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The card iodynamics ,  hemodynamics ,  and a r t e r i a l  tone were  compared  in 10 healthy young 
subjects  during pass ive  turning movemen t s  with the head in the posi t ion 20 ~ and 60 ~ down- 
ward  and 70 ~ upward and during exposure  of the lower  l imbs  to a negative p r e s s u r e  o f - 7 0  m m  
Hg. The c i r cu la to ry  changes in the las t  case  were  l ess  ma rked  than during the or thosta t ie  
p rocedures .  

Changes in the posi t ion of the human body in space a r e  accompanied  by changes in the hemodynamies  
[4, 6, 10, 12, 16, 19, 20, 22, 23], the ca rd iodynamics  [4-8] and the a r t e r i a l  tone [1]. However,  the mechan-  
i s m s  of pos tu ra l  reac t ions  of the c i r cu la to ry  sy s t em have not yet  been adequately studied. Accordingly it 
is in teres t ing  to s imulate  or thos ta t ic  r eac t ions  by exposing the lower half of the body to the act ion of nega-  
t ive (subatmospheric)  p r e s s u r e  [3, 11, 13, 15, 17, 18, 21]. 

Applicat ion of a negative p r e s s u r e ,  s i m i l a r  in magnitude to the mean  hydrosta t ic  p r e s s u r e  in the v e s -  
se l s  of the lower  l imbs  in the e r ec t  position, to the sub jec t ' s  lower  l imbs  is a ra t ional  method of s imulat ing 
these  conditions. The invest igat ion descr ibed  below was devoted to this p rob lem.  

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

The subjec ts  were  10 healthy young pe r sons  including eight t ra ined a th le tes  whose act ivi ty  was a s s o -  
ciated with changes in the posi t ion of the body in space.  Pas s ive  pos tu ra l  p rocedu re s  (the h e a d - 2 0  ~ and 
- 6 0  ~ downward and +70 ~ upward) were  c a r r i e d  out with the aid of a turntable.  The durat ion of s tay in the 
posi t ions with the head -20  ~ a n d - 6 0  ~ downward was 7 min and in the e r ec t  posi t ion (head upward) 12 min.  

With the aid of two spec ia l  p r e s s u r e  ch ambe r s  a negative p r e s s u r e  was  c rea ted  on the lower l imbs  
(NPL) of the subjects  up to the level  of the upper  third of the thigh, equal to -70  m m  Hg. This  value was 
obtained by calculat ing the mean  hydrosta t ic  p r e s s u r e  in the blood v e s s e l s  of the lower  l imbs  in the 70 ~ head 
uppe rmos t  posit ion [15]. 

The ECG in leaa  II, the phonocardiogram,  and the sphygmogram of the caro t id  a r t e r y  were  r eco rded  
and the a r t e r i a l  p r e s s u r e  n~ a s u red  by Koro tkov ' s  method in the initial s ta te  and during these  p rocedures .  
The phase s t ruc tu re  of cont rac t ion  of the left  ven t r ic le  was  analyzed [7]. The  minute  volume of the c i r cu -  
lation (MVC) was  de te rmined  by the CO 2 rebrea th ing  method [9, 14]. The s t roke blood volume (SV), the m e a n  
volume veloci ty  of expulsion, and the genera l  pe r iphe ra l  r e s i s t ance  (GPR) were  calculated.  During the pas -  
sive or thosta t ic  tes t  and NPL the dynamics  of the ra te  of sp read  of the pulse wave (P~PW) in the ao r t a  and 
l imb v e s s e l s  was invest igated by synchronous record ing  of the sphygmograms  of the caro t id  and f e m o r a l  
a r t e r i e s  and the volume sphygmograms  of the dis ta l  third of the leg or  f o r e a r m  [1, 2]. The I ~ P W  was de- 
t e rmined  in the v e s s e l s  of the lower l imb during a s tepwise change of p r e s s u r e  in one lower  l imb within the 
range f r o m  -100 to +60 m m  Hg. 
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E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

Applicat ion of NPL with a value o f - 7 0  m_m Hg led in al l  
expe r imen t s  to an inc rease  in the hear t  ra te  (HR), a dec r ea se  
in SV and MVC, an inc rease  in GPR, and changes in the phase  
structure of cardiac contraction, indicating the development of 
a phasic syndrome of myocardial hypodynamia (Table i). These 
changes were evidently connected with the retention of blood in 
the vessels of the lower limbs, a decrease in the venous return, 
a decrease in the central blood volume and a decrease in the 
filling volume of the ventricles of the heart. Changes in the 
hemodynamics and the phases of systole of the left ventricle as 
the subjects moved into the head downward and upward position 
corresponded to those described in the literature [4-8, 12, 15]. 
Within the range of changes of body position investigated, SV 
varied as a linear function of the subject's angle of inclination 
to the horizontal plane (Fig. i), in agreement with results [23] 
obtained during turns of.10~ ~ with the head upward. The 
dynamics of SV, of the mean volume velocity of expulsion, and 
of the phase indices during the postural exercises and NPL in- 
dicate a leading role of the Frank-Starling mechanism in the 
regulation of the cardiac contraction under these conditions 

[4- 81. 

