX0JIa BMEIIIATEIbLCTBA SIBJIICTCS aKTyaJbHBIM BOIIPOCOM
COBPEMEHHOM HEMPOXMPYPINH KaK B CBETE BBIOOpA XUPYP-
TUYECKOI TAKTUKH, TaK U B CBETE ITOCIICAYIONINX peadu-
JIMTAIIMOHHBIX MepOIIpUSITHIA. MHOTOpa3IeIbHas MBIIIIIIA
B 9TOM KJIIOUE TIPEICTABIISICT HAUOOIBIINA MHTEPEC IS
M3y4eHUsI, TaK KaK UMEHHO ee¢ COCTOsIHUE (a TOYHee —
STOM TPYITITHI MBIIIIIT) CTy>KUT OTHOCHUTETHHBIM TTOKa3aTeIeM
«MBIIIEYHOM 3alIUThI» MO3BOHOYHMKA [12]. MHOropa-
3MeJIbHBIC MBIIIIIHI SIBJITIOTCSI €CTeCTBEHHBIMM CTAOVIIM-
3aTopaMM 1 TTePBBIMU BKITIOYAIOTCS TIPY HEYIAYHOM, PE3KOM
IBYDKCHUM, 3aIIAIIIAST OTIOPHBIE CTPYKTYPHI IO3BOHOUYHM -
ka. Kpome Toro, HeKoTophle aBTOPHI [ 13] 4eTKO pa3aensior
MBIIIIIBI TTO3BOHOYHMKA Ha «CWIOBBIE» M «CTAOMIN3aTO-
pbl». MHOTOpAa3IeIbHAS MBIIIIIIA SIBISIETCS YMCTHIM «CTa-
OMIM3aTOPOM», HEMHOTO YJaCTBYS TaKXKe B POTAIIUHU CeT-
MEHTOB.

OnucaHHble HAMU TIPU BU3yaJbHOM aHanu3e MPT-
n300paxkeHNT aHATOMUIECKIE OCOOCHHOCTH ITPUKPETI-
JICHUSI M PACIIOJIOXKEHUSI IapaBepTeOpabHBIX MBIIII]
MOATBEPKOAIOT JaHHBIC, paHee OIyOJMKOBaHHBIC KaK
a"HaToMam¥ [9], Tak u Heiipoxupypramu [14]. Kpome Toro,
O0YEBHUIHO, YTO YTOJI HAKJIOHA Cpe3a BaXKeH IJIT O0BEKTH -
BU3AIIUM OLICHKU CTPYKTYPHI MBIIIIIEI. be3ycimoBHO, Ham-
0oJree YIIOOHBIM SBJISICTCS MIO3UIIMOHNPOBAHME cpe3a IS
OLICHKY MapaJljIeIbHO 3aMBIKATeIbHBIM TIACTMHKAM I10-
3BOHKOB, YTO 00€CIIeUNT Hamboree mepIeHINKYISIPHBINA
Cpe3 MBIIIIIBI, a TAKKE B ONpPeIeICHHON CTeTIeHN HUBE-
JIMpyeT MHIWBUAYAIbHBIC Pa3IMUMS MEXIY HMallieHTaMM
B CBSI3M C pa3HOHAIIPABJICHHBIMU IeT¢HEPATHBHBIMU
n3MeHeHNsIMH. [1o maHHBIM HaIlleTo UCCIICAOBAHMS, HaM-
OoJiee ymoOHa OIleHKa XXKMPOBOTO 3aMEIeHMSI Ha YPOB-
He, TapaJuleJIbHOM HIDKHEH 3aMBIKATeTbHOM TUIACTUHKE
L,-1mo3BOHKa, 4TO OOYCIOBIEHO ONPENETEHHBIM PACIIONO-
JKEHMEM aHATOMUYECKUX OPUEHTUPOB (OCTUCTOTO OTPOCT-
Ka, MECT IIPUKpPeIUIeHUs (pacIinii MBIIIIIT) HAa 3TOM YPOBHE.
PasHble rccienoBaTeIbCKKE rPyINbl MyOJIMKOBaIU pabo-
THI KaK ¢ Ka4eCTBEHHOM OIIEHKOM XNPOBOI MHBOJIIOINU
MbIil [4,15], Tak ¥ ¢ KOJIMYeCTBEHHBIMU METOAAMU OLIEH-
ku. Kak oTmMedeHo BhIIIe, KaueCTBEHHAS OIICHKA B BBICO-
KOI CTeleHu CyObeKTWBHA, 3aBUCUT OT OIIBITA Bpaya
¥ BCJICICTBHE 3TOTO MaJIOHAAEXKHA Y MAJIOBOCTIPOM3BOIM -
Ma. [IpencraBieHHBIE paHee KOJTMUYESCTBEHHBIC METOBI
OLICHKU TapaBepTeOpaIbHBIX MBI, 0€3YCIOBHO, 00BEK-
THBHBI, OTHAKO CJIOKHBI IIJISI pYTMHHOTO UCTIOJIb30BaHMS,
TaK KaK TpeOYIOT JOIIOJTHUTEIBEHOTO ITPOTpaMMHOTO obec-
rnedeHus 1 0osee JUIMTENLHBI TT0 BpeMeHH [8]. OnTuMaib-
HBIM 71T KOJTMIeCTBEHHOI OLIEHKH KMNPOBOTO 3aMEIICHMS
SIBIISIETCST pacdyeT (PpaKIuM XKUpa C MOMOIIBIO JaHHBIX
M30METPUUYECKON mociieqoBaTesbHocTH T1-vibe ¢ MeTo-
IUKOM XupononaasaeHnsT Dixon, omHAKO OHA TOCTAaTOYHO
JIJINTeJIbHA 1 TOCTYIHA He Ha Bcex ckaHepax [11]. Ipen-
JIOXXEHHBIM HAMU MHIEKC XMPOBOTO 3aMEIICHUS TTPOCT
B MICITOJIb30BaHUH, KAJIBKYJISIINS €TI0 BO3MOXHA Ha JIF000M
aKCHaJIbHO-OPHEHTHUPOBAHHOMN TMOCIEI0BATEIbHOCTHU
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¢ T1-KOHTpacTHOCTBIO 0€3 XKMPOITOAABJICHUS, B TOM YMCJIe
HEM30METPUICCKOM, TIPH YCJIOBUY MPABWIIEHOTO ITO3UIIAO-
HUPOBAHMUS CPE30B — IMMapaJUIeIbHO HIDKHEM 3aMbIKATETh-
HOM T1acTMHKe L,-TI03BOHKA Ha CarMTTalbHbIX U KOPO-
HapHBIX M300paXeHMIX, TaK KaK, IO HAIIMM JaHHBIM,
MMEHHO Ha 9TOM YPOBHE HaOJI0IAJICS HAMMEHBIITHI pa3-
Opoc mokazareJieit nHaeKca XXKUpoBoro 3aMmerneHus. C yue-
TOM BBICOKOTO KO3 (PHUIIMEHTa KOPPESIIIUN MHICKCA K1~
POBOTO 3aMelleHUsI C ppakiIneit Krpa, KoTopasi SIBIsIETCS
boJiee TOYHBIM, HO MEHEE JOCTYITHBIM ITOKAa3aTelIeM, MBI
CUMTaeM IPEeMIOKEHHBIN MHISKC IePCIIEKTUBHBIM TTOKa-
3aTeJIeM TSI OLICHKH COCTOSTHUSI MBIIIIII.

B o6ciiemoBaHHOI HaMM TPYIINE TTAIIMEHTOB IIPU Ha-
OIIoIeHUM B TeUCHME ToJa ITOCIe OTepalliy y 2 TTalieH-
TOB BO3HUKJIM PELIMINUBBI TPBLK MEXKIIO3BOHKOBBIX JUCKOB.
HHTepecHo, 4TO TTOKa3aTeIM MHIEKCA SKUPOBOTO 3aMelle-
HUS Y HUX ObUIM 3HAYUTEJIFHBIMHM, OTHAKO HE CaMBIMU
BBICOKMMM B TpyIIrie. MOXHO IPEAIIONIOKUTD, UTO HAPSIITY
C HETPEHUPOBAHHOCTHIO MBI CTUJIb XKM3HU, TIpEeAyCMa-
TPUBAIOIINI pe3KHWe HeMUCINIUIMHIPOBAHHBIC HAIPy3KU
Ha IT03BOHOYHMK, CITOCOOCTBOBAJI BOZHUKHOBEHUIO OT-
HOCUTEIbHON TMHAMUYICCKON HECTAOMIBHOCTH YPOBHSI.
OmHako WISl CyKIeHHUs 00 OIMMCAaHHOM IOKa3aTee Kak He-
0JIAarONPUSITHOM IIPOTHOCTHUYECKOM (paKTOpe, TIPY HATMIUN
KOTOPOTO HEOOXOIMMO OYIEeT MpeIaraTb TAKUM ITallieH-
TaM He MaJOMHBa3WBHBIC TIPOIICAYPHI, a CTAOMIM3ALINIO,
ciemyeT IMOATBePANTD JaHHYIO 3aBUCHMOCTD Ha OOJIbIIIEM
yuciie HabmoneHuii. Kpome Toro, oueBUIHO, YTO MJIS T10-
CJICOTIEPAlIMOHHOTO TSYSHMST BaXKHO HE TOJIBKO J0OTIepa-
IIMOHHOE COCTOSTHME MBIIIIIT, HO X 00bEM ITOCTICOTIepalIM-

OHHBIX M3MeHeHM B TKaHsaX. Tak, M. Ghiasi 1 coaBT.
OTMETUJIA CYIIECTBEHHOE BIMSTHHAE IPOBEICHHOTO BME-
LIATeJIbCTBA HAa KA4eCTBO MBILILL [MOcje onepauuu [16].
HecoMHeHHO 1 TO, YTO BIMSIHHAE OKA3bIBAaeT HE TOJIEKO CaM
(akT omepary, HO U CTETIICHb €¢ MHBa3MBHOCTH, a TAKXKE
OITBIT XUPYpPra. B CBS3M ¢ 3TUM aKTyaTbHBIM U IIEPCITEKTUB-
HBIM MBI CIMTaeM MHOTO(MDAKTOPHBII aHAIN3 TIpell- U I10-
CJICOTICPALIMOHHOTO COCTOSTHUS MBIIIIII IIPY TUHAMITYECKOM
HaO0IeHUM OOJIBIION BEIOOPKM MALIEHTOB.

OCHOBHBIM OTpaHUYCHHEM IIPEICTABIICHHOTO MCCIe-
TIOBaHMS SIBJISIETCST HEOOJIBIIIOE YHCIIO TTAIIMEHTOB, a TAKXKe
TO, UTO BCe OHM ObLIM HaOpaHbl Ha 0a3e 1 LeHTpa, Mpo-
onepupoBaHbl 1 Helipoxupyprom, a MPT-u3obpaxeHust
OLICHWBAJINCH | pEHTTEHOJIOTOM, YTO He MOXET UCKITI0YaTh
OIIpeIeJICHHOM CTeTICHM IIPEIB3SITOCTH CYKICHUA 1 Tpe-
OyeT MHOTOLICHTPOBOTO TECTHMPOBAHMS BBISIBJICHHBIX 3a-
KOHOMEPHOCTEH Ha OOJIBIIOI BEIOOPKE MAIIMEHTOB.

SARJIIOYEHUE

ITonyuyeHHBIe B HalIeit paboTe TaHHBIC CBUIETEIBCT-
BYIOT O TIEPCITIEKTUBHOCTH BKJIFOUCHUSI B IIPOTOKOJI I0OTIE-
paunonHoro MPT-uccnenoBaHmsI MOSICHUIHO-KPECTIIO-
BOT'O OTIIejIa TTO3BOHOYHMKA aKCHATBHBIX T 1-B3BeIIEHHBIX
M300pakeHU, TTapaUIeJIbHBIX HIDKHEI 3aMbIKaTeJIbHOM
IUIaCTMHKE L,-TI03BOHKA, M M3MEPEHUS MTPEITOKEHHOTO
WHJIEKCa XMNPOBOT0 3aMEIeHNST, OMHAKO JIJIST OTIPEICIICHIS
BO3MOXHOCTH €T0 MCITOIH30BaHUS B KAUECTBE ITPOTHOCTH -
YecKoro (pakTopa HEOOXOOMMO IIPOBEIeHNE MCCIIeI0Ba-
HUSI JaHHOTO ToKa3aTeJIst Ha OOJIbIIei BEIOOPKE IaIlieH-
TOB B IMHAMMUKE.
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I Ipeostonenne orpaHnuNTEILHONM (PYHRIIUN
reMaTodHIehATNIeCKOro bapbepa

B nepu(poRaILHON 30HE KOAryJIAIMOHHOTO
HERpO3a, MHUIMNPOBAHHOTO MHTEPCTUINAIBHOI
JasepHoii rureprepMueil (dKcriepuMeHTalbHOe
nccliiejiopaHue )

0.B. Ocrtpeiiko, I'.B. I1anasn, T.T. Ipumauesa, C.T. Yedy, H.H. IleTpumes

DIbOY BO <«Ilepsviii Cankm-Ilemepbypeckuii 2ocydapcmeentblil MeduyuHckull yuueepcumem um. axad. M. I1. [lasrosa»
Munsopasa Poccuu; Poccusi, 197022 Cankm-Ilemep6ype, ya. JIvéa Toacmoeo, 6—8

KounTtakTtbl: Oner Bukentbesuu Octpeitko oleg.v.ostreiko@mail.ru

BeepeHue. NHdUALTPATMBHbIN XapaKTep pocTa rMi1obaacToM, pe3aucTEHTHOCTb K IeYEHMI0 NPUBOAAT K peLuanBam nocne
CTaHAAPTHOTO fleyeHus. MNepBas NMHUA XMMUOTEPANUKM UMEET OrpaHUYEHHbIN 3D GEKT, U Yepe3 4—8 Mec B nepudoKanbHoit
30He y 60NbLWMHCTBA 6ONbHBIX BO3HUKAET peLuanBHbIA pocT ruobaactombl. ONTUMKU3ALMUA NPOHUKHOBEHMA UMEIOLLMXCA
W UCNOJIb30BaHME HOBbIX IPdEKTUBHBIX NPenapaToB, He NPOHUKAKWMX Yepe3 remaroaHuedanuyeckuit 6apeep (M3IB),
ABNAIOTCA aKTyaNbHOW 3afayeit.

Llenb nccnepoBanmA — onpegennts BO3MOXHOCTb NPEOAONEHUS OFpaHnuYnTeNbHON GyHKuMK M npu ucnonbzosaHum
Na3epHoii TMNepTePMUM C LiEbI0 NPOrHO3UPOBAHUA BO3MOXHOCTY NedeHus Mno6aacToM npenaparamu, He NPoHUKato-
wumu yepes MIb.

Marepuanbl n meTopabl. MpeactaBneHa cTpaTerus U [oKasatenbCTBa OTKPbITMA MIb B nepudokanbHON 30HE Koarynsum-
OHHOI0 HEKP03a, BO3HUKLLErO B pe3ynbTaTe Na3epHoii runeptepmuu. Nocne TpenaHaumm yepena Kpacutenb MHLOLWMAHUH
3eneHblit (MLU3) BBOAMAN BHYTPUBEHHO B XBOCTOBYI BEHY KpbiCbl. Ha my6uHy 2 MM B 6eCCOCYAMUCTBIN Y4acTOK KOpbI
BBEIEHO ONTOBONOKHO 400 MKM M NPOBEAEHO UHTEPCTULMANBHOE 061yYeHe C ANMHON BOAHBI 1560 HM C 3KCno3uuuen
50 c. Mocne nasepHoii KoarynaLMmM yyacTka Kopbl Y XXUBOTHOTO Habnoaanu 3a suixogom L3 B nepueackynapHoe npo-
CTPaHCTBO NepudoKanbHOMN 30HbI.

Pe3ynbTarbl. JKCNEPUMEHT NO3BOAWN BIU3yaNbHO HAONIOAATL NPUMEP IKCTPABa3aibHOTO BbIXOZA KPYMHOI MONEKYNbI KpacuTe-
N5, B 00bIYHBIX YCNIOBUAX HE MOKMUAAIOWLEr0 CoCcyaucToe pycio. Habntoaaemslid ¢ noMowpblo thayopecueHTHOW Kamepbl BbIXOZ,
ML3 B nepuBackynspHoe NPOCTPAHCTBO N0 Nepudepun KoarynaLMoHHOTO HEKPO3a AeMOHCTPUPYET OTKpbITHe 3B,

BbiBogbl. CoueTaHue UMTOPEAYKTUBHOM onepaLum 1 oTKpbITUA IIb LeMOHCTPUPYET CUHEPTUYHbIE BO3MOXHOCTU 1a3epHO
runepTepMum ansa xumuotepanuu. OTKpbIBalOLWMECH BO3MOXHOCTU UCNO/b30BAHMA B IEYEHWUM TIMOBNACTOM HOBbIX Npe-
napatoB B nepudoKanbHOil 30HE OMyX0AM NOC/Ne ONepaLun NoTeHUUANbHO CNOCOOHbLI YBENNYUTL NedebHblii 3ddekT
1 NPOANMUTD XKU3Hb GONbHBIX.

KnioueBblie cnoBa: npeoponeHune FEMaTO3HLI,ECbaJ1VI‘-IECKOFO 6apbepa, XuMuotepanua FJ1VI06}13CTOM, NlasepHasa runeprepmus,
I'IepVId,')OKaﬂbHaﬂ 30Ha Koarynauuu

Ina uutuposanua: Octpeitko 0.B., ManasH I.B., lpuwayvesa T.T. un ap. MpeofoneHne orpaHn4nTENbHON QYHKLNUM rema-
To3HUedannyeckoro 6apbepa B nepudoKanbHoO 30He KOarynsALUOHHOTO HEKPO3a, UHULUUPOBAHHOTO MHTEPCTULMANBHOI
nasepHoil runeptepmueit (3kcnepumeHTanbHoe ncciefoBanue). Helipoxupyprus 2025;27(1):51-9.
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Background. The infiltrative nature of glioblastoma growth, resistance to treatment lead to its recurrent growth after
standard treatment. The first-line chemotherapy has a limited effect, and after 4-8 months, most patients experience
recurrent glioblastoma growth in the perifocal zone. Optimization of the penetration of existing drugs and the use of
new effective drugs that do not penetrate the blood-brain barrier (BBB) is a relevant issue.

Aim. To determine the possibility of overcoming the restrictive function of the BBB when using laser hyperthermia
in order to predict the possibility of glioblastoma treatment with drugs that do not penetrate the BBB.

Materials and methods. The strategy and evidence of opening the BBB in the perifocal zone of coagulation necrosis
resulting from laser hyperthermia are presented. After trepanation of the skull, the dye indocyanine green (ICG) was
intravenously injected into the rat’s tail vein. An optical fiber of 400 pm was inserted into the avascular area of the
cortex to a depth of 2 mm, and interstitial irradiation with a wavelength of 1560 nm was performed for 50 seconds. After
laser coagulation of the cortex area, the exit of ICG into the perivascular space of the perifocal zone was observed.
Results. The experiment visually demonstrated an example of extravasation of a large dye molecule, which under normal
conditions does not leave the vascular bed. The observed exit of ICG into the perivascular space at the periphery of the
coagulation necrosis using a fluorescent camera demonstrates the opening of the BBB.

Conclusion. The combination of cytoreductive surgery and opening of the BBB show synergistic possibilities of laser
hyperthermia for chemotherapy. The emerging opportunities for using new drugs in the treatment of glioblastoma in
the perifocal zone of the operated tumor are potentially able to increase the therapeutic effect and prolong the lives
of patients.

Keywords: overcoming the blood-brain barrier, chemotherapy glioblastoma, laser hyperthermia, perifocal coagulation
zone

For citation: Ostreiko 0.V., Papayan G.V., Grishacheva T.G. et al. Overcoming the restrictive function of the blood-brain
barrier in the perifocal zone of coagulation necrosis initiated by interstitial laser hyperthermia (experimental study).
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BBEJIEHUE

310KaYeCTBEHHBIC TITMAIBHBIC OITYXOJIM XapaKTepu3y-
I0TCSI IUTOXHM TIPOTHO30M, OCOOCHHO TIIM00JIACTOMEL. DTO
00ycIIOBJIeHO MHMDMIBTPATUBHBIM THUITOM POCTA TIIMO0Ia-
CTOM, MUTpPALIMEi1 OITyXOJIEBBIX KJIIETOK OT OCHOBHOT'O OYa-
ra, pe3MCTCHTHOCTHIO K IIPOBOIUMOI Teparnu U, KaK pe-
3yJIBTAT, JaJTbHEUIIIMM ITPOrpeccupoBaHreM omyxoinu [ 1, 2].
KreTku rmmo6racToMbl UMEHHO B epu(OKaIbHON 30HE
6ojiee yeM B 80 % ciryyaeB SIBJISIIOTCS ICTOUHMKOM PelLl-
TUBHOTO POCTa, HECMOTPS Ha MPOBEICHHOE CTaHIAPTHOE
neuenue |3, 4]. [IpencraBisieTcss KpaiitHe BasXKHBIM YCH-
JINTHh MEANKAMEHTO3HYIO TTPOTUBOOITYXOJIEBYIO TePATTHIO
1 00eCcTeYnTh TPOHUKHOBEHNE JICKAPCTBEHHOTO TIperra-
paTa B Iepru(pOKaIbHYIO 30HY OIIEPUPOBAHHOMN OITYXOJIH.
BryTpHnonyxoneBas reHeTHIECKasI TeTEPOTEHHOCTD TJIHO-
6J1acTOM OOYCITOBIMBAET CHIDKEHE d(PDEKTUBHOCTH 1-11 T1-
HUU XUMHUOTEPAITAN, B TOM YHCIIC ¥ BCJICACTBUE CEICKIITNT
OITyXOJIEBBIX KJIETOK Ha (hoHe teueHus. [lepeueHB UCITONB-
3YeMBIX JOTIOJIHUTEILHBIX TIPOTHBOOITYXO0JIEBbIX JIEKAPCT-
BEHHBIX CPEICTB MPH IJTMOOIAaCTOME CUJIBHO OTpaHMYCH,
YTO BO MHOTOM OOYCJIOBJICHO HaJIMYMEM reMaTosHIeda-
Jmyeckoro 6apeepa (I'DB), penarcTByoero macCuBHOM
mnddy3um aekapeTB K onyxojieBoMy ouary [5]. Db co-
CTOUT M3 DHAOTEINAIBHBIX KJIETOK, IIEPUIIUTOB U KOHIIE-
BBIX HOKEK aCTPOIIMTOB C yJaCTHeM OKOHYAHMI HEMPOHOB
n mukporiauu [6]. [TaccuBHOE MPOHUKHOBEHNE MOJIEKYJT
B MO3T ¥ ITeprOKATIBbHYIO 30HY OITyXxoiu, Tae ' Db He uz-
MEHEH, KPUTUIECKN 3aBUCHUT OT MOJICKYJISIPHOM MacChl
MOJIeKyJbl. OrpaHMYeHUe BOZHUKACT JIJISI MOJIEKYJT, MOJIe-
KyJigpHast Macca Kotopbix nipeBbimaet 400 Jda. Ha ocia-
onenne nuddysun Monexy uepe3 'Db Takke oka3bpIBalOT
BJIMSTHYE HU3KAS TINTTIOMIBHOCTD U CITIOCOOHOCTD CBSI3BI-

BaTbCs ¢ OeKaMu I1a3Mel [7]. MHTpaTekaibHOe BBeae-
HHUE TIpernaparoB SIBIsIETCS cItocoboM obxoga I'Db, Ho
3TOT MYTh BBEIEHUSI OTPAHUYEH KaK MECTHBIMU TOKCHU-
YeCKMMM U pasapaxalomunMu 3pdekraMu, Tak 1 CIIOCo-
OOM JOCTaBKU.

g npeomonenus 'O puMeHsIoTCS pa3HbIe cTparte-
THH — OT €0 PACKPBITHS 10 aKTUBALIMK PEIICTITOPHO-OITOC-
PEeIOBaHHOTO TPAHCIIMTO3a. JIJIsT 3TOrO MCITONB3YIOT BBEIC-
HUE TUIIEPOCMOJIIPHOTO pacTBOpa MaHHMTOJIA, a TaKXKe
HAHOYACTHUII W KOHBIOTATOB JIECHCTBYIOIIETO BEIIeCTBa
C TPAaHCHOPTHBIMU MOJICKYJIaMHM, TTO3BOJISIOIIUMU OCY-
ILIECTBIISATH IepeHocC npemnapara 3a rpeaensl ['Db. M Hao6o-
POT, IPUMEHSTIOT THTUONTOPHI €CTECTBEHHBIX TPAHCITOPTHBIX
MOJIEKYJT, OCYIIECTBIITIONINX JIMMITHALIIIO JIEKAPCTB M3 MO3-
ra [8—10]. 3a mocnegnue 30 jeT TOIBKO 4 JIeKapCTBEHHBIX
npenapara ObLIA OA00PEHbBI JIsl CUCTeMHOM Tepanuu ['b:
JIOMYCTUH, KApMYCTUH, TeMO30J10MU 1 6eBai3ymao. [1o-
3TOMY TIpeoaoJieHre orpaHnyeHnii Db misa obecrieueHus
BO3MOKHOCTHA CUCTEMHOTO IIPUMEHEHUSI HOBBIX IEPCITEK-
TUBHBIX WJIN YK€ U3BECTHBIX IIPOTHBOOITYXOJIEBBIX IIperrapa-
TOB SIBJISIETCSI BaXKHOM 3amaveii, B pe3yJIbraTe peleHms KO-
TOPOI OXXMIACTCS TIPOIJICHIE SKU3H! OOJTbHBIX.

B murepatype npeacTaBieHO HEOOBIIOE YMCIO paboT
M0 M3YYEHMIO JIOKAJIBLHOTO IIPEOHOJCHUSI OaphepHOMU
¢y I'DB mpu BHIITOJHEHUM CTEPEOTAKCUICCKUX
UTOPEIYKTUBHBIX METOIOB JICUCHUS 3I0KAYSCTBEHHBIX
orryxoJieil Mmo3ra. K Taknum MeTomaM OTHOCSITCS Ja3epHast
WHTEPCTUIINATbHAST TepMOTeparus, cOKyCUPOBAaHHBIN
VIBTPa3BYK, PATMOYACTOTHAS a0JISIIINS, a TAKKE CTePEOTaK-
cudeckad sydeBas tepanus [11—13]. Crepeorakcudeckast
Jla3epHasl MHTePCTUIIMAIbHAS THIIEPTEPMUsI, M3BECTHAS
B uteparype Kak LITT (laser interstitial thermotherapy), —
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OBICTPO pa3BUBAIOIIEECS HaIpaBJICHNE B MaJJOMHBA3UB-
HOM XUPYypTUU BHYTPUMO3TOBBIX ormyxoJeii [14—18]. ITpu
JIa3epHOU TUIEPTEPMUM ITOCTUTACTCS KOATYISIIMOHHBIN
HEKpPO3 OIyXOJIM, COIIPOBOXIAEMBbIN aIllOIITO30M JacTH
KJIETOK HOBOOOpa3oBaHMsA II0 Iepudepuu HeKpo3sa.
B 31011 30He TepMHuueckue 3¢ (HEKTI He TOCTUTIIH OITyXO-
JIEBOY LIMTOPEAYKIINM, HO OKa3aJIi MOAYJIMpYIOlIee Aeii-
CTBUE Ha KJIIETKM CTCHKU KaIlWULIIPHON CETH, YBEININB
COCYIMCTYIO IIPOHUIIAeMOCTb. MOXKXHO IIPEIIIONIOXKHUTD,
YTO TaHHBI MEXaHN3M SBJISICTCS CIICACTBAEM KOHIYKITNT
TeIU1a MUKPOLIMPKYJISITOPHBIM PYCIOM.

HmMeroTcs enmHUYHBIE paOOTHI, TOCBSIIIEHHBIE HCCTIe-
noBaHUIO OTKpeITUS ['DB B mepudokanbHOt obiacTu
KOaryJISIMUOHHOTO HEKpo3a, 00YCIIOBJICHHOTO JIa3¢PHOM
runeprepmueii. E.C. Leuthardt u coaBT. ucciemoBaiu
mpoHunaeMocts 'Bb B mepuTyMopanbHO 00JacTu
y OOJIBHBIX C peLUAUBHBIMU IIMobnacTomamu nocie LITT.
ABTOpaMM WCIOJb30BaHA TMHAMHWYECKAsT MarHUTHO-
pe3oHaHcHast ToMorpadust (MPT) rojioBHOro Mo3ra ¢ KOHT-
PACTHBIM YCUJIEHUEM [IJIs1 pacyeTa KOHCTAHTbl COCYIUCTO-
O IIepeHoca M UCCIeAOBaHNS JUHAMUKN KOHIICHTPAIINT
B CBIBOPOTKE KPOBHU HeMpocrenndruuecKoil 3HOJAa3kl.
B pa6ote 6b110 TOKa3aHo packpeiTne 'Db, KoTopoe mo-
cTuraeT MakcuMyMa Ha 1—2-it Hemese mociae LITT u ocma6-
nsteTcst K 6-ii Hepede [19]. A. Salehi u coaBT. Ha MBILIMHOI
MOJIEN C TIMOMOI moka3anu, uyto nocye LITT gepe3 'Db
IMPOHUKAIOT KPYITHBIC MOJIEKYJIbI, Pa3MEPOM C YeI0oBeUEC-
CKMiT UMMYHOIJIOOYJIMH, BeC KOTOPBIX COCTABJISICT OKOJIO
150 x/Ia. Mexanuctnaecku B pe3yibsrate LITT B mepudo-
KaJbHOM 30HE CHIKAJIACh IIEJIOCTHOCTD TJIOTHBIX COCMTH-
HEHWI 1 YCUJIMBAJICS TPAHCIIMTO3 3HIOTETNATBHBIX KIIe-
TOK roysioBHoro Mo3ra [20]. Packpeitne I'Ob mocne LITT
MPOIEMOHCTPUPOBAHO B MOJIEJBHBIX 3KCHEPUMEHTAX
Ha XMBOTHBIX B UcciaegoBaHnuu M. Sabel u coast. [21].
B nammeit pabote in vivo mponeMOHCTPUPOBAHO PACKPBITHE
I'Db B 30He, pacnonararolieiica K nepudepnu ot Koary-
JISIIMOHHOTO HeKpo3a, MHULIMNPOBAHHOTO MHTEPCTUIIN-
aJIbHOM JIa3epHO rureprepmMueii. Mbl HAOI10aJIN BBIXO/,
B IIEpUBACKYJIAPHOE IIPOCTPAHCTBO KPACUTEIISI MHIOIIMA-
HuHa 3eneHoro (M113), KoTophlii He BEIXOIUT 3a IPEIeITbI
COCYIMCTOTO pyclia IIpu HopMasibHOM ['Ob 1 ucronb3yeT-
csl B aHTHOTpapruecKoi mpakTUKe. MBI MCITOIb30BaIN
J1asep ¢ UIMHOM BOJHBI 1560 HM, ITOCKOJIBKY Hala paboTa
Ha O0MobaHTOME INIMOMBI TIOKa3ajia OIpeneJIcHHBIC TIpe-
WMYIIECTBa TaHHOM IIMHEI TSI BEITIOJTHEHUSI MHTEPCTH-
LUAJIIBHON TUMEPTEPMUU MEPE] TPAAULIMOHHBIMU IS
LITT Boanamu 970 um u 1060 HM [22].

Ieas uccieaoBanusa — onpeneauTb BO3MOXHOCTD Mpe-
OZI0JIeHUsI orpaHUYnTeNbHOM hyHKIMK ['Db npu ncnob-
30BaHUU JIA3€PHOU THIIEPTEPMUHN C HEJIbIO IIPOTHO3UPO-
BaHMST BO3MOXXHOCTH JICUCHUSI TTM00IaCTOM TIperapaTaMu,
He mpoHuKammuMu yepe3 ['Db.

MATEPUAJIbI 1 METO]1bI
HccnenoBaHue BIMOMHSUIM HA KPbICAX-CaMLIAX IMHUN
Wistar ¢ maccoit rera 180—200 r Ha MOMEHT MOCTYTUIEHUS

Russian Journal of Neurosurgery

n3 [InToMHMKa 1a00paTOPHBIX XXUBOTHBIX «ParmoioBo
HHNI KypuaTtoBCcKMii MHCTUTYT». Bce aKcmepuMeHTHI,
COIMPOBOXIABIINECS WHBA3MBHBIMUA BMEIIIATEIbCTBAMM,
MIPOBOIMIMCH B COOTBETCTBUHU C mupekTtuBoit CoBera
Esponeiickoro cowosa 2010/63/EC ot 22.09.2022 (1.B. be-
Jo3epuesa u np., 2014) u ObIM OMOOPEHBI ITUYECKUM
komuteroMm (mpoTtokon Ne 100 _IIJI1_102022/25 150
HCITOJIB30BaHMS TT03BOHOYHBIX JJA00PATOPHBIX JKUBOTHBIX
B MCCIIEIOBaHUSIX, TpoBonMMBIX Ha 6aze ®PI'BOY BO
T[ICII6I'MY mm. W.I1. [TaBnoBa). 2ZKUBOTHBIX comepKaan
Ha HEOTpaHUYEHHOM IOTPeOICHUM KopMa (CTaHIApTHBIN
KOopM 11 1abopaTopHbIX Kpbic K-120 ¢dupmber «MHDOpM-
KopM», Poccust) 1 Bombl mpu (pUKCHMPOBAaHHOM CBETOBOM
pexume 12,00/12,00 u (cBer/TeMHOTa). TemmepaTypy
noxgepkuBaau B Tipenenax 22—25 °C, OTHOCUTENIbHYIO
BiaaxHOCTb — 50—70 %. JnuTebHOCTh KAPAaHTHUHA (AKKJIM-
MaTU3aIMOHHOTO TIePHO/Ia) COCTaBIsIa 14 mHelt.

Jnsa Busyanusanuu oTKpbeITus I'Db ¢ momomisio U113
TIPOBEICHO UCCIIeI0OBaHNE Ha MO3Te KPBICH. 2ZKUBOTHOMY
mon Hapko3om (3ometun 29,3 mMr/kr + KcuiaszuH
5,87 MI/KT BHYTPUMBIIIIEYHO) OCYIIIECTBIICHA IBYCTOPOH-
Hssa TpenaHanusa dyepena. Mcnonb3oBanm 3ometmii-100
(VIRBAC, ®pannus) n Kewmna (kecua3mHa THIPOXJIOPH
2 %) (De Adelaar B.V., Hunepnanmsr).

Cxema orbITa IpeacTaBieHa Ha puc. 1. B 6eccocynm-
CTOM 30HE KOPBI IIEPEIHETO MO3Ta, BU3yaIu3NPOBAHHOM
nocite anruorpacduu ¢ U3, mox HeOOMBIIMM HaKJIOHOM
TPaHCKOPTUKAJIBPHO Ha ITyOMHY 2 MM BBEIEHO OIITOBOJIOK-
Ho guameTpoM 400 MkM. 3aTteM 4yepe3 MOTpy:KeHHOE OIT-
TOBOJIOKHO OCYIIIECTBJICHO MHTEPCTUIIMAIIBHOE O0IydeHHE
mo3ra jiazepoM 1560 HM MomtHocThIO 1 BT ¢ akcniosuimeit
50 ¢, KOTOpOii OBLIO JOCTATOYHO TSI JOCTUKEHMS KOary-
JISIIIAN KOPBI MO3Ta. TeIIoBU30p 3aperuCTpUpOBal HarpeB
KOpPBI MO3ra B 30H€ OOJIydeHUs 10 TeMrneparypsl 65,2 °C,
JIocTtatoyHou 1 koaryasuuu. Ha puc. 1 nokazaHa Tosib-
KO 4acTb MyJbTUMOOaabHOro opraHockona FLUM—LL
[23], B KOTOpOM TIpY HUCCIEIOBAaHNN MHIOLIMAHNHOBOM
dbayopecueHIUM Ijisi ee BO3OYKICHUST MCITOJIB3YETCS
nasepHbiit arnapat AJITIX-01 «IMOJIAH» (OO0 «HIIIT
BOJIO», Poccus) ¢ mmmHO# BOaHB nanydeHust 808 HM
(Ha puc. 1 He TTOKa3aH), a TSI PETUCTpALI (DITyOpecIeH-
muu B Kamepe Haxomutes cBeToduasrp NF-808 (Semrock,
CIIIA), KoTophIil 6;10KMpPYeT BO30yKAalolee N3IydeHHE.

Anrmorpaduyeckast KaptTuHa 1ociie BBegeHus M3
perucTpupoBanach (GIyopecueHTHON KaMepoil opraHo-
ckomra FLUM—LL (puc. 2). UHoonmaHWHOBBINM KPAaCUTEIb
BBOJIMJIM B XBOCTOBYIO BeHY. Busyanm3arust anHTnorpacpu-
yeckoit kKaptuHH ¢ U113 ocyiecTBisiach Kak B BUAEO-,
TaKk 1 B (poropexkume. BoaMoxkHOCTH (hIyOpeCcIIeHTHOTO
opranockona FLUM—LL (IT3C-marpuma Sony, SmoHust)
[23] mo3BOISIIM PerUCTPUPOBATh M300paXKeHNE ¢ pa3pe-
menneM 1280 x 1024 u ¢ kagpoBoii yactoroii 14 Ii1. ITpo-
rpaMMHOE 00ecIieueHe OpraHOCKOIIa 1aBajio BO3MOX-
HOCTh PErUCTPUPOBaTh MHTCHCUBHOCTD cBeueHmsT U113,
YTO TO3BOJISVIO KOJIMIECTBEHHO OIICHMBATHh KOHIICHTpPA-
o kpacuteiss I3 B BEIOpaHHOI MUIIIEHN B JUHAMUKE
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Puc. 1. Cxema onvima. 1 — ¢hayopecuenmuas kamepa opeanockona FLUM—LL 0as peeucmpayuu aneuoepaguu ¢ unooyuanurom 3esenvim (MU113); 2 —
mennosuszuonnas npucmasxa Flir ONE Pro (FLIR Systems, Inc.) k cmapmgory 05 peeucmpayuu memnepamypsl cunepmepmuu; 3 — HOymoyk oas peeu-
cmpayuu u coxpanenus u3oopaxicenus ¢ kamepol; 4 — xupypeuueckuii aazepuuiii annapam JICII (« U PO-Iloatoc», Poccus); 5 — wnpuy ¢ kpacumenem U3

Fig. 1. Experiment scheme. 1 — fluorescent camera organoscope FLUM—LL for registering angiography with indocyanine green (ICG); 2 — thermal imaging
attachment Flir ONE Pro (FLIR Systems, Inc.) to a smartphone for registering hyperthermia temperature; 3 — laptop for registering and saving images from
the camera; 4 — surgical laser LSP (IRE-Polyus, Russia); 5 — syringe with ICG dye

Kopa mo3ra /

Kopa mo3ra / CorteR

Cortex BepxHum carntTanbHbIn cm%/"

S.sagittal sinus
i

Puc. 2. Iman sxcnepumenma 0o aazepnoeo 0onyuenus 30Hbl Mo3ea. Onmoeonrokno 400 mxm nodsedeno k beccocyOucmoll 301e Kopbl Mo32a Kpbicol (001y4e-
Hue euje He ocyujecmeneno). Kpacumens undoyuanun 3eaenviii (M1L[3) 6seden 6 X60cmogyio 6ery iHcueomnoeo: a — uzo0paxcenue Kopbl Mo32a 6CKope nocie
66edenus Konmpacmuoeo npenapama HM1[3: 6u3yaiuzuposansi 6epxHuUil caummanbhbii CUHYC U MeAKUe coCyObl KOPbl MO32d, 3aNOAHEHHbIE KPACUMENeM.
1 — beccocyducmas 30na, 8blOpanHas 045 NOCAEOYIOU4e20 IMANA IKCHEPUMEHMA — AA3ePHO20 00AYHeHUs; 6 — omo uanocmpupyem omcymemeue Kpacu-
mens nocae 9-ii MUHYmbl 8 KPynHbixX cocydax, CUHYce npu NPOCAeHCUBAHUU OCIAMOYHO20 KOHMPACMUPOBAHUS KANUANAPHOU cemu

Fig. 2. Stage of the experiment before laser irradiation of the brain area. An optical fiber of 400 microns is led to the avascular zone of the rat brain cortex
(irradiation has not yet been performed). Indocyanine green (ICG) dye is injected into the animal’s tail vein: a — image of the brain cortex shortly after the
introduction of ICG contrast: the upper sagittal sinus and small vessels of the brain cortex filled with dye are visualized. 1 — avascular zone selected for the
subsequent stage of the experiment — laser irradiation: 6 — the photo illustrates the absence of dye after 9 minutes in large vessels, sinus when tracing residual
contrast of the capillary network

B YCJIOBHBIX €IUHUIIAX C TOCIEAYIOIUM Tpaduieckum
M300paKeHUEM.

KoHTposib TeMIiepaTypbl, OCYIIECTBISIEMBIN TEILIO-
BU3MOHHOI KaMepoii-npucTaBKoi misg cmaptdona FLIR

TTO3BOJISLIIO OCYIECTBIISITH 3aNTUCh (DOTO- U BuAeodaition
B PeXUMe pealbHOTO BpeMeHu (puc. 3).

PE3VJIBTATDI

ONE PRO, nemoHcTpupoBasics Ha Aucruiee cMapTdhoHa.
3asiBJieHHasT TPOU3BOAUTENIEM OIIMOKA U3MEPEHUS CO-
craisieT 13 °C. [IporpammHoe obecriedeHre cMapTdhoHa

30Ha J1a3epHOI KOATYISIIIUY MO3Ta BU3yaIM3MpOBaHa
Ha MOHUTOPE (hTyOpECLEHTHOM KaMephl OPraHOCKOTIA KaK
TeMHas beccocynucrast 0oacth. [IpocmoTp skcnepuMenTa
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Puc. 3. Hzoopaxncenue c ducnies cmapmepona ¢ menio8u3UOHHOU Kamepoui-
npucmaskoii. Temnepamypa 65,2 °C, asmomamuuecku 3apeucmpuposanias
Ha IKpare cMapmeoHa ¢ HoMousblo npucmasku-meniosusopa. Kax uzeecmro,
maxkas memnepamypa 00cmamo4Ha 0as OOCMUNCEHUs KOA2yAaUUU MKaHu

Fig. 3. Image from the display of a smartphone with a thermal imaging
camera. Temperature 65.2 °C, automatically registered on the smartphone
screen with the help of a thermal imaging attachment. As is well known, this
temperature is sufficient to achieve tissue coagulation

BO BpeMeHU rokasai, uro Busdyanusanus M3 B cocymax
HEM3MEHEHHON KOpHl B IMHAMUKE ociabeBajia, TOTraa
KaK BOKPYT 30HBI KOAryJsiLIMU KPacUTENb MPOAOJIKAI
HaKaIUIMBaTbCs B MEPUBACKYJISIPHOM MpocTpaHcTBe. Ero
HaKOIIEHE HAOTIONAI0Ch 1 (PUKCMPOBAIOCh HA MOHUTOPE
OPraHOCKOTIA B BUJIE HAPACTAHUSI MTHTEHCUBHOCTY CBEYECHMUSI

& f OI'ITOBOHO'KHO/
T Optofiber

W13 BrioTh 00 KOHMA 3KCIEPUMEHTA IIUTEIHHOCTHIO
21 muH. Ecnu B Havase sKCrepUMeEHTa KamwuIsIphl BU-
3yalu3UPOBAICh TOHKMMU, C YETKMMU TPAHUIIAMU, TO
B KOHIIE 9KCIIEPUMEHTA KAMJUTSIPHI B TIeprhOKATbHOM 30HE
HEKPO3a 0TOOPAKAINCH YTONIIEHHBIMU, TEPSUIACH YETKOCTh
WX TPaHMII, 9TO 00BsIcHsAeTCs BhixomoM M3 kHapyku ot nx
CTEHOK B MEpUBACKYJSIPHOE MPOCTPAHCTBO. Tak uccre-
JIOBaHKE TIPOJIEMOHCTPUPOBAJIO BBIXOM KPACUTENIST 3a Tpe-
JIeJTbI COCYMCTOTO PYCIIa, YTO OOBSICHSIETCST OTKpbITreM [ Db
110 TIeprdepri 00JIACTH KOATYJISIITAOHHOTO HEKpo3a (puc. 4).
O6macTh BBIXOJA KpAacuUTENs, T.€. «OTKphIToro ['Ob»,
B HallleM ucciienoBaHuy coctabmia 8 x 11,5 mm. CooTHO-
IIEHWE AUAMETPOB MEXIY 30HOW HEKpO3a W BHEIIHEH
rpaHmiieit obnact oTkpbiTusi Db coctaBmio 1:1.6.
PesynbraThl M3MepeHNsT MTHTEHCUBHOCTU CBEYEHUS
W13 B TKaHSIX KOPbI MO3Ta TOCIE JIJA3ePHON KOATYJISIIIAN
rpacdudecKu oTpaxkeHbl Ha puc. 5. [loka3zaHa guHaAMUKa
BO BpeMEeHU MHTCHCUBHOCTH cBedeHUs Kpacutens U3
B cocynax 1 TKaHsix Kopbl Mosra. [Tocie BBeneHust Kpacu-
TEJIs OTMEUYAJIOCh HApaCTaHWE UHTEHCUBHOCTU CBEUSHUSI
W13 B KpyIHBIX COCYAaxX, HO B TTOC/IEAYIOIEM €r0 CBeve-
HUE ocinabmsiioch (CuHsIsI IMHUS Ha puc. 5). B 1o xe Bpe-
MSI MHTeHCUBHOCTD cBeueHUs M3 B mepuBacKyIsipHOM
MPOCTPAHCTBE MOCTOSTHHO HapacTajiia Ha MPOTSKEHUN
BCETo 9KCTepuMeHTa (3eeHast TMHUS), Toraa Kak u3Me-
HEHWSI THTEHCUBHOCTHU CBEUEHUS B MEPEXOIHON 30HE,
PacCTOIOXEeHHON MeXIy HEKPO30M U TIePUBACKYJISIPHBIM
cBeueHreM M3, Obiim MUHUMATBHBIMU (KpacHAsT TMHUST)

OnNTOBONOKHO /
Optofiber

Puc. 4. Dmaner sxcnepumenma uHmepCMUYUANLHOU AA3EPHOL 2unepmepmul (1a3epHoe ONMOBONOKHO NOONUCAHO, CMPYKMYDPbl MO32a 0003HA4eHbl yugpa-
MU U YKA3GHbL CMPeaKamil): a — 6 meuerue nepgovix 10 ¢ nociae 66edeHuss KOHMPACMHO20 npenapam, uHooyuaruH 3esensiii (M113) 3anoanun kanuiiapel
Kopbl Mo3ea (2) u euzyaausupyemcs 6 eenax (3), npu omcymcemeuu M1 3 6 30ne koazyaayuonnoeo Hekposa (1); 6 — nHa 21-i munyme nocie 6HympugeHHo20
86e0eHUs BU3YAAU3AUUS KPACUMens. 0CAA0ASemcsl 8 KANUAASPAX KOPbl M032d, NPAKMUYECKU OMCYMCcmeyem 6 6eHe, 20e OH OM4emAueo Habadacs Ha nep-
8bIX CeKyHOax nocie ggederus (3), HO HAKANAUBaeMCs 8 NEPUBACKYAAPHOM npocmparcmee (2) 80Kpye 30Hbl KOA2YAAUUOHHO20 HEKpo3a 6 hopme «OyoiuKa»;
omcymcmeue M3 6 30ne KoacyaayuonHoeo Hekpo3sa (1) ykazvieaem Ha omcymcmaue MUKpPOYUPKYAsyuu 8 3moii ooracmu

Fig. 4. Stages of the experiment of interstitial laser hyperthermia (laser optical fiber is labeled, brain structures are denoted by numbers and indicated by
arrows): a — within the first 10 seconds after contrast injection, the contrast agent filled the brain cortex capillaries (2) and visualized in the veins (3), in the
absence of the contrast agent in the coagulation necrosis zone (1); 6 — at 21 minutes after intravenous injection, it is determined that the visualization of the
dye weakens in the brain cortex capillaries, practically absent in the vein, where it was clearly observed in the first seconds after injection (3), but accumulates
in the perivascular space (2) around the coagulation necrosis zone in the form of a “bubble”; the absence of the contrast agent in the coagulation necrosis zone
(1) indicates the absence of microcirculation in this area
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Puc. 5. Ipaguk dunamuru pacnpedenenus kpacumens undoyuanura seaenoeo (M13) 6 mxansx Kopvl M0o32a JHCUBOMHO20 80 8PEMEHU NOCAe AA3ePHOL 2U-
nepmepmuu (cm. nosichenus: 8 mekcme). HHmMeHcUBHOCMb C8eueHUs U3MEPSAACh 8 YCAOBHbIX eOUHUUAxX (V. e.) 8 npocpamme KOMAbIOMePa OpeaHoCKona.
Lleema aunuii, ompaxcarouwux unmencugrnocms ceevenus M113: uepruiii — obaacmo K0a2yasyuoHH020 HEKPO3a, CUHUI — 8eHA, KPACHbIL — NepugoKanbHas

30Ha, 3eAeHblil — nepusacKynsipHoe npocmpancmeo

Fig. 5. Graph showing the dynamics of the distribution of the dye indocyanine green (ICG) in the brain cortex tissues of an animal over time after laser hyperthermia
(explanation in the text). The intensity of the glow was measured in conventional units (c. u.) in the computer program of the organoscope. The colors of the lines
reflecting the intensity of ICG fluorescence: black — area of coagulation necrosis, blue — vein, red — perifocal zone, green — perivascular space

M OTCYTCTBOBAJIM ITOJTHOCTBIO B 30HE KOATYJISIINN (YepHasT
JHUS) (CM. puc. 5).

