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Abstract
Background

Gliomas of the dominant insular lobe represent functionally critical tumors in which overt neurological deficits
may be absent despite involvement of language-related and associative networks. In such cases, standard
neurological examination does not always adequately reflect the status of higher cognitive functions,
underscoring the importance of neuropsychological assessment for a comprehensive evaluation of functional
outcomes following surgical treatment.

Objective

To evaluate neuropsychological outcomes in patients with gliomas of the dominant insular lobe, with particular
emphasis on a functional analysis of the subgroup undergoing resection via the transsylvian–transinsular
approach, aiming to identify subclinical cognitive alterations in the absence of clinically significant neurological
deficits.

Materials and Methods

A prospective, single-center observational cohort study was conducted between January 2023 and December
2025. Thirty-one patients aged 18–52 years were included. Hemispheric dominance was determined clinically
based on handedness. All tumors were classified as gliomas according to the WHO classification (LGG/HGG).
In 12 patients, the tumor was located in the left insular lobe; among them, 8 patients underwent resection via
the transsylvian–transinsular approach, which was applied in individuals with a clinically preserved
preoperative neurological status allowing standardized neuropsychological assessment. The extent of
resection comprised subtotal resection (STR) in 9 patients and gross total resection (GTR) in 3 patients.
Neuropsychological evaluation was performed in all patients during the preoperative and postoperative
periods; in patients with transient motor aphasia, testing was conducted after regression of the speech deficit.
One illustrative clinical case is presented using intraoperative images.

Results

In the early postoperative period, transient neurological disturbances were observed in three patients with
dominant insular tumors who underwent resection via the transsylvian–transinsular approach: motor deficits in
two patients and motor aphasia in one patient. No new permanent neurological deficits were identified
compared with the preoperative status, and all transient deficits completely resolved during follow-up.

Neuropsychological assessment revealed cognitive alterations in a subset of patients both in the early
postoperative period and during subsequent follow-up, including patients with clinically preserved or recovered
neurological status. The profile and severity of neuropsychological impairments varied across patients and
time points, as detailed in the corresponding tables.

Conclusion

Within the framework of this prospective study, it was demonstrated that a clinically preserved neurological
status after surgical treatment of dominant insular gliomas does not necessarily reflect the integrity of higher
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cognitive functions. Despite the absence of permanent motor or language deficits, neuropsychological
assessment identified cognitive alterations in a subset of patients, including those with an otherwise
neurologically intact clinical presentation. In this context, neuropsychological testing proved to be more
sensitive than standard neurological examination in detecting subclinical cognitive impairments following
tumor resection via the transsylvian–transinsular approach.

INTRODUCTION
Insular gliomas are among the most challenging tumors to treat surgically due to their deep-seated location,
close anatomical relationships with cortical and subcortical functional networks, and marked variability of the
vascular architecture [1–3, 7, 21]. The insula constitutes a key component of the limbic and paralimbic systems
and plays an essential role in the regulation of language, executive, affective, and integrative cognitive
functions [1, 2, 10, 11, 15, 17]. Historically, the high rate of postoperative complications led to a cautious
attitude toward aggressive surgical management of tumors in this region, particularly when located in the
dominant hemisphere [18, 20, 21, 38, 39].

Advances in microsurgical techniques, improved understanding of the topographic and microanatomy of the
insular region, and the introduction of functionally oriented surgical concepts have substantially changed the
management of insular gliomas [2, 3, 10, 16, 22, 23]. Contemporary clinical series demonstrate that, with
careful patient selection and appropriate choice of surgical approach, a meaningful extent of resection can be
achieved with an acceptable rate of neurological morbidity [9, 14, 25, 28, 33, 38]. In this context, the
transsylvian–transinsular approach is regarded as an anatomically sound corridor to insular tumors, allowing
minimization of cortical injury while providing direct visualization of vascular and subcortical structures [4, 21,
29, 30, 33, 34, 48].

Despite their location within the dominant hemisphere, insular gliomas frequently present without clinically
evident neurological deficits [10, 13, 16]. This phenomenon has been attributed both to the slow-growing nature
of these tumors, enabling functional reorganization, and to the distributed organization of language and
cognitive networks [10–12, 16]. As a result, standard neurological examination may fail to detect functional
impairment even when eloquent structures are involved, thereby limiting its sensitivity for assessing functional
outcomes after surgical treatment [9, 24, 37].

In recent years, increasing attention has been directed toward neuropsychological methods as more sensitive
tools for the evaluation of higher cortical functions [11, 13, 37, 45, 46]. Neuropsychological testing allows the
detection of subclinical cognitive impairments that are not identified during routine neurological examination
but may significantly affect daily functioning and quality of life [37, 44]. Nevertheless, data on
neuropsychological outcomes following resection of dominant insular gliomas remain limited, as most
published studies primarily focus on gross neurological complications, extent of resection, and oncological
outcomes [9, 14, 24, 33, 52].

