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MRP-2 etoposide, cisplatin
TOPO Il etoposide, adriamycin
MGMT nitrosourea
GST-n cisplatin

2. RSO TRR

MGMT 2%9 % O%benzylguanine, procarbazine
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2 iE grade 3/41%9 % ACNU vs ACNU+PCZ
Ic & ZE1/I114E3RER (JCOG 03058 FRRER)

A phase II/III study for astrocytoma grade 3 and 4 using
ACNU versus procarbazine and ACNU : Japan Clinical Oncology Group Study (JCOG 0305)
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EBM of Neurosurgical Disease in Japan

Randomized Controlled Trial on Malignant Brain Tumors
—Activities of the Japan Clinical Oncology Group-Brain Tumor Study Group—

Soichiro SHisul, M.D.

Neurosurgery Division, National Cancer Center Hospital, Tokyo
Abstract

The Japan Clinical Oncology Group (JCOG)-Brain Tumeor Study Group was organized with the support of the Health and Labour Sciences
Research Grants of the Ministry of Health, Labour and Welfare. The group is now preparing a multi-institutional randomized controlled
phase II/I11 study of chemoradiotherapy using ACNU versus procarbazine and ACNU for astrocytoma grades 3 and 4. The overall
survival and response rates will be compared between the patients treated with ACNU and those treated with ACNU plus procarbazine.
This study, under the surveillance of the JCOG, aims to set a standard protocol for treating patients with malignant glioma. Moreover, the

study will establish a proper methodology for performing randomized studies in the field of neuro-oncology.

Key words: Japan Clinical Oncology Group, randomized controlled trial, malignant glioma, ACNU, procarbazine,

Of-methylguanine deoxyribonucleic acid-methyltransferase

Introduction

The Japan Clinical Oncology Group (JCOG) is a
multi-institutional cooperative oncology group
conducting clinical research for cancer and related
problems.? JCOG consists of 13 oncology groups as
of 2003. The Brain Tumor Study Group (JCOG-
BTSG) was organized in April 2002 with support
from the Health and Labour Research Grants of the
Ministry of Health, Labour and Welfare in order to
establish a standard therapy for malignant brain
tumors.

This study describes a randomized controlled
phase II/III study of chemoradiotherapy using
ACNU versus procarbazine and ACNU for
astrocytoma grades 3 and 4.

Materials and Methods

Patients with newly diagnosed supratentorial
astrocytoma grade 3 or 4 will be enrolled and ran-
domly divided into two groups. Patients in Group A
will be treated with ACNU (80 mg/m? iv) during the
postoperative radiotherapy (60 Gy local), whereas
patients in Group B with procarbazine (80 mg/m? for
10 days per os) preceding and in addition to the
administration of ACNU. Each regimen will be
repeated every 8 weeks for 2 years if tolerated by the
patients. The primary endpoint is the overall sur-
vival rate and the secondary endpoints are the
response rate on magnetic resonance imaging and
the frequency of adverse events. This study starts as
a randomized phase II trial and proceeds to the
phase III study if the efficacy of the Group B
regimen in phase II warrants a study continuation.

The study protocol was developed under guidance
of the JCOG and approved by the institutional
review board of the institution to which each JCOG-
BTSG member belongs. The study will be performed
under surveillance by the JCOG.

Results

This study starts at the beginning of 2004. The
expected number of patient enrollments is 310 in 5
years. The collected data will be monitored and
statistical analyses carried out by the JCOG Data
Center. The results will be evaluated by the Steering
Committee.

Discussion

A standard therapy for malignant gliomas has not
been established and various trials have been carried
out. In most neurosurgical institutes in Japan,
nimustine hydrochloride (ACNU) is administered in
conjunction with conventional radiotherapy after
surgical removal of the tumor. However, this com-
mon treatment regimen has never been scientifically
justified by a randomized controlled study, and so
should be considered “community standard.”

The efficacy of ACNU in malignant glioma
patients was evaluated in a group who received post-
operative administration of ACNU in conjunction
with radiation therapy and another group was
received only radiation therapy.? This controlled
study revealed an improved response rate for the
patients treated with ACNU, however, no sig-
nificant difference in overall survival was observed
between the two groups.