B xoHTpOMBHOM HCCIenoBaHNM Kpacurteab U113 BBo-
AT BHYTPUBEHHO B aHAJIOTUYHOM TO3UPOBKE, HO Oe3 J1a-
3epHOI TumeprepMun. OCyIIECTBISIIACH PETUCTPAIINS
MHTEHCUBHOCTH cBedyeHMs Kpacuresist 13 B BeHe, B Oec-
COCYIVCTOM 30HE (BBUIY OTCYTCTBHS 30HEI JIA3¢ PHOM KO-
aryJIsIiiy Y KOHTPOJIBLHOTO KMBOTHOTO), a TAKSKE B KaITWI-
JIsIpaxX M TIepUBacCKyJISIpHOM IIpocTpaHCcTBe. OTMEUaI0Ch
ocnabieHne nHTeHCUBHOCTH cBeueHUs M3 B BeHe yxke
mmociie 20-1f CeKyHIbl ¢ MOMEHTA BBEICHMST KPaCHUTEIIS
(puc. 6, CUHSISI TMHUS), TOTIA KAK MHTEHCMBHOCTD CBeYe-
HHS B ICPUBACKYJISIPHOM IIPOCTPAHCTBE M MaKPOCKOITH-
YeCKH BUAMMOM 0€CCOCYINCTOM 30HE, MEJIKUX KaITWJLISI -
pax Haxoamach 0e3 N3MEHEHUI B TCUCHUE BCETO BpeMEHU
JKcIIepuMeHTa (cM. puc. 6).

ObLCYRJIEHUE

Haia paGoTta mpomneMOHCTpUpOBaia BEIXOI KPaCUTEIsT
W13 3a npegenbl COCyaAUCTOro pycia B nepudoKaabHOM
30HE BOKPYT Oouara jJa3epHOro KOaryJsLMOHHOIO HeKpo3a.
3auKCUpOBAHO HapacTaHWE MHTEHCHMBHOCTH CBEUEHMSI
HI1I3 Bo BpeMeHU B nepu@oOKaIbLHON 00JacTh. DKCIe-
PMMEHT IIO3BOJIMJ BM3YyaJbHO HAOMIOAATh IMIPUMEP
9KCTPaBa3aIbHOIO BbIXOIA KPYITHOI MOJIEKYIIbI KPACUTEJIS,
B OOBIYHBIX YCJIOBHSIX HE MTOKUAAIOLLETO COCYIUCTOE PYCIIO.
B gaHHOM uccieqoBaHUM MBI HE CMOIJIM IOKA3aTh JUIM-
TEJILHOCTh BCETO MEPUOIa BPEMEHH, B TeUCHHE KOTOPOTO

I'Sb ocTaeTtcs pacKpHITHIM ITOCJIE JIA3ePHOM THUIICPTEPMU.
Wszyuaga stot Bompoc, E.C. Leuthardt n coaBT. mpoae-
MOHCTPHPOBAJIM, 9TO Mepuon OTKpuITus I'Db cocTaBmn
6 Hen [19]. Takum 00pa3oM, B 3TOT MEPUOA BpeMeHHU
OTKpPBIBAETCS TEpaIleBTUYECKOE OKHO BO3MOXHOCTHU
npuMeHeHNST 3G GEKTUBHBIX ITPOTUBOOIIYXOJIEBBIX IIPe-
napaTtoB, He NMpOHUKAIUX depe3 'Db B OOBIYHBIX
ycrmoBusx. JJaHHBIN (DakT MMeeT BaXKHOE ITPAKTUIECKOe
3HAYCHHE, PACIIUPSIST BO3MOXHOCTU XMMHOTEpAIN 3a
CYET UCITOIb30BaHMS JIEKAPCTBEHHBIX CPEICTB, HE TIPOHM-
Katomux yepe3 'Db B 0ObIUHBIX yclIOBUAX. JleueOHBIE
YCHWIIMSI, HaIlpaBJIeHHBIE Ha OITyXOJIEBYIO IIUTOPEIYKITUIO
B ITeprOKaIbHOM 30HE, KaK HanboJIee 4aCTOM MECTE pPe-
MUINBHOTO POCTA 3JI0KAYeCTBEHHBIX IJIMOM, OIIPEAeSICHHO
CIIOCOOHEI TTOBBICUTH BELKUBAEMOCTD O0JIBHBIX. [ToCKOIB-
Ky B o101 30He ['Ob npakTnuecku He otmdaeTcs ot Db
HOPMAaJIbHOM TKaHU MO3Ta, TO €TI0 OTKPBITHE IS JOCTYIIA
3¢(PEKTUBHOTO XMMHUOIIperiapaTa UMeeT OOJIbIIOe PAKTH-
yeckoe 3HadyeHue [20, 21]. Hamu Takke IpoaeMOHCTpU-
poBaHO TojHOe oTcyTcTBUe MII3 M, cOOTBETCTBEHHO,
MUKPOLUMPKYJISIINN B 30HE KOATY/ISIIMOHHOTO HEKpOo3a,
00YCJIOBJICHHOTO JIa3epHOM TUIIepTepMUeii. MbI HCITOb-
30BaJIM B 3KCIIEpUMeEHTe usaydyeHue 1560 HM, TOCKOJIbKY
BOJIHA C TAaKOM IJIMHOU MMEET OOJIbIIIee B3aUMOICHCTBIE
¢ Bomoii, yeM BojiHa 980 HM, B3aMOIeiiCTBYIOIIAS IIpe-
MMYIIEeCTBEHHO ¢ TeMorI00mHoM. Harmm panaue uccie-
IOBaHMS Ha O0MoaHTOME IMTPOAEMOHCTPHPOBAINA OOJIb-
K 00beM IporpeBa (haHTOMa C IUTMHOM BOIHBI 1560 HM.
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Puc. 6. Ipachux unmencusnocmu céeverus kpacumens uHOoyuaruHa 3eaeroeo (MI3) 6 dunamuke 6 pasHvix MKaHAX KOpbl MO32a 0e3 1a3epHOll cunepmepmuu
(cm. nosichenus: 6 mexcme). HHmeHcUBHOCMb céeueHUs: U3MepsNach 8 YCAOBHbIX eOuUHUUAX (). e.) 8 npoepamme KoMnvromepa opearockona. Lleema aunuil,
ompaxicaruux uHmeHcueHocms ceevenusi U1[3: guonemosniii — beccocyoucmas 30Ha, CUHUL — 8eHA, KPACHbLIL — KANUANSAPYL, 3eACHbII — NEPUBACKYAAPHOE

NpoOCMpancmeo

Fig. 6. Graph of the luminescence intensity of the indocyanine green (ICG) dye dynamically in different brain cortex tissues without laser hyperthermia
(explanations in the text). The intensity of the glow was measured in conventional units in the computer program of the organoscope. Colors of the lines reflecting
the luminescence intensity of ICG: violet — avascular zone, blue — vein, red — capillaries, green — perivascular space

Hacrosmiee nccnenoBanue He TIpeIycMaTpUBaIO CpaBHE-
HUS BO3MOXHOCTe# oTKpbITHsI [ BB npu pa3HbIX mTHHAX
BOJTH, OITHAKO C YYETOM TOTO, UYTO JTMHA BOJTHBI 980 HM —
OIHA M3 OCHOBHBIX JUIMH BOJIH, UCITOIb3yeMbIX Tipu LITT,
STOT BOIPOC MPEACTAaBISIET OIpPEIeICHHBII WHTEpeC
W TIPaKTUYECKYI0 3HAUYUMOCTD JUIST JTaIbHEHIIETo MU3Y-
YeHMUSI.

LuTopenykTBHAasI J1a3epHAasl TUTICPTEPMMUSI, TOCTUT-
IIasi TOTAJbHOM WM CYOTOTaJbHOM KOAryJIsIuu (OII-
TuManbHO >80 % omyxoJieBOro y3ia), yBeJIMYMBaeT
MIPOIOJKUTEBHOCTD XXKM3HU OOJBHBIX, YTO COTJIACYETCS
C pe3yJIbTaTaMU ITIOBTOPHBIX OTKPHITHIX omepaiuii [24—26].
CoOOTBETCTBEHHO, BO3HUKAET 000CHOBAHHOE TIPEAIIONO-
XKeHHe, 9TO UTOPEAYKIINS OITyXOJI BMecTe ¢ 3P (PeKTHB-
HOI XMMHUOTepaIueil B meprhoKaIbHOM 30HE 3I0KAYeCT-
BEHHBIX TJIMOM ITO3BOJIMT 3aMEIJIUTh IIPOTPECCUPOBAHIE
3a00JIeBaHUS U YBEIIMIUTD BEIKMBACMOCTD OOJIBHBIX. 3a-
MeIJIeHre PelUIUBHOTO POCTa TJIMO0JIACTOM JAacT BO3-
MOKHOCTB JOCTUTHYTb JOCTATOYHOTO BPEMEHHOTO MHTEP-
BaJIa BEDKMBAeMOCTH TSI IIPOBEICHS ITOBTOPHOTO Kypca
00rydeHUsI, n30erast Iy9eBOTO MOpakeHUsI MO3Ta.

Baxx#HbM 3(hheKTOM TUTICpTepMUN HA CTBOJIOBBIC KIIETKI
TJINOM SIBJISICTCSI TIOTePS UMW PaglOyCTOMIMBOCTH, UTO,
B CBOIO OdYepelb, CITOCOOHO IMOBHICUTH 3P (PEKTUBHOCTD
JIy4EeBOTO JICUCHUSI, 3aMEIUIMB IIPOTPECCHUIO OITyXOJIeH,
W YBEJIMYUTL BBIKMBAeMOCTh 00bHBIX [27]. IIpoBeneHmne
TaKOTO WCCIIeAOBaHMS, HaIpuUMep UL PEUUIUBHBIX
JIOKATBHBIX TJIMO0IACTOM, TIPEACTABIISIETCS] OUCHDb aKTyalb-

HbIM. Takoe ucciiefoBaHie MO3BOJUT OCYILECTBUTh CpaB-
HUTEJbHYIO OLEHKY BbDKMBAEMOCTU B IpymIie OOJIbHBIX,
MOJYYMBIIMX Jia3epHOE OOJyYyeHHE PEeUUIMBHOIO y3Jja
OIyXOJdW M MOCJeAylolllee paauosieueHue, U OOJTbHBIX
C OpyTuM JiedeHneM peruanuBoB. CTOUT OTMETHTh, YTO
KOaryJISSUMOHHBIA HEKPO3 IMOC/E Ja3epHOM TUIEPTEpMUN
U «TICEBIOIPOrPECCUSI» OMYXOJIU XOTSI M UMEIOT OTINYUS
Ha MPT-cHrUMKax, HO TpeOyIOT JalbHelIIero n3ydeHus. Tak,
JUIS1 KOAryJissiMoOHHOro Hekposa B T1-pexume XxapakTepHO
TETEPOTEHHOE COAEPKMMOE 30HbI KOaryJisiliuy, BKJIoUa-
I0lllee TeMOopparnyeckue JAepuBaThbl, OKPY>KEHHOE BHOBb
TMOSIBUBLIEKCS TOHKOM KAliMOM HAKOIUICHUSI KOHTPACTHOTO
BEIIIECTBA T10 TUITY «STMIHOM CKOPIIYITBI», ¥ TIeprU(DOKaTHHBIM
otekoM. O01aCTh KOATYJISIIIUN BHYTPU «STMIHOM CKOPITYITBI»
He HaKaIJIMBaeT KOHTpacTHoe BelecTBo. Ilocie nepuona
YBEJIMYEHMST Pa3MEPOB 30HbI HEKPO3a B 1,5 paza cpa3y nocie
orepaluuyd B NajbHellleM HaOJI0IaeTCs yYMEHbIIEHUE
pa3MepoB oyara Ipu TMPOHOJIKAIOUIEHCS B TeuyeHUe
HECKOJIBKMX MeCSIIEB Pe30pOL Hekpo3a [28].

SARJITTOYEHUE

TaknMm oGpa3oM, MaJIOMHBAa3UBHA Jla3epHasl TUIIEp-
TEPMUS TTO3BOJISIET BBIMOJIHUTE LIMTOPEIYKIINIO OITyXO-
JIEBOTO y3/1a ¥ 00J1afgaeT MOTEHIIMAJIOM TTOBBIIIEHUS 3(-
(peKTMBHOCTH XMMHOTEPAITMA B ITepU(POKaIbHON 30HE
KOaryJIMpOBaHHOTIO y3J1a oryxoyii. KocBeHHBIM ITOATBEPXK-
JIIEHUEM 3TOMY CJIyKaT ITPOBOINMBIE KIIMHUYECKHUE UCCIIE-
poBanus: NCT 02372409 «Mcronp3oBaHue J1a3epHOMA

)
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TeIUIOBOM abysiiuu 1ona KoHTpojaemM MPT st paspyiie-
HUS TiepuTyMopajibHoro I'Db s yaydileHnst JOCTaBKU
1 3(POEKTUBHOCTH JIEUSHUS OITyXOJIel TOJJOBHOTO MO3Ta

y nereii»', NCT01851733 «JlazepHast Xupyprus 1moj, KOHT-
poiieMm MPT u gokcopyOMLIMHA TUAPOXJIOPU B JICUYEHUU
0OJIbHBIX C PELIMIUBUPYIOLIEH rH00IaCTOMON»?.
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Cavernous hemangioma of the orbit (CHO) is the most common benign vascular malformation in adults. Surgical resection
is considered the optimal treatment strategy for CHO with the aim to totally remove the malformation with the best
functional and cosmetic results. During CHO resection, different types of approaches are used depending on the size
and location of the malformation, specialization and preferences of the surgeon.

The article presents 3 clinical cases of patients with CHO who underwent treatment at the Federal Center of Brain Research
and Neurotechnologies of the Federal Medical and Biological Agency (FCBRN of FMBA of Russia). In two cases, the CHO
was resected using a modified orbitozygomatic approach, in one case a transnasal endoscopic approach was applied.
The choice of surgical approach to orbital neoplasms continues to be a topic of discussion between ophthalmologists,
neurosurgeons and maxillofacial surgeons. Surgical treatment of CHO requires additional clinical and anatomical research
to systematize surgical techniques, taking into consideration the wide range of approaches, specific anatomy of the
orbit, localization of CHO, specialization of the surgeon, and individual characteristics of the patient.

Keywords: cavernous hemangioma of the orbit, surgical approach to orbital neoplasms, orbitozygomatic approach,
transnasal endoscopic approach
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BACKGROUND

Orbital neoplasms are rare — from 3 to 5 cases per
1 million people per year. However, only 1 out of 3 cases is
benign [1, 2].

Cavernous hemangioma of the orbit (CHO) is the most
common benign orbital lesion [2, 3]. CHOs grow slowly and
are not accompanied by pain in the most cases. The growth
of CHOs lead to compression of functionally important
structures in the limited space of the orbit. As a rule,
patients seek help when severe visual impairment or
pronounced exophthalmos appears [4].

The most optimal strategy of the treatment of CHO is a
surgical resection. The choice of surgical approach to CHO
depends on the size of the hemangioma and its location relative
to the optic nerve and eye muscles [5, 6]. Specific features of the
orbital anatomy, the need for a multidisciplinary approach and
the high risk of postoperative complications determine the
diversity of surgical approaches and interdisciplinary interest
in CHO.

The article presents 3 clinical cases of patients with
CHO treated at the Federal Center of Brain Research and

Neurotechnologies of the Federal Medical and Biological
Agency (FCBRN of FMBA of Russia). In 2 cases, CHO
resection was performed using a modified orbitozygomatic
approach (OZA), in 1 of 3 cases, an transnasal endoscopic
approach (TEA) was used.

CLINICAL CASE 1

Male patient B., 44 years old, complained of decreased
visual acuity in the right eye and anterior displacement of the
eyeball. The symptoms had been bothering him for about 2 years.
Over time, the symptoms became more severe. Examination
revealed right-sided exophthalmos of up to 3 mm, mild
hyperopia, and retinopathy. Visual acuity: OD = 0.5, OS = 0.98;
visual fields are normal.

Magnetic resonance imaging (MRI) revealed a hyper-
vascularized space-occupying lesion in the superolateral part
of the right orbit, measuring 23 x 18 x 18 mm, hyperintense
in T1 mode after the contrast administration and isointense
in T2 mode, which was localized within the muscular cone,
compressing and displacing the optic nerve medially and
downwards (Fig. 1).
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Fig. 1. Cavernous hemangioma of the right orbit in patient V. Preoperative contrast-enhanced T 1-weighted magnetic resonance imaging: a — axial view; b —
frontal view; ¢ — sagittal view. Cavernous hemangioma in the upper lateral part of the right orbit intensively accumulates contrast and displaces the right optic

nerve medially and downwards

Taking into account the clinical data and the results
of instrumental examinations, a decision was made to perform
microsurgical resection of the optic nerve from the modified
OZA. After opening the periorbita, a pathological mass of red-
violet color was visualized, surrounded by a fibrous capsule,
not fused with the surrounding structures. The pathological
Sformation was separated from the surrounding tissues along
the periphery, cut off from the feeding vessels and removed as
a single block (Fig. 2). The intraorbital, previously compressed
part of the optic nerve returned to its original position. After
removal of the formation, the zygomatic orbital bone block was
reestablished and fixed with interrupted sutures (Fig. 3).

Microscopic examination of the removed mass lesion
revealed areas of pathologically altered vascular bed: vascular
and sinusoidal polygonal cavities of various sizes, separated
by thin connective tissue septa, lined with flattened dystrophic
endothelium. Smooth muscle cells and elastic fibers in the
trabeculae were absent, fibrosis was visualized (Fig. 4). The
morphological diagnosis was cavernous hemangioma.

The transient diplopia and a decrease in the severity
of exophthalmos were noted in the early postoperative period.

The patient was discharged in satisfactory condition on
the 10" day after the operation. During the ophthalmological
examination before discharge, positive dynamics was noted
in the form of visual functions restoration. Visual acuity:
0D = 0.7, OS = 0.98; visual fields are normal for all colors.

At the follow-up examination one month after the
operation exophthalmos and signs of diplopia had completely
regressed. No signs of residual CHO were detected at MRI
6 months after the surgery, (Fig. 5).

CLINICAL CASE 2

Male patient T., 51 years old, complained of discomfort
and anterior displacement of the left eyeball. The symptoms
had been bothering the patient for 6 months. The examination
revealed left-sided exophthalmos up to 3 mm, background
retinopathy and retinal vascular changes, complex myopic
astigmatism, moderate myopia OD and mild myopia OS,
visual acuity — OD = 1.0, OS = 0.4. The visual field of the

right eye was normal for all colors. The visual field of the left
eye showed normal peripheral boundaries and narrowing for
colors in the temporal half.

MRI revealed a mass lesion in the left orbit measuring
26 x 17 x 17 mm, located between the lateral rectus medulla
and the optic nerve, displacing the latter medially. The
Jformation intensively accumulated contrast agent (Fig. 6).

The patient underwent microsurgical removal of a mass
lesion in the left orbit using a modified OZA. After opening the
periorbita, a pathological neoplasm of red-violet color and
dense consistency was visualized at a depth of about 4 mm.
The mass lesion was separated from the surrounding tissues
along the periphery, cut off from the feeding vessels, and
removed as a single block. Signs of compression-ischemic
neuropathy of the left optic nerve in the form of hyperemia
of the epineurium were noted. After removal of the lesion, the
zygomatico-orbital bone block was reestablished and fixed
with titanium plates and mini-screws (Fig. 7). In order
to achieve a better cosmetic result, the skin was sutured with
an intradermal suture (Fig. 8).

Microscopic examination revealed a morphological
diagnosis as cavernous hemangioma (Fig. 9).

The decrease in the severity of exophthalmos was noted
in the early postoperative period. During the ophthalmological
examination after the operation, positive dynamics was noted
in the form of visual functions restoration: visual acuity —
OD = 1.0, OS = 0.8; visual fields are normal for all colors.
The feeling of discomfort in the left orbit regressed. The patient
was discharged in a satisfactory condition on the 10th day after
the operation. MRI in 6 months after surgery did not reveal
any residual tumor (Fig. 10).

CLINICAL CASE 3

Female patient S., 52 years old, complained of decreased
visual acuity and discomfort in the left eye. The symptoms had
been bothering the patient for 1 year. Exophthalmos was not
detected during the examination. Ophthalmological
examination revealed the following: OS — partial atrophy
of the optic nerve, slight blanching of the optic disc in the nasal
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Fig. 2. Intraoperative images of the patient V.: a — periorbital soft tissues after orbitozygomatic approach (black arrows); b — cavernous hemangioma of the
orbit after periorbital dissection (white arrow); ¢ — bipolar coagulation of the cavernous hemangiomas vessels; d — cavernous hemangioma (surgical specimen)
after removal

Fig. 3. Postoperative computed tomography of the patient V., 3D reconstruction: a — lateral view; b — frontal view
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Fig. 5. Contrast-enhanced T 1-weighted magnetic resonance imaging of the patient V. in 6 months after surgery. Images show the straightened right optic nerve
after total removal of the orbital cavernous hemangioma: a — axial view; b — sagittal view

Fig. 6. Cavernous hemangioma of the left orbit in patient T. Preoperative contrast-enhanced T I-weighted magnetic resonance imaging: a — axial view; b — frontal
view, ¢ — sagittal view. Cavernous hemangioma in the lateral part of the left orbit intensively accumulates contrast and displaces the left optic nerve medially
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Fig. 7. Postoperative computed tomograthy of the patient T., 3D reconstruction: a — frontal view; b —

Fig. 8. Patient T. Intradermal suture after modified orbitozygomatic approach

area, clear borders, slightly narrowed arteries, normal-sized
veins, OU — mild myopia, incipient cataract. Visual acuity:
OD = 1.0, OS = 0.6, visual fields are normal.

MRI revealed a mass lesion medial to the optic nerve
in the region of the apex of the lefi orbit, measuring 9 x 13 x §mm.
The formation compressed and displaced the optic nerve
laterally and upward (Fig. 11).

The patient underwent transnasal endoscopic resection
of a mass lesion of the left orbit (Fig. 12). In the area of the
orbital apex, a whitish-gray, densely elastic CHO was
visualized. The lesion was separated from the surrounding
tissues and the optic nerve and totally resected in separate
fragments.

The day after the surgery, the patient noted a double
vision. Ophthalmological examination revealed exotropia

lateral view

n-
J

l -_I_,

l,
J"":'R ”'

Fig. 9. Cavernous hemangioma of the orbit of the patient V., histological
specimen (hematoxylin and eosin staining): a — x 100; b — x200

of OS, limited adduction of the eyeball, limited downward
mobility of the eyeball, and slight limitation of upward gaze.
Neuropathy of the oculomotor nerve and paresis of the medial
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Fig. 10. Contrast-enhanced T1-weighted magnetic resonance imaging of the patient T. in 6 months after surgery. Images show the straightened left optic nerve
after total removal of the orbital cavernous hemangioma: a — axial view; b — sagittal view

Fig. 11. Cavernous hemangioma of the apex of the left orbit in patient S. Preoperative T2-weighted magnetic resonance imaging: a — axial view; b — sagittal view

rectus muscle (MRM) of the eye were diagnosed. Visual acuity:
OD=1.0,05=0.7.

Microscopic examination of the removed mass lesion
revealed a morphological diagnosis of cavernous hemangioma.

Upon examination before discharge oculomotor nerve
neuropathy and paresis of the ocular MRM partially regressed.
Positive dynamics was noted in the form of visual functions
restoration: visual acuity — OD = 1.0, OS = 0.9. The patient
was discharged in a satisfactory condition on the 5" day after
the operation. During follow-up one month later neuropathy
and paresis regressed completely. MRI in 3 months after the
operation showed no signs of residual CHO (Fig. 13).

DISCUSSION
Three patients, two of whom were operated
microsurgically and one with the endoscopic transnasal

approach, showed improvement in their condition and
regression of neurological deficit. In addition, total resection
of the cavernous hemangioma of the orbit was achieved,
which was confirmed by MRI. The use of a modified OZA
allowed to visualize completely the superolateral CHO and
associated intraorbital anatomical structures. TEA was the
most convenient and least traumatic when approaching the
orbital apex. In the early postoperative period, one patient
experienced transient neuropathy of the oculomotor nerve
and transient paresis of the MRM of the eye, which
completely regressed one month after the operation.
Orbital cavernous hemangioma is the most common
benign vascular lesion of the orbit in adults [2, 7]. As a rule,
CHO is detected in patients in the 4"—5" decades of life [4, 8].
It has been established that the development of CHO is
influenced by female sex hormones, therefore, in 60 % of cases,
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Fig. 12. Intraoperative images of patient S.: a — lateralization of the left middle nasal concha; b — anterior sphenoid sinus wall resection; ¢ — thinning of the
left optic nerve canal walls; d — approach to the left optic nerve canal; e — periorbital dissection; f — after transnasal resection of the orbital apex cavernous
hemangioma. 1 — left middle nasal conch; 2 — elevator; 3 — periorbital tissu; 4 — the wall of the sphenoid sinus; 5 — the sphenoid sinus; 6 — optic nerve canal;

7 — enlarged medial rectus muscle; § — left optic nerve canal

Fig. 13. T2-weighted magnetic resonance imaging of the patient S. in 3 months after removal of the cavernous hemangioma of the apex of the left orbit: a —

axial view; b — sagittal view

hemangiomas affect women [7, 8]. According to the study
by A. Jayaram et al., devoted to inestigate of the menopause
effect on the clinical course of cavernous hemangiomas, the
most CHOs either decrease or remain stable in postmenopause
due to decrease of the level of circulating estrogens/
progesterone [8].

At present, there is no consensus on the pathogenesis
of CHO. Most authors do not regard CHO as a tumor, but
classify it as anomalies in the development of venous vessels
with slow blood flow [4, 5, 9, 10]. According to the 2018
classification of the International Society for the Study

of Vascular Anomalies (ISSVA) and the classification of
J. Rootman, CHO is a low-flow venous malformation [9].

Macroscopically, cavernous hemangioma is a rounded
formation of red-blue color, with an uneven surface, clearly
delimited from the surrounding tissues due to the presence
of a capsule [5]. Microscopically, CHO is represented by
densely located dilated vascular channels separated by fibrous
septa. On a histological preparation of CHO, one can see the
lumen of the vessels filled with blood and thrombi — this is a
manifestation of slow blood flow, therefore hemorrhages from
such formations are extremely rare [4, 11].
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The mechanism of CHO growth is not completely clear.
Some authors suggest that the growth of hemangiomas is
caused by capillary proliferation with the formation
of cavernous cavities due to progressive ectasia [12]. Other
researchers believe that the growth of CHO occurs due
to repeated hemorrhages inside the hemangioma, which
leads to the formation of cavities with thrombi and the
formation of new caverns as a result of stromal-vascular
degeneration [13, 14].

Clinically, CHO manifests itself as painless, slowly
progressing axial exophthalmos, decreased visual acuity,
and impaired oculomotor function [15]. Diplopia,
eyelid edema, and conjunctival chemosis are less
common [16].

The most optimal treatment strategy for CHO is a
surgical resection. According to B. Kim et al., even small
orbital apex lesions require early surgical intervention [17].
After total removal of the hemangioma, the recurrence rate
is low. The following possible causes of recurrence are
described in the literature such as continued growth with
incomplete excision of CHO, growth of an undiagnosed
hemangioma, and the appearance of a new CHO [18].
However, G. Harris et al. argue that cavernous hemangioma
is not recurrent even with partial resection. The authors
point out that an increase in a new lesion in the same orbit
is often mistakenly interpreted as continued growth of an
incompletely removed CHO [12].

The choice of surgical approach to orbital lesions
remains a subject of debate among ophthalmologists,
neurosurgeons, and maxillofacial surgeons [19].

The main aim of CHO surgical treatment is a total
resection with the best functional and cosmetic result.
Various approaches are used to remove CHO, the choice
of which depends on both the localization of the lesion
relative to the optic nerve and muscles, and the specialization
and preferences of the operating surgeon [6, 10]. Routine
approaches to the orbit include lateral orbitotomy, anterior
orbitotomy, and transcranial approaches [20].

Despite the development of minimally invasive
methods, routine approaches are still used more often. Most
methods provide the wide surgical field and the possibility
of more radical resection, but each has its own characteristics.
Lateral orbitotomy is indicated for lateral extraconal tumors.
Anterior orbitotomies and transconjunctival access are
designed for small, well-defined lesions [21]. Transpalpebral
access is indicated for medium-sized intraconal tumors
located above the optic nerve [22, 23].

Neurosurgeons get used to perform the following
common transcranial approaches such as pterional
craniotomy with orbital wall resection, lateral supraorbital
craniotomy, modified OZA, bifrontal craniotomy with
subfrontal approach with orbital roof resection, supraorbital
(transbrow) supraorbital approach. Transcranial approaches
are especially convenient for pathologies involving large
areas of the orbit and tumors with extraorbital and
intracranial spread [21, 24, 25].

Standard pterional or frontotemporal craniotomy
provides access to the entire anterior supralateral orbit.
Further resection of the sphenoid wing provides access
to the posterior supralateral areas and the orbital apex.
If access to the anterior orbit is required, the craniotomy
can be extended to the frontotemporal OZA. As a rule,
the inferomedial region of the orbit is difficult to access with
a transcranial approach, in which case it is advisable to use
a transzygomatic or two-flap OZA, which will allow access
to the infratemporal fossa and the inferior part of the
orbit [26].

The orbitozygomatic approach is used for tumors located
in the region of the superior orbital fissure, optic canal, and
orbital apex, as well as for mass lesions of lateral extraconal
and intraconal localization. OZA is a frontozygomatic
craniotomy with removal of the roof and lateral wall of the
orbit, which makes it possible to approach the upper lateral
part of the orbit and the anterior cranial fossa
simultaneously, thereby increasing the radicality of resection
in large tumors with extraorbital spread into the optic canal
or into the anterior cranial fossa through the superior orbital
fissure [27, 28].

Y. Numa et al. evaluated the OZA for 5 histologically
different intraorbital tumors. In surgical treatment of HCO,
the difficulty lies in identifying the feeding vessels. After
detection of the vessels supplying the tumor, their coagulation
and resection, the cavernous hemangiomas were easily
resected completely due to the presence of a capsule and the
absence of adhesion to neural structures. Small tumors were
totally removed as a single block, and in cases of large
tumors with intracranial spread, the authors turned
to subtotal resection and decompression of neural
structures.

The advantage of transcranial OZA is the visibility
of the optic nerve along its entire length (intra- and
extracranial), the ability to control the anatomical structures
of this area [29]. In addition, OZA provides wide access for
successful removal of orbital tumors with minimal resection
of bone structures, so the cosmetic results with this
transcranial approach are satisfactory. For a better aesthetic
effect, the incision is performed within the scalp [30].

In turn, TEA is widely used to approach the medial and
inferior parts of the orbit. Currently, this is the only method
that allows approaching the mass lesions of the lower medial
part of the orbit [1]. The complexity of the approach to the
lower medial orbit is due to the peculiarities of the vascular-
nerve anatomy of this area, without knowledge of which it
is quite difficult to achieve a good result [31, 32].

In 2014, B.S. Bleier et al. conducted anatomical studies
of the medial intraconal space of the orbit and described
3 zones of increased surgical complexity based on the course
of the inferomedial trunk (IMT) of the ophthalmic artery
(Fig. 14). Zones A and B are localized anterior to the
conditional vertical line passing through the point of exit
of the IMT from the ophthalmic artery. These zones are
divided by the belly of the MRM into the lower (zone A)
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Fig. 14. Schematic diagram demonstrating the three conceptual zones of the medial intraconal orbit (black dotted line). Zone A lies anterior to the IMT insertion
and inferior to the non-retracted MRM. Zone B lies anterior to the IMT insertion and superior to the non-retracted MRM belly. Zone C lies posterior to the

IMT insertion (designed by the authors)

and upper (zone B). The most dangerous zone C is located
posterior to the inferomedial artery; here the distance from
the MRM to the optic nerve is 1 mm.

In addition, it is worth considering the low range
of controlled mobility during traction of the MRM in this
area [1, 31, 32]. TEA combines the following advantages:
no traction of the brain, minimal impact on the medial wall
of the orbit, good illumination and magnification, which
helps to minimize the risk of postoperative complications.
In addition, the use of natural corridors prevents trauma
of the head muscles [33].

There are limitations in the use of TEA, determined by
the plane of resectability (PR) [1, 32]. PR is a plane passing
through the outer edge of the contralateral wing of the nose
and through the optic nerve. The zones accessible for
endoscopic intervention are medial to the vertical axis of the
optic nerve and lateral and below PR. Everything that is
above PR and lateral to the vertical axis of the optic nerve
is a blind zone for the endoscope (Fig. 15) [1, 31, 34].

In 2019, E.E. Rassi et al. developed a staged system for
selecting patients for endoscopic transnasal resection
of cavernous hemangiomas of the orbit — Cavernous
Hemangioma Exclusively Endonasal Resection (CHEER)
(Table 1). CHOs located medial to the optic nerve plane are
subject to exclusively transnasal resection. In some cases,
TEA can be used for formations localized below and lateral
to the PR.

The staging of the CHEER system is developed taking
into account the increasing complexity of CHO removal
and potential risks. The CHEER classification is based on
the location of the CHO relative to the extraocular muscles,
the IMT of ophthalmic artery, and the foramina of the orbit

Fig. 15. Image demonstrating the plane of resectability (PR) in a left orbit,
extending from the contralateral nares through the long axis of the optic nerve
(white dotted line). Tumors medial to the optic nerve (blue shaded region) are
often resectable via an exclusively transnasal endoscopic approach (TEA).
Tumors that extend lateral to the optic nerve but remain inferior to the POR
(vellow shaded region) may also be amenable to an exclusively TEA. Tumors
lateral to the optic nerve and superior to the PR (red shaded region) are not
good candidates for an TEA (designed by the authors)

(Fig. 16). The size of the mass lesion is not taken into
account in the classification [35].

Stage I mass lesions include all CHOs localized outside
the muscular cone. Extraconal CHO is visible immediately
after opening the periorbita and does not require muscle
abduction or dissection. All subsequent stages include CHOs
of intraconal localization, since surgical manipulations here
are technically complex and associated with a high risk
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Table 1. Cavernous Hemangioma Exclusively Endonasal Resection
classification (CHEER, 2019) [35]

Stage Cavernoma location

1 Extraconal cavernoma of the orbit

Intraconal cavernoma of the orbit anterior to the

1 inferomedial muscular trunk of the ophthalmic
artery and inferior to the horizontal axis of the
medial rectus

Intraconal cavernoma of the orbit anterior to the

m inferomedial muscular trunk of the ophthalmic
artery and superior to the horizontal axis of the
medial rectus

Intraconal cavernoma of the orbit posterior
to the inferomedial muscular trunk

of the ophthalmic artery without extension
into the optic canal

IVA

Intraconal cavernoma of the orbit posterior to the
inferomedial muscular trunk of the ophthalmic
artery with extension into the optic canal

or an isolated OCH within the optic canal

IVB

Extraconal/intraconal cavernoma of the orbit with
pterygopalatine and/or infratemporal fossa
extension through the inferior orbital fissure

VA

Extraconal/intraconal cavernoma of the orbit with
intracranial extension through the superior orbital
fissure

of intra- and postoperative complications. The second most
important structure in this area after the optic nerve is the
ophthalmic artery, namely its IMT.

The inferomedial muscular trunk crosses the medial
intraconal space, departing from the lateral surface of the
ophthalmic artery 9 mm anterior to the optic canal, and
approaches the medial and inferior rectus muscles. Thus,
this branch is in the conditional risk zone during dissection
and its injury may lead to intraconal hemorrhage and/or
ischemia of the medial and inferior rectus muscles.

In the intraconal space, a high-risk zone is identified
posteriorly to the IMT (stage 1V) (Fig. 16), where the
oculomotor and optic nerves are located in a millimeter
from the intervention area. CHOs located anterior to the
optic canal (stage IVA) differ from those that pass into or
are located in the optic canal (stage IVB). Anterior to the
IMT, the intraconal space is divided by the horizontal axis
of the MRM into an upper zone (stage 11I) and a lower zone
(stage II).

The CHOs above the MRM axis (stage III) are located
close to the anterior and posterior ethmoid arteries, so their
removal is associated with a high risk of damaging of these
arteries. Access to stage III CHOs requires significant
retraction of the MRM, which also increases the complexity
of resection and the risk of postoperative complications.
The CHOs below the MRM axis (stage 1I) are the most
distant from the optic nerve and ethmoid vessels, therefore,
their resection is relatively safer.

Medial rectus

Inferomedial

muscular trunk

- Of the ophthalmic
: artery

Inferior rectus

Fig. 16. CHEER (Cavernous Hemangioma Exclusively Endonasal Resection)
staging system with representative tumors by stage (designed by the authors)

Stage V lesions include hemangiomas that extend
beyond the orbit. Hemangiomas that extend through the
inferior orbital fissure into the pterygopalatine fossa (stage VA)
are differentiated from hemangiomas that extend through
the superior orbital fissure into the middle cranial fossa
(stage VB). Stages I-III hemangiomas suggest the possibility
of total resection, unlike stage VB hemangiomas, in which
the probability of complete removal is less than 50 %. As
the stage increases, the risk of postoperative complications
increases [35].

In 2018, N. Montano et al. analyzed 70 cases
of intraorbital tumors and recommended to use the OZA
for intraconal formations involving >1 area of the orbit, the
TEA for primary tumors, medial or inferior localization
without extraorbital spread, and the transpalpebral
approach for mass lesions of the superior and superolateral
parts of the orbit located extraconally [36].

In search of the safest approaches to orbital tumors,
A. Paluzzi et al. came up with the Round-the-Clock system,
dividing the orbit into 12 parts according to a clock face
(Fig. 17). Depending on the location of the tumor, an
appropriate ideal approach can be selected. TEA is suitable
for tumors localized within 1—7 o’clock, transzygomatic
osteotomy — for 6—8 o’clock. For lateral lesions (8—10
o’clock), the preferred approach is lateral microorbitotomy:.
For mass lesions of the superolateral part of the orbit,
within 9 to 1 o’clock, OZA is applicable. The Round-the-
Clock system provides an individual approach to surgery
of mass lesions along the entire orbital circumference [37].

The presence and severity of complications after
resection of orbital hemangiomas depend on their size and
location, severity of symptoms in the preoperative period,

69



TOM 27
Vol. 27

YAWAR Russian Journal of Neurosurgery

70

HENPOXUPYPI'US

Case from practice

Fig. 17. The Round-the-Clock system. Transnasal endoscopic approach for
1—7 hours (white color), transzygomatic osteotomy for 6—8 hours (green
color). For lateral lesions of §— 10 hours (yellow), a lateral microorbitotomy.
For upper lateral part of the orbit, in the range from 9 to 1 hours —
orbitozygomatic craniotomy (blue) (designed by the authors)

the selected approach and the experience of the surgical
team [38, 39]. According to statistical analysis by
P.M. Dubal et al., the use of TEA in the treatment of CHO
in 29.6 % of cases was accompanied by postoperative
complications, 76 % of which were transient [40]. While
using TEA, the most common complications are transient
diplopia, enophthalmos and nasal liquorrhea [1, 4].

During transcranial approaches to CHO in the papers
of P. Clarés et al., the most common postoperative
symptoms were decreased visual acuity (42.1 % of cases)
and enophthalmos (70 % of cases), which regressed
within 6 months after surgery [38]. From all early
complications after surgery, 23.7 % of cases included eyelid
edema, subconjunctival hemorrhage, chemosis, and
transient paresis of the lateral rectus muscle of the eye [40].

CONCLUSION

When choosing a surgical method for treating CHO,
the following factors should be taken into account:
localization of CHO relative to the optic nerve and
extraocular orbital muscles, presence of intracranial spread
through the optic nerve canal or superior orbital fissure, and
size of the formation. For removal of CHO of the lower
medial localization and orbital apex without extraorbital
spread, the use of TEA is recommended.

For resection of lateral, superolateral localization
of CHO and in case of intracranial spread, preference
should be given to transcranial approaches. Surgical
treatment of CHO requires additional clinical and
anatomical studies to systematize surgical treatment
methods taking into account a wide choice of approaches,
localization of CHO, specificity of orbital anatomy, surgeon
specialization and individual characteristics of a particular
patient.
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bnaropaps coBeplleHCTBOBAHWIO METOA0B HEMHBA3UBHOI y4EBOI ANArHOCTUKY, UX WMPOKOI AOCTYNHOCTYU ANS Hacene-
HUA Pa3BUTbIX CTPaH CTan HEOCMOPUMbIM TOT (AKT, YTO BO3MOXHO PeLUANBUPYIOLLEe TeUeHWEe aHEBPU3MATUYeCKOi 6o-
NIe3HU rONOBHOTO MO3ra AaXe B Cly4asnx pafuKanbHOTO ONepaTMBHOTO JIeYeHUs.

OCHOBHbIMK MPUYMHAMM MPOrPECCUPOBAHUA AaHEBPU3IMATUYECKON GONE3HM MPUHATO CYMTATb yBENMYEHWUe B pa3mepax
0CTaTOYHbIX aHEBPU3M, peLnanB1poBaHue 1 GopMuUpoBaHue aHeBpU3M de novo.

B cTatbe onucaH cnyyait ycnewHoro nevyeHna nauneHTKkM 43 net ¢ peuuanBHO aHeBpU3MON pa3BUIKW CpeAHelt MO3roBoW
apTepuu, pacCMOTPeHbl BOMPOCHI AUCNAHCEPHOTO HAabNIOAEHNA 3a NaLMEHTAMU C LiepebpanbHbIMU aHEBPU3MaMU U XUPYP-
rMyeckas TakTMKa MpU NporpeccupyloliemM TeYeHUM aHeBpU3MaTUYECKOi 60Ne3HN, KOTopas [0 HaCTOALEro BpEMEHM
0CTaeTcs NpeMeToOM Hay4HbIX [UCKYCCHIA.

MaumneHTKa nocTynuna B TAXENOM COCTOSHUM C pa3opBaBLLECA aHEeBPU3MOIi CpefiHel MO3roBoi apTepuu. BeinonHeHo pekoH-
CTPYKTUBHOE KNWUMMPOBaHWe C UCMONb30BaHWEM 5 KIUNCoB. Mpu KOHTPOMbHOI aHrorpaduu oGHapyeH peLuans B NpuLle-
€YHOI1 YacTh HeGOoNbLLKX Pa3MepoB. Yepes 5 NeT coxpaHeHus CTabUNbHOM aHrMorpacNIecKoil KapTUHBI BbISBIEHO YBENNYEHNE
NpULIEeYHOI YacT aHeBpU3Mbl. BbINOAHEHO NOBTOPHOE ONepaTMBHOE fleYeHne — KNMNUMpOBaHUe peLnanBHON aHeBpU3MbI
cpenHeit Mo3roBoii aptepuu. Mo faHHbBIM KOHTPONbHOI LiepebpanbHOi aHrMorpacum aHeBPU3MA He KOHTPACTUPYETCS.
CoBpeMeHHas KOHLEeNUMs NeYeHns aHeBpU3MaTUYECKOH BONEe3HN rONOBHOMO MO3ra NpeAnonaraeT MakCUManbHo paau-
KanbHOe BbIK/IOYeHMEe Pa3opBaBLUEiCA aHEBPU3MbI U BCEX KNIMHUYECKN 3HAYMMbIX MHTAKTHbBIX aHEBPU3M. XUpyprudeckas
TaKTUKa NpU NpOrpeccupyiolleM TeYeHUM aHEBPU3MATUYECKO 60NE3HM OCTAETCA CMOPHOM, HOCUT CYObEKTUBHbIN XapakK-
Tep, YYUTHIBAET KNMHUYECKNI TUN TeYeHUs 3a60neBaHus, METOZ BbIKNIOYEHUS aHEBPU3M W OMbIT XuUpypra. MoBTOpHble
onepaTuBHbIE BMellaTeNbCTBa MOKa3aHbl NpW NPOrpeccMpoBaHUM aHeBPU3MATUYECKO 60NIe3HM, CONPOBOXAAILENCs
KPOBOW3NMAHNEM, BO BCEX CNYYaAX KUCTUHHOTO peLuANBUPOBAHNAY, BbIABNEHNA aHEBPU3M de novo.

OnNTUManbHbLIM METOAOM BbIKIOYEHUS PELMANBHBIX U NCEBAOPELMANBHBIX aHEBPU3M ABSETCA BHYTPUCOCYAMUCTAA IMOO-
NN3aLmMa aHeBpU3Mbl MUKPOCNIUPANAMK, B TOM YMCIE C UCNONb30BAHUEM aCCUCTUPYIOLLUX TEXHONOMMIA UK NOTOKOTKO-
HAWMX ycTpoiicTB. OTKpBITHIE Onepauun ciepyeT paccMaTpuBaTh NULWb KaK anbTePHATUBHLIA METOA NeYeHus B CBA3N
C BbICOKUM PUCKOM MHTPAONepaLy1oHHbIX OCNOXHEHUI BO BPEMS BbIJeNeHUA U KIMNUPOBaHUA aHeBPU3M, paHee NojBepras-
LIMXCA onepaTuBHOMY neyeHnio. OTCYTCTBME YETKUX AaHHbIX O CPOKaxX PeLuanBa U pocTa UMELWMXCS aHeBpU3M TpebyeT
pa3paboTKu MOAANLHOCTY U NEPUOAUYHOCTU KOHTPOJbHBIX MOCTONEPALMOHHbIX aHruorpaduyeckux obcnefoBaHuii.

Kniouesble cnoBa: aHeBpu3Ma cpedHeit MO3roBOi apTepuu, peLuanBHas aHeBpu3Ma CpeLHel MoO3roBoi apTepuu, neve-
HUE peLnaMBHbIX aHEBPU3M CPeiHeN MO3roBOIl apTepuu

Ina uutupoBanua: Jiuteurerko [1.B., lepaciota A.E., 3s6noBa E.W. u gp. Chyyaii peunanBHoOil aHeBpU3MbI CpefHeil
MO3roBOI apTepuit Nocae PeKOHCTPYKTUBHOTO KAMNMPOBaHUs (KNUHUYecKoe HabnofeHue n 0630p nuTtepatypsl). Heii-
poxupyprus 2025;27(1):75-83.
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The improvement of methods of noninvasive radiation diagnostics, their wide accessibility to the population of developed
countries, has made it indisputable that a recurrent course of aneurysmal brain disease is possible, even in cases of radical
surgical treatment. The main causes of the progression of aneurysmal disease are considered to be an increase in the
size of residual aneurysms, recurrence and formation of de novo aneurysms.

The article describes the case of successful treatment of a 43-year-old female patient with a recurrent aneurysm of the
fork of the middle cerebral artery. The issues of dispensary observation of patients with cerebral aneurysms and surgical
tactics in cases of progressive course of aneurysmal disease, which remains the subject of scientific discussions to date,
are discussed.

Female patient with a ruptured aneurysm of the middle cerebral artery was admitted in serious condition. Reconstructive
clipping was performed using 5 clips. Control angiography revealed a recurrence in the cervical part of a small size. After
5 years of stable angiographic picture, an increase in the cervical part was revealed. Repeated surgical treatment was
performed - clipping of a recurrent middle cerebral artery aneurysm. In control cerebral angiography, the aneurysm
is not contrasted.

The modern concept of treatment of aneurysmal brain disease involves the most radical shutdown of a ruptured aneurysm
and all clinically significant intact aneurysms. Surgical tactics in the progressive course of aneurysmal disease remains
controversial, is subjective, takes into account the clinical type of the disease, the method of turning off aneurysms and
the surgeon'’s experience.

Repeated surgical interventions are indicated with the progression of aneurysmal disease accompanied by hemorrhage,
in all cases of “true recurrence”, detection of de novo aneurysms.

The optimal method for disabling recurrent and pseudorecidive aneurysms is intravascular embolization of the aneurysm
with microspirals, including using assistive technologies or flow-bending devices. Open surgeries should be considered
only as an alternative treatment method, due to the high risk of intraoperative complications during the isolation and
clipping of aneurysms previously undergoing surgical treatment. The lack of clear data on the timing of recurrence and
growth of existing aneurysms requires the development of modality and frequency of control postoperative angiographic
examinations.

