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distribution achieved by CED. As the CED of chemothera-
peutic agents targets the site of tumor invasion, this meth-
od may be effective without severe toxicity to other parts
of the brain.

The present study showed that local application of che-
motherapeutic agents into the brain parenchyma induced
transient opening of the BBB. Systemic chemotherapy dur-
ing this period of BBB disruption had synergistic effects
resulting in prolonged survival of tumor-bearing rats. The
present strategy may provide a new approach for glioma
chemotherapy.
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Abstract In glioma, mutations in the isocitrate dehy-
drogenase 1 and 2 (IDHI1/2) genes have been receiving
attention. IDH1/2 mutations are frequently found in grade
II and III gliomas. These genetic alterations occur very
early in gliomagenesis and strongly predict favorable out-
come in patients with high-grade gliomas. Despite the
evolution of studies on this topic, the underlying mecha-
nism of the IDH1/2 mutations remains unknown. Here, we
briefly review the current knowledge of IDHI/2 and dis-
cuss molecular diagnostics based on IDH1/2 gene status.

Keywords [DHI - Glioblastoma - Astrocytoma -
Oligodendroglioma - Pilocytic astrocytoma

Introduction

The accumulation of genetic alterations turns normal cells
or cancer-initiating cells into malignant tumors. Some
genetic aberrations such as mutations in TP53 and EGFR
amplification are common in many organs; on the other
hand, there are several mutations that are specific to certain
malignant tumors. Recently, mutations have been discov-
ered in the isocitrate dehydrogenase 1 (IDHI) and 2
(IDH?2) genes that are only found in glioma [1, 2] and acute
myeloid leukemia [1, 3], with a few exceptions [4-6]. The
underlying mechanisms of these mutations are still unclear;
however, they have already had a large impact on concepts
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of glioma. In this article, we briefly review the current
knowledge of IDHI and its potential role in glioma
classification.

The discovery and function of the IDHI mutation
in glioma

Recently, large-scale genomic analyses of malignant glioma
have provided new insights [7-9]. In particular, Parsons et al.
[7]1 sequenced 20,661 protein-coding genes from 22 glio-
blastoma tumor samples and found mutations in IDHI.IDH1
mutations were detected in 12% of primary glioblastoma
patients, especially relatively young glioblastoma patients,
and most secondary glioblastoma patients (5 of 6 patients)
[7]. Of note, glioblastoma patients with IDH I mutation show
prolonged overall survival compared with patients without
the IDHI mutation (median survival, 3.8 vs. 1.1 years,
respectively). The IDHI mutation is also frequently
observed in grade II and III gliomas and is a prognostically
favorable factor in grade III glioma [1, 2, 10, 11].

The IDH genes encode three distinct IDH enzymes
(IDH1, IDH2, and IDH3). Among these genes, the mutated
form of IDH expressed in glioma mostly affects IDHI (only
4% of the mutations affect IDH2 and none affects IDH3)
[1, 12]. Mutations in /DHI and 2 are usually mutually
exclusive, but 0.5% of IDH-mutated glioma patients carry
mutations in both genes [12]. Regarding the normal func-
tions of these genes, both catalyze the oxidative decar-
boxylation of isocitrate to alpha-ketoglutarate, resulting in
the reduction of NADP" to NADPH [13]. However, their
mutated forms were reported to display two opposing
functions: the induction of hypoxia-inducible factor 1 alpha
(loss of function) [13] and the conversion of alpha-
ketoglutarate to 2-hydroxyglutarate (gain of function) [14].
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Previous studies have also clarified the structural and bio-
chemical activity of mutated IDH1 [14, 15] and the slow-
growing character of glioma cells carrying the IDHI
mutation [16, 17]. Investigations of the mechanism of
IDH1/2 mutation in glioma are still ongoing, and much
remains to be elucidated. '

Molecular classification and IDH1 gene status in glioma

Molecular diagnostics can identify subsets of tumors with
similar molecular backgrounds; therefore, it is useful for
predicting patient outcome and treatment response [18, 19].
IDHI mutation is an early event of gliomagenesis [20];
thus; gliomas can be divided into two distinct groups, the
mutated IDHI group (the IDH-dependent pathway) and the
wild-type IDHI group (the IDH-independent pathway)
[21]. Low-grade gliomas (diffuse astrocytoma, oligoden-
droglioma, and oligoastrocytoma), grade III gliomas (ana-
plastic astrocytoma, anaplastic oligodendroglioma, and
anaplastic oligoastrocytoma), and secondary glioblastomas
were reported to belong to the IDH-dependent pathway. In
contrast, pilocytic astrocytoma and primary glioblastoma
were categorized as belonging to the IDH-independent
pathway [21, 22]. However, a summary of current reports
about the /DH mutation in glioma indicates that each dis-
tinct pathway includes grade I to IV gliomas, as described
in Fig. 1. Here, we provide a detailed discussion about each
grade of glioma based on their IDHI gene status.

