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6 ( a ) .  EXPERIMENT M-1, CARDIOVASCULAR CONDITIONING 

Lawrence F. D i e t l e i n ,  M.D.  and W i l l i a m  V .  Judy 
NASA Manned Spacecraf t  Center 

I n t e r m i t t e n t  venous occlusion of t h e  ex t r emi t i e s  of man, during 
weight lessness  s imula t ion  s t u d i e s ,  has been demonstrated t o  be e f f e c t i v e  
i n  prevent ing  o r  m i t i g a t i n g  t h e  o r t h o s t a t i c  hypotension observed follow- 
ing  such s imula t ions  ( r e f s .  1-3) .  A s imi l a r  prevent ive  measure w a s  
employed on t h e  p i l o t  of Gemini V w i t h  a view t o  determining t h e  e f f i -  
cacy of p u l s a t i l e  l e g  c u f f s  i n  prevent ing o r  l e s sen ing  t h e  o r t h o s t a t i c  
hypotension observed fol lowing previous space f l i g h t s  ( r e f s .  4 and 5 ) .  
Unfor tuna te ly ,  t h e  cuf f  device was opera t ive  cont inuously during only 
t h e  f i r s t  4 days of  t h e  8-day mission.  P o s t f l i g h t  t i l t - t a b l e  responses  
of t h e  command p i l o t  and t h e  p i l o t  were cons iderably  d i f f e r e n t ,  bu t  t h e  
d a t a  cannot be construed as a conclusive demonstration t h a t  t h e  observed 
d i f f e rences  were t h e  r e s u l t  of t h e  ac t ion  of t h e  p u l s a t i l e  c u f f s .  
d i f f e rences  i n  t h e  tilt responses  of the Gemini V f l i g h t  crew may be  only 
a r e f l e c t i o n  of i nd iv idua l  v a r i a b i l i t y  so commonly observed i n  b i o l o g i c a l  
experimentat ion.  
rendered as t o  t h e  e f f i c a c y  of t h e  pulsa t i le - leg-cuf f  technique i n  
l e s s e n i n g  p o s t f l i g h t  p o s t u r a l  o r  o r t h o s t a t i c  hypotension. 

The 

More d a t a  s h a l l  be required before  a judgment can be 

INTRODUCTION 

Ground b a s e l i n e  s t u d i e s  i n  support  o f  Experiment M - 1  i nd ica t ed  t h a t  
l e g  cu f f s  a lone ,  i n f l a t e d  t o  70-75 mm Hg f o r  2 minutes out of every 6 ,  
provided p r o t e c t i o n  aga ins t  card iovascular  decondi t ioning r e s u l t i n g  from 
6 hours of water  immersion ( r e f .  6 ) .  
immersed i n  water  t o  neck l e v e l  f o r  a 6-hour pe r iod  on two sepa ra t e  
occas ions ,  2 days a p a r t .  Leg cu f f s  were u t i l i z e d  during t h e  second 
immersion per iod .  
6 hours o f  water immersion d i d  indeed r e s u l t  i n  card iovascular  decondi- 
t i o n i n g ,  as evidenced by card io-acce lera t ion  i n  excess of t h a t  observed 
dur ing  t h e  c o n t r o l  tilt and by t h e  occurrence of syncope i n  two of t h e  
four  s u b j e c t s .  
dur ing  which l e g  c u f f s  were u t i l i z e d ,  revealed t h a t  a d e f i n i t e  p r o t e c t i v e  
e f f e c t  w a s  achieved;  card io-acce lera t ion  w a s  l e s sened ,  and no syncope 
r e s u l t e d .  

Four hea l thy  m a l e  s u b j e c t s  were 

Refe r r a l  t o  f i g u r e s  6 (a) -1  through 6 ( a ) - 4  r e v e a l s  t h a t  

