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Addendum t o  p ro toco l  e n t i t l e d  "Cor re l a t ion  of  b l ackou t  t h r e s h o l d  l e v e l s  
i n  human s u b j e c t s  t o  +Gz a c c e l e r a t i o n  f o r  s u s t a i n e d  p e r i o d s "  

I n  accordance wi th  the  accompanying, approved p r o t o c o l ,  14 human volun- 
t e e r  s u b j e c t s  have been s t u d i e d  dur ing  the p a s t  y e a r  a t  l e v e l s  of  7 - 9  +G, 
f o r  sus t a ined  per iods  up t o  45 seconds us ing  the  s t a n d a r d  USAF CSU-l2/P 
an t i -G s u i t  and a n  M - 1  maneuver. Following t r a i n i n g  and weekly exposures  
on the c e n t r i f u g e ,  9 of t h e s e  s u b j e c t s  were a b l e  t o  a c h i e v e  9G f o r  45 
seconds,  one 8.5G f o r  42 seconds,  two 8.5G f o r  5 seconds ,  and two 7.5G 
f o r  4 5  seconds.  Those unable  t o  reach 9 G  were s topped  a t  the  lower G 
l e v e l  because of  t he  occurrence  of  blackout  o r  e x c e s s i v e  f a t i g u e  a t  t hese  
lower l e v e l s ,  excep t  f o r  one s u b j e c t  who was t e rmina ted  a t  7.5G because of 
f requent  v e n t r i c u l a r  premature b e a t s .  

An unexpected f i n d i n g  was the  occurrence i n  2 of t h e  s u b j e c t s  of  H 
marked decrease  i n  h e a r t  r a t e  dur ing  the  l a t t e r  h a l f  o f  runs  above 7.5G 
(from h e a r t  r a t e s  of  approximate ly  1 5 0 - 1 7 5  e a r l y  i n  t h e  r u n  t o  7 5 - 8 5  a t  
t h e  end) wi thout  any accompanying symptoms o r  a p p a r e n t  e f f e c t s  on G t o l e r -  
ance.  Three o t h e r  s u b j e c t s  showed s l i g h t  d e c r e a s e s  i n  r a t e  wh i l e  t h e  
remaining s u b j e c t s  main ta ined  a s t a b l e  h igh  h e a r t  r a t e  throughout  t h e  run. 
It i s  now of g r e a t  importance t o  determine whether t h i s  s lowing of  h e a r t  
r a t e  du r ing  prolonged h i g h  +G, exposures r e f l e c t s  p h y s i o l o g i c a l  changes 
i n d i c a t i v e  o f  an  e a r l y  presyncopal  s t a t e  o r  perhaps a compensatory s t a t e  
w i t h  an inc rease  i n  s t r o k e  volume, a l though t h e  mechanism of  t h e  l a t t e r  
would be unc lear .  A f t e r  e x t e n s i v e  d i s c u s s i o n s  between t h e  i n v e s t i g a t o r s  
and t h e  medical c o n s u l t a n t ,  it has been concluded t h a t  t h e r e  i s  a n e c e s s i t y  
f o r  i n v e s t i g a t i n g  t h e  p h y s i o l o g i c a l  consequences o f  t h e s e  s u s t a i n e d  high G 
exposures .  It i s  proposed t h a t  t h e  fo l lowing  measurements be obta ined  i n  
those  s u b j e c t s  showing h e a r t  r a t e  slowing a s  w e l l  a s  i n  those  i n  whom t h i s  
phenomenon d i d  n o t  o c c u r ,  t h e s e  s u b j e c t s  t o  be exposed as p r e v i o u s l y  t o  
7-W, f o r  45 seconds:  

(1) d i r e c t  r a d i a l  a r t e r i a l  blood p r e s s u r e  r e f e r e n c e d  t o  eye l e v e l  

(2) c e n t r a l  venous p re s su re  

(3) p e r i p h e r a l  venous p re s su re  i n  a f o o t  v e i n  

(4) blood oxygen s a t u r a t i o n  as determined by ear oximetry 

S ince  +G, t o l e r a n c e  i s  p r i m a r i l y  determined by head l e v e l  a r t e r i a l  
p r e s s u r e ,  t he re  i s  an obvious importance i n  de t e rmin ing  t h e  magnitude o f  
t h e  f a l l  i n  t h i s  p r e s s u r e  i n  s u b j e c t s  a t  h igh  G l e v e l s  and c o r r e l a t i n g  
t h i s  change with v i s u a l  symptoms. Changes i n  a r t e r i a l  p r e s s u r e  should be 
ex t remely  h e l p f u l  i n  e v a l u a t i n g  t h e  s i g n i f i c a n c e  o f  h e a r t  r a t e  changes.  
Such informat ion  w i l l  be r equ i r ed  before  c o n s i d e r i n g  any  h i g h e r  G l e v e l s  
o r  longer  per iods  of  exposure.  The e f f e c t s  o f  v a r i o u s  types of  M - 1  



s t r a i n i n g  maneuvers (each s u b j e c t  appears  t o  perform t h i s  maneuver sme- 
what d i f f e r e n t l y )  and o f  p o s i t i v e  p r e s s u r e  b r e a t h i n g  (PPB) on a r t e r i a l  
p r e s s u r e  w i l l  a l s o  become a p p a r e n t  and provide extremely u s e f u l  i n f o r -  
mat ion.  

