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CLINICAL STUDIES

EXPRESSIVE AND RECEPTIVE LANGUAGE AREAS
DETERMINED BY A NON-INVASIVE RELIABLE METHOD
UsSING FUNCTIONAL MAGNETIC RESONANCE
IMAGING AND MAGNETOENCEPHALOGRAPHY

OBJECTIVE: It is known that functional magnetic resonance imaging (fMR1) and mag-
netoencephalography (MEG) are sensitive to the frontal and temporal language function,
respectively. Therefore, we established combined use of fMRI and MEG to make reliable
identification of the global language dominance in pathological brain conditions.
METHODS: We investigated 117 patients with brain lesions whose language domi-
nance was successiully confirmed by the Wada test. All patients were asked to gener-
ate verbs related to acoustically presented nouns (verb generation) for fMR] and to read
three-letter words for IMRI and MEG.

RESULTS: fMRI typically showed prominent activations in the inferior and middle frontal
gyri, whereas calculated dipoles on MEG typically clustered in the superior temporal
region and the fusiform gyrus of the dominant hemisphere. A total of 87 patients were
further analyzed using useful data from both the combined method and the Wada test.
Remarkably, we observed a 100% match of the combined methad results with the
results of the Wada test, including two patients who showed expressive and receptive
language areas dissociated into bilateral hemispheres.

CONCLUSION: The results demonstrate that this non-invasive and repeatable method
is not only highly reliable in determining language dominance, but can also locate the
expressive and receptive language areas separately, The method may be a potent alter-
native ta invasive procedures of the Wada test and useful in treating patients with brain
lesions.

KEY WORDS: Expressive language function; Functional magnetic resonance imaging. Language dominance,
Magnetoencephalogmphy, Receptive language function

Neurosurgery bU:296- 306, 2007 DOE 10122701 NEL.000GZ49.16:2.0045 1.OE www.neuiturgeny-online.com

able interest in neurology for more than a
century, Based on clinicopathological
studies, the “classical mode” of language argan-
ization consists of a frontal "expressive” arca
for planning and executing speech and writing,
and a temporal “receptive” area for analysis
and identification of linguistic sensory stimuli.
This basic scheme of language functions has
generally been accepted, with the assumption
that both expressive and receptive functions
dominantly exist in the same hemispheric side.
The Wada test has been considered the most
reliable method to determine language domi-
nance. According to one of the largest studies
performed to date, 4 and 96% of right-handed

Bmin asymmetries have been of consider-
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subjects with chronic epilepsy have speech
dominance in the right and left hemispheres,
respectively (3). Furthermore, several studies
suggested the possibility of atypical language
representation in patients with chronic epilep-
sy (20-30%) (9, 28). However, the Pnl:edune of
successive anesthetization of each hemisphere
by intracarotid injections of sodium amobar-
bital requires catheterization and irradiation.
Furthermore, the Wada test results can only
demonstrate a relative distribution of language
functions across the two hemispheres. More
detailed information on localization of speci-
fied language functions within a hemisphere is
important for understanding the language net-
works, as well as the treatiment of brain lesions,
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FUNCTIONAL MAGNETIC RESONANCE IMAGING AND MAGNETOENCEPHALOGRAPHY FOR LANGUAGE DOMINANCE

The use of functional magnetic resonance imaging (fMRI)
has recently been developed to identify the hemisphere with
language dominance. Most language fMRI studies have
observed activations in the inferior frontal gyrus (IFG) and
middle frontal gyrus (MFG) using tasks such as word genera-
tion and categorization (16424, 29). Detection of the receptive
language area by IMRI has been reported to be more difficult
than that of the expressive language function, and the use of lis-
tening or sentence comprehension tasks has resulted in visual-
ization of only a few pixels in the temporoparietal region (8, 16,
25, 26). In addition, a fundamental limitation of an IMRI-based
brain mapping is the varying degrees of regional hemodynamic
responses under pathological brain conditions (7, 10, 15).
Therefore, a clinical interpretation of localized activations on
fMRI remains complicated and controversial.

Magnetoencephalography (MEG) reflects intracellular elec-
tric current flow in the brain and allows accurate localization
of the current dipole sources. Dipoles of MEG deflections that
peaked at approximately 400 milliseconds after word presen-
tation (late responses) have been observed to localize in the
temporoparietal regions. These late responses have been con-
sidered to be related to the receptive language function (19,
20). We have also observed dense dipole clusters of the seman-
tic late responses in the superior temporal gyrus (STG), supra-
marginal gyrus (SmG), and fusiform gyrus (FuG) of the sus-
pected dominant hemisphere (11, 12). Therefore, we sought to
use MEG not only as an additional diagnostic tool for identi-
fying the language dominance, but also to localize the recep-
tive language center.

In the present study, we describe a non-invasive method to
locate the expressive and receptive language arcas by co-
utilizing IMRI and MEG. The language dominance determined
by our method matched the results from the Wada test with
100% accuracy. The usefulness of the method was well demon-
strated, especially in those patients who showed dissociated
expressive and receptive language functions. The data show
that this method is highly reliable and may be useful in the
management of patients with brain lesions as well as in study-
ing normal brain functions.

METHODS
Patients

The functional brain mapping using fMRI (with the verb gen-
eration task) and MEG was performed in 117 patients with brain
lesions since August 1999 (>7 yr) after this project was approved
by the Institutional Committee for Ethics (Table 1). fMRI studies
with the abstract/concrete (A/C) categorization task were also
performed in 106 patients. Ninety-seven patients also under-
went the Wada test to confinn the dominant cerebral hemisphere
for language functions. Six patients showed negative Wada test
results owing to the steal effect of a large arteriovenous malfor-
mation (AVM) or an overdose. The final analyses were per-
formed in 87 patients (48 men, 39 women), who underwent
Wada test, fMRI, and MEG investigations. The mean age (=
standard deviation) was 43.6 = 14.1 years. The Edinburgh
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Handedness Inventory was used to estimate the patients’ hand-
edness (18). A written informed consent was obtained from the
patient or his/her family before participation in the study.

Magnetic Resonance Protocols

Anatomic magnetic resonance imaging (MRI) and fMRI were
performed during the same session with a L5-T whole-body
magnetic resonance scanner with echo-planar capabilities and
a standard whole-head transmit-receiver coil (Siemens Vision,
Erlangen, Germany). During the procedures, foam cushions
were used to immobilize the head.

Language fMRI

The patients were instructed to respond to all language tasks
silently. IMRI data was acquired with a T2-weighted echo-
planar imaging sequence (echo time, 62 ms; repetition time,
114 ms; flip angle, 90 degrees; slice thickness, 4 mm; slice gap,
2 mum; field of view, 260 mum; matrix, 64 X 128; 14 slices), Each
{MRI session consisted of three dummy scan volumes fol-
lowed by three activation and four baseline (rest) periods.
During each period, five echo-planar imaging volumes were
collected, yielding a total of 38 imaging volumes and 2 min-
utes 32 seconds in measurement time for each session. MRI
data of language-related semantic responses were acquired os
follows. All subjects were examined with two difterent lexical
semantic language paradigms; verb generation by listening to
nouns and A/C categorization by reading words. All words for
semantic tasks were selected from common Japanese words
listed in the electronic dictionary of the National Institute for
Japanese Language.

