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Focus of the Implantable Device’s Measurement Sensitivity
—Application of Half-Sensitivity Volume Concept

J. Vdisénen, J. Hyttinen, J. Malmivuo
Ragnar Granit Institute, Tampere University of Technology, Tampere, Finland

Abstract— New implantable ECG devices may provide
ubiquitous, more stable and noiseless measurements compared
to body surface ECG measurements. Activity and especially the
focus of the activity detected by the implantable ECG
measurement system are also differing compared to equivalent
standard surface measurements. Effective methods to indicate
these differences in the measurement sensitivity focuses of
different measurement leads are needed. Modeling can serve
an effective way to study effects of implantation to the
measurement sensitivity of measurement lead. This paper
introduces a study where the changes of measurement
sensitivity focus due to the electrode implantation were studied
by applying the half-sensitivity volume (HSV) concept. The
study was based on 3D Finite Difference Method (FDM)
featuring Visible Human Man. The results of the study indicate
that the half-sensitivity volume concept is an effective tool
when focus of implantable electrode’s measurement sensitivity
is studied. Additionally the results show that the effects of
implantation to the half-sensitivity volume and to the
maximum sensitivity can’t be generalized with this amount of
data. Further studies will be made to make more generalizable
statements of the behaviour of the HSV and of the maximum
sensitivity due to the implantation.

Keywords— half-sensitivity volume (HSV), ECG, FDM,
implant, modeling

I. INTRODUCTION

The 12-lead ECG system is commonly used in
monitoring electrical activity of the heart. The system needs
skilled personel and therefore produces costs. The use of
wireless and implantable measurement applications could
offer a stable and long term monitoring possibility with
lower costs. Normal measurements are interfered by artifacts
and imbalances on electrode-skin interface. These
interferences could be diminished by implanting the device
under the skin.

Knowledge of electrical sources of the heart and their
contributions to different symptoms is essential when the
diagnostics are done and treatments are planned. The
measurement could be focused more accurately on the
interest area with implantable ECG monitors. Decreasing
the distance between source and measurement point (i.e
implanting the device) changes the measurement sensitivity
distribution i.e. how the electrodes monitor the heart’s
electric field e.g. lead field. Modeling can be used as an
effective tool when measurement sensitivity distributions of
implanted measurement leads are studied. Furthermore to
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investigate concentration of measurement sensitivities the
concept of half-senstivity volume [1] could be applied.

The half-sensitivity volume concept could be used
together with maximum sensitivity and location of
maximum sensitivity to give information when implantation
locations for different diagnostical purposes are studied. In
this study the measurement sensitivity distribution of
implantable measurement leads was studied by applying the
lead field theory in the heart region with 3D torso model.

II. METHODOLOGY

A. Lead Field and Reciprocity Theory
The relationship between the measured signal V; in the

lead and the cardiac current sources J' in the volume
conductor can be formulated as follows:

1-— —i
Vi :j;JLE oJ dv (M

where J;z is the lead field and o is the conductivity of the
volume conductor [2]. If the lead field and the properties of
the volume conductor are known, the strength of the
measured signal can be estimated.

The lead field can be obtained based on reciprocity
theorem by applying reciprocal current to the electrodes.
Reciprocity theorem states that the source and detector can
be interchanged and still the amplitudes stay unchanged.
E.g. the result is same if a current source is located to the
volume conductor and the sensitivity is measured outside
the conductor or other way around.

The sensitivity distributions were calculated for bipolar
electrode pairs implanted in the 12-lead ECG system’s
precordial electrode locations V1-V2 in six depths. The
depths were 7 mm, 13 mm, 17 mm, 23 mm, 29 mm and 35
mm from the body surface. Also corresponding surface
electrode pair was used and one electrode pair was
implanted on the heart surface. The standard locations for
precordial leads V1-V6 are illustrated in Fig. 1 and the
implantation depths of electrodes for V1 and V2 are
illustrated in Fig. 2.

The lead fields that predict the lead sensitivity of e.g.
measured signals from each depth were used for calculating
half-sensitivity volume [2] [3].
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Fig. 1. Locations of standard V1 to V6 leads

—

Fig. 2. Electrode locations.

B. Half-Sensitivity Volume Concept

The concept of half-sensitivity volume (HSV) was
applied to study how the implantation of measurement lead
affects the lead’s ability to concentrate its measurement
sensitivity. The HSV is within the volume source the region
where the magnitude of the detector’s sensitivity is more
than half of its maximum|[1, 2, 4]. The smaller the HSV is
the smaller is the region from which the detector’s signal
arrises. The HSV concept is used e.g. for studying the
sensitivity distributions of EEG and MEG [1] and studying
the effects of skull resistivity on the spatial resolution of
EEG and MEG [4].

