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Abstract
Background The purpose of awake brain tumor surgery is to maximize the resection of the tumor and to minimize the risk 
of neurological and cognitive impairments. The aim of this study is to gain understanding of the development of possible 
postoperative cognitive deficits after awake brain tumor surgery in patients with suspected gliomas, by comparing preopera-
tive, early postoperative, and late postoperative functioning. A more detailed timeline will be helpful in informing candidates 
for surgery about what to expect regarding their cognitive functioning.
Methods Thirty-seven patients were included in this study. Cognitive functioning was measured by means of a broad cog-
nitive screener preoperatively, days after surgery and months after surgery in patients who underwent awake brain tumor 
surgery with cognitive monitoring. The cognitive screener included tests for object naming, reading, attention span, working 
memory, inhibition, inhibition/switching, and visuoperception. We performed a Friedman ANOVA to analyze on group level.
Results Overall, no significant differences were found between preoperative cognitive functioning, early postoperative 
cognitive functioning, and late postoperative cognitive functioning, except for performances on the inhibition task. Directly 
after surgery, patients were significantly slower on this task. However, in the following months after surgery, they returned 
to their preoperative level.
Conclusion The timeline of cognitive functioning after awake tumor surgery appeared overall stable in the early and late 
postoperative phase, except for inhibition, which is more difficult in the first days after awake brain tumor surgery. This more 
detailed timeline of cognitive functioning, in combination with future research, can possibly be contributing in informing 
patients and caregivers what to expect after awake brain tumor surgery.
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Introduction

Awake brain tumor surgery is a safe and feasible procedure to 
prevent neurological deficits [8, 9, 14]. The purpose of brain 
tumor surgery is to maximize the resection of the tumor while 
minimizing the risk of postoperative cognitive impairments. 

In awake brain tumor surgery, this is achieved through intra-
operative cortical and subcortical electrostimulation in an 
awake patient [21, 35]. Awake brain surgery is especially 
useful when the tumor is located in an eloquent area [10, 
31]. Awake surgery is associated with a shorter hospital stay, 
fewer neurological deficits, and shorter surgery time com-
pared to surgery under general anesthesia [3].

Several studies investigated cognitive functioning after awake 
brain surgery [5, 22, 23, 30] and did not find evident postoperative 
deterioration in neurocognitive functioning after an awake pro-
cedure [22, 30]. For instance, the study of Van Kessel et al. [30] 
showed preserved cognitive functioning on most neurocognitive 
domains (executive functioning, memory, language, and visuos-
patial functioning), except for psychomotor speed. However, most 
studies only assessed pre- versus postoperative neuropsychologi-
cal functioning, administrated months after surgery [22, 30]. A 
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more detailed timeline of cognitive functioning is currently miss-
ing, particularly when it comes to the immediate postoperative 
phase. Due to fatigue or swelling of the brain in the first days 
after surgery, cognitive functioning may (temporarily) deterio-
rate. It is, however, unclear whether this is the case and if so, how 
and in what pace this deterioration will recover. More informa-
tion about the course of cognitive functioning after awake brain 
tumor surgery can be used in psychoeducation, which contributes 
to patient’s cognitive, physical, and psychological wellbeing [18].

The aim of this prospective study is to provide more insight 
in the course of cognitive functioning in the first days and 
months after awake brain tumor surgery in glioma patients in 
comparison to the preoperative level. Cognitive functioning 
was measured by a concise cognitive screener that taps the 
cognitive functions object naming, reading, attention span, 
working memory, inhibition, inhibition/switching, and visu-
operception. The cognitive screener was performed at three 
moments in time: days before surgery, days after surgery, and 
months after surgery. To elaborate the timeline even more, an 
additional measurement during surgery was taken into account 
if that proves feasible. Feasibility of this last mentioned meas-
urement depended on mental and physical condition, planning 
and logistic reasons. The cognitive performances on the dif-
ferent moments were compared to each other.

