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The breathing of anoxic mixtures causes an in-
crease in the pulmonary arterial pressure of ani-
mals (1-4) and man (5-7). This effect has been
attributed to a local action of the anoxic mixture
on the blood vessel walls resulting in a constric-
tion of the pulmonary arterioles and pre-capillaries
and an increase in pulmonary arterial pressure.
Vagotomy and stellate ganglionectomy do not
change the vascular response to the breathing of
anoxic mixtures in the cat (1).

The effect of breathing 100% oxygen on the
pulmonary arterial pressure has been investigated
in animals (1, 3, 4, 8) but not adequately in man.
Euler and Liljestrand (1) found that pure oxygen
caused a fall in the pulmonary arterial pressure
of cats which did not appear to these investigators
to be the result of decreased blood flow, but rather
to a dilatation of the pulmonary vasculature. The
response to oxygen was not affected by vagotomy
and stellate ganglionectomy. Ergotamine, yohim-
bine, and atropine (9) did not alter the decrease
of pulmonary arterial pressure which resulted from
oxygen breathing.

This paper reports observations on the effect of
breathing 100% oxygen on the pulmonary arterial
pressure of patients with pulmonary tuberculosis
and mitral stenosis.

METHODS

Two groups of patients were studied. One group con-
sisted of 21 individuals with pulmonary tuberculosis who
were studied 27 times. These were all patients with
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moderately and far advanced pulmonary tuberculosis
(NTA criteria) whose disease was chiefly unilateral.
The second group consisted of 17 individuals with rheu-
matic heart disease manifested by miitral stenosis who were
studied 25 times.

The morning of the catheterization, the patients re-
ceived .09 gram of nembutal orally and arrived at the
laboratory one hour later in the fasting state. Pulmo-
nary artery catheterization was performed in the usual
fashion. A blood sample was taken from the brachial
artery for determination of the control oxygen saturation,
and pressure-pulse records of the pulmonary arterial pres-
sure were made. When the control pressure level had
been established the patient was given 100% oxygen® by
BLB mask for a period of four minutes. In 12 instances
pulmonary arterial pressure tracings were made continu-
ously during and for ten to 12 minutes after oxygen ad-
ministration, but in the majority a record was made only
when oxygen had been given for three minutes. A sam-
ple of brachial arterial blood was withdrawn at the
fourth minute of oxygen administration for determina-
tion of oxygen saturation.

Arterial blood samples were analyzed for oxygen con-
tent and capacity by the method of Van Slyke and Neill
(10), and more recently by the Scholander-Roughton
syringe method (11). The pulmonary arterial pressure
was recorded with a Hathaway Blood Pressure Control
Unit and Oscillograph ¢ and in many instances was simul-
taneously recorded with a Sanborn Electromanometer
connected to the Hathaway Oscillograph. Recordings
were calibrated with a mercury manometer after each
tracing. The zero point for all pressures was 5 cm. pos-
terior to the sternal angle of Louis with the patient su-
pine. Mean pressures were obtained by planimetric in-
tegration of the pressure-pulse contours when the Hatha-
way Blood Pressure Recording System was used and by
electrical integration when the Sanborn Electromanometer
was used. "

The respiratory pattern as evidenced by rhythmic base-
line fluctuation was present in all pressure tracings, except
in those of patients with mitral stenosis who had auricu-
lar fibrillation. Representative expiratory and inspiratory

5 The mean annual barometric pressure in Denver is
628 mm. Hg.
¢ Type SYBP-1 Blood Pressure Recording System.
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pressure-pulse contours were taken for each measure-
ment, and the average systolic, diastolic and mean values
recorded. Only mean pressures were used in the statistical
analyses. Measurements of all pressure tracings were
rounded to the nearest integer, and five-tenths was
rounded to the nearest even integer.

RESULTS
1) Pulmonary arterial pressure

Of a total of 52 studies made on patients with
pulmonary tuberculosis and mitral stenosis, 43
showed a decrease in pulmonary arterial pres-
sure during oxygen breathing, three showed no
change, and six showed slight increases (Tables I,
IT and III). The decreases ranged from 1 to 18
mm. Hg systolic, from 1 to 12 mm. Hg diastolic,
and from 1 to 13 mm. Hg mean.