C. Models

The model used was 3D model of thorax based on
Visible Human Man model (VHM) [5] [6]. It represents data
of 60 segmented slices of a male thorax and contains 36
different tissue types. The calculations are based on FDM,
which is composed of cubic elements forming a resistor
network [7]. Resolution of each slice in the model was
92x93 pixels although the maximum resolution that could
have been used for each slice was 250x250. The resolution
in some parts of the model was lowered to ease the
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calculations, but the resolution in heart region was left high.
The model contains 258 442 nodes and 311 453 elements.

D. Calculations

Calculation of sensitivity of heart region electric
activity, lead field, was based on the reciprocity theorem [2].
The reciprocal current was applied on the electrode pairs
and the resulting fields in the heart muscle were calculated.
The resulting lead fields represent the leads i.e. the
electrodes sensitivity to measure the electric source of the
heart. The calculation were done with bioelectric field
software created by Takano Noriyuki [8] at Ragnar Granit
Institute.

The lead fields were calculated for bipolar
configurations in surface and in each depth. Then half-
sensitivity volume for each measurement was defined by
finding the nodes which sum sensitivity was one half of the
sum sensitivity of whole lead field at hand. The idea was to
find out how the implantation of electrode pairs affects the
HSV and the maximum of the sensitivity. The maximum of
measurement sensitivity and the location of the maximum
were also calculated. This was done to enlarge the
observation of maximum sensitivities’ behaviour and reveal
if the HSV moves due to implantation.

III. RESULTS

Table 1. presents the relative maximums of the
measurement sensitivities compared to the maximum in the
body surface case. These results show that the maximum
sensitivity increases along the depth of implantation when
the electrodes are implanted. E.g. when electrodes are
implanted 17 mm the maximum magnitude is increased by
15% compared to surface case and when the electrodes are
on the heart surface the maximum sensitivity is 76 times
higher than in the body surface case.

Fig 3. presents the change of half-sensitivity volumes
(cm®) for bipolar leads from V1-V2 on body surface of the
model and in seven depths: 7 mm , 13 mm, 17 mm, 23 mm,
29 mm, 35 mm and on the heart surface.

The results of half-sensitivity volume change show that
in general the HSV decreases along the depth of
implantation when the electrodes are implanted. E.g. in case
when the electrodes are implanted 17 mm the HSV is
decreased by 45% compared to surface case and in
maximum when electrodes are in the heart muscle the HSV
is decreased to the 0.01 cm’ from the 2.06 cm’ in the body
surface electrode case.

Table 2. presents the movement of the maximums of the
measurement sensitivities. The movement is in millimeters
compared to equivalent surface case. These results show that
implantation of the electrodes changes the focus area of the
measurement lead and thereafter the signal source.
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Table 1.

Relative maximum sensitivities of the bipolar measurement leads in different
implantation depths

Body surface 7 mm 13 mm 17 mm
1 1.04 1.15 1.15
23 mm 29 mm 35 mm Heart Surface
1.48 2.44 9.04 76.54
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Fig. 3. Effect of implantation depth to the half-sensitivity volume (cm®).

Table 2.

Movement of maximum of the measurement sensitivity. All cases are compared to the
surface case (mm)

Body surface 7 mm 13 mm 17 mm
0 0 56 56
23 mm 29 mm 35 mm Heart Surface
56 59 57 67

IV. CONCLUSIONS

This paper introduced a study where usability of the
half-sensitivity volume (HSV), the maximum sensitivity and
the location of maximum sensitivity concepts were
demonstrated in studying of cardiac source localization of
implantable cardiac monitors.

The results of the half-sensitivity volume changes due
to the implantation of the measurement lead show the
obvious fact that the area where measured signal arrises
becomes smaller when electrodes are implanted closer to the
heart. The change can be seen already with small depths but
the effects increase when electrodes are implanted closer to
the heart. The results show also that maximum sensitivity of
measurement lead increases due the implantation, and the
location of maximum is first changed about 5 cm when
electrodes are implanted about 13 mm. When electrodes
implanted more than 13 mm the locations of the maximum
sensitivity stay on the same area.
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The study shows that the effects of implantation on the
concentration of measurement sensitivity could be studied
by applying the HSV concept. The HSV, maximum
sensitivity and location of maximum sensitivity could be
used e.g. when implants are designed accurately detect
sources of various localized sources such as cardiac
arrhytmias thus leading to more accurate threatment
methods.
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