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PREFACE

T h is  t h e s i s  i s  a r e c o r d  o f  t h e  work w h ich  I  have c a r r i e d  

ou t  d u r i n g  t h e  l a s t  f o u r  y e a r s  i n  c a r d i o l o g y .  Much of  

i t  has  a l r e a d y  b e en  p u b l i s h e d ,  i n c l u d i n g  some i n v e s t i g a 

t i o n s  i n  which  I  was a s s i s t e d  by j u n i o r  c o l l e a g u e s  and ,  

i n  one c a s e ,  by t h e  U n i v e r s i t y  M ed ica l  O f f i c e r :  r e p r i n t s

o f  t h e s e  a r t i c l e s  a r e  p r e s e n t e d  i n  Appendix E .  I  hope ,  

w i t h  t h e  c o n s e n t  o f  t h e  F a c u l t y  o f  M edic ine  o f  Glasgow 

U n i v e r s i t y ,  t o  p u b l i s h  i n  t h e  n e a r  f u t u r e  my work on 

g a l l o p  rhythm i n  c a r d i a c  p a t i e n t s ,  which  c o n s t i t u t e s  

P a r t  IV o f  t h e  t h e s i s .

A l l  t h e  p h o n o c a rd io g ra p h y  has  b e e n  c a r r i e d  o u t  by 

m y s e l f  and I  have s t u d i e d  a l l  t h e  books and a r t i c l e s  

m e n t io n e d ;  a t  t h e  expense  o f  c o m p le te n e s s  o f  t h e  b i b l i o 

graphy  I  have r e j e c t e d  a l l  r e f e r e n c e s  which  I  c o u ld  n o t  

p e r s o n a l l y  o b t a i n  and v e r i f y .  An a t t e m p t  has  b e en  made 

t o  s t r i k e  a b a l a n c e  be tw een  l i t e r a r y  and e x p e r i m e n t a l  

r e s e a r c h .

The immense c l i n i c a l  v a l u e  o f  c a r d i a c  a u s c u l t a t i o n  

has  b e e n  a b u n d a n t ly  p roved  and i t  i m p l i e s  no d i s p a r a g e m e n t  

o f  t h e  method t o  say  t h a t  t h i s  mode of  i n v e s t i g a t i o n  i s  

i n a d e q u a te  t o  r e v e a l  t h e  p h y s i c a l  n a t u r e  o f  t h e  v i b r a t i o n s  

s e t  up by t h e  b e a t i n g  h e a r t .  An u n d e r s t a n d i n g  o f  t h i s  

had t o  a w a i t  t h e  deve lopm ent  of  g r a p h i c  methods of  r e c o r d -
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in g  and a n a l y s i n g  t h e s e  v i b r a t i o n s #  P h o n o c a rd io g ra p h y  

i s  o f  v a l u e  a l s o  i n  t h e  p r e c i s e  l o c a l i z a t i o n  of sound 

phenomena t o  p a r t i c u l a r  p h a se s  o f  t h e  c a r d i a c  c y c le #

I d e a l l y  t h e  phonocard iog ram  would show waves a t  

t im e s  when t h e  norm al  l i s t e n e r  was c o n s c i o u s  o f  sound 

phenomena and on ly  a t  t h e s e  t i m e s .  T h is  i d e a l  can  n e v e r  

be f u l l y  a t t a i n e d  s i n c e  ’n o r m a l 1 a u d i t o r y  mechanisms v a r y  

c o n s i d e r a b l y  and even t h e  b e s t  p h o n o c a r d io g r a p h  has  a 

r e s p o n s e  c o r r e s p o n d i n g  on ly  a p p r o x i m a t e ly  t o  any s e l e c t e d  

a u d i t o r y  r e s p o n s e #  Some o f  t h e  e f f o r t s  made by p r e v i o u s  

and p r e s e n t  w o rk e rs  t o  a p p ro a c h  t h i s  i d e a l  a r e  d e s c r i b e d #

The p h o n o c a r d io g r a p h  used  i n  t h e  c u r r e n t  i n v e s t i g a t i o n s  

has  b e e n  b u i l t  up o v e r  a p e r i o d  of  y e a r s  by m y s e l f ,  a id e d  

by o t h e r  members o f  t h e  s t a f f  o f  t h e  I n s t i t u t e  o f  P h y s io *  

lo g y  o f  Glasgow U n i v e r s i t y #  The p r e s e n t  model has ev o lv e d  

g r a d u a l l y  from i t s  p r e d e c e s s o r s  and i s  s t i l l  i n  p r o c e s s  

o f  e v o l u t i o n  b u t ,  as  d e s c r i b e d  h e r e ,  i t  pe rfo rm ed  v e r y  

s a t i s f a c t o r i l y  t h e  sundry  t a s k s  i t  was s e t #  D u r in g  t h e  

c o u r s e  o f  t h e s e  i n v e s t i g a t i o n s  m inor  a l t e r a t i o n s  were made 

t o  t h e  a m p l i f i e r s  and more e f f i c i e n t  e l e c t r i c a l  s c r e e n i n g  

was a c h i e v e d  i n  o r d e r  t o  re d u c e  mains i n t e r f e r e n c e  and 

o t h e r  s o u r c e s  o f  a r t e f a c t #  A new and v e r y  s e n s i t i v e  

m icrophone was o b t a i n e d  f o r  t h e  s tu d y  o f  p a t h o l o g i c a l  

c a s e s ,  and d i f f e r e n t  t im e -m a r k in g  m oto rs  were t r i e d  ou t  

a t  d i f f e r e n t  s t a g e s  o f  t h e  work# S in c e  t h e  i n v e s t i g a t i o n s
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d e s c r i b e d  i n  t h i s  t h e s i s  were com ple ted  I  have made 

f u r t h e r  m o d i f i c a t i o n s  i n  t h e  i n s t r u m e n t ;  t h e s e  a re  

m en t ioned  b r i e f l y  i n  C h a p te r  4#

The f i r s t  m a jo r  i n v e s t i g a t i o n  I a t t e m p t e d  was of  

t h e  I n c i d e n c e  o f  t h e  p h y s i o l o g i c a l  t h i r d  h e a r t  sound i n  

h e a l t h y  young a d u l t s #  A r t i c l e s  i n  t h e  l i t e r a t u r e  had 

s u g g e s t e d  t h a t  t h i s  sound would be a u d i b l e  i n  a m a j o r i t y  

o f  t h e s e  i n d i v i d u a l s ,  which  was c o n t r a r y  t o  my own e x 

p e r i e n c e  and t h a t  o f  many o f  my c l i n i c a l ,  c o l l e a g u e s •

The i n c i d e n c e  on a u s c u l t a t i o n  was s t u d i e d  by t h r e e  

o b s e r v e r s ,  i n c l u d i n g  m y s e l f ,  and compared w i t h  t h e  

i n c i d e n c e  on ph onocard iog ram s  o f  th e  same s u b j e c t s #  

O b s e r v a t i o n s  were made a l s o  on t h e  f o u r t h  h e a r t  sound 

and on t h e  s y s t o l i c  e x t r a  sound ,  which  a p p e a re d  on some 

p honocard io g ram s  b u t  were n o t  h e a rd  i n  any of  t h e  s u b 

j e c t s  •

The s t u d y  of  t r i p l e  c a r d i a c  rhy thm  i n  no rm al  s u b j e c t s  

l e d  on t o  a s tu d y  of  i t  i n  p a t i e n t s  w i t h  h e a r t  d i s e a s e #  

Here t h e  s i t u a t i o n  was more c o m p l i c a te d  and t r i p l e  rh y th m ,  

where p r e s e n t ,  m igh t  be due t o  any one of  a v a r i e t y  of  

e x t r a  sounds# In  some c a s e s  t o o  th e  h e a r t  sounds were 

o b sc u re d  bjr murmurs# S in c e  t r i p l e  c a r d i a c  rhy thm  i n  

h e a r t  d i s e a s e  i s  g e n e r a l l y  b e l i e v e d  t o  be of  bad p r o g 

n o s t i c  s i g n i f i c a n c e ,  t h e  o p p o r t u n i t y  was t a k e n  t o  s e e k
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e v id e n c e  f o r  o r  a g a i n s t  t h i s  b e l i e f  by a f o l l o w - u p  o f  

t h e  c a r d i a c  p a t i e n t s  i n v e s t i g a t e d *

E x p e r im e n t s  were pe rfo rm ed  b o t h  on human s u b j e c t s  

and on d o g s ,  w i t h  t h e  o b j e c t  of  e l u c i d a t i n g  t h e  mechanism 

o f  p r o d u c t i o n  o f  c a r d i a c  e x t r a  s o u n d s .  In  g e n e r a l ,  t h e  

e x p e r i m e n t a l  work on human s u b j e c t s  f o l lo w e d  s y s t e m a t i c  

o b s e r v a t i o n s  on th e  no rm al  human h e a r t  s o u n d s ,  and 

e x p e r i m e n t a l  work on dogs fo l lo w e d  and su pp lem en ted  t h a t  

on human s u b j e c t s .

A v a r i e t y  of  i n t e r e s t i n g  murmurs was r e c o r d e d  i n  

t h e  p a t i e n t s  w i t h  h e a r t  d i se a se©  These a r e  n o t  r e l a t e d  

t o  t h e  main theme b u t ,  s i n c e  t h e y  m e r i t  some comment, 

a r e  d e s c r i b e d  i n  Appendix A.

In  v iew  o f  t h e i r  i n t r i n s i c  i n t e r e s t  a l l  t h e  phono* 

c a rd io g ra m s  from p a t i e n t s  w i t h  h e a r t  d i s e a s e  a r e  d i s 

p l a y e d ,  b u t  on ly  r e p r e s e n t a t i v e  examples  o f  t h e  many 

no rm al  phon o card iog ram s  and o f  t h e  many e x p e r i m e n t a l  

r e c o r d s  a r e  i n c l u d e d .

C e r t a i n  t e r m i n o l o g i c a l  c r i t e r i a  have b een  a d o p te d  

f o r  ’h e a r t  s o u n d s ' ,  ' t r i p l e  c a r d i a c  r h y th m 1, and o t h e r  

phenomena. The c u r r e n t  modern usage  i s  employed,  i n  

so f a r  as  t h e r e  i s  ag reem en t  on t h i s ,  b u t  an  a t t e m p t  i s  

made i n  C h a p te r  2 t o  a c h i e v e  p r e c i s e  d e f i n i t i o n .

The p r e s e n t a t i o n  o f  t h i s  t h e s i s  i s  n o t  an i n d i c a t i o n  

t h a t  no f u r t h e r  i n v e s t i g a t i o n  o f  t h e  h e a r t  sounds  i s  

c o n te m p l a t e d ,  b u t  r a t h e r  t h a t  my i n v e s t i g a t i o n s  have now



r e a c h e d  a s t a g e  beyond which  a g e n e r a l  s u r v e y ,  su c h  as 

i s  a t t e m p t e d  h e r e ,  would be u n w ie ld y .  I  hope i n  t h e  

f u t u r e  t o  p u rsu e  t h e  s tu d y  of c e r t a i n  a s p e c t s  o f  th e  

s u b j e c t ,  i n  p a r t i c u l a r  t h e  i n c i d e n c e  and s i g n i f i c a n c e  

o f  t r i p l e  c a r d i a c  rhy thm  i n  p a t i e n t s  w i t h  a r t e r i a l  

h y p e r t e n s i o n ,  and t h e  r e c o r d i n g  o f  h e a r t  sounds w i t h  

an i n t r a c a r d i a c  m icrophone  i n  t h e  d o g .  I ; "



PAST I

HEART SOUNDS AND MURMURS

"E t  qu^admodum c e r n e r e  l i c e t ,  cum equus p o t a t ,  & 

aquam d e g l u t i t ,  s i n g u l i s  g u l a e  t r a c t i b u s  a b s o r b e r i  aquam,

& i n  v e n t r i e u l u m  d e m i t t i ,  q u i  motus so n i tu m  f a c i t  & 

pulsum quendam & a u s c u l t a t i b u s ,  & t a g e n t i b u s  e x h i b e t ,  

i t a  dum i s t i s  c o r d i s  m o t ib u s  f i t  p o r t i o n i s  s a n g u i n i s  e 

v e n i s  i n  a r t e r i a s  t r a d u c t i o ,  pulsum f i e r i ,  & e x a u d i r i  

i n  p e e t o r e  c o n t i n g i t . ”

W i l l i a m  Harvey (1628)
E x e r c i t a t i o  a n a to m ic a  de motd c o r d i s  
e t  s a n g u i n i s  i n  a n i m a l i b u s .  
F r a n k f u r t ,  F i t z e r i .
P .  30 .
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C h a p te r  1

H i s t o r i c a l  r e v i e w :  a u s c u l t a t i o n  of  t h e  h e a r t

The h i s t o r y  o f  t h e  d i s c o v e r y  and i n t e r p r e t a t i o n  of  

t h e  a u s c u l t a t o r y  phenomena p roduced  by t h e  b e a t i n g  h e a r t  

i s  a l e s s o n  i n  what can  be a c h i e v e d  by th e  a c u t e  o b s e r v e r  

w i t h  h i s  u n a id e d  s e n s e s  o r  w i t h  t h e  minimum of  a p p a r a t u s .  

The l i t e r a t u r e  i n  t h i s  f i e l d  i s  so  v a s t  t h a t  no a t t e m p t  

a t  a com prehens ive  r ev ie w  o f  i t  can  be u n d e r t a k e n  he re*

A h i g h l y  s e l e c t i v e  su rv e y  of  c e r t a i n  o u t s t a n d i n g  d i s 

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

d e t a i l e d  s tu d y  of  t r i p l e  c a r d i a c  rh y thm ,  w hich  forms th e  

m a jo r  p a r t  of  t h i s  t h e s i s ,  and t o  t h e  n o t e s  on c a r d i a c  

murmurs, which  a r e  appended .

I t  i s  s t r a n g e  t h a t  such  an o b v io u s  v i t a l  phenomenon 

as  t h e  h e a r t  sounds sho u ld  have p a sse d  w i t h o u t  comment 

i n  m e d ic a l  l i t e r a t u r e  u n t i l  t h e  s e v e n t e e n t h  c e n t u r y .

I t  i s  r e a s o n a b l e  t o  assume t h a t  p r i m i t i v e  man, l a y i n g  h i s  

head  on a n o t h e r ’ s c h e s t ,  must have been  aware of  th e  

h e a r t  s o u n d s ;  f u r t h e r m o r e  he may w e l l  have a s s o c i a t e d  

t h e i r  c e s s a t i o n  w i t h  d e a t h .  Yet t h e  f i r s t  r e f e r e n c e  t o  

t h e s e  sounds  i n  t h e  l i t e r a t u r e  i s  by Harvey ( 1 6 2 8 ) ,  who 

compared t h e  sound p roduced  by t h e  h e a r t  pumping b loo d  

from v e i n s  t o  a r t e r i e s  w i t h  t h a t  p roduced  i n  a  h o r s e ’ s 

t h r o a t  d u r i n g  sw a l lo w in g .
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Development  o f  t h e  s t e t h o s c o p e

A f t e r  H a rv ey ’ s t im e  a u s c u l t a t i o n  o f  t h e  h e a r t  by 

p l a c i n g  th e  e a r  a g a i n s t  t h e  p a t i e n t ’ s c h e s t  'wall  was 

p r a c t i s e d  by some p h y s i c i a n s ,  b u t  i t  was n o t  u n t i l  

t h e  i n v e n t i o n  of  th e  s t e t h o s c o p e  (L a^ n n ec ,  1819) t h a t  

t h e  p o s s i b i l i t i e s  of  a u s c u l t a t i o n  began  t o  be e x p lo r e d *  

From e x p e r im e n t s  w i t h  s t e t h o s c o p e s  o f  v a r i o u s  m a t e r i a l s  

and v a r i o u s  sh a p es  LaSnnec found t h a t  a ho l low  c y l i n d e r  

o f  wood was t h e  b e s t  i n s t r u m e n t  f o r  g e n e r a l  u s e .

P i o r r y  (1828 ,  1835) m o d i f i e d  t h e  La&nnec s t e t h o s 

cope by  r e d u c i n g  t h e  t h i c k n e s s  o f  t h e  stem and i n t r o 

d u c in g  t h e  t r u m p e t - s h a p e d  c h e s t - p i e c e .

A l th o u g h  t h e  r i g i d  m onaura l  s t e t h o s c o p e  was s t a n d a r d  

m e d ic a l  equ ipm ent  f o r  t h e  g r e a t e r  p a r t  o f  t h e  n e x t  

c e n t u r y ,  a l t e r n a t i v e  i n s t r u m e n t s  g r a d u a l l y  became p o p u l a r .  

Comins (1829)  d e v i s e d  a j o i n t e d  e a r - t u b e ,  which  ’ can  be 

used  i n  t h e  h i g h e s t  r a n k s  of  s o c i e t y  w i t h o u t  o f f e n d i n g  

f a s t i d i o u s  d e l i c a c y *  • He a l s o  s u g g e s t e d  a pa ttern  f o r  a 

b i n a u r a l  i n s t r u m e n t .  To C . J . B .  W il l i a m s  i s  a t t r i b u t e d  

t h e  i n v e n t i o n  of  t h e  f i r s t  b i n a u r a l  s t e t h o s c o p e  i n  1829 

(C .T .  W i l l i a m s ,  1907) ;  t h i s  was a clumsy i n s t r u m e n t  w i t h  

l e a d  p i p e s  as  t h e  f l e x i b l e  t u b e s  and w i t h o u t  e a r - p i e c e s .

The i n v e n t i o n  of t h e  f i r s t  s t e t h o s c o p e  of  modern 

ty p e  w i t h  c h e s t - p i e c e ,  r u b b e r  t u b i n g  and e a r - p i e c e s  i s  

a t t r i b u t e d  t o  G-.P. Cammann i n  1855 (D.M. Cammann, 1 8 8 6 ) .
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The i n v e n t i o n  o f  a c h e s t - p i e c e  w i t h  a r i g i d  d iap h rag m  

i s  a t t r i b u t e d  t o  B i a n c h i  i n  1894, and t h e  modern d iaph rag m  

ty p e  of  c h e s t - p i e c e  was p a t e n t e d  by Bowles i n  1901 

(R a p p a p o r t  & S p ra g u e ,  1941)*

L i l i e n s t e i n  (1911)  d e v i s e d  an e l e c t r i c a l  s t e t h o s c o p e  

w i t h  a c a rb o n  m ic ro p ho n e ,  f o r  a p p l i c a t i o n  t o  t h e  c h e s t ,  

and t e l e p h o n e  e a r - p i e c e s .  J a co b so h n  (1923)  used a 

m icrophone  w i t h  a 3 - v a l v e  a m p l i f i e r  and l o u d - s p e a k e r  t o  

make h e a r t  sounds a u d i b l e  t o  a number of  o b s e r v e r s ;  w i t h  

t h i s  i n s t r u m e n t  t h e  q u a l i t y  was so a l t e r e d  t h a t  sounds 

c o u ld  n o t  be d i s t i n g u i s h e d  from murmurs. The e l e c t r i c a l  

s t e t h o s c o p e  i n t r o d u c e d  by F r e d e r i c k  and Dodge (1924)  

i n c l u d e d  an e l e c t r o n i c  a m p l i f i e r  w i t h  e l e c t r i c a l  f i l t e r s  

f o r  s e l e c t e d  f r e q u e n c i e s  o f  sound waves ;  i t  s u p p l i e d  

s e v e r a l  e a r - p i e c e s  and gave much more s a t i s f a c t o r y  

r e c e p t i o n  t h a n  Jaco b so h n * s  i n s t r u m e n t .  A model d e s c r i b e d  

by Gamble and R e p lo g le  (1924)  was d e s i g n e d  t o  p e rm i t  s im

u l t a n e o u s  a u s c u l t a t i o n  by 75 i n d i v i d u a l s .  S e l l  (1932)  

d e v i s e d  an i n s t r u m e n t  which  gave a s a t i s f a c t o r y  r e n d e r i n g  

o f  t h e  be a r t  sounds by l o u d - s p e a k e r .

The a c o u s t i c a l  p r o p e r t i e s  o f  v a r i o u s  t y p e s  of  s t e t h 

oscope  were i n v e s t i g a t e d  by Landes (1931)* J o h n s t o n  and 

K l in e  ( 1 9 4 0 ) ,  and R appapor t  and Sprague  ( 1 9 4 1 ) .  For  

r o u t i n e  a u s c u l t a t i o n  a b i n a u r a l  s t e t h o s c o p e  w i t h  open b e l l
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c h e s t - p i e c e  was found s a t i s f a c t o r y .  F o r  maximum 

e f f i c i e n c y  t h e  i n t e r n a l  volume o f  t h e  h e l l  s h o u ld  he 

minimal*  A l a r g e - d i a m e t e r  h e l l  has  t h e  h e s t  r e s p o n s e  

t o  lo w - f r e q u e n c y  so u n ds ;  a Bowles d ia p h ra g m ,  on t h e  

o t h e r  hand ,  a t t e n u a t e s  l o w - f r e q u e n c y  sounds w i t h o u t  

i n t e r f e r i n g  w i t h  t h e  t r a n s m i s s i o n  of  h i g h e r  f r e q u e n c i e s .  

Today t h e  s im p le  h i n a u r a l  s t e t h o s c o p e  w i t h  open 

h e l l  c h e s t - p i e c e  s t i l l  f i n d s  f a v o u r  among e x p e r t s  as  

t h e  i n s t r u m e n t  o f  c h o ic e  f o r  a u s c u l t a t i o n  of  th e  h e a r t *  

O b s e r v a t i o n s  on h e a r t  sounds and murmurs

LaSnnec (1819)  d e s c r i b e d  two h e a r t  sounds c o r r e s 

pond ing  t o  e ac h  p u l s e  h e a t ,  a l o u d ,  d u l l  sound a t t r i b u t 

a b le  t o  v e n t r i c u l a r  s y s t o l e  and a c l e a r ,  a b r u p t  sound 

‘ an a lo g u e  au c laq uem en t  de l a  soupape d*un s o u f f l e t * ,  

w hich  he a t t r i b u t e d  t o  a t r i a l  s y s t o l e *  The c l e a r ,  

a b r u p t  sound was what we now know as  t h e  second  h e a r t  

sound b u t  LaBnnec f a i l e d  t o  a p p r e c i a t e  i t s  s i g n i f i c a n c e ,  

a l t h o u g h  Harvey had a l r e a d y  o b se rv ed  t h a t  t h e  a t r i a  con

t r a c t  j u s t  b e f o r e  t h e  v e n t r i c l e s *  La&nnec a l s o  d e s c r i b e d  

c e r t a i n  abnorm al  sounds a s s o c i a t e d  w i t h  h e a r t  d i s e a s e *

In p a t i e n t s  w i t h  h y p e r t r o p h y  of  th e  r i g h t  v e n t r i c l e  he 

n o t e d  t h a t  t h e  s h o r t  sound ( t h e  second h e a r t  sound)  m ight  

be d o u b l e ,  t r i p l e  o r  even  q u a d ru p le *  In  some c a s e s  of  

g r o s s  e n la r g e m e n t  o f  t h e  h e a r t ,  and i n  some c a s e s  where
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a v a l v e  o r i f i c e  was n a r row ed  by d i s e a s e ,  he n o t e d  t h a t  

a sound r e s e m b l i n g  t h e  sawing of  wood was p roduced  a t  

e a c h  h e a r t  b e a t .

H e a r t  s o u n d s . Members of  t h e  B r i t i s h  A s s o c i a t i o n  

f o r  t h e  Advancement o f  S c ie n c e  (1 8 3 5 ,  1836a , b ,  1840) 

o b se rv e d  th e  exposed  h e a r t s  o f  c a l v e s ,  a s s e s ,  dogs and 

o t h e r  d o m e s t i c  a n im a l s  and c o n f i rm ed  Harvey*s o b s e r v a t i o n s  

t h a t  t h e  a t r i a  c o n t r a c t  f i r s t ,  f o l lo w e d  by the  v e n t r i c l e s .  

They found La8nnec*s r i g i d  s t e t h o s c o p e  i n c o n v e n i e n t  t o  

a p p ly  t o  su c h  an a c t i v e l y  moving o rg an  as  t h e  b e a t i n g  

h e a r t ,  so  used a f l e x i b l e  e a r - t u b e  i n s t e a d #  They found 

t h a t  t h e  f i r s t  h e a r t  sound was l o u d e s t  o v e r  th e  v e n t r i c l e s  

and o c c u r r e d  a t  t h e  b e g i n n i n g  of  v e n t r i c u l a r  s y s t o l e #

I t  was a t t r i b u t e d  t o  t h e  sudden  i n c r e a s e  i n  m u sc u la r  

t e n s i o n  of  th e  v e n t r i c l e s  when t h e y  b e g i n  t o  c o n t r a c t  

and ,  t o  a l e s s e r  e x t e n t ,  t o  f o r c i b l e  c l o s u r e  o f  th e  a t r i o 

v e n t r i c u l a r  v a l v e s  and t o  t h e  r a p i d  p a ssa g e  of  b lo o d  o v e r  

th e  i r r e g u l a r  i n n e r  s u r f a c e  o f  t h e  v e n t r i c l e s  a f t e r  t h e  

o p en ing  o f  t h e  s e m l l u n a r  v a lv e s #  The second  h e a r t  sound 

was l o u d e s t  a t  t h e  a o r t a  and pulmonary a r t e r y  and o c c u r r e d  

a t  t h e  b e g i n n i n g  of  v e n t r i c u l a r  d i a s t o l e #  I t  was a t t r i 

b u t e d  t o  sudden c l o s u r e  o f  t h e  s e m i l u n a r  v a l v e s  by r e c o i l  

o f  t h e  columns o f  b lo o d  i n  a o r t a  and pulmonary a r t e r y ,  

im p e l l e d  by t h e  e l a s t i c  t e n s i o n  of  t h e s e  v e s s e l s #  An 

e x t r a  sound was sometimes h e a r d ,  c o i n c i d i n g  w i t h  a t r i a l
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s y s t o l e ,  b u t  t h i s  was d i f f i c u l t  t o  d e t e c t  b e c a u se  i t  

merged w i t h  t h e  f o l l o w i n g ,  much l o u d e r ,  v e n t r i c u l a r  

sound* I t  I s  i n t e r e s t i n g  t o  n o t e  t h a t  an e x p l a n a t i o n  

o f  t h e  f i r s t  and second h e a r t  sounds more t h a n  a c e n t u r y  

l a t e r  ( L u i s a d a ,  1948) does  n o t  d i f f e r  i n  any i m p o r t a n t  

r e s p e c t  from t h a t  o f  t h e s e  e a r l y  i n v e s t i g a t o r s 0

Some members o f  t h e  B r i t i s h  A s s o c i a t i o n  (1840)  

v i s i t e d  t h e  London Zoo and l i s t e n e d  t o  t h e  h e a r t  sounds 

of  e i g h t e e n  s p e c i e s  o f  w i ld  a n im a l ,  i n c l u d i n g  t h e  o s t r i c h ,  

l e o p a r d ,  s e a l ,  puma, e l e p h a n t ,  a n t e l o p e ,  l i o n  and g i r a f f e *  

A l l  t h e s e  a n im a l s  were found t o  have two h e a r t  so u n d s ,  

c o r r e s p o n d i n g  t o  t h e  human sounds b u t  w i t h  minor  d i f f e r 

en ces  o f  q u a l i t y  and r e l a t i v e  i n t e n s i t y *  The members 

o f  t h e  A s s o c i a t i o n  e x p r e s s e d  t h e i r  t h a n k s  t o  * the  d i s 

t i n g u i s h e d  v e t e r i n a r y  su rg e o n  of  t h e  e s t a b l i s h m e n t ,  

w i t h o u t  whose k in d  a s s i s t a n c e  i t  would have been  out  o f  

our  power even  t o  have a t t e m p t e d  a n y t h i n g  i n  s e v e r a l  

i n s t a n c e s 1•

C h a r c e la y  ( I 8 3 8 ) n o te d  t r i p l e  rhy thm  i n  a p a t i e n t  

w i t h  h e a r t  d i s e a s e .  B o u i l l a u d  (1841) s t a t e d  t h a t  

t r i p l e  o r  q u a d ru p le  rhythm o f  th e  h e a r t  i s  h e a rd  o n ly  i n  

p a t i e n t s  w i t h  o r g a n i c  v a l v u l a r  d i s e a s e ,  and Skoda (1844)  

d e s c r i b e d  d o u b l i n g  o r  t r i p l i n g  of  t h e  second h e a r t  sound 

i n  m i t r a l  s t e n o s i s *  D rasch e  (1855)  d e s c r i b e d  s p l i t t i n g
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o f  t h e  f i r s t  and second h e a r t  so u n d s ,  and Sch&fer (1 8 6 1 ) ,  

P o t a i n  ( 1 8 6 6 ) ,  and Marey (1881) ob se rv ed  t h a t  t h i s  co u ld  

o c c u r  i n  p eo p le  w i t h  norm al  h e a r t s .  P o t a i n  (1875) 

d e s c r i b e d  ’b r u i t  de g a lo p * ,  a t e rm  which  he had l e a r n t  

from h i s  c l i n i c a l  t e a c h e r ,  B o u i l l a u d ;  t h e  e x t e n s i v e  l i t 

e r a t u r e  on g a l l o p  rhy thm  i s  rev ie w ed  i n  C h a p te r  7*

Rouch^s (1888)  d e s c r i b e d  t h e  ' c l a q u e m e n t  d * o u v e r t u r e  

de l a  m i t r a l e * ,  c h a r a c t e r i s t i c  o f  m i t r a l  s t e n o s i s .

Obrastzow (1905)  d e s c r i b e d  p h y s i o l o g i c a l  and p a th o 

l o g i c a l  r e d u p l i c a t i o n  of  t h e  f i r s t  and second  h e a r t  

s o u n d s .  He m en t ioned  a l s o  a c c e s s o r y  h e a r t  sou n d s ,  

i n c l u d i n g  t h e  t h i r d  h e a r t  sound .  The l i t e r a t u r e  on t h e  

p h y s i o l o g i c a l  t h i r d  h e a r t  sound i s  r ev ie w ed  i n  C h a p te r  5»

Benjam ins  (1914)  p assed  t h e  membrane-covered e n d -  

p i e c e  o f  a b i n a u r a l  s t e t h o s c o p e  down t h e  oesophagus  of  

h i s  s u b j e c t s  t o  b e h in d  t h e  h e a r t .  In  many s u b j e c t s  he 

co u ld  h e a r  f o u r  h e a r t  so u n ds ,  one e x t r a  sound c o r r e s p o n d i n g  

t o  a t r i a l  s y s t o l e  and t h e  o t h e r  ( b e s t  h e a r d  w i t h  t h e  e n d -  

p ie c e  o f  th e  s t e t h o s c o p e  l y i n g  b e h in d  t h e  v e n t r i c l e )  t h e  

t h i r d  h e a r t  so u n d .  With  a s i m i l a r  d e v ic e  T a q u i n i  (1937) 

h e a rd  t h e  a t r i a l  sound i n  e v e ry  c a s e ,  b u t  n e v e r  t h e  t h i r d  

h e a r t  so u n d .

With t h e  ad v en t  o f  p h o n o c a rd io g rap h y  t h e  t i m i n g  of  

h e a r t  sounds became more p r e c i s e .  Evans (1943)  c l a s s i f i e d  

t r i p l e  c a r d i a c  rhythm on th e  b a s i s  o f  t h e  t im e  o f  o c c u r r 

ence  o f  t h e  e x t r a  sound w hich ,  added t o  t h e  no rm al  f i r s t
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and second  h e a r t  so u n d s ,  p roduced t r i p l e  rhythm* He 

found t h a t  t h e  e x t r a  sound might  he t h e  t h i r d  h e a r t  

sou n d ,  o c c u r r i n g  e a r l y  i n  v e n t r i c u l a r  d i a s t o l e ,  t h e  

f o u r t h  h e a r t  sound ,  l a t e  i n  v e n t r i c u l a r  d i a s t o l e ,  o r  t h e  

s y s t o l i c  e x t r a  sound ,  u s u a l l y  l a t e  i n  s y s t o l e  j u s t  b e f o r e  

t h e  second  h e a r t  sound*

O ard la c  murmurs. C o r r i g a n  ( I 8 3 2 ) n o t e d  a s y s t o l i c  

murmur a t  t h e  b a s e  o f  t h e  h e a r t  i n  1 permanent  p a te n c y  of  

t h e  mouth o f  t h e  a o r t a  o r  in ad e q u ac y  o f  t h e  a o r t i c  v a l v e s * .  

Where t h e  damage t o  th e  v a l v e s  was s e v e r e  t h e  s y s t o l i c  

murmur was accompanied by an e a r l y  d i a s t o l i c  murmur*

Hope ( I 8 3 9 ) d e s c r i b e d  t h i s  d i a s t o l i c  murmur i n  more d e t a i l ;  

he a l s o  r e c o g n i s e d  t h e  s y s t o l i c  murmur o f  m i t r a l  incomp- 

e t e n c e *  F a u v e l  (1843)  d e f i n e d  t h e  t y p i c a l  p r e s y s t o l i c  

murmur of  m i t r a l  s t e n o s i s ,  ’ un b r u i t  de r a p e  i n t e n s e ,  

p r e c e d e n t  l e  p re m ie r  b r u i t ,  f i n i s s a n t  avec l u i ,  a y a n t  son  

maximum d ’ i n t e n s i t e  a l a  p o i n t e  du c o e u r  e t  a g a u c h e * • 

S to k e s  (1854)  d e s c r i b e d  t h e  s y s t o l i c  murmur of  a o r t i c  

s t e n o s i s ,  *a most d i s t i n c t  m u s i c a l  tone* i n  t h e  s u p e r f i c i a l  

a r t e r i e s .  F l i n t  (1862)  n o te d  a p r e s y s t o l i c  murmur a t  

t h e  m i t r a l  a r e a  i n  some c a s e s  o f  a o r t i c  incom petence  w i t h 

ou t  m i t r a l  d i s e a s e *  D u r o z ie z  (1862) d i s t i n g u i s h e d  t h e  

*grondement '  o f  t h e  m i t r a l  d i a s t o l i c  murmur from th e  

’ s o u f f l e *  o f  t h e  a o r t i c  d i a s t o l i c  murmur* Roger ( I 8 7 9 ) 

n o te d  t h e  loud s y s t o l i c  murmur t y p i c a l  o f  i n t e r v e n t r i c u l a r
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s e p t a l  d e f e c t .  S t e e l l  (1888) d e s c r i b e d  t h e  d i a s t o l i c  

murmur of  pulmonary r e g u r g i t a t i o n  r e s u l t i n g  from n i t r a l  

s t e n o s i s .

A b b o t t ' s  work on c o n g e n i t a l  h e a r t  d i s e a s e  ( A b b o t t ,  

1927) p la c e d  on a f i r m  f o u n d a t i o n  our knowledge of  t h e  

c a r d i a c  murmurs i n  t h e s e  c o n d i t i o n s  and o f  t h e i r  s i g n i 

f i c a n c e .  The c l i n i c a l  a p p l i c a t i o n s  o f  t h e  s tu d y  were 

b r o u g h t  up t o  d a t e  by T a u s s i g  (1947)*

P e rh ap s  t h e  most i m p o r t a n t  r e c e n t  advance  i n  t h e  

p r a c t i c e  o f  c a r d i a c  a u s c u l t a t i o n  i s  L e v i n e ' s  c l a s s i f i c 

a t i o n  o f  murmurs i n t o  s ix  d e g r e e s  of  l o u d n e s s  ( L e v in e ,

1 9 4 8 ) .  A f i r s t  d e g re e  murmur i s  j u s t  a u d i b l e ,  w hereas  

a s i x t h  d e g r e e  one can  be h e a rd  w i t h  t h e  s t e t h o s c o p e  h e ld  

away from t h e  c h e s t  w a l l s  f i r s t  and second  d e g re e  murmurs 

may be p h y s i o l o g i c a l  b u t  l o u d e r  ones i n d i c a t e  h e a r t  

d i s e a s e .  Lev ine  and h i s  c o l l e a g u e s  found good agreem en t  

be tw een  d i f f e r e n t  o b s e r v e r s  as  t o  t h e  d e g re e  of  l o u d n e s s  

t o  be a t t r i b u t e d  t o  t h e  murmurs i n  i n d i v i d u a l  p a t i e n t s ©

R ecen t  work ( a i d e d  by p h o n o c a rd io g ra p h y )  i n c l u d e s  

com prehens ive  s t u d i e s  o f  m i t r a l  incom petence  ( B r ig d e n  & 

Leatham, 1953) and of  m i t r a l  s t e n o s i s  (Logan and T u r n e r ,  

1953; Wood, 1 9 5 4 ) .
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C h a p te r  2

P h y s i c a l  p r i n c i p l e s  In vo lv ed  i n  a u s c u l t a t i o n  and 

phono c a rd  i  o g r  a phy

The p h y s i c a l  n a t u r e  of  h e a r t  sounds and murmurs*

The s tu d y  o f  t h e  p h y s i c a l  n a t u r e  of  t h e  sound waves 

s e t  up by t h e  b e a t i n g  h e a r t  d a t e s  from th e  e a r l i e s t  d ay s  

o f  p h o n o c a r d io g r a p h y .  E in th o v e n  and G-eluk (1894)  n o t e d  

from a n a l y s i s  o f  t h e i r  r e c o r d s  t h a t  t h e  h e a r t  sounds a re  

’n o i se s*  i n  t h e  p h y s i c a l  s e n s e ,  t h e  v i b r a t i o n s  b e i n g  so  

i r r e g u l a r  t h a t  i t  i s  d i f f i c u l t  t o  a s s i g n  a d e f i n i t e  

f r e q u e n c y  t o  them. These w o rke rs  n o t e d  a l s o  t h a t  v i b 

r a t i o n s  o f  th e  c h e s t  w a l l  below a u d i o - f r e q u e n c y  t e n d e d  

t o  mask t h e  ’ sound* v i b r a t i o n s  on t h e  r e c o r d  u n l e s s  some 

form of  h i g h - p a s s  f i l t e r  were i n t r o d u c e d  t o  e l i m i n a t e  

t h e  l o w - f r e q u e n c y  com ponen ts .  In  t h e i r  a p p a r a t u s  t h e  

f i l t e r  was a m e c h a n ic a l  one;  an open s l d e - t u b e  b e tw een  

c h e s t - p i e c e  and microphone se rv e d  t o  s i d e - t r a c k  t h e  low** 

f r e q u e n c y  w aves .  Weiss and Joachim (1908)  p o i n t e d  ou t  

t h a t  t h i s  m e c h a n ic a l  f i l t e r  f a i l e d  t o  g iv e  t r u e  ’ sound* 

r e c o r d s  s i n c e  some v i b r a t i o n s  below a u d i o - f r e q u e n c y  were 

s t i l l  r e c o r d e d .  They found t h a t  t h e  ’ rough* murmurs of  

m i t r a l  o r  a o r t i c  s t e n o s i s  c o n s i s t e d  o f  e x t r e m e ly  i r r e g u l a r  

v i b r a t i o n s ,  c l e a r l y  d i s t i n g u i s h a b l e  from h e a r t  so u nd s ,  

whereas  t h e  s o f t e r  murmurs of  v a l v u l a r  incom petence  m ight
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be d i s t i n g u i s h a b l e  from h e a r t  sounds on a phonocard iogram  

on ly  by t h e  g r e a t e r  d u r a t i o n  o f  t h e  murmur.

The e l e c t r i c a l  s t e t h o s c o p e  i n t r o d u c e d  by F r e d e r i c k  

and Dodge (1924)  cou ld  be a d a p te d  f o r  p h o n o c a rd io g ra p h y  

by s u b s t i t u t i n g  a r e c o r d i n g  g a lv a n o m e te r  f o r  one o f  th e  

o u t p u t  r e c e i v e r s .  A n a ly s i s  o f  t h e  r e c o r d s  (Cabot  & Dodge, 

1925) showed t h a t  th e  h e a r t  sounds c o n s i s t  o f  v i b r a t i o n s  

a t  f r e q u e n c i e s  o f  l e s s  t h a n  150 c y c l e s  p e r  second  ( c . p . s . ) ,  

whereas  murmurs f a l l  i n t o  t h e  f r e q u e n c y  r a n g e ,  120-660 

c . p . s .  B r e a t h  sou n ds ,  b r o a d l y  s p e a k i n g ,  a r e  o f  h i g h e r  

p i t c h ,  w i t h  few components below 240 c . p . s .  Cabot and 

Dodge found t h a t  p r a c t i c a l l y  a l l  t h e  sounds  of  i n t e r e s t  

i n  a u s c u l t a t i o n  a re  a t  f r e q u e n c i e s  below 1000 c . p . s .  

T r e n d e le n b u r g  (1932)  con f i rm ed  t h a t  murmurs a r e  of  h i g h e r  

p i t c h  t h a n  h e a r t  so u n d s .

W i l l i a m s  and Dodge (1926)  found t h a t  t h e  e n e rg y  of  

lo w - f r e q u e n c y  p r a e c o r d i a l  v i b r a t i o n s  ( 5 0 -6 0  c . p . s . )  i s  

from 1000 t o  10 ,000  t im e s  g r e a t e r  t h a n  t h a t  o f  t h e  

v i b r a t i o n s  o f  a h i g h e r  f r e q u e n c y  r an g e  (190 -20 0  c . p . s . ) .  

They n o te d  a l s o  t h e  c o n s i d e r a b l e  v a r i a t i o n  i n  i n t e n s i t y  

o f  h e a r t  sounds be tw een  d i f f e r e n t  i n d i v i d u a l s ;  t h e  

l o u d e s t  h e a r t  sounds a re  about 40 t im e s  more i n t e n s e  t h a n  

t h e  f a i n t e s t  o n e s .

As e a r l y  as  1860 H eynsius  conc luded  t h a t  t h e  p r o d u c 

t i o n  of  murmurs i n  t h e  c a r d i o - v a s c u l a r  sys tem  depends  on 

t h e  v e l o c i t y  o f  b loo d  f low from a narrow t o  a w id e r  p a r t ,
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t h e  murmur a r i s i n g  p r i m a r i l y  i n  t h e  c i r c u l a t i n g  f l u i d *

Bondi  (1936) s t u d i e d  i n  models t h e  v i b r a t i o n s  produced 

by f l u i d  f l o w in g  a lo n g  t u b e s  and e x p l a i n e d  c a r d i a c  

murmurs on t h e  b a s i s  o f  h i s  f i n d i n g s .  He con c lu d ed  

t h a t  murmurs a r e  p r i m a r i l y  due t o  t u r b u l e n c e  o f  th e  b lo o d  

s t r e a m ,  t h e  h e a r t  and v e s s e l  w a l l s  b e i n g  a f f e c t e d  s e c o n d 

a r i l y  and ,  i n  t u r n ,  t r a n s m i t t i n g  t h e  v i b r a t i o n s  t o  t h e  

s u r r o u n d i n g  t i s s u e s .  He found a c r i t i c a l  v e l o c i t y  of 

f low  f o r  e ach  m odel ,  below w hich  no murmurs were p roduced  

and a c r i t i c a l  v e l o c i t y ,  above which  murmurs were a lways 

p ro d u c e d .  Between t h e s e  v a l u e s  murmurs were p roduced  i f  

t h e  w a l l s  o f  t h e  c h a n n e l  were ro u g h  or  i r r e g u l a r .  The 

n a t u r e  o f  t h e  f l u i d  c o n t a i n e d  i n  t h e  sys tem  was r e l a t i v e l y  

u n i m p o r t a n t .

E c k s t e i n  (1937) r e c o r d e d  sound v i b r a t i o n s  from t h e  

exposed dog h e a r t ,  from c o n t r a c t i n g  f r o g  s k e l e t a l  m u sc le ,  

and from a c t i v e  i s o l a t e d  p o r t i o n s  of  c a t  v e n t r i c u l a r  m u s c le .  

He found t h a t  t h e  sounds p roduced depended  on t h e  v i g o u r  

o f  t h e  c o n t r a c t i o n  and on t h e  d e g re e  o f  s h o r t e n i n g  p e r 

m i t t e d .  T h is  s u p p o r t s  t h e  commonly h e ld  v iew t h a t  t h e  

f i r s t  h e a r t  sound i s  due i n  p a r t  t o  m u sc u la r  c o n t r a c t i o n .

Modern methods of  p h o n o c a rd io g rap h y  (Mannheimer,

1940; R ap p ap o r t  & S p ra g u e ,  1941) have p e r m i t t e d  more 

a c c u r a t e  a n a l y s i s  o f  h e a r t  sound v i b r a t i o n s  t h a n  was 

p r e v i o u s l y  p o s s i b l e .  In  so f a r  as  i t  i s  p o s s i b l e  t o  

a s s i g n  a ’ f r e q u e n c y 1 t o  such  an i r r e g u l a r  s e r i e s  of
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v i b r a t i o n s  as  t h o s e  which  c o n s t i t u t e  h e a r t  sounds i t  

seems t h a t  t h e  fu n d a m e n ta l  to n e  of  t h e  f i r s t  h e a r t  sound 

i s  30 -  40 c . p . s . ;  o f  t h e  second  sound ,  40 -  30 c . p . s . ;  

and of  t h e  t h i r d  and f o u r t h  so u nd s ,  25 -  30 c . p . s .  The 

t h i r d  and f o u r t h  h e a r t  sounds have v e r y  few o v e r t o n e s .

C a r d ia c  murmurs as  a r u l e  have a fu n d a m e n ta l  f r e 

quency o f  more t h a n  70  c . p . s .  ( o f t e n  a s  much as  200 c . p . s . )

and t h e r e  a r e  more o v e r t o n e s .

T ha t  t h e  h e a r t  sounds a re  p r i m a r i l y  p roduced  i n  t h e  

h e a r t  and a r e  n o t  due t o  impact  o f  t h e  b e a t i n g  h e a r t  a g a i n s t  

t h e  c h e s t  w a l l  has  b een  e s t a b l i s h e d  by t h o s e  i n v e s t i g a t o r s ,  

i n c l u d i n g  m y s e l f ,  who have l i s t e n e d  t o  and r e c o r d e d  t h e  

h e a r t  sounds of  a n im a ls  b o t h  from t h e  i n t a c t  c h e s t  w a l l  

and t h e r e a f t e r  from th e  s u r f a c e  of  t h e  exposed  h e a r t .

The c h a r a c t e r  o f  th e  sounds i s  s i m i l a r  i n  e ac h  c a se  b u t ,  

as would be e x p e c t e d ,  t h e  sounds a r e  l o u d e r  a t  t h e  h e a r t  

t h a n  a t  t h e  c h e s t  w a l l .

P h y s i c a l  p r i n c i p l e s  i n v o lv e d  i n  a u s c u l t a t i o n

The f r e q u e n c y  o f  sound waves t o  whih t h e  human

a u d i t o r y  mechanism i s  most s e n s i t i v e  i s  a b o u t  2 ,0 0 0  c . p . s .

( F l e t c h e r ,  1 9 4 8 ) .  As th e  f r e q u e n c y  i s  r e d u c ed  from t h i s  

t h e  s e n s i t i v i t y  o f  t h e  e a r  d i m i n i s h e s  i n  a l o g a r i t h m i c  

m anner .  I t  f o l l o w s  from F l e t c h e r * s  t a b l e s  t h a t  f o r  a 

t h i r d  h e a r t  sound a t  a f r e q u e n c y  o f  25 c . p . s .  t o  be a u d i b l e  

i t  must be a p p ro x im a te ly  10 7 t im e s  more i n t e n s e  t h a n  a 

f a i n t  a o r t i c  d i a s t o l i c  murmur a t  500 c . p . s .  V i b r a t i o n s
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"below 20  c . p . s .  a re  n o t  n o r m a l ly  audib le©

F o r  a sound t o  "be a u d i b l e  t h e  i n t e n s i t y ,  f r e q u e n c y ,  

and d u r a t i o n  must be a d e q u a t e .  The human e a r  can d e t e c t  

c hanges  o f  f r e q u e n c y  more r e a d i l y  t h a n  changes  o f  i n t e n s i t y ;  

u nd e r  s u i t a b l e  c o n d i t i o n s  a change of  f r e q u e n c y  of  0 . 5^  

can  be d e t e c t e d ,  whereas  a change of i n t e n s i t y  o f  abou t  

25% i s  u s u a l l y  t h e  l e a s t  t h a t  can  be a p p r e c i a t e d  ( H o l l d a c k ,

1 949)•  At f r e q u e n c i e s  be tw een  32 and 2 ,50 0  c . p . s .  two 

c y c l e s  a r e  s u f f i c i e n t  f o r  a u d i t o r y  p e r c e p t i o n  ( O r f a s  & 

Braun-Menen&ez,  1 9 3 9 ) .

Assuming a f r e q u e n c y  w i t h i n  th e  1ra n g e  o f  a u d i b i l i t y 1 

and a d u r a t i o n  of  a t  l e a s t  two c y c l e s ,  a c e r t a i n  minimum 

p r e s s u r e  of  sound i s  n e c e s s a r y  t o  p roduce  s e n s a t i o n .  An 

a r b i t r a r y  s t a n d a r d  s e t  as  t h e  ’ t h r e s h o l d  o f  a u d i b i l i t y *  

i s  0 .0 0 0 2  dynes  pe r  sq© cm. a t  a f r e q u e n c y  o f  500  c . p . s .  

(C o un ih an ,  R ap p apo r t  & S p ra g u e ,  1951)®

In  a u s c u l t a t i o n  w i t h  a s t e t h o s c o p e  t h e  o b s e r v e r  does  

n o t  h e a r  t h e  c a r d i a c  v i b r a t i o n s  as  t h e y  e x i s t  a t  t h e  

s u r f a c e  o f  th e  h e a r t .  These a r e  m o d i f i e d  by t h r e e  main 

f a c t o r s  (R a p p ap o r t  & S p ra g u e ,  1942) ;

*a.  The h e a r t  sounds a r e  a l t e r e d  i n  t h e i r  t r a n s m i s s i o n  

from t h e  so u rc e  t o  t h e  s u r f a c e  o f  t h e  c h e s t .

b .  The h e a r t  sounds t h a t  r e a c h  t h e  s u r f a c e  o f  t h e  

c h e s t  a r e  a d d i t i o n a l l y  m o d i f i e d  by t h e  a c o u s t i c  s t e t h 

oscope and th e  ty p e  of  c h e s t  p ie c e  employed .

c .  The o b s e r v e r  d oes  n o t  p e r c e i v e  t h e  h e a r t  sound
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v i b r a t i o n s  as  t h e y  a re  t r a n s m i t t e d  t o  t h e  e a r  by t h e  

a c o u s t i c  s t e t h o s c o p e .*

I  have a l r e a d y  i n d i c a t e d  t h a t  t r a n s m i s s i o n  t o  t h e  

c h e s t  w a l l  I n v o l v e s  a r e d u c t i o n  i n  i n t e n s i t y ,  w i t h o u t  any 

o bv ious  s e l e c t i v e  a t t e n u a t i o n  of  p a r t i c u l a r  f r e q u e n c i e s  

d e t e c t a b l e  by a u s c u l t a t i o n  o r  p h o n o c a r d io g r a p h y .  I  have 

m en t ion ed  a l s o  t h e  s e l e c t i v e  r e s p o n s e  of  t h e  e a r  t o  p a r t 

i c u l a r  f r e q u e n c y  components o f  t h e  h e a r t  sound v i b r a t i o n s .  

The second  f a c t o r  ( m o d i f i c a t i o n  by t h e  a c o u s t i c  s t e t h o s 

cope)  m e r i t s  more a t t e n t i o n .

Any c h e s t - p i e c e  a p p l i e d  t o  t h e  c h e s t  w a l l  f u n c t i o n s  

as  a d iap h ragm  p i c k - u p .  In  t h e  case  of  an open b e l l  t h e  

d iap h ragm  i s  formed by t h e  s k i n  bounded by t h e  l i p  o f  

t h e  b e l l  and i s  damped by t h e  u n d e r l y i n g  f l e s h .  T h is  

s k i n  d iaphragm  conforms t o  t h e  u s u a l  p h y s i c a l  laws of  

s t r e t c h e d  membranes; t h e  l a r g e r  t h e  d i a m e t e r ,  t h e  low er  

i s  i t s  n a t u r a l  p e r i o d .  The n a t u r a l  p e r i o d  of  even  a 

wide c h e s t - p i e c e  (5 cm. d i a m . )  i s  a t  t h e  upper  l i m i t  of  

h e a r t  sound f r e q u e n c i e s ,  so  r e s o n a n c e  e f f e c t s  a r e  u n l i k e l y ,  

b u t  r a i s i n g  t h i s  n a t u r a l  f r e q u e n c y  s e r v e s  t o  r e d u c e  th e  

l o w - f r e q u e n c y  r e s p o n s e .  Hence a s m a l l  c h e s t - p i e c e  

( 2 . 5  cm. d i a m . )  o r  i n c r e a s e d  p r e s s u r e  of  a p p l i c a t i o n ,  o r  

b o t h ,  s e r v e s  t o  r e d u c e  t h e  l o u d n e s s  o f  t h e  h e a r t  sounds 

as  a p p r e c i a t e d  by t h e  e a r  and may r e v e a l  a f a i n t ,  h i g h -  

p i t c h e d  murmur by r e d u c i n g  m ask ing .  The r i g i d  d iaph ragm  

of  t h e  Bowles c h e s t - p i e c e  has  t h e  same e f f e c t .  In  any
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t y p e  o f  c h e s t - p i e c e ,  f o r  maximum e f f i c i e n c y  t h e  i n t e r n a l  

volume sh o u ld  be minimal*

Damping by c o n d u c t in g  t u b i n g  o f  t h e  u s u a l  c a l i b r e  

employed i n  t h e  modern s t e t h o s c o p e  ( a b o u t  5 mm* b o r e )  i s  

a n o t h e r  p h y s i c a l  f a c t o r  of  some i m p o r t a n c e .  As a r e s u l t  

o f  p h y s i c a l  t e s t s  R ap p apo r t  and Sprague  (1941) c o n c lud ed  

t h a t  t h e  l e n g t h  of t h e  t u b i n g  had no marked e f f e c t  on 

t h e  t r a n s m i s s i o n  of  sound waves below 100 c . p . s . ;  on 

t h e  o t h e r  hand ,  from 100 t o  1000 c . p . s . ,  i n c r e a s i n g  th© 

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

com ponen ts .  I t  f o l l o w s  t h a t ,  f o r  t h e  s tu d y  of  h e a r t  

so u n d s ,  l e n g t h  o f  t u b i n g  i s  n o t  a c r i t i c a l  f a c t o r .  In  

a l a t e r  s tu d y  R appapor t  & Sprague (1951) found t h a t  

t u b i n g  of  1 /8  i n c h  (3  mm.) c a l i b r e  co n d u c ted  sound waves 

more e f f i c i e n t l y  i n  t h e  f r e q u e n c y - r a n g e  20 -  115 c . p . s .  

t h a n  d i d  t h e  3 /1 6  i n c h  (5 mm.) t u b i n g  u s u a l l y  employed i n  

s t e t h o s c o p e s •

P h y s i c a l  p r i n c i p l e s  i n v o lv e d  i n  p h o n o c a rd io g ra p h y

O rfa s  and Braun-Menendez (1939) o u t l i n e d  t h e  e s s e n t i a l  

f e a t u r e s  o f  a good p h o n o c a r d io g ra p h .  I t  must be s e n s i t i v e  

t o  t h e  whole f r e q u e n c y  r an g e  o f  h e a r t  sounds and murmurs 

and have a n a t u r a l  f r e q u e n c y  s u f f i c i e n t l y  h i g h  n o t  t o  

d i s t o r t  t h e  r e c o r d  o f  t h e  v i b r a t i o n s ;  a n a t u r a l  f r e q u e n c y  

o f  a t  l e a s t  750 c . p . s .  i s  r e q u i r e d .  The a m p l i tu d e  of  

t h e  d e f l e c t i o n s  of  t h e  r e c o r d i n g  a p p a r a t u s  sh o u ld  be 

d i r e c t l y  p r o p o r t i o n a l  t o  th e  energy  v a r i a t i o n s  which
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e x c i t e  i t ,  and th e  r e c o r d i n g  d e v ic e  s h o u ld  have m inimal  

i n e r t i a  and he f u l l y  damped,

W iggers  and Dean (1917a)  d e m o n s t r a t e d  t h a t  t h e  

n a t u r a l  f r e q u e n c y  o f  a F rank  segment c a p s u l e  i s  150 *

250 c . p . s . ,  and Lewis (1920) showed t h a t  t h e  n a t u r a l  f r e 

quency of  an E in th o v e n  s t r i n g  g a lv a n o m e te r  i s  200 -  250

c . p . s .  These d e v i c e s  a re  t h e r e f o r e  u n s u i t a b l e  f o r  

p h o n o c a r d io g r a p h y .  The modern, v e r y  s e n s i t i v e ,  o i l -  

damped m i r r o r  g a lv a n o m e te r  i s  s a t i s f a c t o r y  b u t  t h e  i d e a l  

r e c o r d i n g  d e v i c e  i s  t h e  cathode~ray o s c i l l o g r a p h ,  which  

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

s i g n a l  a p p l i e d ,  has  n e g l i g i b l e  i n e r t i a  and i s  a p e r i o d i c .

For  a phonocard iog ram  t o  be o f  v a l u e  some r e f e r e n c e  

t r a c i n g  i n d i c a t i n g  t h e  phases  o f  t h e  c a r d i a c  c y c l e  must 

be r e c o r d e d  s i m u l t a n e o u s l y  on th e  r e c o r d  so t h a t  t h e  

d e f l e c t i o n s  c o r r e s p o n d i n g  t o  sound phenomena may be 

r e l a t e d  t o  t h e  t im e  i n  t h e  c a r d i a c  c y c l e  when th e y  were 

p ro d u c e d .  The v a r i o u s  r e f e r e n c e  t r a c i n g s  which  have b een  

employed a re  d e s c r i b e d  i n  C h a p te r  3«

Some i n d i c a t i o n  of  t h e  d u r a t i o n  of  h e a r t  sounds 

and murmurs i s  a l s o  r e q u i r e d .  I t  i s  c o n v e n i e n t  t o  have 

a t im e  m ark ingon  t h e  r e c o r d *

The b e a t i n g  h e a r t  p ro d u ce s  v i b r a t i o n s  of  v e r y  low 

f r e q u e n c y  a t  t h e  f r o n t  o f  t h e  c h e s t  and F r e d e r i c q  (1892)
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d e m o n s t r a t e d  on dogs t h a t  t h e s e  v i b r a t i o n s  a re  s i m i l a r  

t o  t h o s e  r e c o r d e d  from i n s i d e  t h e  h e a r t .  These v i b r a t i o n s  

a r e  o f  much g r e a t e r  a m p l i tu d e  t h a n  t h o s e  o f  a u d i o - f r e q u e n c y . 

The human e a r  does  n o t  re s p o n d  t o  v e r y  l o w - f r e q u e n c y  

v i b r a t i o n s ;  i n  o t h e r  words i t  a c t s  as  a h i g h - p a s s  f i l t e r .  

An u n d i s t o r t e d  phonoca rd io g ram ,  however ,  shows on ly  th e  

l o w - f r e q u e n c y  v i b r a t i o n s ,  which  mask t h e  h e a r t  so u n d s .

In  o r d e r  t o  r e c o r d  h e a r t  sounds and murmurs some s o r t  o f  

h i g h - p a s s  f i l t e r  must be i n t r o d u c e d  i n t o  t h e  i n s t r u m e n t  

t o  e l i m i n a t e  t h e s e  l o w - f r e q u e n c y  v i b r a t i o n s .  Some of  t h e  

methods ad o p te d  a re  d e s c r i b e d  i n  C h a p te r  3*

A p h o n o c a r d io g r a p h ,  t h e n ,  may be employed i n  d i f f e r e n t  

ways.  I t  may be used t o  o b t a i n  an u n d i s t o r t e d  r e c o r d  of 

p r a e c o r d i a l  v i b r a t i o n s  ( a p i c a l  c a r d i o g r a m ) ;  i t  may be 

used t o  r e c o r d  t h e  v i b r a t i o n s  w i t h i n  s e l e c t e d  f r e q u e n c y  

r a n g e s ;  o r  an a t t e m p t  may be made t o  i n t r o d u c e  d i s t o r t i o n  

s i m i l a r  t o  t h a t  i n t r o d u c e d  i n  a u s c u l t a t i o n  by t h e  human 

a u d i t o r y  mechanism.

R a p p ap o r t  and Sprague (1942)  recommended t h a t  t h r e e  

d i f f e r e n t  t y p e s  of  phonocard iogram  sh o u ld  be r e c o r d e d  

from e a c h  s u b j e c t :  l i n e a r ,  s t e t h o s c o p i c  and l o g a r i t h m i c .

The l i n e a r  phonocard iogram  i s  an u n d i s t o r t e d  r e c o r d  of 

a l l  p r a e c o r d i a l  v i b r a t i o n s  p ick ed  up by a microphone 

a p p l i e d  t o  t h e  c h e s t  ( a p i c a l  c a r d i o g r a m ) .  The s t e t h o s 

c o p ic  r e c o r d  i n t r o d u c e s  t h e  d i s t o r t i o n  n o r m a l ly  p roduced
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by a s t e t h o s c o p e .  The l o g a r i t h m i c  r e c o r d  i n t r o d u c e s  

t h e  d i s t o r t i o n  due i n  a u s c u l t a t i o n  t o  t h e  c h a r a c t e r i s t i c s  

o f  t h e  s t e t h o s c o p e  and of  t h e  human e a r .  The l o g a r i t h m i c  

p hono card io g ram  i s  t h u s  t h e  on ly  r e c o r d  i n  which  th e  r e l 

a t i v e  a m p l i tu d e  of t h e  v a r i o u s  d e f l e c t i o n s  i s  comparab le  

t o  t h e  r e l a t i v e  l o u d n e s s  o f  t h e  sounds on a u s c u l t a t i o n ©  

Only t h e  l o g a r i t h m i c  phonocard iogram  can be i n t e r 

p r e t e d  i n  t h e  l i g h t  o f  a l l  t h e  e x p e r i e n c e  d e r i v e d  from 

a u s c u l t a t i o n .  The o t h e r  t y p e s  of  p honocard iog ram  may 

be found t o  show t y p i c a l  d e f l e c t i o n s  i n  p a r t i c u l a r  

a f f e c t i o n s  o f  t h e  h e a r t  and may prove  a v a l u a b l e  s u p p l e 

m en ta ry  means o f  c a r d i a c  i n v e s t i g a t i o n ,  b u t  t h e  c l i n i c a l  

background  i s  s t i l l  l a c k i n g  (Leatbam, 1952; S l o a n ,  1953)® 

There  i s  l i t t l e  d i f f e r e n c e  i n  t h e  q u a l i t y  o f  h e a r t  

sounds and murmurs a s  h ea rd  by d i r e c t  a u s c u l t a t i o n  w i t h  

t h e  e a r  a g a i n s t  t h e  c h e s t  and by fm e d i a t e f a u s c u l t a t i o n  

w i t h  a s t e t h o s c o p e ,  a p a r t  from some a t t e n u a t i o n  of  low -  

f r e q u e n c y  v i b r a t i o n s  by t h e  s t e t h o s c o p e .  In  t h e  s tu d y  

o f  h e a r t  sounds by p h o n o c a rd io g rap h y  I  have found a 

c o r r e s p o n d i n g l y  s m a l l  d i f f e r e n c e  i n  t h e  a p p e a ra n c e  o f  

l i n e a r  and s t e t h o s c o p i c  r e c o r d s ,  and I  do  n o t  now b e l i e v e  

t h a t  any adv an tag e  i s  t o  be g a in e d  by r e c o r d i n g  b o t h .

The l i n e a r  r e c o r d  i s  u s u a l l y  p r e f e r a b l e  s i n c e  i t  a v o id s  

t h e  m inor  d e g re e  o f  d i s t o r t i o n  I n t r o d u c e d  by a s t e t h o s c o p e .



In  e x p e r i m e n t a l  work on a n im a l s ,  however ,  when sounds 

a r e  t o  be r e c o r d e d  from t h e  exposed  h e a r t ,  i t  i s  more 

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

b e tw ee n  e n d - p i e c e  and microphone t h a n  t o  a t t a c h  a heavy 

m icrophone  d i r e c t l y  t o  t h e  h e a r t .

I d e a l l y  a p h o n o c a rd io g ra p h  m ight  be c a l i b r a t e d  so  

t h a t  t h e  a m p l i tu d e  o f  d e f l e c t i o n s  on t h e  r e c o r d  c o r r e s 

ponds t o  a known e n e rg y  of  t h e  sound waves p ick e d  up by 

t h e  i n s t r u m e n t .  C a l i b r a t i o n  o f  t h e  p h o n o c a r d io g r a p h  

has  proved  more d i f f i c u l t  and l e s s  u s e f u l  t h a n  t h e  

c a l i b r a t i o n  o f  some o t h e r  r e c o r d i n g  d e v i c e s ,  e . g .  t h e  

e l e c t r o c a r d i o g r a p h :  t h e  a d v a n ta g e s  and l i m i t a t i o n s  a r e

d i s c u s s e d  i n  C h a p te r  3®

D e f i n i t i o n s

In  t h e  l i g h t  o f  our p r e s e n t  knowledge o f  t h e  p h y s i c a l  

n a t u r e  o f  h e a r t  sounds and murmurs and of  t h e  r e s p o n s e  of  

t h e  human e a r  or  t h e  p h o n o c a rd io g ra p h  t o  t h e s e  phenomena 

i t  i s  c o n v e n i e n t  a t  t h i s  s t a g e  t o  a t t e m p t  an a r b i t r a r y  

d e f i n i t i o n  o f  some o f  t h e  te rm s  employed t h r o u g h o u t  t h i s  

t h e s i s .

By * h e a r t  sounds* i s  meant sound v i b r a t i o n s  o r i g i n a t 

i n g  i n  t h e  h e a r t ,  o f  a u d i o - f r e q u e n c y  and o f  s u f f i c i e n t  

d u r a t i o n  and i n t e n s i t y  t o  be a u d i b l e  o r  t o  be r e c o r d e d  on 

a l o g a r i t h m i c  p ho n ocard io g ram .  These v i b r a t i o n s  have a 

f u n d a m e n ta l  f r e q u e n c y  below 50  c . p . s .  and e a c h  g rou p  of
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v i b r a t i o n s  c o r r e s p o n d i n g  t o  a h e a r t  sound n o r m a l ly  l a s t s  

f o r  n o t  more t h a n  a c e r t a i n  p e r i o d  of  t i m e ,  v i z . i  0*15 

sec® i n  t h e  c a se  of  t h e  f i r s t  h e a r t  sound ,  0 .1 0  s e c .  f o r  

t h e  second sound ,  0 .0 6  s e c .  f o r  t h e  t h i r d  sound ( L u i s a d a ,  

Mendoza & Alimurung ,  1949) and 0 .1 0  s e c .  fo r  t h e  f o u r t h  

sound ( C a e i r o  & O r f a s ,  1937)•  These a r b i t r a r y  c r i t e r i a  

s e r v e  t o  d i s t i n g u i s h  a sound from a murmur, t h e  v i b r a t i o n s  

o f  w hich  have u s u a l l y  a fu n d a m e n ta l  f r e q u e n c y  of  a t  l e a s t  

70 c . p . s .  and l a s t  f o r  more t h a n  0 .1 5  s e c .  The d i s t i n c 

t i o n  i s  a c rude  one b u t  i t  w i l l  s e r v e .  When a murmur 

d o e s  n o t  c o i n c i d e  i n  t im e  w i t h  any h e a r t  sound ,  as i s  

u s u a l l y  t h e  c a s e ,  i t  i s  e a s i l y  i d e n t i f i e d .

By * h e a r t  sound v i b r a t i o n s ’ i s  meant a l l  t h e  v i b r a 

t i o n s  s e t  up a t  t h e  f r o n t  of  t h e  c h e s t  by t h e  b e a t i n g  

h e a r t ,  as  r e c o r d e d  on a l i n e a r  p h on o c ard io g ram .  T h is  

c o r r e s p o n d s  t o  t h e  p a l p a b l e  apex b e a t ,  b u t  t h e  phono- 

c a r d i o g r a p h  shows t h e  v i b r a t i o n s  i n  more d e t a i l  t h a n  can  

be a p p r e c i a t e d  by p a l p a t i o n .

To d i s t i n g u i s h  d e f l e c t i o n s  on a phonocard iog ram  due 

t o  e x t r a n e o u s  sounds from t h o s e  p roduced  by t h e  h e a r t  

i t s e l f  a f u r t h e r  a r b i t r a r y  c r i t e r i o n  i s  a d o p te d .  A s e t  

o f  d e f l e c t i o n s  i s  a t t r i b u t e d  t o  c a r d i a c  a c t i v i t y  on ly  i f  

i t  o c c u r s  a t  t h e  same phase of  t h e  c a r d i a c  c y c l e  i n  a t  

l e a s t  t h r e e  s u c c e s s i v e  c y c l e s .

The ’ f i r s t  h e a r t  sound* i s  t h a t  p roduced  a t  t h e  o n s e t
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o f  v e n t r i c u l a r  s y s t o l e  and t h e  * second  h e a r t  sound* i s  

t h a t  p roduced  a t  t h e  o n se t  of  v e n t r i c u l a r  d i a s t o l e .  

S p l i t t i n g  of  t h e  f i r s t  or  second h e a r t  sounds must be 

d i s t i n g u i s h e d  from c a r d i a c  e x t r a  so u n d s .  In  g e n e r a l  

t h e  two components o f  a s p l i t  sound a r e  of t h e  same 

q u a l i t y  and lo u d n e s s  and a re  s e p a r a t e d  by o n ly  a s h o r t  

i n t e r v a l  of  t i m e .  More p r e c i s e  d e f i n i t i o n  i s  p o s s i b l e  

by p h o n o c a rd io g ra p h y ,  as  d e t a i l e d  i n  C h a p te r  4 .

The ’ t h i r d  h e a r t  sound* i s  t h a t  p roduced  s h o r t l y  

After t h e  o pen in g  o f  t h e  a t r i o - v e n t r i c u l a r  v a l v e s ,  a t  

t h e  t im e  when t h e  r a t e  o f  f i l l i n g  of  t h e  v e n t r i c l e s  i s  

m axim al .  In  view of i t s  t im e  of o c c u r r e n c e  i t  i s  some

t im e s  c a l l e d  t h e  * r a p i d - f i l l i n g  sound* .  F o l lo w in g  p r e 

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

t h i r d  h e a r t  sound of a h e a l t h y  h e a r t  from t h e  p r o t o d i a s t 

o l i c  g a l l o p  sound of  a d i s e a s e d  h e a r t .  Whether  t h e r e  i s  

i n  f a c t  any fu n d a m e n ta l  d i f f e r e n c e  be tw een  t h e s e  two 

phenomena i s  d i s c u s s e d  i n  C h a p te r  7« The t e r m ,  p r o -  

t o d i a s t o l e ,  i s  t a k e n  i n  i t s  u s u a l  s e n se  as  meaning  a p p ro x 

i m a t e l y  t h e  f i r s t  t h i r d  of  d i a s t o l e  r a t h e r  t h a n  i n  t h e  

more r e s t r i c t e d  sense  of  Vi/iggers (1 9 23 ,  1 9 3 4 ) ,  who l i m i t s  

i t  t o  t h e  p e r i o d  be tw een  th e  b e g i n n i n g  of  v e n t r i c u l a r  

r e l a x a t i o n  and t h e  c l o s u r e  of  t h e  s e m i l u n a r  v a l v e s .

The 1 f o u r t h  h e a r t  sound* c o i n c i d e s  i n  t im e  w i t h  

a t r i a l  s y s t o l e  b u t  i s  n o t  n o rm a l ly  a u d i b l e .  A t r i a l  

s y s t o l e  n o r m a l ly  c o n t r i b u t e s  t o  t h e  v i b r a t i o n s  which
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c o n s t i t u t e  t h e  f i r s t  h e a r t  sound:  t h e  c r i t e r i o n  o f  a

f o u r t h  h e a r t  sound i s  t h a t  t h e  a t r i a l  s y s t o l i c  sound 

sh o u ld  he s e p a r a t e d  from t h e  v e n t r i c u l a r  s y s t o l i c  sound 

by an a p p r e c i a b l e  i n t e r v a l .  The a p p e a ra n c e  o f  a f o u r t h  

h e a r t  sound i n  a p a t i e n t  w i t h  h e a r t  d i s e a s e  c o n s t i t u t e s  

p r e s y s t o l i c  g a l l o p  rh y th m .

In  t a c h y c a r d i a  t h e  t h i r d  and f o u r t h  h e a r t  sounds may 

be su p e r im p osed  t o  p roduce  a •summation so u n d * • T h is  

can  be d i a g n o s e d  w i t h  c e r t a i n t y  on ly  i f  t h e  two components 

can  be s e p a r a t e d  by s lo w in g  t h e  h e a r t «

A n o th e r  sound ,  which o c c a s i o n a l l y  o c c u r s ,  i s  t h e  

* s y s t o l i c  e x t r a  so u n d 1 be tw een  th e  f i r s t  and second  h e a r t  

s o u n d s .  The e x p l a n a t i o n  of  t h i s  phenomenon i s  s t i l l  t o_ 

seek-^ b u t  i t  does  n o t  seem t o  be r e l a t e d  i n  any way t o  

h e a r t  d i s e a s e •

An e x t r a  sound ,  which  o c c u r s  i n  p r o t o d i a s t o l e  and i s  

b e l i e v e d  t o  be d i a g n o s t i c  of  m i t r a l  s t e n o s i s ,  i s  t h e  

•o p e n in g  snap  of  t h e  m i t r a l  v a l v e * .  T h is  has  t o  be 

d i s t i n g u i s h e d  from t h e  r a p i d - f i l l i n g  sound and from t h e  

second  component o f  a s p l i t  second  sound ,  a s  d e s c r i b e d  

i n  C h a p te r  4 .