Transient postoperative disturbances, including motor and language deficits, warrant particular attention, as
their underlying pathophysiological mechanisms remain incompletely understood [9, 24, 41, 42]. In addition to
direct cortical or subcortical injury, increasing emphasis has been placed on venous factors, especially in the
perisylvian region, where even minor disturbances of venous drainage may result in reversible functional
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deficits [3, 26, 35, 40]. Analysis of such clinical scenarios requires integration of intraoperative findings,
neuroimaging data, and functional outcomes.

In light of these considerations, a comprehensive approach to the evaluation of functional outcomes after
surgical treatment of dominant insular gliomas appears warranted, incorporating not only standard
neurological examination but also systematic neuropsychological assessment [11, 16, 37, 49, 51]. The present
study aims to analyze neuropsychological outcomes in patients with dominant insular gliomas following
surgical treatment, with an in-depth functional analysis of the subgroup undergoing resection via the
transsylvian–transinsular approach and a particular focus on identifying subclinical cognitive impairments in
the absence of clinically significant neurological deficits.

MATERIALS AND METHODS

Study Design and Ethical Considerations
A prospective observational cohort study was conducted at a single specialized neurosurgical center—the
Republican Specialized Scientific and Practical Medical Center of Neurosurgery (Tashkent, Uzbekistan). The
study protocol was approved by the local institutional ethics committee and was conducted in accordance with
the ethical principles of the Declaration of Helsinki (2013 revision). Written informed consent for surgical
treatment and the use of clinical data for research purposes was obtained from all patients prior to inclusion in
the study.

Patient Characteristics
Between January 2023 and December 2025, a total of 31 patients with insular gliomas who underwent surgical
treatment were prospectively evaluated. In 12 patients, the tumor was located in the dominant insular lobe.
Among them, 8 patients underwent tumor resection using the transsylvian–transinsular approach, and this
subgroup constituted the primary study cohort (table. 1).

Patients with a clinically preserved preoperative neurological status were included, allowing standardized
neuropsychological assessment. Patients with significant preoperative neurological deficits that could
compromise the reliability of cognitive evaluation were excluded from the neuropsychological outcome
analysis.
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Table 1
Clinical, Demographic, and Surgical Characteristics of Patients with Insular Tumors According to

Hemispheric Dominance.
N o n - D o m i n a n t

№ Side KPS Score Education

level

Location Approach STR/GT WHO Grade  

1 Rt 100 1 Medial extension T-T STR II  

2 Rt 90 2 Medial extension T-T STR II  

3 Rt 90 2 Pure insular T-T STR II  

4 Rt 100 2 Pure insular T-T STR II  

5 Rt 100 2 Pure insular T-T GT II  

6 Rt 90 3 Lateral extension T-T STR III  

7 Rt 90 2 Pure insular T-T STR II  

8 Rt 100 2 Medial extension T-T STR II  

9 Rt 100 1 Pure insular T-T STR II  

10 Rt 100 2 Lateral extension T-F GT II  

11 Rt 100 3 Lateral extension T-F GT II  

12 Rt 100 2 Lateral extension T-F GT II  

13 Rt 90 2 Lateral extension T-F STR III  

14 Rt 100 1 Lateral extension T-F GT III  

15 Rt 100 1 Lateral extension T-T STR II  

16 Rt 100 2 Lateral extension T-T STR II  

17 Rt 80 2 Lateral extension T-T GT II  

18 Rt 90 1 Multiregional Combined STR III  

19 Rt 90 2 Multiregional Combined STR III  

D o m i n a n t

20 Lt 100 1 Pure insular T-T STR II  

21 Lt 100 2 Pure insular T-T GT II  

22 Lt 100 1 Medial extension T-T STR II  

23 Lt 90 2 Medial extension T-T STR III  

24 Lt 100 2 Pure insular T-T GT II  

25 Lt 100 1 Pure insular T-T STR II  
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N o n - D o m i n a n t

№ Side KPS Score Education

level

Location Approach STR/GT WHO Grade  

26 Lt 100 3 Medial extension T-T STR II  

27 Lt 100 2 Pure insular T-T STR II  

28 Lt 90 3 Lateral extension TO + AS STR II  

29 Lt 100 2 Lateral extension TO + AS STR II  

30 Lt 100 1 Lateral extension TO + AS GT II  

31 Lt 100 2 Lateral extension TO + AS STR III  

Determination of the Dominant Hemisphere
The dominant hemisphere was determined clinically based on handedness, in accordance with widely
accepted clinical practice. Only patients with clearly identifiable hemispheric dominance were included in the
analysis, allowing reliable interpretation of functional and neuropsychological outcomes.

