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LETTERS TO
THE EDITOR

* The British Heart Journal welcomes letters
commenting on papers that it has published
within the past six months.

* All letters must be typed with double spacing
and signed by all authors.

* No letter should be more than 600 words.

* In general, no letter should contain more
than six references (also typed with double
spacing).

Non-invasive determination of cardiac
output by Doppler echocardiography
and electrical bioimpedance

SIR,-Dr Northridge and colleagues
(1990;63:93-7) have, inadvertently I am sure,
incorrectly cited the proper name of the
stroke volume equation currently implemen-
ted in NCCOM3. While it is true that the
general form of the equation of Sramek et al,'
quoted under patients and methods, des-
cribes impedance derived stroke volume in a
general, qualitative fashion, it is the quan-
titative definition of volume of electrically
participating tissue (VEPT) in the equation
that requires clarification.

In the work cited by Northridge and
associates, the VEPT defined by Sramek
et al' is determined in practice uniquely as a
function of body height alone. However, as
correctly stated by Northridge et al, VEPT as
currently used is a constant derived from both
body height and weight. NCCOM3 com-
putes stroke volume from the Sramek equa-
tion corrected for body habitus." This
modified equation is now generally cited as
the Sramek-Bernstein equation,47 which is
the one, apparently, used in this study.

WILLIAM C SHOEMAKER
Editor, Critical Care Medicine,

251 E Imperial Highway, Suite 480,
Fullerton, CA 92635,
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SIR,-We read with interest the validation of
the transthoracic bioimpedance cardiac out-
put device (BoMed NCCOM3) in acute
myocardial infarction (1990;63:93-7). North-
ridge et al concluded that in most patients the
transthoracic electrical bioimpedance tech-
nique was accurate and reproducible. The
validity of this technique has been question-
ed'; we recently concluded that impedance
cardiac output as implemented in the BoMed
NCCOM3 was "not accurate compared with
the thermodilution reference nor was it quan-
titative".
There are many pitfalls in the assessment of

cardiac output and in undertaking validation
studies in humans3 and assessment of devices
likely to be applied in critical care should be
rigorous rather than enthusiastic. Validation
in vitro and in vivo should be attempted, the
method should be accurate compared with
the reference standard, and show similar
reproducibility with ability to track
physiological events and the effects of phar-
macodynamic interventions.4 A simple rest
assessment may have serious limitations and
result in misleading conclusions.

Several crucial points in the Northridge
paper may have contributed to the outcome.
It is unclear whether investigators were blind
to each other-this should be mandatory to
avoid unconscious bias. Ten averaged
estimates of impedance cardiac output were
compared with three averaged thermodilu-
tion estimates: this is not reasonable. After
the establishment of control haemodynamic
stability, measurements should be paired,
simultaneous, and consecutive; discarding of
data ("outliers") and averaging generates
spurious accuracy. The reference thermo-
dilution system is at best under conditions of
physiological stability.3 Perusal of the data on
control cardiac output (3-95 I/min) indicates
that this lies outside the 95% confidence
limits for acute heart failure (mean 4-31 (95%
confidence interval + 0-16) based on 32

studies of acute heart failure5); this suggests
haemodynamic compromise, with subjects
unlikely to be haemodynamically stable.
Validation studies should cover as wide a
range of comparison points to ensure the
method has no systematic bias; clearly this
was not achieved because of the patient
population selected. In three of the patients
there were considerable discrepancies be-
tween the methods-were these with higher
cardiac outputs?
Our assessment of the BoMed impedance

device in 16 patients with stable coronary
disease was as follows.2 Ten consecutive car-
diac output measurements were compared
with 10 impedance estimations over a 15
minute period. Subjects were studied fasting
without premedication after a period of sub-
maximal exercise to minimise haemodynamic
variability. Observers were blind to each
other; the thermodilution method had
previously been validated in vitro and in vivo
with accuracy and reproducibility deter-
mined.3 Data were not averaged and all data
were included to obviate observer bias. The
data (figure) clearly suggested large dis-
crepancies between the impedance estimate
of cardiac output and the thermodilution
reference (average difference 1-33 1 min-' mn2;
95% limits of agreement 0-13 to 2-79 1 min7'
m_2). During 4 minutes supine bicycle exer-
cise, with techniques to minimise chest
movement, these differences increased
(average difference 2-36 1 min-' mi2; 95%
limits of agreement -0-56 to 5-28 1 mirm'
m=2). We concluded that the BoMed impe-
dance method as currently implemented in
the NCCOM3 device produced uniformly
low values compared with thermodilution
estimates, suggesting that the incorporated
algorithms were not appropriate to the
ischaemic population. Our observations sug-
gested that the method at present is unaccep-
table for scientific or clinical applications.

Devices which rely on empirically deter-
mined formulas (impedance changes in
transthoracic impedance have been
correlated with cardiac stroke output in
volunteers) depend absolutely on the
reliability of these relations; it may be over-
simplistic to expect similar volume conduc-
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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.

DAVID B NORTHRIDGE
HENRY J DARGIE

Department of Cardiology,
Western Infirmary,
Glasgow GIl 6NT

1 Smith SA, Russell AE, West MJ, Chalmers J.
Automated non-invasive measurement ofcar-
diac output: comparison of electrical bio-
impedance and carbon dioxide rebreathing
techniques. Br Heart J 1988;59:292-8.

2 Lipkin DP, Poole-Wilson PA. Measurement of
cardiac output during exercise by the ther-
modilution and direct Fick techniques in
patients with chronic congestive heart failure.
Am J Cardiol 1985;56:321-4.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.64.5.347-b on 1 N
ovem

ber 1990. D
ow

nloaded from
 

http://heart.bmj.com/

