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Until 1941, when the technique for right heart
catheterization was perfected by Cournand and
associates (1), the acetylene method for measuring
the arteriovenous difference was generally con-
ceded to be the method of choice. The latter
method, as devised by Grollman (2), is a rela-
tively simple technique in which no surgical pro-
cedure is involved. The direct determination of
the arteriovenous oxygen difference, on the other
hand, requires the use of more complicated ap-
paratus, the surgical exposure of a vein, and punc-
ture of a femoral artery. In contrast to these
disadvantages, the method possesses the great ad-
vantage of yielding values that are undoubtedly
very close to the true values under the conditions
of the procedure. It provides, therefore, a reliable
standard to which the results obtained by other
methods can be compared.

Unfortunately, the values for the normal basal
arteriovenous oxygen difference, cardiac output,
and cardiac index obtained by use of the two meth-
ods are not in agreement. Calculations from
Grollman's data (3) show that the acetylene
method, when applied to men between the ages of
20 and 30, yields a mean value for the arterio-
venous oxygen differences of 5.95 + 0.91 cc. per
100 cc. blood; for the cardiac output the value
is 4.00 ± 0.24 liters per min. and for the cardiac
index it is 2.21 ± 0.42 liters per sq. m. per min.
For the direct Fick method the corresponding
values obtained by Cournand and co-workers were

1 Sponsored by the Veterans Administration and pub-
lished with the approval of the Chief Medical Director.
The statements and conclusions published by the au-
thors do not necessarily reflect the opinion or policy of
the Veterans Administration.

2This work was performed under a cooperative agree-
ment between the University of Minnesota and the Na-
tional Heart Institute, U. S. Public Health Service,
Bethesda, Md.

4.5 ± 0.7 cc. per 100 cc. blood, 5.6 liters per min.,
and 3.12 ± 0.4 liters per sq. m. per min., respec-
tively. Values reported by other workers are
substantially in agreement (4, 5). Cournand
(6) concluded, on the basis of a comparison be-
tween his results and those obtained on compar-
able subjects by means of the ethyl iodide and
acetylene techniques, that the direct Fick method
yields values for the arteriovenous oxygen differ-
ence that are about 25 per cent lower than those
obtained by the two foreign gas methods (25 per
cent higher, in the case of the cardiac output and
index).

The first attempt to compare the two methods
was made by Baumann and Grollman (7) who,
using direct puncture of the right heart for the
collection of a venous blood sample, found the two
techniques to yield almost identical values for the
arteriovenous oxygen difference.

The most recent comparison of the two methods
was carried out by Werk6, Berseus, and Lagerlof
(8), using the right heart catheterization proce-
dure for the direct Fick determinations. As in
the previous comparative studies, the two methods
were applied in sequence rather than simultane-
ously, the direct Fick determination preceding the
acetylene by a short interval. They found that the
direct Fick method consistently gave lower ar-
teriovenous oxygen differences (and higher car-
diac outputs) than did the acetylene technique.
Apart from this, there was apparently no rela-
tion between the results obtained by the two
methods. Since none of the comparative studies
to date have been truly simultaneous, the observed
discrepancies in the values for the cardiac output
still seem to be inadequately described.

It has been argued, with some justification,
that basal conditions cannot be maintained during
right heart catheterization and that values for the
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arteriovenous oxygen difference obtained under
such conditions must be artificially high. If this
is true, such values would not, therefore, be com-
parable to those obtained by the acetylene method
which permits better control of factors tending
to distort basal conditions.

