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Several reports have been published on cardiac
output at rest in normal man (for a review see Wade
and Bishop, 1962), but in most studies there are only
a few measurements in each subject. Thus, our
knowledge of the variation in cardiac output during
prolonged rest is very limited (e.g. Bruce and Shil-
lingford, 1962). The present investigation aims at
analysing, first, the absolute value and variability
of the cardiac output as judged from a series of
determinations in the same subject and, secondly,
the probability of systematic changes in cardiac
output during resting conditions in a laboratory
routine. The effects of disturbances and of
breathing through a mouthpiece were also studied.
For such an investigation, the method must allow
a series of determinations without change in cir-
culatory blood volume. The dye dilution tech-
nique, using a cuvette densitometer and reinfusion
of the withdrawn blood after the recording of each
curve, is therefore suitable, provided the indicator
used is harmless for the patient.

SUBJECTS AND METHODS

A group of clinically healthy male volunteers was
investigated, age range 21-39 years. They were
students or blood donors and had been well informed
about the experimental procedure at a clinical examina-
tion some days earlier.
The subjects arrived at the department in the morning,

having eaten a light meal. Polyethylene tubes were
inserted. percutaneously into the brachial arteries and
into a peripheral arm vein (Berneus et al., 1954),
usually with the tip of the catheter near the subclavian
vein. The subjects then rested in the supine position
for about an hour before the observations started.

Cardiac output was determined with the dye dilution
technique, using Cardio-green* as an indicator. Usually
5 mg. dye in 1 ml. of distilled water was injected into the
venous catheter from a tuberculin syringe, and this was
immediately followed by 6-8 ml. of saline. Blood was
withdrawn from an arterial catheter through a specially
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developed cuvette densitometer (Nilsson, 1963), used
with an Atlas oximeter (Nilsson, 1956): the change in
optical density of the blood during the passage of the
dye was recorded on a potentiometer recorder (Micro-
graph BD3, Kipp and Zonen, Delft). The blood was
reinfused after each recording.
The intra-arterial blood pressure was recorded with an

inductance manometer (Elema, Stockholm) simul-
taneously with the recording of the dye dilution curves.

Cardiac output, heart rate, and arterial blood pressure
were determined 10 times at five-minute intervals. The
subjects were then given a mouthpiece for collecting
the expired air in Douglas bags, and observations were
made 50 and 52 minutes after the beginning ofthe experi-
ment. The expired air was analysed with the Scho-
lander method. Efforts were made to maintain a calm
and silent environment. However, disturbing incidents
occurred in some cases, as reported below.

RESULTS

Table I gives the cardiac output determined 10
times at five-minute intervals. The variation
coefficients in the 14 subjects ranged from 5 to 14
per cent (mean 8.6%). There was no significant
difference between the first two values, neither was
there any significant change from the first two values
to the last two in the 45-minute series. A rhythmic
variation in cardiac output was noted in 7 subjects,
with an interval of about 20 minutes between the
maxima. There was nothing to show that the
maxima occurred a certain time after the beginning
of the observations. Further prolonged studies are
necessary to determine whether these observations
express some kind of biological rhythm or whether
they are ascribable to chance, to the laboratory pro-
cedure, or to some other external cause.
For the period when expired air was collected, the

cardiac output in 12 of 14 subjects was higher than
the average during the period without a mouth-
piece. The average difference 0-20 I./min. M.2
was significant (p < 0.05). The oxygen uptake
averaged 115 per cent (range 94-162) of the pre-
dicted basal metabolism, according to Harris and
Benedict (1919).
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FIG. l.-Cardiac output values in subject B.W. Average FIG. 2.-Influence of external disturbances. Cardiac output

variability. No external disturbances. The last two deter- values in subject G.K. (not included in the case material).

minations were made during the collection of expired air, At 20 minutes a loud conversation took place; shortly before

i.e. with mouthpiece inserted. 30 minutes a mechanic entered and started hammering an

apparatus in the room.

