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Intraoperative brain mapping is generally considered as an effective technique for identification of the corti-
cal speech centers during surgery for cerebral gliomas. However, several pitfalls may interfere with correct in-
terpretation of the obtained functional information. To facilitate application of this technique, Intraoperative Ex-
amination Monitor for Awake Surgery IEMAS) was developed by us. View of the patient’s face and examination
task, level of sedation, view of the surgical field and display of the neuronavigation system can be observed simul-
taneously on IEMAS. We applied IEMAS in 96 awake craniotomies for gliomas adjacent to the cortical speech
centers. In this series true positive intraoperative identification of Broca’s area was done in 43 patients, Wer-
nicke’s area in 15, and both areas in 2. In 13 cases the functionally preserved speech area was identified within
the tumor mass itself. In 26 cases false positive speech arrest due to stimulation either motor (13 cases), or nega-
tive motor (13 cases) cortex was noted. In 30 patients continuous monitoring of the speech function during tumor
removal revealed appearance of its disturbances, and in 21 of them aggressive resection of the neoplasm was
abandoned. Use of IEMAS was effective in determination of the cause of speech arrest, differentiation of true
positive and false positive identification of the cortical speech centers, and precise localization of the functioning
eloquent cortex with regard to tumor mass itself.
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Introduction
Contemporary surgical management of intracra-
nial gliomas is directed on the maximal resection of
the lesion with preservation of the adjacent

V>3 However,

functionally-important brain tissue
such a goal is frequently significantly challenged
due to non-clear tumor border caused by its infiltra-
tive growth. Additionally, at least in cases of cortical
neoplasms, identification of the eloquent brain ar-
eas, such as speech centers, may be complicated

due to known anatomical variations of their location
4)5)

and possible shift during growth of the neoplasm

It necessitates individual assessment of the func-
tional importance of the cerebral tissue adjacent to
the lesion, which can be done either preoperatively,
or using intraoperative brain mapping”*®.

Awake craniotomy showed a great usefulness in
cases of gliomas adjacent to the cortical speech cen-
ters”™. This technique provides the surgeon an op-
portunity to have a verbal contact with fully anes-
thetized patient, to control correctness of his or her
responses to various tasks during direct cortical
stimulation, to identify precisely localization of the
Broca’s and/or Wernicke's areas and their relation-



ships to the tumor mass, and consequently, to per-
form maximal possible resection of the lesion with-
out permanent damage of the speech function””™.
Nevertheless, interpretation of results of the in-
traoperative cortical mapping during awake crani-
otomy is neither simple nor straightforward, and
their application to decision-making on the optimal
tumor resection may be rather complicated® ™. To
facilitate the use of this technique, we developed
the Intraoperative Examination Monitor for Awake
Surgery (IEMAS). The purpose of this paper is to
report on the evaluation of our experience with this
device in cases of gliomas adjacent to the cortical
speech centers.
Materials and Methods

IEMAS was used for functional brain mapping in
96 patients who underwent awake craniotomy for
gliomas of various WHO histopathological grades
(from I to IV) adjacent to Broca’s and/or Wernicke's
area, or to the left supplementary motor cortex.

There were 68 men and 28 women. Their ages
varied from 19 to 65 years old (median, 40 years old).
All surgical procedures were performed in the intel-
ligent operating theater of the Tokyo Women's
Medical University®™ equipped with 0.3 Tesla open
intraoperative MRI (AIRIS II™ Hitachi Medical Co.,
Chiba, Japan) and dedicated neuronavigation sys-
tem (PRSnavi, Toshiba Medical Systems Co., Tokyo,
Japan), between January, 2005 and December, 2008.
Before surgery, all patients were provided informed
consent and fully informed on possible complica-
tions of the surgery itself, as well as of intraopera-
tive functional examinations and neurophysiological
monitoring.

Intraoperative cortical mapping

In all patients, laryngeal masks were used during
anesthesia, and their extubation was performed af-
ter completion of craniotomy in advance of intraop-
erative brain mapping and speech examinations.
Cortical stimulation was done with Ojemann Corti-
cal Stimulator (OCS-1, Radionics, USA) with the cur-
rency ranged from 1 to 16 mA, output frequency of
50 Hz, and 0.5 ms biphasic rectangular waves. The
examination tasks included words’ repetition and
number counting for the screening purpose, and ob-
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Fig. 1 Components of the IEMAS
Laptop computer for examiners (a), task display moni-
tor (b), signal circuits (c), and information display moni-
tor (d).

ject naming and verb generation for the diagnostic
one.

