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Abstract: The reliability of whole-body impedance
cardiography (ICGwn) in the measurement of cardiac
output (CO) compared with the thermodilution method
(TD) was studied in 74 patients undergoing coronary
artery surgery. There was a good agreement between
ICGwB and TD in measurement of CO (bias 0.25, SD
0.81 Vmin). The repeatability of the impedance method
was significantly better than that of thermodilution.
Whole-body impedance cardiography can be
recommended for the measurement of cardiac output
and for estimating its changes in cases where additional
information of pressures supplied by pulmonary artery
catheter is not required.
INTRODUCTION
Thoracic impedance methods for CO measurement by

Kubicek

tll and Sramek t2)

have been extensively

validated; levels of agreement with invasive methods have

varied considerably [3]. An alternative impedance method
known as whole-body impedance cardiography (or integral
rheography, integral impedance plethysmography) as
developed by Tishchenko t4l is less known in clinical
practice because of the absence of modern computerized
measuring devices. Recently a new microprocessor-based
whole-body impedance cardiograph B202 (JR Medical,
Estonia) has become available. This instrument is based on
the methodological principles of the original Tishchenko
method. Our study evaluated the accuracy of this device in
measuring CO in patients, undergoing coronary artery
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30 kHz. There are no other well-conducting tissues parallel

to the blood vessels in the vicinity of the electrodes. It is
therefore assumed that the major part of the applied
electrical current passes through the main vascular trees,

where the heart-synchronous pulsation takes place.
According to Tishchenko the recorded heart synchronous
changes in impedance reflect the weighted sum of the
pulsatile plethysmograms of almost the whole vascular
system [4].
In the stroke volume (SV) equation (1) the amplitude of
the heart synchronous impedance variation is used, not the
first derivative of it as in thoracic methods. The equation is
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METHODS
The Hewlett Packard bedside Cardiac Output measuring
module HP M1012A (Hewlett-Packard, Germany) was used
for thermodilution cardiac output (COro) measurements. 10
ml of iced (<l0oC) 0.9Vo saline was injected rapidly at end-

expiration by an experienced anaesthesiologist, who was
blinded to the impedance method results. A commercially
available whole-body impedance cardiograph 8202 (JR

Medical, Estonia) was used for the measurement of
impedance derived cardiac output (COrcc). During the
period of thermodilution measurement, the impedance
method CO was recorded on-line (beat-to-beat) and the data
were saved in PC files. Mean CO1s6 was calculated from a

period

of

about 15 seconds (3-4 complete respiratory

cycles) around the saline injection.

Table 1. Main characteristics of patients (n=74)

surgery.

In ICGwe current and voltage electrodes are placed on
the distal parts of the extremities, just proximally from the
wrists and ankles. The frequency of the applied current is

(cm), LZ, the amplitude

synchronous impedance variation (O), Zg the calibration
the baseline impedance of the body (O), C,
factor (d2),
of the cardiac cycle, and D, the duration from
the duration^,
the largest deflection of the heart synchronous impedance
variation to the onset of the next cycle. Coefficient k is
derived from blood resistivity, the relation between the
distance of the voltage electrodes and body height, and it
also includes an empirical correction factor (k-0.212 C)'cm
for tetrapolar registration).

Age (years)

BMI (kg/m2)
Hct
HR (bpm)
SAP (mm Hg)
DAP (mm Hg)

Mean (SD)

Min

Max

60 (8)
27 (3)
0.40 (0.04)

4l

75
35

s7 (10)
126

(2r)

63 (10)

22
0.31
37
83

0.52

4l

97

r04
r79

mass index, Hct, haematocrit, HR, heart rate,
SAP, systolic arterial pressure, DAP, diastolic arterial

BMI, body
pressure.

The study protocol was approved by the Tampere
University Hospital Ethical Committee. Informed written
consent was obtained from all patients.

Individuals with aortic valve insufficiency or cardiac
shunts were excluded, as were patients with other clinically
remarkable valvular lesions. Two patients were excluded
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from the study because of inability to achieve acceptable
repeatability in thermodilution CO measurements.
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Seventy-four patients (13 females and 6l males)
scheduled for a coronary artery bypass grafting operation
were studied (Table 1). A total of 97 trrplicate cardiac
output measurements (in 51 patients only awake and in 23
patients both awake and under anaesthesia but before the

=2
o

!r
o
o
o

6o

commencement of surgery) were compared.
In data analysis simultaneously measured invasive and
noninvasive CO values were compared using the statistical
method recommended by Bland and Altman [5].
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RESULTS
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differences between the two methods (COro - CO166) was
0.25 (SD 0.81) l/min. The limits of agreement (t2 SD)

2. Changes in cardiac output due to anaesthesia
induction and 45o head-up tilt measured by the
thermodilution method (^COrD) plotted against
simultaneously measured changes in cardiac output by
whole-body impedance cardiography (ACOrcc). The
line of equality and linear regression line

between the two methods were -1.31 and 1.87 l/min (Figure

(ACO1p=Q.66'^COrc6+0'04) are shown . n-42.

1). The standard error of mean difference was 0.08 l/min
and the 95Vo confrdence interval for the bias 0.09 to 0.41

CONCLUSION

In the whole group CO values measured by TD (mean
(1.01 , 2.94-8.25) l/min were slightly

(SD, range)) 4.85

higher than those measured by the impedance method 4.60

(0.97, 2.46-7.71) l/min (p=0.004). The mean bias of

Figure

Umin.

Whole-body impedance cardiography is a simple and
reliable method for continuous cardiac output determination
in patients without valvular lesions.
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Figure 1. Differences between cardiac output absolute
values measured by thermodilution and whole-body
impedance cardiography (COro - COrcc) plotted against the
average value of two methods (COrn + CO1s6)/2. The limits
of agreement (+ 2 SD) are shown. n=97 .
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The repeatability value (rv) for whole-body impedance
cardiography (rv=0.46 l/min) was considerably better than
for the thermodilution method (rv=I.05 l/min).
Changes in CO were followed in 23 patients in whom
CO was measured before and after anaesthesia induction,
and in 19 subjects in whom CO changes were provoked
with a 45o head-up tilt awake (Figure 2). The bias of change
in CO caused by anaesthesia induction and head-up tilt
(ACOTD - ACO1s6) was 0.07 l/min (SD 0.56 l/min). In
response to hedd-up tilt, CO measured by ICGy,s decreased
distinctly in all cases 0.92 (SD 0.45) l/min (p<0.001). The
mean direction of CO response to the head-up tilt was the
same when measured by the TD method, a decrease in CO
of 0.65 (SD 0.32) l/min (p<0.001). Only in one case did the
thermodilution method show a minimal increase in CO.
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