Verh Generation Task

For the auditory stimuli (duration ranges were between 400
and 600 ms), common concrete nouns spoken by a native
Japanese speaker with a flat intonation were recorded and
digitized with a sampling rate of 44,000 Hz. A backward play-
back of the sound files (reference sounds) was used to elimi-
nate the primary auditory activation during the rest periods
with the same inter-stimuli intervals (1600-2400 ms) as the
active penods. The auditory stimuli were delivered binau-
rally via two 5-m-long plastic tubes terminating at a head-
phone. The sound intensity was approximately 95 dB sound
pressure level at the subject’s ear. Subjects were instructed to
silently generate a verb related to each presented noun during
the active periods and passively listen to the reference sounds
during the rest periods,

A/C Categorization Task

Visual stimuli were presented on a liquid erystal display mon-
itor with a mirror above the head coil allowing the patients to see
the stimuli. Words consisting of three Kana letters (Japanese
phonetic symbols) were presented in a 300-millisecond expo-
sure time with interstimuli intervals ranging from 2500 to 3200
milliseconds. Patients were instructed to categorize the pre-
sented word silently into “abstract” or "concrete” based on the
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TABLE 1. Summary of patients’ brain lesions types*

- Chrimnic . Cavernous Cerebral
Glioma Epilepsy AVM Meningioma ialformation Wchemia Total
TMRI with VG + MEG 44 39 18 6 4 6 nz
MRI with A/C 41 34 15 6 4 ] 106
Amytal test 42 29 16 G 4 0 97
Final analyses 39 26 12 6 4 0 B7

categonzabion task.

“ AVM, aneciovenous maliormation; IMRL, funcrional magnetic resonance imaging: VG, verb generation wask; MEG, magnewencephalography: AXC, absiractconcren

nature of the word. During interval periods, patients passively
viewed random dots of destructured Kana letters that were
controlled to have the same luminance as the stimuli to elimi-
nate primary visual responses.

Before scanning, all patients had a brief practice time, and the
{MRI examinations were repeated for each task to confirm the
reproducibility. After data acquisition, a motion detection pro-
gram (MEDx; Medical Numerics, Sterling, VA) discarded tMRI
sessions containing motion artifacts exceeding 25% of the pixel
size. A Gausstan spatial filter (6 mm in half width) was applied,
and functional activation maps were caloulated by estimating
the Z-scores between the rest and activation periods using Dr.
View (Asahi Kasei, Tokyo, Japan). Pixels with Z-scores higher
than 2.2 (P < (.05) were considered to indicate real activation
and were used for mapping. Image distortion of fMRI was cor-
rected by maximizing the mutual information of the fMRI data
sets and three-dimensional T1-weighted MRI (3D-MRI) scans
of the patient’s brain (morphing compensation). The result
from each fMRI session was co-registered with the 3D-MRI by
the Affine transformation (5). After total number of the acti-
vated pixels in the IFG and MEG were automatically counted,
a patient was considered to have unilateral language domi-
nance when hemispheric pixels of one hemisphere counted less
than 70% of the other hemisphere. Otherwise, the language
dominance was considered bilateral.

Language MEG

The MEG signals were recorded with a 2(4-channel biomag-
netometer (VectorView; Neuromag, Helsinki, Finland) in a
magnetically shielded room. To confirm the reproducibility, we
acquired two data sets for each task by repeating the MEG
recording on two different days. One hundred fifty nouns con-
sisting of three Kaun letters were visually presented with a 300-
millisecond exposure time with interstimuli intervals ranging
from 2500 to 3200 milliseconds. Patients were instructed to
judge whether or not the presented word was “abstract” or
“concrete” based on the nature of the word and to push a but-
ton with the index or middle finger (Kana reading task). Each
epoch consisted of a 500-millisecond prestimulus baseline and
a stimulus followed by a 1500-millisecond analysis period.
Epochs with a reaction time exceeding 1200 milliseconds and
MEG examinations with a successful task performance less
than 70%: were discarded.
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One hundred fifty epochs of the magnetic signals were aver-
aged and digitally filtered between 0.1 to 30 Hz. Significant MEG
deflections were visually identified based on the square root
mean fields of more than 10 sensors in the frontotemporal (FT)
or temporo-occipital (TO) regions. Locations and dipole
moments of equivalent current dipoles were calculated every 2
milliseconds from 250 to 600 milliseconds alter the stimulus
onsets using the single equivalent dipole and sphere head mod-
els. Only those dipoles of which the measured and the calculated
field distributions showed a correlation value of more than 0.85
and confidence volumes less than 1000 mun® were used. To con-
firm the calculated results, the same MEG time sections were
analyzed using a current density map (low-resolution tomogra-
phy; LORETA, Curry, Neuroscan, and Compumedics USA, El
Pasa, TX). The coordinates of the MEG system were transformed
into anatomic 3D-MRI scans by identifying external anatomic
fiduciary markers (nasion, left/right preauricular points), and
estimated dipoles were superimposed onto the 3D-MRI scans,

Dipoles located in the temporal region, including the STG,
MTG, SmG, and FuG, were manually counted. A patient was
considered to have unilateral language dominance when hemi-
spheric dipoles of one hemisphere counted less than 70% of the
other hemisphere. Otherwise, the language dominance was
considered bilateral.

Determination of Language Dominance
using fMR1 and MEG

On the basis of the results of language fMRI and MEG, we
determined language dominance tor each patient. When the
semantic activation in one side of the [FG and MFG was wider
than that of the other side during the language fMRI tasks,
patient was considered to have unilateral dominance for the
expressive language function. When one side of the temporal
region included more MEG dipoles than the other during the
language MEG task, we determined that a patient had lateral-
ity of the receptive language function.

The Wada Test

All patients received injections of amobarbital (100 mg in a
10%: solution, Amytal; Eli Lilly and Co., Indianapolis, IN)
through a catheter placed in the internal carotid artery.
Language testing was performed during the observation period
of maximal amobarbital action as indicated by contralateral
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brachial plegia. Patients were given the following tasks in the

following order and up to four points were given, depending

on the severity of the language disturbance: 0, no response; 1,

meaningless utterance; 2, incorrect repetition or paraphasia; 3,

self-correction; and 4, unimpaired.
The tasks were as follows:

1) Spontaneous counting. Patients were instructed to count,
starting immediately before the amobarbital administration
and continuously until the next task was given, If the patient
could continue to count even after brachial plegia appeared,
obvious speech arrest and no impairment indicate 0 and 4
points, respectively.

2) Letter reading. Patients were instructed to read aloud seven
words consisting of three or four Kam letters. The maxi-
mum score was 28 points (seven items X four points),

3) Naming. Patients were asked to name aloud the five objects
presented pictorially. The maximum score was 20 points
{five items X four points).

4) Auditory comprehension. Patients were asked to carry out
three simple tasks such as blinking eyes, opening the mouth,
and mising the unpamlyzed arm. The maximum score was
12 points (three items X four points).

5) Pointing objects. Patients were shown a picture with a set of
four objects and were instructed to point to one chosen by
the investigator (e.g., “Point to the cat.”). The maximum
score was 16 points (four items X four points).
Performance in Tasks 1 and 3 were considered to reflect the

expressive language capabilities (maximum score, 24 points);

performance in Tasks 2, 4, and 5 reflected receptive language
functions (maximum score, 56 points).

RESULTS

Handedness and the Wada Test

Ninety-one patients (80 right-, eight left-, and three bilateral-
handers) successfully underwent the Wada test. Language
dominance was left, right, and bilateral hemispheres in 81, six,
and four patients, respectively. The language dominance of the
right-handed patients was left in 75 patients (93.8%), right in
two patients (25%), and bilateral in three patients (including
one patient with dissociated expression and receptive func-
tions [3.8%]), respectively. For left-handed patients, four
patients showed left and four showed right dominance. For
both-handed patients, two showed left dominance and one
bilateral (dissociated). These results were similar to those of
previous reports on language dominance (3, 4).