Preoperative Neuroimaging
All patients underwent a standardized preoperative neuroimaging protocol, including contrast-enhanced brain
MRI (T1-weighted images), T2- and FLAIR-weighted sequences, diffusion-weighted imaging (DWI), diffusion
tensor imaging (DTI), and MR angiography using a 3D time-of-flight (3D-TOF) technique. The acquired imaging
data were used for anatomical tumor assessment, surgical approach planning, and evaluation of the
relationships between the lesion and adjacent vascular and subcortical structures.

Surgical Technique
Surgical procedures were performed using two anesthetic protocols depending on the selected surgical
strategy. Resections carried out via the transsylvian–transinsular approach were performed under general
anesthesia, whereas patients operated on under awake conditions underwent an awake craniotomy protocol
with intraoperative language mapping. Among the 12 patients with dominant insular gliomas, tumor resection
was performed via the transsylvian–transinsular approach in 8 patients and using awake craniotomy in 4
patients.

For the transsylvian–transinsular approach, microsurgical dissection of the Sylvian fissure was performed
without cortical incision. Depending on tumor location and individual vascular anatomy, two dissection
trajectories were employed: a medial-to-lateral approach in 5 patients and a lateral-to-medial approach in 3
patients.
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In patients with tumors located in the non-dominant hemisphere, the choice of surgical approach was
determined by tumor location, extent, and relationships with cortical and subcortical structures. According to
anatomical characteristics, the following approaches were used: transsylvian–transinsular (n = 9), transfrontal
(n = 5), transtemporal (n = 3), and combined approaches (n = 2). All procedures in this group were performed
under general anesthesia in accordance with the principles of functionally oriented microsurgery.

In all procedures performed via the transsylvian–transinsular approach, intraoperative neurophysiological
monitoring with motor evoked potential (MEP) recording was utilized to assess the functional integrity of
subcortical motor pathways. Neuronavigation was not employed; instead, individualized preoperative three-
dimensional planning based on neuroimaging data was used to define optimal surgical corridors and to
evaluate the relationships between the tumor and adjacent vascular and subcortical structures.

Assessment of the Extent of Resection
The extent of tumor resection was assessed based on early postoperative contrast-enhanced MRI performed
on the second postoperative day. Gross total resection (GTR) was defined as the absence of residual tumor on
postoperative neuroimaging, whereas subtotal resection (STR) was recorded when residual tumor tissue was
present.

Within the subgroup of patients with dominant insular gliomas, subtotal resection was achieved in 9 patients,
including 6 cases treated via the transsylvian–transinsular approach, while gross total resection was achieved
in 3 patients, 2 of whom underwent surgery using the transsylvian–transinsular approach.

Postoperative Neuroimaging
All patients underwent non-contrast computed tomography of the brain within the first postoperative day to
exclude hemorrhagic complications. Follow-up contrast-enhanced MRI was performed on the second
postoperative day to assess the extent of resection and to identify ischemic or structural changes.

Neurological Assessment
Neurological status was assessed preoperatively, in the early postoperative period, and during follow-up. New
neurological deficits were defined as impairments not present in the preoperative period. Transient and
permanent neurological deficits were analyzed separately.

Neuropsychological Assessment
Neuropsychological assessment was performed in all patients during the preoperative and postoperative
periods using standardized and validated test batteries aimed at evaluating language functions, executive
functions, attention, and memory, in accordance with international recommendations. Assessment of language
functions included naming and verbal productivity tasks, such as the Boston Naming Test and tests of
phonemic and semantic verbal fluency. Executive functions and attention were evaluated using the Trail
Making Test (parts A and B) and tasks assessing cognitive control, whereas memory was examined using the
Digit Span (forward and backward) and verbal memory tests. Neuropsychological testing was conducted at
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standardized follow-up time points; in patients with transient speech disturbances, repeat assessment was
performed after clinical resolution of aphasia.

Postoperative testing was carried out under conditions of stable clinical status. In a patient with transient
motor aphasia, neuropsychological assessment was performed only after complete resolution of the speech
deficit. In patients with a history of epileptic seizures, testing was conducted during the interictal period;
assessment was postponed in the presence of recent seizures or postictal symptoms.

Statistical Analysis
Given the exploratory nature of the study, the limited sample size, and the primarily descriptive focus of the
analysis, statistical data processing was predominantly descriptive. Quantitative variables are presented as
means or medians with corresponding ranges, whereas qualitative data are reported as absolute values and
percentages. Formal statistical comparisons and hypothesis testing were not performed, as the aim of the
study was to identify general trends and patterns of functional changes rather than to establish causal
relationships.

RESULTS
Overall cohort characteristics

In the studied prospective series of 31 patients, the tumor was localized in the dominant insular lobe in 12
patients. Within this subgroup, surgical intervention was performed using a transsylvian–transinsular approach
in 8 patients; these patients were included in the analysis of neuropsychological outcomes. Preoperatively, the
neurological status of all patients in this subgroup was assessed as clinically intact.