Fig. 1 Summary of glioma
classification based on isocitrate
dehydrogenase (IDH) gene
status. Both the IDH-
independent (right) and IDH-

Glioblastoma and IDH1 gene status

According to the World Health Organization (WHO)
classification of tumors of the central nervous system [23],
glioblastomas are divided into two types according to their
clinical course. Those that involve a preceding lower-grade
glioma are defined as secondary glioblastomas and those
which do not are defined as primary glioblastomas. IDH]
mutations are observed in 50-88% of secondary glioblas-
tomas but in only 3.0-8.0% of primary glioblastomas [1, 2,
24-29]. Therefore, the IDHI mutation is a useful marker
for distinguishing secondary glioblastomas, which are
categorized as belonging to the IDH-dependent pathway,
from primary glioblastomas, which belong to the IDH-
independent pathway [27]. However, it is problematic that
some secondary glioblastomas do not carry IDHI muta-
tions and some primary glioblastomas do. Nobusawa et al.
suggested that in the former cases, the glioma was actually
a primary glioblastoma but was misdiagnosed as a lower-
grade glioma. In the latter cases, the primary glioblastoma
patients carrying IDHI mutations might have had preced-
ing lower-grade gliomas that were not discovered because
they were clinically silent [27]; this was because they
matched the profile for secondary glioblastomas, i.e., a
young age, frequent TP53 mutation, and a lack of EGFR
amplification [25, 27]. However, these explanations do not
account for all cases. The same report described seven
cases of grade III glioma and one of grade II glioma that
progressed to secondary glioblastoma without IDHI
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mutation [27]. In addition, we experienced six cases of
grade III glioma and two cases of grade II diffuse astro-
cytoma without IDHI mutation that progressed to sec-
ondary glioblastoma without'/DHI mutation (unpublished
data). These findings imply that a preceding lower-grade
glioma without IDHI mutation can progress to secondary
glioblastoma without IDHI mutation; therefore, a few sec-
ondary glioblastornas might belong to the IDH-independent
pathway. .

Recently, a new classification for glioblastomas was
proposed based on integrated genomic analysis [8]. It was
composed of four subsets: classical, mesenchymal, pro-
neural, and neural. Each group displays specific molecu-
lar variations, and IDHI mutation is the main molecular
variation of the proneural subtype. This new classification
displayed close links with patient prognosis: the proneural
type displayed the best prognosis, followed by the neural,
mesenchymal, and classical types when all gliomas were
analyzed, but the difference was not significant when only
glioblastomas were analyzed. Interestingly, only the pro-
neural subtype did not display altered survival or mor-
tality during aggressive treatment, whereas the other three
subtypes derived survival benefits from aggressive
treatment.

Grade 111 glioma and IDH]1 gene status

Grade III gliomas such as anaplastic astrocytoma, ana-
plastic oligodendroglioma, and anaplastic oligoastrocy-
toma carry IDH1/2 mutations in 55-69.1% of cases [12, 26,
28, 29]. In this grade, patients with mutated IDH1/2 survive
significantly longer than patients with the wild-type IDHI
[1, 2, 10, 26] (65 and 20 months, respectively [1]), and
IDH] mutation is an independent favorable prognostic
factor [11]. In terms of its molecular features, grade III
glioma patients with mutated IDH1/2 genes display TP53
mutation [1, 28], 1p19q codeletion [10, 11, 26, 28, 30], and
MGMT gene promoter methylation [10, 11, 24, 26]; on the
other hand, patients with wild-type IDHI display an un-
methylated MGMT gene [10, 11, 24, 26], CDKN2A
homozygous deletion [1], loss of 10q (PTEN) [1, 10, 26,
28], and EGFR amplification [10, 26]. Because of their
differing prognoses and distinct molecular backgrounds,
Yan et al. [21] stated that grade III gliomas with and
without IDH1/2 mutation are distinct tumors. Hartmann
et al. reported that patients with anaplastic astrocytomas
expressing wild-type IDHI survive for a shorter period
than glioblastoma patients with mutated IDHI but longer
than glioblastoma patients with wild-type IDHI. They
discussed an alternative classification that was closely
associated with the clinical course of the disease, in which
they used the term “anaplastic astrocytoma grade I1I” for
anaplastic astrocytoma with mutated IDHI and the term
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“anaplastic astrocytoma grade IV” for anaplastic astrocy-
toma with wild-type IDHI [24].

