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A b s t r a c t

IInnttrroodduuccttiioonn::  In the European Union only, about 146 000 patients die due to sepsis
per year. Impedance cardiography (ICG) is a totally non-invasive and thus devoid
of the risk of the above complications method of monitoring numerous
hemodynamic parameters. The method recommended for routine application in
patients with sepsis and severe sepsis should be precise, repeatable and possible
to use in every case. The objective of this study was to determine the quality of
the obtained impedance cardiography (ICG) signal and the value of thoracic fluid
content (TFC) in patients with sepsis and severe sepsis. 
MMaatteerriiaall  aanndd  mmeetthhooddss::  It was a prospective study. The study was performed in
the Department of Anaesthesiology and Intensive Care Unit, Medical University
Hospital, in the group of 20 patients with sepsis and severe sepsis. In total 128
ICG measurements (NICCOMO) were performed in all patients. Each time the
level of ICG signal (in %) was determined and several hemodynamic parameters
were measured including TFC. 
RReessuullttss::  The quality of ICG was ≥70% in 53.91% of the measurements, ≥30% in
88.28% of the measurements. In 11.72% of the measurements the signal quality
was <30%. Thoracic fluid content was >65kΩ-1 in six measurements (4.69%). The
mortality in the studied group was 30%. 
CCoonncclluussiioonnss::  In conclusion the level of the obtained ICG signal and the measured
TFC values in patients with sepsis and severe sepsis allow to apply ICG routinely
in this group of patients.

KKeeyy  wwoorrddss::  Impedance cardiography, sepsis, severe sepsis.

Introduction

In the USA about 750 000 cases of severe sepsis are registered per year
[1]. On a world scale, a similar number of septic cases end in death [2]. In
the European Union only, about 146 000 patients die due to sepsis per year
[3]. The mentioned septic states particularly severe sepsis and septic shock
are associated with serious prognostication and increased mortality [1].
Popularisation of invasive therapeutic and diagnostic methods, increasing
resistance to antibiotics and aging of the population are the causes of
a consistently increasing incidence of sepsis [2]. 
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Septic patients often require long-term hemody-
namic monitoring. In the majority of cases this
monitoring is based on invasive methods associated
with the risk of the occurrence of dysrhythmia,
pulmonary embolism or the damage of cardiac valves
and endocardium. In the USA, the frequency of such
complications is estimated to be about 7.2% [3, 4]. 

Impedance cardiography is a totally non-invasive
and thus devoid of the risk of the above
complications method of monitoring numerous
hemodynamic parameters. However, ICG is not
applied routinely in hemodynamic monitoring of
patients with sepsis and severe sepsis.

The method recommended for routine application
in patients with sepsis and severe sepsis should be
precise, repeatable and possible to use in every case.

Impedance cardiography is based on a theoretical
model of blood flow in the thorax. Some limitations
result from that. In the case when the patient’s
physiological or clinical conditions do not correspond
with the model assumptions, there may appear
parametric inaccuracy, markedly differing from the
real state. Precise impedance monitoring is
impossible in the following cases: septic shock,
aortic regurgitation, atrial septal defect, ventricular
septal defect, severe aortic atherosclerosis, aortic
prosthesis, severe hypertension, intra-aortic
counterpulsation, marked tachycardia, excessively
tall or short stature or extreme overweight or
underweight. Precise impedance monitoring is also
possible in the cases of extreme volume of
extravascular lung water [5], causing the increase
of TFC. The available impedance units are designed
generally for the measurement of hemodynamic
parameters in the recumbent position, at rest and
the measured parameters are useful only when the
registered curves were obtained from good quality
signals and when artifacts were not observed during
registration. The applied in impedance cardiographs
mathematical rules for stroke volume calculation
also affect the precision and repeatability of the
measurements performed with the ICG method [5].
In the majority of modern equipment Sramek’s or
Sramek-Bernstein’s algorithm is used.

ICG was developed for the NASA in the 60s [6]. In
the meantime a lot of validation studies have been
published [5, 7-20]. A very different estimation of the
reliability and usefulness of the impedance
cardiography catches the attention. Fuller’s meta
– analysis is of importance. He determined the
correlation between ICG and thermodilution method
(r=0.82), Fick’s method (r=0.80) and the method of
isotopic angiography (r=0.65) [14]. 