Methods

Participants

In total, 49 patients with suspected diffuse glioma were 
candidate for awake brain tumor surgery between January 
2021 and December 2021 at our center. All patients gave 
written informed consent. The data of 12 patients could not 
be used in the final analysis because of missing data (see 
Appendix A for reasons missing data). Table 1 summarizes 
the demographic and clinical characteristics of the patients 
(n = 37) that were included in the analyses. Patients (57% 
male) had an average age of 53 years (SD = 13), the young-
est patient was 24 years old and the oldest 79. Thirty-eight 
percent of the patients had a lower level of education and 
62% had a higher level of education. Most of the patients 
were right-handed (78%), followed by left-handed (14%) and 
ambidexterity (8%). Twenty patients had a World Health 
Organization (WHO) grade IV tumor. Other patients had a 
WHO grade tumor II and III. The location of brain tumors 
between the left and right hemispheres was approximately 
equal. Tumors were mostly in the frontal lobe, followed by 
the parietal, temporal and occipital lobe. Some tumors were 
not restricted to one lobe, and their locations were defined 
as temporal/insular and frontal/temporal/insular.

Inclusion criteria were a good command of the Dutch 
language and an age over 18 years. Also, only patients who 

were able to complete at least two out of four measurements 
were included in this study. Patients received an information 
letter about this study a few days before the first appointment 
with the neuropsychologist. All patients were asked to pro-
vide informed consent prior to the study to allow the use of 
their anonymized data. The data collection for this study did 
not request any additional procedure for the patient, because 
the screener was already part of clinical care as usual. This 
study was presented to the Medical Research Ethics Com-
mittee of the University Medical Center Utrecht, who con-
cluded that the Medical Research Involving Human Subjects 
Act (WMO) did not apply to this study and therefore an 
official approval by the Medical Research Ethics Committee 
UMC Utrecht was not required.

Materials

A cognitive screener was compiled of existing neuropsychological 
tasks, measuring object naming, reading, attention span, working 
memory, inhibition, inhibition/switching, and visuoperception. 

Table 1  Demographic and clinical characteristics of the patients 
included in the analyses (n = 37)

a Educational level according to the Verhage Classification [32]
IQR Interquartile range; SD standard deviation

Male (%) 21 (56.8)
Age in years; mean ± SD, range 53± 13, 24–79
Educational  levela

 Low (1–5) (%) 14 (37.9)
 High (6–7) (%) 23 (62.1)
 Mean ± SD (range) 5.65 ± 1.14 

(3–7)
 Median (IQR 25–75) 6 (5-6.5)
Handedness
 Right (%) 29 (78.4)
 Left (%) 5 (13.5)
 Ambidexterity (%) 3 (8.1)
WHO grade II (%) 11 (29.7)
WHO grade III (%) 6 (16.2)
WHO grade IV (%) 20 (54.1)
Tumor left hemisphere (%) 20 (54)
Tumor right hemisphere (%) 17 (46)
Tumor location
 Frontal (%) 14 (37.8)
 Parietal (%) 10 (27.0)
 Temporal (%) 9 (24.3)
 Occipital (%) 1 (2.7)
 Temporal/insular (%) 2 (5.4)
 Frontal/temporal/insular (%) 1 (2.7)
Male (%) 21 (56.8)
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Four parallel versions were available with similar levels of dif-
ficulty [19].

