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Resection of gliomas located within or close to the 
motor area or pyramidal tract comes with a risk 
of severe motor dysfunction. Aggressive resection 

of intracranial glioma, which has a positive impact on the 
prognosis,1–6 may be associated with an increased risk of 
neurological complications. To avoid permanent postop-

erative motor dysfunction, identification of localization to 
the motor area is important. The most reliable method for 
identification of the eloquent motor areas is direct cortical 
brain mapping using electrical stimulation during awake 
craniotomy. Nevertheless, we sometimes encounter pa-
tients in whom the motor area cannot be identified with in-
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OBJECTIVE Identification of the motor area during awake craniotomy is crucial for preservation of motor function when 
resecting gliomas located within or close to the motor area or the pyramidal tract. Nevertheless, sometimes the surgeon 
cannot identify the motor area during awake craniotomy. However, the factors that influence failure to identify the motor 
area have not been elucidated. The aim of this study was to assess whether tumor localization was correlated with a 
negative cortical response in motor mapping during awake craniotomy in patients with gliomas located within or close to 
the motor area or pyramidal tract.
METHODS Between April 2000 and May 2019 at Tokyo Women’s Medical University, awake craniotomy was performed 
to preserve motor function in 137 patients with supratentorial glioma. Ninety-one of these patients underwent intraopera-
tive cortical motor mapping for a primary glioma located within or close to the motor area or pyramidal tract and were 
enrolled in the study. MRI was used to evaluate whether or not the tumors were localized to or involved the precentral 
gyrus. The authors performed motor functional mapping with electrical stimulation during awake craniotomy and evalu-
ated the correlation between identification of the motor area and various clinical characteristics, including localization to 
the precentral gyrus.
RESULTS Thirty-four of the 91 patients had tumors that were localized to the precentral gyrus. The mean extent of 
resection was 89.4%. Univariate analyses revealed that identification of the motor area correlated significantly with age 
and localization to the precentral gyrus. Multivariate analyses showed that older age (≥ 45 years), larger tumor volume (> 
35.5 cm3), and localization to the precentral gyrus were significantly correlated with failure to identify the motor area (p = 
0.0021, 0.0484, and 0.0015, respectively). Localization to the precentral gyrus showed the highest odds ratio (14.135) of 
all regressors.
CONCLUSIONS Identification of the motor area can be difficult when a supratentorial glioma is localized to the precen-
tral gyrus. The authors’ findings are important when performing awake craniotomy for glioma located within or close to 
the motor area or the pyramidal tract. A combination of transcortical motor evoked potential monitoring and awake cra-
niotomy including subcortical motor mapping may be needed for removal of gliomas showing negative responses in the 
motor area to preserve the motor-related subcortical fibers.
https://thejns.org/doi/abs/10.3171/2020.2.JNS193471
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traoperative functional mapping during awake craniotomy. 
Therefore, a knowledge of the factors related to difficulty 
in identification of the motor-related cortical area is es-
sential when resecting gliomas located within or close to 
the motor area and pyramidal tract. However, these factors 
have not yet been elucidated.

Previously, we reported that identification of the frontal 
language area could be difficult on the dominant side in 
patients with frontal gliomas that involve the pars trian-
gularis.7 It is well known that the pars triangularis plays 
an important role in the language network.8 Therefore, we 
speculated that neuroplasticity, which is a dynamic pro-
cess,9,10 proceeds in stages and that scattered incomplete 
functional language reorganization occurs before neuro-
plasticity is completed on the dominant side in cases of 
frontal glioma involving the pars triangularis. Conse-
quently, we hypothesized that this process makes identi-
fication of the frontal language area difficult. From these 
speculations, we suspected that a tumor location involving 
the essential functional cortical area is associated with a 
negative response to functional cortical mapping for su-
pratentorial glioma during awake craniotomy.