I t  is c l ea r  f r o m  these r e su l t s  that NPL o f - 7 0  mrn Hg and 
pass ive  turning of the human body in the 70 ~ head upward pos i -  
tion leads  to unidirect ional  changes in the c i r cu la to ry  sys tem.  
However,  the changes in mos t  p a r a m e t e r s  during NPL were  
l e s s  marked .  F o r  instance,  the indrease  in HR during N P L  was 
much smaller than during the orthostatic tests (Fig. 2). The 
regression equation is of the form: AHRNPL=4.5+ 0.4A • 
HRorth o, or= 3.55. The mean decrease in SV during NPL was 66~o 
of that observed in the upright position; from the relationship 
shown in Fig. 1 this value corresponds to the changes in this 
parameter during the passive orthostatic test with an angle of 
inclination of about 40 ~ Correlation analysis revealed a close 
connection between the increases in HR during these tests (r= 
0.84d: 0.08), but correlation with respect to other parameters 
was low. The stability of the diastolic pressure during NI~L 
and its regular increase in the upright position should be noted 
(P< 0.05). 

During s imulat ion of the effect  of an inc rease  in hydro-  
stat ic p r e s s u r e  in the lower  l imbs  by means  of N P L  the dynam-  
ics of the c i r cu la to ry  sy s t em evidently was only pa r t ly  r e p r o -  
duced in the e rec t  posit ion. Fa l l s  of hydros ta t ic  p r e s s u r e  in 
the other  va scu l a r  f ie lds ,  although l e s s  m a r k e d  than in the v e s -  
se ls  of the lower  l imbs,  play an important  role in the develop-  
ment  of or thos ta t ic  reac t ions .  This  conclusion is  conf i rmed  by 
the r e su l t s  obtained by changing the sub jec t ' s  posi t ion pas s ive ly  
during exposure  to NPL f r o m  recumbency  to the sit t ing pos i -  
tion by ra i s ing  the trunk to an angle of 45 ~ with the hor izontal  
plane. The heart rate and indices of the phase structure of con- 
traction of the left ventricle were practically the same as in the 
erect position (Fig. 3). 

Changes in the RSPW during the passive orthostatic test 
agreed with those described by the writers previously [I]: it 
increased in the descending aorta (on the average by 46~0) and 

1139 



SV (in ml) 

~70 100 " 80 
:80 

5O 40 
4o~ 4o~ ~ o +~o~ ' § 

~xHRNp L 

80 ~ 8 ,  
2 0  

tO 4~'HRorth~ 

0 i r t  i t t t r I0 2o 3o 4o ,5o 6o a HRorth o 

Fig. 1. Stroke blood vol-  
ume in different posit ions 
of the body. 

Fig. 2. Increase  in heart  rate during 
passive orthostat ic  test  (AHRortho) 
and during NPL (AHRNPL). Re- 
sults of 14 experiments  involving 
10 subjects.  
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Fig. 3. Dynamics of dur- 
ation of the cardiac cycle 
(R-R) and period of expul- 
sion (E) in the erect posi- 
tion (i), during NPL (2) in 
recumbency, and during 
passive turning of the sub- 
ject into the sitting posi-  
tion (marked by arrow) dur-  
ing exposure to NPL. 

in the vesse l s  of the l imbs (47%), while the changes were very  slight in 
the ascending aorta.(-6%) and the a r t e r i e s  of the upper limb (+ 10%). 
During exposure to NPL  o f - 7 0  mm Hg there was no change in RSPW 
in the a r te r ies  of the upper limb and the ascending and descending aorta.  
Its increase in the vesse ls  of the lower limb was 64% of that observed 
during the passive orthostatic test. This difference was evidently at-  
tributable largely  to the charac te r i s t i c s  of the method: RSPW was de- 
termined in the segment f rom the femoral  a r t e ry  in the inguinal region 
to the lower third of the leg, while exposure to the negative p res su re  
extended only to the upper third of the thigh, i.e., about t h ree -qua r t e r s  
of the vascular  segment tested. During the creat ion of p r e s su re  drops 
in one lower limb within the range f r o m - 1 0 0  ~o +60 m m  Hg the changes 
in RSPW were a nea r - l inea r  function of the Pressure .  In the a r t e r i e s  
of the other lower limb RSPW remained unchanged under these condi- 
tions. These resul ts  suggest that the increase  in RSPW in the a r t e r i e s  
of the lower limbs in the e rec t  position and during NPL and its decrease  
during turning in the head downward position [1] or an increase in the 
external p ressu re  on the lower l imbs are  due to changes in the t rans -  
mural  p re s su re  in these vesse ls .  

H e n c e ,  both during orthostat ic  tests  and during NPL the principal 
t r igger  mechanism of react ions of the c i rcu la tory  sys tem is an increase  
in the t r ansmura l  p ressu re  and the retention of blood in the per ipheral  
vessels .  A c loser  agreement  with the react ions could possibly be ob- 
tained by more  detailed simulation of the drops of hydrostat ic  p re s su re  
ar is ing during the postural  tes ts  by local application of different degrees  
of subatmospheric  p ressure .  
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