
., DEPARTMENT O F  T H E  A I R  F O R C E  
D A V I D  G R A N T  USAF Y e O I C A L  C E N T E M  ( M A C !  

T R A V I ~  AIR F O R C E  e .  S E  C A L I F O R N I A  9 4 5 3 5  

1 4  >lcptcnber  1976 

F i n 4  3rpo.t On Tne Incc rpord ted  C l i n i c a l  I n v e s t i g a t i o n  Propn 

. w ~ i ~ i i ~ a s i v e  Assesu2en t O f  Coronary Arter; Disease: XiycJcardia 
$ 3 1 { q .  Noninvasive hssrssxent  of Coronary A r t e r y  a i s e d y e ,  dird 

! ; i ~ h  Rubidium-81 And The S c i n t i l l a t i o n  Camera. 

USrZT/SGJ'R 

1. I n v e s t i g a t o r s :  

AIR1.950929.010 
' 0  - 

Ronald L .  McCowan, Colonel ,  USAF, ?IC 
Roncld R .  Ha l l ,  Major, USAF, HC 

2 .  S t u d t e s  t o  complc t ion  of r e s e a r c h  p r o p o s a l :  

a .  Tnrough 31 June  1975 ,  407 potassii in-43 s t u d i e s  and 326 rubidium-81 
. t i d i e s  M e r e  accomplfshed a t  r e y t  o r  exerc ise  on 411 n a t i e n t s .  s i x  

I lundred  seventy- f  i v e  y t u d i e s  were accomplished u s i n g  t he  r e c t f l l i n e a r  
h c ~ n n e r  and 18 w i t h  s c i n t i l l , i t i o n  c a m c r ~ .  P a t i e n t s  s t u d i e d  have inc luded  
LIio!,c w i t h  t h e  fo l1o ; ing  df,\gnoses: 

Piorma1 s u b j e c t s  
Myocardial  i n f a r c t  i o n  
Pos t  myocard ia l  angina  p e c t o r i s  
Angina p e c t o r i s  WitbOiJt myocard ia l  i n f a r c t i o n  
F a l s e - p o s i t i v e  e l e c t r o c a r d i o g r a p h i c  i n t e r p r e t a t l o n s  
Card i omy op n t h y 
Barlow's syndrome 
Conduct ion a b n o r m a l i t i e s  Inc lud ing  Lef t  b u d l e  branch b lock ,  
r i g h :  bundle  branch  b lock ,  h e d b l o c k s  and a t r i a l  v e n t r i c u l p r  
b l o c k s  
I' r e- exc  i t a t i o n  s ynd ro  m e  s f n c 1 dd i n  g Wo 1 f f -Pa r k i n so n-Nh i t e and 
Lown-Genonge-1,rvFne 
t 'er icardi  t i s  
P o s t o p e r a t i v e  ao r toco rona ry  saphenous v e i n  bypass  g r a f t  t n  
p. i : ients  w i t h  a n d  wi thout  ~ : o p e r a t i v e  angina  pectoris. 

. I .  ;is d d i r e c t  r e su l t  c :  ttils p r o j i . c + ,  non invas ive  myocard ia l  im7;:ng 
i. i t t i  p o t a s s i l i - - b J  in :!re a s v c s s i n e n t  o f  pa tLen t s  w i t t i  c o r o n a r y  a r t e r y  
d i s e a s e  3 t  r e s t  cind w i t h  e x e r c i s e  was i n i t i a t e d  a s  a new t e c h n i q u e  f u r  the 
c v , ~ l ~ i . i t ~ o n  q f  h e a r t  p a t i e n t s .  Our  i n i t i a l  pub l f c J tFons  on t h i s  sclbject  
w l : r ~ ,  rx't w i t l i  n g r e a t  den1 of  i n t e r e s t  a n d  en thusrasm.  Fol lowing our  
i 11 I L 1, i r c ,por t s  s eve rn  1 otlrcr m.1 j o r  riwdicLi1 c e n t e r s  h c f i ~ t n  t h e i r  own fn- 

t i  t ,;.3c i t i n ; ,  ,!t f 1 t z i i i , :  K ~ I L S  t e c l i ~ i f q u c .  hl though n o i i l n v i s i v e  myocardial  
I L )  r n i v o  c .I  1-11 i ;1 1 '1. I i: I 11 L 11 f ir z t i. o i l  11 , I  ( 1  1, cen w c 1 1 t! t ;I 1) 1 L : ; i i ~  J , this i E C I ~ I I  I q (le 



developed a t  t h e  David Grant  USAF Medical Cen te r  c r e a t e d  a method f o r  t h e  
e v a l u a t i o n  of  p a t i e n t s  f o r  coronary  ischemia wi thou t  r e s o r t i n g  t o  coronary  
angiogr ' iphy. Ex tens ive  i n t e r n a t i o n a l  r e s e a r c h  has  fol lowed t h e  i n t r o -  
d u c t i o n  of  t h i s  new t echn ique  and ti;e r e s u l t s  are r e f l e c t e d  in t he  rad io-  
l o g i c  and c a r d i o v a s c u l a r  l i t e r a t u r e .  

b .  Because o f  t h e  prolonged h a l f - l i f e ,  d i f f i c u l t  imaging cha rac t e r -  
i s t i c s ,  h igh  c o s t  and l i m i t e d  a v a i l a b i l i t y ,  i n v e s t i g a t i o n  was d i r e c t c d  
toward s u b s t i t u t i n g  rubidium-81 f o r  po tass ium-43 f o r  t h e  purposes  o f  myo- 
c a r d i a l  F m g i n g  a t  rest and w i t h  e x e r c t s e .  We found rubidium-81 t o  be 
comparable t o  potass ium-43 i n  t h e  q u a l i t y  of images ob ta ined .  Because of 
i t s  tniproved imaging c h a r a c t e r i s t i c s ,  rubidium-81 pe rmi t t ed  r a p i d  s e q u e n t i a l  
s t u d i e s ,  s h o r t e r  imaging t i m e  and a d a p t a b i l i t y  of t h e  t echn iqne  t o  the 
s c i n t l l l a t i o n  camera. Combined wi th  a reduced c o s t  and more ready a v a i l -  
ability, t h e s e  c h a r a c t e r i s t i c s  caused us  t o  c o n v e r t  from pocansium-43 
t o  rubidium-91 as o w  pr imary  i m g i n g  agent  a t  t h i s  f a c i l i t y .  The denon- 
s t r a t i o n  t h a t  rubidium-?? and pocassium-43 were comparable a l s o  allowed 
more widespread  use  of t h i s  technique  and prompted even f u r t h e r  i n v e s t i -  
g a t i o n  inco  non invas ive  myocard ia l  imaging by o t h e r  r e s e a r c h  Centers .  

c .  =..e a d a p t a b i l i t y  of t h e  technique  t o  t h e  s c i n t i l l a t i o n  camera, 
which i s  t h e  sEandard imaging dev ice  used by depar tments  of n u c l e a r  
medicine,  =de poss ib le  computer a n a l y s i s  of  imaging r e s u l t s .  This  i l l  

t G r n  pe rmi t t ed  a n  o b j e c t i v e  a n a l y s i s  of myocard ia l  p e i f u s i o n  a t  rest and 
w i t h  stress. A s  a r e s u l t ,  =)or z n i v r r a i t y  depar tments  of  n u c l e a r  medicine 
have become i n t e r e s  t e C  i n  t h e  technique  and made f u r t h e r  i n v e s t i g a t i o n  
i n t o  improved imaging a g e n t s  znd techniqaes .  A t  p r e s e n t ,  thal l ium-201 
has  become t h e  s t a n d a r d  i m a g i q  agenc,  hav ing  r e p l a c e d  b o t h  rubLdium-El 
and potassium-43.  S i n c e  ou r  r e q u e s t  f o r  con t inued  i n v e s t i g a t i o n  i n  non- 
l n v d s l v e  myoca:-dial imaging u t i l i z i n g  t h e s e  newer agen ta  was disapproved 
by Headquar te rs  USAF f o r  FY 1376, w e  have found i t  n e c e s s a r y  t o  t e rmina te  
f u r t h e r  r e s e a r c h  i n  t h i s  area. 

d .  One hundred s i x t y  of t h e  s u b j e c t s  s t u d i e d  by non invas ive  myocardial  
imaging a t  rest and w i t h  exercise had been e v a l u a t e d  With coronzry  angio- 
graphy. In t h e  98 p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  s i g n i f i c a n t  coronary  
a r t e r y  d i s e a s e ,  t h e r e  were 81 pos iLive  imaging s t u d i e s  f o r  a s e n s i t i v i t y  
of  83X.  F i f  ty-one of t h e  62 p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  i n s i g n i f i c a n t  
coronary  a r t e r y  d i s e a s e  had n e g a t i v e  imaging s t u d i e s  f o r  a s p e c i f i c i t y  of 
3 2 2 .  Excluding  t h o s e  p a t i e n t s  w i t h  myocard ia l  i n f e r c t i o n ,  t h e  s e n s i t i * r i t y  
o t  myocard ia l  imaging was 752 w h i l e  t h a t  of s t a n d a r d  e l e c t r o c a r d i o g r a p h i c  
exercise t e s t i n g  was 72%. In  t h i s  same group of  p a t i e n t s  t h e  o v e r a l l  
s p e c i  f i c i t y  of e l e c t r o c a r d i o g r a p h i c  t e s t i n g  was 50%. ' J i i l i z i n g  a combination 
of  myocard ia l  imaging and exercise, ECC t e s t i n g  r e s u l t e d  i n  a s e n s i t i v i t y  
of  9 2 %  i n  i d e n t i f y i n g  s i g n i f i c a n t  c o r o n a r j  a r t e r y  d i s e a s e  and 88% s e n d i t i v i t y  
i d e n t i f y i n g  a n g i o g r a p h i c a l l y  s i g n i f i c a n t  coronary  artery d i s e a s e .  
t h e  d i a g n o s t i c  accu racy  of noninvas ive  myocardial  imaging f o r  coronary 
3 r t e r y  d i s e a s e  shows e x c e l l e n t  ang iograph ic  c o r r e l a t i o n  and a c l e a r l y  
s u ? e r i o r  d i a g n o s t i c  s p e c i f i c i t y  t o  s t a n d a r d  stress e l e c t r o c a r d i o g r a p h i c  
t e s t i n g .  Detai ls  a re  s p e c i f i e d  t n  the  a t t a c h e d  r e p o r t .  