ACNU is one of the most effective chemother-
apeutic agents to date for malignant gliomas. ACNU
passes through the intact blood-brain barrier and
alkylates deoxyribonucleic acid (DNA) causing the
anti-tumor effect. Most malignant gliomas neverthe-
less recur after ACNU chemotherapy and radiother-
apy. Malignant gliomas frequently express high ac-
tivities of O%-methylguanine DNA-methyltransferase
(MGMT), a DNA repair enzyme, which is consi-
dered to be one of the causes of the chemoresistance
to ACNU. Procarbazine is another alkylating agent
that yields Of-alkylguanine.?) If procarbazine is
administered prior to ACNU as in our current

Correspondence to: Soichiro Shibui, M.D., Neurosurgery Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. Tel: +81-3-3542-2511, Fax: +81-3-3542-3815, e-mail: sshibui@nce.go.jp
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protocol, we expect the abundant O8-alkylguanine to
deprive MGMT, leading to increased efficacy of
ANCU.® A similar treatment protocol was applied
using BCNU, procarbazine, and vincristine to 58
patients with recurrent glioblastoma and reported a
high response rate of 29% (complete response
10.3%, partial response 19%).9

In order to establish a standard therapy for a
certain clinical entity, strict randomized controlled
studies are essential. Few such studies in the neuro-
oncological field have been carried out in Japan.
Brain tumor is one of the so-called orphan diseases.
Hence, multi-institutional cooperation is essential to
accomplish randomized trials that require a large
number of patient enrollment. JCOG is a group of
oncologists that conduct cooperative studies on
various cancers in Japan. The BTSG was newly
organized in JCOG and is now preparing this ran-
domized trial in an unprecedented organized
manner. Upon completion, this study should pro-
vide a scientific basis for the standard therapy for
malignant gliomas. Moreover, we hope to establish a
proper methodology for performing randomized
studies in the field of neuro-oncology.
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3)

4)

5)

EBM of Neurosurgical Disease in Japan

References

Brandes AA, Turazzi S, Basso U, Passetto LM, Guglielmi B,
Volpin L, luzzolino P, Amista P, Pinna G, Scienza R, Ermani
M: A multidrug combination designed for reversing
resistance to BCNU in glioblastoma multiforme. Neurology
58: 1759-1764, 2002

Shimoyama M, Fukuda H, Saijo N, Yamaguchi N, members of
the Committees for the Japan Clinical Oncology Group
(JCOG): Japan Clinical Oncology Group (JCOG). Jpn J Clin On-
col 28: 158-162, 1998

Souliotis VL, Kaila S, Boussiotis VA, Pancqalis GA, Kyr-
topoulos SA: Accumulation of Of-methylguanine in human
blood leukocyte DNA during exposure to procarbazine and
its relationship with dose and repair. Cancer Res 50:
2759-2764, 1990

Takakura K, Abe H, Tanaka R, Kitamura K, Miwa T,
Takeuchi X, Yamamoto S, Kageyama N, Handa H, Mogami
H, Nishimoto A, Uozumi T, Matsutani M, Nomura K: Effects
of ACNU and radiotherapy on malignant glioma. ] Neurosurg
64: 53-57, 1986 .

Valavanis C, Souliotis VL, Kytopoulos SA: Differential effect
of procarbazine and methylnitrosourea on the accumulation
of Of-methylguanine and the depletion and recovery of
OS-methylguanine-DNA  alkyltransferase in rat tissues.
Carcinogenesis 15: 1681-1688, 1994

Hospital, Tokyo)

Appendix: Members of the Japan Clinical Oncology Group-Brain Tumor Study Group

Akio Asai (Saitama Medical School, Saitama), Takamitsu Fujimaki (Teikyo University, Tokya), Takamasa Kayama (Yamagata
University, Yamagata), Masato Kochi (Kumamoto University, Kumamoto), Toshihiro Kumabe {Tohoku University, Sendai, Miyagi),
Yosihiro Muragaki (Tokyo Women’s Medical University, Tokyo), Motoo Nagane (Kyorin University, Mitaka, Tokyo), Hirchiko
Nakamura (Nakamura Memorial Hospital, Sapporo, Hokkaido), Ryo Nishikawa (Saitama Medical School, Saitama), Kazuhiro
Nomura (National Cancer Center Hospital, Tokyo), Yutaka Sawamura (Hokkaido University, Sapporo, Hokkaido), Soichiro Shibui
(National Cancer Center Hospital, Tokyo), Hideaki Takahashi (Niigata University, Niigata), Katsuyuki Tanaka (St. Marianna
University School of Medicine, Kawasaki, Kanagawa), Tomoki Todo (University of Tokyo, Tokyo), Toshiaki Yamaki {Sapporo
Medical University, Sapporo, Hokkaido), Takahito Yazaki (Keio University, Tokyo), Minako Sumi (National Cancer Center

