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Abstract—Impedance cardiography ~ICG! offers a safe, noninvasive, and inexpensive method to track stroke volume estimates over long periods of time. Several modified ICG measurement configurations have been suggested where for
convenience or improved performance the standard band electrodes are replaced with electrocardiogram electrodes. This report assesses the sensitivity of the conventional and three modified ICG methods in detecting regional conductivity changes in
the simulated human thorax. The theoretical analyses of the
measurement sensitivity employ the reciprocity theorem and
the lead field theory with a highly detailed, anatomically accurate, three-dimensional computer thorax model. This model is
based on the finite-difference element method and the U.S.
National Library of Medicine’s Visible Human Man anatomy
data. The results obtained indicate that the conventional fourband ICG is not specifically sensitive to detect conductivity
changes in the region of the heart, aortas, and lungs. Analyzed
modified electrode configurations do not reproduce exactly the
measurement sensitivity distribution of the conventional fourband ICG. Thus, although the signals measured with modified
spot arrangements may appear similar to the four-band configuration, the distribution of the signal origin may not be the
same. Changing from band to spot electrodes does not overcome the methodological problems associated with ICG.
© 1998 Biomedical Engineering Society.
@S0090-6964~98!00405-6#

methods for SV derived from this periodic
change.2,13,17,18,24,25 This report assesses the sensitivity of
the conventional and three modified impedance cardiography ~ICG! methods in detecting regional conductivity
changes in the simulated human thorax. In ICG, it is the
real pumping action of the heart and other mechanical
events in the cardiovascular system which contribute to
the measured signal, and not the electrical functioning of
the heart as in electrocardiography.
The major problem in cardiovascular impedance measurements is the inability to relate accurately the measured impedance wave forms to the actual mechanical
activity of the heart and subsequent blood volume
changes occurring in it. Because the theoretical basis of
ICG systems remains controversial, their acceptance has
strongly relied on empirical validation. Fuller reviewed
75 studies comparing ICG-derived cardiac output as established by the Kubicek et al.13 and Sramek24 methods
with thermodilution, dye dilution, the Fick technique,
and radionuclear angiography, finding the meanweighted correlation coefficient (r) to be 0.81.4 However, according to a report by the U.S. Public Health
Service, the range of r for various studies was from only
0.17 to 1.0.7 The methodological difficulties evidently
sometimes responsible for poor correlations discourage
utilization of the impedance methods even though most
results strongly support them. This would suggest that
the models underlying the development of ICG methodology have not been sufficiently realistic.
Numerous suggestions for alternative electrode positioning are described in the literature.2,9,21,22,27,28,30 The
goal in these empirical undertakings has often been the
achievement of the conventional ICG wave form obtained with Kubicek’s four-band electrode system but
with simpler and more convenient electrode settings.
The origin of the ICG signal has been investigated in
a number of studies using resistive properties of the
human thorax and computer modeling.12,20,26,29 The potential of the ICG leads to detect resistivity changes in
the volume conductor can be obtained by changing the

Keywords—Modeling, Cardiography, Impedance, Electrodes,
Bioelectromagnetism.

INTRODUCTION
Measurement of thoracic electrical impedance has
been practiced since the 1930s.1 The first practical
method for determination of cardiac function in a clinical
setting was introduced by Kubicek and co-workers in the
1960s, together with the original stroke volume ~SV!
formula based on elementary physics.13,14,18 Since the
functioning of the heart is obviously partly responsible
for variations in the electrical impedance signal, many
investigators have developed and formulated calculation
Address correspondence to Pasi K. Kauppinen, Ragnar Granit Institute, Tampere University of Technology, P.O. Box 692, FIN33101 Tampere, Finland. Electronic mail: k113721@ee.tut.fi
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conductivity values of the constructed model and then
calculating the subsequent difference in basal impedance.
With this procedure, the ability of a lead to detect the
total conductivity changes generated in specific regions
can be calculated. However, to the best of our knowledge, no studies have been published in which the sensitivity of ICG measurement to detect conductivity
changes in different tissues and organs had been analyzed in the entire area of the thorax giving the sensitivity distribution of the measurement; rather, the contribution from conductivity or geometry changes in some
regions of the thorax has been estimated and modeled. It
is difficult to decide what quantitative changes in different conductivities are brought about as a result of cardiac
function and how to simulate them accurately.
A detailed, anatomically accurate finite-difference element method ~FDM! computer model of the human
thorax and head was developed as part of an effort to
understand the formation and source of the ICG signal.
The reciprocity theorem and the lead field theory6,16 were
used to determine the ICG measurement sensitivity distribution in the whole modeled volume. The lead field
theory and reciprocity theorem provide a means of obtaining and investigating in detail the sensitivity of the
ICG measurement, and yield information as to how different regions contribute to the basal impedance and how
conductivity changes in a certain region affect the timevarying component. The goal was to establish how sensitive ICG measurements are to detect regional conductivity changes occurring in different tissues and organs in
the human thorax. Four ICG configurations were simulated and analyzed using the FDM model. In addition to
the conventional four-band electrode arrangement, alternative spot electrode configurations suggested by Penney
et al.,22 Woltjer et al.,28 and Bernstein2 were simulated
and analyzed.