Grade II diffuse glioma and IDH1 gene status

Among all grades of glioma, /IDHI/2 mutations are most
frequently observed in grade II diffuse gliomas, such as
diffuse astrocytoma, oligodendroglioma, and oligoastrocy-
toma, in which their incidence ranges from 71% to 86%
[1, 12, 20, 29, 31]. Compared to its contribution to the
improved prognosis of higher-grade gliomas [1, 2, 10, 11,
32], in grade II diffuse gliomas the IDHI/2 mutation is a
relatively controversial prognostic factor [26, 31, 33, 34].
Some reported grade I diffuse glioma patients with mutated
IDH1/2 demonstrated a better prognosis [26, 33, 34]
although another study reported that IDH1/2 mutations were
not prognostic [31]. It was also reported that adult grade II
diffuse astrocytoma patients expressing /DHI/2 mutations
presented with a more aggressive prognosis than pediatric
counterparts that did not carry IDH1/2 mutations [35]. This
report indicated that even in the same grade II glioma, adult
gliomas might be distinct from pediatric gliomas.

Currently, one of the key roles of IDHI/2 gene status in
grade II glioma is as a diagnostic marker. Because IDH1/2
mutation is frequently observed in grade II diffuse gliomas,
it enables us to distinguish grade II diffuse gliomas from
other low-grade gliomas such as pilocytic astrocytoma,
pleomorphic xanthoastrocytoma, and ependymoma, which
rarely carry IDH1/2 mutations [1, 20, 29].

About 20% of grade II diffuse glioma patients do not
carry IDHI1/2 mutations. There are three possible expla-
nations for the reporting of grade II diffuse glioma without
IDH1/2 mutations. First, it could have been the result of the
timing of sampling. Watanabe et al. analyzed 51 glioma
patients including those with low- and high-grade gliomas
who underwent multiple biopsies. They found 9 patients
without IDHI mutations at the first biopsy, but 2 of them
were found to carry an IDHI mutation during the final
biopsy [20]. The second possibility is misdiagnosis. Other
gliomas such as pilocytic astrocytoma or ependymoma,
which rarely carry IDHI1/2 mutations [1, 29], might be
misdiagnosed as grade II diffuse gliomas with wild-type
IDHI1/2. There is no obvious histological or molecular
distinction between grade II and III gliomas [36], and so
IDHI1/2 wild-type grade III glioma could also be mis-
diagnosed as IDHI1/2 wild-type grade II glioma. The third
possible explanation is an alternative classification. Grade
1I glioma patients expressing wild-type IDH1/2 display the
TP53 mutation (wild-type IDHI:mutated IDH1, 2%:32%)
and 1p19q codeletion (wild-type IDH1/2:mutated IDHI1/2,
3%:37%) less frequently than patients carrying IDHI/2
mutations [31]. Additionally, alterations in the RBI path-
way were found in grade II diffuse gliomas expressing the
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wild-type IDHI/2, providing a pathway distinct from that
involving mutated IDHI/2 [37]. As already mentioned,
including our data, three cases of grade Il glioma without
IDHI mutation progressed to secondary glioblastoma
without /DHI mutation. Therefore, a subset of grade II
diffuse gliomas might belong to the IDH-independent
pathway.

Grade I glioma and IDH1 gene status

The correlation between grade 1 glioma and IDH] gene
status is not as strong as the correlations between IDHI
gene status and other grades of glioma. Only 0-2% of
pilocytic astrocytomas [1, 29, 38] carries IDHI mutations.
The main molecular feature of pilocytic astrocytoma is
alterations in the BRAF gene, which are observed in
66-70% of cases [38, 39]; thus, pilocytic astrocytoma is
categorized as belonging to the IDH-independent pathway
[21]. IDHI1/2 can be used in combination with BRAF as a
sensitive and specific marker for differentiating pilocytic
astrocytoma from grade II diffuse astrocytoma [38].

