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ABSTRACT

AIM: To assess the classical and functional imaging features of patients with pathology located in the eloquent areas of the brain
who were admitted to our centre between October 2012 and February 2018. We also studied intraoperative somatosensory evoked
potential (SEP), motor evoked potentials (MEP), phase reversal, cortical mapping, the extent of resection and the calculation of
postoperative morbidity.

MATERIAL and METHODS: We compared our results with previous studies in which this technique was not used. The patient
records of 163 patients were reviewed retrospectively after approval by the institutional ethics committee and comparisons were
made with reports in the literature.

RESULTS: The lesion was localised in the visual cortex in eight of the 163 patients. We did not encounter any abnormality in the VEP
recordings, so the surgeries were continued. The remaining 155 cases were followed by intraoperative SEP and MEP monitoring.
We observed a greater than 50% decrease in the amplitude and an increase in latencies that was greater than 10% in intraoperative
MEP and SEP monitoring in 24 patients of 155. Although 8 of 24 patients with abnormal SEP and MEP values were corrected with
manuveurs, 6 patients developed increased neurological deficits postoperatively.

CONCLUSION: In conclusion, all of these methods should not be seen as competitive with each other; they could be considered as
complementary. All of these methods are helpful for a surgical team regarding loss of neurological function. The rate of loss might
be up to 100% and irreversible despite corrective maneveurs.

KEYWORDS: Eloquent area tumours, Brain mapping, Glioma surgery, Intraoperative neuromonitoring, Cortical and subcortical
stimulation

B INTRODUCTION

urgical removal of neoplastic or non-tumoural lesions
Slocated in the central nervous system pose serious
challenges to a surgical team because there is a
significant risk of postoperative morbidity (disability) and
mortality (death). Some areas of the brain are considered
to be eloquent areas because of their tendency to result in

serious disabilities after severe neurological deficits. In several
studies, permanent deficit rates have been reported ranging
between 13% and 20% (1,4,9,19,22).

In the literature, gross total tumour resection rates in
eloquent areas have been reported to be around 40%-50%.
The reason why this rate is too low is that surgeons prefer
subtotal resection because of high postoperative morbidity
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and mortality rates. While the main principle of oncological
neurosurgery is to increase survival with complete tumour
excision, it should be taken into consideration that the radical
removal of the mass may lead to functional loss. The aim of
recent developments in the field of neurosurgery is to prevent
possible morbidities after surgical resection in light of new
anatomical, physiological and functional information. The aim
of the newly developed sophisticated imaging technologies
and intraoperative techniques is to provide extensive resection
to reduce the patient’s morbidity. Because the most important
prognostic factor of the survival duration following surgical
treatment of glial tumours, besides the histological type and
grade, is the extent of resection (17).

In addition to oncological surgery, surgery on non-tumoural
pathologies, such as arteriovenous malformations and
cavernoma, that are located within and around the eloquent
areas, are considered as high-risk surgeries. Because of
surgical treatment options that provide true disease-free
survival, there may become difficulties due to high morbidity
and mortality rates. Therefore, other treatment options that
do not provide complete palliation but less mortality and
morbidity risk are evaluated first.

B MATERIAL and METHODS

Our study was a retrospective study and it was conducted
between October 2012 and February 2018 with the patients
who applied to Ankara University Faculty of Medicine Ibn-i
Sina Hospital, Department of Neurosurgery. Our study was
approved by the local ethics committee (18-1119-17). A total
number of 163 patients were retrospectively reviewed and
the patients who had lesions in eloquent brain areas were
included in our study.

Patients with diabetes mellitus, hypertension, peripheral
vascular disease, peripheral neuropathy, presence of any
neurological disease, previous brain surgery, neurological
deficits before surgery, presence of non-eloquent area
pathology and under 18 (paediatric group) were not included
in our study.