METHODS
Computational Approach
In the frequency range generally used in ICG, the
human body can be conceived of as a piecewise, homogeneous, and resistive system, neglecting the reactive
effects of the body.16 If it is also assumed that the thorax
is a source-free region, that the magnetic fields in it are
negligible, and that the current flow normal to the body
surface is zero except under the electrodes, then the
governing equation of the electrical properties of the
human body is the generalized Laplace equation. In the
orthogonal Cartesian coordinate system, this equation is
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where F is potential and s x , s y , and s z are the conductivities in the x, y, and z directions, respectively,
throughout the thorax. This form of the Laplace equation
is uniquely solved by setting body surface points in contact with the electrodes to the set potential to drive the
solution.
To discretize and utilize Eq. ~1! in the naturally
shaped torso geometry, numerical methods such as the
finite-difference, finite-element ~FEM!, and boundaryelement methods ~BEM! are widely used.11 Of these,
FDM offers an easy method to code and implement the
complicated structures of the human thorax. Further,
FDM gives the solution at all elements in the model,
providing detailed information on simulated field distributions. The major drawback in this approach is the high
demand it makes on computational resources as the
model, if accurate, contains several hundreds of thousands of elements.
Visible Human Man Data and Model Construction
To yield useful information, the FDM model must
employ the anatomy of actual human structures. We
therefore employed a particularly accurate source of anatomical data, the U.S. National Library of Medicine’s
Visible Human Project, which provides complete, anatomically highly detailed representations of the male human body.15 Transverse computed tomography, magnetic
resonance, and unique cryosection images of a representative adult cadaver are available, forming a viable platform for model constructions and experiments. The Visible Human Man cryosection data set comprises 1871
images of a male cadaver at 1 mm intervals. The original
cryosection images are 2048 by 1216 pixels in 24-bit
color, resulting in about 14 gigabytes of data in size. A
total of 118 images from the top of the head to the pelvis
were selected for postprocessing and model construction.
For data storage and image analysis the accuracy of the
images was reduced to 2503250 pixels using an 8-bit
gray scale color map. This accuracy was sufficient for
modeling purposes.
The selected 118 images were segmented using a
modified image enhancement, amplitude segmentation,
region growing, decision tree ~IARD! volume segmentation method which directly provides volume elements of
anatomy data for FDM mesh generation.8 Optional lowpass filtering, multiple amplitude segmentations, region
growing, and decision trees were applied for the semiautomatic segmentation procedure. Additional manual
editing allowed classification of the smallest details.
All structures visible in the reduced-accuracy data
were segmented, resulting in 28 classified tissue types as
presented in Table 1. The total number of identified
voxels @three-dimensional ~3D! volume elements# was
approximately 4,000,000. Spatial resolution in medial–

696

KAUPPINEN, HYTTINEN, and MALMIVUO

TABLE 1. Resistivity values used in the model study „Refs.
5, 23, and 26….
Organ/tissue
Air
Skeletal muscle
Fat
Bone
Skull
Gray matter, white matter
Stomach
Liver
Left lung, right lung
Heart muscle
Heart fat
Blood massesa
Other tissues and organs

resistivity (V cm)
1010
400
2000
2000
17,760
222
400
600
1325
450
2000
150
460

a

Classified blood masses include left atrium, right atrium, left
ventricle, right ventricle, aortic arch, ascending aorta, descending aorta, superior vena cava, inferior vena cava, carotid artery,
jugular vein, pulmonary artery, pulmonary vein, other blood.

