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Background: Resection of meningioma located at primary motor cortex (PMC) is a great challenge to
neurosurgeons due to the possibility of motor cortex injury and drainage venous damage during surgery.
Here, we presented our experience in resection of PMC meningioma, with the assistance of preoperative
multi-model image planning and intraoperative electrophysiological monitor. By these techniques, patients
in our study achieved gross tumor resection (GTR) with appropriate motor cortex and drainage venous
protection, and the patients recovered well with less neurologic deficits.

Methods: Thirty patients of PMC meningioma were selected for the study during January 2014 to
December 2015. All the patients were performed head magnetic resonance imaging (MRI), magnetic
resonance venography (MRV) and functional MRI scan before surgery, then all the imaging data were
transferred to dextroscope workstation for virtual reality (VR) planning, to display the relationship of tumor,
drainage venous and motor cortex. During the operation, somatosensory-evoked potentials (SSEP) was firstly
used to locate the central sulcus (CS) and define the PMC area. Then the tumors were carefully removed by
avoiding damage the cortex and drainage venous. After tumor resection, motor-evoked potentials (MEP) was
applied to evaluate the motor function reservation.

Results: All the patients received preoperative image planning, and the relationships of tumor, drainage
venous and motor cortex were clearly presented. With the application of SSEP monitor, the CS was firstly
determined before tumor resection. Twenty-five cases in our study achieved radical resection of Simpson
I, and 5 cases were Simpson II resection. After tumor resection, MEP monitor was used to confirm
the preservation of motor function. Four patients suffered from moderate muscle strength decrease
postoperatively, 10 patients experienced slight muscle strength decrease, while other 16 patients shared
normal muscle strength as preoperative status. When discharge, those affected patients were recommended
for further movement rehabilitation therapy.

Conclusions: Preoperative multi-model image planning and intraoperative electrophysiological monitor
are very useful techniques for resection of PMC meningioma. They could help decrease motor cortex
damage and protect the drainage venous during surgery, which is much safer and benefit patient for better

prognosis.
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Introduction

Meningioma arises from the meninges covering the brain
and spinal cord, and ranks the second common primary
brain tumors after gliomas, accounting for about 30% of
all brain tumors (1-4). According to the World Health
Organization (WHO) classification, most meningiomas are
histologically benign (WHO grade I) tumors. However,
about 10% are malignant tumors, for instance, atypical
meningioma (WHO grade II) or anaplastic meningioma
(WHO grade III) subtypes (5-7). Meningiomas mostly
locate at brain convexity, para-sagittal and skull base,
which frequently invade surrounding brain tissues and
vital neurovascular structures, leading to neurological
deficits and requiring surgical intervention. However, those
meningiomas located at primary motor cortex (PMC) area
are especially challenging because of the possibility of motor
cortex damage, drainage venous injury and subsequent
neurological deficits after surgery.

Thus, how to preserve the motor cortex and drainage
venous for PMC meningioma during operation is a
problem. Here, we presented our experiences using
preoperative multi-model image planning to clearly display
the relationships of tumor, drainage venous and motor
cortex, and using intraoperative electrophysiological
monitor to protect motor function. Intraoperative
electrophysiological monitor is currently widely used in
eloquent area glioma surgery, while seldom applied in
functional area meningioma resection (8-10). Utilizing
somatosensory-evoked potentials (SSEP), central sulcus
(CS) could be determined clearly, which divides the PMC
and primary sensory cortex. After identifying the CS, the
precentral gyrus was considered as PMC, and keeping the
PMC intact is very important for preserving the motor
function during surgery. Furthermore, we also performed
motor-evoked potential (MEP) monitor after tumor
resection to confirm the existence of motor function.
Combined with these techniques, we could preserve the
motor function during surgery.

