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„...Neuropsychology meets Neurosurgery...“ 
(auf dem Weg zu einer kognitiven  Neurochirurgie) 

Der Papyrus Edwin Smith wurde 1862 in Ägypten 
gefunden. Er wurde ca. 1500 v. Chr. verfasst und basiert 

auf Schriften, die bereits um 3000 v. Chr. existierten... 

Pierre-Paul Broca (1824-1880) 
Gehirn des Patienten „Tan“ 
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Carl Wernicke (1848-1905) 

Wo im Gehirn wird Sprache verarbeitet? 

Raichle et al., 1992 

Friederici et al., 2006 
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Based on our clinical experience using lexico-semantic
tasks, at least six core clinically relevant language areas
can be identified using fMRI (Fig. 1).

Broca’s area

Our understanding of the role of Broca’s area, perhaps
most frequently defined as constituting pars opercularis
and triangularis [Tremblay and Dick, 2016], in language is
evolving. Our understanding of the clinical syndromes
accompanying Broca’s lesions evolved with research in the
1990s which highlighted the key role the insula plays in
motor programming for speech articulation [Dronkers,
1996]. Specifically, clinical syndromes previously grouped
as “Broca’s Aphasia” can be understood as reflecting
a spectrum spanning damage to the lenticular zone
(anarthria), insula (dyspraxia), and inferior frontal cortex
(Broca’s-type agrammatic aphasia) [Donnan et al., 1999].
The specialization of subregions within Broca’s continues
to be elaborated. Discrete regions are likely involved
in processing grammar, semantics, and phonology
[Bookheimer, 2002; Rodd et al., 2015] in both expressive
and receptive speech.

Exner’s area (“graphemic motor frontal area”)

This region, located at the posterior extent of the middle
frontal gyrus, is critically involved in transforming phono-
logical representations of words into the motor commands
for producing their written forms [Roux et al., 2010]. Stim-
ulation in this area has been found, for instance, to selec-
tively disrupt handwriting (6/12 patients) [Roux et al.,
2009]. Stimulation also showed Exner’s area was separate
from Broca’s area, hand motor cortex, and frontal eye
fields. In five further patients, writing disturbance was
combined with reading and/or naming deficits on

stimulation and two tumor patients who had the region
partially resected suffered postoperative handwriting defi-
cits. Of the numerous publications on this area, Anderson
et al. [1990] case study of a secretary who underwent focal
resection of a posterior MFG tumor and suffered postoper-
ative alexia and agraphia, to which she adapted by, for
example, using a rubber stamp of her signature and draw-
ing grocery items for her shopping list, is of particular
interest. This region falls within the dorsolateral prefrontal
cortex, an area that is key in other cognitive processes
such as working memory and executive skill, which are
also recruited during use of language skills.

Supplementary speech area (“supplementary motor
area,” speech component; pre-SMA)

This area, located in posterior superior and medial fron-
tal cortex, is critically engaged in initiating and sequencing
motor movements for speech. It is unique among the listed
language regions since its unilateral resection typically
results in a transient (and in some instances, profound)
aphasia that recovers over weeks to months postopera-
tively. For instance, Krainik et al. [2003] observed that six
of 12 patients who had regions of the SMA resected suf-
fered postoperative speech deficits varying from mutism
(3 cases) to globally decreased output (3 cases), which
fully or largely recovered by 8 months postoperatively
(range 3–8 months). The degree of (transient) deficit was
proportional to the extent of fMRI activation resected, and
the authors concluded “unilateral SMA removal can be
accomplished without resulting in significant permanent
deficits” [Zentner et al., 1996]. Recovery appears to reflect
recruitment of contralateral SMA, so that if communication
between language areas and contralateral SMA is impaired
(e.g., bilateral lesions, damage to corpus callosum) deficits
may persist to various degrees [Endo et al., 2014].

Figure 1.

