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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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THE EFFECTIVENESS OF INTRAOPERATIVE ULTRASOUND IN GLIAL TUMOR
SURGERY
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Abstract.

Background: Glial tumors constitute a significant proportion
of central nervous system neoplasms. The main treatment
modalities include surgery, radiotherapy, and/or chemotherapy.
Patient prognosis depends on tumor grade, the extent of surgical
resection, and, when indicated, the effectiveness of adjuvant
treatment. The use of intraoperative ultrasound (IOUS) may
provide real-time information during surgery and may facilitate
maximal safe resection.

Objective: The aim of this retrospective study was to
evaluate the role of IOUS in glial tumor surgery, with particular
attention to residual tumor detection, postoperative edema, and
neurological outcome in patients operated on with and without
IOUS guidance.

Methods: The study included 35 patients with histologically
confirmed glial tumors who underwent surgical treatment
between 2020 and 2026. Twenty patients underwent surgery with
IOUS guidance, whereas 15 underwent microsurgical resection
without IOUS. IOUS was performed using SONOLINE G50
(Siemens) and ACUSON X300 (Siemens) systems with 5-10
MHz transducers. Preoperative and postoperative neurological
status was assessed clinically by neurosurgeons and neurologists.
Postoperative CT was performed on the second postoperative
day; contrast-enhanced MRI was performed later, within 21 days
to 1 month after surgery. Because standardized KPS or mRS
scores and early MRI within 48 hours were not available in this
retrospective series, radiological and neurological outcomes
were analyzed as descriptive clinical categories.

Results: High-grade tumors (WHO grade III-IV) were
diagnosed in 25 patients and low-grade tumors (WHO grade
[-II) in 10 patients. In the IOUS group, 16 patients had high-
grade and 4 had low-grade tumors; in the non-IOUS group, 9
patients had high-grade and 6 had low-grade tumors. Residual
tumor was detected in 7 of 20 patients in the IOUS group and
in 9 of 15 patients in the non-IOUS group. Neurological status
improved in 12 patients, remained unchanged in 7, and worsened
in 1 in the IOUS group; in the non-IOUS group, neurological
status improved in 1 patient, remained unchanged in 13, and
worsened in 1. Overall postoperative edema increased in 2
cases, remained unchanged in 22, and decreased in 11.

Conclusion: IOUS is a useful adjunct in glial tumor surgery
because it provides real-time intraoperative information
regarding tumor localization, internal structure, and relationship
to surrounding brain tissue. In this retrospective cohort, IOUS
was associated with a lower frequency of residual tumor and
a more favorable trend in neurological outcome, although the
absence of volumetric early postoperative MRI and standardized
neurological scores limits definitive conclusions.

Key words. Neurosurgery, intraoperative ultrasound, glioma,
neuro-oncology, extent of resection, minimally invasive surgery.
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Introduction.

Glial tumors constitute a significant proportion of primary
central nervous system neoplasms. Depending on tumor
location, they may cause a wide spectrum of neurological
deficits. Prognosis is influenced by tumor grade, extent of
spread, accuracy of diagnosis, selection of treatment strategy,
and extent of surgical resection [1-4].

Treatment of glial tumors includes surgical intervention and,
when necessary, radiotherapy and/or chemotherapy. In surgical
management, the extent of resection is of particular importance
[5,6]. Compared with partial resection, more radical tumor
removal is generally associated with improved disease control,
while preservation of neurological function remains essential.

The principal goal of surgery is maximal safe resection:
removal of as much pathological tissue as possible while
minimizing injury to normal brain structures. Because gliomas
originate from and infiltrate brain parenchyma, distinguishing
tumor tissue from normal tissue can be difficult, particularly in
deep-seated or homogeneous lesions. The surgeon’s experience
is therefore critical, but modern intraoperative technologies can
improve orientation and decision-making [7-11].

Various techniques are available for intraoperative guidance,
including neuronavigation, intraoperative MRI or CT,
electrophysiological neuromonitoring, microscopic fluorescence
techniques, and intraoperative ultrasound. Each modality has
specific advantages and limitations. Neuronavigation is based
on preoperative imaging and does not fully reflect brain shift or
intraoperative anatomical changes. Intraoperative MRI and CT
provide valuable information but require specialized equipment,
may prolong surgery, and are available mainly in specialized
centers [12-15].

