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The effects of decreased intrathoracic pressure
on arterial blood pressure (1), venous pressure
(2, 3), cardiac output (4), and pulmonary pres-
sure and volume (5) have been investigated in the
past. The present study was prompted by the as-
sociation of marked diuresis with continuous nega-
tive pressure breathing in anesthetized animals (6)
and the observation that in unanesthetized man
continuous positive pressure breathing leads to an
oliguria (7). The purpose of this investigation
was to demonstrate that human subjects like an-
esthetized animals have an increased urine flow in
response to continuous negative pressure breathing.
Observations were made on the renal excretion
of water, sodium and potassium, urinary pH, and
endogenous creatinine clearance in the hope that
the mechanism of the diuresis might be elucidated.

METHODS

Sixteen experiments and six control studies were done
with eight normal males who ranged in age from 18 years
to 43 years. The subjects received their usual breakfast
without added salt on the morning of the experiment.
The study was carried out with the subject in the re-
cumbent position in a constant temperature environment
In order to obtain an adequate urine volume and a steady
state, each subject was maintained on 50 cc. and in some
cases 100 cc. of 0.14 per cent saline by mouth (8) every
half hour of the experiment which was started with the
intake of 300 cc. of this hypotonic solution. In addition
each subject had one chocolate bar every two to three
hours.

Voided urine samples were obtained at 15-minute in-
tervals while in the recumbent position. Individuals who
were unable to void voluntarily at this interval were not
used in the study. Negative pressure breathing was not
begun before a urine flow consistently below 60 cc. per
15 minutes (in most cases 15 to 30 cc. per 15 minutes)
was obtained for a two to four-hour period. This was
usually five to seven hours after the start of the experi-
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ment. Negative pressure breathing during both inspiration
and expiration was applied through a standard U. S. Air
Force pressure breathing oxygen mask attached by a
short tubing to a 40 liter cylinder. This cylinder was
ventilated by a suction pump with fresh air at the rate of
100 to 160 liters per minute and rebreathing was pre-
vented by means of a two-way valve in the face mask.
The desired negative pressure, which in these experiments
was a mean pressure of 15 to 18 centimeters of water,
was obtained by varying the air inlet to the container.
Control studies duplicated the procedure exactly except
that the negative pressure breathing was omitted. Re-
peat studies were done in all but two subjects.

The urine volume for each 15-minute interval was noted
and the pH of each sample was determined by means of a
glass-calomel electrode pH meter which had an accuracy
of 0.1 pH units. Sodium and potassium determinations
were made on each urine specimen with an internal stand-
ard Perkin Elmer flame photometer. The endogenous
creatinine content of the blood and urine was measured by
the method of Bonsnes and Taussky (9). The creatinine
clearance was used for convenience in these studies with
an awareness of both its accuracy and its limitations.
The pulse and respiratory rates were followed and pe-
riodic observations of the blood pressure were made with
a standard sphygmomanometer.

RESULTS

An example of the diuresis observed with con-
tinuous negative pressure breathing is presented
in Figure 1. The 15-minute urine volume in-
creased about 300 per cent with this type of respi-
ration following a control period of six hours in
which the urine flow was consistently under 35 cc.
per 15 minutes the last two to three hours. More-
over, within 30 minutes after the cessation of nega-
tive pressure breathing, the urine flow had returned
to its control value. A spontaneous diuresis was
not observed in the six control studies during the
portion of the day when negative pressure breath-
ing was ordinarily done in the experimental stud-
ies, although in both the control and experimental
observations a diuresis was noted in the early por-
tion of the day (Figure 1). This initial diuresis
was attributed to the diurnal variation, the post-
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FIG. 1. AN EXAMPLEOF THE DiuREsis OBSERVEDWITH NEGATIVE PRESSUREBREATHING
Note the essentially unaltered urine pH during the diuresis. (Subject E. M.)

prandial state, the change from the erect to the
recumbent position, and the ingestion of 300 cc. of
hypotonic saline solution.

The concentration of both the sodium and po-

tassium in the urine decreased during the epi-
sode of negative pressure breathing, so that the
total amount of these two electrolytes excreted dur-
ing that period did not exceed the amount ex-

creted during a control period of the same dura-
tion. This is demonstrated in Figure 2 where the

120r

W) 80V

E 40 _
CID

E

0a

no2_

total sodium excreted for the 45 minutes of nega-

tive pressure breathing did not exceed that ex-

creted during the preceding or succeeding 45 min-
utes. Similarly, the total excretion of potassium
as plotted in Figure 3 did not increase when the in-
trathoracic pressure was decreased. In this par-

ticular example the urine flow had increased about
four fold in the last 15 minutes of the experimental
breathing while the sodium and potassium excre-

tion remained unaltered.
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FIG. 2. AN ILLUSTRATION OF THE UNCHANGEDEXCRETION OF TOTAL
SODIUM IN THE URINE DURING A PERIOD OF NEGATIVE PRESSUREBREATHING
(SUBJECT E. M.*)
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FIG. 3. EFFECT OF NEGATIVE PREssuia BREATHINGON THE TOTAL EXCRETION OF
SODIUMAND POTASSIUM