The tilt responses a f t e r  t h e  second per iod  of immersion, 



During t h e  p o s t f l i g h t  t i l t s ,  both  crewmen s u s t a i n e d  an increased  
p u l s e  ra te  and a narrowed pu l se  p re s su re .  The command p i l o t  exh ib i t ed  
an increase  of 78 beats /min i n  h e a r t  r a t e  above h i s  p o s t f l i g h t  r e s t i n g  
level  during t h e  f i r s t  tilt (4-hours p o s t f l i g h t ) ,  and a 54 beat /min 
increase  during t h e  second tilt (8-hours p o s t f l i g h t ) .  
i t e d  a 46 beat /min inc rease  dur ing  t h e  f i rs t  tilt and a 33 beat /min 
increase  on t h e  second tilt. Both crewmen revea led  a marked decrease i n  
both supine and upr ight  h e a r t  r a t e s  24 hours a f t e r  recovery ( sup ine  ra te  
decrease - 22 beats /min;  up r igh t  ra te  decrease - 34 beats /min f o r  each 
crew member). During t h e  t h i r d ,  f o u r t h ,  and f i f t h  day a f t e r  recovery,  
bo th  c r e w  members exh ib i t ed  p rogres s ive ly  decreas ing  supine and up r igh t  
pu l se  r a t e s ,  al though t h e s e  were s t i l l  above p r e f l i g h t  va lues .  

The p i l o t  exhib- 

I Days pos t  recovery 

I 1 

During t h e  f i r s t  p o s t f l i g h t  t i l t s ,  t h e  pu l se  p re s su re  of each crew 

During t h e  second, t h i r d ,  and f o u r t h  p o s t f l i g h t  t i l t s ,  
member exh ib i t ed  narrowing as compared wi th  p r e f l i g h t  tilt and p o s t f l i g h t  
r e s t i n g  va lues .  
t h e  command p i l o t  continued t o  maintain a lower s y s t o l i c  p re s su re  during 
tilt, whereas t h e  p i l o t  had r e tu rned  t o  h i s  normal p r e f l i g h t  l e v e l s .  

P i l o t  

+80 

During t h e  f i r s t  p o s t f l i g h t  t i l t s ,  t h e  command p i l o t  and p i l o t  ex- 
h i b i t e d  an 89 and 87 percent  i n c r e a s e ,  r e s p e c t i v e l y ,  i n  l e g  blood volume. 
During t h e  second tilt, however, t h e  command p i l o t  had increased  t h i s  
va lue  t o  149 percent  over t h e  p r e f l i g h t  reading  and t h e  p i l o t  t o  only 
73 percent .  
ume observed i n  t h e  crews of  Gemini I V  and V :  

Table 6(a)-11 i n d i c a t e s  t h e  p o s t f l i g h t  changes i n  l e g  vol-  

Command 
p i l o t  P i l o t  

+22 +131 

TABLE 6(a)-11.- POSTFLIGHT LEG PLETHYSMOGRAPHIC VALUES 

r------ P o s t f l i g h t  change i n  I \  volume pe r  minute percent  
( a )  
I G E M I N I  I V  G E M I N I  V 

Command 
p i l o t  

b+119 
+44 
+7 3 

+78 
+111 

Days pos t  recovery 

1 

2 

3 
4 

5 
%ercent  change i n  volume = cc/lOO cc t i s sue /minu te .  
b . _ _  . . .  - - .  1 .  . 7 .  ~ - I _ _  .._._____I + i n d i c a t e s  percent  aoove p r e y l i g h t  va lue ;  - inalcaLes p e r c e r i ~  

bel ow. .. . 
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The phys io logica l  mechanism respons ib le  f o r  t h e  observed e f f i c a c y  
of t h e  cuf f  technique  remains evasive.  One might p o s t u l a t e  t h a t  t h e  
c u f f s  prevent  t h o r a c i c  blood volume overload, t h u s  not a c t i v a t i n g  t h e  
so-ca l led  Gauer-Henry r e f l e x  with i t s  subsequent d i u r e s i s  and diminished 
e f f e c t i v e  c i r c u l a t i n g  blood volume. A l t e rna t ive ly ,  o r  perhaps addi t ion-  
a l l y ,  one might p o s t u l a t e  t h a t  t h e  cuf fs  induce an i n t e r m i t t e n t  a r t i f i -  
c i a l  h y d r o s t a t i c  g rad ien t  ac ross  t h e  walls of t h e  l e g  ve ins  by inc reas ing  
venous p re s su re  d i s t a l  t o  t h e  c u f f s  during i n f l a t i o n .  This a c t i o n  s i m u -  
l a tes  t h e  s i t u a t i o n  t h a t  occurs  i n  a one g environment and thereby  main- 
t a i n s  venomotor r e f l e x e s  o r  " tone .l '  

a i d  i n  prevent ing  t h e  pool ing  of blood i n  t h e  lower ex t r emi t i e s  and in-  
c r ease  t h e  e f f e c t i v e  c i r c u l a t i n g  blood volume i n  a sub jec t  s t and ing  up- 
r i g h t  i n  a one g environment. The p rec i se  mechanism o r  mechanisms of  
a c t i o n  m u s t  a w a i t  f u r t h e r  s tudy .  