Out of 27 studies in patients with pulmonary
tuberculosis, 22 showed a decrease of pulmonary
arterial pressure with oxygen, two showed no
change, and three showed slight increases. Where
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a decrease occurred, the average drop in systolic
pressure was 4 mm. Hg (17% of the control level),
the average drop in diastolic pressure was 3 mm.
Hg (33% of the control level), and the average
drop in the mean pressure was 3 mm. Hg (19%
of the control level). In the three instances where
an increase was noted, the rise averaged 2 mm.
Hg systolic, 2 mm. Hg diastolic, and 1 mm. Hg
mean.

Out of 25 studies in patients with mitral steno-
sis, 21 showed a decrease in pulmonary arterial
pressure with oxygen, one showed no change, and
three showed slight increases. Where a decrease
occurred, the average drop in systolic pressure
was 7 mm. Hg (16% of the control level), the
average drop in diastolic pressure was 5 mm. Hg
(21% of the control level), and the average drop
in the mean pressure was 4 mm. Hg (13% of the
control level). In the three instances where an in-
crease was noted, the rise averaged 2 mm. Hg sys-
tolic, 1 mm. Hg diastolic, and 1 mm. Hg mean.

TABLE I

The effect of breathing 1009, oxygen on pulmonary arterial pressure, pulse rate, and
arterial saturation in patients with pulmonary tuberculosts

Pulmonary arterial pressure* Pulse rate Arterial saturation
Patient
Control Oxygen Change Control | Oxygen | Change | Control | Oxygen | Change
S D M S D M S D M
AFD 23 10 16 16 6 10 |- 7| -4 | —6 95 80 | —15| 93 98 | + 5
KLW 28 12 20 23 10 16 - 5| =2 -4 115 95 —-20 94 100 + 6
BJP 24 7 18 23 8 16 - 1] 41 -2 95 90 -5 91 99 + 8
BJP 21 8 15 17 7 13 - 4] -1 -2 100 90 —-10 91 92 +1
LMW 23 7 15 26 9 16 [+ 3| +2 | +1 80 80 0] 95 9 | + 4
LMW 26 8 16 28 8 17 | 4+ 2 0| +1 85 80 | — 5| 88 98 | +10
DCL 15 4 10 12 4 9 | -3 0| —1 75 75 0] 9 9 | + 3
DCL 16 6 12 14 8 10 - 2] +2 -2 85 72 -13 88 94 + 6
RRS 12 8 10 12 4 8 0| —4 | -2 92 9 | — 2 92 97 | + 5
MV 22 6 14 15 2 11 -7 -4 -3 85 85 0 93
RL 16 7 10 12 4 8 |—4| -3 | -2 100 100 0| 90 100 | +10
RL 24 3 15 18 2 12 [—- 6] -1 | =3 90 8 [ — 5] 9 98 | + 8
TR 24 8 16 18 4 11 - 6| —4 =5 105 85 -20 93 98 + S5
TR 26 8 15 22 6 15 -4 =2 0 85 75 -10 93 99 + 6
LS 28 13 20 26 8 18 - 2| =5 -2 95 80 —-15 90 98 + 8
FG 30 7 16 24 6 14 - 6| —1 -2 115 105 —-10 91 96 + 5
AC 20 6 14 21 6 14 +1 0 0 80 70 -10 90 97 + 7
FJG 26 9 18 22 8 16 — 4| -1 -2 95 88 - 17 90 98 + 8
EV 22 10 16 20 8 12 - 2| =2 -4 100 100 0 85 96 +11
LEV 24 9 16 20 6 13 — 4| -3 -3 90 100 +10 94 97 + 3
AG 22 14 18 18 8 12 - 4| —6 -6 85 75 -10 94 98 + 4
FVG 39 24 30 28 16 21 —-11| -8 -9 95 92 -3 84 95 +11
VFP 25 6 14 22 4 12 - 3| =2 -2 82 72 —-10 87 95 + 8
VFP 20 6 13 20 6 12 0 0 -1 97 95 -2 92 98 + 6
GAR 20 6 12 21 4 10 + 1) =2 -2 80 72 - 8 90 98 + 8
FA 14 4 8 12 4 9 -2 0 +1 107 100 -7 92 94 + 2
N 30 10 17 26 8 14 — 4| =2 -3 82 72 -10 88 98 +10
Average 23 8 15 20 6 13 - 3| -2 -2 92 85 -7 91 97 + 6