Neurol Med Chir (Tokyo) 44, April, 2004

232

221



Acta Neurochir (Wien) (2007) 149: 123-130
DOI 10.1007/s00701-006-0857-7
Printed in The Netherlands

Clinical Article

Acta Neurochirurgica

Surgical resection of tumors located in subcortex of language area

K. Sakurada, S. Sato, Y. Sonoda, Y. Kokubo, S. Saito, and T. Kayama

Department of Neurosurgery, Yamagata University, School of Medicine, Yamagata, Japan

Received December 6, 2004; accepted July 26, 2006; published online September 29, 2006

4 Springer-Verlag 2006

Summary

Object. Although functional mapping facilitates the
planning of surgery in and around eloguent areas, the
resection of tumors adjacent to language areas remains
challenging. In this report, we took notice that the lan-
guage areas (Broca’s and Wernicke’s) present at the
perisylvian fissure. We posit that if there is non-essential
language area on the inner surface of the Sylvian fissure,
safe tumor resection may be possible even if the tumor is
located under the language cortex.

Methods. The study population consisted of 5 patients
with intrinsic brain tumors (frontal glioma, n=3; tem-
poral cavernous angioma, n = 1; primary malignant cen-
tral nervous system lymphoma, n=1) located in the
perisylvian subcortex, in the language-dominant hemi-
sphere. All patients underwent awake surgery and we
performed intra-operative bipolar cortical functional lan-
guage mapping. When the tumor was located under the
language area, the Sylvian fissure was opened and the
inner surface of the opercular cortex was exposed with
the patient asleep, and additional functional mapping of
that cortex was performed. This enabled us to remove
the tumor from the non-functioning cortex.

In our series, 4 of 5 patients had not language function
on the inner surface of the operculum. Only one patient,
a 52-year-old man with frontal glioblastoma (Case 3)
had language function on the inner surface of the frontal
operculum.

Conclusion. We suggest that even perisylvian tumors
located in the subcortex of the language area may be re-
sectable via the nonfunctioning intrasylvian cortex by

a transopercular approach without resultant language
dysfunction.

Kewwords: Functional mapping; language area; oper-
culum; brain tumor.

Introduction

To minimize the risk of postoperative language defi-
cits in patients scheduled for surgery near the perisylvian
cortex in the dominant hemisphere, knowing the loca-
lization of language function is important for planning
the cortical trajectory and the resection area. While re-
ports on language cortical and subcortical mapping using
awake craniotomy and/or a sub-dural grid are available
[13, 14, 19], surgical resection under the eloguent cor-
tices continues to present a high risk of neurological
sequelae. Neuro-imaging functional techniques are in de-
velopment and are beginning to be efficient for cortical
sensorimotor mapping, but still lack sensitivity and spe-
cificity for language mapping, and remain difficult to
give real-time data during surgery [16].

The supratemporal plane is divided into the three parts
{planum polare, Heschl gyrus, planum temporale), and
contains the primary and association auditory system and
a part of Wernicke’s area. However, the language func-
tion of the inner surface of the operculum, and the clin-
ical presentation and treatment of patients with lesions
in these areas have rarely been described.