The acetylene technique, on the other hand, is
considered by some workers to give values for
the arteriovenous oxygen difference that are too
high because of early recirculation of acetylene
(9, 10). Baumann and Grollman studied the
question by puncturing the right heart and col-
lecting blood samples at various intervals of time
after the beginning of rebreathing of the acetylene
mixture. On the basis of their findings, they con-
cluded that unless the cardiac output is unduly
high (over 7 liters per min.) recirculation can in-
troduce an error of no more than 5 per cent if the
gas sampling is concluded no later than 23 sec-
onds after the beginning of rebreathing. The
most extensive and convincing study of the point
is that by Werko and co-workers, who, by means of
right heart catheterization, withdrew serial blood
samples from the pulmonary artery after rebreath-
ing of an acetylene mixture was begun. They
found that acetylene appeared in small amounts
in the pulmonary arterial blood between 10 and
15 seconds after the beginning of rebreathing.
Between 15 and 20 seconds after acetylene be-
gan to enter the lungs, pulmonary arterial blood
contained about 1.5 volumes per cent of acetylene.
They concluded, as did Baumann and Grollman,
that the error due to recirculation of acetylene
is small when the output of the heart is relatively
low and large when it is high.

Forced rebreathing, as required by the acetylene
technique, deserves close scrutiny in attempting
to explain a systematic discrepancy between val-
ues for the arteriovenous oxygen difference as
obtained by the acetylene method, on the one hand,
and the direct Fick procedure, on the other. That
such rebreathing does not affect the venous oxy-
gen saturation in the time ordinarily required for
the collection of the two gas samples has been
shown by Werko and co-workers. It has not yet
been established, however, that the arterial oxy-
gen saturation is unaffected by forced rebreath-
ing; in fact, the suggestion by Berggren (11) and
by Lilienthal and colleagues (12) that some de-
gree of intrapulmonary venous admixture, ow-

ing probably to incomplete aeration of a small
proportion of the alveoli, normally takes place
under basal conditions, suggests the opposite.
If this be true, forced rebreathing might tempo-
rarily raise the arterial oxygen saturation by re-
opening previously resting alveoli and reducing
or abolishing the intrapulmonary venous shunt.
Such an effect would increase the arteriovenous
oxygen difference as measured by the acetylene
technique; this, in turn, would result in an un-
derestimation of the output of the heart. It
should be noted that the increase in the arterio-
venous oxygen difference would not actually re-
flect an increase in consumption of oxygen by
the body tissues during the first few forced re-
spiratory cycles. Neither would the apparent
diminution in cardiac output during this period
refer to an actual diminution in the amount of
blood ejected per unit of time.

There remains to be considered the possibility
that there is an error in the solubility coefficient for
acetylene in blood as determined by Grollman
(13) and as used in the formula for the calcula-
tion of the arteriovenous oxygen difference in the
acetylene technique. Prior to Grollman's work
Schoen (14) had found that under standard con-
ditions (37.8° C. and 760 mm. Hg of acetylene)
760 cc. of acetylene are absorbed by one liter of
blood. Grollman's studies fixed the figure at 740
cc. If the latter figure should prove to be too
high, the solubility constant as used in the for-
mula (0.00974) would also be too high as would
the values for the arteriovenous oxygen difference.
This in turn, when used in the Fick formula,
would cause the value for the cardiac output to
be too low.

The primary aims of the present investigation
are to compare values for the arteriovenous oxy-
gen difference and output of the heart obtained
by means of the simultaneous application of the
direct Fick and acetylene techniques; to re-ex-
amine the significance of recirculation in the
acetylene technique; and to determine whether or
not values obtained by the direct Fick method are
significantly influenced by excitement due to right
heart catheterization. Secondary aims include an
inquiry into the effects of forced rebreathing in
the arteriovenous oxygen difference and a con-
sideration of certain points relative to the solu-
bility of acetylene in blood.
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METHOD

Seven healthy male subjects, aged between 20 and 30
years, were employed for the study.

