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Feasibility of awake brain surgery in glioblastoma patients 
with severe aphasia: Five case illustrations
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Marion Smits c, Christa Docter-Kerkhofb, Clemens Dirven a, Alfred Kloet d, 
Rishi Nandoe Tewarie d and Djaina Satoer a

aDepartment of Neurosurgery, Erasmus MC – University Medical Center Rotterdam, The Netherlands; 
bDepartment of Speech and Language Pathology, HMC, The Hague, The Netherlands; cDepartment of 
Radiology & Nuclear Medicine, Erasmus MC – University Medical Center Rotterdam, The Netherlands; 
dDepartment of Neurosurgery, HMC, The Hague, The Netherlands

ABSTRACT
Background: Traditionally, surgical removal of glioblastoma is per-
formed with general anaesthesia but a recent meta-analysis 
revealed that awake surgery in glioblastoma resulted in better 
surgical outcomes than non-awake surgery. Preoperative severe 
aphasia is one of the exclusion criteria for awake surgery because 
of difficulties in intraoperative interpretation of language deteriora-
tion and the distinction between preoperative vs. intraoperative 
induced paraphasias. As severe aphasia is common in glioblastoma 
patients, many potential patients who may benefit from awake 
surgery are excluded.
Aims: We aim to investigate the feasibility of awake surgery in 
glioblastoma patients with severe aphasia using a patient-tailored 
approach with adapted intraoperative language tasks. We also 
examined the effect of awake surgery on language outcomes.
Methods & Procedures: We discuss five case studies of patients 
elected for awake surgery with presumed glioblastoma in eloquent 
language areas and severe aphasia. Pre- and postoperatively, an 
extensive test-protocol was administered at different linguistic 
levels and modalities. A patient-tailored intraoperative language 
test-protocol was applied.
Outcomes & Results: Preoperatively, all patients had severe 
impairments on all language and cognitive tests. Intraoperative 
language tasks for direct electrical stimulation and resection were 
selected and adapted to patients’ preoperative level. Despite pre-
operative severe aphasia, functional boundaries for critical lan-
guage areas could be identified in each patient. Postoperatively, 
all patients had stable or improved language outcome. One of the 
patients recovered to maximum scores on nearly all language tests.
Conclusions: Our cases demonstrate that awake surgery in severely 
aphasic glioblastoma patients is feasible and did not cause 
further deterioration of aphasia. An extensive preoperative neu-
rolinguistic examination is necessary for adequate patient- 
tailored intraoperative monitoring with maximal tumour resec-
tion and to consequently increase the chance of language pre-
servation and quality of life.
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Introduction

Glioblastomas are malignant primary brain tumours with a limited median survival of 12- 
15 months (Stupp et al., 2005). Traditionally, surgical removal of glioblastoma is per-
formed with general anaesthesia with the goal of achieving a maximal safe resection. 
Postoperatively, some studies report no significant deterioration of cognitive and lan-
guage functions (Dallabona et al., 2017; Habets et al., 2014), although others reported 
both improvement and deterioration (McGirt et al., 2009; Rahman et al., 2017; Sinha et al.,  
2020; Whittle et al., 1998).

In contrast, in low-grade glioma in eloquent areas, maximal extent of resection using 
direct electrical stimulation (DES) during awake surgery is considered the gold 
standard treatment to avoid irreversible neurological and cognitive damage (De 
Witt Hamer et al., 2012). The usefulness of awake surgery and its impact on neuro-
logical outcome has been evaluated sparsely in glioblastoma but so far, there seems 
to be a trend towards a higher percentage of total resection, a lower complication 
rate and a longer median survival than after surgery with general anaesthesia 
(Gerritsen et al., 2019; Gerritsen et al., 2022; Li et al., 2021). Also language and 
cognition can be better preserved during awake surgery than with general anaes-
thesia (Bonifazi et al., 2020; van Kessel et al., 2020; Zigiotto et al., 2020).

Cognitive deficits including language impairments are preoperatively more prevalent 
and significantly worse in glioblastoma patients than in low-grade glioma patients 
(IJzerman-Korevaar et al., 2018; Noll et al., 2015; van Kessel et al., 2017; van Kessel 
et al., 2019). Preoperative severe aphasia is one of the exclusion criteria for awake 
surgery because of difficulties in interpretation of intraoperative language dete-
rioration and the distinction between preoperative vs. intraoperative induced para-
phasias (Bonifazi et al., 2020; Dziedzic & Bernstein, 2014; Zigiotto et al., 2020). Since 
the incidence of aphasia in glioblastoma patients in the diagnostic phase is 16-58% 
(Dallabona et al., 2017; IJzerman-Korevaar et al., 2018; McGirt et al., 2009; Tandon 
et al., 1993), many potential patients who may benefit from awake surgery are 
excluded.

Over the last decade, language testing in the pre-, intra- and postoperative phase of 
glioma surgery became part of standard care (Rofes et al., 2017; Sierpowska et al., 2022). In 
addition, apart from object naming, a larger variety of language tests for intraoperative 
monitoring is nowadays available which may facilitate intraoperative language monitor-
ing in more severe aphasic population (De Witte & Marien, 2013; De Witte et al., 2015; 
Rofes & Miceli, 2014).

