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Insular gliomas pose a therapeutic challenge due to their intricate anatomy and proximity to eloquent brain regions.
Functional magnetic resonance imaging (fMRI) and diffusion tensor imaging (DTI) tractography are useful ways to learn
about the insular region's neuronal connections and how they work before surgery. The purpose of this case report is to show
how awake craniotomy, with intraoperative neuromonitoring (IONM), can be used to remove low-grade gliomas, especial-
ly from the insular region. By carefully drawing functional boundaries using fMRI and DTI data collected before surgery,
surgical methods were created to protect important brain areas as much as possible while removing as much of the tumor
as possible. A 31-year-old male presented with a 5-month history of headaches, seizures, and right-sided numbness. Neu-
rological examination revealed difficulty with word finding and organization but no overt speech deficits. An MRI revealed
a non-enhancing lesion in the left frontotemporal region. An awake craniotomy was conducted to protect language centres
and brain function during surgical resection, with guidance from DTI, fMRI, and IONM.The study underscores the impor-
tance of integrating advanced imaging modalities with intraoperative techniques to optimize surgical outcomes for insular
gliomas. To maximize success and minimize postoperative complications, a comprehensive understanding of tumor biology,
neuroanatomy, and patient-specific factors is imperative. Incorporating preoperative fMRI and DTT into surgical planning
enhances the accuracy and efficacy of awake craniotomy procedures. Further research is warranted to validate these findings
and refine treatment strategies for insular gliomas.
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Background. There is an increased risk of
neurological complications following surgical
removal of insulinar gliomas, making them
a typical problem in neurosurgical oncology.
Because of their complex anatomy and proximity
to important cerebral arteries, therapeutic
approaches are complicated. New developments
in neuroanesthesia, microsurgery, and functional
mapping, however, have made it possible to
treat these tumors in a safer and more successful
manner. A lot of different brain and blood vessel
structures surround the insula. These structures
may lessen the effects of neurological problems,
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leading to fewer and milder problems in many
cases [1, 2].

The surgical extraction of tumors from the
brain's eloquent cortical regions presents a
considerable risk of neurological impairment.
Current methodologies prioritize maximally
safe excision, aiming to preserve as much of the
patient's neurological function as possible [3].

Complications, including edema, stroke, or fibre
tract disruption, are possible outcomes of surgical
treatments used to remove tumours. Brain surgery
treatments that involve finding language areas
are easier to do with techniques like cortex and
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subcortical stimulation used during surgery [4,5].
The results that people get from these methods,
nevertheless, could differ. Maps of speech and
their brain bases are being gradually filled in with
the use of functional magnetic resonance imaging
(fMRI), a noninvasive technique [6].

This study delves into optimal surgical
approaches for low-grade insular gliomas. With
the help of functional magnetic resonance imaging
(fMRI) and diffusion tensor imaging (DTI), a low-
grade insular glioma was successfully removed.
Before surgery, fMRI and DTI helped stop large
areas of functional and anatomical redistribution.
This helped the surgeon plan the surgery so that
the tumor could be removed as much as possible
while important white matter pathways were kept.
Language processing data revealed a left-dominant
language and contralateral brain processing
pattern. The investigation also scrutinized the
impact of left inferior frontal gyrus (Broca's
area) tumors on speech center lateralization and
localization.

Case Report

A 3l-year-old male presented to the
neurosurgery department at the Regional
Clinical Center of Neurosurgery and Neurology,
Uzhhorod, Ukraine, with a five-month history of
recurrent headaches and seizures. During these
episodes, the patient experienced paresthesia

in his right arm and leg, along with expressive
aphasia characterized by difficulty in word
retrieval and organization. The neurological
examination revealed normal findings, with no
overt speech impairments reported by the patient.
Magnetic resonance imaging (MRI) revealed a
non-enhancing lesion localized in the left fronto-
temporal region (Fig. 1).

