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Abstract

Cognitive impairments are common among patients suffering from brain tumors. Up to date, however, it is rarely assessed in
clinical routine. This study aimed to evaluate pre- and postoperative neurocognitive performance in a wide range of patients
suffering from gliomas representing clinical routine by using a test battery of easy-to-use and established neurocognitive tests.
Patients undergoing microsurgical glioma resection between 04/2019 and 03/2021 were prospectively included. A structured test
set for neurocognitive function was performed preoperatively in 33 patients and during follow-up in 14 patients. Data were
converted into z-scores and combined with the corresponding cognitive domains. Thirty-three patients aged 49.2 +14.4 (22-81)
years were included. The individual tests showed impairments preoperatively most frequently in the trail-making test B (TMT-
B) in 63.6% of patients, followed by the Montreal Cognitive Assessment (MoCA) with 39.4%. Preoperatively, a clinically
significant impairment was found in the domain of executive function and attention, with a mean domain score of -2.49. At
follow-up, the group domain scores were impaired on the same cognitive domains as preoperatively, with executive function
and attention significantly impaired (z = -2.58). Neurocognitive deficits are present in the majority of patients with glioma before
surgery while still performing well in conventional scores regarding functional status. We did not observe any significant
surgery-related deterioration in cognitive performance; however, this finding is compromised by a considerable number of
patients lost to follow-up.

Keywords

Glioma, Cognitive Deficits, Cognitive Testing, Neurocognitive Impairments

“Correspondence: Sebastian Ille (Sebastian.Ille@med.uni-heidelberg.de)

+ Maximilian Schwendner and Odilia Markwardt are co-first authors.

Received: 20 December 2025; Accepted: 9 February 2026; Published: 12 March 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/cnn
http://www.sciencepg.com/journal/271/archive/2711001
http://www.sciencepg.com/
https://orcid.org/0000-0001-7380-9992
https://orcid.org/0000-0001-6486-7955
https://orcid.org/0000-0003-4050-1531
https://orcid.org/0000-0003-2065-6464
http://www.sciencepg.com

Clinical Neurology and Neuroscience

http://www.sciencepg.com/journal/cnn

1. Introduction

Cognitive impairments are common among patients suffering
from brain tumors. Unspecific symptoms such as headaches, for-
getfulness, or neurological deficits often lead to further diagnos-
tics, including magnetic resonance imaging (MRI).

However, significant discrepancies between the actual per-
ception of cognitive impairments and the results in neurocog-
nitive testing can be observed [1, 2]. Testing neurocognitive
performance in patients is challenging, as cognition covers
many brain functions, including perception, attention,
memory, language, and intelligence [3]. Those functions are
related to specific brain structures and networks and their in-
teraction. While simple tasks of perception or motor function
can often be narrowed down to distinct brain areas, higher
cognitive functions recruit larger brain areas, which are also
subject to interindividual variability [3, 4]. However, parietal
brain regions and the underlying networks play a leading role
in higher cognitive functions [5].

In patients with brain tumors, impaired neurocognitive per-
formance can be observed in at least one test in more than
three out of four patients [6, 7]. Neurocognitive functioning in
glioma patients can be affected by multiple factors, including
the tumor itself, tumor-related epilepsy, tumor-specific treat-
ments, including surgery and adjuvant therapy, as well as pa-
tient-related factors. Until today, preoperative neurocognitive
testing is not considered a standard of care in patients diag-
nosed with primary brain tumors.

This study aimed to evaluate neurocognitive performance
in a wide range of patients suffering from gliomas represent-
ing clinical routine by using a test battery of easy-to-use and
established neurocognitive tests.

2. Materials and Methods

2.1. Ethics

Our local ethics committee approved the study (registration

number: 192/18) and conducted by the Declaration of Helsinki.

Written informed consent was obtained from all patients be-
fore participation in the study.

2.2. Patient Enrollment

Thirty-three patients were prospectively included from
04/2019 to 03/2021. Inclusion criteria for this study were 1) age
of above 18 years, 2) German-speaking patients, 3) microsurgical
tumor resection, and 4) histopathologically diagnosed glioma.
Exclusion criteria were contraindications to MRI scanning.

2.3. Setup

2.3.1. Functional Status

The patient's functional status was evaluated using established
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measures, including the Karnofsky Performance Scale (KPS), the
modified Rankin Scale (mRS), and the Barthel Index (BI). In ad-
dition, the patient's professional status was acquired.

Motor function was rated according to the British Medical
Research Council (BMRC) scale. For comparative analysis, a
total motor score was defined as the lowest score obtained
across all motor functions tested for each patient.

The Quick Aphasia Battery (QAB) was performed to assess
language function in patients with language-eloquent left-
sided tumors. A cut-off score for aphasia in the QAB of <8.9
in the total score was applied [8].

2.3.2. Cognitive Testing

All patients underwent a test set of neuropsychological tests
to identify potential cognitive deficits, all fulfilling the criteria
to be easily applicable in clinical routine by tests with paper
and pencil. The tests performed were the Montreal Cognitive
Assessment (MoCA), the Trail Making Test Part A (TMT-A),
the Trail Making Test Part B (TMT-B), the Bells Test, the
copying task of the Rey-Osterrieth-Complex-Figure Test
(ROCFT¢c), the Line Bisection (LB), and the Forwards Digit
Span (FDS) and Backwards Digit Span (BDS) [9-15].

