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Abstract.

Background: Glioblastoma (GBM) is the most aggressive primary malignant brain tumor
in adults, with limited survival despite multimodal therapy. Surgical resection remains the
cornerstone of management, with extent of resection (EOR) and patient-specific factors
significantly influencing outcomes. This study evaluates clinical outcomes and prognostic factors
following microsurgical resection of GBM in a tertiary neurosurgical center.

Methods: We retrospectively reviewed 120 adult patients who underwent microsurgical
resection of newly diagnosed GBM between 2018 and 2024. Preoperative evaluation included
neurological assessment, Karnofsky Performance Status (KPS), and contrast-enhanced MRI, with
functional MRI and diffusion tensor imaging in selected cases. Surgical strategies prioritized
maximal safe resection, utilizing neuronavigation, intraoperative neurophysiological monitoring,
and awake craniotomy for eloquent cortex tumors. EOR was classified using early postoperative
MRI as gross total, subtotal, or partial resection. Postoperative neurological status, complications,
adjuvant therapy, and overall survival were analyzed. Kaplan-Meier survival analysis and Cox
regression identified prognostic factors.

Results: GTR was achieved in 53% of patients, STR in 32%, and partial resection in 15%.
New postoperative deficits occurred in 17.5% of patients, with 6.7% permanent. Median overall
survival was 15.2 months, significantly longer in patients with GTR (18.4 months) compared with
STR (13.6 months) or partial resection (9.8 months; p<0.001). Age >65 years, preoperative KPS
<70, and postoperative deficits were independent predictors of poorer survival.

Conclusions: Maximal safe resection improves survival in GBM while preserving
neurological function. Individualized surgical planning with functional mapping is essential for
optimizing outcomes.
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XUPYPI'HYECKHUE UCXOAbI U ITPOT'HOCTUYECKHUE ®AKTOPHBI ITOCJIE
MUKPOXUPYPI'MUYECKOI'O YIAJEHUSA I''IMOBJIACTOMBDI:
PETPOCIIEKTUBHBINA AHAJIU3 120 B3POCJIBIX HAIIMEHTOB

Xampaesa HaBpy3a MaxamMmaau Kus3u
Hemartosa Ilaxuo /laga:xon ku3u
CamapkaHICKHAN rOCYJapCTBEHHBIN MEIUIIMHCKANA YHUBEPCUTET

AHHOTAIUA.

BBenenne: Inmobnacroma (GBM) sBnsercs Hambonee arpeccMBHONW MEPBUYHOM
3JI0KAYECTBEHHON OIyXOJbI0 TOJOBHOIO MO3ra y B3pOCIBIX, XapaKTepHU3yloIIeWcs HHU3KOM
BBDKMBAEMOCTBIO HECMOTPSI HAa MYJIbTUMOAAJIBHYIO TEpanuio. XUpyprudeckas pe3eKius oCTaeTcs
OCHOBHBIM METOJIOM JI€YeHHs, Npu 3ToM creneHb pesekiun (EOR) w wHamBHoyanbHBIE
XapaKTepUCTUKH MAllMEHTa CYIIECTBEHHO BIMSAIOT HAa MCXOJbl. Llenb MaHHOTO MCClenoBaHUs —
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OLIEHUTh KIMHUYECKHE PE3yJbTaThl M MPOTHOCTUYECKHUE (PAKTOPHI MOCIE MUKPOXUPYPrHYECKOU
pesekiuu GBM B yCcroBUsSX TPETHYHOTO HEUPOXUPYPTHIECKOTO IIEHTpA.

