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Abstract

Monitoring of cardiovascular hemodynamic changes requires a very expensive and highly specialized equipment and skilled
medical personnel. Up to the present time, an inexpensive, non-invasive and easy-to-use method which, like Doppler echo-
cardiography, magnetic resonance angiography or radionuclide imaging, would assess hemodynamics of the cardiovascular
system was not available. A method known as impedance cardiography (ICG) or thoracic electrical bioimpedance cardiog-
raphy (TEBC) meets those criteria. It is non-invasive, which is of a particular advantage over the conventional methods that
require catheterization. As a result, the patient is not at risk of possible complications and the procedure is less expensive
and easier. Impedance cardiography, despite its non-invasive character, has not been so far extensively used for monitoring
of hemodynamic parameters in hospitalized patients. Various authors report that attempts have been continued to compare
the results from ICG and those obtained by other diagnostic methods. This paper presents the use of impedance cardiog-
raphy in diagnosis of hypertension, cardiac insufficiency, differentiating the causes of acute dyspnea, as well as in assessing

the effects of cardiac rehabilitation in patients with heart failure.
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INTRODUCTION

Monitoring of cardiovascular hemodynamic changes re-
quires a very expensive and highly specialized equipment
and skilled medical personnel. Up to the present time, an
inexpensive, non-invasive and easy-to-use method which,
like Doppler echocardiography, magnetic resonance an-
giography or radionuclide imaging, would assess hemo-
dynamics of the cardiovascular system was not available.

A method known as impedance cardiography (ICG) or
thoracic electrical bioimpedance cardiography (TEBC)
meets those criteria. It is non-invasive, which is of a par-
ticular advantage over the conventional methods that re-
quire catheterization. As a result, the patient is not at risk
of possible complications and the procedure is less expen-
sive and easier.
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The ICG makes use of the fact that different tissues of the
human body are characterized by different values of elec-
trical resistance, or impedance. For example, adipose tis-
sue, bones, lungs and muscles are poor electrical conduc-
tors, while blood is a good conductor, and the changes in
blood location within the chest produce impedance varia-
tions in that area of the human body. During ventricular
systole the blood is ejected into the aorta and pulmonary
arteries, thereby increasing its volume in those regions.
This in turn translates into a reduction of the local impe-
dance. Hemodynamic parameters are calculated from the
recorded impedance variations [1].

METHODOLOGICAL PRINCIPLES

The test involves placing, on the skin of the patient, the
output electrodes to apply high-frequency low-intensity al-
ternating current to the patient’s chest, and the receiving
electrodes to record voltage variations and obtain electro-
cardiography (ECG) recording. The alternating current
as specified above used to produce the recording is com-
pletely safe and imperceptible to the patient, and the test
does not cause discomfort [2-5].

Parameters that can be assessed using this method:

- cardiac output (CO),

— cardiac index (CI),

— stroke volume (SV),

— stroke index (SI),

— thoracic fluid content (TFC),

— systemic vascular resistance (SVR),

— systemic vascular resistance index (SVRI),

- velocity index (VI),

— acceleration index (ACI),

— left ventricular ejection time (LVET),

- pre-ejection period (PEP),

— systolic times ratio (STR).

Despite the advantages of this method and its ability to
monitor multiple hemodynamic parameters, it is also sub-
ject to some limitations, which can significantly reduce
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the measurement accuracy. These include: extremely low
(< 25 kg) or high (> 220 kg) body weight and low height
(< 120 cm) of the subject, a very intense physical activity at
the time of registration, the incidence of arrhythmias (fre-
quent contractions, atrial fibrillation), intraaortal counter-
pulsation, heart rate above 250/min and severe insufficiency
(defective closure) of the mitral or aortal valve [1,4,6].

