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tance characteristics in normal volunteers and
patients with coronary disease (many with
concomitant respiratory disease). Though the
bioimpedance technique has undoubted
potential for non-invasive cardiac output
determination in humans, the NCCOM3
technique is not a satisfactory implementa-
tion of this method.
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These letters were shown to the authors, who
reply as follows:

SIR,-We are grateful for the opportunity to
reply to the points raised in these two letters.
We agree entirely with Dr Shoemaker's

comments. The bioimpedance stroke volume
equation used in the BoMed NCCOM3 was

first described by Dr Sramek. The contribu-
tion of Dr Bernstein, which we would not
wish to underestimate, was an improved
method for calculating VEPT (one variable in
the Sramek equation) rather than a modifica-
tion of the equation itself. As stated in our
paper, VEPT was determined from both
body height and weight-the Bernstein
method.
We take issue with many of the points

raised by Dr Silke. The thermodilution
results were taken simultaneously with elec-
trical bioimpedance by two blinded
observers. As we stated, the bioimpedance
estimate was taken as an average of 120 heart
beats, not 10. This was compared with three
averaged thermodilution estimates because
these require a similar length of time. Each
thermodilution estimate is in itselfan average
over a number of cardiac beats. We disagree
with Dr Silke's assertion that averaging gen-
erates spurious accuracy. In fact we
deliberately made only one estimate of car-
diac output with each method per patient to
avoid the spurious correlations that can be
generated when multiple measurements are
made in the same patient.
We do not follow Dr Silke's reasoning

regarding the haemodynamic status of our
patients. They were not chosen for their
haemodynamic stability-unlike the patients
included in the drug studies cited. Since we
made the thermodilution and bioimpedance
measurements simultaneously, any haemo-
dynamic instability would not bias our
results.
Dr Silke suggests that we did not study a

wide enough range of cardiac outputs. In fact
the thermodilution results ranged from 2 1/
min to over 6 1/min which covers most values
commonly encountered in clinical practice.
He also suggests that the three patients in
whom there was considerable disagreement

between electrical bioimpedance and ther-
modilution might have been those with the
highest cardiac outputs. Inspection offigure 3
of our original paper clearly shows that this
was not the case. There was no relation
between the size ofthe errors and the mean of
the two estimates of cardiac output.
There are several possible reasons to

explain the poorer results obtained by Dr
Silke with electrical bioimpedance. However,
it is difficult to compare our methods because
his study has not been published in full. The
most obvious difference between the studies
is that our measurements were not made
during exercise. A previous report concluded
that the BoMed NCCOM3 was inaccurate
during exercise.' Another problem with Dr
Silke's study is that electrical bioimpedance is
compared with thermodilution-a technique
that may be unreliable during exercise
because of the development of tricuspid
incompetence.2 Therefore the lack of
agreement between bioimpedance and ther-
modilution during exercise should not dis-
courage physicians from using this device in
patients at rest, especially to monitor changes
in cardiac output.
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