More recently, we reported that combined evaluation of 
voluntary movement during awake craniotomy and trans-
cortical motor evoked potentials (MEPs) was useful in 
30 patients who underwent removal of glioma in the pre-
central gyrus.11 When analyzing the data in that study, we 
inferred empirically that the tumor localization was cor-
related with a negative response on motor cortical map-
ping and that identification of the motor area could be par-
ticularly difficult with gliomas localized in the precentral 
gyrus. The precentral gyrus is bordered anteriorly by the 
precentral sulcus, posteriorly by the postcentral gyrus, and 
caudally by the posterior ramus of the sylvian fissure. In 
the present study, we investigated 91 consecutive patients 
with primary supratentorial glioma located within or close 
to the motor area or pyramidal tract who underwent intra-
operative cortical mapping to identify the motor area. The 
aim of the study was to determine whether or not tumor 
localization is correlated with a negative cortical response 
to motor mapping during awake craniotomy.

Methods
Patients and Preoperative Evaluation

Awake craniotomy was performed to preserve mo-
tor function in 137 patients with supratentorial glioma at 
Tokyo Women’s Medical University between April 2000 
and May 2019. Ninety-one of these patients had primary 
glioma located within or close to the motor area or pyra-
midal tract and underwent intraoperative motor cortical 
mapping to identify the motor area. Of 137 patients, 46 
with a recurrence were excluded from this study. In all pa-
tients the preoperative diagnosis was based on MRI stud-
ies, which included T1-weighted, T2-weighted, FLAIR, 
and postcontrast T1-weighted images. Using MR images, 
we evaluated whether or not the tumors localized to or in-
volved the precentral gyrus. We defined a glioma as local-
izing to the precentral gyrus when more than 80% of the 
tumor was located in the precentral gyrus. We categorized 
preoperative motor dysfunction as “None” or “Declined.”

The study protocol was approved by the ethics com-
mittee of the Tokyo Women’s Medical University. The re-
quirement for informed consent was waived in view of the 
retrospective design of the study. Patients were given the 
opportunity not to have their data included in the study 
via the opt-out method. To protect patient privacy, we re-
moved all identifiers from our records on completion of 
our analyses.

Surgery
Surgery was performed according to the previously 

published concept of information-guided brain tumor re-
moval, with the goal of maximal possible resection of the 
tumor with minimal risk of permanent postoperative neu-
rological deficits.7,11–16 Intraoperative MRI (AIRIS II; Hita-
chi Medical Corp.) and an updated navigation system were 
used routinely. Surgery was generally performed with 
maximal possible removal of the totally enhanced area 
that was visualized on T1-weighted images for tumors 
suspected to be glioblastoma and on the hyperintense area 
on T2-weighted images for tumors suspected to be grade 
II or III glioma. Histopathological diagnosis of all tumors 
was based on the WHO criteria published in 2007.17

Continuous Monitoring of Transcortical MEPs and 
Functional Mapping During Awake Craniotomy

The following methods have been published previ-
ously.7,11, 15,18 Briefly, to detect compound muscle action 
potentials, 27-gauge bipolar disposable subdermal needle 
electrodes were placed at a distance of approximately 10 
mm apart on relevant muscles of the contralateral side of 
the tumor. Next, a 6-contact strip electrode was placed 
over the assumed rolandic region. Following positioning 
of the strip electrode, the median nerve was stimulated, 
and phase reversal of the somatosensory evoked potentials 
in the central sulcus and precentral gyrus was identified. 
The position of the strip electrode was adjusted to obtain 
the maximal compound muscle action potentials for the 
target muscles, with a threshold of 30 mA or less. Con-
tinuous MEP monitoring by direct cortical stimulation via 
the strip electrode (train stimulation 5 times; frequency 
500 Hz; pulse duration 0.5 msec) was then performed 
with a neurophysiological monitoring device (Neuromas-
ter MEE-1200; Nihon Kohden) during tumor removal. 
We defined a reduction in MEP amplitude of more than 
50% as significant and reported this to the surgeon, as de-
scribed previously.19–22