Keywords: middle cerebral artery aneurysm, recurrent middle cerebral artery aneurysm, treatment of recurrent middle
cerebral artery aneurysm
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BBEJIEHUE

AHeBpU3MHI cpenHeit Mo3roBoii aptepun (CMA) co-
crapsior 20—30 % Bcex pa3opBaBILIKMXCS LiepeOpaTbHBIX
aHeBpu3M [1]. JaHHas JloKaau3alus aHeBPpU3M CJIOXKHA
IUIST BHYTPHUCOCYAVMCTOTO JICUCHMS M3-3a «HEYyIOOHO» aHa-
ToMuu pa3BmiIKu CMA, B CBA3M CO 3HAYMTEIHLHOM TOJICH
aHEBPHU3M C IIIMPOKOM MICHKOI, MHOTOKaMEPHBIM CTPOE-
HHEM W HEeIPaBUIIbHOM (DOPMOI KyIoia, OTXOXICHNUEM
(YHKIIMOHAIBHO 3HAYMMBIX BETBEH OT Tejla aHEBPU3MEI,
a TaKKe M3-3a 9acTo MaHM(pecTaluy 3a00JIeBaHUS KITH-
HUYECKH 3HAYMMBIM BHYTPHUITAPECHXNMATO3HBIM KPOBOM3-
ymstHreM. COBOKYITHOCTD 3THUX (DaKTOPOB OOBSICHSET Py-
TUHHOE IIpUMEHEHNE OTKPHITHIX ONEpalrii y TaHHOTO
KOHTWHTEeHTa OOJILHBIX [2].

K dakTopaM, orpaHIYUBAIOIIM ITPUMEHEHNE 1 CHU -
XKAIOIMIMM paanKaJbHOCTh BHYTPUCOCYIMCTHIX BMeEIIa-
TEJILCTB IIpH JiedeHn aHeBpu3M CMA B oCTpoM Tieproze
KPOBOUBJIUSIHIS, OTHOCSITCS BEICOKASI CTOUMOCTD PacXO-
HBIX MaTepHajIoB, a TaKXKe HEOOXOMMMOCTh Ha3HAYCHHUS

IBOWHOI aHTUArPEeTaHTHOM TePAITH TSI UCTIOJIb30BaHUS
ACCUCTHUPYIOIINX TEXHOJOTHI M ITOTOKOTKJIOHSIOIINX
YCTPOMCTB, YTO ITOBHIIIAET PUCK TEMOPPArnIeCKIX OCIOXK-
HeHuii [3]. B pe3ynbrare pagnKaibHOCTb BHYTPUCOCYIN-
CTOTO JICUEHUS aHEBPU3M JAaHHOM JIOKAIU3alM1 B OCTPOM
Meproe KpPOBOU3IUSIHKS COCTaBIsIET 0KoJIo 75 %, a Mu-
KPOXMPYPrUuecKoro jgeyeHus: — 6osee 90 % [4].

MpbI pencTaBiisgeM caydail MarueHTKN 43 JIeT, KOTo-
POI1 YCITEIITHO TTPOBEIEHO JICYCHNE PeIUANBHOMN aHeBPH3-
MbI pa3puiaku CMA.

RIIMHNYECROE HABJIFOJIEHUE

Ilauyuenmka b., 43 rem, nocmynunra 6 HUH KKb No |
08.04.2017. 3aboaesanue nauansoce ocmpo 07.04.2017, koe-
da 6e3 6UOUMOII NPUYUHbI NOABUAUCH HAPACMAIOWAS NO UH-
mencusHocmu 20406Has 6oav, peoma. Ilayuenmra nepeuuno
20CRUMANUZUPOBAHA 8 PecUOHAAbHbLI COCYOUCTbIIL eHmMD
00H020 U3 paiionoé kpas. Ilpu KomnviomepHoi momoepaguu
(KT) eon06H020 Mo032a evisiereHbl cybapaxHoudanvHoe
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Puc. 1. Komnviomepnas momoepagus 201061020 mo32a 6e3 KOHMPACMUPOBAHUS, AKCUANbHAS NAOCKOCMb: 4 — HA YPOGHE GUCOUHbIX doaelil; 6 — Ha yposHe
mpemyeeo Jceayoouxa. Busyasuzupyemes manas 6Hympumo3208as eemamoma 1e6oii ucouHoii doau (beaas cmpeaxa) ¢ oucioKayueii CpeOuHHsIX CmpyKmyp

6npaso 00 4 mm (Hceamole ykazamenu)

Fig. 1. Unenhanced head computed tomography, axial plane: a — at the level of the temporal lobes, 6 — at the level of the third ventricle. A small cerebral
hematoma of the left temporal lobe (white arrow) with a midline shift to the right up to 4 mm (yellow pointers) was found

Puc. 2. 3D-pekoHcmpykyus KoMIbIOMepHO-MOMOPaApUUecKoli aHeuoepa-
uu yepebpanvhbix apmepuil. Buzyaruzupyemes 6oavuiux pazmepoe aneg-
DPU3BMA pa3gUAKU 1€80il cpedHell M032080il apmepuu (cmpeixa)

Fig. 2. 3D reconstruction of computed tomography angiography of cerebral
arteries. The large aneurysm of the left middle cerebral artery (arrow)
is visualized

KPOBOUBAUSHUE U MAAAS OCMPAsL BHYMPUMO3208d51 2eMAMOMA
Ae60ii sucouroll doau (0bsem 2 cm’) ¢ ducaokayueii cpeouHHbIX
cmpykmyp enpaeo 0o 4 mm (puc. 1). Ilo danneim KT-aneuo-
epaguu sepuchuyuposara aneepuzma bugyprauuu aesoii CMA
C HUJICHUM pacnoaodiceruem Kynoaa pasmepamu 13 x 12 mm,
weiika — 6 mm (puc. 2).

IIpu nocmynaenuu cocmosinue nayueHmKy OUeHU8aI0Ch
Kak msdicenoe, COMamu4eckuii cmamyc 6vla He OMA20UeH.
Ouenka HeponoUHecK020 cmamyca: yMmepeHHoe o2ayulerue,
04151 KOHMAaKmMa 00CMYNHA 02PAHUYEHHO, COHAUBA, AOUHAMUY -
Ha, opuenmayus 8 Mecme u pemMenu 3ampyoHeHa, acmeHu-
3UpoBana, KOMaHObl NOHUMAem, BbINOAHAEM NOcAe ONUMeNnb-
HOUl 3a0epiicKu; epyoblil MeHUH2eaAbHbLll CUHOPOM, CeneHb
maxcecmu cocmoanus no wikase Hunt—Hess — 111.

C yuemom msxicecmu cocmosiHusi Rayuenmyu, mpyoHo-
docmynHoeo 045 BHympucocyoucmozo eMeuamenscmea pac-
NOA0JICEHUs] AHeBPU3MbL, DAHHUX CDOKOB8 C MOMEeHmMA KPOoGo-
U3AUSHUSL GbINOAHEHO IKCMPEeHHOe MUKDPOXUpypeuveckoe
8MeULamensCcmeo — NMePUOHANbHAS KPAHUOMOMUSL cledd,
BEHMPUKYAOUUCIMEPHOCMOMUS, PEKOHCMPYKMUBHOE KAUNU-
posanue anespuzmul pazsusku CMA ¢ ucnosszoeanuem
5 kaunc.

Coenacno dannvim koumpoasnoi KT om 09.04.2017,
ducnokayus cpeOuHHbIX CIMPYKMYp Y8eAUHUAacs 00 5 MM,
Koau4ecmeo Kpogu 8 06a3anbHuiX YUCMEPHAX MO32a YMEHbUUU-
A0Cb, NOABUNACH 30HA UMeMUU 8 KOPKOBbIX 0mdenax 1e6oll
100H01 doau pazmepamu 30 x 20 mm (puc. 3).

Teuenue nocaeonepayuontoeo nepuoda — 6aazonpusm-
Hoe. Ouenka Hespoao2UHeCK020 cmamyca: 06u,emo3206as
U MEeHUHeeaNbHasl CUMNIMOMAMUKA YMEeHbUUAAC, Hapacma-
HUsl 04a208bIX CUMNMOMO8 He ommeuero. Ha 9-e cymku no-
cie onepauuu nayueHmra Oviaa nepegedena 04s danvHeliule-
20 eHeHUsI 8 CMAYUOHAD NO MeCmy JCUmMenbCmaa.

B cea3u co caroxucroit ghopmoii aneepuzmul uepesz 6 mec
6 HUU KKE Ne I nayuenmie 6binoaHeHa KOHMPOAbHAS Ye-
pebpanvhas aneuoepagus (LIAD), npu komopoii ommeuero
KOHMPACMUposanue nputlee1Holl Yacmu aHeapu3mbl pasme-
pamu 6 X 5 mm. Bvibpana ewicudamenvHass maKkmuka
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Puc. 3. Komnsromepras momoepagus 201081020 Mo3ea 6e3 KOHMPACMupo-
8aHUs NOCAE ONEPAYUU, AKCUANbHAS NAOCKOCMb. Busyasuzupyemces yseau-
ueHue QUCAOKAUUU CPeOUHHBIX CIPYKMYP 00 5 MM (dceamble yKaszamenu,),
a makice 30Ha UeMUU Ha ypoeHe Ae60oli 100HOl 0oau (beavle cmpeaku)

Fig. 3. Unenhanced postoperative axial brain computed tomography showing
the increase of a midline shift up to 5 mm (yellow pointers) and the left frontal
lobe stroke (white arrows)

¢ exce200nbiM aneuoepaguyeckum konmponem. Ilayuenmra
Habnodanacy 6 mevenue 5 1em — pasmepvl NPUULEEHHOL 4a-
CIU QHeBPU3MbL OCABANUCH HeusMeHHbIMU. OOHAKO npu am-
oynamopHo evtnoanennoi 16.03.2022 KT-aueuoepaghuu
00HApYICeHO yeeauHeHUe NPULeeYHOU HaCmU aHe8pPU3Mbl 00
8 X 6 MM, 6 83U C HeM NAYUEHMKA OblAa 20CNUMANUZUPO-
8aHa 043 onpedenenus OasbHelueil MaKmuKy 1e4eHus.

Ilpu nocmynaenuu nayuenmrka npedss6asia Heaio0bl
Ha BbIPANCEHHOE CHUICEHUE NAMAMU, OOHOKDAMHbLIL dNULeN-
muueckuil npucmyn ¢ eeHepaauzayueii. B nesposoeuveckom
cmamyce ommeuenbl: ACMeHU3ayUs, KOCHUMUBHO-MHecmuYe-
ckue nHapyuerus, eunocmus. Ilpu I[AI noomeepoicdero ysenu-
YeHue npuuleeHoll yacmu anespusmol 0o 8 < 6 mm (puc. 4).

Ha xoucuauyme ¢ yuacmuem compyoHuxog omoeneHus
DEHMEeHIHO0BACKYAAPHOU XUPY DU NPUHSAMO PeUleHue O 6bl-
NOAHEeHUU NaYUeHmKe OMKPbIMOL PeeU3UOHHOL ONepayulU.

27.04.2022 gvinoanena onepayus: peKpaHuomomus cie-
6a, KAURUPOBAHUE PeYUOUBHOL AHEEDU3MbL PA3GUNKU NE€6OIL
CMA. B xode onepayuu obnapyicena «ncesdopeyuousHas»
auespusMa, pacnpoCMpansiowascs Ha HuxcHui cmeoa M2
neeoit CMA. Ilpuuunoii 60300H061eHUS nepdhy3uu npuieey-
HOU wacmu aHegpusMbl 58A10Ch «CROA3AHUE» PaHee HANO0-
Jcern0eo kaunca (puc. 5). Jns vikaoueHus anespusmbl Gbl-
noaHeno epementoe kaunuposarue M 1-ceemenma neeoit CMA
Ha 3 Mun, Ha goHe Komopoeo cHAMbL 2 panee HANONCEHHbIX
KAUNCA, ¢ ROCACOYIOUUM HAR0MCEHUEM 3 NOCIMOAHHBIX KAUNCO8
dpyeoil KoHgueypauuu no Hoeoli mpaekmopuu (puc. 6—38).
IIpoxodumocms no Ma2ucmpatbHbiM U PYHKUUOHAALHO 3HA-
yumvim eemesm aesoii CMA yoanoce coxpanums.

Puc. 4. Cenekmusnas cyompakyuorHas uepeOpanbHas aneuoepagus aeeoi
cpeoHell M0320601 apmepuu 8 AamepansHol npoekyuu. Onpedeasemcs yeenu-
YeHue 3an0AHeHUs. NPUULEeeHHOU YACMU aHegpu3MbL 00 8 % 6 Mm (cmpeaku,)

Fig. 4. Left middle cerebral artery angiogram, lateral view. An increase
in the filling of the cervical part of the aneurysm up to 8§ x 6 mm is determined
(arrows)

Puc. 5. Hunmpaonepayuonnas pomoepagus. Buisierena peyudusnas aneg-
DPUBMA PA36UAKU NeB0il cpeOHell M0320801 apmepuu (cmpeaka) ecredcmeue
«CHOA3AHUS» KAUNCA

Fig. 5. Intraoperative view showing the recurrent aneurysm of the left middle
cerebral artery (arrow) due to clip slippage

Jannvie KT-kxoumpoas nocae onepayuu: cocmosiHue no-
cie 1e60CMOPOHHEN NMEPUOHANBHOU KDAHUOMOMUU: GU3Ya-
ausupyromes Kauncol 8 ooaacmu aeéoit CMA, cyodypanvro
onpedensiomces NY3vipbKu 6030yxa, caedst Kposu (puc. 9).



Habntonenme us npaktukm | Case from practice

HENPOXUPYPI'UISI

Russian Journal of Neurosurgery

Puc. 6. Cxemamuueckoe uszo6pasicerue 3mana MUKpoxupypeu4eckKozo eme-
wamenvcmea. Bvisigaena peyuduenas anespuzma pasgunku aeeoii cpeonei
M032080i1 apmepuu (cmpeaxa) caedcmeaue «CROA3aHUS» KAUNCa

Fig. 6. Schematic representation of the stage of microsurgical intervention
showing the recurrent aneurysm of the left middle cerebral artery (arrow) due
to clip slippage

Puc. 7. Humpaonepayuonnas gomoepagpus. Cusmol paree ycmarnoseaeHHvle
KAUNCbL Ha (hoHe 8pemenHo20 Kaunupoganus M I-ceemenma aegoii cpedneii
M032060i1 apmepuu

Fig. 7. Intraoperative view showing the removal of previously installed clips
during temporary clipping of the M1 segment of the left middle cerebral
artery

[locaeonepayuonnbiii nepuod npomekan enadko, nayu-
eHmka evinucana Ha 14-e cymku nocae onepayuu. Hespono-
euueckull cmamyc npu 8vinucke — HA 000NePayUOHHOM

Puc. 8. Cxemamuueckoe uzobpasicenue smana MUuKpoxupypeu4eckKozo eme-
wamenscmea: KOH@Ueypayus yCmaHo8AeHHbIX KAUNC ROCAE 8bINOAHEHHO20
eMeulamenbcmea (cmpeakamu 0603HaveHvl 3 HOgbIX KAUNCa)

Fig. 8. Schematic representation of the stage of microsurgical intervention
showing configuration of installed clips after the intervention (the arrows
indicate three new clips)

Puc. 9. Komnviomepras momoepagus 201081020 Mo32a nocae onepayuu
0e3 konmpacmuposanus. Ha momoepamme 6 aKcuanbroi naockocmu 6u3sy-
AAUBUPYIOMCS BLICOKONAOMHAS KAUNCA (YePHAsl CMPeKa) 8 NPOeKYUU 1€60il
cpeodHeil M032060il apmepuul, @ MaKice Ky3bipoKu 6030YXa U NOAOCKU KPOGU
noo meepooil M0320601l 000104K0IU HA YPOBHe émeuamenvcmea (Oenvie
cmpenku)

Fig. 9. Unenhanced postoperative axial brain computed tomography showing
a high-density clip of the left middle cerebral artery (black arrow), as well as
subdural air and blood streaks at the intervention level (white arrows)

yposHe. L[AI gvinonnena uepes 6 mec nocie nosmopHoii one-
payuu: aHeepu3Ma He KOHMpACMUpPOBALachy, yepedpanbhblil
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Puc. 10. Konmpoavras cesekmusnas cyompakyuorHas yepedpaibHas an-
euoepagus neoil cpedneli M032080i apmepuu 8 1amMepasbHol NPoeKyuu
uepe3 6 mec nocae NO8MOPHoIL onepayuu. Busyarusupyemes kaunuposannas
aHespusMa Neeoil cpedHeli M032080i apmepuu (cmpeaka) 6e3 NPU3HaAKo8
ocmamounoeo kposomoka. Maeucmpanvhbie cocyobl KOHMPACMUPYIOMcs
PABHOMEPHO

Fig. 10. Control left middle cerebral artery angiogram, lateral view after 6 months
since the intervention. A clipped aneurysm of the left middle cerebral artery
is visualized (arrow) with no signs of residual blood flow. There is an equal
enhancement of main vessels

Kpoeomok He 0bL1 Komnpomemupogar (puc. 10). B comamu-
YeCKOM U HEBPOA0UMECKOM CIAamycax Ompuyamenvroi ou-
HAMUKU He OMMe4eHo.

ObLCYRJIEHUE

CoBpeMeHHas KOHIICTILNS JICUCHUS aHeBpU3MaTHUe-
CKO 00JIe3HM TOJJOBHOTO MO3Ta IPEITojiaracT MaKCr-
MaJIbHO paIUKaIbHOE BEIKITIOUCHIE Pa30pBaBIIICICs aHEB-
PU3MEI, a TAKXKe BCeX KIIMHNYECKN 3HAYMMBIX MHTAKTHBIX
aHEBPU3M C IIEJIbI0 MPEeIyIPeXKIeHNUS] BHYTPUYEPEITHBIX
KPOBOM3MHUSIHUN BCJICICTBUE €CTECTBEHHOI'O TEUCHUS
WY peuuanBa 3a0o1eBaHus [5].

Braromapst coBepiiieHCTBOBaHMIO B mocienHue 20 jget
METOIOB HEMHBA3MBHOM JIy4eBOI TMarHOCTUKM TSI HE-
POXUPYPIUIECKOTO COOOIIECTBA CTaI OYeBUIHBIM HEyTe-
IIATEbHBIN (PaKT — Yy 3HAYMTEILHOTO YKCIIa TTAlIMEHTOB
JIaxke TTOCIIe TOTAIBHOM 3paauKaliiy aHEBPU3M U3JICUCHUS
OT aHEBPU3MAaTUIECKOM OOJIE3HU HE TTPOUCXOIUT [6, 7].

B mensx cucreMaTtmsaliuy 1 OIpeaeeHUs TaKTUKU
JICYCHMS TIPEIIOKEHO HECKOJIBKO KITIaCCU(UKAITUI PeI-
TWBHBIX aHEBPM3M, OCHOBAaHHBIX Ha pa3HBIX (DaKTopax:

* Ha OIpeIeeHNN OCTATOYHOTO 00beMa IIEHKN U KYy-

rmojia (M. Sindou u coasr. [8]);

* OTHOIICHWH PEIUANBHOI aHEBPU3MBI K HAJTOKEHHO-

My xkimticy (M. el-Beltagy u coasr. [9], A.M. Spiotta

u coaBT. [10]);

* ONpeIeIeHNN <«IIOCKOCTH HaJIOXXEHHOTO KJTATICa»
¥ «IUTIOCKOCTH permanBay» (S. Kobayashi u coasr. [11]).
I1pennoxeHHble KJIacCU(PUKALIMU HE SIBJISIIOTCST 00111e-

MPU3HAHHBIMM, KaK W TTIOHSTHS «peUIUBHBIE» U de novo

aHEeBPU3MBbI, KOTOPbIE TPAKTYIOTCS To-pa3sHomy [12, 13].

Tak, TepMUH «aHEeBpU3Ma de novo» (paHee OTCYTCTBYIOIIAs

WJIM NIOSIBUBLLIAsICs) BriepBble mpemioxeH B 1964 . C.J. Graf

n W.B. Hamby nsg aneBpusmsl 1eBoit CMA, obHapyXeH-

HOI1 yepe3 3 TofIa IocIe YCIEITHOTO KIINITMPOBaHUS aHEeB-

pu3Mbl ipaBoii CMA [14]. B nocieayonmx myoaMKammsx

Co00IIIaIOCh 00 aHeBpU3MaXx de novo IN0O0 B Pa3HBIX COCY-

IHCTHIX OacceifHax, JIM00 B OMHOM COCYINCTOM OacceitHe,

HO Ha 3HAYMTETLHOM yIaJIeHUU ApyT OT apyra [15].

ITo Mepe coBepIIeHCTBOBaHMSI HEMHBA3UBHBIX METO-
noB 1yaeBoit muarHocTuku (KT- 1 MarHUTHO-pe30HaHC-
HO# aHTHMOrpaduM) CTAJIO0 BOZMOXHBIM ITPOBOINTH IUTH-
TeTbHOE TMHAMMIECKOE IETEKTUPOBAHME BCEX COCYIUCTHIX
bacceifHOB aMOyJIaTOPHO, TPUMEHSIST IM(PPOBYIO CYOTpaK-
IIMOHHYIO aHTHOTPa(]pUIO TOJIBKO B CJIOXHBIX THATHOCTH -
YeCKUX CIy4dasx W IpHU IUIAHUPOBAHUU XUPYPTUUECKOTO
BMeIaTeabeTBa. [1pyn mmTeTbHOM HAOMIOACHUN HOBBIC
aHEBPU3MBI 3a4aCTYIO OIPEIEISIICh B TOM XK€ COCYIHC-
TOM OacceifHe, 4TO M paHee OOHapyXeHHast aHEBPU3-
Mma [16].

YCTaHOBJICHO, YTO OCTATOYHBIC aHEBPU3MEI ITOCTIE MU-
KPOXMPYPrMUECKOT0 KJIMIIMPOBAaHUsSI BCTpevyaloTcs B 5 %
ciy4yaeB, U3 HUX 2 % aHeBpU3M €XErOIHO YBeIUYMBAIOTCS
B pa3Mepax [17]. YBennueHre pa3MepoB OCTATOYHOI aHEB-
PU3MBI 1 BOSHUKHOBEHHE ITOBTOPHOM aHEBPU3MBI MOTYT
MIPOM3OMTH B JIIOOOM MOMEHT, a MPEIUKTOPEI U CPOKHU
Ha TaHHBIIA MOMEHT HEU3BECTHHI [18].

[TprymHaAMU OCTaTOYHBIX AHEBPU3M CUMTAIOT Ie(PeK-
THI KJIMTTMPOBAHMS ¥ SMOOIM3aLIMM aHEBPU3M C PUTHIHOM
WU LIMPOKOM IIEHKOM, OOJIbIINX U TUTAHTCKUX aHEB-
pU3M, aHEBPU3M TPYAHOAOCTYIHOM JOKATU3ALIUH, a TaK-
Ke BCIIEACTBUE APYrnX Mopdoaorndeckux pakTopos [19].

JI71s1 O1IeHKY paguKaJIbHOCTU KJIUITMPOBAHUS MEIIIOT-
YaTBIX aHEBPU3M MBI UCITONIB3YeM KiTacCU(MUKAITIIO, TIPEI-
noxeHHyto 0. B. [Tununenko u coast. (puc. 11) [20].

Psin aBTOpPOB HOMYCKAIOT IIpegHAMEPEHHOE COXpaHe-
HUE TIPUIICCYHON JacTH IPU KIUITMPOBAHUN aHEBPU3M
[21, 22]. TIpu 5TOM B 3HAYUTETHLHOM YUCJE KIUHUK JIO
HACTOSIIIIETO BPEMEHM HET MPAaKTHUKU OCYIICCTBICHMUS
«CIUIOIIHOTO» aHTHOTPa(hMIECKOTO KOHTPOJIST KauyecTBa
KJIUITMPOBAHMS B XOJI¢ BBITIOJIHCHMS OTIepallii U B paH-
HEM ITOCJICOTIePAIlMOHHOM TIEPHUOIE, B CBSI3H C YeM YETKO
pasrpaHNYNTh PELMINUB U OCTATOYHYIO aHEBPU3MY 3aTPYII-
HUTEJIbHO [23].

[To HamreMy MHEHMIO, Ha CETOMHSIITHEM STaIle Pa3By-
THSI TMAaTHOCTUYECKMX M XUPYPTUUSCKUX TEXHOJIOTHIH 1Ie-
J1ecO00Pa3HO BBIACIUTL 6 MPUYUH MIPOrPecCUpPOBaHUS
aHeBPU3MATUUECKOM OOJIC3HM:

* YBeJIMYCHHE B pa3Mepax WM Pa3phbIB «CKPHITHIX aHEB-
pu3M», K KOTOPEIM MBI OTHOCHUM paHee HE Bepu-
¢upoBaHHBIe, HO YXe¢ MMEBIIMECS y IalleHTa,
nepeOpaabHBIe aHEBPU3MEBI (HEe BU3YyaIM3MpyeMbIe Ha
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Puc. 11. Cmenenu noanomo: KAUNUPOBAHUS APMEPUANLHOU AHEBPUIMBL 20108H020 M032d. R1 — momanvHoe evikaiouenue; R2 — cybmomanvHoe 8bikAOUeHUe
(koumpacmuposarue wacmu wieiiku); R3 — uacmuuroe evikatouerue (NOAHOCMbIO KOHMpacmupyowascs weiika evicomoti om 1 do 3 mm, 6e3 dusepmukynos
u donoanumenvHoix kamep); R4 — He3HauumenvHoe 8vlKAUEHUE (YACMUYHOE KOHMPACMUPOBAHUE OHA AHEEPU3MbL, OPY20ll KamMepbl AHe8PUIMblL Ul dugep-
mukyna é obaacmu weiku); R5 — omcymcemeue evikarouenus (noaHoe KOHMpPAcMUpOBarue OHA AHEBPUMbL UL OPY2020 YHACMKA, HOCAYICUBUIE20 NPUHL-
Holl kposouznusHus). Pucynok 3aumcmeosan uz pabomest IO. B. [uaunenko u dp. [20] ¢ paspewenus agmopos

Fig. 11. Degrees of radical clipping of cerebral arterial aneurysm. R1— total exclusion; R2 — subtotal exclusion (part of neck aneurysm enhancement); R3 —
partial exclusion (fully enhanced neck with a height of 1—3 mm without diverticula and additional chambers); R4 — insignificant exclusion (partial enhancement
of the aneurysm bottom, another chamber of the aneurysm or a diverticula in the neck aneurysm region); R5 — no exclusion (total enhancement of the aneurysm
bottom or other area caused the hemorrhage). The figure from the work of Yu.V. Pilipenko et al. [20] with the permission of the authors

JIMAarHOCTUYECKMX allnapaTtax C HU3KOM pa3pelaroniei
CITOCOOHOCTBIO; «IIPOMYIIEHHbIE», HO BBISIBISIEMbIC
MPU PETPOCNIEKTUBHOM aHAIN3€ TMEPBUYHBIX aHTHO-
rpamMm);

YBEIMUEHNE B pa3Mepax Win pa3pbiB paHee Bepudu-
LMPOBAHHBIX M TUHAMUYECKU HAOIIONAEMbIX MaJIbIX
aHEeBPU3M;

YBEJIMUEHUE B pa3Mepax OCTaTOUYHBIX (HE pPAIUKaIbHO
OIepUPOBAHHBIX) AaHEBPU3M;
TICEBIOPELIMIMBIPOBaHNE: BO30OHOBIEHUE (DYHKIINO-
HUPOBaHUS paHee PAAUKATBHO BHIKIIIOUEHHON aHEeB-
pY3MBI BCJIEACTBUE TEXHOJIOTMYECKUX MPpobieM (co-
CKaJIb3bIBAHUE WJIM TIOJIOMKA KIJIWTICA, YTUIOTHEHUE
WY peKaHaIU3alus TPOMOOB MEXIY BUTKAMU MU-
KpoCIIhpajiel 1 Ip.);

WCTUHHOE PeLIMINBUPOBAHUE: TUIATAINS COCYIMCTON
CTEeHKU HETIOCPECTBEHHO B MECTE PaHEe PATUKAIBHO
BBIKJIIOUEHHON MUKPOXUPYPTUYECKUM WJIN BHYTPU-
COCYIMCTBIM METOIOM aHEBPU3MHBI;

(opMupoBaHUe aHEBPU3M de novo: munaTaius cocy-
JIUCTOM CTEHKH B IPYTOM CETMEHTE HECYIIEW aHEBPU3-
My apTepuU WIN B IPYTOM COCYIMCTOM OacceliHe.

B cBs131 ¢ 5TUM MBI CTPEMHUMCS IIPOBOOUTD ITOCJICOIIC-

PaLMOHHBI KOHTPOJIb PATUKATbHOCTH BBIKJIIOUEHUS 11e-
peOpabHBIX aHEBPU3M I10 CIIEAYIOLIEN CXeME:

WHTpaonepannoHHo ((ryopeciieHTHAs aHTHorpadust
wm LIAT);

KT-anrunorpacdus (umu LIAD) B paHHeM mociieornepa-
mroHHOM Trepuoze (7—10 cyT mocie orepanmm), eCIm
WHTpaoIepallMOHHBI aHTHOTpahMIeCKNit KOHTPOJIb
HE BBITIOJTHSIIICST;

KT-anruorpacdust (i AT yepes 3—6 mec mipu pa-
IUKaIbHOCTH KimnupoBaHus R3, R4 nnm okkimroznm
MOJIOCTY aHEBPU3MBI TUTIA B TIpu BHYTpHCOCyIuCTOM
JIEYEHUU, a TAKXKE B CITydasix, KOraa Mepuornepaimon-
HBII aHTHOTpahUUECKUT KOHTPOJIb HE BBITIOTHSLICS;
KT-anruorpadust (umu LIAT) uepes 12 mec ripu pagu-
KanbHOCTH KiunupoBanusi R1, R2 wim oxkkmo3un
TOJIOCTU aHEBPU3MBI TUTIA A TIPU BHYTPUCOCYIUCTOM
JIeYeHUH.

Xupyprudeckast TAKTUKA MPU TTPOTPECCUPYIOIIEM Te-

YEeHUU aHEBPU3MATUUYECKOI 00JIE3HM OCTAeTCsl CIIOPHOM
¥, BEPOSITHO, €IIle JOJITO He OyIeT OoIIpeae/ieHa B COOTBET-
CTBHM C IPUHIIATIAMU J0Ka3aTeTbHOM METUITMHEI [24, 25].
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B HacTosIiee BpeMst BBIOOP TAKTUKH B 3HAYUTETBLHOM CTe-
ITEHN HOCUT CYOBEKTHUBHBIA XapaKTep W OIpeaesseTcs
KIMHAYECKUM TUIIOM T€YeHUS 3a00JIeBaHUS, METOLOM
JIEYEHMNS, IPUMEHSBIIMMCS JIUIST BBIKJTIOUEHUST aHEBPU3M,
U OIIBITOM XMPYpTa.

MBI cuMTaeM, 94TO TTOBTOPHBIE OITEPATUBHEBIE BMEIIA-
TENTLCTBA IIPY ITPOTPECCUPYIOIIEM TEUCHNN aHEBPU3MATH -
4eCKOI 00JIE3HM TOJTOBHOTO MO3Ta a0COJIIOTHO ITOKA3aHEI
MPU Pa3BUTUM aHEBPU3MATHUYECKOTO KPOBOUBIUSIHUS,
a TaKKe BO BCEX CIIyYasiX «ICTUHHOIO PELIINBUPOBAHU»
1 aHEeBPU3M de novo. [1pr 0CTaATOYHBIX U TICEBIOPELIVINB-
HBIX aHEBpU3Max pasMepaMy 0 5 MM MalMeHTH MOTYT
HaXOOMUThCS MOJ AMHAMUYECKUM HabmogeHueM. Dakt
YBEJIMYEHUSI pa3MePOB TAKMX aHEBPU3M TPEOYET paccMo-
TPEHUS BOIIPOCa 00 OMEPATUBHOM JIEUEHU.

[IpUHATO CYNTATH, YTO ONTUMAIBHBIM METOIOM BbI-
KITIOYEHWS PELIVINBHBIX U TICEBIOPEININBHBIX AHEBPU3M
SIBJISIETCSI BHYTPUCOCYAKNCTAst SMOOMU3AINs aHEBPU3MEI
MUKPOCIIHUPAISIMHI, B TOM YKCJIE C UCTIONB30BAHNEM aCCH-
CTUPYIOLINX TEXHOIOTUI MM ITOTOKOTKIIOHSIONINX YCT-
poiicts [26, 27].

OTKpBITBIE OTIEPALIMT, HECMOTPS Ha GOJIBIIYIO Pagi-
KallbHOCTb, SIBIISIIOTCS JIMIIb aJIBETEPHATUBHBEIM METOIOM
JIEYEHMSI, TaK KAaK COTIPSKEHBI C BRICOKMM PUCKOM MHTpPa-
OTEPALIMOHHBIX OCTIOXKHEHUH, CBI3aHHBIX C TEXHUIECKH-
MU CJIOKHOCTSIM BBIIEJIEHUSI M KIIUITMPOBAHUS aHEBPU3M,
paHee TTOIBEPraBIIMXCSI OMEPATUBHOMY JieueHUIo [28].
PHCK OTKPBITHIX OIepaiiii 0COGEHHO BBICOK B CITyJasiX,
KOTJIa JUTST BRIKJTIOUEHUS OTIEPUPOBAHHON aHEBPU3MBI TPE-
OyeTcst ynaleHre paHee HATOKEHHBIX KIUIICOB U U3BJIE-
yeHre MUKpocripaeii [29].

BaxXHBIM BOIIPOCOM SIBIISIETCSI BBIOOP MOTATBHOCTH
M CPOKOB KOHTPOJIBHBIX JIYIEBBIX 0OCIEIOBAHUI B XOIE
JIVCTIAHCEPHOTO HAOIIONEHNS 3a OOJIBHBIMU C aHEBPU3Ma-

THUUYECKOI 0oJie3HbIO. B HallleM Jie4eOHOM yupexXaeHUU
JTUHAMUYECKUI JIydeBON KOHTPOJIb Y MALMEHTOB C lie-
peOpaTbHBIMU aHEBPU3MAMM OCYIIIECTBIISIETCS B 3 aTamna:
1) «mepronepalliOHHBII» 3TAIl BKIIIOYaeT aHTHOorpacdude-
CKHI1 KOHTPOJIb BO BpeMsI OTIe Al WIM B paHHEM IOCIe-
OIIepaAIlMOHHOM ITIepHoJie; 2) «KOHTPOJb IIePBOTO roaa»
noapa3ymMeBaeT auddepeHIIMpoBaHHOE TyIeBOe 00CIeI0-
BaHME B TEUCHUE 1-To roma mocie ornepamnuu; 3) «pyTuH-
HBII» 3Tall — €XKETOIHBIC TydeBbIe 00CICIOBAHNS B TCICHIE
5 JIeT ¢ pellieHUEM BOIPOca O MPOJOKEHUN HAOII0AEHUS
VI «CHSITUH C y4eTa».

Bo Bcex ciryyastx KIIMIMMPOBaHUS aHEBPU3M B Ka4eCT-
Be MeToda KOHTPOJISI KIIMITUPOBAHUS MBI IIPEAIIOYNTAEM
nposeneHne KT-anruorpadum. JlurutanbHast cyoTpakii-
OHHas aHTUOTpadus BBITIOTHSIETCS TIOCIC BHYTPUCOCYIH -
CTOM 3MOOIM3AIK aHEBPU3M, TTOCIIE CIOXHOTO KITUIIH-
pPOBaHUS, TIPM MCIOJIb30BAaHUSI KOOAIBTOBBIX KJIMIIC,
a TakXe B TMarHOCTUYECKHU CJIOXHBIX ciydasix. BoaMox-
HOCTPH ITOCJICOTICPAIIMOHHOTO KOHTPOJISI METOAOM Mar-
HUTHO-PE30HAHCHON aHTMOTrpachuy B HACTOSIIECE BPEMSI
HaMHM U3y4aeTCcs U He HOCUT PYTUHHBIM XapaKTep.

SAR/IIOYEHUE

OTCyTCTBIE B HACTOSIIIIEE BPeMsT YEeTKMX JAHHBIX O BO3-
MOXKHBIX CPOKaX PeIMANBA M POCTa NMEIOIINXCS aHEBPU3M
IUKTYeT HEOOXOMMMOCTD JUTUTEIFHOTO TUCITAHCEPHOTO Ha-
OJIoIeHNS 3a TTALIMEHTAaMU C BBISIBJICHHBIMY 1IepeOpaTbHbI-
MM aHeBpr3MaMi. OTHOCUTETEHO HEOOJIBIIIOE YMCIIO TAKMX
MAIIMEHTOB B YCJIOBUSX PETMOHAIBHOTO 3MPaBOOXPAaHECHUS
IenaeT MeIecoo0pa3HbIM KOHIICHTPAIINIO BCeX OOJBHBIX
JMAHHOTO KOHTMHTEHTA B TOJIOBHOM PETMOHAIEHOM COCY/I-
CTOM IIEHTpe. XMUPyprudecKasi TAKTUKA Y TTALIMEeHTOB C TIPO-
TPECCUPYIOIINM TeUeHUEM aHEeBpU3MATUICCKOM OOJIe3HU
TOJIOBHOTO MO3Ta TPeOyeT JabHEeUIIIero N3yJIeHMSI.
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IHJIOBACKYIIAPHOE JIeYeHIe TUTAHTCROI
paccaaunBalolieii aHeBpU3Mbl COHHOIT apTepun
BCJICJICTBHE TPABMATHYECKOI INCCERITNN
(KIMHIYecKoe HabIoieHne n 0030p JuTepaTypbi)

A.B. Benonacosa, . A. Cununpid, A.T'. Makaposa, E.C. 3aceimkuna, M.B. JIpesans, A.O. YeueTknn,
B.JI. IITunakun, JI.A. To0pbiHEHA

@I'bHY «Hayunwiii yenmp neeponoeuu»; Poccus, 125367 Mockea, Bosokosamckoe uiocce, 80

KonTakTbl: AHactacus BnagumuposHa benonacosa belopasova@neurology.ru

TpaBMaTuyecKoe paccioeHune (AMCCEKLMA) BHYTPEHHe! COHHOI apTepun HepefiKo ABNAETCA CNeACTBUEM AOPOXKHO-TPAHC-
NOPTHBIX NpoucLWecTBUiA. HapacTaHne MHTPaMypanbHO reMaToMbl NPUBOAUT K CTEHO3Y MAM OKKIO3UM COCYAa, HopMu-
POBaHWIO aHeBPU3MbI CTEHKMW. KIWMHWYeCcKue NposiBNEHUA AUCCEKLWM BapbUPYIOT OT IOKaNbHOrO 60J€BOr0 CUHAPOMA
[0 Pa3BUTUA NPEXOJALLEro UAKN CTONKOro HeBponoruyeckoro aeduuunta. B cnyyae HeaheKTMBHOCTM MeAMKaMEHTO3HON
Tepanuu NoKasaHbl XMPYpruyeckue Unu 3HA0BACKYAAPHbIE NOAXOAbI K TEUEHUIO.

B ctatbe npepcTaBneH cnyyai ycnewHoro 3HAOBACKYNAPHOTO NEYEHWA FUraHTCKOM NOCTTPaBMaTMYeCcKoi aHeBpU3Mbl
BHYTPEHHel COHHOIt apTepumn. 06Cy¥AaloTcs BONPOCH! BbIGOPA TaKTUKYU BEeHUsA NaLMEHTOB, YCTPOICTB ANA CTEHTUPOBA-
HUS paccnanBaloLLnX aHeBpPU3M.

KnioueBble CNoBa: [UCCeKLUA BHYTPEHHEN COHHOI apTepuu, pacciauBatoLLas aHeBpU3Ma, TMraHTCKas aHeBpu3Ma, IHAO-
BAaCKyNAPHOE NIeYeHue, CTEHTUPOBAHUE aHEBPU3MbI, ABYXCNOMHBIA cTeHT Casper

IAna uutuposaHua: benonacosa A.B., CunuubiH U.A., MakapoBa A.T. u ap. IHZOBACKYNAPHOE IeYEHNE TUraHTCKOW
paccnavaroLeit aHeBpU3Mbl COHHOI apTepuu BCEACTBUE TPAaBMAaTUUYECKOW [UCCEKLMM (KNUHWUYecKoe HabnogeHne
u 0630p nuTepatypsl). Helipoxupyprus 2025;27(1):84-90.
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Endovascular treatment of giant posttraumatic dissecting aneurysm of internal carotid artery
(clinical case and literature review)
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Traumatic dissection of the internal carotid artery is often the result of motor vehicle accidents. The growth of intramural
hematoma leads to stenosis or occlusion of the vessel, the formation of a dissecting aneurysm. Clinical manifestations
of dissection vary from local pain to the development of a transient or persistent neurological deficit. When medical
therapy is not effective, surgical or endovascular approaches are indicated.

This article presents a case of successful endovascular treatment of a giant post-traumatic aneurysm of the internal
carotid artery. The issues of choosing tactics for managing patients, devices for stenting dissecting aneurysms are
discussed.

Keywords: dissection of the internal carotid artery, dissecting aneurysm, giant aneurysm, endovascular treatment,
aneurysm stenting, two-layer Casper stent
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BBEJIEHUE

Huccekuust aprepuii (J1atT.: dissecans — pacciianBa-
IOINIT) — MATOJIOTUIESCKUI IIPOIIeCC, XapaKTePU3YIOLIii-
¢Sl MPOHMKHOBEHNEM KPOBH TI0J AaBJICHUEM M3 IIPOCBETA
apTepuH B €€ CTEHKY Yepe3 pa3phlB MHTUMBI C 0OOpa3oBa-
HUEM MHTpaMypajabHOU remaToMmsl [1]. Paccioenue 6pa-
xuoledaaIbHBIX apTePU YaCTO TTPOMCXOIUT CITOHTAHHO
0e3 OUEeBUIHBIX IIPOBOLIMPYIOIINX (PaKTOPOB. 3HAYNTEITh-
HO pexXe IPUINHOM TMCCEKIIUM SBIISICTCS TyTlast WX IIPO-
HUKAIOIIask TpaBMa ToJIOBHI 1/ wiH 1ien. [1o qaHHBIM JIH-
TepaTyphl, pacclioeHNe BHYTPEHHEN COHHOM apTepuu
(BCA) Bcrpeuaetcs y 0,3—1 % mauueHTOB, MepEeHECIINX
TpaBmy [2],  yacto nporekaer acuMnToMHo. JIumby 10 %
MMAIleHTOB CUMITTOMATHKA TTOSIBJISIETCS B 1-€ Y4achl IocCIie
pa3BuTus paccioenus [2, 3], v 35 % HeBponorn4eckuii
IeULUT pa3BUBaETC CITyCTS 24 9 TTocJie TpaBMEI [3, 4].

CUMIITOMBI KapOTUIHOM TUCCEKIINHU TeTePOTCHHBI —
OT JIOKAIbHOW UIICUJIATepaIbHOM IIEHONU M /UIN TO-
JIoOBHOM Ooym, cumnToMa [opHepa, BRI3BAHHOTO KOM-
IIPeCCUEe BOCXOISIIINUX CUMITATUYECKUX BOJIOKOH, IIO
MIPEeXOASIINX HapYIIEHU MO3TOBOTO KPOBOOOPAIICHMUS
(HMK) 1 nimeMmn4yecKoro MHCYJIBTa ¢ KOHTpaaTepajb-
HOIl remuneruei [5].

B craTtbe TipeacTaBieH KIMHWYECKUI CIIydail acuM-
IITOMHO Pa3BUBIICHCS ITOCTTPAaBMATUICCKOMN ANCCEKITNU
BCA ¢ ¢popMupoBaHmeM pacclianBalolieii aHeBpU3MBI
(PA), mepBBIM IposIBIIEHHEM KOTOPOI criycTs 13 JieT mmociie
TpaBMBI CTaJIN 1IePeOPOBACKYIISIPHBIC COOBITHS.

RIMHUYECKUI CITYYAT

Ilayuenm b., 64 1em, npoxodus cmayuoHapHoe Aeverue
6 Hayunom yenmpe nesponoeuu 6 ces3u ¢ #carobamu Ha snu-
30061 OHEMEHUS U HeA08KOCMU 8 Ae60lL pyKe.

U3 anamuesa uzeecmuo, umo ¢ meuenue 0AUMEALHOO
8peMeHU nayueHm cmpaoal apmepuanbioil eunepmonueil
¢ MAKCUMAAbHbIM NOGblUleHUeM NOKa3amenei 0aeAeHUs.
do 180/90 mm pm. cm., npuHUMAn 2UNOMEH3UBHblE Npenapa-
mot. B urone 2020 e. nepenec HMK ¢ pazeumuem neeocmo-
DpoHHeeo eemunapesa. Ilpu npogederuu MaeHUmMHO-pe3oHanc-
Hoit momoepaguu (MPT) 201061020 M032a ObiaU 6bls6/1€HbI
MHONCECMBEHHbIE «OCPble» KOPKOGble UHPDAPKMbL 8 NPAGOM
ROAYWAPUU 20108H020 M032d, NPU OYNAEKCHOM CKAHUPOBAHUU
opaxuoueganvHbix apmepuii — cmero3 ycmos npasoii BCA
00 40 %. Ha ¢hone nposedenrnoeo aeuenuss omme4uanocs noa-
HOe 60cCMaH08AeHUe CUAbL 8 Ne6biX KoHeunocmsx. [Ipu évi-
AUCKe U3 CMAYUOHAPa HA3HA4eH NOCMOSHMbIIL npuem aye-
muacaruyunoeoll kuciomel 75 me u amopsacmamuna 20 me;
nayuenm nPUHUMAL RPenapamyl pecyaspHo.

Cocmosnue nayuenma ocmasanocs cmaduabhbim 0o peg-
paas 2022 2., Koeda oH cman omme4ams 3nU300bl NPexo0si-
Weeo OHeMeHUs U HeA08KOCMU 8 1e60l pYKe ¢ 4acmomoll
0o Heckoavkux pas 6 Hedenio. C yeavio doobcaedosanus 6vin
eocnumanusuposar ¢ Hayunwiii yenmp neeponoeuu.

Ilpu coope anamuesa nayuenm coobuyun, umo 6 2007 e.
NnoNnan 8 0OPOICHO-MPAHCHOPMHOE NPOUCUecmaue, 6 Pe3yib-
mame KOMOPO20 NOAYYUA MHONCECMBEHHbIE MPABMbL KO-

Russian Journal of Neurosurgery

HeuHOoCcmell U HYMPEeHHUX 0p2aH08, COMPSCEHUe 20108H020
Mo3ea.

IIpu nposedenuu Hesponoeuuecko20 ocMompa ommeua-
AUCL ACUMMEMPUSL AUYA 30 CHEeM C2AANCEHHOCMU €601 HOCO-
2YOHOU cKAa0KU, Ae2KuUll napes 8 1e8blX KOHEHHOCMSAX ¢ HO-
BblULEHUEM CYXO0MUCUNBHBIX pedhaexcos. B anaauzax kposu
3HAYUMbIX OMKAOHEHUI OM peghepenCHbIX 3HaUeHULl He BblsE-
sero. Ilpu MPT 201061020 M032a onpedeasauct MHOXCeCH -
BeHHble KOPKOBble U NOOKOPKO08ble 04azu cocyducmoeo 2enesa,
NPU3HAKU A0KANbHOU KOPMUKAAbHOU ampodhuu 6 100HOI
u memenHotli doasix cnpasa (puc. 1). Obpawano na cebs 6Hu-
MaHue npeuMyu,eCmeeHHo npasocmoporHee pacnoaodiceHue
04a208bIX U3MEHEHUIL, 8 MOM YUCAe 8 30HAX CMEICHO20 KPO-
68000paujeHus, 4mo HACMOPANCUBAN0 8 OMHOUEHUU 2eMO0U-
HaAMU4ecKu 3HA4UM0o20 CMeHo3d 8 KApomuoHoU cucmeme
cnpasa.

IIpu npogedenuu dynaekcHoeo ckanuposanus opaxuoye-
hanvrbix apmepuil 8bis61eHO paculuperue obaacmu ougyp-
Kauuu npasoii o6weil connoti apmepuu (OCA) u HauanbHo2o

Puc. 1. Maenumno-pesonancuas (MP) momoepagus 2oa06n020 moszea:
a, 6 — uccaedosanue om uionsn 2020 . 6 pexcume ouphy3Ho-636euleHHbIX
usobpaxceruii (b 1000), akcuanrvhas npoekuus. B cepom u npunrexcawem
benom sewjecmee N100HOI, MeMEHHOIL U 8UCOYHOIL Doaell NPagoeo NoAyuapus
00161020 M032a BbIAGAAIOMCS 04a2U NOBblUEeHHOU unmencusHocmu MP-
cueHanra — ocmpule UHgapkmel; 8, ¢ — uccaedogarnue om Hos0ps 2021 e.
6 pexcume FLAIR, axcuanvras npoexyus. B cepom u npusexcawem o6eaom
seujecmeae, 6 21Y00KuUX omadenax 6en020 eeuyecmea A00HOIL, MeMeHHOIl U U~
CO4HOIl DoAell NPagoeo NOAYWAPUs OOAbUO020 MO32a BbIABASIIOMCA 04ac
U 30Hbl KUCMO3HO-2AUO3HbIX UBMEHEHUTl — NOCIMUHGDAPKMHble USMEeHeHUs!
Fig. 1. Brain magnetic resonance imaging: a, 6 — axial diffuse-weighted
images (b1000), June 2020. Multiple cortical and subcortical acute infarctions
with restricted diffusion in right frontal, parietal and temporal lobes; 6, ¢ —
axial FLAIR weighted images, November 2021. Postinfarction changes in the
gray and white matter of the right frontal, parietal and temporal lobes
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omaena BCA do 17 mm na npomsaxcenuu 40 mm (anespusma?),
6 npoceeme GU3YANUSUPOBAHBL eemepOeHHble amepompoM-
bomuvecKue Maccol ¢ Y4ACMKamu KaabyuHo3a, npueoosujie
K cmeno3y OCA do 50 %, BCA — 60—65 % 6e3 n0kanvroeo
noebluleHUs Kpogomoka (puc. 2).

s ymounenus eene3a 6bis18AHHbIX UBMEHEHUT NPose-
0eHa KOMRbIOMEPHO-MOoMOoepaghuuecKas aneuoepagus, Ko-
mopas noomeepouia Haiuvue mpomMOUPOSaAHHOL AHeBPU3MbL
ougypxauuu npasoii OCA c nepexodom na BCA (puc. 3).