T h C S ,  



e. P a t i e n t s  w i t h  l e f t  bund le  branch b l o c k  w e r e  found t o  r e p r e s e n t  
a sub-&roup w i t h  v e r y  s p e c i f i c  imaging c h a r a c t e r i s t i c s .  p a t i e n t s  w i th  
l e f t  bundle  b ranch  block, whether  a s s o c i a t e d  w i t h  co rona ry  h e a r t  d i s e a s e  
o r  a n g i u g r a p h i c a l l y  normal co rona ry  a r t e r i e s ,  had image d e f e c t s  i n  t h e  
r eg ion  o f  t h e  i n t e r v e n t r i c u l s r  septum w i t h  po ta s s ium-43  and rubidium-41. 
When imaged w i t h  e x e r c i s e ,  l e f t  bundle branch b l o c k  p a t i e n t s  w i th  normal 
co rona ry  a r t e r i e s  were found t o  have normal s t u d i e s ,  w h i l e  t h o s e  w i t h  
s i s r i f i c a c t  co rona ry  a r t e r y  d i s e a s e  sha red  an i n c r e a s e  i n  t h e  abnormali ty  
found I n  a l l  l e f t  bund le  b r a c h  b lock  p a t i e n t s  a t  rest. T h i s  s p e c i a l  
grou? r e s u l t e d  i n  a separate r e p o r t  which is  a t t a c h e d .  P a t i e n t s  w i t h  r i g h t  
bundle  branch b lock  and o t h e r  conduct ion a b n o r m a l i t i e s ,  i n c l u d i n g  
p r e - e x c i t a t i o n ,  shcwed none o f  t h e  changes found w i t h  l e f t  bundle  branch 
b lock  p a t i e n t s .  

4 .  Data p r e s e n t ~ c i o n  i n  c o n j u n c t i o n  w i t h  p r o t o c o l s  1389 and #499: 

a. P u b l i c a t i o n s :  

(1) H.  William S t r a u s s ,  Barry L. Zaret, N e i l  I). Mar t in ,  Harry P. 
We.\ls, J r . ,  and M.D. Flamm, Jr .  : Noninvasive e v a l u a t i o n  of r e g i o n a l  myo- 
c a r d i a l  p e r f c s i o n  w i t h  potussium-43:  Technique i n  p a t i e n t s  w i t h  e x e r c i s e -  
induced t r a n s i e n t  myoca rd ia l  ischemia.  Radiology, V o l .  108, No. I, Pages 
85-90, J u l y  1971.  

( 2 )  Barry L. Zaret, H. Will.iam S t r a u s s ,  Nei l  D .  M a r t i n ,  Harry P. 

Study of p a t i e n t s  a t  rest, with exercise and 
Wells, J r . ,  m d  M.D. Flamm, Jr. : Noninvasive r e g i o n a l  myoca rd ia l  p e r f u s i o n  
w i t h  r a d i o a c t i v e  poeassium: 
d u r i n g  ang ina  p e c t o r i s .  h'EJK 288:809-812, A p r i l  19, 1973. 

(3)  Barry L. Zaret, Robert  E. S t enson ,  Neil D. Martin, H. W i l l i a m  
S t r a u s s ,  Harry P. Wells, Jr., Ronald L. McCowan, and M . D .  F l m ,  Jr.: 
Potssslum-43 myoca rd ia l  p e r f u s i o n  scann ing  €o r  n o n i n v a s i v e  e v a l u a t i o n  of 
p a t i e n t s  w i t h  f a l s e - p o s i t i v e  exercise tests. C i r c u l a t i o n ,  V O ~ .  iLtVIII, 
pages 1234-1241, Dec 1973. 

(4 )  Barry L. Zaret, Neil D. Mar t in ,  Ronald L. McGowan, H. W i l l i a m  
S t r a u s s ,  Harry P.  Wells, and M.D. F l a m ,  Jr.: R e s t  and exercise potassium-43 
myocardial  p e r f u s i o n  imaging f o r  t h e  non invas ive  e v a l u i l t i o n  o f  nortocoronary 
bypass  s u r g e r y .  C i r c u l a t i o n ,  Vol. X L I X ,  pages 688-695, A p r i l  1974. 

( 5 )  N e i l  D .  Mar t in ,  Barry L .  Z a r c t ,  Ropald L. McGman, Harry P .  
Wells, J r . ,  and M . D .  Flamm, J r . :  Rubidium-81, a new myoca rd ia l  scanning 
a g e n t :  Noninvasive r e g i o n a l  myocardial  p e r f u s i o n  s c a n s  a t  r?st and exer- 
c i s e ,  and comparison w i t h  po ta s s iun -43 .  Radiology,  pages 651-656 June 1974 .  

( 6 )  Mar t in ,  N . D .  Z a r e t ,  B.L., S t r a u s s ,  H.W., Wells, H.P. ,  A lbe r s ,  J.: 
Myocardial imaging u s i n g  13K and t h e  gamma camera. 
Aug 1974 .  

Radiology 112:446-448, 
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u-1, 

( 7 )  McCdwan, R.L. : Radio iso tope  t e c h n i q u e s  Tor t h e  e v a l u a t i o n  of 
myocard ia l  p e r f u s i o n  i n  p a t i e n t s  w i t h  coronary a r t e r y  d i s e a s e .  
Service Diges t  (in p r e s s )  February  1973. 

Medical 

(8) McGowan, R .L . ,  Welch, T .C . ,  Z a r e t .  B .L . .  Bryson. A . L . .  Mar t in .  N.D. 
and  Flamm, M . D .  
rubidium-81 i n  p a t i e n t s  w i t h  l e f t  b u d l e  branch  b lock .  American J o u r n a l  
o f  Card io logy ,  October  1976. 

Noninvasive myocard ia l  imaging w i t h  potassium-43 and 

(9)  McGarsn, R.L. ,  Mar t in ,  N.D., Hall, R. R., Bryson, A.L., 
Zaret, B.L. ,  S t r a u s s ,  H.W. and Flamm, M.D.: I?le d i a g n o s t i c  a c c u r a c y  of  
n o n i n v a s i v e  myocard ia l  imaging f o r  coronary  a r t e r y  d i s e a s e :  
c a r d i o g r a p h i c  and a n g i o g r a p h i c  c o r r e l a t i o n .  (Accepted with rev is ion  by 
t h e  American J o u r n a l  of Card io logy)  

An e l e c t r o -  

b.  Data from v a r i o u s  segments o f  c l i n i c a l  i n v e s t i g a t i o n  p r o p o s a l s  
/I389 and #499 p r e s e n t e d  a t  t h e  fo l lowt r ig  meet ings.  

(1) Four th  Annual Meeting of t h e  Northern and Southern  C a l i f o r n i a  
C h a p t e r s ,  S o c i e t y  of  Nuclear  Medicine,  San F r a n c i s c o ,  C a l i f o r n i a ,  September 
1972. 

( 2 )  45th Annual S c i e n t i f i c  S e s s i o n ,  The Americen Heart A s s o c i a t i o n ,  
D a l l a s ,  T C X J Y ,  November 1972. 

( 3 )  Western S e c t i o n ,  American F e d e r a t i o n  of  C l i n i c a l  Research,  
C a r n e l ,  C a l i f o r n i a ,  February  1973. 

(4 )  Annual Scientific S e s s i o n  of  t h e  S o c i e t y  of Nuclear  Medicine,  
Miami, F l o r i d a ,  June  1973. 

(5) 46th Annual S c i e n t i f i c  S e s s i o n  of t h e  American Heart A s s o c i a t i o n ,  
A t l a n t i c  C i t y ,  New J e r a e y ,  November, 1973. 

(6)  Advances i n  Heart Disease 1974, American C o l l e g e  o f  Card io logy ,  
6 t h  Annual Symposium On C l i n i c a l  Card io logy ,  San F r a n c i s c o ,  C a l i f o r n i a ,  
December 1973. 

(7 )  I n s t i t u t e  of Medical  Research of P a c i f i c  Medical  C e n t e r ,  S a n  
F r a n c i s c o ,  C a l i f o r n i a ,  J a n u a r y  1974. 

(8) Nuclear  Medicine I n s t i t u t e ,  Cleve land ,  Ohio, January  1974. 

(9)  S e n i n a r s  on "Myocardial  Scanning With Potassium-43" have been 
p r e s e n t e d  by t h e  David Grant  USAF Medical  Center  s t a f f  a t  several  u n i v e r s i t y  
medica l  c e n t e r s ,  b o t h  l o c a l l y  and throughout  t h e  c o u n t r y .  

(10) 23rd Annual S c i e n t i f i c  S e s s i o n  of t h e  American C o l l e g e  o f  
Cardio logy ,  New York C i t y ,  Februnry 1974. 