IEMAS and its use during awake craniotomy

IEMAS consists of the (1) laptop computer with
which examiner of the cortical functions can select
the type of the examination task, (2) a display moni-
tor that shows the task to the patient, (3) signal cir-
cuits, which collect and integrate in real-time the in-
traoperative information from the various sources,
and (4) a display monitor that provided the visuali-
zation of the integrated data to the members of the
surgical team (Fig. 1).

In the laptop computer the various examination
tasks, such as naming, reading, and word creation,
are stored as digital data. A selected task is pro-
jected on the display monitor just in front of the pa-
tient’s face. This monitor is additionally equipped
with a small video camera for monitoring the facial
movements, and a microphone for detection of the
verbal response during examination. The signal cir-
cuits integrate various intraoperative data during
brain mapping. The images from the several



34

Fig. 2 Realtime integrated intraoperative information displayed on the monitor of

IEMAS

View of the patient’s face and examination task (Channel 1-upper left), anesthesia param-
eters displayed on BIS monitor (Channel 2-upper right), view of the surgical field via in-
traoperative microscope during electrical stimulation of the cortex (Channel 3-lower left),
and display of the intraoperative neuronavigation device (Channel 4-lower right).

Fig. 3
Position of IEMAS in the intelligent operating theater
during awake craniotomy with intraoperative cortical
stimulation for resection of the cerebral glioma.

sources are integrated in real time on the same
monitor of the IEMAS. Therefore, the view of the
patient’s face and the examination task, the level of
sedation according to the anesthetic monitor (BIS
A 1000, Aspect Medical Systems, Inc., USA), the
view of the surgical field through the operative mi-
croscope, and the display of the neuronavigation
system can be observed simultaneously on one
screen (Fig. 2). This integrated information can be
seen not only on the monitor of the IEMAS itself,
but projected on the several in-room liquid crystal
displays (LCD), so that all members of the surgical
team can share these information.

During surgery, IEMAS was positioned near the
operating table and was operated by the examiner
of the cortical functions (Fig. 3). The validity of the
patient’s responses during brain mapping was
checked using strict algorithm with assessment of
data visualized on the information display monitor
of the IEMAS (Fig. 4). The special emphasis was put
on the appropriate visualization of the examination
task by the patient, sufficiency of his or her awaken-
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Confirmation of the patient’s
response to examination task

Normal
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Yes No
Positive or negative motor area Speech area

Fig. 4
Algorithm for evaluation of validity of the patient’s
response during intraoperative cortical mapping with
the use of IEMAS.

ing from sedation, and evaluation of the motor re-
sponse of the facial muscles.
Results

Intraoperative cortical mapping with the use of
IEMAS during awake surgery for cerebral gliomas
adjacent to the speech areas was successfully com-
pleted in 91 out of 96 patients (95%). In other 5
cases the procedure was interrupted due to either
insufficient awakening of the patient from sedation,
or development of the epileptic seizure.

In 26 cases, false positive speech arrest due to
stimulation either motor (13 cases), or negative mo-
tor (13 cases) cortex was noted. Its identification
was based on the observed facial muscle contrac-
tions around the mouth or deviation of the eyes,
which were clearly seen on the monitor of IEMAS.
True positive intraoperative identification of
Broca's area was done in 43 patients, Wernicke's
area—in 15, and both areas—in 2. In 13 cases, the
functionally preserved speech area was identified

within the tumor mass itself, which precluded ag-
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Example of the time chart of the cortical mapping
during awake craniotomy (Illustrative Case 1). All re-
quired items can be identified simultaneously either
on the monitor of IEMAS or with its sound recorder,
which significantly facilitate real-time integrative as-
sessment of the intraoperative information.

gressive resection of the neoplasm for avoidance of
permanent damage of the speech function. In 30 pa-
tients continuous monitoring of the speech function
during tumor removal revealed appearance of its
disturbances (mainly, aphasia). In 21 of these pa-
tients, aggressive resection of the neoplasm was
abandoned. No permanent postoperative neurologi-
cal morbidity was observed in 91 patients.

