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Summary

Indications of surgical treatment for lesions in the central nervous
system depend on the risk of a definitive neurological deficit, related
to the benefit of resection. Detection of eloquent areas is then neces-
sary because of major individual variability. Neuro-imaging func-
tional techniques are in development and are beginning to be efficient
for cortical sensorymotor mapping, but still lack sensitivity and
specificity for language mapping, and remain unable to give real-
time data during surgery and to perform sub-cortical mapping. The
more precise and reliable method of functional mapping is repre-
sented by the intra-operative direct electrical stimulations (DES),
which allow identification and preservation of essential pathways for
motricity, sensibility and language, at each level of the central nervous
system (cortico-subcortical). We report our experience of DES in the
surgery of tumours and vascular malformations located in supra-
tentorial brain eloquent areas, with a consecutive series of 60 patients
operated on under general or local anaesthesia, from November
1996 until May 1999 in our department at La Salpétriere Hospital.

Presenting symptoms in the 60 subjects (39 males, 21 females,
mean age: 45 years) were seizures in 37 cases with normal clinical
examination, and mild neurological deficit in 29 cases. MRI showed
60 supra-tentorial brain lesions: 30 precentral, 12 postcentral, 14
perisylvian in the dominant hemisphere, 4 deep-seated. All subjects
underwent surgical resection using DES, with supratentorial cortico-
subcortical mapping under general anaesthesia for motor areas de-
tection in 43 cases and under local anaesthesia for sensori-motor
and/or language tasks in 17 cases. The final histological diagnosis
was 44 gliomas (31 low-grade and 13 high-grade), 9 metastasis, 3
cavernomas, 4 arteriovenous malformations (AVM). Resection was
total or subtotal in 52 cases (87%) and partial in 8 cases (13%). 29
patients had no post-operative deficit, while the other 31 patients
were impaired post-operatively, with in all cases, except 3, a com-
plete recovery delayed for 15 days to 3 months (overall morbidity:
5%). The median follow up was 14 months.

Intra-operative direct electrical stimulations of the central nervous
system constitute a reliable, precise and safe method, allowing the
realization of a functional mapping useful for all operations of
lesions located in eloquent areas. This technique allows a minimi-
zation of definitive post-operative neurological deficit, and con-
currently an improvement in the quality of resection.

Keywords: Electrical stimulations; functional mapping; language;
sensorymotor.

Introduction

Indications for surgical treatment of lesions located
in the central nervous system depend on the risk of a
definitive neurological deficit, related to the benefit of
resection. Detection of eloquent neural structures is
then mandatory, taking account of the major individ-
ual anatomo-functional variability both for sensori-
motor [69] and language functions [32, 49], particu-
larly in the presence of a lesion likely to induce a mass
effect and/or a functional reorganization [61, 72]. De-
spite recent development of non invasive functional
neuro-imaging (PETscan, functional MRI and Mag-
neto-encephalography) which begin to be efficient for
sensori-motor mapping [39, 45, 57, 73], these techni-
ques still remain too imprecise for complex functions
such as language mapping (75% of sensitivity and 80%
of sensibility using PETscan [33] and 81% of sensitivity
and 53% of specificity using fMRI [27]). Moreover,
they do not give real-time data during surgery, and
they are unable to perform a functional mapping of the
white matter, which is equally important as the deter-
mination of eloquent cortical regions to avoid neuro-
logical sequelae. Finally, they allow detection of all the
areas implicated in the realization of a task, but not the
essential structures in these networks.

The more precise and reliable method nowadays is
represented by intra-operative direct electrical stim-
ulations (DES) of the central nervous system, which
allows a safe real-time identification and hence preser-
vation of essential pathways for motricity, sensibility,
language and even memory [5, 6, 7, 8,9, 12, 13, 16, 22,
25, 26, 31, 33, 36, 40, 47, 48, 49, 50, 52, 53, 54, 58, 59,
63, 68, 70]. This technique can provide intra-operative
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functional mapping at the cortical [6, 26, 31, 49, 70]
and sub-cortical [7, 8, 22, 63] brain level, at the brain-
stem level [23, 44, 66, 67], and also at the spinal cord
level [7, 24].

We report our experience of DES in the surgery of
tumours and vascular malformations located in su-
pratentorial eloquent brain areas, with a consecutive
series of 60 patients operated on under general or local
anaesthesia at La Salpétriére Hospital, from Novem-
ber 1996 until May 1999.