In the early postoperative period, motor deficits were observed in two patients, and one patient developed
transient motor aphasia. In all cases, these neurological disturbances were temporary and fully resolved during
subsequent follow-up. Compared with the preoperative condition, no new permanent neurological deficits were
identified.

Illustrative clinical case

As an illustrative clinical case, we present a patient with a tumor of the left (dominant) insular region, selected
based on a combination of anatomical and clinico-radiological characteristics as well as specific features of
the intraoperative course. The tumor demonstrated predominantly medial growth from the insular lobe with
close proximity to subcortical structures, which determined the high functional relevance of the surgical
intervention.

 

The patient was followed dynamically for two years; according to MRI performed 2 years and 4 months prior to
surgery, a slowly progressive tumor lesion was identified, without a pronounced mass effect and in the absence
of a clinically significant neurological deficit (fig. 1).
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This case was also selected because of an intraoperative technical particularity—injury to a small cortical vein
during dissection of the Sylvian fissure. In the remaining cases of the studied series, no intraoperative technical
complications were observed. The presented case illustrates the potential challenges of microsurgical
dissection in the perisylvian region and emphasizes the importance of detailed analysis of venous anatomy
when performing a transsylvian–transinsular approach

Preoperative contrast-enhanced magnetic resonance imaging revealed a tumor of the insular region with
predominantly medial extension, spreading toward the subcortical structures without clear evidence of their
gross infiltration. The lesion was characterized by a heterogeneous structure and well-visualized margins on
T2- and FLAIR-weighted sequences, while no marked mass effect or compression of the surrounding
anatomical structures was observed. The relationships between the tumor and the adjacent subcortical white
matter tracts and vascular structures were considered close, which was of critical importance for planning the
surgical approach (fig. 2).

According to 3D time-of-flight (3D-TOF) MR angiography, the major intracranial arterial structures were clearly
visualized, without evidence of compression, stenosis, or tumor invasion, indicating preservation of the primary
arterial blood supply within the affected region.

Diffusion tensor imaging (DTI) demonstrated displacement of the adjacent white matter tracts as a result of
the tumor-related mass effect, while their structural integrity was preserved, with no signs of tract disruption or
marked fiber destruction. These findings were of key importance for the selection of the surgical strategy and
for planning a safe transsylvian–transinsular approach (fig. 3).

Intraoperative findings

Tumor resection was performed via a transsylvian–transinsular approach. Microsurgical dissection of the
Sylvian fissure enabled the creation of a direct corridor to the lesion without the need for a cortical incision.

During surgery, injury to a small cortical vein in the perisylvian region was noted (fig. 4). No arterial injuries were
recorded. The tumor was removed within the preplanned extent while preserving the subcortical structures.
Intraoperative neurophysiological monitoring with motor evoked potentials was employed during the resection
phase, including subcortical stimulation. As functionally eloquent white matter pathways were approached,
responses to subcortical stimulation were elicited, indicating close proximity of the motor tracts and serving as
the basis for terminating further resection in that direction. Consequently, the extent of resection was limited by
functional boundaries, allowing achievement of the planned resection volume without injury to the subcortical
white matter tracts (subcortical stimulation threshold ≤ 3–5 mA; preservation of motor evoked potentials
without significant amplitude or latency changes).

Postoperative imaging results

Postoperative computed tomography performed within the first 24 hours after surgery revealed no evidence of
intracranial hemorrhage or significant cerebral edema (fig. 5).

Contrast-enhanced magnetic resonance imaging of the brain performed on the second postoperative day
confirmed the achieved extent of resection, with no evidence of residual tumor tissue within the resection area.
Additionally, no signs of ischemic changes, hemorrhagic complications, or pathological contrast enhancement
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were identified in the adjacent cortical or subcortical structures, indicating preservation of regional blood
supply and functionally eloquent anatomical structures (fig. 6).

Neurological and neuropsychological outcomes

In the early postoperative period, two patients developed moderate motor deficits (up to 3 points on the MRC
scale), which completely resolved within two weeks, whereas one patient developed transient motor aphasia
without an associated motor deficit, with full recovery of speech function within five days of follow-up (table.
2).

Table. 2. Neurological outcomes after surgical treatment of insular gliomas according to hemispheric
dominance and type of surgical approach. 