Here we present the results of functional mapping and
surgery undergone by 5 patients with tumors located in
and around the subcortex of the language area. These
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Table ta. Summary of the 5 patients

K. Sakurada et al.

Case Age (yr), Diagnosis Tumor localization Handedness Language Initial symptom
sex dominancy

1 49 F malignant lymphoma It. temporal Rt Lt epilepsy

2 31 F astrocytoma It. frontal R Lt inicidental

3 52 M glioblastoma It. frontal R Lt hemiparesis

4 55M oligodendroglioma it. frontal Rt. Lt. epilepsy

5 44 F cavernous angioma 1t. temporal Rt Lt transient paraphasia

Table 1b. Summary of the severity of aphasia in the 5 patients

Case Overall Auditory Naming Sentence Sentence Reading Kana letter Sentence
SLTA comprehen- repetition reading comprehen- dictation dictation
severity sion aloud sion
pre post pre post pre post pre post pre post pre post pre post pre post

i 10 10 7 9 16 18 3 5 4 5 7 9 10 8 5 5

2 10 10 10 10 20 20 5 4 5 5 10 10 10 10 5 5

3 5 9 1 1 14 14 3 4 5 5 1 I 6 8 1 1

4 10 10 9 8 18 18 4 4 5 5 10 10 10 10 5 5

5 10 10 10 10 20 20 4 4 5 5 8 8 10 10 5 5

lesions can be resected safely using functional mapping
in patients undergoing awake surgery.

Methods

Subjects

There were 5 patients with intrinsic brain tumors
(frontal glioma, n=3; temporal cavernous angioma,
n=1; temporal primary central nervous system malig-
nant lymphoma, n=1) located in the perisylvian sub-
cortex in the language-dominant hemisphere. They were
2 men and 3 women; their median age was 46 years

(range 31-55 years) (Table la).

Language evaluation

The Standard Language Test of Aphasia (SLTA) was
used to evaluate language functions. The SLTA is the
standardized test battery most commonly used to evalu-
ate Japanese aphasic patients [20]. The aphasia severity
ratings (0 =most severe, 10 =normal) are based on the
19 SLTA sub-scores; these were used as the primary
language measure in the present study [8, 11]. The fol-
lowing seven subscores of the SLTA were also included
in the analysis: auditory comprehension (to obey verbal
commands} {out of 10); naming (out of 20); sentence rep-
etition (out of 5); reading aloud short sentences (out of
10); dictation of Kana letters (out of 10); and dictation of
short sentences (out of 5). Each patient was given the
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SLTA twice; the aphasia severity ratings before and after
the operation (approximately I to 3 months after the sur-
gery) are shown in Table 1b.

Intra-operative cortical functional mapping

To determine whether the lesions were located in the
dominant hemisphere, patients underwent pre-operative
functional MRI and/or intracarotid amytal testing (Wada
test). During awake surgery, intra-operative cortical map-
ping for language was performed in all patients following
the previous reports [1, 10, 14]. Intravenous anesthesia
(propofol) was used during craniotomy. After creating
a cranial opening large enough to expose most of the
lateral temporal and inferior frontal lobe, propofol
administration was discontinued and the patient was
allowed to awaken. Silver-tip bipolar electrodes spaced
approximately 5 mm from each other were placed on the
exposed cortical surface. Stimulation paramelers are set
at 60 Hz, biphasic square wave pulses (1 msec/phase),
with variable peak-to-peak current amplitude between 2
to 12 mA (peak-peak amplitude). To avoid eliciting local
seizure phenomena or false negative or false positive
results, a current below the after-discharge threshold
was used so that depolarization was not propagated to
the nearby cortex. Before mapping, 10 1o 20 sites were
selected and marked with small tags. Sites for stimula-
tion mapping were randomly selected to cover all of the
exposed frontal or temporal lobe cortex, including areas
thought to contain sites essential for language function
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and areas near and overlying the lesion site. Each patient
was shown images of simple objects. Cortical stimula-
tion, applied before the presentation of each image, was
continued until there was a correct response or the next
image was presented. Each pre-selected site was stimu-
lated 3 to 4 times but never twice in succession. Sites
where stimulation produced consistent speech arrest or
anomia were considered essential language areas.