Figure 1 illustrates the results in subject B.W.,in DISCUSSION
whom variations were about average. The investi-
gation of some subjects was accompanied by dis- The literature is deficient in studies on the

turbances, such as persons accidentally entering the peatability of the indicator dilution technique with

room and talking loudly, or other sudden noises. many determinations in the same subject. In this
The results from such experiments are not included investigation no systematic change in the cardiac
in Table I. Fig. 2 illustrates such an investigation, output was found during the 45-minute observation
showing increases in cardiac output occurring period, though some subjects showed a tendency to

simultaneously with the noise in the room. Table a rhythmic variation. In several other reports (see

II gives the means of 10 determinations and their Wade and Bishop, 1962) the second of two deter-
standard deviations, in each individual, for cardiac minations was found to be lower than the first.
output, cardiac index, heart rate, stroke volume, and This was the case also in Bruce and Shillingford's
mean arterial pressure. The average cardiac index (1962) study which comprised 3-8 determinations
for all the subjects was 318 I./min.M .2 (S.D.0O27). during periods up to 40 minutes, and revealed a fall
The observations during the measurement ofoxygen from the first to the second determination in the
uptake are reported in Table III. hospital patients studied but not in the group of

TABLE I
CARDIAC OUTPUT (1./min.) AT FIVE-MINUTE INTERVALS

Initials Minutes Mean S.D. Variation

10 15 20 25 30 35 40 45 per cent

G.W. 556 524 523 457 538 531 507 488 574 560 526 035 67

B.W. 546 492 5 25 496 6 10 5 38 5 03 5-25 516 546 530 034 6-5
A.E. 6 40 6 40 8 13 7 06 6 00 7 10 794 631 6 49 662 685 071 10-4
H.St. 822 814 828 811 909 767 698 792 800 774 802 053 67
H.E. 525 575 531 448 510 480 514 564 531 546 522 038 72
T.H. 465 484 495 462 4-42 456 439 569 415 356 458 055 12-0
C.L. 7 16 888 702 802 664 762 6-52 690 648 706 723 075 10-4
K.A.B. 670 6-45 696 648 730 660 750 596 570 650 662 055 83
F.Kj. 6 60 5 78 643 802 6-56 828 6-52 654 894 732 710 1.00 14-1
B.J. 627 666 599 734 661 682 702 684 728 622 671 045 67
R.Hv. 530 5-38 616 6-35 668 600 588 5*49 580 613 592 0-44 7.4
E.R. 616 621 647 578 5-48 623 654 607 632 636 616 032 5-1
K.O.J. 4-70 5-01 5-36 5 08 664 5-22 537 616 513 503 537 059 10.9
L.O.J. 676 678 7-49 663 646 716 833 704 703 7-34 710 054 7.5
Mean 609 6 17 636 625 6-32 6-34 630 619 625 617 624 054 8-6
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TABLE II

MEAN VALUES AND STANDARD DEVIATIONS FOR 10 DETERMINATIONS WITH AN INTERVAL OF 5 MINUTES
(no mouthpiece)

Initials Cardiac output Cardiac index Heart rate Stroke volume Mean arterial pressure
(1./min.) (1./min. m.2) (beats/min.) (ml.) (mm. Hg)

G.W. 5-26 2-75 60 88 86
0 35 0-18 1-5 4 9 3.5

B.W. 5 30 2-70 56 95 86
0 34 0-17 2-6 5-3 3 9

A.E. 6-85 3-62 80 86 78
0-71 0-38 6-3 6-9 2-7

H.St 8-02 3-85 73 110 78
0 53 0-26 3-2 6-9 2-7

H.E. 5-22 2-81 66 80 73
0-38 0-20 2-0 5-6 2-4

T.H. 4-58 2-28 54 86 83
0 55 0-27 1.1 10-5 3-4

C.L. 7-23 3-33 68 107 84
0 75 0-35 2-2 119 2 5

K.A.B. 6-62 3-34 63 106 95
0-27 0-28 4-2 10-4 2-4

F.Kj. 7-10 3-72 72 96 108
1-00 0 53 3-6 15-8 0 7

B.J. 6-71 3-65 59 116 93
0 45 0-24 4-8 11.0 1-4

R.Hv. 5-92 2-85 65 91 77
0-44 0-21 1-3 6-8 2-9

E.R. 6-16 3-33 62 98 90
0-32 0-18 0 7 5-2 5 9

K.O.J. 5-37 2-87 57 95 92
0 33 0-31 2-9 8-8 2-7

L.O.J. 7-10 3 50 67 107 113
0 54 0-26 6-0 6-5 1.9

TABLE III

MEAN VALUES FOR TWO DETERMINATIONS WITH A TWO-MINUTE INTERVAL DURING DETERMINATION OF
OXYGEN UPTAKE

Initials Oxygen uptake Cardiac output Heart rate Stroke volume Mean arterial pressure
(ml./min.) (1./min.) (beats/min.) (ml.) (mm. Hg)