In this study, we aimed to investigate whether awake surgery in patients with glio-
blastoma in eloquent language areas suffering from severe preoperative aphasia is 
feasible. The following research questions were investigated:

(1) Could in awake surgery of glioblastoma patients with severe aphasia intraoperative 
language deterioration be distinguished from preoperative aphasia when 
a neurolinguistic patient-tailored approach is used with language tasks adapted 
to the preoperative language level?

(2) What is the language outcome after awake surgery of severely aphasic glioblas-
toma patients?
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We hypothesise that awake surgery in glioblastoma patients with severe aphasia is 
possible when using adapted intraoperative language tests taking into account linguistic 
variables (e.g., word frequency, word length, age of acquisition). By doing so, a distinction 
can be made between pre-existent paraphasias and DES induced paraphasias. We expect 
that with this technique a stable postoperative language outcome (or even improvement) 
can be obtained.

Materials and methods

Participants

We present five case studies of patients who were retrospectively selected for this study 
and underwent awake surgery based on tumour location in eloquent language areas. The 
patients (A1, B2, C3, D4 and E5) were diagnosed with a presumed glioblastoma in the 
language dominant left hemisphere as identified on MRI (see Figure 1) and with pre-
operative severe aphasia. The tumours were localized in frontal areas in A1 and B2, 
temporal in C3 and temporo-parietal in D4 and E5. D4 and E5 suffered from a recurrent 
glioblastoma that was treated earlier with surgery with general anaesthesia twice (D4 36 
and 45 months, E5 26 and 82 months before current surgery) and chemo-radiation. 
Patients’ demographic and clinical characteristics are presented in Table 1. The Ethical 
Committee of Erasmus MC Rotterdam approved the study which waived the need for 
written consent from the patients because of the retrospective nature of the study and 
the emotional burden that would result from contacting the patients or their relatives to 
obtain consent.

Procedure: operation, neuroimaging and pathological findings

Patients were treated in Erasmus MC and HMC between November 2017 and 
September 2019 in an awake setting after administration of local anaesthesia. DES 
with a bipolar electrode was carried out at cortical and subcortical level to identify 
individual functional boundaries while word repetition or object naming were admi-
nistered. Several language tasks at the linguistic levels of phonology, semantics and 
syntax from the Dutch Linguistic Intraoperative Protocol (DuLIP) (De Witte et al.,  
2015) relevant in the operated cortico-subcortical areas in combination with sponta-
neous speech monitoring were conducted (see Supplementary material Figure 1-6). 
Due to preoperative severe aphasia in all patients, the selected DuLIP-tasks needed 
to be patient-tailored and simplified, so that new intraoperative occurrences of 
neologisms, perseverations and/or paraphasias could be interpreted as further lan-
guage deterioration. Due to a lack of semantic tasks for severe aphasia in DuLIP, two 
new semantic judgment tasks were developed (see Supplementary material Figure 5 
and 6). Resection was ended when the tumour was macroscopically completely 
removed or when language deteriorated significantly compared to preoperative 
level.
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Localization and delineation of the tumour was determined by a neuroradiologist 
using contrast-enhanced 3D T1-weighted MRI-images. The pre- and postoperative 
tumour volumes were calculated by semi-automated delineation of the contrast- 
enhanced area, with inclusion of any enclosed areas of necrosis, using ITK-SNAP version 
3.6.0 (www.itksnap.org, Yushkevich et al. (2006)). Postoperative MRI-scans were acquired 
within 48 hours after surgery. The extent of resection was calculated as the fraction of the 
difference between the pre- and postoperative volume divided by the preoperative 
volume. The histological and molecular type of the tumour were determined by 
a neuropathologist from tissue obtained during the resection.

Neurolinguistic assessment

Pre- and postoperatively, an extensive neurolinguistic test-protocol and a cognitive 
screening (Table 2) was administered by the authors DS, CDK or MDK. They are the 
speech and language pathologists (SLP) who also conducted the intraoperative 
monitoring. Tests were administered a week before surgery. When extra information 
is needed, additional tests were administered a day before surgery. At the start of 
the intraoperative awake phase (i.e., before DES), the baseline level was screened 
again. The neurolinguistic protocol was patient-tailored and consisted of tasks at 
different linguistic levels (phonology, semantics and syntax) and modalities (produc-
tion, comprehension and reading). The core of the neurolinguistic protocol were the 
shortened Token Test (TT, De Renzi and Faglioni (1978)), Boston Naming Test (BNT, 
Kaplan et al. (2001)), Diagnostic Instrument for Mild Aphasia (DIMA, Satoer et al. 
(2022)), category and letter fluency (Luteijn & Barelds, 2004; Schmand et al., 2008), 
Trail Making Test (TMT, Tombaugh (2004)) and Hopkins Verbal Learning Test (HVLT, 
Benedict et al. (1998)). See Table 2 for a description of all tests. Due to aphasia 
severity (based on TT and clinical impressions by the SLP and/or frustration by the 
patient) some patients were not able to complete all tests. In that case priority was 
given to tests that were necessary for the intraoperative procedure. Additional 
information necessary for the intraoperative procedure could be collected by using 
tasks of DuLIP or screenings for language (Aphasia Bedside Check, ABC, Visch-Brink & 
El Hachioui (2013)) or cognition (Montreal Cognitive Assessment, MOCA, Thissen 
et al. (2010)).