The te rm  * c a r d i a c  e x t r a  sounds* i s  used t o  i n c l u d e  

t h e  t h i r d ,  f o u r t h ,  summation,  and s y s t o l i c  e x t r a  so u n d s ,  

t h e  c o r r e s p o n d i n g  * g a l lo p *  sounds o f  h e a r t  d i s e a s e ,  and



t h e  open ing  sn a p  of  m i t r a l  s t e n o s i s .  By * t r i p l e  rhythm* 

i s  meant t h e  a d d i t i o n  of  one of  t h e s e  e x t r a  sounds t o  

t h e  f i r s t  and second h e a r t  so u n d s .  The a d d i t i o n  of  

more t h a n  one e x t r a  sound t o  t h e  f i r s t  and second h e a r t  

sounds  c o n s t i t u t e s  q u a d ru p le  rhy thm  o r  some h i g h e r  

m u l t i p l e .

Quadruple  rhythm due t o  t h e  s i m u l t a n e o u s  a p p ea ra n c e  

o f  th e  t h i r d  and f o u r t h  h e a r t  sounds has  b e e n  c a l l e d  

* t r a i n  wheel  rhythm* ( L u i s a d a ,  1952, 1953)*

T h is  a r b i t r a r y  c l a s s i f i c a t i o n  i s  o b v io u s ly  u n s a t i s 

f a c t o r y :  t h e  same sound phenomenon i s  c l a s s i f i e d  as  a

p h y s i o l o g i c a l  t h i r d  h e a r t  sound i f  t h e r e  i s  no e v id e n ce  

o f  h e a r t  d i s e a s e  and as  p r o t o d i a s t o l i c  g a l l o p  rhythm i f  

t h e  p a t i e n t  i s  known t o  s u f f e r  from some c a r d i a c  a f f e c t i o n .  

I t  i s ,  however ,  c u r r e n t  usage (Wood, 1950; W h i te ,  1951) 

and I  a do p t  i t  h e r e .

Murmurs a re  named i n  t h e  c o n v e n t i o n a l  f a s h i o n  a c c o r d 

in g  t o  t h e  phase  o f  v e n t r i c u l a r  s y s t o l e  o r  d i a s t o l e  i n  

w hich  t h e y  o c cu r  and ,  where a p p r o p r i a t e ,  a r e  f u r t h e r  

d e s c r i b e d  as  lo n g  o r  s h o r t ,  loud  o r  f a i n t ,  c r e s c e n d o  o r  

diminuendo®
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nLa m ed ic ine  d * a u j o u r d 1h u i ,  a f o r t i o r i  c e l l©  de 

dem ain ,  ne d o i v e n t  p a s ,  ne p euven t  pas se  p a s s e r  de l a  

p h o n o c a r d i o g r a p h i e  *M

C am il le  L ia n  (1946)
Les a p p l i c a t i o n s  p r a t i q u e s  de 
l a  j p h o n o ^ r d i o g r a p h i e *
A l g e r • Med*, v o l#  50 
P« 496
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Fig.  1. O r ig in a l  plioin)faf<liot£J’a]>h of  H u r t h l c .  A i ,  a p i c a l  t a m b o u r ;  
A i r ,  t a n i l i o u r  fo r f rog  m u sc l e  t w i t c h  ; F,  s o u rc e  of e le c t r i c  c u r r e n t  : g,  frog  
m u s c l e - n e r v c  p r e p a r a t i o n ;  I], I n ,  i n d u c t i o n  coil ;  M, m i c r o p h o n e ;  Sr.  
Sir ,  s w i tc h e s  ; 'I', t e l e p h o n e  e a r -p ie c e  ; T i ,  ' I 'n ,  r e c o r d in g  t a m h o u r s .  
( H u r t h l c ,  (189:3). D txch . m c il. IYxchr. 19 : SO)

^67734
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C h a p te r  5

H i s t o r i c a l  r e v i e w :  deve lopm en t  o f  t h e  p h o n o c a r d io g r a p h

B a r l y  p h o n o c a rd io g rap h y

A t tem p ts  t o  r e c o r d  t h e  t im e  o f  o c c u r r e n c e  o f  t h e  

h e a r t  sounds i n  t h e  c a r d i a c  c y c l e  d a t e  from t h e  second  

h a l f  of  t h e  n i n e t e e n t h  c e n t u r y . The a p i c a l  c a r d io g r a m  

was r e c o r d e d  by means o f  a tam bour  a p p l i e d  t o  t h e  p r a e -  

cordium and c o n n e c te d  by  r u b b e r  t u b i n g  t o  a r e c o r d i n g  

tambour w i t h  a l e v e r  w r i t i n g  on a kymograph drum. The 

o b s e r v e r  l i s t e n e d  o ve r  t h e  p rae co rd iu m  and made a mark 

on t h e  c o r r e s p o n d i n g  p o i n t  o f  t h e  c a rd io g ra m  e v e ry  t im e  

he h e a rd  a h e a r t  so u nd .

H&rthle  ( I 8 9 3 ) was t h e  f i r s t  t o  r e c o r d  o b j e c t i v e l y  

t h e  t im e  of  o c c u r r e n c e  of t h e  h e a r t  sounds® The i n 

g e n u i t y  o f  h i s  a p p a r a t u s  c an n o t  f a i l  t o  a ro u s e  a  p h y s i o 

l o g i s t ’ s a d m i r a t i o n  and m e r i t s  t h e  i n c l u s i o n  h e re  o f  h i s  

o r i g i n a l  d iag ra m  (Fig® 1)® A c a rb o n  m icrophone  was 

i n c o r p o r a t e d ,  a lo n g  w i t h  a so u rc e  of  e l e c t r i c a l  c u r r e n t  

and a s w i t c h ,  i n  t h e  p r im a ry  c i r c u i t  of  an i n d u c t i o n  c o i l .  

By means of  s w i t c h e s ,  e i t h e r  p i n  e l e c t r o d e s  or  a t e l e p h o n e  

e a r p i e c e  c o u ld  be b r o u g h t  i n t o  t h e  s e c o n d a ry  c i r c u i t .

By a p p l y i n g  t h e  p in  e l e c t r o d e s  t o  t h e  s c i a t i c  n e rv e  o f  a 

f r o g  m u s c le - n e r v e  p r e p a r a t i o n  a t w i t c h  was o b t a i n e d  c o r 

r e s p o n d i n g  t o  e ac h  h e a r t  sounds t h i s  was r e c o r d e d  on a



Fig. 2. M echanical high-pass filter for phonooanliograph. a, funnel of 
m icrophone; B , m e t a l  tu b e ;  e 2, ruhlier tu b in g ; K , t a p ;  11, miero- 
])hone ; T, ch est-p iece; Z, side-tube. (E inthoven  & Geluk (1891).
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kymograph drum® An a p i c a l  c a rd io g ram  was r e c o r d e d  s im 

u l t a n e o u s l y  as  a r e f e r e n c e  t r a c i n g  and a t im e  t r a c e  was 

a d d e d .  The d e l a y  i n c u r r e d  hy t h e  l a t e n t  p e r io d  of  th e  

f r o g  p r e p a r a t i o n  was found hy t a p p i n g  t h e  p r a e c o r d i a l  

tam bo u r  o f  t h e  c a rd io g ra m  w i t h  t h e  h e l l  of  t h e  m icrophone:  

t h e  mean t i m e - l a g  was of  t h e  o r d e r  o f  l / lOO s e c .  and 

r e m a in e d  v e r y  c o n s t a n t  i n  each  p r e p a r a t i o n ,  p ro v id e d  

t h e  m usc le  was k e p t  a t  a c o n s t a n t  t e m p e r a t u r e .

E i n t h o v e n  and G-eluk (1894) r e p l a c e d  t h e  f r o g  p r e 

p a r a t i o n  o f  H l i r t h l e f s o r i g i n a l  a p p a r a t u s  w i t h  a c a p i l l a r y  

e l e c t r o m e t e r .  T h i s  i n s t r u m e n t  was s u f f i c i e n t l y  s e n s i t i v e  

t o  r e s p o n d  t o  o r d i n a r y  s p e e c h  a t  a d i s t a n c e  of a few 

m e t r e s ,  b u t  i n e r t i a  o f  th e  mercury column d i s t o r t e d  t h e  

r e c o r d  of  s p e e c h  or  h e a r t  s o u n d s .  Even i n  t h i s  p r i m i t i v e  

i n s t r u m e n t  t h e  need  f o r  a h i g h - p a s s  f i l t e r  was r e c o g n i s e d  

( F i g .  2 ) .  A s i d e - t a p  was i n t r o d u c e d  be tw een  c h e s t - p i e c e  

and m ic ro p h o n e ;  when t h i s  t a p  was c lo s e d  t h e  c a rd iog ram  

was r e c o r d e d ;  when i t  was open t h e  lo w - f re q u e n c y  v i b r a t i o n s  

were f i l t e r e d  o f f  and sound waves were r e c o r d e d .  A 

r e f e r e n c e  t r a c i n g  o f  t h e  l e f t  c a r o t i d  p u l s e  was o b t a in e d  

by means of  t a m b o u r s .

The n e x t  y e a r  H l i r th le  (1895) m o d i f i e d  h i s  o r i g i n a l  

a p p a r a t u s .  An i n g e n io u s  t u n i n g - f o r k  microphone w i t h  a 

s p e c i a l  r e s o n a n c e  chamber was used t o  p i c k  up th e  h e a r t  

sounds and t h e  v i b r a t i o n s  were r e c o r d e d  by a tambour



F ig .,5 . D iagram  of phonocardiograph employing 
F rank’s segment capsule as the recording device.
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c a r r y i n g  a s m a l l  m e t a l  d i s c  and a c t i v a t e d  by an e l e c t r o 

magnet •

H o lo w in sk i  (1896)  employed as  a r e c o r d i n g  d e v ic e  f o r  

p h o n o c a rd io g ra p h y  a t e l e p h o n e  r e c e i v e r  w i t h  a s l i g h t l y  

convex p l a t e  o f  g l a s s  a t t a c h e d  t o  t h e  d iaphragm  and s e p a r 

a t e d  hy a v e r y  narrow a i r - s p a c e  from a f i x e d ,  f l a t  p l a t e  

o f  g l a s s *  S p e c t r a l  r i n g s  were formed,  which  expanded 

and c o n t r a c t e d  w i t h  e a c h  movement o f  t h e  d iap h rag m ,  and 

t h e s e  r i n g s  were pho tog raphed*  Grehore  and Meara (1911) 

d e s c r i b e d  a s i m i l a r  d e v i c e ,  which t h e y  c a l l e d  a ’m ic ro 

graph* •

F r a n k  (1904)  c o n n e c te d  a s t e t h o s c o p e  c h e s t - p i e c e  hy 

r u b b e r  t u b i n g  t o  a tam b o u r ,  b e a r i n g  a t h i n  r u b b e r  membrane* 

To t h e  membrane was a p p l i e d  a s m a l l  m i r r o r ,  from which  a 

beam o f  l i g h t  cou ld  be r e f l e c t e d  on t o  a moving s t r i p  of  

p h o t o g r a p h i c  m a t e r i a l *  By a d j u s t i n g  t h e  d i s t a n c e  of  t h e  

camera from th e  m i r r o r ,  a s u i t a b l y  m a g n i f ie d  r e c o r d  of  t h e  

movements o f  t h e  membrane co u ld  be o b ta in e d *  T e s t e r , aS 

a r e s u l t  o f  d e t a i l e d  s t u d i e s  o f  t h e  m echan ics  o f  v i b r a t i n g  

membranes, F ra n k  (1908)  i n t r o d u c e d  t h e  ’ segment c a p s u l e ' ,  

w h ich  has  s i n c e  p lay e d  such  an im p o r t a n t  p a r t  i n  p h y s io 

l o g i c a l  i n v e s t i g a t i o n s *  The p r i n c i p l e  of  th e  ’d i r e c t *  

p h o n o c a r d io g r a p h ,  em ploying  F r a n k ' s  segment c a p s u le  as 

t h e  r e c o r d i n g  d e v ic e  i s  i l l u s t r a t e d  i n  F ig*  3®

Marbe ( 1 9 0 7 ) and Roos ( 1 9 0 8 ) employed t h e  ’manometric
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Fig. 4. D iagram  of phonocardiograph employing E inthoven’s string galvanom eter as the 
recording device.
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flame* as  a r e c o r d i n g  d e v ic e  f o r  p h o n o c a r d i o g r a p h y • The 

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

membrane,  w h ich  was f i r m l y  a p p l i e d  t o  t h e  p raeco rd iu n w  

A s t e a d y  s t r e a m  o f  a c e t y l e n e  was p a s s e d  t h r o u g h  t h e  c a p s u l e  

t o  a s m a l l  b u r n e r ,  w h ich  p la y e d  a  smoky f lam e  on a moving 

s t r i p  o f  paper® V i b r a t i o n s  o f  t h e  p ra e c o rd iu m  c au se d  

e l l i p t i c a l  f i g u r e s  t o  a p p e a r  on t h e  s o o t  t r a c in g ®

E i n t h o v e n  (1907a)  r e p l a c e d  t h e  c a p i l l a r y  e l e c t r o 

m e te r  o f  h i s  o r i g i n a l  a p p a r a t u s  w i t h  a  s t r i n g  g a lv a n o m e t e r ,  

w h ich  gave more s a t i s f a c t o r y  r e c o r d s  o f  sound waves (Fig® 

4 ) .  E in t h o v e n  f a i l e d  a t  t h i s  t im e  t o  r e c o r d  a  s i m u l t 

aneous  r e f e r e n c e  t r a c i n g ,  as  he had done w i t h  h i s  p r e v i o u s ,  

more cumbrous ,  a p pa ra tu s®

W eiss  and Joach im  (1908)  c o n d u c ted  sound waves from 

t h e  p r a e c o r d iu m  t o  a s o a p - f i l m  membrane, on w h ich  r e s t e d  

a v e r y  f i n e  l e v e r  o f  s i l v e r e d  g l a s s .  Movements o f  t h i s  

l e v e r  were r e c o r d e d  p h o t o g r a p h i c a l l y .

G-erhar tz  (1911)  c o n n e c te d  a phonendoscope t o  a 

c o l l o d i o n  membrane b e a r i n g  a f i n e  p l a t e  of  i r o n  b e tw een  

t h e  p o l e s  o f  a  magnet and c a r r y i n g  a m i r r o r  f o r  l i g h t -  

beam r e c o rd in g ®  The magnet damped t h e  o s c i l l a t i o n s  of  

t h e  membrane®

Hess (1920)  a p p l i e d  t o  t h e  c h e s t  w a l l  a  f l a t  m e t a l  

cup,  c o n n e c te d  by r u b b e r  t u b i n g  t o  a tam bour  w i t h  a 

membrane o f  v e r y  t h i n  r u b b e r .  A t t a c h e d  t o  t h e  c e n t r e  of
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t h e  membrane was a f i n e  t h r e a d ,  w hich  was th ro w n  i n t o  

v i b r a t i o n  by v i b r a t i o n s  of  t h e  membrane* O p t i c a l  means 

were employed t o  th ro w  an e n l a r g e d  image o f  t h e  shadow 

o f  t h e  t h r e a d  on t o  a moving s t r i p  o f  p h o to g r a p h ic  f i lm *  

R e f e r e n c e  t r a c i n g s

I  have a l r e a d y  i n d i c a t e d  i n  C h a p te r  2 t h e  fu n d a m e n ta l  

Im p o r ta n ce  o f  a s i m u l t a n e o u s l y  r e c o r d e d  r e f e r e n c e  t r a c i n g  

f o r  t h e  i n t e r p r e t a t i o n  of  t h e  phon oca rd io g ram  (P*C*G-o)*

I t  i s  c o n v e n i e n t  t o  d i g r e s s  a t  t h i s  s t a g e  on a c o n s i d e r a 

t i o n  of  t h e  v a r i o u s  t y p e s  of  r e f e r e n c e  t r a c i n g  w hich  have 

b e e n  u se d  and o f  t h e i r  r e s p e c t i v e  m e r i t s  and d e m e r i t s *  

A p i c a l  c a r d i o g r a m * The e a r l i e s t  r e f e r e n c e  t r a c i n g  

was t h e  a p i c a l  c a r d io g r a m  (H & r th le ,  1893)•  As t h e  ‘ l i n e a r  

p h o n o c a r d io g r a m 1 t h i s  has  b e e n  r e c o r d e d  by a  number of 

i n v e s t i g a t o r s ,  i n c l u d i n g  Y osh ioka  (1 9 3 2 b ) ,  S m i th ,  Edwards 

and Kountz ( 1 9 4 1 ) ,  S m i th ,  G-i lson and Kountz ( 1 9 4 1 ) ,  Rappa

p o r t  and Sprague  ( 1 9 4 2 ) ,  and m y se l f*  L u i s a d a  (1945 ,  1948) 

c o n s i d e r s  i t  t h e  b e s t  r e f e r e n c e  t r a c i n g  f o r  p h o n o c a r d io 

g r a p h y .  The a p i c a l  c a r d io g r a m  i s  e a sy  t o  r e c o r d  and ,  by 

modern m e th o d s ,  can  be o b t a i n e d  from t h e  same c h e s t - p i e c e  

as  t h a t  used f o r  s i m u l t a n e o u s  r e c o r d i n g  of  t h e  s t e t h o s c o p i c  

o r  l o g a r i t h m i c  P.C*G-. ( A i x a l a ,  1947) • ,  I t  i n d i c a t e s  

a c t i v i t y  o f  t h e  v e n t r i c l e  and can  t h e r e f o r e  be r e l a t e d  

d i r e c t l y  t o  t h e  sound components  p roduced  i n  t h a t  chamber*



35

In  p r a c t i c e ,  however ,  i t  i s  l e s s  e a sy  t o  i n t e r p r e t  t h a n  

t h e  e l e c t r o c a r d i o g r a m  (E.C.G-#) o r  t h e  venous p u l s e ,  and 

i t  d o es  n o t  g iv e  so much i n f o r m a t i o n  as  t h e  l a t t e r  abou t  

t h e  d i f f e r e n t  p h a se s  o f  v e n t r i c u l a r  d i a s t o l e #

A r t e r i a l  sphygmogram# The a r t e r i a l  p u l s e  has  b e e n  

used  as  a r e f e r e n c e  t r a c i n g ,  n o t a b l y  by E in t h o v e n  and 

G-eluk (1894)  and Kahn ( 1 9 1 0 ) ,  who r e c o r d e d  i t  from th e  

c a r o t i d  a r t e r y ;  by L ia n  and R ac ine  ( 1 9 3 3 a ) ,  who used t h e  

b r a c h i a l  a r t e r y ;  and by L o c k h a r t  ( 1 9 3 8 ) ,  who r e c o r d e d  t h e  

r a d i a l  sphygmogram# The a r t e r i a l  sphygmogram has  no 

a d v a n ta g e  o v e r  t h e  a p i c a l  c a rd io g ra m  and has  t h e  added 

d i s a d v a n t a g e  o f  o c c u r r i n g  l a t e r ,  a f t e r  a p e r i o d  of  d e l a y  

w hich  v a r i e s  i n  d i f f e r e n t  i n d i v i d u a l s #

E le  c t r o c a r d  i o g r a m . B u l l  (1911) employed t h e  E#C#G# 

as  a r e f e r e n c e  t r a c i n g  f o r  p h o n o c a r d io g r a p h y .  He r e c o r d 

ed t h e  E.C.G# by  means of  an E in t h o v e n  s t r i n g  g a lv o n o m e te r  

and t h e  P.C.G# by means o f  a  Weiss  p h o n o c a r d io g r a p h ,  t h e  

g l a s s  l e v e r  o f  w h ich  i n t e r r u p t e d  t h e  l i g h t - b e a m  of th e  

s t r i n g  g a l v a n o m e t e r .  Kahn (1911) t o o k  com pos i te  r e c o r d s  

of  P.C.G# and E . C . G . , r e c o r d e d  s i m u l t a n e o u s l y  by t h e  same 

s t r i n g , b u t  t h e s e  were d i f f i c u l t  t o  i n t e r p r e t #  E y s t e r  

(1911)  r e c o r d e d  P.C.G-# and venous  p u l s e ,  fo l lo w e d  by E.C.G# 

and v en o u s  p u l s e ,  so  t h a t  t h e  sounds c o u ld  be r e l a t e d  i n 

d i r e c t l y  t o  t h e  waves o f  t h e  E .C .G .  F a h r  (1912)  r e l a t e d  

t h e  h e a r t  sounds t o  t h e  E . C .G . ,  u s i n g  a s i n g l e  s t r i n g
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g a lv a n o m e te r *  He t o o k  t h r e e  r e c o r d s  of  e a c h  c a s e ;

P .C .G .  a l o n e ,  E.C.G-. a l o n e ,  and P .C .G .  and E .C .G .  s u p e r 

im posed .

A g r e a t  t e c h n i c a l  advance  i n  t h e  use of  t h e  E.C.G-. 

a s  a r e f e r e n c e  t r a c i n g  was t h e  employment hy Lewis ( 1 91 3 a ,b )  

and B a t t a e r d  (1915)  of  two E i n t h o v e n  s t r i n g  g a lv a n o m e t e r s ,  

one t o  r e c o r d  t h e  P .C .G .  and t h e  o t h e r  t h e  E .C .G .  s im

u l t a n e o u s l y  on t h e  same r e c o r d .

The E .C .G .  i s  e a sy  t o  r e c o r d  and t o  c a l i b r a t e .  I t  

has  found f a v o u r  as  a r e f e r e n c e  t r a c i n g  w i t h  many w o r k e r s ,  

i n c l u d i n g  Lewis ( 1 9 2 0 ) ,  A sh er  ( 1 9 3 2 ) ,  D u c h o sa l  ( 1 9 3 2 ) ,  

R o u t i e r  and Van H eersw ynghe ls  ( 1 9 3 5 ) ,  Bramwell  ( 1 9 3 5 a ) ,

CalS  ( 1 9 3 8 ) ,  Mannheimer ( 1 9 4 0 ) ,  Levine  (1945)# Evans ( 1 9 4 8 ) ,  

Evans  and L ia n  ( 1 9 4 8 ) ,  L u i s a d a  and Roitman ( 1 9 4 8 ) ,  Cowen 

and Parnum ( 1 9 4 9 ) ,  E r n s t  ( 1 9 5 2 ) ,  and C a n lg g ia  (1953)« 

U n f o r t u n a t e l y  i t  c s n n o t  s e r v e  t o  d i s t i n g u i s h  t h e  v a r i o u s  

sounds  w h ich  may o c c u r  i n  e a r l y  d i a s t o l e .  F u r th e rm o re  

t h e  t im e  r e l a t i o n s h i p  b e tw een  t h e  e l e c t r i c a l  changes  

i n d i c a t e d  by t h e  E .C .G .  and t h e  m e c h a n ic a l  e v e n t s  o f  t h e  

c a r d i a c  c y c l e  i s  i n c o n s t a n t  (Ohm, 1913# Lew is ,  1915; 

L u i s a d a ,  1941; Donovan, 1948; L ev ine  & Harvey,  1949;

E r n s t ,  1 9 5 2 ) :  t h i s  i n c o n s t a n c y ,  however ,  i s  u s u a l l y  of

minor  d e g r e e  and f o r  p r a c t i c a l  p u rp o se s  can  be i g n o r e d .

P h le b o g ra m . P h le b o g rap h y  ( F r i e d r e i c h ,  1866) i s  a
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much o l d e r  method of  i n v e s t i g a t i o n  t h a n  i s  p h o n o c a r d io g r a p h y .  

G-ot twalt  ( 1 8 8 1 ) d e s c r i b e d  t h e  waves of  t h e  j u g u l a r  p h le b o 

gram, and t h e s e  have s i n c e  b e e n  s t u d i e d  i n  d e t a i l  by many 

w o r k e r s ,  n o t a b l y  by Mackenzie  (18 9 3 ,  1 9 0 2 ) ,  Edens ( 1 9 1 0 ) ,  

W lggers  ( 1 9 2 8 ) ,  and G-roedel (1945)  • Among t h o s e  who have 

used  t h e  ph lebogram  as  a r e f e r e n c e  t r a c i n g  f o r  phono

c a r d i o g r a p h y  a r e  E y s t e r  ( 1 9 1 1 ) ,  Weber and W i r t h  ( 1 9 1 2 ) ,

Ohm ( 1 9 1 3 ) ,  Bridgman ( 1 9 1 5 ) ,  Wiggers  and Dean (1 9 1 7 b ) ,

C o s s io  ( 1 9 3 8 ) ,  O r fa s  and Braun-Men^ndez ( 1 9 3 9 ) ,  and 

Donovan ( 1 9 4 8 ) .

The v enous  p u l s e  i s  e a s i l y  r e c o r d e d  e i t h e r  by d i r e c t  

o r  by  e l e c t r o n i c  m e th o d s .  The p i o n e e r s  w e re ,  o f  c o u r s e ,  

l i m i t e d  t o  d i r e c t  methods o f  p h le b o g ra p h y ;  t h e  venous 

p u l s e  waves were p ic k e d  up by a f u n n e l ,  sha l low  cup ,  o r  

p e l o t t e ,  a p p l i e d  t o  t h e  n e ck  and were t r a n s m i t t e d  a lo n g  

r u b b e r  t u b i n g  t o  a r e c o r d i n g  tam bour  (Marey,  I 8 7 8 ) o r ,  

i n  t h e  l a t e r  m o d e ls ,  t o  a s e g m e n t - c a p s u le  ( F r a n k ,  1 9 0 8 ) .  

F e n n in g  (1943)  r e c o r d e d  t h e  j u g u l a r  phlebogram by means 

o f  a c o n d e n s o r  m icrophone  a p p l i e d  t o  t h e  n e ck  and c o n n e c t 

ed t o  a s t r i n g  g a l v a n o m e t e r .  When e l e c t r o n i c  a m p l i f i e r s  

were i n t r o d u c e d  i t  became p o s s i b l e  t o  c o n s t r u c t  an 

e x t r e m e l y  s e n s i t i v e  p h l e b o g r a p h ,  w i t h  an e l e c t r o - m a g n e t i c  

o r  c r y s t a l  m ic rophone  p i c k - u p  and a s e n s i t i v e  g a lv a n o m e te r  

o r  a c a t h o d e - r a y  t u b e  f o r  r e c o r d i n g  ( M i l l e r  and W h ite ,

1941; V a n n o t t i  & Schmid,  1943)*
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The t im e  t a k e n  i n  t r a n s m i s s i o n  of  t h e  p u l s e  wave 

from t h e  r i g h t  a t r i u m  t o  t h e  j u g u l a r  v e i n s  i s  v e r y  n e a r l y  

c o n s t a n t  and ,  when t h e  ph lebogram  i s  used  as  an e m p i r i c a l  

r e f e r e n c e  t r a c i n g ,  can  be ign o red *  The phlebogram 

c l e a r l y  i n d i c a t e s  t h e  t im e s  of  a t r i a l  s y s t o l e ,  v e n t r i c u l a r  

s y s t o l e ,  o p e n in g  o f  t h e  a t r i o v e n t r i c u l a r  v a l v e s ,  and t h e  

’ r a p i d - f i l l i n g *  phase  o f  e a r l y  d i a s t o l e .  A t h e o r e t i c a l  

o b j e c t i o n  i s  t h a t  t h e  j u g u l a r  phlebogram i n d i c a t e s  a c t i v 

i t y  o f  t h e  r i g h t  s i d e  of  t h e  h e a r t ,  w hereas  t h e  h e a r t  

sounds  a r e  m a in ly  due t o  a c t i v i t y  of  t h e  l e f t  s i d e .  In  

c a s e s  o f  g r o s s  a sy n c h ro n y  o f  t h e  v e n t r i c l e s ,  as  f o r  

example  i n  b u n d l e - b r a n c h  b l o c k ,  t h i s  can  be a s e r i o u s  

d i s a d v a n t a g e  ( W o l f e r t h  & M a r g o l i e s ,  1 9 3 5 ) ,  b u t  such  g r o s s  

a s y n c h ro n y  i s  r a r e .

Pneumogram. A r e f e r e n c e  t r a c i n g ,  which  has  a c h ie v e d  

v e r y  l i m i t e d  p o p u l a r i t y ,  i s  t h e  ’ pneumogram1 o r  ’ c a n d i o -  

pneumogram’ (Braun-Men^ndez & Vedoya,  19375 L u i s a d a ,  

1 9 4 2 ) .  T h is  i s  a r e c o r d  of  p r e s s u r e  changes  i n  t h e  

mouth o r  n o s t r i l  w i t h  t h e  g l o t t i s  open o r ,  i n  t h e  case  

o f  e x p e r i m e n t a l  a n i m a l s ,  of  p r e s s u r e  changes  r e c o r d e d  

from a t r a c h e a l  c a n n u l a .  The waves o f  t h e  pneumogram 

c o r r e s p o n d  t o  t h e  main e v e n t s  o f  t h e  c a r d i a c  c y c l e ,  v i z . !  

a t r i a l  s y s t o l e ,  t h e  i s o m e t r i c  and i s o t o n i c  p h a se s  o f  

v e n t r i c u l a r  s y s t o l e ,  and t h e  r a p i d - f i l l i n g  and i s o s t a t i c  

p h a se s  o f  v e n t r i c u l a r  d i a s t o l e .  In  t h e  o r i g i n a l  human
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t e c h n i q u e  t h e  r e c o r d  was t a k e n  from t h e  c lo s e d  mouth w i t h  

t h e  n o s t r i l s  o c c lu d ed *  The more modern m ethod ,  employ

i n g  e l e c t r o n i c  f i l t e r s ,  p e r m i t s  r e c o r d i n g  d u r i n g  no rm al  

r e s p i r a t i o n ,  t h e  s low r e s p i r a t o r y  waves h e i n g  f i l t e r e d  

o f f *  The method r e q u i r e s  v e r y  c a r e f u l  a t t e n t i o n  t o  

t e c h n i c a l  d e t a i l ,  and i n t e r p r e t a t i o n  o f  t h e  r e c o r d  may 

he  d i f f i c u l t *

F o n t a n e l i a r  sphysinogram* I n  p h o n o c a rd io g ra p h y  of  

i n f a n t s  S e g u ra  (1936)  r e c o r d e d  t h e  f o n t a n e l l a r  p u l s e  as 

a r e f e r e n c e  t r a c i n g *

M u l t i p l e  r e f e r e n c e  t r a c i n g s * I t  i s  an a d v an tage  t o  

he  a b l e  t o  r e c o r d  s i m u l t a n e o u s l y  w i t h  t h e  P.C.G-* more 

t h a n  one r e f e r e n c e  t r a c i n g *  With  t h e  modern m u l t i 

c h a n n e l  p h o n o c a r d i o g r a p h s  d e s c r i b e d  b e low ,  t h i s  p r e s e n t s  

no d i f f i c u l t y  and even  su c h  e a r l y  i n v e s t i g a t o r s  as  Van 

Zwaluwenberg and Agnew ( 1 9 1 2 ) ,  u s i n g  segment c a p s u l e s ,  

managed t o  r e c o r d  s i m u l t a n e o u s l y  a lo n g  w i t h  t h e  h e a r t  

sounds  any t h r e e  of  t h e  f o l l o w i n g :  r i g h t  a t r i a l  p r e s s u r e

c u r v e ,  o e s o p h a g e a l  p r e s s u r e  c u r v e ,  c a r o t i d  sphyg&ogram,? 

a p i c a l  c a r d i o g r a m ,  j u g u l a r  phlebogram* U s u a l ly  a puls© 

t r a c i n g  and one E.C*Gr<» a r e  c o n s i d e r e d  s u f f i c i e n t  (Ducho- 

s a l ,  1929;  B a t t r o ,  Braun-Menendez & O r f a s ,  1936; Joch im ,  

Gaddas & M a rq u i s ,  19375 Leatham, 19 49 ) ,  b u t  some i n v e s t 

i g a t o r s  have r e c o r d e d  a lo n g  w i t h  t h e  h e a r t  sounds more 

t h a n  two r e f e r e n c e  t r a c i n g s *  B a r ry  (1925)  and O l i v e i r a
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(194-9) r e c o r d e d  s i m u l t a n e o u s l y  t h e  P .C . G . ,  E .C .G . ,  p h l e 

bogram, and a r t e r i o g r a m .  L ag e r l& f  and Werkfc (1949)  

o b t a i n e d  s i m u l t a n e o u s  r e c o r d s  o f  P . C .G . ,  E .C .G . ,  i n t r a 

c a r d i a c  p r e s s u r e ,  a r t e r i a l  b lo o d  p r e s s u r e ,  and r e s p i r a t o r y  

movements .

Modern p h o n o c a rd io g ra p h y

Two of t h e  o l d e r  methods o f  p h o n o c a rd io g ra p h y  have 

r e m a in e d  p o p u l a r ,  t h e  1d i r e c t *  method and r e c o r d i n g  by 

means o f  a s t r i n g  g a l v a n o m e t e r .  The d i r e c t  method,  

u s i n g  a F r a n k  segment c a p s u l e ,  has  b e e n  used  w i t h  minor  

m o d i f i c a t i o n s  by P e r e i r a  ( 1 9 3 5 ) ,  Or£as and Braun-Menendez 

( 1 9 3 9 ) ,  and B o y e r ,  E c k s t e i n  and Wiggers  ( 1 9 4 0 ) .  A d o u b l e -  

s t r i n g  E i n t h o v e n  g a lv a n o m e te r  has  b e e n  employed by Macleod,  

W il so n  and B a r k e r  ( 1 9 3 2 ) ,  Evans ( 1 9 4 8 ) ,  and Cowen and 

Parnum (1949)#

O th e r  methods have d e v e lo p e d  a lo n g  w i t h  modern 

a d v a n c e s  i n  e l e c t r o n i c  e n g i n e e r i n g .  W i l l ia m s  (1921) 

a d a p te d  an e l e c t r o - m a g n e t i c  microphone  f o r  p h o n o c a r d io g r a p h y :  

t h i s  was a g r e a t  advance  on t h e  c a rb o n  o r  c o n denso r  

m ic ro p ho n es  p r e v i o u s l y  u s e d .  F r e d e r i c k  and Dodge ( 1 9 2 4 ) ,  

Gamble and R e p lo g le  (1924)  and Hoskin  (1925)  i n c o r p o r a t e d  

such  a m icrophone  i n  t h e  e l e c t r i c a l  s t e t h o s c o p e s ,  w i t h  

3 - s t a g e  v a l v e  a m p l i f i c a t i o n ,  which  t h e y  employed f o r  

t e a c h i n g ,  and Y osh iok a  ( 1932a )  used  one i n  h i s  phono-  

c a r d i o g r a p h .
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Sacks  and M arqu is  C1935) used  a p i e z o - e l e c t r i c  

c r y s t a l  m ic rophone  w i t h  a p o r t a b l e  a m p l i f i e r  and loud-

s p e a k e r  f o r  c l i n i c a l  t e a c h i n g *  They p o i n t e d  ou t  t h e  

a d v a n ta g e  o f  t h i s  k in d  of  m ic ro ph o ne :  i t  i s  compact ,

r e q u i r e s  no s p e c i a l  t r a n s f o r m e r s  o r  b a t t e r i e s ,  i s  f r e e  

from b a c k g ro u n d  n o i s e ,  i s  s e n s i t i v e  t o  v i b r a t i o n s  o f  t h e  

f r e q u e n c y  o f  h e a r t  sounds and murmurs, and has  a n a t u r a l  

f r e q u e n c y  w e l l  above t h o s e  e n c o u n t e r e d  i n  c a r d i a c  a u s c u l 

t a t i o n .  M i l l e r  and White  (1941) used  t h i s  ty p e  of  m ic r o 

phone f o r  p h o n o c a r d i o g r a p h y .

The i n t r o d u c t i o n  o f  e l e c t r o n i c  a m p l i f i e r s  made 

p o s s i b l e  t h e  use o f  a v a r i e t y  o f  s e n s i t i v e  r e c o r d i n g  

d e v i c e s .  Among t h e s e  were t h e  a rg o n  glow tu b e  (A s h e r ,  

1 9 3 2 ) ,  w h ich  r e s p o n d e d  by  v a r i a t i o n s  i n  l i g h t  i n t e n s i t y  

t o  s i g n a l s  o f  a u d i o - f r e q u e n c y ;  t h e  r e c o r d  was p h o to 

g rap h e d  a l o n g  w i t h  t h e  E.C.G-. on t h e  camera of  a  s t r i n g  

g a l v a n o m e t e r .  A n o th e r  d e v i c e  ( H o l l i n g s w o r t h ,  S o re n se n  

and D r i e s s c h e ,  1 9 3 7 ) was a t h i n  m e ta l  rod  a t t a c h e d  t o  t h e  

c o l l  o f  a m o v i n g - c o i l  l o u d - s p e a k e r  and p l a c e d  t o  c a s t  i t s  

shadow b e s i d e  t h a t  of  t h e  s t r i n g  of  an E in th o v e n  e l e c t r o 

c a r d i o g r a p h .  L u tem bacher  ( 1 9 2 6 ) ,  L e o p e r ,  L em a i re ,

L e f ^ v r e  and B u ss a rd  (1933)* a^d S m i th ,  E ssex  and B a ld e s

( 1 9 5 0 ) r e c o r d e d  h e a r t  sounds on t h e  sound t r a c k  of  

c in e  mat  og rap h  f  i  lm .
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M i r r o r  g a l v a n o m e t e r . P e rh ap s  t h e  most p o p u la r  

r e c o r d i n g  d e v i c e  t o d a y  i s  t h e  m i r r o r  g a lv a n o m e t e r .  Among 

t h o s e  who have used t h i s  t y p e  of  p h o n o c a r d io g r a p h  a r e :  

Sch l i tz  ( 1 9 2 9 ) ,  Weber ( 1 9 3 1 ) ,  K e r r ,  Sampson, Lagen and 

K e l lo g g  ( 1 9 3 2 ) ,  W o l f e r t h  and M a r g o l ie s  ( 1 9 3 3 ) ,  C l e r c ,  

Zadoc-Kahn and T a v e c c h i  ( 1 9 3 4 ) ,  B i e r r i n g ,  Bone and Lock

h a r t  ( 1 9 3 5 ) ,  S c h w a r z s c h i l d  and F e l t e n s t e i n  (1 9 3 5 ) ,

T a q u i n i ,  M a s s e l l  and W alsh ( 1 9 4 0 ) ,  Mannheimer (1940 ,  1941, 

1 9 4 6 ) ,  R a p p a p o r t  and Sprague  ( 1 9 4 1 ) ,  F r o s t  ( 1 9 4 4 ) ,  C a r l -  

g r e n  (1946)  and L ju n g g r e n  ( 1 9 4 9 ) .

A g r e a t  a d v a n ta g e  of  m i r r o r  g a lv a n o m e te r s  f o r  phono

c a r d i o g r a p h y  i s  t h e  e a s e  w i t h  w h ich  a number of  s i m u l t 

aneous  r e c o r d s  can  be o b t a i n e d  of  h e a r t  sounds o r  o f  

r e f e r e n c e  t r a c i n g s .  Mannheimer (1 9 40 ,  1941) employed 

f i v e  c h a n n e l s  t o  r e c o r d  s i m u l t a n e o u s l y  by m i r r o r  g a l v a 

n o m e te r s  f o u r  d i f f e r e n t  f r e q u e n c y  bands  o f  h e a r t  sound 

v i b r a t i o n s  and a n  E.C.&* F r o s t  (1944)  and L ju n g g re n  

(1949)  found  f o u r  c h a n n e l s  s u f f i c i e n t .  Leatham (1949)  

combined a t w o - s t r i n g e d  E in t h o v e n  p h o n o c a r d io g r a p h  w i t h  

two m i r r o r  g a lv a n o m e t e r s  t o  o b t a i n  f o u r  s im u l t a n e o u s  

r e c o r d s .  He now p r e f e r s  an i n s t r u m e n t  w i th  f o u r  m i r r o r  

g a lv a n o m e t e r s  (L ea tham ,  1953, p e r s o n a l  c o m m u n ica t io n ) .  

C o un ih an ,  R a p p ap o r t  and Sprague  (1951)  used  a s t a n d a r d  

co m m erc ia l  3 - c h a n n e l  p h o n o c a r d io g r a p h  w i t h  d , A rs o n v a l



m i r r o r  g a lv a n o m e t e r s ,  t h e  * Sanb o rn  T r ib e a m 4•

C a th o d e - r a y  o s c i l l o g r a p h . Koczkas (1932 ,  19 3 4 ) ,

Boone ( 1 9 4 0 ) ,  and K o u n tz ,  G-ilson and Sm ith  (1940)  d e v i s e d  

p h o n o c a r d i o g r a p h s  i n c o r p o r a t i n g  a c a t h o d e - r a y  t u b e .

Donovan (1943)  p o i n t e d  o u t  t h e  a d v a n ta g e s  of  t h e  c a t h o d e -  

r a y  o s c i l l o g r a p h  (C .R .O . )  o ve r  o t h e r  d e v i c e s  used  f o r  

r e c o r d i n g  h e a r t  s o u n d s .  He a l s o  d e s c r i b e d  a  phono

c a r d i o g r a p h  i n c o r p o r a t i n g  a doub le -b eam  C.R.O. (Donovan, 

1944, 1 9 4 5 ) .  Dawson and M organ-Jones  (1944)  used an 

e l e c t r o n i c  s w i t c h  t o  s p l i t  t h e  beam o f  a s i n g le - b e a m  

C.R.O. so  t h a t  P .C .G .  and E.C.G-. c o u ld  be r e c o r d e d  s im

u l t a n e o u s l y .  C am p b e l l ,  S lo a n  and Andrew (1952)  d e v i s e d  

a p h o n o c a r d i o g r a p h  w i t h  a doub le -b eam  C.R.Cl as  t h e  r e c o r d 

i n g  d e v i c e ;  t h i s  i n s t r u m e n t  i s  d e s c r i b e d  i n  C h a p te r  4®

Dunn and Rahm (1952)  d e s c r i b e d  a m u l t i - c h a n n e l  phono

c a r d i o g r a p h  w i t h  f o u r  s i n g l e - b e a m  c a t h o d e - r a y  t u b e s ,  and 

B e s te rm an  and H a r r i s o n  (1953)  d e s c r i b e d  a model  w i t h  s i x  

such  t u b e s ;  a s i m u l t a n e o u s  p h o t o g r a p h i c  r e c o r d  of  f o u r  

t r a c i n g s  was o b t a i n e d  i n  e a c h  c a s e .

Pen r e c o r d e r . Pen r e c o r d e r s  havs b een  used f o r  phono

c a r d i o g r a p h y  by Rushmer, B a rk ,  and E l l i s  ( 1 9 5 2 ) ,  Rushmer, 

Sparkman,  P o l l e y ,  E ry a n ,  B ru c e ,  Welch,  and B r id g e s  ( 1 9 5 2 ) ,  

and by  G-unn and Wood (1 953)*  T h is  d e v ic e  a d m i t t e d l y  

c an n o t  r e c o r d  a u d i o - f r e q u e n c y  v i b r a t i o n s  b u t  i t  can  g iv e  

a g e n e r a l  i m p r e s s i o n  o f  t h e  i n t e n s i t y  of sound phenomena



a t  d i f f e r e n t  s t a g e s  i n  t h e  c a r d i a o  c y c le *

R e c o r d in g  from a d i s t a n c e . P a r k e r ,  B r e a k e l l ,  and

C h r i s t o p h e r s o n  (1953)  d e s c r i b e d  a s m a l l ,  p o r t a b l e ,  r a d i o

t r a n s m i t t e r ,  w hich  c o u ld  be worn by an a c t i v e l y - m o v i n g  

s u b j e c t  and used  t o  t r a n s m i t  h i s  h e a r t  sounds t o  a r e 

c e i v i n g  s e t  some d i s t a n c e  away. The advantages of  su ch

an i n s t r u m e n t  f o r  t h e  s t u d y  o f  h e a r t  sounds d u r i n g  v a r i o u s  

forms o f  a c t i v e  e x e r c i s e  a r e  a p p a r e n t*

C a l i b r a t i o n  of  t h e  p h o n o c a r d i o g r a p h .

C a l i b r a t i o n  of  t h e  p h o n o c a r d io g r a p h  p r e s e n t s  p r a c t i c a l  

d i f f i c u l t i e s .  F i r s t l y  i t  i s  i n c o n v e n i e n t  t o  s e t  t h e  

i n s t r u m e n t  t o  a c o n s t a n t  s e n s i t i v i t y ,  as  i s  u s u a l l y  done 

w i t h  t h e  e l e c t r o c a r d i o g r a p h ,  s i n c e  t h e  i n t e n s i t y  of  h e a r t  

sounds and murmurs i s  so  v a r i a b l e .  S econd ly  i t  i s  t e c h 

n i c a l l y  d i f f i c u l t  t o  measure  t h e  e n e rg y  o f  sound waves 

a p p l i e d  t o  t h e  e a r  o r  t o  t h e  c o r r e s p o n d i n g  p i c k - u p  of  a 

p h o n o c a r d i o g r a p h .

The i n t e n s i t y  o f  t h e  h e a r t  sounds a t  th e  f r o n t  of  t h e  

c h e s t  i s  o f  v e r y  l i m i t e d  v a l u e  as  an i n d i c a t i o n  of  t h e  

s t a t e  o f  t h e  h e a r t ,  s i n c e  t h i s  i n t e n s i t y  depends  n o t  on ly  

on t h e  i n t e n s i t y  o f  t h e  sounds p roduced  i n  t h e  h e a r t  b u t  

a l s o  on t h e  p o s i t i o n  of  t h e  h e a r t ,  t h e  s t a t e  of  t h e  l u n g s ,  

and t h e  c o m p o s i t i o n  and t h i c k n e s s  of  t h e  c h e s t  w a l l .  

C a l i b r a t i o n  o f  t h e  r e c o r d  i s ,  however ,  d e s i r a b l e  i n  view 

of  d i s c r e p a n c i e s  w h ich  o c cu r  be tw een  a u s c u l t a t o r y  and 

p h o n o c a r d i o g r a p h i c  f i n d i n g s .  When a p a t i e n t  has  a lo u d
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f i r s t  and seco n d  h e a r t  sound and a f a i n t  d i a s t o l i c  murmur, 

t h e  g a i n  of  t h e  i n s t r u m e n t  must be so r e d u c e d  t o  r e c o r d  

t h e  whole e x t e n t  o f  t h e  sound v i b r a t i o n s  t h a t  t h o s e  

c o r r e s p o n d i n g  t o  t h e  murmur a r e  no l o n g e r  v i s i b l e *  At 

t h e  o t h e r  e x t r e m e ,  when a p a t i e n t ’ s h e a r t  sounds a r e  

f a i n t ,  an  i n a u d i b l e  murmur may be r e c o r d e d *  T h i s  i s  an 

i n e v i t a b l e  f e a t u r e  o f  p h o n o c a rd io g ra p h y  b u t  c a l i b r a t i o n  

o f  t h e  r e c o r d  s e r v e s  t o  i n d i c a t e  t h e  d e g re e  of g a i n  em

p loy ed  and i s  of  h e l p  i n  c o r r e l a t i n g  a u d i t o r y  w i t h  

g r a p h i c  f i n d i n g s *

Mannheimer ( 1 9 4 0 ) ,  by means o f  an  i n g e n io u s  ’ p i s t o n -  

p h o n e 1, s u c c e e d e d  i n  c a l i b r a t i i g  h i s  p h o n o c a rd io g ra p h  so  

t h a t  t h e  o u t p u t  i n  m i l l i v o l t s  from t h e  microphone co u ld  

be i n t e r p r e t e d  i n  te rm s  of  sound p ? e s s u r e  on th e  m ic r o 

phone d ia p h r a g m ,  m easured  i n  dynes  p e r  s q u a re  c e n t im e t r e *

W e l l s ,  R a p p ap o r t  and Sprague  (1949)  s t a n d a r d i z e d  

t h e i r  P.C.G-.s by  r e c o r d i n g  a t  t h e  end of  e a c h  t r a c i n g  a 

s i g n a l  c o r r e s p o n d i n g  t o  a pure  to n e  of  500  c * p * s .  a t  80 

d e c i b e l s  above a s t a n d a r d  t h r e & o ld  o f  a u d i b i l i t y  ( 0*0002 

dynes  p e r  sq* cm.)*  C oun ihan ,  R appapor t  and Sprague

( 1 9 5 1 ) r e c o r d e d  a s i g n a l  a t  90  d e c i b e l s  above t h i s  t h r e s 

h o l d .

Dunn and Rahm (1 9 5 2 ,  1 9 5 3 a ,b )  used  a p i s to n p h o n e  

f o r  p r im a ry  c a l i b r a t i o n *  T h e i r  s e c o n d a r y  c a l i b r a t o r

was a headphone r e c e i v e r  d r i v e n  by an a u d i o - o s c i l l a t o r
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a t  100  c y c l e s  p e r  seco nd  and checked  a g a i n s t  t h e  o r i g i n a l  

c a l i b r a t i o n .

B e s te rm an  and H a r r i s o n  (1953)  used  a 5 0 - c y c l e  s i g n a l  

t o  p rod u ce  a m e a s u r a b le  d e f l e c t i o n  on t h e  P.C.G-. They 

g iv e  no d e t a i l s  o f  t h e  i n t e n s i t y  o f  s i g n a l  r e q u i r e d .  

Summary

E a r l y  a t t e m p t s  a t  p h o n o c a rd io g ra p h y  su c c e e d e d  i n  

i n d i c a t i n g  t h e  t im e  o f  o c c u r r e n c e  o f  t h e  h e a r t  sounds b u t  

f a i l e d  t o  r e c o r d  t h e  a u d i b l e  sound w aves .

In  o r d e r  t o  d e t e r m i n e  t h e  t im e  o f  o c c u r r e n c e  o f  

h e a r t  sounds  o r  murmurs i n  t h e  c a r d i a c  c y c l e  a s i m u l t a n 

e o u s l y  r e c o r d e d  r e f e r e n c e  t r a c i n g  i s  e s s e n t i a l *  Those 

w h ich  have b e e n  used  i n c l u d e :  a p i c a l  c a r d io g r a m ,  a r t e r 

i a l  sphygmogram, e l e c t r o c a r d i o g r a m ,  j u g u l a r  ph lebogram , 

pneumogram, and f o n t a n e l l a r  sphygmogram* The most 

s a t i s f a c t o r y  i s  t h e  j u g u l a r  ph lebogram ,  s i n c e  i t  i n d i c a t e s  

c l e a r l y  t h e  t i m i n g  of  d i a s t o l i c  e v e n t s .  With  modern 

m u l t i - c h a n n e l  p h o n o c a r d io g r a p h s  more t h a n  one r e f e r e n c e  

t r a c i n g  can  be r e c o r d e d .

Two e a r l y  methods o f  p h o n o c a rd io g ra p h y  a re  s t i l l  

f a v o u r e d  by some i n v e s t i g a t o r s  t o d a y .  These a r e  t h e  

fd i r e c t ! m ethod ,  u s i n g  a segment c a p s u l e  a s  t h e  r e c o r d i n g  

d e v i c e ,  and t h e  s t r i n g  g a lv a n o m e t e r .

W ith  t h e  d e v e lo p m e n t  o f  modern e l e c t r o n i c  t e c h n i q u e ,
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more s e n s i t i v e  and a c c u r a t e  i n s t r u m e n t s  have become 

a v a i l a b l e « A p i e z o - e l e c t r i c  c r y s t a l  microphone i s  

u s u a l l y  employed t o  p i c k  up p r a e c o r & i a l  v i b r a t i o n s ;  

a p p r o p r i a t e  a m p l i f i e r s  t h e n  augment t h e  s i g n a l s ,  which  

a r e  d i s p l a y e d  by m i r r o r  g a lv a n o m e te r s  o r  on a c a th o d e *  

r a y  o s c i l l o s c o p e 0

C a l i b r a t i o n  o f  a p h o n o c a r d io g r a p h  p r e s e n t s  p r a c t i c a l  

d i f f i c u l t i e s  b u t  i s  o f  v a l u e  when t h e  r e c o r d  i s  t o  be 

compared w i t h  a u d i t o r y  f i n d i n g s *  One method o f  c a l i b r 

a t i o n  i s  t o  r e c o r d  a t  t h e  end 6f  t h e  P*C*G-* a s t a n d a r d  

e l e c t r i c a l  s i g n a l  c o r r e s p o n d i n g  t o  a sound o f  known 

f r e q u e n c y  and i n t e n s i t y  a p p l i e d  t o  t h e  microphone*
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Fig. 5 . D iagram  of phonocardiograph employing a double-beam  cathode-ray oscillograph as 
the recording device.
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C h a p te r  4

A modern e l e c t r o n i c  p h o n o c a r d io g r a p h

The e s s e n t i a l  c h a r a c t e r i s t i c s  o f  a good p h o n o c a r d io 

g r a p h  a r e  c o n s i d e r e d  i n  C h a p te r  2 and t h e  a t t e m p t s  w hich  

have b e en  made t o  a c h i e v e  a s a t i s f a c t o r y  i n s t r u m e n t  a r e  

d e s c r i b e d  i n  C h a p te r  3• The I d e a l  r e c o r d i n g  d e v ic e  i s  

t h e  c a t h o d e - r a j 7- t u b e ,  s i n c e  i t  has  no i n e r t i a  which  cou ld  

d i s t o r t  t h e  v i b r a t i o n s  t o  be r e c o r d e d  and t h e  a m p l i tu d e  

o f  t h e  d e f l e c t i o n s  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  move

ments  w h ich  e x c i t e  them*

The i n s t r u m e n t  d e s c r i b e d  below was c o n s t r u c t e d  f o r  

t h e  i n v e s t i g a t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s  b u t  i t  i s  

a d a p t a b l e  and has  p roved  a good g e n e r a l - p u r p o s e  phono

c a r d i o g r a p h *  Minor a l t e r a t i o n s  and improvements  have 

be en  made d u r i n g  t h e  f o u r  y e a r s  t h a t  i t  has  b e en  i n  u s e ,  

b u t  t h e  fu n d a m e n ta l  d e s i g n  as  d e s c r i b e d  by S lo a n  (1951) 

and C am p be l l ,  S lo a n  and Andrew (1952)  has  n o t  b e en  a l t e r e d *  

F ig*  5 i s  a b l o c k  d iag ra m  t o  show t h e  p r i n c i p l e  of  

t h i s  p h o n o c a r d i o g r a p h  and P l a t e  1 (Volume 2) shows t h e  

a c t u a l  i n s t r u m e n t *  There  a r e  f o u r  main u n i t s :  p re*

a m p l i f i e r ,  a u d i o - f r e q u e n c y  a m p l i f i e r ,  l o w - f r e q u e n c y  

a m p l i f i e r ,  and d o ub le -b e am  c a t h o d e - r a y  o s c i l l o g r a p h  

(C .R .O *) d i s p l a y  u n i t *
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Sound c h a n n e l

C h e s t - p i e c e . H e a r t  sound v i b r a t i o n s  a r e  p ick e d  up 

by a p i e z o - e l e c t r i c  c r y s t a l  m ic rophone  a p p l i e d  t o  t h e  

p r a e c o r d i u n u  F o r  l i n e a r  p h o n o c a rd io g ra p h y  t h e  c o n i c a l  

c h e s t - p i e c e  of  t h e  m icrophone  i s  h e l d  a g a i n s t  t h e  p r a e -  

co rd ium  by a r u b b e r  band round  t h e  c h e s t  o r  by s u c t i o n *

For  s t e t h o s c o p i c  p h o n o c a rd io g ra p h y  a s i m i l a r  c h e s t - p i e c e  

i s  c o n n e c t e d  by a l e n g t h  of  r u b b e r  t u b i n g  t o  t h e  c r y s t a l  

m ic ro p h o n e ,  w h ich  i s  suspended  by r u b b e r  t u b i n g  from a 

b r a c k e t  o r  h e l d  i n  a  c lam p .

The c h e s t - p i e c e  o f  t h e  m icrophone  i t s e l f  i s  o f  m e t a l  

o r ,  i n  t h e  l a t e s t  m odel ,  o f  b a k e l i t e .  The s e p a r a t e  

c h e s t - p i e c e ,  o f  e x a c t l y  t h e  same d i m e n s i o n s ,  i s  of  

p e r s p e x .  The shape  i n  e a c h  c a se  i s  a s im p le  t r u n c a t e d  

co n e ,  5 mm. t h i c k ;  t h e  maximum i n t e r n a l  d i a m e t e r  i s  4?  

mm.; t h e  minimum, 10 mm.; and t h e  d e p t h ,  14 mm. T h is  

b r o a d ,  s h a l lo w  t y p e  o f  c h e s t - p i e c e  was shown by R app ap o r t  

arid S p rague  (1 9 4 1 ,  1942) t o  cause  m in im al  a t t e n u a t i o n  of  

l o w - f r e q u e n c y  phenomena, such  as  t h e  c a r d i a c  e x t r a  so u n d s ,  

w h ich  a r e  t h e  p r i n c i p a l  s u b j e c t  o f  t h e s e  i n v e s t i g a t i o n s .

The s t e t h o s c o p e  t u b i n g ,  where u se d ,  i s  46 cm. l o n g ;  5 mm. 

b o r e ;  w i t h  a w a l l  3«5 mm. t h i c k .  W iggers  and Dean (191Tb) 

found n e g l i b l e  d e l a y  i n  t h e  t r a n s m i s s i o n  o f  sound waves 

i n  a 70 cm. l e n g t h  o f  r u b b e r  t u b i n g  of  t h i s  c a l i b r e .
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P r e a m p l i f i e r .  P l a t e  2 (Volume 2) i s  t h e  c i r c u i t  

d i a g ra m  o f  t h e  p r e a m p l i f i e r .  I t  i s  "based on t h a t  d e s 

c r i b e d  by Cowen and Parnum (1949)  b u t  m o d i f i e d  f o r  use 

w i t h  a C.R.O. i n s t e a d  of  w i t h  t h e  s t r i n g  g a lv a n o m e te r  

used  by t h e s e  a u t h o r s .

B r i e f l y ,  t h e  o u t p u t  from t h e  c r y s t a l  m icrophone  i s  

a p p l i e d  t o  t h e  g r i d  of  t h e  f i r s t  v a l v e ,  w hich  i s  c o n n e c te d  

a s  a c o n v e n t i o n a l  s t a g e  o f  a m p l i f i c a t i o n .  A s w i t c h  i n  

t h e  anode c i r c u i t  g i v e s  a s t e p  c o n t r o l  o f  g a i n ,  and a 

2-megohm p o t e n t i o m e t e r  g i v e s  c o n t i n u o u s  g a i n  c o n t r o l .

The second  s t a g e  ( h a l f  of  t h e  d o u b l e - t r i o d e  v a l v e )  i s  a 

c a th o d e  f o l l o w e r  w i t h  low o u t p u t  im pedance .

The f i l t e r  n e tw o rk  c l o s e l y  f o l l o w s  t h a t  of  Cowen 

and Parnum (1949)#  At s e t t i n g s  1 ,  2 ,  and 5* single** 

s t a g e  r e s i s t a n c e - c a p a c i t y  f i l t e r s  a r e  i n t r o d u c e d ,  w i t h  

t i m e - c o n s t a n t s  o f  0 .0 0 6 8 ,  0 .0 0 1 3 ,  and 0 .00 0 34  sec#  r e s *  

p e c t i v e l y 0 At s e t t i n g s  4 and 5 ,  a t w o - s t a g e  and a t h r e e *  

s t a g e  f i l t e r  r e s p e c t i v e l y  a r e  i n t r o d u c e d ,  t h e  t i m e -  

c o n s t a n t  o f  e a c h  a d d i t i o n a l  s e c t i o n  b e i n g  0 .00034  s e c .

R o u t i n e l y  t h e  f i l t e r s  were s e t  a t  0 ( l i n e a r  g a in )  

f o r  l i n e a r  o r  s t e t h o s c o p i c  p h o n o c a rd io g ra p h y  and a t  4 

f o r  l o g a r i t h m i c  p h o n o c a r d io g r a p h y .  F ig#  6 shows th e  

f r e q u e n c y - r e s p o n s e  cu rve  of  t h e  p r e a m p l i f i e r  a t  t h e  

d i f f e r e n t  f i l t e r  s e t t i n g s s  p o s i t i o n  4 g i v e s  t h e  r e s p o n s e
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most n e a r l y  a p p r o a c h i n g  t h a t  of  t h e  human e a r .

The f i l t e r  n e tw o rk  i s  f o l lo w e d  by a f u r t h e r  s t a g e  

o f  a m p l i f i c a t i o n  and a n o t h e r  c a th o d e  f o l l o w e r  ( second  

h a l f  of  t h e  d o u b l e - t r i o d e ) .

The power su p p ly  i s  c o n v e n t i o n a l  w i t h  a v o l t a g e  

s t a b i l i z e r  i n  t h e  H.T. su p p ly  o f  t h e  f i r s t  t h r e e  s t a g e s .

The s u p p ly  t o  t h e  f i n a l  o u t p u t  v a l v e  i s  t a k e n  from a n o th e r  

p o i n t  i n  t h e  sm o o th ing  c i r c u i t  t o  d e c o u p le  t h i s  s t a g e  

and p r e v e n t  o s c i l l a t i o n .

A u d l o - f r e q u e n c y  a m p l i f i e r . The c i r c u i t  o f  t h i s  com

ponen t  ( P l a t e  3) i s  o n ly  s l i g h t l y  m o d i f i e d  from t h a t  d e s 

c r i b e d  by W i l l i a m s o n  ( 1 9 5 l ) »  The o r i g i n a l  n e g a t i v e - f e e d -  

b a c k  s t a b i l i z a t i o n  has  b e e n  a b o l i s h e d  t o  o b t a i n  g r e a t e r  

g a i n  and t h e  o u t p u t  t r a n s f o r m e r  has  been  wound w i t h  a 

600-ohm w in d in g  i n  a d d i t i o n  t o  t h e  low-impedance w ind ing  

f o r  t h e  s p e a k e r ,  e n a b l i n g  b o t h  c a t h o d e - r a y  tu b e  and s p e a k e r  

t o  be s u p p l i e d  by t h e  same a m p l i f i e r .

The l o u d - s p e a k e r  i s  a pe rm anen t-m agne t  m o v in g - c o i l  

model w i t h  a 25 cm. c o n e .

The a u d i o - f r e q u e n c y  a m p l i f i e r  o u tp u t  i s  l e d  t o  th e  

lower  beam o f  t h e  do ub le -beam  C.R.O.

R e f e r e n c e  c h a n n e l

E i t h e r  o f  two r e f e r e n c e  t r a c i n g s  i s  r e c o r d e d  s im 

u l t a n e o u s l y  w i t h  t h e  P.C.G-. The venous  p u l s e  i s  p icked  

up by a f l a t  cup h e ld  a g a i n s t  t h e  s i d e  of  t h e  n e c k  over  

t h e  j u g u l a r  b u l b  and l e a d i n g ,  by a s h o r t  l e n g t h  of r u b b e r



t u b i n g ,  t o  a p i e z o - e l e c t r i c  c r y s t a l  m ic ro p h o n e .  For  th e  

T .C .3 - . ,  I  employ r o u t i n e l y  Lead I I .  By means o f  a d o u b l e 

p o le  d o u b l e - t h r o w  s w i t c h  e i t h e r  t h e  l e a d s  from t h e  m ic r o 

phone o r  t h e  E.C.G-. l e a d s  a r e  c o n n e c te d  t o  t h e  i n p u t  of  

t h e  l o w - f r e q u e n c y  a m p l i f i e r .

L o w -f req uency  a m p l i f i e r . The lo w - f r e q u e n c y  a m p l i f i e r  

o r i g i n a l l y  i n c o r p o r a t e d  i n  t h e  p h o n o c a r d io g r a p h  was one 

d e s i g n e d  many y e a r s  ago f o r  an  e n t i r e l y  d i f f e r e n t  I n v e s t 

i g a t i o n  i n  t h e  I n s t i t u t e  o f  P h y s i o l o g y .  I t  p roved  s a t 

i s f a c t o r y  f o r  r e c o r d i n g  e i t h e r  t h e  E.C.Gk o r  th e  p h l e b o 

gram b u t ,  s i n c e  th e  i n v e s t i g a t i o n s  d e s c r i b e d  h e re  were 

c o m p le te d ,  h a s  b een  r e p l a c e d  by one o f  more modern d e s i g n .

The c i r c u i t  o f  t h e  o r i g i n a l  l o w - f r e q u e n c y  a m p l i f i e r  

( P l a t e  4) c o n s i s t s  o f  a s t a g e  of p u s h - p u l l  a m p l i f i c a t i o n  

f o l lo w e d  by a T o en n ie s  co m p re sso r  s t a g e  and two s t a g e s  of 

s i n g l e - s i d e d  a m p l i f i c a t i o n .  The a m p l i f i e r  i s  r e s i s t a n c e -  

c a p a c i t y  c o u p le d  t h r o u g h o u t ,  w i t h  t i m e - c o n s t a n t s  o f  4 s e c .

A s t e p p e d  g a i n  c o n t r o l  i s  p ro v id e d  be tw een  t h e  second and 

t h i r d  s t a g e s  and a h i g h - f r e q u e n c y  f i l t e r  can  be sw i tc h ed  

i n  t o  r e d u c e  i n t e r f e r e n c e ,  i n c l u d i n g  mains hum. In  

o r d e r  t o  m in im ize  t h i s  I n t e r f e r e n c e  th e  f i r s t  two s t a g e s  

a re  b a t t e r y  o p e r a t e d ,  b o t h  f o r  l o w - t e n s i o n  and h i g h -  

t e n s i o n  s u p p l i e s .  The two l a t e r  s t a g e s  a r e  mains d r i v e n .

The o u t p u t  from t h e  lo w - f r e q u e n c y  a m p l i f i e r  i s  l e d  

t o  t h e  uppe r  beam, o f  t h e  c a t h o d e - r a y  tu b e  of th e  d i s p l a y
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u n i t  o

D i s p l a y  u n i t

The r e c o r d i n g  d e v i c e  i s  a doub le -beam  c a t h o d e - r a y  

t u b e  ( C o s s o r ,  t y p e  89«J)o The c i r c u i t s  o f  t h e  C.R.O* 

u n i t  and t im e  b a se  a r e  shown i n  P l a t e s  5 and 6 .  The 

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

a d j u s t m e n t s  f o r  b r i l l i a n c e  and f o c u s .  As an a i d  t o  

c o r r e c t  p h o t o g r a p h i c  e x p o su re  a b r i l l i a n c e  m e t e r 1 i s  

i n c o r p o r a t e d  on t h e  p a n e l .  The t i m e - b a s e  i n c o r p o r a t e s  

a t h y r a t r o n  v a l v e  and i s  a d j u s t a b l e  ove r  a  wide r an g e  of  

f r e q u e n c y .

F o r  v i s u a l  o b s e r v a t i o n  t h e  beams a r e  made t o  t r a v e r s e  

s l o w l y ;  f o r  r e c o r d i n g ,  t h i s  i s  s to p p e d  and t h e  r e c o r d i n g  

p a p e r  i s  r u n  p a s t  h o r i z o n t a l l y .  R ecords  a r e  made w i t h  

a camera w i t h  m otor  d r i v e  a t t a c h m e n t  ( C o s s o r ,  t y p e  1428) 

a t  a f i l m  speed  o f  1 .2  i n c h e s  (3 0  mm.) p e r  second  on 

r e c o r d i n g  p a p e r  ( I l f o r d  B . P . l ) .

An op h tha lm oscope  lamp, mounted on t h e  camera j u s t  

i n  f r o n t  o f  t h e  o s c i l l o g r a p h  s c r e e n ,  i s  a c t i v a t e d  by an 

e l e c t r i c  m o t o r - d r i v e n  commutator  t o  g iv e  t i m i n g  marks on 

th e  r e c o r d  a t  1 /10  s e c .  o r ,  i n  t h e  l a t e r  r e c o r d s ,  a t  1 /5  

s e c .  i n t e r v a l s .

P h le b o g rap h y  i n  e x p e r i m e n t a l  a n im a l s

F o r  t h e  i n v e s t i g a t i o n  o f  e x t r a  c a r d i a c  sounds i n  t h e  

dog ( C h a p te r  11) t h e  j u g u l a r  phlebogram was r e q u i r e d  as
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a r e f e r e n c e  t r a c i n g *  In  o r d e r  t o  o b ta in  an a c c u r a t e  

r e c o r d  of  t h e  venous  p u l s e  w i t h o u t  r e c o r d i n g  o t h e r  p u l s 

a t i o n s  from t h e  n e ck  i t  was d e c i d e d  t o  c a n n u l a t e  th e  

e x t e r n a l  j u g u l a r  v e i n  and c o n n e c t  t h e  c a n n u la  by some 

d e v i c e  t o  t h e  p i e z o - e l e c t r i c  c r y s t a l  microphone a l r e a d y  

i n  use  f o r  p h leb og rap hy *  S in c e  a v enous  c a n n u la  o b s t r u c t s  

t h e  n o rm al  f low o f  b lo od  a l o n g  t h e  v e i n  and a l lo w s  i t s  

w a l l s  t o  come t o g e t h e r ,  o b l i t e r a t i n g  t h e  venous  p u l s e ,  a 

f low  o f  s a l i n e  i n t o  t h e  v e i n  i s  n e c e s s a r y  t o  keep  t h e  

v e s s e l  p a t e n t *

The d e v i c e  used f o r  r e c o r d i n g  t h e  j u g u l a r  phlebogram 

o f  t h e  dog  i s  shown i n  F ig s*  7 and 8 ( S l o a n  & W i s h a r t ,  

1 9 5 3 b ) .

A c a n n u la  i n t r o d u c e d  i n t o  t h e  v e i n  i s  c o n n ec ted  t o  

a  chamber s e p a r a t e d  by a r u b b e r  membrane from th e  c r y s t a l  

m icrophone*  A s i d e ^ t u b e  from t h e  c a n n u la  l e a d s  t o  a 

r e s e r v o i r  o f  mammalian R in g e r  s o l u t i o n ,  from which  i n t r a 

v en o u s  i n f u s i o n  i s  m a i n t a i n e d  d u r i n g  t h e  e x pe r im en t*

The membrane i s  of  r u b b e r  dam, h e ld  i n  p o s i t i o n  by f r i c t i o n  

i n  a p e r s p e x  m em b ran e -h o ld e r ,  which  p e r m i t s  d i r e c t  ob

s e r v a t i o n  of  t h e  f l u i d  i n s i d e *  A d r a i n a g e  p lu g  a l lo w s  

f l u s h i n g  o u t  o f  b lo o d  o r  a i r  b u b b le s  from t h e  chamber*

The m icrophone  c a s i n g  i s  a t t a c h e d  t o  t h e  m em brane-ho lder  

by a screw t h r e a d *
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The sppa.ra. tus was t e s t e d  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  

o f  d i s t o r t i o n  o f  t h e  r e c o r d  by r e s o n a n c e  e f f e c t s  a t  t h e  

f r e q u e n c y  o f  t h e  waves of  t h e  venous  p u l s e #  I t  was s e t  

up a s  f o r  n o rm al  use b u t  t h e  c a n n u l a ,  i n s t e a d  of  b e in g  

i n t r o d u c e d  i n t o  a v e i n ,  was c o n n e c te d  by r u b b e r  t u b i n g  

t o  a p i s t o n  d e v ic e #  T h is  was a c t i v a t e d  by an e l e c t r i c  

m otor  t o  p roduce  a r e g u l a r  t o - a n d - f r o  su rg e  of  f l u i d  i n  

t h e  s y s te m ,  o f  com parab le  a m p l i tu d e  t o  t h a t  p roduced i n  

t h e  d o g ’ s j u g u l a r  v e i n  by th e  b e a t i n g  h e a r t #

The r e c o r d s  o b t a i n e d  a r e  shown i n  P l a t e s  7 & 8 

(Volume 2 ) .  S in c e  no r e s o n a n c e  e f f e c t s  were o bse rved  

a t  f r e q u e n c i e s  o f  from 4 t o  40 c # p . s #  i t  was assumed 

t h a t  no d i s t o r t i o n  o f  t h e  wave-form  due t o  r e s o n a n c e  would 

be p roduced  a t  t h e  f r e q u e n c y  o f  t h e  venous  p u l s e  waves ,  

e a c h  of  w h ich  l a s t s ,  on an a v e ra g e  a bo u t  0 . 1  s e c .

