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A BS TRAC T 

The a c c e p t e d  m e t h o d  of d e t e r m i n i n g  the p r e s e n c e  and ex t en t  of c o r o n a r y  
a r t e r y  d i s e a s e  is by c o r o n a r y  a n g i o g r a p h 7 .  A m e t h o d  of ob ta in ing  th is  i n f o r m a -  
t ion  n o n i n v a s i v e l  7 is be ing  d e v e l o p e d .  The k i n e t o c a r d i o g r a m ,  b a l l i s t o c a r d i o g r a m ,  
v e c t o r c a r d i o g r a m ,  h e a r t  s o u n d s ,  and c a r o t i d  p u l s e  p r e s s u r e  t r a c i n g s  have  been  
r e c o r d e d  on ana log  t ape  f r o m  903 p a t i e n t s .  T h e s e  p a t i e n t s  have  a l s o  b e e n  s t u d i e d  
by the  a n g i o g r a p h i c  i n v a s i v e  t e c h n i q u e s  w i t h i n  Z4 h o u r s  of the n o n i n v a s i v e  s tudy .  
A da ta  p r o c e s s i n g  s y s t e m  has  been  d e v e l o p e d  u s i n g  one of the  r e m o t e  s a t e l l i t e s  to 
the  Mul t i p l e  L a b o r a t o r y  C o m p u t e r  C e n t e r  of the  U n i v e r s i t y  of A l a b a m a .  A t e c h -  
n i c i a n  i n t e r a c t i n g  wi th  th i s  s y s t e m  s e l e c t s  u s a b l e  p o r t i o n s  of the  a n a l o g  r e c o r d s  
and c o n t r o l s  the  A to D c o n v e r s i o n  of the  da ta .  C a l i b r a t i o n  and  t i m e  n o r m a l i z a -  
t ion  is p e r f o r m e d  so tha t  s e v e r a l  h e a r t b e a t s  c a n  be a v e r a g e d  t o g e t h e r  fo r  e a c h  
da ta  s o u r c e .  The t e c h n i c i a n  a g a i n  has  the  o p p o r t u n i t y  to v i ew the  r e s u l t s  and 
a c c e p t  o r  r e j e c t  t h e m .  A c c e p t e d  da ta  is s p o o l e d  to m a g t a p e  and  m e r g e d  wi th  
c l i n i c a l  r e c o r d s .  

C o m p a r i s o n s  of m e a n  c u r v e s  of p a t i e n t s  w i th  s i m i l a r  c o r o n a r y  a r t e r y  ab-  
n o r m a l i t i e s  i n d i c a t e  tha t  t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s .  P r e l i m i n a r y  s t a t i s t i -  
c a l  m o d e l s  u s i n g  m u l t i p l e  r e g r e s s i o n  t e c h n i q u e s  s e p a r a t e  the  s e r i o u s l y  i l l  p a t i e n t s  
f r o m  t h o s e  wi th  l e s s  a b n o r m a l i t y  wi th  77% a c c u r a c y .  

INTRODUC TION 

The ex ten t  of v e s s e l  i n v o l v e m e n t ,  and  thus  severi ty of c o r o n a r y  a r t e r y  
d i s e a s e ,  is c u r r e n t l y  d e t e r m i n e d  by c o r o n a r y  a r t e r i o g r a p h y .  The m e t h o d  con-  
s i s t s  of i n s e r t i n g  c a t h e t e r s  in to  the h e a r t  and  i n j e c t i n g  a r a d i o p a q u e  dye into e a c h  
a r t e r y ,  d e t e r m i n i n g  the  ex ten t  of o b s t r u c t i o n .  This  has  p r o v e n  qu i t e  s u c c e s s f u l  
but not  w i thou t  a c e r t a i n  a m o u n t  of r i s k  to the  p a t i e n t .  An e q u a l l y  good n o n i n v a -  
s i r e  t e c h n i q u e  wou ld  be m o r e  d e s i r a b l e .  A l a b o r a t o r y  has  b e e n  e s t a b l i s h e d  in the 
V e t e r a n s  A d m i n i s t r a t i o n  H o s p i t a l  in B i r m i n g h a m  to g a t h e r  the  b a l l i s t o c a r d i o -  
g r a p h i c ,  k i n e t o c a r d i o g r a p h i e ,  v e c t o r c a r d i o g r a p h i c ,  h e a r t  s o u n d s ,  and c a r o t i d  
a r t e r y  p u l s e  p r e s s u r e  w a v e  c a r d i a c  da ta  and  d e t e r m i n e  if t h e s e  n o n i n v a s i v e  da ta  
c o u l d  p r o v i d e  the  c l i n i c i a n  w i th  s u f f i c i e n t  i n f o r m a t i o n  to q u a n t i t a t e  the  c o r o n a r y  
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a r t e ry  lesion, thus reducing the need for coronary ar ter iography.  