In most neurocognitive tests, multiple cognitive domains
are addressed. Tests were assigned to the following neurocog-
nitive domains: executive function and attention, memory,
language, visuospatial function, and processing speed. The
MoCA was excluded from this categorization because it as-
sesses various cognitive domains. Consequently, a patient
with an impaired MoCA score would be classified as having
impairments in all tested domains without specifying the exact
subtest of difficulty.

The MoCA was developed as a screening tool to detect mild
cognitive impairment in patients who achieve regular scores
on tests such as the Mini-Mental State Examination. It shows
a high test-retest reliability and excellent internal consistency
[9]. The subtests cover the domains of visuospatial/executive
function, naming, memory, attention, language, abstraction,
computation, and orientation [9]. Normative data by Thomann
et al. was used to compute z-scores [16].

The FDS and BDS are both assigned to short-term memory.
In this test, the number of digits in the most extended repro-
duced series is taken as the result [14]. The BDS demands
more complex brain functions and is additionally associated
with executive function and attention [17]. Normative data by
Monaco et al. was used to calculate the corresponding z-scores
[17].

The TMT-A predominantly provides information on pro-
cessing speed. On the contrary, the TMT-B reflects the ability
to direct attention to changing stimuli and is assigned to the
domain of executive function and attention. The TMT-A and
TMT-B were performed according to the modified admin-
istration by Reitan, in which the examiner intervenes as soon
as the subject makes an error and points out this error to help
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him correct it. The error rates are not recorded, only the addi-
tional time the subject needs to correct it [10]. Z-scores were
calculated using normative data derived from a healthy cohort
published by Tombaugh et al.[18].

The (ROCFTc) was included, as successful copying of the
figure requires visuospatial perception, sufficient attention
and concentration, visual-motor function, planning, and or-
ganizational skills [19]. The ROCFTc was, therefore, assigned
to executive function, attention, and processing speed. The
ROCFTc is highly predictive of severe cognitive impairment
[20]. The most widely used scoring system is the Osterrieth
system, which is based on the presence and accuracy of the 18
test items (Osterrieth, 1944) [21]. The task completion time of
the ROCFTc (ROCFTc-t) was assigned to the processing
speed domain. Z-scores for each patient were calculated using
data by Tremblay et al., who analyzed copy scores and task
completion times in volunteers [22].

Visuospatial function, especially visual neglect, was as-
sessed in the LB test, in which the patient is asked to bisect
horizontal lines placed on a sheet of paper. A patient suffering
from unilateral spatial neglect traditionally incorrectly esti-
mates the center of the line towards the side of the brain defect
while neglecting the other end of the line [12, 13].

The Bells Test is a cancellation task to cross out bells scat-
tered in various shapes [11]. The Bells Test task completion
time (BT-t) replicates the patient's processing speed. The Bells
Test's accuracy score (BT-AC) describes the accuracy with
which a patient crosses out the bells and is calculated from the
omission errors made. It is assigned to the domain of execu-
tive function and attention. In addition, the Bells Test's asym-
metry score (BT-AS) is calculated from the difference be-
tween the number of crossed-out targets on the right and the
number of crossed-out targets on the left portion. The BT-AC
and BT-AS are both assigned to visuospatial functioning. For
comparison, normative data based on the test results of 401
healthy participants was applied [23].

2.3.3. Data analysis

Nonparametric tests were applied due to the small sample
size and the variables not meeting normality criteria. Sub-
analyses were performed to identify differences between tu-
mor grades and tumor locations. The Kruskal-Wallis Test was
utilized for comparison of three or more unmatched groups,
followed by the Dunn test for multiple comparisons, while the
Mann-Whitney test was applied for comparisons between two
unpaired groups.

Neurocognitive test scores were converted into z-scores
(standard equivalents) based on published normative data de-
rived from widely accepted studies of healthy control popula-
tions, enabling comparison in the absence of established clinical
cut-off values. Z-scores were not calculated for the QAB and
LB tasks due to the lack of appropriate normative data.

We differentiated between individual and group analysis.
For individual-level analyses, z-scores were calculated for
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each patient and each applicable measurement, or perfor-
mance was compared to predefined cut-off values (QAB, LB,
BT-AS). The percentage of impaired patients per measure-
ment or cognitive domain was determined by counting pa-
tients whose performance met criteria for impairment. Group-
level analyses considered all patients’ scores to calculate mean
test scores and mean cognitive domain scores, including exec-
utive function and attention, memory, visuospatial function,
and processing speed. Mean domain scores were computed by
averaging z-scores across all tests within a specific domain.
The language domain was excluded from group-level analyses
due to the unavailability of normative data for the QAB and
because it was represented by a single language test only. Im-
pairment was defined as performance below a cut-off value
(QAB, LB, BT-AS) or a z-score < 1.5 standard deviations rel-
ative to normative data. For timed measurements, this means
a score of > 1.5 SD above normative data, whereas for other
tests higher scores indicated better performance.

At the group level, a cognitive domain was considered im-
paired if the mean z-score exceeded 1.5 SD. At the individual
level, a domain was classified as impaired if > 1 test within
that domain met criteria for impairment.

