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Impedance cardiography is a non-invasive, cheap and easy to use method of long term hemodynamic
monitoring. Nowadays this method is perceived as an alternative for invasive monitoring of the patients. The goal
of the presented papers was to compare the results of rheocardiography with reference invasive monitoring.
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1. Introduction

The progress in medical physics and technical science
has contributed to the development of new, low inva-
sive methods of hemodynamic monitoring of the patients.
Among a few, non-invasive methods (2D and 3D echocar-
diography [1], the pulse-contour method [2], photoelectric
analysis of respiratory gases [3]) impedance rheocardio-
graphy is of special importance. The basis of this method
is the measurement of electric impedance variations —
the alternating electric current (20–100 kHz, typically
83 kHz) is provided to investigated region of body and
the voltage drop is measured. The pulsatile flow through
the vessels (especially of a large-diameter, like the aorta)
causes impedance variations ∆Z and the first derivative
of this function correlates with the maximum flow in the
ascending aorta. The mathematical model of this phe-
nomenon was proposed by Kubicek et al. [4–6]. The pick
flow (PF) in the ascending aorta is given by Eq. (1):
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where ρ — specific resistance of blood, L — distance
between the electrodes, Z0 — base impedance.

The base impedance Z0 is a total impedance of the tho-
rax and it may indicate the intra-thoracic liquid [7]. The
stroke volume (SV) of the left ventricle can be calculated
by multipling PF by the ventricle eject time (VET):

SV = PF ·VET. (2)
The accurate estimation of the specific resistance of

blood is necessary to decrease unreliability of the method.
However, several authors have reported that for a wide
range of haematocrit (HCT = 22–66%) the ρ parameter
is constant and equals 135 Ω cm [8].
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In spite of a significant progress in impedance car-
diography, the pulmonary artery catheterization (PAC)
and the thermal dilution cardiac output measurement re-
mains a gold clinical standard in hemodynamic diagnos-
tics [9].

2. Goal

Despite of non-invasiveness, the low cost and easiness
of application impedance cardiography is not a popular-
ized examination in clinical practice. It involves some
small verification of the method on patients. The con-
stant development of technical realizations of the method
and required apparatus inclined the authors to undertake
the problem of assessing the usability of impedance car-
diography in hemodynamic monitoring in the clinic.

The goal of the work was to compare selected hemody-
namic parameters measured rheocardiographically with
invasive pulmonary artery catheterization (reference).

3. Material and methods

3.1. Material

The investigations were performed on 22 patients (6F,
16M, age 42±4.1) treated for circulatory insufficiency in
the course of dilated cardiomyopathy during preliminary
diagnostics before heart transplantation [10]. Patients
with chronic aortic valve disease were excluded. On the
day of admission, by isotope radiography the ejection
fraction (EF) was examined (EF = 10%. . .35%). The
details of the population’s division by functional classifi-
cation NYHA have been presented in Table. All patients
were treated in the 2nd Clinic of Cardiology at the Sile-
sian Medical University in Zabrze.
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TABLE
The functional classification of the patients.

NYHA III NYHA IV
Number of patients 4 18

3.2. Methods

The examinations were started at 10 am, after 30 min
rest, during rhythmical respiration. The examination
scheme was as follows:

1. invasive monitoring,

2. 5 min long rheocardiogram registration,

The body surface area (BSA) ratio was calculated in
compliance with the DuBois formula. Details of the ex-
amination procedures have been described below.
3.1.1. Impedance cardiography

The AVL2001HDM (AVL LIST GmbH) monitor was
utilized. Four pairs of electrodes were located on the
body (see Fig. 1):

Fig. 1. Location of the electrodes in impedance cardio-
graphy examination.

• the first pair of receiving electrodes was located
aside the base of the neck,

• the second pair of receiving electrodes was located
perpendicularly to the longitudinal axis of the ster-
num, laterally from the xiphoid process in a midax-
illary line,

• application electrodes were located parallel to the
receiving one, 5 cm above the upper and 5 cm below
the lower receiving electrodes.