For further analysis, we subdivided the subjects into groups
with chronic epilepsy and with non-epilepsy. In the epilepsy
group (n = 29), left, right, and bilateral dominance was 24
(82.8%), three (10.3%), and two (6.9%), respectively. In the non-
epilepsy group (n = 62), left, right, and bilateral dominance
was 57 (91.6%), four (6.4%), and one (1.6%), respectively.

iMRI with the Verb Generation Task

The verb generation task was designed to locate the expres-
sive language area by fMRI. Among 117 patients who under-

NEURDSURGERY

went the verb generation task, 100 patients (84.6%) completed
the task and provided useful fMRI data. The results showed
that the d t hemisphere for the expressive language
function was left, right, and bilateral in 90, eight, and two
patients, respectively. In the epilepsy group (n = 34), left, nght,
and bilateral dominance was 29 (85.2%), three (8.8%), and two
(8.5%), respectively. In the non-epilepsy group (n = 66), left,
right, and bilateral dominance was 61 (92.4%), five (7.6%), and
zero (0%), respectively. The activated regions on IMRI mainly
involved the [FG and MFG, the lateral precG, AG, and the sup-
plementary motor area (SMA) (Figs. 1 and 2).

In some patients, activations were observed in bilateral hemi-
spheres. Except for two patients who showed bilateral domi-
nance, the activations in the non-dominant hemisphere were
restricted to MFG and precG and smaller in size, so the pixels
did not reach a cluster significance (maximum values of Z-
score, <22 or <10 pixels).

Compared with successful results of the Wada test, the success-
ful rate of MRI with the verb generation task was 90.1%. Seven
patients with aphasia or dementia failed to complete the task.
Three glioma patients with marked surrounding, four patients
with brain ischemia and three patients with large arteriovenous
malformations failed to exhibit significant activations in the
frontal lobe (Fig. 3). These incomplete results are accounted for by
the reported disadvantage of IMRI that data may be affected by
the pathological changes of cerebral circulation (7, 10, 15).

fMRI with the A/C Categorization Task

The A/C categorization task was designed to locate the recep-
tive language area by IMRI. Among, 106 patients who performed
the A/C categorization task, 71 (67.0%) completed the task and
provided useful IMRI data. Compared with the verb generation
task, the A/C categorization task more often activated wider ancas
in bilateral hemispheres (Fig. 2). Activations generally involved
the bilateral frontal lobes, including the IFG, MFG, and precG,
with laterality. The superior temporal regions, such as the STG
and SmG, demonstrated activation spots in only 45%, (n = 32) of
the investigated patients, and the side predominance was not
apparent in most cases. The fMRI data of the A/C categorization
task were considered unsuitable to determine the receptive lan-
guage areas and were not used for the final analyses.

Language MEG Profiles and Dipole Locations

The Kana reading task was designed to locate the receptive
language area by MEG. The language MEG was performed in
117 patients, of whom 9 (85.4%) completed the task and pro-
vided useful data (Figs. T and 2). Results showed that the dom-
inant hemisphere for the receptive language function was left,
right, and bilateral in 85, 11, and three patients, respectively. In
the epilepsy group (n = 31}, left, right, and bilateral dominance
was 26 (83.9%), three (9.7%), and two (6.5%), respectively. In the
non-epilepsy group (n = 68), left, right, and bilateral dominance
was 59 (86.8%), eight (11.8%), and one (1.5%), respectively.

Dipole clusters of late deflections localized mainly in the
superior temporal region (STG, MTG, and SmG), and 60% of
investigated patients also showed dipoles in the inferior tempo-

VOLUME 60 | NUMBER 2 | FEBRUARY 2007 | 299

102



KAMADA ET AL,
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FIGURE 1. A 2deyear-old, right-handed man with epidepsy. A, fMRI ol the
werb generation hask sh g activations j tly tn the left IFG, MFC,
PrecG, and parwto-occipital regions. B, square root mean field profiles of lan-
guage MEG responscs in the bilateral FT and TO regions. The left FT
responses, peaking at 450 milliseconds, were nurkedly groater iy amplitunde
s tlue right FT. C, source loculization of the late deflections showing prodons-
inant dipole clusters (arrowheads) in the left zuperior temporal regioi. The left
anit right hernisphercs contained 97 and 37 dipoles, respectively.

ral region (FuG and inferior temporal gyrus). In 96 patients
who showed unilateral language dominance, the total number
of dipoles in the dominant versus non-dominant hemispheres
wias 124.1 = 621 and 58 = 30.9 (mean = standard deviation),
respectively. The rtio of the dipole number in the dominant
hemisphere to the non-dominant hemisphere in each individ-
ual was 24 * 1.7 (range, 1.43-14.4).

A typical result with all channels of MEG with the Kana-
reading task is illustrated in Figure 1. Later deflections peaking,
at approximately 400 milliseconds were predominantly
observed in the left FT. Bilateral TO regions demonstrated early
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deflections at approximately 200 milliseconds with short dura-
tions and little laterality. Estimated dipoles of the FT regions
were densely accumulated in the left STG, MTG, and SmG (102
dipoles), whereas the right hemisphere showed fewer dipoles
(34 dipoles) in the superior temporal region, This patient was
thus determined to have receptive language dominance in the
left temporal lobe.

The successful rate of language-MEG was B2.4%. Nine out of
39 epilepsy patients (23.1%) could not provide useful MEG data
uwing to artitacts from constant eye movements; the Kami-
reading task was more difficult to complete than the verb gener-
ation task for patients with mental dysfunction. On the other
hand, enly one out of 18 AVM patients, owing to severe dyslexia,
failed to provide useful MEG data, indicating that, in contrast to
fMRI, MEG was not frequently affected by cerebral blood flow
abnormalities (Fig. 3).

Combination of iMRI and MEG with Wada Test
Verification

The verb generation task fMRI data depict expressive lan-
guage areas well, but may be affected by cerebral blood flow
abnormalities. The MEG results indicate receptive language
areas well, but the task is rather complicated and may not be
suited for patients with mental disorders. We sought to estab-
lish a non-invasive and reliable method to determine the later-
ality of language dominance by combining the advantages of
these approaches, Furthermore, in terms of language func-
tions, the results from fMRI and MEG can be integrated to
locate expressive and receptive language areas and to provide
reliable evidence whether or not there is dissociation. To ver-
ify the reliability of our method, 97 patients also underwent
the Wada test.

Useful data from the method co-utilizing MRI and MEG could
be obtained from 87 out of 91 patients (95.6%). Remarkably,
regarding linguage dominance, the results from the combina-
tion method matched the results of the Wada test in all 87
patients. Worth noting is that two patients (one with left tempo-
ral lobe epilepsy and the other with right insular astrocytoma)
showed dissociated language areas using the combined method
The expressive linguage area was depicted in the left frontal lobe
by IMRI, but the receptive language area was demonstrated in
the right temporal lobe by MEG (Fiy. 4). The Wada test results
confirmed that both patients have language functions dissoci-
ated in the bilateral hemispheres. Among the 91 patients who
underwent the Wada test, these were the only two patients in
whom the Wada test detected dissociation of language functions

In 12 epilepsy patients, the expressive and /or receptive lan-
guage areas were electrophysiologically investigated via a sub-
dural electrode implantation and the results were compared
with those determined via the combined MRI plus MEG
method (Fig. 5). Out ot eight patients who underwent cortical
mapping for the expressive language area, all showed a speech
arrest by electrical stimulation to the IFG and tour to the MFG.
All of the physiologically determined locations were confined
within the arcas depicted by the combined method. Out of six

patients who received electrical stimuli to the temporal lobe
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four showed responses interpretable as impaired speech com-
prrehension. In all such cases, the electrophysinlogically deter-
mined location matched the area depicted by the combined
method, although MEG-depicted receptive language areas cov-

ered relatively broad areas of the temporal lobe. The regions

left

-500 ] 600 - 500 0 (3T
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determined by the combined method were always broader, but
had the border within the adjacent gyn of those detemuned by
electrophysivlogical mapping,
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left hemisphere

FIGURE 3. A M-year-old, right-lumded man with o lurge AVM fn the left frontal lobe, A, fMRI with the verb genera-
ol little nctivation in the left frontal lobe where the AVM uas located. B, source localization of the late FT
and TO deflections on MEG showed predominant dipole clusters in the lefl posterior STG, The left and right hemispheres

Hon pask sl

contained 123 and 51 dipoles, respectively,

have slowly developed during the past 6 years. In the results of the
verb generation task, the left hemisphere had obvious activations in the
IFG, MFG, prec(S, and the angular g indicating that this patient
had left dominance of motor-language functions (Fig, 44). In contrast,
estimated dipoles of the FT responses waere concentrated in the poste-
rior part of the right STG and MTG (138 dipales) and another dipole
cluster (64 dipoles) of the TO region was localized in the right FuG. The
tutal dipole number of the left hemisphere (48 dipoles) did not reach
even a quarter of that of the right hemisphere, suggesting right-sided
dominance of temporal language functions (Fig. 4).