Prior to determining direct Fick and acetylene values
simultaneously, the subjects were studied by means of
the latter procedure alone, using the Grollman technique.
For this purpose, the subjects reported to the laboratory
early in the morning without breakfast. They were put
to bed in a softly lighted, soundproof room containing
virtually no scientific paraphernalia. The subject was
instructed in the rebreathing procedure after which he
was kept at complete rest for at least 30 minutes. The
oxygen consumption was measured by means of a closed
circuit apparatus during two consecutive test periods of
six minutes each. Three consecutive acetylene determi-
nations were then carried out, allowing a minimum of 20
minutes between each determination. The first gas sam-
ple was taken at the end of the third, and the second at
the end of the sixth forced expiration.

The comparative studies were carried out several days
after the initial acetylene, determinations. The subjects
were again in the fasting state. Every effort was made
to allay anxiety during right heart catheterization but
no sedative medication was used. After the catheter was
in place in the pulmonary artery a Cournand needle was
inserted into the femoral artery and a sample of systemic

TABLE I

Typical sequence in simultaneous determination of the output
of the heart by the acetylene and direct Fick procedures

Event

Begin rest
Right heart catheterization

Arterial puncture and sample (femoral)
Pulse rate 80
Blood pressure 124/80
Acetylene rebreathing

First gas sample
Mixed venous blood sample
Second gas sample
Blood for acetylene determination
Blood for acetylene determination
Pulse rate 68
Blood pressure 134/80

Oxygen consumption

Time

0:00
60:00-80:00

81:00

85:00
85:09
85:00-
85:23
85:21-
85:36-

87:00-

Arterial sample (femoral) 109:00
Control blood for acetylene determination 109:00
Pulse rate 76
Blood pressure 134/86
Acetylene rebreathing 111:00

First gas sample 111:11
Mixed venous blood 111:00-
Second gas sample 111:20
Blood for acetylene determination 111:22-
Blood for acetylene determination 111:42-
Pulse rate 66
Blood pressure 138/80

Rest period

Repeat output determinations

ARTERIOVENOUS02 DIFFERENCE, cc./lOOec.

FIG. 1. THE RELATION BETWEEN VALUES FOR THE
RESTING ARTERIOVENOUSOXYGENDIFFERENCE AS DE-
TERMINED SIMULTANEOUSLYBY THE ACETYLENEAND DI-
RECT FICK METHODS(VALUES OBTAINED BY THE ACETY-
LENE METHODPLOTTED ON THE X AXIS)

arterial blood was taken. Immediately thereafter, a con-
trol sample was withdrawn from the pulmonary artery
through the catheter. The mouthpiece and noseclip were
then put in place and the subject was instructed to ex-
pire fully. When expiration was complete, the valve was
turned and the patient began his first inspiration from the

r
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ACETYLENE CARDIAC OUTPUT. LITERS PER MINUTE

FIG. 2. THE RELATION BETWEEN VALUES FOR THE

RESTING CARDIAC OUTPUTAS DETERMINEDSIMULTANE-
OUSLY BY THE ACETYLENE AND DIREcT FICK METHODS
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bag containing the acetylene mixture. This point was

taken as the zero point in time. At or soon after this
point, the withdrawal of a mixed venous blood sample
from the pulmonary artery was begun and at appropri-
ate intervals, usually nine and 19 seconds, respectively,
the first and second gas samples were collected. The
latter were always taken in expiration. The withdrawal
of the mixed venous blood sample always covered part

or all of the interval between the collection of the two

gas samples. As soon as the collection of the mixed
venous blood sample was completed, additional blood
samples for acetylene analysis were taken as rapidly as

possible.
When the two gas samples had been obtained, the

mouthpiece and noseclip were removed and, after a

short interval, determination of the oxygen consumption
was begun.

The entire procedure was repeated, usually twice, af-
ter an interval of 20 minutes. The Cournand needle was

left in the femoral artery throughout the entire proce-

dure and femoral arterial samples were taken for each
direct Fick determination.

The sequence in a typical experiment is shown in
Table I.