(11) S o c i e t y  of  A i r  Force  P h y s i c i a n s  (American C o l l e g e  of  P h y s i c i a n s  
i lcg iona l  Meet ing) ,  March 1974. 
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( 1 2 )  4 7 t h  Annual S c i e n t i f i c  Sess ion  of t h e  American Heart A s s o c i a t i o n ,  
Dallas, Texas, Kovember 1974.  

(13) 48 th  Annual S c i e n t i f i c  Sess ion  of the American Heart  A s s x i a t i o n ,  
Anaheim, California, November 1973. 

(14) S o c i e t y  of A i r  Force P h y s i c i a n s  (ACP), Sari h t o n i o ,  Texas,  
February 1976. 

5. 
f o r  co rona ry  a r t e r y  d i s e a s e ;  c l e a r l y  s u p e r i o r  t o  s t a n d a r d  ECG t e s t i n g .  
The USAF i n  i ts e f f o r t  t o  a c c u r a t e l y  s c r e e n  p e r s o n n e l  f o r  t h e  p re sence  
o r  absence of r r i g n i f i c a n t  co rona ry  a r t e r y  d t s e a e e  shou ld  c o n t i n u e  i t s  

f o r  c l i n i c a l  a p p l i c a t i o n s  

This i s  an i m p o r t a n t  new d i a g n o s t i c  t e s t  €or t h e  a s ses smen t  of p a t i e n t s  

and make i t  r e a d i l y  a v a i l a b l e  

5 



1 

TItE DLAG:4OSTIC ACCURACY OF NONINVASIVE XOCARDLAL I M t \ G I N G  FOR CORONARY 

ARTERY DISEASE: AN ELECTROCARDXOGWHXC AND ANGIOGRAPHIC CORRELATION 

Xonald L.  McCowan, MD. FACC; Neil D. Mar t in ,  MD*; Ronald R. H a l l ,  MD; 

A .  L l i r d  Bryson, HI)**,; Barry L. Z a r e t ,  MD, FACC***; H. Will iam S t r a u s s ,  

HD****; and M.D. P lam,  MD***** 

From t h e  Department of Medicine,  S e c t i o n s  of  Cardiology and Nuc lea r  Medi- 

c i n e ,  David Grant  USAF Medical Cen te r ,  T r a v i s  Air Force Base, CA 94535 

The views expres sed  h e r e i n  a r e  t h o s e  of t h e  a u t h o r s  and are  n o t  necessa r -  

ily t h o s e  of t h e  United S t a t e s  A i r  Force.  

Supported by r e s e a r c h  funds  from t h e  O f f i c e  of t h e  Surgeon Genera l ,  United 

S t a t e s  A i r  Force. 

Address a l l  communications and r e q u e s t s  f o r  r e p r i n t s  t o :  

Ronald L. McGowan, Co lone l ,  USAF, MC, Cardiology S e c t i o n  (SGHMCH), Depart- 

ment of Medicine,  David Grant  USAF Medical Cen te r ,  T r a v i s  h i t  Force Base, 

C a l i f o r n i a  94535 

* Cur ren t  addrese :  K e t t e r i n g  Medical C e n t e r ,  K e t t e r i n g ,  Ohio 

** Cur ren t  addreiis:  E a s t e r n  TenneRsee C a r d i o v a s c u l a r  C o n s u l t a n t s ,  
Knoxv i l l e ,  Tennessee 

*** C u r r e n t  a d d r e s s :  Yale U n i v e r s i t y  School of Medicine,  N e w  Haven, Conn. 

**** C u r r e n t  a d d r e s s :  Johns Hopkins Medical I n s t i t u t i o n s ,  B a l t i m o r e ,  MD 

***** Cur ren t  a d d r e s s :  S u t t e r  Memorial H o s p i t a l ,  Sacramento,  CA 



Noninvasive Myocardial  Imaging - HcCowan, e t  a l .  

ABSTWCT 

From 1972  through 1975, 781 non invas ive  myoca rd ia l  jmaging s t u d i e s  were 

performed a t  rest  and w i t h  e x e r c i s e  i n  345 p a t i e n t s  u s i n g  potassium-43 

a n d / o r  rubidium-81. The tracer was g iven  i n t r a v e n o u s l y  a t  rest o r  a f t e r  

submaximal e x e r c i s e  on a motorized t r e a d m i l l  and t h e  myocardium ircaged i n  

t h e  a n t e r i o r  and l e f t  a n t e r i o r  o b l i q u e  p o s i t i o n s  u s i n g  a five i n c h  rect- 

i l i n e a r  s canne r  o r  a c i n t i l l a t i o n  camera. R e s u l t a n t  images were i n t e r p r e t e d  

by t h r e e  o b s e r v e r s  unaware o f  t h e  c l i n i c a l  d a t a  on each p a t i e n t .  One 

Iiundred-sixty of t h e s e  p a t i e n t s  had co rona ry  angiography performed and were 

a r b i t r a r i l y  d i v i d e d  i n t o  t h o s e  w i t h  co rona ry  o b s t r u c t i o n s  of 70% o r  g r e a t e r  

( s i g n i f i c a n t  d i s e a s e )  o r  less t h a n  70% o b s t r u c t i o n s  ( i n s i g n i f i c a n t  coronary 

a r t e r y  d i s e a s e )  f o r  t h e  pu rposes  of de t e rmin ing  s e n s i t i v i t y  and s p e c i f i c i t y  

of  non invas ive  myoca rd ia l  imaging. In  t h e  98 p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  

s i g n i f i c a n t  coronary a r t e r y  d i s e a s e  t h e r e  were 81 p o s i t i v e  imaging s t u d i e e  

f a r  a s e n s i t i v i t y  o f  83%. Fifty-one of t h e  62 p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  

1 n s i g r . i f i c a n t  co rona ry  artery d i s e a s e  had n e g a t i v e  imaging s t u d i e s  f a r  a 

s p e c i f i c i t y  of 82%. Exc lud ing  t h o s e  p a t i e n t s  v i t h  myoca rd ia l  i n f a r c t i o n  

t h e  s e n s i t i v i t y  of myoca rd ia l  imaging was 75%. w h i l e  t h a t  o f  s t a n d a r d  e l e c t r o -  

c a r d i o g r a p h i c  e x e r c i s e  t o l e r a n c e  t e s t i n g  was 72.2. I n  t h i s  group of p a t i e n t s  

t h e  o v e r a l l  s p e c i f i c i t y  of e l e c t r o c a r d i o g r a p h i c  t e s t i n g  w a s  50%. 

Y combinat ion of  myoca rd ia l  imaging and e x e r c i s e  ECC t e s t i n g  r e s u l t e d  i n  a 

U t i l i z i n g  

s e n s i t i v i t y  of 9 2 %  i n  i d e n t i f y i n g  s i g n i f i c a n t  co rona ry  a r t e r y  d i s e a s e  and 

882 s e n s i t i v i t y  I n  i d e n t i f y i n g  a n g i o g r a p h i c a l l y  s i g n i f i c a n t  co rona ry  a r t e r y  

disease i n  non- in fa rc t ed  v a s c u l a r  bede. 
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INTRODUCTION 

Non-invasive myocard ia l  imaging fo l lowing  t h e  i n t r a v z n o u s  i n f e c t i o n  

o f  r a d i o a c t i v e  t r a c e r s  is  becomfng more f r e q u e n t l y  u t i l i z ? d  ;.a a procedure  

f o r  the  e v a l u a t i o n  of  p a t i e n t s  f o r  t h e  presence  or ab8enc.u or' coronary  

a r t e r y  d i s e a s e .  

i o n a l  t r a c e r  n c t i v i t y  in t h e  r e s u l t a n t  myocardial  images co r re sponds  t o  

areas o f  f i b r i n o u s  s c a r  due t o  myocardial  r n f o r c t i o n  and ev idence  f o r  

x c l u s i v e  r a t h e r  than  o b s t r u c t i v e  coronary  a r t e r y  is ob ta ined .  When pa- 

t i e n t s  are e x e r c i s e d  and r a d i o a c t i v e  t r a c e r a  i n j e c t e d  i n t r a v e n o u s l y  a f t e r  

the o n s e t  o f  t ng inn  p e c t o r i s ,  r eg ions  of decreased  r a d i o a c t i v i t y  i n  s u b -  

sequen t  myocard ia l  images i d e n t i f y  i schemic  v a s c u l a r  beds beyond hemo- 

d y n a d c d l l y  s i g n i f i c a n t  coronary  a r t e r y  o b s t r u c t i o n s  (F igu re  1). Because 

of an ex t r eme ly  r a p i d  myocard ia l  e x t r a c t i o n ,  a h igh  i n t r a c e l l u l a r  accumu- 

l a t i o a ,  and a r e l a t i v e l y  s h o r t  h a l f  l i f e  potassium-43 and rubidium-81 have 

t e e n  u t i l i z e d  f o r  t h i s  purpose .  S ince  1972 w e  have used t h e s e  a g e n t s  t o  

pcrforrr. 781 imaging s t u d i e s  a t  rest and e x e r c i s e  on 345 p a t i e n t s .  In 

o r d e r  t o  e v a l u a t e  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  of  t h i s  t echn ique  i n  

assessment  of p a t i e n t s  for coronary  a r t e r y  d i s e a s e ,  non invas ive  myocardial  

imaging w a s  c o r r e l a t e d  w l t h  t h e  e l e c t r o c a r d i o g r a p h i c  f i n d i n g s  i n  t h e  160 

n f  these p a t i e n t s  s t u d i e d  a n g i o g r a p h i c s l l y .  

