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ABSTRACT

The Pre-hospital Defibrillation Program in
Singapore has in some cases demonstrated a
lower amplitude of Ventricular Fibrillation (VF)
than considered the norm. The Electrode Skin
Impedance (ESI) refers to the skin impedance
determined between two electrodes placed at
specific positions on the body surface.

The objective of this prospective study was to
measure the ESI of patients at 5 Hz and 2 kHz
frequencies, and assess its change with time from
the application of electrodes, the difference between
the ESI at two different sets of electrode placement
positions and correlation with patient factors.

Patients who were 25 years or older and not critically
ill had their ESI measured with a modified Heart-
Save 911 defibrillator, using signal frequencies at
5 Hz and 2 kHz, at 10 seconds, 1 and 2 minutes after
electrodes application. Two sets of positions were
used; Position I where an electrode is placed in
the right infra-clavicular region and another just
lateral to the apex beat on the left and Position 2,
which represents the mirror image of Position I.

36 each of male and female patients were studied.
The mean age and weight were 59.9 + 13.5 years and
56.8 + 24.1 kg respectively. There was no significant
correlation between the ESI and patients’ body
weight or sex. However, there was a significant
decrease in the ESI with time from application of
electrodes at both Positions (p < 0.05) with the two
different frequencies. The ESI was lower when
measured at lower frequencies and higher when
taken at higher frequencies, but there was no
statistically significant difference between the two
mirror-image positions used. Thus, with lower
frequency, the ECG amplitude of VF recorded on
the automated external defibrillator could be
enhanced.
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INTRODUCTION
The Pre-hospital Defibrillation Program in Singapore
has in some cases demonstrated a lower amplitude of
ventricular fibrillation (VF) than considered the
norm with respect to the time from collapse. If this is
so, the algorithms as to whether direct current (DC)
shock is required or not will be less sensitive if the
amplitude of the electrocardiogram (ECG) becomes
too low(1,2). There may be a potential link between this
phenomenon and the electrical body impedance. The
following factors generally affect the measured ECG
amplitude(2,3);
1. The time from collapse to the time when the ECG

is measured. The ECG amplitude of VF would
normally decrease gradually over time with low
remaining amplitude after 10 minutes.

2. The physiological differences between individuals
will contribute to variations in the ECG amplitude.
For example, Asians may have a different average
from the Caucasian race.

3. The ECG signal can be shunted by wet skin surfaces
or sweating.

4. A high electrode skin impedance (ESI) will make
ECG artifacts more likely and with a high ESI, the
input impedance of the ECG amplifier could
attenuate the measured ECG.

Energy, voltage and impedance are predictive of
the outcome for any given shock(4). To optimise the
success of defibrillation, there will be a need to
minimize impedance, select the appropriate energy
levels, apply the correct interface, select the correct
paddle size and deliver the shock at the earliest
possible time(4-6). Skin impedance is generally high
due to the high resistance of the strateum corneum and
this may vary slightly with the technique used for
measurement as well as the circumference of the body
part concerned(7,8).

The electrical properties of tissue in the human
body is generally measured by using electrodes attached
to the skin and the voltages that develop between
these electrodes are measured. This would give
the conductivity distribution within the body(9-11).
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The ESI refers to the skin impedance determined
between two disposable electrodes placed at specific
positions on the chest wall(12-20).

At high frequencies, ESI would usually tend to have
a lower value than at low frequencies. When the
measurement of ESI is done at high frequencies, the
results tend to approximate the trans-thoracic
impedance (TTI). ESI measured at lower frequencies
would also affect the amplitude of the ECG(16,18,21).

OBJECTIVES
The aim of this study is to measure the ESI of local
patients at 5 Hz and 2 kHz, ie. to study the change of
ESI with time from the application of electrodes, the
differences between the ESI at two different electrode
placement positions and the correlation, if any, between
ESI and demographic and anthropometric factors(21).

METHODOLOGY
This prospective study was carried out at the
Department of Emergency Medicine, Singapore
General Hospital, over a period of a month (ie. July
1998). Patients, 25 years or older, not critically ill or
requiring resuscitation were selected. They were
excluded if found to have thick chest hair or
dermatological diseases. The ESI was measured using
a Heart-Save 911 defibrillator modified to measure
ESI using signal frequencies at 5 Hz (lower frequency)
and 2 kHz (the higher frequency, which is used in
the electrode-conversion system of the Heart-Save
911), at 10 seconds, 1 and 2 minutes after application
of the electrodes.

The ESI was taken at two different electrode
placement positions:
• Position 1: an electrode in the right subclavicular

region and another just lateral to the apex beat on
the left.

• Position 2: one electrode in the left subclavicular
region and the other over the mirror image site of
the apex beat (ie. The mirror-image of the first set of
electrodes).

The ambient temperature, humidity, patient
demographic data and weight were also recorded. The
measurement of the ESI did not in any case cause

delays in the decision-making and treatment of critically
ill patients.

