2.4.7.05

Electrical transcranial stimulator for monitoring during neurosurgery
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Abstract: Some surgical operations may cause damages
of nervous pathways. MEP monitoring would improve
the safety of operations, but is only seldom used. Main
reason for this is the lack of suitable stimulation method.
We have developed an electrical transcranial stimulator
for MEP monitoring. The stimulator produces constant
current pulses of high amplitude (max. 1A) and short
duration (10-100ps). Stimulus can consist of single pulses
or pulse trains with high repetition ratio (e.g. 500 1/s).
Our stimulator is safe, gives controlled stimulus with
good repeatability, and elicits MEPs insensitive to the
effects of anesthetics.

INTRODUCTION
Surgical operations on the brain and the spine region
often involve a risk for permanent neurological damages.
They may be caused by mechanical obstruction of nerves or

by ischemia. The functioning of nervous pathways can be
monitored by measuring evoked potentials over the operation area. Such monitoring gives an early warning of condition, which, if prolonged, would lead to complications.
Reliable monitoring method also provides reassurance to the
srugeon, as it otherwise may be difficult to know, whether
the performed procedure is safe or not.
Somatosensory evoked potentials (SEP) are often used
for monitoring. However, even if SEP monitoring gives no
indication of neural impairment during the operation, a loss
in motor function may still occur; sensory and motor pathways are located in different parts of the spine, and their
blood supply is separate. Thus, monitoring of MEPs, in
addition to SEPs, may improve the safety and quality of
operations.

For MEP monitoring, a proper motor stimulation method
is needed. Electrical stimulation of exposed human cortex
has been performed since the end of 19th century [1]. The
first practical method for transcranial stimulation of cortex
was introduced in 1980 by Merton and Morton, who used
single capacitor discharge pulses as stimuli l2l. In 1985,
Barker et al. presented the magnetic transcranial stimulation
method [3]. Unfortunately, these transcranial stimulation
methods do not fulfill the requirements placed for monitoring during stugery. The main drawback is the influence of
anesthetics on MEPs.
On conscious patients, single pulse electrical and magnetic stimulation of cortex evokes multiple volleys descending the pyramidal tract [5]. The so called D-wave (D for
direct) originates from direct excitation of pyramidal axons
and is always present with the electrical stimulation. The so
called I-waves (I for indirect) are ffans-synaptic signals originating from the cortex. The l-waves are present both with

magnetic and electrical stimulation. The number of waves
depends on stimulation amplitude. Under general anesthesia, especially if using inhaled halogenated agents, the cortical excitability is suppressed [6]. This will lead to
disappearance of I-waves, and only D-wave remains. This
single volley is not able to bring the motoneruons into firing,
but several volleys would be needed.
Another drawback, concerning primarily the electrical
stimulation method, is the produced pain [8]. Pain has sig-

nificance in monitoring application because control measurements may be performed for awake patients before and
after the operation.
The purpose of this study was to develop a non-invasive
stimulation method, which could be used for MEP monitoring during general anesthesia. Such a method would promote the use of MEP monitoring during srugery.

METHODS
The pain produced by transcranial electrical stimulation
can be affected by altering the stimulus waveform. Corticospinal tract starting from the motor cortex consists of
thick myelinated nerve fibers. Thus, they are very fast to
react on excitation. On the other hand, the sensory receptors

of the scalp are slow. Hence, minimum pain level

is

achieved by using very short stimulation pulses [7].

Pulse trains with high repetition ratio can be used to
overcome the effects of anesthetics on MEPs. This was demonstrated by Taniguchi et al. with direct electrical stimulation [4]. Pulse train produces a response on the corticospinal tract consisting of many D-waves, one for each pulse.
The pulse interval is selected to be approximately the same
as the time between the successive volleys of the multivolley
response for alert patients. Thus, response to a pulse train
effectively simulates the multivolley response consisting of

D and I waves.
Constant current pulses are generally favored over constant voltage pulses with transcutaneous nerve stimulation.
The variation in the electrode-to-skin impedance affects the
current amplitude with constant voltage pulses, whereas
with the current pulses the amplitude is independent on the
inter-electrode imped ance.
RESULTS
We have constructed an electical transcranial stimulator,
which produces constant current pulses with short duration
and high amplitude. The pulse length can be adjusted in the
range from 10 to 100 ps and the amplitude in the range from
0 to 1000 mA. The stimuli can be given as single pulses or
pulse trains with a high repetition ratio. The repetition ratio
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can be adjusted in the range from 100 to 500 pulses per
second. 500 l/s is the favored repetition rate for MEP
monitoring during anesthesia [4].
The use of constant current stimulation is mandatory to
insure the good repeatability and control of the stimuli.
Variation in the electrode-to-skin impedance is actively
compensated for by the output circuitry of the stimulator,
thus the amplitude adjustment is reliable and accurate.
Furthermore, deteriorated electrode contacts are immediately detected by the stimulator and indicated to the user.
The electrical safety is guaranteed by using an isolation transfonner in the stimulator output. A special design
was needed for the transfonner because of the high voltage-time product and the low output impedance involved.
The output impedance with the amplitudes used is in the
order of few hundreds of ohms.