Tlayuenm nanpasnen Ha KOHCYABMAYUIO K COCYOUCOMY
xupypey. AHeuoxXupypeom npuHamo peuierue o0 nposedeHuu
SHO0BACKYASAPHO20 AeHeHUsl C U30AAUUel KapomuUoHoi anee-
pusmbl npu nomouu 0gyxcaoiinoeo cmerma Casper 10 x 4 mm.
Buioop bbin 00ycroenen camvim meaxum kaaudpom (390—700um)

—— — 6_"""'" e
e e ——

.

Puc. 2. Jlynaekchoe ckanupoganue MacucmpanbHuiX apmepuii 20408bl
om 30.06.2022. Pacwupenue obnacmu 6ugypkayuu npaeoti obuieii CoHHou
apmepuu U Ha4aabHO20 OMAeaa 6HYMPeHHell COHHOL apmepuu, 6 npoceeme
BU3YANUBUPYIOMCS MPOMOOMUYECKUE MACCbl C YHACMKAMU KAAbYUHO3A
(cmpenku)

Fig. 2. Ultrasound duplex scanning of craniocervical arteries, 06.30.2022.
Right common carotid and internal carotid artery lumen expansion with
partially calcified thrombotic masses (arrows)

Puc. 3. Komnsromepro-momoepaghuueckas aneuoepaghus bpaxuoyepanvrvix
apmepuii om 01.07.2022: a — MIP-pexoncmpykuyus; 6 — 3D-pekoncmpykuyus.
[Ipasas obwas connas apmepusi umeem npasuAbHblil X00, 8 OUCMANbHbIX ee
omadenax no nepeoHemy KOHmMypy, pacnpoCmpaHssch HA AYKOBULY NPAGOil
GHYMpeHHell COHHOLI apmepull, 8bls6AAeMCs 00PA308aHUe 080UOHOU hopMbL,
HeOOHOPOOHOU CIMPYKMYPbl 34 CHem KAAbUUHAMO8, PACHOAONCCHHbIX npe-
UMYWeCm8eHHO no nepugepuu, — mpomoUpoOBarHHas anespusma (Cmpenxi)

Fig. 3. Computed tomography angiography of craniocervical arteries from
July, 2022: a — MIP reconstruction; 6 — 3D-reconstruction. The right
common carotid artery has the correct course, in its distal sections along the
anterior contour, spreading to the bulb of the right internal carotid artery, an
ovoid shape, an inhomogeneous structure due to calcifications, is revealed —
a thrombosed aneurysm (arrows)

a4ell yempoiicmea cpedu cmenmos nooxoosaue2o pasmepa,
a makice OQHHLIMU AUMEPAMYPbl C ONUCAHUEM CAYHAE8
YCRewHo20 3aKpbimus nepupepu4ecKux anespusm ¢ Homo-
b0 N0dobHo20 ycmpoticmea [6].

Jocmyn ocyuwecmensincs munuvHbIM Memooom 4epes
npasyr obwyio bedpennyto apmepuro, unmpodstocepom 7 Fr.
IIpu nomowu duaenocmuueckozo kamemepa Concierge 7 Fr
kamemepu3suposara npasas OCA, ébinoinena noaunpoexyu-
OHHASA aHeuoepagusl.

Tlpu npocmompe aneuoepamm eviseareHa depopmayus
koumypoe npasoii OCA, ee pacuiupenue ¢ 4acmu4HbiM mpom-
obuposanuem 60avuiell YacMu AHeBPUIMAMUYECK020 «<MEUKa»,
omknonenue ycmos npasoii BCA (puc. 4).

Bo épems nposedenus manunyaayuu 604bULyH0 ORACHOCMY
npeocmasasau mpomMoomu4ecKue Maccol, pachoN0NCeHHbIE
6 noaocmu anespusmol. J11s npedomepauierus MUKposmMooauu
8 ducmanvroe pycao BCA 6vina nposedena u ycmanoenena
Ha § cm eviute ee ycmos nosyuika Emboshield 5.5.

Tlocae yemanosku a08yuiKy no npo8oOHUKY 6 30HY aHEeG-
Ppusmbl 00CMABAEH CAMOPACKPbIBAIUULICS CTNEHM, KOMOPbLil
PABHOMEPHO PACNPABUACS 8 UCIMUHHOM Npocéeme cocyod
0e3 MexXHUMeCKUX CAONCHOCMElL, 8 C8:3U HeM ObLA0 NPUHAMO
peulerue He 8bINOAHSAMb NOCMOUAAMAaYUI0 OaLI0HHbIM Kame-
mepom.

Tlpu KoHmMpoavbHOU aHeuoepaguu omme4anocs xopouiee
3anoaHeHue OUCMANbHbIX apmepuil U CMAasHAYyUs KOHMpPacm-
HO20 8eulecmea 6 NoA0CMU AHeBPU3MbL, YO 2060pUM 0 X0-
pouiem mexHu4eckom pezyavmame onepauuu (puc. 5).

. A
Puc. 4. Humpaonepayuonnas penmeenogckas aneuoepagus. egopmayus
KOHMYpPO8 npaeoil obujeil COHHOU apmepuu, ee paculuperue ¢ 4acmuyHbiM
mpomoupoganuem 6onvuleli Yacmu aHeapUIMAMU1EcKo20 «<MelKa» (cmpen-
Ka), OmKAOHeHUe YCmbsl NPAGOI GHYMPeHHel COHHOL apmepuu

Fig. 4. Intraoperative X-ray angiography. Right common carotid artery
contour deformation, lumen expansion with aneurysmal «sac» partial
thrombosis (arrow), deviation of the right internal carotid artery
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Puc. 5. Unmpaonepayuonnas penmeenogckas aneuoepagus: a — ycmanoenennwiii cmenm Casper (cmpeaka). Buzyaausupyemcs 3anoanenue KOHmMpacmHuim
8euecmeom OUCMAanbHbIX apmepuil; 6 — cmazHayus KOHMpAcmHo20 @eujecmead 6 NoA0CMU aHespusmbl (cmpeaka)

Fig. 5. Intraoperative X-ray angiography: a — Casper stent (arrow). Bistal arteries visualized; 6 — stagnation of the contrast agent at the sites of the aneurysm

(arrow)

[locae 3asepuenuss manunyaayuu nayuenm 6 meyenue
CYMOK Haxo0uncs nod HabardeHuem 8 omoeneHuly peanuma-
YUl U UHMEHCUBHOU mepanull, 8 0dlbHeluiem Obll nepegedeH
6 omdenenue cocyducmoii xupypeuu. Ha 2-e cymku nocae
0nepamueHo20 NeveHUs @bINUCan U3 cmayuonapa. Pexomen-
dosaH npuem 080LIHOI anmuazpecanmuoll mepanuu (ayemun-
caruyunosas Kucioma 75 me u kaonudozpens 75 me).

Cnycms 6 mec nocie onepamueHo20 éMeuamenscmea
8bINOAHEHA KOHMPOAbHAA aneuoepagus (puc. 6). Ha cnumkax
onpedensincs yCMaHo8AeHHbLI CIeHm, npoceem cocyoa noa-
HOCMbIO 3aN0AHAACA KOHMpacmHbim hpenapamom. Tlorocme
aHespusmbl 6b11a MPOMOUPOBAHA, U30AUPOBAHA OM COCYOU-
cmoeo pycaa, 3anoAHeHUue KOHMPACMHbIM 8eleCmeom om-
cymcmeogano. Takum obpazom, pucku pazeumus ImMO0auU
U3 NOAOCMU aHe8pu3Mbl U ee paspuléa ycmparensl. Tlayuenmy
PEKOMEHO08AHO NPOJOANCUMb NPUEM AUeMUACAAUYUN0801
Kucaomol 6 dose 75 me.

OBCYRJIEHUE

Huccekinst OpaxuoriedabHBIX apTepUii — IaTOIOTHS,
acCOLIMMPOBAHHAsl C MOJIOJBIM BO3PAacTOM M, COIJIACHO
JMIAaHHBIM JIUTEPATYPHI, SBJISIOIASCS OMHOKW U3 OCHOBHBIX
MPUYNUH UHCYNIBTa B Bo3pacte 1o 45 net [7]. IIpenpacrio-
JIaTalolInii K ee pa3BUTHIO (haKTOp — HAJTMIKME IIPU3HAKOB
IUCIUIA3NHM COCAMHUTEIBHOM TKaHU, Jatie HeauddepeH-
LIMPOBAaHHOI [8], pexke — HaJlM4KMe reHeTUYECKI 00YCITOB-
JICHHBIX CHHIPOMOB, TaKMX KaK cMHApoM Mapdana, du-
OpoMBIIIeYHAsT AUCIUIAa3usl, CUHApoM Diepca—JlaHioca,
syacTUIHas riceBnokcanToma [9, 10]. ITpu Hammauuy mpem-
PacnoIOKEHHOCTU IUCCEKLIUS YACTO BO3HUKAET CIIOHTAHHO,
YTO MOJIPA3yMEBAET pacCloeHUe cocyna 6e3 oueBUAHOM
MIPUYMHEI TUOO B pe3yJIbTaTe JIETKO# TpaBMBI (HaIIpumep,
3aHSTUM B CIIOPT3aJie) WUIM BBHIHYXKICHHOTO ITOJIOXKCHMS
TOJIOBHI U IIIeH (HAIpMMep, BO BpeMs CHa B HEyIOOHOM
03¢, IIATEJIBHBIX ITepeieToB U ap.) [11].

Pexe paccioeHue cocyaa MOXET ObITb OOYCOBJIEHO
TYHO# WJIN IIPOHUKAIOIIEH TPaBMOI TOJIOBBI /UM IIEH
B pe3yJbTaTe JOPOXHO-TPAHCIIOPTHBIX MPOUCILIECTBUA,

Puc. 6. Komnvromepro-momoepagpuueckas aneuoepagpus 6paxuoyedhansHoix
apmepuii om 09.10.2022, MIP-pexoncmpykyus. B npasoii obueii connoii
apmepuu u npoKCUMANbHbIX 0MOeAax 6HympeHHell COHHOU apmepuu ycma-
Hoenen cmenm. [lo nepedneil cmenke coxpansemcs 00pa3zoeaie 060UOHOI
hopmbl, HEOOHOPOOHOI CMPYKMYPbL 34 CHem KAAbUYUHAMO8 — mMPomMOupo-
8aHHAA AHEEPUIMA

Fig. 6. Computed tomography angiography of brachycephalic arteries dated
October 09, 2022. MIP reconstruction. A stent was placed in the right common
carotid artery and in the proximal parts of the internal carotid artery. On the
anterior wall of the formation of an ovoid shape, a heterogeneous structure
due to calcifications — a thrombosed aneurysm

B TOM YHCJI€ XJIBICTOBOM, CBSI3aHHOI CO CHaBJICHUEM 00-
JIACTH IIIeM peMHEM 0€30TIaCHOCTH; CTPAHTYJISIIIMOHHBIMK
TOBPEXICHUSIMU BCIICACTBHE YIYIICHUS; HOXXEBBIM pPaHe-
HIEM; TpaBMaMU, CBSI3aHHBIMU C KCTPeMaIbHBIMUA BUIAMU
criopTa (JIbDXKH, 00pbba, OOKC M TIp.), WU HACWILCTBEH-
HBIMU JeHCTBUSIMY, TAKUMM KaK MaHyaJIbHBIC MAHUTTYIISI -
U, SHIOBACKY/ISIPHBIC WJIN XUPYPIrUIeCKIe BMeIIaTeIb-
ctBa [11], 1 3aTparuBaeT MalMEeHTOB BCEX BO3PACTHBIX
rpymm. B 3Tux ciaydasix pa3pblB CTEHKHM COCYIa CBSI3aH
C HaTSDKeHUEM 9KCTpaKpaHUAIbHBIX apTeprii Ha He 3aIllH-
IEHHOM KOCTHBIMH CTPYKTYpaMH yJacTKe, HaIllpuMep
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B Cl-cermenTe (dapunreanbHoit wactu) BCA [12],
WY eTO MEXaHMYEeCKHM TTOBpeXIeHneM. B pesynbrare Ha-
PYIIEHUS LIEJTOCTHOCTUA BHYTPEHHETO CJIOSI CTEHKH apTe-
pum (popMUpyeTCs reMaToMa, KOTopasi MOXET pacipo-
CTPAHSTHCS 110 HAIIPABJICHUIO K MHTHME (CYOMHTHMAJIBHOE
pacciioeHNe), BBI3BIBas CTEHO3 COCYAa MM OKKIIO3UIO,
W CITYXXKUT IIPUIWHOMN TIPEXOISAIINX YUIM CTOUKHMX HapyIe-
HUI MO3TOBOTO KPOBOOOpAIIIeHNSI, MJIH 110 HAIIPABJICHUIO
K amBeHTUINU (CcyOaaBeHTHMLIMAIbHOE pPacCIOCHHE),
YTO B PSIIE CIydaeB COPOBOXIaeTCsT (hopMUpoBaHHeM PA
[7, 13].

Yacrora pa3sutus PA, Be3BaHHBIX Auccekuneit BCA
win 1mo3BoHoYHOM aprepun (ITA), mo marueM JI.A. Ka-
JIALTHUKOBOM U COaBT., coctasiisteT 14 % [14], mo maHHBIM
3apy0exXHbBIX uccaenoBateneir, — 9—14 % [15, 16]. Anes-
PU3MbI HECKOJIBKO Yailie o0HapyxkuBaiotcst B BCA (9 %),
yem B [1A (5 %) [16, 17]. PA BCA/IIA Moryt uMeTh Me-
IIOTYATYIO WM BepeTeHooOpa3Hyto dopmy. [1o maHHBIM
IMHAMHAYECKUX aHTHOorpaduiecKux HaOIIOIeHU, pa3-
Mep aHeBPU3MBI C TCUCHUEM BPEMEHU MOXKET MEHSTHCS.
VBenuueHune pasmepa orMedaercs y 3—14 % nauueHToB
[17, 18], ymenbiuenue — y 18—40 % [18, 19], ucye3Hone-
Hue —y 5—36 % [17—20], BOBHUKHOBEHUE aHEBPU3M B XO-
Jle TMHaMr4ecKoro HaomoneHus —y 5 % [20, 21].

TakTka BemeHHWS IAMEHTOB C aHEBpU3MaMU
BCA/IIA BciencTBue X TUCCEKILINU SIBIISICTCS TIPEIMETOM
nmuckyccnit. KoHcepBaTUBHBIE METONBI JICUCHUS BKITIOYAIOT
Ha3HaYCHUE aHTUTPOMOOIIMTAPHOM MITM AaHTUKOATYJISTHTHOM
teparmu. Cpeay XUPypPruIecKX METOIOB O0CYKIarOTCsT
BO3MOXXHOCTH PE3CKIINHM aHEBPU3MbI U PEKOHCTPYKIINU
cocyna, a TakKe DHIOBACKYJISIpHbIE METOOUKM [22, 23].
IMoxazanuem Kk xupyprum sisisitorcs npexoasiine HMK
WIN UIIeMWICCKUM WHCYJBT, YIIOPHBIC IICHHBIC WA
TOJIOBHBIC 0OJIM, YBEIMUYCHNE pa3Mepa aHEBPU3MBI TIPU
KOHTPOJIbHBIX HcCaeaoBaHusIxX [17].

B mipeacTaBieHHOM HaMM KIIMHUYECKOM CJIydae T'H-
ranrckasa aHespusma OCA/BCA, Haubojee BeposITHO,
BO3HUMKJIA B pe3yJIbTaTe OTUCCEKIIMUA COCYAa BCIEICTBHUE
IIOPOXXHOI TpaBMBI. PacmipocTpaHeHne TeMaTOMBI B CTO-
POHY aIBEeHTUIIMU ITO3BOJIMIIO M30€KaTh OCTPOIl OKKITIO-
3UM COHHOW apTepHy C pa3BUTHEM HEBPOJIOTHMIECCKOIO
nmeduinTa y maireHTa B OCTPOM IepHOe TPaBMbI, OMHAKO
chopmupoBaBmiasscss PA craia BIOCIeOCTBUM MCTOIHU-
KOM apTepHoO-apTepUaIbHON 3MOOINH, IPUBEIIICH K pa3-
BUTHIO TIpexoasiux 1 croiikoro HMK.

C y4eTOM BBICOKOTO 3MOOJIOTEeHHOT0 noTeHInana PA
MO NaHHBIM OYIUIEKCHOTO CKaHWMpOBaHUSI Opaxuolie-
(habHBIX apTepPHii M KOMITbIOTEPHOIM ToMOrpaduyecKoit
aHruorpacdun, HeahGEKTUBHOCTH aHTUATPETAHTHOM 1 TH-
MOJIUMTUAEMUYECKON Tepary B KaueCTBe BTOPUYHOM MPo-
(GMIaKTUKKN WIIEMHYECKOTO WHCYJIbTAa MAIUEHTY OBLIO
MpeAIOXKEHO SHIOBACKYISIpHOE JieueHue. B HacTosiee
BpEMSI JOCTYITHBI OaJTIOHOpACIIMPSIEMbI€ CTEHTBI C T10-
KPBbITUEM U 0€3 MOKPBITHUSI, @ TAKXKE CaMOpaCIIUPSIONIe-
cs CTeHTHI 0e3 TTOKphITHS [24]. [To HaleMy MHEHUIO, ca-
MOpPacIIUPSIONIUECS CTEHThI 00Jiee MPEANOUYTUTENbHbI
IUIST JICUCHUSI pacCIIOCHUST COHHBIX apTepuii. OHM He Tpe-
Oy10T OaJIJIOHHOM AUIaTallAM in Sifu N OKa3bIBalOT paBHO-
MEpPHOE LIMPKYJISIPHOE JaBJIEHHE Ha MOBPEXIECHHYIO apTe-
PUAIbHYIO CTEHKY, YTO B JaJIbHEUIIEM MOXET MPUBECTU
K MOCTETIEHHOMY BOCCTaHOBJIEHMIO MPOCBETA apTEPUU.
B ciyyasix TMraHTCKUX aHEBPU3M WM MCEBIOAHEBPU3M
KCII0JIb30BAHME HEMOKPBITBIX CTEHTOB MOXET MOTpedo-
BaTb JOTOJHUTEIBHOTO JIEYEHM S, TAKOTO KaK aM00IM3a-
LIS CIIMPaJISIMU Yepe3 CETKY cTeHTa [25]. B Haiem ciydae
BBIOOP CTEHTA C MEJIKUM KaIMOpOM siueil I03BOIMII 130e-
KaTb MpoBeaeHUs aMboau3aunu. B aureparype BcTpeya-
I0TCSI KJIMHUYECKWE TIPUMEDPHI YCTIEIIHOTO JieueHuss PA
COHHBIX apTepuii CTeHT-rpadTaMM, pacIIMPsIEMBIMM OaI-
JIOHOM [26]. OmHaKo OHM 06JIaAI0T MEHbBIIIEN THOKOCTBIO
¥ IMEIOT OOJIBLIYIO TI0 IMAMETPY CHCTEMY JOCTaBKHU, UTO
JieaeT UX UCITOIb30BaHNe CIOPHBIM. C y4eTOM BEICOKOTO
prcKa apTepruo-apTepuaibHON 9MO0JIMY B Cllyyae Halllero
MalyeHTa Mbl MpeaAnoYind U30eXaTh JOMOJHUTEIbHBIX
MaHUIYJISIUKUI CO CTEHKOM apTepuu MpU pasnyBaHUU Oai-
JIOHA.

SARJIIOYEHUE

Takum o6pa3oM, 3HHOBACKYJISIpHOE ieyeHre PA coH-
HBIX apTepUil SIBIsIeTCST 6€30ITaCHBIM METOAOM, TTO3BOJISI-
IOIIUM TIPENOTBPATUTH LePeOPOBACKYISIPHBIE COOBITHS,
MpU ycia0BUM Hed((HEKTUBHOCTH KOHCEPBATUBHOM Tepa-
mu. BeIOOp cTeHTa orpeesisseTcs THIUBUIYAJIBHO C YYETOM
aHaTOMMYEeCKUX ocobeHHocTeil PA u ee 3M0010reHHOTO
rnoteHumasna. PekoMeHayeTcst mposiBIISITh HACTOPOKEHHOCTh
B CJTy4yasx MaieHTOB, MepeHECIINX TPaBMaTUIECKOe TT0-
BpeXIeH1e 00JIaCTH 1IeN, IIPU HEOOXOAMMOCTH — JIOTIOJ-
HSTB IJIaH 00C/IeIOBaHNS Ha3HAYEeHEM YIIBTPa3ByKOBOTO WA
HEMPOBU3YaJTN3alIMOHHOTO MCCIIETOBAHUS COCYIOB IS
UCKITIOYEHUS TUCCEeKIINM OpaxuonedaabHbBIX apTepHii.



HabntopeHue u3 npaktuky | Case from practice

HENPOXUPYPI'UISI

Russian Journal of Neurosurgery

NUTEPATYPA /REFERENCES

. Kanamnukosa JI.A., loopbiHuHa JILA. luccekuust apTepuit ro-

JIOBHOTO MO3ra: MIIEMUUYECKUI WHCYJIBT U Ipyre KIIMHUYEeCKUe
nposieieHus. M.: BAKO, 2013. 208 c.

Kalashnikova L.A., Dobrynina L.A. Cervical artery dissection:
ischemic stroke and other clinical manifestations. Moscow: VAKO,
2013. 208 p. (In Russ.).

. Rajz G., Simon D., Bakon M. et al. Traumatic carotid artery

dissection. Isr Med Assoc J 2009;11(8):507-8.

. Molacek J., Baxa J., Houdek K. et al. Bilateral post-traumatic

carotid dissection as a result of a strangulation injury.
Ann Vasc Surg 2010;24(8):1133.e9—11.
DOI: 10.1016/j.avsg.2010.02.042

. Yang S.T., Huang Y.C., Chuang C.C., Hsu P.W. Traumatic internal

carotid artery dissection. J Clin Neurosci 2006;13(1):123-8.
DOI: 10.1016/j.jocn.2005.02.016

. Makhlouf E, Scolan V., Detante O. et al. Post-traumatic dissection

of the internal carotid artery associated with ipsilateral facial nerve
paralysis: diagnostic and forensic issues. J Forensic Leg Med
2013;20(7):867—9. DOI: 10.1016/.jflm.2013.06.018

. De Vries E.E., Vonken E.J., Kappelle L.J. et al. Short-term double

layer mesh stent patency for emergent or elective carotid artery
stenting. Stroke 2019;50(7):1898—901.
DOI: 10.1161/STROKEAHA.118.024586

. Venketasubramanian N., Mundada P., Hegde A.N. et al. Post-

traumatic carotid artery dissection begins at the skull base: a case
report. Case Rep Neurol 2020;12(Suppl 1):143—8.
DOI: 10.1159/000504567

. Kanamnukosa JI.A., Iynesckast T.C., Caxaposa A.B. u np. Jluc-

CeKIIMsI BHyTPEHHEN COHHOM 1 MTO3BOHOYHOI apTepuit: MophoJio-
¥, MaTo(U3NOJIOTHsI, MPOBOLUpYIONIKe (haKTophl. BecTHUK
PI'MY 2019;(5):78—85. DOI: 10.24075/vrgmu.2019.064
Kalashnikova L.A., Gulevskaya T.S., Sakharova A.V. et al.
Dissection of the internal carotid and vertebral arteries:
morphology, pathophysiology, provoking factors. Vestnik RGMU =
Bulletin of RSMU 2019;(5):78—85.

DOI: 10.24075/vrgmu.2019.064 (In Russ.).

. [y6anoBa M.B. KiinHnueckue 1 1a60paTOpHO-UHCTPYMEHTAb-

HbIe TPU3HAKU TUCTUIA3UM COETUHUTETbHON TKAHU Y GOJTbHBIX
¢ IUCCEKIINeil BHYTPEHHUX COHHBIX M TTIO3BOHOYHBIX apTepui.
ABTOped. nuc. ... KaHa. Mea. HayK. M., 2018. 28 c.

Gubanova M.V. Clinical and laboratory-instrumental signs
connective tissue dysplasia in patients with dissection internal
carotid and vertebral arteries. Abstract of dis. ... cand. med. sci.
Moscow, 2018. 28 p. (In Russ.).

. Makhlouf E, Scolan V., Detante O. et al. Post-traumatic dissection

of the internal carotid artery associated with ipsilateral facial nerve
paralysis: diagnostic and forensic issues. J Forensic Leg Med
2013;20(7):867-9.

DOI: 10.1016/j.jflm.2013.06.018

. Norris J.W., Beletsky V., Nadareishvili Z.G. Sudden neck

movement and cervical artery dissection. The Canadian Stroke
Consortium. CMAJ 2000;163(1):38—40.

. Caplan L.R. Dissections of brain-supplying arteries. Nat Clin Pract

Neurol 2008;4(1):34—42. DOI: 10.1038 /ncpneuro0683

13.

20.

2

22.

23.

24.

25.

26.

Blum C.A., Yaghi S. Cervical artery dissection: a review of the
epidemiology, pathophysiology, treatment, and outcome. Arch
Neurosci 2015;2(4):¢26670. DOI: 10.5812/archneurosci.26670

. Kalashnikova L.A., Dobrynina L.A., Maksimova M.Y. et al.

Dissection of the internal carotid and vertebral arteries: tactics
of patient management. Ann Clin Exp Neurol 2021;15(1):5—12.
DOI: 10.25692/ACEN.2021.1.1

. Larsson S.C., King A., Madigan J. et al. Prognosis of carotid

dissecting aneurysms: results from CADISS and a systematic
review. Neurology 2017;88(7):646—52.
DOI: 10.1212/WNL.0000000000003617

. Debette S., Leys D. Cervical-artery dissections: predisposing

factors, diagnosis, and outcome. Lancet Neurol 2009;8(7):668—78.
DOI: 10.1016/S1474-4422(09)70084-5

. Daou B., Hammer C., Chalouhi N. et al. Dissecting

pseudoaneurysms: predictors of symptom occurrence, enlargement,
clinical outcome, and treatment. J Neurosurg 2016;125(4):936—42.
DOI: 10.3171/2015.10.JNS151846

. Paraskevas K., Batchelder A.J., Naylor A.R. Fate of distal false

aneurysms complicating internal carotid artery dissection:
a systematic review. Eur J Vasc Endovasc Surg 2016;52(3):281—6.
DOI: 10.1016/j.€jvs.2016.03.021

. Touzé E., Randoux B., Méary E. et al. Aneurysmal forms of cervical

artery dissection: associated factors and outcome. Stroke
2001;32(2):418—23. DOI: 10.1161/01.str.32.2.418

Djouhri H., Guillon B., Brunereau L. et al. MR angiography for the
long-term follow-up of dissecting aneurysms of the extracranial
internal carotid artery. AJR Am J Roentgenol 2000;174(4):1137—40.
DOI: 10.2214/ajr.174.4.1741137

. Janunosa M.C. KaramHe3 OOJIbHBIX C paCCIOEHUEM BHYTPEHHUX

COHHBIX ¥ TTIO3BOHOYHBIX apTepuii. ABTOped. AMC. ... KAaHII. MeI.
Hayk. M.: HayuHblii ueHTp HeBpoJoruu, 2022.

Danilova M.S. Catamnesis of patients with dissection of internal
carotid and vertebral arteries. Abstract of dis. ... cand. med. sci.
Moscow, 2022. (In Russ.).

Guillon B., Brunereau L., Biousse V. et al. Long-term follow-up
of aneurysms developed during extracranial internal carotid artery
dissection. Neurology 1999;53(1):117-22.

DOI: 10.1212/wnl.53.1.117

Simionato F., Righi C., Scotti G. Post-traumatic dissecting
aneurysm of extracranial internal carotid artery: endovascular
treatment with stenting. Neuroradiology 1999;41(7):543—7.

DOI: 10.1007/5002340050801

Van Veenendaal P., Maingard J., Kok H.K. et al. Endovascular flow-
diversion of visceral and renal artery aneurysms using dual-layer
braided nitinol carotid stents. CVIR Endovasc 2020;3(1):33.

DOI: 10.1186/s42155-020-00125-2

Osuki T., Ikeda H., Uezato M. et al. Aneurysm perforation due

to advancement of the coil delivery wire during stent-assisted
embolization. Cureus 2022;14(8):¢28063. DOI: 10.7759/cureus.28063
Maras D., Lioupis C., Magoufis G. et al. Covered stent-graft
treatment of traumatic internal carotid artery pseudoaneurysms:

a review. Cardiovasc Intervent Radiol 2006;29(6):958—68.

DOI: 10.1007/500270-005-0367-7

89


https://doi.org/10.1016/j.ejvs.2016.03.021
https://doi.org/10.1212/wnl.53.1.117

W8 HENPOXUPYPIUS

! _ Habniopenne u3 npaktukm | Case from practice
PAIRY  Russian Journal of Neurosurgery

Bkuag aBTopos

A.B. benonacosa, .A. CunuupbiH, A.I. Makaposa, E.C. 3aceinkuna, M.B. [IpeBanb, A.O. Yeuerkun, B.JI. [IunakuH, JI.A. Jlo6pbiHMHA: cOOp
TMAHHBIX [UTs aHAJIM3a, aHAJIU3 ITOJYYeHHbIX TaHHBIX, HAOTI0IeHNE 3a MAIMEHTOM, ITPOBeICHUE SHI0BACKYISIPHOTO JICYEeHUST MallMeHTa, HallicaHue
TEKCTa CTaThH.

Authors’ contributions

A.V. Belopasova, I.A. Sinitsyn, A.G. Makarova, E.S. Zasypkina, M.V. Dreval, A.O. Chechetkin, V.L. Shchipakin, L.A. Dobrynina: collecting data for
analysis, analysis the data obtained, monitoring the patient, conducting endovascular treatment of the patient, article writing.

ORCID aBtopos / ORCID of authors

A. B. BenonacoBa / A.V. Belopasova: https://orcid.org/0000-0003-3124-2443
W.A. Cunuusis / [LA. Sinitsyn: https://orcid.org/0000-0001-6862-6980
A.T. Makaposa / A.G. Makarova: https://orcid.org/0000-0001-8862-654X
M.B. ApeBanb / M.V. Dreval: https://orcid.org/0000-0002-7554-9052

E.C. 3aceinkuna / E.S. Zasypkina: https://orcid.org/0000-0002-5172-5904
BJI. Ilunakuu / V.L. Shchipakin: https://orcid.org/0000-0003-1428-2769
A.O. YeuetkuH / A.O. Chechetkin: https://orcid.org/0000-0002-8726-8928
JILA. Jo6peiHuHa / L.A. Dobrynina: https://orcid.org/0000-0001-9929-2725

KondamkT unrepecoB. ABTOPbI 3asIBJISIIOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.
Conflict of interest. The authors declare no conflict of interest.

®unancupoBanue. PaGoTa BbIoHeHa 63 CIIOHCOPCKO# TOAAEPXKKHY.
Funding. The work was performed without external funding.

Cobmoaenne npas nauuenTos. [lanyeHT noanvcain HGOPMHUPOBAHHOE COIACKE Ha MyOIMKALIMIO CBOUX AaHHBIX.
Compliance with patient rights. The patient gave written informed consent to the publication of his data.

Crartps noctymuaa: 08.08.2023. IIpunsTa Kk myommkanuu: 19.11.2024. OnyoaukoBana onnaiin: 15.04.2025.
Article submitted: 08.08.2023. Accepted for publication: 19.11.2024. Published online: 15.04.2025.

90


https://orcid.org/0000-0003-3124-2443
https://orcid.org/0000-0003-3124-2443
https://orcid.org/0000-0002-7554-9052
https://orcid.org/0000-0002-5172-5904
https://orcid.org/0000-0003-1428-2769
C:\���\000 ��-1-25\1389 __ ���\A.O. Chechetkin: https:\orcid.org\0000-0002-8726-8928
C:\ L.A. Dobrynina: https:\orcid.org\0000-0001-9929-2725

HENPOXNPYPI'US

Case from practice . .
Russian Journal of Neurosurgery

DOI: https://doi.org/10.24412/2587-7569-2025-1-91-98 () BY 4.0

Rupture of ethmoidal dural arteriovenous fistula —
indication for emergency surgery (clinical cases)
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Objective of this paper is to demonstrate the variants of surgical treatment of ethmoidal dural arteriovenous fistulas
(eDAVFs), propose a treatment algorithm for ruptured and unruptured eDAVFs taking into account the literature data.
This article presents 4 clinical cases of patients with eDAVFs. The arterial supply of eDAVF was performed by the ethmoidal
branches of the ophthalmic artery in all cases. There were 3 ruptured eDAVF with formation of intracranial hematoma
and one unruptured eDAVF. Three patients underwent open surgical intervention, one — transvenous eDAVF embolization.
Complete exclusion of eDAVF without complications in the postoperative period was confirmed in 3 patients, 1 patient
died because of consequences of hemorrhage.

Patients with eDAVF rupture required immediate surgical intervention due to extremely high risk of repeat rupture. The
main techniques of eDAVF treatment are open surgical intervention and endovascular embolization. Patients with
unruptured eDAVF should be referred to Federal neurosurgical centers for endovascular treatment.

Keywords: ethmoidal dural arteriovenous fistula, arteriovenous fistula of the anterior cranial fossa, transarterial embo-
lization, transvenous embolization

For citation: Senko I.V., Ryzhkova E.S., Melchenko S.A. et al. Rupture of ethmoidal dural arteriovenous fistula —
indication for emergency surgery (clinical cases). Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(1):91-8.

(In Russ.).
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INTRODUCTION

Ethmoidal dural arteriovenous fistulas (¢ DAVF) are
a rare vascular anomaly, accounting for approximately
10 % of all intracranial dural arteriovenous fistulas.
eDAVF s are located in the anterior cranial fossa at the
level of the ethmoid plate, supplied with blood by the
anterior ethmoidal branches of the ophthalmic arteries,
and much less frequently by the branches of the middle
meningeal artery, with the following drainage into the
ascending cortical vein of the frontal lobe and then into
the superior sagittal sinus, and less frequently into the
olfactory vein. Drainage is usually unilateral. Due to the
absence of “damping” dural sinuses at the location
of eDAVF, this anomaly belongs to type 3 according
to the Borden classification or types 3 and 4 according
to the Cognard classification. The risk of life-threatening
rupture of the eDAVF is considered extremely high [1-5],
which, regardless of the presence of clinical symptoms,
dictates an active surgical approach.

Despite the fact that various surgical methods of treating
eDAVF are described in the literature, there is no consensus

on the algorithm of surgical tactics for this vascular
anomaly.

The purpose of the paper is to demonstrate the options
for surgical treatment of eDAVF and propose a possible
algorithm for treatment of ruptured and unruptured e DAVF
taking into account the literature data.

The article presents our clinical cases and highlights
issues of the rare occurrence of this pathology with a fairly
pathognomonic localization of hemorrhage, active surgical
tactics for ruptured eDAVF and the possibilities of
endovascular treatment.

CLINICAL CASE 1

Male patient K., 64 years old. It is known from the
anamnesis that after awakening the patient developed speech
disorders. The patient was admitted by an ambulance team
to the city clinical hospital, where, during the examination,
a intracerebral hemorrhage in the left frontal lobe was revealed
due to the computed tomography (CT) of the brain. According
to the brain CT angiography e DAVF was detected in the left
frontal lobe (Fig. 1).
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The patient refused from surgical treatment. After
discharge, he began to notice an increasing headache, that is
why he has been consulted by a neurosurgeon at the Federal
Center of Brain Research and Neurotechnologies of the
Federal Medical and Biological Agency (FCBRN of FMBA
of Russia). The headache and partial motor aphasia were
noted in the neurological status during examination. Due to the
high risks of repeated rupture of the eDAVF, the patient was
urgently admitted to the neurosurrgical department for surgical
treatment (in 26 days from the episode of primary hemorrhage).

Given the presence of ruptured e DAVF and intracerebral
hematoma, a decision was made to perform open surgery.
A bifrontal approach was used to reach the basal regions
of the left frontal lobe (Fig. 2).

There was an eDAVF supplied by the anterior ethmoid
artery of the left ophthalmic artery in the left-sided area
of the ethmoid bone plate. The clipping of the anterior ethmoid
artery and removal of the intracerebral hematoma in the left
frontal lobe were performed.

The postoperative period was uneventful, the patient was
discharged in 9 days after surgery. The postoperative
examination data are presented in Fig. 3.

CLINICAL CASE 2

Male patient P., 67 years old. At night 17.10.2021 a sharp
headache and slight weakness in the right leg were suddenly
developed. The patient performed magnetic resonance imaging
of the brain, which revealed a hemorrhage in the left frontal lobe,
and he was urgently admitted to the neurosurgical deparfment
of the city clinical hospital. CT of the brain and brain CT
angiography showed an intracerebral hematoma in the left frontal
lobe with a volume of 10.8 cm’ and e DAVF was diagnosed (Fig. 4).

The patient was urgently moved to the FCBRN of FMBA
of Russia for surgical treatment. Minimally invasive
transfrontosinus approach, clipping of the anterior ethmoid
artery and removal of the intracerebral hematoma of the
left frontal lobe (on 4" day after the episode of primary
hemorrhage) were performed. The postoperative period was

Fig. 1. Computed tomography (CT) of the brain and CT angiography of the intracranial cerebral arteries of patient K, 64 years old: a — Brain CT, axial
projection; b — multiplanar reconstruction (MPR); ¢ — 3D shaded surface display (SSD). 1 — subacute intracranial hematoma of the left frontal lobe;

2 — ethmoidal dural arteriovenous fistula

Fig. 2. Intraoperative images of patient K., 64 years old. 1 — left frontal lobe; 2 — longitudinal fissure; 3 — emissary vein, 4 — anterior ethmoidal artery,
5 — clipping of the anterior ethmoidal artery
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Fig. 3. Computed tomography (CT) of the brain and CT angiography of the intracranial cerebral arteries of patient K., 64 years old. Postoperative control:
a — 3D reconstruction (SSD); b — multiplanar reconstruction (MPR); ¢ — 3D shaded surface display (SSD). 1 — trephination area; 2 — surgery area; 3 — clip

Fig. 4. Computed tomography (CT) of the brain and CT angiography of the intracranial cerebral arteries of patient R., 67 years old: a — brain CT, axial
projection; b — multiplanar reconstruction (MPR); ¢ — 3D shaded surface display (SSD). 1 — intracranial hematoma of the left frontal lobe; 2 — anterior
ethmoidal artery; 3 — ethmoidal dural arteriovenous fistula

Fig. 5. Computed tomography (CT) of the brain and CT angiography of the intracranial cerebral arteries of patient R., 67 years old. Postoperative control:
a — 3D reconstruction; b — multiplanar reconstruction (MPR), ¢ — 3D shaded surface display (SSD). 1 — trephination area; 2 — surgery area; 3 — clip

uneventful, the patient was discharged after 7 days. The CLINICAL CASE 3

postoperative examination data are presented in fig. 5. Male patient Y., 58 years old was admitted to the city
It should be noted that in both presented cases (clinical clinical hospital by an ambulance team. The neurological

cases 1 and 2) the hematoma had a very pathognomonic status at admission was the following: level of consciousness —

location for ruptured eDAVFs — the anterior basal medial sopor (10 points on the Glasgow Coma Scale), pupils D = S,

part of the frontal lobe. smoothing of the left nasolabial fold, left-sided hemiplegia,
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tendon reflexes D >S, Babinski’s sign on the left. During
examination, according to brain CT and CT angiography
of the cerebral intracranial arteries, parenchymatous-
ventricular hemorrhage (the volume of the parenchymatous
part of the hematoma is 40 cm?) and e DAVF on the right were
revealed (Fig. 6).

On an emergency basis (1 hour after the hemorrhage
episode), the decompressive craniotomy was performed in the
right frontal-parietal-temporal region. During removal of the
intracerebral hematoma of the right frontal and parietal lobes,
a repeated rupture of the fistula with intense arterial bleeding
occurred; clipping of the varicose veins with multiple clips was
performed in the absence of clear visualization of the bleeding
source. The hematoma from the right frontal lobe was
completely removed. A ventricular drain was installed in the
anterior horn of the right lateral ventricle (Fig. 7, a).

The patient was in the intensive care unit in the
postoperative period, brain CT was performed in 12 hours after

the operation. (Fig. 7, b). There was no evidence of recurrent
hemorrhage. The patient died on the 8" day due to cerebral
edema and multiple organ failure.

This clinical case shows the difficulties during
management of massive intraoperative bleeding in emergent
surgery. Clipping and/or coagulation of the draining veins
often do not stop the bleeding and, as a rule, it is necessary
to look for a hypertrophied anterior ethmoid artery
(eDAVF).

CLINICAL CASE 4

Male patient C., 43 years old. The patient felt a sharp
headache and nausea on 26.02.2019, against the physical
activity. He was admitted to the primary vascular department,
brain CT revealed the subarachnoid hemorrhage, saccular
aneurysm of the anterior communicating artery (ACoA),
multiple miliary aneurysms of both middle cerebral arteries
and eDAVF without rupture. The endovascular subtotal

Fig. 6. Computed tomography (CT) of the brain and cerebral CT angiography of patient U., 58 years old: a — brain CT, axial projection; b — multiplanar
reconstruction (MPR); ¢ — 3D shaded surface display (SSD). 1 — parenchymal intraventricular hemorrhage; 2 — ethmoidal dural arteriovenous fistula

Fig. 7. Data of patient U., 58 years old: a — intraoperative image: clipping of varicose veins with vascular clips in the absence of clear visualization of the source
of bleeding. 1— clips, 2 — frontal lobe; b — brain CT, axial projection, postoperative control. 1 — area of surgical intervention; 2 — ventricular drain; 3 — clips
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Fig. 8. Cerebral angiography of patient S., 43 years old. 1 — ethmoidal dural arteriovenous fistula; 2 — ascending cortical vein; 3, 4 — anterior cranial fossa
dural arteriovenous fistula in the area of crista galli, totally embolized, no signs of contrast agent filling the fistula

embolization of the anterior communicating artery aneurysm
with microcoils was performed as the I step of treatment. The
postoperative period was uneventful.

The control angiography in 1.5 year revealed the
recanalization of the ACoA aneurysm, miliary aneurysms
of both middle cerebral arteries and eDAVF (without
dynamics). The endovascular treatment of the ACoA saccular
aneurysm with stent assistance was performed followed by the
total transvenous embolization of e DAVF using non-adhesive
composition Squid12 (Fig. §).

The postoperative period was uneventful, the patient was
discharged on the 4" day after the operation.

DISCUSSION

Ethmoidal dural arteriovenous fistulas are considered
an “aggressive” vascular disease due to the high risk
of hemorrhage, which is caused by the anatomical features
of the fistula structure — direct drainage of arterial blood
into the cortical veins bypassing the microcirculatory net
and dural sinuses. In 59 % of cases, the draining vein has
focal varicose veins, which indicates the hemodynamic
overload of the fistula [3, 6, 7].

S. Giannopoulos et al. (2019) indicate that the risk
of bleeding in this vascular anomaly reaches 91 % [8].
According to H. Duffau (1994) and J. M. van Dijk (2004),
repeated hemorrhages occur in 35 % of cases within 2 weeks
after the primary hemorrhage and are accompanied by more
severe consequences than the first hemorrhage. The annual
rate of neurological complications is 15 %, and the annual
mortality is 10.4 % [9, 10].

The routine method of treating e DAVF is microsurgical
disconnection of e DAVF by clipping the anterior ethmoid
artery. According to worldwide literature, the success rate

of microsurgical treatment is very high and ranges from
85 to 100 % [11—14]. However, surgical intervention is
associated with some risks, the frequency of complications
ranges from 0 to 20 %. Complications include cerebrospinal
fluid leakage, meningitis, damage of the frontal lobe and
olfactory nerve [11, 12, 14—16].

Endovascular fistula disconnection can be performed
via transarterial or transvenous approaches. Transarterial
embolization of e DAVF using various adhesive compositions
is a well-known treatment method; the occlusion rate varies
from 12.5t0 63.6 % [11, 12, 17]. However, embolization via
the ophthalmic artery is considered technically challenging
and dangerous due to possible occlusion of the central
retinal artery, which can develop in the case of excessive
glue reflux, migration of glue fragments during the catheter
removal as well as dissection or vascular spasm. T. Robert
and J.M. Abrahams described embolization of eDAVF via
the middle meningeal artery. This approach may be used as
an alternative to embolization via the ophthalmic artery;
however, blood supply of e DAVF via the middle meningeal
artery is rare [15, 18].

Transvenous embolization of ¢eDAVF is a rare
intervention [8, 15, 19—22]. One of the main problems with
the transvenous approach is the difficulty of the
catheterization of the draining vein, which is often tortuous.
According to the literature data, the frequency of occlusions
during transvenous embolization is high, but all patients
in the described cases were carefully selected according
to the criterion of «availability» of venous drainage, so these
results should not be summarized [8, 15, 19, 20, 22].

We suppose that the choice in favor of one or another
treatment method should be made in each clinical case
individually, and the risks and benefits of each procedure
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should be taken into account and discussed with the patient.
Indeed the choice of treatment method will mainly depend
on the anatomical features of the fistula structure, as well
as on the experience of the operating surgeon. The
angiographic architecture of each eDAVF plays an important
role in the prognosis of the disease, especially if the patient
has a complex pathology of the cortical veins, when the risk
of bleeding with any manipulation is extremely high.
Careful preoperative determination of the anatomy and
individual features of the venous drainage of the eDAVF

is crucial for the optimal choice of treatment and achieving
a good surgical outcome.

CONCLUSION

The main method of choice for the treatment
of ruptured eDAVF is the open surgery, and unruptured
ones are treated with endovascular embolization. Patients
suffered from ruptured eDAVF require the immediate
surgical intervention due to the extremely high risk of
rerupture.
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The issues of etiology, pathogenesis, diagnosis and surgical treatment of intradural sequestration of herniated
intervertebral discs are poorly reviewed in the world literature. This pathology occurs in 0.26-0.30 % of cases of all
intervertebral disc herniations. The basis of pathogenesis is scar-adhesive changes in the spinal canal, leading to dense
fusion of the dura mater with the posterior longitudinal ligament and collapse of the ventral epidural space. The
main clinical manifestations are long-term pain in the lumbar spine with possible radicular symptoms. There was also
a high incidence of acute caudal radicular ischemia (29 % of cases). An important factor in the differential diagnosis
of intradural sequestration of intervertebral discs and intradural extramedullar neoplasms are neuroimaging phenomena
(hawk-beak sign, Y-sign, ring enhancement) observed on magnetic resonance imaging in the native mode and with
intravenous contrast enhancement. The correct preoperative diagnosis and, as a result, competent planning of surgical
intervention are the keys to a favorable clinical outcome in this group of patients.

The article describes a clinical case of 55-year-old patient treatment who underwent surgery in 2023 to remove an
intradural sequestration of a herniated intervertebral disc at the L,-L, level. An overview of the world literature is also
presented, and the features of this pathology important for medical practice are discussed.

Keywords: herniated intervertebral disc, intradural sequestration, microsurgical discectomy, cauda equina syndrome

For citation: Nekrasov M.A., Glukhov D.S., Babenkov V.V. et al. Intradural sequestration of a L ~L, herniated intervertebral
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INTRODUCTION

The problems of surgical treatment of intervertebral
disc herniations are the subject of many scientific papers
with sufficient detailed description of tactic and surgical
algorithms. At the same time, intradural sequestration
of intervertebral disc herniations is extremely rare,
occurring in only 0.26—0.30 % of cases [1]. The correct
diagnosis at the preoperative period is established only
in 25 % of cases [2]. The rare occurrence and sporadic
nature of distribution explain the insufficient coverage
of this problem in the world literature. Most publications
are descriptions of clinical cases, there are isolated
systematic reviews of the literature, and the largest series
of clinical observations, published by G. Schisano et al.
in 1995, includes only 9 cases [3]. That indicates the
relevance of this problem, and each published clinical case
is important for studying the characteristics of this
pathology. This article describes a clinical case of a patient
with an intradural herniated L,—L, disc and also provides a
review of current world literature.