lateral and anterior–posterior directions was approximately 1.7 mm/pixel while in the cranial–caudal direction, based on the slice numbers selected for the model
construction, resolution varied from 4 to 30 mm. As an
example, a postprocessed 250 by 250 8-bit transversal
cryosection image and a segmented image are shown in
Fig. 1. The 3D reconstruction of the model surface is
seen in Fig. 2.
Equation ~1! was discretized for FDM calculation using hexahedral ~cubic! elements describing the anatomy
structures of the thorax and head. Each element was
assigned a resistivity value for the corresponding tissue
based on previous studies;5,23,26 the values are listed in
Table 1. A large, sparse system of linear equations describing the potentials throughout the conductive model
was set up using Ohm’s and Kirchoff’s laws at each
node. Each equation described the potential at one discrete node as a function of the potentials at the adjacent
nodes. To keep the number of elements in the model to
a manageable level with the available resources, the
maximum accuracy of the segmented data was not used.
A nonuniform rectangular grid was used to approximate

the segmented data, reducing the number of volumetric
elements to 477,611. The resolution of these elements
ranged from 0.011 cm3 in the region of the heart to
0.78 cm3 further from the heart. The resulting system
with selected boundary conditions, i.e., electrode configurations, was solved using an iterative successive
over-relaxation method.10

Calculation of ICG Sensitivity Distribution
The ability of an ICG lead system to detect conductivity changes in various tissues and organs, i.e., the
sensitivity distribution, can be obtained by using volume
conductor analysis involving the lead field theory and
reciprocal energization of leads.6,16 Each cell, organ, and
tissue makes its contribution to the formation of the
impedance signal. With the lead field method these contributions can be taken into account and simulated simultaneously. According to Geselowitz,6 the measured impedance change DZ can be evaluated from the change in
conductivity within a volume conductor Ds and the sensitivity distribution S by
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The measurement sensitivity S is obtained by first determining the current field generated by a unit current applied to the current injection electrodes. This current
field in the volume conductor forms the lead field of the
current injection electrodes. The second lead field is then
obtained by calculating the current field produced by a
reciprocally injected unit current between the voltage
measurement electrodes. These two current fields, or lead
fields, form the combined sensitivity field of the ICG
measurement as follows:

S5JLE •JLI ,

~3!

FIGURE 1. Example of a reducedaccuracy transversal cryosection image
together with the resultant segmented
image.
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FIGURE 2. Placement of the electrodes
on the surface of the FDM model. „a… The
conventional band, „b… four-spot, „c…
eight-spot, and „d… nine-spot electrode
configurations. Locations of black spots
are used for current injection and white
spots for voltage detection in actual measurements.

where S is the scalar field giving the sensitivity to conductivity changes at each location in the model, JLI is
the lead field produced by current excitation electrodes,
and JLE the lead field produced by the reciprocal energization of voltage measurement leads.6,16 Thus, sensitivity at each location depends solely on the angle and
magnitude of the two fields and can be either positive,
negative, or null; e.g., in a region of null sensitivity,
slight changes in conductivity are not sensed, while increasing conductivity in a region of negative sensitivity
will result in increasing impedance. The overall sensitivity of any tissue type in contributing to the measured
basal signal is obtained by integrating the sensitivity
values of the tissue over the volume it occupies. This
sensitivity value can be compared with the total sensitivity of the model to obtain a quantitative measure of
the tissue type contributing to the basal impedance and
measurement sensitivity. Predictions as to how the timevarying signal is composed can be based on this information. For example, if the heart produces 6% of the
total sensitivity and basal impedance, then a 10% increase in heart conductivity would yield an approximately 0.6% decrease in the impedance reading. If the
heart conductivity is decreased, then the impedance signal will be increased. Thus, approximations of quantitative changes occurring in different regions are not
needed to obtain the sensitivity distribution of any impedance measurement system. This is the substantial feature in the reciprocal energization of leads and utilization
of the lead field theory.
Simulation of ICG Measurement Configurations
Simulations were conducted to obtain the basal impedance Z0 , lead fields in the thorax generated by the
current and the measurement leads JLI and JLE , and the
resulting measurement sensitivity distribution S for four
different ICG electrode configurations:
~a!