T echn ique  o f  human p h o n o c a rd io g ra p h y

F o r  r o u t i n e  p h o n o c a rd io g ra p h y  o f  human s u b j e c t s  th e  

i n d i v i d u a l  i s  s t r i p p e d  t o  t h e  w a i s t  and recum bent  f o r  

a b o u t  f i v e  m in u te s  b e f o r e  t h e  r e c o r d  i s  t a k e n .  D u r in g  

t h i s  t im e  d e t a i l s  o f  h e a l t h  a r e  n o t e d  and a u s c u l t a t i o n  of  

th e  h e a r t  p e r f o r m e d .  The s i t e  o f  t h e  apex b e a t  i s  i d e n t 

i f i e d  and marked,  as  i s  any o t h e r  s i t e  from which  i t  i s  

p ro po sed  t o  r e c o r d  h e a r t  s o u n d s .  E l e c t r o d e s  a r e  a p p l i e d  

t o  t h e  s u b j e c t ’ s r i g h t  w r i s t  and t o  b o t h  a n k l e s ;  t h o s e
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from r i g h t  w r i s t  and l e f t  a n k le  a r e  c o n n e c te d  t o  t h e  

e l e c t r o c a r d i o g r a p h  l e a d s ,  t h a t  from t h e  r i g h t  a n k le  t o  

e a r t h .  T h i s  p r e c a u t i o n ,  and sometimes a l s o  a d d i t i o n a l  

e a r t h i n g  of  t h e  s c r e e n e d  l e a d s  from th e  e l e c t r o d e s ,  i s  

n e c e s s a r y  t o  r e d u c e  mains i n t e r f e r e n c e ,  one of  t h e  m ajor  

c o m p l i c a t i o n s  of  u s i n g  such  a s e n s i t i v e  i n s t r u m e n t  as  

t h i s ®  The g a i n  o f  th e  lo w - f r e q u e n c y  a m p l i f i e r  i s  a d j u s t 

ed so  t h a t  t h e  waves o f  t h e  E®C#Gr® a r e  c l e a r l y  shown h u t  

do n o t  e n c r o a c h  on t h e  lower  h a l f  o f  t h e  screen® S ince  

t h e  g a i n  may he v a r i e d  from one s u b j e c t  t o  t h e  n e x t ,  t h e  

a m p l i t u d e  o f  t h e  d e f l e c t i o n s  o f  t h e  E.C.G® does  n o t  c o r 

r e s p o n d  t o  any s t a n d a r d  v o l t a g e  a p p l i e d  t o  t h e  leads®

The s t e t h o s c o p e  c h e s t - p i e c e  o r  t h e  microphone i s  

t h e n  a p p l i e d  t o  t h e  p ra e c o rd iu m  i n  t h e  r e g i o n  of  th e  c a r 

d i a c  apex  and i s  h e ld  i n  p o s i t i o n  hy a r u h h e r  hand round 

t h e  c h e s t  o r ,  i n  some of  t h e  l a t e r  i n v e s t i g a t i o n s ,  hy 

s u c t i o n #  The p r e a m p l i f i e r  i s  s e t  a t  f i l t e r  p o s i t i o n  4 

f o r  l o g a r i t h m i c  p h o n o c a rd io g ra p h y  and t h e  g a i n  i s  a d j u s t e d  

t o  g iv e  a s u i t a b l e  a m p l i tu d e  o f  d e f l e c t i o n  on t h e  r e c o r d  

as  d e t a i l e d  below® The l o u d - s p e a k e r  i s  t h e n  s w i tc h e d  on 

t o  c o n f i r m  t h e  a u s c u l t a t o r y  f i n d i n g s  and r e v e a l  any e x t r 

aneous s o u n d s :  a howl from t h e  s p e a k e r  a t  t h i s  s t a g e ,  due

t o  p o s i t i v e  f e e d - b a c k ,  i n d i c a t e s  t h a t  t h e  c h e s t - p i e c e  i s  

n o t  a i r - t i g h t  a g a i n s t  t h e  c h e s t  and r e q u i r e s  ad jus tm ent®
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When any n e c e s s a r y  a d j u s t m e n t s  have b e e n  made t h e  s p e a k e r  

i s  s w i t c h e d  off®

A s e r i a l  number i s  marked on t h e  r e c o r d i n g  p a p e r .

The s u b j e c t  i s  t h e n  a sk ed  t o  t a k e  a no rm al  b r e a t h  i n  and 

o u t  and t h e r e a f t e r  t o  h o ld  t h e  b r e a t h  ou t  f o r  a few 

se co n d s  w h i l e  t h e  r e c o r d  i s  t a k e n .  T h i s  i s  a u s u a l  p r a c 

t i c e  t o  a v o id  c o n f u s i o n  o f  t h e  r e c o r d  by b r e a t h  sounds 

(L ea tham ,  1949;  W e l l s ,  R a p p ap o r t  & S p ra g u e ,  19 4 9 ) ,  a l 

t h o u g h  i t  i s  n o t  d i f f i c u l t  t o  r e c o g n i s e  and d i s t i n g u i s h  

t h e s e  on t h e  r e c o r d  s h o u ld  t h e y  o c c u r .

To r e c o r d  t h e  j u g u l a r  phlebogram as  t h e  r e f e r e n c e  

t r a c i n g ,  t h e  l o w - f r e q u e n c y  a m p l i f i e r  i s  s w i tc h e d  from t h e  

e l e c t r o c a r d i o g r a p h  l e a d s  t o  t h e  p h le b o g ra p h  microphone 

and an  a s s i s t a n t  h o l d s  t h e  r e c e i v i n g  cup o f  t h e  p h le b o 

g r a p h  a g a i n s t  t h e  s u b j e c t ’ s n e ck  ove r  t h e  r i g h t  j u g u l a r  

b u l b .  When t h e  cup i s  i n  a i r - t i g h t  c o n t a c t  w i t h  t h e  s k i n  

o f  t h e  n e c k  t h e  waves o f  t h e  phlebogram  a p p e a r  on t h e  

C.R.O. s c r e e n  and t h e  g a i n  of  t h e  lo w - f r e q u e n c y  a m p l i f i e r  

i s  a d j u s t e d  t o  show them c l e a r l y  i n  t h e  upper  h a l f  of  t h e  

s c r e e n .  W ith  t h e  s u b j e c t  once more h o l d i n g  h i s  b r e a t h  

i n  e x p i r a t i o n  a f u r t h e r  P.C.G-. i s  r e c o r d e d .

I d e a l l y ,  f o r  a l o g a r i t h m i c  F . C .G . ,  t h e  microphone 

sh o u ld  be s e p a r a t e d  from t h e  c h e s t  by a l e n g t h  of  s t e t h o 

scope t u b i n g  s i n c e  t h e  p r e a m p l i f i e r  f i l t e r  i n t r o d u c e s  o n ly  

th e  d i s t o r t i o n  n o r m a l ly  due t o  t h e  human a u d i t o r y  mechanism,
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w i t h o u t  t h a t  due t o  t h e  s t e t h o s c o p e  w hich  i s  u s u a l l y  

employed® In  p r a c t i c e  I  have found t h e  d i s t o r t i o n  p ro 

duced  by a s h o r t  l e n g t h  o f  r u b b e r  t u b i n g  i s  so  s m a l l  t h a t  

I  now p r e f e r  t o  a p p ly  t h e  m ic ro p h o n e ,  w i t h  i t s  a t t a c h e d  

c h e s t - p i e c e ,  d i r e c t l y  t o  t h e  c h e s t .  T h i s  ha s  been  t h e  

p r a c t i c e  o f  o t h e r  I n v e s t i g a t o r s  f o r  some t im e  (R a p p ap o r t  

& S p r a g u e ,  1941;  L u i s a d a ,  1948; Leatham, 1949) and i s  

t e c h n i c a l l y  much more c o n v e n i e n t .

To r e c o r d  s t e t h o s c o p i c  o r  l i n e a r  P .C .G .s  t h e  p ro 

c e d u re  i s  e s s e n t i a l l y  s i m i l a r  t o  t h a t  d e s c r i b e d  a b o v e .

The s t e t h o s c o p e  c h e s t - p i e c ©  ( s t e t h o s c o p i c  P.C.G-.) o r  t h e  

m icrophone  ( l i n e a r  P.C.Q-.) i s  h e l d  a g a i n s t  t h e  p r a e -  

cord ium  by a r u b b e r  band o r  by s u c t i o n ,  and t h e  p r e 

a m p l i f i e r  i s  used w i t h o u t  f i l t e r s  ( f i l t e r  p o s i t i o n  0 ) .

Fo r  t h e s e  r e c o r d s  t h e  g a i n  o f  t h e  p r e a m p l i f i e r  and th e  

a m p l i f i e r  must  be g r e a t l y  r e d u c e d  from t h a t  r e q u i r e d  f o r  

t h e  l o g a r i t h m i c  P.C.Gr.

The s t a n d a r d  s e t  o f  r e c o r d s  I  have o b t a i n e d  on e ach  

human s u b j e c t  o r  e x p e r i m e n t a l  a n im a l  has  depended  on t h e  

n a t u r e  o f  t h e  i n v e s t i g a t i o n  i n  e ac h  c a se  and i s  n o t e d  i n  

c o n n e c t i o n  w i t h  t h e  s e v e r a l  i n v e s t i g a t i o n s .

I n t e r p r e t a t i o n  of  th e  P.Q.G-.

F o r  r o u t i n e  p h o n o c a rd io g ra p h y  t h e  E.0.G-. s e r v e s  t o  

d i s t i n g u i s h  s y s t o l i c  from d i a s t o l i c  e v e n t s  b u t  f o r  t h e  

t i m i n g  o f  e v e n t s  i n  d i a s t o l e ,  as  i n  t h e  i n v e s t i g a t i o n  of



‘ Log P-C-6

Log.P.C.G

F i g .  9 .—Logarithmicphonocardiograms from the mitral area of a healthy subject. Reference tracings: 
electrocardiogram, lead II (E.C.G. II) and jugular venous pulse (Jug. V.P.). 1, 2, 3, heart
sounds; SM, systolic murmer.
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M IT R A L  O P E N I N G  S N A P  

P R E S Y S T O L I C  G A L L O P  

P R O T O D IA S T O L IC  G A L L O P

F iq .  IO . R E L A T IO N S H IP  O F  H E A R T  S O U N D S  T O  W A V E S  O F  E L E C T R O C A R D IO G R A M .

P H Y S IO L O G IC A L  
H E A R T  S O U N D S  
(A U SC U L T A T IO N  £r 
P H O N O C A R D IO G R A PH Y )

P H Y S IO L O G IC A L  
H E A R T  S O U N D S  

(P H O N O C A R D IO G R A P H Y - j 
O N L Y )
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T H I R D  S O U N D
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T H f R D  & F O U R T H  S O U N D S

S P L IT  F IR S T  S O U N D  

M IT R A L  O P E N I N G  S N A P  

P R E S Y S T O L IC  G A L L O P  

P R O T O D IA S T O L IC  G A L L O P

F iq . II. R E L A T IO N S H IP  OF H E A R T  S O U N D S  TO  W A V E S OF JU G U L A R  PH L E B O G R A M .
(A fte r C o s s io  6- O r f a s ,  1955).
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t r i p l e  c a r d i a c  rh y th m ,  t h e  j u g u l a r  phlehogram i s  r e q u i r e d *  

I  u s u a l l y  r e c o r d  tooth on c o n s e c u t i v e  r e c o r d s  a s  i n  F ig*

9 ;  t h e  E.C.G-. a i d s  i n  i d e n t i f i c a t i o n  o f  t h e  waves of  t h e  

venous p u l s e  i n  t h e  few c a s e s  where t h i s  p ro v es  d i f f i c u l t *  

The t i m e - r e l a t i o n s h i p  o f  th e  h e a r t  sounds t o  t h e  waves of  

t h e  E.C.G-. and o f  t h e  phletoogram i s  shown i n  F i g s .  10 and 

11.
U sing  t h e  E.C.Gr* as  t h e  r e f e r e n c e  t r a c i n g  t h e  Q, wave 

im m e d ia te ly  p r e c e d e s  v e n t r i c u l a r  c o n t r a c t i o n  and hence 

t h e  f i r s t  h e a r t  so u n d .  The second h e a r t  sound c o i n c i d e s  

w i t h  t h e  end o f  t h e  T Wave o r  im m ed ia te ly  f o l lo w s  i t *

The E.C.Cx* g i v e s  no e x a c t  t i m i n g  o f  c a r d i a c  e v e n t s  i n  

e a r l y  d i a s t o l e  tout, i n  l a t e  d i a s t o l e ,  a d i s t i n c t  sound 

b e tw ee n  t h e  P and Q waves i s  i d e n t i f i e d  as  a f o u r t h  h e a r t  

sound o r  a s  t h e  c o r r e s p o n d i n g  p r e s y s t o l i c  g a l l o p  sound*

I n  t h e  c a se  of  t h e  j u g u l a r  phletoogram t h e  c wave 

c o i n c i d e s  w i t h  t h e  f i r s t  h e a r t  sound* A n o t c h  on th e  

u p s t r o k e  o f  t h e  v wave,  c l e a r l y  se en  i n  r e c o r d s  toy a 

s e n s i t i v e  ph le toograph ,  c o r r e s p o n d s  t o  t h e  second  h e a r t  

sou n d .  The t h i r d  h e a r t  sound and p r o t o d i a s t o l i c  g a l l o p  

sound a r e  d i s t i n g u i s h e d  from o t h e r  p r o t o d i a s t o l i c  sounds 

toy t h e i r  r e l a t i o n  t o  t h e  v wave. The second component 

of  a s p l i t  seco n d  sound o c c u r s  b e f o r e  t h e  c r e s t  of  th e  

v wave, and t h e  o pe n in g  snap  of t h e  m i t r a l  v a lv e  s t a r t s  

a t  t h e  summit o f  t h i s  wave, whereas  a t h i r d  h e a r t  sound
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or  p r o t o d i a s t o l i c  g a l l o p  sound o c c u r s  on t h e  d ow ns troke  

o r  a t  t h e  f o o t  o f  t h e  v wave.  The f o u r t h  h e a r t  sound 

and p r e s y s t o l i c  g a l l o p  sound c o r r e s p o n d  t o  t h e  summit of  

t h e  a wave o f  t h e  venous  p u l s e .

R e c e n t  m o d i f i c a t i o n s

S in c e  t h e  c o m p le t io n  o f  t h e  i n v e s t i g a t i o n s  r e c o r d e d  

i n  t h i s  t h e s i s  two main m o d i f i c a t i o n s  have b e en  i n t r o d u c e d  

i n t o  t h e  phono c a r d i o g r a p h  as  i t  i s  h e re  d e s c r i b e d .

The f i r s t  change i s  t h e  r e p l a c e m e n t  o f  t h e  o r i g i n a l  

l o w - f r e q u e n c y  a m p l i f i e r  ( P l a t e  4) by a model o f  more 

modern d e s i g n ,  w hich  i s  e n t i r e l y  b a t t e r y - d r i v e n .  T h is  

has  a b o l i s h e d  t h e  mains i n t e r f e r e n c e ,  w hich  sometimes 

a p p e a re d  on t h e  r e f e r e n c e  t r a c i n g s .

The second  m o d i f i c a t i o n  i s  t h e  a d d i t i o n  t o  t h e  p r e 

a m p l i f i e r  o f  a c a l i b r a t i o n  d e v i c e .  W ith  t h e  a s s i s t a n c e  

o f  Mr. J . R .  G r e e r  o f  t h e  Depar tm en t  o f  N a t u r a l  P h i lo so p h y  

I  have i n c o r p o r a t e d  i n  t h e  a m p l i f i e r  a c i r c u i t  w hich  p r o 

v i d e s  a s t a n d a r d  5 0 - c y c l e  a . c .  s i g n a l  of  t h e  same o r d e r  

o f  v o l t a g e  as  t h a t  n o rm a l ly  induced  by t h e  c r y s t a l  m ic ro 

phone d u r i n g  t h e  r e c o r d i n g  of h e a r t  s o u n d s .  The m ic r o 

phone hps b e e n  c a l i b r a t e d  a t  t h e  N a t i o n a l  P h y s i c a l  Lab

o r a t o r y  so  t h a t  t h e  v o l t a g e  o u tp u t  can  be i n t e r p r e t e d  i n  

t e rm s  o f  sound p r e s s u r e  on th e  microphone d iap h ra g m .  By 

t u r n i n g  a s w i t c h  on t h e  p r e a m p l i f i e r  p a n e l  t h e  P .C .G .  i s  

i n t e r r u p t e d  and a 2 . 4  mV 5 0 - c y c l e  s i g n a l ,  c o r r e s p o n d i n g  

t o  sound p r e s s u r e  on t h e  microphone of  6 dj^nes p e r  sq* cm.,
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i s  f ed  i n t o  t h e  sound c h a n n e l  a t  t h e  same g a i n  and f i l t e r  

s e t t i n g  and i s  r e c o r d e d  a t  t h e  end of  t h e  P.C.G-. T h is  

c o r r e s p o n d s  t o  a sound a p p ro x im a te ly  25 d e c i b e l s  above 

th e  t h r e s h o l d  of  a u d i b i l i t y  a t  t h i s  f r e q u e n c y .  P l a t e  79 

(Volume 2) shows c a l i b r a t e d  P .C .G .s  of  a norm al  s u b j e c t .

F u r t h e r  e x p e r im e n t  i s  r e q u i r e d  t o  f i n d  w h e th e r  t h i s  

a r b i t r a r i l y  c h osen  s i g n a l  i s  t h e  most u s e f u l  f o r  g e n e r a l  

p u rp o se s  and w h e th e r  t h e  p r e s e n t  d e s i g n  of  t h e  c a l i b r a t o r  

I s  t h e  most e f f i c i e n t  f o r  p r o v i d in g  t h e  s i g n a l .

Summary

A tw o - c h a n n e l  e l e c t r o n i c  p h o n o e a rd io g ra p h  i s  d e s c r i 

bed .  The sound c h a n n e l  co m pr ise s  a c r y s t a l  m ic rophone ,  

p r e a m p l i f i e r  w i t h  h i g h - p a s s  f i l t e r s ,  and a u d io - f r e q u e n c y  

a m p l i f i e r  l e a d i n g  t o  one beam o f  a double-beam  c a t h o d e - 

r a y  o s c i l l o g r a p h .  The a u d io - f r e q u e n c y  a m p l i f i e r  a l s o  

s u p p l i e s  a l o u d - s p e a k e r .  The r e f e r e n c e  c h a n n e l  com pr ise s  

e l e c t r o c a r d i o g r a p h  e l e c t r o d e s  and a c r y s t a l  m icrophone,  

e i t h e r  o f  w hich  may be co n n ec te d  t o  a lo w - f req u e n cy  amp

l i f i e r  l e a d i n g  t o  t h e  o t h e r  beam of  t h e  o s c i l l o g r a p h .

F o r  p h o n o c a rd io g ra p h y  t h e  t im e - b a s e  of t h e  c a t h o d e -  

ray  o s c i l l o g r a p h  i s  sw i tc h ed  o f f  and t h e  beams a re  p h o to 

graphed on a h o r i z o n t a l l y  moving s t r i p  o f  r e c o r d i n g  p a p e r .  

A lamp, mounted on t h e  camera ,  f l a s h e s  a t  1 /10  s e c .  o r  

I /5  s e c .  i n t e r v a l s  t o  p ro v id e  a t ime m ark ing .

The j u g u l a r  phlebogram i n  e x p e r i m e n t a l  an im a ls  i s  

r ec o rd e d  from t h e  lumen of  t h e  v e i n  by means of  a s p e c i a x



d e v i c e ,  i n c o r p o r a t i n g  a c r y s t a l  m ic ro p h o n e ,  a t t a c h e d  by 

r u b b e r  t u b i n g  t o  a c a n n u la  i n  t h e  an im a l* s  e x t e r n a l  

j u g u l a r  v e i n .

L o g a r i t h m i c ,  s t e t h o s c o p i c ,  or  l i n e a r  P.C.G-.s may be 

r e c o r d e d .  R o u t i n e l y  two l o g a r i t h m i c  P.C.G-.s a r e  o b t a i n e d ,  

one w i t h  t h e  S .C .G .  (Lead I I )  and th e  o t h e r  w i t h  t h e  

j u g u l a r  ph lebogram  as  t h e  r e f e r e n c e  t r a c i n g .  Where 

a p p r o p r i a t e ,  s t e t h o s c o p i c  o r  l i n e a r  P .C .G .s  a r e  r e c o r d e d  

as  w e l l .

C a r d ia c  e x t r a  sounds i n  d i a s t o l e  a re  d i s t i n g u i s h e d  

by t h e i r  t e m p o r a l  r e l a t i o n s h i p  t o  t h e  waves of  t h e  j u g u l a r  

p h leb o g ra m .

The o r i g i n a l  a m p l i f i e r  i n  t h e  r e f e r e n c e  c h a n n e l  has  

r e c e n t l y  b e e n  r e p l a c e d  by one of  improved d e s i g n .  A 

c a l i b r a t i o n  d e v i c e  has  b een  f i t t e d  t o  t h e  sound c h a n n e l  

and i s  a t  p r e s e n t  u n de r  t r i a l *



PART I I I

CARDIAC EXTRA SOUNDS IN HEALTHS’ HUMAN SUBJECTS

HLa s c i e n c e  ne s * e t a b l i s s a n t  que p a r  v o i e  de 

c o m p a r a i s o n ,  l a  e o n n a i s s a n c e  de l ’ e t a t  p a th o l o g i q u e  

ou a n o rm a l  ne s a u r a i t  e t r e  ob tanue  sans  l a  c o n a i s -  

s a n c e  de  l ’ e t a t  n o r m a l . ”

Claude B e rn a rd  (1865) 
I n t r o d u c t i o n  a 1*e tu d e  de 
l a  medecine e x p e r i m e n t a l e .  
P a r i s ,  B a i l l i ^ r e  e t  F i l s .  
P. 7
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C h a p te r  5 

P h y s i o l o g i c a l  c a r d i a c  e x t r a  sounds

The d i s t i n c t i o n  be tw een  s p l i t t i n g  o f  t h e  f i r s t  or  

s econd  sound and th e  a d d i t i o n  t o  t h e s e  sounds o f  a c a r d i a o  

e x t r a  sound has  a l r e a d y  b e e n  drawn i n  C h a p te r s  2 and 4 .

As i n d i c a t e d  i n  C h a p te r  2 t h e  t e r m ,  ’ t r i p l e  c a r d i a o  

rh y th m * ,  i s  l i m i t e d  by c u r r e n t  c o n v e n t io n  t o  t h e  a d d i t i o n  

o f  an  e x t r a  sound t o  t h e  c a r d i a c  c y c le  and e x c l u d e s  t h e  

rhy thm  due t o  s p l i t t i n g  o f  t h e  f i r s t  o r  second h e a r t  

s o u n d .  The t i m e s  i n  t h e  c a r d i a c  c y c le  when p h y s i o l o g i c a l  

e x t r a  sounds  most  commonly o c cu r  a re  p r o t o d i a s t o l e  ( 3 rd  

h e a r t  s o u n d ) ,  p r e s y s t o l e  ( 4 t h  h e a r t  s o u n d ) ,  and l a t e  

s y s t o l e  ( s y s t o l i c  e x t r a  s o u n d ) .

In  c o n s i d e r i n g  t h e  no rm al  o c c u r re n c e  o f  c a r d i a c  e x t r a  

sounds  i t  i s  i m p o r t a n t  t o  d i s t i n g u i s h  p h o n o c a r d io g r a p h ic  

from a u s c u l t a t o r y  f i n d i n g s .  The t h i r d  h e a r t  sound i s  a 

n o rm al  f i n d i n g  by e i t h e r  t e c h n iq u e  b u t  t h e  f o u r t h  h e a r t  

sound i s  n o t  n o r m a l ly  a u d i b l e ,  a l t h o u g h  i t  may be s e en  

on t h e  P.C.G-. o f  h e a l t h y  i n d i v i d u a l s .  The s y s t o l i c  e x t r a  

sound i s  a r a r e  phenomenon b u t ,  when p r e s e n t ,  may be 

a u d i b l e  a s  w e l l  as  d e t e c t a b l e  by p h o n o c a rd io g ra p h y .

As m en t io n ed  i n  C h a p te r  2 ,  t h e  h e a r t  sounds a r e  of 

low frequencs^ ( f u n d a m e n ta l  t o n e ,  25~50 c . p . s . ) ®  S ince  

t h e  human e a r  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  v i b r a t i o n s  of
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t h i s  f r e q u e n c y - r a n g e  i t  f o l lo w s  t h a t  c a r d i a c  e x t r a  sounds 

a r e  more r e a d i l y  d e t e c t e d  by p h o n o c a rd io g rap h y  t h a n  by 

a u s c u l t a t i o n *  Even i n  l o g a r i t h m i c  p h o n o c a rd io g ra p h y ,  

i n  w h ich  t h e  f r e q u e n c y - r e s p o n s e  curve  of  t h e  e a r  i s  s imu

l a t e d  by t h e  p h o n o c a r d io g r a p h ,  a h i g h e r  i n c i d e n c e  of  e x t r a  

sounds  i s  u s u a l l y  found t h a n  by a u s c u l t a t i o n *  In  c a s e s  

where  t r i p l e  c a r d i a c  rhy thm  i s  d e t e c t e d  by a u s c u l t a t i o n  

i t  i s  u s u a l l y  p o s s i b l e  t o  d e te r m in e  by p h o n o c a rd io g rap h y  

t h e  e x a c t  t im e  o f  o c c u r r e n c e  o f  t h e  e x t r a  sound i n  t h e  

c a r d i a c  c y c l e ,  b u t  an a u d i b l e  sound does  n o t  a lways a p p e a r  

on t h e  l o g a r i t h m i c  P*C.G*; t h i s  a p p a r e n t  anomaly has  be en  

n o te d  i n  c o n n e c t i o n  w i t h  c a l i b r a t i o n  of  t h e  p h o n o c a r d i o 

g r a p h  ( C h a p te r  3 )*

S in c e  t h e  t h i r d  h e a r t  sound i s  by f a r  t h e  commonest 

p h y s i o l o g i c a l  e x t r a  sound on a u s c u l t a t i o n  i t  has  b een  t h e  

main s u b j e c t  o f  t h i s  s tudy*  The o c c u r re n c e  o f  t h e  f o u r t h  

h e a r t  sound i s  o f  l e s s  i n t e r e s t ,  s i n c e  i t  i s  i n a u d i b l e  i n  

h e a l t h y  s u b j e c t s ,  and I  have n o t  d e t e c t e d  a s y s t o l i c  

e x t r a  sound by a u s c u l t a t i o n  i n  any o f  my norm al  s u b j e c t s *  

T h i rd  h e a r t  sound

The p h y s i o l o g i c a l  t h i r d  h e a r t  sound was f i r s t  d e s 

c r i b e d  by Obrastzow (1905)» a l t h o u g h  i t s  d i s c o v e r y  i s  

g e n e r a l l y  a t t r i b u t e d  t o  G-ibson (1907) and H i r s c h f e l d e r  

( 1 9 0 7 ) .  In  t h e  l i g h t  o f  G ib s o n ’ s d e s c r i p t i o n ,  E in th o v e n
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(1907b)  r e - e x a m in e d  some of h i s  o r i g i n a l  P .C .G .s  and 

d e t e c t e d  a t h i r d  h e a r t  sound on s e v e r a l  o f  them! he 

e x p r e s s e d  t h e  o p i n io n  t h a t  i t  was p r o b a b ly  a no rm al  

phenomenon b u t  o f t e n  masked on t h e  P.C.G-. by i r r e g u l a r i t y  

o f  t h e  b a s e - l i n e ®

The p h y s i o l o g i c a l  t h i r d  h e a r t  sound i s  b e s t  h e a r d  

a t  t h e  a p e x - b e a t  (G ib so n ,  1907) o r  s l i g h t l y  m e d ia l  t o  t h e  

a p e x - b e a t  ( G a l l a v a r d i n ,  1912) and i s  l o u d e s t  a t  t h e  end 

o f  e x p i r a t i o n  ( T h a y e r ,  1 9 0 8 ) .  I t  i s  most obv ious  w i t h  

t h e  p a t i e n t  r e c u m b e n t ,  e s p e c i a l l y  l y i n g  on t h e  l e f t  s i d e  

( T h a y e r ,  1908; R o u t i e r  & van  B o g a e r t ,  1934b;  O r i a s  & 

Braun**Menendez, 1 9 3 9 ) o I n  some h e a l t h y  young s u b j e c t s  • 

i t  i s  a u d i b l e  o n ly  f o r  a few m inu te s  a f t e r  t h e  s u b j e c t  

l i e s  down (Br idgm an ,  1915; M e l ik - G f t ln a s a r i a n ,  1932a; 

R o u t i e r  & v a n  B o g a e r t ,  1934b) .

T h ay e r  (1909)  and Lewis (1913a)  d e t e c t e d  t h e  t h i r d  

h e a r t  sound r e l a t i v e l y  more f r e q u e n t l y  a t  s lo w e r  h e a r t  

r a t e s .  I t  i s  a c c e n t u a t e d  by p r e s s u r e  on t h e  abdomen 

( S t e i n b e r g ,  1926; G u b e r g r i t z ,  1926) o r  by r a i d i n g  th e  

l im bs  ( T h a y e r ,  1908, 1910; O rfa s  & Braun-Menendez,  1939)* 

I n c r e a s e d  v a g a l  a c t i v i t y  f a v o u r s  i t s  o c c u r re n c e  ( L u i s a d a ,  

1 9 4 8 ) .  F a z e k a s  ( 1942a ,b )  h e a rd  th e  t h i r d  h e a r t  sound 

more f r e q u e n t l y  i n  young peop le  who t o o k  an a c t i v e  p a r t  

i n  s p o r t  t h a n  i n  t h e i r  l e s s  a c t i v e  c o e v a l s .

Bramwell  (1943)  found t h a t  a ' d u p l i c a t e d  second 

h e a r t  sound* ,  a p p a r e n t l y  i d e n t i c a l  w i th  t h e  p h y s i o l o g i c a l



T ab le  I . I n c i d e n c e  of  t h e  t h i r d  h e a r t  sound In  c h i l d r e n
w i t h o u t  h e a r t  d i s e a s e ;  a u s c u l t a t i o n

Date A uthor No. of
s u b j e c t s

A ge-group  
( y e a r s )

I n c i d e n c e  o f  
3 rd  sound 
( p e r  c e n t )

1909 T h ay e r 39 0 - 9 5 8 .9
ti 11 90 10 -  19 8 4 .4

1915 Bridgman 16 12 -  15 8 1 .2

1926 S t e i n b e r g 100 4 - 1 4 4 8 . 0

1938 McKee 105 5 - 1 7 5 . 7

1940 Mannheimer 135 0 - 1 4 0 . 7

1942 F a zek as 25 14 -  20 4 8 . 0

1946 G a r l g r e n 150 3 - 1 7 1 2 .0

T ab le  2 . I n c i d e n c e  o f  t h e  t h i r d  h e a r t  sound i n  a d u l t s  
w i t h o u t  h e a r t  d i s e a s e :  a u s c u l t a t i o n

Date A uthor No. of  
s u b j e c t s

A ge-g roup  
( y e a r s )

I n c i d e n c e  o f  
3 rd  sound 
( p e r  c e n t )

1909 Thayer 55 20 -  29 5 0 .9
11 11 26 30 -  39 42*3
11 11 14 40 -  49 1 4 .0
11 n 7 50 -  59 0 . 0

1926 G u b e r g r i t z 600 X 9 3 .7

1944 F r o s t 169 X 0 . 6

1947 0*Meara 745 17 -  20 5 3 .6
it H 255 21 -  30 3 4 .9

x s  n o t  m en t io ned
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t h i r d  h e a r t  sound ,  was commoner i n  men under  20 y e a r s  

o f  age t h a n  i n  o l d e r  i n d i v i d u a l s *

A u s c u l t a t i o n . I t  i s  s t r a n g e  t h a t  a phenomenon, su ch  

as  t h e  t h i r d  h e a r t  sound ,  which  was ig n o re d  f o r  c e n t u r i e s ,  

sh o u ld  now he h e a r d  i n  so  many c a s e s  hy so many o b s e r v e r s :  

a s  G-oethe o b s e r v e d ,  fWas man w e i s z ,  s i e h t  man1. There  

i s  now g e n e r a l  ag reem ent  t h a t  t h e  p h y s i o l o g i c a l  t h i r d  

h e a r t  sound i s  more commonly h e a rd  i n  young p e o p l e .  

A c c o rd in g  t o  Evans (1948 ,  1951) i t  i s  r a r e l y  h e a rd  a f t e r  

t h e  age o f  2 5 .  Evans (1951 ,  p e r s o n a l  communicat ion)  had 

n e v e r  h e a r d  a t h i r d  h e a r t  sound i n  an i n d i v i d u a l  ove r  t h e  

age o f  40 ,  w i t h o u t  some e v id e n c e  o f  h e a r t  d i s e a s e .  Auth 

o r i t i e s  d i f f e r  w id e ly  i n  t h e i r  v iews on th e  a c t u a l  i n c i d 

ence  o f  t h e  t h i r d  h e a r t  sound i n  v a r i o u s  a g e - g r o u p s ,  as  

shown i n  T a b le s  1 and 2 .

In  any i n d i v i d u a l  w i t h  a t h i r d  h e a r t  sound t h e  

phenomenon t e n d s  t o  be v a r i a b l e  (T h a y e r ,  1909;  G-alla* 

v a r d i n ,  1912; W o l f e r th  & M a r g o l i e s ,  1 933) ,  t h e  sound 

sometimes wax ing  and waning n o t  on ly  from day t o  day and 

from h o u r  t o  h our  b u t  even  from one c a r d i a c  c y c le  t o  th e  

n e x t .  F u r t h e r m o r e ,  as  th e  t h i r d  h e a r t  sound i s  seldom 

much above t h e  t h r e s h o l d  of  a u d i b i l i t y  o f  t h e  o b s e r v e r ,  

even  a s l i g h t  d i m i n u t i o n  of  i n t e n s i t y  may s u f f i c e  t o  

r e n d e r  i t  i n a u d i b l e .  In  a s u b j e c t i v e  f i n d i n g  depen d e n t  

on a u s c u l t a t i o n ,  i n d i v i d u a l  o p i n io n  i s  n o t o r i o u s l y  un-



Tstole 3* I n c i d e n c e  o f  t h e  t h i r d  h e a r t  sound I n  c h i l d r e n
w i t h o u t  h e a r t  d i s e a s e :  p h o n o c a rd io g ra p h y

Date A uthor Wo, of  
s u b j e c t s

A ge-g ro up  
( y e a r s )

I n c i d e n c e  o f  
3 rd  sound 
( p e r  c e n t )

1915 Bridgman 16 12 -  15 1 0 0 ,0

1932 Le o n h a rd t 41 3 - 1 4 8 3 .0

1936 Segura 120 0 - 2 0 , 0

1940 Mannheimer 135 0 - 1 4 6 9 .6

1942 Fazek as 25 14 -  20 7 2 . 0

1946 C a r l g r e n 150 3 - 1 7 7 8 . 0

Tatole 4 . I n c i d e n c e  of  t h e  t h i r d  h e a r t  sound i n  a d u l t s  
w i t h o u t  h e a r t  d i s e a s e :  p h o n o c a r d io g r a p h y

Date A uthor No. o f  
s u b j e c t s

A g e -g ro u p  
( y e a r s )

I n c i d e n c e  o f  
3 rd  sound 
( p e r  c e n t )

1934 Br aun-$Ienende z 
& O r i a s

100 20 -  25 6 0 .0

1934 C le r c  e t  a l 33 16 -  51 3 3 .3

1935 P e r e i r a 50 18 -  43 3 2 .0

1937 C a e i ro  & O r i a s 20 X 3 5 .0

1940 Boyer  e t  a l . 150 X 2 6 . 0

1944 F r o s t 169 X 1 0 .7

x « n o t  m e n t io n e d
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r e l i a b l e  and t h e  most e x p e r t  a u s e u l t a t o r  i s  n o t  n e c e s s a r 

i l y  he who c l a im s  t o  h e a r  t h e  sound i n  t h e  g r e a t e s t  number 

o f  c a s e s .

In  v iew o f  a l l  t h e s e  f a c t o r s  c l o s e  agreem ent  be tw een  

o b s e r v e r s  a s  t o  t h e  i n c i d e n c e  of  t h e  t h i r d  h e a r t  sound ,  

even  i n  t h e  same g ro up  of  i n d i v i d u a l s ,  i s  n o t  t o  be e x 

p e c t e d .  The v e r y  g r e a t  d i v e r g e n c e  of  o p i n io n  as  t o  th e  

i n c i d e n c e  o f  t h e  t h i r d  sound i n  t h e  d i f f e r e n t  g roups  shown 

i n  T a b l e s  1 and 2 i s  no dou b t  d u e ,  i n  p a r t ,  t o  t h e  f a c t o r s  

n o t e d  a b o v e .  Yet even  a l l o w i n g  f o r  t h e s e ,  and f o r  th e  

f a c t  t h a t  many o b s e r v e r s  have f a i l e d  t o  s t a n d a r d i z e  t h e  

c o n d i t i o n s  under  which  a u s c u l t a t i o n  was p e r fo rm ed ,  t h e  

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

P h o n o c a r d i o g r a p h y . As w i th  a u s c u l t a t i o n  so  w i t h  

p h o n o c a r d io g r a p h y  t h e r e  i s  a marked d i f f e r e n c e  of  o p i n io n  

as  t o  t h e  i n c i d e n c e  of  t h e  t h i r d  h e a r t  sound i n  d i f f e r e n t  

a g e - g r o u p s  o f  h e a l t h y  i n d i v i d u a l s .  A ccord ing  t o  Lewis 

(1913a)  t h e  t h i r d  h e a r t  sound i s  r e g i s t r a b l e  i n  only  a 

s m a l l  p r o p o r t i o n  of  normal  h e a r t s .  Schlitz  (1933) r e c o r d 

ed i t  commonly from c h i l d r e n  b u t  r a r e l y  from h e a l t h y  a d u l t s .  

L u i s a d a  (1943)  r e g i s t e r e d  b o t h  t h i r d  and f o u r t h  h e a r t  

sounds on most  P .C .G .s  from normal  young i n d i v i d u a l s .

The f i n d i n g s  of  t h o s e  i n v e s t i g a t o r s  who have e x p re s s e d  

t h e i r  r e s u l t s  n u m e r i c a l l y  a re  summarized i n  T ab le s  3 and 

4 .
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S in c e  many of  t h e s e  w orke rs  f a i l e d  t o  s t a n d a r d i z e  

t h e  c o n d i t i o n s  under  which p h o n o c a rd io g rap h y  was u n d e r 

t a k e n ,  no s a t i s f a c t o r y  com par ison  of  t h e i r  f i n d i n g s  i s  

p o s s i b l e *  An even  g r e a t e r  d i v e r s i t y  might  have b e en  

e x p e c t e d  s i n c e  t h e  pe r fo rm ance  o f  d i f f e r e n t  p h o n o c a rd io »  

g r a p h s  v a r i e s  so  g r e a t l y  and many w o rk e rs  f a i l  t o  i n d i 

c a t e  what  d i s t o r t i o n ,  i f  any ,  o f  t h e  o r i g i n a l  c h e s t - w a l l  

v i b r a t i o n s  has  been  i n t r o d u c e d .  S in c e  th e  t h i r d  h e a r t  

sound i s  a l o w - f r e q u e n c y  phenomenon d e f l e c t i o n s  c o r r e s p «  

o n d in g  t o  i t  w i l l  be r e c o r d e d  more f r e q u e n t l y  on l i n e a r  

o r  s t e t h o s c o p i c  t h a n  on l o g a r i t h m i c  P.C*G-*s. In  un

f i l t e r e d  ( l i n e a r )  P.C.G-.s ,  McKee (1933a)  found  v i b r a t i o n s  

a t  t h e  t im e  o f  o c c u r r e n c e  of  th e  t h i r d  sound i n  a l l  h e r  

s u b j e c t s ,  and Kountz ,  G i l s o n  and Sm ith  (1940) i n  most of 

t h e i r s *  S l o a n ,  Campbell  and Henderson (1952)  compared 

l o g a r i t h m i c ,  s t e t h o s c o p i c  and l i n e a r  P .C .G .s  o f  a g roup  

o f  h e a l t h y  young a d u l t s ,  as  d e s c r i b e d  i n  C h a p te r  6*

F o u r t h  h e a r t  sound

The f o u r t h  h e a r t  sound ,  due t o  a t r i a l  s y s t o l e ,  was 

d e t e c t e d  by members o f  t h e  B r i t i s h  A s s o c i a t i o n  (1840) on 

a u s c u l t a t i o n  o f  t h e  exposed  h e a r t  o f  an im a ls*  I t  was 

h e a rd  i n  human s u b j e c t s  by Benjamins  (1914)  and r e c o r d e d  

by T a q u i n i  and Braun-Menendez (1935) by p a s s i n g  a s t e t h 

oscope down t h e  oesophagus  t o  b e h in d  t h e  a t r i a *  I t  i s  

i n a u d i b l e  a t  t h e  f r o n t  of  t h e  c h e s t  i n  normal  i n d i v i d u a l s ,



T ab le  5* I n c i d e n c e  o f  t h e  f o u r t h  h e a r t  sound i n  c h i l d r e n
w i t h o u t  h e a r t  d i s e a s e :  p h o n o c a rd io g ra p h y

Date A uthor No. o f  
s u b j e c t s

A ge-group  
( y e a r s )

I n c i d e n c e  of  
4 t h  sound 
( p e r  c e n t )

1914 Bridgman 16 12 -  15 6 8 .8

1936 S e gu ra 120 0 - 2 3 8 .0

1938 McKee 105 5 - 1 7 94 ©0

1940 Mannheimer 135 0 - 1 4 5 4 .8

1946 C a r l g r e n 150 t-i—ii 5 0 . 0

T ab le  6 » I n c i d e n c e  o f  t h e  f o u r t h  h e a r t  sound i n  a d u l t s  
w i t h o u t  h e a r t  d i s e a s e :  p h o n o c a rd io g ra p h y

Date Author No. of  
s u b j e c t s

A ge-g ro up  
( y e a r s )

I n c i d e n c e  of  
4 t h  sound 
( p e r  c e n t )

1934 Braun-Menendez 
& O r i a s

100 20 -  25 1 5 .0

1935 P e r e i r a 50 18 -  43 1 6 .0

1937 C a e i r o  & O r f a s 20 X 8 5 .0

1940 Boyer  e t  a l* 150 X 2 7 .0

1944 F r o s t 169 X 1 .2

x « n o t  m en t io n ed
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a l t h o u g h  t h e  c o r r e s p o n d i n g  g a l l o p  sound i s  a common m ani

f e s t a t i o n  o f  h e a r t  d i s e a s e .  The f o u r t h  h e a r t  sound i s  

r e c o r d e d  more f r e q u e n t l y  from t h e  m es o c a rd ia c  a r e a  t h a n  

from o t h e r  r e g i o n s  of  th e  p rae co rd iu m  ( O r i a s  & B ra u n -  

Menendez, 1939)* The i n f l u e n c e  of  p o s t u r e  and e x e r c i s e  

do n o t  a p p e a r  t o  have been  s t u d i e d .

P h o n o c a r d i o g r a p h y . A l th o u g h  n o rm a l ly  i n a u d i b l e ,  t h e  

f o u r t h  h e a r t  sound has  been  r e c o r d e d  by p h on o c a rd io g rap h y  

i n  many i n d i v i d u a l s  by a number o f  i n v e s t i g a t o r s ,  whose 

f i n d i n g s  a r e  summarised i n  T a b l e s  5 and 6 . The i n a u d i b 

i l i t y  o f  t h i s  commonly r e c o r d e d  e v e n t  i s  p ro b a b ly  a t t r i *  

b u t a b l e  t o  two f a c t o r s *  F i r s t l y  t h e  low fu n d am e n ta l  

f r e q u e n c y  o f  t h e  f o u r t h  sound v i b r a t i o n s  ( 2 5 -3 0  c . p . s . )  

a p p ro a c h e s  t h e  lo w er  f r e q u e n c y  l i m i t  o f  human a u d i b i l i t y ,  

and t h e r e  a r e  few o v e r to n e s *  Second ly  p e r c e p t i o n  o f  th e  

a t r i a l  v i b r a t i o n s  may be masked by t h e  c l o s e l y - f o l l o w i n g ,  

much l o u d e r ,  f i r s t  h e a r t  sound .

Summation sound

At a r a p i d  h e a r t  r a t e ,  su c h  as  t h a t  produced  by 

a c t i v e  m u s c u la r  e x e r c i s e ,  a t h i r d  h e a r t  sound might  become 

l o u d e r  due t o  an  a t r i a l  s y s t o l i c  component b e i n g  added t o  

i t .  By p h o n o c a rd io g ra p h y  i t  sh o u ld  be p o s s i b l e  t o  dem

o n s t r a t e  t h e  f u s i o n  of  t h e  t h i r d  and f o u r t h  sounds when 

t a c h y c a r d i a  i s  induced  i n  a norm al  h e a r t  b u t ,  i n  t h e  ex*
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p e r i m e n t s  d e s c r i b e d  i n  C h a p te r  1 0 , t h i s  d i d  n o t  o c c u r .

I  have found no r e f e r e n c e  i n  t h e  l i t e r a t u r e  t o  a 

summation sound o c c u r r i n g  i n  a no rm al  h e a r t ,  b u t  summation 

g a l l o p  rhy thm  has  b e e n  d e s c r i b e d  by a number of c l i n i c i a n s ,  

whose f i n d i n g s  a r e  n o t e d  i n  C h a p te r  7*

S y s t o l i c  e x t r a  sound

The s y s t o l i c  e x t r a  sound i s  a r a r e  phenomenon, of  no 

known s i g n i f i c a n c e  b u t  now b e l i e v e d  t o  be i n n o c e n t  (Michaud 

& F l e i s c h ,  1923* M acleod,  W ilson  & B a r k e r ,  1932;  Thompson 

& L e v i n e ,  1 9 3 5 1 F v a n s ,  1943,  1948, 1951)•  I t  may be 

v e r y  lou d  (Thys & B r i a l ,  1947)* Very r a r e l y  t h e r e  may 

be s e v e r a l  e x t r a  sounds d u r i n g  s y s t o l e .

S in c e  t h e  s y s t o l i c  e x t r a  sound has i n  t h e  p a s t  been  

t a k e n  a s  a p h y s i c a l  s i g n  of  h e a r t  d i s e a s e  i t  i s  r e f e r r e d  

t o  a g a i n  i n  C h a p te r  7 ,  a lo n g  w i t h  t h e  o t h e r  e x t r a  sounds 

w h ich  o c c u r  i n  c a r d i a c  p a t i e n t s .

F i f t h  h e a r t  sound

C a l i  (19 4 9 ,  1951) d e s c r i b e d  a f i f t h  h e a r t  sound,  

c o n s i s t i n g  o f  a s m a l l  v i b r a t i o n  occurring a t  a c o n s t a n t  

time i n t e r v a l  a f t e r  t h e  t h i r d  h e a r t  sound and a t t r i b u t e d  

by him t o  e l a s t i c  r e c o i l  o f  th e  v e n t r i c u l a r  w a l l  a f t e r  

t h e  r a p i d - f i l l i n g  p h a s e .  The f i f t h  h e a r t  sound was n e v e r  

a u d i b l e  b u t  was d e t e c t e d  as a r a r e  phenomenon on P.C.G-.s 

b o t h  of  n o rm al  s u b j e c t s  and of c a r d i a c  p a t i e n t s .  The 

t e r m ,  * f i f t h  h e a r t  so u n d 1, has n o t  so f a r  been  a c c e p te d
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by o t h e r  c a r d i o l o g i s t s .

Summary.
The t h i r d  h e a r t  sound can  he h e a rd  and r e c o r d e d  i n  

many h e a l t h y  c h i l d r e n  and young a d u l t s  b u t  i s  n o t  n o rm a l ly  

a u d i b l e  a f t e r  a b o u t  t h e  age of  t h i r t y  y e a r s .

The f o u r t h  h e a r t  sound i s  n o t  n o r m a l ly  a u d ib l e  b u t  

may a p p e a r  on t h e  P.C.G-. of  h e a l t h y  s u b j e c t s  a t  any a g e .

A s y s t o l i c  e x t r a  sound i s  r a r e  b u t  may be hea rd  and 

r e c o r d e d  i n  t h e  ab sen c e  of  h e a r t  d i s e a s e .
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C h a p te r  6

The i n c i d e n c e  of c a r d i a c  e x t r a  sounds i n  a 

s e r i e s  o f  h e a l t h y  young; a d u l t s

A l th o u g h  o b s e r v e r s  d i f f e r  w id e ly  as  t o  t h e  i n c id e n c e  

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

v a r i o u s  a g e - g r o u p s  of  t h e  p o p u l a t i o n ,  t h e  m a j o r i t y  o f  

t h o s e  who have s t u d i e d  t h e  problem f i n d  a h i g h  i n c id e n c e  

i n  c h i l d r e n  and young a d u l t s  ( T a b le s  1 & 2)® In  my own 

e x p e r i e n c e ,  w h ich  i s  m ain ly  c o n f in e d  t o  a d u l t s ,  I  have 

h e a rd  t h e  t h i r d  sound i n  on ly  a s m a l l  p r o p o r t i o n  of h e a l t h y  

i n d i v i d u a l s ®  I  have e n c o u n te r e d  much d i f f e r e n c e  of  

o p i n i o n  among p h y s i c i a n s  as  t o  t h e  p re s e n c e  or  absence  i n  

p a r t i c u l a r  c a s e s  o f  a t h i r d  h e a r t  sound®

T h is  i n v e s t i g a t i o n  was p lanned  t o  a s c e r t a i n  t h e  

i n c i d e n c e  o f  t h e  t h i r d  h e a r t  sound i n  a g ro u p  o f  h e a l t h y  

young a d u l t s  and t h e  d e g re e  of  agreem ent  be tw een  o b s e r v e r s  

as t o  i t s  p r e s e n c e  i n  p a r t i c u l a r  c a s e s  ( S l o a n ,  Campbell 

& H en derso n ,  1952)®

A u s c u l t a t i o n  was perform ed i n d e p e n d e n t ly  by t h r e e  

o b s e r v e r s ,  e a c h  of  whom n o te d  t h e  p re s e n c e  or  absence  o f  

a t h i r d  h e a r t  sound i n  e ach  sub jec t®  The o b s e r v e r s  

l i s t e n e d  a l s o  f o r  any o t h e r  a u d ib l e  e x t r a  sounds® Log** 

a r i t h m i c ,  s t e t h o s c o p i c  and l i n e a r  P®C®G-®s were t h e n  r e c 

orded from e a c h  s u b j e c t .  The o c c u r re n c e  of c a r d i a c  e x t r a
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sounds  i n  t h e  l o g a r i t h m i c  P.C.G-.s was compared w i t h  t h e  

a u s c u l t a t o r y  f i n d i n g s  of  e ac h  of  t h e  t h r e e  o b s e r v e r s ,  and 

t h e  i n c i d e n c e  of  v i b r a t i o n s  c o r r e s p o n d i n g  i n  t im e  t o  c a r d i a c  

e x t r a  sounds  was compared i n  t h e  t h r e e  t y p e s  o f  P.C.G-.

T ak in g  t h e  g ro u p  as  a w h o le ,  t h e  i n f l u e n c e  of  ag e ,  

sex  and h e a r t  r a t e  on t h e  p r e s e n c e  o r  absence  o f  a t h i r d  

h e a r t  sound was a s s e s s e d  s t a t i s t i c a l l y .  The i n c i d e n c e  

o f  t h e  f o u r t h  h e a r t  sound on l o g a r i t h m i c ,  s t e t h o s c o p i c  

and l i n e a r  p h o n o c a rd io g ra p h y  was d e t e r m i n e d ,  and t h e  

r e l a t i o n  of  f o u r t h  sound t o  t h i r d  sound on l o g a r i t h m i c  

P.C.G-.s was a s s e s s e d .

To sum m arize ,  t h e  i n f o r m a t i o n  which  was so ug h t  r e 

g a r d i n g  c a r d i a c  e x t r a  sounds i n  t h i s  g roup  of  s u b j e c t s  

f a l l s  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :

(1 )  A u s c u l t a t i o n .

( a )  The i n c i d e n c e  of th e  t h i r d  h e a r t  sound .

(to) The d e g r e e  of  ag reem en t  be tw een  o b s e r v e r s  

a s  t o  t h e  p r e s e n c e  or  absence  o f  a t h i r d  h e a r t  

s ound•

( c )  The r e l a t i o n  o f  an a u d i b l e  t h i r d  h e a r t  

sound t o  t h e  a g e ,  sex  and h e a r t  r a t e  of  t h e  

s u b j e c t .

( d )  The i n c i d e n c e  of  any o t h e r  c a r d i a c  e x t r a  

s o u n d •
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( 2 ) P h o n o c a r d i o g r a p h y .

( a )  The i n c i d e n c e  o f  t h e  t h i r d  h e a r t  sound on 

l o g a r i t h m i c  p h o n o c a r d io g r a p h y .

( h )  The r e l a t i o n  o f  a t h i r d  h e a r t  sound on th e  

l o g a r i t h m i c  P .C .G .  t o  t h e  a g e ,  sex  and h e a r t  

r a t e  o f  t h e  s u b j e c t .

( c )  The i n c i d e n c e  of  v i b r a t i o n s  a t  t h e  t im e  o f  

o c c u r r e n c e  of  t h e  t h i r d  h e a r t  sound on s t e t h 

o s c o p ic  and l i n e a r  P . C . G . s .

( d )  The i n c i d e n c e  of  o t h e r  c a r d i a c  e x t r a  sounds 

on l o g a r i t h m i c  p h o n o c a rd io g ra p h y .

( e )  The r e l a t i o n  of  t h e  f o u r t h  h e a r t  sound t o  

t h e  t h i r d  h e a r t  sound on l o g a r i t h m i c  P . C . G . s .  

( f>  The i n c i d e n c e  of v i b r a t i o n s  a t  t h e  t im e  of  

o c c u r r e n c e  of  t h e  f o u r t h  h e a r t  sound on s t e t h 

o s c o p ic  and l i n e a r  P .C . G . s .

( 3 )  Combined a u s c u l t a t i o n  and p h o n o c a rd io g ra p h y .

The d e g r e e  of agreem ent  be tw een  o b s e r v e r s  

and th e  l o g a r i t h m i c  P .C .G .  a s  t o  th e  p re s e n c e  

o r  absence  o f  t h e  t h i r d  h e a r t  sound .

O b s e rv e r s

The t h r e e  o b s e r v e r s  who l i s t e n e d  t o  t h e  h e a r t  sounds 

i n  t h i s  i n v e s t i g a t i o n  had norm al  h e a r i n g  as  t e s t e d  by 

r o u t i n e  a u d io m e t ry  b u t  were of d i f f e r e n t  d e g r e e s  o f  e x 

p e r i e n c e  i n  l i s t e n i n g  t o  h e a r t  so u n d s .  O b se rv e r  1 had
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p r a c t i s e d  Medicine f o r  27 y e a r s ,  o b s e r v e r  2 f o r  10 y e a r s ,  

and o b s e r v e r  3, s i n c e  q u a l i f y i n g  i n  Medicine  5 y e a r s  

p r e v i o u s l y ,  had b e en  engaged m o s t ly  i n  ophthalm ology*

Method

The s t e t h o s c o p e s  used f o r  a u s c u l t a t i o n  were of  a 

s t a n d a r d  p a t t e r n  shown i n  F i g .  12 ( a ) .  The c h e s t - p i e c e s  

were i d e n t i c a l  w i t h  t h a t  used f o r  p h o n o c a rd io g ra p h y ,  a l 

r e a d y  d e s c r i b e d  i n  C h a p te r  4 .  For  a u s c u l t a t i o n  t h e  

c h e s t - p i e c e  was j o in e d  by a s i n g l e  l e n g t h  of  r u b b e r  

s t e t h o s c o p e  t u b i n g  t o  a Y - p i e c e ,  whence two l e n g t h s  of  

t h e  t u b i n g  l e d  t o  an o r d i n a r y  b i n a u r a l  e a r - p i e c e .  The 

l e n g t h  o f  t u b i n g  from c h e s t - p i e c e  t o  e a r  was 46 cm.,  t h e  

s h o r t e s t  found t o  be c o m p a t ib le  w i t h  co n v en ience  i n  

a u s c u l t a t i o n ;  t h e  b o re  of  th e  t u b i n g  was 5 mm* and t h e  w a l l  

was 3*5  mm. t h i c k *

The p h o n o c a r d io g r a p h  employed has been  d e s c r i b e d  i n  

C h a p te r  4 .  In  k e e p in g  w i t h  t h e  recommendat ions  of Rapp®,» 

p o r t  and Sprague  (1942)  and Cowen and Pamum ( 1 9 4 9 ) ,  l o g 

a r i t h m i c ,  s t e t h o s c o p i c  and l i n e a r  P.C.G-.s were r e c o r d e d .

The j u g u l a r  ph lebogram  was used  as  a r e f e r e n c e  t r a c i n g  i n  

e a c h  c a se  and an a d d i t i o n a l  l i n e a r  P.C.G-. was r e c o r d e d  

w i t h  t h e  E.C.G-. (Lead I I ) as t h e  r e f e r e n c e  t r a c i n g ,  t o  

a i d  i n  t h e  i d e n t i f i c a t i o n  of  t h e  waves o f  th e  venous p u l se

i n  d i f f i c u l t  c ase s*

F o r  t h e  l o g a r i t h m i c  P.C.G-. a c h e s t - p i e c e ,  i d e n t i c a l
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w i t h  t h a t  used  f o r  a u s c u l t a t i o n ,  was a p p l i e d  over  t h e  

c a r d i a e  apex and h e ld  i n  p o s i t i o n  hy a r u b b e r  band round  

t h e  c h e s t *  From t h e  c h e s t - p i e c e  a. l e n g t h  of  46 cm. o f  

r u b b e r  t u b i n g ,  o f  t h e  same c a l i b r e  and t h i c k n e s s  as  t h a t  

o f  t h e  s t e t h o s c o p e s ,  c o n n e c te d  t h e  c h e s t - p i e c e  t o  t h e  

c r y s t a l  m ic rophone  ( F i g .  1 2 b ) .  The d i s t o r t i o n  of  sound 

waves p roduced  by t h e  c h e s t - p i e c e  and s t e t h o s c o p e  t u b i n g  

was n o t  a n a l y s e d :  t h e  i n t e n t i o n  was p r i m a r i l y  t o  e q u a te

the  p h y s i c a l  c o n d i t i o n s  f o r  ph o no card io g rap h y  and f o r  

a u s c u l t a t i o n .

F o r  t h e  s t e t h o s c o p i c  P.C.G-. t h e  c h e s t - p i e c e  and 

s t e t h o s c o p e  t u b i n g  were as  f o r  the  l o g a r i t h m i c  r e c o r d  b u t  

no f i l t e r s  were employed i n  t h e  p r e a m p l i f i e r  ( f i l t e r  

p o s i t i o n  0 ) .  F o r  t h e  l i n e a r  P .C .G.  t h e  s t e t h o s c o p e  

c h e s t - p i e c e  and t u b i n g  were removed and a m e ta l  c h e s t - p i e c e  

o f  t h e  same d im e n s io n s  was screwed t o  th e  microphone 

c a s i n g  and h e l d  d i r e c t l y  a g a i n s t  t h e  c h e s t  by a r u b b e r  

b a n d :  once a g a i n  t h e  p r e a m p l i f i e r  was used w i th o u t

f i l t e r s *

S u b j e c t s

The s u b j e c t s  o f  t h i s  i n v e s t i g a t i o n  were s t u d e n t s  a t  

Glasgow U n i v e r s i t y .  At t h i s  U n i v e r s i t y  a l l  s t u d e n t s  a re  

e n c o u ra g e d  t o  r e p o r t  a n n u a l ly  t o  t h e  S t  id e n t  H e a l t h  

S e r v i c e  f o r  r o u t i n e  m e d ic a l  e x a m in a t io n ;  d u r i n g  th e  

s e s s i o n  1 9 5 0 - 5 1 ,3 0 .9 ^  of them d i d  s o .  In  o r d e r  t o  o b t a i n
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a s  n e a r l y  a s  p o s s i b l e  a r e p r e s e n t a t i v e  c r o s s - s e c t i o n  o f  

t h e  s t u d e n t  community, e v e ry  f i f t h  s t u d e n t  who r e p o r t e d  

f o r  m e d ic a l  e x a m in a t io n  d u r i n g  t h e  Mart inmas t e rm  ( O c to 

b e r  * D ecem ber) ,  1950, was asked t o  be a s u b j e c t  f o r  

t h i s  i n v e s t i g a t i o n .  Out o f  a t o t a l  o f  125 s t u d e n t s  who 

were a s k e d ,  123  d i d  o f f e r  th e m se lv e s  as  s u b j e c t s ,  so  t h e  

r e s u l t s  a r e  r e a s o n a b l y  r e p r e s e n t a t i v e  of t h e  s t u d e n t s  as 

a w h o le .  Of t h e  s u b j e c t s ,  96 were men and 27 were women. 

I t  so  happened t h a t  none o f  them had any e v id e n c e  o f  h e a r t  

d i s e a s e •

C r i t e r i a

Each  s u b j e c t  was examined by e ach  of  t h e  t h r e e  o b s e r 

v e r s  i n d e p e n d e n t l y ,  n o t  n e c e s s a r i l y  on th e  same d a y .  Aus

c u l t a t i o n  was perfo rm ed  a t  t h e  m i t r a l  a r e a  w i t h  one of  t h e  

s t a n d a r d  s t e t h o s c o p e s ,  t h e  s u b j e c t  b e in g  su p in e  and r e s t e d  

f o r  a p p r o x i m a t e l y  f i v e  m in u t e s .  An o c c a s i o n a l  e x t r a  

sound was ig n o r e d  b u t  a r e g u l a r l y  r e c u r r i n g  one was n o te d  

as  a p o s i t i v e  f i n d i n g .

F o r  p h o n o c a rd io g ra p h y  th e  s u b j e c t  was a g a i n  su p in e  

and r e s t e d  f o r  a p p ro x im a te ly  f i v e  m in u t e s .  H ear t  sounds 

were r e c o r d e d  a t  th e  m i t r a l  a r e a  w i t h  t h e  b r e a t h  h e ld  a t  

t h e  end o f  e x p i r a t i o n  i n  o r d e r  t o  s t a n d a r d i z e  t h e  p h y s i c a l  

c o n d i t i o n s  and e l i m i n a t e  b r e a t h  sou n d s .

In  t h i s  i n v e s t i g a t i o n ,  as i n  t h a t  by L u is a d a  and
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Roitm an ( 1 9 4 8 ) ,  t h e  a m p l i tu d e  of t h e  e x t r a  sound v i b r a 

t i o n s  was measured  a g a i n s t  t h a t  o f  th e  f i r s t  and second  

s o u n d s .  The g a i n  of  t h e  a m p l i f i e r  sys tem  was a d j u s t e d  

so  t h a t  t h e  f i n a l  p h o to g r a p h ic  r e c o r d  o f  t h e  f i r s t  o r  

s eco n d  sound d e f l e c t i o n s ,  w h icheve r  was t h e  g r e a t e r ,  was 

n o t  l e s s  t h a n  1 cm, and n o t  more t h a n  2 cm. W ith  t h i s  

a s  a s t a n d a r d ,  any d e f l e c t i o n  o c c u r r i n g  i n  t h e  p o s i t i o n

o f  a c a r d i a c  e x t r a  sound i n  a t  l e a s t  t h r e e  s u c c e s s i v e

c y c l e s  was t a k e n  as  i n d i c a t i n g  t h e  p re s e n c e  o f  t h e  sound;  

o t h e r w i s e  t h e  sound was judged t o  be a b s e n t .

R e s u l t s

The d e t a i l e d  f i n d i n g s  by a u s c u l t a t i o n  and by l o g a r 

i t h m i c  p h o n o c a rd io g ra p h y  of  each  s u b j e c t  a r e  g iv e n  i n  T able  

30 (Volume 2 ) ,  P l a t e s  9 and 10 (Volume 2) a r e  examples 

o f  t h e  r e c o r d s  o b t a i n e d .

A u s c u l t a t i o n ,

( a )  The t h i r d  h e a r t  sound was heard  by a m a j o r i t y  

o f  t h e  t h r e e  o b s e r v e r s  i n  12 c a s e s  ( 9 , 8$ ) •

( b )  I t  i s  e v i d e n t  from Table  30 t h a t  t h e  agreem ent

be tw een  o b s e r v e r s  i s  o f  a low o r d e r .  The i n c i d e n c e  of  

t h e  t h i r d  sound on a u s c u l t a t i o n  i s  so sm a l l  t h a t  t h e  

o r d i n a r y t e s t  of s i g n i f i c a n c e  i s  i n a p p l i c a b l e  t o  a s s e s s  

t h e  ag re em e n t  be tw een  t h e  o b s e r v e r s .  Using F i s h e r * s  e x a c t  

method t h e  ag reem en t  i s  found t o  be s i g n i f i c a n t .  The 

d e t a i l s  a r e  d i s c u s s e d  be low .
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( c )  By t h e  c l a s s i c a l  method a n e g a t i v e  c o r r e l a t i o n

was found  be tw een  t h e  i n c id e n c e  of  t h e  t h i r d  h e a r t  sound

as  h e a r d  by t h e  o b s e r v e r s  and th e  age o f  t h e  s u b j e c t *

No s i g n i f i c a n t  r e l a t i o n  was found b e tw een  t h e  sex  o r  h e a r t  

r a t e  and t h e  p r e s e n c e  of  a t h i r d  h e a r t  sound*

No o t h e r  c a r d i a c  e x t r a  sound was h e a rd  i n  any

of  t h e  s u b j e c t s .  ' I n  22 c a s e s  an a p i c a l  s y s t o l i c  murmur 

was a u d i b l e *

Phono c a rd  io g r a p h y  *

( a )  I n  t h e  l o g a r i t h m i c  P.C.G-.s a d e f l e c t i o n  i n  t h e  

p o s i t i o n  of  t h e  t h i r d  h e a r t  sound was r e c o r d e d  i n  48 c a s e s  

( 3 9 * 0 ^ ) .  In  a l l  o f  t h e s e  i t  was found t o  commence e i t h e r  

d u r i n g  t h e  down-s tro&e o r  a t  t h e  f o o t  o f  t h e  v wave of  t h e  

venous  p u l s e ;  i n  o t h e r  words i t  was a  t r u e  ' r a p i d ~ f i l l i n g *  

sound *

( b )  The i n c i d e n c e  of  t h e  t h i r d  h e a r t  sound ,  as  

r e c o r d e d  on t h e  l o g a r i t h m i c  P.O.Gr. was n o t  found t o  b e a r  

any s i g n i f i c a n t  r e l a t i o n s h i p  t o  t h e  a ge ,  sex  o r  h e a r t  

r a t e  o f  t h e  s u b j e c t *

( c )  A d e f i n i t e  d e f l e c t i o n  was s e e n  i n  t h e  p o s i t i o n  

o f  t h e  t h i r d  h e a r t  sound i n  th e  s t e t h o s c o p i c  and l i n e a r

r e c o r d s  o f  e v e r y  s u b j e c t *

(d )  In  34 c a s e s  ( 2 7 . 6#) r e g u l a r l y  r e c u r r i n g  d e 

f l e c t i o n s  c o r r e s p o n d i n g  i n  t im e  t o  a t r i a l  s y s t o l e  were 

r e c o r d e d  on t h e  l o g a r i t h m i c  P.CoG-. These d e f l e c t i o n s



T ab le  7* In c id e n c e  o f  th e  t h i r d  h e a r t  sound In  123
young , h e a l t h y  a d u l t s

A u s c u l t a t i o n  

Heard by o b s e r v e r s

P h o n o c a rd io g ra p h y  ( l o g a r i t h m i c )

R ecorded Not r e c o r d e d

None 29 60

O b s e rv e r  1 o n ly 1 1

O b s e rv e r  2 o n ly 3 1

O b s e rv e r  3 o n ly 8 8

O b s e rv e r s  1 and 2 2 0

O b s e rv e r s  1 and 3 2 2

O b s e rv e r s  2 and 3 1 2

O b s e rv e r s  1 ,  2 and 3 2 1
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c o i n c i d e d  w i t h  o r  c l o s e l y  fo l lo w e d  t h e  P wave of  t h e  

E.C.G-. and b e g an  0 . 0 2 - 0 , 0 4  s e c .  a f t e r  t h e  b e g in n i n g  of 

t h e  a wave o f  t h e  j u g u l a r  ph lebogram; t h e y  r e p r e s e n t  t h e  

f o u r t h  h e a r t  so u n d .  None of t h e s e  c o u ld  be summation 

sounds  s i n c e  d i a s t o l e  was i n  no case  s h o r t  enough t o  

p e r m i t  s u p e r p o s i t i o n  o f  t h i r d  and f o u r t h  sound v i b r a t i o n s .

S y s t o l i c  e x t r a  sound v i b r a t i o n s  were s e e n  on t h e  

l o g a r i t h m i c  P.C.G-.s o f  4 s u b j e c t s .  In  31 c a s e s  a 

s y s t o l i c  murmur was r e c o r d e d .

( e )  The f o u r t h  h e a r t  sound was s i g n i f i c a n t l y  

commoner i n  c a s e s  i n  whom a t h i r d  sound a l s o  was r e c o r d e d  

(P <  0 .0 0 1 )  .

( f )  D e f l e c t i o n s  c o r r e s p o n d in g  i n  t im e  t o  a t r i a l  

s y s t o l e  were  c o n s t a n t l y  p r e s e n t  i n  t h e  s t e t h o s c o p i c  and 

l i n e a r  P .C .G- .s .  S in c e  t h e s e  r e c o r d s  show a c o n t in u o u s  

s e r i e s  of  waves t h r o u g h o u t  t h e  p e r i o d  of  v e n t r i c u l a r  

s y s t o l e  i t  i s  i m p o s s i b l e  t o  d i s t i n g u i s h  any v i b r a t i o n s  

c o r r e s p o n d i n g  t o  a d e f i n i t e  s y s t o l i c  e x t r a  sound#

Combined a u s c u l t a t i o n  and p h o n o c a r d io g r a p h y . The

r e l a t i o n  b e tw een  t h e  f i n d i n g s  by a u s c u l t a t i o n  and by 

p h o n o c a r d io g r a p h y  r e g a r d i n g  t h e  p re sen c e  or absence  of  a 

t h i r d  h e a r t  sound i n  th e  s u b j e c t s  i n v e s t i g a t e d  i s  summ

a r i z e d  i n  T a b le  7 .  In  60 s u b j e c t s  none of  t h e  o b s e r v e r s  

h e a r d  t h e  t h i r d  sound and none was se en  on t h e  l o g a r i t h m i c



P.C.G-. In  29 s u b j e c t s  t h e  t h i r d  sound a p p ea re d  on t h e  

l o g a r i t h m i c  r e c o r d  b u t  was n o t  heard, by any of  t h e  t h r e e  

o b s e r v e r s .  O b s e rv e r  1 r e p o r t e d  a t h i r d  sound i n  11 s u b 

j e c t s ,  h i s  f i n d i n g s  b e in g  con f i rm ed  by t h e  l o g a r i t h m i c  

P.C.G-. i n  7 c a s e s .  O bse rve r  2 h e a rd  a t h i r d  sound i n  

12 s u b j e c t s ,  t h i s  b e i n g  conf i rm ed  by t h e  l o g a r i t h m i c  r e c 

ord i n  8 c a s e s .  O b se rv e r  3 h e a rd  a t h i r d  sound i n  26 

s u b j e c t s  b u t  t h e  l o g a r i t h m i c  P .C .G. showed t h e  sound i n  

o n ly  13 o f  t h e s e .

D i s c u s s i o n

A u t h o r i t i e s  d i f f e r  w id e ly  as  t o  th e  a c t u a l  i n c i d e n c e  

o f  t h e  t h i r d  h e a r t  sound (T a b le s  1 - 4 )  b u t  most a g re e  

t h a t  i t  i s  d e t e c t a b l e  on a u s c u l t a t i o n  or  by p h o n o c a r d io 

g rap h y  i n  on ly  a p r o p o r t i o n  of  normal  s u b j e c t s .  There  

a r e  two p o s s i b l e  e x p l a n a t i o n s  of t h i s .  The ’ sound* may 

be due t o  v i b r a t i o n s  which  a re  p r e s e n t  i n  only  a p r o p o r 

t i o n  of  s u b j e c t s ;  t h e  t h i r d  h e a r t  sound would t h e n  be 

due t o  a phenomenon of  c a r d i a c  a c t i v i t y  p e c u l i a r  t o  

c e r t a i n  i n d i v i d u a l s .  A l t e r n a t i v e l y  t h e  v i b r a t i o n s  may 

be p r e s e n t  e a r l y  i n  d i a s t o l e  i n  a l l  s u b j e c t s  b u t  i n  many 

c a s e s  be of  such  a m p l i tu d e  and f req u e n cy  t h a t  th e y  canno t  

be d e t e c t e d .  On t h i s  l a t t e r  i n t e r p r e t a t i o n  d e t e c t i o n  of  

a t h i r d  h e a r t  sound may depend l a r g e l y  on e x t r a n e o u s  

c i r c u m s t a n c e s  such  as  th e  e x p e r i e n c e  of  th e  o b s e r v e r ,  t h e  

l e v e l  o f  background  n o i s e  in  t h e  en v iro n m en t ,  and indeed



T ab le  8 0 Agreement  b e tw ee n  o b s e r v e r s  1 and 2 as  t o  t h e  
p r e s e n c e  o r  a b sen c e  o f  a t h i r d  h e a r t  sound:  a u s c u l t a t i o n

O b s e r v e r  1 

Heard Not h e a r d
T o t a l

O b s e rv e r  2
He a rd 5 7 12

Not h e a rd 6 105 111

T o t a l 11 112 123

T ab le  9 * Agreement b e tw ee n  o b s e r v e r s  1 and 3 as  t o  t h e  
p r e s e n c e  o r  ab sen c e  o f  a t h i r d  h e a r t  sound :  a u s c u l t a t i o n

O b s e rv e r  1 

Heard Not h e a r d
T o t a l

O b s e rv e r  3
Heard 7 19 26

Not h e a r d 4 93 97

T o t a l 11 112 123

T a b le  1 0 , Agreement b e tw ee n  o b s e r v e r s  2 and 3 a s  t o  th e  
p r e s e n c e  o r  a b sen c e  of  a t h i r d  h e a r t  so un d ;  a u s c u l t a t i o n

O b s e rv e r  2 

Heard Not h e a r d
T o t a l

O b s e rv e r  3
Heard 6 20 26

Not h e a rd 6 91 97

T o t a l 12 111 123
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on many f a c t o r s  h a v in g  n o t h i n g  t o  do w i t h  t h e  a c t i v i t y  

o f  t h e  hear t®  The d i s c r e p a n c i e s  be tw een  t h e  f i n d i n g s  

o f  d i f f e r e n t  o b s e r v e r s  f a v o u r  t h e  second a l t e r n a t i v e *  

A u s c u l t a t i o n * The i n c id e n c e  o f  t h e  t h i r d  h e a r t  

sound on a u s c u l t a t i o n  i n  our  s e r i e s  of  c a s e s  ( 9 *3$) i s  

lo w e r  t h a n  t h a t  of most p r e v io u s  o b s e r v e r s .  I t  i s  of  

i n t e r e s t  t o  n o t e  t h a t  t h e  g r e a t e s t  number o f  t h i r d  h e a r t  

sounds  was n o t e d  by t h e  l e a s t  e x p e r i e n c e d  o b s e r v e r # ,  

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

w i t h  t h e  P.C.G-.s*

The d e g r e e  o f  agreem ent  be tw een  o b s e r v e r s  as  t o  th e  

p r e s e n c e  o r  a b sen ce  o f  a t h i r d  h e a r t  sound i s  fo un d ,  u s in g  

F i s h e r 13 e x a c t  method ( F i s h e r ,  1946) from t h r e e  2 x 2  

t a b l e s  ( T a b l e s  8 , 9 & 10)*

A n a l y s i n g  t h e s e  t a b l e s  we f i n d  t h a t  agreem ent  be tween  

o b s e r v e r s  i s  s i g n i f i c a n t  i n  e a c h  case  ( P < 0 . 0 5 ) *

T hat  t h e r e  i s  s i g n i f i c a n t  a g re em e n t ,  a l b e i t  o f  a low 

o r d e r ,  b e tw een  o b s e r v e r s  as  to- t h e  p re sen c e  o r  a b sen ce  

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

t h e  o b s e r v a t i o n  i s  w o r th  making, a l t h o u g h  i n  any i n d i «  

v i d u a l  c ase  t h e  p r o s p e c t  o f  complete  agreement  be tw een  a 

number of  a u s c u l t a t o r s  may be remote*

In  t h i s  i n v e s t i g a t i o n  t h e  ages  of  th e  s u b j e c t s  r anged  

from 17 t o  32 y e a r s ,  w i t h  more t h a n  90% under  t h e  age of 

2 6 .  W ith  e a c h  of  th e  o b s e r v e r s  t h e  In c id e n c e  of  th e
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t h i r d  h e a r t  sound was lower  i n  th e  h i g h e r  a g e -g ro u p s*  

T ak in g  t h e  whole s e r i e s  t h e r e  was a s i g n i f i c a n t l y  h i g h e r  

i n c i d e n c e  o f  th e  t h i r d  h e a r t  sound i n  t h e  younger  s u b j e c t s *  

A l th o u g h  t h i s  r e l a t i o n s h i p  has  been  n o te d  by many ob

s e r v e r s  no a d e q u a te  e x p l a n a t i o n  has  been  o f f e r e d *

No s i g n i f i c a n t  sex d i f f e r e n c e  i n  th e  in o id e n c e  of  

t h e  t h i r d  h e a r t  sound was n o ted  by t h e  p r e v i o u s  i n v e s t i 

g a t o r s  whose r e s u l t s  I  have s t u d i e d ,  and none was found 

i n  t h i s  i n v e s t i g a t i o n *  In  c o n t r a s t  t o  Thayer  (1909)  and 

Lewis ( 1 9 1 3 a ) ,  who d e t e c t e d  t h e  t h i r d  sound more f r e q u e n t 

l y  a t  s l o w e r  h e a r t  r a t e s ,  t h e r e  was no s i g n i f i c a n t  c o r r 

e l a t i o n  i n  t h i s  s e r i e s  be tw een  t h e  h e a r t  r a t e  and t h e  

p r e s e n c e  or  a b sen ce  of t h e  sound .

