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Is Pulse Contour Method Useful for the Estimation of the Cardiac
Output During Incremental Exercise Testing?
Masaki Morita, *Katuhiko Sakurai, *Kunio Shirato
Department of Internal Medicine, Soma General Municipal Hospital, Soma-city, Japan
xThe First Department of Internal Medicine, Tohoku Univertsity, Sendai-city, Japan

Ahstract; We compared the cardiac output
estimated by Fick's method (OD and that by
pulse contour method (Qpc) during 4-minuteincremental exercise testing. During exercise,
Qf was calculated from intraarterial pressure
of brachial artery, and Qpc was calculated
from ventilatory gas and oxygen content of

arterial and mixed venous blood.

Close

correlation was found between Qpc and Qf,
and they were almost equal (r=0.92,
y=1.00x+0.25). Pulse contour method is useful
for the estimation of cardiac output during
exercise testing.
INTRODUCTION
Beat-by-beat estimation of cardiac output during
exercise testing is requisite for further investigation of
cardiac fiurction, although it is difficult to be achieved.
Pulse contour method has been reported to be useful for
the estimation of cardiac output in experimental study []
or cardiac catheterization for human [2], but no reports
have addressed about the utility of this method in exercise.

MATERIALAND ME'THOD

Study Protocol
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Study protocol is shown. Blood sampling

was performed at 1, 3 and 5 minutes of every stage,
which is indicated by arrowhead in this figure.

RESULTS
Qpc and Qf were closely correlated and they

were almost equal during exercise (r=0.92,
y=1.00x+0.25) (Figure 2). In each subject, Qpc and
Qf correlated well and the regression coefficient was
between 0.65 to 1.35 (Figure 3).

Four normal subjects (60t10 years old) and 3 CHF
patients (54t11 years old) were enrolled in this study. All
of the participants were male. For all of the subjects,
symptom-limited, 2O-Watt-incremental exercise testing
every 4 minutes were performed, using upright bicycle
ergometer after 5W of wann up for 6 minutes. During

E

exerci se, i nft aarteri al pressure w as continuousl y moni tored

o

through the polyvinyl tube inserted into the right brachial
artery. At the 1 and 3 minutes of each stage of exercise,
arterial blood was sampled and C"O, was calculated. SwanGanz opticatheter was also inserted into pulmonary artery
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through right internal jugular vein, and mixed venous

ös
g5

blood was såmpled simultaneously with arterial blood to
During exercise, breath-by-breath monitor
calculate C
gas was also perfonned. Cardiac output was
of expired "Or.
calculated with pulse contour method (1) from the brachial
arterial pressure immediately before each blood sampling
(cardiac output by pulse contour method; Qpc). Cardiac
output was also calcrrlated using Fick's method at I and 3
minutes each stage of exercise (cardiac output by Fick's
method; Qf (Figure 1).

l0

6

saoz | | | ll
| | | t
svoz | | | f t t | | |

o
,'
y = 0.25844 + 0.99942x R^2 = 0.855

o
x
ul

E

r5.0

0

a

oo

o
o

wo

ni

o

clt
o9
=C

åE

-go.

Pc

=it
ö3

5.0

W"

0.0

0.0

5.0

10.0

15.0

20.0

Carctlac Output calculated Wth Fick's Melhod

During Exercise

Figure 2. Correlation between the cardiac output
calculated with Fick's method and that with pulse
contour method during exercise in all the subjects
are shown.Th"y tended to be equal during exercise.
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contoru methocl duing exercise refl ected that nreasued
by Fick's method even in the CIIF patients, arlthough
the question of the hemodynanric steady-state during

y = . 1.0896e.2 +
R^2 =0.706
Case2; y= 1.9241+ O.&4717x B^2=0.257
Case3; y = t.5858 + 0.843g5r R^2
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increnrental exercise in CIIF subjects is dillicult and
must be investigated in anodrer study.
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case4; y = . 2.(f,26 + t.2g76x R^2= t.000

Case5: y = . 0.2636 + t.(EZI R^2 0.910
=
Ces€6; y= . 1.3094 + l.3,9|a., R^2=0.747
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Cardiac Output Calculated
With Pulse Contour Method During Exercise

Figure3. Correlation between the cardiac output
calculated with pulse contour method and Fick's method
in each individual is shown. Casel to 4 are normal
subjects and C-ase 5 and 6 are CIIF patients.

RESULTS
Qpc and Qf were closely conelated and they were
al nrost

equal during exerci se (r=O.92,y=

1

.

00x+0. 25)

(Hgue

2). In each subject, Qpc and Qf correlated well and the
regression coefficient was between 0.65 to 1.35.
DISCUSSION
Some lnethods of the beat-by-beat measurement of
cardiac output during exercise testing has been proposed,
such as C@ lsglearh i n g method, cardi ac impedance method
[3] and, recently, continuous Fick's method. All of these
methods have limitations, the former two methods have

Pulse contoru mefrod appeared to be useful for
the estimation of cardiac output change during steadystate exercise.
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inaccunacy, and the last one requires Swan-Ganz qpticatheter

and seems to be more invasive to the patients. hrlse
contour method requires brachial arterial cannulation, but
appears to be less invasive.
Umb movement causes constriction of the arteries

of forearm and hand, and "peaking" of their

pressures

during exercise, although constriction of brachial artery is

lighter during limb movement and the contour of the
pulse wave of brachial artery resembles with that of aorta
[4]. Accordingly, the flow of the brachial artery calculated
from the brachial arterial pressure druing exercise is thought
to reflect the cardiac output change during exercise.
Nevertheless, another 3 subjects were excluded from this
study, because dicrotic notch disappeared along with the

pressor response during exercise in them, in whom we
tailed to calculate brachial arterial flow using pulse contour
method.

Hemodynamic steady-state is requisite for the
measurement of cardiac output during exercise, and
controversy may exist about presence of steady-state during
4 minute incremental exercise for the patients of CIIF. In

this study, cardiac output response measured by pulse
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