determination of key motor areas: fMRI, MEG, SEPs, transcuta-
neous stimulation, DTI, and direct cortical stimulation. Integrat-
ing different functional and structural information and bringing
it into the operating room for use by neurosurgeons is an impor-
tant and increasingly feasible goal. The preoperative noninvasive
delineation of eloquent tissue has the potential to facilitate sur-
gical resections in eloquent brain and (it is hoped but not yet
demonstrated) to improve outcomes.

The present report constitutes a prospective case series us-
ing DTI traced from the corticospinal tract in the brainstem to
delineate the PMA of the cerebral cortex in 29 patients. Ka-
mada et al. compare three of these techniques: fMRI, MEG,
and DT They find that DTI is-as accurate as the others in the
face of a lesion in or around the motor cortex. A significant
advantage noted by the authors is that patient cooperation is
not required. Therefore, unlike fMRI, patients with motor or
cognitive deficits precluding accurate performance can be
studied using the DTI technique. This has major implications
for preoperative planning if it is substantiated by other inves-
tigators. In our experience with fMRI at the Brigham and
Woimen’s Hospital, we have found that behavioral paradigms
are sometimes difficult to carry out in uncooperative or im-
paired patients. We have found, however, that there may not
be complete overlap between these methods. In part, this
difference may relate to-the fact that the DTI technique is not
able to assess functional integrity. It is possible that the white
matter fibers of the corticospinal tract could lead to cortex that
has been infiltrated with tumor and may no longer be func-
tional. Nevertheless, the use of DTI as a preoperative tool to
localize motor cortex is a novel approach to an important
problem, which is distinguished by its simplicity.

This article demonstrates how neurosurgical neuroscientists
can make substantial contributions to the emerging world of
brain imaging and structure function correlation. It is an im-
portant and useful contribution.

Alexandra Golby
Peter McL. Black
Boston, Massachiisetts

he study by Kamada et al. evaluates the potential of trac-
tography using DTI to identify motor cortex in patients
with tumors in the vicinity of the motor strip. The authors
conclude that the method is likely to become one of the major
brain mapping techniques for motor cortex identification.
The physical basis of tractography is DTI, in which diffusion-
weighted imaging data are acquired in six noncollinear directions,
thus providing information on the molecular motiori in three-
dimensional space (the so-called “diffusion tensor”). Using DTI,
diffusion data can be analyzed in three ways to provide information
on tissue microstructure and architecture for each voxel: the mean
diffusivity, which characterizes the overall mean-squared displace-
ment of molecules and the overall preserce of obstacles to diffusion;
the degree of anisotropy, which describes how mwuch molecular
displacements vary in space and is related to the presence of ori-
ented structures; and the main direction of diffusivities, depending

REURDSURGERY

CorTicaL MAPPING BY TRACTOGRAPHY

on the orientation in space of the structures (3). Tractography is
performed on the basis of DT, allowing for three-dimensional re-
construction of white matter tracts (4).

Kamada et al. compared three-dimensional tract reconstruc-
tion on the basis of the information acquired on fractional anisot-
ropy in the DTI set with identification of the PMA using intra-
operative SEPs, fMRI, and somatosensory evoked magnetic
fields by MEG in 30 patients with brain tumors affecting the
motor system. fMRI and somatosensory evoked magnetic fields
failed to identify the PMA in four cases. Tract reconstruction after
placing a “seed area” in the corticospinal tract at the level of the
midbrain allowed identification of the PMA in all cases.

The pyramidal tract and its connections have been identified
using tractography in normal individuals. In addition, data on
various diseases, including tumors (2); are rapidly accumulating.

Limitations of diffusion tensor tractography include arti-
facts during image acquisition and limitations in spatial reso-
lution (1). Visualization and isolation of white matter path-
ways require evaluation of connectivity, which can be inferred
using a variety of mathematical algorithms. Tracking into
cortical white matter is compromised by low anisotropy. Fur-
thermore, technical difficulties and possible sources of error
when computing the tracts, including the fact that any given
voxel may include various geometric patterns such as crossing
fibers, challenge reconstruction. Identification of the target
tract for the purpose of placing a seed point is also subjective,
and pathological tissue may introduce further challenges.