Based on the normative data from the manual of each individual (sub)test, z-scores 
were computed to compare performance of the patients to healthy controls. A clinical 
(mild) impairment is reflected by a z-score between -1.5 and -2.0; a pathological (severe) 
impairment is reflected by a z-score of ≤ -2.0. A change of 1.5 in z-score between pre- and 
postoperative testing is defined as clinically significant.

Results

Preoperatively, in A1, B2 and E5 the tumour showed large cystic and necrotic portions (see 
Figure 1). Tumour volume ranged from 37.19 to 81.75 cm3 preoperatively and from 0.00 to 
16.11 cm3 postoperatively. The extent of resection ranged from 68 to 100%. Pathological 
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examination of tumour tissue obtained during resection revealed glioblastoma in all 
patients except E5. A1 and B2 had histologically confirmed methylated promotor of O- 
6-methylguanine-DNA methyltransferase (MGMT). A1, B2 and D4 had histologically con-
firmed isocitrate dehydrogenase wildtype (IDH-wildtype). Despite histologically con-
firmed glioblastoma after E5’s earlier resections, current histological analysis revealed 
anaplastic pleiomorf xanthoastrocytoma. A1, B2 and C3 underwent postoperative radio-
therapy (A1 30 fraction doses of 2 Gy; B2 and C3 15 fraction doses of 2.67 Gy) and 
concomitant and adjuvant temozolomide. D4 received adjuvant lomustine. E5 received 
adjuvant dabrafenib and trametinib.

Table 2. Neurolinguistic assessment
Cognitive abilities and description of task

Language
Shortened Token Test (TT) (De Renzi & 

Faglioni, 1978)
Severity of aphasia, language comprehension. Pointing to and manipulating 

geometric forms (36 items, correct score)
Boston Naming Test (BNT) (Kaplan et al.,  

2001)
Word retrieval. Naming pictures, presented in order of word frequency and 

word difficulty (60 items)
Category fluency (Luteijn & Barelds,  

2004)
Flexibility of verbal semantic thought. Categories animals and professions 

(within 1 minute)
Letter fluency (Schmand et al., 2008) Flexibility of verbal phonological thought. Letters D, A and T (within 

1 minute)
Diagnostic Instrument Mild Aphasia 

(DIMA) (Satoer et al., 2022)
● Repetition Phonology. Repeating 3-syllabic words (10 items), 3-6 syllabic compounds 

(10 items), nonwords (10 items) and sentences (10 items)
● Semantic odd-picture-out Semantic judgment + word retrieval under time pressure. Naming the 

picture that does not semantically fit in a series of three pictures (5 items, 
4 seconds per item)

● Sentence completion Spontaneous speech in context. Completion of semantically and less 
semantically induced sentences via auditory presentation (10 items)

DuLIP (De Witte et al., 2015)
● Repetition, shortened version Phonology. Repeating words (10 items) and sentences (5 items)
● Semantic odd-picture-out Semantic judgment + word retrieval. Naming the picture that does not 

semantically fit in a series of three pictures (25 items)
● Semantic odd-word-out Semantic judgment + reading. Reading aloud the word that does not 

semantically fit in a list of four words (25 items)
● Sentence completion Spontaneous speech in context. Sentence completion of semantically 

induced sentences via visual presentation (25 items)
Aphasia Bedside Check (ABC) (Visch- 

Brink & El Hachioui, 2013)
Screening of language comprehension (7 items: semantic and syntactic 

judgment) and production (7 items: object naming, repetition, reading 
aloud)

Attention and executive function
Trail Making Test (Tombaugh, 2004)

● Trail Making Test A (TMT-A) Visuomotor speed, attention. Connecting numbers in ascending order 
(registered in seconds)

● Trail Making Test B
(TMT-B)

Divided attention/mental flexibility. Connecting alternating numbers and 
letters (registered in seconds)

Verbal memory
Hopkins Verbal Learning Test (HVLT) 

(Benedict et al., 1998)
● HVLT: recall Verbal memory. Learning a list of 12 words, with three immediate recall trials
● HVLT: delayed recall Verbal memory. Delayed recall of a list of 12 words
● HVLT: true positives Verbal memory. Delayed recognition: true positives out of 24 words
● HVLT: false positives Verbal memory. Delayed recognition: false positives out of 24 words

General cognition
Montreal Cognitive Assessment (MOCA) 

(Thissen et al., 2010)
Brief screening tool for mild cognitive impairment
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Adaptation of intraoperative tasks

For adequate interpretation during the intraoperative language monitoring, it is of crucial 
importance to select tasks and items that are preoperatively intact to ensure that the 
errors in the awake setting are not pre-existing but caused by DES or resection. In 
addition, the complexity of tasks can be adapted to preoperative level by adjusting stimuli 
according to different linguistic variables.