The topographic relationship between the lesion and the
motor area was evaluated preoperatively using computed
tomography (CT) and magnetic resonance imaging (MRI) in all
patients. MRI was used to define the anatomical relationship
between the intracranial lesion and central sulcus using axial
coronal and sagittal planes (Figure 1A, B). After intravenous
gadolinium administration, the relationship between the
lesions and eloquent areas, the central sulcus and other
sulci that limit eloquent areas with the help of T1, T2, and
contrast-weighted images were evaluated (Figure 1 D-F).
Functional MRI (fMRI; speech, motor) was used to determine
the relationship between pathology and eloquent ares (Figure
1C) and MR tractography (DTI) between pathology and white
matter tracts.

In this study, preoperative symptoms and neurological exam-
inations of all patients were evaluated by two neurosurgeons
(O.M. M.B.). Visual examinations and computerised visual
fields tests were evaluated by an ophthalmologist and auditory
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and audiometric examinations were evaluated by an otolaryn-
gologist. The determination of the dominant hemisphere was
performed by standardised tests. The tumour’s location was
precisely determined by preoperative MRI imaging. Intraop-
erative simultaneous functional cortico-subcortical mapping
and motor mapping were performed during all surgical pro-
cedures. A prophylactic antibiotic and antiepileptic drug was
administered preoperatively.

All procedures were performed under general anaesthesia.
When the patients were taken to the operating table, vascular
access in the left hand was obtained right after routine ASA
monitorisation was obtained and fentanyl at 1 micr/kg per
dose was administered for premedication. Subsequently,
anaesthesia induction was achieved with propofol (2 mg/kg)
and remifentanil (1 micr/kg) and low dose rocuronium bromide
(0.6 mg/kg) was used for intubation. No additional muscle
relaxant drug was used following intubation. Anaesthesia
was maintained with total intravenous anaesthesia. For this
purpose, depth of anaesthesia was monitored by bispecitral
index (BIS) monitoring and titers of propofol (50-150 micr/
kg/min) and remifentanil (0.1-1 micr/kg/min) were titrated to
obtain BIS values between 40 and 60. A skin flap was optimal
for a planned craniotomy. Before lesion removal, a phase
reversal” technique was used for central sulcus identification
and cortical mapping (with strip electrode), and cortical
stimulation was performed for motor cortex and sensorial
cortex identification (Figure 2A-C). In addition, the resection
margin was optimised with cortical and subcortical direct
excitations that were performed during lesion removal. As
we resect deeply in the anatomical plane, the white matter
stimulation was continuously maintained to not cause any
damage to the connection between eloquent areas and the
white matter. Surgical dissection was immediately stopped
when there was a greater than 50% decrease in electrical
potentials (amplitude) or a latency that was more than 50%
was detected. The surgical procedure was completely
stopped when no improvement was observed due to
corrective manoeuvres, such as at approximately 10 minutes
of waiting, 60 Hz interference control, and intravenous steroid
administration. After the surgical procedure was completed,
the same preoperative procedures were repeated and it was
demonstrated that electrical activity was preserved. At the
end of the surgical procedure, patients were extubated when
the BIS values of the patients increased to 70. All patients
were examined as soon as they woke up for any neurological
deficits, and examinations were repeated on the post-op
first day, seventh day, third month, sixth month and 1 year
follow-up. The severity of motor deficits was assessed with a
standard motor scale;

¢ No deficit was considered as 0.

e A minor deficit was considered as 1 (patient walks and
uses his/her limbs almost normally but minor problems
occur with fine movements in the upper extremity).

* A moderate deficit was considered as 2 (patient walks with
help).

e A severe deficit was considered as 3 (patient unable to
move limbs against gravity).
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Figure 1: A) MRI with an axial view clearly shows the mass and surrounding cerebral oedema. B) Coronal view. C) Functional MRI (fMRI)
shows that the mass is within the motor cortex. D) Post contrast axial MR image. E) Post contrast coronal MR image. F) Post contrast
sagittal MR image. The pathology report confirmed a diagnosis of glioblastoma in this patient.