Object naming was assessed by using 15 pictures from 
the Snodgrass Naming Task [28]. The numbers of correctly 
named objects were gathered. The reading task consisted 
of reading five words, five sentences, and a short story. 
The numbers of correctly read words and sentences were 
scored, just as the number of reading errors in the short 
story. Next, items based on the Digit Span Backward and 
Forward (span 3-4-5) [34] were used to measure attention 
span and working memory. During the forward condition 
(attention span task), patients were asked to repeat digits in 
the same order. The sequence of the digits started with three 
and increased to four and five. In the backward condition 
(working memory task), patients were asked to repeat the 
digits in the reverse order. The span started with two and 
increased to three and four digits. The highest score out of 
three from both the backward and forward condition were 
scored. In addition, 2 × 12 items based on the Delis-Kaplan 
Executive Function System (DKEFS) Colour-Word Inter-
ference Test (CWIT) were used [11] to measure inhibition 
and switching. In the first condition (inhibition), patients 
were asked to name the color of the ink and not the written 
words. The second condition elaborates on the first condi-
tion. Patients were asked to switch between words without 
blocks, in which they again were asked to name the color 
of the ink, and words surrounded with blocks, where they 
had to read the written word out loud. The total time in 
seconds and the number of errors and self-corrections for 
both conditions were collected. Finally, a dot counting test, 
based on the Cortical Vision Screening Test (CORVIST) 
and the Visual Object and Space Perception Battery (VOSP) 
[17, 33] was carried out to measure visual perception. Five 
pictures were shown with a number of dots varying from 
three to six. Patients were asked to count the number of 
dots. The picture in the background was the same in all five 
items and provided a distraction for the patient. The total 
number of correctly counted items was collected.

Procedure

The cognitive screener was conducted by means of a 
tablet and mean duration of the examination was 5–10 
min. Data of a measurement was only used if it had been 
completed for at least 80%. The complete data of an indi-
vidual patient was only used if at least two measurements 
out of four had been carried out. The cognitive screen-
ing was administrated by a clinical neuropsychologist 
at four different moments in time; (A) on average 2.5 
days before surgery (SD = 1.6) (preoperative); (B) during 
surgery, immediately after the tumor resection had been 
completed and hemostasis and wound closure was being 
performed; (C) on average 1.6 days after surgery (SD = 

0.9) (early postoperative); and (D) weeks after surgery 
(late postoperative). Measurement D was performed as 
part of a comprehensive postoperative neuropsychologi-
cal assessment; for the patients with a high-grade tumors 
(WHO grade III and IV), this was planned earlier in time 
(mean = 19.4 weeks, SD = 6.0) than for patients with 
low-grade tumors (WHO grade II) (mean = 29.6 weeks, 
SD = 5.5) given their decreased life expectancy.

Measurement B

Measurement B was less frequently administered than 
the other measurements; in 26 patients, it was feasible to 
administer our cognitive screener during the procedure 
of the awake brain tumor surgery after resection before 
closure. Fatigue was one of the main reasons measure-
ment B was not performed. Moreover, the focus was on 
the clinical relevance and the number of tasks adminis-
tered during the monitoring differed between patients 
based on location of the tumor and the performance of 
the patients. Table 2 gives an overview of the neuropsy-
chological functions that were monitored during awake 
surgery. Therefore, only the best functioning and fittest 
patients were able to complete the screener during sur-
gery. As a result, performances on group level are biased 
and cannot be interpreted reliably. Appendix B shows the 
scores of this measurement.

Surgical procedure

All participants underwent awake brain surgery under 
cognitive monitoring by means of an awake-awake-awake 
procedure under local anesthesia, with microscope view 
and ultrasound and neuronavigation guidance. Nine 

Table 2  Overview of neuropsychological functions monitored during 
awake brain surgery

