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ABSTRACT:

Background: In patients with lesions located around or within
eloguent motor or speech cortex, surgical resection is a challenge;
because of high risk of development of postoperative deficits and
incomplete resection. intraoperative neurophysiological monitoring
(IONM) paves the way to complete resection in these patients along
with functional preservation postoperative.

Aim of the study: To assess the utility and effectiveness of IONM
techniques in resection of lesions located in eloquent motor speech
cortex (intrinsic brain tumors and epileptic zones), regarding the
extent of resection and functional preservation postoperative.

Patients and Methods: we conducted prospective observational
study on 30 patients with different types of lesions located within
eloguent motor or speech cortex, by the use of low frequency direct
cortical and subcortical stimulation technique,12 patients were
operated under general anaesthesia and 18 patients were operated by
awake craniotomy technique.All patients were assessed clinically and
do MRI brain with contrast and FLAIR study postoperatively, those
who developed new onset neurological deficits were assessed at 3
months postoperative.

Results: complete resection was achieved in 17 patients (56.6%).
Immediate postoperative new onset or worsened neurological deficits
were encountered in 18 patients (60%), however 3 months
postoperative the deficits were persistent only in 4 patients (13.3%).

Conclusion: direct cortical stimulation is an easy safe and reliable
method for detection of cortical and subcortical functionally eloquent
structures during resection of brain tumors and epileptic lesions

Keywords: eloquent cortex, intraoperative neurophysiology, direct
cortical stimulation, awake craniotomy.

INTRODUCTION:

In patients with intra-axial brain tumors

resection, so most of these lesions in the past

used to be managed conservatively .

and epileptic focuses located around or
within eloquent motor or speech cortex,
surgical resection is a challenge; because of
high risk of development of postoperative
neurological deficits along with incomplete

Functional brain mapping (FBM) is
routinely accomplished through the integrat-
ion of various techniques. Noninvasive
means to localize structural pathology center
on high-resolution brain magnetic resonance
imaging (MRI) along with tractography and
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fMRI, with invasive means either pre-
operative or intraoperative neurophysiolo-
gical mapping techniques®.

Through the last 50 years, the use of
intraoperative neurophysiological monitor-
ing techniques became essential for mapping
and monitoring of the eloquent cortex.
Direct cortical stimulation for Motor
mapping can be done under general
anesthesia either with low frequency bipolar
cortical stimulation or monopolar high
frequency cortical stimulation, while direct
cortical stimulation for language mapping
necessitates operating by awake craniotomy
technique .

In this study, we studied the efficacy of
the direct cortical subcortical stimulation
mapping techniques regarding extent of
resection and functional preservation in
intrinsic  brain  tumors and epileptic
pathologies located with eloquent motor and
language areas.

PATIENTS AND METHODS:

A prospective observational cohort of
30 patients with intrinsic brain tumor or
epileptic zones located in eloquent motor or
language areas were operated between
August 2017 and March 2020.

Patients were included in the study if all
preoperative  radiological, electrophysio-
logical, functional imaging suggested the
presence of lesion within eloquent motor or
language areas, and were found to have
intact neurological examination or mild
deficits, patients excluded from the study
were children less than 10 years of age,
patients with severe motor weakness or
severe dysphasia, informed consent was
taken form all patients enrolled in our study.

Perirolandic lesions were operated
under general anaesthesia by TIVA protocol,
while lesions located in speech areas
(inferior frontal, medial frontal, temporal,

inferior parietal, insular) were operated
under awake conditions with monitored
sedation technique with scalp block and
local anaethesia along the incision line. In
patients with brain tumors, a wide
craniotomy flap was done to expose motor
and speech centers (positive mapping
technique), while in patients operated for
epilepsy surgery a small craniotomy flap
centered over the lesion was done (negative
mapping technique).

a) Motor mapping  under  general
anesthesia for Gliomas and epilepsy

surgery:

Before the patient was draped,
subdermal needle electrodes were inserted
into 12 to 16 muscles chosen to provide
broad coverage of the appropriate body
region.

