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An Important aspect of the problem of the pathology of external respiration is the connect/on between dys- 
pnea arising In the upper part of the respiratory tract and disturbance of the function of various 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 Is very Important from both ~he theoretical and practical point3 of view. The latter is concerned 
with the necessity of ascertaining the character ahd mechanism of the disturbances of certain functions of the 
body In cases of stenosis of the trachea and larynx resulting from various acute and chror, ic 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 ls 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 respiration and the clrculation of the blood. Nevertheless, 
it is a fac t  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 anoxla which arises In certain forms of stenosls. In addition, it must be borne In mind that dif- 
ficulty in the passage of air through the trachea or larynxls accompanied by disturbance of the character of the 
air circulation In various parts of the upper respiratory tract - the nasal cavities, the accessory sinuses and the 
larynx, I.e.,  where disturbance of the air circulation Is usually connected with stimulation 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 eases 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 
chronic stenosis of the trachea and larynx on the function of the circulatory and digestive systems and have 
shown the Importance of anoxla 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- 
mrbance of respiration in chronic tracheal and laryngeal stenosis on the excretion of urine by the kidneys. 

That this Is a reasonable problem for Investigation Is suggested by the fact that the excretory function of 
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the kidneys Is affected on the one hand by lack of oxygen In the Inspired air [1, 7, 8, 15], and on the other hand 
by disturbance of the character of the air ctrculadotl In the upper respiratory tract [$, 6, 9, 11]. 

E X P E R I M E N T A L  M E T H O D  

Experimen~ were performed on dogs with cxterlorEzadon of the ureters separately under the skin by the I.P. 
Pavlov-L.A. OrbeU method. The present paper deals with experiments on nine dogs. 

The excretion of urine by the kidneys was Investigated in these antmals while on a high Intake 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 determlnation~ were made of the glomerular 
flltratlo~ and the tubular reabso~pdon from the creztitdne clearance. For this purpose the endogenous creatinine 
of the blood and the urinary ereatintne of the animals were determined before '-he production of stenosls in the 
trachea, during stenosls and at wrtous times after its removal. Calculation of the glomemlar filtration and of 
the tubular reabsorption was made by Rehberg's formula. In alI 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 Introducing a tracheotomy tube Into the trachea through a preliminary tracheotomy. 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 tn which nose breathing was preserved stenosis was produced by 
tightening up a special clamp made of statn!ess 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. 

Stenosls 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 applled re the thorax. The respiration was recorded before the application of the stenoslng 
device, during stenosis and after Its removal. The chronic experiment requi~ed the reapplication of  stenosis to 
the same animal, and sO 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 stenoslng device. 

E X P E R I M E N T A L  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 stenosls. 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, moderately 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 characteristic of each category. 

The experlmenu showed that in stenosis lasting up to ten minutes 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 
eases by Its complete cessation, which took place either at the same t ime as or a few minutes after the onset of 
stenosis. In these cases a compensatory Increase In 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 stenosts 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 stenosls of this duration belonged not to the severe but to the moderately severe category, the 
changes In renal function as a rule were rattier less marked, but the fall In dluresls was always clearly marked, 
while the compensatory Increase In dlurests arising a short time after removal of the stenosls was less pronounced 

but constant (Figure 2). 

In cases of stenosls 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 conditions 
and during 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; a) diuresis 
of the left kidney during the steno~ls experiment; t) dlure- 
sis of the right kidney during the stenosis experiment; t - 
beginning of stenosls; ~ - end of stenosis. 
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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 stenosls of shorter duration - up to ten minutes. 

The results of the effect of stenos~s lasting several hours on the urinary excretion are particularly interest- 
ing. Whereas stenosfs 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 diuresfs 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. Diuresls in the dog Chernushka in normal condi-  
tions and during stenosls 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 o~tVat of ttzt;+r U~de+ thr cond+tfon+ It wg~ foun@ ( ~ 4  this i+ mo~'t lmpott+~t+t) tht~t, In spite of the fact 
that ~ o ~ . ~  ~pp*ded ~fore, t~e ln~ke of w~ter continued fr the who~+ ~ o * d  of the ex~r lmen t  (four hours or 
more)~ L.~e d~ure~s fo!lowe~ t~~e ~ m e  curve ~s in c~es  where steno~!~ l~.~t~ng ~ few mtnute~ ended ~t the m~ment 
of m , ~ m u m  t~e~e~se o~ e• of ur'~.e fo~tow~u 3 l~tM'e of water: ~t first there w~s ~ sharp f~ll in dfuresi~ 
tnd lmmr t~f~.,~w~.rd, a c o m ~ n ~ t o ~  ~ e ,  ~l~hou# ~ :  obztrt~ction to re~p~r*.t~on (severe s~enosis) sdl! con- 
tinued. Figu.~e 3 shov.'s the curves of urinary ouq:~ut from wiiich It Is clear that ~Ithough s~enos~, wsg applied be- 
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Fig. 3. Dluresis 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 lncrec~se ~.n d~.uresis reaching a 
maximum at the beginning of the second hour, after which the diuresls diminished considerably, as was observed 
in stenosis lasting a few minutes. Later the diuresls rose, giving a compensatory reaction similar to that observed 
In the previous series of ext~rlments after removal of the stenosis. In this case, this compensatory reaction of 
the kidneys appeared during continuing severe srenosis of the trachea. A similar picture was observed In experi- 
ments in wtffch the stenosis produced was of the same duration but of moderate severity. 