Cognitive domain n %

Language/speech 26 72
Motor skills/sensibility 19 51
Executive functions 18 49
Working memory 10 27
Proprioception 10 27
Visuoperception 5 14
Social cognition 4 11
Clock reading 4 11
Calculation 3 8
Face recognition 2 5
Left right orientation 2 5
Body schema 1 3
Spatial attention 1 3
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patients (24.3%) underwent their procedures in the set-
ting of recurrent tumors. The procedures were performed 
in a park bench position, allowing the patients to relax 
and to face the anesthetist and/or the neuropsycholo-
gist in a comfortable fashion. The head was fixed in a 
Mayfield clamp placed under local anesthesia (using a 
mix of 5mg/ml chirocaine 1:1 v:v and 2% lidocaine with 
adrenaline 1:200,000 (a total of 29–55cc for the com-
plete procedure) injected at the pin sites of the Mayfield 
clamp and in a rectangular fashion around the planned 
skin incision site. After removal of the bone flap using 
a high-speed Anspach® drill, anesthetics mix-soaked 
gelatin-foam was applied onto the dura at the level of the 
meningeal arteries. Patients also received titrated pain 
sedation and relaxation with remifentanil and propofol, 
respectively. Tumors were approached using standard 
routes, and removed using the CUSA at ultra-low power 
under constant cortico-subcortical stimulations using a 
Ojeman® cortical stimulator (50Hz, 1ms, 2–4 mAmps, 
trains of 3 s at the cortical level and continuous stimu-
lations at the subcortical level). None of the patient’s 
local anesthesia had to be converted to general anesthe-
sia. Areas of stimulation that provoked deficits in the 
concomitantly performed neuropsychological tests reli-
ably (i.e., 3 times) were considered as functional for that 
test. In addition, subcortical stimulations that provoked 
phosphenes, even only once, were considered ass belong-
ing to the optic radiations and respected.

Statistical analysis

Descriptive and clinical statistics (age, education, gender, 
and tumor characteristics) were collected. Statistical analy-
ses were performed with Statistical Package for the Social 
Sciences (SPSS) 26 to compare the cognitive performances. 
To analyze cognitive function over time, a repeated meas-
ures analysis of variance (ANOVA) was performed for nor-
mally distributed data. We performed a Friedman ANOVA 
instead, if data was not normally distributed. To evaluate a 
significant change, a paired T test was conducted. In case 
of a non-normal distribution, a Wilcoxon related-sample 
test was carried out. Three measurements were taken into 
account (A-C-D). Therefore, the significance level for the 
post hoc was set at alpha .05/3 (p < .017).

Tumor volumetry and measurement of the extent 
of resection

Tumor volumes were assessed by one of the neurosur-
geons (PR) on the immediate preoperative volumetric pre-
operative MRI images, using, respectively, the FLAIR or 

gadolinium-enhanced T1modalities and the Brainlab® plan-
ning station software for volumetric tumor segmentation. 
Tumor residuals were obtained in the same fashion using 
postoperative images obtained within 72 h of the surgery.

Results

When analyzing the test results with the Friedman Test 
(A-C-D), a significant effect over time was found for 
the reaction time in the inhibition task X2 (2, n = 24), p 
= .005. The median (Mdn) scores in reaction time were 
the highest at measurement C (Mdn = 16.5), followed 
by A (Mdn = 14.5), followed by D (Mdn = 13.5). A Wil-
coxon signed-rank test indicated a significant difference 
between C and A (z = −2.85, p = .004); Patients needed 
more time for the inhibition task days after surgery, 
compared to days before the surgery. Patients showed a 
trend to improve at measurement D, compared to C (z = 
−2.38, p =.017). The Wilcoxon signed-rank test showed 
no significant difference between A and D (z = −.07, p 
= .944). The number of errors on the inhibition task did 
not significantly differ over time X2 (2, n = 24), p = .174. 
The median scores did not change over time (Mdn = 0). 
The number of self-corrections were also non-significant 
X2 (2, n = 24), p = .529; the median scores were the same 
(Mdn = 0). Other cognitive tasks did not show any sig-
nificant effects over time. Table 3 summarizes this data.