When pa tLen t s  are s t u d i e d  a t  rest a r e d u c t i o n  i:. rzg-  
1-6 

METHC'DS 

The  r e s u l t s  of myocard ia l  imaging anti stress e l e c t r o c a r d i o g r a p h y  were 

a s s e s s e d  i n  p a t i e n t s  who were also s t u d i e d  a n g i o g r a p h i c a l l y  as  p a r t  of a 

cllnical e v a l u a t i o n  f o r  coronary a r t e r y  d i s e a s e .  Included i n  t h i s  s tudy  

W;IS ;I p r o p o r t i o n a l  f i n d i n g  of  all p a t i e n t s  e v a l u a t e d  a n g i o g r a p h i c a l l y  a t  

t h i s  metlLc.il c c n t e r  from September 1972 through October  1975. P a t i e n t s  
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w i t h  l c f t  bundle  b ranch  b lock  w e r e  excluded because of the un ique  i m g i n g  

c h a r a c t e r i s t i c s  of t h e s e  s u b j e c t s  r e p o r t e d  e l sewhere ,  ’ 
were a t t empted  i n  p a t i e n t s  who had p r i o r  a o r t o c o r o n a r y  bypass  s u r g e r y .  

S t r e s s  e lec t  roca rd iog raphy  was performed u t i l i z i n g  a maximal graded t r ead -  

m i l l  e x e r c i s e  test  and con t inuous  e l e c t r o c a r d i o g r a p h i c  m o n i t o r i n g  w i t h  a 

s t a n d a r d  m u l t i l e a d  system. A p o s i t i v e  exercise ECC tes t  was e s t a b l i s h e d  

by f l a t  or downsloping ST d e p r e s s i o n  of 1 rn f o r  a t  l eas t  0.08 seconds on 

t h r e e  or more c o n s e c u t i v e  b e a t s .  Abnorma l i t i e s  of t h e  ST segment o f  T 

waves on t h e  c o n t r o l  e l e c t r o c a r d i o g r a m  r e s u l t e d  i n  an e q u i v o c a l  i n t e r p r c t -  

s c i o n  of t h e  e x e r c i s e  ECG and were cons ide red  n e g a t i v e  f o r  c o r r e l a t i o n  

pu rposes .  P a t i e n t s  were e x e r c i s e d  t o  t h e  p o i n t  of f a t i g u e  o r  c h e s t  p a i n ,  

at which time one m C i  o f  po ta s s ium o r  2 m C i  of rubidium-81 was i n j e c t e d  

i n t r a v c n o u s l y .  E x e r c i s e  was con t inued  f o r  an a d d i t i o n a l  30 t o  45 seconds 

a f t e r  which t h e  p a t i e n t  was promptly t r a n s p o r t e d  t o  t h e  a d j a c e u t  n u c l e a r  

medicine l a b o r a t o r y  where d u p l i c a t e  images w e r e  o b t a i n e d  i n  t h e  a n t e r i o r  

and 45’  l e f t  a n t e r i o r  o b l i q u e  p o s i t i o n s  u s i n g  a s t a n d a r d  r e c t i l i n e a r  scan- 

n e r  w i t h  a 5 i n c h  c r y s t a l  and b o t h  3 i n c h  and 5 i n c h  focused  h i g h  ene rgy  

c o l l i m a t o r s .  S c i n t i l l a t i o n  camera imaging was performed u s i n g  a pin-hole  

c o l l i m a t o r  and a 3 m i n s e r t  t o  o b t a i n  unprocessed P o l a r o i d  e c i n t i p h o t o s .  

A d d i t i o n a l  l e a d  s h i e l d i n g  was u t i l i z e d  a8  p r e v i o u s l y  d e s c r i b e d .  D e t a i l e d  

methodology conce rn ing  imaging t echn iques  and dos ime t ry  h a s  been p u b l i s h e d  

e l s e w h e r e .  4 ’ 9  Rest images were o b t a i n e d  three t o  s i x  day8 l a t e r  f o l l o w i n g  

a 1 2  t o  14 hour f a s t  and s t a n d i n g  f o r  10 - 15 minutes  i n  t h e  erect  p o s i t i o n  

t o  r educe  g a s t r i c  and h e p a t i c  t r a c e r  up take  and background i n t e r f e r e n c e .  

I n t e r p r e t a t i o n  of the  r e s u l t a n t  imngce was o c c m p l i f i h e d  by three cxpe r i enccd  

observcrfi  i n  n b l i n d e d  mnnnc.r. S c l e c t i v e  coronnry c ineong i sg raphy  and l e f t  

N o  c o r r e l a t i o n s  



ven t r i cu log raphy  w a s  performed by t h e  b r a c h i a l  a r t e r i o t o m y  o r  pe rcu taneous  

femoral  a r t e r y  approach ,  u s u a l l y  w l t h i n  two weeks of t h e  imaging s t u d i e s .  

Coronary a r t e r i o g r a m s  were ei1-d at 60 frames p e r  second on 35 mm f i l m  

u s i n g  bo th  the  s i x  and n i n e  i n c h  f i e l d e  of a v a r i a b l e  f i e l d  image i n t e n s -  

i f i e r .  Bip lane  l e f t  v e n t r i c u l a r  cineangiography- was accomplished fo l lowing  

t h e  i n t r a c a v i t a r y  i n j e c t i o n  of 45 cc of  c o n t r a s t  medium ove r  t h r e e  seconds.  

Angiogram were reviewed by a t  least  t h r e e  s t a f f  c a r d i o l o g i s t s  and a n  

average  luminal  nar rowing  was o b t a i n e d  for  each ang iograph ic  l e s i o n .  For 

purposes  of t h i s  s t u d y  an ave rage  lumina l  narrowing of  70% o r  g r e a t e r  was 

a r b i t r a r i l y  cons ide red  hemodynamically s i g n i f i c a n t .  lo 

c a r d i a l  i n f a r c t i o n  vas accep ted  on ly  when r e g i o n a l  a k i n e s i s  o r  d y s k i n e s i s  

was noted on l e f t  v e n t r i c u l c g r a p h y  i n  t h e  d i s t r i b u t i o n  of a t o t a l l y  occluded 

coronary  a r t e r y .  

A d i a g n o s i s  o f  myo- 

Angiographic  i n t e r p r e t a t i o n  r e s u l t e d  i n  f i v e  p a t i e n t  groups:  Group I - 
normal coronary  ar ter ies ,  Group If - hemodynamic i n s i g n i f i c a n t  co rona ry  

a r t e r y  d i s e a s e ,  Group I11 - s i g n i f i c a n t  coronary artery d i s e a s e  w i t h o u t  

myocard ia l  i n f a r c t i o n ,  Group I V  - s i g n i f i c a n t  coronary a r t e r y  d i s e a s e  w i t h  

myocard ia l  i n f a r c t i o n ,  and Group V - s i g n i f i c a n t  coronary  artery d i s e a s e  

w i t h  myocard ia l  i n f a r c t i o n  p l u s  a d d i t i o n a l  coronary  d i s e a s e  i n v o l v i n g  non- 

i n f a r c t e d  myocardium. (Tab le  I) 

S i g n i f i c a n t  o b s t r u c t i v e  c o r o c a r y  a r t e r y  d i s e a s e  was d e f i n e d  by a p r i o r  

myocard ia l  I n f a r c t i o n ,  an a n g i o g r a p h i c a l l y  s i g n i f i c a n t  coronary  o b s t r u c t i o n ,  

o r  bo th .  

Using these c r i t e r i a  t h e  f o l l o w i n g  formulae were u t i l i z e d  t o  de t e rmine  t h e  

s e n s i t i v i t y  and s p e c i f i c i t y  of myocard ia l  imaging and stress e l e c t r o c a r d i o -  

gl  aphy  in i d e n t i f y i n g  t h e  p r e s e n c e  of a n g i o g r a p h i c a l l y  s i g n i f i c a n t  o b s t r u c t i v e  

Those s u b j e c t s  n o t  mee t ing  t h e s e  c r i t e r i a  were cons ide red  normal.  
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corona ry  a r t e r y  d i s e a s e .  

DECISION MATRIX 

Coronary A r t e r y  
Di sease  No ruin 1 

P o s l t i v e  t e s t  * a C 

Negat ive tes t  = b d 

S e n s i t i v i t y  * 8 
a+b 

S p e c i f i c i t y  * - d 
C t d  

a m True p o s i t i v e  r e s u l t s  

b - F a l s e  n e g a t i v e  r e s u l t s  

c = False p o s i t i v e  r e s u l t s  

d - True n e g a t i v e  r e s u l t s  

RESULTS 

Myocardial  l nag ing :  

D i a g n o s t i c  s t u d i e s  were o b t a i n e d  i n  all p a t i e n t s  and no untoward s i d e  

e f f e c t s  were encoun te red  i n  t h e  c o u r s e  of t h i s  a tudy.  

one of f o u r  c a t e g o r i e s  based  upon a comparison of t h e  resc and exercise 

images: Eiormal homogeneous t r a c e r  d i s t r i b u t i o n  a t  rest  and w i t h  exercfee; 

normal images a t  rest and a r e g i o n a l  d e f e c t  w i t h  e x e r c i s e ;  an abnormal de- 

f e c t  tit r e s t  unchanged w i t h  e x e r c i s e ;  and an abnormal image d e f e c t  a t  rest 

b u t  a n  a d d i t i o n a l  r e g i o n a l  d e f e c t  ubserved when imaging w i t h  execcise. 

(Table  11) Of t h e  50 p a t i e n t s  w i t h  a n g i o g r a p h i c a l l y  normal co rona ry  arteries 

i n  Croup 1, e i g h t  had abnormal imagcs w i t h  e x e r c i s e  and 42 were normal.  

