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Summary

Impedance cardiography has provided a measure for determining cardiac output using a formula
proposed by Kubicek and others, where the value of the formula (Kubicek’s value: KV) is equal to
stroke volume (SV). The validity of this method, however, is still controversial since the theoretical
background remains speculative and unestablished, and the exact origin of the transthoracic impedance
change has not been clearly identified. In this study, the effects of the right heart stroke volume and
the distortion of the first derivative impedance (dZ/dt) waveform on KV values were investigated, based
on the KV-SV comparison studies using RCG analog simulation method and thermodilution technique.

By statistical analysis of 71 pairs of KV and SV values obtained from 71 cases with regular sinus
rhythm and without any significant intracardiac shunt, valvular lesions or conduction defect, the func-
tional relation between KV and SV was estimated as SV=0.736 KV +24.65 or KV=1.359 SV—-33.49,
assuming that the observational errors in determining KV and SV are even. Supposing here that the
KV value is influenced not only by left ventricular stroke volume (LtSV), but also by right one (RtSV)
though less strongly, the following relation could be introduced: KV=LtSV+0.359 RtSV—-33.49. In
14 cases with ventricular septal defect, RtSV and LtSV were computed by RCG analog simulation
and served for calculating the equation shown just above. The values so calculated were compared to
the KV values simultaneously observed. The correlation coefficient between KV calculated and that
observed was 0.93, and the scattergram occupied the region nearly around the equal line. This
finding would support the hypothesis that the KV values would reflect both LtSV and RtSV if the
latter is of a lesser extent.

In 35 patients with acute myocardial infarction, 98 cardiac output determinations were achieved
by means of Swan-Ganz thermodilution technique, simultaneously with impedance cardiography.
In one-third of the 98 determinations, the ratios of the stroke volume values of the two methods were
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out of +25% range. This deviation was considered to be due to distortion of systolic dZ/dt waveform.
It was concluded that cardiac output determination by impedance cardiography was invalid if the

systolic impedance waveform shows distortion.
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Fig. 1.
of impedance method.

Relation between stroke volume values (SV) by RCG and Kubicek’s values (KV)

The calculated values (KV) of Kubicek’s formula in impedance cardiography are plotted against
the stroke volume values (SV) simultaneously determined by RCG analog simulation method. Cor-
relation coefficient between KV and SV is 0.80 in the total cases (N=129). It is 0.90 with 95% con-
fidence interval of 0.84 to 0.94 in group B (N=71), which consists of 71 cases with regular sinus

rhythm and without any significant intracradiac shunts, valvular lesions or conduction disturbances.
The remaining cases, which compose group A, show the correlation coefficient of 0.66. Intracardiac
shunt, valvular lesion and distortion of the systolic impedance waveform worsen the KV-SV relation.
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Fig. 2. Functional relation of Kubicek’s value
to stroke volume.

Using the data obtained from group B cases shown
in Fig. 1, the functional relation of KV to SV (SV=
a+BKV) is estimated as SV=24.65+0.736KV, with
an assumption that the observational error in calcu-
lating KV is the same as in observing SV. A 959 con-
fidence interval of a is 16.77 to 31.89 and that of 8
is 0.828 to 0.652. The relation may be rewritten as
KV=1.359SV—-33.49. The relation shown above is
not a regression equation, where the observational
error in the independent variable X being supposed
to be zero, the equation can not be rewritten like this.
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Fig. 3. Relations of impedance stroke volume
to right and left ventricular stroke volumes
determined by RCG in atrial septal defect.

Right and left ventricular stroke volumes (RtSV
and LtSV) are computed by RCG analog simulation
method and compared to Kubicek’s values (KV) in
14 cases with atrial septal defect. Correlation coeffi-
cients of KV to RtSV and LtSV are 0.46 and 0.65,
respectively. KV’s are always larger than LtSV and
smaller than RtSV as seen in this figure.
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Fig. 4. Relations of impedance stroke volume
to right and left ventricular stroke volumes in
ventricular septal defect.