As in the series of experiments In which the stenosls was of short duration,in the more prolonged stenosls 
the fail In diures~s and lt~ subsequent compensation were less pronounced In moderately severe stenosls than in 
severe, but they were always clearly present..When stenosls lasting one hour did not start before the water In- 
take but after It, its e f fec t  on diuresls was conditioned by yet another factor: If the onset of stenosls preceded 
maximum dfuresis or coincided with It the dturesls usually underwent further modification In the form of sup- 
pression and subsequen: compensatory increase, so that the total output of urine remained within normal limits 
during the experiment; if this type of stenosis began after the dluresls had reached Its maximum and had started 
to fail, 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 observed not only In case of slight or 

moderate stenosls but also In severe stenosfs. 

It Is thus quite clear that the character of the reaction of the excretory function of the kidney to transient 
stenosls depends on the period of renal ~ctivlty during whlch the steno~ls arises: If it develops during the period 
of maximum renal activity during the period of greatest elimination of water taken Into the body, then It Is 
accompanied by clear and regular changes In the urine-excreting function of the kidneys In the form of suppres- 
lion of dluresls and subsequent compensatory Increase. These changes are not observed however,In eases where 
stenosls of ttds sort arls,s during diminished renal activity In the period after the maximum excretion by the 

kidneys of water tsken into the body. 

What expla~t lon  of this fact can be given? The finding that In general the kidneys react only to tran- 
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s[ent, ~evere stenesls or to rnodetatcl)" severe stene~l~ ~n~ 4o r~ot reac~ to st~ght d~grees of ste~ao.r s~.~e.~t~ that 
lddn~), ftmetlon i, edcqu~tely re~L~t~nt to e m b ~ r ~ m e ~  of e• re~p~r~on, o~ In any e~s~ l~ mo~e re~st~nt 
th~n the ~ezetory and met.or funct/on ef ~ e  s~om~.ch ~n~ ~s~c',~lly t~:~ f~.~nctlon of ~ e  b.eatL ~ can be seen by 
com,r~rin~ our fi~dln~ wtth tho~e of A.I, lunlr:~ and I,~. ~'~!m.~tov from our l~bo~,ato~y. The r~,~i~nee of ~ e  
kldney~ to ob$tn~ctfon of the pa~s~tge of ~lr th roe#  the tt~!:er i~ t~l,ted, obviously tilt,oily, to t~ir tes~,tance of 
th~ k l ~ y  t i ~ e ,  to oxygen le.ck. 

Leaving for a while the relative Importance of ~noxia ~nd disturbance of the pattern of re, piration In the 
upper te~pirato~ t~net in the mec,hanlsm of development of r~aal functional d~sturbances during obstruction of 
the passage bf air through the trachea (which tt the subjee~ o~ spatial stud),) we can neverthelev~ cons!de~ tha~ 
the mat,/legations of anoxia In the kl'dr~y fl**ue must develop ~rttcul~rly acutely In cases whet, stenosis coin- 
cide, with the time of maximum renal function, I.e.. w~th maximum diuresis, for at this time t.he oxygen de- 
mand of the kidney tis, ue lncreates fourfold. 

It  can be under~tood from these factn why stenosi~ ~ i ~ n g  before the Intake of water L, no~ reflected at all 
In the flr~t phase of excretion of urine before maximum d~es [ ; ,  and on the other hand produces characteristic 
changes in dIurefls always after a definite Interval of t ime - I m m e d i a t e l y  after diutesis has reached ltr:~ ma~mum~ 
It mu~t be supposed that before the Mdneys develop their maximum actlvt W, I.e.,  before mardmum dtures!s; the 
kidney tissue can cope with the oxygen lack; but as soon  as the work of the lddneys reaches a max/me-v. (maxi-  
mum dluresfs) and the oxygen demand is several times greater, the compensatory ablllty of the Mdney ~ u e  is  
exhausted and reactlom appear, in the form of rapid and mar~e~ (depending on the severity of the steno~ls) fall-  
Ing-off In diure-r 

In their turn the falling dlurests and the lowered Intensity of work of the kidneys entail a reduced oxygen 
demand of the kidney tissue; this makes possible the appearance of renewed compensatory powers In t~e ~d~ney, 
in the form of tnc~ease of dluresis. This abill W of the Iddneys to compensate for disturbance of the di~et~c 
function Immediately after its marked diminution may also account for another of our findings - t h e  !e ~e Ling-off 
of the diuretic function of the kidneys when the stenosis is r.o~ removed for a period of four hours. I.e., t~ough- 
out the whole experiment. Thus, besides revealing the Importance of disturbance of external respiration to the 
diuretic function of the kidneys, our findings give also some Idea of the nature of the compensator)' reactions of 
the kidneys when the Intake of oxygen bY the body is disturbed. 

S U M M A R Y  

Experiments were performed on dogs with ureters Iead out under the sldn by the I.P. Pavlov-L.A. Orbeli 
method. The renal urinary excredo.~ 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 stenosls depends on the length and severity of the latter, as well as on the functional state of the kid- 
neys when the experimen~ 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 function- 
al stxaln of the lddneys and thus on the oxygen requirement of the renal t i s sue .  
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