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  Introduction

Maximal resection of malignant gliomas has been shown to 
be a favourable prognostic factor for survival. Maximal re-
section should be achieved, however, with preservation of the 
patient’s neurological functions. Awake craniotomy with in-
tra-operative mapping and monitoring of various neurological 
functions is a technology used by neurosurgeons to achieve 
that goal when tumours are located within or adjacent to func-
tional brain regions. In this review, we discuss the rationale 
for maximal resection as a goal and describe the techniques 
used during awake craniotomy for intra-operative mapping 
and monitoring, including the pitfalls and complications asso-
ciated with the technique.

  Benefi t of Maximal Tumour Resection

The value of maximal resection of malignant gliomas is con-
troversial. There is consensus regarding the need to obtain 
pathological diagnosis and to reduce mass effect when pre-
sent. However, there are no clear data supporting maximal 
surgical resection and enhanced overall survival, progres-
sion-free survival, or improved quality of life. 43 retrospec-
tive studies have been reported over the last 2 decades and ex-
amined the association between the extent of resection of low- 
and high-grade gliomas and survival. In 32 studies for high-
grade gliomas (HGG), only 5 used volumetric MRI analysis. 
Three of the studies showed survival benefi ts of 2–8 months 
[1–3], and one study showed a trend toward enhanced surviv-
al, although it did not reach statistical signifi cance [4]. Eleven 
studies assessed the correlation between extent of resection in 
low-grade glioma (LGG) and survival, with only 3 using vol-
umetric MRI analysis [5–15]. All studies showed increased 
overall survival with maximal resection; in one, increased ex-
tent of resection resulted in a reduced incidence of malignant 
transformation [13].

  Potential Benefi ts from Awake Craniotomy

Awake craniotomy with intra-operative mapping and moni-
toring has been reported to be associated with better neuro-

logical outcome, more extensive tumour resection, and short-
er length of stay (LOS) in hospital [16–19]. Patients operat-
ed using awake craniotomy are not exposed to possible com-
plications associated with general anaesthesia [20]. In fact, 
some data even advocate performing awake craniotomy as 
an outpatient procedure when patients are discharged af-
ter 6 hours of observation and a control post-operative CT 
scan [20]. In a series of 100 patients undergoing resection 
of supra-tentorial LGG without functional mapping, func-
tional neurological outcome was compared to 122 patients 
with LGG who underwent tumour resection with intra-oper-
ative cortico-sub-cortical direct electrical stimulation [21]. 
The authors reported that in the non-mapped group 17 % ex-
perienced a new permanent neurological defi cit compared to 
6.5 % in the mapped group (p < 0.019). Moreover, postop-
erative MRI showed that GTR was achieved in only 6 % in 
the non-mapped group compared to 25.4 % of GTR in the 
mapped group (p < 0.001). Importantly, survival was direct-
ly correlated to the extent of resection [21]. In another retro-
spective analysis of patients with glioma who underwent sur-
gical resection, 20 patients who underwent awake craniotomy 
were compared to 19 patients who underwent surgery under 
general anaesthesia. Awake craniotomy was associated with 
a shorter LOS in hospital [18].

  Indications

Traditional indications for awake craniotomy with intra-oper-
ative mapping and monitoring include preservation of motor 
and language functions. Despite advances in functional imag-
ing such as fMRI, diffuse tensor imaging (DTI), as well as in-
tra-operative neuronavigation techniques, our ability to rely 
on these modalities to identify primary language sites preop-
eratively is still limited. Thus, awake surgery with intra-op-
erative cortical stimulation-induced language dysfunction to 
identify functional language centres remains the gold standard 
for identifi cation of these essential regions.