Outcome Hemisphere Surgical
approach

Pre-op Post-
op

day 3

Post-
op

day 7

Week 4 Month
3

Year

1

 

 

 

 

 

 

Motor
deficit

 

Dominant

Transsylvian

transinsular
(n=8)

0 2

(25%)

1
(12.5%)

1
(12.5%)

0 0

Awake

surgery (n=4)

1

(25%)

2

(50%)

2

(50%)

1

(25%)

0 0

 

 

 

Non-
dominant

Transsylvian–
transinsular
(n=9)

2

(22.2%)

2

(22.2%)

2

(22.2%)

1

(11.1%)

1

(11.1%)

0

Transfrontal
(n=5)

0 0

 

0 0 0 0

Transtemporal
(n=3)

1

(33.3%)

1

(33.3%)

1

(33.3%)

0 0 0

Combined
approach
(n=2)

1

(50%)

1

(50%)

1

(50%)

1

(50%)

1

(50%)

1

(50%)

 

Language
deficit

 

Dominant

Transsylvian–
transinsular
(n=8)

0

(%)

1

(12.5%)

0 0 0 0

Awake

Surgery (n=4)

0 1

(25%)

0 0 0 0

Neuropsychological assessment performed after resolution of aphasia revealed subclinical cognitive changes
that were not accompanied by clinically significant neurological deficits. The profile of the identified
neuropsychological impairments did not fully correlate with the findings of standard neurological examination.
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Preoperatively, seizure disorder was present in a subset of patients in both hemispheres. Following surgical
treatment, a progressive reduction in seizure frequency was observed over the course of follow-up, with the
most pronounced improvement at 3 months and 1 year after the intervention (table. 3).

Table 3. Seizure outcomes before and after surgical treatment of insular gliomas according to hemisphere and
surgical approach.

Hemisphere Surgical approach Pre-op Post-op
day 3

Post-op
day 7

Week 4 Month
3

Year 1

Dominant
hemisphere

Transsylvian–
transinsular (n =
8)

6

(75%)

3

(37.5%)

2

(25%)

2

(25%)

1
(12.5%)

1
(12.5%)

Awake surgery (n
= 4)

3

(75%)

2

(50%)

1

(25%)

1

(25%)

1

(25%)

0

(0%)

Non-dominant
hemisphere

Transsylvian–
transinsular (n =
9)

5
(55.6%)

3

(33.3%)

2

(22.2%)

2
(22.2%)

1
(11.1%)

1
(11.1%)

Transfrontal (n =
5)

2

(40%)

1

(20%)

1

(20%)

0

(0%)

0

(0%)

0

(0%)

Transtemporal (n
= 3)

2
(66.7%)

1

(33.3%)

1

(33.3%)

1
(33.3%)

1
(33.3%)

0

(0%)

Combined
approach (n = 2)

2
(100%)

2

(100%)

2

(100%)

2
(100%)

1

(50%)

1

(50%)

At 3 months after surgery, favorable seizure control (Engel class I) was achieved in the majority of patients,
regardless of the affected hemisphere and the surgical approach used, with further improvement or
stabilization of outcomes by 1 year of follow-up (table. 4).

Table 4. Seizure control according to the Engel classification in the long-term period after resection of insular
gliomas.
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Hemisphere Surgical approach Month 3 Year 1

Dominant Transsylvian–transinsular (n = 8) 7

(87.5%)

7

(87.5%)

Dominant Awake surgery (n = 4) 3

(75%)

4

(100%)

Non-dominant Transsylvian–transinsular (n = 9) 8

(88.9%)

8

(88.9%)

Non-dominant Other approaches (n = 10) 7

(70%)

8

(80%)

In patients with gliomas of the dominant insular lobe, neuropsychological impairments were already present in
the preoperative period and demonstrated worsening in the early postoperative phase. Language, executive,
and mnemonic functions were most frequently affected, with the greatest severity of deficits observed on
postoperative day 7. Subsequently, a trend toward partial regression of cognitive disturbances was noted;
however, in a substantial proportion of patients, impairment in at least one cognitive domain persisted even at
1 year of follow-up, despite the absence of clinically significant neurological deficits (table. 5).

Table 5. Dynamics of neuropsychological impairments across cognitive domains in patients with gliomas of
the dominant insular lobe.
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Cognitive domain Surgical approach Pre-op Post-op
day 7

Week 4 Month 3 Year 1

 

 

Language

Transsylvian–
transinsular (n=8)

1
(12.5%)

4 

(50%)

3
(37.5%)

2 

(25%)

1
(12.5%)

Awake surgery (n=4) 1 

(25%)

3 

(75%)

2 

(50%)

1 

(25%)

1 

(25%)

 

 

Memory

Transsylvian–
transinsular (n=8)

2 

(25%)

5 

(62.5%)

4 

(50%)

3
(37.5%)

2 

(25%)

Awake surgery (n=4) 1 

(25%)

2 

(50%)

2 

(50%)

1 

(25%)

1 

(25%)

 

 

Attention /
Executive

Transsylvian–
transinsular (n=8)

2 

(25%)

6 

(75%)

5
(62.5%)

4 

(50%)

3
(37.5%)

Awake surgery (n=4) 1 

(25%)

3 

(75%)

2 

(50%)

2 

(50%)

1 

(25%)

 

 