*§ = systolic, D = diastolic, and M = mean.
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TABLE 11

The effect of breathing 1009, oxygen on the pulmonary arterial pressure, pulse rate, and
arterial saturation in patients with mitral stenosis

Pulmonary arterial pressure* Pulse rate Arterial saturation

Patient

Control Oxygen Change Control | Oxygen | Change | Control | Oxygen | Change

S D M S D M S D M

LHSt 26 10 17 28 12 19 |+ 2|+ 2|+ 2 65 65 0| 87 99 | +12
LHSt 38 16 26 34 15 25 |—4|1—-1] -1 55 55 0o} 91 98 | + 7
R]JD 41 22 28 | 40 20 26 |—1|—2| -2 60 55 | — 5 90 98 | + 8
RJD 34 12 21 33 12 20 | =1 0f-—-1 63 57 | — 61 93 9 [ + 6
HMW 33 15 21 30 15 19 [—-3 0] — 2 58 58 0] 9% 98 | + 4
CFW 58 28 40 44 16 27 | —14| —12 | —13 75 50 | —25 95 100 | + S
CFW 49 34 38 34 24 30 | —15| —10| — 8] 100 85 | —15 86 9% | +10
HJS 72 32 52 62 30 46 | —10| — 2| — 6 82 80 | — 2} 9 98 | + 8
TBi} 32 20 24 29 14 22 | = 3| —-6]|—2 90 82 [ — 8] 9 9% | + 6
TB% 44 22 31 38 15 26 |- 6| —T7]—35 75 64 | —11 89 97 | + 8
ND 64 24 33 26 -7 87 80 | — 7] 9 97 | + 6
ERH{ 21 6 15 22 6 14 | 4+ 1 0|-1 85 9 | + 5 94 9 | + 2
ERHI 41 13 26 35 12 25 |—6|—1|—1 82 80 | — 2 90 9% | + 4
BLP} 40 18 29 35 16 27 | = §5|—2|-2 90 110 | +20 94 99 | + 5
CLR} 52 26 34 48 20 32 |—4|—-6|—2 98 9% | — 2| 89 97 | + 8
CLR} 48 22 33 41 22 29 | -7 0| — 4 66 62 | — 4 88 92 | + 4
GER} 54 32 41 36 22 29 | —18 | —10| —12 90 82 | — 8] 95 100 | + 5
GERt 31 13 22 33 14 23 |+ 2|4+ 1)+ 1] 105 95 | —10| 94 98 | + 4
MTD} 35 16 24 32 16 23 | — 3 0| -—-1 85 8 [ -5 88 9% | + 8
MTD} 42 18 25 27 8 17 | —-15| —-10| - 8 64 60 | — 4] 93 93 0
EMB 40 13 26 35 14 24 |[=5|+1]—2 75 65 | —10| 94 98 | 4+ 4
EBW 29 10 17 26 10 18 | — 3 0|+ 1 65 7 { + 5 88 97 | + 9
BLM} 39 12 24 36 12 24 | — 3 0 0 80 66 | —14 | 89 9% | +5
FCD} 53 24 37 48 22 32 |-5|—-2|~-35 70 57 | —13 92 94 | + 2
EMt 68 29 36 62 28 4 |—-6|—1]—2 65 60 | — 5 93 100 | + 7
Average 43 19 29 37 16 26 |—6|—3|—3 77 72 | -5 9 97 | + 6

* S = systolic, D = diastolic, and M = mean. { Auricular flutter. } Auricular fibrillation.