Patients and Methods

Patient Population

All patients with lesions of the central nervous system close to an
eloquent area seen in our institution between November 1996 and
May 1999 were considered for entry into this prospective study.
These cases included a wide variety of clinical presentations, lesion
locations and histological types. Patients were excluded in case of
severe pre-operative deficit. Paediatric surgery is not practiced at our
institution.

When necessary, the dominant hemisphere was defined, to avoid
the realization of an invasive Wada test, using neuropsychological
examination associated with fMRI, which seems nowadays reliable
for language lateralization determination [11, 19].

Operative Technique

In all surgical procedures, the location of the lesion was intra-op-
eratively verified using ultrasonography [41] and/or an image-guided
system (Surgiscope, Elekta*).

All subjects underwent surgical resection using DES. The principle
consists in the direct application on the neural structures of a 5-mm
spaced tips bipolar probe delivering a biphasic current with an in-
tensity non-deleterious to the nervous system (current amplitude
from 0.5 mA to 16 mA depending on the conditions of anaesthesia).
A train of constant current biphasic square wave pulses was used
with a pulse frequency of 60 Hz and a single pulse phase duration of
1 ms (Ojemann Cortical Stimulator, Radionics).

Supratentorial brain cortico-sub-cortical stimulations:

— Under general anaesthesia: direct cortical stimulations of the pri-
mary motor area performed without curarisation, induce a motor
response of the contralateral corresponding limbs or face identi-
fied by an observer, allowing the reconstitution of an Homunculus
as first described by Penfield [52], before the beginning of lesion
removal. During resection, sub-cortical motor stimulations also
allow the detection of the pyramidal pathways by generating
movements, giving the deep boundaries of the removal. Moreover,
the ability of cortical stimulations inducing at the end of the re-
section the same motor responses than before the lesion excision,
at the same current intensity, allows the verification of anatomo-
functional integrity of the entire motor pathways. Current inten-
sity used varied from 6 to 16 mA.

— Under local anaesthesia: it is also possible to perform surgery on
an awake co-operating patient without any pain or discomfort for
him [16, 68], to study during operation not only essential cortico-
sub-cortical areas of motricity, but also of sensitivity, language,
and even memory. Patient is installed in the lateral position with
great efforts to ensure that he could remain in this position for the
duration of the procedure. Patient was during opening and closing
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of the craniotomy anaesthetized without intubation using Propo-
fol [62] and Alfentanyl, with infiltration (Lidocaine 1%) of the skin
and the dura-mater as a regional field block. Patient is awakened
before the opening of the dura, and the mapping performed.

For lesions located just behind the Rolandic region, cortical and
sub-cortical stimulations of the primary somatosensory area induce
paraesthesias on the contralatral hemibody which can be described
by the awake patient. A motor mapping can also be realized as under
general anaesthesia.

For language, on the contrary, electrical stimulations do not in-
duce an activation but an inhibition of speech [46]. Then for lesions
of the perisylvian region of the dominant hemisphere (fronto-
opercular, temporal, insular and/or at the temporo-parieto-occipital
junction), using language tasks such as counting and naming [49], we
can determine before and during resection respectively cortical and
sub-cortical essential eloquent areas which have to be preserved and
are characterised on stimulation by speech arrest or anomia (Fig. 1,
2, 3, 4). Current intensity used range from 3 to 6 mA.

In all cases (under general or local anaesthesia, for sensori-motor
or language mapping), the principle is to stop the resection as soon as
a functional area (cortical and/or sub-cortical) detected using elec-
trical stimulations is encountered. Although no margin is necessary
between the edges of the surgical cavity and the sensori-motor sites, a
margin of 7 mm must be preserved around the language areas [31] to
avoid a definitive post-operative deficit.

Moreover, to avoid brain oedema, a bolus of Mannitol is sys-
temically administered before dural opening. In case of intra-opera-
tive seizures, cortex irrigation with cold serum or Ringer allows im-
mediate interruption of the epilepsy [60].

Results

Clinical, radiological, histological and treatment
characteristics of the 60 patients are summarized in
Table 1.

There were 39 males and 21 females with an age
range of 21 to 71 years (mean 45 years).