During the Wada test, he stopped counting (0 out of 4 points; %)
and failed to name objects (6 out of 20 points; 30%) after
arotid inj n, whereas letter-reading (21 out of 28 paints; 7
tory comprehension (12 out of 12 points, 100
tasks (16 out of 16 points; 100%) were well preserved. In contrast, after
right intracarotid injection, letter reading (13 oul of 28 points; 45%),
auditory comprehension (3 out of 12 point; ), and pointing objects
14 ot of 16 points; 25%) tasks were markedly suppressed, although he
cantinued to count correctly without speech blockade (4 out of 4 points;
100'%) and could perform naming (17 out of 20 points; 85%). These
findings sugyested that language functions were distributed separately

Jo audis

nd pointing objects

over the bilateral hemispheres, and the expressive and receptive Lan-
guage functions were dissociated in the left frontal and right tempaoral
A striking fact was that the combination of IMRI

ted the special prafiles of language functions non-

lobes, respe
and MEG pre

vy

i
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DISCUSSION

We demonstrated that our
method using both IMRI with
the verb generation task and
MEG with the Kana reading
task s highly reliable in deter-
mining the language domi-
nance in patients with brain
lesions. The accuracy of the
dominance laterality was con-
firmed by a 100% match with
the results from the Wada test,
fMRI and MEG compensated
each other’s disadvantages.
The tasks of IMRI were rather
simple and could be accom-
plished even by patients with
mental dystunctions, whereas
MEG results were seldom
aftected by cercbral blood flow
abnormalities. Reliable data on
language functions were also
obtained by combining the
advantageous features of IMRI
and MEG. IMRI with the verls
generation task well depicted
the expressive language area as
activations in the frontal lobe,
most commonly in the I[FG
MEG,
showed dipole cl
dominantly in the superior temporal regions representing the
receptive language area. In the epilepsy group, lett and bilateral
dominance were approximately 5% and more than 6%, respec-

on the other hand,

ers pre-

tively, whereas, in the non-epilepsy group, left and bilateral
dominance were more than 90% and less than 2%, respectively:
The combined method, including the Wada test, IMRI, and
MEG, clearly demonstrated bilateral dominance is more often
vbserved in the epilepsy group than in the non-epilepsy group

In our study, two out of 87 patients analyzed (2.3%) were
ptive lan-

found to have dissociation of the expressive and re
guage functions by co-utilization of IMRI and MEG, verified by
the Wada test, which best described the usefulness of our
method in identifying the areas of the two language functions
separately. In both cases, neither modality alone demonstrated
the dissociation. Although several cases have been reported
that dissociated language functions were found by fMRI, none
of those was proven by the Wada test (2, 8, 21, 23). Our results
show that neither IMRI nor MEG alone
rately locate the expressive and receptive language areas, and
the combined use is the key to obtaining high reliability:

The results from electrophysiological investigation via a sub

suflicient to accu-

dural electrode implantation in 12 patients further confinmed

the accuracy of the present method. Pouratian et al. (22)
reparted that the sensitivity and specificity of language-IMRI
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FIGURE 4. A 32-yenr-old, right-fumded man with astrocytoma in the right insular cortex and the surrmmding while
wiattter. A, AMRI with the verb generntion tusk showesd main activations in the IFG, MFG, precG, ind AG, tmlicating
left dominance of the expressive langnage function. B, in contrast to the MR results, source Incalization of the late F1
diflections on MEC showed predominam dipole clusters in the right temporal labe, The left and right hemispheres con-

taivied 48 and 202 dipoles

comprreliension and object pointing tasks were markedly suppress:
after awoberhitol inpection into the right carotid artery

were dependent on the task, lobe, and matching criterion. The
sensitivity and specificity of MR activations during expressive
linguis iks in the frontal lobe were found to be up to 100
and 66.7'%, respectively, in the frontal lobe FitzGerald et al. (6)
reported that sensitivity and specificity for all multiple lan-
guage tasks ranged from 81 to 53% (6). On the other hand, sev-
eral groups have reported that the language map obtained from
IMRI poorly matched the intraoperative electrical stimulation
mapping (6, 25). In our study of language-fMRI, every electri-
cal stimuli to the [FG, whene the fMRI-activation was observed,
caused speech arrest. However, the stimulation to MFG caused
language-related symptoms in only half of patients. Although
the sensitivity of IMRI miglit be high, there are still several issues
of individual variability of fMRI activation and semantic tasks

The discrepancy can be partly accounted for by the fundamen-
tal differences in methodology such that the electrical stimula-
tion directly blocks the specific language functions, whereas
fMRI picks up all activated areas involved in the language
tasks. Therefore, IMRI-based mapping largely depends on the
design of the performing task. We tested two different tasks for
fMRI and tound the verb generation task better suited for kin-
guage mapping than the A/C categorization task The signifi

NEUROSURGERY

respectively. The combined fMRI plus MEG wiethod thus indicatod dissociated frontal motor
and temporal receptive language functions, This result was confirmed by the Wada test. The paticut shotved impaired
counting and olject waming after amobarbitol injection into the loft camtid artery. In contra

. wthoul conmtmg mipsairm

cance of activations dt‘i't('tl'll
on (MR is still under debate
Language-fMRI activations
may be related to various
semantic components of the
task, including the will to
retrieve verbal materials and
the memory related 1o articula-
tions, Despite that the A/C cat-
egorization task was designed
to detect the receptive lan-
guage area, activations in

temporoparietal region was
less frequently observed than
in the frontal region. Neural
activities in the temporopari-
considered rela-
and the dis-

etal area are

tively scarce (25

crepant activities of the frontal
and temporoparietal regions
may be owing to physiological
variations of brain regions
Alternatively, the frontal and
temporal lobes may have dif-
ferent oscillations (brain
rhythms) ot brain activity in
response to verbal tasks,
which are reflected in changes
in newronal currents and cerne-
bral blood flow:

Our study demonstrated

ter reading, auditory
nt and speech Mockade,  that dominance of the recep-
tive longuage function could
be accurately determined by
MEG. For that purpose, we originally designed the lask of
three-letter word reading and silent categorization and used

the dipoles calculated from late detlections to process the MEG
results. It has been reported that cortical evoked potentials
recorded by subdural electrodes showed responses at approx-
imately 200 (early) and 400 (late) milliseconds in the left termpe-
ral lobe cortex after letter presentation (1, 17). The late poten
tials have been noted especially in tasks inveolving decisions
based on visually i*n'.ﬂcnlx‘d waords (13, 14). In this study, the
sources of late responses (250-600 ms) were located mostly in
the posterior t

mporal region, and the laterality of dipole ¢lus-
ters accurately reflected the receptive language dominance It
has been reported that dipoles in the superior temporal region
showed an excellent agreement with an intraoperative eleciri-
cal mapping (27). We also included dipoles in the FuG for lan
guage dominance detennination based on our experience with
a case in which an injury of FuG resulted in pure dyslexia (12)
These contrivances in our method may have led to improve-
ment in accuracy on language dominance determination over
previous reports (20), Basic technical issues of the MEG inves-
tigation still remain. Eyve movement artitacts were strong
enough to distort the baseline of the MEG data. In our study
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we asked ients to keep gazing at the center of the screen

during the semantic decision without blinking. As a result, arti-

facts were observed at later than 600 milliseconds alter letter

presentation and usually did not affect the early and late

semantic responses, It is, however, important to prevent arti-
facts by monitoring eye movements and using rejec

olds,

ion thresh

In conclusion, by co-utilizing IMRI and MEG, we established
a method to determine language dominance with a high relia-
bility, The IMRI activations with the verb generation task iden-
titied the expressive language area, whereas the language MEG
dipoles located the receptive language areas. Our institution is

now routinely using the combined technique to identify the
language dominance. If it does not produce data on cerebral
dominance, we additionally perform the Wada test before sur-
gery. This non-invasive and repeatable method may be an effec-
tive alternative to the Wada test and may be useful in the man-
agement of patients with brain lesions
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COMMENTS

his is an interesting article ev i the complementary features

of functivnal ma;,m'lu: resanance imaging (IMRT) and magnetoen-
cephalography (MEG) to assess language loteralization in 87 patients.
Whereas any test of language lateralization is suspect if 100% correla-
tion is found, the authors have carefully deseribed their techniques
and the analysis of results. It is quite apparent that IMRT with verb gen-
eration tasks is besl at activating anterior language areas, whereas
abtract versus concrete naming tasks con be less robust. This is a good
article and a large experience worthy of publication.

LT

G, Rees Cosgrove
Burlington, Massachusetts

he authors have applied IMRI and MEG technigues to localize

speech lunction in a large number of patients with different brain
lesions. They were able to supplement the two noninvasive tests with
e Wada test in B0 of the patients. They wene able to obtain useful
data with the co-utilization of fMRI and MEG in 95.6" of the patients
and found a somewhat sueprisingly good match with the results of the
Wada test in 100% of thuse. In the reaults section, the authors diseuss a
few ditferences to the localization of language areas by electrophysio-
logical means. They point out the fact that atypical language domi-
nance or bilateral language representation is more frequent in patients
with chronic epilepsy than in those without epilepsy. This is an impor-
tant fact not known to many neurcsurgeons who ane not ordinarily
involved with epilepsy cases. The results of this study make it more
likely that, in the future, the invasive Wada test procedure might be
abolished in those mstitetions at which MEG is available, This consti-
tutes a notable limitation of this noninvasive technigue. I IMRI s usad
alone, the success rate for obtaining useful data is 84.6% for word gen-
eration tasks and only 67% for the abstract/concrete categorizition
task, This is quite an interesting study and the results are very promis-
ing: however, the limitations are not economical. A number of patients
cannot complete all the tasks necessary for IMRI study, and MEG stud -
ies can be disturbed by eye movement artifacts. We look forward to
othwr reports confirming these promising results.

Johannes Schramm
Bonn. Germwny

he authors present some very interesting data in the realm of func-

tional imaging to determine cerebral dominance for language
Currently, the standard modality for determining cerebral dominance
is the venerable Wada rest. In this study, the authors use both MEG and
MR to determine language dominance based on activation in the infe-
rior frontal gyvrus and middle frontal gyrus using IMR] and dipole
moments reflecting or indieating receptive language fields in the tem-
poral lobe, As expecied, they had some difficulty with the IMRI data
owing 1o the underlying deficit in the patient, which suggests that
MR is not always as good as one might expect In terms of determin-
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INg cerel ominande
We know that IMRI 5 non
tields t nid o itraoperative stimulation mapping

L5
hen IMRI was used tog

using a verb generation silent languay

good choice for defining re

LR CorTe

OWEVEr V

er with MEG, the authors were

able to demonstrate 100% concordance with data from the Wada test

D, ths is a very

mportant study indicating that, in the near future,

1y be possible to bypass the Wada st with these two powerful

functional imaging modalities. That being saud. not every institution is

going o be able wo obtain both of these tunctional tests, Theretore, it is
unlikely that this strategy is going to replace Wada tests completely:
Yel, this = a very important line of investigation and a novel observa-
tion that points out the fra

= of functional imaging tor cerebeal dom

ation and the poter hen the ditferent fune-

| tests are combined
Mitchel S, Berge
Sant Framey
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CASE REPORTS

FAMILIAL OCCURRENCE OF DYSEMBRYOPLASTIC
NEUROEPITHELIAL TUMOR-LIKE NEOPLASM
OF THE SEPTUM PELLUCIDUM: CASE REPORT

OBJECTIVE: Dysembryoplastic neuroepithelial tumor (DNTJ-like neoplasms of the sep-
tum pellucidum are extremely rare. In this article, we report the familial occurrence of
these neoplasms.

CLINICAL PRESENTATION: We report two cases of such neoplasms: Patient 1, a 42-year-
old woman, and Patient 2, the 20-year-old nephew of Patient 1. Patient 1 experienced
headache and worsening dizziness; Patient 2 experienced headache and worsening
dizziness and also had partial seizures. In both cases, magnetic resonance imaging
(MRI) revealed an intraventricular tumor adjacent to the septum pellucidum, Both
tumors appeared as a hypointense region on T1-weighted MRI, and both appeared as
a hypenintense region on T2-weighted MRI without gadolinium enhancement, Interestingly,
both wumors had a high apparent diffusion coeliicient.

INTERVENTION: Both tumors were subtotally removed and had commaon histological
findings, such as alveolar structures with oligodendroglia-like cells and *specific
glioneuronal element.” These lindings are consistent with a dysembryoplastic neu-
roepithelial tumor-like neoplasm. After tumor removal, the symptoms disappeared.
The postoperative course was uneventiul, and the patients did not require adjuvant
therapy. MRI showed no regrowth of residual tumors at 4 years (Patient 1) and 2 years
iPatient 2) postaperatively.

CONCLUSION: The familial occurrence of this rare tumor suggests that hoth of these
cases arose from a common genmline mutation. ldentitication of this rare tumor in this
rare location is important to avoid unnecessary adjuvant therapy. A markedly high
apparent diffusion coefficient and histological findings of specific glioneuronal ele

ment can facilitate the dilferential diagnosis of dysembryoplastic neuroepithelial winior-
like neaplasms. Genetic study of affected patients in this family may provide clues 1o
ite molecular pathogenesis.

KEY WORDS: (hysembryoplastic neumepithelial i, Familial occumence. Intavenivioulae eoplasns,
Neuroenthoscopy, Septm el idum

Novesarpery 6LE 170070 e (Y R P LTI AT T (TR TR R LA AN} o o ey -online Com

ysembryoplastic neuroepithelial tumor
(DNT) is a clinicopathologically unigue
tumor, located mostly in the cercbral cor-
tex and associated with a long-standing history

of seizure in younger patients, DNT is character-

ized by its intracortical location and multinodu-

Albreviations: ADC, appareni diffusion coctfi-
cient; COH, comparativie gencomic Iwhridizaion
C1, computsd lomagraphy, DNT, dysembieyoplas-
tie meuroepithelial tumor MRE magnelic mea.
manwce imaging, OLC, oligodendroglia-dike cell

110

larity. The typical histological features are het-
erogencous cellular composition including
oligodendroglia-like cells (OLC) and, to a lesser
extent, astrocytes and neurons, specitfic ghoneu-
ronal elements composed of OLCs and floating
neurons in mucoid stroma (3, 4). However, there
have been reported cases of DNTS in uncommon
locations (2, 6, 8, 12, 13, 18),

