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CLINICAL STUDIES ONTHE VELOCITY OF BLOODFLOW

XI. THE PULMONARYCIRCULATION TIME, THE MINUTE VOLUME
BLOOD FLOW THROUGHTHE LUNGS, AND THE QUANTITY OF

BLOODIN nTE LUNGS'

By HERRMANNL. BLUMGARTAND SOMAWEISS
(From the Thorndike Memorial Laboratory, Boston City Hospita, and the Department

of Medicine, Harvard Medical School)

(Received for publication May 25, 1928)

Measurement of the pulmonary circulation time in manmakes pos-
sible comparison, in the same person, of the time consumed by
the blood flow with the volume of blood which flows through the
lungs per minute. Simultaneous measurement of these fundamental
features of the circulation is of considerable interest for if the normal
variations in the time of blood flow correspond to similar variations
in the volume flow, the significance of each measurement would be
greatly heightened. Measurement of both the volume and the time
of blood flow through the lungs also affords additional evidence con-
cerning the significance of the pulmonary circulation time. The pul-
monary circulation time refers to the time necessary for a given
particle of blood to appear in the left auricle after its previous entrance
into the pulmonary artery. This time may be measured by the
interval necessary for the fastest particle of a foreign substance to
traverse the shortest available path. According to Tigerstedt (1)
and von Kries (2) the speed of the central or axial portions of a stream
may be twice that of the peripheral portions. Were this true, the
pulmonary circulation time would be not much more than half the
average circulation time of the lungs. The work of G. N. Stewart
(3) as well as some observations discussed in previous communications
(4) (5) indicate that the pulmonary circulation time is an index of

1 This investigation was aided by a grant from the DeLamar Mobile Research
Fund of Harvard Universitv.
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the mean pulmonary blood velocity.2 According to the formula of

G. N. Stewart (3), Q equals 60 where Q is the quantity of blood

in the lungs; V is the minute volume flow of blood through- the lungs;
and T, the mean pulmonary blood velocity in seconds. If two of the
factors are known, the third can be calculated. Were von Kries
and Tigerstedt correct in their contention that the speed of the
fastest particle as expressed by the '"circulation time" is twice the
mean velocity, substitution of the' pulmonary circulation time for T,
the mean velocity time, would result in magnifying Q, the quantity
of blood in the lungs, which would then become twice too great. If
on the contrary, the pulmonary -circulation time is an index of the
mean velocity, the substitution should give a result which conforms
to the results of animal experiments.'

METHODSANDRESULTS

The crude pulmonary circulation time was measured according to
the method previously described (5). The actual pulmonary cir-
culation time, that is to say, the time interval between the arrival
of the active deposit of radium in the pulmonary artery and its
arrival in the left auricle was estimated by subtracting four seconds
from the crude pulmonary circulation time. Four seconds includes
the time the active deposit consumes in passing through the heart
and varies according to the phase of the cardiac cycle at which the
active deposit enters this organ. The four seconds' also accoUnts
for the time necessary for the active deposit to travel from the left
ventricle to the antecubital arteries.

The minute volume of pulmonary blood flow was measured by the.
gasometric method of Field, Bock, Gildea and Lathrop (6)-. Except
in the first few subjects, six to nine "alveolar" and "virtual venous"
gas samples were analyzed. Occasional discrepant results due to
evident errors of- technique were discarded. The respiratory minute
volume was measured in all subjects, and in nine 'of the seventeen
subjects, the respiratory quotient, and the total CO2 elimination- per
minute were measured after, as well as before, the collection of the

2 By this phrase is meant "the mean time occupied by the passage of' blood
through the lungs."
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gas samples. No gas samples were taken until the subject had reached
a constant level of ventilation for, as pointed out by Field, Bock,
Gildea and Lathrop (6), a marked change in ventilation immediately
preceding the collection of air samples causes an incorrect value
for the difference between the arterial and venous CO2 tensions.
The ventilation per minute in some subjects, as numbers 1 and 4,
was somewhat high but no samples were collected until a constant
state had been reached. Both the volume of the blood which flows
through the lungs and the pulmonary circulation time were measured
on the same day and in some persons the pulmonary circulation time
was observed before and after the minute volume measurements.