  History of Awake Craniotomy

Awake craniotomy with intra-operative mapping was fi rst 
used by Penfi eld [22] in the context of epilepsy surgery. Intra-
operative cortical and subcortical mapping of eloquent areas 
has been used in brain tumour surgery during the last 2 dec-
ades. This technique provides the surgeon with real-time lo-
calization of functional regions in the brain and allows pre-
servation of these regions by resulting in maximal and safe tu-
mour resection.
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  Description of the Technique

Preoperative Evaluation
Preoperative evaluation of patients considered candidates for 
awake-craniotomy with intra-operative mapping and monitor-
ing at our centre includes formal speech evaluation that con-
sists of naming, visual or auditory verb generation, and speech 
comprehension, which is usually carried out up to 2 days be-
fore surgery (baseline) and repeated intra-operatively. A com-
prehensive neuropsychological evaluation is performed and 
includes a short interview with the patient and a family mem-
ber preceded by several cognitive tests such as WAIS III – 
Similarities and Digit Span, Rey Auditory Verbal Learning 
Test (RVLT), Rey-Osterrieth Complex Figure Test (RFLT), 
naming, verbal fl uency (semantic and phonetic), WMS III – 
Special Span, and Stroop Test or MoCA Test [23]. The pa-
tient’s emotional state and ability to cooperate during awake 
surgery is usually assessed by questionnaires, such as the 
Beck Depression Inventory, the State-Trait Anxiety Invento-
ry (for quantifying anxiety), Barratt’s Impulsivity Scale (BIS-
11), and the Sensitivity to Reward and Punishment Question-
naire (SPSRQ) [24]. Patients also meet with a social worker 
and a member of the monitoring team for detailed explanation 
of the hospital course, including preoperative preparation, the 
nature of the surgical procedure, and the postoperative course. 
Minimal doses of sedatives and anxiolytic drugs are generally 
administered on the morning of the operation. Anticonvulsant 
blood levels are confi rmed as being within the desired thera-
peutic level one day before surgery.

Intraoperative Management
Most patients at our centre receive intravenous midazolam 
(1–2 mg) and fentanyl (50–100 mcg) upon arrival at the oper-
ating room. Each patient receives nerve blocks with local an-
aesthetics and according to the location of the planned pin-
ning and incision site, ie, supra-orbital, temporal, or occipital. 
Standard anaesthesia monitoring is accompanied by invasive 
blood pressure monitoring. Spontaneous ventilation is moni-
tored by capnography. Because urinary catheters are not rou-
tinely inserted (found to be particularly disturbing in men), we 
try to avoid the administration of mannitol or over-hydration. 
All patients receive oxygen (3 l/min) through a nasal canu-
la during surgery. Light sedation is achieved intra-operatively 
with continuous administration of remifentanil when needed 

(Figure 1). In certain situations, such as when sedation with 
remifentanil does not seem to be adequate, propofol is sup-
plemented under careful supervision. Patients who exhibit a 
low baseline speech level do not receive propofol or remifen-
tanil at all. All sedatives or analgesics are discontinued brief-
ly after pinning of the skull in order to carry out a second neu-
rocognitive evaluation after the patient’s head has been im-
mobilized and before incising the skin. Patients who experi-
ence pain from dural manipulation are injected with lidocaine 
1 % between the dural leaves. Evaluation of performance in 
all tasks is assessed by comparing accuracy and speed of re-
sponse to the preoperative levels. Mild sedation and pain con-
trol medication are provided after the resection is completed 
until the skin incision is closed.

Mapping
Traditionally, mapping is performed with 50-Hz stimulation, 
however, other strategies are available. At our centre, we use 
direct cortical 50-Hz bipolar stimulation for cortical mapping 
of speech and motor functions (Ojemann Cortical Stimulator, 
Radionics, Burlington, MA) [25]. The cortical surface is stim-
ulated in 2-mA increment intensities, from a baseline of 4 mA 
to a maximum 10 mA, or until functional response is elicit-
ed. Effects of stimulation on behaviour and performance (eg, 
speech arrest, anomia, hesitation, error in fi nger tapping, any 
motor responses) are noted, and the anatomical and radiologi-
cal locations as well as the intensity applied are recorded.