The following hemodynamic parameters were recorded:
cardiac index (CI), stroke volume index (SI), ejection

fraction (EF), end diastolic volume index (EDVI), sys-
temic vascular resistance index (SVRI), thoracic fluid
conductance (TFC) and mean arterial pressure (MAP).
3.1.2. Invasive monitoring

The invasive hemodynamic monitoring was performed
by the Swan–Ganz catheter (7F size), inserted at the
pulmonary arterial trunk through the left or right sub-
clavian vein. For cardiac output (CO) measurements of
the thermal dilution method at room temperature were
applied. 0.9% NaCl solution was used as an indicator.
The volume of the bolus was 10 ml. During every exami-
nation at least three measurements were taken. Hemody-
namic calculations were performed by 4510A American
Edwards Lab. apparatus. Parallel to CO monitoring,
the following pressures were measured: systolic and di-
astolic pulmonary artery pressure (PAPS, PAPD), mean
pulmonary artery pressure (PAP).

4. Results

Because of their practical significance, as the most ap-
propriate for further analysis the CI and SI were chosen.

Fig. 2. The statistics of the CI (thermodilution vs.
rheocardiography).

Fig. 3. The statistics of the SI (thermodilution vs.
rheocardiography).

The CI comparison of thermodilution (reference)
and rheocardiography was depicted in Fig. 2. The
mean values of CI were: 2.20 ± 0.4 l/min/m2 and
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2.0± 0.4 l/min/m2, respectively. The regression coef-
ficient r = 0.83 and Pearson’s correlation coefficient
r2 = 0.6631.

The SI comparison of thermodilution (reference) and
rheocardiography was depicted in Fig. 3. Mean values of
SI were: 22.58± 7 ml/m2 and 23.74± 6.4 ml/m2, respec-
tively. The regression coefficient r = 0.96 and Pearson’s
correlation coefficient r2 = 0.8395.

5. Discussion

Many authors [11–16] pointed out a good accuracy of
impedance cardiography but in a selected group of pa-
tients only. Especially, the good correlation was observed
in the case of patients with proper cardiac output. A too
low or too high CO value significantly increased the unre-
liability of this method. The authors claimed that addi-
tional limitations of rheocardiography are: cardiac insuf-
ficiency, valvular incompetence, cardiac shunts and hy-
pertension.

In the presented work, SI measurements rendered a
good correlation (r2 ≈ 0.84), despite of the observed co-
existing recoil wave through the mitral valve (at 44% of
the examined patients measured by the Doppler echocar-
diography on 27% of left the atrium area). Moreover, the
examinations concerned patients with a serious cardiac
injury. The unreliability of rheocardiography in reference
to thermodilution was ±10% in a single SI measurement
and its constant tendency during the treatment was ob-
served. For that reason impedance cardiography seems to
be more appropriate in the case of long term monitoring
than in absolute measurements.

For CI measurements the correlation was worse than
in the case of SI (r2 ≈ 0.66). Probably the reason of
this should be sought in the variability of the thorax re-
sistance and its transverse section. The investigations
performed by other authors [17, 18] indicate that better
results may be obtained for direct thorax volume esti-
mation than by mathematical formulae (modified Sramk
equation or Sramk–Bernstein equation). Moreover, the
authors indicate a larger discrepancy of data concerning
females than males.

6. Conclusions

The impedance cardiography is a non-invasive, rather
cheap easily applied method of hemodynamic monitor-
ing. In the examined population of patients with serious

cardiac injury the results of CI and SI measurements by
impedance cardiography distinctly correlated with refer-
ence thermodilution.

Because of metrological properties (accuracy, repeata-
bility) rheocardiography seems to be more appropriate
in long-term monitoring of the therapy progress than in
absolute measurements of the hemodynamic parameters.
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