In word repetition, complexity level is influenced by word-length, the presence of 
consonant clusters and/or phonemic similarities (Gierut, 2007). As the repetition of 
3-syllabic words from the DIMA in A1 or DuLIP Repetition (B2) was unimpaired, all 

Figure 1. Pre- and postoperative post-contrast T1-weighted MRI scans in the axial and sagittal plane in 
patients A1, B2, C3, D4 and E5. Pre = preoperative. Post = postoperative

APHASIOLOGY 7



3-syllabic words with and without consonant clusters and phonemic similarities could be 
selected from DuLIP Repetition. As in C3, all DIMA Repetition subtests were impaired, 
repetition was not administered intraoperatively. As in D4 and E5, the repetition of 
3-syllabic words appeared to be impaired at intraoperative baseline, 2-syllabic words 
with and without consonant clusters and phonemic similarities were selected from 
DuLIP Repetition.

Complexity level of object naming (black and white line drawings) is influenced by 
word frequency and age of acquisition (Brysbaert & Ellis, 2016). Due to impaired object 
naming in all patients attested with the BNT high-frequent, early acquired items were 
selected from DuLIP Object Naming.

Due to impaired verbal comprehension of longer sentences in all patients attested with 
the shortened TT semantic judgment of word pairs and words to categories, were 
presented via the dual input route, that is both visually and auditorily.

Neurolinguistic results

Below cases A1, B2, C3, D4 and E5 are presented. See Table 3 for all neurolinguistic results.

A1 Left frontal lobe
Preoperatively, the spontaneous speech of A1 consisted of short sentences including 
hesitations and slow speech rate. Due to reduced verbal language comprehension in 
A1, questions had to be repeated during the interview before test administration. In 
general, verbal communication was limited. At test-level, A1 had preoperatively 
severely impaired scores in most language tests (TT: z = -5.74, BNT: z = -2.89, 
Category fluency: animals z = -3.20 and professions z = -3.30, Letter fluency: z = 
-2.70, DIMA Sentence completion: z = -4.14) and in subtests of the TMT for attention 
and executive functions (TMT-A: z = -3.50, TMT-B: z = -4.50, TMT-B/A: z = -3.10). Errors 
in the BNT consisted of no responses, paraphasias or neologisms were not produced. 
Mild impairments were observed in the total score of DIMA Repetition (z = -1.91) and 
DIMA Semantic odd-picture-out (z = -1.96). In DIMA Repetition subtests, 3-syllabic 
words and compounds were errorless but non-words and sentences contained some 
substitutions, omissions and hesitations (e.g. non-words: slanugari → slangugari; 
sentences: Iedere vrijdag eten we vreselijke vissticks/Every Friday we eat terrible fish 
fingers → Iedere vrijdag eten we vreselijke vv uh vissticks/Every Friday we eat terrible 
ff uh fish fingers). Due to aphasia severity, a test for verbal memory (direct recall, 
delayed recall and recognition) was not administered.

Intraoperatively, DES elicited no positive sites during repetition. During resection, 
performance of object naming, semantic judgment tasks, reading words aloud, sentence 
completion and spontaneous speech remained at the preoperative level. The resection 
boundary was reached when newly developed delayed responses, semantic paraphasias 
and perseverations were observed during object naming.

At seven weeks postoperatively, no language complaints were reported. At test-level, 
most tests recovered to intact scores compared to normative data (TT: z = -0.32, BNT: z = 
-0.07, Category fluency: animals: z = -0.60 and professions: z = -1.20, DIMA Repetition: z = 
0.25, DIMA Semantic odd-picture-out: z = -0.69, DIMA Sentence completion: z = -0.63, 
TMT-A: z = -0.20). Letter fluency remained mildly impaired (z = -1.50). TMT-B improved 

8 M. DONDERS-KAMPHUIS ET AL.



significantly compared to preoperative level but remained severely impaired compared to 
normative data (z = -2.10). TMT-B/A remained severely impaired (TMT-B/A: z = -2.20). 
Overall, A1 improved on eight out of 11 administered tests.

B2 Left frontal lobe
Preoperatively, the spontaneous speech of B2 was non-fluent, effortful and sentences 
consisted of two or three words in combination with word finding difficulties and 

Table 3. Pre- and postoperative neurolinguistic test-protocol (raw score/z-score).
A1 B2 C3 D4 E5