P a t i e n t s  f e l l  i n t o  

There were 1 2  p a t i e n t s  i n  Group I1 w i t h  a n g l o g r a p h i c a l l y  i n s i g n i f i c a n t  Cor- 

ona ry  a r t e r y  d i s e a s e  and of  t h e s e ,  n i n e  had n e g a t i v e  and th-ee had p o s i t i v e  
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s t u d i e s  K i t h  e x e r c i s e .  

a t  rest .  Those 50 p a t i e n t s  inc luded  i n  Group I1 had one ,  two or t h r e e  

v e s s e l s  dentons t ra t ing  o b s t r u c t i o n s  of equa l  t o  or g r e a t e r  than  70% luminal  

narrowing wi thou t  p r i o r  myocardial  i n f a r c t i o n .  All were normal  a t  rest bu t  

with e x e r c i s e  imaging 36 of t h e  50 s e r e  abnormal. F i f t e e n  s t u d i e s  remained 

normal wi th  exercise and were i n t e r p r e t e d  as n e g a t i v e  f o r  s i g n i f i c a n t  cor -  

onary  a r t e r y  d i e e a e e .  Twenty-four of t h e  27 Group I V  p a t i e n t s  w i t h  myo- 

c a r d i a l  i n f a r c t i o n  had abnormal images which were unchanged when rest and 

e x e r c i s e  s t u d i e s  were compared. Three demonstrated normal  s t u d i e s  a t  rest 

and wi th  e x e r c i s e .  

Anfarc t ion  and s i g n i f i c a n t  o b s t r u c t i v e  l e s i o n ( s )  i n  n o n i n f a r c t e d  bed(s )  had 

abnormal images b o t h  a t  rest and wi th  e x e r c i s e  i n  :he area of  i n f a r c t i o n .  

Seventeen of t h e s e  21 p a t i e n t s  had image d e f e c t s  w i t h  e x e r c i s e  a d d i t i o n a l  

t o  t h o s e  r e g i o n s  of  i n f a r c t i o n  demonstrated a t  r e R t .  (Tab le  111). 

All Group I and I1 p a t i e n t s  were normel  when imaged 

A l l  21 ang iograph ic  Group V p a t i e n t s  w i t h  myocardial  

Using t h e  s p e c i f i e d  formulae,  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  i n  determtn- 

i n g  t h e  p re sence  o r  absence  of  a n g i o g r a p h i c a l l y  s i g n i f i c a n t  coronary  a r t e r y  

d i s e a s e  w a s  ana lyzed .  

coronary  d l s e a s e  was 83': (:31/81+17) and t h e  s p e c i f i c i t y  in e x c l u d i n g  coronary 

a r t e r y  d i s e a s e  was 82% (51/51+11). The g r e a t e s t  d i a g n o s t i c  accu racy  (94%) w a s  

i n  i d e n t i f y i n g  a p r i o r  n y o c a r d i a l  i n f a r c t i o n  (Groups I V  and V) and t h e  test 

was l ea s t  a c c u r a t e  (727.)  i n  i d e n t i f y i n g  p a t i e n t s  With co rona ry  o b a t r u c t i o n s  

o f  g r e a t e r  o r  equa l  t o  70X l umina l  narrowing wi thou t  p r i o r  myocard ia l  i n -  

f a r c t i o n  (Group 111). The  s e n s i t i v i t y  i n  de t e rmin ing  t h e  p re sence  of  ad- 

d i t i o n a l  r e g i o n s  of i s c h e n i a  i n  p a t i e n t s  w i th  p r i o r  r ryocard ia l  i n f a r c t i o n  

was 81% (Croup V)  and when combined wi th  those  p a t i e n t s  w i t h  coronary  ob- 

structions w i t h o u t  I n f a r c t i o n ,  t h e  s e n s i t i v i t y  i n  i d e n t i f y i n g  co rona ry  

The o v e r a l l  s e n s i t i v i t y  i n  i d e n t i f y i n g  o i g n i f i c a n t  
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l umina l  nar rowings  g r e a t e r  than  o r  e q u a l  t o  70% i n  n o n i n f a i c t e d  v a s c u l a r  

beds by  non invas ive  myocard ia l  imaging was 75% (Groups 111 and V ) .  Non- 

f n r a r c t e d  v a s c u l a r  beds  w i t h  ang iograph ic  o b s t r u c t i o n s  of g r e a t e r  than  or 

e q u a l  t o  70% i n  t h e  7 1  Group 111 and V p a t i e n t s  numbered 127. Of t h e s e ,  

4 1 %  were c o r r e c t l y  l v c a l i z e d  by imaging w i t h  t h e  g r e a t e s t  accu racy  i n  iden t -  

i f y i n g  l e f t  c i r cumf lex  l e a i o n g .  

48 p a t i e n t s  i n  Croups I V  and V were c o r r e c t l y  l o c a l i z e d  i n  85X.  

trdgions of myocard ia l  i n f a r c t i o n  of  t h e  

O f  s i n g u l a r  impor tance  are n i n e  p a t i e n t s  from Croup I11 w i t h  s t a b l e  

angina  p e c t o r i s  s u b j e c t e d  t o  one rest and f o u r  e x e r c i s e  s t u d i e s  ove r  a 

13 week p e r i o d .  T o t a l  d e f e c t  a r e a s  were o u t l i n e d  and p laned  i n  a b l inded  

manner t o  assess the  r e p r o d u c i b i l i t y  of  r e s u l t s  i n  r e p e t i t i v e  s t u d i e s  per-  

Conned on each  i n d i v i d u a l  p a t i e n t .  Ana lys i s  was conf ined  t o  t h e  l e f t  

a n t e r f o r  o b l i q u e  image where t h e  ave rage  c e n t r a l  c a v i t y  d e f e c t  area a t  rest 

was 11.35cm . A f t e r  exercise t h e  d e f e c t s  en la rged  i n c o r p o r a t i n g  a n  exer- 

c i se  induced area w i t h  t h e  c e n t r a l  c a v i t y  f o r  an ave rage  t o t a l  d e f e c t  area 

of  21.87cm o r  ar, ave rage  92X change from r e a t  t o  exezcise. S u b j e c t i n g  

t h i e  d a t a  t o  two way a n a l y s i s  of variance, i t  was found t h a t  t h e  expe r imen ta l  

e r r o r  (chance)  was l o x ,  t h e  v a r i a n c e  between p a t i e n t s  s t u d i e d  WJB 87Z, and 

t h e  pe rcen l  of  t o t a l  v a r i a n c e  observed  between exercise 8 tQd ieS  on each  in -  

d i v i d u a l  w a s  3%. (Table  IV). 

Caloera Imaging: 

Because a f  t h e  t h i n  c r y e t a l  and r e s u l t a n t  poorer  d e t e c t i o n  e f f i c i e n c y  

2 

2 

;:hen using h i g h e r  energy  photons ,  t h e  f e a s i b i l i t y  of u s i n g  “Rb and ’k 
w i t h  t h e  s c i n t i l l a t i o n  camera was t e s t e d  i n  27 of t h e  160 p a t i e n t s  i n  t h i s  

s t u d y .  P rev ious  work r e v e a l e d  t h a t  a h igh  energy p a r a l l e l  h o l e  c o l l i m a t o r  

uas  u n s a t i s f a c t o r y  because  of l a t e r a l  p e n e t r a t i o n ,  bu t  t h a t  s a t i s f a c t o r y  
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i n a g e s  cou ld  be  r J t a i n e d  u s i n g  a pin-hole  c o l l i m a t o r  whic11 was i n  t u r n  

provided w i t h  a d d i t i c n a l  l e a d  s h i e l d i n g .  (F igu re  2 )  

Eigh t  o f  t he  2 7  p a c i e n t s  had normal c o r o n a r i e s  and seven  were c o r r e c t l y  

i d e n t i f i e d  a s  norwal u s i n g  t h e  s c i n t i l l a t i o n  camera. 

Group I1 p a t l e z t s  a l s o  had normal images o t  rest and w i t h  e x e r c i s e .  

P o t l r n t s  from Croup V w e r e  c o r r e c t l y  i d e n t i f i e d  as hav ing  hsd a p r i o r  TO- 

c a r d i a l  t n f a r c t i o n  and an a d d i t i o n a l  r e g i o n  of stress jnduced ischemia.  

The two Group I V  p a t i e n t s  demonetrated a r e g i o n  of i n f a r c t i o n  b u t  n o  addi- 

t i o n a l  s tress induced d e f e c t s .  Images ob ta ined  on 12 of t h e  13 p a t i e n t s  

f r o a  Group 111 c o r r e l a t e d  w i t h  t h e  ang iograph ic  f i n d i n g s  w i t h  o n l y  one 

false- n e g e t i v e  r e s u l t .  The c a p a b i l i t y  o f  o b t a i n i n g  d i a g n o s t i c  s c i n t i p h o t o s  

w i t h o u t  conr . ras t  enhancement is demonstrated by t h e  r e s u l t s  on cnese 27  

p a t i e n t s  and d i a g n o s t i c  accu racy  was comparable t o  imagtng t h e s e  same pa- 

t i e n t s  w i t h  t h e  scanne r .  de c o n t i n u e  t o  p r e f e r  t h e  s c a n n e r  because  t h e  

con:rast  e n h a n c e m n t  has nade image i n t e r p r e t a t i o n  e a s i e r  and more cons i s -  

t e n t  and t h e  a d d i t i o n a l  lead s h i e l d i n g  r e q u i r e d  € o r  s a t i s f a c t o r y  camera 

imaging w i t h  t h e s e  a g e n t s  has  bee3  cumbersome. 