In order to obtain samples of pulmonary arterial blood
for determination of acetylene content in the 10 to 20
second interval after the beginning of rebreathing, sev-

eral special experiments, in which determination of the
arteriovenous oxygen difference was omitted, were car-

ried out. In the collection of these and other samples
from the pulmonary artery a syringe was first attached

to the catheter and a mixture of saline solution and
blood was withdrawn. After collecting the mixture and
a few cc. of pure blood, the initial syringe was detached
and the sampling syringe substituted for it as quickly
as possible. The exact points in time that corresponded
to the beginning and end of the sample collection were

noted. Seven to 8 cc. of blood were usually withdrawn
in as many seconds so that the rate of withdrawal was

ordinarily about one cc. per second. Since the volume
contained by the catheter was 1.8 cc., a timing error of
as much as 1.8 seconds may have occurred in the collec-
tion of each sample.

In order to determine the effect of forced rebreathing
on the arterial oxygen content, five adult male subjects
were employed. Femoral arterial puncture was carried
out and a control sample of arterial blood was withdrawn.
The subject then rebreathed a gas mixture from a bag
identical with that used for the determination of the ar-

teriovenous oxygen difference by the acetylene method.
Two gas mixtures were used, one containing room air
alone and the other room air plus 10 per cent acetylene.
Fifteen seconds after the beginning of rebreathing a sec-

ond sample of arterial blood was taken, the collection
ending about 15 seconds later (30 seconds after the begin-
ning of rebreathing). Thirteen such experiments were

carried out on the five subjects.
Twenty-two tonometric equilibrations of venous blood

with gas mixtures containing various partial pressures

of acetylene were carried out in order to determine the
solubility of acetylene in blood. Full details of this
study are presented elsewhere (15).

TABLE II

Cardiac outputs and indexes determined simultaneously by the direct Fick and acetylene methods

Direct Fick Acetylene

Subject
No. Surface Og consump- -______-_____ _____ _____ _____SllleciTrials alreace s tiosUnp- j dbd. |Cardiac Cardiac Cardiac Cardiatin0VO duff, output index AVO0S diff, output index

liters per sq.m. liters per sq.m.
sq.m. cc. per min. cc. per 100 cc. liters per min. per min. cc. per 100 cc. liters per min. per min.

J. H. 1 2.00 256 2.77 9.24 4.62 3.70 6.92 3.46
2 2.00 256 3.71 6.90 3.45 4.20 6.10 3.05

H. B. 1 1.82 252 3.18 7.92 4.35 4.52 5.58 3.07
2 1.82 252 4.13 6.10 3.35 4.87 5.17 2.84

G. J. 1 2.06 291 3.36 8.66 4.20 5.05 5.76 2.80
2 2.06 291 4.58 6.35 3.08 6.11 4.76 2.31
3 2.06 291 5.17 5.63 2.73 6.52 4.46 2.17

F. M. 1 1.76 206 4.00 5.15 2.93 4.91 4.20 2.39
2 1.76 206 4.75 4.34 2.47 6.43 3.20 1.82
3 1.76 206 6.25 3.30 1.88 7.62 2.70 1.53

S. N. 1 2.18 282 5.63 5.00 2.29 6.13 4.60 2.11
2 2.18 282 5.32 5.30 2.43 5.95 4.74 2.17
3 2.18 282 4.67 6.04 2.77 6.32 4.46 2.05

J. N. 1 2.09 283 3.60 7.86 3.76 4.19 6.75 3.23
2 2.09 283 3.00 9.43 4.51 4.25 6.66 3.19
3 2.09 283 3.87 7.31 3.50 5.19 5.45 2.61

A. N. 1 1.88 245 4.23 5.79 3.07 5.73 4.28 2.28
2 1.88 245 4.28 5.72 3.04 6.68 3.67 1.95
3 1.88 245 3.56 6.88 3.66 6.82 3.59 1.91

Mean 4.21 6.47 3.27 5.54 4.90 2.47
a I40.93 t1:1.64 4-0.78 -4±1.10 -±-1.21 4±0.56
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Blood gas analyses were done by the method of Van
Slyke and Neill. The modification described by Groll-
man, Proger, and Dennig (16) was used in order to de-
termine the amount of acetylene in blood. Gas samples
were analyzed in the Haldane apparatus by the method
embodying Groilman's modification (17).

