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An important aspect of the problem of the pathology of external respiration is the connection between dys-
pnea arising {n the upper part of the resplratory tract and disturbance of the function of varicus organs and sys-
tems of the body,

The explanation of actual forms of disturbance of the activity of the body in cases of embarrassment of ex-
ternal respiration {s very important from both the theoretical and practcal points of view. The latter is concerned
with the necessity of ascertaining the character and mechanism of the disturbances of certain functions of the
body in cases of stenosis of the trachea and larynx resulting from varfous acute and chronic diseases. However,
in pathological physiology the study of the effect of difficulty in the passage of air through the trachea and larynx
on various functions of the body is mainly concerned with embarrassment of external respiration of such a degree
that it is accompanied by the manifestations of asphyxia; of all the various functions of the body the only ones
which have been subjected to any detailed study are resplration and the circulation of the blood. Nevertheless,
it is a fact that other functions may be disturbed during embarrassment of respiration, and the character and de-
gree of these disturbances must be determined by the intensity and duration of the dyspnea on the one hand and
by the characteristic features of the reaction of the respective organs and tissues to the dyspnea on the other.

It must be thought that the appearance of a disturbance in the activity of various organs and systems of the
body during embarrassment of external respiration (stenoses of the trachea and larynx) must be determined in the
first place by the anoxia which arises in certain forms of stenesis. In addition, it must be borne In mind that dif-
ficulty in the passage of air through the trachea or larynx is accompanied by disturbance of the character of the
afr circulation in various parts of the upper respiratory tract — the nasal cavities, the accessory sinuses and the
larynx, i.e., where disturbance of the alr circulation is usually connected with simulation of nerve receptors
and reflex changes in the most widely differing regions of the body as a result [2,3, 4, 9,13}

On the question of in what cases do what mutual relationships between these factors determine the devel-
opment of disturbance in the activity of a particular organ or system, we have evidence from actual examples
of the development of stenosis and of some peculiarity of regulation of a certain organ or system of the body.
Investigations carried out in this direction in the laboratory of pathological physiology of the State Research In-
stitute for the Ear, Nose and Throat have revealed a number of relationships governing the effect of acute and
chronlic stenosis of the trachea and larynx on the function of the circulatory and digestive systems and have
shown the importance of anoxia and of disturbance of the pattern of respiration in the upper respiratory tract
[12, 14].

We set ourselves the task of studying the character and mechanism of the effect of various forms of dis-
turbance of respiration in chronic tracheal and laryngeal stenosis on the excretion of urine by the kidneys.

That this Is a reasonable problem for investigation s suggested by the fact that the excretory function of
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the kddneys 1s affected on the one hand by lack of oxygen (n the Insplred alr {1,7,8,15), and on the other hand
by disturbance of the character of the air circulation in the upper resplratory tract {5, 6, 8, 11].

EXPERIMENTAL METHOD

Experiments were performed on dogs with exterforization of the ureters separately under the skin by the LP,
Pavlov-L.A. Orbell method. The present paper deals with experiments on nine dogs.

The excretlon of urine by the kidneys was Investigated in these animals while on a high {ntake of water
and milk, The renal function was assessed by the volume of urine collected every 5 or 20 minutes (depending
on the experimental conditions) for a period of four hours, Separate determinations were made of the glomerular
filwration and the tubular reabsorption from the creatinine clearance. For this purpose the endogenous creatinine
of the blood and the urinary creatinine of the animals were determined before the production of stenosis in the
tachea, during stenosis and at varfous times after its removal. Calculation of the glomerular filtration and of
the tubular reabsorption was made by Rehberg's formula. In all the experiments the content of protein and blood
in the urine was determined.

The obstruction to the passage of air through the trachea and larynx was created in the experiments of long
duration by tntroducing a tracheotomy tube Into the trachea through a preliminary tracheotomny. Closure of the
tracheotomy tube allowed the degree of obstruction to respiration to be regulated. Thus, in these experiments
nose breathing was impossible. In experiments in which nose breathing was preserved stenosis was produced by
tightening up a specfal clamp made of stainless steel previously applied to the exposed trachea. With the aid of
this clamp it was possible to produce any desired degree of stenosis of the trachea as quickly and for as long as
necessary.

Stenosts of the larynx was produced by injection of liquid paraffin under the mucous membrane, thereby
diminishing the lumen of the larynx. In all the experiments a kymographic tracing of the respiration was made
by means of a cuff applied to the thorax. The respiration was recorded before the application of the stenosing
device, during stenosis and after its removal. The chronic experiment required the reapplication of stenosis to
the same animal, and 30 we systematically checked the renal function as revealed by the above-mentioned in-
dices in these animals during normal respiration before the reapplication of the stenosing device.