E l e c t r o c a r d i o g r a p h y :  

The two ang iograph ic  

Two 

Four e l e c t r o c a r d i o g r a p h i c  groups comparable t o  t h e  f o u r  imaging groups 

can be i d e n t i f i e d :  a normal r e s t i n g  e l e c t r o c a r d i o g r a m  w i t h  no e i e i f i c a n t  

ST changes w i t h  e x e r c i s e ,  a n o r m 1  r r t s t i n g  e l e c t r o c a r d i o g r a m  w i t h  s i g n i f i c a n t  

e x e r c i s e  jnduced ST changes,  an e l e c t r o c a r d i o g r a m  w i t h  d i a g n o s t i c  Q waves 

3t res t  and no ST changes w i t h  exercise, and Q waves a t  rest b u t  t h e  a d d i t i o n -  

a l  developrnent of ST charines x i t h  e x e r c i s e .  

e l e c t r o c d r d l c g r a F h i c  a l t e r a t i o n s  were cons ide red  n e g a t i v e  fcr Furpcses  Of 

c h i -  s t u d y .  (Table  11). Applying t h e  same c r i t e r i a  f o r  s e n s i t i v i t y  and 

Equivocal  or non-d iagnoa t i c  
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s p e c i f i c i t y  t o  e l e c t r o c a r d i o g r a p h i c  i n t e r p r e t a t i o n ,  t h e  o v e r a l l  s e n s i t i v y  

i n  identifying s i g n i f i c a n t  coronary a r t e r y  d i s e a s e  was 80%. 

of t h e  e l e c t r o c a r d i o g r a m  i n  exc lud ing  P i g n i f i c a n t  co rona ry  a r t e r y  d i s e a s e ,  

a n o m a 1  r e s t i n g  twelve l e a d  e l e c t r o c a r d i o g r a m  and t h e  absence  of e x e r c i s e  

induced ST a b n o r m a l i t i e s  was 50%. 

c a r d i o g r a p h i c  accu racy  (34%) was i n  1 d e n t i f y i n g  t h e  p r e s e n c e  o f  a myocardial  

i n f a r c t i o n  (Groups V I  and V) and was l e a s t  a c c u r a t e  (66%) i n  i d e n t i f y i n g  

co rona ry  o b s t r u c t i o n s  i n  t h e  absence of a p r i o r  myocardial  i n f a r c t i o n .  

(Group 111). 

p a t i e n t s  w i t h  p r i o r  i n f a r c t i o n  wae 86% and when t h e s e  p a t i e n t s  were combined 

w i t h  t h o s e  w i t h  i s c h e d a  b u t  no p r i o r  i n f a r c t i o n ,  t h e  s e n s i t i v i t y  i n  i d e n t -  

i f y i n g  C G ~ O ~ ~ I Y  a r t e r y  narrowing8 of g r e a t e r  o r  e q u a l  t o  70% by stress electro- 

c a r d i o g r a p h i c  t e s t i n g  was 72%. (Table  V) . 
Combined S t u d i e s :  

The s p e c i f i c i t y  

As w i t h  imaging, t h e  g r e a t e s t  e l e c t r o -  

The s e n s i t i v i t y  i n  de t e rmin ing  t h e  p re sence  of ischemia i n  

Although t h e  s e n s i t i v i t y  ach ieved  using e i t h e r  myocardial  imaging o r  

e l e c t r o c a r d i o g r a p h i c  t e s t i n g  was c m p a r a b l e ,  t h e  e l e c t r o c a r d i o g r a p h i c  atan- 

dards r e q u i r e d  t o  o b t a i n  t h i s  d e g r e e  o f  s e n s i t i v t t y  r e s u l t e d  i n  a l o w  spec i -  

f i c i t y .  

corimensurate w i t h  i t s  a c n s i t i v i t y .  

i n  c o n j u n c t i o n  w i t h  a stress e l e L r r o r s r d l o g r a n ,  t h e s e  t e a t s  were a s s e s s e d  

f o r  a pDss ib l e  complementary v a l u e  i n  t h e  i d e n t i f i c a t i o n  of co rona ry  a r t e r y  

d i s e a s e  i n  p a t i e n t s .  

cardiogram 8 s  a p o s i t i v e  test  and r e q u i r i n g  b o t h  t h e  exercise images and 

s t ress  e l e c t r o c a r d i o g r a m  t o  be  normal for'  an i n t e r p r e t a t i o n  of n e g a t i v i t y ,  

we found  nn 88% a e n a i t i - J i t y  i n  t h e  i d e n t i f i c a t i o n  of co rona ry  o c c l u s i v e  

d f s c . , i s e  of  greater or e q u a l  t o  70% i n  non- in fa rc t eu  v a s c u l a r  beds (Groups 

I T 1  and V ) .  A s e n s i t i v i t y  of 97X i n  t h e  i d e n t i f i c a t i o n  of myoca rd ia l  

On the o t h e r  hand, imaging e t a n d a r d s  r e s u l t e d  in a s p e c i f i c i t y  

Sii ice i z s&r t .g  w i t h  e x e r c i s e  was performed 

Uslng an abnormal e x e r c i s e  image o r  stress e l e c t r o -  
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i n f a r c t i o n  was o b t a i n e d  when e i t h e r  abnormal res t  s c a n s  or c l a s s i c  Q waves 

on t h e  r e s t i n g  ECG were u t i l i z e d  (Groups I V  and V ) .  

i n  i d e n t i f y i n g  s i g n i f i c a n t  co rona ry  a r t e r y  d i s e a s e  was 92%.  b u t  because 

of  t h e  number o f  f a l s e  p o s i t i v e  stress e l e c t r o c a r d i o g r a m s ,  t h e  s p e c i f i c i t y  

o f  45% was l i t t l e  d i f f e r e n t  from t h a t  of e x e r c i s e  t o l e r a n c e  t e s t i n g  d o n e  

i n  i d e n t i f y i n g  p a t i e n t s  w i t h  co rona ry  a r t e r y  d i e e a s e .  

The o v e r a l l  s e n s i t i v i t y  

(Tab le  VI). 

DISCUSSION 

We have a t t empted  t o  demons t r a t e  t h e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  

myocardial  imaging a t  rest  and w i t h  exercise i n  t h e  i d e n t i f i c a t i o n  of herno- 

dynamica l ly  s i g n i f i c a n t  co rona ry  artery d i s e a s e .  

ana tomica l  l umina l  narrowing as determined by coronary angiography is  im- 

p e r f e c t  i n  t h e  q u a n t i t a t i v e  assessment  of myocardial  p e r f u s i o n ,  i t  is 

p r e s e n t l y  t h e  most a c c e p t a b l e  s t a n d a r d  a v a i l a b l e .  R e a l i z i n g  t h a t  d e f i n i n g  

a g r e a t e r  o r  e q u a l  t o  70% ang iograph ic  lumina? narrowing of a co rona ry  a r t e r y  

as hemodynamically s i g n i f i c a n t  is a r b i t r a r y ,  w e  have used t h i s  s t a n d a r d  as 

t h e  moat l i k e l y  t o  b e  accep ted .  Out of i n t e r e s t ,  we d i d  i d e n t i E y  t h o s e  

p a t i e n t 6  with corona ry  l e s i o n s  of approximately 50% as a s e p a r a t e  group,  

b u t  f o r  purposes  of t h i s  s t u d y  t h e y  were inc luded  w i t h  7 a t i s n t s  cons ide red  

t o  be  a a g i o g r a p h i c a l l y  normal.  

t h e  b a d i s  of  a c l i n i c a l  aeficssrnent r a t h e r  than a p r e c i s e  measurement Of  

l u m h a l  narrowing in m u l t i p l e  p l anea .  I t  is a l s o  understood t h a t  i n  a s s e s s i n g  

co rona ry  a r t e r y  d i s e a s e  t h e  angiogram d e f i n e s  an anatomic a l t e r a t i o n .  mo- 
c a r d i a 1  imaging w i t h  t h e  t r a c e r e  u t i l i z e d  i n  t h i s  s t u d y  are p r i m a r i l y  de- 

pendent upon changes  i n  c e l l u l o r  physiology secondary t o  i s chemia .  ThfR 

l q  c i l  qu t h e  case b l t h  H L ~ C H H  Induced e lcc t rocn rd ioRrnp l i f c  Abnonnalft icH 

Although t h e  deg ree  of 

The ang iograph ic  s t a n d a r d  is a l a o  d e f i n e d  on 
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where a p h y s i o l o g i c  a l t e r a t i o n  i n  myoca rd ia l  c e l l  membrane p o t e n t i a l  

r e s u l t i n g  from myoca rd ia l  ischemia is used t o  i d e n t i f y  t h e  p reaencc  of 

h e m o d y n a ~ c a 1 1 y  significant corona ry  a r t e r y  d i s e a s e .  

non invas ive  imaging aa an o b j e c t i v e  s c r e e n i n g  tes t  f o r  i d e n t i f y i n g  s i g n i f -  

i c a n t  co rona ry  artery d i s e a s e ,  confirming s u s p e c t e d  myocardial  i n f a r c t i o n ,  

f o l l a v i n g  p a t i e n t s  s t i b j e c t e d  t o  saphenous v e i n  b F a s e  s u r g e r y ,  and cva l -  

u a t i n g  t h e  long  term d i s e a s e  p r o c e s s  i n  p a t i e n t s  w i t h  e s t a b l i s h e d  coronary 

artelry d i s e a s e .  

