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Fig. 1 The catheter-electrode setting.
A-P and lateral X—ray views,

The electrode {arrows) is transcutaneously
inserted into the cervical epidural space as
high as the rostral edge of the seconcl cervi-
cal spine. :
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Fig. 3 Pre- and post-operative motor function change
A "Increase™ group, B : “No change” group {Dotted line shows a case with the tumor at
supplementary motor area), C: “Diminish, decrease and disappear” cases {diminish group,

decrease group, disappear group)

preop : preoperation, 1W : 1 week after operation, 1M : 1 month after operation.
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Abstract

Significance and Usefulness of Corticospinal Mo-
tor Evoked Potential Monitoring for Lesions Adja-
cent to Primary Motor Cortex

by

Rei Konde, Shinjire Saito, Akira Kuroki, Shinya Sato,
Koki Katakura, Takamasa Kayama

from

Department of Neurosurgery, Yamagata University
School of Medicine

(Correspondence to) Takamasa Kayama : Depart-
ment of Neurosurgery, Yamagata University School of
Medicine, 2-2-2 Tidanishi, Yamagata 990-9585, Japan

This study evaluated the usefulness of intraoperative
corticospinal motor evoked potential(MEP) nionitoring
in preventing postoperative motor deficits, and whether
this procedure contributed to surgery on intri insic brain
lesions in the vicinity of the motor area. The subjects
were 45 patients with brain tumors located in and
around the primary motor area. MEP was recorded

JGRahss - 56 % 64 -
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through the cervical epidural electrodes in response to
stimulation of the motor cortex. The amplitude of D-re-
sponse of MEP was compared at the beginning and at
the end of surgery. Then MEP changes were divided
into five groups ; “increase”, “no change”, “diminish”,
“decrease” and “disappear”, We used the DeJong classi-
fication for qualitative analysis of motor function, and
reviewed these findings in relation to the change in
MEP. 1t was possible to record MEP when the preoper-
ative motor weakness was DeJong 3 or better. There
was no postoperative motor deficit when the MEP am-
plitude was preserved at better than 50% of a control
amplitude. If the amplitude decreased to less than 50%,
motor deficits were encoutered. When MEP amplitude
increased during the surgery. preoperative motor weak-
ness was improved after the surgery. It is concluded
that there is little possibility of causing motor deficits
even if tumor removal is aggressively pursued, as long
as the amplitude of D-response remains at 50% or
more of the baseline. This monitoring procedure is ex-
pected to improve the overall surgical results in patients
with intrinsic brain tumors around the motor area.
(Received : April 7, 2004)
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Routine clinical adoption of magnetic resonance imaging
was associated with better outcome after surgery in elderly
patients with a malignant astrocytic tumour: a retrospective review
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Summary

Background. There is controversy about extensive surgical treaiment
for a malignant astrocytic tumour in more elderly patients who may have
poorer outcomes and higher complication rates. This retrospective study
investigated outcome in elderly patients with malignant astrocytic
wmour before and after the adoption of routine clinical use of magnetic
resonance (MR) imaging.

Methods. During 1982 through 1999, 88 patients with malignant
astrocytic tumour aged 60 years or over were treated in our institute.

Thirty-seven patients had an anaplastic astrocytoma and 51 had a glio- -

blastoma. Thirty-seven patients treated from 1982 to 1988 did not have
pre-operative evaluation by MR imaging (Group A), 26 patients treated
from 1989 to 1995 had preoperative MR imaging evaluation (Group B),
and 25 patients treated after 1596 underwent preoperative MR imaging
with functional brain mapping and intra-operative navigation sysiem
monitoring {Group C). _

Findings. The medizn survival time was 8.8 months in Group A, 12.7
menths in Group B, and 17.6 months in Group C. Patients with glio-
blastoma in Group B (11.7 months, n =15} and Group C (16.0 months,
n=19) had significantly longer median survival time than in Group A
(6 months, n=17) {P=0.0054 between Groups A and B, P=0.0024
between Groups A and C). Better preoperative performance status, more
thorough surgical resection, and better performance status afier the
initial treatment was obtained after the introduction of MR imaging,
and patients with the optimal indicatars showed significantly longer
survival time compared with the patients without these factors.

Interpretation. Pre-operative MR imaging may conuibute to fonger
survival time by providing an earlier diagnosis in patients with better
performance status, by allowing more thorough surgical resection, and
resulting in better performance status after the treatment.

Keywords: Malignant astrocytoma; elderly; outcome; surgery.

Introduction

The treatment of patients with a malignant astrocytic
tumour is one of the most challenging contemporary

neurosurgical problems. Surgical treatment, especially
for the elderly, is considered to result in a poor outcome
and a high complication rate [3, 7, 8). The median sur-
vival was only 2.2 months in patients older than 60 years
with glioblastoma [9]. Craniotomy plus radiotherapy
improved the median survival up to 16 weeks in elderly
patients (60 years or over) who were treated during 1983
through 1989 [14]. In a series of 146 adults, 27 were
older than 65 years and had a median survival of only
4.8 months [6]). These reports illustrate the poor
prognosis for elderly patients with malignant astrocytic
tumour.

Total surgical resection with adjuvant radio-
chemotherapy is considered to be optimal leading to pro-
longed survival time and improved neurological status in
patients with a malignant astrocytic. tumour [12]. How-
ever, the merits of extensive surgical resection in elderly
patients with a malignant astrocytic tumour, remain con-
troversial [8]. Extensive or repeated surgery in an elderly
patient may have greater risks of surgical morbidity and
death and there are several reports that radical surgery
provides little benefit for elderly patients with a malignant
astrocytic tumour [3, 7]. Nevertheless, in another report
the optimal results in elderly patients were achieved in
those in better performance status by thorough surgical
resection and definitive radiation therapy [10].