original configuration by Kubicek et al. using four
band electrodes;13

~b!
~c!
~d!

configuration by Penney et al. using four spot
electrodes;22
configuration by Bernstein using eight spot
electrodes;2
configuration proposed by Woltjer et al. using nine
spot electrodes.28

Figure 2 illustrates the approximate locations of the
electrodes for each case shown on the surface of the
developed FDM model. In the original Kubicek system
@Fig. 2~a!#, circumferential band electrodes were applied
around the ends of the thorax. Outer, current injection
electrodes, and inner voltage sensing electrodes, were
located at the lower stomach and upper neck. The distances in the model between the potential and current
electrodes on the neck and stomach were 3.2 and 6.4 cm,
respectively. In Penney’s configuration @Fig. 2~b!#, two
electrodes were placed at the base of the neck centered
about C-7 and laterally 6 cm apart. Another two were
located below the heart on the left anterolateral chest
surface, one at the end of the ninth intercostal space and
the other 8 cm from the first in the tenth intercostal
space. The current was injected between the electrode on
the right of the neck and that at the end of the ninth
intercostal space. The voltage was measured between the
remaining pair. In Bernstein’s system @Fig. 2~c!#, eight
laterally placed spot electrodes were used. Two current
injection electrodes were positioned at the base of the
neck and another two on the abdomen 5 cm from the
xiphoid of the sternum. The voltage pickup electrodes
were placed at the level of the xiphisternal joint and 4.8
cm below the upper current electrodes. In Woltjer’s configuration @Fig. 2~d!#, four current injection spot electrodes were placed on the abdomen 20 cm from the
xiphoid of the sternum and one on the forehead. Two
voltage electrodes were placed laterally 15 cm cranially
from the abdominal current electrodes and another two
laterally on each side of the glottis.
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TABLE 2. Simulated Z 0 for each electrode configuration.

Z 0 (V)

Electrode configuration
Conventional
Four spot
Eight spot
Nine spot

26.3
32.7
28.5
34.3

RESULTS
Table 3 presents the main results of the computer
simulations. Sensitivity distributions are visualized in
Fig. 4. The calculated basal impedances for each case are
given in Table 2. The total volume of the model was
60.9l. The volume of the blood masses and the heart
muscle was 0.94l ~1.54%!. The relative contribution of
the blood masses, heart muscle, and lungs to Z 0 are
summed at the end of Table 3. Together these tissues
occupied 4.36l ~7.16%! of the total model volume.
A complete list of contributions from each organ and
tissue to the basal impedance and measurement sensitivity is given in Table 3. None of the setups was specifically sensitive to detect resistivity changes in the region
of the blood masses, heart muscle, or lungs. More than
55% of the measurement sensitivity was concentrated in
the skeletal muscle, which also occupied the largest vol-

ume in the model. The total contribution from the ventricles, aortas, carotid artery, and jugular vein in cases
1–4 was 3.06%, 2.36%, 3.66%, and 3.39%, respectively.
Relative contributions from tissues and organs generally considered important in the genesis of an ICG signal
are compared against the conventional band electrode
configuration in Fig. 3. The four-spot configuration was
over 60% more sensitive as the others in detecting conductivity changes occurring in the heart, atria, and ventricles. On the other hand, it was almost 60% less sensitive in the case of changes occurring in the vessels of
the neck region. Using the eight-spot electrodes the sensitivity was concentrated more on the carotid artery and
jugular vein, vena cavas, and aortas, and less on other
blood masses. The nine-spot configuration likewise produced higher sensitivities in the same regions as the
eight-spot configuration. Only in the lungs was a slight
decrease in sensitivity detected. Generally, differences in
sensitivities from the band electrode setup were mainly
due to more nonuniform lead field flow lines close to the
electrodes as well as deeper in the thorax. This is further
illustrated in the frontal and transversal sensitivity images shown in Fig. 4. Sensitivity at the midfrontal plane
was most uniform with the band setting and least uniform with the eight-spot setting. Using the band electrodes the transversal sensitivity image showed a signifi-

TABLE 3. The total contribution „%… from each tissue type and organ to the simulated basal
value of impedance and measurement sensitivity distribution. The relative contribution from
all blood masses, heart muscle, and lungs is given at the end of the table.
Organ/tissue