Ganglioglioma is reported to carry IDHI1/2 mutations in
8.2-38% of cases [2, 40]. In general, the presence of IDH1/2
mutations in gliomas indicates a better prognosis. However,
the presence of IDHI mutations in ganglioglioma is associ-
ated with a greater risk of recurrence, malignant transfor-
mation, and/or death [40]. Therefore, further investigations
are needed to determine the underlying mechanism of IDH1
mutation in ganglioglioma.

Pediatric high-grade glioma (pediatric HGG) and IDH1
gene status

There have been several reports of pediatric HGG patients
displaying IDHI mutations [12, 29, 41], but compared to
the frequency of IDHI mutations in adult HGG, they are
relatively rare. Therefore, the contribution of IDHI muta-
tion to pediatric HGG seems weaker than its contribution to
adult HGG. Pollack et al. [41] examined 43 pediatric HGG
patients and found 7 patients displaying IDHI mutations
(16%), all of whom ranged from 14 to 21 years old. The
mutated IDHI patients displayed significantly longer
event-free and overall survival than the wild-type patients,
all of whom were under 14 years of age. They concluded
that older children achieve a more favorable prognosis. We
experienced a 10-year-old female anaplastic oligodendro-
glioma patient with IDHI mutation (unpublished data).
Currently, her progression-free survival is more than
24 months; regardless of age, pediatric HGG with IDH]
mutation may present a favorable prognosis. Therefore,
IDH gene status is a putative marker for differentiating
patients with good prognoses from those with poor prog-
noses in pediatric HGG.
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The paradox of IDHI mutation

Because the mutated form of IDHI induces both loss of -
function and gain of function [13, 14], a paradox emerged
as to whether IDHI is a tumor suppressor gene or an
oncogene [13, 14, 42]. Mutation in either a tumor sup-
pressor gene or oncogene will logically lead to poorer
prognosis; therefore, it is unclear why patients with
mutated IDH1 present with significantly prolonged survival
compared with patients with wild-type IDHI. Currently,
there are no answers to this question, but some groups have
hypothesized that mutated IDH consumes NADPH and
alpha-ketoglutarate, which normally rescue cells from
oxidative stress, resulting in increased sensitivity to radi-
ation therapy [43-45]. However, the proneural subtype of
glioblastoma, which is characterized by IDHI mutation,
was reported to derive no survival benefit from intensive
therapy including radiation and chemotherapy. -

There is no direct answer why 1p19q codeletion, MGMT
methylation, a young age, and DNA promoter methylation
occur significantly more frequently in the mutated IDHJ
group [46]. Interestingly, all these factors are known to be
predictors of an improved prognosis [10, 47-49]. There-
fore, one possible answer is that glioma patients with IDH]
mutations live longer because better prognostic factors
frequently occur in the mutated IDHI group. Further
investigations are needed to clarify why favorable prog-
nostic factors correlate with the mutated IDHI group.

Conclusion

We reviewed and discussed each grade of glioma accord-
ing to IDHI gene status. The reported evidence suggests
that each grade of glioma (grade I-IV) presents distinct
clinical and molecular characteristics associated with IDHI
gene status (Fig. 1). As discussed elsewhere, molecular
alterations including IDHI gene status allow patients with
similar genetic profiles to be identified; therefore, IDH]
gene status could be useful for future clinical trials and
classification purposes. It is still unknown how the IDHI
mutation is correlated with glioma development or pro-
gression, and thus further investigation of this matter is
necessary.
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Summary: Background of Study: Extensive surgical removal of brain tumors lengthens life expectancy. As dy-
namic changes, such as brain shift, can occur during surgical procedures, intraoperative MRI is an important tool for
safe and maximum resection of tumors. In July 2008, new operating room equipped with an intraoperative high-field
MRI (1.5T) system:, neuronavigation, and fluorescence diagnosis system opened at the author’s institution, Yamagata
University Hospital.