Ilustrative cases

Case 1

A 42-year-old man was operated on for glioblas-
toma located in the inferior frontal gyrus. Intraop-
erative brain mapping resulted in straightforward
identification of the Broca’s area, with reproducible
speech arrest in response to cortical stimulation
during object naming. The verbal response was
blocked completely beside production of the unrec-
ognizable sounds during approximately 3 seconds
after application of the stimulation and was followed
by the patient’s claim that he had not been able to
speak (Fig. 5). Subsequently correct response to ex-
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amination task was fully restored. The level of
awakening was sufficient and no movements of the
facial muscles were observed. Therefore, speech ar-
rest was considered as true positive identification of
the Broca's area. According to IEMAS-based inte-
gration of the functional cortical mapping and real-
time neuronavigation with the use of intraoperative
MRY], the identified speech area was located within
the tumor mass itself. Therefore, aggressive resec-
tion of the neoplasm was abandoned for preserva-
tion of the speech function.

Case 2

A 35-year-old man was operated on for low-grade
astrocytoma located in the precentral gyrus. Con-
tinuous monitoring of the speech function during
tumor resection was done. While speech arrest had
happened during electrical stimulation within the
bulk of the neoplasm careful evaluation of the view
of the patient’s face on the monitor of IEMAS re-
vealed strain of the facial muscles around the
mouth, which was considered as a sign of false posi-
tive identification of the cortical speech area caused

Fig. 6
Real-time integrated intraoperative information displayed on the monitor of IEMAS at the
time of speech arrest simultaneous to electrical stimulation of the cortex during object
naming test. Note strain of the facial muscles around the mouth (dashed line on the upper
left display) considered as a sign of false positive identification of the cortical speech area
and result of stimulation of the motor cortex.

by stimulation of the motor cortex (Fig. 6). Aggres-
sive tumor resection was accomplished.

Case 3

A 33-year-old man was operated on for low-grade
astrocytoma located in the middle frontal gyrus.
Cortical stimulation in the vicinity to the tumor was
done and resulted in speech arrest. However, it was
accompanied by rigid deviation of the patient’s eyes
to the right, which was clearly seen on the monitor
of IEMAS (Fig. 7). Such response was clearly repro-
ducible. Consequently, we judged that speech ar-
rest was actually caused by stimulation of the sup-
plementary motor cortex, but not Broca's area it-
self. Therefore aggressive tumor resection was per-
formed.

Discussion

Use of updated intraoperative neuronavigation
proved its high usefulness during resection of in-
tracranial gliomas™®. It provides for the surgeon a
perfect opportunity to remove the bulk of the lesion
from the peritumoral brain tissue. Moreover, intro-
duction of the intraoperative MRI into clinical prac-



Fig. 7
View of the patient’s face on the monitor of IEMAS at the time of speech arrest simulta-
neous to electrical stimulation of the cortex during object naming test. Note accompanied
rigid deviation of the eyes to the right (left), which was considered as a sign of false posi-
tive identification of the cortical speech area caused by stimulation of the supplementary
motor cortex. Subsequently the patient was able to respond correctly to the examination
task and deviation of the eyes was resolved completely (right).
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Table Possible problems of the intraoperative cortical mapping during awake craniotomy and technical solutions

Problem

Solution

Identification of neurological signs

Monitoring of the patient’s face, its mimics, involuntary
movements of the facial muscles and the patient’s seda-

Speech arrest may be caused by stimulation of the different corti-
cal areas, namely motor cortex, negative motor cortex, and speech
area, which require to be precisely discriminated. In addition, insuf-
ficient awakening of the patient from sedation may result in pseudo

tion level at the time of speech arrest during cortical
stimulation

speech arrest.
Sharing information among the members of surgical team

It may be difficult for the surgeon, the examiner and the anesthe-
tist to share the information necessary to interpret the obtained
functional information, such as the nuances of the cortical stimula-

tion, the patient’s sedation level, the examination tasks.

Integration functional information with anatomical information

it may be difficult for the surgeon to integrate precisely the posi-
tioning of functional area with the anatomical details of the tumor

location.

Real time integration of the information on the cortical
stimulation observed by the surgeon through the oper-
ating microscope, the type of examination task, and his
or her response and the share of these information
among the members.

Integration of the information on the electrical cortical
stimulation during intraoperative brain mapping with
the data of intraoperative neuronavigation with 3-di-
mensional visualization of the tumor location.

tice resulted in significant reduction of the mislocali-
zation errors resulted from the effect of “brain
shift™"”. Nevertheless, despite high preciseness of
such updated intraoperative neuronavigation, it is
important to emphasize that it provides only mor-
phological, but not functional information. There-
fore, its use is not sufficient enough for solution of
the extremely difficult surgical dilemma: whether
the eloquent functionally-preserved cerebral struc-
tures are located within the mass of the infiltrating
tumor or outside of it. [t necessitates application of
the various preoperative and intraoperative tech-

niques for clinical brain mapping in individual pa-
tient.