capacitor discharge stimulators. Some problems still
remain: the muscle responses may be attenuated by muscle
relaxants, and response on scalp and neck muscles may
sometimes interfere with the operation. However, taken
these facts into account, practical and reliable MEP monitoring can be achieved. Furthermore, the same method can
be used for pre and post-operation control measurements.

DISCUSSION

t4l M. Taniguchi, C. Cedzrch,

An ideal MEP monitoring method should have the following properties [9]:

.
.
.
.

Is reliable in the operating room
Is non-invasive
Provides fast updates of data

t1l R.Bartholow, "Experimental investigations into the
functions of the human brain", Am.J.Med.Sci., vol. 67,
pp. 305-313,1874.
t2l P.A. Merton, and H.B. Morton, "Stimulation of the
cerebral cortex in the intact human subject", Nature,

vol.285, p.227,1980.

t3l A.T. Barker, and R. Jalinous, "Non-invasive
stimulation of human motor cortex", THE LANCET, i,
1106-1107,1985.

potentials under general anesthesia: technical
description", Neurosurg.,

Allows for separate monitoring of the corticospinal

.

electromyographic response evoked by transcranial
electrical stimulation of the cortex", Neurosurg., vol.
24, pp.253-256, 1989.

Allows MEP monitoring during the administration of
genated anesthetic s and muscle rel axants.

Can be used for control measurements before and after
the operation.
Three methods may be used to elicit MEPs: direct elec-

trical stimulation, transcranial electrical stimulation, and
transcranial magnetic stimulation. None of them fulfills all
of the aforementioned requirements.

Direct electrical stimulation may be performed on
exposed cortex or on spine using needle electrodes. The

, i

e

.1

.r 1 .

marn orawDacK oI me memoo ls lnvaslveness.
The magnetic transcranial stimulation method is

ol. 32, pp. 219 -226, 1993.

t6l J. Zentner, I. Kiss, and A. Ebner, "Influence of
anesthetics - nitrous oxide in particular - on

17l

Does not interfere with the surgical procedure.
h alo

v

[5] B.L. Day, J.C. Rothwell, P.D. Thompson, J.P.J Dick,
J.M.A. Cowan, A. Berardelli, and C.D. Marsden,
"Motor cortex stimulation in intact man: 2. multiple
descending volleys", Brain, vol. 110, pp. ll9l-1209,

tracts for upper and lower extremities.

.
.

gener-

L.A. Geddes, "Optimal stimulus duration for

extracranial cortical stimulation", Neurosurg., vol. 20,
pp.94-99,1987 .
t8l V.Häkkinen, H. Eskola, A. Yli-Hankala, T. Nurmikko,
and S. Kolehmainen, "Which structures are sensitive to
painful transcranial electric stimulation?", EMG clin.
Neurophysiol., vol. 35, pp. 377-383,199-5.
t9l V. Deletis, "Intraoperative monitoring of the functional

integrity of the motor pathways", in Electrical and

Magnetic Stimulation of the Brain and Spinal Cord (O.
Devinsky, A. Beric, and M. Dogali, eds.), pp.20L-214,
Raven Press, Ltd., New York, 1993.
t10l J. Malmivuo, R. Plonsey, "Bioelectromagnetism principles. a1d-appLications of bioelectric and
biomagnetic fields" Oxford University Press. New
York' 1995'

ally favored for clinical investigations because it

is
regarded painless, whereas the electrical transcranial stimulation produces discomfort to the patient. However, mag-

netic stimulation is not practical for monitoring during
sugery. Variation in the position of hand held stimulation

coil affects repeatability. The strong magnetic field may
affect other electronic devices and metallic parts. Stimulus
is less focused than with other methods [10]. Bringing the
stimulation coil into the operation area may interfere the
surgical procedure. First of all, magnetic stimulation is
very sensitive to anesthetics.
Hence, the transcranial electrical stimulation is the best
choice for monitoring purposes. Furthermore, constant
current stimulation with short pulses and fast pulse trains
of our stimulator provide a major improvement over
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