Postoperative follow-up results were compared to preoper-
ative performance using paired nonparametric testing (Wil-
coxon signed rank test with Pratts method). Sub-analyses ex-
amining differences according to tumor grade and tumor loca-
tion within the FU cohort were not conducted due to the small
sample size. Changes of >1.5 SD between preoperative and
follow-up assessments were considered clinically significant.
Change scores (A) were calculated by subtracting the preoper-
ative score from the FU score (FU-preOP with FU), using z-
scores when available and raw test scores otherwise.

Data analyses and descriptive statistics were conducted us-
ing GraphPad Prism (version 9.5.1 for Mac, GraphPad Soft-
ware, La Jolla, CA, USA). A p-value of <0.05 was considered
statistically significant.

3. Results

3.1. General Data

In total, 33 patients aged 49.2 £14.4 (22-81) years were
included in this study, with the majority being male (72.7%).
The tumor site was almost evenly distributed between the left
(51.5%) and right hemisphere (48.5%). 25 patients were diag-
nosed with high-grade gliomas according to the classification
of the WHO, and eight patients with low-grade gliomas (Table
1). Eleven (33.3%) patients had tumors in the frontal lobe,
nine (27.3%) in the parietal lobe, five (15.2%) in the temporal
lobe, five (15.2%) in the insular lobe, and three (9.1%) in other
areas (Table 1). The average time between the preoperative
examination and surgery was 5.8 +4.1 (1-14) days, excluding
one outlier at five months.

Follow-up cognitive testing was available for 14 patients
(mean age 44 +12.5 years) and was performed 5.6 +£4.4 (0.5
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— 15) months after surgery; tumor grades were 29% grade 2, 36%

grade 3 and 36% grade 4 tumors. 19 patients were lost to FU
(mean age 53 +14.7 (22-81) years), including 21% grade 2,
26% grade 3, and 53% grade 4 tumors. Patients lost to follow-
up were statistically significantly older (p=0.021) than those
who completed FU, while no difference was observed in tu-

mor grade (p=0.42) (Table 1). Seven patients (50%) under-
went radiotherapy before FU-testing (adjuvant therapy (AT)
group).

Patient and tumor characteristics for all patients (preOP),
for those lost to follow-up (lost to FU), and the follow-up co-
hort (FU).

Table 1. Patient and tumor characteristics.

preOP (n=33)

Gender (n (%))

1) Male 24 (72.7)
2) Female 9 (27.3)
Age

Mean +=SD (Min - Max) 49.2+14.4 (22-81)

Hemisphere (n (%))

1) Left 17 (51.5)
2) Right 16 (48.5)
Localization (n (%))

1) Frontal 11 (33.3)
2) Parietal 9 (27.3)
3) Temporal 5 (15.15)
4) Insular 5 (15.15)
5) Other 3(9.1)
WHO-Grade (n (%))

1)2 8(24.2)
2)3 10 (30.3)
3)4 15 (45.5)
Previous surgeries (n (%))

1) Primary resection 20 (60.6)
2) Recurrence 13 (39.4)

3.2. Functional Status

Preoperatively, most of the included patients were inde-
pendent in daily life. Preoperatively, the median KPS was 90
(80-100) in 31 patients, the median Bl was 100 (90-100) in 32
patients, and the median mRS was 0 (0-3) in all 33 patients.
Among the 14 patients who underwent FU assessment, com-
parison between preoperative testing (preOP with FU) and FU
demonstrated a statistically significant worsening in KPS
(p=0.012), but not in MRS (p=0.055) or BI (p=0.125). Overall,

31

p-value (lost to FU/

lost to FU (n=19) FU (n=14) FU)
13 (68.4) 11 (78.6)
6 (31.6) 3(21.4) )
53+14.7 (22-81) 4364125 (25-72)  0.021
10 (52.6) 7 (50)
9 (47.4) 7 (50)
6 (31.6) 5 (35.7)
6 (31.6) 3(21.4)
2 (10.5) 3(21.4) -
2 (10.5) 3(21.4)
3 (15.8) 0 (0.0)
4(21.1) 4 (28.6)
5 (26.3) 5 (35.7) 0.416
10 (52.6) 5 (35.7)
10 (52.6) 10 (71.4)

0.310
9 (47.4) 4 (28.6)

ten patients (71.4%) showed deterioration and three patients
(21.4%) showed improvement in at least one of the three
measures (Figure 1, Table 2). When comparing patients lost
to FU with those who completed FU, a statistically significant
difference was observed in mRS scores, with patients lost to
FU demonstrating poorer performance (p=0.048). No signifi-
cant differences were found for Bl (p=0.742) or KPS
(p=0.202). Additionally, no significant differences were iden-
tified between the AT and nonAT groups for mRS (p=0.499),
KPS (p=0.722) or BI (p=0.437).
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Figure 1. Functional status.

Figure 1 shows the results of the Karnofsky Performance
Scale (KPS), Barthel Index (BI), and mRS (modified Rankin
Scale) preoperatively (preOP), as well as cohort of 14 patients
with follow-up data preoperatively (preOP with FU) and at
follow-up (FU)

* = p<0.05

Functional status of all patients preoperatively (preOP),
those lost to follow-up (preOP lost to FU), and the follow-up
cohort both preoperatively (preOP with FU) and at follow-up
(FU). The table also compares preoperative and FU scores
within the FU cohort as well as preoperative scores between
patients lost to FU (preOP lost to FU) and the FU cohort
(preOP with FU).

Table 2. Functional status.