The present study is based on a comprehensive anal-
ysis of the medical records in our department during
1982 through 1999 in order to assess the outcome in
eiderly patients with a malignant astrocytic tumour
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before and after the introduction of magnetic resonance
(MR) imaging. We analyzed the prognostic importance
of pre- and postoperative performance status, extent
of surgical resection at operation, and postoperative
complications.

Methods and material

Case material

During 1982 through 1999, 281 patients with malignant astrocytic
tmour were treated by surgical procedures and/or radie-chemotherapy
in our department. One hundred and seven patients treated from 1982 to
1988 had no pre-operative evaluation by MR imaging (Group A), 84
patients from 1989 to 1995 underwent pre-operative MR imaging eval-
uation (Group B), and 90 patients after 1996 underwent preoperative MR
imaging including functional brain mapping and surgery under guidance
from an intra-operative navigation system (Group C). Intra-operative
* functional mapping was also used for patients with malignant astrocytic
tumour in eloquent areas in Group C.

The present study included 88 patients who were aged 60 years or
over, The 51 male and 37 female patients were aged from 60 to 78 years
(mean age 66.8 £ 4.7 years). Twenty-seven patients were older than 70
years. There were 37 patients in Group A, 26 paticnts in Group B, and
25 patients in Group C.

Histological confirmation was required for inclusion in this study. The
histological diagnosis was established using the new World Health
Organization classification. The 281 patients with malignant astrocytc
wmour included 54 cases of anaplastic astrocytoma and 127 cases of
glioblastoma. Thirty-seven (24.0%) of the cases of anaplastic astrocy-
toma, and 51 (40.2%) of the cases of glioblastoma occurred in elderly
patients,

Treatment

The treatment protocol was relatively uniform but net identical for all
patients, Thirty patients (34.1%) underwent gross total resection, and 58
patients (65.9%) underwent partial resection or stereotactic biopsy. Nine-
teen patients were treated by radiation therapy. The standard radiation
therapy consisted of 30 Gy in 15 fractions to the tumour and peritumoral
brain and 30Gy in 15 fractions to the whole brain before 1987, and
60 Gy in 30 fractions to the local brain thereafter. The standard radio-
therapy protocol was a total dose of 60 Gy in 30 fractions of 2 Gy, 5 days
per week over 6 weeks, delivered to the {ocal brain by parallel opposed

Table 1. Swvival in patients undergoing surgery for malignani astrocylic umour

M. Fujimura et al.

ports with megaveltage equipment, [-(4-Amino-2-methyl-5-pyrimidinyl)
methyl-3-(2-chloroethy])-3-nitrosourea (ACNU) was adminisiered intra-
venously or intra-arterially for 58 patients.

Clinical investigation

The pre- and postopetative performance status was classified using the
Eastem Co-operative Oncology Group (ECOG) scale ranging from 0O to
4, The postoperative performance status was determined between 1 and
3 months after surgery. Surgical morbidity was defined as postoperative
intracranial haematoma, iatrogenic neurological deficit, and sepsis at the
surgical site. Follow-up analysis was obtained by review of the patient’s
records or by contact with the family. Eighty-three of the 88 patients
{94.3%) had died by the cut-off date for data analysis, June 30, 2001. For
survival analysis, day 0 was defined as the first day of admission.

Staiistical analysis

Survival rates were determined using the Kaplan-Meier method. The
statistical significance between life table curves was determined using
the logrank test.

Results

The median survival time of the 88 elderly patients
was 11.7 months, which was significantly shorter than
that of patients under the age of 60 years. Median sur-
vival times of the elderly patients with anaplastic astro-
cytoma and glioblastoma were significantly shorter than
those of the younger patients with these tumours. The
median survival time of elderly patients with anaplastic
astrocytoma was significantly longer than that of elderly
patients with glioblastoma (Table 1). .

As shown in Table 2, median survival times of elderly
patients with glioblastoma in Groups B (11.7 months,
n=13%) and C (16.0 months, n=19) were significantly
longer than those in Group A (6 months, n=17), respec-
tively (p =0.0054 between A and B, p =0.0024 between
A and C). Median survival time was somewhat longer
after the introduction of functional brain mapping and

Histology No. of patients Medtan survival Probability
time (months}

Total 281

~under 60 year 193 K] P <0.0001

~60 year or over 28 1.7

Anaplastic astrocytoma 154

—under 60 years 117 29.3 P =0.0006

~60 years or over a7 14.7* :

Gliobiastoma 127

—under 60 years 76 16.3 P=0.0021

—60 vears or over 51 10.8*

* p=0.0105.
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Table 2. Survival in elderly patients undergeing surgery for malignant estrocytic tumour

Histology No, of patients Median survival time (months) Probability

Total L

Group A 37 8.8

Group B 26 12.7 NS

Group C 25 17.6

Anaplastic astrocytoma 37

Group A 20 103

Group B 11 13.3 NS

Group C 6 349

Giloblastoma 51

Group A L7 , 60 P=0.0054*
" Group B _ 15 1.7 P=0.0024**

Group C 19 16.0

* Between Group A and B, ** berween Groups A and C.

intra-operative navigation system monitoring in Group C
(16,0 months, n==19) compared to B (11.7 months,
n=15), but there was not a statistical significance
between the groups (p=0.5729).

The number of patients with better pre-operative pet-
formance status of ECOG 0-2 increased after the intro-
duction of MR imaging. The median survival time of the
patients with better pre-operative performance status
was significantly longer than that of the patients with
lower performance status of ECOG 3-4 (Table 3).

Gross total resection was achieved in more patients
after the introduction of MR imaging. The median sur-
vival time of patients with gross total resection was
significantly longer than that of patients with partial
resection or biopsy (Table 3).