Case illustration

Case 1

This 49-year-old right-handed woman was in excel-
lent health when she had her first generalized tonoclonic
seizure. Preoperative MRI showed a round well-enhanced
2.5cm lesion in the superior temporal gyrus. Intra-op-
erative functional mapping of the essential speech cortex
under awake surgery disclosed that the tumor was lo-
cated just under the temporal language area. After ex-
posing the posterior part of superior temporal plane by
opening the Sylvian fissure, we performed intra-operative
language mapping of the posterior part of the superior
temporal plane. No language site was identified at that
area. Unfortunately, we could not obtain an intra-opera-
tive pathological diagnosis, so we totally removed the
lesion via a superior temporal plane cortical incision
(Fig. 1). Postoperative histological diagnosis was pri-
mary CNS malignant lymphoma. This was treated with
radio-chemotherapy as adjuvant therapy. Her postopera-
tive SLTA score remained unchanged. She discharged
from our hospital without any neurological deficits.
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Case 2

This 31-year-old woman was in excellent health when
she sustained a simple head injury. CT study incidentally
disclosed an anomaly. Preoperative MRI revealed a
round, non-enhancing, 3 cm lesion in the inferior frontal
gyrus. With the patient awake, intra-operative cortical
functional mapping of the essential speech cortex was
performed. A frontal language area was identified; the
tumor was located under the tongue motor area. We
exposed the frontal operculum by opening the Sylvian
fissure and performed intra-operative language mapping.
No language function was identified at the inner sur-
face of the posterior part of the frontal operculum,; the
tumor was removed from the non language area (Fig. 2).
The histological diagnosis was low-grade astrocytoma.
Although she suffered transient dysarthria, she fully re-
covered within several days.

Case 3

This 52-year-old right-handed man was admitted to
our hospital with aphasia and right-hand loss of power
to grip. MRI showed a ring-like enhanced lesion in the
frontal lobe. Intra-operative cortical language mapping
failed to identify a frontal language area. His inferior
frontal gyrus was swollen. We exposed the inner surface

Fig. 1. Case I — A 49-year-old woman with primary CNS malignant
lymphoma. Intra-operative photograph of the brain map showing that
the tumor is located under the Wernicke's area. O Speech arrest, A
dysarthria, x no response, CS central sulcus, SF Sylvian fissure

Fig. 2. Case 2 ~ A 31-year-old woman with low-grade astrocytoma.
Intra-operative photograph of the brain map showing that the tumor
is located within the tongue motor area. O Speech arrest, A dysarthria,
% no response, CS central sulcus, SF Sylvian fissure
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Fig. 3. Case 3 ~ A 52-year-old man with frontal glioblastoma multi-
forme. Intra-operative photograph of the brain map showing that the
Broca’s area is located on the inside of the Sylvian fissure. O Speech
arrest, A dysarthria, x no response, CS central sulcus, SF Sylvian
fissure

of the frontal operculum by opening the Sylvian fissure
and performed intra-operative language mapping again.
The essential language area, located on the inner surface
of the frontal operculum, was compressed by a tumor and
shifted into the Sylvian fissure. We resected the tumor
through the non-language cortex (Fig. 3). The language
area was replaced to the surface of inferior frontal gyrus.
The histological diagnosis was glioblastoma multiforme.
His overall SLTA severity had worsened immediately
after the operation, whereas it recovered and improved
3 months after surgery (Table 1b).

Case 4

This 55-year-old-man was admitted our hospital with
transient epileptic motor aphasia. T1- and T2-weighed
MRI showed a low- and a high-intensity lesion in
the inferior frontal gyrus, respectively, which was not
enhanced by gadolinium. His pre-operative interictal
SLTA score was normal. During awake surgery, intra-
operative functional mapping identified a frontal lan-
guage area. The tumor was located under the language
area. We opened the Sylvian fissure and performed
intra-operative language mapping at the inside of the
Sylvian fissure again. Because no essential language
area was identified on the inner surface of the frontal
operculum, we resected the tumor through this non-
language area (Fig. 4). The histological diagnosis was
oligodendroglioma. His postoperative SLTA score was
also normal.
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Fig. 4. Case 4 — A 55-year-old man with oligodendroglioma. Intra-
operative photograph of the brain map showing that the tumor is
located under the Broca area. O Speech arrest, A dysarthria, x no
response, CS central sulcus, SF Sylvian fissure

Case 5

This 44-year-old woman visited our hospital complain-
ing of transient paraphasia. T2-weighted MRI showed
a mixed-intensity lesion with a hypo-intense rim in the
left superior temporal gyrus. Awake craniotomy was
performed. Intra-operative functional mapping revealed
that the tumor was located under Wernicke’s area. We
opened the Sylvian fissure and performed intra-operative
language mapping of the planum temporale. No lan-
guage function was identified at that area. We resected
the tumor through the non-language area on the splanum
temporale (Fig. 5). The diagnosis was cavernous an-
gioma. Her postoperative SLTA score was normal.