Metoasbi: IIpoBenen perpocnekTuBHbIN aHanu3 120 B3pOCibIX MAIMEHTOB, MEPEHECIINX
MUKPOXUPYPIHUECKYI0 PE3CKIINI0 BriepBbie auarHocTupoBanHoir GBM B nepuon ¢ 2018 mo 2024
roasl. [IpemomepanmonHass OIEHKA BKIIOYala HEBPOJOTHMUYECKOE OOCIeOBaHHE, HHIIEKC
Kapnosckoro (KPS) u korTpactHyto MPT; B OTACNBHBIX ClTydasX TPUMEHSUTUCH (yHKIIMOHATbHAS
MPT u nuddy3noHHO-TeH30pHAs BU3yaTH3alMsl. XUPypruuecKkas TaKTUKa ObUIa HalpaBjieHa Ha
MaKCHMaJIbHO O€30MaCHYI0 PE3EKIIHIO C UCIIOIb30BAaHUEM HEHPOHABUT ALY, HHTPAOTIEPAIHOHHOTO
HEHPOPHU3NOIOrHYECKOT0 MOHUTOPUHTA U, IPU HEOOXOTUMOCTH, TpOoOyKIaeMOil KPaHHOTOMHUH
[IPH OMYXOJISIX B (PYHKIIMOHATBHO 3HAUMMBIX 30HaX. CTeneHb pe3eKIUH ONpeaessiiach Mo paHHeH
nocneonepanuonHod MPT kak ToTanmpHasi, cyOTOTanbHas WIM YacTUYHAA. AHATU3UPOBAINCH
MIOCJICOTIEPAIIMOHHBII HEBPOJIOTUYECKUN CTAaTyC, OCIOXKHEHHS, aJbIOBaHTHAs Tepanus U oOIias
BBDKMBAEMOCTb. J[JIs BBISIBJICHUS MPOTHOCTHYECKUX (DAKTOPOB MCIIONIB30BAINCH aHanu3 Kamnana—
Meiiepa u perpeccust Kokca.

PesyabTaThl: ToTanbHas pesekuus AOCTHTHYTa y 53% MamueHTtoB, CyOTOTalbHAS — Yy
32%, yactuuHas — y 15%. HoBble mocneomnepaioHHble HEBPOJIOTHUECKUEe JEPUITUTHI OTMEUCHBI
y 17,5% nanuenTtoB, u3 Hux y 6,7% — croiikue. Menuana oO1ei BEIKMBaeMOCTH cocTaBuia 15,2
Mecsilia U ObUTa 3HAYUTETHHO BBINIE Yy MAlMEHTOB C TOTalbHOU peseknuein (18,4 mecsana) mo
cpaBHeHUIO ¢ cyOroranbHoW (13,6 mecsia) u wacTuyHo# pesekumeit (9,8 mecsia; p<0,001).
Bospact >65 ner, mpenonepamuonnsiii KPS <70 u mocneomnepairioHHbIE HEBPOJIOTUYECKUE
IeQUIUTHI SBISUTUCH HE3aBUCUMBIMH MPEIUKTOPAMH XYIIECH BBKHBAEMOCTH.

3akaouenue: MakcumanbHO O6e301MacHast pe3eKIUs MOBbBIIIAeT BBKUBAEMOCTH MMAllEHTOB
¢ GBM mnpu coxpanennu HeBpojormdeckor GpyHkun. UHAMBU Y aTH3HPOBAHHOE XUPYPIHUECKOE
IUTAHUPOBAHHUE C UCMOJIb30BaHUEM (PYHKIIMOHAIBHOTO KapTHUPOBAHUS UMEET KIHOYeBOE 3HAYCHHE
JUISL OITUMH3AINN PE3YIIbTATOB JICUCHHUS.

KuroueBble cioBa: riano0nactoMa, MUKPOXUPYprudeckas pe3eKiusi, CTeIeHb Pe3eKIuH,
MPOTHOCTUYECKHE  (PAKTOPBI, BBDKMBAEMOCTh, (YHKIMOHAJIBHBIA HCXOMA, MpPOOYyXKIaemas
KpaHUOTOMUSI, HEHPOXUPYPTHsl, HEHPOOHKOJIOTUSI.
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Annotatsiya.