RESULTS
There were a total of 72 patients studied, 36 each of
male and female patients. There were 60 Chinese,
8 Malays and 4 Indian patients and their ages ranged
from 29 to 81 years, with a mean of 59.9 + 13.5. The
mean ambient temperature and humidity were 22.0 +
1.0 degrees Celsius and 61.9 + 18.6% respectively.
The mean weight was 56.8 + 24.1 kg.

It was noted that ESI decreased with time from the
time of the initial application of the electrodes onto the
chest wall. This decrease was statistically significant
both at 1 and 2 minutes with either the 5 Hz and 2 kHz
frequencies, at the two different electrode placement
positions (p < 0.05) (Table I).

The ESI was lower at the lower frequency of 5 Hz
and higher at the 2 kHz frequency (Table I). There was
no statistically significant difference noted between
the ESI at the two different electrode placement
positions (ie. when comparing ESI at 5 Hz at Positions
1 and 2, p=0.297 and when comparing the mean ESI
at 2 kHz at Positions 1 and 2, p=0.073 ). Neither was
there any significant correlation found between the
ESI and the sex (comparing male and female patients’
data, p=0.317) or weight of this group of patients.

CONCLUSIONS
From this preliminary study, the following observations
can be made:
- there was a significant decrease of ESI with time

from application of electrodes with both frequencies
used

- there were significant differences in the ESI at the
two frequencies used (5 Hz and 2 kHz)

- there was no significant difference noted in the ESI
when comparing the two different electrode
placement positions and

- no significant correlation was found between ESI
and the sex or weight of this group of patients

DISCUSSION
Ventricular fibrillation is the commonest rhythm in
cardiac arrest, both in the pre-hospital and in-hospital
settings(22). In order to optimise the success of
defibrillation, the clinician needs to minimise impedance.
Some of the determinants of this are modifiable whilst
others may not be. The choice of the defibrillation
current should be one that works well over a range of
impedances. The peak current is the factor most
correlated to defibrillation success. Defibrillation of
patients with high impedance would require about the
same peak current, but more energy than the

Table I. Electrode skin impedance at Positions 1 and 2.

ESI at 5 Hz ESI at 2 Hz ESI at 5 kHz ESI at 2 kHz
Position 1 Position 1 Position 2 Position 2

10 seconds 41.42 + 20.59 62.0 + 24.92 38.04 + 18.17 59.62 + 18.75

1 minute 36.73 + 18.46 57.04 + 20.41 34.39 + 17.27 55.27 + 16.38

2 minutes 31.96 + 17.20 53.89 + 19.08 29.24 + 14.80 52.10 + 19.08
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defibrillation of low-impedance patients.
The ESI was seen to decrease with time from the

initial placement of the electrodes on the patients’ chest
wall. The possible explanation for this would be a change
in tissue properties, water, as well as electrolyte
content(23, 24). It is also possible that given time, there is a
change in the distribution of low skin impedance
points(25-28). The skin has been depicted as a tissue with
dynamic electrical properties from several studies(29,30).
Tissue temperature may also have a role to play.
However, in this study, ambient temperature was
recorded and not the skin temperature. There have been
studies which showed that altering the ambient
temperature, significantly changes the resistance and
impedance measurements(31,32).

In this study, there was no significant difference in
the measured ESI between the two positions used,
which were mirror-images of each other. Position 1
represented one of the American Heart Association’s
recommended electrode placements for trans-thoracic
defibrillation(23,33). Position 2 was tested as a ‘control’
for each patient. It would thus be possible, during
resuscitation or the treatment of critically ill patients,
to use Position 2 for pad placement for monitoring or
other purposes, now that the ESI has been shown to
be not significantly different.

When considering chest wall impedance, it is
important to realize that it is a reflection of the individual
area local properties. The ‘local impedance pathways’
within the chest wall itself can change independently
just as electrical impedance of biological tissue varies
with water and electrolyte content. The other factor
which could explain the variation in ESI at the different
frequencies are the tissue or body fat distribution which
affects the cross-sectional area and circumference of the
particular body part. In this study, there was no definite
correlation of the ESI with sex or weight, both known
to affect body fat distribution.

The other consideration is the fact that with high
frequencies, current tends to flow along the skin surface
and does not tend to distribute into the deeper structures
or tissue planes, thus seldom causing disturbance in
innervation properties. This could result in a higher ESI
value. With the lower frequencies, it tends to distribute
only into the tissue layers of the skin (ie. skin,
subcutaneous tissue and fat), thus, the lower ESI value.
This could have some contribution in the explanation
of the observed results where higher ESI was noted at
higher frequencies.

The ECG amplitude is of importance in the use
of the semi-automated or automated external
defibrillators (AED). The reliable detection of
Ventricular Fibrillation can only be expected above
200 microV peak to peak amplitude. Therefore, with

higher frequency there would be a higher ESI, which
could result in the ECG amplifier attenuating the
measured ECG, causing lower ECG amplitude. With
lower frequency and lower ESI, the ECG amplitude
of VF, recorded on the AEDs, could be improved.
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