Fig. 5. Case 5 — A 44-year-old woman with cavernous angioma.
Intra-operative photograph of the brain map showing that the tumor
is located under the Wernicke area. O Speech arrest, A dysarthria,
x no response, C§ central sulcus, SF' Sylvian fissure
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Summary of cases

Pre- and postoperative MRI of the 5 patients are
shown in Fig. 6. Quality of resection was systemically
evaluated using immediate (within 72 hr after the op-
eration) post-operative MRI. We were able to remove
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all tumors totally without permanent new neurolog-
ical deficits and without exacerbation of the patients’
aphasia. Schematic drawings presented in Fig. 7 iden-
tify the localization of the 5 tumors and the language
areas. Of the 5 patients, only case 3, a patient with

Fig. 6. Pre (upper line) — and post (lower line)-operative Gd-enhanced, T1-weighted magnetic resonance images obtained on the 5 patients. All

tumors were removed almost totally

Case 1 Case 5

55

Case 2 Case 3 Case 4

007 & e
Fig. 7. Schematic drawing of the brain map of the 5 patients. B
Broca’s area, W Wernicke’s area. The filled circles indicates the
tumor. The dotted and gray lines encircle the functional- and
non-functional areas, respectively
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frontal glioblastoma manifested essential language
function on the inner surface of the frontal or temporal
operculum. This language area, located on the frontal
operculum, appeared to be compressed and displaced
by the tumor.

Discussion

Although functional mapping facilitates the planning
of surgery in and around eloquent areas, the resection of
tumors adjacent to language areas remains challenging.
Ojemann and his associates reported that the essential
language area localized to a focal areas of dominant hemi-
sphere cortex of approximately 1cm? [14, 15]. And the
exact location of these sites in the left dominant hemi-
sphere was found to vary substantially across the patient
population. Haglund and colleagues reported that a mar-
gin of 7 to 10 mm around the language areas resulted
in significantly fewer permanent postoperative linguistic
deficits [9]. Recently, Duffau and colleagues noted no
higher rate of definitive language worsening despite a
resection coming in contact with the language sites
(but higher rate of transient postoperative aphasia) [4].
Whittle IR er al. reported the incidence of iatrogenic
dysphasia without intra-operative brain mapping is not
dissimilar to that described after resection during use of
awake craniotomy and intra-operative language testing
{21]. They suggested thal a large prospective study would
be required to assess the usefulness of intra-operative
language testing. Recently, Duffau H et al. reported that
successful resection of a left insular cavernous angioma
using intra-operative language mapping [5]. And Berger
MS er al. mentioned that to maximize the extent of
tumor resection while minimizing permanent language
deficits, and recommended the using of cortical stim-
ulation mapping [2]. Although this might be still con-
troversial, we believe intra-operative language mapping
is necessary to avoid surgical morbidity.

In this report, we took note that the language areas
(Broca’s and Wernicke’s area) present at the perisylvian
fissure. We posit that if there is non-essential language
area on the inner surface of the Sylvian fissure, safe
tumor resection may be possible even if the tumor is
located under the language cortex. We operated on 3
patients with frontal gliomas without new neurological
deficit except case 3 who experienced worsening of
his aphasia transiently. But, his aphasia was improved
3 months after surgery.

The functional imaging studies allow detection of all
the areas implicated in the realization of a task, but not
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the essential structures in these networks. There has been
some work on the importance of the left frontal oper-
culm for syntactic processing [6], and this region is acti-
vated during functional imaging studies of language. The
functional imaging studies detected the distribution of
‘essential’ and ‘participating’ neuronal activity. But, the
distribution of ‘participating’ neurons is substantially dif-
ferent to the focal, lateralized ‘essential’ sites identified
by stimulation mapping for language. Noninvasive func-
tional imaging modalities are an aid to the neurosurgeon,
but the golden standard is still believed to be intra-opera-
tive monitoring. The evolution of better presurgical func-
tional brain mapping techniques such as magnetic source
imaging (MSI), fMRI, and probabilistic Diffuion Tensor
imaging/fiber tracking methods will allow an estimation
of the anatomical and functional cortex [7, 12]. These
techniques may have the potential to promote functional
neuronavigation as to an alternative to awake surgery.