Historic (left) and current (right) models of the language system.
Left: “Speech areas: Evidence from stimulation,” modified from
Penfield & Roberts, 1959. Right: A model reflecting more recent
knowledge (circles are approximate). (1) Broca’s Area, in the
posterior third of the inferior frontal gyrus. (2) Exner’s Area, in
the posterior middle frontal gyrus. (3) Supplementary motor

area. (4) Angular gyrus. (5) Wernicke’s area, inferior (mid to
anterior STG) and superior (posterior STG and supramarginal
gyrus) components. (6) Basal temporal language areas. Note
that anterior temporal cortex also appears critically involved in
auditory naming (not highlighted). [Color figure can be viewed
at wileyonlinelibrary.com]
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Abstract: Language mapping is a key goal in neurosurgical planning. fMRI mapping typically proceeds
with a focus on Broca’s and Wernicke’s areas, although multiple other language-critical areas are now
well-known. We evaluated whether clinicians could use a novel approach, including clinician-driven indi-
vidualized thresholding, to reliably identify six language regions, including Broca’s Area, Wernicke’s
Area (inferior, superior), Exner’s Area, Supplementary Speech Area, Angular Gyrus, and Basal Temporal
Language Area. We studied 22 epilepsy and tumor patients who received Wada and fMRI (age 36.4[12.5];
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Wada data (85% accuracy). Activation consistent with all six language regions was consistently identified.
In blind review, three external, independent clinicians rated the individualized fMRI language maps
as superior to fixed threshold maps; identified the majority of regions significantly more frequently;
and judged language laterality to mirror Wada lateralization more often. These data provide initial
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Using direct cortical stimulation to map language function during
awake craniotomy is a well-described and useful technique. However,
the optimum neuropsychological tasks to use have not been detailed.
We used both functional MRI (fMRI) and direct cortical stimulation to
compare the sensitivity of two behavioral paradigms, number counting
and object naming, in the demonstration of eloquent cortical language
areas. Fifteen patients with left hemisphere lesions and seven healthy
control subjects participated. Patients had both preoperative fMRI at
3 T and direct cortical stimulation. Patients and controls performed
object naming and number counting during fMRI at 3 T. Laterality
indices were calculated from the fMRI maps for the Number-
counting>Object-naming and Object-naming>Number-counting
contrasts. The same number-counting and object-naming paradigms
were tested during awake craniotomy and assessed for sensitivity to
speech disruption. In all patients during intraoperative cortical
stimulation, speech disruption occurred at more sites during object
naming than during number counting. Subtle speech errors were only
elicited with the object-naming paradigm, whereas only speech arrest
and/or hypophonia were measured using the number counting
paradigm. In both patients and controls, fMRI activation maps
demonstrated greater left lateralization for object naming as compared
to number counting in both frontal and temporal language areas.
Number counting resulted in a more bihemispheric distribution of
activations than object naming. Both cortical stimulation testing and
fMRI suggest that automated speech tasks such as number counting
may not fully engage putative language networks and therefore are not
optimal for language localization for surgical planning.
© 2007 Published by Elsevier Inc.

Introduction

Awake craniotomy for the purpose of language mapping is a
well-described and useful technique (Haglund et al., 1994; Berger
and Rostomily, 1997; Berger et al., 1989; Meyer et al., 2001;
Ojemann et al., 1989). Typically, as the surgeon performs direct
bipolar electrical cortical stimulation with simultaneous electro-
corticography, a neuropsychologist monitors the patient's perfor-
mance on a language task. Disruption of the task during cortical
stimulation is taken to indicate that the underlying cortex is
essential for the performance of that task. Surgical resection of the
lesion is then performed respecting a margin, generally 1 cm, of the
positive response sites.

Unfortunately, even when these margins are respected, patients
may exhibit postoperative language deficits including difficulty
with comprehension, speech production, naming, repetition, read-
ing or writing. One possible reason such deficits occur may be
because a variety of language tasks are not individually tested
during cortical mapping. As a result, it is possible that the testing
that is performed is not sensitive enough to detect the cortical
localization of all possible language function in an area.