Bipolar low frequency direct cortical
stimulation is used, with bipolar probe,
distance between tips is 1 cm, to deliver
constant current square waves, with pulse
width 1 msec, frequency 50 — 60 Hz,
multichannel electromyographic recordings
were used for recording from the
contralateral upper and lower limbs,
following the dural opening, the cortical
motor region was stimulated and identified
using serially increasing currents in
increments of 1 mA, starting from 4 mA for
asleep patients (to maximum of 16 mA).
Then the same current applied at the cortex
was used for the subcortical mapping to
localize the descending motor pathways.

Subcortical stimulation mapping was
started when the resection was carried to the
depth on level with the bottom of a sulcus,
serial subcortical stimulation was performed
with every advancing 2—3 mm of resection.

Resection started 1cm from the positive
site or the nearest sulcus to the positive site
(which is nearer), resection was carried out
with the intent of a maximal resection until
positive subcortical mapping sites were
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reached. At this point the resection was
stopped.

In cases in which no response was
recorded up to 16 ma, either in cortical or
subcortical mapping, the mapping was
considered negative

We didn’t use ECoG in motor mapping
under general anesthesia

b) Speech and cognition mapping by
awake craniotomy for Gliomas:

Bipolar low frequency direct cortical
stimulation is used, with bipolar probe,
distance between tips in 1 cm, to deliver
constant current square waves, with pulse
width 1 msec, frequency 50 — 60 Hz,
Stimulation intensity began with 2 mA

increased to a maximum of 6 mA (with
0.5 mA increments) until somatosensory or
motor or language response is established,
stimulation is applied for 3-4 seconds,
Stimulation sites were selected randomly,
and all sites were stimulated once before any
site was stimulated a second time.
Subcortical stimulation was done by using
the same current threshold that was also
applied during tumor resection, in a back-
and-forth fashion, Resection was carried out
with the intent of a maximal resection until
positive cortical or subcortical mapping sites
were reached. At this point the resection was
stopped, we didn’t use ECoG during awake
craniotomy for Glioma surgery. The choice
of intraoperative tasks depends on the site of
the lesion.

c) Awake craniotomy for epilepsy surgery:

The same stimulation parameters used
as in awake craniotomy for Gliomas,
however intraoperative ECoG is used,
because all these patients had intractable
epilepsy for long period of time, and
moreover we did small craniotomies in case
of epilepsy surgery, because lesions were
small and no disturbance on gross anatomy
was found, so we didn’t essentially expose
the motor strip nor the Broca s area in cases
in which they were not involved. No

subcortical white matter stimulation is used
because the pathologies were confined to the
grey matter

Operative data were collected regarding:
Positive or Negative subcortical mapping,
maximum intensity used in every -case,
intraoperative seizures, time spent during
mapping process, aoperative vascular injury
or injuries to important structures

Postoperatively Functional assessment
was done by Assessment of postoperative
motor power, speech (fluency and
comprehension), and comparing the data
with the preoperative assessment data,
patients who developed new deficits or
worsened deficits postoperative, were
followed up for 3 months.

In case of epilepsy surgery, assessment
of postoperative seizure control by Engel s
classification,immediately postoperative and
after 3 months

Extent of resection was assessment by
MRI brain with contrast in all cases within
48 hours after surgery. In cases of diffuse
non enhancing gliomas, FLAIR and T2
sequence is used to asses the extent of
resection and in cases of high grade tumors,
Gadolinium enhanced MRI sequence is used
to assess the extent of resection.

RESULTS:

This study includes 30 patients, 17
males and 13 females, 18 patients (60%)
were operated by awake craniotomy
protocol (15 patients with brain tumors, and
3 patients with non gliomatous epileptic
lesions), and 12 patients (40%) were
operated under general anesthesia (11
patients with brain tumors and 1 patient with
FCD). Table 1 and 2 demonstrate patients
and lesions characters, table 3 demonstrate
intraoperative data .

Immediate postoperative new onset or
worsened  neurological  deficits  were
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encountered in our series in 18 patients
(60%). In patients operated under awake
conditions, postoperative new onset or
worsened neurological deficit were reported
in 10 patients (55%), in the form of mild
expressive dysphasia (2), severe expressive
dysphasia (1), mild mixed dysphasia (3),
severe mixed dysphasia (1), contralateral
hemiparesis grade 3 (2), and severe
contralateral hemiparesis (grade 2) and
dysarthria (1). In patients operated under
general anesthesia, postoperative deficits
were encountered in 8 patients (66%), in the
form of contralateral weakness grade 4 (2
patients), grade 3 (3 patients), grade 2 along
with dysarthria in (3 patients).