CLINICAL CASE

Female patient S., 55 years old, had been suffering from
lumbar pain for 5 years. According to the patient words the
pain radiated along the posterolateral surface of the thigh and
anterolateral surface of the lower tigh for the first time (9 points
by the visual analogue scale (VAS)), numbness in the area
of the 4" and 5" toes of the left foot, and the lumbar
pain increased to the point of unbearable 2 months before
consulting a neurosurgeon. The exacerbation of symptoms led
to limited mobility of the patient as well as to decrease in the
quality of life, and difficulties in self-care. The conservative
therapy included nonsteroidal anti-inflammatory drugs
(NSAIDs), muscle relaxants and the course of vitamin B
complex injections for 3 weeks. During the treatment, the
symptoms persisted, and the patient underwent magnetic
resonance imaging (MRI) of the lumbar spine with contrast
enhancement, which revealed an intradural space-occupying
lesion in the projection of the intervertebral L —~L disc. In the
TI1+C TSE Fat Sat mode, the lesion had an msomtenszve
signal with a peripheral hyperintensive rim (Fig. 1). to clarify
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Fig. 1. Lumbar magnetic resonance imaging of patient: a — T1 weighted image: an isointensive intradural formation is visualized (white arrow); b—d — T1+C
TSE Fat Sat mode: an intradural isointensive volumetric formation with a ring-shaped accumulation of contrast along the periphery, the phenomenon of “ring

enhancement” (yellow arrows) is visualized

the diagnosis, the patient underwent computed tomography
(CT) of the lumbar spine, in which the lesion looked isodense;
no signs of petrification were found (Fig. 2).

The neurological status showed the depression of tendon
reflexes in the left leg, hypoesthesia along the S, dermatome,
and hyperesthesia along the L .dermatome on the left. When
discussing the clinical features and neuroimaging data
at a council of leading neurosurgeons, specialists suggested
a tumor genesis of the disease (meningioma). They also did not
exclude the presence of hernial sequestration. In order
to relieve lumbar ischialgia syndrome resistant to drug therapy
and prevent the development of irreversible neurological
deficit, the patient underwent surgery.

Using a microscope and a high-speed drill, the spinal canal
was opened interlaminar by means o interhemilaminectomy and
medial facetectomy at the L —L, level on the lefi, and a tense,
thinned dural sac was visualized, through the walls of which
transit roots were traced, and a transmitted pulsation was
determined. At the level of the L —L ,disc, there was an epidural

cuff-shaped constriction of the dural sac by a cloudy-white color
dense structure. Medial displacement of the dural sac was
impossible due to its ventral fixation to the posterior longitudinal
ligament. The dura mater (DMA) was opened linearly
within of 3 cm. Clear, transparent cerebrospinal fluid was
obtained. A circular thickening of the arachnoid membrane
of a cloudy-white color was found, embracing the roots
and forming the adhesions to them with the formation
of an encapsulated cavity. In the center of this cavity, a dense
elastic white formation on a wide base was determined ventrally,
fixed to the inner layer of the dura mater, penetrating between
the roots and forming the adhesions to them (Fig. 3, a, b).
The radiculolysis and mobilization of dural sac were performed.
The ventral surface of the dura mater was divided into layers with
total removal of the formation and the walls of the arachnoid
cavity (Fig. 3, c).

As a result, dura mater defect sized 7 x 4 mm was formed
on the anterolateral surface of the dural sac, which could not
be sutured due to degeneration and weakness of the dura
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Fig. 2. Lumbar spine CT-scan. In the projection of the intervertebral disc
L —L,(white arrow), an isodense volumetric formation (66 Hounsfield units)
is visualized in the spinal canal, similar in density to the tissues of the
intervertebral disc (66 Hounsfield units) (yellow arrow)

mater. The incision on the dorsal surface of the dura mater was
sutured continuously with atraumatic 5/0 monofilament
thread. The defect on the anterolateral surface of the dural sac
was epidurally patched with a hemostatic sponge and fibrin-
thrombin glue. A lumbar drainage was placed to sanitize the
cerebrospinal fluid and prevent wound liquorrhea. The
samples of fragments of the thickened arachnoid and the
masses were sent for histological examination.

On the first postoperative day, Sol. Tramadoli 50 mg/ml —
2 ml were administered twice to relieve pain in the area of the
postoperative wound. The administration of NSAIDs (no more
than 2 times a day) was performed up to the fourth
postoperative day. The patient was verticalized in a semi-rigid
lumbar orthosis on the third postoperative day. As the
cerebrospinal fluid cleared, the lumbar drainage was removed
on the third day. The wound healed by primary intention.

By the time of discharge, complete relief of previously
existing symptoms was noted, pain syndrome regressed (0 points
by VAS), sensitivity in the left leg was completely restored.

The results of histological examination revealed the
fragments of mature connective tissue in the sample,
represented by loose fibrous stroma with pronounced extensive
zones of fibrosis, inclusions of cartilaginous and bone tissue,
vessels, and diffuse, scanty lymphocytic infiltration. No atypical
cells were found (Fig. 4).

During the immunohistochemical study using monoclonal
antibodies, the expression of CD34 on the membranes
of the vascular endothelium, cytoplasmic staining of single

Fig. 3. Intraoperative images: a, b — an intradural volumetric lesion adherent
to the passing nerve roots (white arrows); passing nerve roots (yellow arrows);
¢ — the cavity after removal of the intradural volumetric lesion (white arrow);
passing nerve roots (yellow arrows)

reticular cells of the stroma with the CONFIRM anti-S10
antibody were determined. Stromal fibroblasts with the expression
of Beta-Catenin in the cytoplasm of cells with atypical
morphology and the expression of NSE, GFAP, Calretinin,
Anti- EMA were not detected.

Thus, the final diagnosis was established as intervertebral
L —~L,disc herniation with intradural sequestration.

The patient was discharged from the hospital
in satisfactory condition on the 9" day after the operation.
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Fig. 4. Histological examination: a — fragments of mature connective tissue represented by a loose fibrous stroma with fibrosis zones, inclusions of cartilage
and bone tissue, diffuse lymphocytic infiltration; b — neovascularization in the structure of connective tissue

DISCUSSION

Intradural sequestration is an extremely rare
manifestation of spineal degenerative-dystrophic changes,
occurring in 0.26—0.30 % of cases of intervertebral disc
herniation [1]. In 92 % of cases, intradural intervertebral
disc herniation occurs in the lumbar spine, while in the
thoracic and cervical spine the incidence is 5 and 3 %,
respectively [4]. The most frequently affected level is L.—L, —
in 55 % of cases, L,—L,— in 16 % of cases, and L,—S, —
in 10 % of cases. At the same time, the levels L,—L, and
L,—L, are extremely rarely involved [5].

The first clinical case of intradural sequestration at the
lumbar level was described by W.E. Dandy in 1942 [6]. At
present, the pathogenesis of intradural sequestration
of intervertebral disc herniations has not been fully studied.
The ventral epidural space usually acts as a buffer, reducing
the degree of traumatic impact on the dura mater that
occurs during the process of sequestration of the
intervertebral disc herniation, thereby preventing the
entering of the hernial fragment into the subdural space [7].

It is believed that an important pathogenetic factor is
the pronounced adhesion of the ventral surface of the dura
mater to the surface of the fibrous ring and the posterior
longitudinal ligament, which leads to the collapse of the
ventral epidural space. These changes may be the result
of chronic aseptic inflammation in response to the
formation of a herniated disc, previous trauma, or previous
surgery at the involved level.

Thus, with an increase in intradiscal pressure as a result
of various provoking factors, a breakthrough of the hernial
sequestrum occurs through the fibrous ring, the posterior
longitudinal ligament and the dura mater, which is tightly
fused with them [8—11]. Also, a significant background may
be the thinning of the dura mater in case of congenital or
progressive acquired stenosis of the spinal canal [7]. As a

result of intradural sequestration, the hernia can be located
both in intradural and intraradicular spaces [12].

The most common clinical manifestations are long-
term pain in the lumbar spine and mono-/polyradicular
symptoms in the form of pain, numbness, muscle
weakness in the lower extremities. In a large number
of cases (29 %) against the chronic pain syndrome, the
patient»s condition sharply worsens with the development
of cauda equina syndrome, whereas intracanal space-
occupying lesions are typically presented with a torpid
development of symptoms [13].

A rare manifestation of the disease is the syndrome
of intracranial hypotension due to intracanal liquorrhea,
which is more often recorded when the hernia is localized
in the thoracic spine [2]. An accurate diagnosis is extremely
rarely established in the preoperative period; in 75 %
of cases, the correct diagnosis is established intraoperatively
or based on the results of a postoperative histological
examination [2].

In addition to the clinical features, various neuroimaging
methods are important for diagnosis. It is often difficult
to differentiate intradural sequestration from intradural
extramedullary neoplasms such as schwannoma,
neurofibroma, meningioma, epidermoid cyst, and secondary
space-occupying lesions. Lumbar spine CT can be useful
for differential diagnosis. The presence of an intradural
extramedullary space-occupying lesion with a density
similar to that of intervertebral disc tissues, without the
tumor-like accumulation of contrast suggests the presence
of hernial sequestration [13].

There are also reports that the presence of gas in the
spinal canal in the area of interest can be an important
diagnostic sign in CT [14]. When performing MRI,
a characteristic sign is the “hawk-beak sign”, which is the
presence of an intracanal substrate in the projection of the
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intervertebral disc that has a triangular shape with the apex
directed toward the ventral surface of the dura mater and
has a mass effect that is most clearly visualized on
T2-weighted images [5]. Also, in the T2 mode, one can
observe the “halo sign” in the form of an isointensive strip
of cerebrospinal fluid, surrounding the surface of the hernial
protrusion in a ring-shaped manner, and the “Y-sign” —
in the form of a Y-shaped separation of the arachnoid and
dura mater on sagittal MRI sections [15, 16].

Lumbar spine magnetic resonance imaging with contrast
enhancement provides more additional information [7].
Intradural hernial sequestration is characterized by the
presence of peripheral contrast enhancement on T1-weighted
images (ring enhancement), which distinguishes it from
other formations included in the differential diagnostic
algorithm [2, 13, 17].

Not all of the described radiological features may be
present in a particular patient. In the presented case, the
key neuroimaging parameter that allowed establishing the
correct diagnosis was the characteristic pattern of contrast
agent accumulation by the mass during MRI (see Fig. 2).

Surgery is the primary treatment option for patients
with this pathology. Careful preoperative diagnostics and
surgical planning are the keys to a favorable outcome.
If intradural sequestration of a herniated disc is suspected,
a thorough revision of both the epidural and subdural spaces
is mandatory for identifying the completely removal of all

fragments of the hernial sequestration to avoid the revision
surgery. Ultrasonography is a useful method of
intraoperative diagnostics, allowing the operating surgeon
to visualize the intradural component of the hernia before
performing a durotomy [18].

An important aspect of the operation is the careful

closure of the dura mater defects. The literature describes
the direct suturing of the dura mater as well as the use

of

autofat, automuscles, and the use of adhesive

compositions, artificial dura mater grafts for additional
sealing [7]. In our case, in order to prevent wound
liquorrhea, the lumbar drainage system was placed.

CONCLUSION
In conclusion, intervertebral disc herniation with

intradural sequestration is a rare and difficult pathology
to diagnose. The basis for successful treatment of this group
of patients is careful preoperative diagnostics, but the
correct diagnosis cannot always be made in the preoperative
period. The differential diagnostics between intervertebral
disc herniation and various neoplasms is important.
Features of the clinical course in combination with
characteristic signs according to MRI and CT of the lumbar
spine in native mode and with the use of contrast
enhancement allow us to assume the correct diagnosis and
plan all stages of surgical treatment, which ultimately has a
positive effect on the clinical outcome.
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CoBpeMeHHas uHTEpHnperanusa Kiaccupuranum
MoBpesRIeHull nepupepniecKnx HEPBOB

A.W. TIaiisoponckuii, JI.B. Csucros, /I. M. Ucaes, JI.W. Yypukos, b. B. Kum-Cranmitayk
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KoHTaKThI:

Ixamanyauu Maromegpacynosuy Vcaes isaev.neuro@mail.ru

Bonpoc cuctematusanum pasnnyHbix hopm NoBpexaeHuit nepucdepuyeckux HEPBOB Mo Ceil iEeHb 0CTAeTCA AUCKyTabenb-
HbiM. OTCYTCTBME COBPEMEHHOI efuHOl KnaccutuKkalumy, BKIKOYalOLWeNn aHaToMo-Tonorpaduyeckyio, MophodyHKLMO-
HaNbHYI0 M KAMHWYECKYIO COCTaBNAIWME, CONPOBOXAAETCA 3aTPyAHEHUAMYU NpK HOPMYNMPOBKE AMArHo3a y Bpavei
CMEXHbIX CMeLuanbHOCTel, YTO B NOCAEAYIOWEM NPUBOANT K TPYAHOCTAM B PelleHn 3KCNepTHLIX U HOPMAaTUBHO-NPaBo-
BbIX BONPOCOB. [pUHATAsA Ha CEroAHAWHMIA fieHb B HaWeN cTpaHe paboyas KNMHUYECKan KnaccuduKkaLus NoBpexaeHni
nepucepuyeckux HepeoB paspabotaHa coBeTckumu ydeHoimu A.H. ConomuHeim (1975 r.), K.A. Tpuroposuyem (1981 r.)
u pononHeHa npod. ®.C. loBeHbko (2010 r.). Kak n pa3paboTaHHble paHee, AaHHasA knaccuduKaLms He ABNAETCA UCYep-
NbiBaOLWENA U MMeeT NPOTUBOPEYMs, CBA3aHHbIE C COBPEMEHHOW MHTepnpeTauuei npeanaraembix TepmuHoB. OcTaercs
OTKPbITbIM BONPOC NPUMEHUMOCTM JAHHOI KnaccubuKaumum v y nauneHTos ¢ 60eBoil TPaBMOM, YTO CTAHOBUTCA 0COOEHHO
aKTyaibHbIM B YCNIOBUAX TEKYLMX BOEHHbIX KOHPANKTOB. B AaHHOI cTaTbe aBTOPbI NpeanaraloT CBOe BUAEHWE COBPEMEH-
HOW Knaccudukaumm noBpexaeHnii nepucdepmyeckux HEPBOB Ha OCHOBE YXKe CYLIECTBYIOWNX B Hafexae Ha To, UTo ee
npUMEHeHne NOMOXET PellnTb PAL TEPMUHOAOTMYECKUX Pa3Hormacu.

Kniouesble cnoBa: nepwd)epmquKme HEepBbl, TPaBMa HEPBOB, KﬂaCCVI(bI/IKaLI,VIﬂ ﬂOBPE)Kﬂ,eHI/IVI HepBa, NOCTaHOBKA aguar-
HO34a, TAKTUKa nevYeHunsa, MexagyHapoaHasa KﬂaCCVICIJVIKaLlI/Iﬂ

IAna uutupoBanus: faitBopoHckuit A.W., Ceuctos [1.B., Ucaes [1.M. u gp. CoBpemeHHas uHTepnpeTaums knaccubukaLmu
nospexaeHuit nepudepuyeckux Hepeos. Helipoxupyprus 2025;27(1):106-11.
DOI: https://doi.org/10.24412/2587-7569-2025-1-106-111

Current interpretation of the classification of peripheral nerve injuries
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The issue of systematizing various forms of damage to peripheral nerves remains controversial topic to this day. The lack
of a modern unified classification which includes anatomical, morphofunctional and clinical components is accompanied
by difficulties in formulating a diagnosis for physicians of related specialties which subsequently leads to difficulties
in resolving expert and regulatory issues. The current working clinical classification of peripheral nerve injuries accepted
in our country was developed by Soviet scientists A.N. Solomin (1975), K.A. Grigorovich (1981) and supplemented
by prof. F.S. Govenko (2010). Like those developed earlier this classification is not exhaustive and has contradictions
in the modern interpretation of the proposed terms. The question of the applicability of this classification in patients
with combat trauma remains open which becomes especially relevant in the context of current military conflicts. In this
article the authors offer their vision of the modern classification of peripheral nerve injuries based on existing ones
in the hope that it will help resolve a number of terminological disagreements.

Keywords: peripheral nerves, nerve injury, classification of nerve injuries, diagnosis, treatment tactics, international
classification
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BBEJIEHUE

ITo nanHbIM MUTEpPaTyphbl, B Poccuu exeronHo peru-
ctpupyiot ot 150 Teic. 1o 700 THIC. cay4yaeB ITOBPEXIeHUI
nepudepndecknx HepBoB [1]. B HacTosee BpeMsI akTy-
aJIbHBIM CTAHOBUTCSI BOIIPOC B3PBIBHOTO pOCTa 4yucia
TpaBM HEPBOB BCJIEICTBUE BEAECHUST OOEBBIX AEUCTBUI.
TpaBMaTtuyeckasi HeBpOIaTusl 3aHUMAET OJHO 13 MEePBbIX
MECT B CTPYKTYp€ TPaBMaTUYECKHUX MOBPEXIECHU MO CTe-
TIEHU YyTpaThl TPYAOCIIOCOOHOCTH [2], 4YTO 00YCIOBIMBAET
HEOO0XOAMMOCTb MPOBENEHUS MEIUKO-COLUATbHBIX KO-
MUCCHI, paboTa KOTOPbIX OCHOBaHA Ha BCECTOPOHHEM
U3YYEHUM KIMHUYECKUX MPOSBIEHUI I MEAULIMHCKOM
3aKJIIOYEHUHN O 3a00JieBaHUU TalueHTa. JluarHos, Kak
MpPaBUJIO, BKIIOYAET CBENEHUSI 00 OCHOBHOM M COMYTCTBY-
011X 3200JIEBAHMSIX UM COCTOSTHMSIX, @ TAKKE 00 OCTI0XK-
HeHUsIX. BaxkHyro poiib B (pOpMyIUpOBKE TUArHO3a UTPAeT
TOYHOCTb OMpPENEICHUI, YTO BIUSIET HA TAKTUKY JICUSHUS
mareHToB [3]. Bee 310, B ¢BOO 04Yepenb, IUKTYeT HE0O0-
XOIMMOCTB YHU(DUKAITIH SI3BIKA OITMCAHMST (DOPM ITOBPEXIe-
Huit nepudepudeckux HepBoB. [Ipu 3TOM LienbIO 000
KIaccU(pUKALINY CIIPaBEIJINBO CINTATh €€ MPAKTUIECKYIO
MPUMEHUMOCTb, @ HE TOMBITKY OMKUCATh U MEPEYNCIUTD
BC€ BCTpeyvalliuecss HabmoaeHus. Borpoc o eauHoi
KJIacCU(UKAIIUY BCTACT W TP OIMMMCAHUN SIUACMUOJIO-
TMYECKUX JAHHBIX, aHAJIKU3€ JUTepaTypbl U HaMMCAHUU
Hay4YHbIX TPYIOB.

Ilo manHbeIM Acconumanuu Helipoxupypros Poccun,
Ha CEeroAHSIIHUN AeHb B Halllel CTpaHE HE CYILECTBYET
eIMHON KiIaccuuKauny nmopaxxeHWil mepudepudeckoit
HepBHOM cucTeMsl [4]. PopMUpoBaHUE U IPUHSTHEC SIM-
HO# KJTacCU(PUKAIINK TTO3BOJIUT M30eKaTh IPOOIIEMHBIX
BOIPOCOB MPHU PEILIEHUU COLMATbHO-2KOHOMUYECKUX,
IOPUANYECKMX Y TTPaBOBbLIX 3a1a4. [ToMuMo aToro, enuHas
KJTacCUDUKAIIS TTO3BOIUT UCKITIOUNUTH PA3HOTIACHS MEXK-
Iy BpayaMu pas3jvMyHbIX cielMaibHOCTEW. Mbl cuuTaem
HEOoOXOAUMBbIM MTOAYEPKHYTh, UTO B MOJIHOW MEpe 0CO3Ha-
€M CJIOXKHOCTb 3a/1a4M CO3AaHUsI YHUBEPCATIbHOM KJIaCCH-
¢uKanmM, KOTopas Morjia Obl IIOJTHOCTHIO YIOBIETBOPUTD
HayyHO€ U KJIMHMYECKOE COOOIIECTBO, OJHAKO JaHHas
paboTa MOXKET pacCMaTpUBAThCSI KaK OUePEIHOM 11ar B pe-
lIeHUM 3Toi 3amauyu. I[lpakThyeckasi IpUMEHUMOCTb
npenjiaraéMblX HaMu HEOOJbIIUX U3BMEHEHUI B CYLIECT-
BYIOIIIME KIacCu(pUKaIliy Obljia OlICHeHA B BOCHHO-MEIM -
IIMHCKUX OpraHMU3alMsIX 3a MmociaeaHue 2,5 roma. B ¢op-
MYJMPOBKAaxX AMArHO30B B HAIEM M TMOAYMHEHHBIX
Moapa3AesIeHUsIX MCIOJAb30BaJUCh HOBBIE TEPMMUHBI.
I1pu npoBeneHU BOEHHO-BpaYyeOHbIX KOMUCCUM U Me-
KO-COLMAJIbHOM B3KCHepTU3bl HYW OJHOTO 3aMedyaHus
OT Bpayeii-3KCnepToB HE ObUIO MOJIYYEHO.
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PAHHUE RIIACCU®PUNRALINI
OmnHoI U3 TIEPBBIX, MOJTYINBIINX ITPU3HAHNE, SIBJISICT-

cs Kiaccudukauus, npeaioxeHHas: B cepearde XX B.
anrmiickuM optoreaoM [epoeprom Cammornom (H.J. Sed-
don, 1942) [5] 1 ocHOBaHHAast HAa MOPHDOGYHKIINOHATIBLHOM
OILICHKE ITOBPEXIeHMIT HepBa (puc. 1):

HeBpanpakcus (arpakcus — 0e30eiicTBre) — BpeMeH-
HbIii 6JIOK TPOBEAEHUSI UMITYJIbCA IO HEPBHOMY CTBO-
JIy TIp¥ MUHUMAJIBHBIX aHATOMUYECKUX N3MEHEHUSIX
HEpBa;

aKCOHOTME3NC (TME3UC — pa3pes, pacceueHne) — pas-
pYyIIIeHIE aKCOHOB HepBa ¢ MUHMMAJILHBIM ITOBPEXKIE-
HUEM ero 000JI0UEK M COXpaHEHNEM aHATOMUIECKOM
HEIIPEPBIBHOCTA HEPBHOTO CTBOJIA;

HEBPOTME3UC — ITOJHBI aHATOMUWYECKUI ITepephiB
HepBa.

B 1951 1. aBcTpanmiickuii ydeHbIH, OMUH U3 yIPeInUTe -

Jieii ABCTpaIuiicKoil akageMuU HayK 1 JIeKaH MEIULIH-
cKoro (paxkynabreTa MeabOYpHCKOTO YHUBEPCHUTETA CIP
Cupneit CanpepiasHn (S. Sunderland) Beimenwn 3 BapuaH-
Ta akcoHOTMe3nca. Ha ocHoBaHMYM 3TOTO OBLIO OIpeesie-
HO 5 TUIOB MoBpexXxaeHus HepBa (puc. 2) [6]:

THII 1: HeBpampakcus;

THII 2: aKCOHOTME3HC, 000JIOYKY HEPBa MHTAKTHHI,
THIIT 3: aKCOHOTME3NC, Pa3phlB 3HIOHEBPUS;

THII 4: aKCOHOTME3NC, Pa3phIB IIEPUHEBPHS;

THIT 5: HEBPOTME3HC.

B ocHOBe cyIecTBYIOIINX B HAIIIEH CTpaHe Kilaccudu-

Kamuii TTOBpeXIeHN TeprudepunIecKUX HEPBOB JEKUT
pabora A.H. Conomuna (1975 ), monoHeHHAsI BeInJaii-
IIM COBETCKMM HEHPOXMUPYPTOM U aHATOMOM Mpodecco-
poM K.A. Ipuroposuuem (1981 r.). B 0606116 HHOM BHIE
UX KJacCU(UKAIUN MOXHO IPEICTaBUTD CIIECIYIOIINM
obOpasom [7-9]:

1. ITo xapakTepy noBpexKaeHUsI HepBa:

* 3aKpbIThIE (COTpsSICEHKE, YIINO, CAABIeHE, BEIBUX,
paspylieHue);
* OTKpPBITHIE:
— OrHeCTpeibHbIe (ITyJIeBble, OCKOJOUHbIE U OP.);
— HEOTHECTpeJIbHbIe (KOJIOThbIE, pe3aHble, YIIMO-
JICHHBIE U 1p.).

11. I'lo noxanu3auuy NOBPEXACHUS:

* IIeifHOe CIICTCHHE;

* TUIEYEBOE CIUICTCHMUE,

* HEPBHI BEPXHNX KOHCUHOCTEIA;
* TOSICHUYHOE CIICTCHMUE;

* HEPBBI HIDKHUX KOHEYHOCTE.

II1. TTo (popme U cTerieHN TTOBPEXICHUS HEPBA:

* COTpSICCHUE;

6

Puc. 1. Cxema mopgonoeuneckoii kapmunwt nogpexcoenus nepea no H.J. Seddon: a — neepanpaicus; 6 — akconommesuc; 8 — He8pOMMe3UC

Fig. 1. Diagram of morphology of nerve injury per H.J. Seddon: a — neuropraxia; 6 — axonotmesis; 6 — neurotmesis
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Puc. 2. Cxema nospesxcoenus nepsa no S. Sunderland: a — neepanpaxcus; 6 — akcoHommesuc, 000104KU HEP8a UHMAKMHbL, 8 — AKCOHOMME3UC, PA3Pbie
9HOOHeBPUsl; 2 — AKCOHOMME3UC, PA3Pblé NepuHespus; 0 — He8POMMe3UcC

Fig. 2. Diagram of nerve injury per S. Sunderland: a — neuropraxia; 6 — axonotmesis, nerve sheaths are intact; 6 — axonotmesis, endoneurium breakage;
e — axonotmesis, perineurium breakage; 0 — neurotmesis

* ymuo0;

) Patoyas KinHnyecKas KJiaccupuKamust
* CHaBJICHUC, NOBpeXKIeHHii HePBOB*
* Tpakiusi;

* YaCTUYHBIN IIEpephIB HEPBA;

o 2. 3aKpBbIThIE:
* TIOJIHBII TEpephIB HEPBA.

* U3onupoBaHHbIE

1. OTKpBITHIE (PaHEHUS):
* M3onupoBaHHBIe (pe3aHbIe,

IV. CouetaHHbIE 1 KOMOMHUPOBAHHbBIE TOBPEKACHMSI:

* COUYETAHMSI C TIOBPEXKICHUSIMHU COCYIOB, KOCTEH,
CYXOXXWJINI, MACCUBHBIM Pa3MO3XXEeHHUEM MBIIIII;

* KOMOMHAIIMS C OXXKOTaM1, OOMOPOKEHUEM,, XUMIIe-
CKMM TIOPaXXCHUEM U JIP.

V. SITporeHHbBIC MMOBPEXICHMST BCICACTBAE HEIIPABIIb-
HBIX ACHCTBUI TIPU OIEPALINSAX W PAa3TUIHBIX MEIH-
LIMHCKMX TIPOIIeIypax.

VI. Ilepuonsl B Te4EHUU TTIOBPEXICHUI HEPBOB:

* OCTpHIi (TIepBEIe 3 HEll TIOC/Ie TPaBMBI): NICTUHHOE
HapyIieHne GyHKIIUI HESICHO;

* paHHWMi1 (0T 3 Hex 00 2—3 Mec): BBISIBIISIETCS] ICTHH-
HBII XapaKTep IMOBPEXICHNUS HEPBa, a IIPU COTpsIce-
HUU B OOJIBITUHCTBE CIIy4aeB IIPOMCXOIUT ITOJTHOE
BOCCTaHOBJICHME (DYHKIIHIA;

* MIPOMEXYTOYHBII (IOAOCTPHIi) — OT 2—3 10 6 Mec:
BBISIBJISTIOTCSI OTYCT/IMBbIC IIPU3HAKY BOCCTAHOBJICHUS
¢yHKIIMIT HepBa (TIpU 00PATUMBIX U3MEHEHUSIX);

* mo3nHui (0T 6 Mec 10 3—5 JIeT): MPOUCXOAUT Me -
JICHHasl pereHepalms HepBa, B YaCTHOCTH IIOCTIE
OIIepaTUBHOTO BMEIIIATE/IHCTBA;

* OTHAJICHHBIA (pe3umyanbHBIN) — ¢ 3—5 JIeT Tmocie
TpaBMbI. JlanbHelilee BOCCTaHOBICHUE (DYHKITUIA
HepBa HEBO3MOXHO.

KomnekTuB aBTOpoB — HEeBpoJIOroB BoeHHO-Memm-
mmHcKoi akamemnn uM. C. M. Kuposa (I'A. AKUMOB 1 co-
aBT. (DOITOJTHIUIM 3Ty KiacCH(UKALINIO, BKIIOUMB B Hee
pa3IMYHbIC BapUaHTHl (DYHKIIMOHAJIBHBIX PACCTPOMCTB
[10]. TMocnennne n3meHenus 66U BHeceHBl D.C. To-
BeHbKO B 2010 I. 1 mpencTaBieHbI B BUIE padbodeil KITMHU-
YeCcKOM KilacCu(PUKaIMU TOBPEXKICHNI HEPBOB, MCITOJIb-
3yeMoOl B HacTosiiee Bpems (cMm. Huke) [11].

B MexnyHaponHoii kilaccudukauum 0Ooae3Heit
1 TIpo0JIeM, CBSI3aHHBIX CO 3M0pOoBbeM, 10-To ImepecMoTpa
MTOBPEXACHUS TIepru(PepUIeCKIX HEPBOB KJIACCUDUIIIPY-
IOTCS B pazfesie «TpaBMbD» (S) TOIBKO IT0 TOIOrpahnIecKoMy
MIPUHIINITY, B 3aBUCHMOCTH OT ITOCTPaIaBIIIeif O0JIACTH Tea.
B parHeM, mpoMeXKyTOYHOM, TTO3MTHEM M OTIAJICHHOM IIe-
pYoIax mocjie TpPaBMbl OHM PacCMaTPUBAIOTCsI KaK HEBPOIIa-
TUH COOTBeTCTBYIOMmIEH JTokamm3aimu (G). Kak B pycckoid,

pyOJaeHbie, yuInOIeHHbIE,
YKYILIEHHbIE, pPBaHbIE,

(cotpsicenue, yuuo,
CHaBJICHHE, PACTsIKe-

Pa3MO3KEHHEBIE, OTHECTPEIb-
HbIE, OXKOTOBBIE)
» CoueTaHHbIE

HUe/TpaKIiIys)
* CoueTaHHbIE
C MOBPEXICHHUEM:

C TIOBPEXIACHUAMU: — KocTel

— CYXOXUJIAN — CYCTaBOB

— KocTen — COCyZIOB

— CyCTaBOB — MSTKHX TKaHEH
— COCYyIOB Closed:

— C OOLIMPHBIM I[e(beKTOM « Isolated (concussion,
— MSITKUX TKaHel bruise, compression,

sprain/traction)
* In combination
with injuries of the:

Open (wounds):
« Isolated (cut, chopped, contused,
bitten, avulsion, crushed, gunshot,

burn) — bones
* In combination with injuries of the: — joints
— tendons — vessels
— bones — soft tissues
— joints

— vessels
— with large defects of the soft tissues

3. CoueTaHHBIE TTOBPEXACHUSI HEPBOB C IPYTMMU CETMEHTa~
MM TeJia (ToJoBa, rpylb, XKUBOT, Ta3)
Injuries of the nerves in combination with other segments
of the body (head, chest, abdomen, pelvis)

4. KoMOMHUpOBaHHbBIE MOBPEXICHMSI HEPBOB:
* C OTPABJIAIOLINMU BELIECTBAMU
* IOHU3UPYIOIIEH pagualmein
Combination of nerve injury with:
* poisons
* ionizing radiation
5. Mimemuyeckue u KOMIIPECCUMOHHO-UIIEMNYECCKUE
MOpaXKEHUS
Ischemic and ischemic compression injuries
6. STporeHHbIE MOBPEXIEHUS
Iatrogenic injuries

*[lo dannom [11].
*According [11].

TaK ¥ B aHTJIMICKOM pemakuny JaHHOI KiaccupuKauuy
MPUCYTCTBYIOT MOApa3nesibl, KOAUpYoliue 3a00eBaHus
HECYIIECTBYIOIIMX C AaHATOMUYECKON TOUKU 3pEHUSI He-
pBOB, Takne Kak G57.3 — mopaxkeHre GOKOBOTO MOJKO-
JieHHoro HepBa, G57.4 — mopaXXeHue CpeTMHHOTO TTOIKO-
JIEHHOTO HepBa [12].
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B pykoBonctse «ITommrpaBma» (2008) E.K. [ymaneH-
ko u B.K. Ko3110B npenioxuim cieayolee orpeacacHue:
«COYETaHHBIC TPABMBI — 3TO TPaBMBI, IIPH KOTOPBIX ITO-
BpeXIEHMS JIOKATM30BaHbI B HECKOJIBKMX aHATOMIYECKIX
00J1aCTSIX Tejla», MPU 3TOM BbIAEIEHbI 6 aHATOMUYECKUX
obiacTeil — royosa, Tpyab, XUBOT, Ta3, IIO3BOHOYHUK,
koHeyHocTH [13]. [To HaleMy MHEHMIO, CYIIECTBYIOLINE
OTEYeCTBeHHBIC KJIaCCU(DUKALINI OBPEXICHII Tieprude-
PUYECKHUX HEPBOB MMEIOT IIPOTUBOPEUNE C OCHOBOITOIA-
raloueil TePMUHOJIOTUEH TPaBMATOJIOTUA U BOCHHO-TIO-
JICBOU XUPYPIruu.

B coBpeMeHHBIX BOGHHBIX KOH(DJIMKTAX 4aCTOTa COUe-
TaHHbBIX paHeHUI cocTaBisteT 22 %, MHOXECTBEHHBIX (He-
CKOJIbKO TMOBpEXAEHUN B Mpeaenaax 1 aHaToOMUuYecKou
obnactu) — 13 %, nsonupoBaHHbIX — 65 %. B cTpykType
CaHWTAPHBIX ITOTEPh MPEBAMPYIOT PAaHEHUSI KOHEYHO-
CTei, KOTOPBIE COCTABJISTIOT a0COIIOTHOE OOJIBITMHCTBO
6oeBbIX xupyprudyeckux tpasM (53 %) [14, 15]. B ume-
foIIMXCsl KaacCU(UKAIMSIX TOBPEeXIeHUH Tiepudepudec-
KUX HEPBOB COUYETAHHBIMU TAKKE SBIISIIOTCSI OMHOMOMEHT-
HBIC TTOBPEXICHMUS HEPBOB C KOCTSIMU, CYXOXWIMSIMH,
cocynaMH 1 TIp. g ycTpaHeHUs IPOTUBOPEYHSI C 00IIIe-
MIPUHSITON TEPMUHOJIOTHEH B TIOCIETHEM CIIydae IIeIeco-
00pa3HO 3aMEHUTDH CJIOBO «COYETaHHBIE» Ha CUHOHUM,
HaIlpUMep «KOOTICPHUPOBAHHEIC».

KomrpeccroHHO-HIIIeMIYecKrie HEBPOIaTHH B 00JIb-
IIMHCTBE CIyYacB BOZHUKAIOT BCJICACTBAE XPOHMYECKOTO
JIeTeHEePaTUBHOTO MPOIIecca B OKPYKAIOIINX HEPB TKaHSIX
W TIPEICTABISIOT COOOM OTHENBHYI0 HO30JIOTHIECKYIO
dopmy. BkitroueHue ux B KjacCU(pUKALIMIO TTOBPEXKAeHU
HEepBOB, Ha HAIIl B3IJISI, TPeOYeT IIOBTOPHOTO TIEPeCMOTpA.
B xnaccudukaimm merecooopa3Ho 0TOOPa3UTh JIUIIH Te
CJIy9au, B KOTOPBIX HapylleHne (PYHKIIMU HepBa 00YCII0B-
JICHO €T0 CHaBJICHUEeM WHOPOIHBIM TeJI0M (paHSIIIIUIA CHA-
PsII, OTIIOMKHU KOCTEH) MJTM KOMIIPECCHEH ¢ OTHOCUTEIIBHO
OCTPBIM pa3BUTHEM CUMIITOMATHKH IOpakeHUS HepBa.
3mech XKe CTOUT YIIOMSIHYTh 1 CJTyJau SITPOTEHUM, CBSI3aH-
HBbIE ¢ HEIIPAaBUJILHBIMU IEUCTBUSIMHA TP UMMOOMIN3a-
MY KOHEYHOCTH WM HAJOXEHUU TeMOCTaTUYECKOIO
XTyTa U TIp. (SITPOTeHUSI IIPU OTIePAIIUH ).

[Tpu oncaHnM JIOKAIU3AIINH TTOBPEXKICHUS CIIEIYeT
VUHUTBIBATh U HaOOmaeMble (DyHKIIMOHAJIbHBIC HapyIIIe-
Hus1. OlleHKa (hyHKIIMOHAIBHBIX HApPYIIIEHMI TOJKHA OBITH
OCHOBaHa Ha JJaHHBIX Pe3YJIBTaTOB 3JIEKTPOHEHpOMUOTpa-
¢umn, sneKkTpoHeiiporpadrn 1 KIMHNIECKOTO, B TOM UH-
clie HeBPOJIOTHIECKOro, ocMoTpa. I[lomumo yKazaHms,
KaKOIf HEITOCPEICTBEHHO MOBPEXKICH CTBOJI, CIICAYET YKa-
3bIBaTh 1 YPOBEHB ITOBPEXIACHMS, NCXOSI M3 aHATOMUYE-
ckoii oonactu. IToaHbBIM aHATOMUYECKUI MepephIB, Ha-
IIpuMep, CPEIMHHOTO HEPBa B BEpXHEH TpeTH IUeda 1 Ha
YPOBHE JIy4e3aIisICTHOTO CyCTaBa — 3TO JIBE CYIIECTBEHHO
OTJIMYAIOIINECS IPYT OT Ipyra Mo (DYHKIIMOHATEHOMY Je-
¢unuty matomornu. OuLeHKa mMaToMop@OIOoTHYeCKUX
W3MEHEHU, OCHOBaHHAs Ha JaHHBIX HEMPOBU3YyaTN3aIlH-
OHHBIX METOIOB JUATHOCTUKU (YJIBTPa3ByKOBOE MCCIIECIO-
BaHME HepBa, MAarHUTHO-pe30HAHCHAs Helporpadus),

Russian Journal of Neurosurgery

B COBOKYITHOCTH C OIICHKOM (PYHKIIMOHAJTBHOTO ACDUIIH-
Ta MO3BOJISIT YCTAHOBUTD IPABUJIBHBINA B KIIMHUICCKOM
IUTaHe OTuarHo3. Tak, IMpW YaCTMIHOM aHAaTOMHYECKOM
TIepepbIBe M BHYTPUCTBOJBHBIX ITOBPEXKICHUSIX CTOUT YKa-
3bIBaTh M HAPYIICHHUE IIPOBOAMMOCTH 110 HEPBHOMY CTBO-
JIy: C TIOJIHBIM OJIOKOM MPOBEIACHUS WM C YaCTUIHBIM
COXpaHeHUEM IIPOBOINMOCTH.

Hepenko y nocTpagaBiimx, 0COOEHHO ¢ 00€BBIMU MO~
BpEeXICHNSIMHA HEPBHBIX CTBOJIOB (CEMAIMIITHOTO, CPEINH-
HOT'O HEPBOB, TUICYEBOTO CILICTCHMS ), OTMEYACTCSI PA3BUTHE
HEBPOITATUIECKOTO 00JIEBOTO CMHIPOMA, CYIIECTBEHHO
YXYAIIAIOIEro Ka4yeCTBO KM3HM TAIMeHTa U TIJI0X0 TOI-
JAOIIIEeTOCS TepaTii HECTePOMITHBIMY ITPOTUBOBOCIIAJI -
TEeJIPHBIMU CPEACTBAMU B COUYETAHWU C rabaricHTUHOM
win nperadaanHoM. TakKTMKOM BbIOOpA B MOAOOHBIX CITy-
Yasgx SBISCTCS KOMOMHALIMSA TIprUeMa IepopabHBIX He-
OIMMOMIHBIX aHAJIBI€TUKOB, AHKCUOJIMTUKOB M YCTAHOBKU
CHCTEMEI ITPOIJICHHOTO 3IHUAYPaTbHOIO BBEICHUS aHECTe-
tKa. boneBoit cuHaIpOM, HE MOATAIOLINIICS MEIUKAMEH -
TO3HOM KOPPEKIINH, SIBJISIETCSI TTOKAa3aHUEM IS OTTepaTHB-
HOTO BMEIIIATeNIbCTBA. B CBSA3M ¢ 3TUM IHeaecoobpa3Ho
mpu GOPMYIMPOBKE TMATHO3a YKa3bIBaTh HA HEBPOITATH -
yecKuii 00JeBOi CUHAPOM.

C ygeToM pe3KOTro YBEITMICHMS KOJTMIeCTBa PAaHEHBIX
C OCKOJIOYHBIMA ¥ MWHHO-B3PBIBHBIMH paHEHUSIMU
BCJICICTBHE BEMYIINXCS OOCBBIX IEHCTBUI HAMU B ITOCIIC-
HHUe 2 roma OTMEUYeHHl 18 ciIyyaeB IOpaxXeHUSI OJHOTO
HEpPBHOTO CTBOJIa HA HECKOJIBKIX YPOBHSIX. Tak, IpH 1o~
HOM aHATOMHUYECKOM IIepepbIiBe Ha HECKOJIBKIX YPOBHSIX
bopMupyeTCcsa Tak Ha3bIBAEMBINl «CBOOOIHO JIeXKaITIii»
(parMeHT HepBa, YTO MOXKET ITOBJICYb 32 COOOI OITO0T-
HBIC OEeMCTBUS MPU PEKOHCTPYKIIMM HEPBHOTO CTBOJA
1 MIPUBECTH K HEYIOBJICTBOPUTEIBHOMY PE3YJIBTaTy XH-
PYPTHUYECKOTO JIedeHMS. B CBSI3M ¢ 3TMM mpeiaraeM BBe-
CTH TEPMHH «MHOTOYPOBHEBOE ITOBPEXICHNE HEPBHOTO
CTBOJIa» C YKa3aHMEM ITaTOMOPdOIOTMIECKOro CyocTpara
MOBPEXACHUS HA KaXI0M YPOBHE.

C y4eToM BBIIIeCKAa3aHHOTO, Ha OCHOBE KJTaCCU(hHKALIHIA
A.H. Conomuna (1975), K.A. Ipuroposuua (1981), @.C. To-
BeHBKO (2010) aBTOPHI MpemIaraloT CICAYIONINI BapuaHT
KJTacCH(bHKALIVK TTOBPEXKICHUI TTIeprhepIecKIX HEPBOB.

RIACCUPURALINA 1 l()BPE?l’\',U,EHMfl
INEPUDPEPNYECKUX HEPBOB
1. ITo sTHONOrMK NOBPEXAEHUS: STPOr€HHbIE IIOBPEXIIE-
HMS (KaK OCIOXHEHNE XUPYPruYeCKIX BMEIATEIbCTB
Y pa3IMYHbIX MEAULIMHCKUX IIPOLIEAYP), ABTOTpAaBMa,
GoeBasi TpaBMa, KaTaTpaBMa, [IPOM3BOICTBEHHAS TPaB-
Ma, peJibcoBast TpaBMa U JIp.
11. ITo xapakTepy (prCcKy UHOULIMPOBAHMSI):
* OTKPBIThIE:
— OrHecTpejibHbIE (IyJieBble, OCKOJIOYHbIE, MUHHO-
B3pbIBHbIE PAHEHMUSI, B3PbIBHBIE TPABMBI);
— HEeOTHeCTpeJbHbIe (pe3aHble, pybieHblie, pBaHO-
yLIGIeHHbIE, YKYILIEHHBIE, KOJOThIE, 0XXOrOBbIE
U Ip.);
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3aKpBITHIE (COTpsiceHMe, YIMO, caaBlieHHne (KOM-
IMPEeCCHOHHO-UIIIEeMUIECKOE ITOpaXXeHNE), pacTsIKe-
HUE/TpaKIIus).

1I1. ITo Tuny:

* M30JIMPOBAaHHBIC OMMHOYHEIC (TTOBpeXXIeHne 1 HepB-
HOTO CTBOJIa) /MHOXECTBeHHBIE (IIOBPEXICHNE HE-
CKOJIbKMX HEPBHBIX CTBOJIOB OTHOI KOHEYHOCTH);

* KOOIIepHpPOBaHHBIE (C IMOBPEXIACHUEM CYXOXUIUA,
KOCTEH, CYyCTaBOB, COCYIOB, OOIIMPHBIM Ae(PeKTOM
MSTKUX TKaHEeH ITOCTpamaBIleii KOHEYHOCTH);

* coueTaHHBIC (C TTOBPEXICHUEM IPYTHX CETMEHTOB
Tesa);

* KOMOMHHMpPOBaHHBIE (TIPU OEHCTBUM HECKOJBKHX
nopaxarouux (pakTopoB Ha HEPBHBII CTBOJI — TEP-
MUWYECKUU, BO3NEUCTBUE YIAPHOM BOJIHBI, OTPaBJISI-
[oIIMe ¥ TOKCHYECKHE BEeIeCTBa 1 1Ip.);

* OTHOYPOBHEBHIC/MHOTOYPOBHEBBIC (ITOBPEXKICHUS
1 HepBHOTO CTBOJIA HA HECKOJIPKMX YJaCTKaX).

IV. 1o nokanu3auuu 1 ypoBHIO:

* IJIEYEBOE CIUIETEHUE, TYYEBOM, CPENUHHBIM, cena-
JIMLIHBIA HEPB U JIp.;

* Ha YPOBHE HUXKHEW TPETH Tjieva, KOJEHHOTrOo cycTa-
Ba, BEpXHEU TpeTu NpeArieubs 1 Ip.

V. I1o maromopdonmornu 1 GyHKIIMOHAIBHEIM HapyIle-

HUSIM:

1. Mo matoMopdomornu:

* C IOJHBbIM aHATOMUYECKUM MEPEPHIBOM HEPBA;

* CYaCTUYHBIM aHATOMUYECKUM TE€PEPHIBOM U (pop-
MUpOBaHUEM OOKOBOI HEBPOMBI;

* BHYTPUCTBOJIbHBIC TTOBPEXKICHMS HEpBa (TeMaTo-
Ma, MHOPOAHbIE Tejla, CyORMMHEBPAIbHbBIN pa3-
PBIB MYYIKOB ¢ (DOPMHPOBAaHNEM BHYTPHUCTBOJIb-
HOI HEBPOMBI).

2. 1o Bo3HUKIIMM (DYyHKIIMOHAIBHBIM HapYIICHHUSIM:

* C ITOJTHBIM OJIOKOM ITPOBEIACHUS (TIPH ITOJTHOM aHa-
TOMUYECKOM TIepPEPhIBE B IMArHO3 HE BEIHOCUTCS);

* C YaCTUYHBIM COXpaHEHUEM MPOBOANMOCTH;

* C HEBPOIMATUYECKUM 00JIEBBIM CUHIPOMOM.

VI. [lepuoabl B Te4eHUU MOBPEXAESHUI HEPBOB: OCT-
pBIii, paHHUI, NPOMEXYTOUYHBIM, MO3MHUMA, OTIA-
JIEHHBIN.

IIpumepsl KIMHAAYECKNX TUATHO30B, (DOPMYITMPYEMBIX

Ha OCHOBE MPEII0XKEHHOM KIacCU(bUKAIIAN:

1. boesas mpaema. Tpasemamuueckas Hegponamus npago-
20 Ce0anuUHO20 Hepea ¢ e20 NOAHbIM AHAMOMUHECKUM
nepepvleom Ha YpoeHe cpedHeil mpemu bedpa éciedcmeue
0CHEeCMPENbHO20 NYAeB020 CKBO3HO20 PAHEHUs NPABO2O
bedpa, KoonepuposanHas ¢ NOBPeNcOeHUeM 2AYOOKUX CO-
cydog bedpa. Pannuit nepuod. Cocmosinue nocie nep-
BUUHOIL XUPYP2UECK Ol 00pabomxu 02HeCmpenbHo20 ny-
1€6020 CKB03H020 DAHEHUs Npasoeo 6edpa, nepeesasKu
enybokux cocydoe bedpa (dama).

2. Ampoeennas nocaeonepayuoHHas Heeponamus 1€6020
AYHeB020 Hepéa, ¢ MHO20YPOGHEBbIM €20 NOPANCCHUEM,
YACMUYHBIM NePePbieOM HA YPOGHE GePXHEl U HUNCHEll
mpemu nae4a u noAHviM 010KoM nposedenus. Ocmpulil
nepuod. CocmosiHue nocae onepamusHo2o emeulamen-
cmea: penozuyuu, uxcayuu ABD (annapamom eneut-
Hell uKkcayuu) 3aKpbimo2o MHO200CKOAbYAMO20 nepe-
A0Ma €60l NAeUesoi KOCMU CO CMeUeHUeM OMa0MK08
(0ama).

3. Tpaemamuueckas Hegponamust NPagoeo ooueeo maiooep-
1408020 Hepea ¢ hopMUPOBAHUEM BHYMPUCMEOAbHOU HEEPO-
Mbl HQ YPOGHe GepXHell mpemu 204eHU U NOAHbIM O10KOM
nposoouMocmu 8caedcmeue 3aKpbimo20 mpaKyuoHHO20
noegpecdenus (dama). Ilpomexncymouruolii nepuoo.