The total blood volume of the subject was calculated as one-
thirteenth of the body weight.

Seventeen young normal intelligent male subjects were studied.
They had been properly trained in the necessary respiratory pro-
cedures. All subjects were in the post absorptive state.

The results of our studies are presented in table 1.

DISCUSSION

The average volume of blood which flows through the lungs per
minute was 7.6 liters. The average actual pulmonary circulation time
was 8 seconds, the average amount of blood in the lungs was 984 cc.,
or 21 per cent of the total blood volume. The results indicate
no evident correlation in a given person between normal variations
in the pulmonary circulation time (table 1, column 16) and normal
variations in the volume of blood which flows through the lungs per
minute. (Table -1. Column 14). It should be emphasized also that
the quantity of blood in the lungs estimated by means of the pulmon-
ary circulation time and pulmonary minute volume flow is only approx-
imate. The minute volume method used, although probably the most
trustworthy available, contains certain sources of error which preclude
too precise -interpretation of the results. Similarly, the estimated
actual pulmonary circulation time with its correction of four seconds
is in all probability approximate and not a mathematically precise
expression of the mean time consumed by the blood in its pulmonary
passage- -Themeasureent of thepulmonary circulation time, and the
minute volume flow were, moreover, made consecutively, whereas
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in the formula they are used as an expression of conditions existing
simultaneously. The wide variation in the estimated quantity of
blood in the lungs is, however, greater than the probable experimental
error and suggests that the elasticity of the pulmonary tissue permits
the accommodation of widely varying volumes of blood.

On the basis of our data, and assuming that the total blood volume
of man is one-thirteenth of the body weight, the percentage of the
total blood in the lungs was calculated. Wide variations were found
in the amounts of blood in the lungs; the greater amounts were
generally associated with slower blood flow. The average amount of
blood in the lungs was, as has been said, 21 per cent of the total
blood volume. No great weight is to be attached to the absolute
values obtained though the results conform in general to those ob-
served experimentally in animals. G. N. Stewart (3) observed that
when both sides of the heart were completely obstructed simultane-
ously, the lungs in two animals contained respectively 21 and 18.6
per cent of the total blood volume. Similarly, Kuno (7), studying
the heart lung preparation under various conditions found from 8.8
to 19.4 per cent of the total blood in the lungs. In animals, by using
the pulmonary circulation time as a measure of the mean velocity,
Stewart found 11 to 24 per cent of the total blood in the lungs. The
average amount was 17 per cent.

On the basis of the data presented in this communication the
estimated amount of blood in the lungs in man conforms so closely
to the experimental results of Kuno and Stewart as to indicate that
the pulmonary circulation time is an index of the mean time of blood
flow through the lungs.

The fact that tlhe pulmonary circulation time is such a close index
of. the mean time consumed by blood flow through the lungs, also
indicates that "stringing out" effects caused by variations in the
speed of blood flow through different pathways is not of great conse-
quence in normal individuals, and that the different available path-
ways through the lungs are approximately equal.
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CONCLUSIONS

1. Measurements of both the minute volume flow through the
lungs and the pulmonary circulation time have been made in seventeen
normal persons and the approximate amount of blood in the lungs has
been calculated.

2. The average calculated amount of blood in the lungs was 984 cc.,
or approximately 21 per cent of the total blood volume. The quantity
varies considerably in different individuals.

3. The results indicate that the pulmonary circulation time is an
index of the mean time consumed by the blood flow through the lungs.

4. The observations suggest that in normal persons the available
pulmonary pathways are approximately equal.

5. Normal variations in the pulmonary circulation time are not
related to corresponding normal variations in the minute volume
blood flow through the lungs.

6. The contention of von Kries and Tigerstedt is incorrect.
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