More patients had better postoperative performance
status after the introduction of MR imaging. The median

Table 3. Effect of neuroimaging methods on outcome in elderly paitents

survival time of patients with better postoperative per-
formance status was significantly longer than that of
patients with lower performance status (Table 3).

The overall morbidity was 30.7%. The surgical mor-
bidity was 17.1% and the medical complication rate was
13.6%. The operative mortality was 0%. Functicnally
significant neurological worsening occurred in eleven
patients, which was caused by cerebral vascular damage
during the operation in four patients, surgical interven-
tion extending to eloquent areas in four patients, post-
operative intraparenchymal haematoma in one patient,
status epilepticus following surgery in one patient, and
encephalitis following cerebrospinal fluid leakage in one
patient. The median survival time of the patients with or
without complications was 8.5 months (n=27) and 13.8
months (n=61), respectively, with no statistically sig-
nificant difference.

No. of patients Median survival time {months) Probability
Group A Group B Group C Total
Preoperative ECOG
0-2 14 14 20 48 17.9 P =0.0013
34 23 12 40 15
Postoperative ECOG
0-2 12 17 19 48 17.6 P =0.0004
34 25 9 6 40 5.7
Extent of remioval
Gross total 3 6 6 30 19.3 P <0.0001
Panial or biopsy 29 20 g 38 8.5
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Discussion

The present study indicates that the adoption of pre-
operative MR imaging and additional imaging modal-
ities was accompanied by a lengthening in survival time
after surgery in elderly patients with a malignant astro-
cytic tumour. Among the factors in this may have been
an earlier diagnosis and thus better performance status at
surgery, allowing more thorough surgical resection, and
better performance status after the initial treatment. Our
analysis found that patients with malignant astrocytic
tumour aged 60 years or over could survive as long as
17.6 months using cwitent treatment modalities such as
MR imaging with functional mapping, intra-operative
navigation system, and intra-operative functional map-
ping under “awake” craniotomy or under generalized
anesthesia. Median survival times extend further after
the introduction of functional brain mapping and intra-
operative navigation system monitoring in patients with
glioblastoma, although there was no statistical signifi-
cance between Group B and C. The lack of the statistical
significance may be due to the small patient population
(in which patients with tumour in eloquent area are
further less). Future evaluation with a larger number of
patients would address this important issue. Alterna-
tively, we do not rule out the possibility that multiple
factors including the surgeon’s experience, awareness of
the 'referring physician, and development of the opera-
tive microscope also contributed, at least in part, to the
better ouicome.

Most previous studies have found that surgical treat-
ment for elderly patients with malignant astrocytic
turnour resulted in high mortality and morbidity as well
as a high complication rate [2, 4, 13]. In a series of 207
consecutive patients (mean age 53 years), 53 patients
over 65 years old had a complication rate of 30.2%,
and 20 patients over 70 years old had a complication
rate of 50% [4]). Both rates were much higher than the
overall complication rate of 25.1%. In a series of 80
patients aged over 65 years who underwent craniotomy
for intra-axial tumour, the death rate was 3.8%, and
worsening of the neurological state occurred in 16.3%
and medical complications in 28.8% [13]. Surgical treat-
ment for elderly patients clearly carries the risk of a
worse outcome and a high complication rate. No signif-
icant improvement of survival time was found in 40
patients aged over 65 years treated by aggressive surgery
plus radiotherapy compared with 88 patients treated by
stereotactic biopsy plus radiotherapy [7}. In their series,
the optimal treatment with resection plus radiation for
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elderly patients with glioblastoma resulted in an average
survival of 30 weeks. In contrast, our results demonstrate
that patients treated by gross total resection had a sig-
nificantly longer median survival time (19.3 months)
than patients with partial resection or biopsy (8.5
months) (P < 0.0001). Gross total resection was obtained
in more patients after the introduction of MR imaging,
suggesting that pre-operative MR imaging with or with-
out functional mapping provides more precise anatomi-
cal and/or functional information, and contributes to
more thorough surgical resection.

Our study indicates that pre-operative as well as post-
operative performance status is also a significant contrib-
uting factor for better prognosis. Elderly patients with
better performance status (>70 Kamnofsky performance
status score) treated by maximal resection and definitive
radiotherapy had a longer survival time than those treat-
ed by palliative radiation and biopsy [10]. Median sur-
vival was found to be longer in elderly patients who
were more functional [1]. Patients older than 70 years
with Karnofsky performance status score of more than
70 may benefit from surgical treatment for malignant
astrocytic tumour followed by reduced doses of limited
field radiotherapy [11].

We propose, based on the findings of this retrospec-
tive study that thorough surgical resection should be
considered even in elderly patients with malignant astro-
eytic tumour if their performance status is good and
preoperative evaluation by MR imaging is available.
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Technical note

Intraoperative localisation of the lip sensory area hy
somatosensory evoked potentials

T. Kumabe' mo, N, Nakasato® mo, K. Nagamatsu' ko, T. Tominaga® mp

'Department of Neurosurgery, Tohoku Universily Graduate School of Medicine, “Depariment of Neurosurgery, Kehnan Hosgital, Sendai, Japan

Summary Accurale focalisation of the central suleus enables maximum fumour resection with minimum morbidity in peri-Rolandic surgery, We
investigated intraoperative somatosensory evoked potentials {SSEPs) with cormbined recording of lower lip and median nerve stimuli during
craniotomy in nine patients with peri-Rolandic glioma. Using a custom clip electrode, the lip mucous membrane was stimulated with biphasic
pulses with 0.2 ms duration, 10-14 mA intensily and a frequency of 0.7 Mz. Polarity inversion of the SSEP was detected across the central
sulcus using median nerve andfor fower fip stimulation in efght of the nine patients in whom the tumour did not infiltrate the lip or hand sensory
area. Recording of SSEPs with lower lip slimulation is useful if the resection margin is planned lateral 1o the hand representation area, if the
hand representation area is not exposed by the ¢raniotomy, or if the SSEPs for median nerve stimulation are not clear due 1o tumour infiitration.