Pre
Post 
(7 w) Pre

Post 
(3 m) Pre

Post 
(3 m) Pre

Post 
(1 d) Pre

Shortened Token Test 23 / 
-5.74

35 / 
-0.32*

7.5 / 
-13.60

21 / 
-6.75*

4.5 
-15.08

10.5 / 
-12.05*

24 / 
-5.23

dp na

Boston Naming Test 40 / 
-2.89

53 / 
-0.07*

13 / 
-5.70

dp 34 / 
-2.37

45 / 
-0.62*

28 / 
-9.60

dp 4 / 
-12.80

Category fluency animals 5 / 
-3.20

19 / 
-0.60*

0 / 
-3.80

3 / 
-3.20

na na 6 / 
-3.20

dp 6 / 
-3.60

Category fluency professions 2 / 
-3.30

11 / 
-1.20*

0 / 
-3.30

2 / 
-2.90

na na 3 / 
-3.30

dp 3 / 
-3.80

Letter fluency 6 / 
-2.70

19 / 
-1.50

na 5 / 
-2.50

na na na dp 3 / 
-3.70

DIMA Repetition 35 / 
-1.91

40 / 
0.25*

dp dp 12 / 
-14.29

na 25 / 
-7.29

dp 11 / 
-14.83

DIMA Semantic odd-picture-out 3 / 
-1.96

4 / 
-0.69*

dp dp 0 / 
-5.77

0 / 
-5.77

0 / 
-5.77

dp 0 / 
-5.77

DIMA Sentence completion 6 / 
-4.14

9 / 
-0.63*

dp dp na na 6 / 
-4.14

dp 10 / 
-0.63

DuLIP Repetition – shortened 
version

dp dp 12 dp dp dp dp dp dp

DuLIP Semantic odd-picture-out dp dp dp dp 24 / 
> 0

dp dp dp dp

DuLIP Semantic odd-word-out dp dp dp dp 22 / 
> 0

24 / 
> 0

dp dp dp

DuLIP Sentence completion dp dp dp dp 21 / 
-1.50

22 / 
>-1.50

dp dp dp

Aphasia Bedside Check dp dp dp 11raw (5 
+6)

dp dp dp 12raw (7 
+5)

dp

Trail Making Test
● A 105 / 

-3.50
40 / 

-0.20*
na na na na 85 / 

-3.50
dp na

● B 408 / 
-4.50

184 / 
-2.10*

na na na na 340 / 
-4.70

dp na

● B/A -3.10 -2.20* na na na na -3.40 dp na
Hopkins Verbal Learning Test

● Recall na na na na na na 9 / 
-5.21

dp na

● Delayed recall na na na na na na 1 / 
-5.47

dp na

● True positives na na na na na na 11 / 
-2.00

dp na

● False positives na na na na na na 1 / 
-0.33

dp na

MOCA dp dp 6 / 
-9.27

12 / 
-6.55*

dp dp dp dp dp

(Severely impaired scores (z = ≤ 2.00) in bold, mildly impaired scores (z = ≤ -1.50) underlined, d = days. w = weeks. m = 
months. * = significant improvement pre- versus postoperatively (Δz ≥ 1.5). na = not administered due to aphasia 
severity. Raw = only raw score available. dp = not administered due to different protocol or lack of additional 
intraoperative value).

APHASIOLOGY 9



hesitations. Conversation about familiar topics was possible with help from the test- 
leader. However, B2 mostly did not manage to convey the message across. At test-level, 
B2 had severely impaired scores on most tests (TT: z = -13.60, BNT: z = -5.70, Category 
Fluency: animals z = -3.80 and professions z = -3.30, MOCA: z = -9.27). Errors in the BNT 
consisted of perseverations, semantic paraphasias (e.g helikopter/helicopter → vliegtuig/ 
airplane) and circumlocutions. In case of the latter, the given descriptions were not always 
adequate (e.g slak/snail → op de grond/on the floor). DuLIP Repetition (shortened version) 
of 3-syllabic words was possible but three out of five sentences contained phonemic 
paraphasias, hesitations, and omissions (e.g. de koningin rookt een sigaret /the queen 
smokes a cigarette → rookt/smokes). Due to aphasia severity, letter fluency and tests for 
verbal memory, attention and executive functions were not administered.

Intraoperatively, DES triggered non-reproducible apraxia of speech (problems of initia-
tion of speech and visual groping) and speech arrest in word repetition. During resection, 
performance of object naming, semantic judgment tasks, spontaneous speech and 
repetition remained at preoperative level. The resection boundary was reached when 
speech arrests occurred in spontaneous speech and in repetition.

At three months postoperatively, B2 reported no language complaints during the 
interview before test administration. At test-level, all tests remained severely impaired 
compared to normative data (TT: z = -6.75, Category fluency – animals: z = -3.20, Category 
fluency - professions: z = -2.90, ABC: 11/14, MOCA: z = -6.55), although a significant 
improvement compared to preoperative level was observed in the TT and the MOCA. 
Letter fluency improved slightly, as administration was now possible, although severely 
impaired compared to normative data (z = -2.50). Due to a different test-protocol, naming 
was screened with the ABC and resulted in two out of three items (low-frequency words) 
correct. Overall, B2 improved on three out of five administered tests.

C3 Left temporal lobe
Preoperatively, the spontaneous speech of C3 consisted of short sentences (telegraphic 
speech) with word-finding difficulties, neologisms, perseverations, semantic and pho-
nemic paraphasias. At test-level, C3 had severely impaired scores in most language tests 
(TT: z = -15.08, BNT: z = -2.37, DIMA Repetition: z = -14.29, DIMA Semantic odd-picture- 
out: z = -5.77). Errors in the BNT consisted of neologisms (e.g. pelikaan/pelican → 
lebelberk), semantic and phonemic paraphasias. The DIMA Repetition subtests were 
intact for 3-syllabic words, but non-words contained substitutions (e.g. non-word: anato 
→ inaro) and sentence repetition contained omissions (e.g. sentences: moeder roerde in 
de soep/mother stirs the soup → moeder is soep/mother is soup). DuLIP Semantic 
Sentence completion (z = -1.50) was mildly impaired when presented visually, whereas 
the auditory version of DIMA Sentence completion was not possible at all. Semantic 
DuLIP-tasks were feasible without time constraints (DuLIP Semantic odd-word-out: z > 0, 
DuLIP Semantic odd-picture-out: z > 0). Due to aphasia severity, letter fluency and tests 
for verbal memory, attention and executive functions were not administered.