For the pulmonary tuberculosis group the stand-
ard error of the mean of the differences between
the mean pulmonary arterial pressures before and
during oxygen breathing was determined from
standard statistical formulas.” The mean pair-
difference divided by the standard error gives a ¢
value of 4.5. This shows a highly significant dif-
ference between the control pulmonary arterial
pressure and the pressure during oxygen breath-
ing, since this ¢ value corresponds to a P of less
than .00006. For the mitral stenosis group the
mean pair-difference divided by the standard er-
ror gives a ¢ value of 3.9 which corresponds to a
P of less than .0001.

The results obtained in 12 cases where the pul-
monary arterial pressure was recorded continu-
ously during and after oxygen breathing are shown
in Figures 1 and 2. In Figure 1 the cases are
grouped according to diagnosis and in Figure 2
according to control pressure level. The pressure

7 Fisher, R. A, Statistical Methods for Research Work-
ers. Oliver & Boyd, Edinburgh, 1950, 11th ed.

decrease is quite apparent at one minute and almost
complete at two minutes, with only slight change
during the third and fourth minutes. Two min-
utes after the cessation of oxygen breathing the
pressure has shown very little rise, but at six and
ten minutes there has been a partial return to the
control level.

2) Level of pulmonary arterial pressure and de-
gree of change

There was a definite association between the
control mean pulmonary arterial pressure and
the degree of its fall during oxygen administra-
tion. The regression line of the change in mean
pressure on the control pressure for the pulmonary
tuberculosis group is given by the equation Y =
— .35X + 3.0, while that for the mitral stenosis
group is Y = — 31X + 5.7. The regression co-
efficients are very similar for the two groups of
patients. Of the patients who showed a decrease
in pulmonary arterial pressure with oxygen, the
average fall of the 11 with the highest control pres-
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TABLE III

The effect of breathing 1009, oxygen on pulmonary arterial pressure and pulse rate
in patients wit opulmmry tuberculosss.and mitral stenosis

Pulmonary tuberculosis Mitral stenosis Total
Decrease | Increase | No change| Decrease | Increase | No change| Decrease | Increase | No change
Number of
Iateen 22 3 2 21 3 1 43 6 3
s | —4 (17%) +2 (8%) -7 (16%) 2 (6%) =5 (17%) | +2 (%)
—1to —i1| +1to +3 —1to —18| 41 to +2 —1to —18| +1to +3
Pulmonary | Ghanse:
arterial Avﬂue D -3 33%) | +2 (25%) -5 (21%) +1 (11%) -4 (27%) | +2 (18%)
pressure* Ra 1to —8| +1 to +2 —1to —12| 41 to +2 —1to —12| 41 to +2
nge
-3 (19 1(8 -4 (13 1 (7 -3 (16 1 (8
NERE S 5B HER, 20R H8%,
Number of )
inetances 18 1 5 17 3 3 35 4 8
Pulse rate Y
verage - — -
change 10 +10 9 +10 10 +10

* S = gystolic, D = diastolic, and M = mean.

sures was 18%, and the average fall of the 11 with
the lowest control pressures was 15%.

The actual drop in pressure in the patients with
pulmonary tuberculosis was less than in the mitral
stenosis patients, possibly because the control pul-
monary arterial pressure was lower. The change
in patients with a normal pressure was often of a
small degree. However, of the 14 instances where
the control pressure was normal (15 mm. Hg or

less), ten showed a decrease in pressure, two
showed no change and two showed increases of 1
mm. Hg each. Calculations in these 14 instances,
however, revealed a statistically significant de-
crease of the mean pulmonary arterial pressures
during oxygen breathing. The ¢ value for this is
3.67 which corresponds to a P of less than .01.
Thus the observed decreases would occur less
often than once in a hundred times by chance alone,
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Although these patients had a normal pulmonary
arterial pressure, it should be noted that they had
in general rather extensive pulmonary disease.

3) Pulse rate

The pulse rate decreased together with the
mean pulmonary arterial pressure in 34 instances
(Tables I, IT and III). However, in three in-
stances where the pulse rate increased, the mean
pulmonary arterial pressure decreased. In six
instances where the pulse rate showed no change,
there were decreases in the mean pulmonary ar-
terial pressure. In three instances pulse rate de-
creases were associated with no change in the
mean pulmonary arterial pressure.