® 2004 Elsevier Ltd. All rights reserved.

Keywords: centyal sulcus; glioma; lower [fip; somatosensory evoked polential; trigeminal nerve

INTRODUCTION

Recarding of median nerve somatosensory evoked potentials
(SSEPs) on the cortex is a simple way to identify the central sul-
cus'® using the hand representation areas of the somatosensory
angd motor cortex. The electrode strip is pluced perpendicular to
and across the proposed location of the central sulcus at the hand
representution area, angling it more medially at the frontal end. 48
Inexact alignment of the, electrode over the sensory and motor
hand areas will result in the absence of phase reversal. Addition-
ally, recording success rate is much lower when 2 large peri-
Rolundic mass lesion is present.* Localisation of the central sulcus
at only the hand area may not provide adequate information for
more lateral resection in or near the face representation and in
" these cases, the hand representation area may not be exposed by
the craniotomy.

Techniques for monitoring intraoperative SSEPs for the orofa-
cial area have been described but there was both intra- and
jnter-patient variation in the waveforms and latency.® Conse-
quently, orafucial SSEPs have not been used routinely at mast
cenues. We huve previously developed optimal purameters for
lip stimulus and reported that electrical stimulation of the lower
lip evoked the initial cortical response of the trigeminal somato-
sensory evoked magnetic fields.® The initial contratateral response
was detected at 2 latency of 14.6 & 1.3 ms and was named N15m.
The equivalent current dipole of N15m was localised af the poste-
rior bank of the central sulcus with anterior and superior orienta-
tion, and inferier 10 the cipole of N2Om for median nerve
stinwlation.

The present study applies these previously developed clip elec-
trodes and purameters for stimulation of the lower lip and biphasic
pulses with & larger stiraulation intensity and longer inter-stitulus
intervals to record reproducible SSEPs intraoperatively. Lip
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Correspondence to: T. Kumabe, Depariment of Neurosurgery, Tohoku
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E-mai:; kuma @nsg.med.lohokuy.ac.jp.
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SSEPs could be utilised for identification of the central sulcus dur-
ing surgery in and around the orofacial region of the central
sulcus.

MATERIALS AND METHODS
Patients

This study included nine patients, aged 21-69 years {mean
48 years), with gliomas located around the motor-somatosensory
cortex manifesting as seizures, sensory disturbance, paresis,
speech disturbance, Gerstmann syndrome or headache {Table 1).
Informed consent was obtained from ull patients.

Somatosensory evoked potentials

Al patients, except case 4, underwent surgery under general
anaesthesia using propofol, fentunyl, and a short-scting muscle
relaxant. Muscle relaxants were suspended during the SSEP
recording. Case 4 had an awake craniotomy for language niap-
ping, Techniques for awake craniotomy have been described pre-
viously,” A frameless stersotactic navigation device (ViewScope;
Elekw IGS, Grenoble, France) was used in cases,

Lower lip SSEPs were meusured by stimuli of the contratfateral
lower lip during craniotomy. A clip electrede. developed and pro-
duced at our hospital, was attached to the surface of the mucous
membrane of the lip (Fig. 1), The electrical stimuli were constant
current biphasic pulses of 0.2 ms duration, an intensity of 10~
14 mA and a frequency of 0.7 Hz. -

Median nerve SSEPs were also measured for-comparison. An
electrical square wave of 0.2 ms duration was delivered transcula-
neously at 3 Hz to the unilateral mediun nerve. The current inten-
sity was increased between 5 and 10 mA unnl slight twitches of
the thumb were obtnined.

A silicone sheet containing eight electrodes (4 x 2 contact grid
or 8 comtact strip slectrode) with 10 num inter-glectrode spacing
was placed on the cortical surface, perpendicular to the central
sulcus. The resulting data were averaged based on 50 stimulus pres-
entations for both lower lip and median nerve SSEP recordings.
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Flg. 1 Stimuytation elecirode for the lower lip.

The SSEPs were recorded at least twice to assess reproducibility.
Recordings from bipolar chains of electrodes were vsed for the
lower lip SSEPs. The reference electrode was piaced at the nasion
for the median nerve SSEPs,

RESULTS

The first cortical component for contralateru! Jower lip stimulus
(N15), with a peak latency around |5 ms,” was obtained in seven
of the nine patients. A mass lesion involving the hand and/or face
area of the somatosensory cortex was found to abolish the wedian
nerve and/or lower lip SSEPs. Neither lower lip nor median nerve
SSEPs could identify the central sulcus in case 9, where identifi-

A
A,
e
=F,'§:.é':§1'—
c

cation of the motor cortex by direct stimulation was used with the
aid of the neurcnavigation system. The lesion in case 7 was also
located in the hand-digit-face sensory area, but polarity inversion
of the lower lip SSEPs was obtained because the inferior extension
of the wmour was more limited than in case 9, preserving the
Jower lip somatosensory aren. The area of the hand representation
was not expesed by the craniotomy in case 4, ‘

Representative case report

Cuse I: A 38-year old male presented with a protoplasmic astro-
cytoma manifesting as left fucial seizures in August 2000. He
underwent partial twnour resection and five courses of three-drug

Fig. 2 Case 1. Arrows indicale the central sulcus: (A} Preoperative unenhanced compuled lomegraphy (CT) scan showing a hypodense glioma close to the
cenlral sulcus; (B) Preoperalive axial T2-weighled magnelic resonance {MR) image showing the hyperintense glioma; (C) Postoperalive CT scan; {D) Follow-up

“axial T2-weighled MA image.