In the follow up visit at 3 months
postoperative, New onset or worsened
neurological deficits were persistent only in
4 patients (13.3%), 3 of which were mild in
the from of mild expressive dysphasia and
mild contralateral weakness grade 4/5, and 1
patient was severe in the form of
contralateral hemiparesis grade 3/5 and
dysarthria.

Among the 10 patients who had
preoperative neurological deficits,
preoperative neurological deficits improved
to become normal by examination in 4
patients (40%) and remain stationary in 6
patients (60%).

In patients with Non Gliomatous
Epielptic zones, seizures control outcome
was assessed using Engels classification, all
patients were seizures free immediate
postoperative. 3 months postoperative 3
patients (75%) were Engel class la and 1
patient (25%) were Engel class 2a.

Complete resection was achieved in 17
patients (56.6%) in which no residual signal
was detected in flair or contrast images on
MRI brain, subtotal resection (less than 10
cc residual) was achieved in 5 patients
(16.6%), and partial resection (more than 10
cc residual) was done in 8 patients (26.6%).
Table 4 summarizes the postoperative data

420

Using the Chi square, we studied the
relations and statistical significance between
the study variables (anesthesia protocol,
positive or negative subcortical mapping,
different types of pathologies) and the study
outcomes (extent of resection, and functional
outcome), and the relation is considered
statistically significant if P value is less than
0.05.

Complete resection was achieved
radiologically in 66.6% of patients with
positive subcortical mapping versus 35.7%
of patients with negative subcortical
mapping (P = 0.11). Complete resection was
achieved in 50% of patients operated under
awake conditions versus 66.6% of patients
operated under general anesthesia (P = 0.3).
In Patients with Grade 4 lesions (GBM and
metastasis) complete resection was achieved
in 41.6% patients versus 42.8% of those
with diffuse gliomas (grade 2 and 3) and

100% of those with  non gliomatous
epileptic lesions (P = 0.09).

Early new onset or worsened
postoperative neurological deficits were

encountered 83% of patients with positive
subcortical mapping versus 42.8% of those
with negative subcortical mapping (P =
0.03), new onset deficits occurred 55% of
those operated under awake conditions
versus 66% of those operated under general
anesthesia (P = 0.5), and in 58.3% of the
patients with GBM and metastasis versus
64.2% of those with diffuse gliomas and
50% of those with epileptic lesions (P =
0.8)

Late neurological deficits persistent
after three months, were encountered in 25%
of patients with positive subcortical mapping
versus 7% of those with negative subcortical
mapping, however this difference is not
statistically significant (P = 0.2) and were
encountered in 11% of the patients operated
under awake conditions versus 16% in
general anesthesia group (P = 0.6) , and in
25% of the patients with GBM and
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metastasis versus 7% of those with diffuse
gliomas versus 0 in epileptic lesions (P =
0.2). Table 5 summarizes the relation
between (subcortical mapping findings,

anesthesia protocol, and type of lesion) and
(the extent of resection, early and late
neurological deficits.

Table 1: patients data and demographics

Table 1: Patient demographics

e  Entire cohort

30 patients

o Age Mean 37 years (16-72)
e  Sex
Male 17 (56.6%)
Female 13 (43.33%)
e  Handedness
Right handed 28 (93.3%)
Left handed 2 (6.6%)
e  Clinical presentation
Seizures 24 (80%)
Motor affection 7 (23.3%)
Mild mixed dysphasia 2 (6.6%)
Mild expressive | 1(3.3%)
dysphaisa
Increased intracranial | 2 (6.6%)
tension
Headache 5 (16.6%)

Table 2: lesion characters

Table 2: Lesions characteristics

Pathology
GBM 8 (26.6%)
Metastsis 4 (13.3%)
Gliomas Grade 3 6 (20%)