Presenting symptoms were seizures in 37 cases (61%)
with normal neurological examination, progressive
mild deficit in 21 cases (35%) (14 motor deficits, 4
somatosensorial disorders, 3 language disturbances)
and 2 intracranial hypertension syndromes (4%). Con-
cerning location, MRI revealed 30 precentral lesions
(50%), 12 postcentral (20%), 4 left temporal (6%)
(dominant hemisphere — DH —), 6 left fronto-opercular
(10%) (DH), 2 left temporo-parieto-occipital (3.5%)
(DH), 2 left insular (3.5%) (DH), 3 right insular (5%)
(non DH), and one lenticulo-caudate lesion.

43 patients (71%) (with a central lesion or a lesion
close to the internal capsula) underwent surgery under
general anaesthesia with realization of a motor map-
ping using stimulations, while the other 17 patients
(29%) were operated on awake under local anaesthe-
sia: 3 with sensori-motor mapping (retrocentral le-
sion), and 14 with sensori-motor and language map-
ping (perisylvian lesion in the dominant hemisphere).
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Fig. 1. Pre-operative sagittal (a), coronal (b) and axial (c and d) T1-weighted gadolinium-enhanced MRI showing a left parietal low-grade
glioma extending to the temporo-parieto-occipital junction, diagnosed in a right-handed woman without any neurological deficit after gener-

alized seizures

In all cases, eloquent areas were identified, without
any “negative’ brain mapping: it means that the mo-
tor sites were detected in the 60 patients, the somato-
sensory areas in the 17 awake patients, and the lan-
guage (speech arrest and naming) sites in the 14
patients with specific language mapping. The resection
was then systematically pursued up to contact with the
eloquent cortical and sub-cortical areas detected by
stimulations (with a 7 mm margin around the lan-

guage sites already mentioned), to optimize the quality
of the lesion removal. However, it was identified using
intra-operative ultrasonography and/or neuronaviga-
tion a tumour residue infiltrating the functional areas
(then without possibility of total removal) in 8§ cases.
Control cortical DES at the end of resection showed
unchanged motor responses in all cases except 3: the
threshold of electrical intensity was increased, never-
theless with a decrease of the motor response.
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Fig. 2. Intra-operative view before resection. The letters A, B, C
represent the limits of the tumour as identified by ultrasonography.
The numbers mark the essential functional sites detected using direct
cortical electrical stimulations under local anaesthesia on an awake
patient: motor areas (2: arm, 1: forearm, 4: hand, 3 and 5: fingers, 6:
face); somato-sensory areas (38: arm, 12: hand, 13: face); language
areas (15 and 29: speech arrest during stimulations, 18 and 21:
anomia during stimulations)

Fig. 3. Intra-operative view after the tumour resection. The primary
motor areas (1 to 6) and somato-sensory areas (12, 13, 38) continue
to give respectively motor and sensory responses during cortical
stimulations, which means that the anatomo-functional integrity of
the eloquent pathways is preserved. Moreover, the language areas
(18, 21) were respected, with the sub-cortical stimulations allowing
the identification of the corresponding descending language path-
ways [40]. The tumour removal was then stopped using functional
boundaries

All procedures under local anaesthesia were well
tolerated (median duration 5 hours), except in one
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case, where the patient was too tired to continue brain
mapping during all the duration of the resection: sur-
gery was then stopped, and the patient was re-operated
on 2 months later with better co-operation.

No complication was noted due to the use of
DES.

The histological examination showed 44 gliomas
(31 low-grade and 13 high-grade), 9 metastasis, 3 cav-
ernomas and 4 arteriovenous malformations (AVM).

29 patients had no postoperative deficit (48%), while
31 (52%) developed an immediate and transitory wor-
sening of their neurological status (16 motor impair-
ments in which 9 supplementary motor area syn-
dromes [58], 12 language and 4 somatosensorial
worsenings occurred): all these patients recovered
within 15 days to 3 months, except 3 cases of high-
grade gliomas — the 3 patients with the decrease of
motor response during control cortical DES at the end
of resection — (overall morbidity: 5%; postoperative
mortality: 0). Nevertheless, in spite of normal objective
neurological examination, approximately 10% of these
patients complained of mild subjective discomfort af-
ter the surgery (particularly for left temporo-parieto-
occipital lesions).

Quality of resection was systematically evaluated
using immediate and/or delayed post-operative MRI
(and angiography in the 4 AVM). Concerning the
high-grade gliomas and metastasis, extent of removal
was estimated on the basis of the contrast-enhance-
ment. For all lesions, resection was considered subtotal
in case of a residue with a volume less than 10 cc, and
partial if the volume is more than 10 cc [10]. Re-
sections were total in 31 cases (51%), subtotal in 21
cases (36%), and partial in 8 cases (13%) — because of
infiltration of eloquent areas by the tumour.