DNT-like neoplasms of the septum pellu-
cidum are extremely rare and were First
reported by Baisden et al. (1) in 2000, These
tumaers originate from the septum pellucidum
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around the foramen of Monro, extend into the lateral or third
ventricles, and have many of the histopathological features of
DNT. The
uther intraventricular tumors. In this article, we report two cases
(4 42-vear-old woman and her 20 year old IIvi"f‘u'\\ )} of tumors

rarity of these tumors can lead to a misdiagnosis of

that were histologically confinmed to be DNT-like neoplasms of
the septum pellucidum. This appears to be the first known
familial vecurrence of this type of tumor

CASE REPORTS

Patient 1
z

vear-okd wonun had been experiencing headache and worsen

ing \lliriln“w for 10 years. Magnetic resonance imaging (MRI) nevealed

an intraventvicular non-contrast-c

2002 Cerwerad aoud

ancing ma The patient was

neurological e

mefuemed 1o our depsartment in June

ination fim e pormal. Computed lomography (CT) revealed a
with mild « of the left lat-
ass wis hypointense on Tl-weighted MRI
rintense on 1 2-weighted MRI (Fig. 1C)

hancement (Fig. 1, D and E)

intraventricular low-density mas
eral veniricle (Fig. 1A) The
(Fig. 1H)
Gadolinium injection did not resull in e
Coronal images showed that the tumor was attached 1o

anaemen

and markedly h

antenun e
rive part of the seplum pellucidum, extending into the lateral ventricle
and the third ventricle through the left foramen of Monio (Fig. 1E). The

leston was

sd imaging and had a high
apparent diffusion coefficient (AIDC) (2534 - 10 "' mm?/s) (Fiy ). In
July 2002, the patient underwent lefl frontal craniotomy for removal of
woadch. We first

hypomnlense on Gilusion-wey

nscortical sventricular

mor, using the tr

examingd the tumor us a newroendoscope. The tamor

" was pinkish

white and had a smooth surface. It was attached 1o the antercinferion
part of the septum pellucidum and oceupied the foramen of Monro (Fig
2A) After neuroendescapic observation. we removed the tumor subie

Iln

tally because of the adhesion of the tumer 1o the anterion septal ved

tumor was soft and hypovascular and was easily aspirated. st
examiralion revealed an alveolar structore with OLC s, o Obnllay matrix
(Fig
bar presdiroseties wene sevn. Furthermore, some of the
tures had specific glioneuronal elements with OLCs, floating neurons,
and muceid stroma (Fig. 2C). No typical multiple discrete microscopic
stoch
ein bt 1

1), and several occurrendes of a mosetle-like pattern. No perivascu

alvenlar strue

nodubes were observed. Immunol mical staining revealed thal
ve for S-100 p
acidic protein and synaptophysin. Some of the rix and floating new
NS Wi ¢ o neumofilament, but the OLCs
200), Rovsette-like formation egalive
gen, The MIB-1 (Ki-67) index was 0.3%
revealed that the tumer cell did not have cilia and microvilli at the kateral
surface (Fig. 2E). Although internal nedular architecture was not present
wae composed of DN T-Hke L
apy. Her
wd an uneventful

OLCs were posi ative for glial fibrillary

oSy

wene negalive (Fig

5 We

epithelial membrime anti
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weighted imaging and had o high ADC (2821 - 10 "mm*/s) (Fig. 4F)
In Jume 2004, the pativnt underwent right frontal craniotomy, and the
tmor was removed vsing o transcortical fransveniricu sproach
Newroendoscopic examination showed that the tumor was pinkish-
white and occupied the right formmen of Monro (Fig 34), We removed
the tumor subtatally. The tumor was grossly similar to that of Patient
| and was vasily aspirated Histological examination showed an alve-
olar structure like that of the tamor in Patient 1, with several oceur-
rences of a rosetle-like pattern (Fig. 58) Na puriy
roselles were sven. Some of Lhe alveolar structures had spe
glioneuronal elements with floating nearons (Fig. 58). Ko ypical mul-
tiple, disciete microscopic nodules were observed. Immunohisto-
chemical staining revealed that OLCs were pe v for Se100 protein
bul negative for ghial fibrllary acidic protein (Fig. 5C) and synapto-
phyvsin. Some of the malris was positive for glial Abrillary acidic pro-
lein, suggesting the presence of reactive astrocyles (Fig. 5C) Other

parts of the matrix and some of the floating neurons were positive for
menmofitament, bul the OLCe were negative (Fig. 512). Rosette-like for-
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HIGURE 3. Somplified pedtigeee of the fannly weitl oo patieats affected by
dysembryoplastic meurvepithelial tumor-like neoplagms of the septus pel
uctduny. Pattent 2 & a maternal wephean of Patient 1

mations were negative for epithelial membrane antigen. The MIB-1
(Ki-A7) index was 0.2%. These histological findings were similar to
those of the tumor in Patient 1. The patient did not undergo any adju-
vant therapy. His headache and seizures disappeared after surgery,
and he had an uneventful pestoperative course. The sporadic spikes
amd waves on electioencephalography also disappeared, although the
mechanism for this result ks unknown. Iwo years postoperatively, MR]
showed no negrowith of the residual tumaon (Fig. 5E)

DISCUSSION

Although most DNTs occur in the supratentorial cerebral cor-
tex (3, 4), there have been reported cases of DNTS in uncommeon
locations such as the pons (14), midbrain (13), thalamus (18),
and cerebellum (6, 12, 14, 18). Daumas-Duport et al. (4) sug-
gested that DNTs in these location are related to the secondary
germinal layers, in accordance with their hy pothesis of histoge-
nesis of DNT. Furthermore, Baisden et al. (1) and Cervera-Pierot
et al. (2) demonstrated that DNTs or DNT-like neoplasms can
arise within the septum pellucidum. Recently, Harter et al. (8}
also reported a DNT located in the septum pellucidum. In the
present report, we describe the first known familial occurrence
of DNT-like neoplasm of the septum pellucidum. Given the Tow
incidence of these tumors, this familial occurrence is of great
interest. We assume that these previously reported tumors and
the present tumors belong to the same category and have simi-
lar biological behavior. These tumors occurred in relatively
young patients (mean age, 22.7 yr; range, 642 yr), and most of
them were attached to the anteroinferior scptum pellucidum,
around the foramen of Monro. Consequently, some of them pre-
sented with obstructive hydrocephalus. Although neither the
present tumors nor the previously reported tumors exhibited
internal nodular structure, they had other features of DNT,
including “speafic glioncuronal clements™ with OLCs, “floating
neurons,” and mucoid stroma (11). Although the present
patients and all but one of the previously reported patients with
this tumor did not undergo any postoperative adjuvant therapy,
they did not show signs of recurrence or regrowth of residual
tumors, These observations suggest that these tumors can be
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PNT-like neoplasms also
have distinctive MRI characteris-
tics that can facilitate their diag
nosis. The present DNT-like neo-

plasims and previously reported
DNTs and DNT-like neoplisims
are hypointense on Tl-weighted
MEI and hyperintense on T2-
weighted MRI, Gadolinium
injection results in no enhance
ment or minimal peripheral
enhancement of these tumaors,
These ane nonspecific features of
these tumors, Interestingly, both
of the present tumors had a high
ADC. We previowsly reported
that AIDC is useful for differenti-
ation of some human brain
tumors, particularly DNT (17)
In an analysis of MRI scans of
275 brain tumors, we found that
the ADC of DNT (mean *
dard deviation, 2546 * (1.1:

10 " mm=/s) was clearly higher

TT-uwighied (B) and hyperintense on

thanced
il dif

with gadodinnam shogiiing m
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reliably cured with surgical excision alone and that adjuvant
therapy is unnecessary
Because DNT-like neoplasms of the septum pellucidum are
eatremely rare and have only recently been described in the lit-
cratune, we suspect that some previously reported intraventric-
ular tumuors, such as intraventricular oligodendroglioma, pilor
cvtic astrocytoma, central neurocy toma, cear cell ependymaoma,
and subependymoma, were actually DNT-like neoplasms, From
it is important to distin
and other low-grade infil-

the view point of treatment strateg

guish between DNT-like neoplasm
trating ncoplasms, to avoid unnecessary adjuvant therapy
(chemotherapy or radiotherapy). Histopathologically, DNT-like
neaplasms of the septum pellucidum can be misdiagnosed as
intraventricular oligodendroglioma, clear cell ependymoma, or
central neurocytoma because of their similar histologic charac

teristics. However, the specific glioneuronal clements associ-
ited with DNT-like neoplasms are sufficiently distinctive to
vnable us to differentiate IDNT-like neoplasms from oligoden

droglioma, clear cell ependymoma, and central neurocytoma
Furthermore, electron microscopic analysis is helptul for ditfer-
entiating DNT-like neoplasms from clear cell ependymomas,
by deticting ependymal features (e, microwvilli and cilia). In
the absence of intratumoral Rosenthal tibers and

in DNT-like neoplasms differenti

wldibhon

vasinophilic granular bodics

E371 q ol AL A%

than that of other World Health
Organization Grade 1 and 2

gliomas, including pilocytic astrocytoma (1659 + 0.260 x 10

mim?/s), subependymoma (1516 % 100 " mm=/s), ependymoma
(1.230 * 01119 % 107 " mm=/s), and oligodendroglioma (1.455
10 % mm?/s). In addition, the ADC of DNTs was higher than
that of any other ghoneuronal tumor, including central neurocy

1w (0946 + 0342 % 10 "mm? /), with no overlapping of ADC
values, The markedly high ADC of DNTs may be attributable to
the presence of large extracellular spaces and their cellularity,
which is much lower than that of other human brain tumors.
These tindings are consistent with the present cases, and we
believe that preoperative ADC determination may facilitate dif-
ferential diagnosis of DNT-like neoplasm of the septum prellu-

cidum. It is possible that thene might be a higher frequency of this
disease than previously reported using the criteria of our study
(histological and MR findings), suggesting that there have been
misdiagnosed tumors, Further studies, including examination of
previous cases oF lumaors oocurring in the sueptum |,\1-II| widum, are
necessary to contirm the relationship bebween these findings and
this rare category of neoplasms

Ihe molecular mechanisms underlying the pathogenesis of
IINTS remain largely unknown, In the present report, DNT-ike
neaplasms occurned in the same location in the female patient

and her nephew, with histopathological resemblance suggest

ing familial occurrence. Previously, Hasselblatt ot al. (9) reported
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occurrence of DNT in the same location (the left occipital cortex)
in a father and daughter. They examined surgical specimens
from bath cases ind performed comparative genomic hybridiza-
tion (CGH) analysis but did not identify any chromosomal
abnormalities common to both cases. They suggested that
genomic hybridization can only detect large chromosome losses,
whereas small deletions may be missed. In two other studies,
rescarchers looked for genetic aberrations in DNT, including
neurofibromatosis Type 1 gene deletion, TP53 gene mutation,
and loss of heterozygosity of chromosomes Tpand 149q, but did
not find any such aberrations (5, 7). However, the familial occur-
rences in the present report and the report of Hasselblatt ot al,
strongly suggest that DNT and DNT-like neoplasms can be
caused by a germline mutation; thus, it would be valuable to
investigate the pathogenesis of these tumors. Recently,
microarray-hased CGH (array CGH) technology enabled high-
resolution genome-wide deoxyribonucleic adid copy number
analysis (15). Array CGH has emerged as a usetul tool with
which to detect and map genomic alterations, where putative
ONCogenes o1 lumor-suppressor genes may exist. Most recently,
Idbaih et al (10) analyzed nine patients with familial occurrence
of glioma by array CGH and concluded that the technigue is able

NEUROSURGERY
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to identify subtle differences that contain putative genes and are
involved in the inheritance of familial gliomas. Therefore, the
array CGH for patients with DNT-like neoplasm in this family
may allow the identification of a gene locus for the occurrence of
DNT-like neoplasms. Furthermore, the companson of DNT-like
neoplasms in this family and sporadic DNTS by array CGH may
provide clues to the molecular pathogenesis of these tumors.
However, more samples are requiped to obtain reliable data.
Therefore, we will plan this as a future study in cases of DNT-
like neoplasms developed in this family member and sporadic
cases with DNTS.

CONCLUSIONS

The present report describes the first known tamilial occur-
rence of DNT-like neoplasm located in the septum pellucidum,
The postoperative courses of the present cases were uneventful,
and their residual tumors were stable on MR, despite the lack
of adjuvant therapy. The identification of this rare tumor in
this rare location is important to avoid unnecessary adjuvant
therapy, which is of no obvious benefit in such cases. The high
ADC of this tumaor on MR and its histological findings of spe-
cific glioneuronal elements can facilitate the correct diagnosis of
this tumor. The familial occurrences in the present report
strongly suggest that DNT-like neoplasms of the septum pellu-
cidum can be caused by a germline mutation. Further genetic
study, including array CGH of affected patients in this family,
could provide clues to its molecular pathogenesis.
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COMMENTS

Sniln el al. present a compelling case report aboul a very rare class of
neaplasms. They claim that these are the first known occurrences of
dysembryoplastic neuroepithelial lumor-like neoplasms located in the
septum pellucidum in two related individuals. They demonsirate thal
two unique properties of these tumaors, a high apparent diffusion coef-
ficient and histological findings of “specific glioneuronal elements”
may be distinguishing hallmarks of these neoplasms, setting them
apart from other neaplasms of the central nervous system. This finding
has important ramifications in that accurate identification of these neo-
plasms will avold unnecessary use of adjuvant therapy associnted with
ather central nervous system lumors as surgery alone appears 1o be an
effective trealment stralegy.
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VOILLIME 6 | NUMBER 2 | ALGLIST 2008

One clear limitation of the study, however, is the small sample size.
To extrapolate these findings to a grealer patient population, it would
be necessary 1o see whether such observations hold true in similar
patients. The rare frequency of this disease makes it challenging to
examine such a large population in one study, and it is understandable
that Saito et al. were limited in that context. However, with use of the
criteria offered by this study, the frequency of this disease may be
higher than previously reported, suggesting thal some of these tumors
may have been misdiagnosed. Regardless, additional patients need to
be studied 1o confirm a more direct relationship between these findings
and this rare calegory of neoplasm,

Saito el al. are eager lo state thal this is the first familial example of
these umors; however, they provide no hand evidenoe or discussion of
the blood relationship of the patients in the study. Perhaps a genetic
analysis or a discussion of how these patients were determined 1o be
blood relatives is warmanted, All in all, these findings provide very
interesting observations and a framework for future researchers Lo pur-
sue with more rigor and higher sample size.

Ahmed Mohyeldin
Newrohiolog ist

Alfredo Quifiones-Hinojosa
Baltimore, Maryland

In this well-wrilten report, Saito el al. described two patients who
presented with intraventricular/septum pellucidum dysembryoplas-
tic neuroepithelial tumor-like tumors. The familial ocourrence of this
rare tumor led the authors o suggest a common germbine mulation,
The unusual location of this presentation, the septum pellucidum, 15
worth noting, as dysembryoplastic neurcepithelial tumors are typi-
cally located in cortical regions.