Methods: Preoperatively, 3.0T MR studies, including morphological study, multivoxel MR spectroscopy, tractogra-
phy and functional MRI, were performed. If the tumor was located in or near an eloquent area, we performed MEP
(motor evoked potential)/SEP (sensory evoked potential) monitoring and/or awake surgery using cortical and subcor-
tical stimulation. Intraoperative MRI was performed after total resection or to obtain updated information on brain po-
sitioning during the removal of deep-seated tumors.

Results: Using this new suite, we have safely treated various brain tumors, including gliomas, metastatic brain tu-
mors, meningiomas, and pituitary adenomas. Gross total removal was achieved in over 70% of malignant tumors. In-
traoperative MR images contributed to improving the tumor resection rate and overall results.

Key Words: Intraoperative MRI system, Brain surgery
{# F % 3&: Achieva 3.0T (Philips) Signa 1.5T (GE), Neuronavigation (Brain Lab)
FUBIC

fMRI % Diffusion Tensor Imaging 72 & D #Hr L V> {5 2
BEOESICL Y REEFROFEZ L W HRBILTAI &
UL kolz. EEFREMSCERTFR2E0E=S
VYT v VT ERCTRAKROZELER X2 2
EDREEICEE URBEENICEIEHBEIARTREEL S
N5 EMMERBIEIZ L 5T optimal 2GR TH 5 & 0
ENBIIRoTETWE, BEFES—Yary v a7

IR EE SR R R [ERsE T990-9585 LI
TSR 7 2-2-2])

310

LARBERDWEBOMHHIC L AHEEDR EHA SN
TV 5773, brain shift LB EFRZMEBEDHBFEOMED H
D, WHRICIERICKRFEE, BEELILETAZ L ixEEE
Thb. 20084F7H, BRT15FXAIHMHF MRl VX7 4
(1.5T MRI (GE), neuronavigation (Brain LAB), #fHh5ts
B - 4 I $k %2 4% BE FL400, FL800 (KARL-STORZ)
& # 17 BE L 8% (Leica), MRI - CT X it operation table
(MAQUET)) % EA L7:DT, HA Y71 Vx> MR
AT HLEETOFERARRICOE]HRET 5.



Progress in CI Vol. 32 No. 1

26 (26)

Fig. 1 Scheme of the new operation room. line A is 5-gauss line.
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Fig. 3 Tl-weighted images are displayed in axial, coronal and sagittal planes, as well as a 3-D render-
ing, depicting the three objects: tumor (red), fMRI (vellow), and pyramidal tract (green).
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Fig. 4 Post-operative images show gross total removal of the tumor. Rt. motor weakness was im-

proved after the operation.
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Fig. 5 Post-operative DW image revealed high signal area adjacent to the resection cavity (e, f). Intraoperative MR
images do not show the abnormal intensity area (c, d). Preoperative MR images (a, b).
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Fig. 6 Intraoperative MR images (a: T1-weighted, b: T2-weighted, ¢: T1 with Gadolinium, d: DWI). Intraoperative DW im-

age shows intra-tumoral hemorrhage (d: open arrow). Post-operative CT shows the intra-tumoral hemorrhage (e: open arrow).
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Surgical resection of paracentral malignant gliomas

BMHE &L REBAL LEREL MM B ATER! EEER FLFE!

Kaori Sakurada', Hayato Funiu', Daisuke Tsuchiya', Sunao Takemura', Atsushi Kuge', Shinya Sato',

Takamasa Kayama'

TR S A R AR SR

! Department of Neurosurgery, Yamagata University Faculty of Medicine
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B Abstracty

EUSIC : BT B & U Z 0l BEICHFET 2 BB OFHIE, ®HOH 4 O modality % IR{H
LChRZBDTH L V. FH O radicality & #l7 # morbidity % & 0 IEFEICFHT 5 729,
Wai 7S5 = 7BLUHih<v vy vy - T2 Y PROTEETH L. 40, Fl
WrEEESEBEICO X, JTETRE (MRI (FA fE), MEG (dipole moment: DM)) & i
ey ¥y - Bo 8 ) v IRER, WRAEERE OBRICO BRE L W& R
IEEVEREIEEE 11 6. MEB BT, ATSEIE S B, BUTHIER X OGETEZE 5 6, FETEZE 1 /4.
FRELESITIE, IBSFENE 8 B, SBIERZ 2 EiE 1 6, BIZR LaRHE 1 6. #ven 7 #12 E Bk
EXRO. WEIONEEEO FA EEA/428 I 0.6-1.01 THH, MEG @ DM B/
MIkbiE 0.42-1.48 TH oz, R MR- 2 EHEEHIRIIRD b o7, 46 TER)RE
ENYELBOZ. NS OMEI FAEILIZ 07 UL ETH o7z, 3BITHAL Y RNk
BOEALZ RO, 203 EEOADEATHY), 1 IILETHRE QELERDL. TR
EHIZEALZ D /BT, Wi MEP =% ) ¥ TR ETE O MEP iRIEIL 30% F O
T L7z #fETO MEG DM 451 DLE#IRL T/, EE 4RI FA kLS DM L,
BOEHEEOTFIIIERTH AL E 2 s,