Journal of Clinical Nawroscience (2005) 12(1), 66-70
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chemotherapy. Flowever, seizure aclivity increased in May 2002
and he was admitied t our hospital fa July 2002, Left facial sei-
zures occurred approximately [0 times per day, T2-weighted nug-
netic resonance (MR) imaging demonstrated a hyperintense lasion
in the right precentrat gyrus. The lesion was hypodense on CT and
did not enhance with contrast (Fig. 2(AY and (BY). The tumour was
locuted in the face motor area bused on anatomical lTandmarks,
including the inverted omega-shaped central suleus on axial and
Functional MR imuaging, Neurclogical and neuropsychological
examinations were normal.

A froiitopurietal craniotomy was performed under general
anaesthesia, Afrer incision of the dur, o silicone sheet contzining
eight electrodes was placed on the brain perpendicular to the cen-
tral suleus to vecord cortical SSEPs (Fig. 3(A) andd (B1). Phase re-
versal of the lower lip SSEPs ut about 5 ms was observed
between electrodes [-2 and 2-3 (Fig. 3(D)). Thus, the central sul-
cus was identified 1o be under electrode 2. Polarity inversions of
the median nerve SSEPs across the central sulcus mi about
20 ms were observed beiween electrodes 2 and 3 (Fig. 3(E)).
The distance between these two points along the central sulcus
was 35 mm. The tumour was totally removed up to the-hand-digit
motor ared, using direct cortical and subcortical stimulation tech-
niques and a neuronuvigation system (Fig. 2(C), (D), and 3(D)).

Postoperatively, no neurological or neuropsychological deficits
were observed. Left facial seizure acrivity disappeared. Histopath-
ological examination revealed that the tumour had transformed 1o

Iniracperative somalosensory evoked potenlials of the fip 69

an anaplastic astrocytoma. As adjuvant therapy, the patient re-
ceived 72 Gy of hyperfractionated radiation 1o an exiended local
fizld and chemotherapy wsing nhnustine hydrochloride {ACNU),
Careful. repeuted observation for 46 months has not indicared
any reeurrence. Karnofsky score was 100% at last follow up.

DISCUSSION

The methed presented for recording SSEPs using Jower lip stim-
ulation is straightforward with low risk. Seizures do not oceuy dur-
ing evoked potentul recording and anuesthetic variability is less
prominent than during cortical stimufation. Evoked poteatial
Jocalisation can atso be used in young children, in whom the ex-
posed coriext is typically electrically poorly excinble.!
Recording of SSEPs has several limitatiens, Loss of N20 or P20
occurs in 9% of patients, thus phase reversal is not identified, pre-
sumably becuuse electrodes are not exacily aligned over the sen-
sory and motor humd areas.! Such “off axis” alignment of
electrodes may aiso provide misleading results during Jocalisation
of the centrat sulcus,” SSEP phuse reversal of N20-P20 was suc-
cesstul in 92% of 230 patients with tumours of the sensodmotor
region, but recording of a typical N20-P20 phase reversal may
be difficult in cases of large central und posicentral lesions.® In
these situations. combined cortical SSEP recording for medizn
nerve and trigeminal nerve lower lip stimulation can localise the
central sulcus, and also trace its course between two points.

0 10 20 30 40 50
D ) [ms]

10 20 30 40 50
- [ms]

Fig. 3 Case 1. (A} and (D} Direc! cortical somatosensory evoked potential recordings from stimulation of the lower lip. Electrodes 1, 2, 5, and & are posierior
{parietal) and electrodes 3, 4, 7, and 8 are anterior (frontal). Recordings from bipolar chains of elecirodes were used, Phase reversal is seen between eleclrodes
1-2 and 2-8, marking the posilion of the ceniral sulcus (black arrow. D). The conlinuous white line (A) indicales the location of the lumour. The white ariow

indicates the central sulcus. F = lrontal lobe; P = parietal lobe. (B) and (E} Direct cortical sornalosensary evoked potenlial recordings from stimulation of the median
nerve. Elecirodes 1, 2, 5, and 6 are poslerior {parietal) and electrodes 3, 4,7, and 8 are anterior {fronlal). Phase reversal is seen between electrodes 2-3 and 6~7,
marking the position of the central suleus {black arrows, E). The while arrow indicales the cenlral sulcus. (C} Iniracperative pholograph after gross tolal reseclion of

the wmour. Arrowheads indicate the resection cavily.

@ 2004 Elsevier Lid. All righls reserved,
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Previously reported methods of SSEP recording® using stimula-
tion of the chin, lips, tongue and palate have localised the Face
arei of the human sensorimoior cortex, The upper and lower lip
representations overlap adjacens to the band wren, and have been
reported o provide little additional localising informarion if the
hand area has been identified. The represenration of the lower
lip is slightly more lateral than the upper lip, but separute stimu-
lution of the upper and lower lip provides no practical advantage.
Polarity inversion of potentials across the suleus has been reported
to be a less reliable criterion for trigeminal SSEPs, partly because
most recordings ave made with 10 mm inter-electrode spacing, und
inconsistent recording of polarity inversions may simply be due to
lack of optimal recording sites, or because the dipole generators
may have 1 more radial orientation, with little or no polarity inver-
sion ucross the cortica] surface,”

In contrast, cur study indicates that lower lip SSEPs cun localise
the face representation areus of the somatosensory and motor cor-
tex under general anaesthesia using polarity inversion. Qur stimu-
Jating apparatus was tightly attached to the tawer lip, resulting in
constant stimulation and we used higher intensity and lower fre-
quency stimuli than the 0.4 and 4 Hz frequency, und intensitiex
of two or three times the sensory threshold used in previous stud-
ies of trigeminal SSEPs*™*? The most suitable intensity of nine
times the sensory threshold was-indicated by a previous magneto-
encephalography (MEG) study snd was well tolerated, even when
the patient was awake. Our experience is that the stable pressure
of the clip electrode is particularly useful to maintain constant
resistance and electrode contact and to achieve a constant stimulus
intensity, which helps to minimise subject apprehension. Longer
inter-stimulus iniervals evoked a larger amplitude of NI15m. The
present study used biphasic waveforms for electrical stimulus
and recordings from bipolar chains of electrodes, which reduces
artefacts.