Extent of resection

A mean extent of resection (EoR) for all cases amounted 
to a mean of 83.6±21.3 % (range: 1.5–100), with a 
median of 92.3%. One patient, with a low-grade glioma, 
presented hand motor function over the entire surface 
of the tumor, a low-grade astrocytoma, and opted intra-
operatively for biopsy rather than resection (intraopera-
tive shared decision-making). In high-grade gliomas, 
a mean EoR of 88.6±18%, with a median of 96.2%. In 
low-grade gliomas, these EoR values were, respectively, 
77±24.1% and 79.2% or 82±13.7% and 81.6% when 
excluding the patient who chose intraoperatively for a 
biopsy. The mean EoR was significantly smaller in sur-
geries performed for tumor recurrence (71.3%) than in 
primary surgeries (87.5%, p <.05), where 67.9% of the 
patients underwent a gross total resection.
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Discussion

Our study shows that cognitive functioning remained 
stable regarding object naming, reading, attention span, 
working memory, switching, and visuoperception after 
the surgery. The results are therefore in line with previ-
ous retrospective research [22, 30].

Although cognitive functioning overall remains stable, 
patients in our study were significantly slower on the 
inhibition task, directly after surgery. This improved in 
the first months after surgery, returning to baseline. The 
inhibition task used in this study, based on the CWIT, 
measures different cognitive functions (e.g., inhibition, 
attention, processing speed, cognitive flexibility, and 
working memory) [11]. Surprisingly, we did not find a 
comparable effect on the switching task, though there 
are many similarities between those two tasks. At first 
glance, the switching condition even seems to be more 
difficult than the inhibition condition. However, Lippa 
and Davis [20] showed this does not appear to be the 
case in practice. In their study, participants showed a 
faster response on the switching task than the inhibition 
task (absolute rate). This result is possibly due to faster 
generation of verbal information; in the switching condi-
tion there are more items to read in contrast to inhibiting 
[20]. Moreover, it is possible that a training effect is 
observed [20] since the inhibition task is always exam-
ined before the inhibition/switching task. Based on our 
data, we cannot draw firm conclusions on what cognitive 
domain is exactly responsible for the temporary slower 
performance on the inhibition task. Inhibition seems 
most likely, but a delayed information processing speed 
may also play a role. Inhibition is one of the executive 
functions that is important for self-regulation [16] and 
everyday life [4]. Furthermore, multiple studies show 
that information processing speed is an important pre-
dictor of quality of life in different clinical populations 
[2, 29]. With this in mind, advice can be given to the 
patient in terms of psychoeducation. Patients are already 
informed about (possible) brain swelling, fatigue, and 
pain after awake brain surgery. In addition, information 
about cognitive functioning in the first days after surgery 
can also be helpful.

One must also ponder the potential deleterious effects 
of limiting tumor resection due to performing cognitive 
monitoring in addition to classical language and motor 
testing. Gross total resection was however achieved 
in 67.9% of our patients operated for primary tumors, 
which is at the lower end of the confidence interval of 
a previously published meta-analysis of gliomas oper-
ated with intraoperative monitoring (66–82% of gross 
total resections). While the EoR in gliomas has been 
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strongly linked to patient survival in retrospective 
studies [15, 26]. The potential cost of loss of function, 
especially that of cognitive function and KPS, on sur-
vival still needs to be determined [1]. While we do not 
have enough follow-up on the patients included in this 
work to answer this important question, we doubt that 
our surgical policy is oncological detrimental to the 
patients. We have indeed performed similar testing for 
years at our center, and our previously published results 
of patient survival both in low- and high-grade gliomas 
still compare rather favorably with those of the literature 
and of similar centers [7, 24]

A strength of this study is the heterogeneous patient 
group in terms of tumor grade and tumor location. It 
is therefore well describing the variety of the oncologi-
cal picture of patients with glioma who are eligible for 
awake surgery. Furthermore, cognitive functioning was 
measured both pre- and postoperatively, including days 
after surgery, in contrast to other available studies [22, 
30]. Another strength is the use of a cognitive screener, 
so that we were able to test patients with brain tumors 
days after surgery. A comprehensive neuropsychologi-
cal assessment would be too burdening for a patient at 
that moment. To our knowledge, this has not been done 
in previous studies. Although a cognitive screener is 
not as complete as a comprehensive neuropsychologi-
cal assessment, cognitive functioning was tested broadly. 
Literature shows that historically, language, and motor 
functions are the most tested cognitive domains in awake 
brain surgery [25]. Other cognitive domains are under-
exposed but are also important for a good quality of life. 
For example, good executive functioning is essential for 
physical and mental health, but also for school and job 
success [12]. Therefore, during such procedures, it is 
important not to solely focus on language, but to test 
cognitive functions broadly [13].