. p-value
preOP lost to preOP with . p-value (preOP lost to
preOP FU (preOP with f
FU FU FU/ FU) FU/ preOP with FU)
. KPI: 31; Bl: 32; KPI: 17; BI:

Number of patients (n) mMRS: 33 16: MRS: 19 14 14 - -
Karnofsky Performance Index 90 (40-
(KPI) (Median (Min-Max)) 90 (80-100) 90 (80-100) 90 (80-100) 100) 0.055 0.202
Barthel-Index (BI) (Median i i . 100 (75-
(Min-Max)) 100 (90-100) 90 (80-100) 100 (90-100) 100) 0.125 0.743
Modified Rankin Scale (mRS) 0(0-3) 1(0-4) 0(0-2) 1(0-4) 0.012 0.048

(Median (Min-Max))

3.3. Occupational Status

Preoperatively, 32 patients provided detailed information
on their occupational status. 19 patients (59.4 %) were em-
ployed, with nine patients (28.1%) fully engaged with 100 %
of regular working hours.

At FU, 13 patients provided information on their professional
life status. Four patients (30.8%) were employed at the time imme-
diately preceding assessment, with two patients (6.3%) reporting
occupation of 100%. Comparison between the two test time points
revealed no statistically significant change in the amount of occu-
pation at the group level (p=0.21). No significant differences were
observed between the AT and nonAT groups at FU (p=>0.999) or
in the change score (FU-preOP with FU) (p=0.511). Additionally,
no differences were found between patients who were lost to FU
and those who completed FU (p=0.667).

3.4. Motor Function and Language
Performance

Preoperatively, five patients (15.2%) showed motor deficits.
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At FU, four out of 14 patients (28.6%) demonstrated deterio-
ration in motor function, whereas ten patients (71.4%) re-
mained stable. This change was not statistically significant
(p=0.125) (Table 3). No significant differences in motor func-
tion were observed between the adjuvant-therapy and non-ad-
juvant therapy groups (p=0.706). Additionally, no statistically
significant differences were found between patients lost to FU
and those who completed FU (p=0.321). Preoperatively, lan-
guage function in the QAB was in median 11.2 (8.4-12.0) in
twelve patients, with only one patient showing aphasia (8.3%).
At FU, QAB test results were available in only three patients,
with two showing aphasia. Both patients had tumors in the in-
sular lobe of the left hemisphere and didn't show aphasia pre-
operatively.

Motor function according to the British Medical Research
Council (BMRC) scale for all patients at the preoperative as-
sessment (preOP), patients lost to follow-up (preOP lost to
FU), and the follow-up cohort both preoperatively (preOP
with FU) and at follow-up (FU). The table also compares pre-
operative and FU scores within the FU cohort, as well as pre-
operative motor scores between patients lost to FU and those
included in FU.
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Table 3. Status of motor function.

preOP with
(0)

preOP n (%) preOP lost to FU FU n (%)
Motor Function

(BMRC) 33 19 14

BMRC 5/5 28 (84.8) 15 (78.9) 13 (92.9)
BMRC 4/5 4(12.1) 3(15.8) 1(7.1)
BMRC <4/5 1(3.1) 1(5.3) 0

3.5. Neurocognitive Testing

33 patients completed testing preoperatively, including two
patients canceling the ROCFTc due to fatigue, while 14 pa-
tients were tested at FU. Preoperatively, 84.8% of the patients
in this inhomogeous cohort showed deficits in at least one of
the measurements. In the TMT-B, impairments were found
most frequently (63.6% of patients), followed by the MoCA,
with 57.6% of patients showing a lower score compared to the
average population and the TMT-A and BT-AC, with 36.4%
of patients each (Table 4). Impairments were observed at the
individual patient level for all measurements except for the
ROCFTc-t (Table 4). On the group level, preoperatively, all
measures except the ROCFTc and ROCFTc-t showed worse
results compared to normative data from healthy subjects.
Clinically significant impairments (>1.5SD) were only found
for the TMT-B, TMT-A, BT-AS, and BT-AC (Figure 2, Table
5).

At follow-up, 85.7% of the patients showed deficits in at
least one of the tests. At FU, the BT-AC showed impairments
most frequently (57.1% of patients), followed by the TMTB
with 50% of patients, the MoCA (42.9%), as well as TMTA
and LB (28.6%) (Table 5). Impairments occurred individually
in all measurements except for the ROCFTc and ROCFTc-t.
On the group level at FU, all measures except ROCFTc,
ROCFTc-t, and BT-t showed worse results than healthy sub-
jects' normative data. In contrast, clinically significant impair-
ments (>1.5SD) were found in the TMTB, TMTA, BT-AS,
and BT-AC (Table 5).

The only domain showing clinically significant impair-
ments preoperatively was executive function and attention,

33

p-value (preOP lost

p-value (preOP to FU/ preOP with

FU n (%)

with FU/FU) FU)
14
9 (64.3) 0.125 0.321
4 (28.6)
1(7.1)

with a mean domain score of -2.49. The group-level preoper-
ative performance was within 1.5 SD for all other domains
compared to an average healthy population. However, a neg-
ative group domain score was observed compared to the aver-
age population.

At FU, the group domain scores were impaired on the exact
cognitive domains preoperatively. The only domains showing
clinically significant impairment were executive function and
attention, with a mean domain score of -2.58. The most dy-
namic domain was the domain of the visuospatial function
(FUpre z=-0.56, FU z=-0.94), while the most stable domain
was the memory domain (FUpre z=-0.36, FU z=-0.35) (Table
5). No statistically significant differences between the pre-
operatively and at FU test results were observed regarding all
individual neurocognitive tests, as well as between patients
with and without radiotherapy prior to FU-testing.