good and c l e a r l y  s u p e r i o r  t o  any o t h e r  p r e s e n t l y  a v a i l a b l e  n o n i n v a s i v e  

tests for t h e  purposes  n o t e d  above. The r e p r o d u c i b i l i t y  has been e x c e l l e n t  

in t he  s m e l l  number o f  p a t i e n t s  s u b j e c t e d  t o  m u l t i p l e  s t u d i e s  u s i n g  i d e n t -  

i c a l  t echn iques .  The a d d i t i o n a l  b e n e f i t  o f  l o c a l i z i n g  t h e  invo lved  v a s c u l a r  

beds has  a t  times been h e l p f u l ,  b u t  t h e  accu racy  i n  l o c a l i z i n g  and q u a n t i -  

t a t i n g  o b s t r u c t i v e  l e s i o n s  h a s  bee.n d i s a p s o i n t i n g .  

ium-01 was s u b s t i t u t e d  f o r  potassium-43 as o u r  pr imary imaging agent and 

c o n c u r r e n t l y  a f i v e  i n c h  focused  h i g h  ene rgy  c o l l i m a t o r  was s u b s t i t u t e d  f G r  

t h e  p r e v i o u s l y  u t i l i z e d  t h r e e  i x h  h i g h  energy focused c o l l i m a t o r  f o r  imaging 

in t h e  l e f t  a n t e r i o r  o b l i q u e  p r o j e c t i o n .  

r a d i o n u c l i d e  imprc;ved t h e  o v e r a l l  s e n s i t i v i t y  from 80% to  90%. 

provement i s  s i g n i f i c a n t  s i n c e  t h e  e a r l i e r  s t u d i e s  were more likely t o  b e  

performed on p a t i e n t s  w i t h  w e l l  d e f l n e d  d i s e a s e  i n  o r d e r  t o  e s t a b l i s h  t h e  

acc:iracy of t h e  t e c h n i q u e .  Later tests were performed f o r  d i a g n o s t i c  pur- 

poses a s  p a r t  of t h e  c l i n i c a l  e v a l u a t i o n  of  p a t i e n t s  when t h e  p r e s e n c e  o r  

absence o f  s i g n i f i c a n t  co rona ry  a r t e r y  d i s e a s e  was in questbon.  

a b l e  importance i s  t h a t  t h e  number cf co rona ry  a n g i o g r a p h i c  s t u d i e s  f o r  

d i a g n o s t l c  purposes have been reduced a i n c e  myoca rd ia l  imaging h a s  been 

We proposn t h e  u s e  of 

The s e n s i t i v i t y  and s p e c i f i c i t y  of t h i s  t e c h n i q u e  are q u i t e  

I n  December 1973 rubid-  

These changes La t e c h n i q u e  and 

This im- 

'If cons ide r -  
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made a r e a d i l y  a v a i l a b l e  c l i n i c a l  test  i n  ou r  m e d i c a l  center. P re l imina ry  

r e p o r t s  by o t h e r s  on t h e  use  of rubidium-81 

i z i n g  t h e  s c l n t i l l a t l o n  camera have shown e q u a l l y  s a t i s f a c t o r y  r e s u l t s .  

The f u r t h e r  development of  more i d e a l  myocardial  imaging a g e n t s  h o p e f u l l y  

w u l d  p e r m i t  even g r e a t e r  s e n s i t i v i t y  and s p e c i f i c i t y  in t h e  c l i n i c a l  

a s ses smen t  of p a t i e n t s  f o r  coronary a r t e r y  d i s e a s e .  

11 
and thal l ium-201,12 u t i l -  

Noninvasive myoca rd ia l  imaging is s a f e ,  w i t h  n o  untoward s i d e  e f f e c t s  

and a low r a d i a t i o n  dose. The o v e r a l l  s e n s i t i v i t y  h a s  been q u i t e  good a t  

83% and comparable t o  t h e  80X s e n s i t i v i t y  u s i n g  e l e c t r o c a r d i o g r a p h i c  t e s t i n g .  

The s p e c i f i c i t y  a e s o c i a t e d  w i t h  t h e s e  comparable s e n s i t i v i t i e s  wna 82% f o r  

myocardial  imaging but o n l y  50Z when r e l y i n g  upon t h e  e l e c t r o c a r d i o g r a m  

a l o n e .  The s e ~ s i t i v i t y  i n  i d e n t i f y i n g  s i g n i f i c a n t  co rona ry  a r t e r y  d i s e a s e  

when combining t h e  r e s u l t s  of non invas ive  myocardial  imaging w i t h  e l c c t r o -  

c a r d i o g r a p h i c  f i n d i n g s  was 88% b u t  t h e  f r e q u e n t  o c c u r r e n c e  of f a l s e - p o s i -  

t i v e  stress e l e c t r o c a r d i o g r a p h i c  tests h e l d  t h e  s p e c i f i c i t y  t o  less t h a n  

50% when combining results. 

t h e  d i a g n o s t i c  accu racy  of non invas ive  myocardial  i w g i n g  and newer t r a c e r s  

promise t o  make t h e  p rocedure  more r e a d i l y  a v a i l a b l e .  

Recent changes i n  techniqrte have improved 
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LEGEND 

F igure  1. Rubidium-81 myocardial  s cans  ob ta ined  a t  r e s t  (upper p a n e l s )  

and a f t e r  e x e r c i s e  t o  angina p e c t o r i s  (lower p a n e l s ) .  The 

c e n t r a l  d e f e c t  no ted  a t  rest i n  both  p o s i t i o n s  i s  somewfiat more 

w e l l  de f ined  than  u s u a l .  The e x t e n s i v e  p o s t e r o l a t e r a l  d e f e c t  

s een  a f t e r  e x e r c i s e  i s  c o n s i s t e n t  w i t h  t h e  90% proximal  obs t ruc -  

t i o n  of t h e  c i r cumf lex  a r t e r y  demonstrated by coronary  anglograph7. 

Figure 2. Rubidium-81 s c i n t i l l a t i o n  camera images recorded  on P o l a r o i d  

f i l m  (upper pane l s )  and e x e r c i s e  (lower pane la )  i n  a p a t i e n t  

w i t h  s e v e r e  angina  p e c t o r i s .  

t o  t h e  l e f t  v e n t r i c u l a r  c a v i t y  i n  both  views a t  rest is t y p i c a l  

The c e n t r a l  d e f e c t  cor responding  

Df t h a t  seen  i n  normal camera images. With anqina p e c t o r i s  

a l a r g e  a n t e r i o r  d e f e c t  is  noted  i n  bo th  t h e  anterior and t h e  

l e f t  a n t e r i o r  o b l i q u e  p o s i t i o n s .  Coronary a r t e r i o g r a m s  r evea led  

a s u b t o t a l  o b s t r u c t i o n  of t h e  proximal  l e f t  a n t e r i o r  descending  

artery commensurate w i t h  these f i n d i n g s .  
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rtie rim c~pteracd  hereln i re  khom u t  the authate and a t o  not noaaaanr- 

111 thaea of tlrr United gtetem Air Puree, 

Prrrrntud In P n r t i  2Jrd Annual l l o i a n r l f l a  tloralen u t  tho Amrtlarn Callr8* 

u f  ( h r d l u l o g y ,  Nrw lark C l r y ,  l ibruory  1974 





Myocardlil Imaging I r i  Loft n u n d l a  D r n n c h  Dlack - t'kcvwdn, e t  01. 3 



tpyocardlnl c r r l m  uptako  and trncar dolivory m y  o c c u r  in v a r c u l n t  bed8 

ruppllacl by  obrrrbctnd  coronary a r t o r t e a  and rl re6lonal  i r n n ~ e  d r f o c t  m y  
e 

declricl ttir frcharla vdrculnr  bad (rfaurr l ) ,  N o m 1  p n t l r n t o  rntl thoro 

w i t h  hemodynamiarlly I n s i g n i f  1cent coronary lrrians mAnLfrat normal lmaaoo 

both a t  rase and rrrarclre (Illurr 2 ) ,  In  p a k l a n t r  w i t h  myooordlrl ln fara-  

t lon ,  oarunary oeelurlan h p a i r r  iretopa delivery md uptnko 11 atnilart 

by the phyr lo laa lrr l iy  lnerr  oearI  

tho a t e n  of infarctlaa w l t h  l l c t i r  or no ahenfir noted when a e r w t n n  t a a t  

a i d  c n w t c l s a  s t u d l e n  an thr t~ame pet lcnt  ( P l ~ u t r  3 ) ,  

The rrsultartr imenr drfratr aanform to  

t l r w u ~ r  a t  thrra favor- 

oble tesuitr in the vtudy of patient# with coronary ertmry dlssnrr, thlr  

technlgur wae appllad t o  tlir avrlurtian of 17 patlentr with l e f t  bundlr 

branch black ia UI rttrlapt t o  crtebllrh the preranoa or  abranor of ootonrry 

a r t e r y  dlorsae  w i  ttialrt rerotting tn aaranary anBtaarrphyl 

METll0t)B 

Myoaartllrl lmnalna warn prrformrd an 2 7  patkrntr w l t h  daaurmnted l r t t  

bi i i i t lh  brrnoh blaak rvrlua~od brtwrn Dsoembrr 1973 and My 19711, tlleotro- 



ffyocardlnl Imaging In Left Rundlr Dtanch Block - WOow~n, sc r l .  5 
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?tyOcardlal Imaging In L o f t  Bundla Branch Block - McCaven, at a l .  7 