Hamberger et al. (2005), for example, demonstrated that the
use of different language tasks during direct cortical stimulation
can affect clinical language outcome. They found that patients
who had resections that included sites at which auditory
responsive naming was disrupted showed more postoperative
aphasia than patients who did not have auditory responsive
naming sites removed. This aphasia occurred despite the fact that
those patients had their visual naming sites spared. Ideally then,
patients would be mapped using several language tasks. However,
intraoperative constraints of time, patient cooperation, sedation,
and positioning preclude comprehensive language testing. There-
fore, it is important to systematically examine the sensitivity of
various language tasks so that we can maximize the efficiency of
intraoperative language testing and better avoid postoperative
deficits.

www.elsevier.com/locate/ynimg
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Comparison of positive intraoperative stimulation points and
pre-surgical fMRI

The average distance between the anatomically defined Broca's
area and the four positive stimulation points in patient 1 was
29 mm (SD 6 mm) during number counting and 25 mm (SD 7 mm)
during object naming (Fig. 3). In patient 2, the average distance to
the anatomically defined Wernicke's area was 51 mm (SD 13 mm)
during number counting and 47 mm (SD 7 mm) during object
naming.

Neuropsychological testing

Of the five patients that had neuropsychological testing both
pre- and post-surgically, none showed a significant change in their
confrontation naming performance. One patient experienced a mild
transient form of pure alexia without agraphia postoperatively,
which resolved within a week. Expressive and receptive language
function in this patient remained in the same range as the pre-
surgical assessment.

Discussion

The present results demonstrate that during intraoperative
electrocortical language mapping in the dominant hemisphere,
object naming yields more sites of speech interruption than number
counting in all cases. Subtle speech errors were only elicited with
the object naming paradigm, whereas only speech arrest and/or
hypophonia were measured using the number counting paradigm.
Further, in both patients and control subjects, fMRI activity was
more left-lateralized during object naming as compared to number
counting in both ROIs. Together, these findings imply that more
complex language tasks like object naming rely on established
dominant hemisphere networks and may be a more sensitive
measure of language localization during direct cortical stimulation
than language paradigms that test over-learned speech, such as
counting.

Number counting is commonly used during awake cranio-
tomies (Ruge et al., 1999; Duffau et al., 2003; Bello et al.,
2006). As an overlearned speech pattern, sequential number
counting is particularly convenient for language mapping as it
can be preserved in aphasic patients. This affords the surgeon
continuous speech output for electrocortical language mapping
that might not have been possible otherwise in a profoundly
dysphasic patient (Cappelletti et al., 2001; Trojano et al., 1988).
In patients where more complex tasks are not feasible, or when
used as a first step in more detailed language mapping this
approach is reasonable. However, the results of this study imply
that number counting is not as sensitive to the type of subtle
disruption that may also indicate the location of essential
language cortex. In our intraoperative mapping we never
observed a linguistic error more subtle than arrest or hypophonia
during number counting; only when object naming was used did
we observe paraphasias, circumlocution, perseveration and word
finding difficulty. This suggests that using number counting
alone might lend itself to false negative determinations of
language localization.

It is not surprising that object naming was interrupted more
often than number counting during intraoperative mapping given
the semantic, grammatical, and syntactic complexity of proposi-
tional (non-automated) speech. These complexities are reflected
by the findings that propositional speech commonly activates a
wide network of structures mostly in the dominant hemisphere
(Naeser et al., 2004; Roux et al., 2003; Blank et al., 2002). By
contrast, number counting (considered non-propositional) is
largely devoid of many of these linguistic characteristics. These
complexities may be problematic to the surgeon during
electrocortical stimulation of the dominant temporal lobe, where
often one must rely on subtle linguistic errors to map the
receptive language areas. Using a task devoid of such complex-
ities during electrocorticography may make it difficult to map the
temporal lobe accurately. The fact that our fMRI and
intraoperative results also suggest a differential representation
for number counting as compared to object naming in the one

Fig. 2. fMRI results for patients and healthy control subjects. fMRI activity lateralizes more completely to the left-hemisphere in the Object-naming>Number-
counting contrast than the Number-counting>Object-naming contrast in both Broca's and Wernicke's areas. Analyses are random effects group analyses at
pb0.01.

S105N.M. Petrovich Brennan et al. / NeuroImage 37 (2007) S100–S108

Um Sprachrelevante Areale zuverlässig einzugrenzen ist das Zählen nicht 
ausreichend (da überlernt und automatisiert)! Das Benennen im ganzen Satz 
(z.B. „...dies ist ein Mantel ..., den kann man anziehen...“) eignet sich besser, 

da hierdurch komplexere Netzwerke aktiviert werden.  

