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Problems in Cardiac Output Measurement and Clinical Understanding

Wonsik Ahn, M.D.
Department of Anesthesiology and Pain Medicine, College of Medicine, and Institute of Medical and Biological Engineering, Medical
Research Center, Seoul National University, Seoul, Korea

Cardiac output measurement is so important that it is widely used in anesthesia and intensive care practice. However, the
basic principles for the measurement of each device are not taught for clinicians. This review article describes considerable points
for each device; 1) temperature sensors and integration problem for pulmonary artery catheter, 2) angle of ultrasonic probe and
meaning of turbulent flow for transesophageal echocardiography, 3) angle of ultrasonic probe and meaning of pulsatile laminar
flow for CarioQ, 4) end-tidal and arterial carbon dioxide concentration for Noninvasive cardiac output, 5) the concept of convolution
for the arterial pulse wave and arterial resistance for Vigileo, and 6) effect size as a statistical viewpoint of comparison in device
effectiveness. As a clinician we should not interpret the value of cardiac output as an absolute meaning, but do as a relative
trend considering these theoretical errors. (Korean J Anesthesiol 2008; 54: 241~ 55)
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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  Fick’s principle Temperature sensor, start

catheter* point and end point
in integration
Echocardiography ~ Doppler’s principle ~Angle of ultrasound

beam, turbulent flow
Angle of ultrasound beam,

pulsatile laminar flow
ETCO,, PaCO,

Ultrasound to aorta  Doppler’s principle

Carbon dioxide Fick’s principle

rebreathing correlation
Pressure wave - Pulsation, convolution
analysis

Fick’s principle Start point and end
point in integration,
recirculation

Skin incision (reduction

of resistance)

Systemic dilution

Measurement of Ohm’s law

electric resistance

*Thermodilution by a pulmonary artery catheter is considered as a stan-
dard 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 cor-
relation technique does not infer how much is the effect size of the
correlation, but only whether there is correlation or not.

e el tiasl WA Azl rat

AL 23 22 Stewart-Hamilton HEAS o]
s, ZF GEg of9A ubedslAl He=A] gotr AL
Q = V(To-Tp KKy/Tb(t)dt”

Q AlbER, Vi FA & Ty ol &, Te FAY
<%, Ki & A, Ky AR

ol *}—Q—ﬂ—- NTC (negative thermal control) 74] =)
4 RS2 i S57F O =Eoh 3 A B
oA Agsle AXFA7IE A SRS FA3
25 W3t AZHE A B A2 g 9l Aol
olgf3t & W3E | HAE] SlAE vk
E ZAA A A7HAS(time constant)E ZA] slodof @
, 9% (thermal capacity)= ZA| stojof 3k}, spAE
gt wegko @ whEy] QdlAE 4 A £ avlE &

slof ab=dl, AA st S MRl FAI7E A7)

L, i Aol e BAsA Tl H3 2

1m

o], =

=
=
=

—YLA_‘HHH‘K-HO

2} tﬂﬂﬂ AAA "Heh FEHozg & FAL =HA ge
oxte] ArlEe &5 HA Ao A ol dste o

242

S

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 drop. 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 measu-
rement device and the main source of error.
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Fig. 2. Schematic drawing of continuous
velocity (v) represents flow rate when it is displaced (r) from the
center with density x 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.

laminar flow. The
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[Month| 0 1 2 3
[Rate(%)| 5 5 5 5
[Deposit] 3 2 1 D)
st
Rate of 1 105°| 1052| 1.05 1
month
Rate of 2" month| 1.05° | 1.05° | 1.05 1
[Rate of 3*month| 1.05° | 1.05% | 1.05 | 1
| Balance carried over 0 3.15 5.41 6.73
[Balance] 3 | 515 | 6.41 [ 873

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 drama-
tically 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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Cardiac output measured by new method

Cardiac output measured by pulmonary artery catheter

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 Hp: 0=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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