On- Line System: 

I 
The laboratory as described by Swatzell, et a l . ,  is equipped for record-  

ing vectorcardiograms,  kinetocardiograrns,  bal l is tocardiograms,  carotid pulses, 
and heart  sounds and is a subunit to the mult i laboratory on-line computer sys tem 
designed by M~cy. 2 Figure 1 shows the flow of the data from the patient to the 
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m u l t i l a b o r a t o r y  c o m p u t e r  s y s t e m .  The s i g n a l s  a r e  fed into a s a t e l l i t e  P D P - 8  
L a b o r a t o r y  C o m p u t e r  (8K m e m o r y )  w h i c h  c o n s i s t s  of a 1 6 - c h a n n e l  m u l t i p l e x e r ,  
A / D  c o n v e r t e r ,  a s t o r a g e  o s c i l l o s c o p e  and a t e l e t y p e .  As the  s i g n a l s  a r e  d i g i t i z e d  
four  s i m u l t a n e o u s  t r a c e s  a r e  d i s p l a y e d  on the s t o r a g e  o s c i l l o s c o p e .  H o w e v e r ,  
~ , n l y t b r e e  s i g n a l s  a r e  s t o r e d ;  e i t h e r  the v e c t o r c a r d i o g r a m  (X, Y, and Z l e a d s ) ,  o r  
the  lead  Y, k i n e t o c a r d i o g r a m  and the c a r o t i d  p u l s e ,  o r  the l e ad  Y, c a r o t i d  p u l s e  
and  b a l l i s t o c a r d i o g r a m ,  or  the l ead  Y, c a r o t i d  p u l s e  and h e a r t  s o u n d s .  T h r e e  to 
fou r  c o m p l e x e s  a r e  p r o c e s s e d  at  a t i m e ,  but  the  p r o c e d u r e  can  be r e p e a t e d  s e q u e n -  
t i a l l y  to ob ta in  as m a n y  c o m p l e x e s  as r e q u i r e d .  T h e r e  is a p e r s o n  bui l t  into the  
c o m p u t e r  loop to i n s u r e  c o n s i s t e n t  q u a l i t y  in the  d i g i t i z e d  da ta .  A f t e r  d i g i t i z a t i o n  
the  o p e r a t o r  of the  P D P - 8  c o m p u t e r  has  s e v e r a l  op t ions .  (1) If the  s i g n a l s  a r e  
too  n o i s y  o r  if the b a s e l i n e  v a r i e s  too m u c h  t hey  can  be r e j e c t e d  and the  p r o c e d u r e  
r e p e a t e d .  (2) If the s i g n a l s  a r e  of s u f f i c i e n t  l eng th  and a d e q u a t e  q u a l i t y  the  o p e r a -  
t o r  m a y  a c c e p t  t h e m  and  t hey  a r e  p r o c e s s e d  at  the  m u l t i l a b o r a t o r y  c o m p u t e r .  

The Data :  

The fo l lowing  da ta  a r e  c o m p u t e d  at  the  S i g m a - 7  c o m p u t e r  and s t o r e d  on m a g -  
t a p e :  (1) F r o m  the v e c t o r c a r d i o g r a m  the  h e a r t  r a t e  is c o m p u t e d .  (2) F r o m  the  
c a r o t i d  p u l s e ,  Y l ead ,  and h e a r t  sounds  the  s y s t o l i c  t i m e  i n t e r v a l s ,  shown  in 
Tab le  1, a r e  ob ta ined .  (3) F r o m  the  k i n e t o c a r d i o g r a m  a t i m e  n o r m a l i z e d  and 

T A B L E  I 

THE SYSTOLIC TIME INTERVAL DATA 

Q-Q - D u r a t i o n  of the h e a r t  c y c l e  
Q - C U  - D u r a t i o n  of beg inn ing  of bea t  to c a r o t i d  u p s t r o k e  
Q-S Z - D u r a t i o n  of the  beg inn ing  of bea t  to s e c o n d  h e a r t  sound  
C U - C I N  - D u r a t i o n  le f t  v e n t r i c u l a r  e j e c t i o n  
P E P  - P r e e j e c t i o n p e r i o d  
P E P / L V T  - R a t i o  of p r e e j e c t i o n  p e r i o d  to lef t  v e n t r i c u l a r  e j e c t i o n  
E j e c t i o n  F r a c t i o n  