Henry Molaison (genannt H.M.),  
geb. 26.02.1926, gest. 02. Dez. 2008 

Der Fall H.M. 

Dieser Pat. (geb. 1926) hatte mit 10J. erstmals 
epileptische Anfälle, mit 16 Jahren seinen 1. GM.  
Nach d. 20 Lebensjahr hatte HM ca. 10 Anfälle am 
Tag. Man führte eine radikale Operation durch.  
Die OP erfolgte am 01.Sept. 1953 und 
wurde von den ausführenden Chirurgen  
als „frankly experimental“ bezeichnet... 
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Bestimmte Hirnregionen sind für 
bestimmte, spezialisierte Funktionen 

relevant... 

Okzipitallappen 

Parietallappen 

Frontallappen 

Temporallappen 

SPRACHE 

Gedächtnis 

Sehen 

Planen, 
 
Handeln 
 
Steuern 
 
Entscheiden 

räuml. 
Denken 

Verstehen Sprechen 

Bewegen 
Vorbereiten 

der Bewegung 

Vigilanz 

Konzentration geistiges Tempo 
Flexibilität 

Gedächtnis Sprache 
Termine 

Vereinbarungen 
Fachwissen 

Instruktionen... 
 

Kommunikation 
Kundenkontakte 

Teamwork 
(Re-)Präsentation 
Kundenkontakte... 

Arbeitseffizienz 
Aneignung neuer Techniken 

zeitgebundene Aufträge 
evtl. Akkordarbeit... 

Fokussierung 
Ablenkbarkeit 

Detailgenauigkeit... 

Durchhaltevermögen 
Daueraufmerksamkeit 

Schichtarbeit 
Überstunden... 

Multi-tasking 
Planung von Abläufen 

Absprache- u. Kritikfähigkeit... 
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linke 
Hirnhälfte 

abstrakte Worte 

Wortproduktion 

komplexe  
Willkürbewegungen 

Phonologie 

arithmetische 
Operationen 

verbales  
Gedächtnis 

Rhythmus 

Emotionen 

Prosodie 

Raumorientierung 

mentale Drehung 

Gesichter 

Geometrische 
Formen 

fokussierte 
Aufmerksamkeit globale 

Aufmerksamkeit 

rechte 
Hirnhälfte 

Die Wachcraniotomie hat einen hohen  
Stellenwert, wenn sich hirneigene Tumoren  
(z.B. Gliome, Astrozytome) in unmittelbarer 
Nähe zu funktionell relevanten Hirngebieten 

(Bewegung, Sprache, Denken) befinden,  
deren Funktionen unter Vollnarkose  

nicht beobachtet und beurteilt werden können. 

Aus klinischen Studien ergeben sich Hinweise, 
dass so radikal wie möglich ausgeführte 

Tumorentfernungen die Chance der adjuvanten 
Behandlungen (Chemo und/oder Strahlentherapie). 

verbessern und die Überlebensdauer der 
Patienten verlängern. 
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Persönlichkeits- 

aspekte 

formale 
Patientenselektion 

1. Neuropsychologische 
Untersuchung (Tests) 

Patientenexploration 

OP-Vorbereitungsgespräch 

Neuropsychologische 
Stimulation unter 
Wachcraniotomie 

1. Post-operative 
neuropsychologische 

Untersuchung/Beratung (Tests) 

2. Post-operative neuropsychologische Untersuchung/Langzeitverlauf 

prä-OP 

intra-OP 

post-OP 

August 2017 | Volume 7 | Article 1761

ORIGINAL RESEARCH
published: 18 August 2017

doi: 10.3389/fonc.2017.00176

Frontiers in Oncology | www.frontiersin.org

Edited by: 
Johan Pallud,  

University Paris-Descartes,  
France

Reviewed by: 
Santiago Gil Robles,  

Hospital Quiron Madrid, Spain  
David D. Eisenstat,  

University of Alberta, Canada  
Nader Sanai,  

Barrow Neurological Institute,  
United States

*Correspondence:
Sandro M. Krieg  

sandro.krieg@tum.de

†These authors have contributed 
equally to this work.