The surgical intervention was meticulously
planned and executed, integrating sophisticated
imaging modalities such as diffusion tensor
imaging (DTI), functional magnetic resonance
imaging (fMRI), and intraoperative neuro-
monitoring (IONM). Employing an awake
craniotomy approach, the surgical team aimed to
preserve eloquent language centers while achieving
maximal tumor resection. A precise craniotomy
was performed under neuro-navigation guidance
to access the left-sided insular glioma situated
in the fronto-temporal region. Throughout the
procedure, the patient remained awake to facilitate
real-time assessment of language function and
mitigate the risk of postoperative language deficits.
Utilizing DTI and fMRI data, the surgical team
accurately delineated eloquent brain regions and
tumor boundaries. Continuous intraoperative
neuromonitoring (IONM) was employed to assess
and safeguard critical neurological functions
during tumor resection. Despite the challenging

Fig. 1. Different Slices of T1 Weighted MRI of Brain showing Insular Glioma
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tumor location, partial resection was successfully
achieved while preserving essential neurological
functions. Postoperative MRI scans confirmed
partial tumor removal (Fig. 2).

Following surgery, the patient was closely
monitored, and at one-month follow-up, reported
resolution of previous symptoms, with no residual
weakness or sensory deficits on the right side.
Neurological examination revealed normal
findings, indicative of successful intervention and
postoperative recovery.

fMRI Analysis of Case

Furthermore, functional @ MRI  (fMRI)
analysis revealed clear left hemispheric language
lateralization, with predominant activation
observed in the Broca and Wernicke areas of the
left hemisphere (Fig. 3).

Notably, = Wernicke  activations  were
identified superficially to the left temporal lobe
tumor formations, primarily located in the
parahippocampal gyrus with intraventricular
extensions. The tumor was observed to be in close

Fig. 2. Pre- and Post-operative MRI of Brain

Left hemisphere

fMRI

Right hemisphere

Fig. 3. fMRI of Brain shows language lateralization
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proximity to the lateral temporal lobe, medially
touching it (Fig. 4).

Fig. 4. DTl of Brain shows the tumor is touching the lateral
temporal lobe medially

DISCUSSION

The case report presented demonstrates the
effective surgical management of an insular
glioma using a multimodal approach under the
direction of cutting-edge imaging techniques and
intraoperative neuromonitoring. Using diffusion
tensor imaging (DTI), functional magnetic
resonance imaging (fMRI), and intraoperative
neuromonitoring (IONM) together made it easier
to precisely define important brain areas and
tumor boundaries. This allowed for maximum
tumor removal while maintaining important
neurological functions.

Because of improvements in technology and
tools, somatosensory evoked potentials (SSEP) are
now needed to track a lot of different neurological
and vascular therapies that affect the brain [7].
Horsley pioneered the first cortical excisions using
stimulation in 1886 and 1887 [8]. Cortical direct
electrical stimulation (DES) has seen extensive
use despite concerns about possible side effects
and downsides, such as post-operative seizures.
Patients with high-grade astrocytic tumours
who underwent intraoperative neuromonitoring
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(IONM) had a lower risk of neurologic
impairments and a longer overall survival time,
according to research by Zhang et al. [9].

In order to eradicate gliomas, intermittent
intraoperative monitoring with the use of DES
is necessary. Also, it's the main way to check the
language brain area's functionality in real time.
Intraoperative DES technology makes use of a
wide range of anaesthetic techniques, mirroring
the variety of surgical procedures. Thanks to
advancements in anaesthesia, individuals who
want to stay conscious throughout their brain
tumour surgery can now have the treatment done
while they are awake.

"Regional anaesthesia”" was a term used by
Cushing at the tail end of the nineteenth century
and served as the basis for contemporary methods
[10]. The sleep-wake-alert-sleep (SAW) and
awake-awake-awake (AAA) protocols are now
the most used modalities of anaesthesia for awake
craniotomies [10]. One of these is AA A technology,
which improves intraoperative neuromonitoring
(IONM) by keeping patients aware during the
whole surgery [11]. For postoperative pain control
to be effective, there must be preoperative patient
education, specialised anesthesiologists, and
surgical procedures that minimise traction on
pain-sensitive brain structures [12].

By following these steps, awake brain tumour
surgery may be performed with little danger and
discomfort, leading to the best possible results for
patients. In 1886, the first conscious craniotomy
was performed by Sir Victor Horsley, who used
brain electrical stimulation to localise epileptic foci
[13]. Famous brain surgeon and researcher Wilder
Penfield continued his work by carefully mapping
brain activities in awake patients with severe
epilepsy while they were under local anaesthesia
(LA) [14]. It has been proposed by Sanai et al. [15]
that areas of the brain where electrical stimulation
does not cause language problems may be safely
targeted for glioma tumour removal. Of the 250
glioma patients studied, 145 (or 58% of the total)
benefited from frontal and temporal lobe mapping
when it came to activities like reading aloud,
number calling, and recognition.