Monitoring
The tasks used for the purpose of monitoring during surgery 
vary according to the proximity of the patient’s lesion to cor-
tical areas of language functions or according to the patients’ 
specifi c functional MRI mapping of language functions (as 
measured by blood oxygen level-dependent activation). Lan-
guage is checked by free speech after cortical stimulation and 
throughout the resection itself by sub-cortical stimulation of 
adjacent tracts (ie, superior longitudinal fascicle, arcuate fas-
ciculus etc). Motor functions are evaluated according to the tu-
mour location by asking the patient to perform various move-
ments (eg, clenching a fi st, fl exing a foot) as well as by the 
ability of the patient to plan and initiate movements in cases 
of lesions in proximity to the supplementary motor area. Mo-
tor-evoked potentials and corresponding muscle responses are 
monitored in most patients.

Figure 1. Intra-operative photographs of the surgical team during awake craniotomy.
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  Neuroanaesthesia in Awake Craniotomy

Neuroanaesthesia in awake craniotomy is important for keep-
ing the patient cooperative during the mapping phase as well 
as for decreasing the physical and psychological stress asso-
ciated with this procedure. There are several anaesthesia pro-
tocols in use. Intermittent general anaesthesia with controlled 
ventilation for asleep-awake-asleep (AAA) has been de-
scribed. A laryngeal mask or endotracheal tube is inserted be-
fore the beginning of the operation and taken out before map-
ping is started. At the end of the mapping phase the patient is 
re-anaesthetized and ventilated through the laryngeal mask or 
endotracheal tube. In a prospective single-centre study, 140 
patients were operated for tumour resection under AAA. They 
were fully awake for a mean of 98 minutes, discomfort was re-
ported in 17.8 %, with one case of aspiration, and no mortali-
ty. AAA has the advantage of sparing the unpleasant phase of 
craniotomy and hence does not have a time limitation during 
non-eloquent tumour resection or during the closure phase. 
However, the main disadvantage is the risk of coughing and 
aspiration [26]. In our experience, patients are operated under 
monitored anaesthesia care with no general anaesthesia. Pa-
tients are spontaneously breathing throughout the entire pro-
cedure. Sedation is achieved with propofol and remifentanil 
during the insertion of the head holder and craniotomy itself. 
Once the mapping phase is complete sedation is re-applied. 
The main complications associated with general anaesthesia 
are minimized by this approach. Minimal sedation does not 
usually lead to airway obstruction, hypoxia, or hypercapnea.

  Surgical Technique: The Evolution of Cra-

niotomy Size

Intra-operative mapping was fi rst used in the context of epi-
lepsy surgery. In this procedure, large craniotomies with wide 
cortical exposure are used to identify cortical regions respon-
sible for language and motor function (ie “positive sites”). A 
different approach has evolved for tumour surgery. Tumour 
resection is performed through smaller, tailored craniotomies 
with small cortical exposure of the tumour region. Tumour re-
section is directed through non-critical cortical regions (ab-
sence of stimulation-induced language responses, and some-
times without localization of positive functional sites [27]). 
This strategy is more time-effi cient [28]. However, despite 
minimizing the risk of causing neurological defi cits, these 
complications may still occur [29].

  Intra-Operative Monitoring

Language
Signifi cant inter-individual variability in language site or-
ganisation exists. This may be due to an anatomical variation 
mass effect carried by the tumour or even brain reorganisation 
due to brain plasticity. Speech arrest may be produced during 
awake craniotomy far beyond the classical Broca’s region. Im-
portantly, it is crucial to differentiate between dysarthria and 
speech arrest. Speech arrest is recognized by ceasing fl uent 
function (ie, number counting) without simultaneous invol-
untary motor response in the muscles affecting speech. Since 
functional brain tissue may be located inside tumours such as 
malignant gliomas, it is not always safe to presume that the tu-