EXPERIMENTAL RESULTS

The study of the effect of transient stenosis of the trachea on the excretion of urine by the kidneys showed
that the character of the changes in renal function depend on the severity of stenosis. We subdivided the stenosis
according to its duration into four groups, The first group included stenosis lasting from one to ten minutes, the
second from ten minutes to one hour, the third from one to five hours and the fourth from one to three days. Ac-
cording to its severity the stenosis was classified in three categories —severe, modersately severe and slight. The
severity of stenosis was determined by the character of the tracing of respiration on the drum of the kymograph
and by the clinical picture of stenosis which was sufficiently characterlstic of each category.

The experiments showed that in stenosis lasting up to ten minrutes and belonging to the severe category,
the disturbance of excretion of urine by the kidneys was characterized by a severe fall in diuresis, and in some
cases by its complete cessation, which took place either at the same time as or a few minutes after the onset of
stenosis. In these cases a compensatory increase {n excretion of urine appeared with complete regularity, start-
ing a short time after removal of the stenosis; thus, the total urinary excretion throughout the whole period of
the experiment with stenosis of this duration and severity did not differ substantially from the urinary output un-
der normal conditions (Figure 1), With this severity and duration of stenosis, profound disturbances of urinary ex-
cretion appeared in some animals in the form of the appearance of protein in the urine, and in some cases of
blood. If the stenosis of this duration belonged not to the severe but to the moderately severe category, the
changes in renal function as a rule were rather less marked, but the fall in diuresis was always clearly marked,
while the compensatory increase in diuresis arising a short time after removal of the stenosis was less pronounced

but constant (Figure 2).

In cases of stenosis of the same duration but of slight severity (dyspnea appeared in the animals only on
physical exertion), usually no essential changes appeared in the renal function,

In experiments set up to study the effect of renal function in which stenosis lasted from ten minutes to one
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Fig. 1. Diuresis in the dog Mamasha in normal condltions

and durlng severe acute stenosis of the trachea lasting five

minutes (high water intake): 1) normal diuresis of the left

kidney; 2) normal diuresis of the right kidney; 3) diuresis

of the left kidney during the stenosis experlment; 4) diure-
sis of the right kidney during the stenosis experiment; 1 -

beginning of stenosis; § —end of stenosis.

hour, we found that in its general features the change in the excretory function of the kidneys was the same as
in the case of the stenosis of shorter duration —up to ten minutes.

The results of the effect of stenosis lasting several hours on the urinary excretion are particularly interest-
ing. Whereas stenosis lasting for several minutes or tens of minutes (in the two previous groups) was produced
during a period of increased excretion of urine following the high fluid intake or else was brought to an end im-
mediately after the diuresis began to fall, stenosis lasting more than one hour occupied a much greater propor-
tion and in some cases the whole of the time of the experiment, i.e., covered the time both of the rise and fall
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Fig. 2. Diuresis in the dog Chernushka in normal condi-
tons and during stenosis of the trachea of moderate sev-

erity lasting five minutes (high water intake). Conven-
tional signs as in Figure 1,
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In the output of wine, Under thete conditions It was found (and this I3 most Important) that, {n splte of the fact
that stenosts applied before the Intake of water continued for the wholz peried of the experimeant (four hours or
more), the diuresis followad the same curve &s In cases where stenosiy lasting a few minutes ended at the moment
of maximum Incresse of excration of urine following Intake of water: at first there was a sharp {all in diurests
end immediately afterwards 8 compensatory tise, although the obstruction to rasplration (ssvere stenosis) siil con-
tinued. Figure 3 shows the curves of uzinary output from which 1t is clear that although stenosis was applied be-
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Fig. 3. Diuresis in the dog Mamasha during stenosis of

the trachea produced before a high intake of water and

lasting throughout the whole experiment. Conventional
signs as in Figure 1.

fore the water intake, both kidneys reacted to this water intake normally by an increase in diuresis teaching a
maximum at the beginning of the second hour, after which the diuresis dimfnished considerably, as was observed
in stenosis lasting a few minutes, Later the diuresis rose, giving a compensatory reaction similar to that observed
in the previous seties of experiments after removal of the stenosis. In this case, this compensatory reaction of
the kidneys appeared during continuing severe steniosis of the trachea. A similar picture was observed in experi-
ments in which the stenosis produced was of the same duration but of moderate severity. ’

As in the serles of experiments In which the stenosis was of short duration,in the more prolonged stenosis
the fall {n diuresis and {15 subsequent compensation were less pronounced {n moderately severe stenosis than in
severe, but they were always clearly present. When stenosis lasting one hour did not start before the water {n-
take but after it, its effect on diuresis was conditioned by yet another factor: 1if the onset of stenosls preceded
maximum diuresis or coincided with It the diuresis usually underwent further modification in the form of sup-
pressiori and subsequent compensatory Increase, so that the total output of urine remafned within normal limirts
during the experiment; if this type of stenosis began after the diuresis had reached its maximum and had started
to fall, no clearly marked suppression of urine excretion nor subsequent compensatory reaction ensued.

