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Comparison of Magnetoencephalography, Functional Magnetic Resonance Imaging, and
Diffusion Tensor Imaging for Tractography for Localization of the Sensory-Motor Cortex

Ji Hee Kim, MD', Won Seok Chang, MD"?, Dong Kyu Lee?, Bong Soo Kim, PhD?,
Yong Gou Park, MD, PhD', Yong Ho Lee, PhD?, Jin Woo Chang, MD, PhD"?
"Department of Neurosurgery, Yonsei University College of Medicine, Seoul, Korea

*Magnetoencephalography Room, Severance Hospital, Seoul, Korea
°Korea Research Institute of Standard and Science, Daejeon, Korea

Objective: Resection of brain tumors adjacent to eloquent areas is a challenge in neurosurgery. If maximal resection is desired
without injury to eloquent areas, preoperative cortical mapping is necessary. The purpose of this study is to evaluate preopera-
tive magnetoencephalography, functional magnetic resonance imaging, and diffusion tensor imaging for tractography for local-
ization of the sensory-motor cortex.

Methods: We assessed 11 patients who underwent resection of brain tumors located near the sensory-motor cortex at our in-
stitute from October 2010 to January 2011. All patients were taken preoperative magnetoencephalography, functional magnetic
resonance imaging, and diffusion tensor imaging for tractography. Awake craniotomies were performed in some cases. Clinical
outcomes were analyzed by neurologic examination, before the surgery and 14 days after surgery.

Results: With functional magnetic resonance imaging, a central sulcus could not be defined in 3 cases in which the non-affected
hemispheres of patients were examined, and it could not be defined in 8 cases in which the affected hemispheres were examined.
With magnetoencephalography, a central sulcus could be localized in 10 cases in which the non-affected hemispheres of patients
were examined, and in all cases in which the affected hemispheres were examined. In the examination of the affected hemi-
spheres, magnetoencephalography and functional magnetic resonance imaging for localization of the sensory-motor cortex
showed a significant difference. In diffusion tensor imaging for tractography, a central sulcus could be defined in 10 of the exam-
ined patients. Three patients underwent awake craniotomy with intraoperative cortical mapping, and the result corresponded to
the localization identified with magnetoencephalography. All patients underwent gross total removal of the tumor. Neurologic deficit
was aggravated postoperatively in 3 patients, and had not changed in 7 patients. 1 patient showed improved neurologic symptoms.
Conclusion: There were three modalities for preoperative cortical mapping. Each of modality has different strengths and weak-
nesses. From the results, we recommend a combination of magnetoencephalography, functional magnetic resonance imaging,
and diffusion tensor imaging for tractography for precise functional assessment of the brains affected by intracranial tumors.

KEY WORDS: Magnetoencephalography - Functional magnetic resonance image - Diffusion tensor image - Tractography -
Eloguent brain area - Central sulcus.
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No. Sex Age Rt/Lt Location on conventional MRI

Neurologic Sx

Pathology

1 M 40 Rt Premotor Seizure Anaplastic astrocytoma

2 F 25 Lt Prefrontal Seizure Anaplastic oligodendroglioma

3 M 37 Rt  SMA Seizure Diffuse astroctyoma

4 M 57 Lt Motor Dysarthria Glioblastoma

5 F 48 Rt SMA Incidental Oligodendroglioma

6 M 45 Rt Motor Weakness Glioblastoma

7 F 42 Lt SMA Seizure Diffuse astrocytoma

8 M 20 Lt Prefrontal Incidental Cavernous malformation

9 M 59 Lt Parietal Dysarthria Glioblastoma
10 F 20 Lt SMA Seizure Dysembryoplastic neuroepithelial tumor
11 M 62 Rt Parietal Weakness, sensory change  Metastatic brain ftumor

Lt left, Rt : right, MRl : magnetic resonance image, SMA : supplementary motor area, Sx : symptom
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Fig. 1. Case 1. 45-year old male with a
right fronto-parietal tumor. Conventio-
anl MRI (A). Functional MRI : The broad
activation areas in both the primary
sensorimotor area. Objective detection
of the central sulcus is not possible (B).
MEG : The central sulcus is well defined
(©).
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Fig. 2. Case 2. 59-year old male with a left pari-
etal tumor. Conventional MRI (A). Functioanl
MRI : The broad activation areas in both the pri-
mary sensorimotor area. Objective detection
of the central sulcus is not possible (B). DTl tfrac-
tography : The central sulcus can be localized.
But functional area is still unable to define (C).
MEG : The central sulcus is well defined (D).
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Fig. 3. Awake craniotomy in case 2. The central sulcus defined
by intraoperative cortical mapping coincided with that defined
by magnetoencephalography. Tumor removal can be observed
in the center of the picture.
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Table 2. Result of the patients

Awake
cranioto-my

CS localization CS localization CS localization  CS localization DTI
MEG (lesion) MEG (non-lesion) tractography

f-MRI (non-lesion)

CS localization
f-MRI (lesion)

Postop result

Preop
motor deficit

No.

Possible No

Possible

Not possible Possible

Not possible

No changed

No

Possible Yes

Possible

Not possible Possible

Not possible

No changed

No

Possible Possible No

Possible

Possible

Not possible

No changed

No

No

Not possible

Possible

Possible

Possible

Not possible

Aggravated motor deficit (weakness)

Yes

Possible No

Possible Not possible

Possible

Possible

No changed

No

Possible No

Possible

Not possible Possible

Not possible

Aggravated motor deficit (weakness)

Yes

Possible Possible Possible Possible Yes

Possible

No changed

No

Possible Possible Possible Possible No

Possible

No changed

No

Possible Yes

Possible

Possible

Possible

Not possible

Aggravated motor deficit (aphasia)

No

Possible No

Possible

Possible

Possible

Not possible

No changed

No

10

Possible Possible No

Possible

Possible

Not possible

Improved motor deficit

Yes

. diffusion tensor imaging

. functional magnetic resonance imaging, MEG : magnetoencephalography, DTI

CS : central sulcus, f-MRI
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MAGNETIC FIELD
DETECTED BY
MAGNETOMETER

DIRECTION OF
NEURONAL
CURRENT

AXIS OF PYRAMIDAL CELLS
PERPENDICULAR TO SKULL SURFACE

AXIS OF PYRAMIDAL CELLS
PARALLEL TO SKULL SURFACE

MAGNETIC FIELD
NOT DETECTED
BY MAGNETOMETER

Fig. 5. Schematic illustration of how
MEG studies detect magnetic flux. MEG
studies detect only those flux lines that
are oriented perpendicular to the skull.
That is, only those flux lines that are pro-
duced by neurons that are oriented
parallel to the skull.?
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