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Abstract: We constructed the new ambulatory
monitoring, universal 4-channel recorder enabling
simultaneous collection of ECG and central
haemodynamics signals. The digital part of the
recorder is based on 80C552 family controller with
built-in analogue to digital converters. Uncompressed
signals are stored on 20MB PCMCIA Flash Memory
Card. The miniaturised, tetrapolar, current impedance
cardiography device with built-in one channel of ECG,
which was applied as a detector of the central
haemodynamics signals. Impedance cardiography and
ECG signals could be used in off-line, beat-to-beat
evaluation of cardiac outpuf stroke volume, ejection
time, pre-ejection period and heart rate.

INTRODUCTION
Ambulatory monitoring for continuous 24-hour or
multi-day recording of ECG is the commonly used
technique in primary care and clinical diagnosis for
cardiac arrhythmia and myocardial ischemia for more
than thirty years. However, in several cases 24-hour
monitoring of ECG does not provide sufficient
information necessary to evaluate the cardiac work. This
problem might be solved by simultaneous recording of
ECG and a signal reflecting the central hemodynamics
activity. It seems that electrical Impedance Cardiography
(ICG), as a simple, method allowing for continuous,
noninvasive determination of stroke volume (SV),
maximum velocity of ejection, and ejection time @T),
could be used to provide such a signal.

It is commonly

accepted that ICG method gives the
reproducible results wtren changes of stroke volume and
also absolute values of systolic time intervals (STI) are
measured lIl,l2l, [3]. However, the vatidity of estimation
the absolute value of SV is still discussed [4], [5], [6].
In this paper \ re described the new type of the
ambulatory monitoring recorder that enables continuous
collection of ECG and central hemodynamic signals using
miniaturised, tetrapolar, current impedance cardiography
device.

METHODS
The device is composed with the analogue (signal
detecting) and digital (data recording) parts.

ANALOGUE UNIT

We design and constructed the

miniaturised,

tetrapolar, current impedance cardiograph with built-in
one ECG channel. The set of combined band and point
type electrodes positioned in slightly modified electrode
configuration was used for the impedance cardiography.

The application generator produces stabilised gskllz
sinusoidal voltage signal that is converted to the current
signal (high output resistance) and applied to a chest via a
pair of application electrodes. The voltage signal detected
on receMng electrodes is amplified and demodulated in
the peak detector. Then, the signal is decomposed to the

constant component that reflects the signal of basic
impedance (ZO and the fluctuating part of signal (LZ)
wtrich reflects changing in the chest blood volume. This
signal passes two stage analogue deriverator with the
properly selected characteristic. The specialised overshoot
protection circuit is developed with the aim to shorten any
long term voltage saturation urhen the artefacts occur
instead of clear signal. The gains of amplifiers are set to
obtain the sensitivity of output signals for dzldt, LZ and
Zgat about lV/A/s, 1V/100mQ and lV/O, respectively.
Both analogue and drgital parts of the device are powered
by 6x1.5V alkaline AA (R6) type batteries. The voltage is
transformed to the demanded levels using DCIDC
converters and stabilised.

DIGITAL HARDWARE
The recording part of the device is based on 80C552
family microcontroller that has built-in four 8-bit A/D
converters. The signals, ECG, the first derivative of the
impedance signal (dz/dt), changes in the impedance ( 4,
and the value of the basic thoracic impedance (Zg),
change within the range of 0-5V, wtrich was chosen for
this application. They are sampled at the rate of 200Hz.In
the prototype, the specialised assembler procedure was
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stored in EPROM 27Ct28. For temporary data storage
and necessary signal analysis the 256kbit RAI\4 was
applied. Data are stored in the 20 MB Flash Memory Card
prepared according to the Standard of PCMCIA v.2.01.,
type II. The Card is set to Memory Mapped mode.
The communication with the system is performed via
specialised keys and the small, built-in alphanumerical
LCD. The special procedures were prepared to save the
po!\Er consumption.

SUBJECTS AND PROTOCOL
Nine male and one female healthy subjects (24-41

years old) underwent the examination lasting for I-2
hours. The aim of the initial tests uas to obtain the
artefacts free recordings during normal office activity,

including vrriting, walking, talking and working at
computer desk.

RE,SULTS

{--

evaluation of medical theraPY.
The construction of the recorder is very flexible that
allow easy adaptation to the various applications. The

device could

be used for collecting data from

miscellaneous electrical sources, with variable frequency
of sampling and enabling the storage on the Memory
Cards tulfilling the PCMCIA v.2.01 Standard (up to 64
MBytes).
parameters
in
checked
assumed in the project. The device, although
has
still
several healthy subjects in ambulatory conditions,
been continuously testing and improving.
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evaluated, in addition to the one channel EcG recording.
Cardiac contractility and the stroke volume indices
might be used in determination of haemodynamic
efficiency in healthy individuals (in sports medicine) or in
patients during normal heart work' ischemia or
arrhythmia events, for supplementary diagnosis or

The system has fulfilled the technical

All of ten I-2 hour recordings were obtained with a
good quality of the signals. Thanks to the overshoot
protection circuit application the motion artefacts in ICG
resulted in the solid line on the traces. Such a pattern
alloum for application the easy artefact reduction
procedures in the post-recording analysis. We could
observe haemodynamic signals on specially prepared PC
soflware. The example of ECG, dzJdt, LZ and Zg, signals
recorded using the described device are presented on

"-

DISCUSSION

"".".t-,-,.""- i,,.-,.--"",\, .,-

i"t,

Åt

,.tr., tt
/,,.,1.
!7'r.; i.,i-,,.J 1',t/ \-.'J

.*--iv,

--/l

-^

^

[

ii\\r,"aa.r'
t1,f,.^,
/t'\'L^'-iit
iit'.,

" v/^\,.\,,/n {\,\';/ t\"//i\.//\\;
"/\
'J

Ebert TJ , Eckberg DL , Vetrovec GM and Cowley
MJ. Impedance cardiograms reliably estimate beat-bybeat changes of left ventricular stroke volume in humans,
Cardiovasc. Res., 1984, 18: 354-360.
tzl Milsom I, Sivertsson R, Biber B, and Olsson T.
Measurement of stroke volume with impedance
cardiography, Clinical Physiol., 1982, 2. 409-417
t3l Muzzi M, Jeutter DC and Smith JJ. Computer automated impedance-derived cardiac indexes, IEEE
Trans. Biomed. Engin., 1986, 33(1): 42-47.
t4l Mehlsen J, Bonde J, Stadeager C, Rehling M, Tango

tU

.

TrapJenseen J. Reliability of impedance
cardiography in measuring central haemodynamics,

M and

Clinical Physiology, 1991, I 1: 579-588.
[5] Aust PE,BeLz GG, Belz G and Koch W. Comparison
of impedance cardiography for measurement of stroke
volume, Eur. J.Clin. Pharmacol., 1982, 23(6): 47 5-477
t6l Boer P, Roos JC, Geyskes GG and Mees EJD.

Measurement

of cardiac output by

impedance

cardiography under various conditions, Am. J. Physiol.,
197 9, 237 (4). H49 r-H492.

80

Medical & Biological Engineering & computing Vol. 34, supplement 1, part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June g-13, 1996, Tampere, Finland