P h o n o c a r d i o g r a p h y * Our f i n d i n g s  of t h e  i n o id e n c e  of 

t h e  t h i r d  h e a r t  sound on the  l o g a r i t h m i c  P.C.G-.s of  our 

s e r i e s  o f  h e a l t h y  a d u l t  s u b j e c t s  show r e a s o n a b l e  a g r e e 

ment w i t h  t h o s e  of  e a r l i e r  w orkers  (T ab le  4)*

D e f l e c t i o n s  i n  t h e  p o s i t i o n  of  t h e  t h i r d  h e a r t  sound 

were  r e c o r d e d  on th e  l i n e a r  and s t e t h o s c o p i c  P .C .G .s  o f  

a l l  ou r  s u b j e c t s ,  i n d i c a t i n g  t h a t  v i b r a t i o n s  were s e t  up 

by t h e  h e a r t  a t  t h i s  t ime i n  a l l  of  them* In  t h e  m a jo r 

i t y ,  how ever ,  t h e s e  v i b r a t i o n s  were of such  low f re q u e n c y  

as  t o  be i n a u d i b l e ,  and th e y  were n o t  se en  on t h e  l o g 

a r i t h m i c  P . C . G . s .
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D e f l e c t i o n s  c o r r e s p o n d i n g  t o  t h e  f o u r t h  h e a r t  sound 

were s e e n  on t h e  l o g a r i t h m i c  P.C.G# of 34 of  t h e  s u b j e c t s  

( 2 7 »6^ ) ,  which  i s  r a t h e r  h i g h e r  t h a n  t h e  i n c i d e n c e  o b s e r 

v e d  by most p r e v i o u s  i n v e s t i g a t o r s  (T a b le  6 )* The 

p r e s e n c e  of  t h e  f o u r t h  h e a r t  sound i n  many l o g a r i t h m i c  

P .C .G-.s ,  th o u g h  i t  was n e v e r  a u d i b l e ,  may be a t t r i b u t e d  

t o  two f a c t o r s ,  as  su g g e s t e d  i n  C h a p te r  5# F i r s t l y ,  

t h e  f o u r t h  sound o c c u r s  a t  such a s h o r t  i n t e r v a l  o f  t ime

b e f o r e  t h e  s u c c e e d i n g  f i r s t  sound t h a t  i t  may be masked#

S e c o n d ly  t h e  a b s o l u t e  lo w -f req u e n cy  c u t - o f f  of  t h e  phono-  

c a r d i o g r a p h  may be below t h a t  of t h e  human a u d i t o r y  mech

a n is m ,  a l t h o u g h  th e  f r e q u e n c y - r s s p o n s e  c u rv e s  a r e  s i m i l a r #

I  have rem arked  t h a t  t h e r e  i s  a h i g h l y  s i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n  be tween  t h e  o c c u r re n c e  o f  t h i r d  and 

f o u r t h  sounds on th e  P.C.G-. This  i s  n o t  u n e x p ec te d  s i n c e  

b o t h  sounds  o c cu r  a t  a t ime when t h e  v e n t r i c l e s  a r e  f i l l i n g  

r a p i d l y  and a p p e a r  t o  be r e l a t e d  i n  some way t o  t h i s  r a p i d  

f i l l i n g .  The a e t i o l o g y  of c a r d i a c  e x t r a  sounds i s  

s t u d i e d  i n  C h a p te r s  7 and 9#

As i n  t h e  c ase  of th e  t h i r d  h e a r t  sound,  so w i t h  th e

f o u r t h  so un d ,  v i b r a t i o n s  a r e  c o n s t a n t l y  p roduced  by a t r i a l  

s y s t o l e  b u t ,  i n  most c a s e s  a re  n o t  of  s u f f i c i e n t  f r e 

quency and a m p l i tu d e  t o  c o n s t i t u t e  a ^ o u n d 1*



T a b le  1 1 » Agreement be tw een  o b s e r v e r  1 and l o g a r i t h m i c  
P»C»Gr» as  t o  t h e  p r e s e n c e  o r  a b sen c e  o f  a t h i r d  h e a r t  
sound :  a u s c u l t a t i o n  and p h o n o c a rd io g ra p h y

O b s e r v e r  1 

Heard Not h e a rd
T o t a l

p . c . a .
R ecorded 7 41 48

Not r e c o r d e d 4 71 75

T o t a l 11 112 123

T ab le  1 2 . Agreement b e tw ee n  o b s e r v e r  2 and l o g a r i t h m i c  
P.C.G-* as  t o  t h e  p r e s e n c e  o r  a b sen c e  o f  a t h i r d  h e a r t  
sound :  a u s c u l t a t i o n  and p h o n o c a rd io g ra p h y

O b s e rv e r  2 

Heard Not h e a r d
T o t a l

P .C .G .
Recorded 8 40 48

Not r e c o r d e d 4 71 75

T o t a l 12 111 123

T ab le  13 • Agreement b e tw e e n  o b s e r v e r  3 and l o g a r i t h m i c  
P.C.G-. as  t o  t h e  p r e s e n c e  o r  a b sen c e  o f  a t h i r d  h e a r t  
sound :  a u s c u l t a t i o n  and p h o n o c a rd io g ra p h y

O b s e rv e r  3 

Heard Not h e a r d
T o t a l

Recorded 13 35 48
P .C .G .

Not r e c o r d e d 13 62 75

T o t a l 26 97 123
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Combined a u s c u l t a t i o n  and p h o n o c a r d io g r a p h y . I t  i s  

e v i d e n t  from T ab le  7 t h a t  th e  agreem ent  be tw een  a u s c u l t 

a t i o n  and p h o n o c a rd io g ra p h y  i s  of  a low o rd e r*  In  on ly  

two c a s e s  was t h e r e  u n a n im i ty  as t o  t h e  p re s e n c e  of  th e  

t h i r d  h e a r t  sound ,  i n  60 c a se s  t h e r e  was com ple te  a g r e e 

ment a s  t o  t h e  a b sen ce  of  t h e  sound,  and i n  th e  r e m a in in g  

61 c a s e s  t h e r e  was more o r  l e s s  d i s a g re e m e n t*  The r e s u l t s  

may be f u r t h e r  a n a l y s e d  by comparing  th e  f i n d i n g s  of  e ac h  

o b s e r v e r  w i t h  t h e  P .C .G .s  (T a b le s  11, 12 & 13)* The 

p r o b a b i l i t y  of  the  agreement  n o ted  be tw een  o b s e r v e r  and 

p h o n o c ard io g ram  o c c u r r i n g  by chance i s :  f o r  o b s e r v e r  1 ,

P > 0 * 0 5 »  o b s e r v e r  2 , P < 0 . 0 5 ;  and o b s e r v e r  3 ,  P> 0 . 1 :  

ag reem en t  i s  s i g n i f i c a n t  on ly  i n  th e  c ase  of  o b s e r v e r  2 *

One might  e x p e c t ,  i f  t h e  l o g a r i t h m i c  p h o n o c a rd io g ra p h  

a c t s  as  th e  1 i d e a l  o b s e r v e r 1 t h a t  i t  would show a t h i r d  

h e a r t  sound on a l l  r e c o r d s  of  s u b j e c t s  i n  whom a t h i r d  

h e a r t  sound was h e a rd  and a l s o  i n  some of th e  r e c o r d s  

from s u b j e c t s  i n  whom no t h i r d  h e a r t  sound was heard*

In  f a c t  a p p r o x i m a t e l y  f o u r  t im e s  as  many t h i r d  sounds 

were r e c o r d e d  on t h e  l o g a r i t h m i c  P .C .G .s  as were h e a rd  by 

a m a j o r i t y  o f  t h e  o b s e r v e r s ,  b u t  i n  f i v e  c a s e s  where a 

t h i r d  sound was h ea rd  by a m a j o r i t y  of  th e  o b s e r v e r s  i t  

was n o t  r e c o r d e d  on the  l o g a r i t h m i c  P .C .G. T h is  a p p a r e n t  

f a l l a c y  i s  e x p l a i n e d  by th e  v a r y i n g  g a in  of t h e  i n s t r u m e n t  

r e q u i r e d  t o  o b t a i n  s a t i s f a c t o r y  r e c o r d s  of sounds of
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v e r y  d i f f e r e n t  i n t e n s i t y .  W il l iam s  and Dodge (1926)  

i n d i c a t e d  t h a t  th e  h e a r t  sounds of  some i n d i v i d u a l s  a re  

a s  much as  40 t im e s  l o u d e r  t h a n  t h o s e  of  o t h e r s .  Con

s e q u e n t l y  i t  i s  i m p r a c t i c a b l e  t o  r e c o r d  a t  c o n s t a n t  g a i n  

on a n a rrow  s t r i p  o f  p h o to g r a p h ic  m a t e r i a l  t h e  h e a r t  

sounds  of  d i f f e r e n t  s u b j e c t s .  The s e n s i t i v i t y  of  th e  

e a r  p r o b a b l y  does  n o t  v a ry  much from day t o  day  i n  an 

i n d i v i d u a l  o b s e r v e r  b u t  t h a t  of th e  i n s t r u m e n t  must be 

v a r i e d  c o n s i d e r a b l y  from s u b j e c t  t o  s u b j e c t .  I t  f o l l o w s  

t h a t  a t h i r d  h e a r t  sound on a u s c u l t a t i o n  i s ,  i n  a s e n s e ,  

an  a b s o l u t e  phenomenon, whereas  on a P.C.G-. i t  i s  a 

r e l a t i v e  phenomenon, r e l a t i v e  t o  t h e  l o u d n e s s  of t h e  f i r s t  

o r  s econd  h e a r t  so u n d .  I f  th e  f i r s t  or  second sound i s  

p a r t i c u l a r l y  loud  t h e  g a i n  of th e  i n s t r u m e n t  must be 

r e d u c e d  below th e  u s u a l  work ing  l e v e l  i n  o r d e r  t o  r e c o r d  

t h e  d e f l e c t i o n s ;  i n  t h e s e  c i r c u m s ta n c e s  any d e f l e c t i o n  

due t o  t h e  t h i r d  h e a r t  sound i s  a l s o  r e d u c ed  and may 

d i s a p p e a r .

The n e g a t i v e  c o r r e l a t i o n  be tween the  a u d i b l e  t h i r d  

h e a r t  sound and th e  age of th e  s u b j e c t  d i d  n o t  occu r  w i t h  

p h o n o c a r d io g r a p h y ,  which i n d i c a t e s  t h a t  t h i s  n e g a t i v e  

c o r r e l a t i o n  depends  on th e  a b s o l u t e  i n t e n s i t y  of  th e  

sound r a t h e r  t h a n  on i t s  i n t e n s i t y  r e l a t i v e  t o  o t h e r  h e a r t  

so u n d s ;  i n  o t h e r  words t h e r e  i s  a f a l l i n g  o f f  i n  th e
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a b s o l u t e  i n t e n s i t y  o f  a l l  t h e  h e a r t  sounds as  age advances#  

Summary

In  a g ro u p  of  123  U n i v e r s i t y  s t u d e n t s  w i t h o u t  any 

e v id e n c e  o f  h e a r t  d i s e a s e  a t h i r d  h e a r t  sound was h e a rd  

by  a m a j o r i t y  of  t h r e e  o b s e r v e r s  i n  12 c a s e s  ( 9 i 8$)*

The ag reem en t  be tw een  t h e  o b s e r v e r s  as  t o  t h e  p r e s 

ence  o r  ab sen c e  of  t h e  t h i r d  h e a r t  sound was o f  a low 

o r d e r  b u t  was s i g n i f i c a n t #

A n e g a t i v e  c o r r e l a t i o n  was found be tw een  the i n c i d 

ence  of  t h e  t h i r d  h e a r t  sound,  as  h e a rd  by t h e  o b s e r v e r s ,  

and t h e  age of  th e  s u b j e c t s ,  b u t  no c o r r e l a t i o n  was 

found  be tw een  the i n c i d e n c e  and th e  sex  or h e a r t  r a t e  of  

t h e  s u b j e c t s #

No o t h e r  c a r d i a c  e x t r a  sound was h e a rd  i n  any case#  

D e f l e c t i o n s  o c c u r r e d  i n  th e  p o s i t i o n  of  t h e  t h i r d  

h e a r t  sound i n  a l l  l i n e a r  and s t e t h o s c o p i c  P.C.G-.s and 

i n  t h e  l o g a r i t h m i c  P .C .G .  of 48 of  t h e  s u b j e c t s  (39©0%)•

The i n c i d e n c e  of  th e  t h i r d  h e a r t  sound,  as  shown on 

t h e  l o g a r i t h m i c  P.C.G-., was n o t  r e l a t e d  t o  tbs a g e ,  sex 

o r  h e a r t  r a t e  o f  t h e  s u b j e c t #

V i b r a t i o n s  were r e c o r d e d  a t  t h e  t ime of  t h e  f o u r t h  

h e a r t  sound i n  a l l  l i n e a r  and s t e t h o s c o p i c  r e c o r d s  and ,  

i n  34 s u b j e c t s  (2 7 * 6 # ) ,  on th e  l o g a r i t h m i c  P .C .G .  In  

t h e  l o g a r i t h m i c  r e c o r d s  t h e y  were s i g n i f i c a n t l y  commoner 

i n  c a s e s  where a t h i r d  sound a l s o  was r e c o r d e d .  A 

s y s t o l i c  e x t r a  sound was r e c o r d e d  on th e  l o g a r i t h m i c
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P.C.G-* i n  4 c a s e s .

T here  was poor  agreem ent  be tween t h e  o b se rv e rs*  

f i n d i n g  o f  t h e  p r e s e n c e  or  absence  of a t h i r d  h e a r t  sound 

b y  a u s c u l t a t i o n  and t h e  p re s e n c e  o r  absence  o f  t h e  c o r r 

e s p o n d in g  d e f l e c t i o n s  on th e  l o g a r i t h m i c  P.C.G-*

O ly$fy\M~r3 uyM  £*  ̂ __

C+0j*>: ts%t. /fy ^ 4 4 4 ty te > * 4  3>+* *£*+....+?

/b - sLt-4*...



PART IV

CARDIAC EXTRA SOUNDS IN PATIENTS WITH HEART DISEASE

"Thus h i s t o r i c a l l y  i t  i s  n o t  i n c o r r e c t  t o  r e g a r d  g a l l o p  

rhy thm  and t r i p l e  rhythm as synonymous; h u t  t h e r e  i s  an 

a d v a n ta g e  i n  e x c l u d i n g  c e r t a i n  t y p e s  of  t r i p l e  rhythm from 

t h e  c a d e n c e s  embraced by t h e  b r u i t  de g a lo p .  Thus i t  i s  

p r e f e r a b l e  and cus tom ary  t o  speak  of p r e s y s t o l i c  ( a u r i c u l a r ) ,  

p r o t o d i a s t o l i c ,  s y s t o l i c ,  and summation g a l l o p  on t h e  one 

hand;  and o f  s y s t o l i c  c l i c k s ,  t h e  normal  t h i r d  h e a r t  sound 

and t h e  t r i p l e  rhy thm  o f  m i t r a l  s t e n o s i s  on t h e  o t h e r . "

P a u l  Wood (1950)
D i s e a s e s  o f  t h e  h e a r t  and 
c i r c u l a t i o n .
London: Eyre  & S p o t t i sw o o de
p. 166

"Der G-alopprhythmus des  Herzens i s t  doch e i n  S c h r e i  

des  H erzens  n a c h  H i l f e ,  und t r o tz d e m  g i b t  e s  n u r  wenige 

A e r t z e ,  d i e  i h n  h&ren."

W.B. Obrastzow (1905)
Ueber d i e  v e r d o p p e l t e n  und 
a k z e s s o r i s c h e n  HerztBne b e i  
u n m i t t e l b a r e r  A u s k u l t a t i o n  
des  H e rzens .
Z. k l i n .  Med., v o l .  57
p . 88



89

C h ap te r  7 

H i s t o r i c a l  r e v ie w :  g a l l o p  rhythm

and t h e  m i t r a l  open ing  snap

D e f i n i t i o n

Much o f  t h e  c o n f u s i o n  which s t i l l  e x i s t s  to d a y  as  

t o  t h e  s i g n i f i c a n c e  of  g a l l o p  rhythm i s  a t t r i b u t a b l e  t o  

t h e  l a c k  of  a c l e a r  d e f i n i t i o n  of t h e  term* S in ce  P o t a l n  

( 1 8 7 5 ) p o p u l a r i z e d  t h e  e x p r e s s i o n ,  ' b r u i t  de g a l o p 1, which 

he had l e a r n t  i n  B o u i l l a u d ' s  c l i n i c ,  c l i n i c i a n s  t h r o u g h o u t  

t h e  w o r ld  have a p p l i e d  i t  t o  w id e ly  d i f f e r e n t  phenomena* 

A l th o u g h ,  i n  P o t a i n ' s  o r i g i n a l  d e s c r i p t i o n ,  g a l l o p  rhythm 

meant p r e s y s t o l i c  g a l l o p  ( t h e  a d d i t i o n  t o  th e  f i r s t  and 

second  h e a r t  sounds of an e x t r a  sound c o i n c i d i n g  w i t h  

a t r i a l  s y s t o l e )  t h e  te rm  was v a r i o u s l y  a p p l i e d  by s u b 

s e q u e n t  w o rk e r s  t o  t h i s  o r  t o  o t h e r  forms of  t r i p l e  c a r d i a c  

rh y th m ,  o r  even  t o  s p l i t t i n g  of  th e  f i r s t  or  second  h e a r t  

s o u n d •

The e q u in e  ana logy  was red uced  to  a b s u r d i ty  by F r a e n t -  

z e l  (1 8 8 1 ,  1 8 8 9 ) who i d e n t i f i e d  c a r d i a c  rhythms c o r r e s p o n d 

in g  t o  ' o r d i n a r y 1, ' s c h o o l*  or ' r a c e *  g a l lo p *

P o t a i n  l a t e r  widened h i s  o r i g i n a l  co n cep t  o f  g a l l o p  

rhy th m ,  d e f i n i n g  i t  as t r i p l e  c a r d i a c  rhythm due t o  the  

a d d i t i o n  t o  t h e  two normal  h e a r t  sounds of  a t h i r d  and 

d i f f e r e n t  sound ,  which i s  n o t  a murmur or  a f r i c t i o n  sound,  

b u t  an a b r u p t  sound i n t e r p o s e d  between th e  normal sounds
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( P o t a i n ,  1 9 0 0 a ) .  T h is  d e f i n i t i o n  e x c lu d e s  s p l i t t i n g  of  

the f i r s t  o r  second  h e a r t  so u nd s ,  i n  which case  th e  two 

components  a r e  of  t h e  same q u a l i t y  and i n t e n s i t y  and 

s e p a r a t e d  from e ach  o t h e r  by a v e r y  s h o r t  i n t e r v a l .

A f t e r  t h e  d i s c o v e r y  some f i v e  y e a r s  l a t e r  of  t h e  

p h y s i o l o g i c a l  t h i r d  h e a r t  sound t h e  term 1 g a l l o p  rh y th m 1 

came t o  he r e s e r v e d  by most w orkers  i n  t h i s  f i e l d  f o r  

p a t h o l o g i c a l  t r i p l e  c a r d i a c  rhy th m .  As ment ioned in  

C h a p te r  2 i t  i s  u n f o r t u n a t e  t h a t  such  a d i s t i n c t i o n ^ s h o u l d  

be made, namely t h a t  a c r i t e r i o n  of g a l l o p  rhythm sh o u ld  

be o t h e r  e v id e n c e  of  h e a r t  d i s e a s e  i n  t h e  p a t i e n t ,  b u t  

t h e  d i s t i n c t i o n  i s  g e n e r a l l y  adop ted  and I  employ i t  

h e r e .  1 c ^

The p r e c i s e  l o c a l i z a t i o n  of  c a r d i a c  e x t r a  sounds i n  

t h e  c a r d i a c  c y c l e  had t o  a w a i t  t h e  development  o f  t te  

p h o n o c a r d io g r a p h ;  on ly  w i t h  t h i s  i n s t r u m e n t  cou ld  t h e  

d i f f e r e n t  d i a s t o l i c  sounds be i d e n t i f i e d  w i t h  any c e r t®  

a i n t y .

A n o th e r  problem i s  s e t  by the  s y s t o l i c  e x t r a  sound .  

S y s t o l i c  g a l l o p  rhythm was d e s c r i b e d  by a number of 

o b s e r v e r s ,  who r e l a t e d  i t  t o  p a r t i c u l a r  t y p e s  of d i s e a s e .  

The s y s t o l i c  e x t r a  sound i s  now c o n s id e r e d  t o  be w i th o u t  

p a t h o l o g i c a l  s i g n i f i c a n c e  b u t  t h i s  view may n o t  be t h e  

u l t i m a t e  one ;  i n  any case  a h i s t o r i c a l  rev ie w  must 

i n c l u d e  1 s y s t o l i c  g a l l o p  rh y thm 1•
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It. has  n e v e r  be en  made a u i t e  c l e a r  w h e th e r  t r i p l e  

rhy thm  due t o  t h e  open ing  snap  of  t h e  m i t r a l  v a lv e  sh o u ld  

o r  s h o u ld  n o t  be c l a s s i f i e d  under  the g e n e r a l  h e a d in g  of  

g a l l o p  rhythm# As a r u l e  t h e  open in g  snap  has  been  

c o n s i d e r e d  as  an  i s o l a t e d  phenomenon, d i s t i n c t  from o t h e r  

forms o f  t r i p l e  c a r d i a c  rhy thm .

A d e f i n i t i o n  of  g a l l o p  rhythm must be a r b i t r a r y ,  

b u t  some d e f i n i t i o n  i s  e s s e n t i a l #  In  an a t t e m p t  t o  be 

u p - t o - d a t e  and y e t  c o n s i s t e n t  I  s u g g e s t  t h e  f o l l o w i n g  

m o d i f i c a t i o n  o f  P o t a i n 1 s d e f i n i t i o n :  *G-allop rhythm i s

t r i p l e  rhy thm  of  t h e  h e a r t  due t o  t h e  a d d i t i o n  t o  th e  

f i r s t  and second  h e a r t  sounds of th e  t h i r d  h e a r t  sound,  

t h e  f o u r t h  h e a r t  sound ,  or  a summation sound ,  i n  a  p a t i e n t  

w i t h  h e a r t  d i s e a s e 1#

E a r l y  o b s e r v a t i o n s  on g a l l o p  rhythm

The f i r s t  c ase  i n  t h e  l i t e r a t u r e  o f  what we sh ou ld  

now c a l l  g a l l o p  rhythm i s  t h a t  d e s c r i b e d  by C h a rce lay  

( I 8 3 8 )# In  t h i s  p a t i e n t  a d i a s t o l i c  e x t r a  sound was 

a u d i b l e  a t  t h e  r i g h t  s t e r n a l  b o r d e r  a t  t h e  l e v e l  of  th e  

second  r i b ;  t h e r e  were a l s o  s y s t o l i c  and d i a s t o l i c  

murmurs# Autopsy showed an a t r i a l  s e p t a l  d e f e c t  w i t h  

d i l a t a t i o n  o f  t h e  r i g h t  a t r i u m ,  m i t r a l  s t e n o s i s ,  and 

a o r t i c  incom petence#  C h a rce lay  a t t r i b u t e d  t h e  e x t r a  

sound t o  a u d i b l e  c o n t r a c t i o n  of  th e  e n l a r g e d  r i g h t  a t r i u m .

B o u i l l a u d  (1841) d e s c r i b e d  th e  c h a r a c t e r i s t i c  t r i p l e
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rh y th m  of  m i t r a l  s t e n o s i s ,  ' b r u i t  de r a p p e l 1, which he 

a t t r i b u t e d  t o  s p l i t t i n g  of th e  second h e a r t  sound .

S p l i t t i n g  of  t h e  second  h e a r t  sound i n  c a s e s  o f  m i t r a l  

s t e n o s i s  was n o t e d  a l s o  by Skoda (1844) and D u ro z ie z  

(18 6 2 )*  P o t a i n  (1866)  and Guttmann (1869 ,  I 8 7 8 ) a f f i r m 

ed  t h a t  s p l i t t i n g  of  th e  f i r s t  o r  second h e a r t  sound i s  

n o t  n e c e s s a r i l y  a s s o c i a t e d  w i th  v a l v u l a r  d i s e a s e  b u t  

o c c u r s  a l s o  i n  i n d i v i d u a l s  w i t h  p e r f e c t l y  norm al  h e a r t s .

P o t a i n  (1875)  d e s c r i b e d  p r e s y s t o l i c  g a l l o p  rhy thm , 

w h ich  he a s s o c i a t e d  w i t h  c a r d i a c  h y p e r t r o p h y  i n  th e  

a b se n c e  of  v a l v u l a r  d i s e a s e ;  i t  was commonly a mani

f e s t a t i o n  of  k id n ey  d i s e a s e ,  e s p e c i a l l y  of c h ro n ic  i n t e r 

s t i t i a l  n e p h r i t i s *  The sound was a t t r i b u t e d  t o  sudden 

d i s t e n s i o n  of  t h e  v e n t r i c l e s  a t  a t r i a l  s y s t o l e .  P o t a i n  

m en t io n ed  o t h e r  forms of t r i p l e  c a r d i a c  rhy thm , i n c l u d i n g  

t h o s e  due t o  t h e  r e d u p l i c a t e d  second h e a r t  sound of m i t r a l  

d i s e a s e  and t o  t h e  s y s t o l i c  e x t r a  sound .  Exchaquet  ( 1 8 7 5 ) ,  

Jo h n so n  ( I 8 7 6 ) ,  Lepine ( 1 8 8 1 ) ,  and C u f f e r  and Guinon (1886)  

s u p p o r t e d  P o t a i n * s  v iew s  on th e  mechanism of p r o d u c t i o n  

o f  t h e  p r e s y s t o l i c  sound and on th e  r e l a t i o n  be tween 

B r i g h t f s d i s e a s e  and p r e s y s t o l i c  g a l l o p  rhythm*

A d i f f e r e n t  e x p l a n a t i o n  of th e  p r e s y s t o l i c  e x t r a  

sound was o f f e r e d  by Walshe (1 8 7 3 ) ,  B a r r  (1 8 7 7 ) ,  and 

B in d le y  ( 1 8 7 8 ) ,  who a l l  a s c r i b e d  i t  t o  a synchronous  con-



93

t r a c t i o n  of  t h e  two v e n t r i c l e s ,  Sansom (1881) and 

F r a e n t z e l  (1881) a t t r i b u t e d  t h e  p r e s y s t o l i c  g a l l o p  sound 

t o  an  a u d i b l e  a t r i a l  c o n t r a c t i o n ,  b u t  Sansom th o u g h t  i t  

m ig h t  sometimes be due t o  asynchronous  c o n t r a c t i o n  of  th e  

two v e n t r i c l e s ;  P e t e r  (1883) b e l i e v e d  t h a t  i t  was a lways 

due t o  t h i s ,

D fE s p in e  ( 1 8 8 2 ) ,  Leyden (1 8 8 6 ) ,  and B o u ve re t  and 

G h a b a l i e r  ( I 8 8 9 ) c o n s i d e r e d  t h a t  g a l l o p  rhythm i s  due t o  

v e n t r i c u l a r  s y s t o l e  t a k i n g  p lac e  i n  two s t a g e s  when an 

e n f e e b l e d  h e a r t  i s  a c t i n g  a g a i n s t  h ig h  a r t e r i a l  p r e s s u r e ;  

e a c h  phase  of  v e n t r i c u l a r  s y s t o l e ,  a c c o r d i n g  t o  t h i s  

t h e o r y ,  c a u s e s  sudden t e n s i o n  of t h e  a t r i o - v e n t r i c u l a r  

v a l v e s .  The e x t r a  sound i s  produced i n  t h e  l e f t  v e n t r i c l e  

when t h e  a o r t i c  p r e s s u r e  i s  r a i s e d ,  as i n  c h ro n ic  i n t e r 

s t i t i a l  n e p h r i t i s ,  or  i n  th e  r i g h t  v e n t r i c l e  when t h e r e  

i s  some o b s t r u c t i o n  t o  th e  pulmonary c i r c u l a t i o n ,  F r a n -  

j o i s - F r a n c k  (1880)  and B a r ie  ( I 8 8 3 , 1893b ,c )  c o n s i d e r e d  

t h a t  t h i s  o b s t r u c t i o n  might be due t o  r e f l e x  c o n s t r i c t i o n  

of  t h e  pulmonary b loo d  v e s s e l s  r e s u l t i n g  from some d i s 

t u r b a n c e  of  t h e  a l i m e n t a r y  c a n a l  or  of th e  l i v e r ,  C u f f e r  

and B a r b i l l i o n  (1887)  agreed  w i th  D 'S sp in e  on t h e  connec

t i o n  b e tw ee n  l e f t —s id e d  or r i g h t - s i d e d  g a l l o p  rhythm and 

h y p e r t e n s i o n  i n  th e  c o r r e s p o n d in g  a r t e r y .  They n o ted  

t h a t  t h e  d i a s t o l i c  e x t r a  sound might occur  so  lo n g  b e f o r e  

th e  f i r s t  h e a r t  sound as t o  approach  th e  p r e c e d in g  second
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h e a r t  s o u n d .  They d i d  n o t  a t t e m p t  t o  e x p l a i n  t h e  

d i a s t o l i c  e x t r a  sound b u t  conc luded  t h a t  c o n t r a c t i o n  

o f  t h e  v e n t r i c l e  i n  two s t a g e s  would produce a s y s t o l i c  

e x t r a  s o u n d .

K r ie g e  and Schm al l  (1891) and Huchard (1893) b e l i e v e d  

t h a t  tbs  p r e s y s t o l i c  e x t r a  sound was due t o  sudden f i l l i n g  

o f  t h e  v e n t r i c l e  t o  i t s  e l a s t i c  l i m i t ;  w i t h  a r t e r i a l  

h y p e r t e n s i o n  or  m y o c a rd ia l  h y p e r t ro p h y  t h i s  e l a s t i c  l i m i t  

was more r e a d i l y  a t t a i n e d .

The need  t o  d i s t i n g u i s h  d i a s t o l i c  e x t r a  sounds from 

r e d u p l i c a t i o n  of  t h e  f i r s t  or  second h e a r t  so u n d s ,  was 

e m p h a s i se d  by F r a n c o I s - F r a n c k  ( 1 8 8 9 ) ,  B a r ie  ( 1 8 9 3 a ) ,  and 

P h e a r  ( 1 8 9 7 ) .

P o t a i n  ( 1 8 9 4 ) ,  a s  was h i s  wont ,  c l e a r e d  up th e  con

f u s i o n .  He d i s t i n g u i s h e d  g a l l o p  rhythm due t o  a d u l l  

sound!.,; p a l p a b l e  r a t h e r  t h a n  a u d i b l e ,  from r e d u p l i c a t i o n  

of  t h e  f i r s t  or  second h e a r t  sounds and from t h e  open ing  

s n a p  of  t h e  m i t r a l  v a l v e .  He a l s o  d e s c r i b e d  p r e s y s t o l i c ,  

p r o t o d i a s t o l i c  and s y s t o l i c  forms of  g a l l o p  rhy th m .  A 

g r e a t  advance  was h i s  i d e n t i f i c a t i o n  o f  p r e s y s t o l i c  

g a l l o p  rh y th m ,  i n  which t h e  t ime i n t e r v a l  be tw een  t h e  

e x t r a  sound and t h e  f o l l o w in g  f i r s t  sound i s  c o n s t a n t ,  

and o f  p r o t o d i a s t o l i c  g a l l o p  rhythm, in  which t h e  e x t r a  

sound f o l l o w s  a t  a c o n s t a n t  i n t e r v a l  a f t e r  t n e  p r e c e d in g  

second h e a r t  sound ,  wha tever  th e  p e r io d  of d i a s t o l e  i n
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w hich  t h e  e x t r a  sound a c t u a l l y  o c c u r s .  For  example a 

p r e s y s t o l i c  ( a t r i a l )  g a l l o p  sound,  o c c u r r i n g  a t  a c o n s t a n t  

t im e  b e f o r e  t h e  f i r s t  sound, might  become m e s o d i a s t o l i c  

o r  ev en  p r o t o d i a s t o l i c  i n  t im e  when t a c h y c a r d i a  s h o r t e n e d  

t h e  d i a s t o l i c  i n t e r v a l *

In  a l a t e r  p a p e r ,  P o t a i n  (1900a)  s t r e s s e d  a g a i n  t h e  

d i s t i n c t i o n  be tw een  g a l l o p  rhythm and r e d u p l i c a t i o n  of  

t h e  f i r s t  o r  second h e a r t  sound,  t h e  d i s t i n c t i o n  be tw een  

d i a s t o l i c  g a l l o p  rhythm and s y s t o l i c  g a l l o p  rh y thm ,  which  

he a s s o c i a t e d  w i t h  a r t e r i o s c l e r o s i s ,  and t h e  d i s t i n c t i o n  

b e tw e e n  l e f t - s i d e d  d i a s t o l i c  g a l l o p ,  a t t r i b u t a b l e  t o  

c a r d i a c  h y p e r t r o p h y ,  and r i g h t - s i d e d  d i a s t o l i c  g a l l o p ,  

w h ich  he a s s o c i a t e d  w i t h  h e p a t i c  o r  g a s t r o - i n t e s t i n a l  

d i s t u r b a n c e .  L e f t - s i d e d  g a l l o p  rhythm was b e s t  hea rd  

a t  t h e  c a r d i a c  apex ,  whereas r i g h t - s i d e d  g a l l o p  rhythm 

was b e s t  h e a r d  over  t h e  lower p a r t  of  t h e  s te rn u m .

A. Ghauveau (1900) and H. Chauveau (1902) a t t r i b u t e d  

t h e  p r e s y s t o l i c  e x t r a  sound t o  a v e n t r i c u l a r  p r e s s u r e  

wave c a u s e d  by c o n t r a c t i o n  of  th e  p a p i l l a r y  m usc les  d u r i n g  

t h e  i n t e r v a l  be tw een  a t r i a l  and v e n t r i c u l a r  s y s t o l e .

Bard  (1 9 0 6 ,  1908) and T rau tw e in  (1907) t h o u g h t  i t  was 

u s u a l l y  due  t o  s e p a r a t i o n  of th e  m uscu la r  and v a l v u l a r  

components  o f  t h e  f i r s t  h e a r t  sound, b u t  Bard b e l i e v e d  

t h a t  a p r e s y s t o l i c  sound could  a l s o  be produced by con

t r a c t i o n  of  a h y p e r t r o p h i e d  a t r i u m .



96

At t h e  t u r n  of t h e  c e n tu r y  t h e  development  of  phono

c a r d i o g r a p h y  u sh e re d  i n  th e  modern e r a  i n  t h e  i n v e s t i g a 

t i o n  of  h e a r t  so u n d s ,  i n c l u d i n g  th o s e  in v o lv e d  i n  g a l l o p  

rhythm* P o t a i n * s  a c u t e  c l i n i c a l  o b s e r v a t i o n s  have n o t  

b e e n  s u p e r s e d e d  b u t  i t  i s  now p o s s i b l e  by p h on o card io g rap h y  

t o  e s t a b l i s h  t h e  p r e c i s e  t ime of  o c cu r ren c e  of  e x t r a  sounds 

i n  t h e  c a r d i a c  c y c l e  and t o  s tu d y  th e  p h y s i c a l  c h a r a c t e r s  

o f  t h e s e  so u n d s .  A ccord ing  t o  Lewis ( 1 9 1 5 ) s ‘Timing by. 

a u s c u l t a t i o n  i s  o f t e n  a d i f f i c u l t  or  im p o s s ib le  t a s k  i f  

i t  i s  t o  be c a r r i e d  out  w i t h  any p r e t e n s i o n  t o  a c c u r a c y * • 

P r e s y s t o l i c  g a l l o p  rhythm

As n o t e d  above ,  t h e  c l a s s i c a l  p r e s y s t o l i c  g a l l o p  

rhy thm  d e s c r i b e d  by P o t a i n  has been  v a r i o u s l y  a t t r i b u t e d  

t o  a u d i b l e  c o n t r a c t i o n  of  t h e  a t r i a ,  sudden d i s t e n s i o n  of  

t h e  v e n t r i c l e s  by t h e  b lood  fo rc e d  i n t o  them by a t r i a l  

s y s t o l e ,  a sy n ch ro no us  c o n t r a c t i o n  of th e  v e n t r i c l e s  r e 

s u l t i n g  i n  a synchronous  c lo s u r e  of  th e  m i t r a l  and t r i 

c u s p i d  v a l v e s ,  o r  tw o - s ta g e  v e n t r i c u l a r  s y s t o l e .  The 

l a s t  two of  t h e s e  mechanisms,  whose o c cu r ren c e  i s  s t i l l  

m a t t e r  f o r  d i s p u t e ,  would cause s p l i t t i n g  of  t h e  f i r s t  

sound r a t h e r  t h a n  t h e  c a r d i a c  e x t r a  sound which we now 

c a l l  t h e  f o u r t h  h e a r t  sound o r  p r e s y s t o l i c  g a l l o p  sound* 

L e f t - s i d e d  p r e s y s t o l i c  g a l l o p ,  as n o te d  by D’S sp in e  

( 1 8 8 2 ) ,  C u f f e r  and B s r b i l l i o n  (1 8 8 7 ) ,  B a r i s '  ( 1 8 9 3 a ,o ) ,  

and P o t a i n  (1 9 0 0 a ) ,  i s  commoner t h a n  r i g h t - s i d e d  p r e -
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s y s t o l i c  g a l l o p ,  i s  more c o n s t a n t  when i t  does  o c c u r ,  

and i s  t h e  rhy thm  t y p i c a l l y  a s s o c i a t e d  w i t h  t h e  l e f t  

v e n t r i c u l a r  h y p e r t r o p h y  which f o l lo w s  c h ro n ic  i n t e r 

s t i t i a l  n e p h r i t l S o

L i t t l e  i n t e r e s t  has  been  shown s i n c e  P o t a in * s  t im e  

i n  r i g h t - s i d e d  p r e s y s t o l i c  g a l l o p ,  e x c e p t  by Lutembacher 

( 1 9 1 6 ) ,  G i rou x  ( I 9 2 3 ) ,  and L aubry ,  R o u t i e r  and L argeau  

( 1 9 2 4 ) ,  who a l l  c o n s i d e r e d  i t  an im p o r t a n t  s i g n  of  r i g h t 

s i d e d  c a r d i a c  i n s u f f i c i e n c y ®

A e t i o l o g y ® A t r i a l  s y s t o l e  n o rm a l ly  p roduces  a sound ,  

a u d i b l e  from th e  oesophagus and r e c o r d a b l e  from t h e r e  and ,  

i n  many c a s e s ,  from th e  p raeco rd iu m ,  as  a l r e a d y  n o te d  in  

C h a p te r  5* C l a r k  ( I 8 5 8 ) r e p o r t e d  an i n t e r e s t i n g  c ase  of  

a c r i m i n a l  e x e c u te d  by j u d i c i a l  h a n g in g ,  i n  whom a r e g u l a r  

s i n g l e  h e a r t  sound was a u d ib l e  a t  t h e  f r o n t  of t h e  c h e s t  

an h ou r  and a h a l f  a f t e r  execution® When t h e  c h e s t  was 

opened t h e  r i g h t  a t r i u m  was found t o  be b e a t i n g  r e g u l a r l y  

b u t  t h e  v e n t r i c l e s  were iner t®

Chauveau (1885)  d e s c r i b e d  th e  f i r s t  case  o f  complete  

h e a r t  b l o c k  i n  t h e  l i t e r a t u r e s  he n o t e d  t h a t  a t r i a l  

s y s t o l i c  sounds were a u d i b l e ,  e s p e c i a l l y  when th e y  o c c u r r e d  

d u r i n g  v e n t r i c u l a r  s y s t o l e  when t h e  f low of  b lo od  i n t o  

t h e  v e n t r i c l e  was b lo c k e d  by t h e  t e n s e  a t r i o - v e n t r i c u l a r  

va lves®  Josue^ and God lew s k i  (1913)* G a l l a v a r d i n  (1 9 1 4 ) ,  

and Lewis ( 1 9 1 5 ) ,  conf i rm ed  t h e  a u d i b i l i t y  of  a t r i a l  sounds
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i n  c a s e s  o f  com ple te  h e a r t  b l o c k ,

L ep ine  (1882)  and M i l l e r  (1906) n o te d  t h a t  th e  n o r 

mal a p i c a l  c a rd io g ra m  ( l i n e a r  P .C .G .)  showed a wave c o r 

r e s p o n d i n g  t o  a t r i a l  s y s t o l e ;  when g a l l o p  rhythm was 

a u d i b l e  t h i s  wave was of  g r e a t e r  am p l i tu d e  and o c c u r r e d  

e a r l i e r  t h a n  t h e  no rm al  p r e s y s t o l i c  wave# Faw insk i  • 

(1907)  b e l i e v e d  t h a t  e x a g g e ra t e d  a t r i a l  a c t i v i t y  caused  

e a r l y  c l o s u r e  of  th e  a t r i o - v e n t r i c u l a r  v a l v e s  and,  i f  

a t r i o v e n t r i c u l a r  c o n d u c t io n  were im p a i r e d ,  th e  m u sc u la r  

component  o f  t h e  f i r s t  h e a r t  sound would be d e l a y e d ,  

f u r t h e r  s e p a r a t i n g  t h e  two components# Robinson (1908) 

found  on a u s c u l t a t i o n  t h a t  t h e  e x t r a  sound o f  p r e s y s t o l i c  

g a l l o p  d i d  n o t  r e s e m b le  th e  i s o l a t e d  a t r i a l  sound of  

c o m p le te  h e a r t  b lo ck #  Von Wyss (1911) b e l i e v e d  t h a t  

p r e s y s t o l i c  g a l l o p  was an e x a g g e r a t i o n  of  t h e  normal  a t r i a l  

s y s t o l i c  so un $ ,  which  he d e m o n s t r a te d  by phonocard iography#  

T a k in g  the j u g u l a r  phlebogram of p a t i e n t s  w i th  p r e s y s t o l i c  

g a l l o p  rhy thm  he found t h a t  th e  a -c  i n t e r v a l  was u s u a l l y  

a t  o r  above t h e  upper  l i m i t  of  no rm al ,  i n d i c a t i n g  a p ro 

longed  i n t e r v a l  be tw een  a t r i a l  and v e n t r i c u l a r  s y s t o l e #

P o t a i n * s  e x p l a n a t i o n  of  t h e  a t r i a l  s y s t o l i c  sound as  

b e i n g  due t o  sudden  d i s t e n s i o n  of  t h e  v e n t r i c l e s  by th e  

i n f lo w  o f  b lo o d  d u r i n g  a t r i a l  s y s t o l e  was su p p o r te d  by 

G a l l a v a r d i n  (1914)  and P e z z i  ( 1 9 1 4 ) .  Lewis ( 1 9 1 5 ) ,

R e id  ( 1 9 2 1 ) ,  and D uohosa l  (1932) found t h a t  th e  a u d ib l e
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a t r i a l  sound i n  c a se s  of complete  h e a r t  b l o c k  was o f t e n  

d o u b l e .  In  Lewis*s  o p in io n  th e  f i r s t  component of  t h e  

d o u b le  a t r i a l  sound was produced by c o n t r a c t i o n  of  th e  

a t r i a  and t e n s i o n  of  t h e i r  w a l l ;  t h e  second component 

o c c u r r e d  i n  e a r l y  a t r i a l  d i a s t o l e  and was due t o  c l o s u r e  

o f  t h e  s t r i o - v e n t r i c u l a r  v a l v e s .

G - a l l a v a rd in  ( 1 9 2 0 ) ,  Laubry and Mougeot ( 1 9 2 1 ) ,

G i ro u x  (1923)*  and R o u t i e r  and van  B o g aer t  (1934a)  s u p p o r t 

ed t h e  view o f  Von Wyss (1911) t h a t  g a l l o p  rhythm i s  due 

t o  d e l a y e d  a t r i o - v e n t r i c u l a r  c o n d u c t io n .  G a l l a v a r d i n  

found t h a t  v e n t r i c u l a r  s y s t o l e  a l s o  was p ro lo n ged  i n  

t h e s e  c a s e s .  B o r d e t ,  Y a c o i l  and G iroux  (1923) d e s c r i b e d  

s i x  p a t i e n t s ,  w i t h  g a l l o p  rhythm i n  a l l  of  whom t h e  E .C .G .  

showed p r o l o n g a t i o n  of  the  P-R, Q-S, and Q-T, i n t e r v a l s .  

They n o t e d  t h a t  t h e  a t r i a l  sound cou ld  occu r  a t  any t ime 

i n  d i a s t o l e  and t h e y  a s s o c i a t e d  i t  v ; i th  s c l e r o s i s ,  h y p e r 

t r o p h y ,  o r  h y p o t o n i c i t y ,  of t h e  v e n t r i c u l a r  m u sc le .

H o l t  (1927)* r e v ie w in g  t h e  l i t e r a t u r e  t o  d a t e ,  

a s s o c i a t e d  p r e s y s t o l i c  g a l l o p  rhythm w i t h  a t r i a l  h y p e r 

t r o p h y  and ,  i n  some c a s e s ,  d e la y ed  a t r i o - v e n t r i c u l a r  

c o n d u c t i o n .  White (1928) and F r o s t  (1 9 4 4 ) ,  on t h e  o t h e r  

hand ,  r a r e l y  found any deg ree  of h e a r t  b l o c k  i n  p a t i e n t s  

w i t h  g a l l o p  rh y thm .  Hol t  e x p la in e d  t h e  p r e s y s t o l i c  

g a l l o p  sound as  p r i m a r i l y  due t o  v i b r a t i o n  of  th e  v e n t r i 

c u l a r  w a l l  o r  of t h e  a t r i o - v e n t r i c u l a r  v a l v e s ,  and a f f i r m —
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ed t h a t  i t  i s  u s u a l l y  impossi ible t o  d i s t i n g u i s h  l e f t -  

s i d e d  from r i g h t - s i d e d  g a l l o p .

Mond and Oppenheimer (1929) d e m o n s t r a t e d  t h e  p r e 

s y s t o l i c  g a l l o p  sound by phonocard iog raphy  and r e l a t e d  

i t  t o  a r t e r i a l  h y p e r t e n s i o n .  They b e l i e v e d  t h a t  the  

v i b r a t i o n s  p roduced  by a t r i a l  s y s t o l e  a re  n o rm a l ly  damped 

by  t h e  f l a c c i d  v e n t r i c u l a r  w a l l s ;  i f ,  however, t h e  to n e  

o f  t h e  v e n t r i c u l a r  w a l l  i s  h ig h ,  t h i s  damping i s  r ed u ced  

and an  a t r i a l  sound becomes a u d i b l e .  T h is  e x p l a n a t i o n  

i s  c o m p a t i b l e  w i t h  t h a t  of Chauveau ( 18 8 5 ) on t h e  f i r s t  

r e p o r t e d  c a se  of complete  h e a r t  b l o c k .  The c o n t r a r y  view 

was e x p r e s s e d  by G-ubergri tz  (1 9 2 9 ) ,  Mozer and D uchosa l  

( 1 9 3 0 ) ,  D u c h o sa l  (1 9 3 2 ) ,  Bramwell (19 3 5 b ) ,  and O ' F a r r e l l  

( 1 9 3 9 ) ,  who a t t r i b u t e d  t h e  p r e s y s t o l i c  g a l l o p  sound ,  as 

P o t a i n  had d o n e ,  t o  sudden d i s t e n s i o n  of a h y p o to n ic  

v e n t r i c l e .  Mozer and Duchosal  d e m o n s t r a te d  by phono

c a r d i o g r a p h y  t h a t  w i t h  t a c h y c a r d i a  and d e la y e d  a t r i o 

v e n t r i c u l a r  c o n d u c t io n  th e  g a l l o p  sound o c c u r re d  i n  e a r l y  

d i a s t o l e ;  w i th  t h e  o n se t  of a u r i c u l a r  f i b r i l l a t i o n  t h e  

g a l l o p  sound d i s a p p e a r e d .  Poge lson  (1932) c o n f i rm ed  t h e  

d i s a p p e a r a n c e  of  t h e  p r e s y s t o l i c  g a l l o p  sound w i t h  t h e  

o n s e t  o f  a u r i c u l a r  f i b r i l l a t i o n .

King (1928)  and King and McEachern (1932) b e l i e v e d  

t h a t  b u n d le  b r a n c h  b l o c k  caused  r e d u p l i c a t i o n  of  t h e  f i r s t  

h e a r t  sou n d ,  s i m u l a t i n g  g a l l o p  rhythm, b u t  Campbell  and
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Suszman (1932)  r e p o r t e d  a casa  of t r u e  p r e s y 3110110 g a l l o p  

rhy thm  w i t h  b u n d le  b r a n c h  b l o c k ,  F o g e lso n  ( 1 9 3 2 ) ,  Mac- 

l e o d ,  W ilso n  and B arker  (1 9 3 2 ) ,  and J .K .  Lewis (1934) d e 

t e c t e d  a h ig h  in c i d e n c e  of g a l l o p  rhythm i n  p a t i e n t s  w i t h  

b u n d le  b r a n c h  b l o c k ,  F o g e lso n  b e l i e v e d  t h a t  th e  g a l l o p  

rh y th m  i n  t h e s e  c a s e s  was caused  by asynchronous  c o n t r a c 

t i o n  of  t h e  two v e n t r i c l e s ,  b u t  Lewis c o n s i d e r e d  t h a t  th e  

g a l l o p  rhy thm  and t h e  bund le  b ra n c h  b l o c k  were in d e p e n d e n t  

m a n i f e s t a t i o n s  of  th e  same u n d e r ly in g  c a r d i a c  l e s i o n ,

C o s s io  and L a s c a l e s  (1936) ag reed  w i th  t h e  p r e v io u s  

o b s e r v a t i o n s  of  Lewis t h a t  an i s o l a t e d  a t r i a l  sound i s  

u s u a l l y  d o u b le  and t h a t  th e  second component i s  due t o  

s t r e t c h i n g  of t h e  v e n t r i c u l a r  w a l l  or  o f  t h e  a t r i o - v e n t r i 

c u l a r  v a l v e s  by th e  r a p i d  in f lo w  of b loo d  a t  a t r i a l  

s y s t o l e #  C o s s io ,  Berconsky and T r im an i  (1942) h e ld  t h a t  

t h e  f i r s t  component i s  due t o  d i s t e n s i o n  of t h e  v e n t r i c l e s  

and t h e  second  component t o  e l e v a t i o n  and t e n s i o n  o f  t h e  

a t r i o - v e n t r i c u l a r  v a lv e s *

Lewis and Dock (1938) gave as t h e  p ro b ab le  c a u se s  of  

p r e s y s t o l i c  g a l l o p  rhythm e i t h e r  d e la y e d  a t r i o - v e n t r i c u l a r  

c o n d u c t i o n  o r  m y o c a rd ia l  f a i l u r e #  L lan  and W e l t i  (1938) 

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

f a i l u r e  t h e  most im p o r ta n t  a e t i o l o g i c a l  f a c t o r s #  L ia n  

and H uber t  (1948a)  r e s t a t e d  t h i s  o p i n io n .  Evans (1943) 

d i s t i n g u i s h e d  t h e  f o u r t h  h e a r t  sound which occu rs  w i t h
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d e l a y e d  a t r i o - v e n t r i c u l a r  c o n d u c t io n  from t h a t  due t o  

l e f t  v e n t r i c u l a r  f a i l u r e .

The o p i n i o n  t h a t  p r e s y s t o l i c  g a l l o p  i s  due m ere ly  t o  

e x a g g e r a t i o n  of  t h e  norm al  a t r i a l  s y s t o l i c  v i b r a t i o n s  and 

i s  n o t  q u a l i t a t i v e l y  d i f f e r e n t  from t h e  f o u r t h  h e a r t  sound 

n o r m a l l y  r e v e a l e d  by phonocard io g rap h y  was h e ld  by Lewis 

and Dock ( 1 9 3 8 ) ,  A renberg  (1 9 4 1 ) ,  F r o s t  (1944 ,  1949a) ,  

and C o s s io  and Korn (1947)# On th e  o t h e r  hand,  Mann- 

h e im e r  ( 1 9 4 0 ) ,  C a r l g r e n  ( 1 9 4 6 ) ,  and L u isad a  and Roitman

( 1 9 4 8 ) ,  h e l d  t h a t  g a l l o p  sounds a re  d i s t i n g u i s h a b l e  by 

p h o n o c a r d io g r a p h y  from p h y s i o l o g i c a l  e x t r a  sounds by 

t h e i r  g r e a t e r  a m p l i tu d e  and h i g h e r  f r e q u e n c y .

P a t h o l o g i c a l  s i g n i f i c a n c e . In a d d i t i o n  t o  B r i g h t * s  

d i s e a s e  and a r t e r i a l  h y p e r t e n s i o n ,  no ted  by P o t a i n  and 

many s u b s e q u e n t  o b s e r v e r s  as a e t i o l o g i c a l  f a c t o r s  i n  

many c a s e s  of  p r e s y s t o l i c  g a l l o p  rhythm, a number of 

o t h e r  p a t h o l o g i c a l  p r o c e s s e s  have been  i n c r i m i n a t e d .

These i n c l u d e J  pneumonia or  t y p h o id  f e v e r  ( F r a e n t z e l ,  

1881;  Paw i n s k i ,  1907)? d i p h t h e r i a  (Leyden, 1882; 

V i e r o r d t ,  1888; F r a e n t z e l ,  18895 E l l i o t t ,  1921);  a c u te  

rh eu m a t i sm  o r  s c a r l a t i n a  ( F r a e n t z e l ,  1889? G iro u x ,  1923) 5 

a o r t i t i s  ( B a r i £ ,  1893c? Laubry & P e z z l ,  1926);  m i t r a l  

s t e n o s i s  (Mannheimer, 1942) ;  c o ro na ry  a r t e r y  d i s e a s e  

( G a r v i n ,  1943; Weber, 1944);  and p e r i c a r d i t i s  or t o x i c  

m y o c a r d i t i s  (Weber,  194 4 ) .  F r o s t  (1949b)  found t h a t



T ab le  1 4 . I n c i d e n c e  of  p r e s y s t o l i c  g a l l o p  rhy thm  In
p a t i e n t s  w i t h  h e a r t  d i s e a s e :  a u s c u l t a t i o n

Date A uthor No, of  
s u b j e c t s

C l i n i c a l
c o n d i t i o n

I n c i d e n c e  
( p e r  c e n t )

1935 Bramwell 1353 H e a r t  d i s e a s e 4 . 7

1941 A renb erg 181 O rg a n ic  h e a r t
d i s e a s e

3 . 3

1947 C o s s io  & Korn 4052 H e a r t  d i s e a s e 4 . 5

T a b le  1 5 . I n c i d e n c e  o f  p r e s y s t o l i c  g a l l o p  rhy thm  In
p a t i e n t s  w i t h  h e a r t  d i s e a s e :  p h o n o c a r d io g r a p h y

D ate A uthor No. o f  
s u b j e c t s

C l i n i c a l
c o n d i t i o n

I n c i d e n c e  
( p e r  c e n t )

1932 D u ch o sa l 33 H ea r t  d i s e a s e 6 9 .7

1934 Lewis 23 Bundle  b r a n c h  b l o c k 39 *1

1941 A ren berg 181 O rg a n ic  h e a r t
d i s e a s e

1 1 .6

1945 F r l e d l a n d e r 83 Acute  rh eu m a t i sm
( c h i l d r e n )

6 .0

1946 G a r l g r e n 5000
( a p p r o x . )

S u s p e c t e d  h e a r t  
d i s e a s e  ( c h i l d r e n )

0 .5
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g a l l o p  rhy thm  was r a r e  i n  c a s e s  of m i t r a l  s t e n o s i s ,  anaem ia ,  

o r  t h y r o t o x i c o s i s .  Con tro  and L u is a d a  (1952) and G a n ig g ia  

(1953)  c o n f i rm ed  "by p h o n o c ard io g rap hy  t h e  h ig h  i n c i d e n c e  

o f  p r e s y s t o l i c  g a l l o p  i n  p a t i e n t s  w i t h  b und le  b r a n c h  b l o c k .

I n c i d e n c e . The in c id e n c e  of  p r e s y s t o l i c  g a l l o p  

r h y th m ,  a s  n o t e d  by t h o s e  o b s e r v e r s  who have e x p r e s s e d  

n u m e r i c a l l y  t h e i r  f i n d i n g s  by a u s c u l t a t i o n ,  i s  shown i n  

T ab le  14© The d e g re e  of ag reem ent  be tw een  d i f f e r e n t  

o b s e r v e r s  i s  r e m a r k a b l e .

The i n c i d e n c e  as  d e t e c t e d  by p h o no ca rd io g rap hy  i s  

shown i n  T ab le  15.  The wide d i s c r e p a n c i e s  h e re  may be 

due t o  t h e  d i v e r s e  n a t u r e  of t h e  groups s t u d i e d  as w e l l  

a s  t o  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  of t h e  p h o n o c a r d io -  

g r a p h s  employed and t o  d i f f e r e n t  i n t e r p r e t a t i o n  of  th e  

r e c o r d s  o b t a i n e d .

P r o g n o s i s . Most c l i n i c i a n s ,  who have commented on 

t h i s  a s p e c t  o f  t h e  m a t t e r ,  a f f i r m  t h a t  p r e s y s t o l i c  g a l l o p  

rhy thm  i s  o f  g rav e  p r o g n o s t i c  s i g n i f i c a n c e .  These in~  

c lu d e s  F r a e n t z e l  ( 1 8 8 1 ) ,  Y i e r o r d t  ( 1 8 8 8 ) ,  Schrumpf 

( 1 9 1 8 ) ,  E l l i o t t  ( 1 9 2 1 ) ,  Giroux ( 1 9 2 3 ) ,  F r e u n d l l c h  (1 9 3 1 ) ,  

Bramwell  (19351a), O ' F a r r e l l  ( 1 9 3 9 ) ,  Mannhelmer (1 9 4 2 ) ,

G a r v in  ( 1 9 4 3 ) ,  F r o s t  (1944 ,  19499) ,  and F r i e d l S n d e r  

( 1 9 4 5 ) .  But  Guyard ( 1 8 9 9 ) ,  B a c a lo g lu  (1900)  and M ol la rd  

and Dumas (1914)  found i n  p a t i e n t s  w i t h  t y p h o id  f e v e r  

t h a t  g a l l o p  rhythm was of commoner o c cu r ren c e  in  th o s e
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who e v e n t u a l l y  r e c o v e r e d  t h a n  i n  t h o s e  who d i d  not*

G -uberg r i tz  (1914)  h e ld  t h a t  t h e  p r o g n o s i s  was bad 

o n ly  i f  t h e  b lo o d  p r e s s u r e  was low, and Mo H a r d  and Dumas 

(1914)  and R o u t i e r  and v an  B og a e r t  (1934c)  t h a t  g a l l o p  

rhy thm  d i d  n o t  a f f e c t  t h e  p ro g n o s i s*  Mozer and D u ch osa l

( 1 9 3 0 ) ,  D u c h o sa l  ( 1 9 3 2 ) ,  and R o u t i e r  and van  Heerswynghels  

(1935)  b e l i e v e d  t h a t  th e  p r o g n o s i s  was worse t h e  g r e a t e r  

t h e  t im e  i n t e r v a l  b e tw een  th e  p r e s y s t o l i c  e x t r a  sound and 

t h e  n e x t  f i r s t  h e a r t  sound ,  F o g e lso n  (1932) s t a t e d  t h a t  

t h e  p r o g n o s i s  i s  bad when g a l l o p  rhythm o ccu rs  a lo n g  w i t h  

b u n d le  b r a n c h  b l o c k ,  b u t  good when i t  i s  a s s o c i a t e d  w i t h  

d e l a y e d  a t r i o - v e n t r i c u l a r  conduc t ion*  Bramwell (1 9 3 5 b ) ,  

t h e  o n ly  one of  t h e  above a u t h o r s  t o  c i t e  e v id en ce  i n  

s u p p o r t  o f  h i s  o p i n i o n ,  found t h a t  only  15 out  of  a s e r i e s  

o f  63  p a t i e n t s  w i t h  p r e s y s t o l i c  g a l l o p  rhythm l i v e d  f o r  

more t h a n  18 months a f t e r  t h e  g a l l o p  rhythm had been  d e 

t e c t e d *

In  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n ,  M iles  (1951) 

found no e v id e n c e  t h a t  t h e  e x i s t e n c e  of  g a l l o p  rhythm was 

of  any p r o g n o s t i c  s i g n i f i c a n c e *

P r o t o d i a s t o l i c  g a l l o p  rh y th m *

P o t a i n  ( 1 8 9 4 ) d e s c r i b e d  p r o t o d i a s t o l i c  g a l l o p  rhy thm , 

i n  w h ich  t h e  e x t r a  sound (now c a l l e d  t h e  t h i r d  h e a r t  sound) 

o c c u r s  a t  a c o n s t a n t  t ime i n t e r v a l  a f t e r  t h e  second h e a r t  

s o u nd •
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Obrastzow (1905)  obse rved  t h a t  t h e  t h i r d  h e a r t  sound 

m igh t  o c c u r  i n  t h e  absence  of  h e a r t  d i s e a s e  b u t ,  i n  t h i s  

c a s e ,  o n ly  when t h e  p a t i e n t  was re c u m b e n t .  The c o r r e s p o n d 

in g  p r o t o d i a s t o l i c  g a l l o p  sound i n  p a t i e n t s  w i t h  h e a r t  

d i s e a s e  was l o u d e r  and d i d  n o t  d i s a p p e a r  when t h e  p a t i e n t  

s t o o d  up.

A e t i o l o g y . M i l l e r  (1906) d e t e c t e d  a wave c o r r e s p o n d 

i n g  t o  t h e  e x t r a  sound i n  t h e  a p i c a l  ca rd io g ram  of  p a t i e n t s  

w i t h  p r o t o d i a s t o l i c  g a l l o p  rhy thm .  By r e c o r d i n g  t h e  a p i c a l  

c a r d io g r a m  s i m u l t a n e o u s l y  w i th  the  j u g u l a r  phlebogram he 

a s c e r t a i n e d  t h a t  t h e  wave c o in c id e d  i n  t im e  w i th  t h e  

r a p i d - f i l l i n g  phase of v e n t r i c u l a r  d i a s t o l e  a f t e r  th e  

o p e n in g  o f  t h e  a t r i o - v e n t r i c u l a r  v a l v e s .

Most a u t h o r i t i e s  a g re e  t h a t  th e  p h y s i o l o g i c a l  t h i r d  

h e a r t  sound and p r o t o d i a s t o l i c  g a l l o p  sound a re  c o n n ec ted  

w i t h  r a p i d  v e n t r i c u l a r  f i l l i n g .  Robinson (1 9 0 8 ) ,  Laubry 

and Mougeot ( 1 9 2 1 ) ,  G-ubergri tz  (1 9 2 9 ) ,  and R o u t i e r  and 

v a n  B o g a e r t  (1954b)  b e l i e v e d  t h a t  t h e  sound depends on 

r a p i d  f i l l i n g  of  v e n t r i c l e s  w i th  poor m y o c a r d ia l  t o n e .

Bard  (1922)  t h o u g h t  i t  was produced by a c t i v e  v e n t r i c u l a r  

r e l a x a t i o n .

Von Wyss (1911)  and H olt  (1927) co n fu sed  t h e  p ro 

t o d i a s t o l i c  g a l l o p  sound w i t h  t h e  opening  snap  of t h e  

m i t r a l  v a l v e .

"yhite  (1928)  and C a r lg r e n  (1946) found p r o t o d i a s t o l i c
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g a l l o p  t h e  commonest form of g a l l o p  rhythm* White and ,  

l a t e r ,  G -uberg r i tz  (1929)  n o te d  by a u s c u l t a t i o n  t h a t ,  a t  

a r a p i d  h e a r t  r a t e ,  t h e  p r o t o d i a s t o l i c  g a l l o p  sound c o u ld  

become m e s o d i s s t o l i c  o r  even  p r e s y s t o l i c  i n  t im e*

W o l f e r t h  and M arg o l ie a  (1933) employed p h o n o c a rd io 

g rap h y  i n  t h e  i n v e s t i g a t i o n  of  p r o t o d i a s t o l i c  g a l l o p  

rhy thm  b u t ,  s i n c e  t h e i r  r e f e r e n c e  t r a c i n g  was th e  S.C.G-. ,  

t h e y  were u n a b le  t o  d i s t i n g u i s h  th e  r a p i d - f i l l i n g  sound 

from o t h e r  d i a s t o l i c  sounds* T a q u i n i ,  M a s s e l l  and 

Walsh ( 1 9 4 0 ) ,  em ploy ing  phonocard iog raphy  w i t h  t h e  j u g u l a r  

ph lebogram  or  t h e  e p ic a l  ca rd iog ram  as r e f e r e n c e  t r a c i n g ,  

were a b l e  t o  I d e n t i f y  p r o t o d i a s t o l i c  g a l l o p  rhythm i n  

some of  t h e i r  r h e u m a t i c  p a t i e n t s *

Most w r i t e r s  on t h e  s u b j e c t  opine t h a t  a p r o t o d i a s t 

o l i c  g a l l o p  sound i s  e i t h e r  i d e n t i c a l  w i t h  t h e  p h y s i o l o 

g i c a l  t h i r d  h e a r t  sound ,  or m ere ly  an e x a g g e r a t i o n  of t h e  

n o rm a l  phenomenon. Among t h e s e  a r e :  Conner ( 1 9 2 7 ) ,

White ( 1 9 2 8 ) ,  W o l f e r th  and M arg o l ie s  (1931 ,  1933) ,  M e l ik -  

G l i l n a s a r i a n  ( 1 9 3 2 a ) ,  L ian  and Racine  (1 9 33 b ) ,  R o u t i e r  and 

Van H eersw ynghe ls  ( 1 9 3 5 ) ,  A renberg  (1 9 4 1 ) ,  and F r o s t  

(1 9 4 4 ,  1949a)* On t h e  o t h e r  hand,  Mannheimer (1 9 4 0 ) ,  

C a r l g r e n  ( 1 9 4 6 ) ,  and L u is a d a  and Roitman (1948) b e l i e v e d  

t h a t  t h e  p r o t o d i a s t o l i c  g a l l o p  sound,  l i k e  t h e  p r e 

s y s t o l i c  g a l l o p  sound a l r e a d y  d e s c r i b e d ,  d i f f e r s  from th e



T ab le  1 6 . I n c i d e n c e  o f  p r o t o d i a s t o l i c  g a l l o p  rhy thm  In
p a t i e n t s  w i t h  h e a r t  d i s e a s e ?  a u s c u l t a t i o n

Date A u th o r No. o f  
s u b j e c t s

C l i n i c a l
c o n d i t i o n

Inc  id e n c e  
( p e r  c e n t )

1932 Mellk-G-t i lna-
s a r i a n

3000 C a r d i o v a s c u l a r
d i s e a s e

5 7 . 0

1936 B a t t r o  e t  a l« 20 Bundle  b r a n c h
b l o c k

1 0 .0

1940 T a q u i n i  e t  a l . 15 E a r l y  r h e u m a t i c  
h e a r t  d i s e a s e  

( c h i l d r e n )

3 3 .3

1941 A re n b e rg 181 O rg a n ic  h e a r t
d i s e a s e

2 3 .2

1947 C o s s io  & Korn 4052 H e a r t  d i s e a s e 0 . 9

1953 B r ig d e n  &
Leatham

30 M i t r a l
in com petence

5 0 . 0

1953 Mounsey 33 M i t r a l  s t e n o s i s 0 . 0



T ab le  1 7 * I n c i d e n c e  o f  p r o t o d i a s t o l i c  g a l l o p  rhy thm  In
p a t i e n t s  w i t h  h e a r t  d i s e a s e :  p h o n o c a r d io g r a p h y

Date A u th o r No* o f  
s u b j e c t s

C l i n i c a l
c o n d i t i o n

I n c i d e n c e  
( p e r  c e n t )

1940 MannheImer 135 C o n g e n i t a l  h e a r t  
d i s e a s e  

( c h i l d r e n )

4 3 . 0  
( a p p ro x o )

1941 A re n b erg 181 O rg a n ic  h e a r t
d i s e a s e

20*4

1945 F r l e d 1Under 83 Acute rheu m a t ism  
( c h i l d r e n )

8 . 4

1946 C a r l g r e n 5000
(approx*)

S u s p e c t e d  h e a r t  
d i s e a s e  

( c h i l d r e n )

1 .6

1951 S c h o e lm e r i c h
& Crehl

35 M i t r a l  d i s e a s e 2 0 . 0

1953 B r ig d e n  &
Leatham

30 M i t r a l
in com petence

6 3 . 3

1953 Mounsey 33 M i t r a l  s t e n o s i s 2 4 .2
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c o r r e s p o n d i n g  no rm al  sound i n  p i t c h  as w e l l  as i n  l o u d n e s s .

P a t h o l o g i c a l  s i g n i f i c a n c e * Thayer  (1908)  a s s o c i a t e d  

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

o r  a d h e r e n t  p e r i c a rd iu m *  B la c h e r  (1914)  found i t  a 

common o c c u r r e n c e  i n  s e v e r e  c a s e s  of  d i p h t h e r i a  w i t h  

c a r d i a c  d e c o m p e n s a t io n .  Of t e n  p a t i e n t s  w i t h  p r o t o d i a s 

t o l i c  g a l l o p  d e s c r i b e d  by Conner ( 1 9 2 7 ) ,  e i g h t  had 

r h e u m a t i c  h e a r t  d i s e a s e ,  one had c o ro n a ry  t h r o m b o s i s ,  and 

one had e s s e n t i a l  h y p e r t e n s i o n .  L ia n  and Racine  (1933b) 

and F r o s t  (1944)  c o n s i d e r e d  p r o t o d i a s t o l i c  g a l l o p  a s i g n  

o f  l e f t  v e n t r i c u l a r  f a i l u r e ,  whereas  Evans (1943) and M iles  

( 1 9 5 1 ) a s s o c i a t e d  i t  w i t h  r i g h t  v e n t r i c u l a r  f a i l u r e .  