The use of impedance cardiography in the diagnosis

of various diseases

Hypertension

The use of ICG for diagnosing of patients with hyper-
tension allows a more precise explanation of the mechanism
of the disease in the individual patient and apply suitable
therapy. This was confirmed in the study by Xiajuan et al. 7],
in which the use of ICG allowed to assess the relationship
between systolic blood pressure and the registered hemo-
dynamic parameters in the population of Shanghai. The
sample comprised 670 persons aged 60-93 years, each of
whom was assigned to 1 of the 6 subgroups according to
the value of blood pressure. The hypertensive patients had
significantly lower values of cardiac output (4.4+1.5 /min)
and cardiac index (2.6%1.0 [/min/m?) compared to normo-
tensive subjects (4.7+1.5 I/min and 2.8+0.8 [/min/m? re-
spectively). People with hypertension had also lower values
of stroke volume and stroke index, while their values of sys-
temic vascular resistance and systemic vascular resistance
index were higher. In the group with the highest values of
pressure (systolic blood pressure = 180 mm Hg), cardiac
output was 19% lower than in the group with the lowest
pressure (systolic blood pressure < 140 mm Hg). At the
same time, systemic vascular resistance was 56% higher in
the group with the highest pressure compared to the group
with lowest pressure values.

Aoka et al. [8] compared the hemodynamic parameters in
patients with untreated hypertension by impedance car-
diography. Analysis of the results showed thatin 67% of the
patients, hypertension was associated with high systemic
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vascular resistance, while in 16% of them it was attribut-
able to elevated cardiac output. The 1st group was treated
with calcium channel blockers, while $-blockers were used
to treat patients of the other group. In both groups, the ap-
plied treatment was equally effective to lower blood pres-
sure and restore normal hemodynamic status.
In a prospective and randomized study, Krzesifski et
al. [9] tested the usefulness of impedance cardiography in
the treatment of hypertension in patients with metabolic
syndrome. Patients with mild to moderate hypertension
were divided into 2 groups:
- empirical (GE) - treated according to current guidelines,
- hemodynamic (HD) - treated taking also into ac-
count the hemodynamic data obtained by impedance
cardiography.
After 12 weeks, the efficacy of treatment used in both
groups was assessed. Better results of antihypertensive
therapy were achieved in the HD group.
Another study by the same authors (Krzesifiski et al. [10])
assessed the effectiveness of the treatment of mild to
moderate hypertension by means of the algorithm tak-
ing into account the measurements of hemodynamic
parameters using ICG. The study enrolled 128 patients
aged 42.9+11.1 years with persistent (at least 3-month)
stage I or II hypertension. Each person had the following
tests performed: patient’s history, physical examination,
laboratory measurement of blood pressure, 24-h ambu-
latory blood pressure monitoring (ABPM), ICG, ECG,
echocardiography, laboratory tests (electrolytes, creati-
nine, fasting glucose, lipids). Thereafter, patients were
randomly assigned to 1 of 2 groups: empirical (GE) in
which treatment was selected based on clinical data, or
to the hemodynamic (HD) group in which treatment was
also based on clinical data, but additionally hemodynamic
parameters obtained by ICG were also taken into account.
After 12 weeks, the differences between the groups were
evaluated in terms of the absolute values of blood pres-
sure (RR), and the reduction of RR.

Laboratory RR measurement, 24 h ABPM and ICG were
repeated.

All final RR values were lower in the hemodyna-
mic (HD) group and the difference was significant: for
laboratory-determined systolic (empiric vs. hemodyna-
mic: 136.1 vs. 131.6 mm Hg, p = 0.036) and diastolic RR
(87 vs. 83.7mm Hg, p = 0.013), as well as for RR at night:
systolic (121.3 vs. 117.2 mm Hg, p = 0.023) and diastolic
(71.9 vs. 68.4 mm Hg, p = 0.007). Therapy using ICG sig-
nificantly increased the level of reduction in laboratory-
determined systolic RR (11 vs. 17.3 mm Hg, p = 0.008)
and diastolic RR (7.7 vs. 12.2 mm Hg, p = 0.0008); as well
as mean systolic 24-h RR (9.8 vs. 14.2 mm Hg, p = 0.026),
systolic daytime RR (10.5 vs. 14.8 mm Hg, p = 0.040) and
systolic night-time RR (7.7 vs. 12.2 mm Hg, p = 0.032).
In the study population, increased vascular resistance
was the dominant mechanism of hypertension. The study
demonstrated that impedance cardiography is a useful and
simple method for diagnosing patients with mild to mod-
erate hypertension, providing additional clinically relevant
information. Treatment decisions based on results from
this method can significantly improve the reduction of
the RR in hypertensive patients [10].