33 patients completed testing preoperatively, including two
patients canceling the ROCFTc due to fatigue, while 14 pa-
tients were tested at FU. Preoperatively, 84.8% of the patients
in this inhomogeneous cohort showed deficits in at least one
of the neurocognitive measurements. Impairments were most
frequently observed on the TMT-B, affecting 63.6% of pa-
tients, followed by the MoCA, with 39.4% of patients scoring
below the healthy population mean, and the TMT-A and BT-
AC, with 36.4% of patients each (Table 4). At the individual
patient level, impairments were identified across all measure-
ments except the ROCFTc-t (Table 4).

Rates of impaired test results across all neurocognitive tests
performed in this study. Results are reported for all patients at
the preoperative assessment (preOP), stratified by primary
versus recurrent tumors, for patients lost to FU (preOP lost to
FU) and for the FU cohort, both preoperatively (preOP with
FU) and at follow-up (FU).
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Table 4. Impairments in neurocognitive tests.

T peop  remurer S
n Impaired Impaired Impaired

(n (%)) (n (%)) (n (%))

MoCA 33  13(394) 20 9(45.0) 13 4(30.8)

TMT-A 33 12(36.4) 20 7(35.0) 13 5(38.5)

TMT-B 33  21(636) 20 13(65.0) 13  8(615)

BT 33 20 13

BT-AC 12 (36.4) 4 (20.0) 8 (61.5)

BT-AS 6 (18.2) 4 (20.0) 2 (15.4)

BT-t 2(6.1) 1(5.0) 1(7.7)

LB

Score 33 5(15.2) 20 4(20.0) 13 1(7.7)

FBDS 33 20 13

FDS 9(27.3) 5 (25.0) 4 (30.8)

BDS 5 (15.2) 4 (20.0) 1(7.7)

ROCFTc 31 20 13

Score 4(12.1) 4 (20.0) 0

Time 0 (0.0 0 0

QAB 12 1(8.33) 5 1(20.0) 7 0

preOP lost to

preOP with FU  FU

FU
n Impaired Impaired Impaired Cut-
(n (%)) (n (%)) (n (%)) off
19 9 (47.4) 14  4(286) 14 6(429)  *
19 9474 14 3(21.4) 14  4(28.6) *
19 13(68.4) 14 8(57.1) 14 7(500)  *
19 14 14
9 (47.4) 3(21.0) 8 (57.1) *
5(26.3) 1(7.1) 3(21.4) >3
1(5.3) 1(7.1) 2(143) =
19 3(15.8) 14 2(14.3) 14 4 (28.6) f}f‘
19 14 14
4(21.1) 5(35.7) 3(214) *
2(10.5) 3(21.4) 2 (14.3) *
17 14 14
3(17.6) 1(7.1) 0 *
0 0 0 *
10 1(10.0) 2 0 3 2(66.7) <8.9

TMT-A: Trail Making Test Part A; TMT-B Trail Making Test Part B; ROCFT Rey-Osterrieth-Complex-Figure Test; ROCFT-t Rey-Osterrieth-
Complex-Figure Test time; LB Line-Bisection; FDS Forward Digit Span; BDS Backwards Digit Span; BT-AC Bells Test accuracy score; BT-
AS Bells Test asymmetry score; BT-t Bells Test task completion time; QAB Quick Aphasia Battery * z-scores derived from normative data,
impairment is defined as >1.5 SD below norm, ** minimum difference of three errors between sides

At the group level, preoperative performance was signifi-
cantly worse than normative data from healthy control popu-
lations for all measures except the ROCFTc¢ and ROCFTc-t.
Clinically significant impairments (>1.5 SD) were only found
for the TMT-B, TMT-A, BT-AS, and BT-AC (Figure 2, Table
5).

At FU, 85.7% of the patients showed impairment in at least
one test. The most frequently affected was BT-AC, with defi-
cits observed in 57.1% of patients, followed by TMTB (50%),
MoCA (42.9%), and TMTA and LB (28.6%) (Table 5). Im-
pairments occurred individually in all measurements except
for the ROCFTc and ROCFTc-t. At the group level at FU, all
measures except ROCFTc, ROCFTc-t, and BT-t showed
worse results than healthy subjects’ normative data. In contrast,
clinically significant impairments (=1.5SD) were found in the
TMTB, TMTA, BT-AS, and BT-AC (Table 5).

The only domain showing clinically significant impair-
ments preoperatively was executive function and attention,
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with a mean domain score of -2.49. Group-level preoperative
performance in all other domains remained within 1.5 SD of
the healthy reference population. However, a negative group
domain score was observed compared to the population mean.

At FU, the group domain scores were impaired on the exact
cognitive domains preoperatively. The only domains showing
clinically significant impairment were executive function and
attention, with a mean domain score of -2.58. The most dy-
namic domain was the domain of the visuospatial function
(preOP with FU z=-0.56, FU z=-0.94), while the most stable
domain was the memory domain (preOP with FU z=-0.36, FU
z=-0.35) (Table 5). No statistically significant differences be-
tween the preoperatively and at FU test results were observed
regarding all individual neurocognitive tests.