RESULTS

Figures 1 and 2 and Table II present the re-

sults of the simultaneous comparison of the two
methods for measuring arteriovenous oxygen dif-
ference and the output of the heart. Table II
contains the values for the arteriovenous oxygen

difference, cardiac output, and cardiac index for
the entire series of determinations. Table III
shows the arteriovenous oxygen differences, car-

diac outputs, and cardiac indexes as determined
on the same subjects by the acetylene method
independently.

In Figure 3, the results of the analyses of pul-
monary arterial blood for acetylene are plotted
against the time intervals (beginning of rebreath-
ing = 0 time) at which the individual samples
were drawn. In each instance, the mid-point of
the period required for the collection of the sam-

ple is the time actually plotted.
Table IV presents the results of the experiments

dealing with the effect of rebreathing on the ar-

terial oxygen content.
Tonometric equilibration of blood with gas mix-

tures containing acetylene disclosed that the

TABLE III

Cardiac outputs and indexes determined
by the acetylene method alone

Subject No. Surface 02 con- AVO Cardiac Cardiac
area sumption diff . output index

liters per
cc. per cc. per liters per sq. m. per

sq. m. min. 100 cc. min. min.
J. H. 1 2.06 225 5.43 4.14 2.01

2 2.06 225 5.27 4.27 2.07
H. B. 1 1.88 239 4.88 4.90 2.61

2 1.88 239 6.12 3.91 2.08
G. J. 1 2.09 255 4.71 5.41 2.59

2 2.09 255 6.07 4.20 2.01
F. M. 1 1.78 195 4.86 4.01 2.25

2 1.78 195 5.81 3.36 1.89
S. N. 1 2.20 268 6.32 4.24 1.93

2 2.20 268 7.06 3.80 1.73
J. N. 1 2.09 303 5.15 5.88 2.81

2 2.09 303 5.55 5.46 2.61
A. N. 1 1.88 250 6.65 3.76 2.00

Mean 5.68 4.41 2.20
4-_0.73 4:0.76 4-0.34

FIG. 3. THE APPEARANCEOF ACETYLENEIN PULMONARY
ARTERIAL BLOODAFTERTHE BEGINNING OF REBREATHING

amount of acetylene that will dissolve in one liter
of blood at 37.8° C. and 760 mm. Hg of acetylene
is 700.2 cc.

Analysis of the data by means of standard sta-
tistical techniques was carried out where indi-
cated. The high degree of correlation between the
simultaneously determined values for the arterio-
venous oxygen difference and the output of the
heart as measured by the direct Fick and the
acetylene methods are indicated in Figures 1 and
2. When the figures for the cardiac index were

used, the correlation coefficient was 0.84.

TABLE IV

The arterial oxygen content before and during rebreathing
of room air and of room air containing

10 per cent acetylene

Arterial Os content
Subject Exp. Gas mixture Diff. Diff.

Control Rebreathing

Vol. Vol.
per cent vol. per cent per cent per cent

1 1 C2H2+air 18.40 18.72 0.32 +1.74
2 1 Roomair 16.60 17.22 0.62 +3.73

2 Roomair 16.49 16.69 0.20 +1.21
3 C2H2+air 15.79 15.62 -0.17 -1.08

3 1 Roomair 17.48 18.36 0.88 +5.03
2 Roomair 17.48 18.16 0.32 +1.83
3 C2H2+air 17.23 17.27 0.04 +0.23

4 1 Roomair 19.03 19.81 0.78 +4.10
2 C2H2+air 18.23 18.77 0.39 +2.12
3 C2H2+air 18.36 18.67 0.31 +1.69