BACKGROUND: In neurosurgery it is very important to achieve maximum resection with minimum
morbidity. Towards this aim, developments in neuroimaging technology have enabled accurate
preoperative evaluation of cerebral function and integrity.. This study evaluated the preoperative
condition of the pyramidal tract through measurements of fractional anisotropy value (FA) and the
MEG dipole moment (DM). Prcoperative and postoperative motor function were also evaluated.
METHODS: This study consisted of 11 patients that presented with paracentral malignant
gliomas (glioblastoma, n=9; anaplastic oligodendroglioma, n=1; anaplastic ependymoma, n=1).
Preoperative studies at 3.0T included morphology and tractography. The FA value of the posterior
limb of the internal capsule was estimated. The DM was estimated at N20m of somatosensory
evoked fields elicited by median nerve stimulation. RESULTS: The preoperative FA ratio (affected/
unaffected side) ranged from 0.6-1.01. The DM ratio (affected / unaffected side) ranged from 0.42
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-1.48. Preoperatively, 7 patients presented with motor weakness. Postoperatively, motor weakness
was improved in 4 cases, and FA ratios were greater than 0.7. Motor weakness was aggravated
in 3 patients: 2 exhibited only upper limb paresis and the other exhibited worsening hemiparesis
and had a DM ratio greater than 1.0. Postoperatively, no new neurological deficits were observed
in any of the patients. CONCLUSION: The preoperative FA and DM ratios could contribute to
preoperative evaluation of the pyramidal tract and predict postoperative motor function.

Key words: Paracentral malignant glioma, MEG, Fractional anisotropy
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TREALER IS SRR L E X 5 h b B
MIRBIEICBWTD, FiliMbEIEGTEEF
THDHIENRBOLNS LI RoTETNS [3, 6].
L L72adh, HEERTE L v FE s b Dk
BT, AR & BEEE DA % ML
TAHIERBDTHE L < K& 7% dilemma TH 5.
FRICHRRET B L U2 OREICHEET EREOFN
(&, IO A D modality & ER{E L TH RIZERD
THELNLDOTHE., LoLieh s, mEOHEER
SWHMTORBEEE= ) VT v IDE
RIZED, ThECHETRELEZLONTELE
M OEREOFM GBI R END LI %o T
ETWA, T LY, FLETENCHFEET 5 EE
ThoTHRMUTRLEHEVPHFETHI L OLHL
el o TEIz(4,5]. FH O radicality & 7 &
morbidity & & ) IEFEICTFHI L T X ) 2 THEL
FWERATI DWW 77 v = v 7B L Ui+
TYEY T RS )T BOTEETH 5.

G AL, O R B 12 B Tl
i MRI Functional anisotropy (FA) fE& MEG Dipole
Moment: DM E i~y ¥ ¥ 7 - £=4 1) v Ui
R, SOIHTRMEEIR E OBRICD ST L,
#iHT O FA B3 & U DM R F R FllicEH T

H o ERET L.
MR ETTE

FOELIEEEMERBE LLAEZRE L
(Table 1). 4E#5IZ, 25 ~ 798 (FH 557 8%) T,

B, KE26THL. EHEBIEL, #IHIE

560, RISHEL L UHTEE S 6, HTEE 16 7R
B WL, B3RO B, BREKZZEEIEE 16,
BIER EKIE | THB. AiiaT 7 I EBEE 4 77
7z, AT MRIARZELZI1E 3T MRI % i\, FA &
XA EEEIC ROI 52T ER /A2 E R LA
(Fig. 1). MEG @ 1E # #f 2 i) ##0 1= X %. Sensory
evoked field (SEF) ¢ DM & FE /Al » & B
L7z, FHTlE, @FiCMEPE=%Y) ¥ 7% jfi
TL7c. BAERROREIEIEREIFET 5 341

Table 1 Summary of cases with paracentral gliomas.