Specialty section: 
This article was submitted  

to Neuro-Oncology and 
Neurosurgical Oncology,  

a section of the journal  
Frontiers in Oncology

Received: 13 June 2017
Accepted: 02 August 2017
Published: 18 August 2017

Citation: 
Kelm A, Sollmann N, Ille S, Meyer B, 

Ringel F and Krieg SM (2017) 
Resection of Gliomas with and 

without Neuropsychological Support 
during Awake Craniotomy—Effects 
on Surgery and Clinical Outcome.  

Front. Oncol. 7:176.  
doi: 10.3389/fonc.2017.00176

Resection of Gliomas with and 
without Neuropsychological Support 
during Awake Craniotomy—Effects 
on Surgery and Clinical Outcome
Anna Kelm1, Nico Sollmann1,2, Sebastian Ille1,2, Bernhard Meyer1, Florian Ringel1,2†  
and Sandro M. Krieg1,2*†

1 Department of Neurosurgery, Klinikum rechts der Isar, Technische Universität München, Munich, Germany,  
2 TUM-Neuroimaging Center, Klinikum rechts der Isar, Technische Universität München, Munich, Germany

Background: During awake craniotomy for tumor resection, a neuropsychologist (NP) 
is regarded as a highly valuable partner for neurosurgeons. However, some centers do 
not routinely involve an NP, and data to support the high influence of the NP on the 
perioperative course of patients are mostly lacking.

Objective: The aim of this study was to investigate whether there is a difference in 
clinical outcomes between patients who underwent awake craniotomy with and without 
the attendance of an NP.

Methods: Our analysis included 61 patients, all operated on for resection of a pre-
sumably language-eloquent glioma during an awake procedure. Of these 61 cases, 47 
surgeries were done with neuropsychological support (NP group), whereas 14 surgeries 
were performed without an NP (non-NP group) due to a language barrier between the 
NP and the patient. For these patients, neuropsychological assessment was provided 
by a bilingual resident.

Results: Both groups were highly comparable regarding age, gender, preoperative 
language function, and tumor grades (glioma WHO grades 1–4). Gross total resection 
(GTR) was achieved more frequently in the NP group (NP vs. non-NP: 61.7 vs. 28.6%, 
P = 0.04), which also had shorter durations of surgery (NP vs. non-NP: 240.7 ± 45.7 
vs. 286.6 ± 54.8 min, P < 0.01). Furthermore, the rate of unexpected tumor residuals 
(estimation of the intraoperative extent of resection vs. postoperative imaging) was lower 
in the NP group (NP vs. non-NP: 19.1 vs. 42.9%, P  = 0.09), but no difference was 
observed in terms of permanent surgery-related language deterioration (NP vs. non-NP: 
6.4 vs. 14.3%, P = 0.48).

Abbreviations: AAT, Aachen Aphasia Test; AP, anterior–posterior; DES, direct electrical stimulation; DTI, diffusion tensor 
imaging; EOR, extent of resection; FLAIR, fluid-attenuated inversion recovery; GTR, gross total resection; IOM, intraopera-
tive neuromonitoring; KPS, Karnofsky performance status; MRI, magnetic resonance imaging; NP, neuropsychologist; nTMS, 
navigated transcranial magnetic stimulation.

FIGURE 2 | Residual tumor. Bar chart of gross total resection (GTR, in %) for 
the neuropsychologist (NP) and non-NP group. GTR was achieved in 61.7% 
of patients in the NP group and 28.6% of patients in the non-NP group 
according to magnetic resonance imaging (MRI) performed after surgery 
(P = 0.04).

FIGURE 1 | Duration of surgery. Boxplot of duration of surgery for the 
neuropsychologist (NP) and the non-NP group with median, minimum,  
and maximum whiskers and quartile-boxes. There was a statistically 
significant difference in the duration of surgery between both groups 
(P < 0.01).

FIGURE 3 | Surgery-related language deterioration. Bar chart comparing 
surgery-related language worsening between the neuropsychologist (NP) and 
non-NP group. In the NP group, 53.2% of patients showed no new 
surgery-related deficits, whereas transient deficits occurred in 40.4% of the 
patients and permanent deficits occurred in 6.4% of the patients. In the 
non-NP group, no new surgery-related deficits were documented for 57.1% 
of patients, whereas 28.6% of the patients were diagnosed with transient 
deficits and the remaining 14.3% of the patients suffered from permanent 
deficits. Regarding surgery-related permanent deficits, there was no 
statistically significant difference between groups (P = 0.48).
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However, this difference between groups was not statistically 
significant (P  =  0.09). Accordingly, residual tumor tissue was 
found in the postoperative MRI of 18 patients (38.3%) of the NP 
group and in 10 patients (71.4%) of the non-NP group (P = 0.04; 
Figure 2).