Conventional

Four-spot

Eight-spot

Nine-spot

Skeletal muscle
Fat
Bones
Brain
Stomach
Liver
Left lung
Right lung
Heart muscle
Heart fat
Left atrium
Right atrium
Left ventricle
Right ventricle
Aortic arch
Ascending aorta
Descending aorta
Superior vena cava
Inferior vena cava
Carotid artery
Jugular vein
Pulmonary artery
Pulmonary vein
Other blood
Other tissues and organs

67.0
9.95
3.41
0.045
0.970
1.59
4.64
4.15
0.868
0.296
0.069
0.599
0.051
0.413
0.266
0.175
0.227
0.361
0.222
0.340
1.59
0.291
0.124
0.821
1.49

56.9
18.0
2.72
0.026
2.65
2.73
5.37
3.50
1.54
0.426
0.107
0.644
0.105
0.864
0.202
0.157
0.237
0.291
0.174
0.169
0.629
0.308
0.141
0.675
1.22

63.3
11.0
2.72
0.047
0.732
1.16
4.77
4.23
0.933
0.293
0.071
0.616
0.055
0.376
0.296
0.189
0.246
0.405
0.312
0.311
2.19
0.301
0.125
0.394
4.84

62.0
11.9
2.70
0.522
2.11
3.05
4.13
3.96
0.906
0.292
0.068
0.613
0.052
0.393
0.255
0.172
0.248
0.368
0.388
0.294
1.97
0.272
0.116
0.747
2.31

( of contrib. from blood, heart, and lungs

15.2

15.1

15.8

15.0
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FIGURE 3. Changes in the relative contribution from some
organs and tissues occurring when replacing conventional
band with spot electrode configurations. The total change
given includes only the tissue types shown in the graph.

cant source of signal from the posterior side of the
thorax. The four-spot configuration caused a more concentrated current flow in the left side of the thorax,
which increased the sensitivity on that side.

The results obtained with the simulation study emphasized the multiregional sampling sensitivity and information content of the measured impedance signal. While
results given in Table 3 quantify the theoretical formation of Z 0 and the subsequent measurement sensitivity
distribution, uncertainty remains as to how conductivity
varies throughout the thorax during the cardiac cycle.
Sensitivity distributions only give a tool to approximate
how certain conductivity change affects the measured
DZ signal. Furthermore, the simulations were conducted
only on a simplified and idealized volume conductor
model constructed from cryosection images based on one
individual representing one time instant of the cardiac
cycle. It thus had its limitations. During the cardiac
cycle, geometrical, dielectric, and resistivity changes affect the electrical properties of the thorax as a volume
conductor. These periodic changes must to some degree
alter the spatial sensitivity of any ICG measurement.
Wang and Patterson studied the geometrical changes between systole and diastole on the ICG signal and found

FIGURE 4. Midfrontal and transversal views of sensitivity field distributions. „a… Conventional band, „b… four-spot, „c… eight-spot,
and „d… nine-spot configurations. Zero sensitivity is indicated with black color, positive sensitivities are visualized with a hot
color map, and negative with a cool color map. Average sensitivity values at viewing planes were used to scale the color map
range for each case to obtain added brightness.
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them to be large but balanced so that the net effect of
changes was small.26 In addition to the static geometry
of the model, the resistivity values of living tissues are
not constant, readily determined quantities, but rather
vary depending on many factors. The tissue resistivity
values used in the model study were average values
based on the literature, while real values may vary significantly from subject to subject. Anisotrophy of tissue
conductivity was not included in the model. This may
have affected the analysis since, e.g., the ratio of transverse and longitudinal resistivities of skeletal muscle
may be about 6.3,5 Also, the volume of the subcutaneous
fat tissue was relatively large ~34.5% of the model volume!, affecting the current flow in the thorax and the
resulting sensitivity distributions.
Table 3 shows that cardiac-related changes in the thorax had contributions from, e.g., the heart, all blood
vessels, and the lungs. It is the actual conductivity and
volume changes occurring in tissues and organs that contribute to the time-varying impedance signal during the
cardiac cycle. It should thus be noted, e.g., that it is
unlikely that more than 55% of the time-varying signal
originates from the skeletal muscle even though that
amount of measurement sensitivity originates in it. The
contribution from any tissue type to DZ depends solely
on the conductivity changes occurring in the tissue multiplied by its sensitivity proportion. Low-conducting tissues such as fat had no significant contribution to the
base-line signals, but they directed the lead fields, changing the origin of the time-varying impedance signal. Our
data suggest that ICG was not highly selective in measuring conductivity changes directly in the region of the
heart, aorta, and lungs as assumed in the original development. The capacity of ICG to measure specifically,
e.g., the function of the right ventricle was 0.4%–0.9%
of the total measurement sensitivity, while 4.7%–6.0%
of the sensitivity originated from all the blood masses,
and 8.1%–9.0% from the lungs.
Using ICG for measuring the SV by the conventional
methods involves many assumptions and models with
gross simplifications. Several studies have suggested that
spot electrode configurations may be used instead of
band electrodes to obtain the same signal as with the
latter. For example, the four- and nine-spot configurations investigated in this study employed only two electrodes on the neck. However, changing the electrode
configuration altered the current fields inside the thorax.
Changing from either the conventional or eight-spot configuration to the four- or nine-spot configuration increased the basal value of the impedance signal. This
manifests the importance of the vessels in the neck region close to the electrodes which provide a conductive
pathway directing lead fields more to the center region of
the thorax. Changing from the band to the eight- or
nine-spot array concentrated the measurement sensitivity