Using previously published methods for intraoperative 
brain mapping,7,11,15,18 electrical stimulation of the cortex 
was applied with repetitive square-wave biphasic currents 
of alternating polarity (pulse width 0.2 msec, frequency 50 
Hz, duration 1–2 seconds) by using an Ojemann cortical 
stimulator (OCS-1; Integra Radionics, Inc.). A continuous 
digital electrocorticogram was monitored to detect sei-
zures and afterdischarges. The stimulus intensity was in-
creased steadily from 2 mA by using stepwise increments 
of 1 mA until an effect was attained or abnormalities on 
the electrocorticogram were noted. The maximum stimu-
lus intensity was 6 mA (biphasic current; 12 mA). A posi-
tive motor response was confirmed by observing whether 
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or not the relevant muscles moved. The MEP response was 
obtained by direct cortical stimulation, whereas negative 
motor response was confirmed by observing stimulation 
without the relevant muscle movement and the MEP re-
sponse. To confirm that the results were reproducible, each 
cortical area was stimulated at least twice but never in suc-
cession. Removal of the tumor was accompanied by sub-
cortical stimulation through the resection cavity and was 
intended to identify the motor pathways. The devices used 
for this purpose and the parameters of stimulation, includ-
ing the intensity, were similar to those used for cortical 
mapping.23 During the entire procedure while the patient 
was awake, his or her voluntary movement was constantly 
monitored by observing the response to verbal commands 
from a member of the treatment team. When the team 
member confirmed that the patient’s voluntary movement 
had weakened, the degree of weakness was immediately 
reported to the surgeon. We categorized intraoperative 
voluntary movement as “No change” or “Declined” com-
pared with the preoperative status.

Intraoperative and Postoperative Evaluation
The methods used have been published elsewhere.11,24 

The tumor resection rate was assessed by intraoperative 
MRI. As previously reported,1,2,7,14,24 we used 3D Slicer 
4.0 (freely downloadable from http://www.slicer.org25) for 
semiautomatic volumetry to evaluate the extent of resec-
tion (EOR). We calculated the EOR by using the contrast-
enhanced area for enhanced tumors and the hyperintense 
areas on T2-weighted images for nonenhanced tumors 
intraoperatively. We evaluated the patient’s motor func-
tion on a daily basis until discharge from the hospital. 
Specifically, we categorized motor function 1 week after 
surgery as “Declined” or “No change” compared with the 
preoperative status. Thereafter, all patients were followed 
up regularly in the outpatient clinic by the attending neu-
rosurgeon. We categorized motor function 6 months after 
surgery as “Declined” or “No change” compared with the 
preoperative status and further as “Mild,” “Moderate,” or 
“Severe,” as previously published.11,26 Motor function was 
assessed in all patients by manual muscle testing (MMT) 
as previously reported.11,27 Mild deficits included slight 
weakness and slight incoordination (MMT grade 4), which 
did not impact daily life. Moderate deficits included long-
term weakness or a requirement for a brace when walking 
(MMT grade 2 or 3). Severe deficits included extreme mo-
tor weakness (MMT grade 0 or 1) and contracture.

Statistical Analyses
The data were analyzed using JMP Pro version 14.0 

software (SAS Institute, Inc.). Associations between iden-
tification of the motor area and patient characteristics 
were assessed using Fisher’s exact test or the independent 
t-test. The cutoff value for age was selected by receiver op-
erating characteristic curve analysis. Correlations between 
identification of the motor area and intraoperative/postop-
erative findings were evaluated by Fisher’s exact test or the 
independent t-test. Multivariate logistic regression analy-
sis was used to explore the relationships between identi-
fication of the motor area and clinical characteristics, in-

cluding localizing to the precentral gyrus. We analyzed 
age and tumor volume as both categorical and continuous 
variables, respectively, in multivariate logistic regression 
analysis. Statistical significance was defined as p < 0.05.