Intraoperative ultrasound is a safe, noninvasive, radiation-free,
and comparatively cost-effective technique that provides real-
time information during surgery. It can assist tumor localization,
delineation of tumor margins, assessment of tumor consistency
and internal structure, visualization of residual tumor tissue, and
orientation relative to normal anatomical landmarks such as the
falx, tentorium, ventricles, and cerebellar tonsils [16-20].

The aim of the present study was to evaluate the effectiveness
of IOUS in glial tumor surgery by comparing patients operated
on with and without IOUS guidance. We focused on residual
tumor, postoperative edema, neurological status, and the
practical value of IOUS in deep-seated lesions and lesions with
variable internal composition.

Materials and Methods.

This retrospective study included 35 patients operated on for
histologically confirmed glial tumors between 2020 and 2026
in two different clinics. All procedures were performed by four
neurosurgeons with radiological support. Patients were included
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if they had preoperative MRI findings consistent with an
intracerebral neoplastic lesion and subsequent histopathological
confirmation of a glial tumor. Patients with histopathologically
verified secondary metastatic tumors, abscesses, or parasitic
lesions were excluded.

Patients were divided into two groups according to whether
IOUS was used during surgery. The IOUS-guided group
included 20 patients. The non-IOUS group included 15 patients
who underwent standard microsurgical tumor resection without
intraoperative ultrasound guidance.

Preoperative neurological status was evaluated clinically in all
patients by neurosurgeons and neurologists. Surgical planning
was based on contrast-enhanced MRI. In the IOUS group,
ultrasound examination was performed after craniotomy and
before dural opening because ultrasound penetration through
bone is limited. A transducer enclosed in a sterile sheath was
used to assess tumor localization, shape, size, and relationship
to surrounding structures. The transducer frequency was
selected according to lesion depth. During resection, repeated
ultrasound examinations were performed to evaluate tumor
borders and detect possible residual tissue. At the end of the
procedure, IOUS was repeated when necessary to assess the
resection cavity.

Postoperative CT was performed on the second postoperative
day. Follow-up contrast-enhanced MRI was performed as part
of planned postoperative evaluation, generally from 21 days to
1 month after surgery. Therefore, residual tumor assessment
in this study was based on delayed postoperative MRI rather
than MRI performed within 48 hours. This is an important
methodological limitation because early postoperative MRI is
usually preferred for precise quantitative assessment of extent
of resection in glioma surgery.

Neurological status after surgery was classified clinically as
improved, unchanged, or worsened. Standardized scales such
as Karnofsky Performance Status or modified Rankin Scale
were not recorded in the original clinical database. Therefore,
neurological outcomes were analyzed descriptively. Categorical
variables were compared between groups using Fisher’s exact
test or chi-square testing where appropriate. Because of the small

sample size, all statistical comparisons should be interpreted as
exploratory.

Results.

The study included 35 patients, 16 females and 19 males,
aged 17 to 69 years. Histopathological examination showed
high-grade glioma (WHO grade III-1V) in 25 patients and low-
grade glioma (WHO grade I-II) in 10 patients. Twenty-eight
tumors were supratentorial and 7 were infratentorial. Among
supratentorial tumors, 10 were located in the frontal lobe, 8 in
the parietal lobe, 6 in the temporal lobe, and 4 in the occipital
lobe. Ten supratentorial tumors were located in the dominant
hemisphere and 18 in the non-dominant hemisphere. In 3 cases,
the lesion extended into deep brain structures including the
basal ganglia.

Baseline comparison showed that the IOUS group included
16 high-grade and 4 low-grade tumors, whereas the non-IOUS
group included 9 high-grade and 6 low-grade tumors. Basal
ganglia involvement was present in 2 patients in the IOUS
group and 1 patient in the non-IOUS group. The difference in
tumor grade distribution did not reach statistical significance
(Fisher’s exact test, p = 0.266), although high-grade lesions
were numerically more frequent in the IOUS group.