In this example the urine flow increased about four fold during the period of decreased
intrathoracic pressure. (Subject E. M.*)

The results of urine volume and electrolyte deter- One of the individuals in this group (O. G.) pro-
minations in the sixteen experiments are summa- duced a moderate diuresis with negative pressure
rized in Table I. Six of the eight subjects ex- breathing when maintained on twice the usual
hibited a moderate to marked diuresis when the in- amount of hypotonic saline. The other subject in
trathoracic pressure was decreased. In two sub- this group (C. B.) had difficulty voiding at 15-
jects there was no significant increase in urine flow. minute and even half-hour intervals when repeat

TABLE I
Summary of sixteen experiments showing urine flow, sodium excrdion, potassium excretion, and pH

before, during, and after negative pressure breathing (NPB)

Urine flow Urine sodium Urine potassium
cc./15 mix. mEq./15 mix. mEq./15 min. Urine pH

Subject Beforet NPBt Afteri Before NPB After Before NPB After Before NPB After

H. S. 20 84 16 2.2 1.1 2.5 - -

H. S.* 13 141 19 1.3 1.0 2.4 0.5 0.8 0.7 5.9 5.6 6.6
J. R. 20 33 21 2.7 3.2 2.7

J. R.* 16 64 22 2.6 3.2 2.8 - 7.4 7.9 7.7
EM. (Fig. 1) 29 121 29 3.5 3.1 3.5 - 6.0 6.0 6.0
E.M.* (FIg.2) 20 109 22 2.6 2.4 2.6 - - 5.8 6.7 6.6
E. M.* (ig. 3) 50 190 37 3.6 3.0 3.0 1.0 1.0 0.5 7.3 7.1 6.7
C.B. 11 16 10 2.6 2.7 2.1 - - - 5.5 5.5 5.5
W. W. 19 143 17 2.5 3.0 2.3 - - 7.1 7.1 6.8
W. W.* 12 86 19 2.2 2.1 2.6 - 6.7 6.9 7.0
W. W.* 21 132 21 2.4 2.6 2.7 0.5 0.5 0.4 6.8 6.8 6.8
0. G. 9 12 10 1.7 1.7 1.7 0.5 0.5 0.5 5.7 6.0 6.0
0. G.* 55 77 19 1.3 1.8 1.9 0.8 1.0 0.7 6.2 6.7 6.7
J. B. 50 103 41 3.9 3.9 2.7 0.7 0.6 0.2 6.7 6.8 6.2

X.B.* 60 104 34 5.2 3.0 3.4 0.5 0.5 0.4 6.7 6.7 6.7
}.Y. 45 87 25 5.2 5.6 3.3 0.5 0.7 0.2 6.9 6.7 6.6

* RePeat experiments in the same subject.
t 15-minute period immediately before NPB.
I Maximum urine flow for 15-minute period during NPB.

15-minute period 30 to 45 minutes after cessation of NPB.
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studies were attempted. In none of the experi-
ments was there a significant increase in total urine
sodium or potassium excretion. In general, even
with a marked diuresis, the urine pH was not al-
tered or was inconsistently changed and in only
one case did it increase 0.9 of a pH unit.

The creatinine clearance increased during the
early portion of the exposure to negative pressure
breathing in some subjects, but returned to con-
trol values as this type of breathing was continued
and in other cases the diuresis occurred without an
alteration in this clearance at any time. In ten
experiments the average endogenous creatinine
clearance changed from a control value of 134 cc.
per minute to 140 cc. per minute with the maxi-
mumdiuresis. The pulse rate and arterial pres-
sure remained constant before, during, and after
the period of decreased intrathoracic pressure.
The respiratory rate was also unaltered or was in-
consistently changed so that the average rate was
14 per minute during the control period and 13
per minute during negative pressure breathing.
None of the subjects had any of the symptoms or
signs associated with hyperventilation.

DISCUSSION

The results of this study indicate that continuous
negative pressure breathing is associated in man
with a water diuresis. Under the conditions of the
experiment an increase in urine flow occurred
without significant alteration of the urine pH or
sodium and potassium excretion. That this was
not a chance finding or a conditioned response was
demonstrated in the six control studies in which
a spontaneous diuresis did not occur after the
urine flow was consistently below 60 cc. per 15
minutes during the portion of the day in which
the subjects were ordinarily exposed to negative
pressure breathing. This type of breathing was
not uncomfortable so that the increased urine vol-
ume can not be similar to the diuresis reported
in some stress situations (10). Moreover, the
observation of a diuresis with negative pressure
breathing in anesthetized animals would seem to
exclude these two factors.