Results
Patient Demographics and Clinical Characteristics

The demographics of the patient population and their 
clinical characteristics are shown in Table 1. The mean 
age was 40.1 years (range 18–68 years). The mean tumor 
volume was 35.5 cm3 (SD 34.5 cm3). We classified tumor 
location as shown in Table 1. The mean EOR was 89.4%. 
The motor area could not be identified by electrical stim-
ulation mapping during awake craniotomy in 16 (18%) 
of the 91 patients in the study. The motor areas could be 
identified in 75 patients (82%), and the motor areas were 
identified on the precentral gyrus in all 75 patients.

Correlations Between Identification of the Motor Area and 
Patient Characteristics

The tumors were found to be localized to the precentral 
gyrus on MRI in 34 of the 91 patients and to involve the 
precentral gyrus in 58 patients (Table 2). The cutoff value 
for age from receiver operating characteristic curve analy-
sis was 45 years. Therefore, we classified the 91 patients 
according to whether they were < 45 years or ≥ 45 years of 
age. Univariate analyses revealed that identification of the 
motor area correlated significantly with patient age and 
localization to the precentral gyrus (Table 2). Patient sex, 
whether the lesion was right-sided or left-sided, preopera-
tive motor dysfunction, tumor volume, and involvement of 
the precentral gyrus were not associated with identifica-
tion of the motor area.

Correlations Between Identification of the Motor Area and 
Intraoperative/Postoperative Findings

Univariate analyses showed no significant correlation 
between identification of the motor area and any intraop-
erative/postoperative findings, including WHO grade (low 
or high grade), intraoperative transcortical MEP changes, 
and postoperative motor function (Table 3). In 9 of the 16 
patients in whom the motor area could not be identified, 
motor-related subcortical fibers were detected by electri-
cal stimulation.

Multivariate Analysis of Potential Predictors of 
Identification of the Motor Area

Multivariate analyses with the logistic regression mod-
el showed that older age (≥ 45 years), a larger tumor vol-
ume (> 35.5 cm3), and localization to the precentral gyrus 
were significantly correlated with failure to identify the 
motor area (p = 0.0021, 0.0484, and 0.0015, respectively; 
Table 4). Localizing to the precentral gyrus showed the 
highest odds ratio (14.135; p = 0.0015) of all the regressors. 
When age and tumor volume were analyzed as continuous 
variables, older age, larger tumor volume, and localization 
to the precentral gyrus were also significantly correlated 
with failure to identify the motor area (p = 0.0129, 0.0162, 
and 0.0016, respectively; Table 4). Consequently, iden-
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tification of the motor area was significantly difficult in 
patients with supratentorial glioma localizing to the pre-
central gyrus.

Clinical Characteristics of 16 Patients Without 
Identification of the Motor Area

The clinical characteristics of the 16 patients in whom 
the motor area was not identified are shown in detail in 
Table 5. The mean age was 45 years (range 24–68 years). 
Only 2 (13%) of the patients showed preoperative motor 

dysfunction. Eleven (69%) of the patients had tumors lo-
calizing to the precentral gyrus, and motor-related sub-
cortical fibers were identified in 9 (56%). One week after 
surgery, motor function worsened in 13 patients (81%). Six 
months after surgery, only 1 (6%) had a persistent severe 
motor deficit. The mean EOR by volumetry was 91% ± 
7.3% (mean ± SD). 

Illustrative Cases
Case A

The tumor in this patient was located in the left superior 
frontal gyrus without involvement of the precentral gyrus 
(Fig. 1). The patient was a 23-year-old woman who pre-
sented with partial seizures. She had no other neurological 
deficit preoperatively. During an awake craniotomy, elec-
trical stimulation identified the motor cortical area for the 
right hand and leg. We removed the tumor with guidance 
from electrical cortical and subcortical motor functional 
mapping. We could not confirm the motor response from 
the white matter. However, the patient showed weakness 
of the right hand and leg intraoperatively because of sup-
plementary motor area syndrome. During the procedure, 
there was no decrease in transcortical MEP. The EOR was 

TABLE 1. Summary of demographic and clinical characteristics 
of the study population