The supratemporal plane of the temporal lobe in hu-
mans and subhuman primates contains the cortical repre-
sentation of the primary and association auditory system
and forms a part of Wernicke’s area. However, the clini-
cal presentation and treatment of patients with lesions
in these areas have rarely been described. Silbergeld et al.
who performed intra-operative cortical mapping during
awake surgery on 2 patients subjected to resection of
left-hemisphere Heschl gyrus gliomas, reported that nei-
ther patient manifested postoperative deficits [18]. Of
3 patients with non-dominant hemisphere Heschl’s gyrus
gliomas operated on by Russell and Golfinos [17], one
presented with postoperative difficulty with music com-
prehension and production. In this report, we operated on
2 patients with left planum temporale tumors. We only
examined language function intra-operatively. However,
none of our 2 patients complained of auditory dysfunction
and auditory change upon cortical stimulation. And we
could remove the tumors without language dysfunction
via non-functioning planum temporale cortex.

In our series, 4 of 5 patients had no essential language
area on the inner surface of the operculum. Only one
patient, a 52-year-old man with a frontal glioblastoma
(Case 3) had language function on the inner surface of
the frontal operculum. Duffau and colleagues reported
3 cases of inferior frontal gyrus (F3) glioma operated on
without neurological deficits. They speculated that total
F3 infiltration by glioma, thus a functional reorgani-
zation due to brain plasticity would explain the lack of
deficit [3]. However, from intra-operative findings, after
tumor removal, language cortex replaced on to the sur-
face of the inferior frontal gyrus. We could not detect
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essential language area on the medial area of the essen-
tial language area, and so we speculated his language
area was compressed and displaced, rather than that
there was reorganization of a new language area.

In conclusion, we posit that there is non-essential lan-
guage area on the inner surface of the Sylvian fissure.
While studies on larger patient populations are neces-
sary, we can remove the perisylvian tumors through
overlying non-language cortex. We propose our (oper-
cular) approach may be useful in patients requiring the
resection of perisylvian tumors.

Conclusions

Of 5 patients with tumors in the perisylvian cortex,
only one, a patient with a frontal glioblastoma, mani-
fested essential language function on the inner surface of
the frontal operculum. In this exceptional case, the lan-
guage cortex was compressed by the tumor and displaced
to the inside of the Sylvian fissure. Based on the func-
tional mapping data we obtained, we suggest that even
tumors located in the subcortex of the language area may
be resectable through the nonfunctioning opercular cortex
without inducing postoperative language dysfunction.
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Comment

This is an interesting study that emphasizes the value of intra-opera-
tive stimulation in awake patients during the resection of lesions adja-
cent to eloquent cortex. The authors hypothesize that even in the
presence of lesions which seem unresectable because of location near
Broca’s or Wernicke’s area, in selected cases a complete resection may
be possible when the tumor is approached through a trans-opercular
route of non-functional intrasylvian tissue on the inner’” surface of the
operculumn.

In our opinion, however, awake craniotomy, while still regarded as the
reference standard of surgery in eloquent cortex, should be considered an
interim solution until the advent of better and more powerful functional
imaging modalities that help us visualize functionally important brain tis-
sue. We have experience with language MEG (magneto-encephalography)
for over 5 years in about 120 cases operated upon for gliomas in the
vicinity of Broca’ and Wernicke’s area with functional neuronavigation.
From our experience we conclude that this may well be an alternative to
intra-operative awake stimulation.

The evolution of better presurgical functional brain mapping techni-
ques and probabilistic Diftusion Tensor Iimaging/fibertracking methods
will aliow an estimation of the anatomical and functional cortex hitherto
norknown. These techniques may have the potential to promote func-
tional neuronavigation as to a true alternative to awake craniotomies.
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More correlative studies will be warranted in the future to prove that 2. Nimsky C, Ganslandt O, Hastreiter P, Wang R, Boher T, Sorensen

these new techniques are as safe as the proven and tested method of AG, Fahlbusch R (2005) Preoperative and intra-operative diffusion

intra-operative electrical stimulation. tensor imaging-based fiber tracking in glioma surgery. Neurosurgery

56: 130-137

Rudolf Fahlbusch and Oliver Ganslandt
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Ischemic complications associated with resection of
opercular glioma

Tosumiro KuMaBE, M.D.,! SuuicHt Hicano, M.D.,? SHOKI TAKAHASHI, M.D.,2
AND TE1J)1 TOMINAGA, M.D.!