Case asgeex/ Location Pathology {?E g;: ﬂl%kt i\:frfeﬁltpftfe preop. Motor weakness postop. Motor function
1 35/M F AO 1.003 0.616 none no change
2 25/M F AE 1.023 0.477 upper 4 improve
3 66/M F GBM 0.797 0.523 upper 4 upper 3
4 49/M F GBM 0.604 1482 upper 4/ lower 4 upper 3/ lower 3
5 64/M F GBM 0.921 0.88 upper 4/ lower 4 upper 3/ lower 4
6 I5/F F-P GBM 1.014 0913 upper 4/ lower 4 improve
7 170/F P-F GBM w O 0.775 n.d upper 3/ lower 4 no change
8 57/M P-F GBM 0.904 0.425 none no change
33/M P-F GBM 0.802 0.985 upper 4 improve
10 60/M P-F GBM 0.777 nd upper 3/ lower 4 improve
1t 79/M P GBM 0.915 0.624 none no change
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Table 2 Treatment results of our 11 cases.

Fig. 1 MR workstation screen showing‘ FA value of the selected ROI (circle).
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Case age/sex Pathology PFS (M) 0S (M)
1 35/M AO 23+ 23+
2 25/M AE 32+ 32+
3 66/M GBM 21+ 21+
4 49/M GBM 3 14
5 64/M GBM 5 10+
6 75/F GBM 4+ 4+
7 70/F GBM w O 12 23+
8 57/M GBM 3 15
9 33/M GBM 17+ 17+
10 60/M GBM 5 10
11 79/M GBM 18 21+
+ BT
BT F % 7@?’? L 7z. Neuronavigation, 5-7 4 =
o e
V7)) vk > B L CIES S %
11 5] T gross total resection 7% ] fg
BICTIEBEE DL E L ROz, 2 HITH
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Table 3 Results of MEP monitoring and functional outcome.

Case age/sex Location Pathology i FA {i D—respbnse AMEP (%) preop. Motor weakness postop. Motor function

3 66/M F GBM 0.797 upper 4/ lower 5 upper 3/ lower 5

49/M F GBM 0.604 upper 4/ lower 4 upper 3/ lower 3

5  64/M F . GBM 0.921 375 upper 4/ lower 4 upper 3/ lower 4
LNIZHRBEDEAZRD. 1l EFEOADE Thorz, SHUSBEISZM BG5S L R4

ETHY, 103 TR & LB % oo/, B,
6PCRO LN, SENIRATESE, 1 Pk iEE
T® > 72. median OS (TFBETH 2 (Table 2).
1) FA fiilt, MEG DM & il 14 EEhH%AE (Table 1)
NEGZ DS LR ENCFTET 5 3 Bl CRREDE(LA
BOLAL, IS O FAERIE 10T TH -
7z, RLREN B STFTES A BT, FA fEA70.8
FOLET LT THOREOEENRA LN, Lk
TR E S IZREDEAL % 520 7 IEFI O A DT RT O
MEG DM A5 1 L E%#/RLTEBY, FAMEL L&
LYIKETH o7z, EHEICHEETAEBICBNT,
WHEIRE % 23 5 EFITId SEF DR ENTE S
DM AEHAI T & e r o 72,
2) MEP E=% 1 v 7" L {4 EBIHEEE (Table 3)
5 AT % O B4 E R MEP O IRIE D ZE 1L %
AMEP &9 5 &, FREHE UERTIE, 50% DL
TIIRESET LT, EFOADOE(LEFD
2B TIE50% £ TIERT, ETHE LICEILEER
BIFITIE, 30% % TIET LTW7 (Table 3).