Intraoperatively, DES elicited new semantic paraphasias and neologisms during object 
naming, which were not reproducible. During resection, performance of object naming, 
semantic judgment tasks, reading words aloud, sentence completion and spontaneous 
speech remained at the preoperative level. The resection boundary was reached when 
new neologisms and perseverations occurred during object naming.
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At three months postoperatively, C3 reported no changes in language functioning during 
the interview before test administration. At test level, the TT and the BNT improved signifi-
cantly compared to preoperative level. However, compared to normative data, the TT 
remained severely impaired (z = -12.05) and the BNT recovered to an intact performance (z 
= -0.62). DIMA Semantic odd-picture-out (z = -5.77) remained severely impaired. DuLIP 
Sentence Completion (z > -1.50) recovered to intact score. DuLIP Semantic odd-word-out (z 
> 0) remained intact. DIMA Repetition deteriorated further and could not be administered due 
to defective auditory input route. Overall, C3 improved on two out of six administered tests.

D4 Left temporo-parietal lobe
Preoperatively, the spontaneous speech of D4 was marked with word finding difficulties, 
stereotypes and incomplete sentences. Speech appeared to be occasionally mildly dys-
arthric. At test-level, D4 had severely impaired scores on most tests (TT: z = -5.23, BNT: z = 
-9.60, Category fluency: animals z = -3.20 and professions z = -3.30, DIMA Repetition: z = 
-7.29, DIMA Semantic odd-picture-out: z = -5.77, DIMA Sentence completion: z = -4.14, 
TMT-A: z = -3.50, TMT-B: z = -4.70, TMT-B/A: z = -3.40, HVLT recall: z = -5.21, HVLT delayed 
recall: z = -5.47, HVLT true positives: z = -2.00). Only HVLT false positives was intact (z = 
-0.33). Errors in the BNT consisted of semantic paraphasias, neologisms and circumlocu-
tions. In DIMA Repetition 3-syllabic words were intact but compounds, non-words and 
sentences were severely impaired. Due to aphasia severity, letter fluency could not be 
administered.

Intraoperatively, DES elicited delayed reactions in repetition at cortical level and 
subcortical stimulation elicited light flashes. During resection, spontaneous speech, repe-
tition and semantic judgment remained at preoperative level. Resection ended when the 
tumour was macroscopically completely removed in combination with slight deteriora-
tion of spontaneous speech.

One day postoperatively a short language screening, the ABC, was administered. 
Subsection Language Comprehension was intact (7/7), but in the subsection 
Language Production semantic paraphasias were produced in object naming and 
in reading aloud (5/7). Two weeks postoperatively D4 still reported word finding 
difficulties, but in general, speech production had improved. Due to a fall of the 
stairs and a bone flap infection, follow-up neurolinguistic assessment was not 
possible.

E5 Left temporo-parietal lobe
Preoperatively, the spontaneous speech of E5 was fluent despite its slow speech rate 
with semantic and phonemic paraphasias. Auditory comprehension was delayed. At 
test-level, E5 had severely impaired scores in most language tests (BNT: z = -12.80, 
Category fluency – animals: z = -3.60, Category fluency - professions: z = -3.80, Letter 
fluency: z = -3.80, DIMA Repetition: z = -14.83, DIMA Semantic odd-picture-out: z = 
-5.77). Errors in the BNT consisted of word finding difficulties, semantic paraphasias 
and circumlocutions (schaar/scissors → vanmiddag nog gebruikt/used this afternoon). 
In DIMA Repetition 3-syllabic words were nearly intact but compounds, non-words 
and sentences contained substitutions, phonemic paraphasias, self-corrections and 
omissions (sentences: de kinderen graven een put/the children dig a well → de 
kinderen een put/the children a well). DIMA Sentence completion (z = -0.63) was 
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intact. Due to aphasia severity, the TT and tests for verbal memory, attention and 
executive functions were not administered.

Intraoperatively, no positive sites were identified during cortical and subcortical sti-
mulation. During resection, spontaneous speech, object naming, repetition and semantic 
odd-picture-out remained at preoperative level. Resection ended when the tumour was 
macroscopically completely removed.

Two weeks and six months postoperatively, E5 reported improved spontaneous 
speech. E5 did not receive a follow-up neurolinguistic assessment.

Discussion

We aimed to examine the feasibility of awake surgery in patients with glioblastoma 
in eloquent language areas suffering from severe preoperative aphasia. Resection of 
glioblastoma using awake surgery was feasible in five patients, without perioperative 
complications. By using a patient-tailored intraoperative language monitoring, intrao-
perative language deterioration was distinguished from preoperative aphasia 
(Research question 1). Postoperatively, language was stable or even improved 
(Research question 2).

Language outcomes

Preoperatively, all patients had severe aphasia as measured with the TT, the BNT and the 
DIMA which is in accordance with other studies in which patients with faster growing 
tumours like glioblastoma, were more impaired than reported in low-grade glioma 
patients (Noll et al., 2015; Whittle et al., 1998). In the present study, cognitive tests 
could not be administered in some patients due to aphasia severity as these tests have 
heavy language demands. Non-verbal screening of cognition could be a solution for 
future research. When preoperative administration of cognitive tests was possible, 
severely impaired scores were found which is in line with other studies in high-grade 
glioma (Noll et al., 2015; van Kessel et al., 2017; van Kessel et al., 2019).