Departments of {Neurosurgery and *Diagnostic Radiology, Tohoku University Graduate
School of Medicine, Sendai, Japan

Object. Opercular glioma inferolateral to the hand/digit sensorimotor area can be resected safely using a neuronavi-
gation system and functional brain mapping techniques. However, the surgery can still sometimes cause postoperative
ischemic complications, the character of which remains unclear. The authors of this study investigated the occurrence
of infarction associated with resection of opercular glioma and the arterial supply to this region.

Methods. The study involved 11 consecutive patients with gliomas located in the opercular region around the orofa-
cial primary motor and somatosensory cortices but not involving either the hand/digit area or the insula, who had been
treated in their department after 1997. Both pre- and postoperative diffusion-weighted magnetic resonance (MR) imag-
ing was performed in the nine consecutive patients after 1998 to detect ischemic complications. All patients underwent
open surgery for maximum tumor resection. Postoperative MR imaging identified infarction beneath the resection cav-
ity in all patients. Permanent motor deficits associated with infarction involving the descending motor pathway devel-
oped in two patients. Cadaveric angiography showed that the distributing arteries to the corona radiata were the long
insular arteries and/or medullary arteries from the opercular and cortical segments of the middle cerebral artery.

Conclusions. Subcortical resection around the upper limiting sulcus of the posterior region of the insula and wide
resection in the anteroposterior and cephalocaudal directions of the opercular region were considered to be risk factors
of the critical infarction. Surgeons should be aware that resection of opercular glioma can disrupt the blood supply of
the corona radiata, and carries the risk of permanent motor deficits.

KEY WORDS  *
operculum °

infarction -

RECISE localization of a glioma in the frontoparietal
opercular region inferolateral to the hand/digit senso-
rimotor area is now possible using various methods
including functional brain mapping techniques, neuronav-
igation systems, intraoperative MR imaging, and photody-
namic diagnosis using various photosensitizers. Therefore,
gliomas in this location, even in the dominant hemisphere,
can be totally resected without causing permanent neuro-
logical deficits.>*"*> During such procedures, surgical tech-
niques for opercular glioma have concentrated on the iden-
tification and preservation of the cortical and subcortical
functions.>*2 However, little is known about the ischemic
complications that can occur after the resection of an oper-
cular glioma,
Diffusion-weighted MR imaging, which reflects the de-
gree of water diffusion in vivo, is an invaluable tool for the
diagnosis of acute stroke and other types of brain injury."

Abbreviations used in this paper: DW = diffusion-weighted;
GBM = glioblastoma multiforme; MCA = middle cerebral artery;
MR = magnetic resonance.
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complication -
diffusion-weighted imaging
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glioma -+ descending motor pathway -

Several potential applications of DW MR imaging in pa-
tients with gliomas have been recently investigated, mainly
for the evaluation of tumor cellularity.”®'5?! Recently, post-
operative DW MR imaging has been proposed as a routine
study to identify ischemic complications after resection of
the glioma.!'* Diffusion-weighted MR imaging detected ab-
normalities after resection in approximately two thirds of
newly diagnosed gliomas. At our institution, postoperative
MR imaging including DW imaging has been performed
for nearly 10 years as one of the examinations used to deter-
mine the postoperative state of patients after tumor removal
and has disclosed evidence of postoperative ischemic com-
plications.

In the present study we investigated the postoperative
ischemic complications and DW MR imaging findings in
11 patients with pure opercular gliomas surgically treated
during the past 9 years. Microangiography studies of cadav-
ers were also analyzed to identify the blood supply for the
corona radiata. Finally, referring to the results of the micro-
angiographic analysis, we tried to determine the risk factors
for critical infarction at the corona radiata that were likely to
result in permanent motor deficits.
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