mour’s interior can be resected without functional deteriora-
tion. This is the overall rationale for operating lesions located 
adjacent to presumed speech centres by awake surgery (Fig-
ure 2). Brain tumour resection with intra-operative language 
mapping was performed in 250 patients with gliomas [27]. 
Tailored craniotomies with limited cortical exposure resulted 
in only few points of localization of language sites (“positive 
sites”). Still, 6 months later, only 1.6 % had a persistent lan-
guage defi cit [27]. Interestingly, in a case report of a patient 
with anaplastic astrocytoma located in Broca’s area, only sub-
total awake resection was achieved. This patient underwent 

Figure 2. (A) Pre-operative axial fl uid-attenuated inversion recovery- (FLAIR-) weigh-
ted MRI showing a WHO grade-II insular glioma in a 40-year-old woman presenting 
with episodes of seizures. This patient has no neurological defi cit. (B) Intra-operative 
cortical mapping of language during awake surgery.

A

B
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implantation of a subdural grid over his Broca centre within 
the residual tumour. Continuous high-frequency cortical elec-
trical stimulation (cHFCS) was applied with stimulus inten-
sity that caused mild speech disturbances. After 25 days of 
stimulation the author reported displacement of speech func-
tion and the patient underwent second surgery during which 

the tumour could be completely removed with no defi cit. The 
authors concluded that this phenomenon was evidence for in-
duction of topographic plasticity by using cHFCS, which al-
lowed more extensive tumour resection [30].

Motor Function
Motor function is a complex process involving several frontal 
regions including primary motor cortex, secondary motor ar-
eas such as the supplementary motor area (SMA), pre-motor 
area, and cortico-spinal tracts (CST). Electrical stimulation of 
the primary motor cortex leads to motor response (ie, move-
ment). Electrical stimulation of certain secondary motor areas 
such as the pre-motor area and caudal SMA may lead to cessa-
tion of voluntary movement. This was fi rst described by Pen-
fi eld and Jasper [31], and defi ned later by Lüders et al as “neg-
ative motor areas” [32].

Direct cortical stimulation is conducted by bipolar probe with 
2 tips at 6–10 mm distance with frequencies of 50–60 Hz. Ini-
tial stimulation intensity is usually 2 mA and gradually in-
creased in 2-mA increments up to 10 mA. Somatosensory 
evoked potential (SSEP) is used for phase reversal and iden-
tifi cation of the central sulcus. Electromyography (EMG) is 
used to record motor response in muscles. In addition to con-
tinuously assessing the integrity of the motor pathways, mo-
tor-evoked potential (MEP) monitoring is conducted by plac-
ing a strip electrode (4–8 contacts) over the surface of the pre-
central gyrus. MEPs are recorded by needle electrodes insert-
ed into the contra-lateral muscles (same as use for the EMG). 
During tumour resection sub-cortical stimulation is applied, 
usually with monopolar probe to identify the proximity to the 
motor pathways [33] (Figure 3).

Figure 3. (A) Preoperative T1-weighted axial after gadolinium injection 
with diffuse tensor imaging (DTI) of the cortico-spinal tract showing a 
left temporo-parietal high-grade glioma displace medially the cortico-
spinal tract.
(B) Direct cortical stimulation by using bipolar probe. 
(C) A cortical strip electrode is placed over the surface of the motor 
cortex in order to assess motor-evoked potential (MEP).

Figure 4. Sub-cortical stimulation of the cortico-spinal tracts by means of a subcorti-
cal monopolar electrode.
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In a retrospective analysis in 55 patients with tumours locat-
ed within or adjacent to the cortico-spinal tract (CST), direct 
cortical-stimulated motor-evoked potentials and sub-corti-
cal stimulated motor-evoked potentials were assessed and the 
current intensity used to get motor response was correlated to 
the distance from CSTs. A linear correlation was found be-
tween the distance from CSTs and the threshold of sub-corti-
cal sti mu lation producing a motor response (0.97 mA for ev-
ery 1 mm brain tissue distance from CSTs) [33] (Figure 4). 
Importantly, direct cortical and sub-cortical stimulation can 
be achieved in awake manner or under general anaesthesia 
(while avoiding the use of halogenated inhalational and mus-
cle paraly sis agents). Our experience shows no signifi cant 
difference between those methods with regard to immediate 
post-operative motor status or extent of resection [33].