Among patients of the NP group, the initial brain lesion 
showed a mean volume of 34.8 ± 21.0 cm3. The volume of the 
tumor residual accounted for 1.5  ±  1.8  cm3, which implies 
that 95.7% of the initial volume were resected. Concerning 
patients of the non-NP group, the preoperative tumor volume 
was 43.8 ± 40.9 cm3, whereas the postoperative residual vol-
ume was 1.4 ± 1.2 cm3. Accordingly, 96.8% of the preoperative 
tumor volume were surgically removed. Regarding the differ-
ence in residual tumor volumes between the NP and non-NP 
group, no statistically significant difference was revealed 
(P = 0.97).

Clinical Course and Functional Outcome
Karnofsky Performance Status
There were no statistically significant differences between both 
groups in terms of their preoperative or postoperative KPS scores. 
The median preoperative KPS score was 90 (range: 60–100) in 
the NP group and 100 (range: 80–100) in the non-NP group 
(P = 0.05). The median postoperative KPS score was 90 (range: 
10–100) for the NP group and 90 (range: 60–100) for the non-NP 
group (P = 0.41).

Furthermore, the median KPS score during the follow-up 
examinations was 90 (range: 0–100) in the NP group and 90 
(range: 60–100) in the non-NP group. This difference in follow-
up KPS scores was not statistically significant (P = 0.85). When 
comparing the difference between preoperative and follow-up 
KPS scores, there was again no statistically significant differ-
ence between patients of the NP and non-NP group (P = 0.05). 
Accordingly, patients of the NP group showed a median in change 
of 0 (range: −90 to 10) between preoperative and follow-up 

examinations, whereas patients of the non-NP group decreased 
by a median of 5 (range: −30 to 0).

Language and Other Neurological Function
Regarding the status of language function, there were no sta-
tistically significant differences between groups regarding their 
preoperative (P = 0.57), postoperative (P = 0.22), or follow-up 
examinations (P  =  0.85). Furthermore, new surgery-related 
permanent deficits occurred in three cases (6.4%) of the NP 
group and in two cases (14.3%) of the non-NP group (P = 0.48; 
Figure 3). Results regarding further neurological outcome can be 
found in Table 2.

FIGURE 2 | Residual tumor. Bar chart of gross total resection (GTR, in %) for 
the neuropsychologist (NP) and non-NP group. GTR was achieved in 61.7% 
of patients in the NP group and 28.6% of patients in the non-NP group 
according to magnetic resonance imaging (MRI) performed after surgery 
(P = 0.04).

FIGURE 1 | Duration of surgery. Boxplot of duration of surgery for the 
neuropsychologist (NP) and the non-NP group with median, minimum,  
and maximum whiskers and quartile-boxes. There was a statistically 
significant difference in the duration of surgery between both groups 
(P < 0.01).

FIGURE 3 | Surgery-related language deterioration. Bar chart comparing 
surgery-related language worsening between the neuropsychologist (NP) and 
non-NP group. In the NP group, 53.2% of patients showed no new 
surgery-related deficits, whereas transient deficits occurred in 40.4% of the 
patients and permanent deficits occurred in 6.4% of the patients. In the 
non-NP group, no new surgery-related deficits were documented for 57.1% 
of patients, whereas 28.6% of the patients were diagnosed with transient 
deficits and the remaining 14.3% of the patients suffered from permanent 
deficits. Regarding surgery-related permanent deficits, there was no 
statistically significant difference between groups (P = 0.48).
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However, this difference between groups was not statistically 
significant (P  =  0.09). Accordingly, residual tumor tissue was 
found in the postoperative MRI of 18 patients (38.3%) of the NP 
group and in 10 patients (71.4%) of the non-NP group (P = 0.04; 
Figure 2).