5

central sulcus. C) Phase reversal.

All patients received a postoperative MRI on post-op Day 0
and Day 3. If the control MRI revealed no tumour then it was
considered a total resection. If the residual tumour volume was
less than 2 cm? in the presence of tumours, it was considered
as gross total resection. A subtotal resection was a residual
tumour volume between 2-10 cm?®. If the residual tumour
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Figure 2: A) Cystic lesion that is located within the motor cortex. B) Intraoperative microelectrodes that were used to determine the
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volume was more than 10 cm?, it was considered as a partial
resection or biopsy. All MRIs were evaluated by a radiologist.

Statistical Analysis

The aim of this study was to determine the variables that
cause neurologic deficits in patients after brain surgery and



to determine which variable causes morbidity after surgery.
Binary logistic regression analysis was used as the analysis
method in our study. The analysis was based on the data of
163 patients. As can be seen from Table VIII, there are no
patients with lost data.

The table presented below gives information about how well
the model performed beyond the results of the model’s initial
stage (Step 0). For good model performance, the Chi-squared
value must be large and the corresponding probability value
(p) <0.05. As seen in the table, the Chi-squared value with 17
degrees of freedom was 35.192 and the p value was 0.0006.
According to these results, the model estimation showed
successful performance.

According to Hosmer and Lemeshow test results, which
showed the success of the predicted model, the model was
a significant model. In the Hosmer and Lemeshow test, the
probability value of the model is expected to be greater than
0.05 and the Chi-squared value is expected to be smaller. As
can be seen in our results, the probability value was greater
than 0.05 and Chi-squared was quite low. According to this
result, the model estimation results were successful.

The Cox-Snell and Nagelkere R? values, which show the
descriptive power of the model, indicated that the descriptive
power of the model was between 20% and 35%. That is,
the explanatory variables included in the model explained
approximately 20% or 35% of the changes in the dependent
variable.

The SPSS calculations before the model estimation
showed that the success of classification of the damaged
and undamaged patients after the operation was 85.9%.
According to the information obtained from the logistic
regression estimation, the logistic prediction result was more
successful in separating the patients into damaged and
undamaged groups. Overall, the classification success of the
logistic regression estimate was 86.5%.

The table below provides information on the contribution
or significance of each of the independent variables in the
model. Variables with a probability value less than 0.05 or 0.1
are the variables that contribute most to the description of
patients with and without postoperative damage. According
to the results, the gross total variable, which has a probability
value of 0.073, is the most significant and statistically
significant variable for explaining the cases with and without
postoperative damage. In this study, it can be said that the
greater the gross total variable, the less likely there will be
damage to the patient postoperatively.

B RESULTS
Distribution of Cases according General Characteristics

One hundred and one of the patients were male and 62 were
female, and the mean age was 48.26 (19-79). Of the patients,
139 were right-handed and 24 were left-handed. The mean
follow-up period was 26.3 months (6-60 months).
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Distribution of Patients according Histopathological
Diagnosis

Eighty of the patients had a glial tumour. In these 80 patients,
5 patients had pilocytic astrocytoma (Grade 1), 18 patients
had an oligodendroglioma (Grade Il), 10 patients had diffuse
astrocytoma (Grade ll), 9 patients had anaplastic astrocytoma
(Grade lll), and 38 patients had glioblastoma multiformation
(Grade IV). Twenty-seven patients had meningioma and 21
patients had a metastatic brain tumour. There were 23 non-
tumoural patients and 10 of them had a cavernoma and 13
had arteriovenous malformations (AVMs) (Table I).

Distribution of Patients according to Localisation

Ninety-six of the patients had a lesion in the left hemisphere
and 53 patients had a lesion in the right hemisphere. The two
leading lesions were infiltrative and bilateral. Ten patients’
lesions were in the brain stem (mesencephalon, pons,
bulbus). In one patient, tumour invasion was observed to the
hypothalamus and, in another patient, bilateral basal ganglion
invasion was observed. In 64 of the patients, the lesion was
located in the sensorimotor cortex, which is near the central
sulcus. In 20 patients, the lesion was located within Broca’s
area and Wernicke's area. There were 33 patients with lesions
in the supplementary motor area (SMA). Seven patients had
a lesion in the thalamus and 15 patients had a lesion in the
insular cortex (Table ).