  Outcome of Patients Undergoing Awake 

Craniotomy

The usefulness of awake surgery with intra-operative cortical 
and sub-cortical mapping has not been assessed in randomized 
trials. There is confl icting data based on retrospective studies 
comparing the outcome of patients with brain tumours locat-
ed adjacent to the eloquent cortex who were operated under 
general sedation versus local anaesthesia (awake craniotomy). 
The most extensive work recently published in the literature is 
a meta-analysis of 90 reports with 8091 patients who under-
went resective surgery for malignant supra-tentorial gliomas 
with and without intra-operative stimulating mapping. Se-
vere late post-operative neurological defi cits were observed in 
3.4 % of the patients who underwent intra-operative mapping, 
and in 8.2 % of patients who were operated without intra-op-
erative mapping [34]. GTR was achieved in 75 % and 58 % 
of these groups, respectively. The authors have concluded that 
glioma resection using intra-operative stimulation mapping is 
associated with less late and severe neurological defi cits and 
more extensive resection and should thus be widely used as a 
standard of care in glioma surgeries [34].

  Patient Satisfaction

Awake craniotomy has been shown to be a safe procedure 
from a medical point of view. However, several studies in-
vestigated patient perception and satisfaction with the proce-
dure [20, 35, 36]. Specifi cally, their levels of anxiety, expec-
tations, and satisfaction were assessed. It appears that awake 
craniotomy is well-tolerated by those patients who under-
stand the benefi ts of the procedure and believe that it may im-
prove their post-operative outcome. Patient recollections of 
the procedure vary. Some patients have no recollection at all 
while others vividly remember the sound of the drill or the 
pressure on the head during the insertion of the Mayfi eld head 
holder. Interestingly, most patient recalls are auditory mem-
ories (suction, drilling, voices of the surgical team). Half of 
them do not remember the cortical mapping part despite be-
ing fully cooperative during the procedure. They remember 
talking with the surgical team, being asked to perform tasks 
such as to move their extremities, and answering questions. 
Overall, despite experiencing minimal pain and discomfort 
during certain parts of the operation (placement and removal 
of cranial fi xation, skin incision), it appears that most patients 

tolerate awake craniotomy well and show an overall high lev-
el of satisfaction [20, 37].

  Awake Craniotomy in Special Popula-

tions

Awake Craniotomy in the Elderly Population
Despite data linking awake surgical resection of supra-tento-
rial tumours with maximum extent of resection and overall 
better outcome, older patients with malignant brain tumours 
are rarely offered such aggressive treatment. We compared the 
outcome of 90 elderly patients (> 65 years old) who underwent 
awake craniotomy to 334 patients < 65 years old. Specifi  cally, 
the 2 groups were compared for surgical outcome parameters 
such as postoperative complication, mortality, LOS, and over-
all survival [38]. There was no higher rate of mortality or post-
operative complications in the elderly group of patients, ex-
cept increased LOS. On average, elderly patients tend to stay 
2 days longer in hospital compared to their younger counter-
parts. Interestingly, a subset of elderly patients with HGG en-
joyed a signifi cant survival benefi t after awake GTR of their 
tumours (Figure 5). Taken all of these data together, it appears 
that awake maximal surgical resection of brain tumours in the 
elderly population with good pre-operative functional status is 
feasible, safe, is not associated with increased peri-operative 
morbidity or mortality, and may increase their survival. Un-
fortunately, there is no additional data investigating this topic.