£ =

HOLEL R AEEE 11 LB W T, el
DFAfEL, MEGDM L, MEP =% 1) » 7 &
e DOEEEEDRFRIZOWTHET L7, FigEZE
JEZ TR L ) FAEAYET L T 2354, fif
BB REDEAL % Fh /2. BHTEIESRZS TIATAT
FAEDPETLTWTORENDEALIZA L LA
o7z, FAMEIZ X 2H#AEREEOFEMIE, —h
FC b AT RES TRlA 5 T & /2. 2005 F,
Beppu %3, three-dimensional anisotropy (3-DAC)
(TR RS E G B O SRR O EE O X MR ET
L. 3-DAC 2B~ DIEGRETFEI- AR TH
BT EEREL TS (1. SEHOKE T, fE
BOFEIZL)EREFABENRT 2D THEHE
TEZENES, £ 1) b AR CRIE DAL A LR
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LD EFERT B DD .

HBHEEZEZLN, FABED B TIHEERET LTl A
HEECTHLZ E R LTVA, Beppu 5 D #EF
BT HHTHTO FA EOMT OFEEE & 4l 258 B
REMEE DBLE I IS MET M 2 B BN 5 L
Mo 7z, DT, tractography (&, #EKEE & JEE O i
ERARZIEER LZE2LFME2T) DI HEHTH
. L»L, FAEORFEELTROIDHE Y Az
Z O R E
tractography (22 W T L EEETH ), ROI DEEE
WX DB SN DHMHEIRELSENRT S, $4b
LR, EEBHICZLWEWVWIREANEDHL, =
D7z®, ROIDERE L FERDERIIEZFE L,
SRENEBY L EEHEORIENEEI NS,

FAEDPEHEDOEHRTH 5D I2x LT, MEG
DM I3 RZE DIREER ML L TV 5 &) HED D
5. GEHINLEMAEGDEDL I LT, BEEIK
WRIFT R % LHMIZEFMTE AR LH B
DT> R EEZ, FAEIZINZ MEG DM 2
DWTHLMET L7, MEGDM ICEIT 2% & L
Tl&, 2002 4 Tsutada & %% parkinson J% % 1 U %
ET AL DIFREIZ BT MEG DM 25K AL
HiSgOEREX SR CE 2 TREMZRL
T3 [7]l. MEGIZBWTiE, BMEHEDOER L
NEFIR L detector DIAEER M7 L WHRAY 4 %
I L DIREBEIELT 2. OO KRELIER
WL PBICER, RAUhaEsh b ERE
HEIAEL L7 &) g RABLCLE D Wiglk

BB, Frz, PLREICERISHEEL TV Y

H12Id, case 7, 10 D & 5 | SEF HMEE T & &2\
BELEL D, 2007 F Willemse 5 id, HL R
BRI & 1) RBEEHifE A HHEE S b SEF 12
ED LD BEAHNHN L DD, latency, equivalent
current dipole strength, root mean square, spatial
distribution {22V T 17 BIO#E % 7o 72 [8]. %
DGR, BT dipole strength 2K & 7B T &,

[N
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- EBHEELZETLHAT, BEOEWALYD D
KELGAHIEZRELTVAS, FADBITYH
Case 4 TDM PEHI TR E o7z, BHIOESD
KEL B ANZ AL ELT, Willemse 5 (LBIFE
T O BETEEANOIH OO IOV TE
@ T\W5h, Case 4 TIZFAME D 11 Bl RIKME
THH, BB LY BEBEMCHBEN L ErED
TINAFAE, DMIZKBEL TV d &
ZoNBD, BEhLEMNDBAELRFLELE
Twa.

i MEP O 2L DT, BERBIO AT 5
5 WAV B % F V> 72 D-response DIRIED AL %
JBIZEE L TWwWA[2. FoMHIZEORIBEL
(AMEP) #°50% & T £ CTHINISHAETEETH
HEDRERDS, FHEORIT - RWTIE 50% % I8
BIIT-oC&7:. SEMREESEELE /234
T, RIBET 2550% OIERTIE LD ARDE
BIEEE(L, 30% FCTETZFLABATIEILETE
EHIZEALE £ Uz, AMEP 50% B Cld i<
PICHBTRETH Y, 260iE, B, EELEOfH
L DRI TEER LAV ECHE L. S0
DIERH S LT MEP £ = % 1) >~ 7 TIRIE 50%
DETx—2DH%E LTHBEHETD L iddik
ABETAOVEETHLEEZ LN iR E
=5 v I THEOEEET R T A L d o
M Z RO OND Z EIL, TEDRMEIEFH
DHESDFTERORERLDOD—DTHDHLE
25,

- )

L) BRETHERBESEFH OO, HEHRE
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