Awake craniotomy is a widely used technique,
which provides for the surgeon unique opportuni-
ties for intraoperative examination of the higher
brain functions, detailed cortical and subcortical
brain mapping, and precise identification of the
functionally-important structures. However, pres-
ence of several medical, surgical, and technical pit-
falls may interfere with interpretation of the ob-
tained data, particularly during localization of the
cortical speech centers (Table). The intraoperative
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neurosurgical device IEMAS was developed to
eliminate the existing problems and facilitate the in-
traoperative cortical mapping.

Electrical stimulation of the several cortical areas

¥ Particularly,

may similarly result in speech arrest
in 13 cases of the present series false positive identi-
fication of the Broca’s area was caused by stimula-
tion of the primary or supplementary negative mo-
tor area, which represents a cortical center for syn-
ergistic movements. Differentiation of the speech
arrest caused by stimulation of the negative motor
area from the speech center itself can be done with
testing of limb movements during the period of
speech arrest. Meanwhile, in the present series, it
was effectively done with assessment of the facial
motor reaction, particularly strain of the muscles
around the mouth or deviation of eyes, which were
clearly seen on the monitor of IEMAS.

Level of the patient’s consciousness may signifi-
cantly influence the response to examination tasks,
and in our experience, insufficient awakening from
sedation was one of the main reasons of unsuccess-
ful brain mapping. The level of consciousness
should be preferably confirmed before initiation of
the brain mapping for avoidance of unnecessary
repetitions of the cortical stimulation. For this pur-
pose, we performed not only checking of parame-
ters of the BIS monitor, but applied preliminary
screening with words’ repetition and number count-
ing tests. Use of IEMAS permitted easy assessment
of the patient’s consciousness level at the time of
cortical stimulation and response to examination
task, since all these data are co-registered in real
time and presented on the same monitor. Addition-
ally, such integrated information can be easily pro-
jected on several LCD within the operating theater,
which results in its quick and easy visualization by
all members of the surgical team, which may pre-
vent missing of the important data or their incor-
rect interpretation.

Of special note, IEMAS provides a unique oppor-
tunity for integration of the functional data obtained
during brain mapping with anatomical information
based on the intraoperative MRI, which permits the
surgeon direct 3-dimensional assessment of the lo-

calization of the stimulated cortex with regard to
tumor location. In 13 patients of the present series,
such co-registration of the functional and anatomi-
cal data revealed localization of the functionally pre-
served speech area within the tumor mass itself,
which resulted in less aggressive lesion resection
and prevention of the bothersome postoperative
neurological morbidity. On the other hand, in sev-
eral occasions IEMAS-based integrated assessment
of the intraoperative data permitted to reveal false
positive identification of the speech center within
the tumor, which resulted in total removal of the
neoplasm.

Between June, 2000 and December, 2004, before
IEMAS was developed, we had performed 20 cases
of awake craniotomy for gliomas various WHO
histopathological grade (from II to IV) adjacent to
Broca's and/or Wernicke's area, or to the left sup-
plementary motor cortex in the intelligent operat-
ing theater of the Tokyo Women’s Medical Univer-
sity, where 0.3 Tesla open intraoperative MRI and
neuronavigation system had been already
equipped. There were 12 men and 8 women. Their
age varied from 26 to 57 years old (median, 34 years
old), and postoperative neurological morbidity was
observed in 2 patients (for 2 months and 3 weeks af-
ter surgery, each). In this study, no permanent post-
operative neurological morbidity was observed.

Therefore, we think individually-based approach
for surgical management of gliomas with IEMAS
permits for the surgeon to attain maximal possible
tumor resection with minimal risk of permanent
postoperative neurological morbidity.

Conclusion

In our experience, use of IEMAS significantly fa-
cilitates registration, integration, and interpretation
of the various intraoperative information obtained
with functional brain mapping during awake crani-
otomy for gliomas adjacent to Broca's and/or Wer-
nicke’s areas. The device was helpful for determina-
tion of the cause of speech arrest and differentiation
of true positive and false positive identification of
the cortical speech centers. Additionally, possible
co-registration of the functional and anatomical in-
formation was useful for precise localization of the



functioning eloquent cortex with regard to tumor
mass itself. Therefore, the IEMAS is considered to

be an useful device for neurosurgical practice.
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