Distribution of Patients According to Resection
Percentage

In all 5 patients, the mass diagnosed as pilocytic astrocytoma
was totally removed. Eighteen patients with a diagnosis of
oligodendroglioma grade Il received surgery, 13 patients were
excised as gross total and 5 of them subtotally. Ten of the
Grade Il diffuse astrocytomas were excised, 4 of them as
gross total and 6 of them as subtotally. Nine of the Grade Il

Table I: Distribution of Patients According Histopathological
Diagnosis

Histopathology Number
Pilocytic astrocytoma 5
Oligodendroglioma (WHO lI) 18
Diffuse astrocytoma (WHO II) 10
Anaplastic astrocytoma (WHO IlI) 9
Glioblastoma Multiforme (WHO V) 38
Metastasis 21
Arteriovenous malformation (AVM) 13
Cavernoma 10
Meningioma 27
Others (Epandymoma, hemangioblastoma, 12
melanoma, mesenchymal tumour and oth.)

Total 163
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astrocytomas were excised and 4 of them were gross total
and 5 of them as subtotally. Thirty-eight of the Grade IV
astrocytomas were excised with 26 of them as gross total, 9
of them as subtotally, in 3 of the patients, they were partially
removed. In 23 patients with vascular pathology, the lesion
was totally removed. In all 21 metastatic cases, the lesion
was totally removed. Twenty-one of the 27 meningiomas
were removed and they were Simpson Grades | and Il, 3 were
removed that were Simpson Grade Ill and 3 were removed
that were Simpson Grade IV. From 12 other classified patients,
8 of them had tumours that were removed gross totally and 4
of them were removed subtotally (Table Ill).

Distribution of Patients according to Changes in Motor
Evoked Potentials (MEP) and Somatosensory Evoked
Potential (SEP) Records

In eight of the 163 patients, the lesion was localised in the
visual cortex. We did not encounter any abnormality in the

Table llI: Distribution of Patients according to Localization

Localization n
Sensorimotor cortex 64
Speech area (Broca’s and Wernicke's areas) 20
Visual 8
Supplementary motor area (SMA) 33
Thalamus 7
Brainstem 10
Basal ganglion 5
Insular cortex 15
Total 163

Table llI: Distribution of Patients according to Extent of Resection

VEP recordings, so the surgeries were not stopped. The
remaining 155 cases were followed by intraoperative SEP and
MEP monitoring. We observed a greater than 50% decrease
in amplitude and an increase in latencies of more than 10% in
intraoperative MEP and SEP monitoring in 24 of 155 patients.
Sixteen patients whose operations were terminated because
of abnormalities in intraoperative SEP and MEP recordings
showed abnormalities (amplitude and latency changes) that
developed into neurological deficits postoperatively. Fourteen
of these patients had lesions located in the motor cortex, one
lesion was in the thalamus, three were in the insula, one in
the basal ganglia, three in the brainstem and two were in the
SMA. Corrective manoeuvres were performed in all of these
cases, such as approximately 10 minutes standby during
the operation, 60 Hz of interference control and intravenous
steroid administration. As a result of these manoeuvres, 16
patients showed no improvement and the operation was
terminated. The distribution of these 16 cases was 9 had a
tumour in the motor cortex, one in the thalamus, two in the
insula, one in the basal ganglia, one in the brain stem, and
one in the SMA. Although 8 of 24 patients with abnormal SEP
and MEP values were corrected with manuveurs, six patients
developed increased neurological deficits postoperatively
(Table IV, V).