In our study, we introduced our experience in resection
of PMC meningioma with the assistance of preoperative
multi-model image planning and intraoperative
electrophysiological monitor. Using these techniques,
patients in our study achieved gross tumor resection (GTR)
with motor cortex and drainage venous preservation,
and the patients recovered well with less neurologic
complications.
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Methods
Statement of ethics approval

This study was approved by the Ethics Committee of
Huashan Hospital, Fudan University (No. 2012-048), and
all the participants gave informed consents.

Patients

We included a total of 30 patients with meningioma located
at PMC region that underwent tumor resection by our team
at the Neurosurgery Department of Shanghai Huashan
Hospital from January 2014 to December 2015. The base
of the meningioma included brain convexity, para-sagittal
or falcine, and summary of all the cases were listed in Table 1.
All the cases were pathologically confirmed as meningioma
after surgery. All the patients were for initial admission, and
didn’t receive any preoperative treatment.

Head MRI scanning

All the patients received head magnetic resonance imaging
(MRI) scan after admission, including plain scan and
contrast scan. Additionally, head magnetic resonance
venography (MRV) was also performed for those patients
with meningioma stick to the superior sagittal sinus (SSS).
All MRI scans were performed by Siemens clinical 3T
MRI scanner (Siemens, Germany). For MRV scan, the
three-dimensional time-of-flight spoiled gradient recalled
acquisition in the steady-state 3D TOF-SPGR) sequences
were utilized with the following scanning parameters:
repetition time (TR) =20 ms, echo time (TE) =5 ms, field
of view (FOV) =250 mm. Then the images were processed
at workstation computers to display the relationships of
the tumor, SSS and cortical drainage veins as described in
previous literature (11).

Moreover, functional MRI (fMRI) of limb movement
was also conducted for the patients. The blood oxygen level
dependence (BOLD) echo planning sequence was used and
the scanning parameters were as follows: TR =3,000 ms,
TE =30 ms, FOV =200 mm, slice thickness =3 mm, spaces
=0.8 mm. The movement of thumb and other fingers were
provoked to excite the cortical motor area. The images
were then processed to display the functional area of hand
and foot movement on the cortex, and reveal the influence
of motor cortex area by the tumor.
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Table 1 Summary of the 30 patients with primary motor cortex

meningioma
Characteristic Number
Patients 30
Age, year (range) 22-72
Gender (male/female) 11/19
Symptoms
Weakness/numbness of limbs 14
Headache/dizziness 10
Seizure attack 6
Tumor location
Para-sagittal 5
Para-falx 6
Para-sagittal/falx 1
Convexity 18
Extent of resection
Simpson | 25
Simpson Il 5
Preoperative muscle strength
Normal 16
Weakness 14
Postoperative muscle strength
Moderate decrease 4
Slight decrease 10
Same as pre-operation 16

Virtual reality (VR) planning

After MRI scan, all the imaging data (MRI, MRV and
fMRI) were collected and uploaded to the VR workstation
(Dextroscope, Volume Interactions, Singapore) (12).
The images were then processed within the RadioDexter
software in order to display the stereoscopic images of
tumor, its adjacent vein and functional cortex. Surgical
planning could be also performed within this system to
simulate the whole process of tumor resection. With
such simulation, the neurosurgeon could mentally have
confidence in resection of tumor while protecting those
critical structures before operation. This system had proved
immensely assistance in surgical planning for brain tumors.
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Intraoperative neuronavigation

The StealthStation Treon Neuronavigator (Medtronic
Navigation, Inc.) was used for all surgeries (12). The
day before operation, at least 6 reference fiducials were
placed on the patient’s scalp, and navigation MRI scan
was conducted for all patients, including MRI, MRV and
fMRI scan sequences, which were introduced above. Then
all the images data were input into the navigation system.
Registration was firstly performed in the operating room by
touching the markers with the probe while indicating to the
surgical workstation where marker was being touched. After
registration, the meningioma on the scalp projection was
localized for surgical incision. Within the workstation, the
tumor and its adjacent drainage vein or functional motor
cortex could be observed from different points of view for
intraoperative navigation in real-time.