We could not estsblish the normal distance between the phase
reversal points of median nerve and lower lip SSEPs, because
pin-point definition of the phase reversal was difficult in cortical
SSEPs using strip electrodes, and because some patients had no
clear-cut phase reversal of median nerve SSEPs. Our MEG study
of normal subjects found that the distance between the NiSm
source of the lower lip somatosensory evoked fields (SEFs) and
the N20m source of the median nerve SEFs is 23.0%7.2 mm
{mean  sd) in the left hemisphere and 18.6 £ 2.1 mm in the right

Journal of Ciinical Neuroscience (2005) 12(1}, 66-70

hemisphere.! This distance muy incresse and/or the SSEP sources
may shift upward in patients with gliomas in and around the oro-
facial central region. Combination stimulus of the median nerve
and the lip would be particularly useful in such cases.

CONCLUSION

Recording of SSEPs using median nerve und lower lip stimulation
as described above can be used to localise the central suleus and
the hand and orofacial area lateratly and adjucent to the Sylvian
fissure.
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The influence of sex and the presence of giant cells on
postoperative long-term survival in adult patients with
supratentorial glioblastoma multiforme

NAOKI SHNOJMA, MLD., MasaTo Xocar, M.D,, JuN-1cHRe Hamana, MLD,,
HipEO NAKAMURA, M.D., SHIGETOSHI YANO, M.D., KEISH Maxmno, M.D.,
HiroMasa Tsuiki, MLD., KeEnJ1 TaDa, M.D., Jun-1cH1 KUrRATSU, M.D.,
Yasujt IssamMARU, MLD., AND Yurrtaka Usszio, M.D.

Department of Neurosurgery, Kumamoto University School of Medicine, Kumamoto; Kagoshima
University School of Medicine, Kagoshima; Otemae Hospital, Osaka; and Division of Pathology,
Kumamoto University College of Medical Science, Kumamoto, Japan

Object. Glioblastoma multiforme (GBM) remains incurable by conventional treatments, although some patients ¢x-
perience long-term survival A younger age, a higher Karnofsky Performance Scale (KPS) score, more aggressive
treatment, and long progression-free intervals have been reported to be positively associated with long-term postoper-
ative patient survival, The aim of this retrospective stady was the identification of additional favorable prognostic fac-
tors affecting leng-term survival in surgically treated adult patients with supratentorial GBM.

Methods. Of 113 adult patients newly diagnosed with histologically verified supratentorial GBM who were enrolled
ix Phase I trials during the pericd between 1987 and 1998, six (5.3%) who survived for longer than 5 years were
defined as long-term survivors, whereas the remaining 107 patients served as controls, All six were women and were
compared with the controls; they were younger (mean age 44.2 years, range 31-60 years), and their preoperative KPS
. scores were higher (mean 85, range 60-100). Four of the six patients underwent gross-total resection. In five patients
(82.3%) the progtession-free interval was longer than 5 years and in three a histopathological diagnosis of giant cell

GBM was made, This diagnosis was not made in the other 107 patients.

Conclusions. Among adelt patients with supratentorial GBM, female sex and histopathological characteristics con-
sistent with giant cell GBM may be predictive of a better survival rate, as may traditional factors (that is, younger age,
good KPS sdore, more aggressive resection, and a long progression-free interval). :

Key Worpns « supratentorial glicblastoma multiforme + long-term survival -

giant cell glioblastoma multiforme

patients with GBM have remained unsatisfactory;
the median survival time has been approximately 1
year, /21824365360 Among the few long-term survivors, 011424
4130545 3 younger age, higher preoperative KPS score, more
extensive tumor resection, long PFS period, radiotherapy,
and adjuvant chemotherapies have been considered posi-
tively associated factors, 01 33#245-47.30.55.37,38
To identify additional factors that may be associated with
prolonged survival in adult patients with supratentorial
GBM, we selected long-term survivors enrolled in clinical
trials from a uniform Japanese population. We compared
data obtained in these patients with those obtained in pa-

D URING the past two decades, treatment outcomes in

Abbreviations used in this paper: ACNU = 3-{(4-amino-2-meth-
yl-5-pyrimidinyiymethyl }-1-(2-chloroethyl)- 1-nitsosourea hydro-
chloride; CT = computerized tomography; GBM = glicblastoma
multiforme; IA-ACNU = iniraarterial ACNU administration; IV-
ACNU = intravenous ACNU administration; KPS = Kamofsky Per-
formance Scale; MR = magnetic resonance; PAV = procarbazine,
ACNU, and vincristine; PAV-I= PAV plus interferon-; PFS = pro-
gression-free survival, .
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tients with GBM who underwent surgery and died despite
receiving the same postoperative adjuvant therapies. This
approach enabled us to identify female sex and histopatho-
logical characteristics consistent with giant cell GBM as
factors positively associated with long-term survival. We
also analyzed and compared available clinical details in 150
long-term survivors harboring GBM treated by us and by
others to test our current findings.