The overall follow up for the 60 patients is 14
months.

Discussion

Principles

Although direct electrical stimulations are known
for more than a century to induce alteration of brain
function in animals [29] and humans [3], this method
was used in neurosurgery only since 1930, first by
Foerster [28], and then developed by Penfield who de-
scribed the famous Homunculus [52, 53, 54]. Progres-
sively, this technique expanded both geographically in
the USA [5, 8, 9, 12, 13, 31, 36, 40, 47, 48, 49] and
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Fig. 4. Post-operative sagittal (a), coronal (b) and axial (c and d) T1-weighted gadolinium-enhanced MRI performed 3 months after the sur-
gery, and showing a total resection. The patient presented a transitory right hemiparesia, right hemihypo-aesthesia and mild dysphasia during

15 days, with a complete recovery

likewise in Europe [22, 25, 26, 33, 70], the surgical in-
dications were also widened for tumours [6, 7, 12, 22,
50, 58, 63, 68] and vascular lesions [13, 23].

The principle is based on the depolarisation of the
local neurons and also of the passing pathways, in-
ducing respectively local excitation or inhibition, plus
the possibility of diffusion to more distant areas by or-
thodromic or antidromic propagation [56]. The result
of DES seems then theorically unpredictable: the
approach was consequently empiric. In practice, DES
of the sensori-motor structures generate positive sen-
sory and motor responses (predominance of the

excitatory effect), while DES of the language (and
memory) structures induce transitory blocking of the
function (predominance of the inhibitory effect) [49,
53].

The recent use of a bipolar probe allowed the
avoidance of local diffusion and a more precise
mapping, as demonstrated with the optical imaging
method [30], with an accuracy nowadays estimated
around 5 mm.

Moreover, DES are safe for the central nervous sys-
tem, as observed by the histological examination of
resected structures first stimulated in vivo (lack of in-
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flammation or other injury), and suggested by the fol-
low up of patients [46]. No complication due to DES
was noted in our series.

In addition, DES represent a reliable method: but
the sine qua non condition is to identify the eloquent
areas before any resection. Indeed, if a positive map-
ping assures the surgeon that the neural structures are
functional and then must be preserved, a negative
mapping does not guarantee the absence of eloquent
sites. In this way, Taylor described in a recent study
five patients with permanent worsening despite nega-
tive brain mapping [68]. Consequently, we perform in
our experience systematically a wide boneflap, to ex-
pose the lesion and the functional regions both to be
detected before the resection. Then, we obtained the
identification of eloquent sites in all our procedures
(100% of sensitivity of DES in our experience).

Moreover, at the end of removal, we used in all cases
cortical stimulations to check the anatomo-functional
integrity of the eloquent pathways, particularly for
motor areas under general anaesthesia (then with the
inability to ask the patient to realize each movement
before the closure). Indeed, if these cortical stim-
ulations induce, at the same current intensity than be-
fore resection the same motor responses at the same
sites, it becames sure that the patient will recover full
motor functions, even in case of an immediate post-
operative deficit. This observation is illustrated by our
results, since only 3 patients presented permanent
worsening. These were 3 cases of high-grade gliomas
with pre-operative deficit which made brain mapping
less precise [8] (probably due to the fact that the tu-
mour begins to infiltrate functional areas): in the at-
tempt to perform the most extensive resection, the tu-
mour excision was probably conducted too close to the
eloquent sites, and the cortical stimulations at the end
of the removal still induced motor responses but de-
creased and only with a higher current intensity. Then,
the definitive post-operative impairment shows the
good predictive value of direct cortical stimulations
after resection, since the 57 other patients with un-
changed motor responses during DES (with the same
parameters than before resection) at the end of the le-
sion removal recovered (100% of specificity of DES in
our experience).

However, if DES represent a reliable method for
identifying and then preserving eloquent areas avoid-
ing a definitive post-operative deficit, stimulations do
not prevent and do not predict a transitory immediate
neurological worsening when the resection is pursued

close to the functional networks (31 patients in our se-
ries), because of:

(1) the post-surgical oedema;

(2) probably haemodynamic perturbations — to
confirm using notably diffusion and perfusion-
weighted MRI, a study started in our institution —;

(3) supplementary motor area (SMA) syndromes (9
cases in our experience) known to recover [58] and
more recently known to occur only when the
SMA -proper area is removed [37], independently
of the results of DES identifying the primary mo-
tor area.