Among patients of the NP group, the initial brain lesion 
showed a mean volume of 34.8 ± 21.0 cm3. The volume of the 
tumor residual accounted for 1.5  ±  1.8  cm3, which implies 
that 95.7% of the initial volume were resected. Concerning 
patients of the non-NP group, the preoperative tumor volume 
was 43.8 ± 40.9 cm3, whereas the postoperative residual vol-
ume was 1.4 ± 1.2 cm3. Accordingly, 96.8% of the preoperative 
tumor volume were surgically removed. Regarding the differ-
ence in residual tumor volumes between the NP and non-NP 
group, no statistically significant difference was revealed 
(P = 0.97).

Clinical Course and Functional Outcome
Karnofsky Performance Status
There were no statistically significant differences between both 
groups in terms of their preoperative or postoperative KPS scores. 
The median preoperative KPS score was 90 (range: 60–100) in 
the NP group and 100 (range: 80–100) in the non-NP group 
(P = 0.05). The median postoperative KPS score was 90 (range: 
10–100) for the NP group and 90 (range: 60–100) for the non-NP 
group (P = 0.41).

Furthermore, the median KPS score during the follow-up 
examinations was 90 (range: 0–100) in the NP group and 90 
(range: 60–100) in the non-NP group. This difference in follow-
up KPS scores was not statistically significant (P = 0.85). When 
comparing the difference between preoperative and follow-up 
KPS scores, there was again no statistically significant differ-
ence between patients of the NP and non-NP group (P = 0.05). 
Accordingly, patients of the NP group showed a median in change 
of 0 (range: −90 to 10) between preoperative and follow-up 

examinations, whereas patients of the non-NP group decreased 
by a median of 5 (range: −30 to 0).

Language and Other Neurological Function
Regarding the status of language function, there were no sta-
tistically significant differences between groups regarding their 
preoperative (P = 0.57), postoperative (P = 0.22), or follow-up 
examinations (P  =  0.85). Furthermore, new surgery-related 
permanent deficits occurred in three cases (6.4%) of the NP 
group and in two cases (14.3%) of the non-NP group (P = 0.48; 
Figure 3). Results regarding further neurological outcome can be 
found in Table 2.

FIGURE 2 | Residual tumor. Bar chart of gross total resection (GTR, in %) for 
the neuropsychologist (NP) and non-NP group. GTR was achieved in 61.7% 
of patients in the NP group and 28.6% of patients in the non-NP group 
according to magnetic resonance imaging (MRI) performed after surgery 
(P = 0.04).

FIGURE 1 | Duration of surgery. Boxplot of duration of surgery for the 
neuropsychologist (NP) and the non-NP group with median, minimum,  
and maximum whiskers and quartile-boxes. There was a statistically 
significant difference in the duration of surgery between both groups 
(P < 0.01).

FIGURE 3 | Surgery-related language deterioration. Bar chart comparing 
surgery-related language worsening between the neuropsychologist (NP) and 
non-NP group. In the NP group, 53.2% of patients showed no new 
surgery-related deficits, whereas transient deficits occurred in 40.4% of the 
patients and permanent deficits occurred in 6.4% of the patients. In the 
non-NP group, no new surgery-related deficits were documented for 57.1% 
of patients, whereas 28.6% of the patients were diagnosed with transient 
deficits and the remaining 14.3% of the patients suffered from permanent 
deficits. Regarding surgery-related permanent deficits, there was no 
statistically significant difference between groups (P = 0.48).
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Welche Vorteile bringt das 
neuropsychologische Monitoring? 
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Neurochirurgie 
Struktur & Funktion 

Neuropsychologie 
Kognition & Struktur 

„kognitive Neurochirurgie“ „kognitive Neurochirurgie“ 
„interventionelle Neuropsychologie“ 

Mit einem gezielten Schuss aus seiner Armbrust  
traf der Ur-Schweizer Wilhelm Tell den Apfel  

auf dem Kopf seines Sohnes. 
Mit einem zweiten Pfeil traf er später 

transthorakal via Perikard den linken Ventrikel 
des bösartigen Landvogtes Gessler,  

was zur Gründung der unabhängigen Schweiz  
beitrug... 

                                                             M. Fey, Bern 

Warum Präzision wichtig ist... 

Personalisierte Medizin... 


