B ioe lectro m a g n eti c Mea s u re m e n ts

L27

@

Method for Measuring Resistivities for Intracranial Tissues in Vivo
Juha Latikkal, Timo Kuurne2, Jaakko Malmivuot, Han ru Eskolal
t

Ragnu. Granit Institute, Tampere University of Technology,
P.O.Box 692, FI-33101 Tampere, FINLAND
2
Department of Neurosurgery, Tampere University Hospital
P.O.Box 2000, FI-33521 Tampere, FINLAND

is

Abstract: Commercial surgical pain treatment equipment

electrode method, which

with option for resistivity measurements wos used to
measure resistivities for intracranial tissues. Measurements

measurements. The advantage

were done during brain surgeries along the same paths the
surgeries were done to ovoid any additional tissue damage,
System was calibrated with dry and liquid phantoms and
drfting was controlled with intraoperative saline
measurements. The method has been used in 8 brain
surgeries. In spite of certain restrictions, we consider the
method as a reliable way to measure the real resistivities of
the living intracranial tissues.

also used in resistivity
of four-electrode method is

it has not the polarization effects the two-electrode
system has. However, electrodes in four-electrode method
damage more tissue and all the four electrodes are seldom
in the same tissue.
The chosen equipment had measurement frequency of
50 kHz, which has been used in various other studies. This
provides the possibility to compare measured values to
previously reported ones. The measurement frequency is
also low enough to provide decent values to be used in EEG
that

computer models.

INTRODUCTION
METHOD

Cranial tissue resistivity values are useful in
electroencephalography (EEG) and magnetoencephalography (MEG) studies, both magnetic and electric

stimulation, impedance tomography and neuronavigation.

In EEG source localization computer models

are

constructed from human head where different tissue types
are separated from magnetic resonance images (MRI)[]. In
these models, resistivity values of different intracranial
tissues are needed to describe the conduction of currents
from their sources to head surface [2], [3]. Tissue resistivity
measurements have been used in neuronavigation to locate
biopsy sites [4].
Resistivities for intracranial tissues have been measured
from tissue samples and from living animals by several
researchers [5],[6]. Measurements should be made from
living tissues, because tissue resistivity increases after
death. There is a decrease of 620Ä in the current reaching
the brain after death, compared with the situation in the
living piglet. [7] Temperature of measured tissue is also an

important factor. It has been reported that cerebrospinal
fluid has approximately 23%o higher conductivity in 37 0C
oC
than in 25
[8]. The gray and white matters of the brain
tissue have also temperature dependence, which has been

shown with dog brain [6] and with rat brain [9].
It is possible to measure tissue resistivities from tissue
samples with various methods. However, this is not the case
in in vivo measurements. It is not possible to place tissue
between large plates or to apply high pressure to tissues in

order to provide good contact. Therefore in vivo
measurements should be made with needle electrodes or
indirect methods. Indirect methods are currently under
development, but direct measurements are needed to veri$
the results.

In this study, needle electrode and a large ground plate

Tissue resistivity values were measured
monopolar needle electrode during brain

with

a

surgery.
Commercial pain treatment equipment (F. L. Fischer Neuro
N50) was used for this task. Neuro N50 is usually used to
perform pallidotomy in the treatment of Parkinson's disease

and electrocoagulation

of

trigeminus nerve.

It

has

also

options for the resistivity measurements which should guide
the surgeon to navigate through chambers of the brain to
target.

Measurement electrode was TCU 301 with exposed tip
2mm. The electrode is designed to be used in
neurosurgery. It is not too sharp to penetrate blood vessels.
It pushes them aside without damaging them. Disposable

of

reference electrode had an area of 170 cm'. [t was placed on
opposite side of head with one patient, and on hip with the
rest of the patients. Liquid and dry phantoms were used to
calibrate measurement system. Resistivity of saline wash
was measured during operations to control possible drifting
of the equipment. The temperature of measured saline wash
was also recorded.
Measurements were performed along the same path that

the brain surgery was. This way any additional tissue
damage was avoided. All patients had brain tumor that was
removed in the surgery. If the tumor was on the surface of
the brain, measurements were not made because any
healthy tissue was not penetrated during the surgery. Neuro

N50 uses 2pA, 50kHz sinusoidal current for resistivity
measurement.
The measurements were approved by the ethical council
of Tampere University Hospital (TUH). Resistivity values

were measured from 8 patients, aged 32 - 87 years. Of
these, 6 were male patients, aged 32-70, and 2 were female
patients, aged 87 and 63.

was used to perform resistivity measurements. This
arrangement provides better spatial resolution than four-
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RESULTS
Measurement equipment

was easy and safe to

DISCUSSION
Resistivity values differ from the values measured from
tissue samples [5]. This is probably due to the fact that most
of the data collected in previous studies were taken from
excised tissues within minutes or hours after excitation.
Measurements were subjected for several error sources.

for washing, and CSF leakage
decreased the resistivity of measured tissue. On the other
hand, anaesthetic decreased the blood and the CSF volume
in the brain, thus increasing the measured resistivity value.
Bleeding, saline used

Grey matter resistivity increased during operations, which

is most likely due to dehydration. All measurements were
made near tumor locations. Malignant tumors diffuse to
nearby tissues. Therefore, it is possible that all
measurements were not made from healthy tissues.
Tissue resistivity values varied quite much between
patients. However, values for a single patient were more

stable and it was possible to detect tissue boundaries
between gray matter, white matter, tumor tissues and CSF
for each patient.
Needle electrode could also be used in intraoperative
impedance monitoring, which could be valuable in
improving accuracy of stereotactic procedures in the
clinical setting [l0]. Intraoperative brain deformation is an
important source of error that needs to be considered when
using surgical navigation systems

I

l].

Work has also been done to develop method where
tissue resistivities could be determined with magnetic
resonance imaging (MRI) l7l, ll2) or indirectly with
current injection from EEG electrodes [13]. We believe that

our direct method could be used in verification of

these

indirect, noninvasive methods.
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