Right and left ventricular stroke volumes (RtSV
and LtSV) computed by RCG and Kubicek’s values
(KV) in 14 cases with ventricular septal defect are
compared. Correlation coefficients of KV to RtSV
and LtSV are 0.88 and 0.87, respectively. As seen in
the figure, KV is larger than LtSV and smaller than
RtSV. Functional relations of KV to RtSV and LtSV
are estimated as RtSV=1.32KV—-4.9 and LtSV=
0.73KV+9.1, respectively.
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Fig. 5. Relation of Kubicek’s values observed to
those hypothetically predicted.

In the functional relation KV=1.359SV—33.49 as
shown in Fig. 2, the right and left ventricular stroke
volumes are supposed to be the same (SV=RtSV=
LtSV). Supposing that KV is totally related to LtSV
and also partially to RtSV, a hypothetical equation
may be introduced: KV=LtSV+40.359RtSV—33.49.
Using RtSV and LtSV values obtained in 14
cases with VSD as shown in Fig. 4, the values of
the equation above (predicted KV) are plotted against
the actually observed KV. Here is shown a signi-
ficantly high correlation coefficient (r=0.93), and
the scattergram is nearly around the y=x line. The
finding would support the hypothesis shown above.

5 BHyTfF- 7= RCG gL o iipat, KV &
SV L ofintERE 090 23, FELRERES,
FEE, DENEEEEY ALV RAFEZo 71
EFCELN. SR FIREREEAETS 58
EFIZ -V TIE, 066 I+ &Ehhrolz. ZHHD
BITi, EREIFRSER® D B0, dZ/dt iy
BHEBOER E L 3EABBD b Thb
L, DNEFME £ 72 dZ/dt o T 2,
KV-SV {#HEZKTE LD 5 LHEEESI 5.
OAN&E#RIcE LT, Lababidi &¢x VSD 14 4,
ASD S fl# B eERERER T 5 21 EFlic o
T, Fick tEoR®72E X O iR & IMP
EeR» o miliE (L/min/m?) & & O % 2

— 749 —



EH, AR, Fl

120 r

- o @
o =) =3

IMPEDANCE METHOD (ml/beat)

~
=3

0 20 40 60 80 100 120 140
THERMODILUTION METHOD (ml/beat)

Fig. 6. Comparison of stroke volume values by
impedance method and by thermodilution
method.

In 35 patients with acute myocardial infarction,
98 times of cardiac output determination are made
by themodilution method under Swan-Ganz cathe-
terization simultaneously with impedance cardio-
graphy. The stroke volume values so obtained by the
two methods are compared. The ratios of these
values are out of +259% range in 29 of the total 98
pairs of determinations. The greater deviation of the
ratios from the equal line is considered mainly due to
the more significant distortion of the first derivative
impedance waveform in systole.
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Fig. 7. Comparison of cardiac output values by
impedance method and by thermodilution
method.

The scattergram is for comparison of cardiac out-
put values in L/min instead of SV as shown in Fig.
6. More than 309% of the plots are greatly deviated
from the equal line. It is concluded from this com-
parison study that impedance cardiography is inap-
propriate in determining cardiac output if the first
derivative impedance waveform shows any distor-
tion in its systolic phase.
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Fig. 8. First derivative impedance waveforms of patients with atrial and with ventricular
septal defects.

The first derivative waveforms shown here are traced manually for better recognition. In ASD
the waveform shows notch or step on its top and a slowing of its descending limb in systole while
in VSD it is essentially the same in its shape as in normal controls. The distortion as seen in the former
is usually observed in cases with right bundle branch block. The distortion as shown here is con-
sidered to be due to delay in contraction of, and increase in stroke volume, of the right ventricle.

Fig. 9. Distortion of impedance waveform seen in a case with acute myocardial infarc-
tion.

A 62 years old female with acute myocardial infarction reveals a distorted impedance waveform
transiently after sublingual isosorbide dinitrate (ISD). Panel A (left) shows a control waveform,
which has a minimal distortion on its peak systole. Fifteen minutes after sublingual isosorlide
dinitrate (ISD) the systolic wave is disunited on its top as shown in panel B (middle). The distor-
tion persists for 30 minutes as in panel C (right), and one hour later it is restored to the control
pattern. Impedance cardiac output calculated at the time of A, B and C are 2.45, 2.25 and 2.22
L/min, respectively, and the correresponding values computed by thermodilution technique are
5.53, 4.70 and 5.39 L/min, respectively.
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