Clinical Material and Methods
Patient Characteristics

We defined long-term survivors as patients who survived
more than 5 years after the initial diagnosis, The study pop-
ulation consisted of 113 adult patients with a new and his-

_tologically verified diagnosis of supratentorial GBM who

participated in two randomized prospective Phase I tr-
als that ended on August 31, 1998 (that is, > 5 years ago)
and received postoperative ACNU-based chemotherapy in
conjunction with radiation therapy. The first protocol (No.
8701, active from December 1987 until June 1993) was de-
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TABLE 1
Characteristics of six long-term survivors with GBM*

Case Age (y1s), Symptom Disease Preop KPS Type of Treatment Prog PFS 0S . Final
Ne. Sex (wkst) Site Seore Surgery Amm Dis (yrs) (yrs) Ouicome Diagnosis

1 41F H (6.1} RF 90 PR IA-ACNU yes 6,229 6.732 dead GBM

2 39, F TH (6.0) LT 60 GTR LA-ACNU yes 7.094 7.368 dead GBM

3 42,8 H 4.3 RE 100 GIR V-ACNU no 6.204% 6.538 dead GCGBM

4 3LE IH 4.7 LF 100 . GIR IV.ACNU yes 7.578 8.282¢ alive GCGBM

5 52,F H {4.3) BF 60 PR IV-ACNU yes 0.433 7.422 dead GBM

6 60, F ES (3.4) LF 100 GTR PAV-] - no 5210t 52104 alive GCGBM

* BF = bifrontal; ES = epileptic seizure; GCGBM = giant cell GBM; GTR = gross-total resection; IH = intracranial hypenension; LE = left frontal; LT =
left temporal; 08 = overall survival; Prog Dis = progressive disease; PR = partial resection; RF = right frontal.

.t Duration from onset to diagnosis.
1 Time at which future data wese censored.

signed to compare the effectiveness of IA-ACNU with IV-
ACNU in patients also receiving radiotherapy (extended
local treatment with 40 Gy, local treatment with 20 Gy, to-
tal treatment with 60 Gy, 2 Gy five times per week for 6
weeks).2® The second protocol (No. 9501, active from July
1995 until April 2003) was designed to compare the ef-
fectiveness of PAV with that of PAV-Lin patients receiving
the same radiation treatients administered under Protocol
No. §701. Of the 113 patients, six (5.3%} were identified
as long-term survivors, whereas the remaining 107 patients
served as controls. :

Histopathological Criteria

Twa neuropathologists (J.LK. and YL) independently re-
viewed histopathological findings according to the criteria
published by the World Health Organization.®# Tumors ex-
hibiting prominent microvascular proliferation and/or ne-
crosis in addition to high cellularity, marked nuclear atypia,
and remarkable level of mitotic activity were diagnosed as
GBM. The presence of necrosis was required for a diagno-
sis of GBM; cases without necrosis were excluded. Tumors
with significant oligodendroglial components were classi-
fied as anaplastic oligodendrogliomas or anaplastic cligoas-
tipeytomas and exchuded from this study.82829

Criteria for Determining the Extent of Resection

The extent of resection was determined by inspecting
contrast-enhanced CT scans and MR images obtained with-
in 1 or 2 weeks postoperatively and, since 1994, within 72
hours following surgery o exclude the effect of time-lapse
changes attributable to the surgical procedure.? Gross-to-
tal resection was recorded when there was no contrast-en-
hanced lesion; subtotal resection and partial resection were
recorded when less or more than 10%, respectively, of the
preoperatively contrast-enhanced lesion remained. Subtotal
resection and partial resection were subsumed into the par-
tial resection classification.

Clinical Characteristics of Patients

Clinical details, including the patient’s age at the time
of diagnosis, sex, preoperative KPS score, tumor location,
symptors, symptom duration from onset to diagnosis, ex-
tent of resection, chemotherapy treatment arm (JA-ACNU
compared with IV-ACNU or PAV compared with PAV-I),
and the recorded date of disease progression or death were
noted,
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Disease progression was evaluated by reviewing con- -
trast-enhanced CT scans or MR images, which were ob-
tained at the onset of clinical deterioration and immediately
before the inception of every 6-week course of adjuvant
therapy. In all cases in which it was difficult to discriminate
on neuroimages between tummor recurrence and radiation in-
jury, biopsy specimens were examined histopathologically.
Overall survival was calcnlated as the interval between the
day of diagnosis and the day of death, and PFS as the time
between. the day of diagnosis and the day of nenzoimaging-
confirmed progressive disease, Data on patients in whom
the day of death or disease progression was uncertain were
censored as of the last known day of life or disease-free life;
data on patients alive on the day of analysis were censored
as of August 31, 2003.

Results

The study population cousisted of 113 adult patients with
supratentorial GBM. Of these, Cases 1 to 6 were classified
as long-term survivors and their characteristics are summa-
rized in Table 1. The other 107 patients represented the con-
trol group; their characteristics are shown in Table 2. The
mean age of the long-term survivors was younger than that
of the controls (44.2 years, range 31-60 years compared
with mean 56.4 years, range 16-78 years). The male/female
ratio in the control group was 1.5:1; all six long-term sur-
vivors were women. In five of the long-term survivors the
symptom at onset was intracranial hypertension; in the sixth
(Case 6) the patient suffered an epileptic seizure. The mean
interval between symptom onset and diagnosis was 4.8
weeks (range 3.4-6.1 weeks) in the long-term sorvivors and
15.1 weeks (range 1.3-309.4 weeks) in the controls. At 85
(range 60-100), the mean KPS score was higher in long-
term survivors than in controls {mean 69.4, range 40-100).