A smaller number of publications concerns ICG
validation in patients with sepsis and severe sepsis
[5, 8, 16, 17]. The research and experiments carried
out so far allow to regard impedance cardiography
as a method in which the obtained results are

comparable with those obtained through the method
of thermodilution, on condition that when the ICG
method is applied, its limitations are taken into
account and the method is not used in patients with
some heart diseases in the course of or directly after
cardiosurgical procedures and that the obtained ICG
signal is good [20].

Obtaining a good enough level of the ICG signal
in the course of the measurement is another
requirement to be met to apply the ICG method
routinely in patients with sepsis and severe sepsis.
Furthermore, TFC value should not exceed the
values determined by the producer if the applied
rule is dependent on extravascular lung water
(Sramek-Bernstein’s rule). An excessive volume of
extravascular lung water may cause an inaccuracy
of the measurement of stroke volume and of other
hemodynamic parameters associated with it.

In our own research a NICCOMO impedance
cardiograph was used (Medis. Medizinische
Messtechnik GmbH, Germany) (correlation between
ICG and reference method: r=0.857) [21]. The quality
of the ICG signal was determined objectively with
NICCOMO software in % from 0 to 100%. The TFC
value >65 kΩ-1 may cause an inaccuracy of stroke
volume measurement. NICCOMO software
recognizes and eliminates automatically the effect
of some artifacts.

We assumed that the level of the obtained ICG
signal and the measured TFC values in patients with
sepsis and severe sepsis allow, taking into account
a good correlation of ICG and reference method, to
apply routinely ICG in this group of patients.

The aim of the study was to obtain data concerning
the values of hemodynamic parameters measured by
the ICG method in patients with sepsis and severe
sepsis.

Material and methods 

Having obtained an approval of the Bioethics
Committee of the Medical University of Lodz, Poland
(RNN/26/03/KB), 20 patients were qualified for the
study: 15 men, aged 21 to 69 years (mean 49 years)
and 5 women, aged 27 to 90 years (mean 61 years).
The basic data about the investigated group are
demonstrated in Table I. 

The criteria of sepsis according to the definition
accepted at the ACCP/SCCM conference were the
base for being enrolled into the study [22, 23]. 

The patients with aortic regurgitation, atrial septal
defect, ventricular septal defect, severe hypertension
(mean arterial pressure, MAP >130 mmHg), tachycardia
over 250/min, and extreme cases of overweight or
underweight and height were excluded from the study.

The investigations were carried out in each
patient until they stopped meeting the criteria of
sepsis according to the definition accepted at the
ACCP/SCCM conference or when the patient died.

Impedance cardiography patients with sepsis 

Arch Med Sci 2, June / 2006 115



116 Arch Med Sci 2, June / 2006

Mariusz Piechota, Robert Irzmański, Maciej Banach, Marcin Barylski, Stanisław Ostrowski, Jan Kowalski, Lucjan Pawlicki

TTaa
bbll

ee  
II..  

B
as

ic
 d

at
a 

on
 t

he
 s

tu
di

ed
 g

ro
up

PPaa
ttii

eenn
tt’’