Distribution of Patients by Postoperative Morbidity and
Mortality

In one case in which the lesion was located in the visual cortex,
a significant increase in homonym hemianopsia was observed
after the operation. This increase came about six months after
the operation, but complete recovery could not be achieved.

Intraoperative SEP and MEP records of all 16 patients who
had the operation stopped, due to both amplitude loss
and latency prolongation, showed they awakened with
postoperative neurological deficits. Six of eight patients who

Extent of resection

Pathology Total
Totally Gross totally Subtotally Partially
Pilocytic astrocytoma 5 5
Grade |l oligodendroglioma 13 5 18
Grade |l diffuse astrocytomas 4 6 10
Grade Il astrocytomas 4 5 9
Grade IV astrocytomas 26 9 3 38
Vascular pathology (cavernoma, AVM) 23 23
Metastasis 21 21
Others 8 4 12
Simpson Simpson Simpson
Grade | and Il Grade Il Grade IV
Meningioma 21 3 3 27
163
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had intraoperative SEP and MEP losses, which were improved
after corrective manoeuvres, awakened after surgery with
increased neurological deficits. Four of the 131 patients who

Table IV: Stimulation and Recording Methods of SEP and MEP

Characteristic SEP value

Stimulation Cathodal stimulation
Intensity 21mA
Frequency 4.71 Hz
Duration 200-300 ps
Recording Strip/grid electrode
Filter 30 Hz - 300 Hz
Repetition 200
Sensivity 10 pV/Div
Characteristic MEP value

Stimulation Anodal simulation
Intensity 180V
Frequency 500 Hz
Duration 300 ps
Recording Needle electrodes
Filter 3 Hz - 3000 Hz
Repetition 5
Sensivity 100 pV/Div

Table V: Distribution of Patients according to Changes in MEP
and SEP Records

Post-operative values

Intraoperative (motor power, vision)

records Decreased ** d ectl:;sed
MEP Changed* (24) 22 2
(n=155)  Not Changed (133) 4 129
SEP Changed* (24) 22 2
(n=155) Not changed (133) 4 129
VEP Changed (0) : -
(n=8) Not changed (8) - 8

*We observed more than 50 % decrease in amplitude and increasing
in latencies more than 10 % in intraoperative MEP and SEP monitoring

**Corrective maneuvers were performed in all of these cases with
loss of SEP-MEP measurements, 6 of 8 patients developed increased
neurological deficits post-operatively. Despite of these corrective
maneuvers, 16 patients has shown no improvement and the operation
was terminated.
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did not have any abnormalities before the operation were
awakened with postoperative neurological deficits.

In our study, in the sensorymotor cortex, brainstem, insula and
thalamic region, the rate of postoperative neurological deficits
was the highest (Table VI).

Surgical mortality was defined as mortality within the first 100
days postoperatively, and this was seen in two patients (Table
ViI).

Literature Comparison

When it comes to cases of tumours in eloquent areas, the
totally and gross totally resection rates in studies have been
reported as 57% for grade | and 28% for grade Il tumours. In
our study, it was found to be 100% and 60%, respectively.
Particularly, the total and postoperative morbidity rates of the
tumour cases have been reported to be between 13% and
20%. In our study, this rate was 14.1%.

B DISCUSSION

The postoperative sensory and motor deficits risk is high after
surgical treatment of the central sulcus and its surrounding
pathologies. There is almost no information about complete
morbidity after these operations in the literature.

Safe and maximum resection for low and high grade glial
tumours is necessary for long-term survival (5,10,18,20). It is
necessary to prevent permanent neurological deficits and to
preserve sensitive areas and brain functions.

As for the operative approach, a complete preoperative plan
should be performed, especially considering the MR images in
axial, coronal and sagittal sections. In addition to conventional
MR images, fMRI should be used in every patient. Especially
in tumoural lesions, DTl images should also be included in
the study to evaluate the relationship and infiltration of these
lesions to the corticospinal tract, spinothalamic tract and other
white matter structures. CT must be used in the presence
of calcified lesions. Before surgical treatment of vascular
pathologies, such as an AVM, and especially for those located
within the central sulcus and nearby, DSA should be applied,
and if preoperative embolisation is planned, DWI should
be studied after embolisation. In this way, the radiological
planning will be completed before surgical treatment of the
central sulcus and its surrounding pathologies. However, all
radiological methods are morphological and do not provide
data on function. It should be kept in mind that morphologically
defined eloquent areas may be displaced in the presence of
a lesion.