3 
a v e r a g e d  c o m p l e x  is c o m p u t e d ,  as  d e s c r i b e d  by E d d l e m a n .  T h e r e  w i l l  be e igh t  
of t h e s e  r e c o r d e d  fo r  e a c h  p a t i e n t  at  e igh t  p o s i t i o n s  on the  p a t i e n t ' s  c h e s t .  F i g -  
u r e  2 shows  the m e a n  c u r v e s  c o m p u t e d  at  one of t h e s e  p o s i t i o n s ,  K44. T h r e e -  
h u n d r e d  s e v e n t y - f i v e  p a t i e n t s  wi th  c o r o n a r y  a r t e r y  d i s e a s e  w e r e  s e p a r a t e d  into  
one of four  g r o u p s  a c c o r d i n g  to the  n u m b e r  of v e s s e l s  o b s t r u c t e d .  Mean  c u r v e s  
w e r e  c o m p a r e d  fo r  e a c h  of the e igh t  p o s i t i o n s  of e a c h  d i s e a s e  g roup .  The s e p a r a -  
t ion  i n d i c a t e s  the  c h a n g e s  in the k i n e t o c a r d i o g r a m  as the  d i s e a s e  p r o g r e s s e s .  
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(4) F r o m  the b a l l i s t o c a r d i o g r a m  a t i m e  n o r m a l i z e d  and a v e r a g e d  c o m p l e x  is c o m -  
p u t e d  fo r  the p a t i e n t ' s  b a l l i s t o c a r d i o g r a m  at  h e l d  i n s p i r a t i o n  and  h e l d  e x p i r a t i o n ,  
as  d e s c r i b e d  by B a n c r o f t .  4 The l o c a t i o n s  of H, I, J ,  and K a r e  d e t e r m i n e d  and 
the  a m p l i t u d e s ,  s l o p e s ,  and d u r a t i o n s  c o m p u t e d  a r e  l i s t e d  be low:  

A m p l i t u d e s :  H, J,  HI, J1 ,  IJ1 ,  J2,  J3,  K 
D u r a t i o n s :  Q-H,  Q- I ,  Q - J 1 ,  Q-K,  H - I ,  I - J 1 ,  I - JZ  
S l o p e s :  H- I ,  H ' - I ,  I - J ,  I - J '  

The da t a  on m a g t a p e  is m e r g e d  w i th  c l i n i c a l  da ta ,  i . e . ,  age ,  sex ,  e t c .  , 
and  m u l t i v a r i a t e  a n a l y s i s  is p e r f o r m e d  on the da ta .  

I n i t i a l  r e s u l t s  a r e  p r o m i s i n g .  An a c c u r a c y  of 77% was  o b t a i n e d  in the  
s e p a r a t i o n  of s e r i o u s l y  i l l  p a t i e n t s  f r o m  t h o s e  w i th  l e s s  a b n o r m a l i t y ,  but the  
c l i n i c i a n  n e e d s  to know m o r e  i n f o r m a t i o n  abou t  v e s s e l  i n v o l v e m e n t .  F u r t h e r  
a n a l y s i s  on an e v e n  l a r g e r  p a t i e n t  p o p u l a t i o n  is now u n d e r w a y  to d e t e r m i n e  if the  
n u m b e r  of v e s s e l s  i n v o l v e d  and the a p p r o x i m a t e  l o c a t i o n  of the  o b s t r u c t i o n  c a n  be 
a c c u r a t e l y  d e t e r m i n e d  us ing  th is  n o n i n v a s i v e  da ta .  
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CONCLUSION 

A n e e d  for  a n o n i n v a s i v e  m e t h o d  for  d e t e r m i n i n g  e x i s t e n c e  and s e v e r i t y  of 
c o r o n a r y  a r t e r y  d i s e a s e  has been  p r e s e n t e d .  A l a b o r a t o r y  has been  e s t a b l i s h e d  
to g a t h e r  n o n i n v a s i v e  c a r d i a c  data  and r e d u c e  this  data  to a f o r m  w h i c h  can be 
a n a l y z e d  s t a t i s t i c a l l y .  

The results of the analyses indicated that some quantitation of coronary 
artery disease could be made noninvasively. Further study is underway to estab- 
lish a model which will give the location and extent of the obstruction within the 
vessel. 

R E F E R E N C E S  

i. 

. 

R. H. Swatzell, Jr., W. H. Bancroft, Jr., J. Macy, Jr., and E. E. 
Eddleman, Jr. , The On-Line Computer System for Determining the 
Systolic Time Intervals, Computers and Biomedical Research, Vol. 6, 
1973, pp. 465-4?3. 

ft. Macy,  J r .  , A M u l t i l a b o r a t o r y  C o m p u t e r  S y s t e m  wi th  D i s t r i b u t e d  Logic .  
P r o c e e d i n g s  of the S y m p o s i u m  on C o m p u t e r s  in M e d i c i n e ,  Dan i sh  Bio-  
m e d i c a l  Engineering Society, Riso, Denmark, Jan. 1971, pp. 49-63. 

. E. E. Eddleman, Jr., and W. H. Bancroft, Jr., Quantification of the 
PCinetocardiogram, Computers in Biomedical Research, Vol. I, 1967, 
pp. Z37- 240. 

. W. H. Bancroft, Jr., M. Tucker, D. H. Jackson, and E. E. Eddleman, Jr., 
Automatic Computer Processing of Ultralow Frequency Ballistocardiograms, 
Bibliotheca Cardiologica, Vol. 32, 1973, pp. 26-36. 