Kirish: Glioblastoma (GBM) Kkattalar orasida eng agressiv bosh miya shishlaridan biri
bo‘lib, multimodal terapiyaga garamay, bemorlarning umumiy yashash muddati gisqa bo‘ladi.
Jarrohlik rezektsiyasi GBM boshqaruvida asosiy o°rin tutadi, shuningdek, rezektsiya darajasi (EOR)
va bemorning individual omillari natijaga katta ta’sir ko‘rsatadi. Ushbu tadgiqot GBM bemorlarida
mikrojarrohlik rezektsiya natijalari va prognoz omillarini baholashga qgaratilgan.

Metodlar: 2018-2024 yillarda yangi tashxis gilingan GBM uchun mikrojarrohlik rezektsiya
o‘tkazilgan 120 kattalar bemorning retrospektiv tahlili amalga oshirildi. Oldingi baholashda
nevrologik tekshiruv, Karnofski funktsional holati (KPS) va kontrastli MRI go‘llanildi; ayrim
hollarda funksional MRI va diffuzion tensor tasvirlash ishlatildi. Jarrohlik rezektsiyasi maksimal
xavfsiz tarzda amalga oshirildi, nevronavigatsiya, jarrohlik davomida neyrofiziologik monitoring
va zarur hollarda uyg‘oq kraniotomiya qo‘llanildi. Rezektsiya darajasi operatsiyadan keyingi MRI
asosida butunlay (GTR), gisman (STR) yoki cheklangan (partial) deb baholandi. Postoperativ
nevrologik holat, asoratlar, qo‘shimcha terapiya va umumiy yashash muddati tahlil gilindi.



Natijalar: GTR 53%, STR 32%, partial rezektsiya 15% bemorlarda amalga oshirildi.
Postoperativ yangi nevrologik defitsitlar 17,5% bemorlarda kuzatildi, shundan 6,7% doimiy bo‘ldi.
Median umumiy yashash muddati 15,2 oyni tashkil etdi; GTR bemorlarda 18,4 oy, STR 13,6 oy va
partial rezektsiya 9,8 oy bo‘ldi (p<0,001). 65 yoshdan katta, KPS <70 va postoperativ defitsit
mavjudligi survivalning yomonlashishiga mustaqil ta’sir ko‘rsatdi.

Xulosa: Maksimal xavfsiz rezektsiya GBM bemorlarida yashash muddatini uzaytiradi va
nevrologik funksiyani saglash imkonini beradi. Funksional xaritalash bilan individual jarrohlik
rejalashtirish natijalarni optimallashtirishda muhimdir.

Kalit so‘zlar: Glioblastoma, Mikrojarrohlik rezektsiya, Rezektsiya darajasi, Prognoz
omillari, Yashash muddati, Nevrologik natija, Uyg‘oq kraniotomiya, Neyroxirurgiya, Neyro-
onkologiya

Introduction. Glioblastoma (GBM) remains the most aggressive primary malignant brain
tumor in adults, characterized by rapid proliferation, diffuse infiltration, and dismal prognosis
despite multimodal therapy. Current standard management consists of maximal safe microsurgical
resection followed by adjuvant radiotherapy and temozolomide-based chemotherapy, as established
by the landmark Stupp protocol.1 Despite advances in neuroimaging, intraoperative navigation, and
functional mapping, overall survival remains limited, with a median survival of 12—18 months.2,3
Extent of resection (EOR) has emerged as a critical prognostic factor in GBM management.
Multiple studies have demonstrated that gross total resection (GTR) correlates with improved
progression-free and overall survival, although achieving GTR can be limited by tumor proximity
to eloquent cortical and subcortical regions.4,5 In addition to EOR, molecular and clinical
variables—including patient age, preoperative performance status, and MGMT promoter
methylation—have significant prognostic implications.6,7
However, large-scale analyses of surgical outcomes and complications in real-world tertiary care
settings remain limited. Comprehensive evaluation of postoperative neurological function,
perioperative morbidity, and survival trends can guide surgical decision-making and optimize
patient counseling. This study aims to analyze the clinical outcomes, complications, and prognostic
factors associated with microsurgical resection of GBM in a single tertiary neurosurgical center over
a six-year period, emphasizing the relationship between EOR, functional outcomes, and overall
survival.