For patients whose tumors are situated close
to functioning brain areas, Chang et al. [16]
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found that intraoperative mapping improves
survival outcomes and decreases recurrence
rates. Only 3.4% of patients in a study including
8091 procedures reported major complications
after intraoperative stimulation mapping in the
operating room. Complication rates were 8.3%
higher in those who had preoperative simulated
mapping but who did not. In addition, mapping
allowed for a larger tumour to be removed [17].

As an example, in a scenario where the epileptic
foci and eloquent centres were co-localized, all
but one of the patients were able to keep their
function while experiencing no seizures. Minor
postoperative neurological deficits were seen in
12.7% of persons who underwent awake targeted
resection, 49.1% who underwent persistent
subdural electrode implantation, and 16.4%
who underwent persistent subdural electrode
implantation in non-lesional epileptic patients
[18].

After surgery, 4% of 890 patients with insular
gliomas had new, long-lasting problems with
motor or speech, according to a meta-analysis
[19]. The use of transcortical insula methods has
grown in recent years due to improvements in
intraoperative mapping techniques. To locate the
internal capsule on the medial plane of excision
for dominant-sided insular gliomas, subcortical
motor mapping is used. The preservation of
functional cortex and Sylvian arteries can be
achieved by making several cortical windows in
instances when massive gliomas involve non-
functional brain [1,20].

Resection of low-grade gliomas may now be
safely performed because to the combination
of fMRI and diffusion tensor imaging (DTI).
Functional magnetic resonance imaging (fMRI)
aids in preoperative identification of the dominant
hemisphere and functional language cortex by
direct stimulation of the language cortex. Though
fMRI has its uses, it does have its limits. The
specificity and sensitivity of linguistic functional
magnetic resonance imaging (fMRI) and direct
brain stimulation varied from 0% to 97%,
according to a meta-analysis of nine trials [21].

The presented case reportillustrates the use of an
awake craniotomy approach allowed for real-time
assessment of language function during surgery,
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minimizing the risk of postoperative language
deficits. Despite the challenging tumor location,
the surgical team achieved partial resection
while safeguarding critical language centers
and maintaining brain function. Postoperative
recovery was favorable, with the patient reporting
resolution of previous symptoms and no residual
weakness or sensory deficits on the left side at
one-month follow-up. Neurological examination
revealed normal findings, indicating successful
intervention and postoperative recovery.

Overall, the case highlights the importance
of a comprehensive and individualized surgical
approach in the management of insular gliomas.
By combining advanced imaging modalities with
intraoperative monitoring, surgeons can optimize
tumor resection outcomes while minimizing the
risk of neurological deficits, ultimately improving
patient outcomes and quality of life.

CONCLUSIONS

In conclusion, there are a lot of different
biological, anatomical, and clinical factors that go
into managing low-grade gliomas during awake
craniotomy. In order to maximise patient outcomes,
the surgeon's first priority is to perform the safest
resection possible. Intraoperative technologies
are crucial for improving surgical accuracy and
reducing postoperative problems; hence, technical
competence and these technologies must be
integrated. When dealing with low-grade gliomas,
it is crucial to have a multidisciplinary team of
specialists from different areas due to the tumours'
intricate nature. Neuromonitoring and imaging
techniques that are up-to-date during surgery,
such as awake craniotomy and tractography, along
with careful motor and speech mapping, can
successfully treat most cases. Improving patient
prognosis and optimising therapy for low-grade
gliomas can be achieved by combining state-of-
the-art intraoperative technology with established
surgical approaches.
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KJIIIHTYHA KOPVICHICTb MY}IbTI/IMOIIA}II_).HOT BI3YAJII3AIIII TA
HEMPOMOHITOPVHIY ITPU1 KPAHIOTOMII Y CTAHI HECITAHHA
1A TTIIOMIU HU3bKOTO CTYIIEHA:
3BIT ITPO BUITATOK TA OITIAL JIITEPATYPU