Comparisons of preoperative performance between patients
lost to FU and those who completed FU revealed a statistically
significant difference in the ROCFTc score, with poorer per-
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formance observed in the lost to FU cohort (p=0.009). No sta-
tistically significant differences were identified between the
two groups for any of the other neurocognitive measurements.
Nevertheless, at the group level, patients lost to FU demon-
strated lower mean performance on most tests (MoCA, TMTB,
TMTA, BT-AC, BT-AS, LB, BDS, ROCFTc), whereas pa-
tients who completed FU showed lower performance only on
BT-tand FDS (Table 5).

Z-scores are reported for all individual tests where available,
as well as aggregated scores for neurocognitive domains. Re-
sults are presented for the full patient cohort preoperatively
(preOP), for the FU cohort preoperatively (preOP with FU)
and at follow-up (FU), as well as for the lost to FU cohort
(preOP with FU). Z-scores worse than the comparative cohort
are underlined, and z-scores with a standard deviation >1.5 are
written in bold.

Table 5. Impairments in neurocognitive domains (z-scores).

Grou n Z-scores
n Z-scores pdo- (pre mean
Domains (pre mean main  OP (SD)
and tests gp) (SD) scores lost  preOP
preOP preO to lost to
B FU) FU
Executive
and
attention
7.30 8.53
TMT-B 33 7.77) 19 (7.82)
-0.73 -0.80
BDS 33 (1.61) -3.45 19 (1.19)
2.32 3.15
BT-AC 33 (3.61) 19 (4.27)
Memory
-0.73 -0.80
BDS 33 (1.61) 19 (1.19)
-0.40
-0.06 -0.06
FDS 33 (1.76) 19 (151)
Visuospa-
tial func-
tioning
2.32 3.15
B @ ¥ w
BT-AC
1.54 1.94
BT-AS 33 (1.88) -1.24 19 2.22)
ROCFTc
-0.16
31 0.15 (2.1) 17 (2.18)
Processing
speed
2.46 2.65
TMT-A 33 (5.66) 19 (4.57)
-0.87 -0.70
ROCFTc-t 31 (0.91) -0.57 17 (1.08)
0.12 0.10
BT-t 33 (1.22) 19 (1.18)
General

Grou Grou
pdo- n Z-scores p Grou
: domain
main  (pre  mean Z-scores  pdo-
scores n .
scores OP (SD) reOP  (FU) mean main
preO  with preOP \l/)vith (SD) FU  scores
Plost FU) withFU FU FU
to FU
5.63 5.24
14 765 4 657
-0.64 -0.49
-4.16 14 2.11) -2.49 14 (1.38) -2.58
1.21
14 (2.10) 14 2.0 (1.99)
-0.64 -0.49
¥ o1y % 13
-0.43 -0.36 -0.35
-0.07 -0.20
14 (2.11) 14 (2.16)
121
14 (2.10) 14 2.0 (1.99)
1.55
-1.75 14 1.0(1.16) -0.56 14 (1.18) -0.94
0.52
14 (2.01) 14 0.74 (0.6)
2.22 241
14 (7.05) 14 (6.43)
-1.06 -0.83
-0.68 14 (0.64) -0.44 14 (0.65) -0.51
0.16 -0.06
14 (1.36) 14 (0.97)
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Grou n Z-scores
Z-scores pdo- (pre mean
Domains (pre mean main  OP (SD)
and tests (;)P) (SD) scores lost  preOP
preOP preO to lost to
P FU) FU
cognition
-1.04 -1.20
MoCA 33 (1.43) 19 (1.36)

Grou

pdo- n Z-scores Group Grou
. domain

main  (pre  mean Z-scores  pdo-
scores OP (SD) SCOres f mean main
preO  with preOP preOP (7)) (SD) FU  scores
Plost FU) withru Wt FU
to FU s

-0.83 -0.92
i 14 (1.54) ) 14 (1.71)

TMT-A Trail Making Test Part A; TMT-B Trail Making Test Part B; ROCFT Rey-Osterrieth-Complex-Figure Test; ROCFT-t Rey-Osterrieth-
Complex-Figure Test time; LB Line-Bisection; LB-t Line-Bisection task completion time; FDS Forward Digit Span; BDS Backwards Digit
Span; BT-AC Bells Test accuracy score; BT-AS Bells Test asymmetry score; BT-t Bells Test task completion time; MoCA Montreal Cognitive

Assessment

28+

24

*z-score > 1.5
(clinically meaningful impairment)

204
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o
—
—{T

—

—CI

Emm
'—_

——

l-:—1
00—
i

re0P
h FU
tFu -
h FU -
re0P |
h FU -
-t FU -
re0P
h FU -

FDS FU -
BDS FU -
MoCA FU -

£3 L=

TMT-8 FU =
TMT-A FU -
BT-AC FU -
BT-AS FU -

e =

=1

MoCA PreOP -

MaCA PreOP with FU -

ROCFTe FU -

BDS PreOP —

FDS PreOP |
BDS PreOP with FU

BT-AG PreoP -

BT-AC PreOP with FU —{
BT-AS PreoP —{

FDS PreOP with FU =

TMT-A PreoP =
BT-AS PreOP wi

TMT-8 PreCP -
TMT-A PreOP with FU -

TMT-B PreOP with FU -
BT+
BT+t PreOP wil
ROCFT
ROCFTe

ROCFTc:
ROCFTc PreOP wi

ROCFTc-t PreOP wif

Figure 2. Z-scores of the individual neurocognitive tests.

