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t i o n  o f  g a s  b u b b l e s  i n  t h e  body i s  t h o u g h t  t o  b e  t h e o r e t i c a l l y  imposs i -  
b l e .  A r e e x a m i n a t i o n  o f  n u c l e a t i o n  t h e o r y  r e v e a l s  t h e  overwhelming 
i m p o r t a n c e  o f  t w o  p a r a m e t e r s :  g a s  s u p e r s a t u r a t i o n  and t i s s u e  s u r f a c e  
t e n s i o n  (y). For  t h e  ( h i g h )  s u r f a c e  t e n s i o n  of p u r e  w a t e r ,  n u c l e a t i o n  
r e q u i r e s  more t h a n  1000 ATA s u p e r s a t u r a t i o n .  
n u c l e a t i o n  w i t h  much smaller s u p e r s a t u r a t i o n s .  A p p l i c a t i o n  of n u c l e a -  
t i o n  t h e o r y  c a n  p r o v i d e  r e a s o n a b l e  f i t s  t o  b o t h  r a t  and human p r e s s u r e  
r e d u c t i o n  d a t a  w i t h  v a l u e s  of y w i t h i n  the r a n g e  r e p o r t e d  f o r  b i o l o g i -  
c a l  f l u i d s  ( 1  t o  5 dyne/cm).  These  c o n c l u s i o n s  f o l l o w  from homogeneous 
n u c l e a t i o n  t h e o r y  ( a s sumes  t h e  p r e s e n c e  of  o n l y  a s i n g l e  l i q u i d  p h a s e ) .  
The p r e s e n c e  o f  h e t e r o g e n e o u s  s i tes ,  e .g .  c r e v i c e s  and l i p i d  s u r f a c e s ,  
makes n u c l e a t i o n  even  more  l i k e l y .  
MF58524014.9040) 

Lower v a l u e s  o f  y a l l o w  

( S u p p o r t e d  by NMRDC Work U n i t  N o .  
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and +Lawrence L i v e r m o r e  L a b o r a t o r y ,  L ive rmore ,  CA 94550. 

of i n e r t  g a s  exchange  i n  s p e c i f i c  body t i s s u e s .  P r e v i o u s  measurements  
of N 
mixez venous  b l o o d .  We have  u s e d  t h e  p o s i t r o n  e m i t t i n g  i s o t o p e  N-13 
w i t h  imaging equ ipmen t  t o  o b t a i n  3 -d imens iona l  l oca l  t i s s u e  i n f o r m a t i o n  
on N 2  exchange.  Seven  human s u b j e c t s  b r e a t h e d  r a d i o a c t i v e  N2 i n  a syn- 
t h e t i c  a i r  m i x t u r e  a t  1 ATA f o r  30 min w i t h  the N-13 e m i s s i o n s  r e c o r d e d  
d u r i n g  t h e  i n h a l a t i o n  and a s u b s e q u e n t  90 min washou t .  Measurements  
w e r e  made o v e r  r e g i o n s  o f  head,  neck ,  s h o u d e r ,  and knee. The measure-  
m e n t s  conf i n n  t h e  e x i s t e n c e  o f  d i f f e r e n t  n i t r o g e n  exchange rates i n  
d i f f e r e n t  t i s s u e s .  Data from t h e  knee j o i n t  i n  p a r t i c u l a r  i n d i c a t e  
t h a t  R-13 a c t i v i t y  c o n t i n u e d  t o  a c c u m u l a t e  even c o n s i d e r a b l y  a f t e r  i n -  
s p i r a t i o n  of  t h e  r a d i o a c t i v e  g a s  w a s  d i s c o n t i n u e d .  (Suppor t ed  by NMRDC 
Work U n i t  No. M0099.PN.001.1155) 

Decompression t a b l e s  a r e  based  on presumed--not measu red - - r a t e s  

k i n e t i c s  u s e d  t h e  who le  body a v e r a g e d  s i g n a l s  i n  e x p i r e d  g a s  o r  

METHODS FOR PRODUCING MICROBUBBLES FOR MICROFXBOLISM STUDIES. B.D.  B u t l e r  
and B . A .  H i l l s .  Depa r tmen t  o f  A n e s t h e s i o l o g y ,  The U n i v e r s i t y  o f  Texas  
H e a l t h  S c i e n c e  C e n t e r ,  Hous ton ,  Texas  77030. r, 
C l i n i c a l  c o m p l i c a t i o n s  o f  a i r  embolism are sometimes obse rved  i n  cases of  
decompress ion  s i c k n e s s ,  e i t h e r  i n  a e r o s p a c e  or u n d e r w a t e r  a p p l i c a t i o n s .  
I n  t h i s  r e p o r t  t e c h n i q u e s  are p r e s e n t e d  f o r  p r o d u c i n g  c a l i b r a t e d  n i c r o -  
b u b b l e s  f o r  a i r  embolism s t u d i e s .  T h e s e  t e c h n i q u e s  e n a b l e  f u r t h e r  re- 
s e a r c h  c o n c e r n i n g  t h e  mic roembol i sm p r o c e s s  as s e e n  i n  a i r  embolism o r  
r e l a t e d  problems.  
i n  c o n j u n c t i o n  w i t h  g a s  i n j e c t i o n  me thods  e n a b l e s  c a l i b r a t e d  m i c r o b u b b l e s  
t o  b e  produced w i t h i n  t h e  d i a m e t e r  r a n g e  o f  c a p i l l a r y  d i m e n s i o n s .  
duce  t h e  m i c r o b u b b l e s  n i t r o g e n  i s  b l e n d e d  w i t h  c a r b o n  d i o x i d e ,  t h e  ' d i l -  
u e n t '  g a s ,  w h i l e  THAM ( t r i s  h y d r o x y n e t h y l  aminomethane h y d r o c h l o r i d e )  w a s  
used as an  a b s o r b e n t  r emov ing  t h e  ' d i l u e n t '  g a s  f rom t h e  i n i t i a l  b u b b l e s .  
Hence, b u b b l e s  are  i n i t i a l l y  p roduced  from a g a s  m i x t u r e  and t h e  ' d i l u e n t '  
g a s  r e a b s o r b e d  t o  r e d u c e  t h e  d i a m e t e r  f u r t h e r .  A C o u l t e r  c o u n t e r  w a s  u s e d  
f o r  immediate  s i z e  measurement  o f  t h e  b u b b l e s .  The a b s o r b e n t  medium i n  
which the  b u b b l e s  w e r e  p roduced  w a s  e v a l u a t e d  on 9 c o n t r o l  dogs  t o  t e s t  
t h e  p h y s i o l o g i c a l  i n e r t n e s s .  Plasma s u r f a c e  t e n s i o n  and a r t e r i a l  pH w a s  
measured i n  5 a n i m a l s  r e c e i v i n g  i n c r e a s i n g  d o s e s  w h i l e ,  i n  t h e  r e a a i n i n g  
4 ,  a r t e r i a l  b lood  p r e s s u r e ,  h e a r t  r a te ,  b r e a t h i n g  f r e q u e n c y  and pulmonary 
a r t e r y  p r e s s u r e  w e r e  measu red  b e f o r e ,  d u r i n g  and a f t e r  t h e  i n j e c t i o n s .  
The r e s u l t i n g  c h a n g e s  w e r e  w i t h i n  a c c e p t a b l e  p h y s i o l o g i c a l  l i m i t s .  

The u t i l i z a t i o n  o f  d i f f e r e n t i a l  a b s o r p t i o n  t e c h n i q u e s  

To p ro -  
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