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When physical work is performed by a healthy orgauism, the minute volume of the heart may be increased 
many times over, not only as a result of an increase in the contract i le  function of the heart but also by a lowering 
of the resistance of the vascular field in consequence of  a diminution of the tone of the smooth muscle of the arter- 
ioles, Because of this fact, a considerable minute volume may be achieved without an undue increase in the strain 
on the myocardtum, and the cardiac hyperfunction mainly follows the lines of the isotonic (economic) variant. 

From c l in ica l  experience i t  appears that  in diseases of the cardiovascular system a decrease in the resistance 
of the vascular field plays an important role in the mechanism of economic compensation of the accompanying de- 
fects, However, the study of this aspect of compensation of diseases of the circulatory system is incomplete,  

In the present research the role of the lowering of the vascular resistance in compensation was investigated in 
exper imenta l  aortic stenosis, producing a gradually progressive cardiac defect, 

E X P E R I M E N T A L  M E T H O D  
Using a technique described previously [1], in 22 acute experiments on dogs a gradually progressive stenosis of 

the aortic orifice was produced, causing a graded constriction of the aortic ~ i f i c e  by 80-95% of its in i t ia l  cross sec- 
tion. In al l  stages of stenosis the pressure in the left ventricle and aorta and also the minute volume of the heart 
were measured. The pressure was measured by means of a "Barovar" manometer  manufactured by the firm "Alvar ~ 
and recorded on an ink-recording "Visograph" apparatus made by the same firm. The minute volume was determined 
by Fick's method. The total  peripheral vascular resistance was ca lcula ted  from the usual formula 

P 
R=1332. - V - '  

where R is the total  peripheral  vascular resistance (in dynes � 9  em'6) :  1332 the coeff ic ient  of conversion of pres- 
sure, expressed in mm Hg, into dynes/era;  and P is the mean pressure within the aorta (in mm Hg) and V the volume 
veloci ty  of the blood flow (in ml/sec) .  

E X P E R I M E N T A L  R E S U L T S  
It will be apparent from Table 1 that as the aorta was constricted the maximal  systolic pressure within the ven- 

tr icle increased gradually,  u l t imate ly  reaching 247 mm Hg, i ,e , ,  twice the ini t ia l  value of 122 rnm. Hg, This change, 
a direct expression of the increase in the strength of the ventricular contractions, was combined with a gradual lower- 
ing of the max imal  pressure within the aorta. The intra-aor t ic  pressure fell  as a result of the progressive stenosis from 
104 to 47 mm Hg, i ,e , ,  by more than half. Consequently, the ventr iculo-aor t ic  pressure gradient rose from 18 to 200 
mm Hg, i ,e . ,  more than ten-fold.  This ten-fold increase in the ventr iculo-aor t ic  pressure gradient  was a factor in the 
maintenance of  the normal or subnormal minute volume of the heart, for even when the cross-sectional area of the 
aorta was reduced by 90-95%, the minute volume fell  on the average to not less than 80% of normal, 
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TABLE I, Changes in the Maximal  Pressure in the Ventr icle  and Aorta, in the Ventri-  

culo-Aort ic  Gradient and the Minute Volume (me/m values for the whole group of ex-  

periments) Depending on the Degree of  Stenosis of the Aortic Orifice 

Degree of  constrict ion of  cross section of aortic ori-  

rice (in % of  in i t ia l  area 
Cri terion 

Maximal  systolic pressure in left  

ventr icle  (in ram) 
Maximal  systolic pressure in 

aorta (in ram) 
Ventriculo- aortic gradient 

(in ram) 
Minute volume of the heart 

(in m l / m i n )  

122 

104 

18 

t 106 i3 

l 
0 I 20--50 50--60 60--70 

I 
! 

126 129 151 

99 94 i 93 

27 35 58 I 
i 934 3963 3692 

70--80 80--30 90--95 

157 174 247 

79 58 47 

78 116 20O 

3374 3970 3296 
! 

~Ste nosis i 

rernoved 

117 

86 

31 

3 345 

In this hemodynamic  picture, typ ica l  of aortic stenosis, par t icular  attention is drawn to the fact that the aortic 
pressure was halved while only a very smal l  decrease took place in the minute volume of the heart. This change was 
a definite sign of a lowering of the peripheral  vascular resistance. 