Intraoperatively, we used patient-tailored language tasks which were based on the 
preoperative extensive neurolinguistic examination on different input and output routes 
and an error analysis. As hypothesized, using such tasks we could intraoperatively make 
a reliable interpretation of further language deterioration and thereby detect the func-
tional resection boundaries for language in all patients, which means that the resection 
was stopped when language deteriorated further compared to the preoperative aphasia. 
With our patient-tailored method, it seems that severely aphasic patients can be eligible 
for awake surgery.

Postoperatively, no further deterioration of aphasia severity occurred in any of the 
five patients. All patients reported improvement of language. As in brain tumour 
patients, the patients’ self-report is not always in accordance to proxy-report and to 
test performance (van der Linden et al., 2020), also an interview with a caregiver needs 
to be a part of standard practice. In our patients, language and other cognitive functions 
remained stable and even improved in most patients which is in line with our hypoth-
esis. Most improvement was observed in A1 (eight out of eleven tests), followed by B2 
(three out of five) and C3 (two out of six); an extensive postoperative examination in D4 
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and E5 was missing. Administration of DIMA Repetition in C3 was not possible post-
operatively as due to a deficit in verbal comprehension. Earlier studies already demon-
strated no negative effects of awake surgery on language functions in glioblastoma 
patients, although the inclusion of severely aphasic patients had never been reported so 
far (Altieri et al., 2019; Bonifazi et al., 2020; van Kessel et al., 2020). In other studies with 
low-grade glioma and high-grade glioma patients, persistent or new post-surgical 
language impairments were influenced by the presence of a preoperative aphasia 
(Finch & Copland, 2014; Ilmberger et al., 2008; McGirt et al., 2009). In our patients this 
did not appear to be the case.

Possible linguistic predictors of language outcomes

Although the postoperatively tested patients showed improvement on the TT, reflecting 
a decrease of aphasia severity, the extent of improvement varied across patients. A1 
recovered to normal performance, B2 improved from a severe aphasia to a moderate 
aphasia and C3 remained severely impaired, despite a significant change in tests scores. It 
is possible that preoperative performance on word-finding, phonology, and/or semantics 
could have played a predictive role in the course of postoperative improvement. 
Ilmberger et al. (2008) found that a preoperative subnormal naming performance 
appeared to be a prognostic factor for postoperative language deterioration after 
awake surgery in low-grade glioma and high-grade glioma. In all our patients, naming 
was impaired preoperatively. A1 and C3 improved to normal naming scores postopera-
tively contrasting with Ilmberger et al.’s (2008) findings in which most patients had lower 
graded gliomas (WHO grade I-III). Currently, it is known that an extensive cortical and 
subcortical network is involved in word-retrieval processes, such as naming (Papagno 
et al., 2011). As our patients suffered from high-grade glioma (WHO grade IV), classically 
known to suppress cortical areas without infiltrating subcortical tracts, it is plausible that 
their postoperative recovery in naming performance is due to a release of mass-effect on 
cortico-subcortical structures.

It could also be speculated that an intact preoperative level in a phonology test 
(repetition) has predictive value for postoperative language outcome. in our patients 
preoperative phonological function attested with a repetition task was a predictor of 
postoperative language outcome. Both A1 and B2 had no preoperative severe impair-
ment in repetition, whereas C3 was severely impaired in repetition which may explain 
these different paths of aphasia recovery. In stroke research, performance in phonological 
tests already appeared to be the strongest predictor of long-term outcome of aphasia (El 
Hachioui et al., 2013; Glize et al., 2017). Also, in low-grade glioma and high-grade glioma, 
Sierpowska et al. (2017) showed that repetition during awake surgery was more sensitive 
than object naming to preserve the arcuate fasciculus and thereby preserving language. 
Despite the lack of recovery on the TT (significant improvement in z-score but still below 
the cut-off) in C3, it is noteworthy that naming recovered to normal performance and that 
the DuLIP semantic tasks remained almost intact. Hence, in this case it seemed of crucial 
importance to intraoperatively monitor the core of the lexical system, that is the semantic 
system to preserve or even improve postoperative language performance (Ellis & Young,  
1996). When the semantic system could not be reached due to disturbances in verbal 
comprehension (a defective auditory input route) as in C3, written stimuli (orthographic 
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input route) were needed to reach and thereby test the semantic system. Finally, C3 is the 
only patient that used neologisms in the pre- and intraoperative phase. This type of 
language error may be an indicator of worse language outcome as opposed to other 
types of paraphasias.

Possible clinical predictors of language outcome

Tumour location may also have influenced the linguistic profile and outcome. Our 
patients did not show a so-called location-to-function deficit, that is a language impair-
ment specific to the linguistic functions that are commonly described in the literature for 
their tumour locations at cortico-subcortical level (De Witte et al., 2015). For example, the 
semantic odd-picture-out test from DuLIP could be applied in proximity of the posterior 
inferior temporal gyrus and/or the inferior fronto-occipital fasciculus. With the application 
of a location-to-function approach, specific linguistic tests may be more sensitive to elicit 
certain language errors (in this examples semantic paraphasias) indicating critical lan-
guage areas. Preoperatively A1, B2 and C3 presented “Broca-like” telegraphic speech 
output, although this was only “classically” expected for A1 and B2, given the tumour 
location in the middle frontal gyrus near Broca’s area. All patients produced semantic 
paraphasias in spontaneous speech and/or naming tests which was expected for C3, D4 
and E5 due to temporal tumours. It seems that all patients suffered from a broader and 
more mixed type of aphasia as seen after stroke than as typically described in low-grade 
glioma (Davie et al., 2009).