5 1 Roomair 17.82 17.85 0.03 +0.17
2 C2H2+air 17.36 17.42 0.06 +0.35
3 C2H2+air 17.31 17.15 -0.16 -0.92

Mean 17.52 17.82 0.28 +1.55
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DISCUSSION

Figures 1 and 2 and Table II leave no doubt
that there is a considerable difference between the
values for the arteriovenous oxygen difference and
the cardiac output obtained under basal conditions
by the acetylene technique, on the one hand, and
the direct Fick procedure on the other. The re-

sults of the present studies are substantially in
agreement with the values for the basal arterio-
venous oxygen difference and cardiac index ob-
tained by Grollman with the acetylene method and
by Cournand and associates with the direct Fick
method. The amount by which the direct Fick
value differs from the acetylene figure is strikingly
constant from test to test and individual to indi-
vidual. Expressed in another way, the values for
the arteriovenous oxygen difference obtained by
the direct Fick method may be expected to run

about 24 per cent less than those obtained by the
acetylene procedure. Knowing one of these val-
ues, one can calculate the other by use of the
formula:

AVO2 diff., direct Fick = 0.6638 (AVO2 diff.,
acetylene) + 0.5384,

the standard error of the estimate being 0.19
cc. per 100 cc. blood. Comparison of Figures 1
and 2 shows that when the values for the arterio-
venous oxygen difference are plotted against each
other, the resulting correlation coefficient, al-
though significantly high, is lower than that ob-
tained when the values for the cardiac output are

so treated. The value r,0 (0.87) is probably arti-
ficially high; since both methods are primarily
techniques for determining the arteriovenous oxy-

gen difference, the best estimate of the relation be-
tween them is that given in Figure 1 (r = 0.78).

The demonstration of a high degree of correla-
tion between values obtained by the two methods
is in contrast to the findings of Werko and co-

workers. Their work confirmed the fact that the
direct Fick procedure yields values for the cardiac

output that are consistently higher (about 42 per
cent in their hands) than those obtained by the

acetylene method but the differences they ob-

served were quantitatively unpredictable from de-

termination to determination. The experimental
error in the acetylene method was found by them

to be twice as large as that in the direct Fick

method (coefficient of variation 20.2 and 10.2 per
cent, respectively). Calculation of the correlation
coefficient from their data, by plotting the acety-
lene arteriovenous oxygen differences against the
corresponding direct Fick values (N = 22) gives
a value of 0.26. The indication is that the absence
of significant correlation between the two methods
as applied by the Swedish workers is due, in large
measure, to method error in the acetylene tech-
nique. It should be noted, however, that in at
least three, and probably in four, of their 22 trials
the direct Fick values for the cardiac output were
over 11 liters per min., at which levels no foreign
gas method can be expected to yield accurate re-
sults without special modifications. One of the
lowest acetylene values in their series (3.53 liters
per min.) was obtained shortly after a direct Fick
output of 11.10 liters per min. was recorded.
Furthermore, the mean cardiac output calculated
from their data (7.7 + 2.8 liters per min.) for
the direct Fick techniques is considerably higher,
and the mean arteriovenous oxygen difference
(3.5 ± 1.0 cc. per 100 cc. blood) is lower than
that obtained by other workers using the method
separately, indicating that the study was probably
not a basal one. Another difficulty in evaluating
their results lies in the fact that the determinations
were not simultaneous. Although the acetylene
determinations followed the direct Fick determina-
tions by no more than a few minutes, such an in-
terval is probably long enough to permit consider-
able change in the cardiac output to occur. Finally,
in an effort to minimize the error due to faulty
mixing of the gases in the lung-bag system, they
collected alveolar gas samples somewhat later than
is customary. There is good evidence, however,
that satisfactory mixing occurs in something less
than 10 seconds (18) and that significant delay
beyond the points recommended by Grollman for
the collection of gas samples is unwarranted.