Awake Craniotomy in the Paediatric Population
Awake craniotomy has been used in the paediatric popula-
tion [40–42]. Specifi c challenges concern cooperation, under-
standing, and anxiety. Several reports have been published so 
far including a case of a 9-year-old girl with NF1 who under-
went successful awake craniotomy with intra-operative lan-
guage mapping for resection of a left temporo-parietal GBM 
[40]. Another report described 2 patients who were 16 years 
old when diagnosed with intra-axial brain tumours located 
adjacent to their speech brain regions. They both underwent 

Figure 5. Kaplan-Meier curve of survival for elderly patients (65 years) with high-
grade gliomas (HGG) who underwent awake-craniotomy gross tumour resection (GTR) 
compared to subtotal resection (STR) or biopsy. Median survival was signifi cantly lon-
ger for patients with HGG who underwent GTR compared to those who underwent STR 
or biopsy (10.8 vs 7.8 months, respectively; p = 0.039) [39].
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intra-operative language mapping and resection of their tu-
mours. Overall, it seems that awake craniotomy is feasible and 
safe also in the paediatric population, but is undoubtedly chal-
lenging in younger children, especially the part of brain map-
ping. Additional neurophysiological strategies are warranted.

  Complications

In addition to the complications associated with craniotomy 
under general anaesthesia such as post-operative infection or 
post-operative bleeding, there are several complications that 
are uniquely associated with awake craniotomy.

Awake Craniotomy Failure
Awake craniotomy may need to be converted in certain situa-
tions into general anaesthesia surgery. There are several caus-
es that may lead to failure of the procedure and unsuccess-
ful stimulation and mapping. In a review of 424 patients un-
dergoing awake craniotomy, 27 were considered as an awake 
craniotomy failure [43]. The most common reason was lack 
of intra-operative communication with the patients (n = 18; 
4.2 %), mostly due to pre-operative dysphasia and phenyto-
in treatment. As one can expect, their outcome compared to 
those who underwent successful awake surgery was worse in 
several parameters: their overall complication rate was sig-
nifi cantly increased with a higher incidence of postoperative 
dysphasia, the rate of GTR was signifi cantly lower, and their 
length of stay was signifi cant longer with an average of an ad-
ditional 3 days in hospital.

Intra-Operative Seizures during Awake 
Craniotomy
Seizures are commonly presenting symptoms in patients with 
brain tumours occurring in 30–50 % prior to their diagnosis. 
Intra-operative seizures during awake craniotomy may have 
a negative impact on the surgical course and in certain cases 
may require conversion into general anaesthesia. The postictal 
period may negatively affect patient cooperation, especially 
during electrical cortical and sub-cortical mappings. This may 
cause reduced tumour resection and a higher rate of post-op-
erative neurological defi cits. In a review of 477 patients with 
brain tumours who underwent awake craniotomy, the inci-
dence of intra-operative seizures was 12.6 % (n = 60). Eleven 
patients (2.3 %) were considered as a failure while awake cra-
niotomy was converted into general anaesthesia surgery. Inter-
estingly, these failed patients tended to be younger with a his-
tory of pre-operative seizures. In general, their outcome was 
worse with a signifi cantly higher rate of short-term motor def-
icit, and they tended to stay longer in hospital [39]. In a se-
ries of 511 patients who underwent tumour resection with in-
tra-operative brain mapping, 25 (4.9 %) patients experienced 
intra-operative seizures. Two patients required intubation and 
induction of general anaesthesia [44]. It is well-known that tu-
mour histology and location may predict seizure occurrence. 
The incidence of seizures is higher in patients with LGG and 
is more common when the tumour is located in the frontal and 
temporal lobes. In a series of 137 patients with gliomas, the 
occurrence of intra-operative seizures during awake cranioto-
my was 21.1 %. A signifi cant correlation was found between 
intra-operative seizures and tumour location. Specifi cally, pa-
tients with tumours located in the supplementary motor area 

had the highest incidence of intra-operative seizures (73.3 %) 
regardless of their seizure history.