Characteristic Value

No. of cases 91
Sex
 Male 58
 Female 33
Mean age, yrs (range) 40.1 (18–68)
Side of lesion
 Rt 52
 Lt 39
Mean tumor vol, cm3 35.5 ± 34.5
Tumor location
 SFG 1
 MFG 4
 IFG 1
 SFG + MFG 3
 MFG + IFG 4
 SFG + MFG + IFG 2
 PostCG 7
 Insula 2
 Cingulate gyrus 2
 PreCG 34
 SFG + PreCG 8
 IFG + PreCG 2
 SFG + MFG + PreCG 3
 MFG + IFG + PreCG 2
 PostCG + PreCG 7
 SFG + PostCG + PreCG 1
Mean EOR, % 89.4 ± 14.0
WHO grade
 I 2
 II 42
 III 35
 IV 12
Identification of motor area
 Yes 75
 No 16

IFG = inferior frontal gyrus; MFG = middle frontal gyrus; PostCG = postcentral 
gyrus; PreCG = precentral gyrus; SFG = superior frontal gyrus.
Data are presented as number of patients or mean ± SD unless otherwise 
indicated. 

TABLE 2. Characteristics of patient subgroups according to 
whether or not the motor area was identified

Characteristic
Identification of Motor Area

p Value*Yes No

No. of cases 75 16
Sex
 Male 47 11 0.6430
 Female 28 5
Mean age, yrs 39.1 ± 1.2 44.6 ± 3.0 0.0703 
Age† 0.0072 
 <45 yrs 55 6
 ≥45 yrs 20 10
Side of lesion
 Rt 43 9 0.9367 
 Lt 32 7
Preop motor dysfunction 0.6362
 None 62 14
 Declined 13 2
Tumor vol, cm3 34.8 ± 3.6 38.7 ± 12.3 0.6892 
Involvement of PreCG 0.6430 
 Yes 47 11
 No 28 5
Localizing to PreCG
 Yes 23 11 0.0048
 No 52 5

Data are presented as number of patients or mean ± SD.
* Statistical analysis was performed by Fisher’s exact test or independent 
t-test.
† The cutoff value for age (45 years) was detected by receiver operating 
characteristic analysis. 
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95%. The pathological diagnosis was diffuse astrocytoma. 
Her motor function showed full recovery at 6 months after 
surgery.

Case B
The tumor in this patient was located in the right su-

perior frontal gyrus with involvement of the precentral 
gyrus (Fig. 2). The patient was a 41-year-old woman who 
presented with frequent partial seizures. She had no other 
neurological deficit preoperatively. During an awake cra-
niotomy, electrical stimulation identified the motor cor-
tical area for the left hand. We removed the tumor with 
guidance from electrical cortical and subcortical motor 
functional mapping. We confirmed the motor response of 
the left leg and shoulder in the white matter. The patient 
showed weakness of the right hand and leg intraoperative-
ly because of supplementary motor area syndrome. The 
transcortical MEP did not decrease during the procedure. 
The EOR was 95%. The pathological diagnosis was dif-
fuse astrocytoma. Her motor function showed full recov-
ery at 6 months after surgery.

Case C
The tumor in this patient had localized to the right 

precentral gyrus (Fig. 3). The patient was a 43-year-old 
man who presented with headache. He had no neurologi-
cal deficit preoperatively. During an awake craniotomy, 
electrical stimulation did not identify any motor cortical 
area but induced convulsions in the precentral gyrus (Fig. 
3C). We removed the tumor with guidance from electri-
cal cortical and subcortical motor functional mapping. 
We could confirm the motor response of the left deltoid, 
wrist, and hand in the white matter. The patient showed 
weakness of the right hand intraoperatively. During the 
procedure, transcortical MEP in the left abductor pollicis 
brevis muscle decreased to 20% of the control value. The 
EOR was 100%. The pathological diagnosis was anaplas-
tic astrocytoma. His motor function recovered 6 months 
after surgery.