The sequelae rate in non-intraoperative electrical stimulation
series ranged between 13% to 27.5% and was 19% on
average (8). In our study, it was 14.1%.

MEP in Patients with General Anaesthesia

This method has been improved with modified electrical
parameters, although many problems remain. The combined
use of the motor cortex with repeated intraoperative stim-
ulations and SSEPs may vyield better results than a single
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Table VI: The Patients with Neurological Deficits after Surgery

No Localization

Histopathology

Neurological Deficit

1 Right visual cortex AVM Increase of homonym hemianopsia
2 Left motor cortex Meningioma Hemiparesis
3 Right motor cortex Meningioma Hemiparesis
4 Left Broca and SMA AVM Hemiparesis
5 Left motor cortex Astrocytoma (WHO gr Il) Hemiparesis
6 Mesencephalon (brainstem) Glioblastoma multiforme (WHO gr 1V) Hemiparesis
7 Left motor cortex Meningioma Hemiparesis
8 Right motor cortex Anaplastic epandymoma Hemiparesis
9 Left motor cortex Astrocytoma (WHO gr Ill) Hemiparesis
10 Mesencephalic GBM (WHO gr IV) Hemiparesis
11 Left motor cortex AVM Hemiparesis
12 Left insular Astrocytoma (WHO gr 1) Hemiparesis
13 Right paracentral lobule — motor area Pylocitic astrocytoma Hemiparesis (especially in leg)
14 Left motor cortex Meningioma Hemiparesis (especially in leg)
15 Left motor area AVM Hemiparesis (especially in hand)
16 Left motor cortex GBM (WHO gr IV) Hemiparesis
17 Left insular Oligodendroglioma (gr 2) Hemiparesis
18 Left thalamic Astrocytoma (WHO gr Il) Hemiparesis
19 Right thalamic Astrocytoma (WHO II) Hemiparesis
20 Brainstem Cavernoma Hemiparesis
21 Brainstem Cavernoma Hemiparesis
22 Right motor cortex GBM (WHO gr IV) Hemiparesis
23 Left paracentral lobule — motor Oligo (WHO gr Il Hemiparesis (especially in leg)

Table VII: Distribution of Patients by Postoperative Morbidity and
Mortality

Number (rate, %)

Temporary increase in

homonym hemianopsia 10.61)
Morbidity Hemiparesis 22 (13.49)
Total 23 (14.11)
Hepatic insufficiency 1(0.61)
Mortality Fulminant meningitis 1(0.61)
Total 2(1.22)

stimulation. First of all, only the monitored muscles can be
controlled when recording compound muscle action poten-
tials. Because of this, it is not possible to detect and prevent
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motor deficits in uncontrolled muscles. Therefore, Cedzich
et al. suggested that monitoring all muscle groups at risk is
necessary (4). However, it has been shown that, in the case
of common low-grade gliomas involving subcortical regions
where the pyramidal pathways converge, all parts of the con-
tralateral half of the body can produce motor responses and
make it difficult to predict or define all at risk muscle groups
before resection. Second, as in SSEPs, even with the use of
repetitive excitations, MEP provide only indirect information
about the position of the pyramidal paths, and do not allow
direct identification of motor paths when performing resec-
tions. Only 20% of the patients developed sequelae due to
limitations of the evoked potential techniques, mainly during
resection of subcortical lesions in the immediate vicinity of
the pyramidal pathway. Cedzich et al. (4) concluded that an
additional method is required in patients who require definitive
localisation of white matter and whose motor tract tumours
will be removed.