Since, under basal conditions, there is a reason-
ably constant difference between the values ob-
tained by the acetylene and direct Fick methods,
some explanation for the difference must be sought.
On the face of the matter, one of the most plausible
explanations is that which invokes excitement to

account for the fact that the direct Fick results are

higher than those obtained by the acetylene tech-
nique. The present results do not support such
an explanation. The mean value for the cardiac
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index obtained by use of the acetylene technique
under conditions made necessary by the right
heart catheterization procedure (2.47 + 0.56 liters
per sq.m. per min.) is virtually identical with that
obtained on the same subjects by the acetylene
method alone under entirely different, and prob-
ably less alarming, experimental conditions (2.20
+ 0.44 liters per sq.m. per min.). In four of the
seven subjects, the initial acetylene and direct Fick
values for the cardiac output and index were some-,
what higher than the second or third value, sug-
gesting the presence of a trend. Such a phenome-
non has been noted before and may be the result of
excitement related in part to femoral puncture. In
the present study, however, the small difference
between the two means (2.47 and 2.20 liters per
sq.m. per min.) was not significant when tested
statistically (T test). This clearly indicates that
the excitement occasioned by right heart catheteri-
zation was not sufficient to alter the acetylene, and
by inference the direct Fick, cardiac outputs and
indexes significantly for a sample of this size.
If the difference between the values obtained by
independent use of the two methods is, in fact,
due to excitement, the methods should yield vir-
tually identical values when applied simultane-
ously. This was not the case, and the assumption
that the discrepancy between the values obtained
by the two techniques is due wholly to excitement
is therefore untenable.

The possibility that early recirculation of acety-
lene may introduce serious error has received
considerable attention from previous investigators.
There is no doubt that measurable quantities of
acetylene are present in pulmonary arterial blood
during the interval between the collection of the
two gas samples required by the acetylene tech-
nique (Figure 3). In the present work, the mean
times for collection of the first and second gas
samples were nine and 19 seconds, respectively.
Acetylene began to appear in pulmonary arterial
blood at about 10 seconds and at 19 seconds the
partial pressure of acetylene in the blood entering
the lungs was about 6 mm. Hg, allowing for the
timing error due to the column of blood contained
in the catheter. The mean partial pressure for
the period between the collection of the two gas
samples was about 61 mm. Hg. Hence, when gas
samples are taken at nine and 19 seconds, recircu-
lation may introduce an error of about 5 per cent.

When the collection times are 14 and 24 seconds,
as recommended by Grollman, the error may con-
ceivably be as much as 10 per cent but to explain
an error of 24.5 per cent on this basis the gas sam-
ples would have to be collected no earlier than
35 and 45 seconds.

Another contributing factor may be the effect
of forced rebreathing on the arteriovenous oxygen
difference as measured by the acetylene method.
The present studies show, qualitatively at least,
that there is a slight increase in the arterial oxy-
gen content as a result of forced rebreathing of
room air or of a mixture containing room air and
10 per cent acetylene. Although the data do not
permit a precise quantitative definition of the
amount of increase due to forced rebreathing, the
mean increase observed was 0.28 volumes per cent.
In the acetylene method this factor, by raising the
arterial oxygen content, must cause an increase
in the amount of oxygen taken up from the lung-
bag system in the interval between the collection
of the two gas samples. This, in turn, produces
an artificially high arteriovenous oxygen difference
and an underestimation of the cardiac output. The
amount by which forced rebreathing causes the
acetylene technique to underestimate the output of
the heart is about 7 per cent. An error of the
same magnitude would be introduced into the di-
rect Fick method if the arterial blood samples
were collected during rebreathing. Since, in the
present studies, the arterial blood samples for
the direct Fick determinations were collected just
prior to rebreathing, no such error has to be
reckoned with.