TABLE 3. Intraoperative and postoperative findings according to 
whether or not the motor area was identified

Finding
Identification of Motor Area Univariate 

p Value*Yes No

No. of cases 75 16
EOR, % 89.1 91.1 0.5967 
WHO grade
 I 2 0 0.4501 
 II 35 7
 III 30 5
 IV 8 4
WHO grade (low or high) 0.7860
 Low grade (I, II) 37 7
 High grade (III, IV) 38 9
Identification of motor-related 
subcortical fibers

0.3197

 Yes 48 9
 No 14 5
 NA 13 2
Changes in transcortical 
MEP response

0.5362

 MEP decline ≤50% 22 3
 MEP decline >50% 48 12
 NA 5 1
Voluntary movement intraop 0.3960 
 No change 29 4
 Declined 46 12
Motor function 1 wk postop 0.3778
 No change 20 3
 Declined 55 13
Motor function 6 mos postop 0.2535
 No change 54 12
 Declined (mild) 16 3
 Declined (moderate) 5 0
 Declined (severe) 0 1

NA = not applicable.
* Statistical analysis performed by Fisher’s exact test or independent t-test.

TABLE 4. Logistic regression model predicting identification of the motor area

Regressor OR 95% CI p Value*

Age (cutoff 45 yrs) (≥45 yrs vs <45 yrs)† 9.710 2.286 to 41.248 0.0021
Sex (female vs male) 1.015 0.239 to 4.310 0.9840
Side of lesion (lt vs rt) 2.084 0.524 to 8.279 0.2969
Tumor vol (mean 35.5 cm3) (>35.5 cm3 vs ≤35.5 cm3)† 5.390 1.012 to 28.715 0.0484
Localizing to PreCG (yes vs no) 14.135 2.763 to 72.325 0.0015
Age‡ NA −0.156 to −0.018 0.0129
Sex (female vs male) 1.497 0.370 to 6.051 0.5713
Side of lesion (lt vs rt) 2.146 0.585 to 7.873 0.2496
Tumor vol‡ NA −0.045 to −0.005 0.0162
Localizing to PreCG (yes vs no) 16.393 2.900 to 92.661 0.0016

* Statistical analysis was performed using a logistic regression model test. 
† Analyzed as categorical variables.
‡ Analyzed as continuous variables.
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Discussion
Main Findings

The results of this study suggest that tumor location in 
the precentral gyrus is associated with a negative response 
in motor cortical mapping during awake craniotomy. The 
motor area could not be identified in 16 (18%) of 91 pa-
tients with supratentorial glioma within or close to the 
motor area or pyramidal tract. The motor areas could be 
identified in 75 patients (82%), and these areas were identi-
fied on the precentral gyrus in all 75 patients. A negative 
response for the motor area was observed in 23 (68%) of 
34 patients with glioma localizing to the precentral gyrus; 
the motor area could not be identified in only 5 (9%) of 57 
patients with glioma that did not localize to the precentral 
gyrus. Multivariate analyses showed that not only localiz-
ing to the precentral gyrus but also older age (≥ 45 years or 
continuous value) and larger tumor volume (> 35.5 cm3 or 
continuous value) were significantly correlated with failure 
to identify the motor area. However, a tumor localizing to 
the precentral gyrus was the most significant predictor of 
failure to identify the motor area (OR 14.135; p = 0.0015), 
even after adjusting for other clinical factors (age, sex, side 
of lesion, and tumor volume). Therefore, we consider that 
these findings should be borne in mind when performing 
awake craniotomy for supratentorial glioma located with-
in or close to the motor area or pyramidal tract.

Mechanism for Difficulty in Identifying the Motor Area in 
Patients With Glioma Localizing to the Precentral Gyrus