Visuospatial /
Praxis

Transsylvian–
transinsular (n=8)

1
(12.5%)

3 

(37.5%)

2 

(25%)

1
(12.5%)

1
(12.5%)

Awake surgery (n=4) 0 (0%) 1 (25%) 1 (25%) 0 (0%) 0 (0%)

 

 

≥1 cognitive domain
impaired

Transsylvian–
transinsular (n=8)

3
(37.5%)

7 

(87.5%)

6 

(75%)

5
(62.5%)

4 

(50%)

Awake surgery (n=4) 2 (50%) 4 (100%) 3 (75%) 2 (50%) 2 (50%)

In patients with gliomas of the nondominant insular lobe, neuropsychological impairments were identified
predominantly in the domains of memory, attention, and executive functions, with an increase in their frequency
in the early postoperative period. The most pronounced and persistent cognitive changes were observed in
patients operated on using transtemporal and combined approaches. Subsequently, partial regression of these
impairments was noted; however, in a subset of patients, involvement of at least one cognitive domain
persisted even at 1 year of follow-up, underscoring the functional significance of the nondominant insular
region (table. 6).

Table 6. Neuropsychological impairments across cognitive domains in patients with gliomas of the
nondominant insular lobe according to surgical approach. 
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Cognitive domain Surgical approach Pre-op Post-op
day 7

Week 4 Month 3 Year 1

 

 

 

Memory

Transsylvian–
transinsular (n=9)

2
(22.2%)

4 

(44.4%)

3
(33.3%)

2
(22.2%)

1
(11.1%)

Transfrontal (n=5) 1 (20%) 1 (20%) 1 (20%) 0 (0%) 0 (0%)

Transtemporal (n=3) 1
(33.3%)

2 (66.7%) 2
(66.7%)

1
(33.3%)

1
(33.3%)

Combined approach
(n=2)

1 (50%) 2 (100%) 2
(100%)

1 (50%) 1 (50%)

 

 

 

 

Attention /
Executive

Transsylvian–
transinsular (n=9)

3
(33.3%)

4 (44.4%) 4
(44.4%)

3
(33.3%)

2
(22.2%)

Transfrontal (n=5) 1 (20%) 1 (20%) 1 (20%) 1 (20%) 1 (20%)

Transtemporal (n=3) 1
(33.3%)

2 (66.7%) 2
(66.7%)

1
(33.3%)

1
(33.3%)

Combined approach
(n=2)

1 (50%) 2 (100%) 2
(100%)

2
(100%)

2
(100%)

 

 

 

 

Visuospatial /
Praxis

Transsylvian–
transinsular (n=9)

1
(11.1%)

2 (22.2%) 2
(22.2%)

1
(11.1%)

1
(11.1%)

Transfrontal (n=5) 0 (0%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)

Transtemporal (n=3) 1
(33.3%)

1 (33.3%) 1
(33.3%)

1
(33.3%)

0 (0%)

Combined approach
(n=2)

1 (50%) 2 (100%) 2
(100%)

1 (50%) 1 (50%)

 

 

 

≥1 cognitive domain
impaired

Transsylvian–
transinsular (n=9)

3
(33.3%)

6 (66.7%) 5
(55.6%)

4
(44.4%)

3
(33.3%)

Transfrontal (n=5) 2 (40%) 2 (40%) 2 (40%) 1 (20%) 1 (20%)

Transtemporal (n=3) 2
(66.7%)

3 (100%) 3
(100%)

2
(66.7%)

1
(33.3%)

Combined approach
(n=2)

1 (50%) 2 (100%) 2
(100%)

2
(100%)

2
(100%)

Histopathological findings

Histological examination of tumor tissue in all 31 patients confirmed the diagnosis of diffuse gliomas in
accordance with the World Health Organization (WHO) classification. Low-grade gliomas (LGG) were identified
in 19 patients, whereas high-grade gliomas (HGG) were diagnosed in 12 patients. Astrocytic variants
predominated in the histological structure of the tumors, which is consistent with data from large international
series on insular gliomas. In the illustrative clinical case, histological analysis revealed a fibrillary astrocytoma,
correlating with the prolonged preclinical course of the disease and the findings of preoperative neuroimaging
(fig. 7).
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Summary of functional outcomes

Thus, despite the absence of persistent clinical neurological deficits after surgery, neuropsychological
assessment enabled the identification of cognitive changes in a subset of patients, including those who were
clinically intact. All transient neurological disturbances fully resolved, and postoperative neuroimaging revealed
no ischemic or hemorrhagic complications.

DISCUSSION
This prospective single-center study demonstrates that the absence of persistent postoperative neurological
deficits after surgical treatment of insular gliomas—particularly those located in the dominant hemisphere—
does not preclude the presence of clinically relevant neuropsychological impairments. Despite favorable
neurological and epileptological outcomes associated with the transsylvian–transinsular approach and awake
surgery, systematic neuropsychological evaluation revealed a high prevalence of subclinical cognitive changes,
predominantly affecting language, executive, and mnemonic functions.