Knowledge of the link between functional brain regions and
anatomic fiber connections is essential to an integrated under-
standing of the organization of the human nervous system. The
study by Kamada et al. provides evidence that a functional
anatomic region can be inferred from tract reconstruction using
DTI and thus offers us a glimpse of the potential of this new
technology for brain mapping and exploring connectivity.

Tractography may play a large role in presurgical planning
in the future, visualizing destruction or displacement of tracts.
However, in light of the various limitations and the lack of a
“gold standard” with which to compare it, more experience
needs to be gained before we can safely rely on this promising
new technique. It rernains to be seen whether the technique
also proves to be reliable for visualization of smaller tracts and
how reliable it is in various pathological conditions.

Beate Diehl
Hans Liiders
Cleveland, Ohio
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Chemotherapy for gliomas in children
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Abstract: Purpose : Over the past 20 years we have developed techniques and clinical experience of
radio. frequency (RF) interstitial hyperthermia. This technique is particularly applicable in the
treatment of unresectable tumors and in the management of elderly patients with malignant brain tumors.
In this report, we introduce stereotactic intratumoral implantation of electrodes (RF antennas) for
interstitial hyperthermia and we also present the achievement and complication rate. Our objective was
to assess the feasibility of the stereotactic implantation techniqué for brain hyperthermia.

Methods : A total of 144 procedures (108 for gliomas, 24 for metastatic tumors, 5 for malignant
lymphomas, 5 for meningiomas, and 2 for other tumors) have been performed to treat 125 patients with
hyperthermia for brain tumor. RF antennas and catheters for thermistor probes were inserted into the
tumor using a stereotactic apparatus under local anesthesia. We confirmed the electrode position in the
tumor and complications such as hemorrhage in postoperative craniogram and brain computed
tomography (CT).

Results ‘The numbers of RF antenna insertions were one in each of 85 cases, two in 43 cases, three in
2 cases, four in 12 cases, five in 1 case, and six in 1 case. Surgical insertion of RF antennas was achieved
successfully in 138 of 144 procedures (95.8%). In six of these patients, intratumoral hemorrhage was
observed after surgery in 3 patients, one patient had liquorrhea, and antennas were misimplanted in
another 2 patients. Incompletion rate was 4.29%.

Conclusion : Stereotactic implantation of RF antennas was a safe and effective technique for interstitial

hyperthermic treatment of brain tumors.
Key Words : complication, interstitial hyperthermia, stereotactic technique
Introduction

Hyperthermia has been reported as an effective experimental treatment modality for cancer

therapy¥?. Clinical application has also been trialed in some organs®®. However, because heating

Received 27 July 2005, Accepted 8 September 2005. *Corresponding author, Phone: -+81-25-227-0651 ; Fax: +81-25-227-0819 ;
E-mail : takahash-nii @umin.ac.jp
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methods at tumor sites are so varied, it is difficult to say that an optimal heating method has been
established®. Similarly in brain tumors, various heating methods have been used to date—11,

We have used radio frequency (RF) interstitial hyperthermia since 1990 at our institution!?~%, and
RF capacitive heating methods in the 1980s'®. Interstitial hyperthermia employs needle type electrodes,
it is a method for heating the tumor centrifugally, and it is necessary to hold the needle electrode at the
center of a tumor for hyperthermic treatment.

Fortunately, using a biopsy technique for brain tumors, it is not difficult to hold electrodes at tumor
centers in a predeterr;nined manner by using a stereotactic apparatus'®. At the same time, the biopsy can
be accompanied by hyperthermic treatment as an added value.

We discuss the technology and complications associated with the implantation of electrodes for RF

interstitial hyperthermia in this report.

