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Introduction: Continuous, noninvasive cardiac output (CO)
monitoring has been claimed as an alternative to intermittent
invasive CO assessment by standard means. The present study
was designed to determine the clinical applicability, accuracy
and reliability of CO monitoring by electrical bioimpedance
(BIO) and transesophageal continuous-wave Doppler ultra-
sound (TED) in patients after cardiac surgery as compared to
the Fick (F) and thermodilution (TD) methods.
Methods: With informed consent of each patient and instituti-
onal approval, 111 simultaneous CO measurement sets were
carried out early after aorto-coronary bypass surgery (ACBS)
in 25 patients (group 1). COp,, (NCCOM-3, BoMed), CO,,,
(Accucom, Datascope) and CO,, (Edwards 9520A) were the
calculated mean of 5 single CO determinations. Oxygen con-
sumption was measured by indirect calorimetry (MMC, Hori-
zon, Sensor Medics). TED, which measures blood flow veloci-
ties in the descending aorta, was calibrated before each me-
asurement period with the aid of its suprasternal continuous-
wave Doppler probe (SSD), estimating CO output in the as-
cending aorta, whereby the value of the built-in nomogram
was used as aortic diameter. To test whether TED displayed
the CO trend correctly, TED was calibrated by TD in an addi-
tional group of 15 patients (group 2) before starting the indi-
vidual CO measurement series.
Results; CO, and CO,, showed an excellent agreement
(CO,=0.13+1.01-CO,;, r=0.96, n=99, SEE=0.43). TD was
thus chosen as the reference method. CO,, was underestima-
ted by BIO (fig A) and overestimated by TED (fig B) in
group 1. Both correlations showed a distinct scatter of data.
COg and CO., displayed the relative CO-changes (ACO) cor-
respondingly (ACO;=0.56%+0.95-ACO,p,, r=0.87, n=77,
SEE=9.00%). The correlation between ACO_, and ACOp
as well as ACO,,, showed a considerable scattering of results
(fig C,D).
Discussion: Agreement of COp, and CO,; as well as of ACO,,
and ACO,,, confirmed the accuracy of these invasive tech-
niques. In contrast, the results obtained with both continuous,
noninvasive CO monitoring techniques question their reliabi-
lity in the patient population investigated. SV, is proporti-
onal to ET*L3/TFI, where SV =stroke volume, ET=¢jection
time, TFI=thoracic fluid index and L=length of the truncated
cone. After ACBS, the thoracic fluid content is likely to be in-
creased. The correspondingly lowered TFI (23.5+2.6; normal
24-45) thus cannot explain the CO,;,, underestimation by BIO.
Comparing only sets of CO measurements where ETy,, was
90-110% of the physiological ET (or less if CI<2.51/min-m?),
the correlation of COp, to CO,p slightly improved
(COp;=0.05+0.69-CO, ., r=0.84, n=80, SEE = 0.66). Final-

ly, slight underestimation of the L by the Bernstein nomo-
gram (1) could explain the observed, considerable CO under-
estimation, because L enters the COp,, computation in the
third power. TED overestimated CO.,,;, in group 1, mainly be-
cause the calibration value (CO,; p) exeeded COy
(COcpL ssp=1.67 +0.84.CO_,, r=0.65, n=79, SEE =1.40). If
only CO.,, «pn With physiological ET were considered, the
correlations of CO o and CO..., respectively, to COpp,
improved (CO,,,=0.99 + 0.96. CO,,, r=0.76, n= 49,
SEE=121). TED failed to display the CO,,, trend correctly.
Correlation of ACO.,, to ACO,,, showed a considerable scat-
ter of data (fig D) and individual correlation coefficients ran-
ged from -0.13 to 0.96. We conclude, that neither BIO nor
TED precisely measure CO nor display ACO reliably and,
thus, repeated CO determination by TD remains the method
of choice for accurate hemodynamic assessment in adult pati-
ents following cardiac surgery.
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