SARJ/IIOYEHUE

Oco6eHHOCTHIO MpeIaracMoii KiaccuuKalum sBisi-
€TCSI TIOTBITKA O0BEIMHEHUSI STHOJIOTUIECKOT0, TTaTOMOP-
donornyeckoro, GyHKINOHAIBHOTO, TOMOrpadpruyecKoro
($aKTOpOB C 1LIeNIbIO 00JIerdyeHnsT (POPMYIUPOBKU YHUDU-
LIMPOBAHHOIO AMArHo3a, TPAKTOBKA KOTOPOTO KaK B KJIM-
HUYECKOM, TaK U B HAy4HOI MPaKTUKE HE BbI3bIBasia Obl
pasHoraacuii. DTO MO3BOJIUT CUCTEMATU3UPOBATD ITOAXOI
K JIEYECHUIO JAHHOM TPYIIIbI IOCTPAAaBIIKX, a TAKXKE aK-
TyaJIM3UPOBATh SMUAEMUOJIOTHYeCKIe naHHbIe. [1pema-
raemasi Hamu KiaccubUKaLys He SIBJISIETCS BCeOObeMITIO-
el ¥ HeusMeHsieMoii. I1o psiay IyHKTOB Jaxe MeXAy
aBTOPaMM 3TOM CTaThbU BO3HUKAJIM CIIOPHI, TpeOOBaBIIIME
KOMITPOMUCCHOrO Ioaxoaa. ITpo6iema cucremMarusannmn
MOBPEXICHUI TTeprdeprnIecKIX HEPBOB CIOXHAS U HE
MOXET ObITh pellieHa OKOHYATEIbHO 1 Oe3are/UIILIMOHHO.
PellieHne JaHHOrO BOIIPOCA BO3MOXHO TOJBKO IIPU CO-
TPYAHMYECTBE U OMCKYCCUM BCEX 3aMHTEPECOBAHHBIX
CTIIECIIUATUCTOB.
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Hespoma MopToHa (koA 3aboneBaHus no MexayHapoaHoil knaccudukauuu 6onesHeit 10-ro nepecmotpa — G57.6) — Ho-
BOOOPa30BaHMe MEXNanbLeBbIX NOAOLWBEHHbIX HEPBOB, Bbi3bIBAIOILEE KOMNPECCUOHHYIO HeilponaTuio, KoTopas nposB-
NAETCA HellponaTuyeckoit 601bio U BYHKLMOHaNbHbIMU HapyleHUaMU. HeBpoma MopToHa 3aHMMaeT 2-e MecTo Mo pac-
NPOCTPAHEHHOCTU CPEAMN BCEX TYHHENbHbIX HEiponaTuii, 4To 00YCNOBANBAET BAXHOCTb CBOEBPEMEHHOI ANArHOCTUKM
W neYeHus 3Toro 3aboneBaHus.

Llenb paboTbl — N0BbICUTb MHDOPMUPOBAHHOCTb MEAULIMHCKMX CMIELUANUCTOB O AAHHOI NaTONOMMMW NyTeM NpefCTaBAeHuUs
0630pa 0TeYeCTBEHHOM 1 3apyBeXHON HayYHOII IMTEepaTypbl, COAEPXALLE OCHOBHbIE CBEAEHUA 06 3TOM 3aboseBaHuu:
MCTOPWUIO U3YYEHUS, COBPEMEHHbIE laHHbIE O PACNPOCTPAHEHHOCTH, aHAaTOMO-TUCTONOrMYECKYI0 XapaKTePUCTUKY U 3THO-
natoreHeTUyeckue Teopun GopMUpPOBaHUA HEBPOMbI MOPTOHA, OCHOBHbIE METO/bI €€ [UArHOCTUKN W ledeHns (KoHcep-
BaTMBHOIO W XUPYPruyecKoro).

KnioueBble cnoBa: HeBpoMa MopTOHA, KOMNPECCUOHHAs TYHHeNbHAA HeilponaTus, Heiponatuyeckuit 6oNeBoI CUHAPOM,
0630p nuTEpaTYpHI
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Morton’s neuroma (the disease code according to the International Classification of Diseases of the 10t revision — G57.6)
is an entrapment syndrome of the interdigital plantar nerve, which manifests as a neuropathic pain syndrome
in the forefoot and functional disorders. Morton’s neuroma is the second most common among all tunnel neuropathies,
which determines the importance of timely diagnosis and treatment of this disease.

The aim of this work — to increase the awareness of medical specialists about this pathology, a review of domestic
and foreign scientific literature is presented, including basic information about it: the history of studying, current data
on the prevalence, anatomical and histological characteristics and etiopathogenetic theories of the formation of Morton’s
neuroma, the main methods of its diagnosis, treatment (conservative and surgical).

Keywords: Morton’s neuroma, entrapment tunnel neuropathy, neuropathic pain syndrome, literature review

For citation: Razin M.A., Fedyakov A.G., Kuznetsov A.V. et al. Diagnosis and treatment of Morton’s neuroma: the current
state of the problem. Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(1):112-9. (In Russ.).
DOI: https://doi.org/10.24412/2587-7569-2025-1-112-119


https://creativecommons.org/licenses/by/4.0/

Jlekums | Lecture

HENPOXNPYPI'US

BBEJIEHUE

HeBpoma Moprona (HM) (kxom 3abojeBaHUS IO
MexmyHaponHo# Kiraccudukauny 6oje3Heit 10-ro nepe-
cmorpa — G57.6) — HOBOOOpa3oBaHKME MEXIIAIbLEBBIX
rmogonrBeHHBIX HepBoB (MITH), BrI3bIBatOIIee KOMIIpEC-
CHOHHYIO HEMPOITaTHIO, KOTOpasi IIPOSIBIIICTCS Helpora-
THYECKOU OOJIbIO M (PYHKIIMOHATBHBIMY HAPYIIICHUSIMU,
couetaet B cebe Komrpeccuio MITH B 3-M (pexe — 2-M)
MeXILTIOCHeBOM TTpoMmexyTke (MIIIT), ¢dopMupoBanue
¢unbpo3a BOKPYT ¥ BHYTpU HepBHOTO cTBOJIA [1—6]. B Ha-
crosimee BpeMs MCCISIOBAaTeNI IIPU3HAIOT HEIOCTATOU-
HOCTh CBOCBPEMEHHOM TUATHOCTUKY U JICUCHUS TYHHETb-
HBIX Heliporatuii, B ToM unciae u HM [4, 7].

Ilean paboThI — ITOBBICUTH MH(MOPMUPOBAHHOCTD Me-
IUIIMHCKUX CIICIIMAJIMCTOB O JaHHOM ITaTOJIOTUH ITyTeM
MpencTaBIeHUST 0030pa OTEYSCTBEHHOM 1 3apyOeKHOM
Hay4YHOU JIUTEPaTyphl, COAEPXKAIIECH OCHOBHBIE CBEICHUS
00 3TOM 3200JIeBAHUN: UCTOPUIO U3YICHNSI, COBPEMEHHBIC
TAHHBIE O PACIIPOCTPAHECHHOCTH, aHATOMO-THCTOJIOTHYE-
CKYIO XapaKTepHUCTUKY U STUOIIATOTCeHETUICCKIE TEOPUHU
dopmupoBannst HM, ocHOBHBIE METOIBI €€ TUAarHOCTUKI
1 JJedeHUs (KOHCEPBATUBHOTO U XUPYPTUIECKOTO).

MATEPUAJIbI 1 METO/1bl

IMouck JaHHBIX TUTEPATYPI OCYLIECTBIISIICS B OTeYe-
CTBEHHBIX, pEIleH3MPYeMBIX BBICIIEH aTTecTallmOHHOM
KOMUCCHEN 1 BKIIOYEHHBIX B MEXIYHAPOIHYIO 0a3y qaH-
HbIX SCOpus XypHaJlax, a TakXe B UH(OOPMALIMOHHBIX CH-
creMax 1 6as3ax maHHbix PubMed, Scopus, MEDLINE,
Cochrane Library, eLIBRARY.RU, Kub6epJlennnka.
B aHau3 BKIIIOYEHBI pabOThl HA AHIIMIICKOM M PYCCKOM
s3b1KaX. CpOK JaBHOCTH UCTOYHHMKOB HE OrpaHUYMBAJICS.
IIpoBeneHa nmpoBepKa aHHOTALIMIA [Jis UCKJIIOYEHUSI 10~
CTEPHBIX JOKJIANOB, MUCCIEAOBaHUIA O3 MOJIHOTO TEKCTa
U TOKYMEHTOB, HE JOCTYIIHBIX Ha PYCCKOM WJIM aHIJIMIA-
CKOM SI3bIKaX.

PE3VIIBTATbI

Ha ocHoBaHMM IIPOBEIEHHOrO aHalIM3a HAyIHBIX
WCTOYHUKOB CUCTEMAaTU3NMPOBAHBI OCHOBHBIC CBEICHMS
o HM. O630p mutepatypbl KOMITUJIMPOBAH IO TUITY narrative
review.

Hcropuyeckas cnpaska. HM nonyuuina cBoe Ha3Ba-
HUe B yecTh Xxupypra Tomaca /Ixkopmka Moprona (Thomas
G. Morton). Brrepsrle ke ee onncan F. Civinini B 1835 1.
Ha KagaBepHOM MaTepuajie, a IepBoe ONMUCaHNe KIMHM-
YeCKOTo KOMILIEKCa CMMITTOMOB O0bLT0 1aHo L. Durlacher
B 1845 1. [8]. Cam Thomas G. Morton B 1876 1. onmcain
15 KIMHUYECKUX CIYyYaeB CO CXOXHM OOJIEBbIM CUHAPO-
MOM B CTOIIe, Ha3BaB JaHHOE COCTOSTHIE MeTaTap3ajiThei,
MPEAIIOI0XMB, YTO B OCHOBE 3a00JIEBaHMS JIEXKUT BOCTIA-
JICHUE CYCTaBHOM KarICyIbI 4-TO IUTIOCHe(haTIaHTOBOTO CY-
CTaBa, M MPEIJIOXKUII JeUCHNE B BUIC Ae3aPTUKYIISIINN
IUTIOCHe(basTaHTOBEIX CYcTaBoB [8, 9]. [IepBbIM Xe, KTO Ipo-
Bes Heitpakromuio MITH, 661 A.E. Hoadley (B 1893 )
[10]. Ogxako oums B 1940 . L.O. Betts okoHUYaTeIbHO

Russian Journal of Neurosurgery

YCTAaHOBUMJI, YTO CUMIITOMBI OOJIE3HH CBSI3aHBI C ITOpaXKe-
HHEM TIOIOIIBEHHOTO HepBa, a He ¢ MaTOJIOTHEH CycTaB-
HoM Karicynsl [11].

Tepmun «HeBpoMa MopTOHa» BIIepBbIE BCTpeYaeTCs
B MEAWIIMHCKOM TUTepaType B 1958 . B IMyOIMIHOM ITHCh-
Me gokTopa Hayk K. Sandel k n3naTenio XypHaiia AMepu-
KaHCKOM nmommuatpuueckoit accoumanuu [12]. K HacTos-
eMy BPEMEHU UISI JaHHOW MATOJIOTUM IIPEIIOXEHO
MHOXECTBO APYTMX Ha3BaHWI: MeTaTap3alrus/HeBpai-
rusi/60se3Hb MoOpTOHA, MOAOIIBEHHAS MEXIMaIbIeBast
HEeBpOMa, MEXITAIbIICBOM HEBPUT, MEXKILTIOCHEBAsI HEBPO-
Ma, HEeBPOITATHSI OOIIIMX TTOMOIITBEHHBIX ITAJTBLIEBBIX (MEX-
MajJbleBbIX) HEPBOB.

PacnpocTpanenHocTb. TOUHBIX JaHHBIX O pacIpoCcTpa-
HeHHocTM HM B monyasiuuy HaMu He TojydyeHo. Yaie
CTpamaroT XEHIIMHBI (COOTHOIICHUE ¢ My>KIYMHaMHU 4:1)
cpenHero Bo3pacta — 45—50 net [4, 13]. [To JaHHBIM Me-
TUIIMHCKOM MCCIIeM0BaTeIbCKOM 6a3pl Bennkoopuranum,
BruroumBIieir 1 MiaH 830 THIC. YemoBeK (MccIemoBaHe
6nuT0 cTaHmapTu3upoBaHo Ha 100 Teic. HaceneHust), HM
3aHMMAaeT 2-¢ MecTo (TTocjie KapIajabHOTO TYHHEJIBHOTO
CHHIpOMa) 10 KOJIMYECTBY €XETOTHO BBISBIISICMbIX HOBBIX
CIy9aeB CpelM BCeX KOMIIPECCUOHHBIX MepudepruIecKmx
Heliponatuii [14]. Hambonee vacto HM nokanusyercs
B 3-M MIIII (85—90 % Bcex city4aeB, 110 JaHHBIM pa3jiny-
HBIX MCClleqoBaHMit), pexe — Bo 2-m MIIII [15]. UmeroT-
CsI COOOIICHNSI O eMMHUYIHBIX CITydasx KITMHUIECKOTO IIPo-
apiennst HM B 1-m 1 4-m MIIII, ogHako JOCTOBEPHBIX
CBEIICHUI O THCTOJOTMYECKOM Bepr(PUKALINY ITOCTIe yaa-
JieHus1 oopa3zoBaHuii B yKazaHHbIX MIIII B nuteparype HeT
[16, 17]. KpoMme TOro, MOryT BCTpe4YaThCsl 2 HEBPOMBI
B cMexkHbIX MITIT (2-M n1 3-M uu 3-M 1 4-M) OTHOM CTO-
ITBI MJIN XK€ HEeCKOJIbKO HeBpOM (IT0 MEHbIIEH Mepe 2)
Ha pa3IMYHbIX CTOMAaX, OJHAKO TOCTOBEPHO YaCTOTa TAKUX
ciiydaeB He onpeneneHa [13, 15, 18].

AHaTomo-rucrojornyeckas xapakrepuctuka. MITH
SIBIISIIOTCSI BETBSIMHU JIATEPATbHOTO M MEIMAJIbHOTO TIO-
JIOIIBEHHBIX HEPBOB, OTXOISAIINX OT OOJIBIICOEPIIOBOTO
HepBa. OcobeHHocThi0 MITH 3-ro MIIII saBnsteTca ero
dopMmupoBaHMEe B pe3ybraTe aHaCTOMO3a MEXIy JaTe-
PaJIbHBIM U MEIMAJIBHBIM ITOIOIIIBEHHBIMU HEPBaMU, BBH-
Iy 9eTO OH HECKOJIBKO MPEBOCXOINT B THAMETPE OCTaJIb-
weie MITH (pumc. 1) [19]. Kaxnerit MITH mpoxomut mon
COOTBETCTBYIOILIEH ITTyOOKOM MonepeyHoi MeTaTap3aJibHON
cBs3koit (ITIMC), coequHsIIONIEi KATICYITBI TOJIOBOK TTITIOC-
HEBBIX KOCTEH, M majiee OCINTCS Ha 2 BETBU, MHHEPBH-
PYIOIIIIE CMEXHBIC TIOBEPXHOCTH MAJIBIIEB CTOITHL.

Makpockonuueckasi kKaptuHa HM xapakrepusyercst
nepuHeBpabHBIM (prudbpo3zom MITH B Buze ero yroJiie-
HMS WM BEPETEHOOOPa3HBIM YBEIIMICHIEM 00BeMa B MECTE
oudypkanuu HerocpeacTseHHo mmog ['TIMC. Mukpocko-
MmMIecKasl KapTHa JeMOHCTPUPYET BBRIPaXKeHHBIM SHIO-
HEBPAJIbHBIN, IIEPUHEBPATBHBIN M STTMHEBPAIbLHBIN (hHOpPO-
36l U TMAJIMHO3 COCYIOB, OMPENCIISICTCST TIPOIMpepariust
($MOPOO6IACTOB U IIBAHHOBCKUX KJIETOK ¢ (POPMUPOBAHUEM
OOIIIMPHBIX YIACTKOB 9KCTPa- M HHTPAHEBPAJILHOTO (hrOpo3a,

13
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Puc. 1. Anamomus mexncnanvyegvix u naibyeabix Hepeo8 U MUnUYHoOe pac-
nonoxcerue Hegpomvl Mopmona (cxema agmopog). Qbo3HaueHbl MeouanvHbli
(dcenmoim ysemom) u AamepanbHolii (KPAcHbIM U8emMoMm) ROOOULBEHHbIE HEP-
6ot (ITH), a makce ux eemeau; popmuposarue 3-20 Meicnanbyeso2o Hepea
nymem aHacmomo3a mexncoy ramepansHoim u meduanshoim [TH; munuynas
(Haubonee yacmas) obaacmo pacnonroxcenus Hegpomvl Mopmona e 3-m mexic-
NAIOCHEBOM NPOMEdCYmIe CHONbL

Fig. 1. Anatomy of the interdigital and digital nerves and typical location
of the Morton’s neuroma (authors’ diagram). Indicated: medial (yellow) and
lateral (red) plantar nerves (PN), as well as their branches, formation of the
3 interdigital nerves by anastomosis between the lateral and medial PN;
typical (most common) location of Morton’s neuroma in the 3 intermetatrsal
space of the foot

a TaKKe TIepUBACKYJISIPHOTO U CYyOMHTUMAIbHOTO (prbpo3a
(puc. 2) [16, 20—22]. DT U3MEHEHMsI COYETAIOTCS C [Ie-
rpamaiyeii akCOHOB IOPaKeHHOTO HEPBHOTO CTBOJIA M IO~
TBEPXKIAIOTCSI MMMYHOTHCTOXUMIUYECKAM HCCIICI0BAHIEM
[23]. Takum obpa3zomM, B HM oOHapy:KUBarOTCSI He TOIBKO
VTOJNIIEHHBIC HEPBHBIC MyYKX, HO M (hUOPO3, CBSI3aHHBIN
¢ nponrdepalreil CoOeNMHNUTETLHOM TKaHMU.

Dr1Hoyorud u narorene3. [1pmIMHBI BOSHUKHOBEHUS
HM no xoniia He sgcHbl. [1o MHEHMIO OOJBIIMHCTBA aBTO-
pOB, OCHOBHOI IpUYMHOI (opMHpoBaHUS (DUOpo3a
MIIH siBnsieTcst ero KoMmnpeccus T1y00Koi IonepeuyHomn
MeTaTap3aJbHOM CBSI3KOM 1 MITKUMM TKaHSIMHU ITOIOIIBBI
B 00J1aCTH TOJIOBOK ILTIOCHEBBIX KOCTEil, YTO BBI3BIBACT
XpPOHUYECKUI BOCTAJIUTEIBHBIN IIPOIIECC, TTPOBOIIUPY-
fommii pazsutue Guopo3sa [1, 20, 24]. U3BecTHHI Teopun
MEXaHMYECKOI TpaBMaTH3alliK, MEKILTIOCHEBOTO OypcHTa

2
:.i

eihm

N,

i

2,

L%

Puc. 2. Tucmonoeuueckas cmpykmypa neepomvr Mopmona (uccaedosamens-
ckas paboma asmopos): 0Kpacka 2emMamoKcuAuHom u 303unom, x10. 1 —
nepuHespanvHulii ubpo3; 2 — Gubpo3uposanHslil, UnepmpoPUPOBanHbLil
HepBHblil Cmeoa; 3 — NYHKU Hepea ¢ A6AeHUAMU SHOOHe8PAabH020 Pubpo3a

Fig. 2. Histological structure of Morton’s neuroma (research work of the
authors): hematoxylin and eosin staining, < 10. 1 — perineural fibrosis; 2 —

fibrotic, hypertrophied nerve trunk; 3 — nerve bundles with endoneural fibrosis

n niemuyeckas teopud [1, 11, 16, 25—27]. HM moxer
pa3BUThCSI Ha (OoHE HMMEIIIEHCS OPTOIeINYeCcKOM
natonorun (hallux valgus, peBMaTOMOHBIN apTPUT,
TUTOCKOCTOITNE, TeTeHepaTUBHBIC 3a00JIeBaHUSI OTIOPHO-
IBUTATEJIGHOTO ariapara u ap.) [2].

Kmunngeckas kapruHa. OCHOBHBIM KIMHHYCCKUM
nposieiieHueM HM sBisieTcst Heliponatuyeckuii 0oieBoi
cuHapoM B crore [1—6]. Boas Bo3HMKaeT nmpu xoanoe,
HOCHUT BHE3aMHBIN OCTPBIA NPOCTPEIMBAIOIINMA, XKIYIUA
xapakrtep, Iurcs 5—10 MIUH, CTAaHOBUTCS MeHee MHTCH-
CHBHOI1 TIOCJIe Maccaxka MEXIUTIOCHEBOI 00JIaCTH U TIPH-
HUMaeT «HOIOIIWI» 3aTSKHOM XapaKTep B TeueHue 2—3 d.
bonb nokanusyercs B oonactu HM, nppaguunpyer 1o BHy-
TPEHHUM ITOBEPXHOCTSIM CMEKHBIX TTAJIBIICB U MOXET pac-
MIPOCTPAHSITHCS MMPOKCUMAIBHO. B HEKOTOPHIX crydasix
MAIlMeHTHI KAIYIOTCA Ha OIMyIIeHNEe HATUIUS IyKepOom-
HOTO TIIpeaMeTa IO/ TOIOIIIBOM VTN MEXXIY TTaIbIlaMU CTO-
el [2, 6]. Hepenxo 6ok coyeTaeTcst ¢ 4yBCTBOM OHEME-
HUS ¥ TApeCTe3USIMH B CMEXXHBIX ITIOBEPXHOCTSIX MaJIbIIEB
crombl. B penkux ciaydasix omlymeHrue OHEeMEeHUS B yKa-
3aHHOI 00JIACTH SIBIISICTCSI €AMHCTBEHHBIM CHMIITOMOM.
Bonb ycyrybmsiercst Bo BpeMst XOIbOBI B TECHOI 3KeCTKOM
00yBH, Ha KabOJIyKax, B IIOJIOKEHUHU CTOSI 1 YMEHBIIIASTCST
pH Xonbp0e 00CUKOM. BoJIbHBIE BEIHYKICHBI IIEPUOITIC-
CKH CHAMATh 00YBb M MACCPOBATH CTOITY C IIEJIbI0 YMEHB-
IIEHMST BBIPAXKEHHOCTH 00JIEBOTO CHHIpOMa. B HEKOTOPBIX
cyJasix (Ip¥ IATEILHOM aHaMHe3e 3a00J1eBaHmsT) 00J1e-
BBIC OIIYIICHWS MOTYT BO3HUKATh B TIOKOE W B HOYHOE
Bpems [27]. JuTeabHOe TedeHue 3a00IeBaH1s IIPUBOIUAT
K CHIDKEHHUIO TPYIOCIIOCOOHOCTH M Ka4eCTBa XM3HU Ta-
IIMEHTOB.

Jluarnocruka. /luarHos «HeBpoMa MopToHa» npe-
MMYIIEeCTBEHHO KIWMHUYECKUN, TMAarHOCTHKA BKITIOYAeT
noapoOHBIE cOOp XKajlob, aHaMHe3a M IIPOBEIEHUE
JIMarHOCTUYECKMX TEeCTOB [2, 6, 24, 26, 28, 29]:



Jlekums | Lecture

HENPOXNPYPI'US

omnpenaeneHre 00Je3HEHHOCTH TTpu nanbnauuu MIIIT;
cuMIITOM TWHEJSI: CYUTASTCS ITOJIOXUTEIBHBIM IIPH
MMOSIBJICHNN OOJIC3HEHHOCTH TIPU TEPKYCCUU TIOIO-
1IBeHHOM nmoBepxHocTr MIIIT;

TecT Mosaepa: IIpu IToIepeMeHHOM CIAaBJICHUN CTOITHI
Ha ypOBHE TOJIOBOK IUTIOCHEBBIX KOCTEH 1 CIaBICHUH
o6nactu MIIIT Bo3HuKaet 6osie3HeHHOCTH B MITII
C MMAJIbIIATOPHBIM OIIYIIICHMEM IIIETYKA MEXIY Tajlb-
IaMU CCIICAYIOIIETO;

TecT [oThe: Py MacCMBHOM pa3rMOaHNH ITAIBLIEB CTOITHI
U ogHOBpeMeHHOM caaBieHun obmactu MIII Bo3HuKaeT
oone3HeHHOCcTh B MIIII, ncue3aroniasi mpyu nacCMBHOM
CTMOaHNM TTAJTBIICB 1 TIPEKPAIICHNH CIABICHNS,

TecT BpaTKOBCKOTO: Mpy MaKCUMaJIbHOM ITaCCUBHOM
pa3rubaHUM CMEXHBbIX MaJbleB CTOMNbI MallUEHTA
OOJIBIIINM TTAJIBIIEM MCCIICAOBATEIISI OCYIIECTBIISICTCS
«IepeKaTtbiBatollee» napieHue Banojabs MIIII, yto mpo-
BOLIUPYET 00JIb, 3 B HEKOTOPHIX (0YCHb PEOKNX) CITy-
Yyasgx IT03BOJISIET ITPOIAJIBIIMPOBATh ITPOIOJITOBATOE
MSITKOTKaHHOE 00pa3oBaHMUe.

[TpuMeHSTIOTCSI IITKaJIBI M OTIPOCHUKH,, TIO3BOJISIONINE
OLICHUTh MHTEHCUBHOCTD 00JIEBOTO CUHIPOMA (BU3Yaslhb-
HasI aHAJIOTOBAasI IIIKajla U €€ aHAJIOTH), €T0 HeliporaTude-
CKUI1 KOMIIOHEHT (orpocHUK PainDetect), hyHKIIMOHATE-
Hoe cocTtostHue cTombl (American Orthopaedic Foot and
Ankle Society scale (AOFAS scale)) [3, 13, 30].

[Tpu HeBPOJIOTMYECKOM OCMOTPE OTMEUAETCST OOJICBOI
CHHIPOM C THIIepHATUICCKNM KOMIIOHEHTOM, B CIIydae
ITUTEJTEHOTO aHaAMHe3a 3a00JI1eBaHUSI — TUTICCTE3MST CMEX-
HbIX ITIOBEPXHOCTEM MajIbLEB CTOIHI |2, 6].

WHcTpyMeHTanbHast IMarHOoCTUKA y TmaureHToB ¢ HM
BKJTIOUACT YJIBTpa3ByKoBoe ncciaenopanue (Y3M) u mar-
HUTHO-PE30HAHCHYIO ToMorpaduio cromnbl (puc. 3, 4).
YKazaHHBIE METOIBI MCCICIOBAHUS ITO3BOJISIIOT OIIpee-
JINTH JIOKAJIN3ALINIO U XapaKTepUCTUKU CaMOil HEBPOMBI,
a TaKKe BBISIBUTD WJIM MCKITIOUUTD APYTUE IIPUIUHBI 00JIe-
BOTO CHHIPOMa, CBSI3aHHBIC C TATOJIOTHEH CTOMHI [2, 4].
Y3U B cpaBHEHNH ¢ MATHUTHO-PE30HAHCHOM TOMOTpadu-
el objamaeT COMOCTaBUMOI UYyBCTBUTEIBHOCTHIO (90
1 93 % COOTBETCTBEHHO), HO GOJIbLIEH CrIeLIM(UIHOCTHIO
(88 u 68 % coorBercTBeHHO) [2, 4, 31-35]. C yuerom
oonblei nocTyrmHocT! Y3U MeTon ciaemyeT CUuTaTh Ipr-
OPUTETHBIM.

Huddeperumanbay0 nuarHocTuky HM mpoBomst
¢ 3a00J1€BaHUSIMU, BBI3BIBAIOIIMMU OOJIEBOU CUHAPOM,
OTJIMYHBIN OT HEMPOMATUIECKOTO: MeTaTap3ajJrueit Ha-
TPY3KH, apTPUTOM ILTIOCHE(haJTaHTOBOTO CYCTaBa, OCTEO-
XOHIPOIIaTHEM T'OJIOBOK IIIOCHEBBIX KOCTEH u 1p. [6, 36].

Jleyenne. Ha ceromHsAmIHmil AeHp PEIIOXEHO MHO-
XKeCTBO MeTomoB JiedeHnsT HM, KoTopbsie MOXXHO pa3zfe-
JINTH Ha 4 TPYIIIIBL:

1. KoHcepBaTUBHBIE:
* TOmOOpP OPTONEINIECCKON OOYBU U CTEIIEK;
* M3MEHEHUE ITaTTepHA XOIbOHI;
* (pusnorepanus;
* aNIUIMKAIIM MECTHBIX aHAJIbIeTHUYECKMX CPEICTB;

Russian Journal of Neurosurgery

2. MajlonHBa3MBHBIC:
* UHBEKIINU:
— HEeIeCTPYKTUBHBIC (TJTFOKOKOPTUKOCTEPOUIBI
C MECTHBIMHM aHECTETUKAMM, OOTYJIOTOKCHH TH-
ma A, KaricCauIiH, THAJTypOHOBAs KUCJIOTA);
— IeCTPYKTUBHBIE (3TaHOJ, (DEHOIN);
* BMeNIaTeJIbCTBA (pamrodacTOTHAsI, JJa3epHasl IeCTPYK-

WU, KPUOHACCTPYKIINS);

3. HeitpakTomMust (mopcaabHBIN, TOMOIIBEHHEBIE, MEX-

TaJIBIICBOM TOCTYIIBI);

4. ATsTepHATUBHBIC XUPYPTUISCKIIEe BMEIIaTeIbCTBA:
* IEKOMIIpeCCHs MOIOIITBEHHOTO HepBa (pacceueHue
I'TIMC):
o OTKPBITas:
— 03 IOITOTHUTEIBHBIX MaHUITYJISIIINIA;
— C HEBPOJIM30M;
— C TPaHCIIO3UIIEl HEBPOMBI/TIOMOIIBEHHOTO
HEpBa;
— C OCTEOTOMUEH TUTFOCHEBBIX KOCTEIA;
— C KOMOWHaLMEel TOIMOJHUTEIBHBIX BMeIla-
TEJILCTB;
o MaJIOWHBa3WBHASI:
— BHIOCKOITMYECKas;
— 0€3 S3HIOCKOINYECKOT0 KOHTPOJIS;
* OCTEOTOMHUS IUTIOCHEBBIX KOCTEl 0e3 MpOBeacHUS
JIEKOMITPECCHUH,

* HEMPOIKTOMUS C peKOHCTPYKIIME HEPBHOTO CTBOJIA.

BonbImmMHCTBO aBTOPOB PeKOMEHAYIOT HAUYMHATh JIe-
yenne HM ¢ KoHcepBaTUBHBIX HEMHBA3MBHBIX METOIIOB
[1, 2,4, 6]. Jlo cux rop HET yOeIUTENIbHBIX JAHHBIX 00 UX
nmonrocpodHoM (>1 roma) KmmHmdeckoM 3ddekTe (perpecc/
3HAYUTENIPHOE YMEHBIIICHUE BBIPAXKECHHOCTH OOJIEBOTO
CHHIPOMA, €r0 HEMPOITaTHIECKOTO KOMITIOHEHTA), BBUILY
yero OOJIBITMHCTBY MALIMEHTOB TpeOyeTcs MpoBeIcHUE
WHBAa3WBHBIX BMEIIIATEILCTB, CPEIN KOTOPBIX Pa3IAYaloT
MaJIOMHBA3WBHBIC METOIBI, 4 TAKXKE HEHPIKTOMUIO 1 aJIBTEP-
HATUBHBIE el XUpyprudeckKre BMelarenabcTna [37, 38].

K ManmonHBa3sMBHBIM METOIMKAM OTHOCSITCS JIOKAJThb-
HBbIe MHBEKIINHU JICKAPCTBEHHBIX IIPEITapaToB, a TaKXKe
JIeCTPYKTUBHbBIE BMelaTenbcTBa [37—39]. C 11e71b10 MOBKI-
meHus 3(POEKTUBHOCTH CIIEAyeT MCIIOIb30BaTh yIbTpa-
3BYKOBOI KOHTpOJb [40]. B psime ciayuyaeB HE0OXOaAMMO
BBITIOJTHEHNE HECKOJBKHUX IIporenyp. HoarocpoyHoro
aHAJIbreTUIeCKOTo 3(p(deKTa OT JOKATbHBIX MHBEKIINH
yaaeTcs JocThYb He Gojiee yeM y 50 % mauueHTOB, B TO
BpeMs KaK MCCIIeIOBAHUI TOITOCPOUYHOM 3(PHEeKTUBHOCTH
JIECTPYKTUBHBIX BMEIIATEIbCTB MO0 KpaitHe MaJjIo (pammo-
YaCcTOTHAS ACHEPBALMs), JIMOO OHU BOBCE OTCYTCTBYIOT
(kpuo-, nazepHas pectpykuwmsi) [3, 30, 37, 39, 41-45].
MatonHBa3UBHBIC METOIVKHN MMEIOT PSii OrpaHWICHUMA
1 MOTYT CONPOBOXKIATHCSA OCIOXHEHUSIMU: JIOKAJTbHBIN
MHOEKIIMOHHO-BOCHAIMTEIBHBIN IIPOIIeCC, OXKOT KOXHO-
TO ITOKPOBA, PEIUINB OOJIEBOTO CHHAPOMA M T. II.

HeitpaKTOMMS BKIIIOUAET UCCEUSHUE CAMOIl HEBPOMBI
BMECTE C TIPOKCUMANbHBIM U AUCTABHBIM (pparmMeHTa-
MU TIOJOIIBEHHBIX HEPBOB. DTa Oomepamnusl CUMTACTCS
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Puc. 3. Yasmpazsykosas kapmuna Hespomvi Mopmona 60 2-mM MeNCNAHOCHEBOM NPOMEICYMKe NPAasoli Cmonvl (nonepeutHoe CKanuposanue) (Mamepuansl
KAuHueckoil pabomoul aemopog). 1 — neepoma Mopmona: eunosxoeentoe, agackyasapHoe, He0OOHOPOOHOe NO CMPYKmype 00pa3oeanue ¢ HemKUMU pOSHbIMU
KoHmypamu,; 2 — 20108KuU 2-i u 3-ii NACHe8bIX Kocmell

Fig. 3. Ultrasound image of Morton’s neuroma in the 2 intermetatarsal space of the right foot (transverse scanning) (materials from the authors’ clinical
work). 1 — Morton’s neuroma: hypoechoic, avascular, heterogeneous in structure formation with distinct contours; 2 — heads of the 2" and 3" metatarsal bones

Puc. 4. Maenumno-pesonancrnas kapmuna negpomvr Mopmona 6 3-m MeNCnAoCHe8oM npomedcymice (nonepeuroe CKanuposanue) (Mamepuansl KAUHUYeCkoll
Dpabomvl agmopos): Ha MASHUMHO-PE30HAHCHOU MOMOPaAMMe €80l CHONbL 8 AKCUAAbHOU npoeKyuu 6 nociedogamenvhocmu T1 6 3-m mexncnaiocHesom
npomedcymke 8U3yaIU3UPYemcst U30UHMeEHCUBHOe N0 OMHOWEHUIO K MbIUEYHOU MKAHU, 00HOPOOHOe N0 CPYKmYpe eanmenesudnoe oopasoganue. 1 — He-
epoma Mopmona; 2 — 20108KuU NAIOCHEBbIX KOCMEl,; 3 — MeNCHAICHeBble RPOMENCYMKU

Fig. 4. Magnetic resonance image of Morton’s neuroma in the 3™ intermetatarsal space (transverse scanning) (materials from the authors’ clinical work):
magnetic resonance imaging scan of the left foot in the axial projection in the T1 sequence in the 3" intermetatrsal space visualises a homogeneous dumbbell-

shaped formation, isointense with respect to muscle tissue. 1 — Morton’s neuroma; 2 — heads of metatarsal bones; 3 — intermetatarsal spaces

naToreHeTuyecku obocHoBaHHOI [11]. BmemarenbcTBO
OPOBOIST IOA MECTHOM, IIPOBOAHUKOBOM, CIIMHAIBHOM
WIN OOIIelt aHecTe3nel, ¢ HAJIOKeHNEM TYPHUKETa MJIN
6e3 Hero [46—48]. TpanuLIMOHHBIE TOCTYIIbL: JOPCAIbHbIIA
(TBUIBHBIN), TIOMOIIBEHHBIM ITPOMOJBHBIN WIIM IIOTE-
pEeYHBbIi, MeXIMajblieBOi (KOMUCCYpalbHbIi) [4, 49].
Br16op mocTymma ocHOBaH Ha MPEAIIOYTEHUM XUPYpTa.
BonpmmmHCTBO aBTOPOB MPEATIOYNTAIOT THIIBHBIN JOCTYII.
Heiipakromust — Hanbonee 3(pPpeKTUBHBII METO/ JIEUeHUS
C IOJIFOCPOYHbBIM IOJIOXUTEIbHBIM 3¢ dexToM y 80 % ma-
eHToB [2—4, 38]. B mocieonepalinoHHOM TTepUoJie BO3-
HMKAET aHEeCTE3Ms CMEXXHBIX TTIOBEPXHOCTEH MaJIbIIEB CTOITHI,
HO CO BpeMEHEM ITPOMCXOINUT YACTUIHOE BOCCTAHOBJICHUE
yyBcTBUTEIbHOCTH [50].

[IpennoxeHbl aTbTepHATUBHBIC XUPYPTUUECKIE BME-
IIaTeJbCTBA, HAaIlpaBJICHHBIE HA YCTpaHECHHE OOJIEBOTO
CHHApPOMA M COXpaHEHME YyBCTBUTEIBHOCTH B CMEXKHBIX
IMOBEPXHOCTSIX MAJIbIIEB CTOITHI OJIarogapsi COXpaHEHUIO
LIEJIOCTHOCTH HEPBHOTO CTBOJIA WJIM €TI0 PEKOHCTPYKIINU

TocJie MpoBeaeHHON HelipakTomMun. JloarocpouaHast a¢-
(beKTUBHOCTP aTbTePHATUBHBIX BMEIIIATEILCTB TOCTOBEP-
HO He ycTaHoBJeHa [18, 51].

Mertoapl neuenust HM pazHooOpa3Hbl 1 YETKUX KpU-
TepueB BRIOOpA IS HUX HE OIpenesieHO, TT03TOMY IIpe-
JIOXXeHa TaKTHUKa NX IIPUMEHEHHS OT MeHee MHBa3UBHBIX —
K 6osiee MHBa3uBHLIM [37, 42, 52, 53].

Onenka 3¢pekTuBHOCTH JiedeHns. OcoOeHHOCTH MoCie-
onepanuoHHoro nepuoaa. DOHEeKTUBHOCTD JICUSHUS OIIe-
HUBAIOT I10 Pa3JIMIHBIM IIIKaJIaM, OTHAKO PEIKO TPUME-
HSTIOTCS IITKAJTBI OLICHKW HEMPOITaTHYeCKOTO KOMIIOHEHTA
6oneBoro cunapoma [13, 30, 43, 47, 54—57]. Painonanb-
HBIM CYMTAIOT TMAaTHOCTUYECKUI OIIPOCHMK HEUPOITaTH-
yeckoii 6011 DN4 BBuy ero BEICOKOI UyBCTBUTETBHOCTH
¥ CIeUNOUIHOCTU, YI0OCTBA 3aIIOTHEHUST MAIIUeHTOM
W aHaJIn3a pe3yJbBTaTOB BpauyoM [58].

7151 BegeHNSI TTAIIMEHTOB B ITOCICOTIEPAIIMIOHHOM IIe-
puome pa3paboTaHBl peKOMEHIAIINM, OCHOBAaHHBIC Ha
MPUHIIMIIE TTOCTEIIEHHOIO YBEAMYCHUS (DU3NMICCKOMU
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Harpy3Kyd Ha CTOIly ¥ MOHUTOPHMHIA COCTOSTHMS TTOCTIe-
oIepallMOHHOM paHbl [2]. B ciydasx, ecnm HelipaKToOMUS
IMPOBOIMJIACH M3 TTOMOIIBEHHOTO IOCTYyIa, OTpaHNICHUI
Yy MallMeHTOB 3HAYMTENIFHO OOJIbIIEe, YeM IIPU ThIIEHOM
IOCTYyTIE: UTUTENIbHAsT MMMOOMIN3AIINsI, HEOOXOIUMOCTh
HCITOIb30BaHUS KOCTBIJICH, MHOTOYMCIICHHBIC BU3UTHI
K Bpauy. [py0ObIit pyoerr ¢dopmupyercs B 11,4 % ciydaes [47].
MeXmanplieBoOii TOCTYII HeceT 0ojiee BRICOKMIT PUCK MECT
HBIX TPUOKOBBIX OociOXHeHMi [46, 49]. IlepeuncieHHbIe
OrpaHWYEHUST U PUCKU OCJIOKHEHUWI JeIaloT ThUIbHbBII
JIOCTYTI MTPEANOYTUTENbHBIM. TakuM 00pa3om, mpu BbIOOpe
METO/Ia JISICHHS CIICYyeT OTIATh IPSAIIOYTCHIE TOMY METOLY,
KOTOPBIi B HANMEHBIIICH CTEIIEHN OrpaHWYMBAacT (DYHK-
LIMOHAJIBHYIO M COLIMAIbHYIO aKTUBHOCTD MalIMEHTOB U UMEET
MEHBIIIYIO BEpPOSITHOCTD OCJIOKHECHUIA.

Ocnoxnenns HeiipakTomMud. [1o TaHHBIM 3apy0OesKHOM
JIMTEePATyphl, YaCTOTa OCIOKHEHUI TTOCTIe HEIPAIKTOMUM
3HaYnTENBbHO BapbpupyeT — oT 0 mo 25 % [3, 38, 47, 49].
ITo pesynsratam uccinenoBanus A.I. @easakoBa U COaBT.
[46], ux yactoTa cocraBisieT 13 % OT unciia MpoBeaeHHBIX
BMEIIATEIBCTB. ABTOpaMHM pa3padoTaHa Ki1acCUDUKALINS
OCJIOXXHEHUI OTKpBITOro ymaneHuss HM, paccMoTpeHBI

O0IIeXUPYPIUIECKIE OCIOXHEHMST (MECTHBIC MH(PEKIIN-
OHHO-BOCITAJIUTE/IBHBIC 1 T.11.) U CIIEHIM(UISCKHIE OCTTOXK-
HEHMS XUPYPTUUECKOM METOIUKHM (COXpaHEeHNUE /PEeIININB
O6oneBoro cuHapoma u 1p.). Ha cerogusinHuit neHs miist
OOJILITMHCTBA OCJIOXKHEHUN TPpeIOXKEHBI METObI Jieue-
HUS ¥ TpoMIaKTUKNA Ha BCEX dTarax MepuorepaunoH-
HOTO BeJIeHUS TTalleHTa.

SARJ/IIOYEHUE
IIpoBeneHHBIN aHAIN3 OTEYECTBEHHBIX M 3apYOEKHBIX

Hay4YHBIX JaHHBIX TTOKa3ay, 4T0 HM BEI3BIBaeT KOMIIpEC-
CHOHHYIO HEMpOIIaTHIo, OOYCIIOBICHHYIO CIaBICHIEM He-
pBa 1 GOpMHPOBAHUEM TIEpH- 1 SHIOHEBPAIBHOTO (Prod-
po3a. Heitponatust npu HM TpeOyeT B3ammoaeiicTBus
CITCLIMAJTCTOB PA3IMYHBIX IPO(IIICii — HEBPOJIOTOB, HE-
POXHUPYPTOB, TPAaBMATOJOIOB-OPTOIECAOB, IIPUMEHECHUS
BCEX HEOOXOAMMBIX AMAarHOCTMYECKUX METOAOB, BbIOOpa
ONTUMAIbHON TaKTUKU jJedeHUs. [loBermeHne mHdOp-
MHPOBAaHHOCTH Bpadeil (B IepByIO odepenb IMEPBUYHOTO
aMOyJIaTOPHOTO 3BeHa) 00 3TOM 3a00JIEBaHUM ITO3BOJIUAT
3HAYNTEJIHHO TIOBBICUTH KAYECTBO OKA3aHMSI ITTOMOIITH TTalIH-
eHTam ¢ HM.
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BBEJIEHUE

KpanunoBepreOpanbHblii epexoq — 00JacTb MEXIY
OCHOBaHHWEM Yeperia U BEpXHUM OTIEJIOM MTO3BOHOYHMKA,
BKJIIOUalolass HUXHUE OTAEeNbl 3aTbIJIOYHOW KOCTH,
2 BEepXHUX IICHHBIX ITO3BOHKA, a TaKXKe IMPUICTalolIne
K HAM MBIIIIIE U CBA3KU. JlaTepajbHbIe MAacCHI aTjIaHTa
COCAMHSIIOTCS ¢ IBYMST MBIIIEIKAMU 3aThIOYHOM KOCTH,
00pa3ys aTJaHTO3aTbIIOYHBIN CyCTaB. ATJIaHTOAKCHAIb-
HOE COeIMHEHNE BKIIIOYAeT 2 JIaTepabHBIX aTIaAHTOOCE-
BBIX CycTaBa, 00pa30BaHHBIX CYCTaBHBIMU OTPOCTKAMU
ITO3BOHKOB, U CPEAMHHBIN aTJIAaHTOOCEBOM CycTaB, 00pa-
30BaHHBIN 3y00M C,-TI03BOHKA U TIEPEIHUM IMOTYKOJIBLIOM
atnaHTa [1]. Paznuunble HOBOOOpa30BaHUS, TPABMHI,
a TaKKe BpOXKIEHHBIC 1 TIPUOOPETeHHBIC aHOMAJIMU Kpa-
HUOBEpTeOPabHOM 001aCTH MOTYT IIPUBOIUTH K HeCTa-
OMIbHOCTH KpaHuoBepTeOpanbpHOro couwneHeHus (KBC)
(m3mmHeit mogBrkHOCTH cyctaBoB KBC). B Hacrosiee
BpeMS B 3aBUCHMOCTH OT HO30JIOTHH U XHUPYPTUUECKOTO
IUTaHAa JICIeHUS MalleHTa UCITOIb3YIOT pa3IMYHbIC BapH-
aHTHI TIepeaHel n 3amHeit ctadmmzanun KBC, a Takke
nX KoMOmHauu. Beibop BapraHTa 3aBUCHUT OT KOHKPET-
HOTO 3a00JIeBaHMsI, HEOOXOMMMOM ITOCIeA0BATEIIbHOCTH
XUPYPTUUECKUX ITAIIOB JICUCHUSI, a TAKXKE OT BOZMOXHO-
CTell KITMHUKY 1 HABBIKOB XMPYypra, BBUAY YeT0O CTaHAap-
TH30BaHHAS TAKTUKA OTCYTCTBYET.

Ilensio Hamreit padoThI SIBIJIOCH OCBEIICHNE COBpPE-
MEHHBIX MeTonuK ctabmim3anuu KBC, BeIgBIIeHHE MX
MMPENMYIIECTB M HEIOCTAaTKOB.

ITORASAHUA R CTABUJINSALIAN

KPAHUOBEPTEBPAJ/IbHOI'O COYJIEHEHUA

[Tokazanuem K cradowinsanuu KBC gBiagerca nme-
formasicst (MepBUYHasI) WM COOPMUPOBAHHAS B XOHE XU-
PYPTAYECKOTo JieYeHUSI (BTOPHUYHASI) HECTAaOMIBLHOCTD
aToro cerMeHTa. OCHOBHASI MPUIMHA TIEPBUYHON HeCcTa-
ounsHOocTH KBC — TpaBMaTH4ecKoe ImopaXkeHrne KOCTHBIX
CTPYKTYp 3TOI 00JIaCTH, a MMEHHO TePesioM Pa3TNIHbIX
(dparmenToB C, -, C,-NI03BOHKOB, MOBPEXIEHUE CBA30YHO-
TO ammapara, IIpeXe BCero B BUIE pa3pbiBa IOIEePEeIHOM
CBSI3KM 3y00BUIHOTO OoTpocTKa [2]. Takske MpUINHOM Hec-
tabmipbHOcT KBC MOryT cTaTh IereHepatuBHbIE 3a00JIe-
BaHWUS, OITyXOJIEBBIC TIPOIIeCCHl (puc. 1), pa3pylamliue
KOCTHO-CBA304YHbIi anmnapar komrmiekca C—C —C, [3].

B psime cnyyaeB y mameHTOB BBUIY KOMITPECCHUOH-
HOTO BO3IECTBUS MAaTOJIOTUIECKOTO oJara Ha CIIMHHOM
MO3T BO3HMKAaeT HEOOXOAMMOCTH TPaHCHA3aJIbHOTO
WJIM TPAHCOPAJIBLHOTO yaajieH!s yacTu Komiiekca KBC,
HampuMmep IIPpY WHBAaTMHUPOBAHHOM 3yOOBHIHOM OT-
pocTtke (puc. 2), B Xome 4ero GopMHUPYeTCS BTOPUIHAS
HecTabuJIbHOCTS [1, 4—8].

