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Although it is over a century since respiratory undulations of blood pressure were first described by K. Lud-
wig [16], and in spite of all the experimental studies devoted to this effect, divergent views are still expressed as
to its pature. K. Ludwig [16], K. Vierordt, Einbrod {14], and L. M. Levashov [10] have shown that blood pressure
rises during inspiration, and falls during expiration. These fluctuations were ascribed to changes in the rate of
flow of blood to the heart during different phases of the respiratory cycle. During inspiration the negative pres-
sure within the pleural cavity rises, and the flow of blood to the heart increases, leading to increase in the systolic
volume of blood and to rise in arterial pressure. The converse relations prevail during expiration, and blood pres-
sure falls. Such interpretations are to be found in textbooks of physioclogy (V. la. Danilevskii [7], L. Landua and
Rozeman [9], R. Geber[4), A. G. Ginetsinskii and A. V. Lebendinskii [6], and K. M. Bykov {1] ).

The chief factor responsible for respiratory undulations of blood pressure is generally held to be the mecha-
nical effect. I. A. Spiriukov and V. Ia. Suetin, for example, consider that the respiratory undulations of blood
pressure are due ro the ‘pressor action of the lumbar part of the diaphragm, and suggest that the respiratory undula-
tions should be called diaphragmatic undulations. E. Bauereisen, H. Busse, and R, Wagner {15), applying a method
of continuous recording of blood pressure of human subjects, examined the filling of the left ventricle during in~
spiration and expiration, and came to the conclusion that the cause of the respiratory undulations is to be found
in the direct action of changes in intrathoracic pressure on the heart and blood vessels, and to changes in the fill-
ing of the heart owing to changes in flow of blood from the veins.

Conflicting views have, however, also appeared in the literature. Moro and Legrenier have shown, in ex-
periments on rabbits, that blood pressure falls at inspiration, instead of rising, and falls during expiration. The
same view was advanced by A. Mosso {17], who used a finger pletysmograph of measuring blood pressure of humans,
and by J. Tomai [18], S. §. Zuev {8}, G. A. Vaksleiger [2], A. M. Melik-Megrabov [11), and others,

Thus the literature shows a Tack of unanimity as to the nature of the respirétory undulations of blood pres-
sure. This is a consequence of the complex nature of the phenomenon, which cannot be ascribed solely to mecha-
nical factors (effects of changes in intrathoracic pressure),

It is known that the Traube-Hering waves are due to ceflex effects from pulmonary receptors acting on vas-
culas tonus.

It was shown by P. M. Nikiforovskii [12], in 1. P. Pavlov's laboratory, that distension of the lungs caused 2
reflex acceleration of heart rate, and that collapse of the lungs had the opposite effect. V. V, Parin [13] perfused
an isolated Jung, with intact nervous connections withthe central nervous system, and noted that raising of pres-
sure in the pulmonary blood vessels caused a reflex fall in the systemic blood pressure, with a retardation of heart
rate. This effect disappeared after division of the vagi.

Other pulmonary effects on the systemic circulation have been reported. V. A, Vinokutov and M. V. Ser-
gievskii [3] found that changes in pressure within one or both lungs were followed by vascular waves of the third
order. This effect persisted after division of the vagi, and removal of the stellate ganglia and the thoracic sympa-~
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thetfc ganglfa, These authors consider that vascular waves may arlse not only from reflex impulses, but also from
changes in vascular shythmicity in response to localized humoral factors.

K. Heymans and D, Cordier {5] have shown that, In the thoracie type of resplration, Insplration s assoctated
with rise In blood pressure, and expiration with fall in blood pressure, whereas in the abdominal type of respiration
the opposite effects are found. With the mixed type of respiration, or with inspiratory and expiratory pauses, poly-
phasic changes.in blood pressure are obsetved. These authors remark that the mechanisms whereby respiration af-
fects blood pressure may be hydrodynamic, cardiac, vasomotor, arterial, or venous in orlgin.

The mechanisms responsible for the appearance of respiratory waves of arterial pressure may thus be of
many kinds, and there are also contradictory descriptions of the phenomenon, given by different authors, Far too
litrle work has been done on respiratory undulations in human subjects, under clinical conditions,

We have attempted to obtain more precise information on the nature of respiratory effects on arterial pres-
sure in the human, using for this purpose our method for the simultaneous recording of Korotkov sound effects,
arterial oscillograms and pulse rates, pressure in a pneumatic cuff, electrocardiograms, and respiration,

EXPERIMENTAL METHODS AND RESULTS

Our recordings were made with the aid of a system of pickups and amplifiers, using an 8-channel oscillo-
graph, Mark MPO-2, which permitted the simultaneons registrarion of a number of processes. Pressure within
the cuff and respiration were measured by means of sensitive optical manometers with pneumatic transmission
mounted within the body of the oscillograph.

The Figuregivesan example of recordings made in one of our experiments,

As appears from the tracings, the first sound effect, with intensification of the oscillations of the arterial
wall and of the pulse below the cuff appeared when the pressure within the cuff amounted to 136 mm Hg, and
they appeared at the moment of expiration, and were absent during inspiration.

- It may therefore be taken that arterial pressure rises during expiration, and falls during inspiration. The
sound effect appeared and disappeared periodically, and with further fall in pressure within the cuff, and only when
this had reached 120 mm or less did the anerial sounds persist during inspiration. The amplitude of the respira-
‘tory undulations of arterial pressure amounted in the given case to 15 mm Hg.

Similar recordings of tespiratory undulations of arterial pressure were made on 18 cases. In most of these,
respiratory undulations were normally either absent, or were insignificant. They made their appearance, or be~
came more accentuated, in all cases when the depth of respiration was increased. Respiratory undulations were
observed during normal respiration in patients suffering from pulmonary tuberculosis.

According to S. S. Zuev {8] and G. A. Vak;léiger [ 2] such undulations constitute one of the characteristic
signs of lung disease,

It should be noted that all our observations of respiratory undulations were of the same type: blood pressure
fell during inspiration, and rose during expiration. The belief that blood pressure rises during inspiration, and
falls during expiration, is therefore disputable; it was evidently based on observations made during acute experi-
ments on animals, which cannot be applied 10 human subjects,

The fact that blood pressure falls at the moment of inspiration, and rises during expiration, is evidence that
respiratorj undulations of blood pressuré in the human may-be due not to mechanical factors (changes in intra-~
thoracic, pressure), but rather to reflex effects. Respiratory undulations of blood pressure are similar in type, in
the human, to Traube-Hering waves.

SUMMARY

The respiratory waves of arterial blood pressure were studied in man with the aid of the following simulta-
neously performed tests: objective registration of Korotkov sound phenomenon, pressutre in the cuffs, oscillation
of arterial wall, pulse in the artery distal 1o the cuff, electrocardiogram and respiration. Registration was carried
out with the aid of corresponding pickups, amplifiers and an 8-channel oscillograph. In all cases it was noted that
there is decrease of arterial blood pressure on the height of inspiration and increase on the height of expiration,
Respliratory waves of the blood pressure in man are similar in type to Traube-flering waves and are rather reflex
than mechanical in origin.
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