Calculat ion of the peripheral  vascular resistance showed that in the course of progressive aortic stenosis this in- 
dex al tered variously in different animals. In 16 experiments  the resistance fell  gradually as the degree of stenosis 
increased. The mean values character iz ing this part icular  group of experiments are shown in Table 2, 

It follows from the figures in Tabte 2 that with slight and moderate  degrees of stenosis the resistance in the 
animals varied between 87 and 92% of normal; when the cross section of the aorta was closed by 70-80% it fell  to 

64.44% of normal, and finally, with the max imal  degree of stenosis it fell  to 23.45%, i ,e, ,  to less than one-quarter 
of the normal value. 

The results of all  the determinat ions of the resistance, demonstrat ing the individual  variations, are shown in 
the graph (Fig. 1), 

In the remaining six experiments the total  peripheral  vascular resistance was not lowered but, on the contrary, 
it  was increased ei ther  immedia te ly  after the onset of stenosis (2 experiments)  or when considerable degrees of sten- 
osis were present (4 experiments).  

When comparing these two groups of experiments it must be emphasized that if  the lowering of the peripheral  
vascular resistance was considerable,  the increase in the vent r icu lo-aor t ic  gradient  of pressures was largely the result 
of a fall in the pressure within the abrta~ and only to a lesser degree of  an increase in the pressure within the ventr i -  
cle. As a result, the mobi l iza t ion of  the contract i le  function of the heart  was re la t ive ly  less pronounced: the strain 
on the myocardium and the total  work of the heart did not reach an excessively high level. Compensation was due 
to a combinat ion of cardiac  and extracardiac factors, and was brought about in a sufficiently economic manner. 

With an unchanged or increased peripheral  vascular resistance, the increase in the ventr iculo-aor t ic  gradient  
resulted, conversely, from an increase mainly  in the intraventr icular  pressure, i .e . ,  from mobi l iza t ion of the con- 

TABLE 2, Changes in the Peripheral Vascular Resistance during Progressive Aortic Stenosis 

Degree of  constriction of  aortic orif ice (in % of initial~ 

Criterion 

Peripheral vascular resistance 
(in dynes- sec.  cm -s) 
Peripheral vascular resistance 

(in % of  in i t ia l  value) 

area) 

022,4 

100 

20--50 

1760,' 

87,08 

50--60 

1864,~ 

92,20 

60--70 

1779,7 

88,00 

7 0 -  80 

1303,2 

64,44 

80--90 

115,2 

;5, 15 

90--95 

474,24 

23,45 

Ste nosis 
removed 

3624,4 

179.22 
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Fig. 1. Changes in the total peripheral 
vascular resistance in progressive aortic 

stenosis. R) Peripheralvascular resis- 
tance as a percentage of the ini t ial  lev- 

el; S) degree of aortic stenosis as a per- 
centage of the ini t ial  cross section. 
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Fig. 2. Changes in the ventriculo-aortte 

gradient associated with a falling (a)and 
rising (b) peripheral vascular resistance 
during progressive aortic stenosis, P) Ven- 

triculo-ao.rtic pressure gradient (in mm 
Hg); S) degree of aortic stenosis as a per- 
centage of the ini t ial  cross section. 

tractile function of the heart - an increased strain on the 

myocardium and increased total work. Compensation was 

due mainly to the cardiac factor, i.e., it was associated with 
maximal  util ization of the reserve powers of the heart. 

From the curves in Fig. 2, a and b, we can compare the 

changes in the ventricu!o-aortic gradient in experiment No. 
12, in which the resistance fell and the minute volume of the 

heart remained at a subnormal level (a), and in experiment 
No. 21, where the: resistance increased and the minute vol- 
ume of the heart fell sharply (b). In experiment No. 12, with 

considerable degrees of stenosis, the increase in the ventri-  

culo-aortic gradient to 150 mm was due to both an increase 

in the in t ravent r ieular  pressure and a decrease in the intra- 
aortic pressure. In experiment No. 21 the ventriculo-aortic 
gradient was increased entirely as a result of an increase in 

the intraventricular pressure, and rose only to 100 ram. 