Rheumatic  h e a r t  d i s e a s e  was s t r e s s e d  as an a e t i o l o g i c a l  

f a c t o r  by R o u t i e r  and Van B o g a e r t  (1 9 3 4 b ) ,  McKee (1 9 3 8 b ) ,  

T a q u i n i ,  Masse 11 and Walsh ( 1 9 4 0 ) ,  F r i e d l ^ n d e r  (1 9 4 5 ) ,  

and C a r l g r e n  ( 1 9 4 6 ) .  C o ss io  and Korn (1947) th o u g h t  

t h a t  o v e r a c t i v i t y  o f  th e  h e a r t ,  d i s t u r b e d  a t r i o - v e n t r i 

c u l a r  c o n d u c t i o n ,  a u r i c u l a r  f l u t t e r ,  or  m i t r a l  i n c o m p e te n c e , 

c o u ld  be r e s p o n s i b l e  f o r  p r o t o d i a s t o l i c  g a l lo p *  Evans

( 1 9 4 9 ) fou nd  t h a t  i t  was o f t e n  a s i g n  of impending myo

c a r d i a l  i n f a r c t i o n .  SchBlmerich  and K i r b e r g e r  (1953) 

r e l a t e d  i t  t o  a r t e r i a l  h y p e r t e n s i o n .

I n c i d e n c e » T a b le s  16 and 17 i n d i c a t e  t h e  incidence,  

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

d i s e a s e ,  as d e t e c t e d  by a u s c u l t a t i o n  or by p h o n o c a rd io 



g r a p h y .  As n o t e d  p r e v i o u s l y ,  t h e  c o n d i t i o n  c an n o t  he 

d i a g n o s e d  w i t h  any c e r t a i n t y  by a u s c u l t a t i o n *

Mannheimer (1940) observed  t h a t  t h e  i n c i d e n c e  of  th e  

t h i r d  h e a r t  sound i n  a g roup  of 135 c h i l d r e n  w i t h  con 

g e n i t a l  h e a r t  d i s e a s e  ( a p p r o x im a te ly  43^) was s i g n i f i 

c a n t l y  lo w er  t h a n  i n  a c o r r e s p o n d in g  c o n t r o l  g roup  of  

n o rm a l  c h i l d r e n .  Mannheimer b e l i e v e d ,  as  n o ted  above,  

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

from t h e  p h y s i o l o g i c a l  sound .

P r o g n o s i s  * Few o p in io n s  have been  e x p re s s e d  i n  t h e  

l i t e r a t u r e  as  t o  t h e  p r o g n o s t i c  s i g n i f i c a n c e  of p r o t o 

d i a s t o l i c  g a l l o p  rh y thm .  Huchard (1893) b e l i e v e d  t h a t  

a g a l l o p  sound e a r l y  i n  d i a s t o l e  i n d i c a t e s  a t r i a l  d i l 

a t a t i o n  w i t h o u t  h y p e r t r o p h y  and c a r r i e s  a worse p ro g n o s i s  

t h a n  d oes  p r e s y s t o l i c  g a l l o p  rhy thm .

H am il to n  ( 1 9 4 1 ) ,  i n  a c a r e f u l l y  i n v e s t i g a t e d  s e r i e s  

of  32 p a t i e n t s  w i t h  d i a s t o l i c  g a l l o p  rhy thm, found a 

h i g h e r  m o r t a l i t y  i n  p a t i e n t s  w i th  p r o t o d i a s t o l i c  g a l l o p  

t h a n  i n  t h o s e  w i t h  p r e s y s t o l i c  g a l l o p .  Mannheimer ( 1 9 4 2 ) ,  

F r i e d l e n d e r  ( 1 9 4 5 ) ,  and C oss io  and Korn (1947) b e l i e v e d  

t h a t  p r o t o d i a s t o l i c  g a l l o p  i s  n o t  a d an ger  s i g n ,  b u t  

White (1928)  and F r o s t  (1944) b e l i e v e d  t h a t  i t  has th e  

same ominous s i g n i f i c a n c e  as p r e s y s t o l i c  g a l l o p .

Summation g a l l o p  r h y th m .

O bras tzow (1905) observed  t h a t ,  w i t h  t a c h y c a r d i a ,
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p r e s y s t o l i c  and e a r l y  d i a s t o l i c  e x t r a  sounds might  c o i n c i d e .  

M a d e o d ,  W il so n  and B a rk e r  (1932) d e s c r i b e d  a case  of 

summation g a l l o p ,  i d e n t i f i e d  by a u s c u l t a t i o n  and by 

p h o n o c a r d io g r a p h y ;  when t h e  h e a r t  r a t e  was s lowed,  t h e  

t h i r d  and f o u r t h  h e a r t  sounds were s e p a r a t e d ,  g i v i n g  r i s e  

t o  a q u a d r u p l e  c a r d i a c  rhy thm .  Summation g a l l o p  was 

d e s c r i b e d  a l s o  by W o l f e r th  and M a rg o l ie s  (1933) and by 

R o u t i e r  and v a n  B o g a e r t  ( 1 9 3 4 a ) .  B a t t r o ,  Braun-Menendez, 

and O r i a s  (1934)  d e s c r i b e d  a s e r i e s  of 22 c a s e s  of a u d ib l e  

g a l l o p  rhy th m ,  15 o f  which  were i d e n t i f i e d  by phono

c a r d i o g r a p h y  as  summation g a l l o p .

O th e r  i n v e s t i g a t o r s  who have d e s c r i b e d  summation 

g a l l o p  i n c lu d e *  H o u s s a y . ( 1 9 3 6 ) ,  Mannheimer (1 9 4 2 ) ,

Forman ( 1 9 4 2 ) ,  Evans ( 1 9 4 3 ) ,  Weber (1 9 4 4 ) ,  FriedlSbader 

( 1 9 4 5 ) ,  and Simon ( 1 9 4 6 ) .

Tom m asel l i  (1953)  d e s c r i b e d  a p a t i e n t  w i th  i n t e r 

m i t t e n t  2 s 1 h e a r t  b l o c k ,  i n  whom p r o t o d i a s t o l i c  g a l l o p  

rhy thm  a p p e a re d  and d i s a p p e a r e d  w i t h  t h e  h e a r t  b l o c k .

She a t t r i b u t e d  t h e  g a l l o p  rhythm t o  a summation sound 

p ro d u ce d  by t h e  c o in c id e n c e  o f  a t h i r d  h e a r t  sound,  i t s e l f  

i n a u d i b l e ,  w i t h  t h e  a t r i a l  sound of t h e  f o l l o w in g  b lo c k e d  

b e a t .

A e t i o l o g y . S ince  summation g a l l o p  i s  due t o  c o i n 

c id e n c e  of  t h e  t h i r d  and f o u r t h  h e a r t  sounds ,  t a c h y c a r d i a
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i s  u s u a l l y  t h e  most obvious f a c t o r  i n  i t s  p r o d u c t i o n ;  

t o  t h i s  may be added ,  i n  some c a s e s ,  d e la y e d  a t r l o -  

v e n t r i c u l a r  c o n d u c t i o n .  From t h e  s t a n d p o i n t  o f  a u s c u l t 

a t i o n ,  an  a u d i b l e  summation sound may r e s u l t  from s u p e r 

p o s i t i o n  o f  p r e v i o u s l y  i n a u d i b l e  v i b r a t i o n s  c o r r e s p o n d 

i n g  t o  t h e  t h i r d  and f o u r t h  h e a r t  so u n d s .  The i d e n t i 

f i c a t i o n  by ph o no ca rd io g rap h y  of  summation g a l l o p  canno t  

be a c h i e v e d  on a s i n g l e  r e c o r d ,  a l t h o u g h  i t  may be s u s p e c t 

e d ,  b u t  depen d s  on s e p a r a t i o n  of th e  two components of  

t h e  e x t r a  sound when t h e  h e a r t  r a t e  i s  s lowed,  as  i t  may 

be by a p p r o p r i a t e  s t i m u l a t i o n  of th e  v a g u s .  T h is  t y p e  

of  q u a d r u p le  rhythm i s  ‘ t r a i n  wheel  rhythm* ( L u i s a d a ,

1952,  1 9 5 3 ) .

P a t h o l o g i c a l  s i g n i f i c a n c e . Laubry and P e z z i  (1926) 

r e g a r d e d  summation g a l l o p  and the  c o r r e s p o n d in g  q ua d ru p le  

rhy thm  as  s i g n s  of s e v e re  m y o c a rd ia l  damage. Weber (194-4) 

p o i n t e d  o u t  t h a t  t h e  c o m b in a t io n  of s in u s  t a c h y c a r d i a  

w i t h  d e l a y e d  a t r i o - v e n t r i c u l a r  c o n d u c t io n ,  which t e n d s  

t o  p roduce  summation g a l l o p  rhythm, occu rs  e s p e c i a l l y  i n  

t o x i c  m y o c a r d i t i s .

P r o g n o s i s . No p a r t i c u l a r  p r o g n o s t i c  s i g n i f i c a n c e  

h a s  be en  a t t a c h e d  t o  summation g a l l o p ,  e x c e p t  by Mann

h e im er  ( 1 9 4 2 ) ,  who a t t r i b u t e d  t o  i t  t h e  same grave  p rog

n o s i s  as  he a s c r i b e d  t o  p r e s y s t o l i c  g a l l o p  rhy thm .
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Laubry  and R o u t i e r  (1925) found t h a t  th e  q u a d ru p le  

rhy thm  due t o  b o t h  t h i r d  and f o u r t h  h e a r t  sounds o c c u r r i n g  

i n d e p e n d e n t l y  p re s a g e d  d e a t h  w i t h i n  a few d a y s .

S y s t o l i c  g a l l o p  r h y th m .

A e t i o l o g y . P o t a i n  (1875) d e s c r i b e d  s y s t o l i c  g a l l o p

r h y th m .  He a t t r i b u t e d  i t  t o  an e x t r a  sound produced i n  

an  a r t e r i o s c l e r o t i c  a o r t a  by t h e  impact  of  b lo o d  e j e c t e d  

from t h e  l e f t  v e n t r i c l e  d u r i n g  s y s t o l e • ( P o t a i n ,  18 9 4 ) .  

C u f f e r  and B a r b i l l i o n  (1887) obse rved  t h a t  th e  s y s t o l i c  

e x t r a  sound i s  an i n c o n s t a n t ,  d u l l  sound,  o f t e n  c o i n c i d i n g  

w i t h  a v i s i b l e  a p i c a l  impulse  and u n in f lu e n c e d  by b o d i l y  

o r  r e s p i r a t o r y  movements.  They n o te d  an a n a c r o t i c  p u l s e  

wave on t h e  a r t e r i a l  sphygmogram of t h e s e  c a s e s  and i n t e r 

p r e t e d  t h i s  a s  due t o  c o n t r a c t i o n  of  t h e  v e n t r i c l e s  i n  

two d i s t i n c t  s t a g e s .

Rob inson  (1908)  e x c lu d ed  t h e  s y s t o l i c  e x t r a  sound 

from h i s  c a t e o g r i e s  of  g a l l o p  rhy thm .

Amblard (1920)  c o n s i d e r e d  s y s t o l i c  g a l l o p  rhythm a 

s i g n  o f  c a r d i a c  i n s u f f i c i e n c y .  He found t h a t  i n  mild 

c a s e s  o f  c a r d i a c  i n s u f f i c i e n c y  t h i s  rhythm sometimes 

a p p e a re d  on ly  a f t e r  e x e r c i s e .

R o u t i e r  and Van Heerswynghels  (1935) and Evans 

( 1 9 4 3 ) a d m i t t e d  t h a t  t h e  a e t i o l o g y  of th e  s y s t o l i c  e x t r a  

sound has  s t i l l  t o  be e x p l a i n e d .
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P a t h o l o g i c a l  s i g n i f i c a n c e . C u f f e r  and B a r b i l l i o n  

( I 8 8 7 ) e x p r e s s e d  t h e  view t h a t  t h e  s y s t o l i c  e x t r a  sound 

i n d i c a t e s  a h e a r t  weakened by d i s e a s e ;  th ey  i n c r i m i n a t e d  

p a r t i c u l a r l y  t y p h o id  f e v e r *  P o t a i n ,  as n o te d  above ,  

a s s o c i a t e d  i t  w i t h  a r t e r i o s c l e r o s i s *  Amblard ( 1 9 2 0 ) 

d e t e c t e d  s y s t o l i c  g a l l o p  rhythm e s p e c i a l l y  i n  p a t i e n t s  

w i t h  t y p h o id  f e v e r  or  d i p h t h e r i a .  W o l f e r th  and M a rg o l ie s

(1931)  and L ia n  and Racine  (1933b) h e l d  t h a t  t h e  s y s t o l i c  

e x t r a  sound  i s  o f  e x t r a - c a r d i a c  o r i g i n ,  p o s s i b l y  due t o  

p l e u r o - p e r i c a r d i a l  a d h e s i o n s ,  b u t ,  l a t e r ,  W o l fe r th  and 

M a r g o l i e s  (1940)  c o n c lu d ed  t h a t  s y s t o l i c  g a l l o p  rhythm 

m igh t  a l s o  be due t o  an a o r t i c  l e s i o n  or  t o  a r t e r i a l  

h y p e r t e n s i o n .  "Evans (1943 ,  1951) ,  Weber ( 1 9 4 4 ) ,  and 

L ev ine  (1948)  b e l i e v e d  t h e  s y s t o l i c  e x t r a  sound t o  have 

no p a t h o l o g i c a l  s i g n i f i c a n c e .

P r o g n o s i s . Of th e  a u th o r s  who a t t r i b u t e d  some 

p a t h o l o g i c a l  s i g n i f i c a n c e  t o  t h e  s y s t o l i c  e x t r a  sound,  

Laubry  and P e z z i  (1926)  h e ld  t h a t  i t  i s  n o t  n e c e s s a r i l y  

a g ra v e  omen, and White (1928) b e l i e v e d  t h a t  t h e  p r o g n o s i s  

i s  b e t t e r  w i t h  t h i s  type  of  g a l l o p  rhythm t h a n  w i t h  any 

t y p e  of d i a s t o l i c  g a l l o p .

Opening  sn a p  o f  t h e  m i t r a l  v a l v e .

S in c e  t h e  o pen in g  snap of t h e  m i t r a l  v a lv e  i s  

d i f f e r e n t  i n  c h a r a c t e r  and s i g n i f i c a n c e  from t h e  o t h e r
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c a r d i a c  e x t r a  sounds which have t)©en d e s c r i b e d ,  it. i s  not. 

u s u a l l y  r e g a r d e d  as  a ty p e  of g a l l o p  rhy thm .

B o u i l l a u d  ( 1 8 4 1 ) ,  Skoda (1 8 4 4 ) ,  and D u ro z ie z  (1862)  

n o t e d  s p l i t t i n g  o f  t h e  second h e a r t  sound a t  t h e  "base o f  

t h e  h e a r t  i n  p a t i e n t s  w i th  m i t r a l  s t e n o s i s .  Guttmann 

(1 8 69 )  o b se rv e d  t h a t  t h e  s p l i t t i n g  was sometimes b e s t  

h e a r d  a t ,  o r  j u s t  m ed ia l  t o ,  t h e  c a r d i a c  a p e x .  Guttmann 

( I 8 7 8 ) s u g g e s t e d  t h a t  t h e  e x t r a  sound might  be due t o  

v i b r a t i o n  o f  t h e  s t e n o s e d  m i t r a l  v a lv e  i t s e l f ,  and Sansom 

(1881)  a l s o  was of  t h i s  o p i n i o n .  N eu k i rc h  (1886)  n o t e d  

t h a t  t h e  components  of  t h e  s p l i t  second sound of  m i t r a l  

s t e n o s i s  were more w id e ly  s e p a r a t e d  t h a n  t h o s e  of  a 

p h y s i o l o g i c a l l y  s p l i t  second sound .  He a t t r i b u t e d  th e  

s econ d  component t o  th e  s t e n o s e d  v a l v e ! s r e s i s t a n c e  t o  

o p e n in g  and he obse rv ed  t h a t  a t r i p l e  second sound o c c u r r e d  

o n ly  i n  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s .

Rouches (1888)  p u b l i s h e d  t h e  f i r s t  d e s c r i p t i o n  of t h e  

*c la q u em en t  d ! o u v e r t u r e  de l a  m i t r a l e 1, a te rm  which he 

had l e a r n t  from P o t a i n .  He found t h a t  t h i s  e x t r a  sound 

o c c u r r e d  j u s t  a f t e r  t h e  r e d u p l i c a t e d  second h e a r t  sound ,  

when t h i s  was p r e s e n t .  The open ing  snap  was more a b ru p t  

t h a n  t h e  e x t r a  sound of  p r o t o d i a s t o l i c  or p r e s y s t o l i c  

g a l l o p  and was a u d i b l e  r a t h e r  t h a n  p a l p a b l e ,  but , l i k e  

l e f t - s i d e d  g a l l o p  so u n d s ,  i t  was b e s t  hea rd  i n  t h e  r e g i o n
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o f th e  c a r d ia c  a p e x .

Von Wyss (1911)  d e m o n s t r a te d  th e  m i t r a l  open ing  sn ap  

hy p h o n o c a r d i o g r a p h y .  M a rg o l ie s  and W o l f e r th  ( 1932 ) 

showed hy p h o n o c a rd io g ra p h y  t h a t  t h e  m i t r a l  open in g  

sn a p  i s  u s u a l l y  synchronous  w i t h  th e  summit o f  the  v wave 

o f  t h e  j u g u l a r  ph lehogram , which i n d i c a t e s  th e  moment o f  

o p e n in g  o f  t h e  m i t r a l  v a l v e .  I t  i s  s e p a r a t e d  by a s h o r t  

i n t e r v a l  from t h e  c h a r a c t e r i s t i c  m i d - d i a s t o l i c  murmur* 

w h ich  u s u a l l y  f o l l o w s  i t .  C o ss io  and O r ia s  (1935) and 

B a t t r o  and Braun-Men^ndez (1937) conf i rm ed  th e  r e l a t i o n 

s h i p  of t h e  o p e n in g  snap  t o  t h e  summit of t h e  v wave of  

t h e  j u g u l a r  ph leh o g ram .  They emphasised t h a t  a s i m u l t 

a neo u s  ph onocard iog ram  and j u g u l a r  phlehogram a re  e s s e n t i a l  

t o  d i s t i n g u i s h  t h e  o pen in g  snap  from th e  second p a r t  of 

a s p l i t  second  h e a r t  sound and from a t h i r d  h e a r t  sound .

M a r g o l i e s  and W o l f e r th  (1 9 3 2 ) ,  L ian  (1 9 46 ) ,  and 

Mounsey (1953)  t r i e d  t o  d i s t i n g u i s h  th e  m i t r a l  opening 

sn a p  from o t h e r  d i a s t o l i c  sounds hy i t s  t ime of o ccu r rence  

a f t e r  t h e  f i r s t  p a r t  of  t h e  p r e c e d in g  second h e a r t  sound, 

h u t  M e s s e r ,  C ounihan ,  Rappapor t  and Sprague (1951) and 

Wynn (1953)  found  t h a t  t h i s  d i s t i n c t i o n  hy t im e  a lone  was

o f t e n  i m p o s s i b l e .

C o s s io  and O r i a s  (1935) and O r ia s  and Braun-Menendez 

( 1 9 3 9 ) found  t h a t  i n  c a s e s  of m i t r a l  s t e n o s i s  w i th  a u r i -
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c u l a r  f i b r i l l a t i o n  t h e  open ing  snap  might  be t h e  on ly  

a u s c u l t a t o r y  s i g n  of  m i t r a l  s t e n o s i s  *

The r a r i t y  o f  an  open ing  snap  i n  c a s e s  where t h e  

p red o m in an t  m i t r a l  l e s i o n  i s  incompetence  was n o te d  by 

B r ig d e n  and Leatham ( 1 9 5 3 ) ,  Logan and T urner  (1 9 5 3 ) ,  and 

Wood ( 1 9 5 4 ) .

A e t i o l o g y . Rouches (1888) and P o t a i n  (1894) a t t r i 

b u t e d  t h e  o p e n in g  s n a p  t o  sudden stre-fehing of  t h e  cusps  

o f  a s t e n o s e d  m i t r a l  v a lv e  when th e  h ig h  p r e s s u r e  d i f f 

e r e n c e  b e tw e e n  a t r i a  and v e n t r i c l e s  f a i l s  t o  s e p a r a t e  

them n o r m a l ly  i n  e a r l y  d i a s t o l e .  This  view has been  

u p h e ld  by  s u b s e q u e n t  i n v e s t i g a t o r s .

W o l f e r t h  and M a rg o l ie s  (1937) combined roentgenkymo- 

g ra p h y  w i t h  p h o n o c a rd io g rap h y  of a case  of  m i t r a l  s t e n 

o s i s  w i t h  e a r l y  c a l c i f i c a t i o n  of  th e  m i t r a l  v a l v e .  They 

c o n f i r m e d  t h a t  t h e  m i t r a l  open ing  snap  o c cu r red  when down

ward movement o f  th e  c a l c i f i e d  cusps  was checked i n  e a r l y  

d i a s t o l e •

L u i s a d a  (1953)  has  sometimes r e c o r d e d  an a p p a r e n t l y  

p h y s i o l o g i c a l  open in g  sound of  t h e  m i t r a l  v a l v e ;  t h i s  

o c c u r s  e a r l i e r  t h a n  the p a t h o l o g i c a l  opening  snap  and i s  

n e v e r  a u d i b l e .

P a t h o l o g i c a l  s i g n i f i c a n c e . Most a u t h o r i t i e s  a r e  

a g re e d  t h a t  t h e  o p e n in g  snap  of t h e  m i t r a l  v a lv e  i s  

c h a r a c t e r i s t i c  of  m i t r a l  s t e n o s i s  and o ccu rs  only i n  t h i s



T a b le  1 8 . I n e l d e n c e  o f  t h e  o p e n in g  s n a p  o f  t h e  m i t r a l * 
v a l v e  I n  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s

Date A uthor No. o f  
s u b j e c t s

Mode o f  
I n v e s t i g a t i o n

I n c i d e n c e  
( p e r  c e n t )

1937 B a t t r o  &
Braun-Men^nde z

15 P h o n o c a rd io g ra p h y 4 6 . 7

1953 Logan & T u r n e r 100 A u s c u l t a t i o n 8 7 .0

1953 Mounsey 33 A u s c u l t a t i o n 8 4 . 8

H n ti Ph ono c a r d  i  ogr  a phy 9 7 . 0

1953 Wynn 230 A u s c u l t a t i o n  o r  
p h o n o c a r d io g r a p h y

7 3 .0
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c o n d i t i o n *  Rouchls  (1888) s t a t e d  t h a t  t h e  open ing  snap  

i n d i c a t e s  a m odera te  d e g re e  o f  m i t r a l  s t e n o s i s ,  w i t h  th e  

c u sp s  o f  t h e  m i t r a l  v a lv e  s t i l l  f l e x i b l e ,  a v iew which  

s t i l l  f i n d s  f a v o u r  w i t h  the most r e c e n t  i n v e s t i g a t o r s *

W ith  t h e  g ro w in g  p o p u l a r i t y  of  t h e  o p e r a t i o n  of  m i t r a l  

v a lv o to m y  d u r i n g  t h e  l a s t  few y e a r s ,  i n t e r e s t  has  been  

r e v i v e d  i n  t h e  p h y s i c a l  s i g n s  of m i t r a l  s t e n o s i s *  Logan 

and T u r n e r  (1953)  and S e l l o r s ,  Bedford  and S o m e r v i l l e  

( 1 9 5 3 ) b e l i e v e  t h a t  t h e  opening  snap  i s  a u s e f u l  i n d i c a t i o n  

of  o p e r a b i l i t y ,  s i n c e  i t  i s  u s u a l l y  a b s e n t  when t h e  cusps  

o f  t h e  m i t r a l  v a lv e  a re  v e r y  r i g i d  o r  c a l c i f i e d  and when 

t h e  p red o m in an t  d e f e c t  o f  th e  m i t r a l  v a lv e  i s  incompetence* 

Wynn (1953)  and Wood (1954) conf i rm ed  t h a t  t h e  open ing  

s n a p  i s  r a r e  where t h e r e  i s  g r o s s  c a l c i f i c a t i o n  of th e  

m i t r a l  v a lv e *

I n c i d e n c e  * M a r g o l ie s  and W o l f e r th  (1932) d e t e c t e d  

an o p e n in g  sn a p  of t h e  m i t r a l  v a lv e  by a u s c u l t a t i o n  and 

by p h o n o c a rd io g ra p h y  i n  most of t h e i r  c a s e s  of m i t r a l  

s t e n o s i s *  As shown i n  T able  18, most modern o b s e r v e r s  

have found  a h i g h  i n c i d e n c e  of  th e  m i t r a l  open ing  snap 

i n  p a t i e n t s  w i t h  a c l i n i c a l  d i a g n o s i s  of  m i t r a l  s t e n o s i s *  

The d i a g n o s i s  was conf i rm ed  a t  o p e r a t i o n  i n  15 of th e  33 

c a s e s  d e s c r i b e d  by Mounsey, and i n  every  case  o f  Logan and 

T u r n e r ’ s s e r i e s *
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P r o g n o s i s * U n t i l  r e c e n t  y e a r s  th e  m i t r a l  open ing  snap  

was of  l i t t l e  h e l p  i n  p r o g n o s i s ,  a p a r t  from i n d i c a t i n g  th e  

s t a g e  th e  d i s e a s e  had reached*  Nowadays, however, w i t h  

t h e  a d v e n t  o f  m i t r a l  va lvo to m y ,  t h e  s i g n  becomes of con-* 

s i d e r a b l e  im p o r ta n c e  as  an i n d i c a t i o n  of t h e  o p e r a b i l i t y  

of  t h e  case*

Summary

I n  v iew  of t h e  d i v e r s i t y  of o p i n io n  on t h e  n a t u r e  and

s i g n i f i c a n c e  of t h e  s e v e r a l  t y p e s  of g a l l o p  rhy thm , an

a s s e s s m e n t  o f  t h e  b a l a n c e  of o p in io n  i n  e ach  c ase  may n o t  

be o u t  o f  p la c e *

P r e s y s t o l i c  g a l l o p * In  t h e  view of  th e  m a j o r i t y  of  

o b s e r v e r s  p r e s y s t o l i c  g a l l o p ,  due t o  t h e  f o u r t h  h e a r t  

so u n d ,  i s  t h e  commonest form of g a l l o p  rhy thm .  The e x t r a  

sound c o i n c i d e s  w i t h  a t r i a l  s y s t o l e  and may be due t o  an 

a u d i b l e  c o n t r a c t i o n  of the  a t r i a ,  t o  t h e  impact  a g a i n s t  

t h e  v e n t r i c u l a r  w a l l  o f  b lo o d  e x p e l l e d  from th e  a t r i a ,  o r ,

p r o b a b l y ,  t o  a c o m b in a t io n  of b o th  t h e s e  f a c t o r s .  I t  i s

p r o b a b l y  an  e x a g g e r a t i o n  of th e  p h y s i o l o g i c a l  f o u r t h  h e a r t  

s o u n d ,  w h ich  can  be r e c o r d e d  i n  many h e a l t h y  peop le  b u t  

i s  n o r m a l ly  i n a u d i b l e *

The l e f t  v e n t r i c l e ,  i n  p a r t i c u l a r ,  a p p ea rs  t o  be th e  

s i t e  of  p r o d u c t i o n  of  t h e  p r e s y s t o l i c  g a l l o p  sound; and 

most  o b s e r v e r s  a s s o c i a t e  p r e s y s t o l i c  g a l l o p  rhythm w i t h  

l e f t  v e n t r i c u l a r  f a i l u r e *  I t  seems t h a t  sudden f i l l i n g
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of  t h e  v e n t r i c l e  t o  i t s  e l a s t i c  l i m i t  i s  p a r t i c u l a r l y  l i a b l e  

t o  p roduce  t h e  so u nd .  The e l a s t i c i t y  o f  th e  v e n t r i c u l a r  

w a l l  i s  r e d u c e d  by h y p e r t r o p h y ,  h y p o t o n i c i t y ,  or b o t h .  

P o t a i n  and many su b s e q u e n t  o b s e r v e r s  a s s o c i a t e d  p r e s y s t o l i c  

g a l l o p  rhy thm  p a r t i c u l a r l y  w i t h  B r i g h t* s  d i s e a s e  and a r t 

e r i a l  h y p e r t e n s i o n .  In  g e n e r a l  i t  a p p e a r s  t o  be a s i g n  

o f  a f a i l i n g  h e a r t  and of  g rave  p r o g n o s t i c  s i g n i f i c a n c e .

P r o t o d i a s t o l i c  g a l l o p . P r o t o d i a s t o l i c  g a l l o p  rhythm 

i s  due t o  t h e  t h i r d  h e a r t  sound o c c u r r i n g  i n  a p a t i e n t  w i t h  

h e a r t  d i s e a s e .  I t  o ccu rs  a t  t h e  t im e ,  s h o r t l y  a f t e r  th e  

o pe n in g  o f  t h e  a t r i o - v e n t r i c u l a r  v a l v e s ,  when t h e  r a t e  

o f  f i l l i n g  of  the  v e n t r i c l e s  i s  m ax im al . .  I t  has been  

a t t r i b u t e d  t o  th e  impact  of t h e  i n f lo w in g  b lood  a g a i n s t  

t h e  v e n t r i c u l a r  w a l l ,  o r  t o  t h e  f l o a t i n g  i n t o  a p p o s i t i o n  

o f  t h e  c u s p s  of t h e  a t r i o - v e n t r i c u l a r  v a l v e s .

P r o t o d i a s t o l i c  g a l l o p  rhythm i s  u s u a l l y  b e s t  hea rd  

o v e r  t h e  l e f t  v e n t r i c l e .  The g a l l o p  sound i s  of  t h e  same 

n a t u r e  as  t h e  p h y s i o l o g i c a l  t h i r d  h e a r t  sound,  b u t  i t  i s  

more c o n s t a n t  i n  i t s  o c c u r re n c e  and i s  a f f e c t e d  l i t t l e  i f  

a t  a l l  by r e s p i r a t i o n  or  by changes i n  p o s t u r e .

P r o t o d i a s t o l i c  g a l l o p ,  l i k e  p r e s y s t o l i c  g a l l o p ,  has 

b een  a t t r i b u t e d  t o  a l t e r a t i o n s  i n  th e  tone  of th e  myo

c a r d iu m .  I t  has  be en  a s s o c i a t e d  w i th  a number of i n f e c 

t i o u s  or  d e g e n e r a t i v e  d i s e a s e s ,  which a re  known t o  a f f e c t  

t h e  h e a r t ,  e s p e c i a l l y  a c u te  rheum a t ism .  I t  may i n d i c a t e
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i n c i p i e n t  or  e s t a b l i s h e d  h e a r t  f a i l u r e  b u t  a p p e a rs  t o  be 

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

g a l l o p .

Summation g a l l o p . At r a p i d  h e a r t  r a t e s  d i a s t o l e  i s  

s h o r t e n e d ,  b r i n g i n g  the  t h i r d  and f o u r t h  h e a r t  sounds 

c l o s e r  t o g e t h e r .  When t h e s e  sounds c o in c id e  th e  r e s u l t  

i s  a summation g a l l o p  sound,  which may be c l e a r l y  a u d i b l e  

e ven  i n  c a s e s  where e ach  of  i t s  components i n d i v i d u a l l y  

l i e s  below t h e  t h r e s h o l d  of a u d i b i l i t y .  Another  f a c t o r  

w h ich  would t e n d  t o  produce summation g a l l o p  i s  delayed, 

a t r i o - v e n t r i c u l a r  c o n d u c t io n ,  b u t  t h i s  i s  seldom found i n  

t h e s e  c a s e s .

The d i a g n o s i s  o f  summation g a l l o p  depends on s e p a r 

a t i o n  of  t h e  two components by s low ing  of  th e  h e a r t  r a t e .  

The p r o g n o s t i c  s i g n i f i c a n c e  of  summation g a l l o p  i s  t h a t  

o f  i t s  p r e s y s t o l i c  e l e m e n t .

S y s t o l i c  g a l l o p . S y s t o l i c  g a l l o p  rhythm depends on 

th e  o c c u r r e n c e  o f  a s y s t o l i c  e x t r a  sound i n  a p a t i e n t  w i t h  

h e a r t  d i s e a s e ,  b u t  t h e r e  i s  no adequa te  ev idence  t h a t  t h i s  

e x t r a  sound i s  i n  any way r e l a t e d  t o  t h e  h e a r t  d i s e a s e .

I t s  a e t i o l o g y  i s  s t i l l  o b s c u r e .

Opening sn ap  o f  t h e  m i t r a l  v a l v e . The m i t r a l  opening  

snap  c o i n c i d e s  i n  t im e  w i t h  t h e  opening  of th e  m i t r a l  v a lv e  

e a r l y  i n  v e n t r i c u l a r  d i a s t o l e .  I t  seems t o  be due t o
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sudden  t e n s i o n  of t h e  cusps  of  t h e  s t e n o s e d  m i t r a l  v a lv e  

when t h e y  f a i l  t o  he a d e q u a te ly  s e p a r a t e d  hy t h e  h lo o d  

f l o w i n g  i n t o  t h e  v e n t r i c l e ,  even a l t h o u g h  t h e  p r e s s u r e  

d i f f e r e n c e  b e tw een  l e f t  a t r i u m  and l e f t  v e n t r i c l e  a t  

t h i s  p e r i o d  i s  ab n o rm a l ly  h ig h  i n  c a s e s  of m i t r a l  s t e n o s i s .

The o p e n in g  sn a p  of t h e  m i t r a l  v a lv e  has been  n o te d  

o n ly  i n  c a s e s  of  m i t r a l  s t e n o s i s .  I t  does  n o t  occur  i n  

v e r y  e a r l y  o r  i n  v e r y  advanced c a s e s .  I t  i s  o f  f a v o u r a b le  

im p o r t  i n  t h e  a s se s s m e n t  of a case  f o r  m i t r a l  v a lv o tom y .
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C hap te r  8

C a r d ia c  e x t r a  sounds in  a s e r i e s

of  p a t i e n t s  w i t h  h e a r t  d i s e a s e

In  v iew of th e  d i v e r s i t y  of o p in io n  as t o  th e  i n c i d 

ence  and s i g n i f i c a n c e  o f  g a l l o p  rhythm i n  p a t i e n t s  w i t h  

h e a r t  d i s e a s e  I  t h o u g h t  i t  would be of  i n t e r e s t  t o  i n v e s 

t i g a t e  t h e  phenomenon by p h o n o c a rd io g rap h y .  F a c i l i t i e s  

f o r  t h i s  s t u d y  were o b t a in e d  th r o u g h  t h e  c o o p e r a t i o n  of 

t h e  M e d ic a l  S u p e r i n t e n d e n t  and th e  P h y s i c i a n s  of  S t o b h i l l  

G e n e r a l  H o s p i t a l .

P h o n o c a rd io g ra p h y  was performed on p a t i e n t s  w i t h  any 

d i a g n o s i s  o f  h e a r t  d i s e a s e  i n  th e  M edica l  w a rd s .  As f a r  

a s  p o s s i b l e  t h e  c a s e s  were u n s e l e c t e d  b u t  a few v e ry  i l l  

o r  moribund p a t i e n t s  were n o t  i n v e s t i g a t e d .  P a t i e n t s  

w i t h  a r t e r i a l  h y p e r t e n s i o n  were in c lu d e d  i n  th e  s e r i e s  

o n ly  i f  t h e r e  was some d e f i n i t e  c a r d i a c  l e s i o n  or e l e c t r o 

c a r d i o g r a p h i c  e v id e n c e  of  f s t r a i n f .

The h o s p i t a l  d i a g n o s i s  ba sed  on c l i n i c a l ,  e l e c t r o 

c a r d i o g r a p h i c  and ,  i n  some c a s e s ,  o t h e r  s p e c i a l  i n v e s t i 

g a t i o n s  was a c c e p t e d .  In  a few c a se s  t h i s  c o n f l i c t e d  

w i t h  t h e  f i n d i n g s  by p h o n o c ard iog raph y ;  t h e s e  d i s c r e p a n c i e s  

a r e  n o t e d  i n  th e  c a p t i o n s  t o  th e  p l a t e s  of P .C .G . s .

From t h e  s e r i e s  two main d i a g n o s t i c  groups  emerge, 

p a t i e n t s  w i t h  d i s e a s e  of th e  m i t r a l  v a lv e  and p a t i e n t s  

w i t h  a r t e r i a l  h y p e r t e n s i o n .  These groups a re  s u f f i c i e n t -
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l y  l a r g e  t o  m e r i t  s e p a r a t e  a n a l y s i s .

No a t t e m p t  was made t o  compare t h e  a u s c u l t a t o r y  

f i n d i n g s  o f  d i f f e r e n t  o b s e r v e r s ,  b u t  my own were n o te d  i n  

e a c h  c a s e  f o r  com par ison  w i th  th e  f i n d i n g s  by p h o n o c a r d io 

g r a p h y .  L o g a r i th m ic  and l i n e a r  P .C .G .s  were r e c o r d e d  

from e ac h  s u b j e c t .  No s t e t h o s c o p i c  P.C.G-.s were o b t a in e d  

b e c a u s e  t h e  o b s e r v a t i o n s  on normal  s u b j e c t s  (C h a p te r  6 } 

had shown t h a t  t h e s e  were u n l i k e l y  t o  y i e l d  any i n f o r m a t i o n  

w h ich  c o u ld  n o t  be o b t a in e d  from th e  l i n e a r  r e c o r d s .

The w id e ly  h e ld  b e l i e f  t h a t  g a l l o p  rhythm i s  of  g rave  

p r o g n o s t i c  s i g n i f i c a n c e  i s  based  more on g e n e r a l  i m p r e s s 

io n s  t h a n  on t h e  c r i t i c a l  a n a l y s i s  of s e r i e s  of p a t i e n t s .

I  f e l t  t h a t  a s e r i e s  such  as t h a t  r e p o r t e d  here  would o f f e r

a f a v o u r a b l e  o p p o r t u n i t y  f o r  i n v e s t i g a t i o n  of th e  s u b s e 

q u e n t  f a t e  o f  t h o s e  p a t i e n t s  w i th  t r i p l e  c a r d i a c  rhythm 

and o f  t h o s e  w i t h o u t .  An a t t e m p t  was made t o  f i n d  out  

i n  e v e r y  c a s e ,  6 -9  months a f t e r  p h on o card io g rap h y ,  w he th e r  

t h e  p a t i e n t 1s g e n e r a l  h e a l t h  had improved o r  d e t e r i o r a t e d ,  

and t o  r e l a t e  t h i s  t o  t h e  p re s e n c e  o r  absence  of g a l l o p

rh y th m  on t h e  P.C.G-. I t  i s  hoped t o  c o n t in u e  th e  foiLow-

up f o r  a p e r i o d  o f  a t  l e a s t  two y e a r s  b u t  an a sse ssm en t  

o f  even  t h e  s h o r t - t e r m  p r o g n o s i s  shou ld  be o f  v a l u e .

In  most of  th e  p a t i e n t s  i n  t h i s  s e r i e s ,  murmurs as 

w e l l  as  sounds  were hea rd  and were r e c o r d e d  on t h e  lo g 

a r i t h m i c  P.C.G-. S in c e  t h e s e  murmurs, though  n o t  d i r e c t l y
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r e l e v a n t  t o  the s tu d y  of t r i p l e  c a r d i a c  rhy thm, a re  of 

some c l i n i c a l  i n t e r e s t ,  th ey  a re  d e s c r i b e d  i n  th e  c a p t i o n s  

t o  th e  p l a t e s  o f  P*C*G-*s and d i s c u s s e d  i n  Appendix A#

To summarize ,  t h e  i n f o r m a t i o n  sough t  i n  t h i s  group  

o f  p a t i e n t s  was as f o l lo w s :

( 1 ) A u s c u l t a t i o n *

( a )  The i n c i d e n c e  of  each  ty p e  of c a r d i a c  e x t r a  

sound*

(b )  The r e l a t i o n  of e ach  ty p e  of  c a r d i a c  e x t r a  

sound t o  any p a r t i c u l a r  ty p e  of  h e a r t  d i s e a s e *

(2 )  P h o n o c a rd io g r a p h y *

( a )  The i n c i d e n c e  of  each  ty p e  of  c a r d i a c  e x t r a  

sound on l o g a r i t h m i c  phonocard iography*

(b)  The r e l a t i o n  of each  ty p e  of c a r d i a c  e x t r a  

sound ,  r e c o r d e d  on t h e  l o g a r i t h m i c  P.CoG-., t o  

any p a r t i c u l a r  ty p e  of h e a r t  d i s e a s e *

( c )  The o c c u r re n c e  of each  type  of c a r d i a c  e x t r a  

sound ,  r e c o r d e d  on th e  l o g a r i t h m i c  P.C.G-., i n  

p a t i e n t s  w i t h  d i s e a s e  of th e  m i t r a l  v a lv e  and

i n  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n .

(d )  The r e l a t i o n  of  c a r d i a c  e x t r a  sounds ,  r e c 

o rded  on th e  l o g a r i t h m i c  P*C.G-*, t o  th e  age# 

s e x ,  and h e a r t  r a t e  of  the  p a t i e n t s *

(e )  The i n c i d e n c e  of  v i b r a t i o n s  a t  the  t im e  of 

o c c u r r e n c e  o f  c a r d i a c  e x t r a  sounds on l i n e a r  

p h o n o c a r d io g r a p h y »
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( f )  The r e l a t i o n  of  c a r d i a c  e x t r a  sounds on th e  

l o g a r i t h m i c  P*C.G* to  t h e  c o r r e s p o n d i n g  v i b r a 

t i o n s  on th e  l i n e a r  PoC.G*

(3 )  Combined a u s c u l t a t i o n  and p h o n o c a r d io g r a p h y *

The d e g re e  o f  agreement  be tween  t h e  d e t e c t i o n  

o f  t r i p l e  c a r d i a c  rhythm by a u s c u l t a t i o n  and by 

l o g a r i t h m i c  phonocard iography*

(4 )  F o l lo w -u p  a f t e r  6 -9  m onths*

( a )  The p r o g n o s t i c  s i g n i f i c a n c e  of  g a l l o p  rhythm 

and o f  t h e  m i t r a l  opening  snap*

Cb) The p r o g n o s t i c  s i g n i f i c a n c e  o f  c a r d i a c  e x t r a  

sounds i n  p a t i e n t s  w i th  d i s e a s e  of  t h e  m i t r a l  

v a l v e  and i n  p a t i e n t s  w i th  a r t e r i a l  h y p e r t e n s io n *

Method

O r d in a r y  b i n a u r a l  s t e t h o s c o p e s  w i t h  s im ple  c o n i c a l  

c h e s t - p i e c e s  were used f o r  a u s c u l t a t i o n *  A sm a l l  c h e s t -  

p i e c e  b e l l  (24 mm* I n t e r n a l  d i a m e te r  and 11 mm* deep)  was 

u sed  r o u t i n e l y ,  and a l a r g e r  b e l l  (47 mm* i n t e r n a l  diam

e t e r  and 14 mm* deep)  was used i n  a few i n s t a n c e s  when 

t h e  h e a r t  sounds were f a i n t .

F o r  p h o n o c a rd io g rap h y  a c r y s t a l  m icrophone,  w i th  

v u l c a n i t e  c h e s t - p i e c e ,  was a p p l i e d  d i r e c t l y  t o  th e  p a t i e n t f s 

c h e s t *  The i n t e r n a l  d i a m e te r  of t h e  c h e s t - p i e c e s  was 

36 mm, and th e  d e p t h  21 mm* The one used r o u t i n e l y  had 

an o u t e r  s u c t i o n  r i n g ,  as shown i n  Fig* 13a* f o r  h o l d in g
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i t  a g a i n s t  th e  c h e s t .  When, f o r  any r e a s o n ,  t h e  s u c t i o n  

c h e s t - p i e c e  c o u ld  n o t  he s a t i s f a c t o r i l y  a t t a c h e d  t o  th e  

p a t i e n t ,  t h e  a l t e r n a t i v e  c h e s t - p i e c e  ( F i g .  13'b) was a p p l i e d  

and h e ld  i n  p o s i t i o n  by means o f  a r u b b e r  band round t h e  

c h e s t .

Two l o g a r i t h m i c  P .C .G .s  and one l i n e a r  P .C .G. were 

r e c o r d e d  from t h e  r e g i o n  of the c a r d i a c  apex i n  each  c a s e .  

The f i r s t  l o g a r i t h m i c  P.C .G. was r e c o r d e d  w i t h  t h e  S . C .G . ,  

and t h e  second  w i t h  th e  j u g u l a r  phlebogram, as  r e f e r e n c e  

t r a c i n g .  The r e f e r e n c e  t r a c i n g  f o r  t h e  l i n e a r  P .C .G. 

was t h e  j u g u l a r  phlebogram*

As i n  t h e  i n v e s t i g a t i o n  of p h y s i o l o g i c a l  c a r d i a c  

e x t r a  sounds  ( C h a p te r  6 ) t h e  f i l t e r  s e t t i r g s  on t h e  p r e 

a m p l i f i e r  were 4 f o r  l o g a r i t h m i c  phonocard iog raphy  and 0 

f o r  l i n e a r  p h o n o c a rd io g ra p h y .

When t h e  h o s p i t a l  d i a g n o s i s ,  or  my own a u s c u l t a t o r y  

f i n d i n g s ,  i n d i c a t e d  t h e  a d v i s a b i l i t y  o f  t a k i n g  a s e t  o f  

r e c o r d s  from some o t h e r  p r a e c o r d i a l  a r e a  i n  a d d i t i o n  t o  

t h o s e  from t h e  ap ex ,  t h i s  was done .  For t h e  purpose  of 

a n a l y s i s ,  however ,  only  th e  a p i c a l  r e c o r d s  a re  c o n s i d e r e d .  

S u b j e c t s

The s e r i e s  r e p o r t e d  here  com prises  one hundred i n 

p a t i e n t s  a t  S t o b h i l l  G e n e ra l  H o s p i t a l ,  each  of whom had 

d e f i n i t e  e v id e n c e  of h e a r t  d i s e a s e ,  e i t h e r  pr imary  or  

s e c o n d a r y .  As f a r  as p o s s i b l e  th e  c a se s  were u n s e l e c t e d
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"but, as  m en t io ned  above ,  a v e ry  few of  t h e  most s e r i o u s l y  

i l l  p a t i e n t s  were n o t  i n v e s t i g a t e d .  Of th o se  on whom 

p h o n o c a rd io g ra p h y  was perfo rm ed ,  t h e  h e a r t  sounds i n  a 

few c a s e s  were so f a i n t  t h a t  no s a t i s f a c t o r y  r e c o r d  cou ld  

be o b t a i n e d .  When th e  maximum am p l i tu de  of  n e i t h e r  t h e  

f i r s t  n o r  t h e  second  h e a r t  sound d e f l e c t i o n s  cou ld  be 

r a i s e d  t o  1 cm. on th e  r e c o r d  w i th o u t  o s c i l l a t i o n  of th e  

a m p l i f i e r  c i r c u i t s ,  t h e  case  was excluded from t h e  s e r i e s .  

D e t a i l s  o f  i n v e s t i g a t i o n

Ambulant  p a t i e n t s  were examined on a b ed ,  and v e r y  

i l l  p a t i e n t s  were examined on th e  t r o l l e y  on which th e y  

were  b r o u g h t  t o  t h e  p h o n o c a rd io g rap h .  The a p e x - b e a t  was 

i d e n t i f i e d  and marked,  as was any o t h e r  r e g i o n  of th e  

p ra e c o rd iu m  from which  r e c o r d s  were t o  be o b t a i n e d .

P h o n o c a rd io g ra p h y  was performed w i t h  th e  p a t i e n t  

r ecu m ben t  and n o rm a l ly  w i th  the  b r e a t h  h e ld  a t  t h e  end 

of  e x p i r a t i o n .  A few dy spn o e ic  or confused  p a t i e n t s  

were u n a b le  t o  ho ld  t h e i r  b r e a t h  s a t i s f a c t o r i l y .  In  

t h e s e  c a s e s  b r e a t h  sounds were r e c o rd e d  on t h e  l o g a r i t h m i c  

P . C .G . ,  b u t  t h e s e  were e a s i l y  i d e n t i f i e d ?  th e y  a re  

l a b e l l e d  on t h e  r e c o r d s  where t h e y  o c c u r .

As i n  t h e  i n v e s t i g a t i o n  of normal s u b j e c t s ,  t h e  g a in  

of  t h e  a m p l i f i e r  sys tem was so a d j u s t e d  t h a t ,  on th e  f i n a l  

p h o t o g r a p h i c  r e c o r d ,  the  d e f l e c t i o n s  c o r r e s p o n d in g  t o  th e  

f i r s t  o r  second  h e a r t  sound, whichever  was t h e  g r e a t e r ,  

were n o t  l e s s  t h a n  1 cm. and n o t  more t h a n  2 cm. i n  amp«



Tab le  1 9 o D ia g n o se s  o f  100 p a t i e n t s  w i t h  h e a r t  d i s e a s e

S * s i n u s  rhy thm  
F = a u r i c u l a r  f i b r i l l a t i o n

D i a g n o s i s
W ithou t
c a r d i a c
f a i l u r e

With
c a r d i a c
f a i l u r e

T o t a l

S F S F

M i t r a l  v a lv e  d i s e a s e  o n ly 24 7 1 2 34

Combined m i t r a l  and a o r t i c  
v a l v e  d i s e a s e

11 1 1 1 14

A o r t i c  v a lv e  d i s e a s e  o n ly 2 - 2 - 4

C o n g e n i t a l  h e a r t  d i s e a s e 5 - - - 5

Angina  p e c t o r i s 4 - - - 4

Bundle b r a n c h  b lo c k 4a - 1 - 5a

M y o c a rd ia l  i n f a r c t i o n 5 - 3 - 8

Cor pu lm ona le 4b - - - 4b

A r t e r i a l  h y p e r t e n s i o n 19c 1 10 d 1 31cd

Acute  r h e u m a t i c  c a r d i t i s 4e - - - 4e

M y o c a rd ia l  d e g e n e r a t i o n
o n ly

1 — - - 1

a = I n c l u d i n g  1 c a s e  o f  m i t r a l  and a o r t i c  v a l v e  d i s e a s e  
and 1 c a s e  o f  a n g in a  p e c t o r i s  

b = I n c l u d i n g  1 c a se  o f  bu nd le  b ra n c h  b l o c k
c = I n c l u d i n g  1 c a se  o f  a o r t i c  s t e n o s i s ,  1 c a s e  o f

a n g in a  p e c t o r i s ,  1 c a s e  o f  b u n d le  b r a n c h  b l o c k ,  
and 1 c a s e  o f  c o r  pu lm ona le  

d = I n c l u d i n g  1 c a s e  o f  m i t r a l  s t e n o s i s  and 3 c a s e s  
o f  m y o c a r d ia l  i n f a r c t i o n  

e = I n c l u d i n g  2 c a s e s  o f  m i t r a l  v a l v e  d i s e a s e  and 1
c a s e  o f  m i t r a l  and a o r t i c  v a l v e  d i s e a s e
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l i t u d e ®  C a rd ia c  e x t r a  sounds were d i s t i n g u i s h e d  from

murmurs by t h e  c r i t e r i a  d e t a i l e d  i n  C h a p te r  2 . Fo r  a 

c a r d i a d  e x t r a  sound t o  be c o n s i d e r e d  p r e s e n t ,  the app ro p 

r i a t e  d e f l e c t i o n s  had t o  a p p ea r  a t  t h e  same t im e  i n  t h e  

c a r d i a c  c y c l e  i n  a t  l e a s t  t h r e e  s u c c e s s i v e  c y c l e s .

At th e  f o l l o w - u p ,  6 - 9  months a f t e r  t h e  P.C.G-. had 

b e e n  r e c o r d e d  i n  e a c h  c a s e ,  a l e t t e r  was w r i t t e n  t o  th e  

p a t i e n t 1s d o c t o r  t o  a s k  w h e th e r  t h e  p a t i e n t  was s t i l l  

a l i v e  and w h e th e r  t h e  g e n e r a l  s t a t e  o f  h e a l t h  was improved,  

unch an ged ,  o r  worse s i n c e  t h e  d a t e  of r e c o r d i n g .  In  t h e  

few c a s e s  i n  which  no r e p l y  was r e c e i v e d  t h e  p a t i e n t  o r  

a n e a r  r e l a t i v e  was v i s i t e d  and asked f o r  t h e  i n f o r m a t i o n .  

R e s u l t s

The d iag n o s is -  and t h e  d e t a i l e d  f i n d i n g s  by a u s c u l t 

a t i o n  and by  l o g a r i t h m i c  ph o no card iog raph y  of  each  s u b j e c t  

a r e  g i v e n  i n  T ab le  31 (Volume 2 ) .  The r e c o r d s  a re  shown 

i n  P l a t e s  11-72 (Volume 2) and d e t a i l s  o f  e ac h  case  a re  

g i v e n  i n  t h e  c o r r e s p o n d i n g  cap t ions® The murmurs a re  

d i s c u s s e d  i n  Appendix A.

The d i a g n o s e s  a r e  g iv e n  i n  T ab le  19, which  shows a l s o  

t h e  i n c i d e n c e  o f  a u r i c u l a r  f i b r i l l a t i o n  and of  c o n g e s t i v e  

c a r d i a c  f a i l u r e ®  F o r t y - e i g h t  o f  t h e  p a t i e n t s  had phys

i c a l  s i g n s  o f  m i t r a l  d i s e a s e ,  14 of  t h e s e  w i t h  a concom

i t a n t  l e s i o n  of  th e  a o r t i c  valve® In  29 p a t i e n t s  m i t r a l  

s t e n o s i s  was t h e  only  v a l v u l a r  d e f e c t ;  5 oi t h e s e  had



128

undergone  m i t r a l  va lvo tom y b u t  t h e y  a re  i n c lu d e d  i n  t h e  

g ro u p  i n  v iew of  t h e  p e r s i s t e n c e  o f  some o f  t h e  c l a s s i c a l  

s i g n s  o f  m i t r a l  s t e n o s i s *

I n  a t o t a l  of  31 p a t i e n t s  t h e r e  was a r t e r i a l  h y p e r 

t e n s i o n ;  11 o f  t h e s e  showed s i g n s  o f  c a r d i a c  f a i l u r e  and 

16 o t h e r s  showed e l e c t r o c a r d i o g r a p h i c  e v id e n c e  o f  l e f t  

h e a r t  s t r a i n *

(1 )  A u s c u l t a t i o n *

( a )  I  h e a rd  c a r d i a c  e x t r a  sounds i n  only  5 

P a t i e n t s ;  a t h i r d  h e a r t  sound i n  3 p a t i e n t s ,  a f o u r t h  

h e a r t  sound i n  one,  and an opening  sn ap  of  th e  m i t r a l  

v a l v e  i n  o ne .

(b )  The t h r e e  p a t i e n t s  i n  whom I h e a rd  p r o t o 

d i a s t o l i c  g a l l o p  rhythm had m i t r a l  s t e n o s i s  w i t h  a u r i 

c u l a r  f i b r i l l a t i o n ;  one o f  them had a o r t i c  incompetence  

a s  w e l l  and a n o t h e r  showed s i g n s  o f  c o n g e s t i v e  c a r d i a c  

f a i l u r e .  T h e i r  ages  were 29,  31,  and 32 y e a r s  r e s p e c t 

i v e l y ,  an a g e - g r o u p  i n  which th e  p h y s i o l o g i c a l  t h i r d  

sound i s  r a r e l y  heard*

The one p a t i e n t  w i t h  a u d i b l e  p r e s y s t o l i c  g a l l o p  

rhy th m  was a man aged 60,  w i th  no s i g n s  of c a r d i a c  f a i l u r e  

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

5 months* The E.C.G-* shew ed e v id en ce  of  l e f t  bund le

b r a n c h  b l o c k .

The one p a t i e n t  i n  whom I hea rd  an open ing  snap

of t h e  m i t r a l  v a l v e ,  a g i r l  aged 14, had m i t r a l  s t e n o s i s ,



129

and h e r  E.C.G-. showed e v id e n ce  of  m y o c a r d ia l  d i s e a s e *

( 2 ) P h o n o c a r d io g r a p h y .

( a )  The i n c i d e n c e  of  e ac h  ty p e  of  g a l l o p  rhythm 

on l o g a r i t h m i c  p h o n o c a rd io g rap h y  was a p p r e c i a b l y  h i g h e r  

t h a n  t h a t  on a u s c u l t a t i o n *  The l o g a r i t h m i c  P.C.G-• showed 

a t h i r d  h e a r t  sound i n  19 c a s e s ,  4 of  whom had a f o u r t h  

h e a r t  sound as  w e l l .  I n c l u d i n g  t h e s e  4 ,  a t o t a l  of  14 

p a t i e n t s  had a f o u r t h  h e a r t  sound on t h e  l o g a r i t h m i c  P.C.G-. 

A s y s t o l i c  e x t r a  sound was d e t e c t e d  i n  3 c a s e s ,  i n  one of 

whom t h e  m i t r a l  o pe n in g  snap  a l s o  was r e c o r d e d .  A t o t a l  

o f  9 p a t i e n t s ,  i n c l u d i n g  t h i s  one,  had a m i t r a l  opening  

s n a p .

( b )  Twelve of  t h e  15 p a t i e n t s  w i t h  p r o t o d i a s t o l i c  

g a l l o p  rhy thm  had d i s e a s e  of  t h e  m i t r a l  v a l v e ,  one of  t h e  

o t h e r s  was a case  of  c o r  pu lm ona le ,  and a n o t h e r  had con

g e n i t a l  pulmonary s t e n o s i s ,  a l l  c o n d i t i o n s  which s u b j e c t  

t h e  r i g h t  v e n t r i c l e  t o  undue s t r a i n .  The r e m a in in g  p a t 

i e n t  w i t h  p r o t o d i a s t o l i c  g a l l o p  had a r t e r i a l  h y p e r t e n s i o n  

w i t h  e l e c t r o c a r d i o g r a p h i c  ev id e n ce  o f  m y o c a rd ia l  d e g en 

e r a t i o n .

F iv e  of t h e  10 p a t i e n t s  w i th  p r e s y s t o l i c  g a l l o p  

rhy thm  had a r t e r i a l  h y p e r t e n s i o n  c o m p l ic a te d  by m y o c a r d ia l  

d i s e a s e  o r  s t r a i n .  Of th e  r e m a in in g  5 ,  two had a c u t e

rh eu m a t i sm  (one  w i t h  m i t r a l  s t e n o s i s  and t h e  o t h e r  w i t h  

m i t r a l  and a o r t i c  in c o m p e te n c e ) ,  one had an a n t e r i o r  myo
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c a r d i a l  i n f a r c t i o n  and two had l e f t  b un d le  b r a n c h  b lock*  

A l l  t h e s e  p a t i e n t s ,  t h e r e f o r e ,  had some m y o c a r d ia l  damage 

or  s t r a i n ;  i n  most c a s e s  t h e  l e f t  v e n t r i c l e  p a r t i c u l a r l y  

was a f f e c t e d .  Only i n  th e  two p a t i e n t s  w i th  b und le  

b r a n c h  b l o c k  d i d  t h e  P-R i n t e r v a l  on t h e  S .C .G .  exceed  

0 .2  s e c . s  i n  a l l  t h e  o t h e r  p a t i e n t s  w i t h  a f o u r t h  h e a r t  

sound t h e  P-R i n t e r v a l  was w i t h i n  norm al  l i m i t s .

T r a i n  w heel  rhy thm , due t o  th e  o c c u r re n c e  o f  

b o t h  t h i r d  and f o u r t h  h e a r t  sounds ,  was n o te d  only  i n  f o u r  

o ld  men w i t h  l e f t  h e a r t  s t r a i n ;  i n  two c a s e s  t h i s  was 

t h e  r e s u l t  of  a o r t i c  v a lv e  d i s e a s e  and i n  th e  o t h e r  two 

i t  was t h e  r e s u l t  of a r t e r i a l  h y p e r t e n s i o n .

T r i p l e  rhythm due t o  a s y s t o l i c  e x t r a  sound was 

r e c o r d e d  from two p a t i e n t s .  One of t h e s e  was a case  of  

a r t e r i a l  h y p e r t e n s i o n  w i t h  l e f t  h e a r t  s t r a i n ;  i n  t h e  

o t h e r ,  as  a r e s u l t  o f  b r o n c h i a l  asthma and pulmonary 

emphysema, t h e  r i g h t  s i d e  of  t h e  h e a r t  was s u b j e c t e d  t o  

s t r a i n .

An o p e n in g  snap  of t h e  m i t r a l  v a lv e  was n o t e d  

o n ly  i n  p a t i e n t s  on whom a d i a g n o s i s  of m i t r a l  s t e n o s i s  

had b e e n  made on o t h e r  c r i t e r i a .  Two of t h e s e  p a t i e n t s  

had u n de rg on e  a c l i n i c a l l y  s u c c e s s f u l  m i t r a l  v a lv o to m y .

One p a t i e n t  had q u a d ru p le  rhythm due t o  a s y s t o l i c  e x t r a

sound and a m i t r a l  opening  sn a p .

Tak ing  a l l  t h e  p a t i e n t s  w i th  c a r d i a c  x s i l u r e

from w h a te v e r  cause  t h e  i n c id e n c e  o j . g a l l o p  or t r a i n



T a b le  20 „ I n c i d e n c e  o f  c a r d i a c  e x t r a  sounds i n  p a t i e n t s  w i th
m i t r a l  v a lv e  d i s e a s e  and i n  p a t i e n t s  w i t h  a r t e r i a l  
h y p e r t e n s i o n :  l o g a r i t h m i c  p h o n o c a r d io g r a p h y

D i a g n o s i s
C a r d i a c  e x t r a  sounds

3
o n ly

4
o n l y 3 + 4 Sys<>

o n l y
OoS*
o n ly

Sysp
+ 0 O S O None

M i t r a l  s t e n o s i s  o n ly 4 1 - - 7 1 16

M i t r a l  s t e n o s i s  and 
a o r t i c  in co m p e te n ce 6 - l a - 1 - 5b

M i t r a l  in co m p e te n ce  
w i th o u t  s t e n o s i s 2 l c - - - 3

A r t e r i a l  h y p e r t e n s i o n  
_______ _____________

2
j

5 2 1 - - 21 d

Syso 85 S y s t o l i c  e x t r a  sound
OoSo = Opening snap o f  t h e  m i t r a l  v a l v e

a  = With m i t r a l  in co m p e te n ce
b = I n c l u d i n g  1 c a s e  w i t h  m i t r a l  incom p e te n ce  and

1 c a s e  w i t h  m i t r a l  incom p e ten ce  and a o r t i c  s t e n o s i s  
c = W ith  a o r t i c  in co m p e te n ce  
d = I n c l u d i n g  1 c a s e  w i t h  m i t r a l  s t e n o s i s
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w h ee l  rhy thm  was n o t  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  

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

( c )  The in c i d e n c e  of  c a r d i a c  e x t r a  sounds i n  

p a t i e n t s  w i th  m i t r a l  v a lv e  d i s e a s e  and i n  p a t i e n t s  w i t h  

a r t e r i a l  h y p e r t e n s i o n  i s  shown i n  Tahle  20 .

Of t h e  48 p a t i e n t s  w i th  d i s e a s e  of t h e  m i t r a l  

v a l v e ,  42 had p redom inan t  m i t r a l  s t e n o s i s ;  i n  13 o f  t h e s e  

t h e r e  was a l s o  a l e s i o n  of t h e  a o r t i c  v a l v e .  S i g h t  of  

t h e  29 p a t i e n t s  w i t h  pure  m i t r a l  s t e n o s i s  had a m i t r a l  

o p e n in g  sn a p  (one of  them w i t h  a s y s t o l i c  e x t r a  sound as 

w&l), f o u r  had p r o t o d i a s t o l i c  g a l l o p ,  and one had p r e -  

s y s t o l i e  g a l l o p .  Two of t h e  p a t i e n t s  w i t h  an o pen in g  

sn a p  and t h r e e  o t h e r s  had p r e v i o u s l y  undergone m i t r a l  

v a lv o t o m y •

Only one of  t h e  13 p a t i e n t s  w i t h  b o t h  m i t r a l  

s t e n o s i s  and a o r t i c  incompetence  had a m i t r a l  opening  

sn a p ,  b u t  s i x  had p r o t o d i a s t o l i c  g a l l o p  and one had t r a i n  

w h ee l  r h y th m .  T h is  i s  a s i g n i f i c a n t l y  h i g h e r  i n c i d e n c e  

o f  t h e  t h i r d  h e a r t  sound t h a n  was found i n  pure  m i t r a l

s t e n o s i s  ( P < 0 . 0 5 ) .

Of t h e  s i x  p a t i e n t s  w i th  m i t r a l  incom petence  

unaccompanied  by s t e n o s i s  two had p r o t o d i a s t o l i c  g a l l o p  

rh y th m  and t h e  on ly  one w i t h  an a s s o c i a t e d  a o r t i c  incom

p e te n c e  had p r e s y s t o l i c  g a l l o p  rh y th m .

A m i t r a l  open ing  snap  oc cu r red  i n  6 ou t  of a 

t o t a l  of  31 c a s e s  o f  m i t r a l  s t e n o s i s  w i t h  s i n u s  rhythm
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and i n  3 out  of  11 c a s e s  w i th  a u r i c u l a r  f i b r i l l a t i o n ;  

t h i s  i s  n o t  a s i g n i f i c a n t  d i f f e r e n c e *

In  t h e  31 p a t i e n t s  w i th  a r t e r i a l  h y p e r t e n s i o n ,  

p r o t o d i a s t o l i c  g a l l o p  o c c u r re d  i n  two c a s e s ,  p r e s y s t o l i c  

g a l l o p  i n  f i v e ,  t r a i n  wheel  rhythm i n  two, and a s y s t o l i c  

e x t r a  sound i n  one* This  Is n o t  a s i g n i f i c a n t l y  h i g h e r  

i n c i d e n c e  of  t h e  f o u r t h  h e a r t  sound t h a n  i s  found In  t h e  

o t h e r  c a r d i a c  p a t i e n t s *  N e i t h e r  g a l l o p  n o r  t r a i n  wheel  

rhy thm  was r e l a t e d  t o  c a r d i a c  f a i l u r e  i n  t h i s  group*

(d )  N e i t h e r  p r o t o d i a s t o l i c  g a l l o p  n o r  p r e s y s t o l i c  

g a l l o p  showed any s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t h e  a g e ,  

s e x ,  o r  h e a r t  r a t e  of  t h e  p a t i e n t s *  The s y s t o l i c  e x t r a  

sound o c c u r r e d  so  i n f r e q u e n t l y  t h a t  any a t t e m p t  a t  s t a t i s 

t i c a l  a n a l y s i s  would be v a l u e l e s s *  The m i t r a l  open ing  

s n a p  was not  s i g n i f i c a n t l y  r e l a t e d  t o  t h e  ag e ,  s e x ,  or 

h e a r t  r a t e  o f  t h e  p a t i e n t s  i n  whom i t  was d em o n s t ra te d *  

S i g h t  o f  t h e  9 p a t i e n t s  w i t h  a m i t r a l  open ing  snap  were 

women h u t ,  s i n c e  31 out  of t h e  42 p a t i e n t s  w i t h  m i t r a l  

s t e n o s i s  were women, t h e  i n c id e n c e  was n o t  s i g n i f i c a n t l y  

h i g h e r  i n  women w i t h  m i t r a l  s t e n o s i s  t h a n  i n  men w i t h  t h e  

same c o n d i t i o n .

( e )  V i b r a t i o n s  were r e c o r d e d  a t  t h e  t ime of th e  

t h i r d  h e a r t  sound on th e  l i n e a r  P.C*G-* of  75 p a t i e n t s ,  and 

a t  t h e  t im e  of  th e  f o u r t h  h e a r t  sound i n  52 p a t i e n t s ,  45

of  whom a l s o  had t h i r d  h e a r t  sound v i b r a t i o n s .  V i b r a t i o n s



T a b le  -21.  Agreement b e tw een  t h e  f i n d i n g s  by a u s c u l t a t i o n  and
by l o g a r i t h m i c  p h o n o c a r d io g r a p h y  as  t o  t h e  p r e s e n c e  
o r  ab sen c e  o f  a c a r d i a c  e x t r a  sound I n  p a t i e n t s  
w i t h  h e a r t  d i s e a s e

O b s e rv e r  

Heard Not h e a r d
T o t a l

R ecorded

voka-3- 40
P.C.G*

Not r e c o r d e d 1 59 60

T o t a l 5 95 100
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a t  t h e  t im e  o f  t h e  m i t r a l  open ing  snap  were r e c o r d e d  on 

t h e  l i n e a r  P.C.G-. o f  9 p a t i e n t s ;  i n  6 o f  t h e s e  a m i t r a l  

o p e n in g  sn a p  was r e c o r d e d  on th e  l o g a r i t h m i c  P.C.G.

( f )  The i n c i d e n c e  of  t h e  t h i r d  h e a r t  sound on 

t h e  l o g a r i t h m i c  P .C .G .s  was s i g n i f i c a n t l y  r e l a t e d  t o  t h e  

i n c i d e n c e  o f  t h e  c o r r e s p o n d i n g  v i b r a t i o n s  on t h e  l i n e a r  

P .C .G .s  ( P< 0 . 0 5 ) :  i n  t h e  case  of t h e  f o u r t h  h e a r t  sound

and o f  t h e  m i t r a l  open ing  snap  t h i s  r e l a t i o n  was h i g h ly  

s i g n i f i c a n t  (P <  0 . 0 0 1 ) .

(3 )  Combined a u s c u l t a t i o n  and p h onocard iog raphy

T a b le  21 shows t h e  agreement  be tween  t h e  d e t e c 

t i o n  o f  c a r d i a c  e x t r a  sounds by a u s c u l t a t i o n  and by l o g a 

r i t h m i c  p h o n o c a r d io g r a p h y .  S ince  t h e  number o f  c a r d i a c  

e x t r a  sounds d e t e c t e d  by a u s c u l t a t i o n  was so s m a l l  th e  

g ro u p  was n o t  f u r t h e r  s u b d iv id e d  f o r  s t a t i s t i c a l  a n a l y 

s i s  .

In  59 p a t i e n t s  no c a r d i a c  e x t r a  sound was h e a rd  

o r  r e c o r d e d .  In  one p a t i e n t  a c a r d i a c  e x t r a  sound was 

h e a rd  b u t  none was r e c o r d e d .  In  36 p a t i e n t s  a c a r d i a c  

e x t r a  so u n d ,  o r  so u n d s ,  was r e c o r d e d  b u t  n o t  h e a r d .  In  

t h e  r e m a in i n g  f o u r  t h e  same c a r d i a c  e x t r a  sound was b o t h  

h e a r d  and r e c o r d e d .  S t a t i s t i c a l  a n a l y s i s  by F i s h e r ’ s 

e x a c t  method ( F i s h e r ,  1946) shows t h a t  t h e  c o r r e l a t i o n  

b e tw een  t h e  f i n d i n g s  by a u s c u l t a t i o n  and by l o g a r i t h m i c  

p h o n o c a rd io g ra p h y  f a i l s  t o  r e a c h  s i g n i f i c a n c e .



T ab le  220 F o l lo w - u p  o f  c a r d i a c  p a t i e n t s  a f t e r  6-9 months

G-eneral

c o n d i t i o n

C a r d ia c e x t r a sounds

3
o n l y

4
o n l y 3 + 4 Syso

o n l y
0 o S o 
o n ly

Syso 
+0 0 S o None

Improved 8 5 1 1 2 1 24

Unchanged 4 2 - 1 5 - 24

Worse 1 3 1 - - - 3

Died 2 - 2 - - - 8

U n t r a c e d - - - - 1 - 1

Sys« = S y s t o l i c  e x t f a  sound
OoS* = Opening snap o f  th e  m i t r a l  v a l v e
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( 4 )  F o l lo w - u p  a f t e r  6 - 9  m o n th s ,

( a )  N i n e t y - e i g h t  p a t i e n t s  were t r a c e d  a f t e r  a 

p e r i o d  of  6 - 9.months had e l a p s e d  from t h e  t im e  t h e i r  P.C.G-• 

was r e o o r d e d .  T ab le  22 shows t h e  r e s u l t  of  t h e  f o l l o w -  

up i n  t h e  p a t i e n t s  w i th  th e  s e v e r a l  c a r d i a c  e x t r a  sounds 

and i n  t h e  p a t i e n t s  whose l o g a r i t h m i c  P .C .G .  had shown no 

c a r d i a c  e x t r a  so u n d .  The p a t i e n t s  w i t h  g a l l o p  or t r a i n  

w h e e l  rhy thm  were n o t  s i g n i f i c a n t l y  worse t h a n  th e  o t h e r  

p a t i e n t s  a t  t h e  end of t h e  f o l lo w - u p  p e r i o d .

T ak in g  a l l  t h e  c a s e s  w i t h  a t h i r d  h e a r t  sound ,  

i n c l u d i n g  t h o s e  w i t h  a f o u r t h  sound as  w e l l ,  d e t e r i o r a t i o n  

i s  n o t  s i g n i f i c a n t  compared with  the  o t h e r  p a t i e n t s .  On 

t h e  o t h e r  hand ,  i n  t h e  g roup  of p a t i e n t s  w i t h  a f o u r t h  

h e a r t  sound ( i n c l u d i n g  t h o s e  w i th  a t h i r d  sound as w e l l ) ,  

a l t h o u g h  l e s s  t h a n  h a l f  of t h e  p a t i e n t s  had d e t e r i o r a t e d  

i n  6 - 9  m on ths ,  t h i s  was s i g n i f i c a n t l y  worse t h a n  t h e  p ro g 

r e s s  o f  t h e  o t h e r  p a t i e n t s  ( P < 0 . 0 5 ) *  Of t h e  p a t i e n t s  

w i t h  t r a i n  w heel  rhythm due t o  t h e  p re s e n c e  o f  b o t h  t h i r d  

and f o u r t h  h e a r t  so u n d s ,  two ou t  of t h e  f o u r  had d i e d  i n  

t h e  p e r i o d  u n d e r  rev iew  and t h e  c o n d i t i o n  of  one of th e  

r e m a i n i n g  two had d e t e r i o r a t e d .