Electrophysiological monitor and surgical manipulation

A current generator (Eclipse, Medtronic, Inc.) was utilized
for intraoperative electrophysiological monitor during
operation. After induction of anesthesia, transcortical
stimulation probes were placed according to the protocol.
Upon opening the dura, we firstly used SSEP monitor to
locate the CS, and determined the PMC area. To identify
the CS, we used constant-current/single-pulse stimulation
with the following parameters: intensity =20 mA; duration
=300 ps; frequency =4.7 Hz (11).

Then, tumor was debulked and resected under
neuronavigation guidance, taking great care into avoiding
eloquent cortex damage and protecting the drainage
veins. We applied the CUSA Excel ultrasonic aspiration
system (Integra Lifesciences Corporation) for hard tumor
resection, which could decrease damage to the cortex and
vessels (13). Simpson I resection was achieved for most
patients with PMC meningioma and drainage veins were
preserved. Although several meningiomas had invaded the
SSS, Simpson grade I resection was still the primary surgical
goal for such patients.

After tumor resection, MEP monitor was performed to
verify the functional ability of hand and foot movement.
Direct cortical stimulation was introduced. The stimulation
was initiated by constant-current. The stimulus duration
was 75 ps. The stimulating frequency was 1 Hz by
hand-control. The motor response was evaluated by
electromyographic recording.

Transl Cancer Res 2018;7(6):1666-1674
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Follow up

All the patients received postoperative therapy and nursing
cares, and achieved satisfactory recovery. They were then
evaluated for two years’ follow-up. Patients who had
persistent decrease in muscle strength postoperatively were
referred to rehabilitation.

Results
Clinical outcomes

All the 30 patients’ clinical data were listed in Tuble 1,
including 19 female patients and 11 male patients. The age
arranged from 22 to 72 years old, with the average age of
51 years old. At admission, 14 patients complained
symptoms of muscle strength decrease (Tuble 1), while
another 16 patients presented with headache, dizziness or
seizure attack.

After operation, no muscle strength impairment was
observed among the 16 patients (53.33%) without muscle
strength impairment preoperatively. However, in another
14 patients, 4 patients (13.33%) suffered from moderate
muscle strength decrease, and 10 patients (33.33%)
showed slight muscle strength decrease. All the 14 affected
patients (46.67%) were recommended for physical therapy
and rehabilitation treatment after discharge. Till the last
follow-up, among the 14 affected patients, 13 patients
achieved well recovery of motor function without paralysis
except 1 patient (3.33%).

Preoperative imaging preparation

All the patients received preoperative head MRI scan,
including plain and contrast MRI scan, MRV scan, fMRI
scan, and neuronavigation MRI scan. In our study, 5 cases
were para-sagittal meningiomas, 6 cases were para-falx
meningiomas, and 1 case invaded both the SSS and falcine.
Another 18 cases were convexity meningiomas (1able 1).
Here, we selected case No. 2 as an example to explain
how to prepare preoperative MRI for such patients. Case
No. 2 patient was a 52-year-old female suffered from
gradual weakness of her left limbs for about one year.
After admission, she underwent plain and contrast MRI
scan (Figure 1A,B) and right-side PMC meningioma was
suspected. Brain MRV was also performed for her because
the tumor was adhered to the SSS (Figure 1C), showing
that the SSS was compressed by the tumor and narrowed.
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Protecting SSS and other vital drainage veins are very
important. Moreover, fMRI scan revealed PMC area was
pushed way posterior by the tumor.

All the imaging data were then transferred to VR
workstation in order to display the stereotactic images of
the tumor, its adjacent venous structures and functional
brain regions (Figure 1D). The day before operation,
neuronavigation MRI scan was conducted for intraoperative
reference. From neuronavigation MRI images, the tumor,
and its relationship with PMC area and SSS were clearly
displayed (Figure 1E,F).