In the IOUS-guided group, tumor identification was clear in
5 cases, moderate in 8 cases, and limited in 7 cases. IOUS was
most informative when the tumor had heterogeneous internal
structure, including necrotic areas, cystic components, or a well-
defined capsule. In homogeneous tumors, IOUS differentiation
between tumor tissue and normal parenchyma was more limited.

Residual tumor was detected in 7 of 20 patients (35.0%) in the
I0US group and in 9 of 15 patients (60.0%) in the non-IOUS
group. Gross total resection or absence of visible residual tumor
was observed in 13 of 20 patients (65.0%) in the IOUS group
and in 6 of 15 patients (40.0%) in the non-IOUS group. This
difference did not reach statistical significance in the exploratory
comparison (Fisher’s exact test, p = 0.182), but the direction of
the findings favored the IOUS group.

Postoperative edema increased in 2 cases, remained unchanged
in 22 cases, and decreased in 11 cases in the total cohort. In the

Table 1. Clinical and radiological characteristics of patients with glioma.

Characteristic Total cohort (n=35)
Age range, years 17-69

Female / male 16/19

High-grade glioma (III-1V) 25

Low-grade glioma (I-1I) 10

Supratentorial 28

Infratentorial 7

Dominant / non-dominant hemisphere 10/ 18

Basal ganglia involvement 3

Note: P values are exploratory. Some baseline variables were available only for the total cohort and were not recorded separately by group in the

retrospective database.

Table 2. Informativeness of IOUS in the IOUS-guided group.

IOUS group (n=20) Non-IOUS group (n=15) p value
17-69 17-69 -

Not recorded separately Not recorded separately -

16 9 0.266

4 6 0.266
Not recorded separately Not recorded separately -

Not recorded separately Not recorded separately -

Not recorded separately Not recorded separately -

2 1 1.000

TIOUS visibility Number of patients (n=20) Percentage
Clear / good identification 5 25.0%
Moderate identification 8 40.0%
Limited / poor identification 7 35.0%
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Table 2. IOUS visibility
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Table 3. Tumor components identified by preoperative imaging and/or IOUS.

Imaging/tumor component Number of observations Comment

Well-identified capsule 20 May improve delineation

Cystic areas 14 May improve ultrasound contrast

Necrotic areas 25 Often associated with heterogeneous echogenicity
Homogeneous structure 11 Often associated with limited tumor-brain differentiation

Note: Categories overlap, one tumor could contain more than one component.

Table 4. Residual tumor and extent of resection according to IOUS use.

Extent of resection / residual tumor I0US group (n=20) Non-IOUS group (n=15) Total p value
No visible residual tumor / gross total resection 13 6 19 0.182
Residual tumor / partial resection 7 9 16 0.182

Note: Residual tumor was assessed on delayed postoperative contrast-enhanced MRI performed approximately 21 days to 1 month after surgery,
not on MRI within 48 hours.

Table 4 Residual Tumor

= With IOUS = Without IOUS
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Table 5. Severity of postoperative edema.

Postoperative edema TOUS group (n=20) Non-IOUS group (n=15) Total
Increased 1 1 2
Unchanged 10 12 22
Decreased 9 2 11

Note: The total values were standardized across the manuscript as increased in 2 cases, unchanged in 22 cases, and decreased in 11 cases.

16

Table 5. Severity of postoperative edema

14 4

Table 6. Postoperative neurological status according to IOUS use.

IOUS group

N ncreased W Unchanged

Nen-10US group

B Decreased

Postoperative neurological status

IOUS group (n=20) Non-IOUS group (n=15) Total p value
Worsened 1 1 2 0.005
Unchanged 7 13 20 0.005
Improved 12 1 13 0.005

Note: Neurological outcome was assessed clinically and was not based on standardized KPS or mRS scoring; p value is exploratory.
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Figure 2. Frontal lobe glioma (Grade II1): (4) preoperative MRI, (B) IOUS before resection, (C) intraoperative image, and (D) IOUS after
tumor removal.
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Figure 3. Frontal lobe glioblastoma (Grade 1V): (4) preoperative MRI, (B) IOUS before resection, (C) postoperative MRI, and (D) post-
radiation MRI.