4) Arterial saturation

A study of control arterial oxygen saturations
(range from 84% to 96%) and changes in the
mean pulmonary arterial pressure resulting from
oxygen breathing failed to reveal an appreciable
correlation. However, the range of arterial oxy-
gen saturations was not great. It is interesting
to note that the patient with the highest mean pul-
monary arterial pressure in the pulmonary tu-
berculosis group had the lowest control arterial

saturation and showed the greatest drop in pres-
sure with oxygen.

DISCUSSION

The data presented indicate that individuals
with pulmonary tuberculosis and mitral stenosis
at the barometric pressure in Denver show a de-
crease in pulmonary arterial pressure during oxy-
gen breathing. Such a decrease could be due to:
1) a reduction in the volume of blood flow through
the pulmonary vascular bed, 2) a diminution of
pulmonary vascular resistance, or 3) a fall of
the left atrial and pulmonary venous pressure.
A decrease in cardiac output during oxygen breath-
ing in man has been noted by several investiga-
tors using the ballistocardiograph (12-14). This
decrease has been estimated to be from 10% to
20% and is reflected initially by a decrease in pulse
rate. It has been reported that during the first
five minutes of oxygen breathing, approximately
949% of the decrease in cardiac output is reflected
in a decrease of pulse rate and the remainder is
reflected by a decrease of stroke output (12).
Although there is some question regarding the
validity of absolute values for cardiac output as
determined by the ballistocardiograph, it seems
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likely that the changes in output observed during
oxygen breathing by this method are valid.

That the pulse rate decreases with oxygen
breathing has been frequently noted in both ani-
mals and man (15-18) and is evident in the pres-
ent study. This prompt decrease in pulse rate
during oxygen breathing has been attributed to a
moderation of tonic chemoreceptor activity (1,
14,19). If the decrease in pulse rate seen in these
patients were associated with a decreased cardiac
output, the change in pulmonary blood flow could
be a factor in the fall of the pulmonary arterial pres-
sure. A decrease of pulse rate, however, need not
be associated with a decrease of cardiac output, if
the stroke output increases. It should be noted
that in several instances a decrease in mean pul-
monary arterial pressure was associated with no
change or even increase in pulse rate.

Euler and Liljestrand did not believe that a
change in cardiac output could account for the drop
in pulmonary arterial pressure which they ob-
tained, since the change in pressure was greater
than that obtained by marked exercise. It has
also been shown that in normal individuals ex-
ercise of fairly marked degree has little effect on
pulmonary arterial pressure (20). Thus it is un-
likely that a small change in cardiac output would
be an important factor in decreasing the pulmonary
arterial pressure. However, until the cardiac out-
put has been measured by more exact methods in
both animals and man, the part played by changes
in pulmonary blood flow cannot be fully evaluated.
In studies on the effect of acute anoxia on the hu-
man pulmonary circulation, the cardiac output has
not been found to show a definite change (5, 7),
and certainly has not changed enough to explain
the pulmonary arterial pressure rise.

Because Euler and Liljestrand did not believe
that changes in cardiac output could account for
the drop in pressure, and because they and others
found that the drop occurred in the absence of the
nerve supply, they postulated that the fall in pres-
sure was due to a direct action of oxygen on the
pulmonary vasculature producing vasodilatation.
Our experience with one patient may indicate that
in man, as well as in animals, the drop in pul-
monary arterial pressure is not dependent upon an
intact nerve supply. This patient had bronchial
asthma (not included in tables or figures), and
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had previously undergone bilateral pulmonary hilar
stripping and bilateral stellate ganglionectomy.
The control pressures were 26 systolic, ten di-
astolic, and 18 mean. After three minutes of oxy-
gen breathing the pressure had fallen to 19 systolic,
eight diastolic, and 14 mean.