=  Anaplastic oligoastrocytoma

= Anaplastic 5 (16.6%)

oligodendroglioma 1 (3.3%)

Glioma Grade 2 8 (26.6%)

=  astrocytomas 4 (13.3%)

=  oligodendroglioma 4 (13.3%)
Epileptic lesions 4 (13.3%)

= Focal cortical dysplasia 2 (6.6%)

= DNET 1 (3.3%)

=  Non lesional epilepsy 1 (3.3%)
Radiological findings

e Site
Left 23 (76.7%)
Right 7 (23.3%)
Frontal 7 (23.3%)
Temporal 5 (16.6%)
Insular 6 (20%)
Perirolandic postcentral 6 (20%)
Perirolandic precentral 6 (20%)

o  Size
Volume 31.6 cm3 (10.5-

=  GBM and metastasis 122)

= Diffuse gliomas (Grade 2

and 3)

Maximum diameter 4.5 cm (2.6-7.5)
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Table 3: intraoperative data

Table 3: Intraoperative data

e  Anaesthesia

Awake craniotomy 18 (60%)

= Brain tumor 15 (83.3%)

=  Non tumoral Epileptic pathologies 3 (16.7%)
General anesthesia (TIVA) 12 (40%)

=  Brain tumors 11 (91.6%)

=  Non tumoral epileptic pathologies 1 (8.4%)

e IONM current intensity
Awake craniotomy 2.6 ma (1.5-6)
General anesthesia 9 ma (6-12)

e  JONM results

Awake craniotomy
=  Positive cortical mapping

18 (100%)

=  Positive subcortical mapping 8 (53.3%)
General anesthesia

=  Positive cortical mapping 12 (100%)

=  Positive subcortical mapping 6 (54.4%)

e Duration from dural opening to end of resection

Awake craniotomy

110 mins (70-140)

General anesthesia

70 mins (40-100)

e Intraoperative seizures

Awake craniotomy 2 (11%)
General anesthesia 2 (16.6%)
Total 4 (13.3%)
Intraoperative complications

Vascular injury | 1(3.3%)

Table 4: postoperative data

Table 4: Postoperative data

Immediate Postoperative New onset neurological deficit

Awake craniotomy 10 (55%)

General anesthesia 8 (66%)

Total 18 (60%)

Assessment of postoperative new onset deficits at 3 months postoperative
Awake craniotomy 2 (11%)

General anesthesia 2 (16.6%)

Total 4 (13.3%)

Assessment of Preoperative neurological deficits (10 patients) at 3 months
postoperative

Improved to Normal 4 (40%)

Remain stationary 6 (60%)

Extent of resection

Total resection 17 (56.6%)

Subtotal resection 5 (16.6%)

Partial resection 8 (26.6%)
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Table 5: the effect of subcortical mapping, anesthesia type, lesion type on the functional and

oncological outcome

100 % resection Early neurological Late neurological
(17 of 30) deficits deficits
18 4
Positive subcortical 8 10 3
12) (66.6%) 83% 25%
Negative subcortical 5 6 1
(19 (35.7%) 42.8% 7%
P value 0.09 0.03 0.2
Awake anesthesia 9 10 2
18 50% 55% 11%
General anesthesia 8 8 2
12 66.6% 66% 16%
P value 0.3 0.5 0.6
High grade 5 7 3
12 41.6% 58.3% 25%
Diffuse low grade 6 9 1
14 42.8% 64.2% 7%
Epileptic lesions 4 2 0
4 100% 50%
P value 0.09 0.8 0.2

DISCUSSION:

Our study shows that the use of an
intraoperative neurophysiological monitor-
ing technniques in supratentorial brain
surgeries, either tumor surgery or epilepsy
surgery, can certainly constitute an added-
value for some complex lesions located on
eloquent cortex, as it allows some, otherwise
non - or barely - operable, patients to
become eligible for excision, with minimal
risks of functional complications, and good
chances total and subtotal excision.

Negative and positive mapping are two
different strategies adopted by different
surgeons for cortical mapping. Positive
mapping implies the application of large
craniotomy to expose the motor strip and
ventral premotor cortex, even if they are not
near to the lesion. Negative mapping implies
applying a small craniotomy tailored
according to the tumor size, and not

essentially expose the motor strip and
ventral premotor cortex.