Figure 4. Temporal lobe diffuse-growing glioma: (4) preoperative MRI and (B) IOUS.



IOUS group, edema increased in 1 patient, remained unchanged
in 10 patients, and decreased in 9 patients. In the non-IOUS
group, edema increased in 1 patient, remained unchanged in 12
patients, and decreased in 2 patients. These values are presented
in Table 5 and were interpreted descriptively.

Postoperative neurological assessment showed worsening
in 1 patient, unchanged status in 7 patients, and improvement
in 12 patients in the IOUS group. In the non-IOUS group,
neurological status worsened in 1 patient, remained unchanged
in 13 patients, and improved in 1 patient. Clinical improvement
included reduction of numbness, improvement of weakness,
better mental status, and resolution of ataxia. The exploratory
comparison showed a statistically significant difference in
favor of the IOUS group (chi-square test, p = 0.005), but this
result should be interpreted cautiously because standardized
neurological scores were not recorded.

Postoperative ~ complications  included  postoperative
hemorrhage in 1 patient, requiring reoperation followed
by stabilization, and hydrocephalus in 1 patient, requiring
ventriculoperitoneal ~ shunt placement. No infectious
complications were observed.

Discussion.

The present retrospective study evaluated the practical value
of IOUS in glial tumor surgery. The main finding was that
IOUS provided real-time intraoperative information that was
particularly useful for tumor localization, assessment of tumor
structure, and orientation in cases in which the lesion was not
visible at the cortical surface. In deep-seated lesions, IOUS
helped identify the shortest and safest trajectory to the tumor,
potentially reducing unnecessary injury to normal brain tissue.

The group comparison showed a lower proportion of residual
tumor in the IOUS group than in the non-IOUS group (35.0%
versus 60.0%). Although this difference did not reach statistical
significance, most likely because of the small sample size, the
trend supports the clinical impression that IOUS may help
increase the extent of safe resection. In addition, neurological
improvement was more frequently observed in the IOUS group.
This finding is clinically relevant, but it should be interpreted
cautiously because neurological outcomes were not measured
using standardized scales.

The informativeness of IOUS depended on tumor structure.
Heterogeneous tumors, especially those with cystic or necrotic
components and a more distinct capsule, were easier to identify
on IOUS. By contrast, homogeneous tumors could be difficult
to distinguish from normal brain parenchyma, particularly
after cyst evacuation or capsular opening, when the anatomical
relationship between tumor and surrounding tissue changed
during surgery.

This study has several limitations. First, it was retrospective
and included a relatively small number of patients. Second,
the groups were not randomized, and the selection of IOUS
may have been influenced by tumor complexity. Third, extent
of resection was not evaluated by volumetric MRI and early
contrast-enhanced MRI within 48 hours was not available; MRI
was performed later, generally from 21 days to 1 month after
surgery. Therefore, postoperative changes could have influenced
radiological interpretation. Fourth, neurological status was
assessed clinically rather than by standardized KPS or modified
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Rankin Scale scores. For these reasons, the findings should be
considered exploratory and hypothesis-generating.

Despite these limitations, the study supports the practical
value of IOUS as an accessible, real-time adjunct in glial tumor
surgery. Future prospective studies should include standardized
preoperative and early postoperative volumetric MRI, objective
neurological scoring, and larger group sizes to more precisely
define the effect of IOUS on extent of resection and functional
outcome.

Conclusion.

Intraoperative ultrasound is a valuable adjunct in glial
tumor surgery. It provides real-time information about tumor
localization, internal structure, and relationship to surrounding
anatomical structures. In this retrospective cohort, IOUS was
associated with a lower frequency of residual tumor and a more
favorable neurological outcome trend. However, because early
postoperative volumetric MRI and standardized neurological
scoring were not available, the results should be interpreted
cautiously. IOUS should be considered an important supportive
tool for maximal safe resection, especially in deep-seated or
structurally heterogeneous glial tumors.
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Beegenue: I'tnaapHBIe OITyXOIM COCTABAIOT 3HAYUTETBHYIO
4YacThb  ONyXOJeH  I[eHTpaJbHOM  HEPBHOM  CHCTEMBL.