Jluist onpenesieHs HEOOXOAMMOCTHU CTaOMIU3aLUY 1O~
3B0HOYHUKA (B ToM unciie KBC) y mammeHToB ¢ ommyxose-
BBIM TTOpaXXeHHWEM B IIPaKTUKY BHeApeHa mKajia «OmeHKa
HECTaOWILHOCTY TTO3BOHOYHUKA TIPU OITYXOJIEBBIX 3a00-
JIEBaHUSIX», pa3paboTaHHAs MCCIIEIOBATEIbCKON TPYIIION
II0 OHKOJIOTUM MMo3BOHOUYHUKA (Spine Oncology Study

Russian Journal of Neurosurgery

Puc. 1. Cxemamuueckoe usobpaxcenue onyxoau na yposie C —C,-no3eon-
K08, 0OCHYNHOU 045 Y0anreHUs: U3 6eHMPAnbHbIX 00CMYN08, Hmo nompeoyem
Ccmabuau3ayuLu KpanuosepmetpaibHo20 Co4AeHeHUs 88UAY HE0OX00UMOCHU
Yoanenus nepednux omoenoe komnaexca C,—C,-noseonxa

Fig. 1. Diagram of a tumor at the C —C, vertebra level available for resection
through ventral accesses which will require stabilization of the craniovertebral
Junction due to the necessity of resection of the anterior parts of the C —~C,
vertebral complex

Puc. 2. Cxemamuueckoe uzobpaicenue nramubazuu, UHga2UHayuL 3y608uU0-
H020 ompocmKa évluie aunuu Yembepaena (kpacuas aunus), nepeouei Kom-
npeccuu cmeon08sIx CmMpyKmyp

Fig. 2. Diagram of platybasia, invagination of the odontoid process above the
Chamberlain line (red line), anterior compression of the stem structures

Group, SOSG) B 2010 r. [9]. IIIkanma BKITIOYaeT OLIEHKY
TaKUX IMapaMeTPOB, KaK JIOKATN3AIIUS OIyXOJI1, BHIPAXKCH-
HOCTH O0JI1, TUIT MOPAXXECHUS KOCTH OITyXOJIbI0 (JINTHIE-
CKUIA, CMEIIIaHHBIN, OJTACTUYECKIIT), PEHTTCHOJIOTUIECKOE
BBIpaBHUBAHUE MO3BOHOUYHMKA (HOpMa, AedopMalims,
cyommokcarus (IMOOBBIBUX)), CTEIIEHD pa3pyIleHUS Tejia
ITO3BOHKA M BOBJICUCHUE 3aTHENIaTePATbHBIX CTPYKTYP.
MaxkcuManbHOe KOJIMYeCTBO 0aioB — 18, mpu olieHKe
13 6annoB nuMeetcs HectabmibHOCTh KBC, TpebOyromas
KoppeKu. YyBCTBUTEIIBHOCTD U CHIEITM(PUIHOCTD IITKAJIBI
coctaBisiioT 96 u 80 % coorBeTcTBeHHO [10].

Taxke oreHUBAIOTCS (PYHKIIMOHAIbHBIE PEHTICHO-
IpaMMBI IIIEITHOTO OTesIa TO3BOHOYHUKA (CTHOaHMe, pa3-
rubaHmue), Ipu KOTOPBIX paciinpeHue cycraBa KpioBebe
>2 MM Yy B3POCJIBIX U 4 MM Y [ieTeli 0TOOpaxaeT Hajlnyue
aTJIaHTOaKCUaJIbHOM HecTabunbHOCTH [11].
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Puc. 3. Cxemamuueckoe usobpaxcenue nepeaoma 3y606udnoeo ompocmra C,-noseonxa (2-ii u 3-ii munst)

Fig. 3. Diagram of a fracture of the C, vertebra odontoid process (types 2 and 3)

B nacrostmee Bpems mirg crabunusanyy KBC ucnons-
3YI0T METOJIBI IIEpeTHEN, 3aIHEN CTAOMIN3alI U X KOM-
OMHALINN.

METO/1bl llEPE,U,HELUl CTABUJINSALII

[Mepenusiss crabuM3anys BKIIOYAeT UCIIOIB30BaHIE
Pa3INYHBIX BUIOB CTAOMIM3UPYIOMUX KOHCTPYKIIMA:
BUWHTHI, TJIACTUHBI, KeWmxu. JlaHHBII B CTAOMITA3aIINT
MIPUMEHSIOT TP TepeioMax 3yOOBUIHOTO OTPOCTKA; OITy-
XOJISTX OCHOBaHMSI Yeperia U TeJI BEpXHUX IIeITHBIX TTO3BOH-
KOB, B XOJI¢ PE3eKIIMU KOTOPHIX YIAJISIOT U TePETHIOI0
yacth Komruiekca C —C,-I03BOHKOB; BOCTIATUTENbHbIX
mporeccax (peBMaTOMIHOE MOPaXEeHUE, OCTCOMHUEIINT);
aHoManusax pa3putus nepegHux otaenos KBC, Tpeby-
IOIINX X XUPYPIUIecKoi Koppeknuu [12, 13].

BunTtbl. [IpriMeHeHe BUHTOBOM CTaOUIU3aLIMU SBISI-
€TCsSI OCHOBHBIM CITOCOOOM TIpU TIepesioMe 3yOOBUIHOTO
orpoctka C,-1o3BoHKa (puc. 3), cocTabisomero 15 % Beex
TpaBM IIEIHOTO OTHesa TO3BOHOYHMKA [12, 14].

BuHTBI BBOISAT B 3yOOBUIHBIN OTPOCTOK 2-TO IICIHO-
IO ITO3BOHKA, TAKMM 00pa30M ITPOBOIUTCS IIPSIMOM OCTEO-
CHHTE3, IPY KOTOPOM BUHTHI TIEPECEKAIOT JIMHUIO TIepe-
JIoMa 3yOOBUIHOTO OTPOCTKa (pHc. 4).

OCHOBHOE IIPENMYIIIECTBO METOIa — COXpPaHEHHE PO-
TalLlMOHHBIX IBUXXEHUI B aTJIaHTOOCEBOM cycTame [15].
Brnepsoie aToT MeTox Obl1 ormcad B 1980 1. T. Nakanishi.
OrepaTBHOE BMEIIATEIBCTBO 10 YCTAHOBKE KOCTHBIX BUH-
TOB SIBJISIETCS MAJIOMHBA3UBHBIM [ 12]. JlaHHbBINM BUI (pUKCca-
LMY BO3MOXEH He BO BeeX cirydasix. O0s13aTeIbHbIC YCITOBHS
€ro IMpMMeHEHUs — BIIPABUMBIA IIEPEIOM 3YOOBUIHOTO
oTpocTKa 2-ro Tma (1o Anderson u D’Alonzo) Ha craguu
OTCYTCTBUST (DMOPO3HOTO CpallleHUsI, MHTAKTHAsI KPECTO-
00pa3HasI CBSI3Ka ¥ BO3MOXHOCTh BHITIOJTHEHUS TIEPEIHETO
Kocoro meitHoro moctyma [12]. BeposTHOCTh cpalieHus
TepesioMa MpH 3TOM BapHaHTEe CTAOMIM3AIIUM COCTABIISIET
90—100 % [12, 16, 17]. YacToTa OCI0XKHEHUI JOCTUIAET
9,5 %, nipu 3TOM 4allle BCEr0 BCTPEYAIOTCSI MAJIbIIO3ULIMSI
BHMHTA, IIOBPEXKICHNE 3aTHE CTCHKH TJIOTKH 1 CBSI3aHHBIC
C 3TUM MH(pEKIMOHHBIE OocaoXHeHus [12, 17].

Puc. 4. Cxemamuueckoe uzob6pasicenue 8unmosoil cmabuauzayuu npu nepe-
nome C,-noseonka

Fig. 4. Diagram of screw stabilization for C, vertebra fracture

I1pu HecTaOUILHOCTH, BbI3BAHHOM OIOHTOMIIKTOMU -
eif, BO3MOXHO IpOBeJeHHE MepeaHeil aTIaHTO-aKCH-
aJIbHO-3aTbIOYHOM (MMILIAHTALIMSI BUHTA HAYMHAETCS
¢ KaynanbHoit yactn C, ¥ MOC/IeN0BaTEIbHO MEPECEKAET
JnaTepaibHyto Maccy C, o HalpaBJIEHMIO K 3aThIIOYHOMY
MBILIEJIKY) WIKM aTJaHTOAKCUATbHOM TPaHCAPTUKYJISIPHOI
BUHTOBOM ¢ukcarum (puc. 5) [18].

IIpermyiiecTBOM JAHHOTO METOA CTAOMIM3ALIH SIB-
JISIETCSI OJHOMOMEHTHOCTh C OfOHTOUAIKTOMMUEM. [1pu
atoM Y. Lu 1 COaBT. MoKa3aju, 4YTO aTJIAHTO-aKCHAIbHO-
3aThUI04YHAas (puKcalys 6oJiee MPeAnoYTUTENIbHA Y AL~
€HTOB, MEPEHECIINX ONOHTOUIIKTOMHUIO, BBULY PA3BUTHUS
HeCTaOMIILHOCTHU He TOJbKO Ha ypoBHe C,—C -CerMeHToB,
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Puc. 5. Cxema amaanmoakcuanbHoli mpancapmuKyaapHoli BUHMOB0N Gukcayuu (a) u amiaHmo-akcuaibHO-3amoliI04HOU UHMOB0U ukcayuu (6)

Fig. 5. Diagrams of atlantoaxial transarticular screw fixation (a) and atlantoaxial-occipital screw fixation (6)

HO 1 Ha C —C -ypoBHE, OCOOEHHO Y TALMEHTOB C peBMa-
TOMIHBIM MopaxkeHueM [18].

BapuanTom 6e3 BkimoueHus C,-1o3BOHKa ABIAETCS
OTHOCHTEJIEHO HOBAsl METOIWUKA TTepeIHEN aTIAHTOOKIIM -
MUTAJIbHOI TpaHCAPTUKYJISIPHOM BUHTOBOU (pUKCALlUU,
npemtoxeHHoi B 2019 . W. Ji 1 coasr. [19]. Ee 6uomexa-
HUYECKUE ITapaMeTPhl OKA3aJIMCh COIMTOCTABUMBIMU C OK-
murmuToctiormmtonaesoMm (OC) [20], omHaKO MOTEHIIM-
aJIbHBIM PUCKOM MaHMITYJISIIIAM SIBJIICTCSI TIOBPEKICHUE
IIPOOOJITOBATOTO MO3Ta WX IMTOABSI3BIYHOTO HepBa [19].

Ilnactunsl. Eme onHuM MeToaoM nepeaHeit cTabuim-
3allMd KPaHHOBEPTEOPAIbHOTO TIepexona SIBISICTCS HC-
IMOJIb30BaHNE PA3IMIHBIX IIACTUH — OTHEIBbHO JHU0O
B KOMOWHAIINY C Pa3IMIHBIMUA METOIMKAMM 3aTHEH cTa-
omwm3anuu. B mocliemHNX MCCIeTOBaHUAX BCE dJallle
BCTpeYaeTcss UMEHHO 3TOT BapMaHT ctabmm3auunu [21].
Cpasy mocie mpoBeAeHMST BEHTPaJIbHOUN TEKOMIIPECCHH
Ipu MmaToyorndeckux oopasoBanmsax KBC, cBsa3aHHBIX
CO CHaBJICHHEM CTBOJIa Mo3ra, Maibdopmanmu Kuapn,

WHBarnHaIu 3y0OBUIHOTO OTPOCTKA IJIaCTHHA BUHTaAMU
NPUKPEIUIAeTcsa K 60KoBbIM Maccam C, u mepenHei mo-
BepxHocty Tent C,-/C,-1mo3BOHKOB [6, 22].

[IpenmyInecTBOM SIBISETCS OTOCTATOYHO ITUPOKUIA
CIIEKTp ITOKa3aHWI B CPaBHEHWU C OIMMCAHHBIMH BHIIIIE
BuHTaMu. [IpoBeneHMe cTAOMIM3AINY C UCTIOJb30BaHEM
TUTACTUHBI BO3MOXHO IIPH TIepeioMax, aHOMAJIUSX pa3BH-
TSI, HOBooOpa3zoBaHusiX. [Ipu cTabunmszanuu ¢ UCIOJb-
30BaHMEM IDTACTHH Y TIAITMCHTOB COXPAHSIETCS TTOIBIKHOCTD
3a cuer C—C - u C,—C -cermenroB [22]. [1pu nepenneit
CTAOMIM3AlINK HET HEOOXOMMMOCTH MHTPAOIIEPALIMIOHHOTO
TIOBOPOTA TIAlIMEHTA TSI BBITTOIHEHMS 3aIHEH cTabmim3a-
MM, TaK KaK orepanms mpoBoautcs B 1 atam. K HemocTar-
KaM TIPUMEHEHUS TUTACTHHBI M30JIMPOBaHHO (MeTom Harms,
puc. 6) OTHOCSITCSI BO3MOXHOCTh PACKPYYMBAaHUSI BUHTOB,
a TaKoKe XY/IIIIIE IT0 CPaBHEHUIO ¢ KOMOMHMPOBAaHHBIMHU Ba-
pUaHTaMM OMoOMeXxaHWYeCcKHe ToKa3aTenu [13], BBumy 4ero
4JacTo e¢ JIOITOHSIOT 3aaHel (prKcarmeit mpoBOJIOKOit (Me-
ton Harms—Brooks, puc. 7) [21].
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[Ipu aTIaHTOAKCUANBHBIX AUCIOKALIMSIX IIPEIIOKEHO
MpUMEHEHNE TPAHCOPAJIbHOM IEepeaHEel peayKIIMOHHOM
IIacTUHH (transoral anterior reduction plate, TARP) (puc. 8)
[23]. ITnactTuHa obecneynBaeT CTAOMILHYIO (PUKCALIMIO
KBC, a pemykiust (McIIpaBlieHE CMEIIEHHSI) TIPU TTIOMO-
LY CIELMAIbHOIO PeIyKIIMOHHOTO MHCTPYMEHTA O3B0~
JISIET B XOJ€ OINepaluy 10 YCTAHOBKE IJIACTUMHBI BhIpaB-
HSITh ITO3BOHOYHHUK M JAEKOMIIPUMHUPOBATh CTBOJIOBHIE

CTPYKTYDHI.

Puc. 6. Ilnacmuna Harms ons nepedneii cmaduausayuu C—C -ceemenma
NO360HOUHUKA

Fig. 6. Harms cage for anterior stabilization of C,—C, spinal segment

Puc. 7. Kombunuposannuiii gapuanm nepedneii cmabuiusayuu ¢ 3a0Het

Fig. 7. Combination of anterior and posterior stabilization

OnHol U3 TEXHUYECKNX MPOOJIeM SIBIISICTCSI PacKpy-
YUBaHWE BUHTOB. DTOT BOIIPOC PEIICH IPU HMCIIOIb30-
BaHUHU TepCOHN(PUIINPOBAHHBIX TUIACTUH (pUC. 9) I
nepenneit crabunmsaumu C —C,-, C —C,- u C —-C,-cer-
MEHTOB [21, 22, 24], K TpeuMyIIeCTBaM KOTOPBLIX OTHOCSIT-
Csl HAJIMIKME CTOITOPHBIX 3JIEMEHTOB M MX ITOJTHAST aHATO-
MHUYECKasi COMOCTaBUMOCTD C TIepeIHeil ITOBEPXHOCTHIO
kowmiutekca C,—C,/C,/C,, 4T0, COOTBETCTBEHHO, CIIOCO0-
CTBYeT MOJIyYECHUIO JIyUIINX OMOMEXaHUIECKUX PE3yJIbTa-
TOB [25]. BbIJTO TTOKA3aHO, YTO MOJIOOHBIE CUCTEMBI 0bec-
nevynBaloT 0ojiee HagexkHylo pukcaunio KBC — He MeHee
yeM B 1,6 pasa.

B03MOXHBIMM OCITOXKHEHUSIMY TIPUMEHEHNS TUIACTUH
SIBIISIIOTCST HECOCTOSITEJIBHOCTh paHBI Ha 3aJIHEl CTCHKE
TJIOTKY, pa3BUBAIOIICHCS 13-3a HATMYUSI YCTAHOBJICHHOTO
WMITJIAHTa ¥ COOTBETCTBEHHOTO TOBBIIIICHHOTO HATSIKE-
HUS MSITKMX TKaHel, MHGHUIINPOBaHNE U ITOBPEXKICHUE
TIO3BOHOYHOM apTepuy BUHTOM [22, 23].

Keiimxku. /1151 cnonauaone3a 00KOBbIX MacC aTJIaHTO-
aKCHUAJTbHOTO COWICHEHUSI UCTIONB3YIOT KEHIKI (BO3MOXK-
HO MCIIOJIb30BaHME KOCTHOTO ayTOTpPaHCIIaHTaTa, TUTA-
HOBBIX, KapOoHOBBIX WK tacTukoBbix PEEK keigxeii,
KeiaxKa coBMecTHO ¢ mactuHamu) [26]. X. Huang u co-
aBT. JUIST YCTAHOBKM TaKMX KEUIKEH IMPeTOXIIA TPaHC-
opalbHBIN MeTon [27, 28]. B oTiuume OT mpeabIaymnx
METOHOB CTAOWMJIM3aIMU TIPU JAHHOM CII0CO0e COXpaHsI-
eTcsl aHaTOMMYeCKasi CTPYKTypa CycTaBa, UTO SBJISICTCS
OUYEBUIHBIM IIpEeUMYyIIecTBOM. [IpU MCIIONIb30BaHUU
TUOPUAHOTO TUIAT-KeHIKa BO3MOXHA CTAOMIM3aLns Ha
HECKOJBKNX ITOPaKeHHBIX YPOBHSIX, YTO OOecIeuynBaeT
MOMEHTAJIbHYIO HalIesKHYIO PUTHIHYIO MEXKTEJIOBYIO CTa-
ouM3aInio 6e3 HeOOXOMMMOCTH HOIIEHUSI XKeCTKOTO BO-
potHuka [26]. Eille oqHUM BapUaHTOM SIBJISIETCS CTAOM/IN -
sauust C—C, -cermenTa npu nomoruu ayrorpadra (puc. 10),
YTO MOXET O0CCHeYMTh HaAeKHOEe CpallleHUe IOCIe
3—6-MecIYHOro HOILIEHMs BOpOoTHMKA [29].

Cpenn OCIOXHEHUM BBIICISIOT MUTPALIMIO Keimka
B TEJIO IIO3BOHKA, BEAYIIYIO K pELIMINBY HECTAOMITBHOCTH.
Bo3moxHO ocemanme KeiimKa 1 yTparta IeifHOro JIopao3a
pu cTabmIm3anum ToabKo KeimkeM [30]. B cBg3u ¢ aTim

EALEE b e

Puc. 8. Tpancopanvras nepednss pedykuyuonnas naacmuna (transoral anterior reduction plate), npumensemas 045 cmabuauzayuy u pedyKyuu Kpanuosep-

me6pa/tbnoeo COUY/N1€HeHUs

Fig. 8. Transoral anterior reduction plate used for stabilization and reduction of the craniovertebral junction
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Puc. 9. llepconuuyupoeannas naacmuna oas nepedneii cmabuausayuu C —C,-ceemenma no360HOUHUKA

Fig. 9. Individualized plate for anterior stabilization of the C,—C, spinal segment

Puc. 10. Cxena cmabuausayuu C —C -cezmenma npu nhomowu aymozpagpma

Fig. 10. Diagram of C —C, segment stabilization using an autograft

Heo0XoIMMa JOMOIHUTEIbHAS (DUKCALMS TUIACTUHOM, KO-
Topas yMeHbIlIaeT 3T pucku [31, 32].

METO/1bl BAJJ‘HEﬂ CTABUJINSALIAN

3amgHssT CTAOMIM3aIsl MoApasae/IsieTcss Ha aTIIaHTO-
aKCHAJIbHYIO Y OKLIMIIUTOLEPBUKAIbHYIO. ATIAaHTOAK-
cHajibHasl CTaOMIM3aLMs MOXET ObITh BBIIIOJIHEHA C UC-
10JIb30BAHUEM BUHTOB, IPOBOJIOKU, KPIOUKOB, IUIACTUH
unu 3axumMoB. Ee BoinmonHeHue cioxHee, Hexean OC/,
OIHAKO OHA 0bOecreurBaeT OOMbILINIA TUAMTa30H IBHKEHUS
3a CYeT coxpaHeHus aBrxeHus cermenta C—C,, KOTopblii
obecnieunBaer >50 % aBrKeHMit roaoBbl U wien. Ilocie
OKLMITUTOLIEPBUKAJIBHON CTaAOMIM3alUKM MIPAKTUYECKH
IMOJIHOCThIO OrpaHMYEHbI pa3rubaHue, crubaHue U poTa-
LIMSI B BEpXHE# 4acTH LIEHHOro OTAe/a IMO3BOHOYHMKA.
HakioHbl BOOK M aKCHallbHOE BpallleHUE BO3MOXKHBI
B nipenenax 3,4—5,5° n 2,4—7,2° coorBeTcTBeHHO [33—35].
OC/] BBITIONHSIETCS TIPY TIOMOIIY OAJTOUHO-TIPOBOJIOUHOMN
CHUCTEMBI, 0aJI0YHO-BMHTOBOI CUCTEMbI, a TAKXKE KPIOU-
koBoii. Kaxias u3 Hux obGecreynBaeT BLICOKHME ITOKAa3aTe-
Jm cpamtenust (89—100 %) [36, 37].

IIposonounbiii meron cradumsamun C —C,. g obec-
TeYeHMST CTAOMIN3AIIHA HEOOXOIMMO COSTMHEHNE 3aTHEIH
IyTu 1-TO IMIEHOTO MMO3BOHKA, KOCTHOTO TpaHCILIaHTaTa
¥ IyTM BTOPOIO IIEHHOTO MO3BOHKA. KOCTHEIN TpaHC-
TUTAHTAT IPY 3TOM PacIIoaraloT 100 CpeIUHHO Ha OCTH-
crom orpoctke C, (crioco6 Gallie), 1160 Mexty 3aTHUM
noaykoibuoM C, u ayxkamu C,-mo3BoHKa (crmoco6
Brooks m Jenkins) u (puKCcHpPYIOT IIPOBOJIOKOI K 3amHe-
My mnosiykosbily C -TI03BOHKA U OCTUCTOMY OTpOCTKY C,
(B 1-m BapuanTe) min ayxkam C, (Bo 2-M BapuaHTE).
K HemocTraTkaM MOXHO OTHECTH CHIDKCHHE aMILIMTYIBI
OCEBOTO BpAIlICHNUS TOJIOBBI, TIOCKOJIBKY 3TOT METO TIPeI-
CTaBJISIET U3 CeO0ST TTOTYKECTKYIO (PUKCALIMIO aTIaHTOAKCH -
aJTbHOTO COWIeHeHMs. Takke HeIOCTaTKOM SIBJIIETCS He-
00XOIMMOCTh CYOJIAMUHAPHOTO MIPOBEICHMS IIPOBOJIOKH,
YTO HEeCeT B ceOe PUCK MOBPEXKICHUS CITMHHOTO MO3ra.
CyIecTByeT BEPOSITHOCTh PAa3BUTHS TAKMX OCIIOKHEHUIA,
KakK aTpodus ImepecakeHHON KOCTHM, KOCTHAsl 3pO3US
¥ 0CJTabJIeHHE TIPOBOJIOKH, YTO COOTBETCTBEHHO ITOTPEOy-
eT pesusunu [12]. B Teuenue 2—3 Mec 1mocie onepanyuu
MMarMeHTaM HeOOXOIMMO HOIIIEHHE KECTKOTO BOPOTHHKA,
OITHAKO BBUIY HEIOCTATOYHOI KOMILUIAGHTHOCTH TTPOIICHT
HeylIayHbIX CpalleHui1 J0CTaTo4HO BbIcOK — 30—80 % [38, 39].
B cBs131 ¢ 3TMM TIPOBOJOYHBIN MeTOI (DUKCAIIUK B TI0-
cJemHee BpeMs M30JIMPOBAHHO HE BRITIOIHSIETCS, a SIBJISI-
€TCS NOTIOJIHEHNEM K APYTUM METOIAM CTaOMIN3alliM.

Bunrosas crabumsamus C,—C,-cermenta. [1pu tpaHc-
apTUKYISIPHON aTiaHTOAKCUAJIbHOW BUHTOBOI CcTabu-
JIN3allM BUHTHI BBOISITCS 4epe3 (paceTOUHBIE CYCTaBBI
C,—C,-1n03BOHKOB 10 GOKOBbIX Macc C, BKIIIOYMTENLHO
(Metom Magerl). YacTo 3TOT MeTOI COUYETAIOT ¢ (pUKcarmeit
TIPOBOJIOKO 1 ayTOKOCTHIO, OIMMCAHHOM BhIIIe (puc. 11).

B otnmume oT mpoBOJIOYHON (PMKCAIIUM BUHTOBOM
CITOCOO TMO3BOJISIET TOOUTHCSI OOJIBIIICH KECTKOCTH 1 IIPOY-
Horo cpameHus (~87—100 %) u He TpeOyeT HOLUEHUS
JKEeCTKOTO BOpPOTHMKA mocie ornepaunu [40—43]. Jomon-
HUTEJIBbHBIM IIPEUMYIIECTBOM SBJISIETCS BO3MOXKXHOCTH
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MMPUMEHEHUST MeToAa IMPU MOPAXKECHUAX 3aTHETO ITOJIY-
kojbla C -no3ponka. C apyroit cropoHsl, MeTon Magerl
WMeeT JOCTATOYHO CJIOXHYIO TEXHHMYECKYIO COCTaBIISI-
IOIIYI0. YCTaHOBKA BUHTOB ITPOMCXOINUT B HETIOCPEICT-
BEHHOM OJIM30CTH OT XOIa IO3BOHOYHBIX apTePHUiA, BBULY
Yero He y BCeX MAllMEHTOB BO3MOXHO €T0 IIpUMEHEHHUE
[12]. YacToTa moBpekaeHs TTO3BOHOYHOM apTepun Co-
crasisieT 1,3—4,1 %, a ocHOBHOII (haKTOp pUCKa — aHO-
MaJIbHOE TI0JIOXKEeHHME M03BOHOYHOM apTepuu [17]. K apy-
MM OCJIOXHeHUsIM (bostee peakum — 10 1 %) oTHOcsATCS
roBpexaeHne TMO, mepesioM BUHTA.

B 1994 . BriepBhIe ObLIa ONMMcaHa METOAMKA CTAOMITN-
3aIlAY IIPY TIOMOIIHN TIACTUH, (GDMKCHPOBAHHBIX K 3aTHEH
nosepxHocTu C -/C,-I03BOHKOB BUHTaMM, YCTAHOB-
JieHHbIMU B 1yXKK C,- 1 60KoBble Macchl C -MO3BOHKA,
nokasasiuas 100 % cpallieHre 3TOro CerMeHTa, — METO,
Goel [41]. HemocTaTKOM METOOVIKM CTaja HEOOXOIUMOCTD
nepecedyenns C,-Kopelka CIMHHOro Mosra. B pesyiibrare
METOJ SBOIIOLIMOHUPOBAJ B 0AJIOYHO-BUHTOBYIO CTaOM-
mm3anuo (Metonm Harms), Kotopast B HacTosmee BpeMs
SIBJIIETCS «30JIOTBIM CTAaHIAPTOM». DTOT METOJ ITOIpa3y-
MEBAET BBEIEHUE BUHTOB B G0KOBbIE MacChl C,-TI03BOHKA
1 HOXKU CZ(X) ITO3BOHKA C TIOCJICAYIOIINM X COCTMHEHM -
eM bankamu (puc. 12) [44].

DG PeKTUBHOCTL M 6E30ITaCHOCTL TPAHCAPTUKYIISP-
HOl M 0alOYHO-BUHTOBOM CTAaOMIM3alMil CpaBHUIU
B kpyrmHoMm MetaaHanu3e R.E. Elliott u coast. B 2013 1.
[45]. B0 TTOKa3aHoO, 4TO 0aJIOYHO-BUHTOBAsI CUCTEMA
yauie obecrneynBaer crabunusaunio C —C,-cermenra
(99,3 % npotus 95,7 %), pu YaCTOTE MOBPEKIAECHUSI 11O~
3BOHOYHOI1 aptepun 3,1 %. C y4eToM TOro, 4to 06e METO-
JTUKA 00CCIICYMBAIOT BEICOKHE TTOKA3aTe N CTaOMIIM3alINH,
BBIOOD B UTOTE 3aBUCUT OT aHATOMHUYECKIX OCOOCHHOCTEM
X071a TTO3BOHOYHOM apTepu, Kotopas B 10—15 % ciydaes
HE TI03BOJIIeT 6€30MacHO YCTAHOBUTH BUHTHI TPAHCAPTH-
KyJIsIpHO [46].

IIpumenenne KproukoB, 3axkumos s dukcauun C —
C,-cermenra. [lna pukcaunu C —C,-cerMeHTa ONMcaHo
HECKOJIBKO METOIMK IPUMEHEHMST KPIOYKOB B COUCTAaHUU

Puc. 11. Cxema mpancapmukyasipHoti amaaHmoaxkcuanbHoi 8UHMoBol cma-
Ounu3auUY 8 COHeMaHul ¢ nPOB0OAOHHOI (ukcayuei

Fig. 11. Diagram of transarticular atlantoaxial screw stabilization in combination
with wire fixation

Puc. 12. Cxema 3adueii 6arouno-eunmosoii gurcayuu C —C -ceemenma
N0360HOMHUKA

Fig. 12. Diagram of posterior fixation with rods and screws of the C,—C  spinal
segment

C BUHTaMM, TIJTACTUHAMMU, TIPOBOJIOKOI [47—49]. TTpenmy-
IIeCTBaMU UCIIOJIb30BaHUS KPIOYKOB SIBJISTFOTCST BO3MOXK-
HOCTB UX YCTAHOBKU IIPH OCTEOIIOPO3€, OTCYTCTBHE HEOO0-
XOIWMOCTH TIOCJICOIIEPAIIMOHHOTO HOIIIEHUST BOPOTHUKA
W OTCYTCTBHME pHMCKa IMOBPEXICHUS CIIMHHOTO MO3ra
KaK IpU ITPOBOJIOYHOM MeToze hukcanuu [50—52].

Taxcke i crabunmzannn C,—C,-cerMeHTa BO3MOXHO
MMpUMEHEHNE 3aKMOB, KOTOPBIE 00ECIICUNBAIOT COITOCTA-
BUMBIC PE3YJIBTAThI C TIPOBOJIOYHBIM METOIOM, TIPU 3TOM
HET HEOOXOIMMOCTH CYOJJAMIHAPHOTO TIPOBEICHUS TIPO-
BOJIOKH, YTO, COOTBETCTBEHHO, MCKITFOUAET PUCK ITOBPEXK-
IEHUS TBEPIOUM MO3TOBOI 000JIOYKM M CITMHHOTO MO3Ta.
Tem He MeHee BBUIY HEOOXOMIMMOCTHU COOIONCHUS psIa
YCJIOBUIA (MHTAKTHbBIE 3aaHKE TOayKoabla C -M03BOHKa
u n1yxku C,-TI03BOHKA), a TAKXKE C yYETOM XapaKTepa BO3-
MOXHBIX OTCPOYCHHBIX OCIOXHEHUM (COCKAIb3bIBAHUE
3axkuma, nepesiom C -TI03BOHKa) UCIIOJIb30BaHUE 3aKUMOB
B HacTosIIee BpeMsl orpaHrn4eHo [53, 54].

OKnMnUTOCIOHAMIOAE3. 3aTHSIS IIePBUKOOKITATIH -
TaJdbHAS CTAOMIM3AIUsI B OCHOBHOM OCYIIECTBIISICTCS
C MOMOIIBIO CTepKHe-BUHTOBOM cuctembl (C—C , rie
X — 2—7-1 TIO3BOHKM ), 00ECITeYBAIONIAs] BBICOKHE TTOKa-
3aTenu ctadwinsanuu (89—100 %) npu MUHUMAIBHOI
gacToTe ociaoxHeHui (puc. 13) [12].

Hawnboiee gacTeie OCIOXHEHUS — pacKpydUBaHUE
BUHTOB U, COOTBETCTBEHHO, HecTabuiabHocTh KBC
(mo 7 %), Tpebyioluast 6oiee JIUTETbHOTO HOIIEHUS BO-
poTHUKa, TukBopes (10 4 %), undexkuuu (o 11 %) [17].
CaMBbIM INTABHBIM HEIOCTAaTKOM JaHHOTO METOA SBIISICTCS
cpalllecHMe 3aTBUIOYHON KOCTH U IIECWHBIX ITO3BOHKOB,
YTO TIPUBOAUT K CEPHbE3HBIM OTPAHWYCHUSIM IBYKCHMUS
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Puc. 13. Cxema okyunumocnondunodeza — 6a104HO-8UHMOBOU CUCHEMbL

Fig. 13. Diagram of occipital cervical fusion: rods and screws system

royioBsl [12], BBumy yero OCJI mpuMeHSIIOT B OCHOBHOM
TPV HAIMYMY TIPOTUBOITOKA3aHUI K IPYTUM METOIAM aT-
JIaHTOAaKCUaIbHOM ctadbmmm3anun. Taxxke aiua OCI mc-
ITOJIB3YIOT KPIOYKOBO-BUHTOBYIO 0AJIOUHYIO, IIPOBOJIOYHO-
0aJIOYHYIO CUCTEMBI, KPIOYKOBYIO CHCTEMY C ITACTUHAMM,
IIPOBOJIOKY C KOCTHBIM ayTOrpachToM, IIPU 3TOM BCe, KPO-
Me ToCJIeTHeH, 00eCIIeunBalOT apTPoae3 B CPOKU <4 Mec
[55]. Emie omHMM BapuaHTOM CTaOWJIM3alMU SIBISIETCS
IMpUMeHEeHe BUHTOBOM aTJIAHTOOKIIMITMTAIBHON TpaHC-
ApPTUKYJISIPHON CTAOMIM3AalINY B KOMOMHALINK C BUHTOBOM
aTJaHTOAaKCHUAJIbHOM crabnmim3arueii [56].

ROMBUHWPOBAHHBIE BAPUAHTbI

CTABUJINSALINN KPAHNOBEPTEBPAJIBHOI'O

COYJIEHEHUA

B psime caydaeB Ipu MHOTO3TAITHOM XHPYPTHUESCKOM
JIeYeHHH (4allle BCero Mpy HeadHEeKTUBHOCTHY 3aaHEH Je-
KOMIIPECCHUH Y TTAIIMEHTOB C aHOMAJIUSIMUA Pa3BUTHSI, HO-
BOOOpAa30BaHUSAMHM, OKA3bIBAIOIIMMHN KOMIIPECCHOHHOE
BO3IECTBIE HA CTBOJIOBBIC CTPYKTYPHI, 1 IIPY HEOOXOIM -
MOCTH BHITIOJTHEHUSI BMEIIATEeIbCTBA C IPYTOM CTOPOHBI)
BO3MOXHO BBIIIOJTHEHHE KOMOMHUPOBAHHON ITepeaHeid
" 3agHel cradbmam3anuu. [IprMeHSIOTCS TTPaKTHIeCKU
JII00bIe KOMOMHAIIMKY BapUAaHTOB IIEpeTHEN CTa0OMIN3aIliN
(BMHTOBASI, TUTACTUHBI, KEWIKM) ¢ JTIOOBIMU BapraHTaMHU

Puc. 14. Cxema xombunuposantoii nepedneii C —C, (naacmuna — cmpenxa
cne8a) u 3a0Helil (OKYUNUMOCHOHOUA00e3 — CIMPeKa Cpasga) cCmaduau3ayuu
KPaHuo8epmeOpanbHo20 couneHe s

Fig. 14. Diagram of combination anterior C —C, (plate — left arrow) and
posterior (occipitospondylodesis — right arrow) stabilization of the craniover-
tebral junction

3aHEe} OKLIMIIUTOLEPBIIbKAIbHO /aTIIaHTOAKCUATbHO
crabmmmsanmeit (puc. 14) [21].

SARJIIOYEHUE

B HacTog11ee BpeMs CyIIeCTBYeT IMMPOKUIA BBIOOD Ba-
puanToB ctabmnu3anmu KBC B 3aBUCMMOCTH OT XapaKTe-
pa MaToJI0TUH, 0OCOOEHHOCTE TTallMeHTa, COCTOSTHUS KOCT-
HOW TKaHU, 3TATHOCTU XMPYPTUUYECKOTO JICUYEHUS.
NMeHHO 00MIMe XUpyprudecKUX TEXHUK CTaOMIM3aliunu
TMO3BOJISIET TIEPCOHATM3UPOBAHHO MOIXOJUThH K JICUSHUIO
KaXX[0ro nmauyeHTa U 00ecrieunBaTh HAMIy4dIlIde pe3yib-
TaThI JIEYeHUS C YIeTOM OCOOEHHOCTEN KaskKI0il METOIUKU.
AHaIu3 TUTepaTyphl ITOKA3bIBaeT Bee 0oJiee YacToe TpU-
MeHeHUe MeToJ0B nepeaneit crabumsau KBC, uro mo-
3BOJISIET BBITIOJIHATH OIlepalii, TpeOylole pe3eKInn
KOCTHO-CBA304HOTO arlrapara BEHTpalbHbIX 0Tae10B C —
C,-cermMeHTa MO3BOHOYHMKA B 1 3Tan co crabunusauueit
KBC. Hanbonee nepcrneKTUBHBIM SBIISIETCS JajTbHENUIIas
pa3paboTKa NepCOHATU3NPOBAHHBIX TJIACTUH IS CTA0M-
JIN3alNN.
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Llenecoo6pa3HocTb NpoBefeHNs KOHCEPBATUBHO TEPANUN NPU HEOCNOKHEHHBIX KOMIPECCUOHHbIX NePeNoMax rpyAHOro
¥ NOSICHUYHOTO OTAENOB NO3BOHOYHMKA ABASETCA OAHUM U3 Hanbonee HEO[HO3HAYHbIX BOMPOCOB B HAY4YHON MeAULMHCKON
nuteparype. OTeyecTBeHHble MPOTOKOMbI IeYEHUS NO3BOHOYHO-CMUHANBHON TPaBMbl He AAOT YeTKUX peKOMEeHAALMil
Mo KOHCEPBATUBHOMY JIeYEHMIO 3TOI KaTeropuu nauueHToB. 3apyOexHble NPOTOKONbI NPefyCcMaTpUBAIOT BOSMOXHOCTb
npoBefeHNs KOHCEpPBAaTUBHOM Tepanuu B Cyyae He3HAYMTENbHbIX CTeneHei KUdo3a U KOMNpeccun Tena no3BOHKaA.
K HacToswemy BpemeHu ony6n1KoBaHO 6ONbLIOE KONNYECTBO UCCIELOBAHMIA, MOCBALLEHHBIX KOHCEPBATUBHOI Tepanuu
NpPU HEOCNOXHEHHBIX NEpenomax rpyaHoOro 1 NOSCHUYHOTO OTAENOB NO3BOHOYHMKA. COMMAcHO UMEeKWUMCA JaHHbIM,
OCHOBHbIMM NOKa3aHNAMM K ee NPOBEAEHUI0 ABNAIOTCA KOMNPECCMOHHO-0CKONbYaTble nepenoMbl Tuna A no knaccudu-
kauum AOSpine ¢ komnpeccueii npocBeTa NO3BOHOYHOTO KaHana <50 % u kudoTuyeckoit fedopmaumeit <30-35°.

KnioueBble cnoBa: HEOCNOXHEHHbIN KOMI'IpECCVIOHHbIVI nepesiom rpyaHoro U NOACHNYHOro OoTAeN0B NO3BOHOYHUKA, NO-
3BOHOYHO-CNMUHAaNbHAA TpaBMa, KOHCEpPBATUBHAA TEPANUA KOMNPECCUOHHbLIX NepPeIOMOB rpyaAHOro U N0OACHUYHOro OTAENOB
NO3BOHOYHWKA, KOMNbIOTEPHAA TOMOI’paCbVIﬂ NOACHUYHOIO U rpyaHoOro oTaeNnoB NO3BOHOYHUKA, MAarHUTHO-pE30HAHCHAaA
TOMOI’padJVIﬂ MNOACHUYHOIO U rpyaHoOro otTaenos NO3BOHOYHUKaA

Dna yutnpoeanus: Mpuub A.A., NMoroHdyeHkosa U.B., Tansinos A.3. u ap. Peabuantaums naumueHToB C HEOCTOXHEHHOIA
TpPaBMO¥A FPYAHOTO M NOACHUYHOO OTAENOB NO3BOHOYHMKA. Helipoxupyprus 2025;27(1):130-8.
DOI: https://doi.org/10.24412/2587-7569-2025-1-130-138

Rehabilitation of patients with noncomplicated trauma of the thoracic and lumbar spine
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M. R. Makarova®, M. S. Filippov’, V. N. Manuylov’

IN.V. Sklifosovsky Research Institute for Emergency Medicine, Moscow Healthcare Department; 3 Bolshaya Sukharevskaya Sq.,
Moscow 129090, Russia;

2N.I. Pirogov Russian National Research Medical University, Ministry of Health of Russia; 1 Ostrovityanova St., Moscow 117997, Russia;
3Moscow Scientific and Practical Center for Medical Rehabilitation, Restorative and Sports Medicine, Moscow Healthcare Department;
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The expediency of conducting conservative therapy for uncomplicated compression fractures of the thoracic and lumbar
spine is one of the most controversial in the scientific medical literature. Domestic protocols for the treatment of spinal
cord injury do not provide clear recommendations for the conservative treatment of this category of patients. Foreign
protocols consider the possibility of in the case of minor degrees of kyphosis and compression of the vertebral body.
Thus, to date, a large number of studies have been published on the use of the method of conservative therapy for
uncomplicated fractures of the thoracic and lumbar spine. Summing up all the available data, the main indications for
its implementation are compression-comminuted fractures of type A according to the AOSpine classification, with
compression of the lumen of the spinal canal less than 50 % and kyphotic deformation less than 30-35°.
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BBEJIEHUE

Bomnpoc o mpuMeHeHUN KOHCEpPBAaTUBHOM Tepanuu
(KoT) mpu HEOCTOXKHEHHBIX MepesioMax IPyIHOro U To-
SICHHIHOTO oTnesioB mo3BoHouyHUKa (I'TIOIT) — omwH
13 HanboJjiee HEOTHO3HAYHBIX B HAYUHON MEIMITMHCKOM
Juteparype. OTedecTBeHHBIE TPOTOKOJIBI JIEYSHMSI TTO3BO-
HOYHO-CIUHAIBHOW TPaBMbI TUOO PEKOMEHIYIOT TTPOBe-
JeHue Xupyprudeckoro jJedeHust (XJ1), mubo He 1aloT yeT-
KUX PEKOMEHIAINI TI0 KOHCEPBAaTUBHOMY JICYEHUIO 3TOM
KaTeropuu NarmeHToB. 3apyoeskHbIe IPOTOKOJIBI TTPEyC-
MaTpUBAIOT BO3BMOXHOCTh TTpoBeieHnst KoT B ciryuae He-
3HAYUTENBHBIX CTeTleHel Krdo3a U KOMIIPECCUM Tela
MO3BOHKA.

BbIbOP TARTURKWN JIEHEHN A

OrmpeneneHre TAKTUKY JCICHUS TIPU KOMITPECCHOH-
HbIx nepeiaomax ['TIOTT B coBpeMeHHBIX MCCIIeTOBaHMSIX
ba3npyeTcs Ha NCTIOIb30BaHNM Kitaccudukammm AOSpine.
Cy1iecTByeT KOHCEHCYCHOE MHEHHE O 1IeJIeCO00pa3HOCTH
MIPOBEICHUS TIPU HEOCTOXHEHHBIX TepesioMax Tuia Al
KOHCEpPBAaTHUBHOTO JICUCHNSI, KaK 00€CIICIMBATOIIECTO TIpe-
BOCXOIHEBIE OTHAJICHHBIC KIIMHUYECKUE pe3yibTaThl [1, 2].
B otHOmeHun repesiomoB thma A2, A3 1 A4 1o cux rnop Be-
JIyTCs CIIOphI 0 BeIOOpe Metona JiedeHust — KoT wmm XJ1.

B HacTosee BpeMsT B HayqIHOM JINTepaType padoTHI,
ITOCBSIIIICHHBIE TIepeIOMaM TUTIA A2, TIPEICTaBICHBI TOJIb-
KO CepHSIMM HaOJIOICHMIA ¢ OIMCaHEeM IIPUMEHEHMST pa3-
JIMYHBIX METOIOB JiedeHUsI. [1pr 3TOM HET cpaBHUTEILHBIX
paboT M KaKOM-I100 aKTUBHOM TUCKYCCUU O TAKTHKE JIe-
YeHUs MalneHTOB ¢ epeomamu tuna A2. Tak, KoT saB-
JISIeTCSI OMHUM M3 HanOoJIee 9acTO MPUMEHSIEMBIX METOIOB
IIpY JICUCHUH TIEPEIIOMOB 3TOT0 THMa [3]; TakKe TPy TaH-
HOM THIIE OBPEXICHUI TOCTATOTYHO aKTUBHO TIPUMEHSI-
0T TIepKyTaHHYI0 BepTebporiacTuky [4]. B ciyyae oTtkasa
marerTa oT KoT v mpu HeBO3MOXKHOCTH €€ TIPOBEC-
HUS PsIT aBTOPOB UCIIOIB30BAJIA MIEPKYTAHHYIO TPaHCIIE-
IUKYISpHYIO UKcaluio [5] nam nepegHmue MaJOMHBAa3UB-
HBIE JOCTYIHI [6].

TaxTuka nedyeHus mpu repejiomax Tmuia A3 n A4 g9B-
JISIETCSA TIPeIMETOM aKTMBHOM mucKyccuu. CpaBHUTEIb-
HBII aHAJIN3 YaCTOTHI Pa3BUTHUS PAHHUX M TTO3THUX OCIOXK-
HeHui y naureHToB ¢ nepenoMamu I'TIOTT tnuma A3 n A4
ITOKa3aJl uX MpeBalnpoBaHue B rpyrme XJI mo cpaBHEHUIO
¢ KoT (16,7 % npotus 6,3 % [7], 45,8 % npotus 8,7 % [8]
u 15,2 % nportus 0 % [9] cooTBeTcTBeHHO). Bosee Toro,
B rpymite XJI B TOJIOBUHE CITy4aeB ¢ OCIIOKHEHUSIMU TPE-
6oBaock moBTopHOEe XJI. CTOMMOCTH JIeUeHHUS TTallieH-
ToB ¢ nepeaoMamu I'TIOIT tumma A3 u A4 B rpyrme XJI
mpeBocxommia crouMocTh KoT Bo Bcex mcciiemoBaHUSIX

He MeHee 4eM B 3 pa3a [8§—10]. [IpoleHT maieHToB, Bep-
HYBIIUXCS K TPYAY, CYIIECTBEHHO OTIMYAJICS BO BCEX
HUccleqoBaHuAX: eciiu B pabote J. Siebenga u coasT. [7]
HMCXOIbI OBUTH JIy4Ille B TpyIIe, moxydaBiieir XJI, To 1mo
manHeiM K. Wood u coasrt. [8], mpeumyIiecTBO OBLIO
B rpynmie KoT. B nccnegoBanuu W.J. Shen un coaBt. [9]
pe3ynbsraThl XJI u KoT OblUIM mpakTUUeCKM UIEHTUYHBI
(Tadm. 1).

[Mospexnenns Tuma B mo AOSpine oTHOCST K rpymiie
HECTaOWIBHBIX (DIIEKCMOHHO-TUCTPAKIITMOHHBIX TTOBPEX-
JIEHWI, XapaKTePU3YIOIIMXCS B TIEPBYIO OUepeIb Pa3phIBOM
CBSI30YHOTO amirapaTa 3aJHeTro OIOPHOTIO KOMIIJIEKca.
KoHcepBaTuBHOE JieUeHINE TaKMX ITAIIUEHTOB COIIPSKEHO
¢ IIporpeccupoBaHreM KUPOTUUECKO# medopmanum
U pa3BUTHEM HEBPOJOTMUYECKOro meduiinTa, B CBSI3U
¢ yeM B Hacrostee BpeMst XJ1 sSIBIIsieTCsI MeTOIOM BEIOOpa
[2, 11—-13].

CremyeT OTMETUTB, YTO TPAHCIISILIMOHHBIC TTOBPEXKIC-
Hust ['TIOTT (tun C mo AOSpine) 6e3 TTOBpeXXIeHMS CITMH-
HOTO MO3Ta SIBIISTIOTCS OOJIBIION PEIKOCTRIO: B INTEpAType
OITMCaHBI TOJIBKO 14 ciydaeB HEOCIOXKHEHHBIX BHIBUXOB
TPYIHBIX TIO3BOHKOB [14] 1 7 — Ha ypOBHE TPYAOTIOSICHIY~
Horo mepexoaa [15]. Cpean KoHCEpBaTUBHBIX METOIIOB
JICYCHUST TaKUX MAllMEHTOB YKa3bIBAIN Tajlo-(heMopab-
HYIO TPaKIUIO, a CPeIN XUPYPTUIECKUX BMEIIATCIHCTB
peobiagan 3agHuii cioHauinones [15, 14].

IMMOKA3AHUA K KOHCEPBATUBHOW TEPATINN

Yerkux kpurepues Boioopa KoT Ha ocHOBaHUM UC-
ClIeIOBaHWI C BBICOKMM YPOBHEM J[I0Ka3aTeIbHOCTU
He chopMynmrpoBaHO. BOTBIIMHCTBO XUPYPTOB B PYyTUH-
HOW IIPaKTUKE PYKOBOICTBYIOTCSI JAHHBIMU OITyOJIMKOBaH-
HBIX CepUit HAOMIOIEHUA.