It is unclear why the rate of detection of a motor cortical 
area during awake craniotomy depends on whether or not 

a tumor localizes to the precentral gyrus. In the present 
study, the motor area was identified in only 11 (32%) of 
34 patients whose tumor localized to the precentral gyrus. 
Several reports have demonstrated that reorganization of 
the motor cortical area due to brain plasticity plays an im-
portant role in patients with glioma involving the primary 
motor cortex.28–31 Furthermore, brain functional reorgani-
zation is thought to be the reason infiltrative gliomas near 
or within eloquent motor areas do not induce detectable 
motor dysfunction preoperatively.10 A recent report demon-
strated that functional reorganization of the motor cortex 
can occur in the presence of not only low-grade gliomas 
but also glioblastomas located in the region of the cen-
tral sulcus.32 We previously reported that tumor location 
involving the pars triangularis is significantly correlated 
with a negative response in language cortical mapping; the 
pars triangularis plays an important role in the language 
network, leading to marked functional reorganization in 
the presence of this type of glioma.7 Consequently, we 
speculated that scattered incomplete functional relocaliza-
tion occurs before brain plasticity is completed. The pre-
central gyrus is of course crucial for the motor functional 
network. Therefore, as mentioned in our previous paper,7 
in the 11 patients with glioma localizing to the precentral 
gyrus, scattered incomplete motor functional relocaliza-
tion may have occurred, such that we could not identify 
scattered localized motor functional areas with limited bi-
polar electrical stimulation.

Correlation Between Failure to Identify the Motor Area and 
Age or Tumor Volume

Multivariate analyses with the logistic regression model 

FIG. 1. Case A. A representative case without localization to or involvement of the precentral gyrus. Preoperative FLAIR MR 
images (A, axial; B, sagittal) revealed a tumor with hyperintense signal in the left superior frontal gyrus without involvement of the 
precentral gyrus. An intraoperative photograph (C) showing that electrical stimulation could identify the motor cortical area for the 
right leg and hand. An intraoperative photograph (D) showing the resection cavity after removal of the tumor. Motor cortical area 
for the leg (circled 1) and hand (circled 2 and 3), with yellow lines indicating the central sulcus (C and D). Postoperative FLAIR MR 
images (E, axial; F, sagittal) revealed that 95% of the tumor was removed. Figure is available in color online only.

Unauthenticated | Downloaded 05/23/23 11:24 PM UTC



J Neurosurg Volume 134 • May 2021 1497

Saito et al.

in this study revealed that older age (≥ 45 years) and larger 
tumor volume (> 35.5 cm3) were significantly correlated 
with failure to identify the motor area (Table 4). An earlier 
report evaluated whether functional reorganization of the 

motor cortex is associated with the increase in tumor size 
that occurs with increasing disease duration by using func-
tional MRI studies in 16 patients with primary glioblasto-
ma located at the region of the central sulcus.32 The results 

FIG. 2. Case B. A representative case without localization to but involvement of the precentral gyrus. Preoperative axial T2-weight-
ed images (A and B) showing a tumor with hyperintense signal in the right superior frontal gyrus with involvement of the precentral 
gyrus. An intraoperative photograph (C) showing that electrical stimulation could identify the motor cortical area for the left hand. 
An intraoperative photograph (D) showing the resection cavity. Motor cortical area for the hand (circled 1), with yellow lines indicat-
ing the central sulcus (C and D). Postoperative axial T2-weighted images (E and F) showing that 95% of the tumor was removed. 
Figure is available in color online only.

FIG. 3. Case C. A representative case with localization to the precentral gyrus. Preoperative FLAIR MR images (A, axial; B, 
coronal) revealed a tumor with hyperintense signal in the right precentral gyrus. An intraoperative photograph (C) showing that 
electrical stimulations could not identify any motor cortical area but induced convulsions in the precentral gyrus (circled 0). An 
intraoperative photograph (D) after removal of the tumor shows the resection cavity and sites where a subcortical motor response 
was elicited for the left deltoid muscle (circled 1), wrist (circled 2), and hand (circled 3), with yellow lines indicating the central 
sulcus (C and D). Postoperative FLAIR MR images (E, axial; F, coronal) revealed that 98% of the tumor was removed. Figure is 
available in color online only.
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of that study demonstrated that the intensity of activation 
and the number of activated clusters of small tumors (< 
40 cm3) were almost always higher as compared with the 
large tumors (≥ 40 cm3). These results were consistent with 
our finding that the motor area was more difficult to iden-
tify in patients with a larger tumor volume (> 35.5 cm3) 
than in those with a lower tumor volume (≤ 35.5 cm3). Fur-
thermore, they inferred that the processes of functional 
reorganization depend on the patient’s age and the degree 
of disease dynamics, with those being most pronounced at 
a younger age and during a chronic process.32 Therefore, 
they suspected these factors to be responsible for the less 
radical change in the pattern of reorganization associated 
with larger tumors in their study. Moreover, older age may 
induce incomplete motor functional relocalization. These 
hypotheses may explain why a larger tumor volume and 
older age were correlated with failure to identify the motor 
area in our present study.