Material and methods
Hyperthermia

A needle-shaped, 130-mm-long
applicator (RF antenna) with a
diameter of 1 mm was used (Fig. 1).
The frequency of RF generator used
for hyperthermia was 13.56 MHz.
Thermistor probes were positioned
in catheters inserted into the tumor.
The temperature was recorded at the
edge of the tumor or at the border of
eloquent areas (internal capsule,
motor cortex and speech center).
RF antennas and catheters for
thermistor probes were inserted into
the tumor using a stereotactic

apparatus under local anesthesia.

RF antenna was placed in the center
of tumor which diameter was less Fig. 1.

than 3cm because the heating width

with one RF antenna is limited to about 3cm. One to five additional antennas were stereotactically
implanted spacing at 1.5-2.0cm intervals in tumor which diameter was over 3cm depending on the volume
of tumor. Recently, it is possible to calculate adequate tumor coverage for the decision of the number
of antenna by preoperative comiauter simulation. The operation time was ordinarily 40 min. Figure
2-a illustrates typical RF antenna positioning, and parallel and radial catheters for thermistor probes.
Figure 2-b is a bone window CT and shows an RF antenna (A), parallel catheter (P) and radial catheter
(R). Figure 2-c and 2-d are preheating and post-heating CT. The tumor had necrosis in an enhanced

area after hyperthermia.
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Fig. 2. -

parallel cathete.r

®)

The head ring of the stereotactic apparatus was secured to the patient using pin fixation under local
anesthesia. CT with contrast enhancement was then obtained. The positions of implanted RF
antennas and the approach direction of the catheters for thermistor probes were determined using CT
scans.

Intraoperative procedure is shown in Fig. 3. Figure 3-a shows skull-drilling with an electric twist
drill, 3-b shows the insertion of a stereotactic probe into the target, 3-c shows implantation of an RF
antenna along the stereotactic probe, 3-d shows implantation of the radial catheter, 3-e shows fixation of
3 implants and 3-f shows a tumoral biopsy specimen.

CT scans were made to assess the position of antennas and catheters for thermistor probes after

operation. Hyperthermic treatment was performed in 3 to 9 sessions with and without radiation. The
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Fig. 3.

© e

treatment time was 40-60 min at 42°C as measured by thermistors at the margin of the tumor lesion.
An RF generator (HEH250 or HEH50, OMRON Co., Kyoto) was used between RF antennas in the
brain and external electrode on the anterior chest wall. The catheters and antennas were explanted

maximally 2 weeks after placement, when the treatment was completed. Steroids were continued until

CT demonstrated reduction of edema.

(16) — 224 —

—295—



Stereotactic implantation of RF antennas « H. Takahashi et al.

Patients

A total of 144 procedures (108 for gliomas, 24 for metastatic tumors, 5 for malignant lymphomas, 5
for meningiomas, and 2 for other tumors) in 125 patients with brain tumors to be treated with
hyperthermia were preformed and the patients underwent implantation surgery for RF antennas and

catheters for thermistor probes.

Results
Numbers of RF antennas
The numbers of RF antenna insertions were one in each of 85 cases, two in 43 cases, three in 2 cases,

four in 12 cases, five in 1 case and six in 1 case.

Completion rate
Surgical insertion of RF antennas was achieved successfully in 138 of 144 procedures (95.8%). In

six of these patients, 3 patients were observed to have intratumoral hemorrhage after surgery, one patient

Fig. 4.

®)

(@
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had liquorrhea, and another 2 patients had misimplanted electrodes. Incompletion rate was 4.2%.
Figure 4 shows a representative case. Figure 4-a is a preoperative CT scan and it shows a left frontal

glioblastoma with ring enhancement. Figure 4-b and 4-c are postimplantation CT scans. Four RF

antennas were implanted into the square of the tumor. Figure 4-d shows posttreatment CT scans and the

necrosis of the tumor due to hyperthermia.

Complications

Intratumoral Kemorrhage was observed in five patients. Three of these patients had massive
hematoma and hyperthermic potentiation was discontinued ; the remaining 2 cases had only a small
amount of hemorrhage and treatment was continued. Liquorrhea (one case), infection (two cases), and
dislocation of RF antennas (two cases) were also noted.