Neurological preservation and cognitive vulnerability
The neurological outcomes obtained in the present study are consistent with data from large series reporting a
low incidence of permanent motor and speech deficits after resection of insular gliomas when modern
microsurgical techniques and function-oriented strategies are employed [9, 24, 33, 38]. However, in contrast to
most published studies that primarily focus on overt neurological outcomes, our findings demonstrate a
pronounced dissociation between a clinically intact neurological status and impairment of higher cognitive
functions.

Even in patients without persistent motor or speech deficits, neuropsychological testing revealed abnormalities
in one or more cognitive domains. These findings underscore the vulnerability of distributed cortico-subcortical
networks involved in attention, executive control, and memory—functions that are not routinely assessed during
standard neurological examination. Similar observations have previously been reported only sporadically and
mainly in the context of awake surgery [10, 13, 37], whereas systematic evaluation of neuropsychological
outcomes following the transsylvian–transinsular approach remains limited.

Dominant hemisphere and domain-specific effects
The most pronounced and persistent neuropsychological changes in our series were observed in patients with
tumors involving the dominant hemisphere. Language and executive functions were the most vulnerable
domains, in accordance with current concepts of the insula as a key hub within perisylvian language and
associative networks [2, 11, 16]. Although partial regression of cognitive impairments was noted during follow-
up, deficits persisted for up to one year in a subset of patients, indicating limited compensatory capacity of
these functional systems.

Awake surgery allowed minimization of clinically evident speech disturbances, corroborating the findings of
Duffau et al. [12, 13]. Nevertheless, despite preserved spontaneous speech, impairments in executive and
mnemonic domains were detected in some patients. This suggests that focal language mapping, while
effective in preventing overt aphasic deficits, does not fully protect broader cognitive networks.
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Surgical approach and functional trade-offs
In our series, the transsylvian–transinsular approach demonstrated high neurological safety and satisfactory
seizure control, in line with reports by other authors [32, 33, 43]. However, early neuropsychological
impairments were observed in the majority of patients, and complete recovery was not universal, indicating the
presence of functional trade-offs even with anatomically sparing approaches.

In the nondominant hemisphere, cognitive changes were generally less pronounced but were absent only when
limited surgical approaches were employed. The most unfavorable neuropsychological outcomes were
associated with combined approaches, likely reflecting more extensive involvement of cortical and subcortical
associative pathways and a greater length of the surgical corridor [27, 36].

Seizure control and cognitive outcomes
Surgical treatment in the present series achieved a high level of seizure control, consistent with the literature
[31, 47, 50]. However, attainment of a favorable epileptological outcome (Engel class I) was not necessarily
accompanied by preservation of cognitive function. Thus, epileptological success cannot be considered a
surrogate marker of full functional recovery, particularly in tumors located within functionally eloquent regions.

Pathophysiological considerations
The illustrative clinical case in our study highlights the potential role of venous factors in the development of
transient functional disturbances. The temporal association between injury to a small cortical vein in the
perisylvian region and the occurrence of transient motor aphasia—despite the absence of arterial ischemia on
postoperative neuroimaging—suggests a possible venous mechanism contributing to functional vulnerability.
Similar anatomical and clinical observations have previously been emphasized in studies addressing venous
drainage of the insular region [3, 21, 26]. Nevertheless, it should be emphasized that a definitive causal
relationship cannot be established within the framework of the present study.

LIMITATIONS AND CLINICAL IMPLICATIONS

Study limitations
The present study has several limitations. First, it was conducted at a single center and included a limited
number of patients with dominant-hemisphere involvement, which restricts the scope of statistical analysis.
Second, functional lateralization was determined clinically based on handedness, without mandatory use of
functional MRI or the Wada test, which does not exclude atypical organization of language networks. Third, the
neuropsychological analysis was descriptive and exploratory in nature, without the construction of multivariate
models. Finally, any pathophysiological interpretations, including the proposed role of venous factors, are
based on associative observations.

Clinical implications
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The findings of this study have important practical implications. Neuropsychological testing should be
considered an essential component of functional outcome assessment after surgical treatment of insular
gliomas, even in the absence of clinically overt neurological deficits. During preoperative planning and
intraoperative mapping, it is advisable to take into account not only motor and language functions but also
executive and mnemonic domains. In addition, preoperative patient counseling should include discussion of
the risk of subclinical cognitive changes. In the future, integration of functional neuroimaging and cognitive
rehabilitation programs may contribute to improved long-term functional outcomes.