Table VIII: Statistical Analysis of Patients
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Variables in the Equation

95% C.I. for EXP(B)

B S.E. Wald df Sig. Exp(B)

Lower Upper

Cavernoma (1) 16.116 7115.607 .000 1 .998 9978220.526 .000
Meningioma (1) -.284 .858 .109 1 741 .753 .140 4.047

Metastasis (1) -16.431 7115.608 .000 1 .998 .000 .000
Other (1) -.960 1.254 .587 1 444 .383 .033 4.467

WHO | (1) 16.469 7115.607 .000 1 .998 14209406.844 .000
WHO Il (1) 1.015 .838 1.466 1 .226 2.759 534 14.267
WHO 11l (1) 159 1.295 .015 1 .902 1.173 .093 14.856
Gross Total (1) -2.163 1.208 3.207 1 .073 115 .011 1.227

. Total (1) -17.416 7115.607 .000 1 .998 .000 .000
Step 1 Subtotal (1) -1.820 1.330 1.874 1 A71 162 .012 2.194
Brainstem (1) 1.854 1.354 1.875 1 71 6.386 449 90.724

Basal Ganglia (1)  -19.111 15315.159 .000 1 .999 .000 .000
Insular (1) 227 1.481 .024 1 .878 1.255 .069 22.864
Sensorimotor (1) 1.405 1.238 1.288 1 .256 4.075 .360 46.118
SMA (1) -1.399 1.614 .752 1 .386 247 .010 5.836

Speach (1) -19.148 8621.911 .000 1 .998 .000 .000
Thalamic (1) .950 1.557 372 1 .542 2.586 122 54.656

Constant -.551 1.574 128 1 .726 576

a. Variable(s) entered on step 1: Cavernoma, Meningioma, Metastasis, Other, WHO I, WHO II, WHO Ill, Gross Total, Total, Subtotal, Brainstem,

Basal Ganglia, Insular, Sensorimotor, SMA, Speach, Thalamic.

Intraoperative Repetitive Subcortical Stimulation (White
Matter)

Although the authors of numerous series reported the use of
direct electrical cortical stimulation in patients after induction
of general or local anaesthesia during surgery for tumours in
the eloquent brain regions, there was no interest in performing
intraoperative recurrent subcortical stimuli, except for Berger
et al. (2,3). In conclusion, long-term and even permanent
postoperative neurological deficits have been reported due
to the lack of accurate and repetitive white matter mapping.
In a recent study evaluating resection of a low-grade glioma
close to the motor cortex, Peraud et al. reported that some
patients showed severe paresis with slow recovery, possibly
due to damage to the border of the white matter, when the
most posterolateral portion of the tumour was removed (15).
In comments regarding this article, Piepmeier confirmed that
interruption of descending motor fibers is a common cause
of unexpected permanent motor deficits (16). Because of
this risk of damage to the pyramidal pathway at the level
of deep infiltration, Peraud et al. and other investigators
have concluded that it is more likely to result in permanent

morbidity in resection of Grade Il gliomas in the superior
frontal gyrus when localisation is performed less than 0.5
cm from the precentral gyrus or positive stimulation points.
Danks et al. studied a large group of patients with low-grade
gliomas, and they described the limited resection principle
at 0.5 cm of the primary sensorimotor cortex in a recent
publication summarising all of their experiences (6). LeRoux
et al. limited this line to 1 cm (13). Danks et al. stated that
they did not use subcortical white matter stimulation mapping
in their series (6), and subcortical white matter stimulation
mapping was performed by Nikas et al. (14). Thus, even with
a 57% complete resection rate, well-limited tumours, such
as pilocytic astrocytoma, ganglioglioma, and ependymoma,
have yielded gross total resection of only 28% of the true
World Health Organization grade Il low-grade gliomas. This
rate can be optimised if there is no tumour margin around the
low-grade tumour areas, but in this case, the postoperative
morbidity rate increased to higher levels.