A l l  t h e  p a t i e n t s  w i t h  a s y s t o l i c  e x t r a  sound 

a n d / o r  a m i t r a l  open in g  snap  were e i t h e r  unchanged or  

improved a t  th e  f o l l o w - u p .



T ab le  2 3 <> F o l lo w -u p  o f  p a t i e n t s  w i t h  m i t r a l  v a lv e  d i s e a s e  
and o f  p a t i e n t s  w i th  a r t e r i a l  h y p e r t e n s i o n  a f t e r  
6 - 9  months

G-eneral C a r d ia c e x t r a  sounds
D i a g n o s i s

c o n d i t i o n 3
o n ly

4
o n ly 3 + 4 Syso

o n l y
OoS p
o n ly

Syso 
+0 o S O None

M i t r a l
s t e n o s i s

o n ly

Improved
Unchanged
Worse
Died
U n t r a c e d

3
1

•B*

1

- -

2
4

1

1 7
6
1
2

M i t r a l  
s t e n o s i s  
& a o r t i c  
incompe

t e n c e

Improved 
Unchanged 
Wor se  
Died
U n t r a c e d

2
1
1
2

-

l a -

1 -
1
3b

1

M i t r a l
incompe

t e n c e
w i t h o u t
s t e n o s i s

Improved
Unchanged
Worse
Died

2 l c -

- -
-

2
1

A r t e r i a l
h y p e r 

t e n s i o n

.................... 1

Improved
Unchanged
Worse
D ied

2
2
2
1

’

1

1

1
- -

5
9d
2
5

:Sys* = S y s t o l i c  e x t r a  sound
0*S* = Opening snap o f  t h e  m i t r a l  v a l v e

a = With m i t r a l  in co m p e te n ce
b = I n c l u d i n g  1 c a s e  w i th  m i t r a l  in com p e te n ce  and 1

c a s e  w i t h  m i t r a l  i n co m p e te n ce  and a o r t i c  s t e n o s i s  
c= With a o r t i c  in co m p e te n ce  
d * I n c l u d i n g  1 c a s e  w i t h  m i t r a l  s t e n o s i s
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(b )  An a t t e m p t  was made t o  a s s e s s  t h e  p r o g n o s t i c  

s i g n i f i c a n c e  o f  c a r d i a c  e x t r a  sounds i n  t h e  p a t i e n t s  w i t h  

m i t r a l  v a l v e  d i s e a s e  and i n  t h o s e  w i t h  a r t e r i a l  h y p e r t e n 

s i o n  (T a b le  2 3 )«

E xam in ing  i n  more d e t a i l  t h e  f a t e  o f  t h e  p a t i e n t s  

w i t h  m i t r a l  s t e n o s i s  as  t h e  only  v a l v u l a r  l e s i o n ,  most 

were  found t o  have improved d u r i n g  t h e  f o l lo w - u p  p e r i o d ,  

w h e t h e r  o r  no t  e x t r a  sounds had been  p r e s e n t*  Of t h e  12 

p a t i e n t s  s u b m i t t e d  t o  m i t r a l  va lvotomy (7  o f  them d u r i n g  

t h e  f o l l o w - u p  p e r i o d )  8 were improved a t  t h e  f o l l o w - u p  and 

t h e  g e n e r a l  c o n d i t i o n  of  the  r em a in in g  4 was unchanged;  

an o pe n in g  sn a p  was n o t e d  i n  5 of  t h e s e  p a t i e n t s  and a 

t h i r d  h e a r t  sound i n  tw o .  One other p a t i e n t  ( w i t h  no 

o p e n in g  snap), d i e d  un de r  a n a e s t h e s i a  b e f o r e  t h e  o p e r a t i o n  

was s t a r t e d .  Of t h e  r e m a in in g  15 p a t i e n t s  who were 

t r a c e d ,  6 were r e p o r t e d  as  improved;  of t h e s e  one had 

a t h i r d  and one a f o u r t h  h e a r t  sound b u t  none had an open

i n g  s n a p ;  7  were unchanged;  of t h e s e  one had a t h i r d  

h e a r t  sound and two an opening  snap ;  one was worse and 

one had d i e d ;  n e i t h e r  of  t h e s e  had any c a r d i a c  e x t r a  

s o u n d s .

Of t h e  t h r e e  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s  and 

a o r t i c  in com petence  r e p o r t e d  as improved a t  t h e  f o l l o w - u p ,  

two had p r o t o d i a s t o l i c  g a l l o p ;  of the f i v e  unchanged,  one 

had p r o t o d i a s t o l i c  g a l l o p  and one an open ing  snap ,  one
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who was worse  and two who had d i e d  had p r o t o d i a s t o l i c  

g a l l o p ,  and t h e  r e m a in i n g  f a t a l  case  had t r a i n  wheel  

r h y th m .  T h i s  shows, i n  th e  p a t i e n t s  w i th  combined m i t r a l  

and a o r t i c  v a l v e  d i s e a s e ,  a s i g n i f i c a n t l y  worse p r o g n o s i s  

i n  t h o s e  w i t h  a t h i r d  h e a r t  sound ( P < 0 . 0 5 ) .

Of t h e  s i x  p a t i e n t s  w i t h  m i t r a l  incom petence  n o t  

a s s o c i a t e d  w i t h  s t e n o s i s ,  f i v e  were improved and one un

changed  a t  t h e  f o l l o w - u p ;  two of t h o s e  improved had p ro 

t o d i a s t o l i c  g a l l o p .  The one p a t i e n t  w i t h  b o t h  m i t r a l  

and a o r t i c  incom petence  had p r e s y s t o l i c  g a l l o p  and was 

improved a t  t h e  f o l l o w - u p .

Of t h e  31 p a t i e n t s  w i th  a r t e r i a l  h y p e r t e n s i o n ,  9 were 

improved a t  t h e  f o l l o w - u p ,  i n c l u d i n g  two A h  p r e s y s t o l i c  

g a l l o p ,  one w i t h  t r a i n  wheel  rhy thm , and one w i t h  a  s y s 

t o l i c  e x t r a  sound;  13 were unchanged,  i n c l u d i n g  two w i t h  

p r o t o d i a s t o l i c  and two w i t h  p r e s y s t o l i c  g a l l o p ;  f o u r  were 

w o r s e ,  i n c l u d i n g  one w i t h  p r e s y s t o l i c  g a l l o p  and one w i t h  

t r a i n  w h e e l  rhy thm ;  and the f i v e  who d i e d  had no c a r d i a c  

e x t r a  s o u n d s .

D i s c u s s i o n

The s e r i e s  of  p a t i e n t s  i n v e s t i g a t e d  can n o t  be r e g a r 

ded as  t y p i c a l  of  h e a r t  d i s e a s e  as i t  o ccu rs  i n  t h e  comm

u n i t y ,  o r  even  a s  t y p i c a l  of what one might e x p ec t  t o  

f i n d  i n  t h e  wards o f  a g e n e r a l  h o s p i t a l .  The h ig h  p ro 

p o r t i o n  of p a t i e n t s  w i th  m i t r a l  s t e n o s i s  i s  a t t r i b u t a b l e
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t o  t h e  p o l i c y  of  t h e  h o s p i t a l  a t  t h i s  t im e  o f  "br ing ing  i n  

known c a s e s  o f  m i t r a l  s t e n o s i s  f o r  a s se s s m e n t  o f  o p e ra b 

i l i t y  and f o r  p r e o p e r a t i v e  and p o s t o p e r a t i v e  t r e a t m e n t *  

The m i t r a l  v a lv o t o m ie s  were pe rform ed e l s e w h e r e ,  most of 

them $ t  Glasgow W es te rn  I n f i r m a r y .

The second  l a r g e s t  g roup  i n  t h e  s e r i e s  was t h a t  of* 

p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  and c a r d i a c  d i s e a s e  

o r  s t r a i n *  T h is  a l s o  may be a s c r i b e d ,  a t  l e a s t  i n  p a r t ,  

t o  a r t i f i c i a l  s e l e c t i o n ,  s i n c e  some of  t h e  p a t i e n t s  were 

b r o u g h t  i n t o  h o s p i t a l  f o r  t r e a t m e n t  w i t h  g a n g l i o n - b l o c k 

i n g  d ru g s*

Of t h e  f i v e  p a t i e n t s  w i t h  c o n g e n i t a l  h e a r t  d i s e a s e ,  

two were e s s e s  o f  p a t e n t  d u c tu s  a r t e r i o s u s  a d m i t t e d  p r i o r  

t o  o p e r a t i o n .

S in c e  t h e  P.C*G-*s a n a ly se d  were r e c o r d e d  a t  th e  

m i t r a l  a r e a  i t  can  be assumed t h a t  the  g a l l o p  sounds r e 

c o rd e d  c o r r e s p o n d  t o  * l e f t - s i d e d  g a l l o p 1 as  opposed t o  

t h e  1 r i g h t - s i d e d  g a l l o p 1 o f  some of  th e  o l d e r  a u t h o r s .

I t  i s  p r o b a b l e ,  however,  t h a t  a t  l e a s t  some of  t h e s e  g a l l 

op sounds  t a k e  o r i g i n  i n  t h e  r i g h t  s i d e  of t h e  h e a r t *

(1)  A u s c u l t a t i o n *

( a )  The in c id e n c e  of a u d ib l e  p r o t o d i a s t o l i c  

g a l l o p  rhy thm  i n  t h e  s e r i e s  (3 /0  I s  much lower t h a n  was 

found  by most p r e v i o u s  i n v e s t i g a t o r s  (T ab le  16)* The 

i n c i d e n c e  of  p r e s y s t o l i c  g a l l o p  rhythm a l s o  ( 1/0  i s  lower
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t h a n  t h a t  found by p r e v io u s  w orke rs  (T ab le  14 )•  S in c e  

t h e s e  f i n d i n g s  depend on t h e  n o t o r i o u s l y  u n r e l i a b l e  se n se  

of  h e a r i n g  and were n o t  checked by o t h e r  o b s e r v e r s  i t  

would p r o b a b ly  be unwise t o  r e a d  much s i g n i f i c a n c e  i n t o  

th em ,  b u t  t h e y  a re  c o n s i d e r e d  in  r e l a t i o n  t o  t h e  phono- 

c a r d i o g r a p h i c  f i n d i n g s  d e s c r i b e d  below*

(b )  The t h r e e  p a t i e n t s  i n  whom p r o t o d i a s t o l i c  

g a l l o p  rhy thm  w?s h e a rd  were c a s e s  i n  which th e  r i g h t  

s i d e  o f  t h e  h e a r t  was s u b j e c t e d  t o  s t r a i n  as a r e s u l t  of  

m i t r a l  s t e n o s i s .  The only  p a t i e n t  i n  whom a m i t r a l  

o p e n in g  s n a p  was h e a rd  was a n o th e r  case  of  t h i s  c o n d i t i o n .  

The o n ly  p a t i e n t  w i t h  a u d i b l e  p r e s y s t o l i c  g a l l o p  rhythm 

had b u n d le  b r a n c h  b l o c k ,  a c o n d i t i o n  which  has been  

a s s o c i a t e d  by s e v e r a l  i n v e s t i g a t o r s  w i t h  t h i s  ty p e  of  

g a l l o p  rh y th m .

(2 )  Phon o c a rd  i  o g r  a p hy .

( a )  The i n c i d e n c e  of p r o t o d i a s t o l i c  and of  

p r e s y s t o l i c  g a l l o p  rhythm on l o g a r i t h m i c  p h o n ocard io g rap hy  

i n  t h i s  s e r i e s  ( 15^  and 10% r e s p e c t i v e l y )  i s  a g a i n  lower  

t h a n  t h a t  found by most p r e v io u s  i n v e s t i g a t o r s  (T a b le s  

15 and 1? ) ,  b u t  th e  g roups  observed  a re  n o t  s t r i c t l y  com- 

p a r a b l e .  S in c e  th e  e x t r a  sounds r e s p o n s i b l e  f o r  g a l l o p  

rhy thm  a r e  of  low f r e q u e n c y  i t  i s  p o s s i b l e  t h a t  e a r l i e r  

i n s t r u m e n t s  p e r m i t t e d  more lo w -f req u e n cy  ( i n a u d i b l e )  

v i b r a t i o n s  t o  a o p e a r  on th e  r e c o r d .  I t  i s  p o s s i b l e  a l s o
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t h a t  l e s s  s t r i n g e n t  c r i t e r i a  were ad o p te d  f o r  t h e  i d e n t i 

f i c a t i o n  of  c a r d i a c  e x t r a  s o u n d s .

(b )  The f a c t  t h a t  p r o t o d i a s t o l i c  g a l l o p  rhythm 

o c c u r r e d  p r i n c i p a l l y  i n  a s s o c i a t i o n  w i t h  l e s i o n s  which  

th ro w  an  e x c e s s i v e  load  on th e  r i g h t  s i d e  of  t h e  h e a r t  

l i n k s  up w i t h  t h e  o b s e r v a t i o n s  o f  Evans (1942) and M iles  

( 1 9 5 1 ) ,  who r e g a r d e d  i t  as a s i g n  of  r i g h t  v e n t r i c u l a r  

f a i l u r e  b u t ,  i n  t h e  p r e s e n t  s e r i e s ,  i t  was a s s o c i a t e d  

w i t h  s t r a i n  r a t h e r  t h a n  w i t h  c o n g e s t i v e  f a i l u r e .  Rheum

a t i c  h e a r t  d i s e a s e  has  "been no ted  as an a e t i o l o g i c a l  

f a c t o r  i n  p r o t o d i a s t o l i c  g a l l o p  by a number of a u t h o r s !  

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

t h i s  s e r i e s  had a c u t e  rheum atism  a t  t h e  t im e  o f  i n v e s t i 

g a t i o n  b u t  t h e  m a j o r i t y  had l e s i o n s  a t t r i b u t a b l e  t o  p r e v 

i o u s  r h e u m a t i c  invo lvem en t  o f  t h e  h e a r t *

Only one of  th e  p a t i e n t s  w i t h  p r e s y s t o l i c  g a l l o p  

rhy thm  had m i t r a l  s t e n o s i s  and t h i s  p a t i e n t  had a l s o  an 

a c u t e  r h e u m a t i c  c a r d i t i s .  Pour of t h e  o t h e r  p a t i e n t s  

w i t h  p r e s y s t o l i c  g a l l o p  rhythm had a r t e r i a l  h y p e r t e n s i o n ,  

and one had a o r t i c  s t e n o s i s ,  b o t h  c o n d i t i o n s  t e n d i n g  t o  

s t r a i n  t h e  l e f t  s i d e  of  th e  h e a r t ;  t h i s  a g re e s  w i t h  th e  

f i n d i n g s  o f  t h e  m a j o r i t y  of  p r e v io u s  i n v e s t i g a t o r s .  Of 

t h e  f i v e  h y p e r t e n s i v e  p a t i e n t s  w i th  p r e s y s t o l i c  g a l l o p  

rhy th m ,  t h r e e  showed e v id en ce  o f  c h ro n ic  n e p h r i t i s ,  which 

P o t a i n  and h i s  s c h o o l  r e g a r d e d  as t h e  commonest cause  of
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P r e s y s t o l i c  g a l l o p *

Two of t h e  p a t i e n t s  w i t h  p r e s y s t o l i c  g a l l o p  

rhy thm  had b u n d le  b r a n c h  b l o c k  and a n o t h e r  had m y o c a r d ia l  

i n f a r c t i o n *  b o t h  c o n d i t i o n s  which a re  a s s o c i a t e d  i n  t h e  

l i t e r a t u r e  w i t h  t h i s  ty p e  of  g a l l o p  rhythm* The a p p e a r -  

- ance  o f  a f o u r t h  h e a r t  sound d i d  n o t  depend on p r o lo n g 

a t i o n  o f  t h e  P-R i n t e r v a l ?  t h i s  view i s  f u r t h e r  s u p p o r t 

ed by e x p e r i m e n t a l  e v id e n ce  i n  C h a p te r  11*

T r a i n  w hee l  rhythm due t o  t h e  t h i r d  and f o u r t h  

h e a r t  sounds  has  seldom b e en  r e f e r r e d  t o  i n  t h e  l i t e r a t 

u re*  L u i s a d a  (1953)  a s s o c i a t e s  i t  w i t h  v e n t r i c u l a r  d i l 

a t a t i o n  o r  s t r a i n *  The f o u r  p a t i e n t s  w i t h  t r a i n  wheel  

rhy thm  i n  t h e  p r e s e n t  s e r i e s  were a l l  e l d e r l y  men s u f f e r 

in g  from c o n d i t i o n s  which would throw an e x c e s s iv e  load  

on t h e  l e f t  s i d e  of  t h e  h e a r t ;  one had a o r t i c  s t e n o s i s ,  

one a o r t i c  in c o m p e te n c e ,  and t h e  o t h e r  two showed e l e c t r o 

c a r d i o g r a p h i c  e v id e n c e  of l e f t  h e a r t  s t r a i n *

No d i a g n o s i s  of summation g a l l o p  was made* In  

3 c a s e s  n o t e d  as  h a v in g  a f o u r t h  h e a r t  sound,  summation 

g a l l o p  m igh t  have b een  s u s p e c t e d  from the l o g a r i t h m i c  

P*C«Gr*, b u t  t h e  l i n e a r  P.G.G* showed a s e p a r a t e  g roup  of 

v i b r a t i o n s  c o r r e s p o n d i n g  t o  t h e  t h i r d  h e a r t  sound* In  

on ly  one c a se  ( P a t i e n t  No. 29) is i t  f e l t  t h a t  summation 

g a l l o p  m igh t  have been  d e m o n s t ra te d  i f  s t e p s  had been  

t a k e n  t o  slow t h e  h e a r t  r a t e *
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(o )  From th e  s e r i e s  of c a r d i a c  p a t i e n t s  i n v e s 

t i g a t e d ,  two main d i a g n o s t i c  groups emerge,  m i t r a l  d i s e a s e  

and a r t e r i a l  h y p e r t e n s i o n *  In  the fo rm er  g roup  th e  m i t 

r a l  o pe n in g  sn a p  was found on ly  i n  c a s e s  of  m i t r a l  s t e n 

o s i s  and was commonest when t h i s  was t h e  only  l e s i o n :  

when t h e r e  was an a s s o c i a t e d  m i t r a l  incompetence  t h e  t h i r d  

h e a r t  sound was of commoner o c cu r ren c e  t h a n  t h e  m i t r a l  

o p e n in g  snap* This  s u p p o r t s  t h e  view of  Logan and T u rn e r  

(1953)  and S e l l o r s ,  B e d fo rd ,  and S o m e r v i l l e  (1953) t h a t  

t h e  o p e n in g  snap  i s  a f a v o u r a b l e  i n d i c a t i o n  f o r  m i t r a l  

va lvo tom y*  A l th ou g h  p r o t o d i a s t o l i c  g a l l o p  rhythm was 

commoner i n  combined m i t r a l  and a o r t i c  v a lv e  d i s e a s e  t h a n  

i n  pure  m i t r a l  s t e n o s i s ,  i t  o c cu r red  a l s o  i n  two of t h e  

f i v e  p a t i e n t s  w i t h  pure m i t r a l  incom petence :  t h e  s u g g e s 

t i o n  t h a t  th e  p a t h o l o g i c a l  t h i r d  h e a r t  sound i s  a s s o c i a t e d  

p a r t i c u l a r l y  w i t h  r i g h t  v e n t r i c u l a r  s t r a i n  i s  n o t  d i s 

c r e d i t e d  •

I n  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  t h e  f o u r t h  

h e a r t  sound was o f  common o c c u r r e n c e ,  e i t h e r  i n  p r e s y s 

t o l i c  g a l l o p  o r  i n  t r a i n  wheel  rhythm b u t  i t  was n o t  

s i g n i f i c a n t l y  commoner i n  t h i s  group t h a n  i n  th e  o t h e r  

c a r d i a c  p a t i e n t s *  The f o u r t h  h e a r t  sound was n o t  an 

i n d i c a t i o n  of c a r d i a c  f a i l u r e ,  e i t h e r  i n  p a t i e n t s  w i t h  

a r t e r i a l  h y p e r t e n s i o n  or  i n  the  s e r i e s  of  c a r d i a c  p a t i e n t s
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as  a w h o le .  G a l l o p  rhythm i s  seldom found i n  advanced 

c a r d i a c  f a i l u r e ;  i t  seems t o  he a s i g n  of s t r a i n  r a t h e r  

t h a n  of  d e c o m p e n s a t io n .

I  i n t e n d  i n  t h e  f u t u r e  t o  i n v e s t i g a t e  a l a r g e  

s e r i e s  of  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n ,  i n c l u d i n g  

t h o s e  w i t h  no c l i n i c a l  o r  e l e c t r o c a r d i o g r a p h i c  e v id en ce  

o f  c a r d i a c  s t r a i n ,  i n  o r d e r  t o  a s c e r t a i n  th e  r e l a t i o n  of  

g a l l o p  rhy thm  t o  c a r d i a c  s t r a i n  and t o  c a r d i a c  f a i l u r e  

i n  t h e s e  c a s e s  and t o  n o te  any app ea rance  or  d i s a p p e a r 

ance  o f  g a l l o p  rhythm w i t h  t r e a t m e n t  or  w i t h  sp o n tan eo us  

f l u c t u a t i o n s  i n  b lo o d  p r e s s u r e .

(d )  P r e v io u s  i n v e s t i g a t o r s  have found no s i g 

n i f i c a n t  a s s o c i a t i o n  be tw een  g a l l o p  rhythm or th e  m i t r a l  

o p e n in g  s n a p  and t h e  age or  3ex of t h e  p a t i e n t s  co nce rn e d :  

my o b s e r v a t i o n s  a r e  i n  agreem ent  w i th  t h i s .  On th e  

o t h e r  h an d ,  t r a i n  wheel  rhythm i n  t h i s  s e r i e s  occu r red  

o n ly  i n  men. U n l ike  some p r e v io u s  i n v e s t i g a t o r s  I  d id  

n o t  f i n d  t h a t  t a c h y c a r d i a  was a t  a l l  e s s e n t i a l  t o  th e  

p r o d u c t i o n  o f  g a l l o p  rh y th m .

(e  & f )  As m igh t  be e x p e c te d ,  t h e  i n c id e n c e  o f  

d e f l e c t i o n s  c o r r e s p o n d i n g  i n  t im e  t o  e x t r a  c a r d i a c  sounds 

was h i g h e r  on l i n e a r  t h a n  on l o g a r i t h m i c  P .O .G .s ,  a l t h o u g h  

t h e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  be tween  them. These 

d e f l e c t i o n s  were n o t  p r e s e n t  i n  every  case  as  t h e y  were 

on t h e  s t e t h o s c o p i c  and l i n e a r  r e c o r d s  of  normal  s u b j e c t s
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( C h a p t e r  6 ) .  A g r e a t e r  r an g e  of i n t e n s i t y  of t h e s e  v i b 
r a t i o n s  i s  found w i t h  h e a r t  d i s e a s e  t h a n  i n  norm al  s u b j e c t s :

a t  one ex t rem e  t h e  f o u r t h  h e a r t  sound or m i t r a l  open ing

s n a p  a p p e a r s  i n  t h e  l o g a r i t h m i c  P .C .G . ;  a t  th e  o t h e r

e x t r e m e ,  d e f l e c t i o n s  c o r r e s p o n d i n g  t o  t h e  t h i r d  or  f o u r t h

h e a r t  sound a r e  a b s e n t  even from th e  l i n e a r  P.C.G-.

As n o te d  i n  C h a p te r  6 , t h e r e  i s  n o rm a l ly  no 

q u i e s c e n t  b a s e - l i n e  d u r i n g  s y s t o l e  on t h e  l i n e a r  P .C .G . ,  

so  no d e f l e c t i o n s  d u r i n g  t h i s  p e r io d  can be i d e n t i f i e d  as 

c o r r e s p o n d i n g  t o  a d e f i n i t e  s y s t o l i c  e x t r a  sound .

(3 )  Combined a u s c u l t a t i o n  and p h o n o c a rd io g ra p h y .

The d e t e c t i o n  of  c a r d i a c  e x t r a  sounds on a u s -
>

c u l t a t i o n  showed no s i g n i f i c a n t  agreement w i th  t h e i r  d e 

t e c t i o n  by l o g a r i t h m i c  p h o n o card iog raph y ;  s i n c e  t h e s e  

sounds  were h e a rd  i n  only  f i v e  p a t i e n t s  such  c o r r e l a t i o n  

c o u ld  h a r d l y  have been  e x p e c t e d .  The p h o n o c a rd io g rap h ,  

a s  u s u a l ,  proved a more s e n s i t i v e  means of  d e t e c t i o n  

t h a n  t h e  human e a r ,  i n  s p i t e  of the  l i m i t a t i o n  of  i t s  

s e n s i t i v i t y  by th e  e l e c t r i c a l  f i l t e r s  i n  th e  p r e a m p l i f i e r . 

The f a c t o r s  i n v o lv e d  have a l r e a d y  been  d i s c u s s e d  i n  

C h a p te r  6 .

(4 )  F o l lo w -u p  a f t e r  6 -9  m onths .

( a )  The bad p r o g n o s t i c  s i g n i f i c a n c e  a t t r i b u t e d  

i n  t h e  p a s t  t o  p r e s y s t o l i c  g a l l o p  rhythm i s  borne  ou t  by 

t h e  s u b s e q u e n t  h i s t o r y  of  t h e  p a t i e n t s  i n v e s t i g a t e d  i n



144

jtk) h 
/fi&djs-j

I t h i s  s e r i e s *  Even a f t e r  t h e  s h o r t  p e r io d  o f  6~9 months
V

! had e l a p s e d  from t h e  t im e  th e  P.C.G-* was r e c o r d e d ,  th e  

c o n d i t i o n  o f  p a t i e n t s  whose r e c o r d s  had shown p r e s y s t o l i c

: g a l l o p  rhy thm  l&d d e t e r i o r a t e d  s i g n i f i c a n t l y  r e l a t i v e  t o

j t h a t  of  t h e  o t h e r  p a t i e n t s .  T h is  s u p p o r t s  t h e  view t h a t
I
j p r e s y s t o l i c  g a l l o p  rhythm i s  of grave  p r o g n o s t i c  s i g n i f i -

■ c a n c e .  I t  w i l l  be of  i n t e r e s t  t o  a s c e r t a i n ,  i n  t h e  

f u t u r e ,  t h e  c o n d i t i o n  of  t h e s e  p a t i e n t s  two y e a r s  a f t e r  

t h e  o r i g i n a l  e x a m in a t io n .

The same d e t e r i o r a t i o n  was n o t  obse rved  i n  th e  

c a se  of  t h o s e  p a t i e n t s  w i t h  p r o t o d i a s t o l i c  g a l l o p  rhy th m .  

T h is  s u p p o r t s  t h e  c o n t e n t i o n  of  Mannheimer ( 1 9 4 2 ) ,  F r i e d -  

l a n d e r  ( 1 9 4 5 ) ,  and C o ss io  and Korn (1947) t h a t  p r o t o d i a s 

t o l i c  g a l l o p  i s  n o t  an ominous s i g n ,  i n  c o n t r a s t  t o  th e  

b e l i e f  o f  Huchard ( 1 8 9 3 ) ,  Ham il ton  (1 9 4 1 ) ,  and White 

( 1 9 5 1 ) t h a t  i t  i s  o f  g r a v e r  p r o g n o s t i c  s i g n i f i c a n c e  t h a n  

is  p r e s y s t o l i c  g a l l o p .  In  t h e  younger  p a t i e n t s ,  of  c o u r s e ,  

p r o t o d i a s t o l i c  g a l l o p  may be q u i t e  p h y s i o l o g i c a l ;  i n  th e  

p r e s e n c e  o f  h e a r t  d i s e a s e ,  t r i p l e  rhythm due t o  t h e  t h i r d  

h e a r t  sound I s  a r b i t r a r i l y  d e s i g n a t e d  p r o t o d i a s t o l i c  

g a l l o p .

A l tho u gh  two out of  th e  f o u r  p a t i e n t s  w i th  quad

r u p l e  ( t r a i n  wheel )  rhythm had d i e d  d u r i n g  t h e  f o l l o w - u p  

p e r i o d ,  t h i s  s i g n  does  n o t  seem t o  be so  g rave  as  was 

s u g g e s t e d  by Laubry and R o u t i e r  (1 9 2 5 ) ,  who a f f i r m e d  t h a t
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i t  p r e s a g e d  d e a t h  i n  a few d a y s .  The two d e a t h s  which 

o c c u r r e d  i n  my s e r i e s  o c c u r re d  th e  one 3 months and t h e  

o t h e r  7 months a f t e r  t h e  q u a d ru p le  rhythm had heen  d e t e c t 

ed •

S y s t o l i c  g a l l o p  rhythm a p p e a re d  t o  have no

ominous s i g n i f i c a n c e ,  a f i n d i n g  which a g r e e s  w i t h  t h a t  of

most  r e c e n t  o b s e r v e r s .  I t  may be mere c o in c id e n c e  -when 

a s y s t o l i c  e x t r a  sound o ccu rs  i n  a p a t i e n t  w i t h  h e a r t  

d i s e a s e  •

The m i t r a l  opening  snap  co n f i rm s  a d i a g n o s i s  of 

m i t r a l  s t e n o s i s  b u t  i t s  p r o g n o s t i c  s i g n i f i c a n c e  a p p e a r s  

t o  be m e re ly  t h a t  of  th e  c o n co m itan t  m i t r a l  s t e n o s i s .

(b )  A l l  t h e  p a t i e n t s  w i th  a m i t r a l  open ing  snap

who were t r a c e d  a f t e r  6 -9  months were e i t h e r  unchanged or

J A im p ro ved ,  a s  were most c a s e s  of m i t r a l  s t e n o s i s  w i th o u t

an  o p e n in g  s n a p .  The improvement i n  t h i s  s e r i e s  was n o t
4  /IZA.

r e l a t e d  t o  t h e  o p e r a t i o n  of  m i t r a l  va lvotomy s i n c e  most
L LW  0f  fh g  p a t i e n t s  r e p o r t e d  as improved had n o t  been  o p e r a t e d

(V, *5 upon .

A l th o u g h  i t  was r e c o r d e d  only  i n  p a t i e n t s  wat'n 

^<■•44/j m i t r a l  s t e n o s i s ,  i t  i s  d o u b t f u l  w he ther  t h e  m i t r a l  s t e n o s i s

i t s e l f  can  be the  cause  of  th e  open ing  sn ap ,  s i n c e  two of 

t h e  p a t i e n t s  showing i t  had undergone a p p a r e n t l y  s u c c e s s -  

f u l  m i t r a l  v a lv o to m y .  In  a l a r g e r  s e r i e s ,  Wood (1954) 

found t h a t  t h e  open ing  snap  p e r s i s t e d  in  most o ases  a f t e r
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m i t r a l  v a lv o to m y .  D efo rm i ty  of  t h e  v a lv e  o r i f i c e  r a t h e r  

t h a n  a c t u a l  n a r r o w in g  may be t h e  e x p l a n a t i o n  of t h e  open

i n g  sn a p ;  t h i s  d e f o r m i t y  may even be I n c r e a s e d  by s u c c e s s 

f u l  d i v i s i o n  of  t h e  com m issures .

In  t h e  p a t i e n t s  w i th  m i t r a l  s t e n o s i s  and a o r t i c  

in co m p e tence  p r o t o d i a s t o l i c  g a l l o p  rhythm was a bad p ro g 

n o s t i c  s i g n :  of  t h e  p a t i e n t s  w i th  pure  m i t r a l  incom pet 

ence  b o t h  t h o s e  w i t h  p r o t o d i a s t o l i c  g a l l o p  rhythm improved:  

i n  n e i t h e r  o f  t h e s e  groups was t h e r e  any case  of p r e s y s 

t o l i c  g a l l o p  b u t  t h e  one p a t i e n t  w i t h  pure  m i t r a l  and 

a o r t i c  incom petence  showed t h i s  phenomenon. T h is  i s  

n e g a t i v e  s u p p o r t  f o r  th e  view t h a t  p r e s y s t o l i c  g a l l o p  

d e p en ds  on l e f t  v e n t r i c u l a r  s t r a i n .

An i n t e r e s t i n g  and unexpec ted  f i n d i n g  i n  th e  

p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  was t h a t  i n  none of  

t h o s e  who d i e d  d u r i n g  t h e  f o l lo w - u p  p e r io d  had c a r d i a c  

e x t r a  sounds  been  d e t e c t e d #  Four out  o f  t h e  f i v e  f a t a l  

c a s e s  showed s i g n s  of c o n g e s t i v e  c a r d i a c  f&Llure a t  t h e  

t im e  o f  t h e  e x a m in a t io n ,  and i t  i s  q u i t e  p o s s i b l e  t h a t  

g a l l o p  rh y th m ,  p r e v i o u s l y  p r e s e n t ,  may have d i s a p p e a r e d  

w i t h  t h e  o n s e t  o f  c a r d i a c  f a i l u r e .  The whole q u e s t i o n  

o f  t h e  i n c i d e n c e  and s i g n i f i c a n c e  of g a l l o p  rhythm i n  

a r t e r i a l  hyper tens ion  i s  due f o r  r e  i n v e s t i g a t i o n  now t h a t  

t h e  f a c i l i t i e s  of  modern phonocard iog raphy  a re  a v a i l a b l e .
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Summary

In a SQ r ie s  of 100 c a r d i a c  p a t i e n t s ,  p r o t o d i a s t o l i c  

g a l l o p  rhy thm  was h e a rd  i n  3 c a s e s ,  p r e s y s t o l i c  g a l l o p  

rhy thm  i n  one ,  and an opening  snap  of t h e  m i t r a l  v a lv e  

i n  o n e .  The p a t i e n t s  w i th  p r o t o d i a s t o l i c  g a l l o p  had 

r h e u m a t i c  h e a r t  d i s e a s e  and t h e  p a t i e n t  w i t h  p r e s y s t o l i c  

g a l l o p  had b u n d le  b r a n c h  b l o c k .  The open ing  snap  o c c u r re d  

i n  a p a t i e n t  w i t h  m i t r a l  s t e n o s i s .

On l o g a r i t h m i c  p h o n o c a rd io g rap h y ,  p r o t o d i a s t o l i c  g a l 

l o p  rhy thm  was r e c o r d e d  i n  15 p a t i e n t s  and p r e s y s t o l i c  

g a l l o p  i n  1 0 . A no th e r  4 p a t i e n t s  had t r a i n  wheel  rhy thm, 

due t o  t h e  p r e s e n c e  of  b o t h  t h i r d  and f o u r t h  h e a r t  so u n d s .

A s y s t o l i c  e x t r a  sound was d e t e c t e d  i n  3 c a se s  and a 

m i t r a l  o p e n in g  snap  i n  9 , one of whom had a l s o  a s y s t o l i c  

e x t r a  so u n d .

In  g e n e r a l ,  p r o t o d i a s t o l i c  g a l l o p  was a s s o c i a t e d  w i th  

r i g h t  h e a r t  s t r a i n ,  and p r e s y s t o l i c  g a l l o p  or  t r a i n  wheel  

rhy thm  w i t h  l e f t  h e a r t  s t r a i n :  none of  t h e s e  phenomena 

was a s i g n  of  c a r d i a c  f a i l u r e .  The m i t r a l  open ing  snap

was d e t e c t e d  on ly  i n  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s .

The m i t r a l  open ing  snap  o c cu r red  more commonly i n  

p a t i e n t s  i n  whom m i t r a l  s t e n o s i s  was t h e  only v a l v u l a r  

l e s i o n ;  i t  was r a r e r  when the m i t r a l  s t e n o s i s  was accom

p a n ie d  by a o r t i c  incompetence  and i t  d id  n o t  occur  a t  a l l
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when th e  p redo m in an t  m i t r a l  l e s i o n  was in com p e te n ce .  P r o -  

t o d i a s t o l l c  g a l l o p  rhythm was commoner i n  combined m i t r a l  

and a o r t i c  v a l v e  d i s e a s e  and i n  m i t r a l  incompetence  t h a n  

i n  p u re  m i t r a l  s t e n o s i s .

P r e s y s t o l i c  g a l l o p  rhythm was of common o c cu r ren c e  

i n  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  and l e f t  v e n t r i c u l a r  

s t r a i n :  i t  was n o t  a s i g n  of c a r d i a c  f a i l u r e  i n  t h e s e

p a t i e n t s .

N e i t h e r  g a l l o p  rhythm n o r  t h e  m i t r a l  open ing  snap  was 

r e l a t e d  t o  t h e  a g e ,  s e x ,  o r  h e a r t  r a t e  of t h e  p a t i e n t s .

V i b r a t i o n s  were r e c o r d e d  a t  th e  t im e  of t h e  t h i r d  

h e a r t  sound on th e  l i n e a r  P.C.Gr. of 75 p a t i e n t s ,  and a t  

t h e  t im e  of  t h e  f o u r t h  h e a r t  sound i n  52 p a t i e n t s ,  45 o f  

whom had a l s o  t h i r d  h e a r t  sound v i b r a t i o n s .  V i b r a t i o n s  

a t  t h e  t im e  o f  th e  m i t r a l  open ing  sn ap  were r e c o r d e d  on 

t h e  l i n e a r  P.C.Gr. o f  9 p a t i e n t s .  The appea rance  of  c a r 

d i a c  e x t r a  sounds  on t h e  l o g a r i t h m i c  P.C.G-. was s i g n i f i 

c a n t l y  r e l a t e d  t o  t h e  p re sen c e  of  th e  c o r r e s p o n d in g  v i b 

r a t i o n s  on t h e  l i n e a r  P.C.Gr.

There  was no s i g n i f i c a n t  agreement  between th e  d e 

t e c t i o n  of  c a r d i a c  e x t r a  sounds by a u s c u l t a t i o n  and oy

l o g a r i t h m i c  p h o n o c a r d io g r a p h y •

P r e s y s t o l i c  g a l l o p  rhy thm , as d e t e c t e d  by l o g a r i t h m i c  

p h o n o c a r d io g r a p h y ,  was found t o  be of  grave  p r o g n o s t i c  

s i g n i f i c a n c e .  P r o t o d i a s t o l i c  g a l l o p  rhythm d i d  n o t ,  as 

a r u l e ,  have t h i s  ominous s i g n i f i c a n c e «



149

Most o f  t h e  o a t i e n t s  w i t h  m i t r a l  v a lv e  d i s e a s e  were 

e i t h e r  unchanged or  improved a f t e r  6 -9  months* The 

p r o g r e s s  o f  t h o s e  w i t h  pure m i t r a l  s t e n o s i s  was n o t  s i g 

n i f i c a n t l y  r e l a t e d  t o  th e  p re s e n c e  o r  absence  of c a r d i a c  

e x t r a  sounds  a t  t h e  o r i g i n a l  i n v e s t i g a t i o n  o r  t o  th e  p e r 

form ance  o f  m i t r a l  v a lv o to m y .  In  t h e  p a t i e n t s  w i t h  com

b i n e d  m i t r a l  and a o r t i c  v a lv e  d i s e a s e ,  p r o t o d i a s t o l i c  

g a l l o p  was a bad p r o g n o s t i c  s i g n .

In  t h e  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n ,  n e i t h e r  

g a l l o p  n o r  t r a i n  w heel  rhythm had any grave  p r o g n o s t i c  

s i g n i f i c a n c e :  none of t h o s e  who d i e d  d u r i n g  t h e  n e x t

6 - 9  months had any c a r d i a c  e x t r a  sounds a t  t h e  o r i g i n a l  

i n v e s t i g a t i o n .



PART V

EXPERIMENTAL STUDY OP TRIPLE CARDIAC RHYTHM

"Our knowledge of the cause of the th ird  sound I s  so 

meager as to  make v a lu e le ss  any speculation  w ith regard 

to  i t ."

J.A.E. Eyster (1911) 
The time re la tio n s of 
the venous pulse and 
the heart sounds.
J. exp. l e d . ,  v o l .  14
p. 601

*» put why th in k , -  why not try  the experiment?"

John Hunter  (1775) 
L e t t e r  t o  Edward J e n n e r
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C h ap te r  9

The m echanism o f p ro d u c t io n  of c a r d i a c  e x t r a  sounds

Many v iew s  on t h e  a e t i o l o g y  of c a r d i a c  e x t r a  sounds 

have been  e x p r e s s e d  (C h a p te r  7 ) ,  b u t  t h e  number of  a u t h o r s  

h a z a r d i n g  an  o p i n io n  as t o  t h e  mechanism o f  p r o d u c t i o n  

o f  t h e s e  sounds i s  g r e a t l y  i n  e x c e s s  of t h e  number of 

t h o s e  who have so ug h t  any e x p e r i m e n t a l  v e r i f i c a t i o n  of 

t h e i r  i d e a s •

E x p e r im e n t s  on man

E x p e r i m e n t a l  work on human s u b j e c t s  has n e c e s s a r i l y  

b e e n  l i m i t e d  i n  s c o p e .  Most a u th o r s  have been  c o n te n t  

t o  o b se rv e  t h e  i n c i d e n c e  and n a t u r e  of t h e  e x t r a  sounds 

a s  d e t e c t e d  by a u s c u l t a t i o n  o r  by t h e  v a r i o u s  modes of 

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

o f  v e n o u s  b lo o d  t o  t h e  h e a r t  on c a r d i a c  e x t r a  sounds h a s ,  

h ow ever ,  b e e n  s t u d i e d  by a few i n v e s t i g a t o r s .  G-ubergri tz  

( 1 9 2 6 ) i n c r e a s e d  t h e  venous  r e t u r n  by p r e s s u r e  on t h e  ab

domen or  slowed t h e  h e a r t  by p r e s s u r e  on th e  e y e b a l l s ;  

e i t h e r  manoeuvre te n d e d  t o  r e v e a l  a t h i r d  h e a r t  sound or  

t o  enhance  one a l r e a d y  p r e s e n t .  Thayer (1910) and B r i d 

gman ( 1 9 1 5 ) made t h e  t h i r d  h e a r t  sound a p p ea r  by r a i s i n g  

t h e  s u b j e c t * s  l i m b s .  S c hb lm er ich  and G-ehl (1951) put 

t h e i r  s u b j e c t s  on a t i l t i n g  t a b l e  and found t h a t  th e  t h i r d  

sound was enhanced  when th e  head was lowered and d i s a p p e a r 
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ed when i t  was r a i s e d .  E n g e l b e r t z  (1953) o b t a i n e d  th e  

same r e s u l t  i n  t h e  case  of th e  f o u r t h  h e a r t  sound .  L ian  

and H uber t  ( 1 9 4 8 a ,b )  found t h a t  p r e s y s t o l i c  g a l l o p  rhythm 

a p p e a re d  a f t e r  e x e r c i s e  in  a number o f  c a r d i a c  p a t i e n t s  

b u t  d i d  n o t  a p p e a r  i n  any of th e  norm al  s u b j e c t s  s u b m i t t e d  

t o  t h e  same t e s t .

E x p e r im e n t s  on an im a ls

Animal e x p e r im e n t  i s  l i m i t e d  by th e  v a r i a b l e  o c c u r r 

ence  o f  c a r d i a c  e x t r a  sounds i n  d i f f e r e n t  s p e c i e s .  A l 

th o u g h  t h e  f i r s t  and second h e a r t  sounds of o t h e r  mammals 

r e s e m b le  t h o s e  of  man ( B r i t i s h  A s s o c i a t i o n ,  1840; H a l f o r d ,  

1 8 6 0 ) ,  t h i s  i s  n o t  a lways th e  case  f o r  e x t r a  sou n ds .  

D 'E s p in e  (1882)  found i t  v e ry  d i f f i c u l t  t o  produce c a r d i a c  

e x t r a  sounds i n  th e  dog,  a l t h o u g h  t h e y  were n o rm a l ly  p r e s 

e n t  i n  th e  h o r s e .  Thayer  (1908) h e a rd  th e  t h i r d  h e a r t  

sound i n  some of  h i s  d o g s ,  b u t  Lewis (1913b) d id  n o t  h e a r  

i t  i n  any of  h i s .  M e l ik -G i i ln a sa r i a n  (1932a)  h ea rd  i t  a t  

t h e  c h e s t  w a l l  i n  n o t  more t h a n  of  h i s  dogs and a t  t h e  

ap ex  of  t h e  exposed  h e a r t  i n  25^®

E y s t e r  (1911)  r e c o r d e d  th e  t h i r d  h e a r t  sound from 

dogs when t h e  h e a r t  r a t e  was s low .  Boyer (1942) r e c o r d e d  

i t  as  a s p o n ta n e o u s  phenomenon i n  some dogs ;  i n  o t h e r s  

i t  Gould be produced  by r a p i d  i n f u s i o n  of  s a l i n e  or  by 

a s p h y x i a .  L u is a d a  and Mautner  (1943) d e t e c t e d  th e  t h i r d
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sound by s t e t h o s c o p l c  phonocard io g rap h y  in  some dogs and 

s u c c e e d e d  i n  p r o d u c in g  i t  i n  o t h e r s  by i n j e c t i o n  of  d i g i 

t a l i s ,  o u a b a i n e ,  o r  a d r e n a l i n e .  The f o u r t h  sound was 

u s u a l l y  o b v io u s  when t h e  an im al*s  h e a r t  r a t e  was s low, 

e s p e c i a l l y  i f  a t r i o - v e n t r i c u l a r  c o n d u c t io n  were d e la y e d  

by d i g i t a l i s ,  m ory l  ( c a rb a m y lc h o l in e  c h l o r i d e ) ,  o r  m echo ly l  

(ace ty l -y t f  - m e t h y l  c h o l i n e ) ,  or  by e l e c t r i c a l  s t i m u l a t i o n  

o f  t h e  v a g u s .  Summation g a l l o p  was observed  when t a c h y 

ca rd ia ,  had b e e n  induced  by t h e  i n j e c t i o n  of  a d r e n a l i n e .  

L u i s a d a ,  W e isz ,  and Hantman (1 9 4 4 ) ,  by s t e t h o s c o p l c  

p h o n o c a r d i o g r a p h y ,  r e c o r d e d  t h i r d  h e a r t  sound v i b r a t i o n s  

from dogs and donkeys b u t  f a i l e d  t o  r e c o r d  them from 

o t h e r  d o m e s t i c  a n im a l s  e x c e p t ,  r a r e l y ,  t h e  h o r s e .  They 

r e c o r d e d  v i b r a t i o n s  a t  t h e  t im e  of t h e  f o u r t h  h e a r t  sound 

i n  d o g s ,  oxen,  sw in e ,  sh e e p ,  and g u i n e a - p i g s .  Smith 

( 1 9 4 4 ) h e a r d  and r e c o r d e d  t h e  t h i r d  sound from t h e  exposed 

l e f t  v e n t r i c l e  of  a number o f  h i s  d o g s .

F o g e l s o n  (1932)  and Braun-Men^ndez and S o l a r i  ( 1936a ,b )  

d i v i d e d  o r  c r u s h e d  t h e  a t r i o - v e n t r i c u l a r  bundle  of th e  dog 

h e a r t  and o b se rv ed  th e  i s o l a t e d  f o u r t h  h e a r t  sound t h e r e 

a f t e r .  D e layed  a t r i o - v e n t r i c u l a r  c o n d u c t io n ,  a ch ie v e d  

By p a r t i a l  d e s t r u c t i o n  of t h e  a t r i o - v e n t r i c u l a r  b u n d le  or  

by  s t i m u l a t i o n  o f  t h e  l e f t  vagus n e r v e ,  gave r i s e  t o  

p r e s y s t o l i c  g a l l o p  rhy th m .



H a l f o r d  ( i 8 6 0 )  found t h a t  i f  b o t h  venae  cavae and 

t h e  pulmonary v e i n s  of  a dog were o cc luded  no sound was 

a u d i b l e  from t h e  exposed h e a r t ,  a l t h o u g h  i t  c o n t i n i 83d t o  

b e a t *  K r e h l  (1889)  found t h a t  t h e  f i r s t  and second h e a r t  

sounds  c o u ld  s t i l l  be hea rd  from t h e  exposed dog h e a r t  

a f t e r  t h e  venae  cavae  had been  occluded* Wiggers (1919) 

d e m o n s t r a t e d  by ’d i r e c t *  p honocard iog raphy  a r e d u c t i o n  i n  

a m p l i tu d e  of t h e  f i r s t  and second h e a r t  sounds i n  t h e  

dog when t h e  p o s t e r i o r  v ena  cava was clamped!  w i t h  r a p i d  

i n t r a v e n o u s  i n f u s i o n  t h e r e  was no i n c r e a s e  i n  am pl i tude  

of  t h e  f i r s t  sound b u t  a d e f i n i t e  i n c r e a s e  i n  am pl i tude  

o f  t h e  second  sound*

Dock (1933)  found t h a t  t h e  f i r s t  h e a r t  sound of th e  

d o g  was d i m i n i s h e d ,  b u t  n o t  a b o l i s h e d ,  by o c c l u s i o n  of  

t h e  venae  c a v a e ,  and Sm ith ,  G-ilson and Kountz (1941) 

found  t h a t  i t  was a b o l i s h e d  by t i g h t e n i n g  a l i g a t u r e  

ro u nd  t h e  a t r i o - v e n t r i c u l a r  su lc u s*

T h i r d  h e a r t  sound

The mechanism of  p r o d u c t i o n  of th e  t h i r d  h e a r t  sound 

has  b e e n  v a r i o u s l y  e x p la in e d  by v a r i o u s  a u t h o r s ,  as  d e t 

a i l e d  i n  C h a p te r  7* P o t a i n  (1894) a s c r i b e d  t h e  p r o t o d i 

a s t o l i c  g a l l o p  sound t o  v i b r a t i o n s  s e t  up i n  th e  v e n t r i c 

u l a r  w a l l  by t h e  impact  o f  b lood  f lo w in g  i n  from th e  a t r i a .  

He b e l i e v e d  t h a t  t h i s  would occur  p a r t i c u l a r l y  i f  t h e
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v e n t r i c u l a r  w a l l  were unduly r i g i d  or  unduly  f l a c c i d .

Among o t h e r s  who b e l i e v e d  t h a t  th e  t h i r d  h e a r t  sound i s  

i n i t i a l l y  due t o  v i b r a t i o n s  of t h e  v e n t r i c u l a r  w a l l  a re  

G u b e r g r i t z  ( 1 9 2 6 ) ,  L eonhard t  ( 1 9 3 2 ) ,  Braun-Menendez and 

Oiias ( 1 9 3 4 ) ,  Mannheimer (1 9 4 0 ) ,  L ia n  ( 1 9 4 6 ) ,  and O r ia s  

(1949)*  Boyer (1942)  showed by p ho nocard iog raphy  of  t h e  

exposed  dog  h e a r t  t h a t  a l i g h t  t a p  on th e  v e n t r i c l e  p r o 

duced  v i b r a t i o n s  l i k e  t h o s e  of t h e  t h i r d  h e a r t  sound .

Ohm ( 1 9 2 1 ) ,  R o u t i e r  and Van Bogaer t  (1934b) and C a r l -  

g r e n  (1946)  s u s t a i n e d  P o t a i n f s f u r t h e r  argument  t h a t  th e  

t h i r d  sound v i b r a t i o n s  of  t h e  v e n t r i c u l a r  w a l l  occur  more 

r e a d i l y  when t h e r e  i s  d e v i a t i o n  from t h e  normal  v e n t r i c u 

l a r  t o n e .  C a r l g r e n  produced m y o ca rd ia l  l e s i o n s  i n  r a b b 

i t s  by t h e  i n j e c t i o n  of s p a r t e i n e  or  c a f f e i n e ,  fo l low ed  

by a d r e n a l i n e ;  w i th  t h e  r e d u c t i o n  in  m y o ca rd ia l  tone  

t h u s  e f f e c t e d ,  a c a r d i a c  e x t r a  sound,  u s u a l l y  t h e  t h i r d  

h e a r t  sou n d ,  ap p ea re d  i n  most of th e  a n im a l s .

The o t h e r  p o p u l a r  t h e o r y  f o r  th e  o r i g i n  of t h e  t h i r d  

h e a r t  sound i s  t h a t  i t  i s  p r i m a r i l y  due t o  v i b r a t i o n s  of 

t h e  cu sp s  of  t h e  a t r i o - v e n t r i c u l a r  v a l v e s .  Gibson (1907)* 

H i r s c h f e l d e r  ( 1 9 0 7 ) ,  S e w a l l  (1 9 0 9 ) ,  Henderson and Johnson 

( 1 9 1 2 ) ,  P e z z i  and Lutembacher (1 9 1 3 ) ,  Bridgman (1 9 1 5 ) ,

Lewis ( 1 9 2 0 ) ,  Levine  and Harvey ( 1 9 4 9 ) ,  L i t t l e  ( 1 9 o l )  

h e l d  t h a t  t h e s e  v i b r a t i o n s  a re  due t o  t h e  v a lv e  cusps  

f l o a t i n g  i n t o  a p p o s i t i o n  as t h e  v e n t r i c l e s  f i l l ,  t o  be
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s e p a r a t e d  a g a i n  l a t e r  by a t r i a l  s y s t o l e ,  Henderson and 

Joh n so n  (1912)  d e m o n s t r a t e d  on t h e  e x c i s e d  ox h e a r t  t h a t  

v a l v e  c l o s u r e  c o u ld  be e f f e c t e d  by b r e a k i n g  th e  j e t  o f  

b lo o d  from a t r i a  i n t o  v e n t r i c l e s  i n  t h e  absence  of  any 

v e n t r i c u l a r  c o n t r a c t i o n ,  and th e y  showed t h a t  t h i s  i s  a 

h i g h l y  e f f i c i e n t  method of  v a l v u l a r  c l o s u r e  s in c e  i t  p r e 

v e n t s  t h e  i n i t i a l  r e g u r g i t a t i o n  i n e v i t a b l e  i f  t h e  v a lv e s  

a r e  c l o s e d  by s t a t i c  back  p r e s s u r e .  They a f f i r m e d  t h a t  

t h e  t h i r d  h e a r t  sound i s  due t o  a p p o s i t i o n  of th e  a t r i o 

v e n t r i c u l a r  v a lv e  c u s p s ,  caused  by sudden s low ing  of t h e  

f low  of  b lo o d  i n t o  t h e  v e n t r i c l e s  a t  t h e  end o f  t h e  r a p i d -  

f i l l i n g  phase  of  d i a s t o l e .  L i t t l e  (1951) concluded from 

i n t r a - a t r i a l  and i n t r a - v e n t r i c u l a r  p r e s s u r e  cu rves  t h a t  

t h e  a t r i o - v e n t r i c u l a r  v a l v e s  do c lo s e  in  e a r l y  d i a s t o l e ,  

T h ay e r  (1 9 08 ,  1910) ,  von Wyss ( 1 9 1 1 ) ,  Hol t  (1 9 2 7 ) ,  

and Bramwell  (1935"b) a s s o c i a t e d  th e  t h i r d  sound w i th  v i b 

r a t i o n s  due t o  t h e  sudden open ing  of  t h e  a t r i o - v e n t r i c u l a r  

v a l v e s ,  b u t  many i n v e s t i g a t o r s  have s i n c e  shown t h a t  t h e  

t h i r d  sound o c c u r s  an a p p r e c i a b l e  t im e  a f t e r  t h e  open ing  

o f  t h e s e  v a l v e s  and t h a t  an obvious  opening  sound of th e  

m i t r a l  v a l v e  i s  c h a r a c t e r i s t i c  of m i t r a l  s t e n o s i s  (C h a p te r  7)» 

The t h i r d  h e a r t  sound has a l s o  been a s c r i b e d  t o  v i b 

r a t i o n s  o f  t h e  s e m i lu n a r  v a l v e s  ( E in th o v e n ,  1907t>5 Hess ,

1915; T i g e r s t e d t ,  1921) ,  t o  m y o c a rd ia l  a c t i v i t y  (B ard ,

1922;  S m i th ,  194 4 ) ,  and t o  impact of t h e  h e a r t  a g a i n s t  the
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c h e s t  w a l l  (B o y e r ,  E c k s t e i n  & W iggers ,  1 9 4 0 ) .  There i s  

no e x p e r i m e n t a l  s u p p o r t  f o r  S i n t h o v e n f s t h e o r y ,  h u t  some 

f o r  t h a t  of Bard and Smith  t h a t  the v i b r a t i o n s  may be due 

p r i m a r i l y  t o  m y o c a r d i a l  a c t i v i t y .  Working on t h e  exposed  

dog h e a r t ,  Sm ith  i n t r o d u c e d  th r o u g h  t h e  m i t r a l  v a lv e  i n t o  

t h e  l e f t  v e n t r i c l e  a d i s c  a t t a c h e d  t o  a r o d ;  t h i s  cou ld  

t h e n  be drawn b a c k  t o  c lo s e  t h e  v a l v e .  When th e  venous 

i n f l o w  t o  t h e  v e n t r i c l e  was a r r e s t e d ,  e i t h e r  by o c c lu d in g  

t h e  g r e a t  v e i n s  o r  by b l o c k i n g  th e  a t r i o - v e n t r i c u l a r  v a lv e  

w i t h  t h e  s p e c i a l  d e v i c e ,  Smith found t h a t  t h e  f i r s t  and 

t h i r d  h e a r t  sounds p e r s i s t e d  b u t  t h e  second sound d i s 

a p p e a r e d .  The l a s t  t h e o r y ,  t h a t  o f  Boyer e t  a l . ,  t h a t  

t h e  t h i r d  h e a r t  sound i s  due t o  impact of t h e  h e a r t  a g a i n s t  

t h e  c h e s t  w a l l ,  i s  a d e q u a t e ly  r e f u t e d  by th o s e  o b s e rv e r s  

i n c l u d i n g  W iggers  (1923)  and m y s e l f ,  who have l i s t e n e d  t o  

o r  r e c o r d e d  t h i s  sound from th e  exposed h e a r t .

F o u r t h  h e a r t  sound

In  h i s  c l a s s i c  d e s c r i p t i o n  of p r e s y s t o l i c  g a l l o p  rhythm, 

C h a r c e l a y  ( 1 8 3 8 ) a t t r i b u t e d  t h e  e x t r a  sound, which we sh o u ld  

now c a l l  t h e  f o u r t h  h e a r t  sound,  t o  a u d ib l e  c o n t r a c t i o n  

of  a h y p e r t r o p h i e d  a t r i u m .  Autopsy on h i s  p a t i e n t  r e 

v e a l e d  t h e  e x p e c te d  a t r i a l  h y p e r t r o p h y .  C h a r c e l a y 1s 

t h e o r y  was s u p p o r t e d  by Johnson ( 1 876 ) ,  K reh l  ( I 8 8 9 ) ,  

B en jam ins  ( 1 9 1 4 ) ,  and Mond and Oppenheimer ( 1 9 2 9 h  Ben
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jam ins  h e a rd  a loud  f o u r t h  h e a r t  sound when t h e  s p e c i a l  

e n d - p i e c e  o f  h i s  s t e t h o s c o p e  was passed  down the. s u b j e c t ' s  

o esophagus  t o  b e h in d  t h e  a t r i a .

O th e r  o b s e r v e r s ,  w h i le  b e l i e v i n g  t h e  f o u r t h  h e a r t  

sound t o  be due t o  m u sc u la r  c o n t r a c t i o n  of t h e  a t r i a ,  h e ld  

t h a t  t h e  most i m p o r t a n t  f a c t o r  i n  r e v e a l i n g  t h e  sound i s  

d e l a y e d  c o n d u c t io n  of  t h e  c a r d i a c  impulse  from a t r i a  t o  

v e n t r i c l e s  so  t h a t  t h e  e n su in g  f i r s t  sound i s  d e la y ed  and 

d o e s  n o t  mask th e  a t r i a l  sound .  T h is  view was e x p re s s e d  

by  von  Wyss ( 1 9 1 1 ) ,  Reid ( 1 9 2 1 ) ,  Mel ik-G-l i lnasar ian  (1 9 3 2 b ) ,  

F o g e l s o n  ( 1 9 3 2 ) ,  and Macleod, W ilson  and B a rk e r  (1 9 3 2 ) .  

M el ik -G -to lnasar ian  f a i l e d  t o  produce a f o u r t h  h e a r t  sound 

i n  dogs when a t r i o - v e n t r i c u l a r  c o n d u c t io n  was d e la y e d  by 

v a g a l  s t i m u l a t i o n  o r  by p h y so s t lg m in e ,  b u t  F og e lso n  su c 

c eeded  i n  d e m o n s t r a t i n g  i t  i n  dogs when complete  h e a r t  

b l o c k  was ind u ced  by d i v i s i o n  of t h e  bund le  of H i s .  De

l a y e d  a t r i o - v e n t r i c u l a r  c o n d u c t io n  i s  a r a r e  f i n d i n g  i n  

human c a s e s  of g a l l o p  rhythm (Bramwell ,  1935b) .

P o t a i n  (1 8 94 ,  1900b) b e l i e v e d  t h a t  p r e s y s t o l i c  g a l l o p  

i s  due t o  th e  im pac t  i n f lo w in g  b lo od  on t h e  v e n t r i 

c u l a r  w a l l  d u r i n g  a t r i a l  s y s t o l e .  Bridgman ( 1 9 1 4 ) ,  Bard 

( 1 9 2 2 ) ,  Braun-Menendez and Or£as (1 9 3 4 ) ,  and Bramwell 

(1935b)  a l l  s u p p o r t e d  P o t a i n 1 s t h e o r y ,  b u t  w i th o u t  any 

e x p e r i m e n t a l  e v i d e n c e .
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Braun-Menendez and S o l a r i  ( 1936a ,b )  Induced complete  

h e a r t  b l o c k  i n  dogs by c r u s h i n g  t h e  b u n d le  o f  His w i t h  

f o r c e p s  o r  by s t r o n g  s t i m u l a t i o n  of t h e  l e f t  vagus  n e r v e .  

They n o te d  t h r e e  components of  the  i s o l a t e d  a t r i a l  sound,  

t h e  f i r s t  r e g i s t r a b l e  from t h e  a t r i a  and a t t r i b u t a b l e  t o  

a t r i a l  c o n t r a c t i o n ,  t h e  second r e g i s t r a b l e  from t h e  ven«- 

t r i c l e s  and c o i n c i d i n g  w i t h  maximal d i l a t a t i o n ,  th e  t h i r d  

r e g i s t r a b l e  from b o t h  a t r i a  and v e n t r i c l e s  and a t t r i b u t 

a b l e  t o  a sudden  p a r t i a l  c l o s u r e  of t h e  a t r i o - v e n t r i c u l a r  

v a l v e s .  Dean (1916)  had shown i n  t h e  i s o l a t e d  b e a t i n g  

h e a r t  o f  t h e  c a t  t h a t  incom p le te  c l o s u r e  of th e  m i t r a l  

c u sp s  o c c u r s  a t  t h e  end o f  a t r i a l  s y s t o l e ,  b e f o r e  ven 

t r i c u l a r  s y s t o l e  commences.

O th e r  e x p l a n a t i o n s  of  p r e s y s t o l i c  g a l l o p  rhythm men

t i o n e d  i n  C h a p te r  7 i n c l u d e :  a synchronous  c o n t r a c t i o n  of

t h e  two v e n t r i c l e s  (W alshe ,  1873 > B a r r ,  18775 B in d le y ,  

1878;  P e t e r ,  I 8 8 3 ) ;  t w o - s t a g e  v e n t r i c u l a r  c o n t r a c t i o n  

( C u f f e r  & B a r b i l l i o n ,  1887? B ouvere t  & C h a b a l i e r ,  1889)5 

and a u d i b l e  c o n t r a c t i o n  of th e  p a p i l l a r y  muscles  an 

a p p r e c i a b l e  t im e  b e f o r e  t h a t  of th e  v e n t r i c u l a r  w a l l  (A, 

Chauveau,  1900; H. Chauveau,  1 902) .  The f i r s t  of  t h e s e  

t h e o r i e s  was d i s p r o v e d  by Katz (1925) who d e m o n s t ra te d  by 

c a r e f u l  e x p e r im e n t  on dogs t h a t  asynchrony  of t h e  v e n t r i 

c l e s  i s  o f  v e r y  minor  d e g r e e ;  H ol t  (1927) p o in te d  out
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t h a t  t h i s  a sy n ch ro n y  would g iv e  r i s e  t o  s p l i t t i n g  of t h e  

f i r s t  h e a r t  sound r a t h e r  t h a n  t o  p r e s y s t o l i c  g a l l o p  rhy thm .  

There  i s  no e v id e n c e  f o r  tw o - s t a g e  c o n t r a c t i o n  of  t h e  v e n 

t r i c l e s .  A. Chauveau, by means of a c a t h e t e r  i n t r o d u c e d  

t h r o u g h  t h e  a o r t a  i n t o  t h e  l e f t  v e n t r i c l e  of t h e  h o r s e ,  

d e t e c t e d  a v e n t r i c u l a r  p r e s s u r e  wave be tw een  t h e  end o f  

a t r i a l  and t h e  b e g i n n i n g  of v e n t r i c u l a r  s y s t o l e ;  he a s 

c r i b e d  t h i s  wave t o  c o n t r a c t i o n  of  t h e  p a p i l l a r y  m u s c le s .  

But even  i f  t h i s  be t r u e  t h e r e  i s  s t i l l  no adequ a te  e v i 

dence  t h a t  t h e  phenomenon i s  r e l a t e d  t o  t h e  f o u r t h  h e a r t  

so u n d .

Summation sound

Gbrastzow ( 1 9 0 5 ) obse rved  t h a t ,  i n  t a c h y c a r d i a ,  p r e 

s y s t o l i c  and p r o t o d i a s t o l i c  e x t r a  sounds might c o i n c i d e ; 

t h i s  p ro d u ce s  what i s  now c a l l e d  t h e  summation sound.  

S e p a r a t i o n  o f  t h e  two components of the  summation sound 

by s lo w in g  t h e  h e a r t  has  been  d e m o n s t ra te d  in  human sub

j e c t s  by M acleod,  W il so n ,  and B a rk e r  ( 1 9 3 2 ) .  L u is ad a  and 

M au tner  (1943)  induced  a summation sound i n  dogs by th e  

i n j e c t i o n  of  e p i n e p h r i n e  t o  cause  t a c h y c a r d i a *

S y s t o l i c  ex tra ,  sound

A p r o t o s y s t o l i c  e x t r a  sound was d e s c r i b e d  by C u f fe r  

and B arb  i l l i o n  ( 1 8 8 7 ) ,  Bouvere t  and C h a b a l i e r  (1 8 8 9 ) ,  and 

Laubry  and P e z z i  ( 1 9 2 6 ) ,  who a l l  a s c r i b e d  i t  t o  abnormal  

s e p a r a t i o n  of  t h e  m u sc u la r  and v a l v u l a r  components of
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t h e  f i r s t  h e a r t  sound* None of  t h e s e  a u t h o r s  c i t e d  e v i d 

ence  i n  s u p p o r t  o f  t h e i r  c o n t e n t i o n s .

A mesosysbolic  e x t r a  sound was d e s c r i b e d  "by P o t a i n  

(1894)  and Wiedemann ( 1 9 1 4 ) ,  who b o t h  a t t r i b u t e d  i t  t o  

r a p i d  e j e c t i o n  of b lo o d  i n t o  t h e  a o r t a ,  i n  c a se s  where t h e  

e l a s t i c i t y  o f  t h e  a o r t i c  w a l l  was reduced*  T h is  does  n o t  

e x p l a i n  a l l  t h e  ob se rv ed  c a se s  of  t h e  s y s t o l i c  e x t r a  sound,  

whose c a u s e ,  i n  most c a s e s ,  i s  s t i l l  t o  s e e k .

M i t r a l  o p e n in g  s n a p .

Rouch^s (1888)  d e s c r i b e d  t h e  opening  snap  of t h e  m i t 

r a l  v a l v e  and a t t r i b u t e d  i t  t o  sudden s t r e t c h i n g  of t h e  

c u sp s  o f  a s t e n o s e d  v a lv e  when th ey  f a i l  t o  open com ple te 

l y  i n  e a r l y  d i a s t o l e .  This  e x p l a n a t i o n  has been  s u s t 

a in e d  by t h o s e  su b s e q u e n t  o b s e r v e r s ,  i n c l u d i n g  P o t a i n  

( 1 8 9 4 ) ,  W o l f e r t h  and M a rg o l ie s  (1 9 3 7 ) ,  and L u isada  (19 5 3 ) ,  

who have n o t  co n fu sed  th e  m i t r a l  opening  snap w i th  e i t h e r  

t h e  t h i r d  h e a r t  sound or  t h e  second p a r t  of a s p l i t  second 

s o u n d .  E x p e r i m e n t a l  i n v e s t i g a t i o n  of  t h e  phenomenon i s  

r e s t r i c t e d  by t h e  d i f f i c u l t y  o f  producing  an a r t i f i c i a l  

m i t r a l  s t e n o s i s  i n  e x p e r i m e n t a l  an imals*

Summary

The a c t u a l  mechanism of p r o d u c t i o n  of t h e  s e v e r a l  

c a r d i a c  e x t r a  sounds i s  s t i l l  i n  d o u b t .

Most o b s e r v e r s  c o n s i d e r  th e  t h i r d  h e a r t  sound t o  be 

p r i m a r i l y  due t o  v i b r a t i o n s  of  th e  v e n t r i c u l a r  w a l l ,
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cau se d  "by t h e  sudden  impact  of b lo o d  from t h e  a t r i a  i n  

e a r l y  d i a s t o l e ,  or  t o  v i b r a t i o n s  of t h e  cusps  of th e  

a t r i o - v e n t r i c u l a r  v a l v e s  when th e y  f l o a t  i n t o  a p p o s i t i o n  

a s  t h e  v e n t r i c l e  f i l l s ,  o r  t o  b o t h  t h e s e  f a c t o r s *

The f o u r t h  h e a r t  sound has b een  a s c r i b e d  t o  a u d ib l e  

m u s c u la r  c o n t r a c t i o n  of  t h e  a t r i a  and t o  v i b r a t i o n s  of  

t h e  v e n t r i c u l a r  w a l l  s e t  up by th e  i n r u s h  of b lood  a t  

a t r i a l  s y s t o l e .  P ro b a b ly  b o t h  t h e s e  f a c t o r s  p lay  a 

p a r t *

The summation sound i s ,  by d e f i n i t i o n ,  due t o  s u p e r 

p o s i t i o n  o f  t h e  t h i r d  and f o u r t h  h e a r t  sounds .

The c au se  of  t h e  s y s t o l i c  e x t r a  sound i s  n o t  known* 

The m i t r a l  open ing  snap  i s  p ro b ab ly  due t o  v i b r a t i o n s  

s e t  up i n  t h e  cusp s  o f  a s t e n o s e d  m i t r a l  v a lv e  when i t s  

o p e n in g  i n  e a r l y  d i a s t o l e  i s  sudden ly  checked*
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C h ap te r  10

The e f f e c t  of v a r i a t i o n s  in  t h e  r a t e  of  f i l l i n g

of  t h e  h e a r t  on t h e  am p l i tu d e  of  c a r d i a c  e x t r a

sounds In  man

The t h i r d  h e a r t  sound i s  u s u a l l y  a s c r i b e d  , as n o te d  

i n  C hap te rs  5 and 9 ,  t o  r a p i d  f i l l i n g  of  the v e n t r i c l e s  i n  

e a r l y  d i a s t o l e ,  w h a te v e r  p a r t  of t h e  h e a r t  may be p r im 

a r i l y  s e t  i n t o  v i b r a t i o n .  I t  i s  o f t e n  r e f e r r e d  t o  as  th e  

’ r a p i d - f i l l i n g 1 sound b ecau se  i t  o ccu rs  a t  t h e  t ime i n  

t h e  c a r d i a c  c y c l e  when th e  v e n t r i c l e s  a re  f i l l i n g  most 

r a p i d l y .  I f  t h e  sound i s  i n  f a c t  dependen t  on t h i s ,  one 

m igh t  e x p e c t  i t  t o  become l o u d e r  i f  the  r a t e  of v e n t r i 

c u l a r  f i l l i n g  were i n c r e a s e d ,  and f a i n t e r  i f  i t  were 

d i m i n i s h e d .  Modern phon o card iog raph y  makes i t  p o s s i b l e  

t o  d e m o n s t r a t e  o b j e c t i v e l y  any such  i n c r e a s e  or  d im in u t io n  

i n  t h e  a m p l i tu d e  o f  h e a r t  so u n d s .

T h is  i n v e s t i g a t i o n  was d e s ig n e d  t o  i l l u s t r a t e  any 

r e l a t i o n s h i p  i n  man be tw een  t h e  am p l i tu de  of  th e  t h i r d  

h e a r t  sound and the r a t e  of f i l l i n g  of  t h e  h e a r t  (S lo a n  & 

W i s h a r t ,  1952, 1 9 5 3 a ) .  I t  was hoped a l s o  t o  c o r r e l a t e  

w i t h  t h i s  any o b se rv ed  changes  i n  o t h e r  c a r d i a c  e x t r a  

sounds  w hich  m igh t  be d e t e c t e d  i n  t h e  s u b j e c t s  of th e  

e x p e r i m e n t •

L o g a r i t h m i c  p h o n o card iog raph y  was performed as r e p 

r e s e n t i n g  o b j e c t i v e l y  t h e  r e l a t i v e  ’ lo u d n es s  of t h e  h e a r t
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sounds  i n  c o n t r a s t  t o  th e  a c t u a l  a m p l i tu d e  o f  t h e i r  v i b 

r a t i o n s  • The e f f e c t s  of r e d u c i n g  t h e  venous r e t u r n  t o  

t h e  h e a r t  and o f  i n c r e a s i n g  i t  were s t u d i e d  on th e  same 

g ro u p  o f  s u b j e c t s .

Method

R ecords  were t a k e n  w i t h  t h e  s u b j e c t  su p in e  on a couch .  