Figure 2 illustrates the z-scores of the individual tests for all
33 patients preoperatively (preOP), as well as for the cohort
of 14 patients with follow-up data preoperatively (preOP with
FU) and at follow-up (FU). Values exceeding the mean by two
standard deviations were excluded to enhance visualization.
TMT-B Trail Making Test Part B; TMT-A Trail Making Test
Part A; BT-AC Bells Test accuracy score; BT-t Bells Test task
completion time; BT-AS Bells Test asymmetry score; FDS
Forward Digit Span; BDS Backwards Digit Span; ROCFT
Rey-Osterrieth-Complex-Figure Test; ROCFT-t Rey-Osterri-
eth-Complex-Figure Test time; MoCA Montreal Cognitive
Assessment
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3.6. Tumor Location

Between the four main tumor locations - frontal, parietal,
insular, and temporal - we found a statistically significant dif-
ference regarding mRS (p=0.03) and the BT-AC (p=0.045),
with parietal tumors performing worse. In the multiple com-
parisons testing, a statistically significant difference was ob-
served in the BT-AC between frontal and parietal lesions
(p=0.034), with the patients with parietal tumors performing
worst.

3.7. Histopathological Results

Comparing tumor grades according to the World Health Or-
ganization Classification of Tumors of the Central Nervous
System (WHO CNS9[24], we found a statistically significant
difference in the distribution of KPS (p=0.01), mRS (p=0.049),
Bl (p=0.03), MoCA (p=0.036), with patients suffering from
higher WHO CNS“performing worse. In the multiple com-
parisons, differences were observed between WHO CNS<2
and 3 for KPS (p=0.01), between WHO CNS<2 and 4 for mRS
(p=0.046), as well as for Bl (p=0.04) between WHO CNS<3
and 4. Comparisons between high-grade glioma (HGG) and
low-grade glioma (LGG) groups demonstrated statistically
significant differences in KPS (p=0.01), mRS (p=0.025),
MoCA (p=0.036) and TMTA (p=0.044), with the HGG group
performing worse.

3.8. Adjuvant Therapy

Seven patients received adjuvant radiotherapy between
surgery and the FU. At FU, patients who received adjuvant
therapy (AT) performed significantly worse on the LB
compared with patients who did not receive adjuvant ther-
apy (nonAT) (p=0.006). In the adjuvant therapy cohort, two
patients exhibited neglect both preoperatively and at FU,
and two additional patients developed neglect at FU despite
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no preoperative neglect. In contrast, no patients in the
nonAT group showed neglect at either testing point. No sta-
tistically significant differences in performance status
(mRS, KPS, BI) were observed. Descriptively, two patients
in the nonAT group developed aphasia postoperatively de-
spite normal preoperative language function, whereas no
aphasia was observed in the AT group at either testing point.
Analysis of within-subject change scores (calculated as the
difference between FU and preoperative z-scores) revealed
significantly greater declines in the non-adjuvant therapy
group on the TMTA (mean change z-score: AT =-4.6 +9.6,
nonAT = 5.0 £8.9; p=0.026) and TMTB (mean change z-
score: AT= -5.0 =£7.5, nonAT= 4.2 +=6.9; p=0.017), and
BDS (mean change z-score: AT = 1.2 £1.9, nonAT= -0.87
+1.6; p=0.044). No significant change in scores was ob-
served for the remaining cognitive measures.

4. Discussion

4.1. Testing of Cognition in Clinical Routine

In this study, cognitive testing was performed in 33 Ger-
man-speaking patients, with 84.8% of patients showing defi-
cits in at least one of the measurements for cognitive function.
Tumor location as well as tumor entity were found to have an
impact on cognitive performance. In clinical routine, preoper-
ative testing before glioma surgery is rarely performed. How-
ever, recording a detailed neurological status, including cog-
nitive performance, is of great value. Regarding selecting spe-
cific tests for glioma patients, Liouta et al. showed that MMSE,
TMT-B, and semantic COWAT are independently and signif-
icantly associated with overall survival in patients with newly
diagnosed glioblastoma [25].

The general functional status depicted by KPS, mRS, and
Bl appears insufficient to screen for cognitive impairments.
Preoperatively, the vast majority of patients in this study
showed a good functional status with a KPS of 90 (80-100),
mRS of 0 (0-3), and Bl of 100 (90-100). In contrast, cognitive
impairments were already present preoperatively in a vast ma-
jority of patients, even in an inhomogeneous cohort. At FU,
the functional status of the patients included in this study sig-
nificantly decreased regarding mRS, and also decreased re-
garding KPS and BI. In contrast, surgery showed no clinically
meaningful decrease in cognitive performance when com-
pared to the preexisting preoperative impairment, underlining
the discrepancy between cognitive performance and func-
tional status in glioma patients. A study performed by Forster
et al. analyzed patients with glioma in the corpus callosum and
observed that all cognitive domains were affected in up to
two-thirds of the patients while presenting a median KPS of
100% (range 60—-100%) [26].
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4.2. Impact of Glioma on Cognitive
Performance

When analyzing our data regarding histopathological find-
ings, we can see that the overall cognitive impairment in HGG
exceeds that of LGG, which can be observed in the test results
of the MoCA and TMT-A. Previous studies showed compara-
ble results, with higher-grade gliomas showing significantly
worse cognitive performance [27, 28]. Furthermore, a deteri-
oration in neurocognitive function might indicate tumor recur-
rence in patients with glioma [29, 30].