Myocardial Iwl)lna In L m f t  Bundle Branch Illock - McGman, e t  a l .  8 

wh-n r t r i d l r ~ d  v l t h  e x o t c l ~ e  dewloped  a mota d l r t f n c t  a n t e r o r e p t r l  d o f a c t  

but  no r f g i ~ l f l c c l n t  chanRa i n  tha  area of thr d r f r c t  waa obrorvod whon com- 

pqrfny tlisne i r n a p n  with t h e e  a b t s l n a d  a t  r o u t .  “Ira r c r u l t r  o f  rha r e a t  

t o  aAerclne compnrlnnn in t t ieso two p a t t e n t s  war a l c r r l y  d i f f c r 4 1 i t  I ran  

the  r o s u l t r  obrervad in t h e  twenty aompariran a t u d l a r  rbava,  (Ilaurr 6 1 ,  

nirar l o f t  bundia brsnak b i a a k  patlrnte wlch # w a r @  o b r t r l i o t l v a  Oor- 

unary a t t a y  direesa witlraui a prior myaeardia l  l n f e r a t l a n  thmmnttatrd 

the u s u ~ i  h i 8 r  rfrfccte  of loft bundlr branah b i o a k  e t  t e s t ,  Wlth axcr- 

cLie,  p a t i e n t  four  wha had e r l ~ n l f i u w t  o b o t r u d t i v r  d i r a r r r  o f  tlri l o f t  

anter ior  dcsrendln~ e t t e r y  menifcot an i n c t c a a c d  e r a a  and mota a l a a r  dr l in -  

itlcm of tlrr antaroreptat dofect, P a t i e n t  s i n  w i t h  e i ~ i f i c a n c  o b r t r u a t l v a  

d i r a a r a  o f  ttia ciratuaficr metainri a r t e r y  manifest 1 portarolatrrai  dofaat  

w l t h  a i e r a l e a ,  util1a tttr h i &  r r p t a l  defeat aeon a t  rest uaa  no longer 

tdentlf led,  tn the preaenar of ttirme vessel  d l~cr f i~e  ( p a t l m t  a l n t a a n )  8 

exora lrr  lme8oa d a m n u t r a t a d  e n  rrtenrivs e n t r t o s o p t e l  da fra t  (IO w a l l  an RII 



Myocrrd la l  Ivug lng  I n  Luft Uundlr nranch Block - McGowan, a t  n l .  9 

A l l  fuur pntlmnta w i t h  l a f t  bundla  branch b lock  and an~logtaphlcally 

l a r t  Liicrncorotiary LnJecl  lnnrr tit taalinetliiwf)')m lrholod mlcronphoron domon- 

septcrl myacardlum In a o n t r a e t  to  t h e  abnormal antarosepta1 uptake noted  

wlieri  lmA@lna ttrese uema p a t l a n t n  w l t l r  eltlirr rubidturn-Ul or p o t r r r i ~ ~ m - ~ l ~  

(Vluurc! a ) .  "tie 10 p e t l r n t s  with aanduatlan dlmturbarracrrr other then l o f t  

h u n d l a  bronch bloak (tlatrt bundlo brAnd1 b l a a k t  Wall I-Perkhian-WlrAte, 

left anter ior  tiemiblock) , when studied nonlnvenlvely w i l h  rubldlum-Ill or 

potasalum-43, tiad normel im8eo at  rest  end witlr aioraioel ( t lgurr  21,  

brecueston 
"Ira etialogiea at l r f t  bundia  branch Ijloak liavr been ropartod t o  b r  



Hyoc~rdlrl Lmaglng I n  h f t  Rundlm Branch B l o c k . -  PlcCOvan. o t  a l .  10 

VI t h  l r f t  bundle btnrich block without  any drmonrtrrble card1 ovrpcular dlraasa 

) i n s  I I C P I I  e x c e l l o n e ,  aa a t r m  by the r tudy of I r w i n ,  a t  a l .  , 6  and othor  

et' I tlomf o l o s l  c n t ud l a n o  l ~ z ~ l l ~ '  

t t 1 f - R  I n  hat t i  t r r t i r l e n t  nnd flRrd fonnn o f  l u f t  hind l t?  branch  block * * t o  

t l i t r l t n l i t  t u  t o  tlir n d m ,  In tho s tudy  o f  L e w i r ,  a t  a l .  the patlonLa w l t l i  

the transient form uf b laah yere e q u a l l y  d lv i t l cd  herwaan thaso w i t h  f l l an l f -  

l c d n t  cartmaty  dLseAae and thaae wittiout 

t n t o r e r t t n u 1 y ,  altt\aiiRli ttic, atlOlOElC rnc- 

Of our 2 7  pat i ent s  w i t t i  l e f t  b u n d l e  branch bloalr, eleven had angia- 

@ r a p h l c e t l y  nutineil curwrety r t t e t i a r  and n i l  but  I l v a  uerr l t a e  of any a l l n -  

lcrll rvldrncr of r i a n i E i e a n t  e o r o n a y  athrrorrolrtua~eI  

been diamctsrcl c l i n i c a l l y  eo having mltral valve  praiapsr, none of thr 

p a t l o n t n  w i t h  l e f t  bundle branch  btaok had ttreumetlc v a l v u l a r  lroatt dlseams 

t i t  c i tnaan l ta l  liqrlrt dlsenne, Ncme o f  tlir 17 hnd B l i l s t n t y  t n  s\rppott a 

dlaniinnLr u l  lrypettrctirhm or myr la r l rd l t lso  The ebsenoe u t  r-tny wIi1ance 

fur h f t  v r n t r l a u l r r  t iypsrtrapliy,  the lnok of e l i n l u a l  data to  rufigost 

ciardlar daaompsnsutiou and, wlrrn pattorinad, n o r m 1  b f t  v r n t r i a u l a t  par- 

fairmail s b y  I r t t  vetrtrluulor and dlrrrtallu prammure and anfilograpliy, prm- 

ul\ctl*m tlrr ~ r r r a r i u r  or airy aLysrLtlaant drlrrr of arrdlomyopntliy, Tlie patho- 

l i b a t t j  orcstnlirntlon or ttir nitry l@ patlnnt uomtrry t a  autopny d i d  not  f L l r t l  m m n l l  

vemnol cllneamr o f  tlir l e f t  veirtitlulr acrd i r o  f , l b r o t l c  replaoarnotit i r f  tha WO- 

Although ttrrar h a w  
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.?t, * roRLotirl fmaya d a f o c t r .  Thun l c f t  b u n d l a  hrrnch  block m a t  bn  nddad Lo tha  
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'4 'r 
l l r t  of c u n t l f t i u n r  which can prodircr f a l a a - p o n i t f v a  myocarJln1 lmrgar .  

of erliiat c l l t i l c a l  relovmrce l o  the abllfty t o  Idrntlfy thr proronca 

I t f  n l ~ n l l l e n t i t  o b n t r u c t l v s  cotut ie ty  ertcrry dLI)uama I n  p n r l c t i t n  w l c l i  1 o r L  

but idle  brrtich blaak by aomprrln(l t h e  r@#t  rrnd e x r r c l a r  frupr on each pnElnnt 

s t u d i e d ,  Tlrera Is a aleer l n a r e a s i  In BrCatrt def1nit:arr w i t h  n x r r a l o a  

1mAgbn~ I n  petfentrr w i t h  l e f t  bundlo brenotr b laak  and a b r t t u o t l v a  aoroiinry 

Artery dlnenoc, 

l r n n t l y  ubntttrrted coronary e t t a t l c o  NupplyInR nun- in farated  vAoculnt brdn 

9 

t n  d d i t l o n ,  l a f t  bundla  brenalr b l o a k  p a t i e n c e  w l t l i  n l f i t r l t -  

demonstra te  at1 lncraaae i n  the defect  &re8 appropt lace  t u  thm d l r t  t lb i i l  Ion 

uf  the ubNttrictPd V r m n e l ,  !mARc?n o b t a i n e d  on p e t l a n t a  w l t h  l e f t  bundla 

trtattclt block 111 t h e  ebsenca O C  autonary abrttuativr diearre t y p l o n l l y  s l i w  

an nbnotmat septrrl upteku of  traoer  a t  r u s t  wlriuh l a  l are  well rleflned or 

aven irarml w i t t i  a f iara ioe ,  To dnta  we tiavo oeeir tttlrr tendatray t o  r iatmlfaa  

% I  B 
L A . .  a rart  dofaat  wltlr orteroha o n l y  I n  aetlantr w l t t r  l e f t  bundlr brenalr b lock  





* .  
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dafactr  can laad co tha  f a l a a - p o a i t t v a  i n t a t p t m t r t i o n  of nntarormptal  wo- 

c a t t l l o l  lnlarccion nrrrl o n l y  chfi  dumonrtrntion o f  lnrgrr  or mora d i r t l n c c  

reg lone  of redticad traaer uyt4lr.e w i t h  exaralro can correctly i d o n t i f y  tha 

prpmence of  o b s t r u o t l v a  coronalay rttrry d l s a a a a ,  I n  rcldlclon, this Abnormal 

u p t a k e  of p h y r l o l n g l o e l l y  eatlve r e d i o n u a l l d e r  in tlir realorr o f  the v a n c r l c u l e r  

Aeptitm r u u w t r  a arl lu lor  matebolia obnormdity, h i a h  may i n  

tespnnslbie  for the aanduatian d l r c u r b r n e r  in l a f t  bundlr bronak bioalt, 

w r y  bo 
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The ruthate wiah t u  eitpteas tlrelt epprralatian t o  Hajot tltaphen Va 

Bavtan ,  UflA?, HC, who a i i n i a a l i y  c l V @ i U a t M  tlu p a t f o n t r  w i t h  t l&t  b a d l a  

branch block,  t t  6u\ LeHontr P, Koop, UBIV,  a, who o i l t i l arr i ly  rvrluetrd 

tha p e t h n t r  w i t h  W~lI1-Parklnson-Wlrita r y u d ~ o t a e ,  and Ma, Alrthrn f l ,  

Hi*(:laln who prrtvldrd rditbtlel esrrimtanar l t i  tho prayerat lat i  of  t h l r  

m m u n a r l y t  I 
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