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Abstract. To s tudy  the poss ib le  inf luence  o f  mechan i -  
cal  ven t i l a t ion  on  the accurracy  o f  thorac ic  electr ical  
b i o i m p e d a n c e  (TEI)  in the  measu remen t  o f  card iac  
ou tpu t ,  we de t e rmined  card iac  o u t p u t  concur ren t ly  by  
TEI  using Kub icek ' s  equa t ion  and  by  t h e r m o d i l u t i o n  
in 8 acute ly  ill pa t ien ts  who  were mechan ica l ly  ven- 
t i l a ted  (ass i s t / cont ro l  mode)  bu t  who  had  no  under ly-  
ing resp i ra to ry  failure. Card iac  ou tpu t s  were lower 
wi th  TEI  t han  with  t h e r m o d i l u t i o n  (3 .97+0.80  vs 
4.83 _+ 1.16 1/min p = 0.004) and  there  was p o o r  corre-  
l a t ion  be tween the values (r  = 0.41). A l t h o u g h  there is 
a need to develop non- invas ive  techniques  to  measure  
ca rd iac  ou tpu t ,  the  present  s tudy  indicates  tha t  TEI  is 
no t  re l iable  in mechan ica l ly  vent i la ted pat ients .  

Key words:  Card iac  o u t p u t  de t e rmina t i on  - 
B i o i m p e d a n c e  - T h e r m o d i l u t i o n  - Mechan ica l  ven- 
t i l a t ion  

Thorac i c  electr ical  b i o i m p e d a n c e  (TEI)  is a m e t h o d  
used  to measure  the  s troke vo lume non-invasively  [3, 
6, 7, 8]. The  pr inc ip le  depends  on  the cons tan t  appl i -  
ca t ion  a long  the t ho rax  o f  an  electr ical  cur rent  o f  low 
in tens i ty  and  high frequency:  pulsa t i le  var ia t ions  in 
aor t ic  b l o o d  f low induce  an  oppos i t e  change  in TE l ,  
which  is der ived electronical ly.  

A l t h o u g h  ear l ier  s tudies expressed doub t s  a b o u t  
the  prec is ion  o f  the  t echn ique  [6, 8], more  recent  s tud-  
ies us ing Kubr icek ' s  equa t ion  [7] showed a bet ter  cor-  
re la t ion  between card iac  ou tpu t  values measu red  by  
TEI  and  by  t h e r m o d i l u t i o n  [1, 2, 3, 10]. A recent  up-  
surge o f  interest  is also re la ted  to the  avai labi l i ty  o f  a 
digital ,  on- l ine  c o m p u t e r  connec ted  to spo t  e lectrodes 
ra ther  t h a n  the c u m b e r s o m e  c i rcumferent ia l  e lectrodes 
p l aced  a r o u n d  the  neck  a n d  the lower thorax .  The  ac-  
curacy  o f  the  TEI  technique  m a y  be af fec ted by  m a n y  
factors  inc lud ing  the  use o f  mechan ica l  vent i la t ion .  

D o n o v a n  et al. [5] recent ly  found  tha t  the  TEI  tech-  
n ique  was less accura te  in mechan ica l ly  vent i la ted  pa-  
t ients,  bu t  the  poss ib le  inf luence  o f  the  under ly ing  
p u l m o n a r y  p r o b l e m  was no t  c lear ly  def ined.  We there-  
fore c o m p a r e d  s t roke vo lume measurements  ob ta ined  
by  TEI  and  by t h e r m o d i l u t i o n  in a series o f  cr i t ical ly  
ill pa t ien ts  who  were mechan ica l ly  vent i la ted  bu t  who  
d id  no t  have evidence o f  resp i ra tory  failure. 

Patients and methods 

Patients were selected if they fulfilled two criteria: Firstly they had 
a Swan-Ganz catheter in place because of previous haemodynamic 
instability or perioperative invasive monitoring. Secondly they were 
mechanically ventilated (assist/control mode) for other reasons than 
respiratory failure. In particular, there were no signs of pulmonary 
oedema or pulmonary infection on the basis of current clinical, ra- 
diological, bacteriological or haemodynamic critieria. 

Eight patients were studied (6 men, 2 women) ranging in age 
from 32 to 69 years (median age 62 years). Five patients were studied 
postoperatively: three after cardiac surgery (aortic valve replace- 
ment in 1, coronary artery bypass graft in 1, and both valve replace- 
ment and bypass graft in 1), and two after oesophagogastrectomy. 
Two patients had neurological disease (1 had meningitis and the 
other a subarachnoid hemorrhage) and one patient had myocardial 
infarction with recent circulatory failure. Each patient was mechani- 
cally ventilated on assist/control mode with tidal volumes of 
10-15 ml/kg and zero end-expiratory pressure. No patient had a 
history of chronic respiratory failure. In each case, the 
haemodynamic status was stable and there was no evidence of 
hypovolaemia. Each patient had an haematocrit between 30 and 
40%. A pulmonary artery catheter (Swan-Ganz model 
93A- 131H-7F, Edwards Laboratories) had previously been insert- 
ed and cardiac output was measured by the thermodilution tech- 
nique (COM-1, Edwards Lab) using cold (< 8 °C) water and a clos- 
ed system (Co-set system, Edwards Lab). The bolus injection was 
started at end-inspiration to reduce the variability of the measure- 
ment [4, 9]. Water injections were performed manually. 