4.3. Impact of Surgical Treatment

The effect of surgical resection of eloquent glioma on neu-
rocognitive performance is still widely discussed. However,
most studies showed no significant surgery-related cognitive
decline at follow-up, whereas an initial negative effect was
partially seen for specific cognitive domains [31-34]. Several
studies have reported detrimental effects of radiotherapy on
cognitive function, attributed to radiation-induced neuroin-
flammation and microvascular injury, synaptic and large-scale
network dysfunction, as well as oligodendroglial damage and
disruption of white matter integrity. [35-37]. The role of
chemotherapy on cognitive performance remains unclear [38,
39]. On the contrary, the tumor itself significantly and clini-
cally meaningful impacts the cognitive status, which can be
observed in the preoperative cognitive status amongst differ-
ent entities and tumor locations and appears to be a consistent
factor throughout the course of the disease [34, 38]. To accu-
rately delineate the effects of surgical treatment, adjuvant ra-
diotherapy, and chemotherapy, structured longitudinal assess-
ments are required to account for delayed and long-term treat-
ment-related effects. As the present study design does not in-
corporate such sequential testing, comparisons between pa-
tients with and without adjuvant therapy reflect a composite
treatment effect driven by surgery and radiotherapy. Conse-
quently, these findings do not allow attribution of observed
effects to individual treatment modalities.

To ensure an optimal extent of resection while preserving
cognitive function during glioma surgery, the implementation
of awake brain mapping has to be considered, depending on the
location of the lesion and the patient’s functional status. In most
cases, awake surgery was usually performed in patients with tu-
mors located in language-eloguent locations of the dominant
hemisphere. More recently, awake surgery has also been ap-
plied in resections of the non-dominant hemisphere, testing for
higher cognitive functions, such as visuospatial cognition and
working memory [40-42]. Mapping of these functions demands
a tailored protocol of selected function-specific tasks and test-
ing [43]. Yet, complex cognitive processes spanning various
cognitive subdomains rely on extensive, synchronized networks,
making their intraoperative identification by DES and task-spe-
cific testing even more challenging [44].
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4.4. Implications on Clinical Routine

Coghnitive testing is a valuable tool to identify cognitive im-
pairments, amongst various tumor entities and locations, es-
pecially for the individual patient. These findings play an im-
portant role in determining patients at risk and planning indi-
vidualized neurological rehabilitation strategies, which reach
beyond addressing obvious neurological impairments, such as
aphasia or motor deficits. Preoperative testing is also crucial
for consulting patients and their relatives regarding tumor-re-
lated symptoms, treatment strategies, and clinical outcomes,
especially due to an apparent mismatch between the patient's
perceived cognitive impairments and the results of objective
cognitive testing [1, 2]. In addition, formal neurocognitive
testing should be used to monitor individual treatment- and
tumor-related impairments, because global functional status
scores such as KPS, mRS, and Bl insufficiently capture cog-
nitive deficits. These performance measures are largely de-
fined by categories reflecting basic activities of daily living
and are therefore primarily linked to physical health and motor
function, with only limited representation of language func-
tion and higher cognitive abilities. Consequently, the thresh-
old for detecting cognitive impairment based solely on these
scales is relatively high, which is consistent with the fre-
quently observed discrepancy between objective or patient-re-
ported cognitive function and traditional functional scores in
glioma patients.

4.5. Limitations

When assessing the outcomes of this study, certain limita-
tions have to be considered. Firstly, the total cohort size of
33 patients is considerably small, given that it covers a wide
range of tumor locations. It is subsequently insufficient for
conducting further subgroup analyses, such as those based
on tumor location or age. Furthermore, the limited availabil-
ity of follow-up testing in only 14 patients restricts the gen-
eralizability of the findings on surgery-related cognitive de-
cline. Older age and greater functional impairment may limit
patients’ ability to attend follow-up visits or complete as-
sessments, thereby contributing to the higher loss-to-follow-
up rate. A potential confounder to be reckoned with is the
fact that the time span until FU testing varied among patients,
with only parts of the cohort undergoing testing before adju-
vant radiotherapy. Statistically significant differences in
change scores were observed for some tests between patients
who received adjuvant therapy and those who did not, with
greater declines in the nonAT group. However, the present
study design does not incorporate sequential testing, there-
fore comparisons between patients with and without adju-
vant therapy reflect a composite and even opposite treatment
effect driven by surgery and radiotherapy, dependent on
multiple confounders, including the preoperative status. In
addition, the small sample size precluded further subgroup

38

analyses by tumor location or grade. Consequently, these
findings should be interpreted with caution, as clear and clin-
ically meaningful differences between groups could not be
established.

5. Conclusions

Neurocognitive deficits are present in the vast majority of
patients suffering from glioma before surgery, while they still
perform well in conventional scores representing the func-
tional status. The cognitive domain, which mainly was im-
paired, was executive function and attention. In particular, the
TMT-B and the BT-AC showed impairments most frequently.
The neurocognitive status correlated with pathological find-
ings, being worse in patients with high-grade gliomas com-
pared to patients with low-grade gliomas. Consistent with pre-
vious reports tumor resection only had a minor impact on the
patient's neurocognitive performance.
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