In some cases, we used neuronavigation MRV sequence
to furtherly display the relationship of the tumor, SSS and
drainage veins (Figure 24,B). Combined with all these above
preoperative MRI images, we could plan the whole surgical
process, in order to achieve maximum tumor resection while
minimum motor cortex and drainage veins damage.

Intraoperative electrophysiological monitor

During the operation, we firstly utilized SSEP monitor
to identify the CS before opening the dura (Figure 34,B),
and verified the PMC area combined with intraoperative
MRI navigation (Figure 1E and IF). Then tumor resection
was carried out, with great care taken into avoid damaging
adjacent functional cortex and drainage venous during
operation.

Simpson I resection was the prerequisite aim for the
18 cases of convexity meningiomas and 6 cases of para-
falx meningiomas. For the other 6 cases invaded the SSS,
Simpson I resection was still the primary surgical goal. As
to the No. 2 case, we resected the tumor from the non-
functional area, intra-tumor debulk strategy was firstly
performed, we next separated the tumor from adjacent
cortex along its boundary and carefully separated the
drainage veins from the tumor, then the tumor was removed
by pieces with repeated procedures. After tumor resection,
we dealt with the tumor adhesion to the SSS, resect the
tumor invaded into the SSS and finally repair the SSS
wall with autologous fascia (Figure 44,B,C,D). Simpson 1
resection was achieved for this case, while motor cortex
and vital drainage veins were protected well. In our report,
25 cases achieved radical resection of Simpson I, and 5 cases
were Simpson II resection.

Then, we performed MEP monitor to verify the
preservation of motor function of hand and foot (Figure 54,B)
after tumor resection.

Transl Cancer Res 2018;7(6):1666-1674
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Figure 1 Preoperative imaging preparation for primary motor cortex (PMC) meningioma. (A,B) Head contrast MRI scan showed right
frontal, para-sagittal meningioma. (C) Head MRV scan showed the superior sagittal sinus was invaded by the tumor and narrowed. (D)
Virtual reality image displayed the clear relationship of tumor (green), motor function cortex (purple) and superior sagittal sinus (blue). (E)
Neuronavigation displayed the motor function cortex (as the white arrow indicated) was pushed away by the tumor. (F) Neuronavigation

showed the superior sagittal sinus was affected by the tumor. MRI, magnetic resonance imaging; MRV, magnetic resonance venography.

Figure 2 Neuronavigation MRV scan for primary motor cortex meningioma. (A) Axial view of left primary motor cortex meningioma, the

relationship of tumor [3], drainage vein [1] and superior sagittal sinus [2] was clearly displayed; (B) sagittal view of the above relationships.
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Figure 3 Somatosensory evoked potentials (SSEP) monitor before resection of PMC meningioma. (A) Upon dura opening, somatosensory

evoked potentials (SSEP) monitor was used to determine the central sulcus (CS) and the precentral gyrus, and the tumor could be

carefully removed by avoiding these important structures. (B) According to the electrophysiological monitor results, the CS could be easily

determined (as the white line showed). PMC, primary motor cortex.

i

Figure 4 Sketch map for resection of PMC meningioma invading the SSS. (A) Sketch picture showed PMC meningioma (green) invaded

superior sagittal sinus (SSS, blue), and pushed away the functional cortex (purple). (B) The tumor was resected along the non-functional area

while protecting the drainage vein and functional cortex. (C) Then the tumor part invading the SSS was removed by temporally occlude the

SSS with gelatin sponge. (D) Finally, the SSS was repaired by autologous fascia tissue. PMC, primary motor cortex.