JleueHue BKIIOYAeT XUPYprudecKoe BMeIIATeIbCTBO, a
opu HeoOXOZMMOCTH JIydeByIO U/WIM XMMHOTEPAIHIO.
HuTpaonepanyuonHoe yiIbTpasBykoBoe ucciegoparue (IOUS)
IIpeOCTaBIgeT XUPYPry HHGOPMAIIUIO B PeaIbHOM BpeMeHHU
0 JIOKAJIH3aLUK OIyXOJIH U €€ OTHOUIEHHM K OKPY>KaIOLINM
TKaHIM.

Lens: Llenpio uccrnemoBanus Opuia onenka ponu IOUS B
XUPYPTUYeCKOM JIeYeHUH [JIMATBHBIX OITyXOJIeH, 0COOeHHO B
OTHOLIEHUY Pe3UIYaJbHOH OIyXOJIH, IOCIeONePaHOHHOTO
OTeKa ¥ HeBPOJIOTUIECKOTO UCXOa.

Marepuansr u wMertomsi: B wucciemoBanume Bomtu 35
manueHTos, omepupoBarHbIx B 2020-2026 rr. mo mosoxmy
THCTOJIOTUYECKU IOATBEPXKAEHHBIX IJIMAJIBHBIX OIYXOJIEH.
V¥ 20 marueHTOB onepanys IPOBOAMIIACEH C UCIIOIH30BAaHUEM
IOUS, y 15 - 6e3 IOUS. Kourporsuas KT BrImonH:AmIacs
Ha BTOpHIe CYTKH IIOCje oIepanuu, a KoHTpactHas MPT
- mo3pHee, uepe3 21 gmens - 1 Mecsu Iocie OIlepalfuy.
CrangaprusupoBanusle mkansl KPS/mRS B ncxonmoit 6ase
JAHHBIX He (UKCUPOBAJIUCE.

PesympraTsr: BbrICOKO37IOKaueCTBEHHbIE OINYXONIM OBUIM
BBIABJIEHBI ¥ 25 IaImueHTOB, HU3KO3/I0KayecTBeHHbIe - ¥ 10
manueHToB. PesupyanpHas omyxons ompepesnanack y 7/20
manuenToB B rpynne IOUS u y 9/15 manuenTos B rpymnme 6e3
IOUS. B rpymmne IOUS HeBpomOrmyecKuii CTaTyC yIydIIHICS
y 12 nanmenToB, ocTancs 6e3 M3MeHeHNUH Y 7 U yXySUIMICA Y
1; B rpynme 6e3 IOUS yryumenue ormedeno y 1 manueHTa,
orcyTcTBHe mM3MeHeHHH y 13 m yxymmenume y 1. B obmeit
KOTOpTe ITOCJIe0ePAIlIOHHBIH OTeK YBEIUYIIICA B 2 CIIydasx,
ocTaycs 6e3 usmMeHeHMH B 22 u ymeHpumiaca B 11 cryyasx.

3axmouenue: IOUS ABigeTcs moesHsIM BCIIOMOTaTe IbHBIM
METOZOM IIpH XWUPYPTMH IJIMAIBHBIX omyxoneil. OH
MOXEeT CIIOCOOCTBOBAaTh 0o0Jieé TOYHOM  JIOKAJIM3AIUK
OIlyXOJIW, MAKCHMaJbHO  Oe30MacHON  pe3eKIUu U
COXpaHeHUIO HeBposiormdyeckoil ¢yuknuu. OpHako i
OKOHYATeIBHOH OIIeHKM HeOOXOZMMBI IIPOCIEKTHBHEIE
HUCCIIeJOBaHUA C PpaHHel mnocneonepanuorHoir MPT wu
CTaHZAPTU3UPOBAHHBIMY HEBPOJIOTUYECKIMH IIKATAMHU.
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