Measurement of c e n t r a l  venous p r e s s u r e  w i l l  r e f l e c t  r i g h t  a t r i a l  
p r e s s u r e  and provide t h e  n e c e s s a r y  de te rmina t ion  o f  r i g h t  v e n t r i c u l a r  
f i l l i n g  pressure .  Whether o r  n o t  t h i s  p r e s s u r e  i s  main ta ined  by t h e  
a n t i - G  s u i t  and M - 1  maneuver a t  t h e s e  h i g h ,  s u s t a i n e d  G l e v e l s  must be  
i n v e s t i g a t e d ,  

When an ant i -G s u i t  is  be ing  used,  t h e  f o o t - l e v e l  venous p r e s s u r e  
cannot  be c a l c u l a t e d  by h y d r o s t a t i c  column changes. The o c c u r r e n c e  of  
p e t e c h i a e  on the  f e e t  i n  n e a r l y  a l l  s u b j e c t s  a t  h i g h ,  s u s t a i n e d  G l e v e l s  
s u g g e s t s  t h a t  very h igh  venous p r e s s u r e s  a r e  reached, and t h e s e  c a n  b4e 
measured o n l y  by d i r e c t  venous p r e s s u r e  monitoring. 

I n  a d d i t i o n  t o  p r e s s u r e  changes,  changes i n  a r t e r i a l  oxygen s a t u r a t i o n  
may a l s o  become a l i m i t i n g  f a c t o r  a t  v e r y  high +Gz l e v e l s .  A new e a r  
ox imeter  developed by M r .  Wendel l  P e t e r s  i n  t h e  Medical Systems D i v i s i o n  
h a s  r e c e n t l y  been t e s t e d  on t h e  c e n t r i f u g e  up t o  +7Gz by comparison w i t h  
d i r e c t  a r t e r i a l  s a t u r a t i o n  measurements and has been found t o  p r o v i d e  
r e l i a b l e  d a t a .  This  t h e n  would provide  va luable  informat ion  a t  t h e  h i g h e r  
G l e v e l s  by a noninvasive technique .  

The measurements d e s c r i b e d  above would be made on t h e  2 s u b j e c t s  who 
p r e v i o u s l y  demonstrated h e a r t  r a t e  s lowing dur ing  t h e  h i g h s  r u n s  and on 
2 s u b j e c t s  who d i d  n o t  d e m o n s t r a t e  t h i s  phenomenon and w i l l  serve as 
c o n t r o l s .  S tudies  w i t h  p r e s s u r e  measurements w i l l  be performed twice  
o n l y  on each s u b j e c t ,  once u s i n g  t h e  M - 1  maneuver and once w i t h  PPB. 
These 2 s t u d i e s  w i l l  be s e p a r a t e d  by a n  i n t e r v a l  o f  1-2 weeks. S i n c e  one 
s u b j e c t  experienced t h e  s l o w i n g  a t  a l l  G levels g r e a t e r  t h a n  6.5G and t h e  
o t h e r  o n l y  a t  l e v e l s  g r e a t e r  t h a n  8.OG, i t  i s  proposed t o  expose  a l l  4 
s u b j e c t s  t o  2G l e v e l s  f o r  45 seconds d u r i n g  each s t u d y ,  one between 6.0-  
7,OG and one between 8.0-9,OG. From previous  exper ience ,  i t  is known t h a t  
2 such exposures can be t o l e r a t e d  on t h e  same day; a g r e a t e r  number o f  
r u n s  would, i n  most cases, be l i m i t e d  by f a t i g u e .  P r i o r  t o  s t u d i e s  w i t h  
p r e s s u r e  measurements, e a c h  s u b j e c t  would be run as d e s c r i b e d  i n  t h e  
o r i g i n a l  pro tocol  t o  a g a i n  f i r m l y  e s t a b l i s h  h i s  t o l e r a n c e  l e v e l  and t o  
p r o v i d e  t h e  necessary c e n t r i f u g e  t r a i n i n g  f o r  achiev ing  t h e s e  l e v e l s .  The 
h i g h e s t  G l e v e l  a t  which e a c h  s u b j e c t  w i l l  be s t u d i e d  w i t h  p r e s s u r e  
measurements w i l l  no t  exceed t h e  h i g h e s t  l e v e l  he  a t t a i n e d  w i t h o u t  v i s u a l  
symptoms dur ing  the  p r e l i m i n a r y  runs.  Such p r e l i m i n a r y  r u n s  w i l l  be p e r -  
formed under t h e  exac t  c o n d i t i o n s  as those  wi th  p r e s s u r e  measurements 
e x c e p t  f o r  t h e  presence o f  t h e  c a t h e t e r s ;  previous c e n t r i f u g e  e x p e r i e n c e  
h e r e  has  n o t  shown any decrement  i n  t o l e r a n c e  d u r i n g  a r t e r i a l  p r e s s u r e  
measurement. P e r i p h e r a l  l i g h t  loss and c e n t r a l  l i g h t  dimming w i l l  be used 
as a n  endpoint  and t h e  u s u a l  c e n t r i f u g e  s a f e t y  p r e c a u t i o n s  as o u t l i n e d  
p r e v i o u s l y  w i l l  be observed ,  w i t h  t h e  s u b j e c t  a b l e  t o  t e r m i n a t e  a run  a t  
a n y  p o i n t .  
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Arter ia l  p r e s s u r e  w i l l  be measured wi th  a Tef lon  c a t h e t e r  s t e r i l e l y  
p laced  and secured  i n  t h e  r a d i a l  a r t e r y  and connected t o  a Statham P-37 
s t r a i n  gage t r ansduce r  mounted on the  s u b j e c t ' s  helmet a t  e y e  l e v e l .  The 
t r a n s d u c e r  w i l l  b e  c a l i b r a t e d  p r i o r  t o  being connected t o  t h e  c a t h e t e r  so  
t h a t  t h e  c a t h e t e r - t r a n s d u c e r  system w i l l  remain c losed  throughout  t he  s tudy ,  
t h u s  p rec lud ing  t h e  p o s s i b i l i t y  o f  t h e  occurrence  of  a i r  embolism. A l l  
n e e d l e s  w i l l  be i n s e r t e d  by D r .  Shubrooks i n  the u s u a l  method and should 
invo lve  no s i g n i f i c a n t  hazard  t o  t h e  s u b j e c t .  
f o r  an hour a f t e r  removal o f  t h e  c a t h e t e r .  This procedure has  been used 
f r e q u e n t l y  on t h e  c e n t r i f u g e  a t  l e v e l s  up t o  7G wi thout  d i f f i c u l t y  o r  any 
adve r se  e f f e c t s .  