A s t a n d a r d  s t e t h o s c o p e  c h e s t - p i e c e ,  as  d e s c r i b e d  i n  C h a p te r  

6 ,  was a t t a c h e d  by means o f  a r u b b e r  band round t h e  c h e s t  

t o  t h e  s u b j e c t ' s  p raeco rd ium  i n  t h e  r e g i o n  of  t h e  a p ex -  

b e a t .  The c h e s t - p i e c e  was connec ted  by a l e n g t h  o f  r u b b e r  

t u b i n g  t o  a c r y s t a l  m ic rophone ,  l e a d i n g  t o  t h e  sound chan

n e l  o f  t h e  p h o n © card iog raph .  Only l o g a r i t h m i c  P .C .G .s

were  r e c o r d e d  ( f i l t e r  p o s i t i o n  4 on the p r e a m p l i f i e r ) .

F iv e  r e c o r d s  were o b ta in e d  from e ach  s u b j e c t .  On 

e a c h  one t h e  a m p l i tu d e  of  th e  d e f l e c t i o n s  c o r r e s p o n d in g  

t o  each  sound was measured over  f i v e  c a r d i a c  c y c l e s  and 

t h e  mean a m p l i tu d e  c a lc u la t e d .

The f i r s t  two P.C.G-.s on e ach  s u b j e c t  were p r e l i m 

i n a r y  c o n t r o l s ,  one w i t h  the F.C.G-. and t h e  o t h e r  w i th  the  

j u g u l a r  phleb'Ogrgm as  r e f e r e n c e  t r a c i n g ;  th e y  were t&kan 

a f t e r  t h e  s u b j e c t  had been  l y i n g  down f o r  a p p ro x im a te ly  

f i v e  m i n u t e s .  A f t e r  t h e  p r e l i m i n a r y  r e c o r d i n g ,  t h e  

E.C.Gr. l e a d s  were removed.

Sphygmomanometer c u f f s  w e r e ' t h e n  a p p l i e d  t o  b o th  

t h i g h s  and b o t h  arm s,  as  shown i n  F i g .  14, and were i n 



164

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

The use of an a i r  r e s e r v o i r  p e r m i t t e d  t h i s  i n f l a t i o n  t o  

be pe r fo rm ed  r a p i d l y .  E b e r t  and S te ad  (1940) and 

MoMichael and S h a r p e y - S c h a f e r  ( 1944a ,b )  have shown t h a t  

t h e  r e t u r n  o f  venous  b lo o d  t o  th e  h e a r t  is c o n s i d e r a b l y  

r e d u c e d  by t h e  a p p l i c a t i o n  of  t h e s e  *venous t o u r n i q u e t s 1•

The c u f f s  were m a in t a in e d  a t  d i a s t o l i c  b lood  p r e s s u r e  

f o r  f i v e  m i n u t e s ,  a t  t h e  end of which t im e  a f u r t h e r  

P.C.G-. was r e c o r d e d .  The p r e s s u r e  was t h e n  r e l e a s e d  and 

f i v e  m in u te s  were a l lo w ed  t o  e l a p s e  f o r  th e  c i r c u l a t i o n  

t o  r e t u r n  t o  no rm al  b e f o r e  a n o t h e r  c o n t r o l  r e c o r d  was t a k e n .

F i n a l l y  t h e  s u b j e c t  pe rformed a c y c l i n g  movement o f  

t h e  l e g s  i n  t h e  a i r  f o r  two m in u te s ,  a p rocedure  which 

a c c e l e r a t e s  c o n s i d e r a b l y  t h e  r a t e  of  f i l l i n g  of  t h e  h e a r t .

A f i n a l  r e c o r d  was t a k e n  imm edia te ly  on c o m p le t io n  of 

t h i s  e x e r c i s e .

The g a i n  o f  t h e  a m p l i f i e r s  was c o n s t a n t  d u r i n g  each  

s e t  o f  e x p e r i m e n t s  b u t  i t  was of  n e c e s s i t y  a l t e r e d  f o r  

d i f f e r e n t  s u b j e c t s  owing t o  t h e  wide i n d i v i d u a l  v a r i a t io n  

i n  i n t e n s i t y  o f  t h e  h e a r t  so u n d s .  Consequen t ly  t h e  

chan ges  i n  a m p l i tu d e  of  th e  P.C.G-. d e f l e c t i o n s  w i t h  th e  

e x p e r i m e n t a l  p r o c e d u r e s  d e s c r i b e d  were comparable w i t h i n  

e a c h  i n d i v i d u a l  e x p e r im e n t  b u t  were n o t  comparable from 

s u b j e c t  t o  s u b j e c t .  For  purposes  o f  a n a l y s i s  t h e  changes 

i n  a m o l i tu d e  a r e  t h e r e f o r e  e x p re s s e d  i n  te rm s of  p e rc e n ta g e



T ab le  24* E f f e c t  o f  venous  o c c l u s i o n  on th e  a m p l i tu d e  o f  
th e  h e a r t  sounds i n  16 h e a l t h y  young a d u l t s :  
l o g a r i t h m i c  p h o n o c a r d io g r a p h y

Sound Mean change 
( p e r  c e n t )

S t a n d a r d  e r r o r  
o f  mean change S i g n i f i c a n c e

F i r s t + 3 .1 -  8 . 2 Not s i g n i f i c a n t  
P >  0o7

Second + s a -  8 .9 Not s i g n i f i c a n t  
P >  0*3

T h i r d -  72o0 -  4 . 8 H ig h ly  s i g n i f i c a n t  
P <  0*001

F o u r t h
(10 s u b j e c t s )

-  41*5 -  1 7 . 2 S i g n i f i c a n t  
P <  0 *05

T ab le  25 * E f f e c t  o f  e x e r c i s e  on th e  a m p l i tu d e  o f  the  
h e a r t  sounds i n  14 h e a l t h y  young a d u l t s :  
l o g a r i t h m i c  p h o n o c a r d io g r a p h y

Sound Mean change  
( p e r  c e n t )

S t a n d a r d  e r r o r  
o f  mean change S i g n i f i c a n c e

F i r s t + 172*4 -  38 .1 H ig h ly  s i g n i f i c a n t  
P <  0*001

Second + 14*2 i  8 . 2 Not s i g n i f i c a n t  
P >  0*1

T h i r d + 72*1 -  1 9 . 3 H ig h ly  s i g n i f i c a n t  
P <  0*01

F o u r t h  
(9 s u b j e c t s )

+ 4 6 .1 -  1 2 . 3 H ig h ly  s i g n i f i c a n t  
P <  0*01

- ............................. .......  . . .
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i n c r e a s e  o r  d e c r e a s e .

S u b j e c t s

The s u b j e c t s  s e l e c t e d  f o r  t h e  i n v e s t i g a t i o n  were 16 

h e a l t h y  young a d u l t s ,  u n d e rg r a d u a t e s  and a p p r e n t i c e  t e c h 

n i c i a n s ,  e a c h  o f  whom showed an obv ious  t h i r d  h e a r t  sound 

on t h e  l o g a r i t h m i c  P.C.G-* The g ro u p  c o n s i s t e d  of  10 men 

and 6 women, and t h e i r  ages  ranged  from 16 t o  24 y e a r s .  

R e s u l t s

P l a t e  73 (Volume 2) shows a t y p i c a l  s e t  of  r e c o r d s  

from one of  t h e  s u b j e c t s .

The e f f e c t  of venous o c c l u s i o n  and of e x e r c i s e  on 

th e  a m p l i t u d e  o f  t h e  h e a r t  sounds o f  e ac h  o f  t h e  s u b j e c t s  

i s  r e c o r d e d  i n  T a b le s  32-35 (Volume 2) and t h e  e f f e c t  on 

h e a r t  r a t e  i s  n o t e d  i n  T ab le  3 6 • The mean p e rc e n ta g e  

change i n  a m p l i tu d e  of  t h e  s e v e r a l  h e a r t  so u nd s ,  and t h e  

s i g n i f i c a n c e  o f  t h e s e  c h an ges ,  a re  shown i n  T a b le s  24 and 

2 5 .

W ith  venous  o c c l u s i o n  t h e  t h i r d  sound was e i t h e r  

a b o l i s h e d  o r  d i m i n i s h e d  i n  eve ry  s u b j e c t .  The mean d e 

c r e a s e  was h i g h l y  s i g n i f i c a n t .

Of t h e  10 s u b j e c t s ,  whose p r e l i m i n a r y  r e c o r d s  showed 

a f o u r t h  h e a r t  ‘sound ,  t h i s  was a b o l i s h e d  or  d im in i s h e d  

w i t h  venous  o c c l u s i o n  i n  8 ,  and i n  the  re m a in in g  2 t h e  

a m p l i tu d e  was unchanged .  The mean d e c r e a s e  was s i g n i f i 

c a n t  .

The e f f e c t  o f  venous o c c l u s i o n  on th e  f i r s t  and second
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h e a r t  sounds  visa n e g l i g i b l e ,  t h e  i n d i v i d u a l  changes b e in g  

s m a l l  and v a r i a b l e *

The e f f e c t  o f  e x e r c i s e  was observed  i n  only 14 of t h e  

s u b j e c t s ;  i n  t h e  r e m a in in g  two t h e  c h e s t - p i e c e  was d i s -  

lo d g e d  d u r i n g  t h e  e x e r c i s e *  In  10 ou t  o f  t h e s e  14 sub

j e c t s  t h e  t h i r d  sound was i n c r e a s e d  i n  am p l i tu de  a f t e r  

e x e r c i s e ;  t h e  r e m a in in g  f o u r  showed no change i n  t h e  amp

l i t u d e  of  t h e  sound* The mean i n c r e a s e  f o r  t h e  whole 14 

s u b j e c t s  was h i g h l y  s i g n i f i c a n t *

The e f f e c t  o f  e x e r c i s e  on t h e  f o u r t h  h e a r t  sound was 

s t u d i e d  on t h e  9 s u b j e c t s ,  who showed a f o u r t h  h e a r t  sound 

i n  t h e  c o n t r o l  r e c o r d .  In  7 of  t h e s e  th e  f o u r t h  sound 

was i n c r e a s e d  i n  a m p l i tu d e  a f t e r  e x e r c i s e ,  and i n  the  

r e m a i n i n g  two i t  was unchanged* The mean i n c r e a s e  was 

h i g h l y  s i g n i f i c a n t *  Two o t h e r  s u b j e c t s ,  who showed no

f o u r t h  h e a r t  sound i n  the c o n t r o l  r e c o r d s ,  d eve loped  one 

a f t e r  e x e r c i s e *

The f i r s t  h e a r t  sound was i n c r e a s e d  i n  am pl i tude  a f t e r  

e x e r c i s e  i n  e v e r y  s u b j e c t ,  g i v i n g ,  over  the s e r i e s ,  a 

h i g h l y  s i g n i f i c a n t  i n c r e a s e *  The second sound showed a 

v a r i a b l e  r e s p o n s e ;  t h e  mean change was p o s i t i v e  b u t  n o t  

s i g n i f i c a n t *

The change i n  h e a r t  r a t e  w i th  venous o c c l u s i o n  was 

v a r i a b l e  and o f  m inor  deg ree*  The r a t e  was in c r e a s e d  

a f t e r  e x e r c i s e  i n  ev e ry  case  b u t  one: t h i s  i n c r e a s e  was
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h i g h l y  s i g n i f i c a n t  (P< 0 . 0 0 1 ) .  The i n d i v i d u a l  a l t e r a 

t i o n s  i n  h e a r t  r a t e  w i t h  e x e r c i s e  d id  n o t  co r re sp o n d  t o  

t h e  i n d i v i d u a l  changes  i n  am p l i tu d e  of  t h e  t h i r d  or  of 

t h e  f o u r t h  h e a r t  sound#

No summation o r  s y s t o l i c  e x t r a  sound was observed  i n  

any o f  t h e  r e c o r d s #

D i s c u s s i o n

The t h i r d  and f o u r t h  h e a r t  sounds were c o n s i s t e n t l y  

d i m i n i s h e d  by r e d u c t i o n  i n  t h e  r a t e  o f  f i l l i n g  o f  t h e  

h e a r t ,  w h e reas  changes  i n  the  f i r s t  and second sounds were 

more v a r i a b l e #  An i n c r e a s e  i n  t h e  r a t e  of f i l l i n g  of t h e  

h e a r t  augmented t h e  a m p l i tu de  of  t h e  f i r s t  h e a r t  sound i n  

e v e r y  c a s e  and of  t h e  t h i r d  and f o u r t h  sounds i n  most 

c a s e s ,  b u t  t h e  e f f e c t  on th e  second sound was more v a r i a b l e #  

These f i n d i n g s  s u g g e s t  t h a t  t h e  t h i r d  and f o u r t h  h e a r t  

sounds a r e  r e l a t e d  t o  th e  r a t e  of f i l l i n g  of the  h e a r t#

The c l o s e  s i m i l a r i t y  be tw een  t h e  changes i n  t h e  t h i r d  and 

i n  t h e  f o u r t h  h e a r t  sounds w i t h  t h e  e x p e r im e n ta l  p roced 

u r e s  a d o p te d  s u g g e s t s  a s i m i l a r  mechanism of p r o d u c t io n  

of  t h e s e  s o u n d s ,  p o s s i b l y  t h e  sudden f i l l i n g  of  th e  ven 

t r i c l e  w h ich  o c c u r s  i n  p r o t o d i a s t o l e  and a g a in  i n  p r e -  

s y s t o l e  •

S in c e  t h e r e  i s  no c o r r e l a t i o n  be tween h e a r t  r a t e  and 

t h e  a m p l i t u d e  of  i n d i v i d u a l  t h i r d  and f o u r t h  h e a r t  sounds ,  

t h e  o c c a s i o n a l  f a i l u r e  o f  t h e s e  sounds t o  i n c r e a s e  a f t e r



168

e x e r c i s e  c an n o t  be e x p la in e d  by a r e d u c ed  i n p u t  oe r  b e a t  

due t o  t a c h y c a r d i a .  I t  seems t h e r e f o r e  t h a t  o t h e r  c i r 

c u l a t o r y  changes  a s s o c i a t e d  w i t h  m u scu la r  e x e r c i s e ,  i n  

a d d i t i o n  t o  t h e  r a t e  o f  in f low  of  b lood  t o  t h e  v e n t r i c l e s ,  

must  i n f l u e n c e  t h e  p r o d u c t i o n  of  the  t h i r d  and f o u r t h  

h e a r t  s o u n d s .

The b a l a n c e  of ev id en ce  seems t o  f a v o u r  t h e  r e l a t i o n 

s h i p  o f  t h e  t h i r d  and f o u r t h  h e a r t  sounds t o  t h e  r a t e  of 

f i l l i n g  o f  t h e  h e a r t ,  b u t  t h e  a c t u a l  mechanism i s  s t i l l  

i n  doubt®

Summary

I n  16 h e a l t h y  human s u b j e c t s  w i t h  a wel l -m arked  t h i r d  

h e a r t  sound on t h e  l o g a r i t h m i c  F.C.G-. t h e  d e f l e c t i o n s  

c o r r e s p o n d i n g  t o  t h i s  sound were red u ced  i n  am pl i tude  i n  

e v e r y  c a s e  when th e  venous r e t u r n  from t h e  l imbs was o b s t 

r u c t e d .

I n  t h e  10 s u b j e c t s ,  whose p r e l i m i n a r y  P.C.G-. showed 

a f o u r t h  h e a r t  sound ,  th e  d e f l e c t i o n s  c o r r e s p o n d in g  t o  

t h i s  sound were r e d u c e d  i n  am pl i tude  i n  8 c a se s  and un

changed i n  2 c a s e s  when th e  venous r e t u r n  was r e d u c e d .

In  10 ou t  of  14 s u b j e c t s  t h e  t h i r d  sound was in c r e a s e d  

i n  a m p l i t u d e  a f t e r  m u sc u la r  e x e r c i s e ;  i n  th e  r em a in in g  4 

s u b j e c t s  t h e  d e f l e c t i o n s  were unchanged.

In  7 ou t  o f  9 s u b j e c t s  th e  f o u r t h  sound was i n c r e a s e d  

i n  a m p l i t u d e  a f t e r  m u sc u la r  e x e r c i s e ;  in  t h e  r em a in in g
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2 s u b j e c t s  t h e  d e f l e c t i o n s  were unchanged.  In  2 s u b j e c t s ,  

w i t h  no f o u r t h  h e a r t  sound a t  r e s t ,  t h e  sound was p r e s e n t  

a f t e r  e x e r c i s e .

Changes i n  t h e  am p l i tu d e  of  th e  f i r s t  and second h e a r t  

sounds  were l e s s  c o n s i s t e n t *

There  was no r e l a t i o n  be tween t h e  changes i n  a m p l i 

t u d e  of  t h e  t h i r d  and f o u r t h  h e a r t  sounds and t h e  changes 

i n  h e a r t  r a t e  w i t h  t h e  e x p e r i m e n t a l  p ro c e d u re s  d e s c r ib e d *
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C h a p te r  11

The i n f lu e n c e  of v a r io u s  f a c t o r s  on c a r d i a c  e x t r a

sounds in  th e  dog

The human e x p e r im e n t s  d e s c r i b e d  i n  C hap te r  10 i n d i 

c a t e d  a r e l a t i o n s h i p  be tween  t h e  am p l i tu d e  of th e  t h i r d  

and f o u r t h  h e a r t  sounds and t h e  r a t e  of f i l l i n g  of t h e  

h e a r t *  They f a i l e d ,  however, t o  show which p a r t  of th e  

h e a r t  was p r i m a r i l y  th rown i n t o  v i b r a t i o n  i n  t h e  p r o d u c t io n  

of  t h e s e  sounds*

I  hoped, by a n im a l  e x p e r im e n t s ,  t o  con f i rm  th e  ob

s e r v a t i o n s  which  I  had made on human s u b j e c t s  and t o  ob

t a i n  more i n f o r m a t i o n  about  t h e  a c t u a l  mechanism of p ro 

d u c t i o n  of  t h e  t h i r d  and f o u r t h  h e a r t  sounds* In  p r e 

l i m i n a r y  t r i a l s ,  d o g s ,  c a t s ,  and rabbits  were used ,  b u t  I 

found t h e  h e a r t s  of c a t s  and r a b b i t s  i n c o n v e n ie n t ly  sm a l l  

f o r  t h e  e x p e r i m e n t a l  p ro c e d u re s  a d o p te d ,  so t h e  e x p e r i 

ments  t h e r e a f t e r  were performed on dogs*

The f i r s t  e x p e r im e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  were 

p lan n e d  t o  i n v e s t i g a t e  more f u l l y  t h e  r e l a t i o n s h i p  between 

t h e  t h i r d  and f o u r t h  h e a r t  sounds and th e  r a t e  of venous 

in f lo w  t o  t h e  h e a r t *  The c o n t r o l  o f  venous in f low  was 

a c h ie v e d  by more d i r e c t  means t h a n  i n  t h e  human e x p e r i 

m en ts ,  and t h e  h e a r t  sounds were r e c o rd e d  d i r e c t l y  from

th e  s u r f a c e  of  th e  h e a r t .

The i n c i d e n c e  o f  c a r d i a c  e x t r a  sounds was s t u d i e d  on



171

l o g a r i t h m i c  and s t e t h o s c o p i c  P .C . G . s .  No l i n e a r  r e c o r d s  

were made i n  t h i s  i n v e s t i g a t i o n  s in c e  a t t ac h m en t  of  a heavy 

m icrophone  d i r e c t l y  t o  t h e  h e a r t  was n o t  c o n s id e r e d  p r a c t 

i c a b l e #  In  some c a s e s  r e c o r d s  were t a k e n  from b o th  

r i g h t  and l e f t  v e n t r i c l e s  i n  o r d e r  t o  f i n d  w h e th e r  t h e  

sounds  were l o u d e r  from one s i d e  of t h e  h e a r t  t h a n  from 

t h e  o t h e r .

S in c e  some p r e v io u s  i n v e s t i g a t o r s ,  as n o ted  i n  C hap te r  

9 ,  had found  t h a t  c a r d i a c  e x t r a  sounds might be made mani

f e s t  i n  t h e  dog by v a g a l  s t i m u l a t i o n  o r  by the  a d m i n i s t r a 

t i o n  o f  c e r t a i n  d r u g s ,  we r e p e a t e d  t h e s e  p ro ce d u res  w i th  

some o f  our a n i m a l s .  The r e s u l t  of  t h e  e x p er im en ts  d e s 

c r i b e d  above have a l r e a d y  been  p u b l i s h e d  (S lo a n  & W is h a r t ,

1 9 5 3 0).
F i n a l l y ,  i n  an a t t e m p t  t o  e l u c i d a t e  th e  mechanism 

of  p r o d u c t i o n  of  t h e  t h i r d  h e a r t  sound I  a t t em p ted  t o  

p roduce  a s i m i l a r  sound a r t i f i c i a l l y  i n  t h e  a r r e s t e d  h e a r t  

by t a p p i n g  t h e  v e n t r i c l e  w i t h  a g l a s s  ro d  and by r a p i d  

f i l l i n g  o f  t h e  v e n t r i c l e  w i th  s a l i n e .

To sum m arize ,  t h e  i n f o r m a t i o n  which was sough t  in  

t h i s  s e r i e s  o f  i n v e s t i g a t i o n s  was as fo l lo w s !

( a )  The i n c i d e n c e  o f  c a r d i a c  e x t r a  sounds and of 

e x t r a  sound v i b r a t i o n s  on l o g a r i t h m i c  and on s t e t h o s c o p i c  

p h o n o c a rd io g ra p h y  r e s p e c t i v e l y .

( b )  The r e l a t i o n  of c a r d i a c  e x t r a  sounds and of 

c a r d i a c  e x t r a  sound v i b r a t i o n s  t o  th e  h e a r t  r a t e .
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( c )  The r e l a t i v e  am p l i tu d e  o f  h e a r t  sounds and h e a r t  

sound v i b r a t i o n s  as  r e c o r d e d  from t h e  r i g h t  and from th e  

l e f t  v e n t r i c l e o

(a) The e f f e c t  of  v a r i a t i o n s  i n  t h e  ra te ,  of  venous 

i n f lo w  t o  t h e  h e a r t  on t h e  am p l i tu d e  o f  h e a r t  sounds and 

of  h e a r t  sound v i b r a t i o n s ,

( e )  The e f f e c t  o f  e l e c t r i c a l  s t i m u l a t i o n  of th e  r i g h t  

vagu s  n e rv e  on t h e  a m p l i tu d e  o f  c a r d i a c  e x t r a  sounds ,

( f )  The e f f e c t  o f  a d m i n i s t r a t i o n  of d i g o x i n  and of  

p h y s o s t i g m in e  s a l i c y l a t e  on t h e  am pl i tude  o f  c a r d i a c  e x t r a  

s o u n d s •

(g )  The e f f e c t  of  impact  on th e  v e n t r i c u l a r  w a l l  

ei t h e r  o f  a g l a s s  rod  o r  o f  a column of  f l u i d .

Method

A n a e s t h e s i a , In  t h e  e x p e r im e n ts  d e s c r i b e d  in  t h i s  

c h a p t e r ,  t h e  a n a e s t h e t i c  p rocedure  recommended by L u isada  

and M au tner  (1943)  was f o l l o w e d .  Morphine sulphate (10 

m g . /k g ,  body w e i g h t )  was a d m i n i s t e r e d  su b c u ta n e o u s ly ,  f o l l «  

owed by u r e t h a n e  (1  g . / k g ,  body w e ig h t )  by stomach tube  when 

th e  m orph ine  had t a k e n  e f f e c t .  On t h i s  dosage supp lem ent

a ry  a n a e s t h e s i a  was u s u a l l y  r e q u i r e d  b e fo r e  th e  end of  the  

e x p e r im e n t  s o ,  i n  t h e  l a t e r  e x p e r im e n t s ,  t h e  dose of each  

drug  was i n c r e a s e d  by 25%*

P h o n o c a r d i o g r a p h y . For  r e c o r d i n g  th e  h e a r t  sounds tne  

v u l c a n i t e  b e l l  of  a s t a n d a r d  s t e th o s c o p e  c h e s t - p i e c e  ( 2 .5  

cm, i n t e r n a l  d i a m e t e r )  was connec ted  by a s h o r t  l e n g t h
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(30 cm®) o f  r u b b e r  t u b i n g  (8mm® b o r e )  t o  th e  c r y s t a l  m ic ro 

phone of  t h e  a u d i o - f r e q u e n c y  c h an ne l  of  t h e  p h o n o c a rd io -  

g r a p h .  B o th  s t e t h o s c o p i c  and l o g a r i t h m i c  P .C .G .s  were 

o b t a i n e d  ( f i l t e r  p o s i t i o n s  0 and 4 on t h e  p r e a m p l i f i e r ) ®

As n o t e d  a b o v e , l i n e a r  p honocard iog raphy  was n o t  c o n s id e re d  

p r a c t i c a b l e ,  b u t  t h e  i n v e s t i g a t i o n  d e s c r i b e d  in  Chap te r  6 

had shown t h a t  th e  d i s t o r t i o n  i n t r o d u c e d  by a. s h o r t  l e n g t h  

of s t e t h o s c o p e  t u b i n g  i s  n e g l i g i b l e .

F o r  t h e  r e f e r e n c e  t r a c i n g  e i t h e r  th e  e l e c t r o c a r d i o 

g r a p h  l e a d s  ( l e a d  I I ) ,  o r  l e a d s  from t h e  s p e c i a l  ph leb og rap h  

p i c k - u p  d e s c r i b e d  i n  C h a p te r  4 ,  were connec ted  t o  t h e  low- 

f r e q u e n c y  c h a n n e l  of t h e  p h o n o c a rd io g rap h .

As i n  t h e  human i n v e s t i g a t i o n s  d e s c r i b e d  i n  C hap te rs  

6 , 8 , and 1 0 , t h e  c r i t e r i o n  f o r  i d e n t i f i c a t i o n  of h e a r t  

sounds o r  h e a r t  sound v i b r a t i o n s  was t h a t  th ey  should  be
• j

o b se rved  on t h e  P..C.G. a t  t h e  same p e r io d  i n  a t  l e a s t  t h r e e  

s u c c e s s i v e  c a r d i a c  c y c l e s .  The g a in  of th e  phonocard io 

g ra p h  was s e t ,  f o r  t h e  p r e l i m i n a r y  r e c o r d s ,  so t h a t  t h e  

a m p l i tu d e  o f  d e f l e c t i o n s  c o r r e s p o n d in g  t o  t h e  l o u d e s t  sound 

was b e tw ee n  1 and 2 cm® on t h e  r e c o r d .  In  some o f  th e  ex

p e r i m e n t a l  P . C . G . s ,  which  fo l lo w e d ,  t h i s  g a in  was exceeded .

S in c e  t h e  d e f l e c t i o n s  c o r r e s p o n d in g  t o  c a r d i a c  e x t r a  

sounds w e r e ,  on t h e  whole ,  s m a l l e r  t h a n  i n  th e  human ex

p e r i m e n t ,  and t h e  changes  w i t h  e x p e r im e n ta l  p ro ced u res  l e s s  

marked,  t h e  d e f l e c t i o n s  on dog phonocardiograms were me a s -
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u red  t o  t h e  n e a r e s t  0*5 mm* and th e  p e rc e n ta g e  change was

c a l c u l a t e d  t o  t h e  f i r s t  d e c im a l  p lace*

O p e r a t i o n * W ith  t h e  an im al  under  g e n e r a l  a n a e s t h e s i a  

and t h e  h a i r  o f  t h e  c h e s t  c l i p p e d  v e ry  s h o r t ,  p r e l i m i n a r y  

P*C*(t*s were o b t a i n e d  from the c h e s t  w a l l  i n  t h e  r e g i o n  of 

t h e  c a r d i a c  apex* A t r a c h e a l  c an n u la  was t h e n  in t r o d u c e d  

and t h e  c h e s t  opened by e x c i s i o n  o f  t h e  5 t h ,  6 t h ,  and 7t h

r i b s  on t h e  r i g h t  s i d e ,  from t h e  c o s t a l  c a r t i l a g e  t o  n e a r

t h e  a n g le  o f  t h e  r i b *  R e s p i r a t i o n  was m a in ta in e d  by means 

of a S t a r l i n g  ‘ Id ea l*  pump a t t a c h e d  t o  t h e  t r a c h e a l  cannula*

The p e r i c a r d i u m  was t h e n  i n c i s e d  and r e f l e c t e d ,  and a 

s t e t h o s c o p e  b e l l  was s t i t c h e d  t o  th e  muscle o f  the  r i g h t  

v e n t r i c l e *  Fo r  t h i s  purpose  s i x  sm a l l  h o l e s  had p r e v i o u s 

ly  b e e n  d r i l l e d  n e a r  t h e  m arg in  of  t h e  s t e th o s c o p e  b e l l *

In t h e  l a t e r  a n im a l s  t h e  c h e s t  was opened from b o t h  s i d e s  

and a s t e t h o s c o p e  b e l l  was s t i t c h e d  t o  each  v e n t r i c l e  so  

t h a t  r e c o r d s  c o u ld  be t a k e n  from e i t h e r .

Loose l i g a t u r e s  were p la c e d  round th e  a n t e r i o r  and 

p o s t e r i o r  v e n ae  cavae  f o r  su b seq u e n t  o c c l u s i o n  of t h e s e  

v e s s e l s •

The r i g h t  vagus  n e rv e  and th e  r i g h t  e x t e r n a l  j u g u l a r  

v e i n  were t h e n  exposed  i n  t h e  neck* A loose  l i g a t u r e  was 

passed  round  t h e  n e rv e  and a cannu la  was t h e n  in t r o d u c e d  

i n t o  t h e  e x t e r n a l  j u g u l a r  v e i n ,  th r o u g h  w h ic h 's lo w  i n t r a *  

venous i n f u s i o n  of  R inger -L ocke  s o l u t i o n  was m ain ta in ed
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th r o u g h o u t  t h e  e x p e r i m e n t .  At t h e  c o n c l u s i o n  of a l l  t h e s e  

o p e r a t i v e  p r o c e d u r e s ,  h e p a r i n  (1000  u n i t s / k g ,  body w e ig h t )  

was i n j e c t e d  i n t o  t h e  d e l i v e r y  tu b e  of  t h e  i n f u s i o n  a p p a r a 

t u s  •

The p h l e b o g r a p h  a t t a c h m e n t  was f i t t e d  t o  t h e  s t r a i g h t  

arm o f  t h e  j u g u l a r  c a n n u la  so  t h a t  s u b s e q u e n t l y  e i t h e r  t h e  

venous  p u l s e  o r  t h e  E .C .G ,  cou ld  be r e c o r d e d  as  t h e  r e f e r 

ence t r a c i n g .  F i g s .  15 and 16 show t h e  p r e p a r a t i o n  a t  

t h i s  s t a g e ,

P .C .G .s  were t h e n  o b t a i n e d  from th e  exposed  h e a r t .

The r e s p i r a t o r y  pump was s to p p e d  f o r  a few seconds  d u r i n g  

t h e  r e c o r d i n g  of t h e s e  and of s u b s e q u e n t  P.C .G-.s .

E x p e r i m e n t a l  p r o c e d u r e s . C o n t r o l  P .C .G .s  were r e c o r d 

ed from t h e  v e n t r i c l e ,  w i t h  t h e  p h o n o c a rd io g ra p h  s e t  a t  a 

s u i t a b l e  g a i n .  Then, w i t h o u t  a l t e r i n g  t h e  g a i n  of  t h e  

p h o n o c a r d io g r a p h ,  t h e  venous r e t u r n  t o  t h e  h e a r t  was re d u c e d  

by p u l l i n g  on t h e  l i g a t u r e s  a round one or  b o t h  venae  c a v a e ,  

and a seco nd  r e c o r d  was t a k e n .

To f i n d  the e f f e c t  of i n c r e a s i n g  t h e  venous  r e t u r n  a 

second c o n t r o l  r e c o r d  was t a k e n ,  a f t e r  which  t h e  venous 

i n f lo w  was i n c r e a s e d  by r u n n in g  R inger -L ocke  s o l u t i o n  

r a p i d l y  i n t o  th e  e x t e r n a l  j u g u l a r  v e i n .  A P .C .G .  was r e ^  

co rd e d  d u r i n g  t h e  r a p i d  i n f l o w ,  w i t h o u t  any a l t e r a t i o n  of 

t h e  g a i n  o f  t h e  p h o n o c a r d io g r a p h .

On e a c h  r e c o r d  th e  a m p l i tu d e  of  d e f l e c t i o n  of  e ach
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sound was measured  over  f i v e  c a r d i a c  c y c l e s  and t h e  mean 

a m p l i tu d e  was c a l c u l a t e d .  The mean change i n  a m p l i tu d e  

w i t h  t h e  e x p e r i m e n t a l  p ro ce d u re  was found  and c a l c u l a t e d  

as  a p e r c e n t a g e  of  t h e  o r i g i n a l  mean a m p l i t u d e .

O th e r  e x p e r i m e n t a l  p r o c e d u r e s  employed were e l e c t r i c a l  

s t i m u l a t i o n  of  t h e  p e r i p h e r a l  end of  th e  d i v i d e d  r i g h t  

v a g u s  n e rv e  and t h e  a d m i n i s t r a t i o n  o f  d i g o x i n  o r  physo« 

s t i g m i n e  s a l i c y l a t e .  One or o t h e r  o f  t h e s e  d r u g s  was 

a d m i n i s t e r e d  by slow i n t r a v e n o u s  i n j e c t i o n  i n t o  t h e  de~ 

l i v e r y  t u b e  of t h e  i n f u s i o n  a p p a r a t u s .  The d o s e ,  i n  t h e  

c a s e  o f  d i g o x i n ,  was 1 - 3  mg., g iv e n  s lo w ly  i n  d i v i d e d  

d o sa g e  u n t i l  some e f f e c t  was a p p a r e n t .  I n  t h e  c ase  of  

p h y s o s t i g m in e  t h e  d ose  was 1 .3  - 4 .6  mg-, g iv e n  s lo w ly  i n  

d i v i d e d  dosage  u n t i l  t h e r e  was an a p p r e c i a b l e  s lo w in g  of  

t h e  h e a r t  r a t e .  In  e ac h  c ase  l o g a r i t h m i c  p h o n o c a r d io -  

grams were r e c o r d e d  a t  i n t e r v a l s  f o r  30  « 45 m inu te s  a f t e r  

a d m i n i s t r a t i o n  of  th e  d r u g .

F o r  t h e  f i n a l  g ro up  of  e x p e r im e n t s  t h e  dog*s h e a r t  

was a r r e s t e d  by e l e c t r i c a l  s t i m u l a t i o n  of  th e  p e r i p h e r a l  

end o f  t h e  r i g h t  vag us  n e r v e ,  and venous in f lo w  was s to p p e d  

by o c c l u s i o n  of  t h e  venae  c a v a e .  Then a t t e m p t s  were made 

t o  p roduce  a r t i f i c i a l l y  v i b r a t i o n s  r e s e m b l in g  t h o s e  of a 

t h i r d  h e a r t  so u n d .  In  some c a se s  t h e s e  a t t e m p t s  were 

made s h o r t l y  a f t e r  t h e  a n i m a l ’ s d e a t h .

F i r s t  I o b se rv e d  t h e  e f f e c t  of t a p p i n g  l i g h t l y  w i t h
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a g l a s s  ro d  on t h e  w a l l  of  t h a  r i g h t  v e n t r i c l e  a t  a l i t t l e  

d i s t a n c e  from t h e  a t t a c h e d  s t e t h o s c o p e  c h e s t - p i e c e #

Seco n d ly  I s t u d i e d  t h a  e f f e c t  o f  s q u i r t i n g  s a l i n e  

i n t o  t h e  r i g h t  v e n t r i c l e #  A p u r s e - s t r i n g  s u t u r e  was t i e d  

round  t h e  r i g h t  a u r i c u l a r  appendage ,  which  was t h e n  i n 

c i s e d #  While  l o s s  o f  b lo od  was c o n t r o l l e d  by t e n s i o n  on 

t h e  p u r s e - s t r i n g  s u t u r e ,  a r u b b e r  tu b e  (5  mm# b o r e )  f i l l e d  

w i t h  R in g e r -L o ck e  s o l u t i o n  was i n t r o d u c e d  i n t o  t h e  r i g h t  

a t r i u m  and t h e  t i p  o f  t h e  tu b e  was g u ided  th r o u g h  the  

t r i c u s p i d  o r i f i c e  t o  l i e  a p p r o x im a te ly  3 cm# from t h e  w a l l  

o f  t h e  r i g h t  v e n t r i c l e .  The tu b e  was t h e n  c l i p p e d  and 

t h e  p u r s e - s t r i n g  s u t u r e  was t i e d  f i r m l y  t o  p r e v e n t  l o s s  

o f  b lo o d  o r  f u r t h e r  movement of  t h e  t u b e .

The h e a r t  was t h e n  a r r e s t e d  by e l e c t r i c a l  s t i m u l a t i o n  

of  t h e  exposed  r i g h t  vagus  and a q u a n t i t y  o f  R inger -L ocke  

s o l u t i o n  was s q u i r t e d  r a p i d l y  down t h e  tu b e  t o  s t r i k e  t h e  

v e n t r i c u l a r  w a l l ,  c o n t in u o u s  p h o n o c a rd io g rap h y  b e i n g  p e r 

formed t h e  w h i l e .  S t a r t i n g  w i t h  the c a l c u l a t e d  s t r o k e  

volume of  t h e  h e a r t ,  e s t i m a t e d  a t  14 ml# f o r  a 10 k g .  dog 

(D ukes ,  1 9 4 3 ) ,  p r o g r e s s i v e l y  s m a l l e r  q u a n t i t i e s  were i n 

j e c t e d  i n  a t t e m p t s  t o  produce  v i b r a t i o n s  r e s e m b l in g  t h o s e  

of  t h e  t h i r d  h e a r t  sound#

T h e r e a f t e r ,  a s p e c i a l  d e f l e c t o r  was p a sse d  t h r o u g h  

t h e  r u b b e r  tu b e  and t h e n  drawn b a ck  u n t i l  i t  l a y  abou t
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1 cm* i n  f r o n t  of  t h e  open ing  of t h e  t u b e .  The d e f l e c t o r  

( F i g .  17) co m p r ised  an ’ um brel la*  of  r u b b e r  dam, h e l d  i n  

p o s i t i o n  by s i x  s m a l l  w i re  s p r i n g s ,  t i p p e d  w i t h  knobs t o  

p r e v e n t  them c a t c h i n g  on t h e  p a p i l l a r y  m u sc le s  o r  t h e  

columnae c a r n e a e ,  t h e  whole mounted a t  t h e  end o f  a f i r m  

b u t  f l e x i b l e  w i re  (16 S.W.G-.). The ’u m bre l la*  was p a s se d  

c o l l a p s e d  down th e  tu b e  and opened ou t  when i t  p a s s e d  t h e  

end o f  t h e  t u b e .  T h e r e a f t e r  f l u i d  s q u i r t e d  down t h e  

t u b e  would n o t  s t r i k e  t h e  v e n t r i c u l a r  w a l l  b u t  would be 

s p r a y e d  b a c k  on t o  t h e  cusps  of t h e  t r i c u s p i d  v a l v e ,  t e n d 

i n g  t o  c l o s e  them round  t h e  t u b e .  S in c e  t h e  d e v ic e  c o u ld  

n o t  be w i th d raw n  from t h e  h e a r t  once i t  had b e en  i n t r o 

d u c e d ,  t h i s  p a r t  o f  t h e  e x p e r im e n t  was n e c e s s a r i l y  p e r 

formed l a s t .  In  some of  t h e  dogs t h e s e  e x p e r im e n t s  were 

pe r fo rm ed  s h o r t l y  a f t e r  d e a t h ,  b e f o r e  t h e  o n s e t  of r i g o r  

m o r t i s .

A po s t -m o r tem  e x a m in a t io n  of  t h e  h e a r t  was c a r r i e d  

o u t  on e v e ry  dog t o  co n f i rm  t h a t  th e  s t e t h o s c o p e  c h e s t -  

p i e c e  had i n  f a c t  been  a p p l i e d  p r e c i s e l y  ove r  the  v e n t r i 

c l e  and ,  i n  t h e  s m a l l  g roup  of  e x p e r im e n t s  w i t h  t h e  i n t r a -  

c a r d i a c  tu b e  and d e f l e c t o r ,  t o  co n f i rm  t h a t  t h e  t i p  of 

t h e  t u b e  and t h e  d e f l e c t o r  were c o r r e c t l y  p o s i t i o n e d  i n  

t h e  r i g h t  v e n t r i c l e .

E x p e r i m e n t a l  a n im a ls

Two s e r i e s  of e x p e r im e n t s  a r e  r e p o r t e d  h e r e .  The



T ab le  2 6 . In c id e n c e  o f c a r d ia c  e x t r a  sounds in  a s e r i e s
o f 12 dogs : lo g a r i th m ic  p h o n o c a rd io g ra p h y .

Sound Recorded
from

No* of
a n im a ls

Sound
p r e s e n t

i n

I n c i d e n c e  
( p e r  c e n t )

T h i r d C hes t  w a l l 12 1 8
R. v e n t r i c l e 12 1 8
L. v e n t r i c l e 8 1 12

F o u r t h C hes t  w a l l 12 0 0
R. v e n t r i c l e 12 8 67
L .  v e n t r i c l e 8 0 0

S y s t o l i c C hes t  w a l l 12 0 0
R. v e n t r i c l e 12 1 8
L. v e n t r i c l e 8 1 12

T ab le  2 7 * I n c i d e n c e  o f  v i b r a t i o n s  a t  t h e  t im e  o f  c a r d i a c  
e x t r a  sounds  I n  a s e r i e s  o f  12 d o g s : 
s t e t h o s c o p i c  p h o n o c a r d io g r a p h y  (xT

Sound R ecorded
from

No. o f  
a n im a l s

Sound
p r e s e n t

i n

I n c i d e n c e  
( p e r  c e n t )

T h i r d C h es t  w a l l 12 12 100
R. v e n t r i c l e 12 9 75
L. v e n t r i c l e 8 5 62

F o u r t h C h es t  w a l l 12 9 75
R# v e n t r i c l e 12 11 92
L* v e n t r i c l e 8 5 62

x The s y s t o l i c  e x t r a  sound c a n n o t  be
d i s t i n g u i s h e d  i n  t h e  s t e t h o s c o p i c  P.C.G*

No summation sound was o b se rv e d  i n  t h e s e  
r e c o r d s •
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f i r s t  s e r i e s  was perfo rm ed  on 12 m ed iu m -s ized  dogs  (7  »

20  kg .  body w e ig h t )  of v a r i o u s  b r e e d s  and of  b o t h  s e x e s .

On t h e s e  a n im a l s  Miss W ish a r t  and I  s t u d i e d  t h e  i n c i d e n c e  

o f  c a r d i a c  e x t r a  sounds and c a r d i a c  e x t r a  sound v i b r a t i o n s  

and t h e  e f f e c t  on t h e  a m p l i tu d e  o f  t h e s e  of  a l t e r a t i o n  i n  

t h e  r a t e  of venous  in f lo w  t o  t h e  h e a r t .  I n  some o f  t h e  

a n im a l s  o f  t h i s  s e r i e s  we o b se rv ed  t h e  e f f e c t  o f  v a g a l  

s t i m u l a t i o n  and of  th e  a d m i n i s t r a t i o n  o f  d ru g s*

S u b s e q u e n t l y ,  i n  a s m a l l  s e r i e s  o f  5 dogs ( 1 1 - 2 0  

k g .  body w e ig h t )  I  a t t e m p t e d ,  by th e  methods d e s c r i b e d  

a b o v e ,  t o  p roduce  som e th in g  r e s e m b l i n g  a t h i r d  h e a r t  so u n d .  

R e s u l t s

( a )  The p r e l i m i n a r y  P.C.G-.s from t h e  expo sed  c h e s t  

w a l l  and from t h e  exposed  r i g h t  and l e f t  v e n t r i c l e s  o f  one 

o f  t h e  dogs a re  shown i n  P l a t e  74 (Volume 2 ) ,  and the 

o c c u r r e n c e  of  c a r d i a c  e x t r a  sounds and e x t r a  sound v i b 

r a t i o n s  i n  t h e  s e r i e s  of  12 dogs i s  d e t a i l e d  i n  T a b le s  37 

and 38 (Volume 2) and summarized i n  T a b le s  26 and 27«

I n  l o g a r i t h m i c  P.C.G-.s from t h e  c h e s t  w a l l ,  a t h i r d  

h e a r t  sound was r e c o r d e d  from one dog o n l y .  When t h e  

h e a r t  was e x p o sed ,  a t h i r d  h e a r t  sound was r e c o r d e d  from 

t h e  r i g h t  v e n t r i c l e  i n  a n o t h e r  dog and from th e  l e f t  v e n 

t r i c l e  i n  y e t  a n o t h e r .  The f o u r t h  h e a r t  sound was n o t  

r e c o r d e d  i n  any c ase  from t h e  c h e s t  w a l l  o r  from the  l e f t  

v e n t r i c l e  b u t  i t  was r e c o r d e d  from t h e  exposed  r i g h t  ven  -
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t r i c l e  i n  8 dogs* No s y s t o l i c  e x t r a  sound was r e c o r d e d  

from t h e  c h e s t  w a l l  h u t  i t  was r e c o r d e d  i n  one dog from 

t h e  r i g h t  v e n t r i c l e  and i n  a n o t h e r  from t h e  l e f t  v e n t r i c l e *

V i b r a t i o n s  a t  t h e  t im e  of  t h e  t h i r d  h e a r t  sound were 

r e c o r d e d  on t h e  s t e t h o s c o p i c  P .C .G .  from t h e  c h e s t  w a l l  

of  a l l  12 d o g s ,  from t h e  r i g h t  v e n t r i c l e  o f  9 , and from 

t h e  l e f t  v e n t r i c l e  of 5* The c o r r e s p o n d i n g  i n c i d e n c e  of  

f o u r t h  sound v i b r a t i o n s  was 9 from t h e  c h e s t  w a l l ,  11 

from t h e  r i g h t  v e n t r i c l e ,  and 5 from t h e  l e f t  v e n t r i c l e *

As n o te d  i n  C h a p te r  6 , t h e  s y s t o l i c  e x t r a  sound c an n o t  be 

i d e n t i f i e d  on a s t e t h o s c o p i c  P.C,G-* s i n c e  t h e r e  i s  n o r m a l ly  

a c o n t i n u o u s  s e r i e s  of  v i b r a t i o n s  d u r i n g  s y s t o l e  on t h i s  

r e c o r d *

(b )  No s i g n i f i c a n t  c o r r e l a t i o n  was found  b e tw een  t h e  

h e a r t  r a t e  and t h e  p re s e n c e  or  absence  of  c a r d i a c  e x t r a  

sounds  on t h e  l o g a r i t h m i c  P«C*G-* or  o f  t h e  c o r r e s p o n d i n g  

v i b r a t i o n s  on th e  s t e t h o s c o p i c  P*C*Gr*

( c )  I n  t h e  6 dogs where t h e  c o m p ar iso n  was made, 

t h e  h e a r t  sounds were of g r e a t e r  a m p l i tu d e  i n  t h e  r i g h t  

v e n t r i c l e  t h a n  i n  t h e  l e f t  i n  4 c a s e s  and of g r e a t e r  amp

l i t u d e  i n  t h e  l e f t  v e n t r i c l e  i n  one case*  In  t h e  r e m a in 

in g  c a se  t h e r e  was no a p p r e c i a b l e  d i f f e r e n c e  i n  th e  ampl

i t u d e  of  t h e  h e a r t  sounds as  r e c o r d e d  from the two v e n t r i c l e s *  

No obv ious  d i f f e r e n c e  i n  t h °  a m p l i tu d e  of  p a r t i c u l a r  c a r 

d i a c  e x t r a  sounds c r  e x t r a  sound v i b r a t i o n s  was o b se rv ed
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e x c e p t  t h a t ,  as  n o te d  ab ove ,  t h e  f o u r t h  h e a r t  sound was 

r e c o r d e d  on l o g a r i t h m i c  P.C.G-.s from t h e  r i g h t  v e n t r i c l e  

on l y .

(d )  The e f f e c t s  o f  v a r i a t i o n s  i n  t h e  venous  i n f lo w  

t o  t h e  h e a r t  on c a r d i a c  e x t r a  sounds and e x t r a  sound 

v i b r a t i o n s  were ob se rv ed  by l o g a r i t h m i c  and s t e t h o s c o p i c  

p h o n o c a r d io g r a p h y  b u t ,  owing t o  t h e  low i n c i d e n c e  of 

e x t r a  sounds on t h e  l o g a r i t h m i c  P.C.G-.s , s t a t i s t i c a l  

a n a l y s i s  Was pe rfo rm ed  on ly  on th e  e x t r a  sound v i b r a t i o n s  

a s  shown on t h e  s t e t h o s c o p i c  r e c o r d s .

The e f f e c t s  o f  r e d u c e d  and o f  i n c r e a s e d  venous  r e t u r n  

on t h e  a m p l i tu d e  of  t h e  h e a r t  sounds was o b se rv e d  on 

l o g a r i t h m i c  P.C.G-.s from t h e  r i g h t  v e n t r i c l e  i n  on ly  

some o f  t h e  d o g s .  The r e s u l t s  a r e  d e t a i l e d  i n  T a b le s  

39 _ 4 3 , P l a t e  75 shows one of t h e  s e t s  o f  r e c o r d s  ob* 

t a i n e d .  In  t h r e e  c a s e s  i n  which  a t h i r d  h e a r t  sound was 

p r e s e n t  i n  t h e  c o n t r o l  l o g a r i t h m i c  P.C.G-.,  o c c l u s i o n  o f  

b o t h  ven ae  cavae  a b o l i s h e d  i t  c o m p l e t e l y .  In  two c a s e s  

t h e  f o u r t h  h e a r t  sound was a b o l i s h e d  by o c c l u s i o n  of t h e  

venae  cavae  b u t  i n  a t h i r d  c ase  t h i s  p ro c e d u re  r e v e a l e d  

a f o u r t h  sound ,  which  was n o t  p r e s e n t  on t h e  c o n t r o l  r e 

c o r d .  The e f f e c t  of  i n c r e a s e d  venous r e t u r n  on t h e  

a m p l i tu d e  o f  t h i r d  and f o u r t h  h e a r t  so u n d s ,  i n  t h e  few 

c a s e s  where t h e s e  app ea red  on t h e  l o g a r i t h m i c  P.C.G-.,  was 

n e g l i g i b l e .  In  two dogs a s y s t o l i c  e x t r a  sound was



T able  28o E f f e c t  o f  venous  o c c l u s i o n  on the  a m p l i tu d e  o f
v i b r a t i o n s  a t  the  t ime o f  o c c u r r e n c e  o f  th e  h e a r t  
sounds i n  dogs:  s t e t h o s c o p i c  p h o n o c a rd io g ra p h y
from th e  r i g h t  v e n t r i c l e

Sound
NOo
o f
dogs

Mean change  
( p e r  c e n t )

S ta n d a r d  e r r o r  
o f  mean change S i g n i f i c a n c e

f i r s t 12 -  38 o 3 -  8 .1 H ig h ly  s i g n i f i c a n t  
P <  OoOOl

Second 11 -  5 6 o 7 -  1 0 .9 H ig h ly  s i g n i f i c a n t  
P <  OoOOl

T h i r d 11 -  29«6 -  1 6 . 8 Not s i g n i f i c a n t  
P >  O o l

f o u r t h 10 -  42*9 -  1 8 .5 S i g n i f i c a n t  
P <  0*05

T ab le  29 * E f f e c t  o f  r a p i d  i n t r a v e n o u s  i n f u s i o n  on th e  airrpli 
t u d e  o f  v i b r a t i o n s  a t  the  t im e o f  o c c u r r e n c e  o f  
th e  h e a r t  sounds  i n  dogs:  s t e t h o s c o p i c  phono
c a r d i o g r a p h y  from th e  r i g h t  v e n t r i c l e

Sound
No*
o f
dogs

Mean change  
( p e r  c e n t )

S t a n d a r d  e r r o r  
o f  mean change S i g n i f i c a n c e

f i r s t 11 + 11*6 -  8 . 3 Not s i g n i f i c a n t  
P >  0*1

Second 10 + 20*2 -  1 2 .0 Not s i g n i f i c a n t  
P >  0*1

T h i r d 9 + 17*7 -  1 3 . 2 Not s i g n i f i c a n t  
P >  0*2

f o u r t h

_ .

9

____  . . . .

+ 15*3 -  28 .7 Not s i g n i f i c a n t  
P >  0*5
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p r e s e n t  i n  t h e  c o n t r o l  r e c o r d s ;  i n  one o t h e r  i t  a p p e a re d  

o n ly  d u r i n g  r a p i d  i n t r a v e n o u s  i n f u s i o n .

The e f f e c t s  of  r e d u c ed  and of  i n c r e a s e d  ven ou s  r e t u r n  

on t h e  h e a r t  sound v i b r a t i o n s  r e c o r d e d  by s t e t h o s c o p i c  

p h o n o c a r d io g r a p h y  from t h e  r i g h t  v e n t r i c l e  a r e  d e t a i l e d  

i n  T a b l e s  44 -  47 (Volume 2) and summarized i n  T a b l e s  28 

and 29•  P l a t e  76 i s  an example of  t h e  s e t s  of  r e c o r d s  

o b t a i n e d •

R educ ing  t h e  venous  in f lo w  t o  t h e  h e a r t  c au se d  a con® 

s i s t e n t  r e d u c t i o n  i n  t h e  a m p l i tu d e  of  t h e  v i b r a t i o n s  c o r 

r e s p o n d i n g  t o  f i r s t  and second  h e a r t  sounds and a more 

v a r i a b l e  e f f e c t  on t h e  v i b r a t i o n s  c o r r e s p o n d i n g  t o  t h i r d  

and f o u r t h  h e a r t  s o u n d s .  The mean c hange ,  i n  t h e  c ase  

o f  t h e  t h i r d  and f o u r t h  sound v i b r a t i o n s ,  was a d e c r e a s e ;  

a s s e s s e d  as  a p e r c e n t a g e  of  t h e  o r i g i n a l  a m p l i tu d e  i t  was 

s i g n i f i c a n t  on ly  i n  t h e  c ase  of  t h e  f o u r t h  h e a r t  sound 

v i b r a t i o n s ;  e x p r e s s e d  as  an a b s o l u t e  change i t  was s i g 

n i f i c a n t  i n  b o t h  c a se s*  I n c r e a s e d  venous  in f lo w  c a u se d  

no s i g n i f i c a n t  change i n  t h e  a m p l i tu d e  of  v i b r a t i o n s  c o r 

r e s p o n d i n g  t o  any of  t h e  h e a r t  s o u n d s .

The change i n  a m p l i tu d e  of t h e  v ib r a i jo n s  r e c o r d e d  

from t h e  l e f t  v e n t r i c l e  w i t h  t h e  same e x p e r i m e n t a l  p r o 

c e d u r e s  a r e  d e t a i l e d  i n  T a b le s  48 -  51 (Volume 2 ) .  These 

were i n  t h e  same d i r e c t i o n  and. o f  t h e  same o r d e r  of mag

n i t u d e  as  t h o s e  from t h e  r i g h t  v e n t r i c l e ,  b u t  t h e  number



183

of  e x p e r im e n t s  i n  which  t h e y  were r e c o r d e d  was i n s u f f i c i e n t  

f o r  t h e  r e s u l t s  t o  he s i g n i f i c a n t .

The e f f e c t  o f  r e d u c t i o n  and of  i n c r e a s e  of  t h e  r a t e  

o f  venous  in f lo w  t o  t h e  h e a r t  on t h e  dogs* h e a r t  r a t e  i s  

n o t e d  i n  T a h le  5 2 .  The r e s u l t s  a r e  v a r i a b l e  and f a i l  t o  

r e a c h  s i g n i f i c a n c e  i n  e i t h e r  c a s e .

( e )  I n  f i v e  dogs t h e  p e r i p h e r a l  end of  t h e  d i v i d e d  

r i g h t  vagus  n e rv e  was s t i m u l a t e d  e l e c t r i c a l l y  t o  cau se  

a p p r e c i a b l e  c a r d i a c  s l o w i n g .  T h is  f a i l e d  t o  p roduce  a 

c a r d i a c  e x t r a  sound i n  l o g a r i t h m i c  P.C.G-.s from t h e  r i g h t  

v e n t r i c l e  o r  t o  a l t e r  s i g n i f i c a n t l y  t h e  a m p l i tu d e  o f  e x i s t 

i n g  e x t r a  s o u n d s ,  e x c e p t  t h a t  a s y s t o l i c  e x t r a  sound app« 

e a r e d  d u r i n g  v a g a l  s t i m u l a t i o n  i n  one c a se  ( T a b le  53)®

( f )  The a d m i n i s t r a t i o n  of d i g o x i n  t o  f i v e  dogs 

f a i l e d  i n  e v e r y  c ase  t o  produce o r  a l t e r  a t h i r d  h e a r t  

sound on l o g a r i t h m i c  P.C.G-.s from t h e  r i g h t  v e n t r i c l e .

The f o u r t h  h e a r t  sound rem a ined  u n a l t e r e d  i n  two c a s e s  

and was a b o l i s h e d  i n  a t h i r d  (T ab le  5 4 ) .  No s y s t o l i c  

e x t r a  sound was r e c o r d e d .

The a d m i n i s t r a t i o n  of p h y so s t ig m in e  s a l i c y l a t e  t o  

6 dogs  p roduced  a t h i r d  h e a r t  sound i n  t h e  l o g a r i t h m i c  

P.C.G-. i n  one c ase  o n l y .  The f o u r t h  h e a r t  sound r em a in e d  

u n a l t e r e d  o r  a b s e n t  i n  ev e ry  c ^ s e .  A s y s t o l i c  e x t r a  

sound a p p e a re d  i n  two c a s e s  (T ab le  55)®

P l a t e  77 (Volume 2) shows r e c o r d s  o b t a i n e d  b e f o r e  and
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a f t e r  v a g a l  s t i m u l a t i o n  and t h e  a d m i n i s t r a t i o n  of  t h e s e  

d r u g s •

( g )  When t h e  h e a r t * s  a c t i o n  was a r r e s t e d  by s t i m u -  

l a t i o n  of  t h e  r i g h t  v a g u s ,  a l i g h t  t a p  on t h e  o u t s i d e  of  

t h e  v e n t r i c u l a r  w a l l  u s u a l l y  p roduced  an e x t r a  s y s t o l e .  

P e r fo rm ed  a few m in u te s  a f t e r  d e a t h ,  i t  p ro d uced  v i b r a 

t i o n s  r e s e m b l i n g  a h e a r t  so un d .

When s a l i n e  was s q u i r t e d  t h r o u g h  t h e  i n t r a - c a r d i a c  

tu b e  a g a i n s t  t h e  w a l l  o f  t h e  r i g h t  v e n t r i c l e  an e x t r a  

s y s t o l e  was produced  i n  most c a s e s  and , i n  t h e  r e m a i n d e r ,  

t h e  v i b r a t i o n s  r e c o r d e d  c o r r e s p o n d e d  t o  a murmur r a t h e r  

t h a n  t o  a  h e a r t  so u n d .  W ith  t h e  d e f l e c t o r  i n  p o s i t i o n  

t h e  v i b r a t i o n s  a g a i n  c o r r e s p o n d e d  t o  a murmur r a t h e r  t h a n  

t o  a s o u n d .  When t h e  i n j e c t i o n  was r e p e a t e d  a f t e r  d e a t h  

o f  t h e  a n im a l ,  t h e  v i b r a t i o n s  p roduced  a g a i n  re s e m b le d  

t h o s e  o f  a c a r d i a c  murmur.

P l a t e  78  (Volume 2) shows t h e  e f f e c t  o f  t h i s  l a s t  

g r o u p  o f  e x p e r i m e n t a l  p r o c e d u r e s .

D i s c u s s i o n

( a )  I n  common w i th  D*Bspin@ (1882)  and Melik«G-t!ilna« 

s a r i a n  (19 32 a)  I  found i n  g e n e r a l  a low i n c i d e n c e  of c a r 

d i a c  e x t r a  sounds  a t  th e  c h e s t  w a l l  i n  dogs* U n l ik e  

M e l ik - G f t l n a s a r i a n  I  found a low i n c i d e n c e  a l s o  when r e 

c o r d i n g  d i r e c t l y  from t h e  exposed b e a t i n g  h e a r t .  An e x 



c e p t i o n  was t h e  f o u r t h  h e a r t  sound ,  w hich  was r e c o r d e d  i n  

8 ou t  o f  12 dogs on l o g a r i t h m i c  P.C.G-.s from th e  r i g h t  

v e n t r i c l e .  T h is  s u g g e s t s  t h a t  t h e  f o u r t h  sound may be 

p ro du ced  m a in ly  i n  th e  r i g h t  s i d e  of  t h e  h e a r t ,  b u t  f u r t h e r  

e v id e n c e  i s  l a c k i n g .

As i n  t h e  o b s e r v a t i o n s  on h e a l t h y  human s u b j e c t s ,  

d e s c r i b e d  i n  C h a p te r  o ,  th e  i n c i d e n c e  o f  c a r d i a c  e x t r a  

sound v i b r a t i o n s  on s t e t h o s c o p i c  p h o n o c a rd io g ra p h y  was 

much h i g h e r  t h a n  t h a t  of  t h e  a c t u a l  sounds on l o g a r i t h m i c  

p h o n o c a r d i o g r a p h y .  T h i s  i n d i c a t e s  t h a t  t h e  s t r o n g e s t  

components  o f  t h e  v i b r a t i o n s  p roduced  a t  t h e s e  t i m e s  a r e  

below a u d i o - f r e q u e n c y .

The s u g g e s t i o n  t h a t  an a u d i b l e  f o u r t h  h e a r t  sound 

may be due t o  abnorm al  s e p a r a t i o n  o f  th e  v i b r a t i o n s  due 

t o  a t r i a l  s y s t o l e  from t h o s e  due t o  v e n t r i c u l a r  s y s t o l e  

i s  n o t  b o rn e  ou t  i n  t h e s e  o b s e r v a t i o n s .  E x c e p t  a f t e r  

t h e  a d m i n i s t r a t i o n  of  d i g o x i n ,  t h e  F-R i n t e r v a l  on t h e  

E.C.G-.s n e v e r  ex ceeded  0 .1 3  s e c . ,  t h e  upper  l i m i t  of  n o rm al  

c o n d u c t i o n  t im e  i n  t h e  dog ( L u i s a d a ,  W eisz ,  & Hantman, 

1 9 4 4 ) .

(b )  N e i t h e r  t a c h y c a r d i a  n o r  b r a d y c a r d i a  was found

t o  be e s s e n t i a l  f o r  t h e  p r o d u c t i o n  of  c a r d i a c  e x t r a  s o u n d s .  

T h is  c o n t r a d i c t s  t h e  b e l i e f  o f  some of t h e  e a r l i e r  i n v e s t 

i g a t o r s  o f  g a l l o p  rhythm b u t  s u p p o r t s  my own c o n c l u s i o n s  

from o b s e r v a t i o n s  on human s u b j e c t s  ( C h a p te r s  6 , 8 and 1 0 ) .

( c )  No c o n c l u s i o n s  co u ld  be drawn from t h e s e  ob-
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s e r v a t i o n s  as  t o  w h e th e r  one s i d e  o r  t h e  o t te r  of  t h e  h e a r t  

i s  p red om in an t  i n  t h e  p r o d u c t i o n  of  h e a r t  sounds*  One 

m ig h t  e x p e c t  sounds of g r e a t e r  i n t e n s i t y  t o  "be p roduced  

i n  t h e  l e f t  s i d e  o f  t h e  h e a r t ,  b u t  t h e  i n t e n s i t y  o f  t h e s e  

would be r e d u c e d  by c o n d u c t io n  th r o u g h  t h e  t h i c k  w a l l  o f  

t h e  l e f t  v e n t r i c l e .

( d )  In  s p i t e  o f  t h e  g r e a t e r  f a c i l i t i e s  f o r  c o n t r o l  

o f  t h e  r a t e  o f  venous  r e t u r n  t o  t h e  h e a r t  i n  t h e  d og  t h a n  

i n  man, t h e  r e s u l t s  o f  t h e  dog e x p e r im e n t s  were l e s s  

c o n c l u s i v e *  U n f o r t u n a t e l y  t h e  low i n c i d e n c e  o f  c a r d i a c  

e x t r a  sounds  i n  t h e  dog,  and t h e  d i f f i c u l t y  o f  o b t a i n i n g  

d o g s ,  made i t  i m p o s s i b l e  t o  o b t a i n  s u f f i c i e n t  l o g a r i t h m i c  

P.C.G-.s o f  c a r d i a c  e x t r a  sounds i n  t h e  dog f o r  a d e q u a te  

a n a l y s i s .

The s t e t h o s c o p i c  r e c o r d s  o b t a i n e d  a r e ,  however ,  com

p a r a b l e  t o  t h e  * t o t a l  c a r d i a c  v i b r a t i o n s *  r e c o r d e d  by 

Sm i th  ( 1 9 4 4 ) .  U n l ike  Sm ith  I  fo u n d ,  on b l o c k i n g  the  

v enous  in f lo w  t o  t h e  h e a r t ,  t h a t  v i b r a t i o n s  c o r r e s p o n d i n g  

t o  a l l  t h e  h e a r t  sounds p e r s i s t e d  i n  most c a s e s .  The 

v i b r a t i o n s  were s i g n i f i c a n t l y  d i m i n i s h e d  i n  a m p l i tu d e  

by v enous  o c c l u s i o n  e x c e p t  i n  the  c ase  o f  t h e  t h i r d  

h e a r t  sound ,  where t h e  r e d u c t i o n ,  e x p r e s s e d  as  a p e r c e n t 

age c h an g e ,  j u s t  f a i l e d  t o  r e a c h  s i g n i f l e a n c e • The 

change p roduced  i n  t h e s e  c a r d i a c  e x t r a  sound v i b r a t i o n s  

by venous  o c c l u s i o n  i s  t h e r e f o r e  l e s s  marked t h a n  ~ n a i  i n



t h e  human h e a r t  sounds when t h e  venous  r e t u r n  i s  r e d u c e d  

( C h a p te r  1 0 ) .  I t  seems t h a t  t h e  a u d i o - f r e q u e n c y  com

p o n e n ts  o f  p r o t o d i a s t o l i c  v i b r a t i o n s  a r e  i n f l u e n c e d  by 

t h e  r e d u c t i o n  of  venous r e t u r n  more t h a n  a r e  t h e  v i b 

r a t i o n s  of  low er  f r e q u e n c y .

W ith  r a p i d  i n t r a v e n o u s  i n f u s i o n  t h e  change i n  amp

l i t u d e  of  h e a r t  sound v i b r a t i o n s  was v a r i a b l e .  The mean 

change i n  e a c h  c ase  was p o s i t i v e  b u t  f a i l e d  t o  r e a c h  

s i g n i f i c a n c e ,  as  i t  m igh t  have done i n  a l a r g e r  s e r i e s .

As w i t h  v enous  o c c l u s i o n  i t  would a p p e a r  t h a t  i t  i s  t h e  

a u d i o - f r e q u e n c y  components o f  c a r d i a c  e x t r a  sound v i b r 

a t i o n s ,  r a t h e r  t h a n  the l o w e r - f r e q u e n c y  com ponents ,  which  

a r e  m a in ly  i n f l u e n c e d  by an i n c r e a s e d  r a t e  o f  venous  r e t u r n .

( e )  U n l ike  M e l ik -G & ln a s a r i a n  ( 1 9 3 2 a ,b )  and L u i s a d a  

and M autner  (1943)  I  f a i l e d  t o  i n f l u e n c e  t h e  t h i r d  or  

f o u r t h  h e a r t  sound by s t i m u l a t i o n  of t h e  r i g h t  vagus  n e rv e  

s u f f i c i e n t  t o  cause  c a r d i a c  s lo w in g .  L u i s a d a  and M autner  

p ro du ced  t h e  f o u r t h  h e a r t  sound a l s o  by s t i m u l a t i o n  of 

t h e  l e f t  v a g u s  s u f f i c i e n t l y  s t r o n g l y  t o  cause  i n c r e a s e d  

a t r i o - v e n t r i c u l a r  c o n d u c t io n  t i m e ,  b u t  I  d i d  n o t  r e p e a t  

t h i s  e x p e r i m e n t .  I t  a p p e a r s  e i t h e r  t h a t  h y p o t o n ia  of  

t h e  myocardium i s  n o t  a v e r y  s i g n i f i c a n t  f a c t o r  i n  t h e  

p r o d u c t i o n  of  g a l l o p  rhy thm ,  or  t h a t  s t i m u l a t i o n  o f  t h e  

r i g h t  vag us  does  n o t  produce any g r e a t  r e d u c t i o n  o f  myo

c a r d i a l  t o n e .  The s t e t h o s c o p i c  P.C.G-. was n o t  i n v e s t ! —
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g a te d  i n  t i l l s  c o n n e c t i o n  s i n c e  t h e  o b j e c t  was t o  p roduce  

t h e  e q u i v a l e n t  o f  a u d i b l e  e x t r a  sounds f o r  com par ison  

w i t h  t h e  f i n d i n g s  of  p r e v i o u s  i n v e s t i g a t o r s .

( f )  L u i s a d a  and Mautner  (1943)  found d i g i t a l i s  t h e  

most e f f e c t i v e  d ru g  f o r  p ro d u c in g  b o t h  t h i r d  and f o u r t h  

h e a r t  s o u n d s .  They a t t r i b u t e d  t h e  a u g m e n ta t io n  of  t h e  

t h i r d  h e a r t  sound p a r t l y  t o  d i r e c t  s t i m u l a t i o n  of  t h e  

myocardium and p a r t l y  t o  s t i m u l a t i o n  of  t h e  vag u s  f i b r e s  

t o  t h e  h e a r t ;  i n  t h e  case  of  t h e  f o u r t h  h e a r t  sound th e  

e f f e c t  was t h o u g h t  t o  be due t o  p o t e n t i a l  h e a r t  b l o c k .

In  t h e  p r e s e n t  i n v e s t i g a t i o n  d i g o x i n ,  a d m i n i s t e r e d  

i n  l a r g e  d o s e s ,  f a i l e d  t o  produce any s i g n i f i c a n t  change 

i n  e i t h e r  t h e  t h i r d  or  th e  f o u r t h  sound on t h e  l o g a r i t h m i c  

P .C .G- .s ,  S i m i l a r l y ,  p h y so s t ig m in e  f a i l e d  t o  e x e r t  any 

marked i n f l u e n c e  on th e  p r o d u c t i o n  o f  c a r d i a c  e x t r a  s o u n d s .  

I  e x p e c te d  t h a t  i t s  a d m i n i s t r a t i o n ,  p ro d u c in g  an e f f e c t  

s i m i l a r  t o  t h a t  o f  p ro lo ng ed  s t i m u l a t i o n  of  b o t h  v a g i ,  

would cau se  some change ,  b u t  only  i n  one c a se  d i d  a t h i r d  

sound a p p e a r  a f t e r  a d m i n i s t r a t i o n  of  t h i s  d r u g .  The 

a p p e a ra n c e  o f  a s y s t o l i c  e x t r a  sound i n  2 ou t  of 6 dogs  

a f t e r  t h e  a d m i n i s t r a t i o n  of  p h y so s t ig m in e  i s  an i n t e r e s t 

i n g  f i n d i n g  b u t  th e  s e r i e s  i s  t o o  s m a l l  f o r  any c o n c l u s 

io n s  t o  be drawn from i t .

( g )  L ike  Boyer (1942) I found t h a t  a l i g h t  t a p  on 

t h e  v e n t r i c u l a r  w a l l  of th e  dog h e a r t  p roduced v i b r a t i o n s
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r e s e m b l i n g  t h o s e  of  t h e  t h i r d  h e a r t  sound* Boyer deduced 

from t h i s  t h a t  t h e  t h i r d  h e a r t  sound i s  p r i m a r i l y  due t o  

an impact  on t h e  w a l l  o f  t h e  v e n t r i c l e .  S in c e  i t  can  

be d e t e c t e d  i n  t h e  exposed h e a r t ,  t h i s  im pact  c a n n o t  be 

a g a i n s t  t h e  c h e s t  w a l l ;  i t  i s  t h e r e f o r e  p resu m ab ly  due 

t o  t h e  im pact  of  i n f l o w i n g  b l o o d .

The r e s u l t s  of  my i n t r a c a r d i a c  m a n i p u l a t i o n s  were 

d i s a p p o i n t i n g l y  i n c o n c l u s i v e .  I  had hoped t o  p roduce  

v i b r a t i o n s  l i k e  t h o s e  of th e  t h i r d  h e a r t  sound e i t h e r  by 

t h e  im pac t  o f  f l u i d  a g a i n s t  the  v e n t r i c u l a r  w a l l  o r  by 

a b r u p t  c l o s u r e  o f  t h e  a t r i o - v e n t r i c u l a r  v a l v e ,  b u t  a t t e m p t s  

w i t h  a wide r an g e  of i n j e c t i o n  volumes f a i l e d  t o  p roduce  

a n y t h i n g  r e s e m b l i n g  a h e a r t  sound i n  e i t h e r  c a s e .  N a t u r a l  

c o n d i t i o n s  w e re ,  o f  c o u r s e ,  p o o r ly  s i m u l a t e d ,  s i n c e  i n -  

j e c t i o n  a g a i n s t  t h e  v e n t r i c u l a r  w a l l  was pe rfo rm ed  i n t o  

a v e n t r i c l e  a l r e a d y  c o n t a i n i n g  b lo o d ,  and c l o s u r e  of  t h e  

v a l v e  cusp s  was n o t  i n t o  norm al  a p p o s i t i o n  b u t  a g a i n s t  a 

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

W ith  t h e s e  r e s e r v a t i o n s  t h e  o b s e r v a t i o n s  a r e  e v i d e n c e ,  

a l b e i t  i n c o n c l u s i v e ,  a g a i n s t  t h e  t h i r d  h e a r t  sound b e i n g  

due s im p ly  t o  t h e  impact  of  i n f lo w in g  b lo o d  on t h e  v e n 

t r i c l e .