Our experience suggests that greater caution during resec-
tion in contact with functional cortico-subcortical struc-
tures and the immediate cessation of resection in the event
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of any potential change in neurophysiological record-
ings will reduce the rate of postoperative morbidity.
This is a policy that allows improvement in the quality of
low-grade glioma removal; that is, to ensure the reliability of
this strategy, it is necessary to use repeated and systematic
subcortical stimuli during resection. This strategy is even more
important in insular region surgery. Especially in low-grade
insular tumours, understanding the end of the median
tumour margin poses a serious problem even for experienced
surgeons. It can be challenging to the surgical team and the
possibility of recovery will be very low in the presence of a
possible neurologic deficit. In a series of patients with insular
gliomas, Lang et al. emphasised the importance of using direct
subcortical stimulation, but argued that this technique often
did not provide adequate stimulation of neurological function-
ality and only reported loss of neurological function (12). This
was also our experience. The combined use of mapping and
monitoring techniques in the surgery of supratentorial lesions,
especially located within the motor cortex corticospinal tract,
somatosensory cortex and lemniscal pathway, allows tumour
resection in previously unresectable brain regions. Further
studies that analyse not only the functional outcomes but
also progression of tumour recurrency and progression will be
helpful to determinate the treatment plan for patients who do
not undergo surgery (15).

It has been reported that the use of neuroimaging methods
alone for localisation of the central sulcus may cause false
localisation. Phase reversal SEP (SEP-PR) is an intraoperative
mapping technique that can be used for central sulcus local-
isation. Cortical mapping studies performed with direct corti-
cal stimulation and SEPs have provided great convenience to
the surgical treatment in terms of the localisation of a tumour
and its relation to neurological functions and increased safety
of the surgery. It is not correct to use preoperative neuroimag-
ing alone for motor cortex localisation. A study showed that
the localisation with preoperative MRI was incompatible with
intraoperative SEP-PR in 12% of the cases (4). As a result
of craniotomy and dura opening, or during tumour excision,
changes in cortical and deep structures makes it difficult to
use preoperative mapping during an operation. In the 1970s,
a SEP phase reversal method was developed for central
sulcus localisation (21). This method is based on afferent
dipole changes from the postsantral sulcus to the presantral
sulcus and is actually a somatosensory potential recorded in
the sensorial cortex with its mirror image recorded from the
motor cortex. Therefore, SEP-PR is a safe method that can be
applied noninvasively and can precisely determine the loca-
tion of the central sulcus intraoperatively.

The success rate of this method is between 91% and 94%
(11,23). The error rate of about 9% is based on several
factors; the first one is the central sulcus can be affected
and mislocated by large lesions. The other reason is that the
recording electrodes incorrectly positioned in the sensorimotor
cortex due to the lesion can affect afferent conduction by
disrupting the flow of thalamocortical pathways, changing
the distribution and afferent conduction interruption in the
spatial flow of the cortical electrical dipoles caused by a mass
effect, and placement without considering the anatomical
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relationships. Generally, anaesthesia is not an important factor
affecting this method because direct cortical recordings have
high amplitudes and are easily observable. However, some
potent anaesthetics, especially halothane, can reduce the
mirror image of SEPs. Some authorities have recommended
not using halothane with SEPs. The limitations of the SEP-PR
technique are that they show only the central sulcus and do
not allow direct display of motor functions. According to the
method described by Le Roux et al., continous evaluation of
motor functions during surgery is possible with direct motor
cortex stimulation or white matter stimulation with bipolarity
(13).

B CONCLUSION

In conclusion, all of these methods should not be thought of
as competetive with each other; the methods are complemen-
tary. Although all of these methods are hepful for the surgical
team in terms of loss of neurological function, the rate of loss
could be up to 100% and irreversible despite corrective manu-
veurs. Thus, despite such advanced technological equipment,
high-level intraoperative imaging, navigation methods and
neurophysiological recordings, a classical microsurgical tech-
nigue remains important.
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