Figure 5 shows a representative case with complication. Figure 5-a is a preoperative CT scan and
shows a right thalamic glioma with hydrocephalus. Postoperative CT revealed intratumoral hemorrhage
(Fig. 5-b). The patient underwent a craniotomy and evacuation of the hematoma. Then, the patient
underwent radiotherapy alone without hyperthermia. Figure 5-¢ shows posttreatment CT, and the
tumor is seen to remain.

The hyperthermic treatments were rather well tolerated.

Fig. 5.

Fig. 6.
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Fig. 7.

(b)

Discussion

Various hyperthermic treatments have been clinically applied to brain tumors®*¥). Methods such
as microwave treatment®~? RF!? and ferromagnetic implants'® have been used, but there is no currently
established method. In brain tumors, indication for hyperthermia is malignant glioma'®. This is
because surgical removal of deep-seated malignant gliomas is contraindicated, and surgery tends to be
used only for biopsy!®. Using a stereotaxic instrument, biopsy is performed using a burr-hole method
under local anesthesia, and a specimen is obtained from the tumor center'®. RF antenna implantation
is performed after having obtained tissue in a 3-mm probe from a 3.8-mm burr hole made using an electric
burr. It is a characteristic of brain hyperthermic treatment that electrode implantation can be performed
in a predetermined precise manner using a stereotaxic instrument. In hyperthermic treatment of the
brain, two functional points are required to avoid edema: not heating an area beyond 43°C and RF
electrode positioning.

Malignant gliomas have a central necrosis, and active tumorous tissue forms their circumference.
The tumor shows an area of contrast enhancement on CT or MRI that lies scattered out in the
circumference. The reasons that interstitial hyperthermic treatment is chosen for malignant glioma are
as follows. Firstly, hyperthermic potentiation is suitable to heat the tumor center because there is little
blood flow there. Secondly, the effect of radiotherapy and chemotherapy on the tumor center is inferior.
It is thought in particular that interstitial hyperthermia in which temperature distribution acts
centrifugally on the tumor is reasonable for the treatment of malignant gliomas:

Specific technology is not needed for RF antenna implantation ; routine brain stereotactic biopsy
techniques are used. We make a small perforation in the skull using an electric burr and insert the RF
antenna into the tumor using a specific probe. It is easy to position a catheter for a thermistor probe
perpendicular to an electrode inserted in the tumor center with a stereotaxic instrument, and intratumoral
temperature distribution can then be known during the nearby heating in real time. There is a tendency
to use a template for the electrode implantation at other sites where hyperthermia has been used®, but a

template is unnecessary where a stereotaxic instrument is available. In addition, a stereotaxic instrument
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is advantageous because its accuracy is higher than that of template placement. We can use the tumor
border as a reference point for precise placement of the thermistor catheter, and this can then be used to
monitor the heating of the tumor to 42-43°C.

There is a report concerning the complications of biopsy by stereotaxic technique based on the
experience of 201 cases in our institute'®. Hemorrhage as a maximal complication of tumor biopsy is
found in around 2% of cases. Hemorrhage in a tumor as a complication was present in 5 cases of
electrode implantation surgery, and in 3 cases hyperthermic treatment was not possible. In addition, we
often found that neurological symptoms worsened after biopsy and electrode implantation in malignant
glioma. Brain edema became intense in two cases ; hyperosmotic solution and steroid were used after
the electrode implantation. Because an electrode is directly inserted through a small skin incision,
liquorrhea and infection was experienced in this series. It was important to use a steroid for malignant
glioma patients. However, this problem is resolved due to electrode removal 2 weeks after treatment.
The mislocation of electrodes is also a major problem, in which case it is impossible to treat the tumor
hyperthermically. An error in the use of the stereotaxic instrument, an error in CT planning or a gap
in the small burr hole is regarded as elements of mislocation. The single largest cause of placement
errors is an electrode fixation gap on the scalp.

The achievement of a 98% yield in correct electrode implantation without many complications rates
this as a suitable surgical procedure. However, the future establishment of a noninvasive heating method

is desirable.
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