ss
BB

aass
ee  

ooff
  iinn

ccll
uuss

iioo
nn  

IInn
ffee

cctt
iioo

nn  
ssii

ttee
NN

oo  
ooff

  ss
ccoo

rree
ss

NN
uumm

bbee
rr  

ooff
  ss

ccoo
rree

ss
NN

uumm
bbee

rr  
ooff

    
TThh

ee  
hhii

gghh
eess

tt  
  

DD
eeaa

tthh
  

CCaa
uuss

ee  
nnuu

mm
bbee

rr
iinn

ttoo
  tt

hhee
  ss

ttuu
ddyy

iinn
  AA

PPAA
CC

HH
EE  

IIII
iinn

  SS
OO

FFAA
mm

eeaa
ssuu

rree
mm

eenn
ttss

nnuu
mm

bbee
rr  

ooff
  oo

rrgg
aann

iinn
  tt

hhee
  cc

oouu
rrss

ee
ooff

  dd
eeaa

tthh
oonn

  tt
hhee

  ss
ttuu

ddyy
oonn

  tt
hhee

  ss
ttuu

ddyy
ffaa

iilluu
rree

ooff
  tt

hhee
  ss

ttuu
ddyy

iinn
iitt

iiaa
ttii

oonn
iinn

iitt
iiaa

ttii
oonn

1
Se

ps
is

A
bd

om
in

al
 c

av
it

y
7

1
5

0
N

o
–

2
Se

ps
is

A
bd

om
in

al
 c

av
it

y
14

5
13

3
N

o
–

3
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
17

5
6

1
N

o
–

4
Se

ps
is

A
bd

om
in

al
 c

av
it

y
9

2
9

5
Ye

s
M

O
D

S,
 D

IC

5
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
10

2
6

2
N

o
–

6
Se

ve
re

 s
ep

si
s

Lu
ng

s/
A

bd
om

in
al

 c
av

it
y

19
8

14
4

N
o

–

7
Se

ps
is

A
bd

om
in

al
 c

av
it

y
3

1
5

1
N

o
–

8
Se

ps
is

Lu
ng

s
12

6
6

1
N

o
–

9
Se

ve
re

 s
ep

si
s

Lu
ng

s
14

9
4

1
N

o
–

10
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
17

5
11

4
Ye

s
M

O
D

S

11
Se

ve
re

 s
ep

si
s

C
N

S
11

6
4

2
N

o
–

12
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
8

4
4

1
N

o
–

13
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
12

7
2

3
Ye

s
Re

sp
ira

to
ry

– 
ci

rc
ul

at
or

y 
fa

ilu
re

14
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
10

3
4

1
N

o
–

15
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
13

8
6

3
Ye

s
Re

sp
ira

to
ry

– 
ci

rc
ul

at
or

y 
fa

ilu
re

16
Se

ve
re

 s
ep

si
s

Lu
ng

s
24

13
3

4
Ye

s
Re

sp
ira

to
ry

– 
ci

rc
ul

at
or

y 
fa

ilu
re

17
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
7

5
5

2
N

o
–

18
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
4

3
9

2
N

o
–

19
Se

ve
re

 s
ep

si
s

A
bd

om
in

al
 c

av
it

y
11

6
8

2
N

o
–

20
Se

ve
re

 s
ep

si
s

Lu
ng

s
17

12
4

4
Ye

s
Re

sp
ira

to
ry

– 
ci

rc
ul

at
or

y 
fa

ilu
re



Arch Med Sci 2, June / 2006 117

Impedance cardiography patients with sepsis 

All patients were given verbal and written
information about the potential risks and benefits
of participation in the study. They gave their consent
in writing prior to the study.

Subjects were recruited consecutively from
patients attending the ICU from 1st July 2003 to 31st

July 2004. All patients were treated by the same
team of physicians. The standard treatment included
administration of adequate antibiotics, control of the
source of infection and supportive therapy
(intravenous fluids, medication aiding the circulatory
system, vasopressors, aiding the failing organs). The
applied protocol ordered, among others, maintaining
SpO2 >90%, mean arterial pressure at the level at
least 70 mmHg, central venous pressure within the
limit 8-12 mmHg. If application of mechanical
ventilation was necessary, paCO2 had to be
maintained within the limit of 35-45 mmHg.

The following hemodynamic parameters were
tested with the impedance cardiograph: heart rate
(HR) in beats/min, stroke volume (SV) in ml, cardiac
output (CO) in l/min, stroke index (SI) in ml/m2,
cardiac index (CI) in l/min/m2, pre-ejection period
(PEP) in ms, left ventricular ejection time (LVET) in
ms, acceleration index (ACI) in l/s2, systolic time ratio
(STR) in %, thoracic fluid content in kΩ-1, systemic
vascular resistance index (SVRI) in dyne.s/cm-5/m2,
left cardiac work index (LCWI) in kg.m/m2, mean
arterial pressure in mmHg, systolic blood pressure
(BPs) in mmHg and diastolic blood pressure (BPd) in
mmHg. Furthermore, procalcitonin (PCT) and
N-terminal brain natriuretic propeptide (NT-proBNP)
concentrations were determined in arterial blood and
the patient’s clinical state was assessed according to
the Sepsis-related Organ Failure Assessment (SOFA)
score [24-28] and Acute Physiology and Chronic
Health Evaluation System II (APACHE II) [29].

