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Table 1. Considering Points in the Principles Adopted in Cardiac Output Measurement Devices

Generic name Key principle

Considering points

Pulmonary artery catheter® Fick’s principle

echocardiography Doppler’s principle
ultrasound to aorta Doppler’s principle
carbon dioxide rebreathing Fick’s principle
pressure wave analysis -

Fick’s principle

Ohm’s law

systemic dilution
measurement of electric resistance

temperature sensor, start point and end point in integration
angle of ultrasound beam, turbulent flow

angle of ultrasound beam, pulsatile laminar flow

ETCO,, PaCO, correlation

pulsation, convolution

start point and end point in integration, recirculation

skin incision (reduction of resistance)

*Thermodilution by a pulmonary artery catheter is considered as a standard method to measure cardiac output. If a new measurement device
for cardiac output is developed, it is compared with thermodilution technique using a statistical method, usually correlation. Current correlation
technique does not infer how much is the effect size of the correlation, but only whether there is correlation or not.
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Temperature

ABC D E F Time

Fig. 1. Temperature curve during cardiac output measurement. Cardiac
output is estimated by the inverse correlation of the integration of the
temperature. However, it is very difficult to select the starting point
of the integration, A, B, or C. The end point of the integration, D,
E, or F is also difficult to select. These are the main know-how of
algorithm to develop a cardiac output measurement device and the
main source of error.
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Fig. 2. Schematic drawing of continuous laminar flow. The velocity
(v) represents flow rate when it is displaced (r) from the center with
density 1 in a tube with finite length (L) and radius (R). The
assumptions are followed; The liquid is homogeneous and its viscosity
is the same at all rates of shear. The liquid does not slip at the wall.
The flow is at all points moving parallel to the walls of the tube. The
rate of flow is steady and is not subjected to acceleration or
deceleration. The tube is cylindrical in shape. The diameter of tube
does not vary with the internal pressure.
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Fig. 3. The relation of deposit, rate, and balance. If rate is changed,
the deposit and the balance are also changed simultaneously and the
number of arithmetic addition and multiplication are dramatically
increased. The convolution is developed for this situation to calculate
easily. If we study Fourier transform, one of Laplace transform, we
could calculate these with simple multiplication.''?
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Fig. 4. Scatter plot of cardiac output measurements by pulmonary
artery catheter and a new method. Though real data sometimes show
spherical distribution and correlation coefficient is low, the hypothesis
of Ho: p=0 could be rejected if there are a lot of samples. A new
statistical method is needed for evaluation of a new cardiac output
measurement method based on the correlation coefficient.
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