The frontal or teraporal lobe was the site of the tumor in
approximately half of the control patients; five long-term
survivors had frontal lobe tumors and the other had a tumor
located in the temporal lobe. With the exception of the pa-
tient in Case 5, none of the tamors in the long-term survi-
vors was located in a bilateral or midline structure and there
was no difference between the survivors and controls with
respect to tumor laterality. Gross-total resection, partial re-
section, and biopsy were performed in 29, 54.2, and 16.8%
of the controls, respectively. The six long-term survivors
exhibited a bias for having undergone extensive resection:
four underwent gross-total resection and two underwent
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partial resection. Of the two long-term survivors alive on
the day of analysis, one manifested disease progression and
the other was able to pursue a normal life without tumor re-
currence. The patient in Case 3 died of an unrelated disease
without tumeor recurrence. In three of four patients with tu-

~ mor progression, death was directly attributable to progres- -

sive disease (Cases 1, 2, and 5). Two of these four patients
had undergone partiaf resection and suffered local diszase
progression at the site of the primary residual lesion; the
other two patients had undergone gross-total resection and
manifested new regional disease in a previously uninvolved
site, The patient in Case 2, whose primary tumor was in the
temporal lobe, suffered an isolated recurrence in the brain-
stem and the patient in Case 4 had a tumor in the frontal
lobe contralateral to the site of the original lesion.

The overall survival and PFS among the six Jong-term
survivors ranged from 5.21 to 8.282 years and (.433 to
7.578 years, respectively. All but the patient in Case 5 sur-
vived without disease progression for longer than 5 years.
In the patient in Case 5 there was evidence of residual tu-
mor progression approximately 5 months postdiagnosis. Al-
though this patient was bedridden, her disease remained sta-
ble for approximately 6.5 years after additional treatment
for the tumeor recurrence.

Macroscopically the demarcations of the four tumors that
were aggressively removed (Cases 24 and 6) were better
than that typical for GBM. All tumors in the long-term sur-
vivors manifested the typical histopathological features of
GBM. In Cases 3, 4, and 6 the presence of large areas com-
posed of extremely unusual multinucleated giant cells re-
sulted in a diagnosis of giant cell GBM. Interestingly, none
of the 107 controls had giant cell GBM.

In Table 3 we present available clinical details on 150
patients with GBM who survived for longer than 5 years;
patients in this study as well as patients described by other
Cli‘l'licians are included‘l.3.5.6.llO—l2.14—17.20—2,'17.31)—32.34.35.38,40—44.46.4?,50.
52.34.565839510 The mean age, available in 114 patients, was 38.6
years; the mean KPS score, available in 65 patients, was 84,
Of the 122 patients whose sex was identified, 61 (50%)
were fermnale, resulting in a male/female ratio of 1:1. Gross-
total or radical resection was performed in 65 (58%) of 112
patients; 128 (94.1%) of 136 patients received postoperative
radiotherapy and 71 (55.5%) of those 128 patients also un-
derwent chemotherapy. Interestingly, in 18 (69.2%) of 26
" patients in whom histopathological details were available, a
diagnosis of giant cell GBM was made or the predominance
of giant cells was reported, although in two®* of these pa-
tients the lesions may have been other types of tamors, for
example, anaplastic oligoastrocytoma or pleomorphic xan-
thoastrocytoma. Fourteen (82.4%) of 17 patients with giant
cell GBM in whom details regarding the extent of resection
were available underwent gross-total or radical resection.

Nlustrative Cases

Case 3

This 42-year-old woman experienced severe headache
and nausea for approximately 1 month. Magnetic resonance
imaging demonstrated a ringlike enhanced mass lesion in
. her right frontal lobe (Fig. 1A). Intraoperatively, the tumor
appeared to be better demarcated macroscopically than is

TABLE 2

Characteristics of 107 patients with GBM
- without long-term survival®

Variable Value (%)
age in yrs
mean * SD . 64119
median 58
Tange : 16-78
sex '
male ‘ 64
ferale 43
M/F ratio 1.3:1
duration of symptoms in wkst
mean *+ SD 19.1 £ 48.1
median 7
range 1.3-309.4
location of GBM-—-no. of patients :
frontal . 31 (29.0
central 11 (10.3)
parietal 12 (11.2)
temporal 24 (22.4)
oceipital : 8 (7.5}
BG/thalamus 8 (1.5
diffuse 8 (7.5}
unknown 5@
side of lesion—no. of patients
d . . 45 (42.1)
It 49 (45.8)
bilat ‘ 6 (5.6)
midline 109
unknown 6 (5.6)
preop KPS score :
mean * SD 694 173
median 70
range . 40-100
type of surgery—no, of patients
GTR ©319.0)
PR 58 (54.2)
biopsy 13 (1568
treatment arm—no, of patients
Protocol No. 8701: 70 patients
IA-ACNU 34 (318
IV.ACNU 36 (33.6)
Protocol No. 9501: 37 patients
PAV ’ ’ 17 (15.9)
PAV-1 20 (18.7)
PES
no. of patients in whom data were censored 10(9.3)
median no. of yrs 0.416
range 0.115-4.635
OS in yrs
no. of patients in whom data were censored 1(0.9)
median no. of yrs 1.117
range 0.200-4.957
GCGBM-—no. of patients 0 (0.0)

* BG = basal ganglia; SD = standard deviation,
t Duration of symptoms from onset to diagnosis; data were available for
93 patients.

typical of GBM. The patient underwent gross-total resec-
tion in November 1992 (Fig. 1B) and a histopathological di-
agnosis of giant cell GBM was made (Fig. 2A and B). She
received radiation therapy in conjunction with seven cours-
es of IV-ACNU therapy (total 840 mg) over a period of
16 months. Nevertheless, 2 years after the diagnosis was
made, contrast-enhanced MR imaging detected spots in the
bifrontal lobes. A biopsy was performed and the lesions
were identified as areas of radiation injury rather than tumor
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