G.W. 305 570 62 92 92
B.W. 297 5-73 54 106 84
A.E. 268 6-20 74 84 82
H.St. 266 8-77 72 122 83
H.E. 289 5 40 70 78 79
T.H. 247 4-77 54 88 88
C.L. 303 8-58 70 123 86
K.A.B. 346 6-00 60 101 94
F.Kj. 392 7-95 81 98 110
B.J. 298 6-81 56 122 93
R.Hv. 287 6-07 67 90 82
E.R. 245 6-90 63 110 92
K.O.J. failed 5-33 53 101 94
L.O.J. 323 7-71 83 93 121

physicians, indicating an influence on the cardiac
output from apprehension. The variation in 8
subjects during 40-minute periods was the same
as or somewhat larger than in the present investi-
gation. Thus, the use of arterial and venous
catheters for direct recording of the concentration
of the dye in arterial blood does not seem to dis-

turb the examined person more than an oximeter
earpiece and two indwelling needles. The obser-
vation that cardiac output can be easily increased
by even slight external disturbance is confirmed in
our study. Studies in patients have shown that
breathing through a mouthpiece can cause distur-
bance. As this procedure for collecting expired
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air is used in the Fick method and often in connexion
with the indicator dilution technique, there were
practical reasons for analysing its effect. In most
subjects the cardiac output increased somewhat
(average 6%), but some showed no or a negligible
change. The oxygen uptake was only somewhat
higher than the predicted basal metabolism, and it
can therefore be assumed that most subjects were
in a near basal state during the investigation proper,
i.e. before the collection of air was begun.
The average cardiac index of 3-18 1./min. M.2

in this group of healthy young men conforms well
with other reports as reviewed by Wade and Bishop
(1962). The variation coefficients in this study,
calculated from 10 observations during 45 minutes,
average 8-6 per cent. This figure includes metho-
dological as well as biological variations. In a pre-
vious investigation using the same technique, the
error for a single determination was estimated from
18 duplicate determinations and found to be 6-2 per
cent (Grimby and Nilsson, 1963). The variation in
cardiac output seems to be somewhat higher in the
prolonged series, but the values are often fairly
stable during the period. In view of the ease with
which cardiac output can be disturbed, it seems
probable that a not insignificant part of the observed
variability is caused by actual changes in the cardiac
output, as distinct from variations of method.
The technique reported here is well suited for

studies requiring repeated determinations of cardiac
output. Cardio-green can be injected several times
within a short period without giving any significant
increase in blood concentration (Edwards et al.,
1960). It is also recommended that the densito-
meter used is linear over a large range of dye con-
centrations (Nilsson, 1963). Furthermore, it is
important that blood is reinfused after each record-
ing in order to keep the blood volume practically
constant.

SUMMARY

Cardiac output was determined in a group of
healthy volunteers, age range 21-39 years, using the

dye-dilution technique with Cardio-green as an
indicator, a direct recording system, and reinfusion
of the blood after each recording. Ten deter-
minations at five-minute intervals gave a mean
cardiac index in 14 subjects of 3-18 I./min. M.2
The average coefficient of variation was 8-6 per
cent. Thereafter two determinations were made
during the collection of expired air. No systematic
change occurred during the 45-minute period, but
when the subjects breathed through the mouth-
piece for determination of oxygen uptake there was
a small (6%) increase in cardiac output. An
example is also given of experiments where dis-
turbances caused a more marked variation in cardiac
output. The technique used in this investigation
is well suited for studies where changes in cardiac
output have to be followed with repeated deter-
minations.

This study was supported by a grant from the Swedish
National Association against Heart and Chest Diseases.
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