Each s u b j e c t  w i l l  be observed 

, -aLL-?2Gpa-~ 
C e n t r a l  venous p r e s s u r e  will be monitored by a long ,  16 gageapolyethyhene 

c a t h e t e r  passed through a need le  i n  an a n t e c u b i t a l  ve in  and guided f l u o r o s -  
c o p i c a l l y  t o  t h e  d i s t a l  s u p e r i o r  vena cava o u t s i d e  of t h e  h e a r t .  
t h e  a r t e r i a l  c a t h e t e r ,  t h i s  c a t h e t e r  w i l l  be connected t o  a t r a n s d u c e r  
mounted a t  r i g h t  a t r i a l  (midthorac ic )  p o s i t i o n  s o  as t o  r e f l ec t  r i g h t  a t r i a l  
p r e s s u r e .  I n  some s u b j e c t s ,  a s h o r t  po lye thylene  c a t h e t e r  w i l l  be i n s e r t e d  
i n  an a n k l e  o r  f o o t  v e i n  and p r e s s u r e  measured a t  t h i s  l e v e l  a l s o .  The 
c a t h e t e r s  w i l l  be checked upon removal t o  a s c e r t a i n  t h a t  t he  e n t i r e  c a t h e t e r  
h a s  been recovered ,  No hazard  o t h e r  t han  t h a t  of  r o u t i n e  venous c a t h e t e r i -  
z a t i o n  i s  involved i n  t h e s e  measurements. 

A s  y i t h  

The e a r  ox imeter  w i l l  be p laced  on a n  e a r  lobe as i n  p rev ious  s t u d i e s ,  
and no a d d i t i o n a l  r i s k  i s  involved .  

As d e s c r i b e d  i n  t h e  o r i g i n a l  p r o t o c o l ,  t h e  e f f e c t s  o f  PPB a t  b rea th ing  
p r e s s u r e s  of  20-40 nun Hg w i l l  a g a i n  be s t u d i e d  and compared t o  responses  
w i t h  t h e  M - 1  maneuvero Ear l ie r  r e s u l t s  i n d i c a t e  t h a t  t h e s e  maneuvers are 
abou t  e q u a l l y  e f f e c t i v e  i n  r a i s i n g  G t o l e r a n c e  and t h a t  t h e  PPB may r e q u i r e  
less  e f f o r t o  A B r i t i s h  P/Q mask has  now been ob ta ined  and w i l l  ma in ta in  
b r e a t h i n g  p r e s s u r e s  up t o  40 mm Hg dur ing  +Gz without  l eak .  Use of t h i s  
mask, i n s t e a d  o f  a mouthpiece and n o s e c l i p  as used o r i g i n a l l y ,  should 
p rov ide  g r e a t e r  ea se  and comfort  f o r  p r e s s u r e  b rea th ing .  
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