A change in the left atrial and pulmonary venous
pressure might be a factor of importance in the
drop in pulmonary arterial pressure noted in the
patients with mitral stenosis. Pulmonary arterial
hypertension in these patients may depend upon
two factors. The elevated left atrial pressure re-
sulting from the mitral stenosis is transmitted in
retrograde fashion through the pulmonary vascu-
lar system to the pulmonary artery. Early in the
course of mitral stenosis this is the only factor
causing increased pulmonary arterial pressure.
Later, many patients develop increased pulmonary
arteriolar resistance which is associated with a
further rise in pulmonary arterial pressure. This
increased resistance may be the result of pathologi-
cal changes in the small vessels or it may be due
to vasoconstriction. Oxygen breathing might de-
crease the pulmonary arterial pressure in patients
with mitral stenosis by reducing the pressure in
the left atrium or by a vasodilatory effect on the
pulmonary vessels. The decreased cardiac rate
induced by oxygen breathing permits better left
ventricular filling and thus increases the stroke
output of that chamber, resulting in turn in a de-
crease of the left atrial, pulmonary capillary and
pulmonary arterial blood volumes and pressures.
The relative importance of a decrease in left
atrial pressure and the dilatation of the pulmonary
vessels might be evaluated by determination of the
effect of oxygen breathing on the pulmonary “cap-
illary” pressure. However, it must first be proved
that the pressure obtained through a catheter
wedged in the pulmonary arterial tree truly re-
flects the pulmonary venous pressure in patients
who have pulmonary vascular changes.

That a decrease of left atrial pressure plays any
part in the patients with pulmonary tuberculosis
seems unlikely. In this group the pulmonary ar-
terial pressures were normal or slightly elevated
and there was no evidence of cardiac involvement.
Euler and Liljestrand found that a drop in pul-
monary arterial pressure in cats occurred with no
change in left atrial pressure (1).
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Because the range of pulmonary arterial pres-
sures and arterial oxygen saturations in the tu-
berculosis group is not sufficiently great, no con-
clusions can be drawn as to what part anoxia may
play in pulmonary arterial hypertension.

Although a majority of the patients in the pul-
monary tuberculosis group had normal or only
slightly elevated pulmonary arterial pressures,
the tuberculous involvement was with few ex-
ceptions rather extensive. Pulmonary vascular
changes have been reported in many of these indi-
viduals (21). Since it has been shown that oxygen
breathing caused a statistically significant decrease
in pressure in 14 patients with normal control
pressures, the possibility exists that a similar de-
crease would occur in normal individuals.

It is recognized that significant differences exist
between physiologic conditions at the altitude of
Denver and those at sea level. The mean annual
barometric pressure in Denver is 628 mm. Hg and
the arterial oxygen tension is accordingly some-
what lower here. This somewhat lower oxygen
tension may result in a greater degree of tonic ac-
tivity of the chemoreceptors than exists at sea
level. The effect of oxygen breathing on pulse
rate, cardiac output and pulmonary vasculature
might therefore be more evident in Denver. Pos-
sibly the effect of oxygen at this altitude is to
abolish the slight relative anoxemia which nor-
mally exists here. If this is the case one might ob-
serve a less marked response at sea level or even
no response at all (8).

The beneficial effect of oxygen therapy on pa-
tients with acute or chronic pulmonary arterial hy-
pertension may depend not only upon the factors
of increased arterial oxygen tension, decreased
cardiac output, and decreased cardiac rate, but
also upon a decreased pulmonary arterial pressure,
a factor which would further reduce the work of
the right ventricle.

SUMMARY

The effect of breathing 100% oxygen on the pul-
monary arterial pressure in patients with pulmo-
nary tuberculosis and mitral stenosis was studied
52 times in 38 patients.

1. Out of 27 studies in patients with pulmo-
nary tuberculosis, 22 showed a decrease of the
pulmonary arterial pressure with oxygen. This
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decrease was shown to be statistically significant.

2. Out of 25 studies in patients with mitral
stenosis, 21 showed a decrease in pulmonary ar-
terial pressure with oxygen. This decrease was
shown to be statistically significant.

3. There was a definite correlation between the
control mean pulmonary arterial pressure and
the degree of its decrease.

4. The factors which may be involved in the
observed decrease of pulmonary arterial pres-
sure during oxygen breathing are discussed.
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