In addition to the error contributed by recircu-
lation of acetylene and the effect of rebreathing on
the arterial oxygen content there remains the pos-
sibility of an error in the solubility coefficient for
acetylene in blood. The tonometric equilibrations
carried out in the present study indicate that Groll-
man's figure is too high. By applying a regression
formula calculated from the data the figure 700.2
cc. of acetylene per liter of blood (at 37.8° C. and
760 mm. Hg of acetylene) was obtained. The sol-
ubility coefficient as used in the formula for the
arteriovenous oxygen difference thus becomes
0.00921 instead of 0.00974. Use of the smaller
solubility coefficient reduces the values for the ar-
teriovenous oxygen difference by about 6 per cent
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and increases the values for the cardiac output
by the same amount.

The discrepancy of 24 per cent between values
obtained by the direct Fick method on one hand
and the acetylene technique on the other is, there-
fore, a composite figure. Recirculation of acety-
lene, the effect of rebreathing on the arterial oxy-
gen content, and an error in the solubility coeffi-
cient of acetylene for blood account for most or
all of the discrepancy. The error in the solubility
coefficient is a constant one and the other two
factors are, in all probability, variable to some
extent. In the case of a high cardiac output, for
example, recirculation may contribute an error
that is somewhat greater than 5 per cent. When
the arteriovenous oxygen difference is determined
under basal conditions by means of the acetylene
method the regression formula given in Figure 1
will suffice to predict the corresponding direct Fick
value if the Grollman formula for the arterio-
venous oxygen difference is used. Use of the for-
mula in Figure 2 may be similarly applied to val-
ues for the output of the heart obtained by the
acetylene method. Since the solubility coefficient
for acetylene in blood used by Grollman (0.00974)
is too high, the value 0.00921 should be employed
in the formula for the arteriovenous oxygen dif-
ference. When the change is made the correct
equation for predicting the basal direct Fick out-
put from a given basal acetylene value is: Direct
Fick output = 1.106 (acetylene output) + 0.7526,
and the standard error of the estimate is 0.41 liters
per min.

Under basal conditions, therefore, the acetylene
method is a relatively reliable means of measuring
the arteriovenous oxygen difference and the values
obtained may be converted to the corresponding
direct Fick values with reasonable accuracy if the
sources of error in the acetylene method are taken
into account.

CONCLUSIONS

1. There is a linear relationship and a high de-
gree of correlation between resting values for
the arteriovenous oxygen difference and the car-
diac output obtained simultaneously by the acety-
lene and direct Fick methods.

2. Values for the arteriovenous oxygen dif-
ference obtained by the use of the direct Fick

technique consistently run about 24 per cent less
than those obtained with the acetylene method.

3. Right heart catheterization disturbs basal
conditions in adult male subjects little more than
does the acetylene procedure and the assertion
that the direct Fick technique regularly gives high
values for the resting output of the heart is
untenable.

4. Measurable quantities of acetylene begin re-
turning to the lungs about 10 seconds after the
beginning of rebreathing but the error introduced,
under basal conditions, into the acetylene tech-
nique as ordinarily applied is no more than 5
per cent.

5. Forced rebreathing, as used in the acety-
lene method, produces an increase in the arterial
oxygen content of about 0.28 volumes per cent
and causes the acetylene method to overestimate
the arteriovenous oxygen difference. The factor
may account for nearly one-third of the discrep-
ancy between values obtained by use of the di-
rect Fick method on the one hand and the acetylene
technique on the other.

6. The amount of acetylene that will dissolve
in a liter of blood at 37.8° C. and 760 mm. Hg of
acetylene is 700.2 cc. and the solubility coefficient
for use in the formula for the arteriovenous oxygen
difference is 0.00921.
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ERRATUM

On page 480 in the April issue of the Journal the character v
is missing in two lines at the top of the page in the left-hand
column. Line 3 should correctly read: "Om is the concentration
of bound thiocyanate." Line 10 should read: ". . . and since
equation 4 relates v to....

659