Indications

Tumour surgery. One of the most general principles
in oncology is that survival is better if a larger surgical
resection of the tumour is performed. This rule is also
accepted in neuro-oncology, and usually applied to
extracerebral lesions, but the main problem for intra-
cerebral tumour remains the functionality of the brain.
The aim becomes then to maximize the amount and
hence the quality of resection of tumours from an on-
cological point of view, while minimizing the risk of
definitive post-operative neurological deficit.

Prediction of functional organization of the brain
areas using classical anatomical criteria is not reliable,
because of the existence of an important individual
variability in normal subjects [32] as in patients with a
brain lesion [49], with an increase of this variability
due to the mass effect and the possible functional re-
organization by cerebral plasticity mechanisms [50, 61,
72]. Indeed, Uematsu reported that the primary motor
area may extent more than 20 mm anterior to the
central sulcus [69], making anatomical identification
inadequate for a safe resection in this region. Con-
cerning the language function, it is nowadays well-
known that there are multiple essential cortical areas
distributed differently from the Broca-Wernicke’s
model, without reliable anatomical landmarks, partic-
ularly for the surgery of the dominant hemisphere
“perisylvian” lesions [31, 49]. Moreover, brain tu-
mours may contain functional tissue in a patient with-
out any deficit [50, 63]. The use of intra-operative DES
allowing a real-time and accurate detection of the
essential functional neural structures seems then
mandatory.

Consequently, the application of this method to in-
tracerebral glioma removal in an eloquent region may
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help to generate a new concept for their surgical man-
agement. Indeed, it becomes possible to perform a re-
section using functional instead of anatomical boun-
daries, namely to continue to resect the tumour but
also the peritumoural tissue often infiltrated [17, 35],
from which come the recurrences, until eloquent brain
structures are encountered. This attitude then allows
one to optimize the chances to improve the quality of
life and the median of survival which depends on the
extent of resection for low grade gliomas [1, 10, 34, 38,
42,55, 65] as for high-grade gliomas [2, 14], while de-
creasing the risk of neurological sequelae.

Then, regarding morbidity, the use of intra-opera-
tive mapping generates five percent only of post-
operative definitive neurological deficit for gliomas
located in or near functional sites, in the main reports
of the literature as in our experience [9, 12, 26, 31, 63,
68].

Concurrently, concerning the quality of resection of
gliomas in eloquent areas, our experience shows ap-
proximatively 82% of total and subtotal resections
verified on postoperative MRI, with in cases of partial
removal (residue > 10 cc), an interruption of the sur-
gery because the tumour invaded functional tissue: our
series then confirms the ability for gliomas to infiltrate
eloquent regions without generating any deficit, as
previously reported in the literature [50, 63]. Conse-
quently, the classical surgical principle that debulking
the tumour from within will avoid neurological wor-
sening is inadequate.

The same attitude can be applied to the manage-
ment of brain metastasis in eloquent areas, since more
and more authors agree that there is tumoural infiltra-
tion around these lesions, suggested by 20% of local
recurrence in the main series of the literature [18, 20,
51, 64]. This finding then gives arguments in favour of
a larger removal than the metastasis itself, with a
margin of some millimeters, raising the same problem
of the limit of resection in functional regions than in
the case of infiltrative gliomas, and showing the inter-
est of DES.

Indeed, we have operated on 9 metastasis in elo-
quent areas using DES, without any post-operative
deficit, and even with an improvement of the neuro-
logical status in 6 cases. Concurrently, all resections
were “‘supra-complete”.

Vascular surgery. — Cavernous angiomas
DES are useful during surgery of cavernomas in
eloquent regions first for the determination of the best
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surgical approach (cortical mapping), and also for the
improvement of the quality of resection (sub-cortical
mapping). Indeed, it is nowadays well-known that
around the cavernoma is a gliosis likely to contain as-
sociated telangiectasias, which represent the high risk
of (re)bleeding in case of incomplete removal [15, 21].
Then, if the resection of the cavernous angioma is
usually easy, the accurate definition of the interface
between gliosis and the normal tissue is often difficult:
DES become consequently very helpful in functional
areas. Our 3 cases of cavernomas operated on using
DES were totally resected without any clinical wor-
sening, and with a histological diagnosis in one case of
telengiectasias in the peripheral gliosis associated to
the cavernous angioma.