In our study, we adopted the technique
of positive mapping in brain tumor surgery,
and the negative mapping technique in
resective epilepsy surgery.

Duffau et al., adopted the strategy of
positive mapping, and demonstrated that the
positive mapping allows the surgeon to
know the least possible current intensity
needed to elicit a motor response and thus
decrease the incidence of intraoperative
seziures and hence, surgery can be done
without the need for ECoG, which makes
the procedure more complex. Moreover it is
worth noting that such a negative mapping
can be dangerous, particularly in non-expert
hands, because it can be due to false
negative for methodological reason and
doesn’t gurantee the absence of eloquent
sites. Moreover, a positive mapping may
also lead to optimize the EOR, since the
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resection can be pursued until eloquent areas
are encountered — i.e., enabling to tend
towards complete or even ‘‘supra-
complete’” resection when the glioma
involves non-eloquent regions @,

Berger et al. adopted the technique of
negative mapping, which implies smaller
craniotomy size which protects the brain
surface from scarring which could be
harmful in the next surgeries, moreover the
small size of craniotomy and hence less time
consuming and less complications related to
craniotomy, this technique implies the usage
of ECoG, to be able to increase the current
to the maximum instensity to make sure that
this area is negative. To our knowledge
there is no studies in the literature
comparing both techniques."

Our results showed that immediate
postoperative new onset or worsened
neurological deficits occurred in 60% of the
patients, with no significant difference
between those operated under awake
craniotomy or under general anesthesia
(55% in awake craniotomy patients and 66%
in general anesthesia patients), and hence
with no difference between lesions located
in language areas and those located in motor
areas, we reported also no significant
difference in the immediate functional
outcome between grade 4 lesions (58.3%),
diffuse gliomas grade 2 and 3 (64.2%) and
non gliomatous epileptic lesions (50%),
however, we found that immediate
postoperative new deficits were more
associated with positive subcortical mapping
(66.5%) versus (35.7%) in negative
subcortical mapping (P = 0.03).

Persistent postoperative deficits after 3
months were encountered in only 13.3%,
they were more associated with positive
subcortical mapping and grade 4 lesions
(however all these associations were not
statistically significant) all deficits were
mild in the form of mild contralateral
weakness grade 4 and mild dysphasia except

one patient with contralateral weakness
grade 3

Berger et al. in his study of 702 patients
with peri-rolandic gliomas who underwent
cortical subcortical stimulation mapping
revealed new onset or  worsened
neurological deficits in 30% of the patients,
with persistent neurological deficits after 3
months in only 7.0% of the entire cohort.
Patients with positive subcortical mapping
were more likely to develop a new or
worsened motor deficit postoperatively
(45% vs 19%, respectively, p < 0.001). This
difference existed in immediate as well as

persistent neurological deficits'®.

In a systematic review about the use of
intraoperative stimulation in glioma surgery
published in 2012, revealed that Early
severe deficits occurred more frequently in
patients after resections with stimulation
mapping (36.0%) than without stimulation
mapping (11.3%), Importantly, event rates
subsided to substantially fewer late severe
deficits with stimulation mapping (3.4%)
than without stimulation mapping (8.3%).
This indicates that reversible temporary loss
of function of critical brain structures is
more frequent with stimulation mapping, but
irreversible neurologic damage is more
effectively avoided, in comparison with
resective surgery, without stimulation
mapping .

Duffau et al 2005 compared two cohorts
of patients with DLGG who underwent
surgical resection in the same department in
two consecutive periods: in the first period,
surgery was performed in 100 patients
without mapping; in the second period,
resection was achieved in 122 patients with
intraoperative cortical stimulation mapping.
The percentage of permanent deficit in the
first group was 17% versus 6.5% in the
second?.

Total resection is defined as the
complete removal of the enhanced part of
the tumor on T1 gadolinium weighted MRI
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for grade 4 enhancing gliomas and as the
complete removal of the FLAIR-weighted
MRI abnormalities for diffuse non
enhancing grade 2 and 3 gliomas - knowing
that a post-operative residual tumoral
volume under 10+5cc is defined as a

subtotal resection®.