Impedance cardiography allows not only to explain the
mechanism of hypertension, but may also serve as a valu-
able tool for tracking changes in the circulatory system
such as those resulting from changes in the patient’s body
position.

Bettencourt et al. [11] analyzed the cardiovascular re-
sponse to the active bringing of hypertensive patients
to the upright position. The study involved 48 people
aged 24-75 years with treated or untreated hyperten-
sion, and their results were compared with the results
obtained in the matching group of healthy people. The
analysis took into account the following parameters: sys-
tolic (SBP) and diastolic (DBP) blood pressure, stroke
volume (SV), total vascular resistance (TVR) and heart
rate (HR). Based on the results, the patients were divided
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into 2 groups depending on the hemodynamic changes.
In the 1st group (EH-I), after standing-up, there was an
increase in TVR and a decrease in SV compared to the
supine position, while HR was close to its resting value.
However, in the 2nd group (EH-II), TVR and HR de-
creased, while SV increased. Those 2 groups significant-
ly differed in age. The EH-I group included 28 patients
aged 50+10 years, and EH-II consisted of 20 patients
aged 62%11 years. Analysis of the results points to 2 dif-
ferent reactions of the cardiovascular system to the active
standing depending on age. Elderly hypertensive patients
showed a reduced hemodynamic response, and in the
younger ones the response was increased [11].

The authors of cross-sectional studies carried out in Fin-
land on the assessment of cardiovascular hemodynamic
changes depending on the value of resting heart rate also
used ICG [12]. The examined group consisted of 522 in-
dividuals aged 20-72 years (including 261 men), who were
not taking drugs affecting the heart rate and blood pres-
sure, and were not diagnosed with diabetes, ischemic heart
disease, peripheral artery disease, renal or cerebral vascu-
lar diseases. All patients underwent physical examination
and were interviewed for lifestyle factors and factors of
cardiovascular risk. Laboratory tests were also conducted,
including, among others, glucose, creatinine, total choles-
terol, high density lipoproteins (HDL), low density lipo-
proteins (LDL) and the level of C-reactive protein. High
heart rate at rest was associated with an increase in blood
pressure and increased activity of the sympathetic nervous
system, which may have an impact on the increase of the
cardiovascular risk in those subjects [12].

(ardiac insufficiency

Routine assessment of hemodynamic parameters in car-
diac insufficiency by catheterization of cardiac chambers
is a procedure encumbered with a risk of grave complica-
tions, so also in that case it is attempted to apply the ICG.
Malfatto et al. [13] assessed the reliability of 3 methods:
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echocardiography, measuring the level of brain natriuretic
peptide (BNP) and impedance cardiography in predic-
ting pulmonary capillary wedge pressure (PCWP) deter-
mined during cardiac catheterization. The study inclu-
ded 29 patients aged 72+ 4 years, with class 3.5+0.9NYHA
(New York Heart Association) heart failure and ejection
fraction 28+6%. The assessment of thoracic fluid con-
tent (TFC) > 35/kQ based on impedance cardiography
showed high rates of: specificity (97%), sensitivity (86%),
positive (97%) and negative predictive value (92%) in the
detection of PCWP = 15 mm Hg. Other methods had
a lower specificity in the evaluation of that parameter.
The study shows that impedance cardiography may be
successfully used to avoid cardiac catheterization as
a diagnostic method. It may also be useful in predicting
the further course of the disease in patients with heart
failure, as proved by another work of the same authors.
In 2007-2010, thoracic fluid content (TFC) was assessed
by impedance cardiography, the level of brain natriuretic
peptide (BNP) was determined and echocardiography
were performed during the 1st visit in 142 outpatients
with chronic heart insufficiency. During the 4-year fol-
low-up, 21.2% of the patients died. All had higher levels
of BNP and TFC compared to those who survived. Evi-
dently lower mortality (2.1%) was observed in the group
with BNP values < 450 pg/ml and the TFC < 40/kQ, while
in patients with BNP values = 450 pg/ml and TFC = 40/k€2,
the mortality was 46.5%. The use of this type of diagnosis
during the 1st visit may help ensure better treatment of
the patient by enabling implementation of an appropriate
therapeutic strategy [14].