It follows from the foregoing facts that in the develop- 

merit of l~rogressive experimental  aortic stenosis the lowering 
of the total peripheral vascular resistance is an important 

factor providing adequate compensation yet ensuring econ- 

omic uti l ization of the reserve powers of the heart, 

There is considerable factual evidence that the role of 

the peripheral vascular resistance in the compensation and 

decompensation of circulatory diseases is not l imted to the �9 

special experimental situation we have been considering. 

Aortic steiaosis in man is accompanied in most cases by hypo- 
tension, which was attributed in the past to a reduction in the 
minute volume of the heart. However, c l in ical  physiological 

[7, 8] and experimental  [2] investigations have shown that even 
in a high degree of aortic stenosis the minute volurne of the 

heart remains normal, and the hypotension must, consequently. 
be attributed entirely to a fall in the peripheral vascular re- 
sistance. It may be supposed that the lowering of the diastolic 

pressure to 40 or 20 ram, or even to zero, observed in aortic 

incompetence is dependent not only on the reflux of blood 
through the defect in the semilunar valves, but also on the 

decrease in the peripheral vascular resistance, It is possible 
that these changes may play a part in the l imitat ion of the 
diastolic reflux of blood from the aorta into the ventricle. In 
anemia, the mobilization of the circulatory function is an 
important compensatory factor and the minute volume of the 
heart may be doubled. However, this does not lead to eleva- 

tion of the arterial pressure and, co.nsequently, it is accom- 
panied by a lowering of the peripheral vascular resistance. 
During the weeks, and even months, following myocardial in- 

farction the arterial pressure of patients with hypertension is 
frequently normalized, This probably depends not only on a 
decrease in the minute volume of the heart, but also on a 
lowering of the peripheral vascular resistance, 

In all such cases the lowering of the peripheral vascular 
resistance stands out as an important factor in economic 

compensation, preventing the wasteful expenditure of the energy=producing and plastic reserves of the heart and the 
premature exhaustion of the organ such as is observed after a long period of intensive, compensatory hyperfunction [3], 
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During the analysis of the mechanism lying at the basis of the lowering of the anteriolar  muscle tone in com-  
pensatory hyperfunction of the heart, it must be borne in mind that in our experiments the lowering of the peripheral  

vascular resistance developed while the pressure within the aorta and carotid arteries was decreased and, consequently,  

the flow of impulses from the receptors of the aortic and carotid sinus zones was diminished, If the afferent impulses 
from these zones in fact determined the vascular  tone, the resistance of the vascular field would not have been lowered 
but, on the contrary, it would have been increased, for when the flow of impulses from the pressure receptors of  the 
aortic and carotid sinus zones is decreased,  exci ta t ion  of the vasoconstrictor sympathet ic  centers is observed as a rule, 
However, the resistance was lowered. The most probable receptor  field from which an intensive flow of impulses 
could cause a towering of the tone of the vasoconstrictor sympathet ic  innervation and a corresponding decrease in the 
peripheral  vascular resistance is the receptor zone of the left ventr icle ,  the pressure within which was great ly increased. 

Investigations by several  workers [5, 6, 9] have shown that pressure and chemo-receptors  are widely distributed in the 
myocardium of the left  ventr icle ,  and st imulat ion of these receptors by creat ing an increased pressure within the left  
ventricle or by inject ing veratrine into the coronary vessels leads regularly to hypotension in the systemic c i rcula t ion 
through the mechanism of a card io-vascular  reflex. 

Hence, intensive compensatory hyperfunction of the heart may give rise to a reflex lowering of the peripheral  
vascular resistance, thereby putting into operat ion a new factor ensuring economic compensation. This situation 
corresponds to one envisaged [4], in which compensation after injury to the organism is achieved not onty by a s imple 
increase in the function of the compensating systems, but also by changes in the physiological  working methods, 
guaranteeing the most economic ut i l izat ion of the body reserves, 

S U M M A R Y  
During gradual reproduction of exper imenta l  aortic stenosis in dogs there occurs a considerable reduction of the 

general  vascular resistance. This shift is c l e a r l y  observed not only in stenosis of the aorta, i t  is an important  com-  
pensatory factor maintaining the normal cardiac output in economic use of the myocardia i  reserves. A drop in vascular 
resistance during intensive cardiac  hyperfunction may be due to the reflux from the receptors of  the left ventr icle  to 
the arteriolar musculature. 
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