Our study showed that complete
resection was achieved in 56.6% of the
patients, subtotal resection in 16.6% and
partial resection in 26.6%, greater extent of
resection was more associated with positive
subcortical mapping than  negative
subcortical mapping, no  significant
difference in EOR was found between those
operated under general anesthesia or awake
craniotomy, and hence no difference
between perirolandic lesions and lesions
located in language areas. All non
gliomatous epileptic zones showed 100%
resection, while no difference regarding
extent of resection between other types of
lesions either high or low grade lesions.

Duffau et al in comparing two
subgroups of DLGG patients who had
surgery in the same department during two
consecutive periods, without and then with
mapping, 37% of resections were subtotal
and 6% total in the (no mapping) subgroup
versus 50.8% and 25.4%, respectively, in
the second subgroup of patients operated on

with cortical subcortical mapping (P <
0.001)@.

Bello et al. in his series comparing
patients with DLGG operated before and
after introduction of cortical subcortical
mapping techniques revealed the percentage
of total and subtotal resections increased
from 11%, in the period in which no
mapping was available to 69.8% in the era
in which brain mapping techniques were
applied. @

In the same way, in a meta-analysis by
Berger et al. on the impact of intraoperative
mapping on glioma surgery outcome, based
upon over 8000 cases, resections of both

high grade gliomas and DLGGs using
cortical and subcortical stimulation mapping
revealed the percentages of radiologically
confirmed gross total resections were 75%
with cortical stimulation mapping versus
58% without cortical stimulation mapping'”.

Our results showed that the incidence of
intraoperative seizures was 13.3% in the
whole cohort, in those operated by awake
craniotomy it was 11%, and it was 16.6% in
those under general anesthesia, all seizures
were very mild and brief, and aborted only
with ice cold ringer, with no neurological
sequelae.

In order to decrease the amplitude of
current intensity as much as possible and
obtain a reliable stimulation mapping during
awake craniotomy, we systematically
exposed the primary motor cortex and
ventral premotor cortex, whatever the
location of the lesion. Thanks to a wider
bone flap, we reached 100% of positive
mapping with low intensity, by eliciting
motor arrest, dysarthria, then afterwards we
kept the same intensity for the remainder of
the cortical (using further tasks) and
subcortical mapping. In general anesthesia
cases, the use of TIVA protocol, along with
bi-spectral index to keep light sedation
during the stimulation, and the use of
contralateral multichannel EMG, allowed us
to elicit motor response with the lowest
possible current intensity.

Duffau et al. in his prospective series of
374 with gliomas operated by awake
craniotomy, 80% presented with seizures,
among which 20% were intractable, the rate
of intraoperative seizures was 3.5%, and all
seizures were mild and aborted with ice cold
ringer lactate, and his results showed that
intraoperative seizures were not related to
preoperative seizure control or duration,
Duffau et al in his series didn’t use ECoG,
and he applied the same techniques adopted
in our series and mentioned above'”.
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Berger et al in his cohort of 840 patients,
operated by the use of IONM along with
ECOG, reported Stimulation induced
seizures occurred in 3% of patients
regardless of the stimulation current and
were rapidly terminated with ice-cold
Ringer’s lactate solution except in 2
patients®.

Nossek et al. reported that early
detection of epileptic activity using ECoG
was not associated with the reduction of the
incidence of IOS. In fact, it was even
associated with an increased risk of IOS
(16.5% with ECoG vs 8.5% without ECoG).
This could be caused by more important
stimulation increment when using ECoG"'".

Conclusion:

The intraoperative direct electrical
bipolar stimulation for cortical and
subcortical mapping and monitoring, either
under awake condition or under general
anesthesia is an easy, reliable, and a safe
technique for the detection of both cortical
and subcortical functionally eloquent
structures during the resection of brain
tumors or epileptic zones, and is feasible to
be performed routinely during resections in
eloquent areas with an extremely low
complications and failure rates the cortico-
subcortical mapping enables us to achieve
greater extent of resection of lesions located
in eloquent brain areas (previously managed
conservatively). This technique is associated
increased immediate postoperative new
onset neurological deficit, however, decree-
sed incidence of permanent neurological
deficits.
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