The first ICG recording with blood sample
collection was performed within 12 h after the
patient’s inclusion into the study, the second 12 h
after the first, the third 24 h after the first, the fourth
48 h after the first, the fifth and the next 48 h after
the previous one. 

ICG curve record was performed with the
impedance cardiograph NICCOMO (Medis.
Medizinische Messtechnik GmbH, Germany) working
on the basis of Sramek-Bernstein rule. 

The quantitative measurement of procalcitonin
concentration (in ng/ml) was performed with
immunoluminometric method with the use of two
monoclonal antigen-specific antibodies binding PCT.
The luminescence was read in BERLUX 250
luminator with LUMI test PCT reagent (Brahms
Diagnostica GmbH). 

The quantitative determination of NT-proBNP (in
pg/ml) was based on the immumoenzymatic
method: the test based on competitive EIA method
(precision of this method is on the average about CV

4.7%). The reading was performed on ETI Max 3000
analyzer (Dia Sorin) using Biomedica reagents.

A statistical analysis was performed with
Statistica 5.1 PL (StatSoft, Poland) and Office 97
programs (Microsoft, Poland). Basic statistics were
calculated: mean, standard deviations, minimum,
maximum, median for all the tested parameters.

Results 

The quality of the ICG signal and TFC were
determined in all 128 measurements. 

The quality of ICG was ≥70% in 53.91% of the
measurements, ≥30% in 88.28% of the measurements.
In 11.72% of the measurements the signal quality was
<30%. Thoracic fluid content was >65 kΩ-1 in six
measurements (4.69%). The obtained results are
presented in Tables II and III.

The obtained values of hemodynamic parameters,
the values of procalcitonin and NT-proBNP
concentrations and SOFA and APACHE II scores in
patients with sepsis and severe sepsis are presented
in Table IV.

The mortality in the studied group was 30%

Discussion

The possibility of routine application of
impedance cardiography in patients with sepsis and
severe sepsis depends on several factors. Appropriate
validation of the method is a sufficient factor. In the
case of ICG, the quality of the signal and sometimes
TFC value (Sramek-Bernstein’s rule) are of significant
importance.

The evaluation of ICG signal quality is subjective
in the case of a majority of impedance cardiographs.
There are no objective data allowing to determine
precisely when the quality of the signal is good
enough and when it is not. In some types of
impedance cardiographs, including NICCOMO, the
quality of the ICG signal is determined in per cent.
It makes easier the evaluation of the ICG signal but
still, the question whether the obtained per cent of
the ICG signal is sufficient to be regarded as reliable
is left to the subjective assessment of the researcher.
The authors established quite rigorous criteria of
evaluation. In the opinion of the authors, the quality
of the ICG signal was very good in the presented
study (≥70%) in 53.91% of the measurements and
satisfactory (≥30%) in 88.28% of the measurements.
Only in 11.72% of the measurements, the quality of
the signal was low (<30%).

Thoracic fluid content >65kΩ-1 may cause, but not
necessarily, an inaccuracy of the measurement of
stroke volume and other hemodynamic parameters
associated with it. Such a value was found only in 6
out of 128 of the performed measurements (4.69%).
This allows to conclude that excessive hydration of
pulmonary tissue, frequently accompanying sepsis
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and severe sepsis, in practice does not affect
significantly the value of the obtained results of SV
and CO. The patients with sepsis or severe sepsis are
within the theoretical model being the base of
impedance cardiography.

Owing to the lack of adequate data in literature,
the authors could not refer to the results obtained
by other authors.

The obtained values of hemodynamic parameters
measured with the ICG method in patients with
sepsis and severe sepsis (128 measurements) may
be the point of reference in further studies to be
conducted in this group of patients. 

Conclusions

The level of the obtained ICG signal and the
measured values of TFC in patients with sepsis and
severe sepsis with NICCOMO cardiograph allow to
apply ICG routinely in this group of patients.

The authors recommend application of ICG in
patients with sepsis and severe sepsis as a reliable
and repeatable method on condition that using it,
its limitations are taken into account and this
method should not be applied in patients with some
heart diseases, in the course or directly after
cardiosurgical procedures, and the obtained level of

the ICG signal (in %) is ≥30%, whereas the thoracic
fluid content is not >65kΩ-1.
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