Theore t i ca l ly ,  t h i s  a c t i o n  should 

EQUIPMENT AND METHODS 

The cardiovascular-condi t ioning experiment equipment cons i s t ed  of 
a pneumatic t iming  o r  cyc l ing  system and a p a i r  of venous p re s su re  c u f f s  
( f i g s .  6 (a ) -5  through 6 ( a ) - 7 ) .  The cycl ing system w a s  e n t i r e l y  pneumatic 
and a l t e r n a t e l y  i n f l a t e d  and d e f l a t e d  the  l e g  c u f f s  a t t ached  t o  t h e  
p i l o t ' s  t h i g h s  t o  approximately 80 mm Hg p res su re .  The system cons i s t ed  
of t h r e e  b a s i c  components: 

(1) A p res su r i zed  s to rage  v e s s e l  charged wi th  oxygen t o  3500 p s i g .  

( 2 )  A pneumatic c o n t r o l  system for  monitor ing t h e  p re s su r i zed  
s to rage  v e s s e l .  

( 3 )  A pneumatic o s c i l l a t o r  system f o r  p e r i o d i c a l l y  i n f l a t i n g  and 
d e f l a t i n g  t h e  cu f f s .  

The pneumatic venous p re s su re  cuf fs  were form-f i t ted  t o  t h e  proximal 
t h i g h  a r e a  of  t h e  p i l o t .  These cons is ted  e s s e n t i a l l y  of a 3 i n .  by 6 i n .  
b ladder  enclosed i n  a s o f t  nonstretchable  f a b r i c .  The b ladder  w a s  posi-  
t i o n e d  on t h e  dorsomedial aspec t  of each  t h i g h .  The l a t e r a l  s u r f a c e  of 
t h e  cu f f  cons i s t ed  of a lace- type ad jus tor  t o  i n s u r e  proper  f i t .  

Only t h e  p i l o t  wore t h e  l e g  c u f f s  during t h e  Gemini V mission.  Upon 
a c t i v a t i o n  of t h e  manual shu to f f  va lve ,  t h e  c u f f s  were au tomat ica l ly  
p re s su r i zed  t o  80 mz~ Hg for  2 minutes of each 6-minute t ime i n t e r v a l .  
The system could opera te  cont inuously during f l i g h t ,  bu t  it could be 
switched o f f  f o r  s l e e p  pe r iods .  The experiment imposed no ope ra t iona l  
requirements o t h e r  than  a c t i v a t i o n  of the device  a f t e r  i n s e r t i o n  i n t o  
o r b i t  and deac t iva t ion  p r i o r  t o  reent.ry: 
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P r e t i l t ,  supine 

Heart  r a t e ,  Blood 
beats/min pressure,  

mm Hg 

p i l o t  58 109/72 
Command 

P i l o t  59 117/68 

RESULTS 

70-degree tilt 

Heart r a t e ,  Blood Percent  blood volume 
beats /min p r e s s u r e ,  change i n  l e g s  

mm Hg (cc/1OO cc t i s sue /min )  

75 111/79 3.01  

78 120/79 2.70 

The card iovascular  responses t o  t h r e e  p r e f l i g h t  70-degree t i l t s  f o r  
each crew member a r e  summarized i n  table  6 W - 1  (mean values) :  

TABLE 6 (  a )  -I. - CARDIOVASCULAR RESPONSES TO PREFLIGHT 70-DEGREE TILTS 

Thus, dur ing  t i l t ,  a s l i g h t  i nc rease  i n  h e a r t  r a t e ,  a r e l a t i v e l y  cons tan t  
blood p res su re  wi th  a s l i g h t  i nc rease  i n  d i a s t o l i c  va lues ,  and a s l i g h t  
increase  i n  l e g  volume were noted.  
l eve l s  fol lowing r e t u r n  t o  t h e  h o r i z o n t a l  p o s i t i o n .  

These values  r eve r t ed  t o  t h e  p r e t i l t  

The c u f f s  were programed i n  t h e  f l i g h t  p lan  t o  ope ra t e  cont inuously 
f o r  the  f u l l  8-day mission,  
gramer stopped cyc l ing  when t h e  oxygen p res su re  of  t h e  s to rage  v e s s e l  
dropped below ope ra t iona l  l e v e l s .  