Discussion

Brain tumors located at PMC area, including meningioma,
can involve both the motor cortex and drainage veins, and
often lead to neurological deficits. Therefore, surgical
resection of meningioma in such eloquent areas remains a
great challenge to neurosurgeons. Many advanced techniques,

including multiple preoperative venous image planning and
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intraoperative neuronavigation, have allowed identification
of vital functional cortex and vital venous structures, in order
to maximize tumor resection and minimize vital structures
injury. Intraoperative electrophysiological monitor and
brain mapping have gained popularity in recent years for
brain tumor resection, such as gliomas that invaded motor
cortex and its subcortical fiber tracts (14-16). However, its
application in resection of PMC meningioma was seldom
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Figure 5 Motor-evoked potentials (MEP) monitor for verification of motor function after operation. (A) After tumor resection, MEP

monitor was performed to verify the preservation of motor function. (B) As the electrophysiological monitor results showed, there were

currents of hand and foot, indicating the preservation of motor function.

reported (17). PMC meningioma is more difficult because
of its complex anatomy of tumor and its surrounding
structures, for instance, motor cortex, SSS and several
drainage veins. Protection of these structures during tumor
resection is the optimal task, and is the key for motor
function preservation.

In our study, we included 30 patients with PMC
meningioma. The base of the meningioma contained brain
convexity, para-sagittal and falcine. Prior to the operation,
all patients received head MRI scan, including plain
and contrast MRI scan, MRV scan and fMRI scan, and
neuronavigation MRI scan. All the imaging data were then
transferred to VR workstation to display the stereoscopic
images of the tumor, its adjacent functional brain cortex
and venous structures (Figures 1 and 2). We hoped to
demonstrate that such multi-model preoperative imaging
planning would benefit the neurosurgeons during surgery. It
would aid the neurosurgeon in identifying the tumor base,
the distribution of the venous structures, and the location of
the motor cortex region.

During the operation, we firstly utilized SSEP monitor
to map the CS before dura opening (Figure 3), and to define
the functional brain cortex. Prior to the implementation of
intraoperative electrophysiological monitor in meningioma

© Translational Cancer Research. All rights reserved.
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surgery, it was often difficult to define the CS and
PMC area intraoperatively due to brain shift by tumor
compression. With the application of electrophysiological
monitor, the functional brain cortex could be easily and
reliably determined during operation prior to tumor
resection. We could then carefully separate the tumor from
non-functional cortex along its border, keep the drainage
veins intact, and remove the tumor by pieces till Simpson
I/11 resection. For those cases invaded the SSS, Simpson I
resection was still the primary surgical goal according to the
surgical plan (Figure 4). Consequently, the functional brain
cortex and the drainage venous structures could be well
preserved during tumor resection.

After tumor resection, we performed MEP monitor
to verify the functional preservation of limb movement
(Figure 5). In our study, all the cases showed no significant
change in MEP currents after tumor resection, indicating
that the PMC area were protected during operation. Four
patients exhibited moderate muscle strength decrease after
surgery, which was caused by severe brain edema. However,
they got improvement after 12 months of physical and
rehabilitation therapy except one patient. There was one
large drainage vein damage during operation in this patient.
This patient was still in physical exercise by our last follow-
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up. Ten patients suffered from slight muscle strength
decrease, which was caused by transient brain edema after
surgery. And they were also recovered 3-6 months after
discharge. The other 16 patients shared the same muscle
strength as preoperative status. After two years’ follow-up,
all the patients recovered well without tumor recurrence
and neurological deficits except the above one patient.

Conclusions

In conclusion, combinations of multiple preoperative venous
image planning and intraoperative electrophysiological monitor
are very critical for resection of PMC meningiomas (17-20).
Preoperative venous image planning could clearly display
the relationship of tumor, SSS and drainage veins before
surgery. While using intraoperative electrophysiological
monitor, the CS and PMC could be determined, protected
and confirmed during tumor resection. These techniques
could help decrease motor cortex damage and protect the
drainage veins, which would benefit patient for long-term
period of prognosis with less neurological deficits.
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