Materials and Methods. This retrospective study included adult patients (>18 years) who
underwent microsurgical resection of newly diagnosed, histopathologically confirmed glioblastoma
at a tertiary neurosurgical center between January 2018 and December 2024. Patients with recurrent
GBM, biopsy-only procedures, or incomplete clinical records were excluded. Institutional review
board approval was obtained, and the study was conducted in accordance with the Declaration of
Helsinki. Preoperative evaluation consisted of detailed neurological examination, assessment of
Karnofsky Performance Status (KPS), and neuroimaging with contrast-enhanced magnetic
resonance imaging (MRI), including T1-weighted, T2/FLAIR, diffusion, and perfusion sequences.
Functional MRI and diffusion tensor imaging (DTI) were utilized in selected cases to delineate
language and motor pathways in tumors near eloquent brain regions. Tumor volume was measured
using semi-automated volumetric analysis on T1 post-contrast images.

Surgical planning was individualized based on tumor location, size, and relation to eloquent
structures. All procedures were performed under general anesthesia using standard microsurgical
techniques with operating microscope and neuronavigation. Intraoperative neurophysiological
monitoring, including somatosensory evoked potentials and motor evoked potentials, was applied
in cases adjacent to motor pathways. Awake craniotomy with intraoperative language mapping was
performed selectively for tumors in the dominant hemisphere near speech areas. The goal was
maximal safe resection while preserving neurological function.

Extent of resection was determined by early postoperative MRI within 48 hours, with GTR defined
as >95% tumor removal, subtotal resection (STR) as 70-94%, and partial resection as <70%.
Postoperative neurological status was evaluated at discharge and during follow-up visits using the
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KPS and detailed neurological examination. All patients received standard adjuvant therapy with
fractionated radiotherapy (60 Gy in 30 fractions) combined with concurrent and adjuvant
temozolomide, unless contraindicated. Follow-up included MRI every three months and clinical
assessments to monitor tumor recurrence and neurological status. Statistical analysis was performed
using SPSS version 27. Continuous variables are reported as mean + standard deviation, and
categorical variables as percentages. Kaplan-Meier survival analysis was used to estimate overall
survival, with differences evaluated using the log-rank test. Cox proportional hazards regression
identified independent prognostic factors for survival, including age, preoperative KPS, tumor
volume, EOR, and postoperative neurological deficit. A p-value <0.05 was considered statistically
significant.

Results. A total of 120 patients met inclusion criteria. The cohort included 72 males (60%)

and 48 females (40%), with a mean age of 57 + 12 years. Preoperative KPS ranged from 60 to 100,
with a median of 80. Common presenting symptoms were headache (68%), focal motor deficits
(45%), seizures (38%), and cognitive changes (22%). Tumors were predominantly located in the
frontal (42%) and temporal (35%) lobes, with smaller proportions in parietal (15%) and occipital
(8%) regions. The mean preoperative tumor volume was 42 + 18 cm?®. Gross total resection was
achieved in 64 patients (53%), subtotal resection in 38 patients (32%), and partial resection in 18
patients (15%). Awake craniotomy was performed in 14 patients, predominantly for dominant
hemisphere tumors adjacent to Broca’s or Wernicke’s areas. Intraoperative neurophysiological
monitoring was utilized in 58 cases. Postoperatively, new neurological deficits were observed in 21
patients (17.5%), of which 13 (10.8%) were transient and resolved within three months. Permanent
deficits occurred in 8 patients (6.7%), primarily hemiparesis or aphasia in patients with tumors near
motor or language areas. The overall postoperative morbidity rate was 18%, with complications
including surgical site infection (3%), postoperative hemorrhage requiring reoperation (2.5%), and
cerebrospinal fluid leak (1%). There were two perioperative mortalities (1.7%), both in patients with
large tumors and poor preoperative functional status. Adjuvant therapy was initiated in 112 patients
(93%). Median overall survival for the cohort was 15.2 months (95% CI, 13.8-16.6). Patients
undergoing GTR demonstrated significantly longer survival (median 18.4 months) compared with
STR (13.6 months) and partial resection (9.8 months; p<0.001). Age >65 years, preoperative KPS
<70, and postoperative neurological deficits were independently associated with worse survival on
multivariate analysis (HR 1.87, 1.54, and 1.72, respectively; p<0.05 for all). Tumor volume was
also inversely correlated with survival but did not reach statistical significance in multivariate
analysis.
Patients with frontal lobe tumors had a trend toward better survival compared with temporal and
parietal tumors, although this did not achieve statistical significance (p=0.08). Recurrence occurred
in 88 patients (73%), with a median time to progression of 7.4 months. Salvage therapy, including
re-resection or stereotactic radiosurgery, was performed in 26 patients.