— Arterio-venous malformations (AVM)

In the same way, the precise definition of the best
surgical trajectory and of the boundaries between the
malformation and the normal brain in an eloquent re-
gion is most of the time necessary, because of the more
frequent existence of functional reorganization in
AVM [43] (probably due to its congenital develop-
ment). Moreover there is in this kind of vascular
malformation inducing haemodynamic disturbances,
an increased unreliability of pre-operative functional
MRI even for motor cortical mapping [4], at the
opposite of DES [13] (since they have an electro-
physiological and not haemodynamic basis for re-
cording).

Epilepsy surgery. Although DES were particularly
used for this indication [47, 48, 49, 52, 53, 54, 71], we
can not debate the place of intra-operative mapping in
these cases because of lack of epilepsy surgery in our
experience.

Perspectives

Combined recent technical improvement of the DES
method and development of the neuro-imaging tech-
niques should allow:

— A wider pre-operative battery of functional tasks,
particularly for language, with the aim of a better
selection of the intra-operative tests adapted to the
patient and the location of the lesion (counting,
naming, but also verb generation, calculation, read-
ing, writing, memory, . .. and even neuropsycholog-
ical examination);

— A prospective study of the correlation between
pre-operative functional imaging data and intra-
operative DES data, to increase the sensitivity and
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specificity of the neuro-imaging methods, especially
for language, and then to benefit from a more reli-
able functional preplanning before surgery;

A comparison of pre-, intra- and also post-operative
functional mapping, correlated with clinical evolu-
tion, to understand better the mechanisms of func-
tional reorganization induced by the lesion and by
the surgery: this could allow for future patients to
better anticipate the individual risk of transitory and
definitive post-operative neurological disorders [37],
since in our series, if the permanent worsening was
only 5%, 52% of patients have presented a transitory
impairment of their neurological status (sometimes
with the persistence of mild subjective discomfort).

Conclusion

Direct electrical stimulations constitute an easy, re-

liable, precise and safe method, allowing the realiza-
tion of a functional brain cortico-sub-cortical mapping
useful for every surgical procedure of the central ner-
vous system. This technique allows minimization of
definitive post-operative neurological deficit, and con-
currently an improvement in the quality of lesion
resection.
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Comments

This reviewer fully agrees with the importance of intra-operative
mapping of function to conduct the surgical resection of lesions in
and around eloquent areas. This should be a standard methodology
in the management of such cases. I also agree that this information
should be obtained cortically as well as subcortically. None the less

functional MRI (fMRI) offers currently precise data for pre-opera-
tive identification of function, particularly motor, and therefore has
a relevant place in pre-operative planning. A fMRI in a 3D recon-
struction is a most valuable guide for the surgeon. Their comment of
the use of cold saline for fast resolution of the fits induced by stimu-
lation is interesting.

F. Isamat

The character of this study is said to be prospective and they in-
cluded all patients with a severe pre-operative deficit and they did not
include paediatric cases. They used a train of constant current inter-
mediate frequency (60 Hz) biphasic square waves at an intensity of
0.5 to 16 mA. For identification of motor response an observer was
used watching the face and the arm. They especially pointed out that
using cortical stimulation at the end of the resection can verify the
integrity of the motor tract. In the awake patients they have used a
similar technique to map the postcentral sensory area with the pa-
tient describing paraesthesias. Language mapping was done by the
suppression of speech through stimulation. One of the important
findings in their central area lesions was that a majority of the pa-
tients had early but transitory worsening of their neurological status
(30 with, 27 without). Degree of resection was assessed by postoper-
ative MRI. It is interesting to note that only 51% of the cases had a
total resection and 35% had subtotal resection meaning a residual
tumour volume up to 10 cc. In their discussion they point out that
cases have been described by other authors with permanent worsen-
ing of neurological function despite negative mapping and they also
point out the difference in the principle of mapping motor tracts
versus speech areas demonstrated by direct motor action and the
latter demonstrated by inhibition of its function. The other interest-
ing note is that all patients with permanent worsening had high-
grade gliomas and that their rate of permanent neurological impair-
ment was relatively low compared to other studies using similar
techniques such as the one published by Cedzich et al. [1].
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