Surgical Strategy for Glioma Located Within or Close 
to the Motor Area or Pyramidal Tract Showing Negative 
Responses for the Motor Area

In the present study, the motor area could not be identi-
fied in 16 (18%) of 91 patients with supratentorial glioma 
within or close to the motor area or pyramidal tract (Table 
5). Furthermore, 11 (69%) of these patients had tumors 
localizing to the precentral gyrus. As mentioned above, 
the motor functional areas may not have been identified 
because of limited bipolar electrical stimulation in these 
patients, and we believe that the motor area was not absent. 
Indeed, motor-related subcortical fibers could be identified 
in 9 (56%) of the 16 patients (Table 5). Recently, we re-
ported that combined evaluation of voluntary movement 
during awake craniotomy and transcortical MEP was use-
ful for tumor removal in 30 patients with glioma in the 
precentral gyrus.11 We removed the tumors in our 16 pa-
tients by using this strategy, with guidance from subcorti-
cal electrical stimulation to preserve the pyramidal tract. 
One week after surgery, motor function worsened in 13 
(81%) of these patients. However, 6 months after surgery, 
only 1 (6%) of the 16 patients had a persistent severe motor 
deficit (Table 5). Most recently, Zelitzki et al. reported the 
results of a comparison of the clinical outcome in patients 
undergoing awake (n = 44) versus general anesthesia (n 
= 41) surgery for brain tumors located within or adjacent 
to the motor pathways.33 They also recommended awake 
craniotomy for tumors located in these areas, given that 
patient feedback and collaboration is only possible during 
awake craniotomy. Furthermore, the information provided 
from patients may add further safety measures to ensure 
the integrity of motor function. Therefore, we consider that 
the combination of continuous transcortical MEP moni-
toring with awake craniotomy including subcortical mo-
tor functional mapping is useful for removal of gliomas 
located within or close to the motor area or pyramidal tract 
in patients showing negative responses for the motor area 
to preserve the motor-related subcortical fibers.

Limitations of the Study
This study has some limitations. First, although preop-

erative functional MRI is useful for identifying the motor 

area,29,30,32,34 few patients could be included in the analysis. 
Therefore, we could not directly evaluate the correlation 
between the results of electrical cortical mapping and acti-
vated areas on functional MRI. Second, our study was ret-
rospective and conducted at a single institution. Therefore, 
prospective multiinstitutional studies are needed in the fu-
ture to validate our observations. Third, we could not stim-
ulate cortical areas outside of a craniotomy or in the sulci. 
Therefore, care is required when interpreting the absence 
of a motor cortical area on electrical stimulation. Fourth, 
no clear reason for the absence of positive language sites 
in patients with tumors localizing to the precentral gyrus 
has been elucidated.

Conclusions
We have demonstrated that identification of the motor 

area can be difficult in patients with supratentorial glioma 
localizing to the precentral gyrus. The findings of this 
study should be kept in mind when performing awake cra-
niotomy for supratentorial glioma located within or close 
to the motor area or pyramidal tract. Specifically, a com-
bination of continuous transcortical MEP monitoring with 
awake craniotomy including subcortical motor functional 
mapping may be needed to preserve motor-related subcor-
tical fibers when removing gliomas located within or close 
to the motor area or pyramidal tract if responses for the 
motor area are negative. Further prospective studies that 
include functional MRI are essential to fully elucidate the 
reorganization of motor function in patients with supraten-
torial glioma localizing to the precentral gyrus.
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