Diagnosing of dyspnea in intensive care wards

With the growing interest in ICG, a search has been star-
ted to find new areas for its application other than cardiol-
ogy. Vorwerk et al. [15] evaluated the usefulness of ICG
for distinguishing between the causes of acute dyspnea
in an emergency department. Patients admitted to the
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hospital were examined using ICG, and then the results
were compared with the final diagnosis recorded in the
discharge report that had been used to decide whether the
dyspnea was of cardiac origin or not. Statistically signifi-
cant differences in hemodynamic parameters were shown
to occur between the group with cardiogenic and noncar-
diogenic dyspnea. The relevant parameters included car-
diac output (6.2 vs. 7.9 I/min, p < 0.001), cardiac index
(3.1 vs. 4.4 /min/m?, p < 0.001), systemic vascular resis-
tance (1227 vs. 933 dynxsxcm™, p = 0.002) and systemic
vascular resistance index (2403 vs. 1681 dynxsXcm=Xm?,
p < 0.001). Among the analyzed parameters, cardiac in-
dex has proved to be most useful for distinguishing be-
tween cardiogenic and noncardiogenic dyspnea (cardiac
index: < 3.2 1/min/m?) [15].

Cardiac rehabilitation

Gielerak et al. [16] have demonstrated that impedance
cardiography may also be useful in the rehabilitation of
persons with cardiac insufficiency. Fifty patients (44 men,
aged 56.2+8.8 years) with NYHA class II-III heart failure
and echocardiography-determined left ventricular ejec-
tion fraction (LVEF) < 40%, clinically stable and opti-
mally treated, were subjected to cardiac rehabilitation. All
patients underwent echocardiography, exercise test, ICG,
and then physical training to be carried out systematically
for 8 weeks was individually planned for each patient.
From the results of the study it has been found that ICG
facilitates assessment of clinically relevant parameters,
of which cardiac output (CO) and thoracic fluid con-
tent (TFC) are of particular importance for patients with
heart failure. In the study population, the rehabilitation
has reduced TFC, but only in patients with relatively high
values of this parameter. This was associated with a sig-
nificant improvement in exercise capacity. In patients with
low baseline TFC, cardiac rehabilitation did not result in
such a significant improvement in exercise capacity. In
their conclusions, the authors report that thoracic fluid

content measured using ICG is a useful parameter in pre-
dicting the beneficial effects of cardiac rehabilitation [16].

CONCLUSIONS

Impedance cardiography, despite its non-invasive chara-
cter, has not been so far extensively used for monitoring
of hemodynamic parameters in hospitalized patients.
Various authors report that attempts have been continued
to compare the results from ICG and those obtained by
other diagnostic methods. Parashar et al. [17] compared
the results from impedance cardiography and Doppler
echocardiography. The study involved 30 healthy men
aged 18-26 years (mean: 21.5+2.4 years), whose cardiac
output was determined after 30 min of rest in the supine
position. This was followed by 3 min of exercise performed
using a static dynamometer (dynamometer compression
force set to 30% of the maximum force). After 5 min
since the termination of the exercise, CO and stroke vol-
ume determinations were repeated. Values of cardiac
output obtained by ICG and Doppler echocardiography
were comparable. The mean values of CO obtained in
the ICG were 4.87£0.83 I/min at rest, 6.01%0.98 1/min
during the dynamometer test, and 5.07%0.87 l/min after
the dynamometer test. Average values of CO obtained
with Doppler echocardiography were 4.98+0.88 1/min;
6.17+1.01 l/min; 5.26%0.95 I/min, respectively.

This study has confirmed that the results of impedance car-
diography and Doppler echocardiography are comparable.
Therefore, when assessing the hemodynamic parameters in
patients with different diseases, one should consider using
the non-invasive ICG diagnostic method. This will reduce
the cost of the diagnosis of cardiovascular diseases and, for
example in hypertensive patients, it will facilitate the appli-
cation of appropriate therapy. The option to record hemo-
dynamic parameters using Holter system may also be used
to assess the impact of environmental factors on the cardio-
vascular system of a working person [17], a problem which
is reported in the 2nd part of our work.
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