As a side note, | want to make a technical point. In both of these
patients, Saito el al. selected the Iranscortical (Iransfrontal) Irajectory o
the frontal hom. In our practice, for these types of lnmors with the size
of the veniricles shown on the preoperalive magnetic @ imag-
ing scans, we prefer the interhemispheric transcallosal approach. In
our opinion, this is a less invasive Irajectory compared with the
transcortical one; the latter point is demonstrated in the postoperative
coronal magnetic resonance imaging scan (Fig. S5E in the article) show-
ing the residual zone of the trajectory itself. Saito et al. have not only
reported this familial occurrence of a rare tumor but have also achieved
good results in both of their patients,

Saleem 1. Abdulrauf
St Lowrs, Missouri
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Abstract

Objective  Subcellularly localized(nuclear and/or cyto-
plasmic) survivin has various functions, and correlates
with prognosis of malignant tumors. However, there
have been no reports about the significance of subcel-
lularly localized survivin in high-grade astrocytomas.
The aim of the present study was to examine the rela-
tionship between prognosis and subcellular localization
of survivin in high-grade astrocytoma.

Methods We immunohistochemically examined the
pattern of subcellular localization of survivin expression
(nuclear, cytoplasmic, or both) in 51 patients with high-
grade astrocytoma (19 anaplastic astrocytomas; 32
glioblastomas). We statistically examined the relation-
ship between survivin localization and prognosis, using
multivariate analysis including other clinicopathological
factors (age, sex, WHO grade, extent of resection, MIB-
1 labeling index, and expression of p53 and epidermal
growth factor receptor).

Results  All specimens stained positive for survivin:
localized in nucleus only (nuclear-positive group), 10
cases (20%); localized in cytoplasm only (cytoplasmic-
positive group), 23 cases (45%); simultaneous expres-
sion in nucleus and cytoplasm (nuclear-cytoplasmic
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Department of Neurosurgery, Graduate School of Medical
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group), 19 cases (35%). There was no significant dif-
ference in prognosis between the nuclear-positive group
and cytoplasmic-positive group (P = 0.796). However,
the nuclear-cytoplasmic group had significantly shorter
overall survival than the nuclear-positive group and the
cytoplasmic-positive group (P < 0.0001).

Conclusions We found that simultaneous expression
of survivin in both the nucleus and cytoplasm is an
important prognostic factor for high-grade astrocytoma.
The present findings indicate that subcellular localiza-
tion of survivin expression is a reliable prognostic factor
for patients with this tumor.

Keywords survivin - high-grade astrocytoma -
subcellular localization - prognosis

Abbreviations

EGFR epidermal growth factor receptor

AA anaplastic astrocytoma

GBM  lioblastoma

ACNU  1-(4-amino-2-methyl-5-pyrimidinyl)methyl-
3-(2-chloroethy)-3-nytrosoureal
hydrochloride

Introduction

High-grade astrocytoma is the most frequent and
malignant brain tumor. It is categorized into 2 types:
anaplastic astrocytoma (AA; World Health Organiza-
tion [WHO] Grade IlI); and glioblastoma (GBM;
WHO Grade V). Because it is difficull 1o surgically
remove the entire tumor, patients are often treated
with radio- and chemotherapy. Several reports indicate
that radiotherapy slightly prolongs survival of patients
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with high-grade astrocytomas [1,2]. In another study of
patients with high-grade astrocytoma, the 1-year sur-
vival rate after combined radio- and chemotherapy was
46%, which was only slightly higher than the overall
1-year survival rate of 40% [3].

Survivin is a member of the inhibitor-of-apoptosis
protein family, and it regulates apoptotic cell death and
cellular proliferation. It is expressed at high levels in
malignant tumor cells, and appears to play a role in
tumorigenesis and prognosis of many malignant tumors
[4-6]. We and others have demonstrated that expres-
sion of survivin mRNA or protein is a prognostic factor
for gliomas [7-10]. Some researchers have argued that
the effects of survivin on gliomas are stronger than
those of certain other molecules, including epidermal
growth factor receptor (EGFR), p53, bel-2, and Ki-67
[8, 9]. Many recent studies indicate that functions of
survivin (regulation of cell division or anti-apoptotic
function) and its effects on tumorigenesis vary
depending on its subcellular localization [11-15].
Therefore, determination of subcellular localization of
survivin is necessary to estimate its effects on charac-
teristics of malignant tumors. However, there are no
previous reported studies of correlation between
localization of survivin expression and prognosis in
high-grade astrocytoma.

Therefore, in the present study of patients with high-
grade astrocytomas, we immunohistochemically exam-
ined the pattern of subcellular localization of survi-
vin expression in the tumor (nuclear, cytoplasmic, or
both), and analyzed the relationship between survi-
vin localization and prognosis. We also investigated
the relationship between survivin localization and
the molecules p53, EGFR and Ki-67, which are
considered potential modulators of malignant progres-
sion and prognostic factors of high-grade astrocytomas.

Materials and methods
Clinical data and patient selection

Prior written informed consent was obtained from the
patients andfor their guardians. We retrospectively
studied the records of 51 patients (29 males and 22
females) with high-grade astrocytomas who were surgi-
cally treated at Hiroshima University Hospital between
January 1994 and March 2004, All tumor samples were
obtained during the initial operation. The patients ran-
ged in age from 15 to 79 years (mean age [+ standard
deviation), 51.3 + 19.6 years; median age, 56 years).
Follow-up data of the patients were obtained from
hospital records. To identify the prognostic factors of

‘-.i Springer

astrocytic tumors, we standardized the conditions that
would affect prognosis. We excluded high-grade astro-
cytomas of the brain stem or cerebellum. We excluded
pilocytic astrocytomas and diffuse astrocytomas,
because they are classified as low-grade astrocytomas.
We excluded other types of glioma, such as oligoden-
droglial tumors, ependymal tumors, and gangliogliomas,
because they are pathologically distinct from astrocytic
tumors, We excluded patients who did not receive
radiation therapy, because craniotomy and adjuvant
radiotherapy are standard treatments for high-grade
astrocytoma. Patients with high-grade astrocytoma
often also receive combined adjuvant chemotherapy;
in Japan, this chemotherapy generally consists of
treatment with 1-(4-amino-2-methyl-5-pyrimidinyl)
methyl-3-(2-chloroethy)-3-nytrosoureal hydrochloride
(ACNU). Because it is unclear whether chemotherapy
significantly prolongs survival of patients with
high-grade astrocytomas, we did not consider whether
patients had received chemotherapy when selecting
subjects for this study. Of the 51 patients enrolled in
this study, 48 patients received ACNU-based chemo-
therapy.

Tissue specimens and immunohistochemical
staining

All tumor specimens were obtained by surgical resec-
tion, and were fixed in 10% formalin before paraffin
processing. Representative slides were stained with
hematoxylin and eosin for standard histological
diagnosis. Tumors were classified into histological
subtypes by one of the authors (K.S.), according to
WHO criteria. In the assays for the p53 alteration and
expression of survivin, Ki-67 and EGFR, we used
formalin-fixed, paraffin-embedded tumor samples. The
primary antibodies used were a goat polyclonal anti-
body (Santa Cruz Biotech, CA, USA) at a 1:100 dilu-
tion for survivin, mouse monoclonal antibody
(antibody MIB-1; Immunotech, Marseille, France) at a
1:50 dilution for Ki-67, a mouse monoclonal antibody
(DAKO JAPAN, Kyoto, Japan) at a 1:100 dilution for
mutant p53, and a mouse monoclonal antibody
(Novocastra Laboratories Lid.,, Newcastle, United
Kingdom) at a 1:40 dilution for EGFR. Pathologic
specimens (thickness, 4 pm) were mounted on gelatin-
coated slides and deparaffinized by 15-min xylene
treatment. To block endogenous peroxidase, the slides
were immersed for 30 min in 3% hydrogen peroxidase
in methanol. Each specimen was rinsed 3 times for a
total of 15 min in phosphate-buffered saline, pH 7.5,
with gentle stirring. They were then incubated over-
night with the primary antibody at 4 °C. Next, the