Af te r  4 days,  however, t h e  pneumatic pro- 

The r e s u l t s  of s i x  consecut ive p o s t f l i g h t  tilt procedures a r e  in-  
d ica ted  i n  f igu res  6(a)-8 through 6 (a ) -13  f o r  t h e  command p i l o t  and i n  
f igures  6 ( a ) - 1 4  through 6(a) -19  f o r  t h e  p i l o t .  
i t e d  increased  r e s t i n g  pu l se  rates during t h e  f i r s t  2 days a f t e r  recov- 
ery. 
values were observed on t h e  f i r s t  day a f t e r  recovery (command p i l o t  
increase  - 27 beats /min;  p i l o t  i nc rease  - 50 bea t s /min ) .  
r e s t i n g  blood pressure  w a s  below p r e f l i g h t  values  f o r  t h e  command p i l o t .  
H i s  s y s t o l i c  p re s su re  remained 10  mm Hg below p r e f l i g h t  values  f o r  
3 days a f t e r  recovery.  H i s  d i a s t o l i c  p re s su re  readings were 8 mm Hg 
below p r e f l i g h t  r e s t i n g  va lues  f o r  4 days a f t e r  recovery.  The p i l o t  
exhibi ted a n  increased  r e s t i n g  d i a s t o l i c  pressure  ( 3  t o  9 mm Hg) for 
4 days p o s t f l i g h t ,  whereas h i s  s y s t o l i c  values  were e s s e n t i a l l y  i d e n t i c a l  
with t h e  p r e f l i g h t  readings .  

Both crew members exhib- 

Maximum increases  i n  r e s t i n g  pu l se  r a t e  over p r e f l i g h t  r e s t i n g  

P o s t f l i g h t  
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CONCLUSIONS 

(1) The p i l o t ' s  pu l se  ra te  and pu l se  p re s su re  r e tu rned  t o  normal 
w i t h i n  2 days a f t e r  recovery,  whereas t h e  command p i l o t  r equ i r ed  a some- 
what l onge r  pe r iod  t o  r e t u r n  t o  p r e f l i g h t  va lues .  

( 2 )  The p i l o t ' s  narrowing of pulse  p re s su re  w a s  l e s s  pronounced 
t h a n  t h a t  of t h e  command p i l o t .  

( 3 )  The p i l o t ' s  decrease i n  measured plasma volume w a s  -5 percen t ;  
t h e  command p i l o t ' s  w a s  -9 percent .  

(4) The p i l o t ' s  body weight l o s s  w a s  8 1/2 pounds ; t h e  command 
p i l o t  l o s t  7 1 / 2  pounds. 

( 5 )  The p i l o t ' s  pool ing  of blood i n  t h e  l e g s  gene ra l ly  w a s  l e s s  
t han  t h a t  observed i n  t h e  command p i l o t .  

On t h e  b a s i s  of t h e  p r e f l i g h t  and p o s t f l i g h t  d a t a  presented ,  one i s  
tempted t o  conclude t h a t  t h e  p u l s a t i l e  cuf f  device w a s  a t  l e a s t  p a r t i a l l y  
success fu l  i n  l e s sen ing  t h e  s e v e r i t y  of t h e  p o s t f l i g h t  o r t h o s t a t i c  
responses  observed i n  t h e  p i l o t .  But i n d i v i d u a l  v a r i a t i o n  i n  response 
must be reckoned with when dealing w i t h  b i o l o g i c a l  systems, and, 
although t h e  d a t a  appear a t t r a c t i v e  and perhaps r e f l e c t  a measure of 
p r o t e c t i v e  " t rend" i n  t h e  use  of t h e  cuff technique ,  we cannot make such 
a conclusion on t h e  basis of t h e  da t a  a v a i l a b l e  from a s i n g l e  experiment.  
The d i f f e rences  observed i n  t h e  tilt responses of  t h e  Gemini V crew may 
w e l l  be only a r e f l e c t i o n  of phys io logica l  var iance  i n  human s u b j e c t s .  
More conclus ive  d a t a  s h a l l  be requi red  be fo re  t h e  p u l s a t i l e  l e g  cuf f  can 
be judged a u s e f u l  device or technique i n  m i t i g a t i n g  t h e  card iovascular -  
decondi t ioning e f f e c t s  of space f l i g h t .  
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Figure 6( a)-5. - Cardiovascular ref lex conditioning system. 
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