HocTaToaHO TTOAPOOHOE OIMMCAHUE PE3YNIBTATOB JIe-
YeHHs MAllMEHTOB ¢ IPUMEHEHUEM TPOIOJIKUTEIIBHOTO
IOCTEJIbHOrO pexuma (oT 1 1o 6 Hem) U MOCIeaYIOLIUM
aMOyJIaTOPHBIM HOIIIEHWEM OpTe3a OT 3 10 5 Mec Tpea-
craBiieHo B padore P. Hitchon [16]. B rpyrme koHcepBa-
TUBHOTO JiedeHus1 0610 155 yenoek. [1pu aTOM Ha ypoB-
HE TOBPEXICHUS MPOCBeT Mo3BoHOYHOro KaHaja (I1K)
coctapisin 65 = 18 %, creneHb KOMITPECCUHM TeJjla ITI03BOH-
Ka He nipeBbiiana 50 %, a yrioBas nedopMaliyist COCTaBUIa
5,6 £7°(1,4—16°). CornacHo OINMCAaHUIO aBTOPA CTaTbH,
TepesioMbl COOTBeTCTBOBAIM THIIaM A2, A3 1 A4 1o AOSpine.
K coxanenuto, B 310l paboTe He MpeacTaBiAeHbI TOAPO0-
HBbIE pEHTTEHOJIOTUYECKHE Pe3yIbTaThl, OMHAKO YKa3aHo,
yto 60 % mauueHTOB BEPHYJIMCh K IpexHeil pabore
n 20 % ee MOMEHSUIN 13-3a HEOOXOIMMOCTU OOJIETYEHMST
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Tadmuua 1. Pezyasmamot mpyoosoii adanmayuu nayuenmos ¢ hepesomamu muna A3 u A4 6 npocneKkmugHbIX UcCAe008aHUSX, NOCBAULCHHBIX CDABHEHUIO

Memodos ICOHC‘epG[lmLIB’HOﬁ mepanuu u xupypeu4eckoeo n1e4eHus

Table 1. Results of labor adaptation in patients with A3 and A4 type fractures in prospective studies comparing conservative therapy and surgical treatment

IToka3areib, HcCeI0BaHNE

Yucio malyeHToB, BEpHYBIIUXCA K Tpydy, %
Number of patients who returned to labor, %

J. Siebenga et al. [7]

K. Wood et al. [8]

W.J. Shen et al. [9]

CpenHuit CpoK BO3BpaTa K TpyLy, Mec
Mean time to return to labor, months

J. Siebenga et al. [7]
K. Wood et al. [8]

Yuco manyMeHToB, BEpHYBIIMXCS K MPEIbLAYIITAM
ycIoBuaAM Tpyaa, %
Return to previous labor conditions, %

J. Siebenga et al. [7]

K. Wood et al. [8]

W.J. Shen et al. [9]

Yucio maimeHToB, BEpHYBILMXCS K TPYAY
B 00JIETYEHHBIX YCIIOBUSIX, %
Return to labor with easier conditions, %

J. Siebenga et al. [7]

K. Wood et al. [8]

Ipynna KoHcepBaTHBHOI Tepanuu

Ipynna xupypruyeckoro JiedeHust

38 851
831 63
67 73
13,6 (6—33) 6,7 (1-18) 1
6 mec — 74 % 1 6 mec —42 %
6 months — 74 % 1 6 months — 42 %
24 mec — 83 % 1 24 mec — 58 %

24 months — 83 % 1

24 months — 58 %

60 100 1
79 1 53
56 63
40 01
211 47

Ilpumenanue. 3naxom «1» 0003HaueHbl HAUAYHUIUE 3HAYEHUS 8 2DYNNAX CPAGHEHUS.

Note. The 1 symbol denotes the best results in comparison groups.

ycaoBuii Tpyna. ClieyeT OTMETUTD, YTO paboTa ObLTa Ha-
npapjieHa Ha cpaBHeHMe ncxonoB KoT u XJI u HarnsimHo
IIPOIEMOHCTPUPOBAIa COITOCTABUMOCTD 2 TIOIXOMIOB Y ITa-
LIMEHTOB ¢ HeOoCJIOXKHeHHBbIMU TTepeiomamu ['TIOIT.

B pa6ote H. Agus 1 coaBT. KOHCEpBAaTUBHOE JIEeUEHE
oTyJaIi 29 marreHToB ¢ MOBPEXICHUSIMU, COOTBETCT-
Bylommu Tiuiam A2, A3 u A4 o AOSpine. CpenHsst Ipo-
JIOJDKATEILHOCTD ITOCTEILHOTO peXXMa COCTaBIIIA S THEM
(o1 3 1o 8), B IOCEAYIONIEM TSI BepTUKAIM3AIN TTaIlv-
€HThI MCIIOIb30BAIN XECTKUI OpTe3 Ha Iepuo 10 6 Mec.
CpenHuii mepron HabIoAeH s cocTaBui >6 eT. HeBposio-
TMYeCKMiT Ae(pULINT He BOZHMK HU B OMHOM HAaOJIONCHNH,
TaK ke KaK ¥ TUITOCTaTH4IecKue ocIoxXHeHns. ToibKo y 1 ma-
LIMeHTa OBIJI0 OTMEYeHO HapacTaHue Krdo3sa 10 30°, omHaKo
KIMHUYIECKN 3TO HMKAK He TPOSBIISIIOCh. TakuM 00pasoMm,
aBTOPHI IIPUIILTM K BBIBOMY, YTO MALIMEHTHI C TOTOOHBIMU
TIepeIoMaMu IIPH YCIIOBUH 1ISJIOCTHOCTH (DACETOUHBIX CyCTa-
BOB, COOTBETCTBYIOIIMX ITO3BOHOYHO-IBUTATEIIEHOMY CET-
MEHTY, MOTYT IOJIy4aTh KOHCEpBaTUBHOE jeueHue [17].

P. Tropiano u coaBT. HA OCHOBaHUHU HAOJIOACHUS 3a
4] mauMeHTOM IPUIIIA K BBIBOIY, UYTO MOKa3aHUEM
K KoT HeocnoxXHeHHBIX B3pBIBHBIX IepeaoMoB I'TIOTT
SBJIsIIOTCS KoMIipeccust rpocseta I1K <60 %, carutranb-
HBIN MHAEKC <15°, a TaKKe IIeJIOCTHOCTD 3aIHETO CBSI309-
Horo KomrIuiekca [18].

B nccnengosannn K. Wood u coasT. 23 manueHTam
¢ mepenomamu tuna A3 u A4 nHa yposHe Th, —L,

MPOBOIWIN UMMOOUIU3ALIMIO TTPU IMOMOILIM XXEeCTKOTO Op-
te3a. CpenHuit yroa Kugo3a Ha MOMEHT MOCTYIUICHMS
cocrasisin 11,3° (ot —12 mo 30°), crertens Kommpeccnu [TK
B cpeaHeM coctabisia 34 % (ot 5 mo 75 %). [lpu atom
B pe3yJIBTaTe IMPOBEICHHOTO JICUCHUSI HA B OMHOM CITydae
He OBLTO OTMEUYEHO MOSIBJICHUST HEBPOJIOTUIECKOTO Aeu-
IIMTa, a TTOKa3aTeJIM KayecTBa XU3HU IIPU OTHAJICHHOM
00CIemIOBaHNH COOTBETCTBOBAIM TAaKOBBIM Y ITAIIUEHTOB,
noyauBmx XJI [8].

M. Tezer 1 coaBT. HA OCHOBAaHMM OIIbITA JICYCHMS 48 T1a-
IIMEHTOB ITPHUIILIN K BBIBOMY, YTO ITPY ITOBPEKICHIN Ha YPOB-
HE Th“—L5 KoT npeamnourureabHa y IalMEHTOB C HEOCTIOX-
HEHHBIMH TIepeIOMaMi U KH(OTUIECKOM medopmarmeit
1o 30°. B ciryyae 6ojiee BEIpaskeHHOTO K1ho3a peKOMEHIO-
BaHO IIPOBEICHNE MAarHUTHO-PE30HAHCHOU TOMOTpaduu
JUTSL OLIEHKM LEJIOCTHOCTH 3aJHET0 CBSA30YHOrO arapara
I'TIOIT [19]. K aralorigHbIM BBIBOAAM TIPUIIIN B CBOEM
nccnepoBanuy D. Reid 1 coaBT. Tipu peTpoCITeKTBHOM aHa-
JI3¢ Pe3yNIBTaTOB JiedeHUs 21 mammeHTa ¢ OCKOIbYaThIMK
TepesIoMaMy TPYIONOSICHIIHOTO Tiepexomna [20].

Takum o6pa3zom, OOJILIIMHCTBO aBTOPOB, IIPUMEHSIB-
mmx Metoasl KoT B ledeHNM maliMeHTOB, CYUTAIN TTOKa-
3aHUSIMHM K €€ MCIIOJIb30BaHUIO HEOCTOXHEHHBIE KOM-
npeccuoHHo-ockoibuyaThie mepesomMbl I'TIOIT co cTe-
MEeHbIO0 KOMIIPECCUU TeJjla Mo3BoHKa <50 %, KoMIIpeccuu
npocseta [1K <50 % u kudornueckoii gepopMaLiuy mo-
3BOHOYHO-IBUTaTeIbHOTO cermeHTa <30°. Bo Bcex
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MIPeACTaBJICHHBIX B JIUTEPaType CeprsIxX HAOIIOMCHUA 10~
CTUTHYT Pe3YJIBTaT, COMMOCTABUMBIN ¢ TaKOBBIM Tipu XJI.
HapacTtanmst HeBpoJIOTHYECKOTO ne(bUIINTa B IIPEACTaB-
JICHHBIX CEPUSX HAOIIOMEHUI He OBLIO.

METO/1bl KOHCEPBATUBHOI TEPAITUN

K ocHoBHbIM MeTogaM KoT oTHOCST mocTypajibHYIO
KOPPEKIINIO, JIeYeOHO-0XPAaHUTEIbHBIN PeKM, HOIIIEHUE
CIIeIIMaTbHBIX OPTE30B, JICUeOHYIO (PMUBKYIBTYPY U PU3HO0-
TepaItmio.

Hawubonbliee pacrpoctpanenue B Poccun momyunn
(GYHKIIMOHAJIBHBIN METOI JICUYCHHUS W peadMIMTallnu
P KOMIIPECCUOHHBIX IIepejioMax, pa3paboTaHHBIU
B.B. Topunesckoii u E.®. IpeBunr [21].

OyHKIMOHATBHBIN METOMI JICICHUS U peadUIUTALINN
TopuHeBckoli—/IpeBUHT — KOMIUIEKC METOAMK JieueOHOM
(U3KYIBTYPHI, KOTOPHII BKITIOYACT KOPPUTHPYIOIIYIO JIe-
YeOHYI0 THMHACTHUKY B COYCTAHUHM C TIOCTEIICHHOM PEeKII -
Hallei M03BOHOYHMKA C UCIIOJIb30BaHNEM BAJIMKOB, BbI-
TsSDKEHHEM U KopceTupoBaHueM. [Ipotemypsl JTedeOHOM
(GU3KYIBTYpBl Ha3HAYAOT HAUYMHASL C OCTPOTO IepHUoaa
TpaBMBI U TIPOIOJIKAIOT IO ITOJTHOM KOHCOIUIAINHN TIepe-
JIOMa TeJia TTI03BOHKA, YTO 00ECITeYBaeT STAITHOE BOCCTA-
HOBJICHWE CUJIOBBIX XapaKTePUCTUK MBIIII CITMHBI U T10-
3BOJISIET MBILIEYHOMY KOPCETY YIEepXMBAThb OCEBbIE
Harpy3Ku B YCIOBUsIX rpaButanuu. [1pu Beroope pusmde-
CKOI Harpy3K# YIMTHIBAIOT CPOKH M TEMII BOCCTAHOBJIC-
HUS CTPYKTYPHI ITO3BOHKA.

Lenbio 1-ro aTana (B mepro OCTPOro 60JIEBOr0 CUH-
IIpoMa), TIPOAOJDKUTEILHOCTBIO 3—5 MHEH, ABIsieTCs Ky-
MMMpoBaHMe 00U M pa3rpy3Ka IOBPEXKICHHOTO OTaesa
IMO3BOHOYHMKA, TTPODIIAKTKA COMAaTHIECKUX HapyIe-
HU, pa3BUTHUS TPOMOOIMOOINYECKUX OCTIOKHEeHU . Bbi-
TSDKEHHE OCYIISCTBISIOT Ha HAKJIIOHHOM INIOCKOCTHU
3a CYET COOCTBEHHOI MacCCHI TeJia, B IIOJIOXEHUH OOJIBHO-
T0 Ha CITMHE, IMPH (QUKCAIINH C TIOMOIIBIO JITMOK 32 IO -
MBIIIIEYHBIC 00JIACTH.

YcrenrHele pe3ynabTaThl peIyKINU MepeoMa ObLTN
IIPOIEMOHCTPUPOBAHBI ITPU MCITOIb30BaHUM paMbl Cotrel
[18]. Bo3aMoxXHOCTb mpumgaHus Jiopao3a MiIn Kudosa
Ha HeoOXOIMMOM YpOBHE Ha (DOHE TPaKIIMK MO3BOJIMIIA
aBTOpaM peaylupoBaTh KM(O3 Ha YPOBHE IMOBPEXKICHMUS
¢ 15,3+ 6,49° 10 5,0 + 6,03°. Mcnosb30BaHuE aHATIOI MY~
HOTO IT0 KOHCTPYKIIMK PAaMHOTO CTOJIa 1o TUITy Risser mmo-
3BOJIMJIO YMEHBIITNUTH KN(PO3 Ha YPOBHE MOBPEXKICHMUS
B cpeaHeM ¢ 11,3° mipu TocTyIUIeHUM malueHTa a0 8,8°
Ha MoMmeHT Boimucku [8]. L.Y. Dai u coaBT. oTnaBaimu
MIPEITOYTeHNE TTOCTYPaTbHON KOPPEKIIUHM IPU ITOMOIIIN
CTICIIMAJIBHBIX TIOMYIIIeK 1 BAJINKOB Ha (DOHE aKCHATbHOMU
tpakumu 10 10 k. Bo Bcex caygasix 6pl1a JOCTUTHYTA pe-
IYKUMS JJOKaJbHOTo K1do3a ¢ 12 = 8° mo 1+ 1,4°. Tem
He MEHee 3TO MOIPa3yMEBaIO [TUTEIbHBIN ITOCTEIBHBIN
peXuM 110 8 Hel, YTO, B CBOIO OUYepellb, MOLJIO IIPUBECTU
K TUIIOCTaTUIECKUM OclIoXXHeHmsIM. bostee Toro, ripu u-
HaJIbHOM OCMOTpe 4epe3 2 rofia CpeaIHUi Yo JOKaJIbHO-
ro kudo3a yBeJIMYWICS U cocTtaBui 6,4 + 4,24° [22].
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B psime mccnenoBaHuii ycTpaHeHHe KU(DOTUICCKOM
nedopmatmy He poBomin. J. Cantor ¥ COaBT. PEIIO-
YUTAJIA BMECTO 3TOT0 MaKCMMAJIbHO paHHIOI aKTUBU3a-
1o B Kopcete [23], mpu 3TOM HapacTaHusT KudoTuue-
CKO mecopMallMi B MX BHIOOPKE MAIIMEHTOB HE OBLIO
BBISIBJICHO, 4 KIIMHUYECKHE Pe3yJIBTaThl U 0OJIEBOIT CMH-
IPOM HE KOPPEIMPOBAIN CO CTENEHBIO KMMDOTUISCKOMN
nedopmanmu. K aHaTOrmIHBIM BEIBOJIAM PUIILIN U PSIT
JIPpYyTUX uccienoBareneit [19, 24].

JleueOGHasg (U3KynbTYypa Ha3HayvaeTcsd Ha 2-i JeHb
TOCJIe TTOCTAaHOBKM JMArHo3a 1 HaIlpaB/IeHa Ha yJIydIie-
HUEe (QOYHKIINY ObIXaHUSI, KPOBOOOpAIIIEeHUSI, HEPBHOM CH-
CTEMBI, TPOMIIAKTUKY TUIIOTPO(DUH MBIIIIIT B HEITOBPEXK-
IEHHBIX CEIMEHTaX OIIOPHO-IBUTATEILHOTO anmapaTa. Ha
1-M aTare Bce yIpaxkHeHUS HallMeHTHI BBITIOJIHSIOT B 10-
JIOXKCHMH JieXa Ha CITUHE, TPUMEHSTIOT HI3KOUMHTCHCHB-
HBbIC TUHAMUYECKUE U CTATUIECKUE YIIPAKHEHMST IS TH-
CTaJIbHBIX OTIEJIOB KOHEYHOCTEH B KOM(MDOPTHOM TEMIIE,
He JOITycKaeTcs yCIIeHHe 00lM B 00JIacTH IiepesioMa,
HCKITIOUAIOTCS IO BEMBI TOJIOBBI M HUSKHMX KOHEYHOCTEI
IUTSI TIPOMITAKTIKY KN(DO3UPYIOIIEeit HArpy3Ky Ha TIOBPEX-
TeHHBI TTO3BOHOK.

Llennb 2-To 3Tana, mmreabHOCThIo 10—15 mHeit, — Hop-
Malu3alifs KpoBOOOpallleHUsT B 30He Iepeioma. Ha
2-M 3Tarne YIpaXHEHUS BBIOJHSIOT B ITOJIOXECHUH JIeXKa
Ha CIIMHE 1 Ha XuBoTe. [1pn TpaBMe IMMOSICHIYHOTO OTAeIIa
IMO3BOHOYHMKA BaJMK ITOIKJIAIBIBAIOT IO ITOSICHUILY
TIpY BEITTOJTHEHNH YIIPAXKHEHWI Ha CITMHE, TTPY BHITIOJTHE -
HUU YIIPaXXHEHWI JIexXa Ha XKUBOTE — MO Ipynb. MHTeH-
CHBHOCTD BBHIITOJTHCHMSI TMHAMWYECKUX M CTAaTHICCKMX
VIIpaXXHEHUI perIaMeHTUPYETCS OTCYTCTBHEM OOJICBOM
peakiIny y ImalreHTa.

Llenp 3-To aTana — opMUpOBaHKE MBIIIIETHOTO KOP-
ceta. [lareHT TIpoIO/IKaeT COOTIONATD JICUeOHO-OXPaHM -
TeabHBIN pexkuM. Ha 20-e cyTku ¢ MOMeHTa ITpeOBbIBaHMS
B CTaIlIOHAape B KOMILIEKC JIeYeOHOI TMMHACTUKY BBOISIT
YIpaXXHEHMS IUIST TPEHUPOBKY MBITIIII-pa3ruoaresieii crm-
HBI, B TOM YHCJIe CTOSI Ha YeTBepeHbKaX (B KOJICHHO-KH-
CTEBOM ITOJIOXKECHUH ).

Lenbio 4-T0 3Tana ABISIETCS amanTaus K BepTUKAIb-
HoI1 Harpy3ke. [lepeBon mammeHTa B BEpTUKAIBHOE TT0JI0-
KEHHE OCYIIECTBIISICTCS IMOCTEIICHHO, IO KOHTPOJIEM
00T, CHJTBI MBIIIII-Pa3ru0aTeIeil CIIMHBI, Yepe3 OCBOCHHUE
yIpaXXHEHUI B TIOJIOKEHNH CTOSI Ha YeTBEPEHBKAX 1 CTOS
Ha KOJICHSIX.

B HacTos11ee BpeMsT oTMedaeTCsT TeHICHIINS K YCKO-
PEHHOU peabMIMTALIMK TTallMEHTOB C MEPeIOMaMU Tell
ITO3BOHOYHMKA, TIO3TOMY CPOKH, YKa3aHHBIC B METOIMKE
BoccTaHOBJIeHNST [oprHeBCcKoii—/IpeHIHT, TpaKTUIeCKU
He cobomatored [25].

Tak, mnmuTeabHOE BpeMS ITOCTEIBHBIN peXuM oT 4
o 12 Hen cumTajcs 00s3aTeIbHBIM TP KOHCEPBAaTHUB-
HoM Jedenun mnepeaomos I'TIOIT [8, 22, 26—28]. Cy-
IIeCTBEHHBIM HEIOCTATKOM TaKOTO ITOAXOHAA SIBIISIOCH
(bopMHUpoBaHNE OPTOCTATUICCKUX OCIOXHEHUM, TAKUX
KaK ITHEBMOHUS, TIPOJIeKHU M TPOMOO3 IIyOOKHUX BEH
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HIDKHUX KOHeuHocTelt [18, 23]. bonee Toro, He BhISBIIE-
HO KOPPEJISIINY CTEIIeHN PeIyKIIUM JIOKAJIbHOTO Ko3a
C TIPOJOJIKUATETHLHOCTBIO OCTENBbHOTO pexxuMma [29]. On-
HOBPEMEHHO C 3TUMM JaHHBIMU OBLT OITyOJIMKOBAH PSIII
HUCCICTOBAaHUMA, HATJISITHO JEMOHCTPUPYIOIINX OTCYTCT-
BHE JOCTOBEPHON CBSI3W MEXKIY paHHEH aKTWUBU3AlIMCH
1 HapacTaHUEM CTEIIeHM JOKAIbHOTO K(03a y malleH-
Ta IIpY BHINTUCKE ¥ HAa QUHAIBHBIX OCMOTpax yepe3 1 ron
[18, 23].

OnuH 13 HanboJee pacrpocTpaHeHHBIX MeTogoB KoT
npu mnepeaomax I'TIOIT — HapyXHasg UMMOOUMIU3ALINS
IIpX TTOMOII opTe3a. [IpruMeHeHne TUTIepIKCTEeH3NOHHO-
To KOpceTa Mpu KOMIIPECCUOHHBIX TTepeioMax — MHTYH-
TUBHO ITOHSITHAS OTILIMS 11T A0COIOTHOTO OOJTBITMHCTBA
Bpaueii [30, 31]. Tem He MeHee CYIIECTBYIOT IIPOTHBOPE-
YUBBIe MHEHUS 00 3(h(EeKTUBHOCTH MCITOIb30BaHMS KO-
ceToB. B wacTHOCTH, B peTPOCTICKTUBHOM HCCIICAOBAHN
W.J. Shen 1 Y.S. Shen He BBIIBICHO JOCTOBEPHBIX pa3iin-
YUl B CTENIEHN KU(OTUIECKOM meopMaliy TP KOHT-
POJIBHOM OCMOTPE Y MAIIEHTOB OCJIC IPUMEHEHMS CTaH-
MApTHOTO OpTe3a, TUIEPIKCTCH3MOHHOTO KopceTa 1 6e3
HCITIOJIb30BaHMS BHELTHE MMMOoOIm3auuu [24]. AHano-
rimyHo M. Karjalainen u coaBT. HarISIIHO MMPOIEMOHCTPU-
pOBaJIM, 9YTO IPUMEHEHNE OPTE30B HE TO3BOJISIET IIPEIOT-
BpPaTHUTb Pa3BUTHE KN(MDOTUIECKOM TeopMaIiiy, HeCMOTPST
Ha CyOBEKTUBHOE CHIDKEHIE O0JIEBOTO CHHIPOMA B paHHEM
Tepuojae TpaBMaTU4YeCcKoil 6oe3nu [32].

B 2 BBICOKOmOKa3aTeNbHBIX PAaHIOMU3MPOBAHHBIX
KIMHAYECKUX MCCICIOBAHMSIX TaKXKe ObLIa IPOIEMOH-
cTprpoBaHa HU3Kasl 3(POEKTUBHOCTh OPTE30B B MPEIOT-
BpalieHnM KuhoTudecKoil necdopmaruu. B yactHoCTH,
B pabote C.S. Bailey 1 coaBT. ITpy MOCTYIUIEHUH TTalleH-
TOB CPeITHUN YroJl KM(DOTUIECKOM nechopMaiy Ha YpOB-
He TepesioMa B TPYyIIle OPTe30B M 0e3 MMMOOMIN3ANT
cocraBwi 15 = 8 u 14 = 6° coorBercTBeHHO. Yepes 6 mec
ITocJie TPaBMBI OBIJIO OTMEUECHO HEOOJIBIIIOE HapacTaHUe
kndo3a 1o 22 £ 7 1 20 = 11° B pa3HBIX TpyIax COOTBET-
cTBeHHO [33]. AHaJOTWYHBIE Pe3yIbTAThl MOTYUECHBI
M.E Shamji 1 coaBT.: Tp¥ TOCTTUTAIM3ALAN CPEAHUI YOI
kndo3a obi1 11 £ 17,4° B rpyrmne ¢ mpuMeHEHUEM OPTE30B
1 9,4+ 6,6° — B rpyIine nauKeHToB 6€3 UMMOOUIN3ALIIY;
yepe3 6 Mec kudoTudeckas aedopMalnusi Hapocaa 10
16,3+ 8,71 14,6 = 7,5° coorBeTcTBEHHO [34].

JlaHHbIe 0 HU3KOM 3 HEKTUBHOCTI UMMOOMITN3ALINNA
OPTE30M MPEACTaBICHBI B 2 OMOMEeXaHMIECKNX UCCIIeI0-
BaHusx. Tak, S. Lantz 1 coaBT. McclieOBaIN IBUKCHMS
TyoBUIIA (hIEKCHS, SKCTCH3US, TaTepODICKCHS 1 CKPY-
YUBAHME) C YIACTHEM 5 3MOPOBBIX MOJIOIBIX JOOPOBOJIb-
LIEB — B MOJIOXEHUU CTOSI U CUIS, B KOpCETe U O€3 HETO.
CornacHO TIOJTyYeHHBIM JTaHHBIM, IIPUMEHEHME KopceTa
He 1aJI0 JOJKHOTO 3(heKTa — CHIKEHHE 00beMa IBIKe-
Huii 66110 <10 % Bo Beex miockoctsx [35]. B xone apyro-
'O MCCIIeIOBAaHMS Ha KalaBePHOM MaTeprajie ObLTO N3yIeHO
BJIMSTHYE PA3IMYHBIX BUIOB OPTE30B Ha KOMITPECCUOHHO-
OCKOJIBYATBIC TIEPEIOMBI TIEPETHNX ABYX KOJIOHH. ABTODBI
TTOKA3aJIv, YTO JINIITh MACCUBHEIN OPTE3 C TPYI0-TTOSICHIY-

HO-KPECTIOBOM MMMOOMIN3AIINE CIIOCOOCH CHU3UTH
VIJIOBYIO Harpy3Ky Ha 00JacTh IepesioMa, He BIIHSS
TIPY 3TOM Ha BO3MOXKHOCTb TPAHCIISIIIMU KOCTHBIX OTJIOM-
KOB, CTaHIAPTHBIC & KOPCETHl HEe OrpaHWYMBAIN IBH-
XeHus B obsacTu repesnoma [36]. O6a BbIlIEYKa3aHHBIX
WCCIIEIOBAaHMS HAIVISITHO ITOKA3aJI HapacTaHue KU(PoTu-
YecKou aedopManuy y TMAlMeHTOB IIPA OCMOTpax yepes
3—12 Mec mocJie onepanum.

Kimaunyeckue pe3ynsraThl ieueHus repesiomoB [TIOT
C TIpMEHEHNEM OPTE30B MJIH 0e3 HUX TaKKe He pa3inda-
ymck. B yactHocTH, B Metaanaim3se G. Alcala-Cerra u co-
aBT. [37] mokaszaHo, yto mmo mkaie SF-36 (Short Form
Health Survey 36) B rpyIine nauyueHTOB ¢ UMMOOWIA3ALIM -
el Kak (pu3nIecKre, TaK 1 KOTHUTUBHBIC ITOKa3aTeIn
OBLTY YyTh BHIIIIE. TeM He MEHee 3TO OTJINYME OBLIO MEHB-
e MUHUMAaJIbHOTO KJIMHHUYECKM 3HAYMMOIO IIOpOra
¥, COOTBETCTBEHHO, HE MMEJIO CYIIICCTBEHHOTO 3HAYCHMSI.
C omHOIT CTOPOHBI, OPTE3 CHIKAI TUCKOMMOPT B CITMHE
¥ JaBaJl 9YYBCTBO O€30MACHOCTH IIPU BBIMIOJIHEHUU €XKe-
MTHEBHBIX PYTUHHBIX 3ama4. C Ipyroif — OH OKa3bIBajl He-
OOJNBIION OTPULATEIIBHBINA MCUXOJIOTUYECKU 3(hEKT
(4eI0BeK 4yBCTBOBAJI Ce0sl «[MALIMEHTOM»): CHMMAs OpTe3
Ha HOYb, UCITBITYeMbIe MOTJIY JIETYe 3aCHYTh I UyBCTBOBA-
JIN ce0sI B 5TOT MOMEHT CYIIECTBEHHO Jryuiie [38].

AOGCOI0THOE OOJIBITMHCTBO aBTOPOB MOIYEPKUBAIOT
BaXXHOCTb ¥ HEOOXOIMMOCTD TTOC/ICIYIONICH peadinTa-
UM TIOCJie BBIIMMCKM TAIlMEHTOB M3 CTallMOHAapa.
Tem He MeHee MBI He OOHAPYKUJIN B INTEPATyPe BBICOKO-
IOKa3aTeIbHBIX NCCIICA0BAHMIA, TTOCBAIICHHBIX PEIICHUIO
IAHHOTO BOIIpoca. Pe3yabraTel MMEIOIIMXCS peTPOCITCK-
TUBHBIX UCCIIEIOBAaHUI JEMOHCTPUPYIOT, UTO paHHEe Ha-
YaJio peadINTAIIMOHHBIX MEPOIIPUSITHIA COKpAIIIAET CPO-
KM HETPYIOCIIOCOOHOCTH ITaIlMeHTOB 0¢3 HeTaTMBHOIO
IEeWCTBUS Ha YIJIOBYIO AeOpMaIio B 00JIACTH TIEPeIIo-
Mma [39—41].

METO/1bl ®U3NOTEPAIINIA

B KROHCEPBATUBHOM JIEYEHUI

N PEAGWJINTALNUA ITALIMEHTOB

C ITEPEJIOMAMUI

K HacrosimieMy BpeMeHHN HAKOIUICH OIIPeaeICHHBIM
OMBIT YCIIEITHOTO MIPUMEHEHUSI METOIOB aIllapaTHOU
du3moTepannu B KOMIIJICKCHOM KOHCEPBATUBHOM JIE-
YeHHWHU ITallMeHTOB C IMO3BOHOYHO-CIIMHAJIBHON TpaB-
moii. Kak mpaBmiio, Ha paHHHUX 3Tamax ¢ IeJIbI0 OKa3a-
HUS IIPOTUBOOTEYHOTO M 00¢300IMBAIOIIETO IeHCTBUS,
YIYYIIEHUS JIOKATbHON TeMOAUHAMUKY U YMEHBIICHUS
BOCITAJIUTEILHBIX SIBJICHU BO3MOXKHO JIOKAIIbHOE TIPH-
MEHEHHE IIpOolieTyp HU3KOYACTOTHON HMU3KOMHTCHCHUB-
HOIt MarHUTOTepanuu. [1py 3TOM MOTYT OBITH UCITOJIB30-
BaHBI OTHO- WY IBYXWHIYKTOPHAS JIeUeOHBIC METOIVKH.
BrosHe momycTuMoit 1 11eJ1ecoo0pa3HOM SIBISIETCS KOM-
OMHMpPOBaHHAs METOAMKA JeUeHUsI, BKIIIOYAIOMasT Ha-
3HAYCHME MarHUTOTEepaIlNi Ha 00JIacTh IIepeioMa ¢ Io-
CIIeAYIOIIUM IIPOBEACHUEM IIPOMHEIYp HU3KOMHTEH-
CUBHOU Ja3epoTepanuu M MCIIOJIb30BaHUEM JIa3epOB
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MPEeUMYIIECTBEHHO MH(pPAKPACHOIO AMAara30Ha B M-
MyJIbCHOM WJIM HEMpPepPbIBHOM (MOIYJIMPOBAHHOM) pe-
XuMax Bo3aeicTeus [42].

Kpome yka3zaHHBIX BBIIIIE METOIOB HA paHHEM 3Talle
JIeYEeHMSI MTALIUEHTOB C I03BOHOYHO-CITMHAILHOM TPaBMOM
C LIEJIbIO KyIMPOBaHUs 001€BOr0 CMHAPOMA 1 YMEHbILIEe-
HUSI JIOKAJIbHOM OTEYHOCTH TaKXKe MOTYT ObITh UCIIOJIb30-
BaHbl pa3IMYHble BUAbI UMITYJIbCHBIX TOKOB, HaIlpuMep
CUHYCOUIAIbHbIE MOAYJIMPOBAHHbIE, AMAAMHAMUYECKIE
unu GuokTyupyomue. Bo3MoXHO Ha3HaUYEHME JIOKAJb-
HOI BO3IYLIHOM KPUOTEpAIuu, IIsl KOTOPOIi XapaKTePHbI
00e300aMBaolIee U MPOTUBOBOCIAIUTEIbHOE IEiCT-
Bus [29].

B manbHeiieM, KOrma HaYmHaeTcs mpouecc ¢hopMu-
POBaHUsI KOCTHOM MO30Ji1, Gojiee IMpeAroUYTUTEIbHBIM
cenyeT CYUTATh IIPUMEHeHUE 3J1eKTpodope3a KaabLys
M HU3KOMHTEHCHUBHOM J1a3epoTeparuu, B MEHbIIEH cTe-
MEeHU — MAaTHUTOTEPAIIUH.

Ha 3akimiounTeIbHOM 3Talle jJeYeHUs MalKeHTOB
C mepeaoMaMi MO3BOHOYHMKA CIIEKTP IMPUMEHSIEMbIX
METOJ0B (PU3UOTEPAIUK MOXET BKJIIOYATh MPOLEAYPhI
BBICOKOYACTOTHOI'O Y/IbTpa3ByKa, TeIUIoaeYeHus (mapa-
(puHOBBIE MK AapadUHO-030KEPUTOBBIE AIlILIMKALIMN),
rpssenedeHrs. CylieCTBEHHbBINM MOJ0XUTEIbHbBINA 3(-
(bekT, MPOSBASIOUINIACS MOBBIIEHUEM TOHYCA MBILIIL]
U yJIydllleHUEM JIOKAIbHOM reMOAUHAMUKHU, CIIOCOOHBI
BbI3BATh Ha3HAaYaeMbIe B COCTaBE JIe4eOHOIro KOMILIeK ca
HUMITYJIbCHbIE TOKM CO CTUMYJIMPYIOLIUMU ITapaMeTpaMu
Bo3aeiicTeus [43].

DOARTOPBI HEBJIAT'OITPMATHOI'O

NCXOJA ITPU ROHCEPBATHBHO 1 TEPATTUN

B mupe ony01rMKoOBaHO HEOOJIBILIOE YMCIO PAdOT, MO-
CBSIIIICHHBIX aHAJIM3Y IPUYHH HeOIaronpUsATHBIX UCXOIOB
npu KoT HeocnoxHeHHBIX iepeioMmoB ['TIOIT.

B uccnenosannu C.S. Bailey 1 coaBsr. 6 13 96 naumeH-
TOB ¢ niepeaoMamu Tumna A3 mo AOSpine moTpeboBanoch
XJI B CBSI3U ¢ pa3BUBIIEIICA paguKyIOIaTHAEH, BEIpaXKeH-
HBIM 00JIEBEIM CHHIPOMOM B 00JIaCTH TIepeIoMa WiIr 3Ha-
YUTEJTbHBIM HapacTaHHEeM KHMDOTHMIECKOM aedopMaIiim.
[TpuMeuaTeTbHO, YTO 4 TTALIMEHTA UCIIOIH30BaIA OPTE3HI
¥ 2 TalMeHTaM MMMOOWIN3alds He mpoBommiach [33].
B mpyrom nccnenoBanmu, A. Stadhouder 1 coaBT., TOJIBKO
1 13 25 manmeHTOoB MoTpedoBanaoch XJI B ¢BSI3M ¢ TIporpec-
cupoBaHHEM KU(POTUUECKON medopManini M 00JIeBOTO
cungpoma [38]. B uccnegosanum K. Wood n coaBT. ah-
(GeKTUBHOCTH KOHCEPBATUBHOTIO JICUeHNUS 23 MAllMeHTOB
cocrasuia 100 % [8].

B MeTtaananuze T. Tan 1 COaBT. BBIMOJHEH pacyeT ya-
CTOTHI HEYIOBJIETBOpUTEIbHOTO pe3yiabrata KoT. Ha oc-
HOBaHMH BCEX MCIIOJIb30BAHHBIX B METaaHAIN3¢ MCCIIEIO0-
BaHUIi 3TOT pUCK cocTaBu1 9,2 % (95 % noBepUTENbHBII
unrepsan 4,5—13,9 %) [44].

AHanmm3 ¢akKTOpPOB HEOIATOMPUSTHOTO MCXOIa TTOKa-
3aJ1 ceaylolye pe3yasraThl. B 2 pabotax [45, 46] y nauu-
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€HTOB CTapIlleil BO3PACTHOM TPYIIIILI HEOJIArONPUSITHEIN
HCXOJI BCTpeJaJics TOCTOBEPHO Yallle, a B 2 Ipyrux padorax
[16, 32] Bo3pacT JOCTOBEPHO Ha MCXO[ He BiusuL. B nccie-
moBaHuu S. Azhari y MOJIOIBIX JIUI] HEOIArOMPUSATHBIE
ucxoabl Bctpevanuch yaie [11]. HecMoTtpst Ha oO1ienpu-
HATOE MHEHME, HU 1o [32, 46], HM MHIEKC MacChl Teja
[16], Hu KypeHue [45] ZOCTOBEPHO Ha MCXOM KOHCEpPBa-
TUBHOTO JICUCHUS HE BIIUSLIIN.

B nccnenoBanum J. Shen u coaBT. OBLIO YCTAHOBJIECHO,
yto HeapdekTuBHOCTh KOT mocToBepHO yale oTMeda-
eTCs y TIAIIMEHTOB ¢ 00JIee BRICOKUM 0aJIJIOM TI0 BU3Yalb-
HOI aHalloroBoM uikaje O6onau. Tak, cpeaHuii Gamn
10 JaHHOM IIKaJjie B TPYIIe MAalleHTOB ¢ HEYIOBIETBO-
puteabHbIM pesyiabratoM KoT cocrasma 6,5 = 1,9,
B TO BpeMs KakK B TPYIIIe OJIaTONPUSATHBIX MCXOIOB —
3,6 £1,3[32].

Kudortnueckas nedopmamnus Kak akTop HebJiaro-
MIPUSATHOTO MCcXoaa ObUIa IIpOoaHAIM3NpPOBaHa B 4 peTpo-
CIIEKTMBHBIX UCClIeqoBaHusIX. B 2 pabotax [32, 45] Bims-
HHE Ha MCXOI KOHCEPBATUBHOTIO JICUCHUST HE BBHISIBIICHO,
B 2 Apyrux padorax [16, 46] HeOmaronpustHbIi ncxon KoT
JIOCTOBEPHO YaIlle HabII0gaICs Y IAllMeHTOB C 00Jiee BBI-
COKVM YTJIOM JIOKaJIBHOTO KM(o3a.

CrerneHb KOMIIPECCUH TTO3BOHOYHOTO KaHaa TaKXKe
paccMaTpuBaliach Kak (pakTop HeOIaroImprusITHOTO NCXO/A.
B wactHOCTH, B psife MCCIIEAOBAaHMH Y TTAIIMEHTOB CO CMe-
menneM oTaoMKoB B [1K 10 48—53 % HeGnmaronpusaTHbINA
HMCXOd Ha0J0IajIcs JOCTOBEPHO Jalle, YeM Yy OOJbHBIX
¢ KoMmmpeccueii kanana no 33—37 % [11, 16, 46]. B 1 uc-
CIIeIOBAaHNM JAHHBIN (PAKTOpP TOCTOBEPHOTO BIMSHUS
Ha UCX0Ibl He umedn [32].

SARJIIOYEHUE

TakuM 06pa3om, K HACTOSIILIEMY BpeMeHU Onmy0JIMKO-
BaHO OOJIBIIIOE KOJIMIECTBO MCCICIOBAHUI, TTOCBSIICH-
HBIX TIpuMeHeHnIo MeTonoB KoT 1mmpu HeocIoXXHEHHBIX
nepenomax 'TIOII. CornacHo MMeEIOMIMMCST TaHHBIM,
OCHOBHBIMM MOKa3aHUSIMU K TIpoBeneHnio KoT sBistioTcs
KOMITPECCHMOHHO-0CKOJIbYAThIe TEepPeIOMbl TUMA A TIO
knaccudukaunu AOSpine ¢ KoMIpeccuei IIpocBeTa Imo-
3BOHOYHOro KaHajia <50 % u kudoTrudeckoi medopma-
mueit <30—35°. Borpoc o Koppekuu KnudoTudecKoi
nedopMaly ¢ MpUMEeHEHUEM CIIEIIUAILHBIX paM U TTOCTY-
PaIbHBIX TEXHUK OCTACTCS HAa YCMOTPEHHUE JIeUalllero Bpa-
4a, ITOCKOJIBKY 3TO TPEOYeT MPOIOJLKUTEIBHOTO ITOCTEb-
HOTO peXnMa, a BEepOSITHOCTh ITIOBTOPHOTO HapacTaHMS
IedopMallid OCTaeTCsI JOCTAaTOYHO BBEICOKOI. Bormpoc
0 MPUMEHEHNH OPTE30B TaKKe JOJIKEH PacCMaTPUBAThCS
BpayoM B KaXXIIOM KOHKPETHOM cirydae. MeTompl Jiedeo-
HOM (PUBKYIBTYPHI MOTYT OBITh MCITOJIb30BaHBI C TIEPBHIX
CYTOK TIOCJI€ TPaBMBI 1 TOJDKHBI OCHOBBIBATHCS HA TIPUH-
LIMIIaX COOTBETCTBUS TSKECTU TPaBMBI U MOCTEIIEHHOTO
YBEIMYCHUS MHTEHCUBHOCTH Harpy3okK. OcTaeTcst OTKpPHI-
TBIM BOITPOC YaCTOTHI pa3BUTHSI HEOJIATOIIPUSATHOTO MCXOIa
pu KoT, TocKoIbKy cpaBHEHUE OTIAJICHHBIX Pe3yIbTaTOB
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C UCXOmaMu y mareHToB mociie XJI He BBISIBIIIO CYIIECT-
BEHHBIX pasznuuuii. [IpumeHeHne (hr3noTeparnu B IOCT-
TPaBMaTHYECKOM IIEPHOIIE CIIOCOOCTBYET YMEHBIICHUIO
BBIPAXKEHHOCTH 00JICBOTO CUHIPOMA Ha BCEX 3TaIax BOC-
CTaHOBJICHUS TIALIMECHTA.

B Oyaymiem 1esiecoo6pa3HoO IPOBEICHNE CPABHUTEb-

HbIX uccaenoBanmnii appexktnBHOoCcTH KoT u XJI st dop-
MHUPOBaHUS 0oJiee YETKMX PEKOMEHIAIIUI IO BEIOOPY
TaKTUKY JICUCHUS Y TTAIIMEHTOB C HEOCTOXKHEHHBIMH T1e-
penomamu I'TIOIT.
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REEOMIAMT
HEHPOXHPYPIOB
POCCHM

MNJAH HAYYHBIX MEPOIIPUATUH
ACCOLMAIIUM HEUPOXUPYPI'OB POCCHUHU

Ha 2025 roxa

Hayunasi kondepeHums

«20-n1eTue paguoxupyprum B Poccum»
Jarbl npoBenenusi: 18 anpens 2025 rona
Mecto npoBenenusi: otenb «Cadmap [panm
(Mocksa, Tepckas yiuua, 26/1)

XXITV Bceepoccuiickasi HQy4YHO-NPAKTHYECKAs
KoHpepenuus «IloieHOBCKHE YTEHUS»

Hdarbl npoBenenusi: 2425 anpens 2025 rona
Mecto npoBenenusi: PI'bY «HMUI]

M. B. A. AnmmazoBa» Mun3apaBa Poccun
(Canxr-IlerepOypr, ya. AKKyparoBa, 1.2,

u yn. MaskoBckoro, 1. 12)

Kondepenuus Heiipoxupypros
HenTpansHoro ®eaepajibHOrO OKpyra.
CepOuUHEHKOBCKYUE YTEHHS.

Hdarbl npoBenenusi: 12—13 mas 2025 rona
Mecto npoBenenusi: Koctpoma

HayyHo-npakTH4eckas KOHGpepeHus,
nocesimeHHas 90-1eruro kageapol
Helipoxupyprun PMAHIIO

Jdarbl npoBenenusi: 15-16 mas 2025 roga

Mecto npoBenenusi: OI'AY «HMUL]
Herpoxupypruu uM. ak. H. H. Bypnenko» Munzapasa
Poccum (Mockaa, yi. 4-ast Tepckas-Smckas, 1. 16,
Konrpecc-tientp, 3 atax)

Kondepenuus « MUHMMAJIBHO-UHBA3MBHAS

U HI0CKONUYeCcKasi HepoXHupyprus»

Jarbl mpoBenenusi: 19 mas 2024 rona

Mecto npoBeaenns: MHCTUTYT QyHKIMOHAIBHON
Hevipoxupypruu. ®I'BHY Hayunsrit nentp
HeBposorun (MockBa, Boiokonamckoe mocce, 1. 80)

XIII ebe3n Pocceniickoii Acconuanuy XHPYpProB-
Bepredposioros (RASS)
Jate1 npoBenenusi: 04—06 urons 2025 romga
MecTo npoBegeHus:
* orenb «MOCKOBCKHE BOPOTa)
(Canxr-IlerepOypr, MockoBckuii p., 1. 97A)
» TaBpuueckuii J[Bopen
(Canxr-IlerepOypr, Llnanepuas yiu., 47)

Bceepoccuiicknii Helipoxupypruueckuii @opym
Jdatbl npoBenenusi: 1820 urons 2025 romga
Mecto npoBenenusi: roctunnna «Radisson
CnagsHckas» (Mocksa, mnomanb EBpornsr, 2)

10.

11.

12.

13.

14.

15.

16.

VII Cbe3n HanuoHnaibHOTO 001ecTBa
HellpopanoJIoros

Jarsl npoBenenusi: 4—6 cents0ps 2025 roxa
Mecto npoBeaenusi: Mocksa

Kondepennus Helipoxupypros
JanbHeBocTOYHOrO PeepanbHOIO OKpyra
Jatel mpoBenenusi: 22 ceHTsops 2025

Mecto npoBeaenusi: Ilerponasnosck-Kamuarckuii

XII exerognasi KoH¢epeHI U HeHPOXHUPYPros
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Kondepenuust «/IledeHne 3muiencuu.
MyabTHIucUMIVIMHAPHBIN MOAX0/1)
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Heiipo®ect (KoHKypc KIMHUYECKUX HAOIIOIEeHMIT)
Jarsl npoBeaenusi: 06—07 Hos16ps 2025 roma
MecTto npoBeaenusi: ExarepunOypr

V cbe3n Acconuanuu HHTEPBEHIITHOHHOTO
aedenusn 6oau (AWJIB), IV che3n HanmuonaabHoOro
o0mecTBa HelipomoayJsiiiun B Poccun (HOHP)
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Jarsl npoBenenusi: 08 nexkadbps 2025 rona

Mecto npoBeaenus: HCTUTYT QYHKIMOHAIBHON
Heipoxupypruu. ®T'BHY Hayunsblii 11eHTp
HeBponorun (Mocksa, Bonokonmamckoe mocce, 1. 80)

VI Beepoccuiickuii cbe3/1 o 1eTCKOM
Hellpoxupypruu

Jarsl npoBenenusi: 10—12 nexadbps 2025 roxa
Mecto npoBenenusi: ®IAY «HMUIL]
Helpoxupypruu um. ak. H. H. Bypnenko» Mun3npasa
Poccun (Mockaa, yi. 4-as Tepckas-Smckas, . 16,
Konrpecc-tieHTp, 3 3Tax)

Caiit Accounanuu neiipoxupypros Poccun: https://ruans.org



AHO OMO «LLKOJTA ®YHOAMEHTAJTIbHOW
HEMPOXWUPYPITN AKALEMUWKA B.B. KPbIJTOBA»

Mwukpoxnpypruyeckas
TEXHUKA B XUpyprum

3aboseBaHU rofioBbl U LLeun

MockBa
28-30 anpena 2025

OCHOBHble OTKpbITble
KpaHnobasanbHble
[OCTYMbI (6a30BbIN KypC)

MockBa
21-22 maa 2025

AHOManun
KpaHuoBepTebpanbHOro
nepexopa
(Kummepne + Knapwn)

MockBa
10-11 ceHTAbps 2025

Xupypruyeckoe neyeHune
napanunya nuueson

MyCKynaTypbl. [JuHammyeckas

N CTaTUYeCcKan KoppeKkums

MockBa
6-8 oKkTAbpA 2025

KapoTtngHas

3HAAPTEPIKTOMUS

Xnpyprus
bapMaKopEe3NCTEHTHbIX
dopm anunencumn

MockBa
27-28 okTs6ps 2025

AnbTepHaTUBHble
MeTOofbl XUPYPrmyeckon
peBacKynapusaunm
rofoBbI U LIEn

MockBa
10-12 HoAGps 2025

MwuKpoxupypruyeckoe
neyeHne aHeBpU3Mm
rOfIOBHOrO MO3ra

MockBa
25-27 Hos6pA 2025

[nccekuyua 6enoro BewecTsa
roJIOBHOro MO3ra

MockBa
1-2 nekabpsa 2025

MockBa
9-10 pekabpa 2025
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