Discussion. This study provides a comprehensive analysis of surgical outcomes and
prognostic factors in patients undergoing microsurgical resection of glioblastoma. The median
overall survival of 15.2 months aligns with previous reports from tertiary centers and underscores
the aggressive nature of GBM despite maximal therapy.2,3 Our findings reinforce the critical role
of EOR in prognostication. Patients who achieved GTR demonstrated significantly improved
survival compared with STR and partial resection, consistent with prior studies demonstrating a
positive correlation between EOR and both progression-free and overall survival.4,5 This effect was
particularly pronounced in patients with tumors located outside eloquent cortex, highlighting the
balance between oncological radicality and functional preservation. Postoperative neurological
deficits remain a significant concern, particularly in tumors adjacent to motor and language areas.
In our cohort, permanent deficits occurred in 6.7% of patients, which is comparable with rates
reported in contemporary literature.8,9 The use of awake craniotomy and intraoperative
neurophysiological monitoring was instrumental in minimizing morbidity, particularly for eloquent
region tumors. These modalities are increasingly recognized as standard adjuncts to maximize safe
resection.10



Preoperative functional status, as measured by KPS, emerged as an independent prognostic factor,
corroborating prior studies.6 Patients with higher baseline KPS tolerated surgery and adjuvant
therapy better, resulting in longer survival. Age >65 years was also associated with poorer outcomes,
reflecting reduced physiological reserve and potentially more aggressive tumor biology in older
patients. Tumor location and volume influenced surgical strategy and functional outcomes. Frontal
lobe tumors, which allowed more extensive resection with less risk to eloguent cortex, were
associated with longer median survival, although this trend did not reach statistical significance.
Larger tumor volumes posed technical challenges and were associated with higher rates of
postoperative deficits, consistent with prior neurosurgical series.11 Perioperative morbidity and
mortality in this series were low and comparable with contemporary tertiary centers, highlighting
the safety of modern microsurgical techniques when combined with meticulous preoperative
planning and functional monitoring.12 Complication rates were acceptable, and the majority of
deficits were transient, emphasizing the importance of early rehabilitation and follow-up. This study
has several limitations. Its retrospective design introduces potential selection bias, and the
heterogeneity of tumor molecular profiles could not be fully accounted for due to incomplete

MGMT and IDH status in earlier cases. Additionally, adjuvant therapy adherence and dose

variations could influence survival outcomes. Prospective studies integrating molecular

classification and advanced imaging modalities are needed to further refine prognostic models.

Conclusion. Microsurgical resection remains a cornerstone in the management of
glioblastoma, with extent of resection serving as a key determinant of survival. Maximal safe
resection, guided by intraoperative neurophysiological monitoring and functional mapping,
optimizes oncological outcomes while preserving neurological function. Preoperative functional
status and age are additional independent prognostic factors that should inform surgical decision-
making and patient counseling.

Our findings support the continued emphasis on individualized surgical planning, combining

advanced imaging, functional preservation strategies, and aggressive resection when feasible.

Although glioblastoma remains a formidable clinical challenge, optimizing surgical outcomes and

integrating adjuvant therapies can meaningfully impact patient survival and quality of life.
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