It is natural that absence of this type of diuretic reaction should be obsszved not only in case of slight or
moderate stenosis but also {n severe stenosis,

It is thus quite clear that the character of the reaction of the excretory function of the kidney to transient
stenosis depends on the perfod of renal activity during which the stenozls arises: if it develops during the period
of maximum renal activity during the period of greatest eimination of water taken into the body, then it s
accompanied by clear and regular changes in the urine-excreting function of the kidneys In the form of suppres-
don of diuresls and subsequent compensatory Increase, These changes are not observed however In cases where
stenosts of this sost arises durlng diminished renal activity in the perfod after the maximum excretion by the

kidneys of water taken Into the body.
What explanation of this fact can be givent The finding that {n general the kidneys react only to tran-
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sient, wevere ttznosls or to moderately severs stenosls and do.rot react to slight dagreas of stenosts suggests that
kidnay function fe edequately resictant to embarrassment of extarnal respiration, of In any caes {s more resistant
than the szcratory and motor function of the stomack and sipecially the function of the heart, &3 can be teen by
comparing our findings with thote of A.L lunins and L8, Khalmatov from our laboratory., The resistance of the
kidneys to obstruction of the passage of air throvgh the trackes is related, cbviously directly, to the resistence of
the kidney tssues to oxygen lack,

Leaving for a while the relative impostance of anoxiz and disturbance of the pattern of respiration in the
upper respiratory tract in the mechanism of development of renal functional disturbances during obstruction of
the pasiage of alr through the trachea (which is the subject of special study) we can nevertheless consider that
the manifestations of anoxia {n the kidnsy tissue must develop particularly acutsly In cases whese stenosls coln-
cides with the Ume of maximum renal funcrion, Le., with maximum diuresis, for at this time the oxygen de-
mand of the kidney tissue {ncreases fourfold, ’

It can be understood from these facts why stenosis arfsing before the intake of wates is not reflected at all
in the fisst phase of excretion of urine before maxtmum diuresis, and on the other hand produces characteristic
changes in diuresis always after a definiie interval of time ~Immediately after diuresis has reached ts maximum.
It must be supposed that before the kidneys develop thelr maximum acuvity, Le., before maximum diuvresls, the
kidney tssue can cope with the oxygen lack; but as soon as the work of the kidneys reaches a maximurm (maxi-
mum dfuresis) and the oxygen demand is several times greater, the compensatory ability of the kidney dssue is
exhausted and reactions appear, in the form of rapid and maried (depending on the severity of the stenosis) fall-
ing-off in dluresis,

In thelr turn the falling diuresis and the lowered intensity of work of the kidneys entall a reduced oxygen -
demand of the kidney tissue; this makes possible the appearance of renewed compensatory powers in the Kdney,
in the form of increase of diurests. This ability of the kidneys to compensate for disturbance of the diusetic
function immedlately after {ts marked dim{nution may 2ls0 account for another of our findings = the leveling-off
of the diuretic functon of the kidneys when the stenosis is not removed for a period of four hours, {.e., through-
out the whole experiment, Thus, besides revealing the importance of disturbance of external respiration 1o the
diuretic function of the kidneys, our findings give also some idea of the nature of the compensatory reactions of
the Kdneys when the intake of oxygen by the body is disturbed,

SUMMARY

Experiments were performed on dogs with ureters lead out under the skin by the L.P. Paviov-L.A. Orbeli
method. The renz! urinary excretion was studied under conditions of disturbance of external respiration in trach-
eal and laryngeal stenoses of variable duration (lasting from several minutes to a few hours). Reaction of the
kidney to stenosis depends on the length and severity of the latter, as well as on the functional state of the kid-
neys when the experiment was started. The peculiarities of the renal compensatory reaction to the disturbance
of external respiration were demonstrated, These characteristic features depended on the degree of the funcdon-
al strain of the kidneys and thus on the oxygen requirement of the renal tissue,
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