slightly more on the regions of the large blood vessels,
for instance, the jugular vein, raising the sensitivity in it
from 1.59% to 2.19% and 1.97%, respectively. On the
other hand, using the four-spot configuration, the sensitivity was decreased in the large vessels, but increased in
the cardiac muscle and the blood cavities. This suggests
that the four-spot configuration would be the most sensitive for detecting actual conductivity changes occurring
in the region of the heart.
Our results would indicate that the conventional and
the spot electrode configurations had slightly different
sensitivity properties and the signal obtained with any of
the four systems remains a complicated mixture of many
factors. If assumed that the time-varying signal is originating, e.g., from the tissues listed in Fig. 3, calculated
changes in those contributions are large, but the resulting
total changes also shown in Fig. 3 are small, especially
for four-spot and nine-spot configurations. Although the
signals measured with modified spot arrangements may
usually appear similar to the ones obtained with the fourband configuration, slight differences in the measurement
sensitivity distribution may cause variations in detected
signals. The measured DZ signal is a summation of all
signal sources and minor changes in the measurement
properties are not likely to be shown radically in the DZ
signal when measured from healthy persons. But when
sensitivity distributions are different, the signal content
must also be different. The variations in measured signal
may be augmented in abnormal cases if the source of the
signal causing the abnormal reading is measured with
different sensitivity. Thus, the problems associated with
band configuration still exist with the spot electrode systems. Obtained results also support reported measurement problems when using sternal electrodes for impedance cardiography.19 The sternal electrode system was
not analyzed in this study, but it is most likely to result
in a markedly varied sensitivity distribution as compared
to the four configurations studied here.
Since the peak of the time-varying impedance signal
reflects the speed and force of ventricular contraction, it
could undoubtedly be used as a factor in noninvasive
measurements related to cardiac mechanical function
provided that an appropriate electrode configuration and
signal interpretation be chosen for the purpose. Volume
conductor analysis including the reciprocal energization
of leads, and lead field analysis constitute powerful
methods in analyzing ICG measurements and they may
equally well be utilized in developing new, more localized measurement configurations. The uniqueness of the
methods used in this study was that the sensitivity of the
whole measurement system was obtained throughout the
thorax with a single simulation and no approximations of
quantitative conductivity changes occurring in the thorax
were needed. In understanding ICG, it is important to
know how the sensitivity of measurement is distributed,
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not only how much Z 0 changes due to a particular resistivity, volume, or location change in some specific
organ of the complex time-varying system.
CONCLUSION
The results of the theoretical modeling study yielded
insight into the properties of the ICG methods, showing
measurement sensitivity to multiple sources such as skeletal muscle, lungs, and all blood masses. Slight differences in sensitivities were noted with modification of the
electrode configuration. Based on calculated sensitivity
distributions, the four-spot configuration is more sensitive in the heart region and the eight and nine spots in
large vessels of the neck. Thus, even though empirically
derived modified electrode configurations generally produce similar SV estimations in practice, our results suggest that modified systems should only be used once
methods are developed specific for these electrode configurations. It should also be noted that changing from
band to spot electrodes does not overcome the methodological problems associated with the ICG.
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