Hinax Yaynazaiin, Bonooumup Cmonatnka, Anopiii Cuonanxa, Tapac laspunie

ObnacHuil kKniniuHuil yeHmp Hetipoxipypeii ma He8ponoezii
Yaeopoocvkoeo HayioHanvHo20 yHieepcumemy, Yueopoo, Ykpaina
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OcTpiBKOBI I/TIOMY CTAHOB/IATH TePaNeBTUYHY MPOOIEMY Yepes iX CKIIaJIHy aHATOMiI0 Ta 6MM3bKiCTh 0 ACKPaBO BUpa-
JKEHUX IIITHOK MO3Ky. OyHKI[ioHa/IbHA MarHiTHO-pe3oHaHcHa ToMorpadis (MPT) i Tpakrorpadis gudysiiiHoro reHsop-
Horo 306pakeHHs (DTI) € KopucHUMY criocob6amy Bi3HATUCS TIPO HEVPOHHI 3B’A3KM OCTPIBHOI 06/1acTi Ta IXHIO po6OTYy
nepep onepariero. Mera 1bOro 3BiTy PO BUITAZIOK MONIATAE B TOMY, I[06 ITOKa3aTu, K KPaHIOTOMIIO y CTaHi HeCIaHH:
3 iHTpaomnepalitHuM HeiipoMoHiTopuarom (IONM) Mo)KHa BUKOPUCTOBYBATH M/ BUNA/IEHHS ITTIOM HM3bKOTO CTYIICHS
37I0SIKICHOCTi, 0COO/MMBO B iHCY/APHiN 06macTi. PeTenbHO poBiBIIy GYHKIIOHAIBHI MeXXi 3 BUKOpKUCTaHHAM faHux GMPT
i DTI, 3i6panux mepen omepari€o, 6y710 CTBOpeHO XipypridHi MeToAM, 06 MaKCHMaIbHO 3aXUCTUTI BaXIUBI AiTAHKN
MO3KY, OFHOYaCHO BUA/IMBIIY SIKOMOTa Oi/IbIIY YaCTUHY HYX/IMHU. 31-pidHNIT YOMOBIK 3BepHYBCSA 3 5-MiCIYHOIO icTOpi€o
TOJIOBHMX 0OJIiB, CyoM i OHIMIHHA IpaBoro 60Ky. HeBposmoriunuit oriaz BUsABUB TPYSHOLL 3 MOIIYKOM i OpraHisalji€o
CJIiB, aJie XOFHVIX SIBHMX ITOpYyLIeHb MoBeHHs. MPT BusBuia ypaxxeHHs 6e3 36i1blieHHs B /1iBiit T00HO-CKpOHEBIi AiNsH-
i. JI71s1 3aXMCTy MOBHUX LIeHTPIB 1 GyHKIT MO3KyY Iif yac Xipypriunoi pesekuil 6yna nmpoBefeHa KpaHiOTOMis y cTaHi He-
crianss 3a pekomenpanissvu DTI, fMRI Ta IONM. [locmimkeHHS TiIKPeCTIOE BaXX/INMBICTh iHTerpalil TepefoBUX METOLIB
Bigyasisaii 3 iHTpaornepayifiHMMM TeXHIKaMM /I ONITUMi3allil pe3y/bTaTiB XipypriYyHoro BTpy4YaHHs /I iHCY/IAPHUX IUTi-
oM. JI71s1 FOCATHEHH MaKCMMaJIbHOTO YCIIXy Ta MiHiMisanil mic/sonepaliiiHyx yckIafHeHb HeoOXiTHUM € BcebidHe po3y-
MiHH# 6io7oril nyx/IMHM, HelipoaHaToMil Ta pakTopiB, XapaKTepHMX /L1 MallieHTa. BKmoyeHH: nepenonepaniitnoi pMPT
i DTI B xipypriuHe I/TaHYBaHHA IifIBUIIYE TOYHICTD i eeKTUBHICTD IIPOLeRYp KpaHioTOMil y cTaHi HecrianHA. s mif-
TBepKEHHsI LIMX BYCHOBKIB i BIOCKOHA/IEHHS CTpaTeriil TIKyBaHHA IHCY/LIPHUX IIiOM HeOoOXiTHI MOFAbIIi JOCTiIKEeHHS.

KnrouoBi cmoBa: kpaHioTOMif y cTaHi HeCllaHHs, iHCY/IApHA I71iOMa, ITTioMa.
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