A limitation of the study is that only patients who 
were able to complete at least two out of four measure-
ments were included in this study. It seems reasonable 
that these included patients had a relatively better start-
ing position with a larger cognitive reserve/better cogni-
tive resistance than the excluded patients and thereby 
more favorable preconditions for a stable cognitive 
recovery course postoperatively. This adds to the uncer-
tainty regarding the representativity of the study group 
evoked by the small study sample. The above mentioned 
relatively small sample size precludes an analysis of 
different other variables that could influence cognitive 

functioning. For instance, some patients received radio-
therapy and chemotherapy after surgery. These kinds 
of treatments may influence cognitive functioning and 
may therefore have an effect on measurement D. Another 
restriction is the fact that we did not include a separate 
task measuring information processing speed, which 
could have shed more light on which cognitive domain 
is responsible for the temporary decline in speed in the 
inhibition task. This could be included in future studies. 
Another limitation is that not all cognitive domains were 
covered in the cognitive screener (e.g., social cognition 
and episodic memory). Dadario et al. [6] state that these 
higher-order functions are important and deficits in these 
cognitive domains can occur after surgery. In this study, 
we balanced to be concise but also the keep the screener 
feasible and operable. It is not a comprehensive neu-
ropsychological assessment. Moreover, episodic memory 
tasks are complicated to administer during surgery [9, 
27], because of the time-window of the electric stimula-
tion. We chose to administer a working memory task, as 
this is conditional to either adequate memory function. 
However, we do realize that this does not measure the 
exact same cognitive process. Finally, administration 
of the screener at moment B (during surgery) was only 
feasible in a relatively small number of patients due to 
planning, logistic reasons, and mental and physical con-
dition (e.g., fatigue). Therefore, this measurement was 
not included in the analyses.

Conclusion

In conclusion, the results of the current study show 
that cognitive functioning remains stable in patients 
that underwent awake brain tumor surgery with cog-
nitive monitoring. We did find that patients needed 
more time on the inhibition task directly after surgery, 
but they improved in the following months. However, 
limited generalizability of these findings should be 
taken into account. This more detailed timeline of 
cognitive functioning, in combination with future 
research, can possibly be contributing in informing 
patients and caregivers what to expect after awake 
brain tumor surgery.
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Appendix

See Appendix A and B.

Appendix A  Reasons of missing data

Amount of 
patients

Reason

1 Patient passed away a few weeks after surgery
1 Premorbid psychiatric symptoms
1 Due to very limited neurocognitive capacity surgery 

was performed under general anesthesia
1 Patient could not participate in the study due to custody
7 < two complete cognitive measurements
1 Patient was incapable of expressive language

Appendix B  Descriptive statistic measurement B (during awake brain 
surgery)

Time 
Inhibi-
tion 
task

Errors 
Inhibi-
tion 
task

Self-
correc-
tions 
Inhibi-
tion 
task

Time 
Switching 
task

Errors 
Switching 
task

Self-cor-
rections 
Switching 
task

Object 
naming 
task

Read-
ing five 
words

Reading 
five sen-
tences

Short 
story 
errors

Vis-
ual 
per-
cep-
tion 
task

Atten-
tion 
span 
task

Work-
ing 
mem-
ory task

n 23 23 23 18 18 18 26 26 26 25 26 26 26
Mdn 18 0 0 21 0 0 15 5 5 1 5 3 2
25th 

per-
centile

12 0 0 16.75 0 0 14 5 4 0 5 2 1.75

75th 
per-
centile

23 2 0 28.25 1 1 15 5 5 4 5 3 3
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