CONCLUSION
The present study demonstrates that in the surgical treatment of insular gliomas—particularly those located in
the dominant hemisphere—the absence of persistent neurological deficits and the achievement of favorable
seizure control are not equivalent to preservation of higher cognitive functions. Even when function-oriented
strategies are employed, including the transsylvian–transinsular approach and awake surgery, a substantial
proportion of patients exhibit subclinical and, in some cases, persistent neuropsychological impairments,
predominantly affecting language and executive domains.

These findings highlight the limitations of standard neurological examination as the sole tool for assessing
functional outcomes and support the need for systematic incorporation of neuropsychological testing into pre-
and postoperative follow-up protocols. A comprehensive functional approach that integrates cognitive aspects
should be regarded as a key element in evaluating the results of surgical treatment of insular gliomas and in
further refinement of neurosurgical strategies.
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Figure 1

Brain MRI (T2-weighted and T1-weighted images) obtained 2 years and 4 months prior to surgical treatment.
Sagittal T2-weighted image: a hyperintense lesion in the projection of the left insular region without a
pronounced mass effect (a). Axial T2-weighted image: tumor involvement of the left insular lobe with features
of slow growth (b).Coronal T1-weighted image: absence of gross structural deformation and clinically
significant compression of the surrounding brain regions (c).
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Figure 2

Preoperative contrast-enhanced brain MRI. Sagittal T2-weighted image: a tumor of the left insular region with
medial extension (a).Axial T2-weighted image: glioma of the left dominant insular lobe involving deep regions
without a pronounced mass effect (b). Coronal T1-weighted image: topographic relationship between the
tumor and adjacent subcortical structures (c). Sagittal contrast-enhanced T1-weighted image: absence of clear
signs of intense contrast enhancement (d). Axial contrast-enhanced T1-weighted image: heterogeneous
contrast enhancement pattern of the tumor (e). Coronal contrast-enhanced T1-weighted image: confirmation of
medial tumor extension without evidence of gross infiltration of the surrounding structures (f).

Figure 3

Preoperative 3D time-of-flight (3D-TOF) MR angiography and diffusion tensor imaging (DTI). 3D-TOF MR
angiography, lateral view: visualization of the major arterial vessels without signs of compression or tumor
invasion (a). 3D-TOF MR angiography, axial view: preserved configuration of the arterial circle of the brain base
and its branches (b). 3D-TOF MR angiography, frontal view: absence of stenosis or displacement of major
arterial structures (c).DTI tractography, sagittal view: displacement of white matter tracts within the zone of
tumor growth with preserved tract integrity (d). DTI tractography, oblique view: relationship between the tumor
and adjacent subcortical tracts without evidence of tract destruction (e). DTI tractography, alternative view:
spatial displacement of fibers in the region of the left dominant insular lobe (f).
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Figure 4

Intraoperative stages of the transsylvian–transinsular approach. Initial stage of microsurgical dissection of the
Sylvian fissure with visualization of the cortical surface and superficial venous structures (a). Continuation of
Sylvian fissure dissection; the arrow indicates a small cortical vein in the perisylvian region (b). Formation of
the transinsular surgical corridor with exposure of tumor tissue; the arrow marks the zone of venous
relationships (c).Magnified view of the perisylvian region: injury to a small cortical vein (arrow) during
microsurgical manipulation (d). Tumor resection stage through the established transinsular approach with
visualization of the resection cavity (e). Final intraoperative view after tumor removal, showing hemostasis and
coverage of the resection cavity with hemostatic material (f).

Figure 5
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Postoperative brain computed tomography (postoperative day 1). Sagittal CT reconstruction: visualization of
the resection cavity in the projection of the left insular region without signs of acute hemorrhage (a). Axial CT
slice: postoperative resection cavity with mild pneumocephalus, without evidence of mass effect or
compression of surrounding structures (b). Coronal CT reconstruction: absence of intraparenchymal
hemorrhage and significant cerebral edema in the surgical field (c).

Figure 6

Postoperative contrast-enhanced brain MRI. Sagittal T2-weighted image: postoperative resection cavity in the
projection of the left insular region without signs of marked perifocal edema (a). Axial T2-weighted image: clear
visualization of the resection cavity without evidence of mass effect or compression of adjacent structures (b).
Coronal T1-weighted image: anatomical relationship between the resection zone and subcortical structures
after tumor removal (c). Sagittal contrast-enhanced T1-weighted image: absence of pathological contrast
enhancement within the resection area (d).Axial contrast-enhanced T1-weighted image: confirmation of the
achieved extent of resection with no evidence of residual tumor tissue (e). Coronal contrast-enhanced T1-
weighted image: absence of ischemic or hemorrhagic changes in the adjacent cortical and subcortical regions
(f).
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Figure 7

Microscopic appearance of a fibrillary astrocytoma (WHO Grade II). The histological section demonstrates
astrocytic tumor cells within a fibrillary matrix, with moderate nuclear atypia and absence of necrosis and
microvascular proliferation (hematoxylin and eosin staining).