Although the respiration was not markedly af-
fected in these human studies, an increase in re-
spiratory rate was frequently noted in the animal
experiments when the intrathoracic pressure was

decreased (6) so that the possibility of a respira-
tory alkalosis could not be completely eliminated.
Hyperventilation has been reported to be associ-
ated with a diuresis in which the urine becomes
markedly alkaline and the excretion of sodium and
potassium is increased two to five fold (11-13).
In contrast, the urine pH was unaltered or incon-
sistently changed and the urine sodium and potas-
sium excretion was not increased during the diu-
resis of negative pressure breathing in man. This
evidence demonstrates that the increased urine flow
is not the result of a respiratory alkalosis as may
occur with hyperventilation. It is of interest in
this regard that a water diuresis occurs with hyper-
ventilation on 5 to 7 per cent carbon dioxide with-
out a respiratory alkalosis (14). The mechanism
of this type of diuresis was not fully understood,
although it was suggested that a mechanical stimu-
lus may have initiated the increased urine flow.

With positive pressure breathing the cardiac
output, as measured with the ballistocardiograph,
is decreased when the pressure used is two to three
times that employed in these studies (i.e., 30 to 40
mm. Hg) (15). Drury, Henry, and Goodman
thought that this alteration in the circulation may
have contributed in part to the oliguria which they
observed with continuous positive pressure breath-
ing (7). It might be postulated that negative
pressure breathing increased the cardiac output
and that this directly or indirectly initiated a diu-
resis, but in anesthetized animals at least, the
cardiac output does not increase (4). With posi-
tive pressure breathing the urea clearance is also
decreased (7), but with negative pressure breath-
ing the creatinine clearance is essentially unal-
tered. While a decrease in cardiac output and
glomeru-lar filtration rate may account at least
in part for the oliguria of positive pressure breath-
ing, an increase in either of these two hemodynamic
factors does not seem to be associated with the
diuresis of negative pressure breathing.

The effect of a change in intrathoracic pressure
on the distribution of the blood volume and the dis-
tension of various portions of the cardiovascular
system has been discussed in the previous report of
animal experiments (6). In that paper the ana-
tomical studies of Nonidez which demonstrated
nervous endorgans in the walls of the thoracic vena
cava, pulmonary veins, and auricles of animals
(16, 17) and the physiological investigations of
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stretch receptor areas in the cardiovascular sys-
tem within the thorax (18-23) have been reviewed.
It was postulated that the diuresis associated with
negative pressure breathing in animals was in re-
sponse to a distension of some or all of these re-
gions within the thorax (6). This same mecha-
nism, it is believed, may account for the diuresis
observed in these human experiments. The ex-
act manner in which such a stimulus finally leads
to a diuresis is not certain, but it must involve the
central nervous system and the antidiuretic hor-
mone of the posterior pituitary gland. The role
of the antidiuretic hormone is suggested from the
present study because of the unaltered electrolyte
excretion and the gradual onset of the diuresis and
its gradual cessation.

Recently, a great deal of interest has been shown
in the possible demonstration of volume receptors
in the body which initiate alterations in renal
function. Some of these reports have been con-
cerned with the excretion of electrolytes which
accompany a change in blood volume or in its
distribution (24-29). It is pertinent to this dis-
cussion and the concept presented to point out the
situations in which an increase in blood volume in
the cardiovascular system in the thorax is as-
sociated with a water diuresis. Strauss, Davis,
Rosenbaum, and Rossmeisl have reported that a
water diuresis occurs with the infusion of saline
into recumbent subjects, but it does not occur with
infusions into seated subjects (30). They postu-
late as a result of these experiments that there may
be volume receptors in the cephalad portion of the
body. Welt, Orloff, and Blake have reported a
similar diuresis when the plasma volume is ex-
panded with iso-oncotic albumin solutions (31,
32). With the infusion of saline, blood, or plasma
in the recumbent animal or man there may also
be an increased pressure in the great veins, the
right heart, pulmonary circulation, and the left
auricle (33, 34). Similarly "cold diuresis" may be
attributed to this same mechanism since there is
engorgement of the pulmonary vascular system as
a result of peripheral vasoconstriction (35).

Although the evidence presented does not ex-
clude an extrathoracic vascular effect of negative
pressure breathing as the stimulus for a diuresis,
this possibility seems unlikely. With the infusion
of saline or iso-oncotic albumin solution, negative
pressure breathing, and exposure to cold, the ex-

trathoracic venous system may be distended or
constricted, but all of these situations are associ-
ated with some degree of distension of the low pres-
sure portion of the cardiovascular system within
the thorax. It is believed, therefore, that further
investigation of alterations in renal excretion of
water and electrolytes with stimulation of pos-
sible volume or stretch receptors in the thoracic
cardiovascular system is warranted.

SUMMARY

The application of continuous negative pres-
sure breathing for a 45-minute period is associated
with a water diuresis in normal human subjects.
Under the conditions of these experiments the in-
creased water excretion occurred without a change
in urine pH, total urine sodium and potassium ex-
cretion, or endogenous creatinine clearance. It is
suggested that the diuresis resulted from stimula-
tion of volume or stretch receptor areas in the car-
diovascular system within the thorax.
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