TEI was measured after placement of 8 voltage-sensing elec- 
trodes. Four electrodes were located on each side of the thorax: two 
at the xyphoid level and two 5 cm lower. Four electrodes were locat- 
ed on each side of the neck: two at the level of the carotid artery 
and two 5 cm higher. The electrodes were connected to the TEl corn- 
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puter (NCCOM-3, BoMed Medical Manufacturing Ltd, Irvine, 
CA). The patient 's characteristics (height, weight and sex) were in- 
troduced in the computer 's keyboard in order to calculate TEI cardi- 
ac output [3]. 

Thermodilution and TEl cardiac output measurements were 
made concurrently. For the thermodilution cardiac output, three to 
five measurements were averaged. For the TEI cardiac output, data 
(automatically updated every twelve beats) were averaged over one 
minute. Comparison of  measurements was repeated within 24 h if 
the mean thermodilution cardiac output value had varied by more 
than 5% (The differences were then considered as significant). So, 
four measurements were obtained in 2 patients, two in 2 patients 
and one in 4 patients. 

Results were analyzed by Student's t test for paired data. Data 
are presented as mean + SD. 

Results 

Cardiac output values measured by TEI averaged 
3.97 _+ 0.80 l /min (range 3.00 - 6.00 l/min) and by ther- 
modilution 4.83 +_ 1.16 I/min (range 3.57 - 7.821/min). 
These differences were statistically significant 
(p = 0.004). 

The correlation between cardiac output values ob- 
tained by TEI and by thermodilution is shown in Fig. 
1. The equation was Y = 0.28 X+2.61 (r = 0.41). One 
patient had a cardiac output value falling clearly out- 
side the range of other values but this measurement 
was felt appropriate. Even after exclusion of this value, 
the correlation was still relatively poor Y = 0.31 X+  
2.35 (r = 0.60). 

When more than one value was obtained, serial 
analysis of cardiac output determinations did not 
yield a consistent relationship. 

Discussion 

Measurement of cardiac output by TEI has many at- 
tractive aspects, it is non-invasive, simple and relative- 
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Fig. 1. Correlation between cardiac output values measured by 
bioimpedance and by thermodilution 

ly inexpensive, and it provides a continuous on-line 
measurement of blood flow. In addition to stroke vol- 
ume, ventricular ejection time and ejection velocity in- 
dex and thoracic fluid index can be continuously eval- 
uated. In essence, the method assumes that the thorax 
is a cylinder with homogeneous electrical conductive 
properties. If  an electrical alterning current of low am- 
plitude is applied, the pulsatile changes in thoracic 
aortic blood flow cause a negative change in imped- 
ance and the greatest magnitude of this change is pro- 
portional to the peak aortic blood flow. 

There are several assumptions made in this equa- 
tion; firstly, measurement of aortic blood flow de- 
pends on blood specific resistivity which can vary with 
haematocrit and other factors, secondly, the method 
regards the thorax as being a perfect cylinder and as- 
sumes a fixed relationship between the length and the 
radius of  this cylinder, thirdly the method assumes 
that perfusion within the thorax is homogeneous and 
the distribution of  blood flow is largely influenced by 
the cardiovascular status. 

Despite the development of  new equipment and al- 
gorithms, the accuracy of measurement of total blood 
flow by the TEI method is still open to controversy. 
During haemorrhagic shock induced in dogs, Tremper 
et al. [10] found TEI could reliably track changes in 
blood flow. Two recent studies compared measure- 
ments of cardiac output by TEI and by thermodilution 
in acutely ill patients. Bernstein et al. [2] made 94 
comparisons in 17 patients and found a correlation 
coefficient of 0.88 while Appel et al. [i] made 391 
measurements in 16 patients and found a correlation 
coefficient of 0.83. In both studies the correlations 
could be increased by the exclusion of  some values be- 
fore statistical analysis and by the large number of 
measurements obtained in each patient. The possible 
influence of mechanical ventilation on the accuracy of 
the measurements was also not defined in the two 
studiesL More recently, Donovan et al. [5] made similar 
comparisons in 27 patients with one to eight cardiac 
output determinations performed in each patient. Us- 
ing varying distances between electrodes and several 
different values for blood resistivity, their correlation 
coefficients did not exceed 0.70. The correlation was 
worse still in the 16 patients who were mechanically 
ventilated. The authors could not separate the effects 
of mechanical ventilation per se from those related to 
the underlying pulmonary problem necessitating the 
need for mechanical ventilation. Our present results 
indicate that in mechanically ventilated patients, car- 
diac output measurements by TEI are not very accu- 
rate even in the absence of recognized respiratory fail- 
ure. Interestingly, cardiac output values were signifi- 
cantly lower by the TEI method and this is contrary to 
earlier observations [3]. It is possibile that this was due 
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to the mechanical ventilation itself but this was not 
tested in our study. As our thermodilution measure- 
ments were cycled with the ventilator, it might be sug- 
gested that the thermodilution values were over-esti- 
mated, but this is not supported by data from previous 
studies [4]. 

Mechanical ventilation should probably be added 
to the list of factors which limit the use of  the tech- 
nique together with valvular regurgitation, in- 
trathoracic shunts, sepsis, tachycardia or dysrhythmia, 
hypertension, pulmonary atelectasis or pleural effu- 
sions [1, 2, 3, 5, 10]. Our results support the view than 
non-invasive measurement of cardiac output by TEl 
lacks precision in acutely ill patients. 
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