Tumour and other clinical characteristics may also have influenced language perfor-
mance. Three of our patients (A1, B2, D4) had confirmed IDH-wildtype which is associated 
with more severe cognitive impairments (van Kessel et al., 2020; Wefel et al., 2016). Cystic 
and necrotic lesions have been described to be associated with postoperative improve-
ment of psychomotor speed and visuospatial functioning (van Kessel et al., 2020). A1, B2 
and E5 had a large cystic and necrotic portion in their preoperative tumour volume. 
Possibly this accounted for their improvement of language and cognitive performance at 
test-level (A1 and B2) or patient’s self-report during the interview (E5).

It is known that the glucocorticoide medication dexamethasone, which is often pre-
scribed for brain tumour patients, effectively minimizes neurological symptoms (Palombi 
et al., 2018; Prado & Crowe, 2019). At the moment of preoperative neurolinguistic assess-
ment, dexamethasone was only prescribed to C3. The amount of postoperative language 
improvement in C3 is thereby a result of surgery alone. Dexamethasone was prescribed 
a day preoperatively in A1 and B2. Their language improvement could therefore not only 
be a result of surgery but also due to a reduction of oedema by dexamethasone.

Two of our patients (A1 and B2) had a survival time of more than 34 months. Both of 
them showed postoperative improvement of their aphasia. Survival time in the other 
patients was 11 (C3), 15 months (D4) and 18 months (E5) for which D4 and E5 the tumour 
was recurrent. A negative influence of aphasia and cognitive impairment on survival was 
revealed in different studies (McGirt et al., 2009; Rahman et al., 2017; van Kessel et al.,  
2021). It could be the case that the postoperative language improvement in A1 and B2 
contributed to a longer survival time as a result from a large tumour resection with 
a release of mass effect. Another explanation of longer survival of A1 and B2 could 
originate from their histologically confirmed methylated promotor of MGMT.
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Limitations

Some limitations should be taken into account when interpreting our results. We 
described only five patients which is a very small group to draw solid conclusions from. 
Postoperative assessment was conducted at different time points. In addition, A1 and B2 
were tested after finishing their radiotherapy which may have influenced the results when 
measuring the effect of surgery on language functions. Despite this, both patients 
showed improvement of language functions. D4 and E5 had recurrent glioblastoma and 
had already underwent surgery with general anaesthesia twice and had received exten-
sive chemo-radiation which may have influenced the preoperative scores before awake 
surgery. Due to a typical postoperative decline in the acute phase it is recommended that 
assessment takes place after finishing radiotherapy which is approximately three months 
postoperatively.

Reading assessment is necessary to investigate whether the orthographic input route 
can be used to present language tasks during surgery. In C3 auditory comprehension was 
limited, but not written comprehension. A dual input route makes it possible to reach the 
semantic system. In our patients, reading assessment was based on clinical interpretation 
of scores on various tests. It is advised to administer reading tests in future formal 
examinations to ascertain the intraoperative use of the orthographic input route.

Future directions

Findings in these case series suggest, in line with Gerritsen et al. (2022), that awake 
surgery in glioblastoma patients is safe and feasible, but our study suggests it is even 
possible when patients have preoperative severe aphasia. A prospective multicentre 
randomized clinical trial (SAFE-trial NL7589 by Gerritsen (et al. (2020)) is ongoing to assess 
the added value of awake surgery in glioblastoma. High expertise of a multidisciplinary 
awake team is mandatory including a specialized SLP. More standardized intraoperative 
tasks for severe aphasia are needed for this population. Our team is working on a revised 
version of DuLIP (De Witte et al., 2015) with tasks designed especially for patients with 
severe aphasia.

Clinical recommendations

For adequate intraoperative monitoring of severely aphasic glioblastoma patients, exten-
sive preoperative neurolinguistic examination is necessary with special attention for 
repetition and semantic tasks in addition to the traditional object naming test. All input 
and output routes at different linguistic levels need to be thoroughly examined according 
to a language processing model including a language error analysis. This way, intrao-
perative tasks can be selected adequately and adapted to the preoperative language 
level. By doing so, the SLP can focus on the intact linguistic levels, thereby facilitating 
reliable interpretation of further language deterioration during DES and resection. When 
new paraphasias occur, resection boundaries for language are reached. Consequently, 
a maximal safe resection can be achieved with language preservation, even in glioblas-
toma patients with severe aphasia.
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Conclusion

We described for the first time the feasibility of awake surgery in patients with 
glioblastoma in eloquent language areas suffering from preoperative severe aphasia. 
For adequate intraoperative monitoring of severely aphasic glioblastoma patients, 
a preoperative extensive neurolinguistic examination and a subsequent adaptation of 
intraoperative tasks is necessary. In this way functional boundaries for language can 
be detected even in preoperatively severely aphasic patients resulting in stable or 
improved language outcome.
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