  Intra-Operative Monitoring of Cognition

Intra-operative mapping of non-language or motor function 
has received less attention. Many patients suffer from post-op-
erative visual and cognitive defi cits that negatively affect their 
quality of life. Thus, there is a need to expand the indications 
for awake craniotomies for preservation of their functions.

Mapping of SMA
The SMA, part of the frontal lobe, is responsible for the initia-
tion and planning of movements. Unilateral SMA lesion may 
lead to motor and language defi cits. This usually gradually im-
proves within a few weeks (SMA syndrome). Rosenberg et al 
[45] investigated SMA activity in 26 patients with tumours lo-
cated in this region. All patients underwent awake tumour re-
section with motor and language monitoring. The motor para-
digm consisted of fi nger tapping that was validated before by 
fMRI studies to activate the SMA [46]. In this task, the patient 
had to plan sequences of fi nger movements. Language was as-
sessed by verb generation tests and free speech. Task dysfunc-
tion during direct cortical stimulation was associated with crit-
ical involvement of the SMA in this task. Stronger activation 
of the lesioned SMA was seen in patients without direct cor-
tical stimulation-induced dysfunction. The authors suggest-
ed that this phenomenon was the result of higher functional 
sites that were able to compensate for the disruption caused 
by electrical stimulation.

Mapping of Optic Radiation
Post-operative visual defi cits have received little attention in 
the past and have been considered an acceptable postoperative 
neurological defi cit although they may have negative conse-
quences on daily activity. Epilepsy surgeons traditionally used 
anatomical criteria to preserve optic pathways during mesio-
temporal surgeries. However, it appears that there is much in-
ter-individual variability in the optic pathways, especially the 
part located posterior to the lateral geniculate body [47, 48]. 
A series of 14 patients with grade-I, -II, and -III gliomas who 
underwent awake tumour resection with intra-operative map-
ping of the optic radiation using sub-cortical electrical stimu-
lation has been recently reported. These patients had tumours 
involving the optic radiation with none of them having had a 
pre-operative visual fi eld defi cit. During surgical tumour re-
section, direct sub-cortical electrical stimulation was repeat-
edly performed until the optic radiation was identifi ed by tran-
sient visual disturbances. All patients experienced visual dis-
turbances during mapping and tumour resection was stopped 
at this point. Only one patient experienced permanent post-op-
erative hemianopsia [49].

Future Directions
Individually Tailored Mapping
Mapping of non-language, non-motor, essential functions 
such as spatial perception and memory has received less at-
tention and is considered highly experimental. Individually 
tailored mapping is desired not only in the sense of portray-
ing functional organisation at the individual patient level, but 
also in terms of selecting the functions to be mapped. Ideal-
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ly, the selection process should rely not only on tumour loca-
tion and clinical symptoms but also on each patient’s partic-
ular occupational needs and habits (eg, perception of tempo 
and pitch for musicians, sense of space for pilots or civil en-
gineers) to improve surgical outcome for this particular pa-
tient. Indeed, several clinical reports have recently published 
the use of awake mapping for various tasks with good clinical 
outcome. There is one case report describing intra-operative 
mapping of calculation in a school teacher operated for resec-
tion of a left parietal tumour involving the angular gyrus [50]. 
She was neurologically intact before surgery and during map-
ping performed some mild serial arithmetical subtraction er-
rors. She underwent GTR of the tumour and left with a mild 
post-operative defi cit for arithmetical subtraction. In another 
report, 4 amateur singers, pre-operatively intact, with brain tu-
mours who underwent awake surgery using a singing task dur-
ing direct cortical stimulation, demonstrated clear distinction 
between speech and singing in the Broca region [51]. We have 
recently related pre-operative fMRI activation in the supple-
mentary motor area and the functional defi cit aroused during 
intra-operative direct cortical stimulation [45].
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