The n e x t  s t a g e  i n  t h i s  i n v e s t i g a t i o n ,  which  I  hope 

t o  c a r r y  o u t  i n  t h e  n e a r  f u t u r e ,  w i l l  be t o  i n t r o d u c e  a 

s m a l l  c r y s t a l  microphone d i r e c t l y  i n t o  t h e  n o rm a l ly  b e a t 

in g  h e a r t  and a s c e r t a i n  w h e th e r  th e  h e a r t  so u n d s ,  and
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e s p e c i a l l y  c a r d i a c  e x t r a  sounds i f  p r e s e n t ,  a r e  l o u d e r  i n  

t h e  v i c i n i t y  of  th e  a t r i o - v e n t r i c u l a r  v a l v e  o r  of  t h e  

v e n t r i c u l a r  w a l l  o p p o s i t e  t h e  v a lv e  o r i f i c e .  T ha t  t h e  

r e c o r d i n g  of  h e a r t  sounds hy such  a t e c h n i q u e  i s  t e c h n i c 

a l l y  p o s s i b l e  has  be en  shown by t h e  work o f  Braun-Menendez 

and S o l a r i  (1936a)  and o f  Macleod and Cohn ( 1 9 4 1 ) .  I  am 

a t  p r e s e n t  s e e k i n g  a s u i t a b l e  m ic ro p h o n e .

Summary

The i n c i d e n c e  of  c a r d i a c  e x t r a  sounds on l o g a r i t h m i c  

p h o n o c a r d io g r a p h y  and of  t h e  c o r r e s p o n d i n g  v i b r a t i o n s  on 

s t e t h o s c o p i c  p h o n o c a rd io g rap h y  was o b se rv e d  i n  a s e r i e s  

o f  12 d o g s .  Records  were o b t a i n e d  from t h e  p ra e c o rd iu m  

and from t h e  exposed  h e a r t .

There  was no s i g n i f i c a n t  r e l a t i o n  b e tw een  t h e  p r e s e n c e  

o r  a b se n c e  o f  c a r d i a c  e x t r a  sounds o r  e x t r a  sound vibra** 

t i o n s  and t h e  h e a r t  r a t e .

The h e a r t  sounds were n o t  c o n s i s t e n t l y  l o u d e r  from 

one v e n t r i c l e  t h a n  from t h e  o t h e r .

R e d u c in g  the  venous i n f lo w  t o  t h e  h e a r t  caused  a 

r e d u c t i o n  i n  a m p l i tu d e  of  t h e  h e a r t  sound v i b r a t i o n s  

r e c o r d e d  by s t e t h o s c o p i c  p h o no ca rd io g rap hy  from e i t h e r  

v e n t r i c l e .  The change was s t a t i s t i c a l l y  s i g n i f i c a n t  o n ly  

i n  t h e  c a se  o f  th e  f i r s t ,  seco n d ,  and f o u r t h  sounds r e 

c o rd e d  from t h e  r i g h t  v e n t r i c l e .  I n c r e a s e d  venous  in f lo w  

caused  no s i g n i f i c a n t  change i n  t h e  a m p l i tu d e  of v i b r a t i o n s  

c o r r e s p o n d i n g  t o  any of  th e  h e a r t  so u n ds .
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N e i t h e r  e l e c t r i c a l  s t i m u l a t i o n  of t h e  r i g h t  Tagus 

n e rv e  n o r  t h e  a d m i n i s t r a t i o n  of  d i g o x i n  o r j h y s o s t i g m i n e  

had any c o n s i s t e n t  e f f e c t  on t h e  a p p e a ra n c e  o r  a m p l i tu d e  

o f  c a r d i a c  extra ,  sounds on t h e  l o g a r i t h m i c  P#G.G-.

V i b r a t i o n s  r e s e m b l in g  th o s e  of  a h e a r t  sound -were 

p ro d u ced  by a l i g h t  t a p  on t h e  v e n t r i c u l a r  w a l l .  Rapid  

i n j e c t i o n  of  f l u i d  i n t o  t h e  r i g h t  v e n t r i c l e ,  e i t h e r  

a g a i n s t  t h e  m u sc u la r  w a l l  o r  a g a i n s t  t h e  v e n t r i c u l a r  

a s p e c t  o f  t h e  cusps  of  th e  t r i c u s p i d  v a l v e ,  f a i l e d  t o  

p rod u ce  a n y t h i n g  r e s e m b l in g  a h e a r t  sound*
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SUMMARY AND CONCLUSIONS

H e a r t  sounds and murmurs

One must assume t h a t  from v e r y  e a r l y  t im e s  men have 

b e e n  aware o f  sounds p roduced  a t  t h e  f r o n t  o f  t h e  c h e s t  

by t h e  b e a t i n g  h e a r t .  Yet m e d ic a l  l i t e r a t u r e  p a id  s c a n t  

a t t e n t i o n  t o  t h e s e  sounds u n t i l  La^nnec s t u d i e d  them w i t h  

t h e  a i d  of  h i s  newly i n v e n te d  s t e t h o s c o p e  and d e s c r i b e d  

them i n  h i s  g r e a t  book ,  *De 1 ' a u s c u l t a t i o n  m e d i a t e 1. 

A l th o u g h  t h e r e  was c o n s i d e r a b l e  o p p o s i t i o n ,  e s p e c i a l l y  i n  

P r a n c e ,  t o  t h e  i d e a  t h a t  h e a r t  sounds might  have any c l i 

n i c a l  s i g n i f i c a n c e ,  t h e  more e n l i g h t e n e d  p h y s i c i a n s  a p p 

l i e d  t h e  new d i a g n o s t i c  t e c h n iq u e  t o  t h e  c l i n i c a l  i n v e s 

t i g a t i o n  o f  t h e i r  c a r d i a c  p a t i e n t s .  They d i d  so  t o  such  

good e f f e c t  t h a t  by t h e  end o f  t h e  n i n e t e e n t h  c e n t u r y  

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

had b e e n  d e s c r i b e d .

E x p e r i m e n t a l  w o r k e r s ,  by a u s c u l t a t i o n  of  t h e  exposed  

h e a r t  o f  v a r i o u s  a n im a l s ,  e s t a b l i s h e d  t h e  t im e  o f  o c c u r 

r e n c e  o f  t h e  h e a r t  sounds i n  t h e  c a r d i a c  c y c l e .  By i n g e 

n io u s  e x p e r i m e n t s  some i n s i g h t  was g a in e d  i n t o  t h e  mode 

of  p r o d u c t i o n  of  t h e  h e a r t  sounds and of  murmurs.

The i n v e n t i o n  o f  t h e  p h o n o c a rd io g ra p h  i n  t h e  l a s t  

decade  of  t h e  n i n e t e e n t h  c e n t u r y ,  and t h e  s u b s e q u e n t  d e v 

e lopm ent  o f  t h i s  i n s t r u m e n t ,  made p o s s i b l e  t h e  d e t a i l e d
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s tu d y  of  t h e  a c t u a l  v i b r a t i o n s  -which c o n s t i t u t e  h e a r t  

sounds and murmurs. These v i b r a t i o n s  were found t o  be 

so  i r r e g u l a r  t h a t  i t  was d i f f i c u l t  t o  a s s i g n  d e f i n i t e  f r e 

q u e n c i e s  t o  them, b u t  a n a l y s i s  showed t h a t  murmurs i n  g e n 

e r a l  were o f  h i g h e r  f r e q u e n c y  t h a n  h e a r t  sounds and t h a t  

b o t h  were c o n s i d e r a b l y  below t h e  f r e q u e n c y  of  b r e a t h  

so u n d s .  The fu n d a m e n ta l  t o n e s  of  t h e  h e a r t  sounds f a l l  

i n  t h e  f r e q u e n c y  r an g e  25 -  50 c y c l e s  pe r  se co n d .

The b e a t i n g  h e a r t  p roduces  v i b r a t i o n s  below a u d i o 

f r e q u e n c y  a t  t h e  f r o n t  o f  t h e  c h e s t ;  t h e s e  v i b r a t i o n s  a r e  

of  much g r e a t e r  a m p l i tu d e  t h a n  t h e  h e a r t  s o u n d s .  On an 

u n d i s t o r t e d  phonocard iogram  (P.C.G-.) t h e  l o w - f r e q u e n c y  

v i b r a t i o n s  mask t h e  h e a r t  sounds ;  i n  o r d e r  t o  d i s p l a y  

h e a r t  sounds o r  murmurs some h i g h - p a s s  f i l t e r ,  c o r r e s p o n 

d i n g  t o  t h e  human a u d i t o r y  mechanism, must be i n c o r p o r a t e d  

i n  t h e  i n s t r u m e n t .

An u n d i s t o r t e d  r e c o r d  of  p r a e c o r d i a l  v i b r a t i o n s  i s  

c a l l e d  a l i n e a r  P.C.G-. One i n  which  t h e  d i s t o r t i o n  n o r 

m a l ly  p roduced  by a s t e t h o s c o p e  has  been  i n t r o d u c e d  i s  

c a l l e d  a s t e t h o s c o p i c  P.C.G-. A r e c o r d  i n  which  t h e  v i b 

r a t i o n s  have been  m o d if ie d  as  t h e y  would be i n  a u s c u l t a 

t i o n  by t h e  s t e t h o s c o p e  and t h e  a u d i t o r y  mechanism i s  

c a l l e d  a l o g a r i t h m i c  P.C.G-. Only on t h e  l o g a r i t h m i c  

P.C.G-. do t h e  d e f l e c t i o n s  r e c o r d e d  c o r r e s p o n d  t o  a u d i t o r y  

phenomena.
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Phono o a rd 1ography

The e a r l i e s t  p h o n o c a rd io g ra p h s  m ere ly  i n d i c a t e d  th e  

o c c u r r e n c e  o f  h e a r t  sounds h u t  f a i l e d  t o  r e c o r d  v i b r a t i o n s  

o f  a u d i o - f r e q u e n c y .  By t h e  f i r s t  decade  of  t h e  t w e n t i e t h  

c e n t u r y ,  however ,  r e a s o n a b l y  a c c u r a t e  r e c o r d s  of  h e a r t  

sounds  were b e i n g  o b t a i n e d .

Most i n v e s t i g a t o r s  a p p r e c i a t e d  t h e  need t o  r e c o r d  

some r e f e r e n c e  t r a c i n g  s i m u l t a n e o u s l y  w i t h  t h e  P.C.G-. i n  

o r d e r  t o  d e te r m in e  t h e  t im e  of o c c u r r e n c e  o f  sound pheno

mena i n  t h e  c a r d i a c  c y c l e :  t h e  most p o p u la r  r e f e r e n c e

t r a c i n g s  were and a r e  t h e  a p i c a l  c a rd io g ra m  ( l i n e a r  P .C .G-.) ,  

t h e  e l e c t r o c a r d i o g r a m ,  and t h e  j u g u l a r  ph lebogram .

Two of  t h e  e a r l y  methods of p h o n o c a rd io g rap h y  a r e  

s t i l l  i n  use t o d a y ,  v i z .  t h e  d i r e c t  method, u s i n g  F r a n k ' s  

segment  c a p s u l e s ,  and t h e  s t r i n g  g a lv a n o m e te r  i n t r o d u c e d  

by F i n t h o v e n .  Most modern p h o n o c a r d io g r a p h s ,  however ,  

employ e i t h e r  m i r r o r  g a lv a n o m e te r s  or  a c a t h o d e - r a y  t u b e  

o r  t u b e s  a s  t h e  r e c o r d i n g  d e v i c e .  A g r e a t  a d v an tag e  o f  

m i r r o r  g a lv a n o m e te r s  i s  t h e  f a c i l i t y  w i t h  which  a number 

of  t h e s e  can  be a r r a n g e d  t o  g iv e  s im u l t a n e o u s ,  r e c o r d i n g  

of a number o f  P.C.G-.s and r e f e r e n c e  t r a c i n g s .  The c a t h 

o d e - r a y  t u b e  i s  t h e o r e t i c a l l y  t h e  i d e a l  r e c o r d i n g  d e v ic e  

b u t  t e c h n i c a l  d i f f i c u l t i e s  i n  i t s  use have l i m i t e d  i t s  

p o p u l a r i t y .

C a l i b r a t i o n  of  t h e  P .C .G. i s  a l a t e  deve lopm ent  i n
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t h e  h i s t o r y  o f  p h o n o c a rd io g ra p h y .  While  o f  l i m i t e d  v a l u e  

i n  t h e  a s s e s s m e n t  o f  c a r d i a c  a c t i v i t y ,  c a l i b r a t i o n  s e r v e s  

t o  i n d i c a t e  t h e  a b s o l u t e  lo u d n e s s  o f  r e c o r d e d  sound p hen 

omena and h e l p s  t o  l i n k  p h o n o c a r d io g r a p h ic  w i t h  a u s c u l t a 

t o r y  f i n d i n g s .

The p h o n o c a rd io g ra p h  d e s c r i b e d  i n  t h i s  t h e s i s  i s  a 

t w o - c h a n n e l  i n s t r u m e n t  i n c o r p o r a t i n g  p i e z o - e l e c t r i c  c r y s 

t a l  m ic ro p h o n e s ,  e l e c t r o n i c  a m p l i f i e r s  and f i l t e r s ,  a l o u d 

s p e a k e r  m o n i t o r ,  and a doub le-beam  c a t h o d e - r a y  o s c i l l o g r a p h .  

In  t h e  sound c h a n n e l  t h e  microphone i s  c o n n ec te d  t o  a p r e 

a m p l i f i e r ,  w i t h  e l e c t r i c a l  f i l t e r s  t o  g iv e  l o g a r i t h m i c  

a t t e n u a t i o n  o f  lower  f r e q u e n c i e s ;  t h i s  i s  f o l lo w e d  by an 

a u d i o - a m p l i f i e r ,  which g i v e s  l i n e a r  a m p l i f i c a t i o n  of  t h e  

s i g n a l  from t h e  p r e a m p l i f i e r :  t h e  a u d i o - f r e q u e n c y  a m p l i 

f i e r  s u p p l i e s  t h e  l o u d - s p e a k e r  and t h e  lower  beam o f  t h e  

o s c i l l o g r a p h .  The venous p u l se  i s  p ick ed  up by a cup 

a p p l i e d  t o  t h e  neck  ove r  t h e  j u g u l a r  b u lb  and c o n n e c te d  

by r u b b e r  t u b i n g  t o  a c r y s t a l  m ic rophone .  By means of  

a s w i t c h  e i t h e r  t h i s  microphone or  e l e c t r o c a r d i o g r a p h  

l e a d s  a r e  c o n n ec te d  t o  a lo w - f req u e n cy  a m p l i f i e r ,  which  

a c t i v a t e s  t h e  upper  beam of t h e  o s c i l l o g r a p h .  The r e c o r 

d in g  p a p e r  i s  r u n  h o r i z o n t a l l y  t h r o u g h  t h e  camera w h i l e  

th e  h o r i z o n t a l  t r a v e r s e  of  t h e  beam i s  a r r e s t e d .  A s m a l l  

e l e c t r i c  lamp, mounted i n  f r o n t  o f  t h e  o s c i l l o g r a p h  s c r e e n ,  

f l a s h e s  a t  r e g u l a r  i n t e r v a l s  t o  r e c o r d  a t im e  t r a c i n g  on
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th e  m oving p a p e r .

For  e x p e r i m e n t a l  p h o n o c a rd io g rap h y  o f  dogs a s p e c i a l  

d e v i c e  was i n v e n t e d  t o  p e rm i t  r e c o r d i n g  of  t h e  venous  

p u l s e  from t h e  lumen o f  t h e  e x t e r n a l  j u g u l a r  v e i n .

A c a l i b r a t i o n  d e v ic e  has  r e c e n t l y  b e e n  f i t t e d  t o  t h e  

p h o n o c a r d io g r a p h  and i s  a t  p r e s e n t  under  t r i a l .

Normal t r i p l e  c a r d i a c  rhythm

T r i p l e  c a r d i a c  rhythm i n  a h e a l t h y  young s u b j e c t  i s  

most o f t e n  due t o  t h e  a d d i t i o n  t o  t h e  f i r s t  and second  

h e a r t  sounds of  t h e  t h i r d  h e a r t  sound ( t h e  ’r a p i d - f i l l i n g *  

s o u n d ) .  The i n c i d e n c e  of  t h e  p h y s i o l o g i c a l  t h i r d  h e a r t  

sound d i m i n i s h e s  w i t h  ad v an c in g  age ;  i t  p ro b a b ly  n e v e r  

o c c u r s  i n  h e a l t h  a f t e r  t h e  age o f  40 y e a r s .  A l th o u g h  

t h e  t h i r d  h e a r t  sound can be heard  , o r  r e c o r d e d  by l o g a 

r i t h m i c  p h o n o c a rd io g ra p h y ,  i n  on ly  a p r o p o r t i o n  of  h e a l t h y  

young a d u l t s ,  v i b r a t i o n s  below a u d io - f r e q u e n c y  o c c u r  con 

s t a n t l y  i n  e a r l y  d i a s t o l e  i n  t h e s e  s u b j e c t s  and may be 

d e m o n s t r a t e d  by s t e t h o s c o p i c  o r  l i n e a r  p h o n o c a r d io g r a p h y .

The f o u r t h  h e a r t  sound ( t h e  a t r i a l  sound) i s  n o t  n o r 

m a l ly  a u d i b l e  i n  a h e a l t h y  s u b j e c t  b u t  may a p p e a r  on t h e  

l o g a r i t h m i c  P.C.G-. The d i s c r e p a n c y  be tw een  t h e  f i n d i n g s  

by a u s c u l t a t i o n  and by p h on o card io g rap h y  may be due t o  

f a i l u r e  o f  t h e  i n s t r u m e n t  t o  r e p ro d u c e  e x a c t l y  t h e  low -  

f r e q u e n c y  c u t - o f f  o f  t h e  e a r ,  or t o  a u d i t o r y  masking of  

t h e  f o u r t h  sound by t h e  f o l l o w i n g ,  much l o u d e r ,  f i r s t  sound .
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The s y s t o l i c  e x t r a  sound i s  a r a r e  phenomenon, which  

may be h e a rd  and r e c o r d e d  a t  any a g e ,  i r r e s p e c t i v e  o f  t h e  

c o e x i s t e n c e  of  h e a r t  d i s e a s e .

A g ro u p  o f  h e a l t h y  young a d u l t s ,  s t u d e n t s  a t  Glasgow 

U n i v e r s i t y ,  was i n v e s t i g a t e d  t o  d e te r m in e  t h e  i n c i d e n c e  

o f  t r i p l e  c a r d i a c  rhy thm  i n  t h e  g ro u p ,  t h e  ag reem en t  b e t 

ween a u s c u l t a t o r s  as  t o  t h e  p re s e n c e  o r  ab sen c e  o f  c a r d i a c  

e x t r a  s o u n d s ,  and t h e  agreem ent  be tw een  t h e  r e s u l t s  o f  a u s 

c u l t a t i o n  and of  p h o n o c a rd io g ra p h y .

The t h i r d  h e a r t  sound,  h ea rd  by a m a j o r i t y  o f  t h r e e  

o b s e r v e r s  i n  a p p r o x im a te ly  10% of  t h e  s u b j e c t s ,  was t h e  

on ly  c a r d i a c  e x t r a  sound d e t e c t e d  by a u s c u l t a t i o n .  T here  

was s i g n i f i c a n t  ag reem ent  be tw een  t h e  t h r e e  o b s e r v e r s  as  

t o  t h e  p r e s e n c e  or  absence  o f  t h i s  sound .

A t h i r d  h e a r t  sound was n o te d  on t h e  l o g a r i t h m i c  

P .C .G .  o f  39% o f  t h e  s u b j e c t s ,  b u t  ag reem en t  b e tw een  t h e  

f i n d i n g s  by a u s c u l t a t i o n  and by p h o n o c a rd io g ra p h y  was p o o r .

A f o u r t h  h e a r t  sound was r e c o r d e d  on t h e  l o g a r i t h m i c  

P .C .G.  o f  a p p r o x i m a t e ly  20% o f  t h e  s u b j e c t s ,  and a s y s t o 

l i c  e x t r a  sound i n  a p p ro x im a te ly  3%•

A p i c a l  p u l s a t i o n s  below a u d io - f r e q u e n c y  were r e c o r 

ded a t  t h e  t im e  of  t h e  t h i r d  and f o u r t h  h e a r t  sounds on 

th e  s t e t h o s c o p i c  and l i n e a r  P .C .G .s  o f  e v e ry  c a s e .  I t  

a p p e a r s  t h e r e f o r e  t h a t  t h e  r a p i d  f i l l i n g  of  t h e  v e n t r i c l e s  

in  e a r l y  d i a s t o l e  and a g a i n  d u r i n g  a t r i a l  s y s t o l e  c o n s t a n t l y
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s e t s  up p r a e c o r d i a l  v i b r a t i o n s ,  a l t h o u g h  t h e s e  a r e  common

ly  below t h e  t h r e s h o l d  of  a u d i b i l i t y .

P a t h o l o g i c a l  t r i p l e  c a r d i a c  rhythm

T r i p l e  c a r d i a c  rhythm due t o  t h e  a d d i t i o n  t o  t h e  

f i r s t  and second h e a r t  sounds of  t h e  t h i r d  h e a r t  sound ,  

t h e  f o u r t h  h e a r t  sound ,  o r  t h e  summation sound ,  i n  a p a t 

i e n t  w i t h  h e a r t  d i s e a s e  c o n s t i t u t e s  g a l l o p  rhy thm .  The 

t h i r d  h e a r t  sound o c c u r s  a t  a c o n s t a n t  t im e  i n t e r v a l  a f t e r  

t h e  p r e c e d i n g  second sound i n  any i n d i v i d u a l  and t h e  f o u r t h  

h e a r t  sound o c c u r s  a t  a c o n s t a n t  t im e  i n t e r v a l  b e f o r e  t h e  

f o l l o w i n g  f i r s t  sound .  T h i rd  sound g a l l o p  i s  commonly 

c a l l e d  p r o t o d i a s t o l i c ,  and f o u r t h  sound g a l l o p  p r e s y s t o l i c ,  

a l t h o u g h  w i t h  t a c h y c a r d i a  . the  t h i r d  sound may o c c u r  i n  m id-  

d i a s t o l e  o r  even  i n  t h e  second h a l f  o f  d i a s t o l e ,  and t h e  

f o u r t h  sound may o c cu r  i n  mid-  o r  e a r l y  d i a s t o l e .

The commonest form of  g a l l o p  rhy thm ,  a c c o r d i n g  t o  

most  p r e v i o u s  i n v e s t i g a t o r s ,  i s  p r e s y s t o l i c  g a l l o p .  The 

e x t r a  sound ( t h e  f o u r t h  h e a r t  sound) i s  produced p redo m i

n a n t l y  i n  t h e  l e f t  v e n t r i c l e  and i s  a s s o c i a t e d  w i t h  l e f t  

v e n t r i c u l a r  f a i l u r e ,  e s p e c i a l l y  t h a t  o f  advanced c a r d i o 

r e n a l  d i s e a s e .  The f o u r t h  h e a r t  sound has  been  a t t r i b u t e d  

t o  sudden  f i l l i n g  o f  t h e  v e n t r i c l e  t o  i t s  e l a s t i c  l i m i t  

by a t r i a l  s y s t o l e ;  t h i s  l i m i t  i s  more r e a d i l y  a t t a i n e d  i f  

th e  e l a s t i c i t y  has  been  red uced  by h y p e r t r o p h y ,  p a s s i v e  

d i l a t a t i o n ,  o r  b o t h .  P r e s y s t o l i c  g a l l o p  rhythm i s  u s u a l l y
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c o n s i d e r e d  a g rave  p r o g n o s t i c  s i g n .

P r o t o d i a s t o l i c  g a l l o p  rhythm i s  commonly a s s o c i a t e d  

w i t h  r i g h t  v e n t r i c u l a r  f a i l u r e .  The g a l l o p  sound i s  d i s 

t i n g u i s h e d  from th e  p h y s i o l o g i c a l  t h i r d  h e a r t  sound "by i t s  

g r e a t e r  c o n s t a n c y  d u r i n g  th e  r e s p i r a t o r y  c y c l e  and w i t h  

p o s t u r a l  c h a n g e s .  I t  has  be en  a s s o c i a t e d  w i t h  a number 

o f  i n f e c t i o u s  o r  d e g e n e r a t i v e  d i s e a s e s  and has  b e en  a s c r 

ib ed  t o  t h e  r e s u l t i n g  r e d u c t i o n  i n  m y o c a r d ia l  t o n e .  P r o 

t o d i a s t o l i c  g a l l o p  may i n d i c a t e  i n c i p i e n t  o r  e s t a b l i s h e d  

h e a r t  f a i l u r e ,  b u t  i t  a p p e a rs  t o  be a l e s s  ominous s i g n  

t h a n  i s  p r e s y s t o l i c  g a l l o p .

Summation g a l l o p  i s  r a r e  and I s  due t o  s u p e r p o s i t i o n  

o f  t h e  t h i r d  and f o u r t h  h e a r t  sounds i n  t a c h y c a r d i a .  The 

s e p a r a t e  o c c u r r e n c e  of  t h e s e  sounds ,  c o n s t i t u t i n g  t r a i n  

w heel  rh y th m ,  has  been  h e ld  t o  be a v e ry  g rave  p r o g n o s t i c  

s i g n .

S y s t o l i c  g a l l o p  rhythm has been  d e s c r i b e d  by s e v e r a l  

i n v e s t i g a t o r s  b u t  t h e r e  i s  no e v id e n c e  t h a t  t h e  s y s t o l i c  

e x t r a  sound i s  a s i g n  o f  h e a r t  d i s e a s e .

The o p e n in g  sn a p  o f  t h e  m i t r a l  v a lv e  i s  d i a g n o s t i c  

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

i s  s t i l l  a t  an o p e ra b l e  s t a g e .

A s e r i e s  of p a t i e n t s  w i t h  h e a r t  d i s e a s e  was i n v e s 

t i g a t e d  t o  f i n d  t h e  i n c id e n c e  of t h e  s e v e r a l  t y p e s  of 

t r i p l e  c a r d i a c  rhy thm ,  and th e  p a t i e n t s  were fo l lo w e d  up
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f o r  6 - 9  months t o  f i n d  w h e th e r  any s i g n i f i c a n t  d e t e r i o 

r a t i o n  o c c u r r e d  i n  t h o s e  w i t h  g a l l o p  rhythm as  compared 

w i t h  t h e  r e s t .  P r o t o d i a s t o l i c  g a l l o p  rhy thm  was commoner 

i n  t h i s  s e r i e s  t h a n  was p r e s y s t o l i c  g a l l o p  and o c c u r r e d  

i n  p a t i e n t s  i n  whom t h e  r i g h t  s i d e  o f  t h e  h e a r t  was s u b 

j e c t e d  t o  s t r a i n :  p r e s y s t o l i c  g a l l o p  rhythm was a s s o c i a 

t e d  w i t h  l e f t  h e a r t  s t r a i n .  There was s i g n i f i c a n t  d e t e 

r i o r a t i o n  o f  t h e  p a t i e n t s  w i t h  p r e s y s t o l i c  g a l l o p  o r  t r a i n  

w hee l  rhy thm  b u t  n o t  o f  t h o s e  w i t h  p r o t o d i a s t o l i c  g a l l o p  

rh y th m .  A few p a t i e n t s  had a s y s t o l i c  e x t r a  sound ,  which  

a p p e a re d  t o  be o f  no d i a g n o s t i c  or  p r o g n o s t i c  s i g n i f i c a n c e .  

The m i t r a l  o p en in g  snap  was found on ly  i n  p a t i e n t s  w i t h  

o t h e r  e v id e n c e  of  m i t r a l  s t e n o s i s  and a p p e a re d  t o  be a 

f a v o u r a b l e  i n d i c a t i o n  f o r  m i t r a l  va lv o tom y :  i n  some p a t 

i e n t s  i t  p e r s i s t e d  a f t e r  an a p p a r e n t l y  s u c c e s s f u l  v a l v o 

tomy.

In  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s  a m i t r a l  open ing  

sn a p  was commoner i n  t h o s e  w i t h  no o t h e r  v a l v u l a r  l e s i o n ;  

i n  t h e  p r e s e n c e  of  c on co m itan t  a o r t i c  incom petence  a t h i r d  

h e a r t  sound was commoner t h a n  a m i t r a l  o p en in g  sn ap  and 

was o f  bad p r o g n o s t i c  s i g n i f i c a n c e .  G a l lo p  rhythm was 

n o t  s i g n i f i c a n t l y  commoner i n  p a t i e n t s  w i t h  a r t e r i a l  

h y p e r t e n s i o n  t h a n  i n  t h e  o t h e r  c a r d i a c  p a t i e n t s ,  n o r  d id  

i t  a f f e c t  t h e  s h o r t - t e r m  p r o g n o s i s  i n  t h e s e  c a s e s .
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E x p e r i m e n t a l  s tu d y  of  t r i p l e  c a r d i a c  rhythm

The t h i r d  h e a r t  sound a p p e a r s  t o  be p r i m a r i l y  due 

e i t h e r  t o  v i b r a t i o n s  o f  th e  v e n t r i c u l a r  w a l l  s e t  up by 

t h e  im pact  o f  b lo o d  f lo w in g  i n  from t h e  a t r i a  o r  t o  v i b 

r a t i o n s  o f  t h e  a t r i o - v e n t r i c u l a r  v a lv e  cu sp s  a s  t h e y  f l o a t  

i n t o  a p p o s i t i o n  d u r i n g  r a p i d  v e n t r i c u l a r  f i l l i n g .  There  

i s  some e x p e r i m e n t a l  e v id e n ce  i n  s u p p o r t  o f  e ac h  o f  t h e s e  

m echanism s,  and indeed  b o t h  may be r e s p o n s i b l e  f o r  t h e  

p r o d u c t i o n  of  t h e  t h i r d  h e a r t  sound.

E x p e r i m e n t a l  e v id e n c e  s u p p o r t s  t h e  view t h a t  t h e  

f o u r t h  h e a r t  sound i s  due i n  p a r t  t o  m u sc u la r  c o n t r a c t i o n  

o f  t h e  a t r i a  and i n  p a r t  t o  t h e  impact  o f  b lo o d  e x p e l l e d  

by a t r i a l  s y s t o l e  i n t o  t h e  v e n t r i c l e s .

The summation sound has been  produced e x p e r i m e n t a l l y ,  

b u t  l i t t l e  o r  no e x p e r i m e n t a l  work has  b e en  perfo rm ed  on 

t h e  s y s t o l i c  e x t r a  sound or  on t h e  m i t r a l  open in g  sn a p .

In  an  a t t e m p t  t o  a s c e r t a i n  w h e th e r  t h e  p h y s i o l o g i c a l  

t h i r d  h e a r t  sound i s  i n  f a c t  d ep enden t  on r a p i d  v e n t r i c u 

l a r  f i l l i n g  a g rou p  of  h e a l t h y  young a d u l t s , , e a c h  w i t h  an 

obv iou s  t h i r d  h e a r t  sound on th e  l o g a r i t h m i c  P.C.G-., was 

i n v e s t i g a t e d .  The r a t e  of  f i l l i n g  of  t h e  h e a r t  was r e 

duced by o c c l u d i n g  t h e  venous r e t u r n  from t h e  l im bs  and 

i n c r e a s e d  by m a k in g . th e  s u b j e c t  t a k e  a c t i v e  e x e r c i s e .  

R e d u c t io n  o f  t h e  r a t e  o f  f i l l i n g  s i g n i f i c a n t l y  r e d u c ed
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t h e  a m p l i tu d e  of  t h e  t h i r d  h e a r t  sound ,  whereas  i n c r e a s e  

o f  t h e  r a t e  o f  f i l l i n g  s i g n i f i c a n t l y  augmented i t .  S i m i 

l a r  chan g es  were o b se rv e d  i n  t h e  f o u r t h  h e a r t  sound ,  where 

t h i s  was p r e s e n t ,  b u t  changes  i n  t h e  a m p l i tu d e  of  t h e  f i r s t  

and second  h e a r t  sounds were l e s s  c o n s i s t e n t .

An  a t t e m p t  was made t o  r e p e a t  t h i s  e x p e r im e n t  und e r  

more p r e c i s e l y  c o n t r o l l e d  c o n d i t i o n s  i n  d o g s .  The h e a r t  

so u n d s .w e re  r e c o r d e d  from t h e  exposed h e a r t ;  r e d u c t i o n  o f  

venous  i n f lo w  was a c h i e v e d  by co m p re ss in g  t h e  venae  c a v a e ,  

and t h e  venous  in f lo w  was i n c r e a s e d  by r a p i d  i n f u s i o n  of  

R in g e r -L o ck e  s o l u t i o n  i n t o  an e x t e r n a l  j u g u l a r  v e i n .  Un

f o r t u n a t e l y  c a r d i a c  e x t r a  sounds were r e c o r d e d  so se ldom 

on t h e  d o g s '  l o g a r i t h m i c  P.C.G-.s t h a t  no r e s u l t s  s t a t i s t i 

c a l l y  com parab le  t o  t h o s e  o f  t h e  human e x p e r im e n t  cou ld  

be o b t a i n e d .

C a r d ia c  e x t r a  sound v i b r a t i o n s  on t h e  s t e t h o s c o p i c  

P.C.G-.s o f  dogs were l e s s  c o n s i s t e n t l y  r e l a t e d  t o  t h e  r a t e  

of  venous  in f lo w  t h a n  were human h e a r t  so u n d s .  R e d u c t io n  

of  t h e  v en ou s  in f lo w  caused  a s i g n i f i c a n t  d i m i n u t i o n  i n  

t h e  a m p l i t u d e  of  v i b r a t i o n s  c o r r e s p o n d i n g  t o  t h e  f o u r t h  

h e a r t  sound b u t  an i n c r e a s e  caused  no s i g n i f i c a n t  change 

i n  t h e  a m p l i tu d e  o f  any h e a r t  sound v i b r a t i o n s .

E x p e r i m e n t a l  p r o c e d u r e s ,  v i z .  e l e c t r i c a l  s t i m u l a t i o n  

of t h e  r i g h t  vagus  n e rv e  or  t h e  a d m i n i s t r a t i o n  of d i g o x i n
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o r  p h y s o s t i g m i n e ,  f a i l e d  t o  produce t h e  t h i r d  o r  f o u r t h  

h e a r t  sound o r  t o  i n f l u e n c e  t h e s e  i f  t h e y  were a l r e a d y  

p r e s e n t .  V i b r a t i o n s  r e s e m b l in g  t h o s e  o f  a h e a r t  sound 

c o u ld  be produced  by a  l i g h t  t a p  on t h e  v e n t r i c l e ,  b u t  

r a p i d  i n j e c t i o n  of  f l u i d  i n t o  t h e  v e n t r i c l e  f a i l e d  t o  

p roduce  any such  v i b r a t i o n s .

G e n e r a l  c o n c l u s i o n s

P h o n o c a rd io g ra p h y  i s  a v a l u a b l e  c a r d i o l o g i c a l  t e c h 

n i q u e .  I t  does  n o t  r e p l a c e  a u s c u l t a t i o n  o f  t h e  h e a r t  b u t  

i s  a most u s e f u l  supp lem ent  t o  i t .  At p r e s e n t  t h e  main 

v a l u e  o f  p h o n o c a rd io g ra p h y  l i e s  n o t  so  much i n  t h e  d e t e c 

t i o n  o f  h e a r t  sounds and murmurs as  i n  t h e  d e t e r m i n a t i o n  

o f  t h e i r  e x a c t  t im e  o f  o c c u r r e n c e  i n  t h e  c a r d i a c  c y c l e .

The p r e c i s e  i d e n t i f i c a t i o n  o f  d i a s t o l i c  e x t r a  sounds can  

on ly  be a c h i e v e d  by p h o n o c a rd io g ra p h y .

I t  has  b e e n  e s t a b l i s h e d  t h a t  t h e  t h i r d  h e a r t  sound 

i s  a n o rm a l  f i n d i n g  b o t h  by a u s c u l t a t i o n  and by p h o n o c a r 

d io g r a p h y  i n  young a d u l t s .  A l though  t h e  f o u r t h  h e a r t  

sound i s  a no rm al  f i n d i n g  on t h e  phonocard iogram  i t  i s  n o t  

a u d i b l e  i n  h e a l t h .  The s y s t o l i c  e x t r a  sound i s  r a r e r  b u t  

o c cu rs  i n  h e a l t h y  i n d i v i d u a l s  as w e l l  as  i n  c a r d i a c  p a t 

i e n t s .

G a l l o p  rhythm i s  a common f i n d i n g  i n  h e a r t  d i s e a s e .  

P r o t o d i a s t o l i c  g a l l o p  o ccu rs  more commonly when th e  r i g h t
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s i d e  of  t h e  h e a r t  i s  under  s t r e s s ,  and p r e s y s t o l i c  g a l l o p  

when t h e  l e f t  s i d e  o f  t h e  h e a r t  i s  i n v o l v e d .  P r o t o d i a s 

t o l i c  g a l l o p  may he o f  s e r i o u s  p r o g n o s t i c  s i g n i f i c a n c e ,  

and p r e s y s t o l i c  g a l l o p  a p p e a r s  t o  he an u n f a v o u r a b l e  p r o g 

n o s t i c  s i g n ,  b u t  f u r t h e r  work i s  r e q u i r e d  t o  e s t a b l i s h  

t h e  t r u t h  o f  t h i s .

The m i t r a l  open ing  sn a p ,  when i t  o c c u r s ,  i s  d i a g n o s 

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

a t  an o p e r a b l e  s t a g e .

The t h i r d  and f o u r t h  h e a r t  sounds a p p e a r  t o  be a s s o 

c i a t e d  w i t h  r a p i d  f i l l i n g  o f  t h e  v e n t r i c l e s ,  b u t  t h e  p r e 

c i s e  mechanism o f  t h e i r  p r o d u c t i o n  i s  s t i l l  t o  be d e t e r 

m ined .



"The q u e s t  ( u n d e r s t a n d i n g  o f  N a tu re )  i s  i n  

a m easure  i t s  own s a t i s f a c t i o n .  We r e c e i v e  t h e  

l e s s o n  t h a t  ou r  advance t o  knowledge i s  o f  asymp 

t o t i c  t y p e ,  even  as  c o n t i n u a l l y  a p p ro a c h in g  so 

c o n t i n u a l l y  w i t h o u t  a r r i v a l .  The s a t i s f a c t i o n  

s h a l l  t h e r e f o r e  he e t e r n a l . "

S ir  Charles Sherrington (1951) 
Man on h is nature. 2nd ed. 
Cambridge: U niversity Press,
p .  291
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CARDIAC MURMURS
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A lth o u g h  c a r d i a c  murmurs a r e  n o t  a  p r im a ry  s u b j e c t  

o f  s t u d y  i n  t h i s  t h e s i s ,  t h e  murmurs r e c o r d e d  i n  some of  

t h e  n o rm a l  s u b j e c t s  and i n  most o f  t h e  p a t i e n t s  w i t h  h e a r t  

d i s e a s e  m e r i t  b r i e f  comment.

As i n  t h e  case  o f  h e a r t  sounds so  w i t h  murmurs t h e r e  

i s  o f t e n  c o n s i d e r a b l e  d i s c r e p a n c y  be tw een  t h e  f i n d i n g s  by 

a u s c u l t a t i o n  and by p h o n o c a rd io g ra p h y .  S in c e  murmurs a r e  

o f  h i g h e r  f r e q u e n c y  t h a n  h e a r t  sounds t h e y  a r e  more r e a d i l y  

d e t e c t e d  by t h e  human e a r ,  and i t  i s  n o t  uncommon f o r  a 

murmur t o  be c l e a r l y  a u d i b l e  and y e t  f a i l  t o  a p p e a r  on t h e  

phono c a r d  i  o g r  am.

P h o n o c a rd io g ra p h y  r e v e a l s  no fu n d am e n ta l  d i f f e r e n c e  

b e tw ee n  in n o c e n t  and o r g a n ic  murmurs, b u t .  d i a g n o s i s  i s  

a i d e d  by p r e c i s e  l o c a l i z a t i o n  o f  t h e  murmur i n  t h e  c a r d i a c  

c y c l e .  The on ly  murmur which does n o t  l ead  one t o  s u s p e c t  

h e a r t  d i s e a s e  i s  a s h o r t  s y s t o l i c  one .  Evans ( 1 9 4 7 a , 1948) 

found  t h a t  an  In n o c e n t  murmur u s u a l l y  s t a r t s  a f t e r  t h e  S 

wave o f  t h e  s i m u l t a n e o u s l y  r e c o r d e d  e l e c t r o c a r d i o g r a m ,  b u t  

Cowen (1949)  d e m o n s t r a te d  t h a t  t h i s  i s  n o t  a c o n s t a n t  

r e l a t i o n s h i p .

P h o n o c a rd io g ra p h y  shows t h e  a m p l i tu d e  o f  a murmur 

r e l a t i v e  t o  t h a t  o f  t h e  h e a r t  soun d s ,  b u t  a b e t t e r  g u id e  

t o  t h e  s i g n i f i c a n c e  of  a murmur i s  p ro b a b ly  i t s  a b s o l u t e  

l o u d n e s s  as  d e t e c t e d  by a u s c u l t a t i o n  (L e v in e ,  1948) .



T h i s  may, i n  t h e  f u t u r e ,  be d e m o n s t r a t e d  by c a l i b r a t e d  

p h o n o c a r d io g r a p h y .  Only t h e  f a i n t e r  murmurs ( L e v i n e ' s  

f i r s t  and second  d e g r e e s  of  l o u d n e s s )  may be i n n o c e n t ;  

l o u d e r  murmurs ( t h i r d  t o  s i x t h  d e g r e e )  a r e  a lw ays  a s s o 

c i a t e d  w i t h  h e a r t  d i s e a s e .

F o r  con v en ien c e  of  d e s c r i p t i o n  s y s t o l e  and d i a s t o l e  

may e a c h  be s u b d iv id e d  i n t o  t h r e e  e q u a l  p e r i o d s ;  a  murmur 

i s  d e s c r i b e d  as  e a r l y ,  m id - ,  o r  l a t e  s y s t o l i c ,  o r  e a r l y ,  

m id - ,  o r  l a t e  d i a s t o l i c ,  a c c o r d i n g  t o  which  p e r i o d  o r  

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

I n n o c e n t  murmurs

In  t h e  s e r i e s  of  123 norm al  s u b j e c t s  d e s c r i b e d  i n  

C h a p te r  6 an a p i c a l  s y s t o l i c  murmur was h e a r d  i n  22 c a s e s  

and was r e c o r d e d  on t h e  l o g a r i t h m i c  P.C.G-. o f  31;  13 were 

common t o  b o t h  g r o u p s .  The murmur was o f  low a m p l i tu d e  

and o c c u r r e d  i n  e a r l y  o r  m i d - s y s t o l e .  No d i a s t o l i c  mur

mur was o b se rv e d  i n  t h i s  s e r i e s .

M i t r a l  murmurs

In  t h e  s e r i e s  o f  100 p a t i e n t s  w i t h  h e a r t  d i s e a s e  

d e s c r i b e d  i n  C h a p te r  8 t h e  commonest l e s i o n  was m i t r a l  

s t e n o s i s .  In  t h e  29 p a t i e n t s  d iag n o sed  as  h a v in g  m i t r a l  

s t e n o s i s  a s  t h e  on ly  v a l v u l a r  l e s i o n  t h e  commonest murmur 

on t h e  l o g a r i t h m i c  P.C.G-. was p a n s y s t o l i c  (11 c a s e s ) ,  and 

th e  t y p i c a l  m id-  and l a t e  d i a s t o l i c  murmur was n e x t  (6 

c a s e s ) .  Two p a t i e n t s  had a p a n d i a s t o l i c  murmur; i n  a n o 



t h e r  two t h e  d i a s t o l i c  murmur was l i m i t e d  t o  m i d - d i a s t o l e , 

and i n  a n o t h e r  one t o  l a t e  d i a s t o l e .  Evans (1947a)  

found  a m i d - d i a s t o l i c  murmur t o  he t h e  commonest a u s c u l 

t a t o r y  s i g n  o f  m i t r a l  s t e n o s i s ,  h u t  an a u d i h l e  m i d - d i a s 

t o l i c  murmur may, as  i n  sev en  c a s e s  i n  t h i s  s e r i e s ,  f a i l  

t o  a p p e a r  on t h e  P.C.G-. T h is  i s  e s p e c i a l l y  l i k e l y  t o  

o c c u r  i n  m i t r a l  s t e n o s i s ,  when t h e  p h o n o c a r d io g r a p h  i s  

u s u a l l y  s e t  a t  low g a i n  b e ca u se  o f  t h e  lo u d n e s s  of  t h e  

h e a r t  so u n d s .  P r e s y s t o l i c  a c c e n t u a t i o n  of  a d i a s t o l i c  

murmur was ohv ious  i n  8 ou t  o f  t h e  16 c a s e s  o f  m i t r a l  

s t e n o s i s  w i t h  s i n u s  rhythm i n  whom murmurs were r e c o r d e d ,  

and a b s e n t  i n  a l l  t h e  c a s e s  w i t h  a u r i c u l a r  f i b r i l l a t i o n .

In  f i v e  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s ,  t h r e e  o f  whom 

had undergone  m i t r a l  v a lv o to m y ,  no murmur was r e c o r d e d .

In  a l l  o f  t h e s e  a murmur was a u d i b l e ;  t h i s  was m i d - d i a s 

t o l i c  i n  t im e  i n  t h e  two p a t i e n t s  who had n o t  b e en  s u b 

m i t t e d  t o  o p e r a t i o n  and i n  one of  t h e  p o s t  o p e r a t i v e  c a s e s .  

I n  one of  t h e  o t h e r  p o s t - o p e r a t i v e  c a s e s  i t  was p a n d i a s t o -  

l i c  and i n  t h e  o t h e r  p a n s y s t o l i c .

I n  t h r e e  p a t i e n t s  w i t h  m i t r a l  s t e n o s i s  and w e l l - m a r 

ked murmurs, v i b r a t i o n s  c o r r e s p o n d i n g  t o  t h e s e  a p p e a re d  

a l s o  on t h e  l i n e a r  P.C.G-. This  i s  a n o t  u n u su a l  o c c u r 

r e n c e  ( W e i tz ,  1918) .

Of f i v e  p a t i e n t s  w i t h  a d i a g n o s i s  of  m i t r a l  incom

p e te n c e  a l l  had an a u d i b l e  p a n s y s t o l i c  murmur and ,  i n  f o u r  

o f  them ,  t h e  murmur was seen  on th e  l o g a r i t h m i c  P.C.G-.



Ths h i g h  i n c i d e n c e  of s y s t o l i c  murmurs i n  t h e  p a t i *  

e n t s  d i a g n o s e d  as s u f f e r i n g  from m i t r a l  s t e n o s i s  s u g g e s t s  

t h e  e x i s t e n c e  of  a c o n s i d e r a b l e  d e g re e  o f  m i t r a l  incompe

t e n c e  i n  t h e s e  c a s e s .  G e r h a r t z  (1911) and C o ss io  (1938) 

found  t h a t  s t e n o s i s  o f  t h e  m i t r a l  v a l v e  i s  u s u a l l y  accom

p a n ie d  by inco m p e te n ce .  Logan and T u rn e r  (1953) and 

B r ig d e n  and Leatham (1953) a f f i r m e d  t h a t  a lo n g ,  loud  

a p i c a l  s y s t o l i c  murmur s u g g e s t s  p redom inan t  m i t r a l  incom

p e t e n c e .  t t

A o r t i c  murmurs * * 1

In  o n ly  f o u r  p a t i e n t s  was a pure  a o r t i c  l e s i o n  d i a g 

n o s e d .  Two o f  t h e s e  were a o r t i c  s t e n o s i s ;  b o t h  showed 

a p a n s y s t o l i c  murmur on t h e  l o g a r i t h m i c  P .C .G. r e c o r d e d  

a t  t h e  c a r d i a c  apex ,  b u t  i n  n e i t h e r  case  d i d  t h e  murmur 

have t h e  t y p i c a l  ’diamond* shape d e s c r i b e d  by Leatham 

( 1 9 5 1 ) .  I  h e a rd  no t y p i c a l  s y s t o l i c  murmur a t  t h e  a o r t i c  

a r e a  i n  e i t h e r  case  and,  u n f o r t u n a t e l y ,  no s a t i s f a c t o r y  

P .C .G .  was o b ta in e d  from t h e  a o r t i c  a r e a .  The o t h e r  two 

p a t i e n t s ,  d i a g n o s e d  as a o r t i c  incom petence ,  had e a r l y  and 

m i d - s y s t o l i c  murmurs, b u t  t h e  t y p i c a l  e a r l y  d i a s t o l i c  

murmur o f  t h i s  c o n d i t i o n  was n e i t h e r  hea rd  by me n o r  r e c 

o rded  i n  e i t h e r  of  them.

Murmurs o f  combined m i t r a l  and a o r t i c  v a lv e  d i s e a s e

In  9 ou t  o f  t h e  14 p a t i e n t s  d iagnosed  as  h a v in g  l e s 

io n s  o f  b o t h  m i t r a l  and a o r t i c  v a l v e s ,  P .C .G .s  were r e c o r 

ded n o t  o n ly  from th e  m i t r a l  a r e a  b u t  a l s o  from th e  a o r t i c ,



e i t h e r  a t  t h e  s t e r n a l  end of  th e  t h i r d  l e f t  i n t e r c o s t a l  

spa ce  o r  a t  t h e  second r i g h t  c o s t a l  c a r t i l a g e  o r  a t  t h e  

s t e r n a l  end o f  t h e  second r i g h t  i n t e r c o s t a l  s p a c e .

A l l  t h e  p a t i e n t s  w i t h  l e s i o n s  o f  "both m i t r a l  and a o r 

t i c  v a l v e s  had c l e a r l y  a u d i b l e  murmurs a t  b o t h  m i t r a l  and 

a o r t i c  a r e a s ;  i n  11 c a s e s  murmurs were r e c o r d e d  on t h e  

l o g a r i t h m i c  P.C.G-. a t  t h e  m i t r a l  a r e a  and i n  13 c a s e s  a t  

t h e  a o r t i c  a r e a .  In  g e n e r a l  t h e  murmurs seemed t o  occupy 

more o f  t h e  c a r d i a c  c y c l e  on a u s c u l t a t i o n  t h a n  was shown 

by p h o n o c a r d io g r a p h y .  For  i n s t a n c e  i n  two c a s e s  where  a 

murmur a p p e a re d  on a u s c u l t a t i o n  t o  be c o n t in u o u s  t h r o u g h 

o u t  t h e  c a r d i a c  c y c l e  i t  was l i m i t e d  on t h e  l o g a r i t h m i c  

P .C .G .  t o  s y s t o l e  and e a r l y  d i a s t o l e .

I n  t h i s  g ro up  t h e  commonest d i a g n o s i s  (10 c a s e s )  was 

m i t r a l  s t e n o s i s  and a o r t i c  in co m pe ten ce .  In  t h r e e  of  

t h e s e  c a s e s  no murmurs were r e c o r d e d  a t  t h e  m i t r a l  a r e a ;  

i n  two o f  t h e s e ,  e a r l y  s y s t o l i c  and e a r l y  d i a s t o l i c  murmurs 

were r e c o r d e d  a t  t h e  a o r t i c  a r e a ,  b u t  i n  t h e  t h i r d  I  found 

no e v id e n c e  t o  s u p p o r t  t h e  h o s p i t a l  d i a g n o s i s  of  a o r t i c  

in c o m p e te n c e .  In  f i v e  of  t h e  re m a in in g  seven  c a s e s  t h e  

e a r l y  d i a s t o l i c  murmur of  a o r t i c  incompetence  was c l e a r l y  

d e m o n s t r a t e d  on th e  l o g a r i t h m i c  P.C.G. r e c o r d e d  a t  t h e  

c a r d i a c  ap ex .  Being h i g h - p i t c h e d  t h i s  murmur i s  a u d i b l e  

a t  v e r y  low sound i n t e n s i t y  b u t  a s e n s i t i v e  p h o n o c a r d io -  

g r a p h ,  w i t h  a d e q u a te  lo w - f req u e n cy  c u t - o f f ,  i s  r e q u i r e d



t o  d e m o n s t r a t e  i t .  W e l l s ,  Rappapor t  and Sprague  (1949) 

c o n s i d e r e d  t h a t  w i t h  modern equipment  i t  sh o u ld  he p o s s i b l e  

t o  d e m o n s t r a t e  a l l  a u d i b l e  murmurs, b u t  t h i s  i d e a l  i s  s e l 

dom a c h i e v e d .  The p r e s y s t o l i c  murmur o b se rv ed  i n  t h r e e  

c a s e s ,  and t h e  p r e s y s t o l i c  a c c e n t u a t i o n  o f  a lo n g  d i a s t o l i c  

murmur i n  two more, a r e  a t t r i b u t e d  t o  t h e  m i t r a l  l e s i o n  

and n o t  r e g a r d e d  as  A u s t i n  F l i n t  murmurs. A murmur was 

r e c o r d e d  i n  e a r l y  s y s t o l e  i n  a l l  b u t  one of  t h e  c a s e s  i n  

whom murmurs were r e c o r d e d  a t  a l l .  T h is  murmur may be 

a t t r i b u t e d  t o  t h e  m i t r a l  l e s i o n  i n  most c a s e s  b u t  Evans 

(194Tb) found  t h a t  an e a r l y  s y s t o l i c  murmur was r e c o r d e d  

a t  t h e  m i t r a l  a r e a  i n  a l l  h i s  c a s e s  o f  a o r t i c  v a l v e  d i s e 

a s e .  In  s e v e n  c a s e s  o f  my s e r i e s  t h e  murmur p e r s i s t e d  

t h r o u g h o u t  s y s t o l e  and was p ro b ab ly  due t o  t h e  m i t r a l  

l e s i o n .

In  two p a t i e n t s  t h e  h o s p i t a l  d i a g n o s i s  was o f  m i t r a l  

s t e n o s i s  and incom petence  and a o r t i c  in co m p e te n ce .  One 

o f  t h e s e  p a t i e n t s  had p a n s y s t o l i c  and e a r l y  d i a s t o l i c  mur

m urs ,  w h e reas  t h e  o t h e r  had e a r l y  and m i d - s y s t o l i c  and 

l a t e  d i a s t o l i c  murmurs; i n  t h e  l a t t e r  c ase  t h e  t y p i c a l  

e a r l y  d i a s t o l i c  murmur was hea rd  and r e c o r d e d  on ly  a t  t h e  

l e f t  s t e r n a l  b o r d e r .

I n  one p a t i e n t  d i a g n o s e d  as h a v in g  m i t r a l  and a o r t i c  

incom pe ten ce  w i t h o u t  s t e n o s i s  t h e r e  was a p a n s y s t o l i c  mur

mur a t  t h e  m i t r a l  a r e a ,  t o  which was added a p a n d i a s t o l i c



murmur a t  t h e  a o r t i c  a r e a .

In  one p a t i e n t  w i t h  a d i a g n o s i s  o f  s t e n o s i s  and i n 

competence  of  h o t h  m i t r a l  and a o r t i c  v a l v e s  t h e  d iam ond

shaped  s y s t o l i c  murmur d e s c r i b e d  as  t y p i c a l  o f  a o r t i c  s t e 

n o s i s  was c l e a r l y  s e e n  i n  P.C.G-.s from b o t h  m i t r a l  and 

a o r t i c  a r e a s .  An e a r l y  d i a s t o l i c  murmur a l s o  was o b s e r 

ved  i n  a l l  t h e  r e c o r d s  b u t  t h e  P.C.G-. f a i l e d  t o  show any 

murmur i n  m id -  and l a t e  d i a s t o l e  a l t h o u g h  one was a u d i b l e  

a t  t h i s  t i m e .

Murmurs o f  c o n g e n i t a l  h e a r t  d i s e a s e

There  were only  f i v e  c a s e s  of  c o n g e n i t a l  h e a r t  d i s e a s e  

i n  t h e  s e r i e s .  Two o f  t h e s e  had p a te n c y  of  t h e  d u c t u s  

a r t e r i o s u s  and a re  in c lu d e d  on t h e  a s su m p t io n  t h a t  t h e  

h e a r t ’ s f u n c t i o n  was a f f e c t e d  t o  some e x t e n t  by t h e  a b n o r 

mal work i t  was c a l l e d  upon t o  p e r fo rm .  One o f  t h e  o t h e r  

c a s e s  was d i a g n o s e d  as F a l l o t ’ s t e t r a l o g y  and t h e  r e m a in i n g  

two as  pulmonary s t e n o s i s .

B o th  p a t i e n t s  w i t h  p a t e n t  d u c tu s  a r t e r i o s u s  had a 

lo n g  s y s t o l i c  murmur a t  t h e  m i t r a l  a r e a  and a c o n t in u o u s  

o r  n e a r l y  c o n t i n u o u s  murmur a t  t h e  pulmonary a r e a .  The 

murmur was l o u d e s t  a t  t h e  pulmonary a r e a  and r e a c h e d  i t s  

maximum i n t e n s i t y  a t  t h e  t im e  o f  th e  second h e a r t  sound ,  

which  was masked by t h e  murmur. The d i a g n o s i s  was s u b 

s e q u e n t l y  c o n f i rm ed  i n  b o t h  c a s e s  a t  o p e r a t i o n .

The p a t i e n t  w i t h  F a l l o t ' s  t e t r a l o g y  had a p a n s y s t o l i c
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murmur, l o u d e s t  a t  t h e  t r i c u s p i d  a r e a  and p r o b a b ly  due t o  

t h e  i n t e r v e n t r i c u l a r  s e p t a l  d e f e c t .  A u s c u l t a t i o n  i s  o f  

? ?  l i t t l e  d i a g n o s t i c  v a lu e  i n  t h i s  c o n d i t i o n  ( T a u s s i g ,  194 7 ) .  

The two p a t i e n t s  i n  whom c o n g e n i t a l  s t e n o s i s  o f  t h e  

pulmonary v a l v e  was d ia g n o s e d  had e a r l y  and m i d - s y s t o l i c  

m urm urs , and one had a s o f t  mid-  and l a t e  d i a s t o l i c  murmur
<?

^  a t  t h e  a p e x ,  which  s u g g e s t s  m i t r a l  s t e n o s i s .  In  n e i t h e r  

p a t i e n t  d i d  t h e  s y s t o l i c  murmur c o n t in u e  up t o  o r  beyond 

t h e  second  h e a r t  sound as  d e s c r i b e d  by Leatham (1952)  i n  

c a s e s  o f  pulmonary s t e n o s i s .

Murmurs i n  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n

P a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  were i n c l u d e d  i n  

t h i s  s e r i e s  on ly  i f  t h e r e  was some e v id e n c e  of  c a r d i a c  

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

In  16 ou t  o f  th e  31 h y p e r t e n s i v e  p a t i e n t s  t h i s  was l i m i t e d  

t o  e l e c t r o c a r d i o g r a p h i c  ev id e n ce  of  l e f t  h e a r t  s t r a i n ,  b u t  

i n  11 p a t i e n t s  t h e r e  were d e f i n i t e  s i g n s  of  c a r d i a c  f a i l u r e .

In  t h e  p a t i e n t s  w i t h  a r t e r i a l  h y p e r t e n s i o n  t h e r e  was 

good ag reem en t  be tw een  a u s c u l t a t o r y  and p h o n o c a r d io g r a p h ic  

f i n d i n g s .  Of t h e  31 p a t i e n t s  i n  t h e  s e r i e s ,  20 had a s y s 

t o l i c  murmur by e i t h e r  means of  i n v e s t i g a t i o n .  L o g a r i t h 

mic p h o n o c a rd io g ra p h y  showed t h i s  t o  be l i m i t e d  t o  e a r l y  

s y s t o l e  i n  6 c a s e s ,  and t o  e a r l y  and m i d - s y s t o l e  i n  a n o t h e r  

7 c a s e s ;  i n  t h e  r e m a in d e r  i t  was p a n s y s t o l i c .  The on ly  

d i a s t o l i c  murmur r e c o r d e d  i n  t h i s  g roup  was a f a i n t  p r e -
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s y s t o l i c  on© on th e  l o g a r i t h m i c  P.C .G. o f  one p a t i e n t .  

Murmurs i n  o t h e r  c a r d i a c  p a t i e n t s

No t y p i c a l  murmurs were o bse rv ed  i n  r e l a t i o n  t o  t h e  

o t h e r  c a r d i a c  l e s i o n s  o bse rv ed  i n  t h i s  s e r i e s  o f  p a t i e n t s  

w i t h  h e a r t  d i s e a s e .
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APPENDIX C

PLATES 1 - 8

THE PHONOCARDIOGRAPH

Photograph, c ir c u it  diagram s, t e s t s  of venous 

pulse recorder.



PLATE 1

Photograph of modern e le c tr o n ic  phonocardiograph 

(S lo a n ,'1951* Campbell, Sloan & Andrew, 1952).
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PLATE 2

C ircu it o f phonocardiograph pream plifier (Gowen & 

Parnum, 194-9* Campbell, Sloan & Andrew, 1952)#
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PLATE 3

C ircu it of audio-frequency a m p lifie r , modified from 

W illiamson (1 9 5 1 ).
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PLATE 4

C ircu it of low-frequency a m p lifie r .
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PLATE 5

C ircu it o f d isp la y  u n it o f phonocardiograph.
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PLATE 6

C ireu lt of tim e-base fo r  oathode-ray o sc illo g ra p h .
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PLATS 7

Resonance t e s t  of venous pulse recorder  

Upper record s, o s c i l la t io n  of membrane 

Lower record s, time (50 cy c les  per sec#)
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PLATE 8

Resonance t e a t  of venous pulse recorder

( continued)

Upper reeord s, o s c i l la t io n  of membrane 

Lower record s, time (5 0  cy c les  per sec#)
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APPENDIX 0 ( c o n t in u e d )

PLATES 9 - 1 0

PHONOCARDI0GRAM3 OF NORMAL SUBJECTS

In a l l  records:

1* Jugular phlebogram 
Logarithmic PeG#Gr#

2# Jugular phlebogram 
Stethoscopic P.C.G-.

3 . Jugular phlebogram 
Linear P.C.G#

4# E.C.G. (Lead II)
Linear P.C*G-»

Time marking in  1/10 seconds#

The records were taken at the cardiac apex*



For d e t a i ls  of in te rp re ta tio n  see previous page#

PLATE 9

Normal subject No# 101 -  male, age 27

Logarithmic P«0»G->

1st and 2nd heart sounds. 

S teth oscop lc  and lin e a r  P#C»G-#s

V ibrations at the time of occurrence 
of 1 s t ,  2nd, 3rd and 4th  heart sounds#
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PLATE 10

Normal subject No# 108 -  male* age 24

Logarithmic P«C*G-»

1 s t ,  2nd, 3rd and 4th  heart sounds#

S t e th o s c o o l c  and l i n e a r  P.O.OKs#

V ibrations at t h e  time of occurrence 
of 1 s t ,  2nd, 3rd and 4th  heart sounds*
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APPENDIX C ( c o n t in u e d )

PLATES 11 -  72

PHONOCAKPIOG-RAMS OF PATIENTS WITH HEART DISEASE

In  a l l  r e c o r d s :

1 . E.C.G-. (Lead I I )
L o g a r i th m ic  P.C.G-#

2• J u g u la r  phlebogram  
L o g a r i th m ic  P.C.G-#

3 .  J u g u la r  phlebogram  
L in e a r  P .C .G .

Time m ark ing  in  1 /5  seconds

The p h o to g rap h s  o f  th e  r e c o r d s  a re  
a p p ro x im a te ly  the same s i z e  as  th e  o r i g i n a l s #

CAPTIONS

The d i a g n o s i s  i s  by th e  p h y s ic ia n  i n  charge#

The a u s c u l t a t o r y  f i n d in g s  r e p o r t e d  a re  by 
t h e  a u th o r#

U n le ss  where o th e rw is e  s t a t e d ,  th e  n o te s  
r e f e r  t o  th e  r e g io n  o f  t h e  c a r d ia c  apex#

The r e s u l t s  a re  summarized i n  Table



F o r  d e t a i l s  o f  I n t e r p r e t a t i o n  o f  th e  p h o nocard iog ram s 
o f  h o s p i t a l  p a t i e n t s  s e e  p r e v io u s  page#

PLATE 11

P a t i e n t  No# 1 ■ -  male# age 44

D ia g n o s i s
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

L in e a r  P.C.G-#
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  h e a r t  

s o u n d s •

P a t i e n t  No# 2 -  m a le ,  age 33

D ia g n o s i s
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  and 

m i d - d i a s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  snd  2nd h e a r t  sounds and m i t r a l  o p e n in g  sn a p ;  

p a n s y s t o l i c  and m i d - d i a s t o l i c  murmurs#

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d , and 3 rd  h e a r t  

sounds and m i t r a l  o p e n in g  snap#
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PLATE 12

P a t i e n t  No* 5 -  m ale* age  9

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t io n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  m urmur•

At th e  pulm onary a r e a ,  wide s p l i t t i n g  o f  t h e  2nd 
h e a r t  sound ; p a n s y s t o l i c  murmur.

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ,  w i t h  s l i g h t  b u t  d e f i n i t e  

s p l i t t i n g  o f  th e  2nd h e a r t  soun d ; p a n s y s t o l i c  murmur.
At th e  pulm onary a r e a ,  wide s p l i t t i n g  o f  t h e  2nd h e a r t  
sound and m i t r a l  o p e n in g  sn a p ;  p a n s y s t o l i c  murmur 
c o n t in u in g  up t o  t h e  second  ( th e  p u lm onary ) component 
o f  th e  s p l i t  2nd so u n d .

L in e a r  P.G.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  h e a r t  

so u n d s .

Note
The p r o l o n g a t io n  o f  t h e  s y s t o l i c  murmur up t o  t h e  

pulmonary component o f  t h e  2nd sound  s u g g e s t s  t h a t  t h e r e  
i s  pulmonary s t e n o s i s .
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PLATS 13

P a t i e n t  No* 4 -  f e m a le , age 21

D ia g n o s i s
M i t r a l  s t e n o s i s  
A o r t i c  inco m p e ten ce

A u s c u l t a t i o n
Loud 1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  and e a r l y  d i a s t o l i c  m urm urs. At s t e r n a l  
end o f  3 rd  l e f t  i n t e r c o s t a l  s p a c e ,  1 s t  and 2nd h e a r t  
so u n d s ;  e a r l y  s y s t o l i c  and e a r l y  d i a s t o l i c  murmurs*

L o g a r i th m ic  P.C.Gr.
1 s t  and 2nd h e a r t  sounds and m i t r a l  o p e n in g  

sn ap ;  no murmur. At s t e r n a l  end o f  3 rd  l e f t  
i n t e r c o s t a l  s p a c e ,  1 s t  and 2nd h e a r t  sounds and m i t r a l  
o p en in g  sn a p ;  e a r l y  s y s t o l i c  and e a r l y  d i a s t o l i c  
murmur•

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3rd  h e a r t  

so u n d s .  At s t e r n a l  end o f  3 rd  l e f t  i n t e r c o s t a l  s p a c e ,  
v i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t  sou nds  and 
m i t r a l  o p e n in g  s n a p .

The ph lebogram  t r a c i n g  i n  t h e  l a s t  r e c o r d s  i s  
d e f e c t i v e  owing t o  im p e r f e c t  a p p l i c a t i o n  o f  t h e  
p h le b o g ra p h  cup  t o  th e  neek*
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PLATS 14

P a t i e n t  No. 5 * fe m a le ,  age 8

D iagnosis?
P a t e n t  d u c tu s  a r t e r i o s u s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur# 

At th e  pulm onary a r e a  a c o n t in u o u s  lo u d  murmur, w i t h  
maximum i n t e n s i t y  i n  e a r l y  d i a s t o l e .

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  s y s t o l i c  murmur o f  

v a r y in g  l e n g t h  i n  s u c c e s s iv e  c y c l e s .  At th e  
pulm onary a r e a ,  1 s t  h e a r t  so u n d ; lo n g ,  lo u d  murmur, 
o c cu p y in g  th e  g r e a t e r  p e r t  o f  s y s t o l e  and d i a s t o l e  
and m ask ing  2nd h e a r t  so u n d .

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  s o u n d s .
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PLATS 15

P a t i e n t  No, 6 -  fe m a le , age 23

D ia g n o s i s
M i t r a l  s t e n o s i s  
A o r t i c  in co m petence

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ,  th e  fo rm er  much l o u d e r ;  

lo n g  d i a s t o l i c  murmur w i th  p r e s y s t o l i c  a c c e n tu a t io n #
No murmur a t  th e  a o r t i c  a re a *

L o g a r i th m ic  P#C.G#
1 s t  and 2nd h e a r t  so u n d s ;  no  murmur# At 

s t e r n a l  end o f  3 rd  l e f t  i n t e r c o s t a l  s p a c e ,  1 s t  and 
2nd h e a r t  so u n d s ;  no murmur#

L in e a r  ?#C#<j #
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t  sounds#

Not®
No e v id e n c e  was found t o  s u p p o r t  t h e  h o s p i t a l  

d i a g n o s i s  o f  a o r t i c  incom petence#  The a b se n c e  o f  
th e  m i t r a l  d i a s t o l i c  murmur on th e  l o g a r i t h m i c  P.G.Cj # 
can  be a t t r i b u t e d  t o  t h e  g a in  r e d u c t i o n  n e c e s s a r y  t o  
r e c o r d  t h e  w hole e x t e n t  o f  th e  d e f l e c t i o n s  due t o  t h e  
lo u d  1 s t  sound#
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PLATS 16

P a t i e n t  No* 7 -  f e m a le , age 20

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  and 

p a n d i a s t o l l c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  m id -  and l a t e  d i a s t o l i c  

murmur w i th  p r e s y s t o l l c  a c c e n t u a t i o n .

L in e a r  P.C.Gr.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3**d 

h e a r t  so u n d s ;  i n d i c a t i o n  o f  lo w -f re q u e n c y  p r e s y s t o l l c  
murmur.

P a t i e n t  No. 8 -  m a le ,  age 52

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
A n t e r i o r  m y o c a rd ia l  i n f a r c t i o n  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur#

L in e a r  P .C .& .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  h e a r t  

s o u n d s .
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PLATE 17

P a t i e n t  No* 9 -  f e m a le # age 25

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  lo u d  p a n d i a s t o l i c  

murmur w i t h  p r e s y s t o l l c  a c c e n tu a t io n #

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  lo n g  d i a s t o l i c  

murmur, s t a r t i n g  an  a p p r e c i a b l e  t im e  a f t e r  2nd 
h e a r t  so u n d .

L in e a r  P«C«G>
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  so u n d s ;  i n d i c a t i o n  o f  d i a s t o l i c  murmur#



I 2  3  M

PATIENT NO. 9 APEX



PLATE 18

P a t i e n t  No* 10 -  fem ale#  age 38

D iagnosis
M itral s te n o s is  
A ortic incompetence

A uscu ltation
1st and 2nd heart sounds; continuous murmur 

At stern a l end of 3rd l e f t  in te r c o s ta l space, 1 st  
and 2nd heart sounds; s y s t o l ic  murmur.

Logarithmic P.C.G-.
1st and 2nd heart sounds; p a n sy sto lic  and 

early  d ia s t o l ic  murmurs. At s ter n a l end of 3rd 
l e f t  in te r c o s ta l space, 1st and 2nd heart sounds 
and m itra l opening snap; p a n sy sto lic  and ear ly  
d ia s t o l ic  murmurs.

Linear P.C.G.
V ibrations at the time of 1 s t ,  2nd, 3rd, and 

4th  heart sounds; in d ica tio n  of s y a to lic  murmur 
At s ter n a l end of 3rd l e f t  in te r c o s ta l space, 
v ib ra tio n s at the time of 1 s t ,  2nd, and 4th  heart 
sounds and m itra l opening snap; in d ica tio n  o f  
s y s t o l ic  murmur.
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PLATS 19

P a t i e n t  No* 11 -  f e m a le ,  age 60

D iagnosis
A r ter ia l hypertension D iabetes m e llitu s
Myocardial degeneration  Hemiplegia (R)
Congestive cardiac fa ilu r e

A uscu ltation
1st and 2nd heart sounds; no murmur.

Logarithmic P.C.G-.
1 s t ,  2nd, and 3rd heart sounds (p r o to d ia s to lic  

g a llo p );  no murmur.
The 'mush* on the b a se - lin e  is due to  the high  

gain of the a m p lifier  needed to  record the fa in t  
heart sounds.

Linear P.C.G.
V ibrations at the time of 1 s t ,  2nd, 3rd, and 

4th heart sounds.

P atien t No. 12 — male, age 70

D iagnosis
A rter ia l hypertension  
L eft heart s tr a in

A uscu ltation
1st and 2nd heart sounds, w ith 2nd sound much 

louder; s o f t ,  ear ly  s y s t o l ic  murmur.

Logarithmic P.C.G-.
1st and 2nd heart sounds and s y s t o l ic  extra  sound 

1st sound i s  o f low in te n s ity  and prolonged duration  
but no murmur i s  recorded.

The d e f le c t io n s  narked fA* on record 1 are 
id e n t if ie d  as a r te fa c ts  because they are not repeated  
in  su ccess iv e  c y c le s .  They are probably instrum ental 
in  o r ig in .

Linear P.C.Gr.
V ib rations at the time of 1 s t ,  2nd, 3rd, and 4th  

heart sounds.



I 2 3

1 M 1 /v^WW
4  1 2 3

PATIENT NO.11 APEX

I,. ,̂ ^ ^ 1.11 #  ii> fr  W—M *

A I Sys 2  A A

4  1 2 3
PATIENT NO. 12 APEX



ELATEJSfl

P a t i e n t  No. 13 -  male# age 59

D iagnosis
A rter ia l hypertension  
L eft heart s tr a in

A uscu ltation
1 st and 2nd heart sounds; no murmur*

Logarithmic P»C»G*
1 st and 2nd heart sounds; no murmur*

Linear P.C»G.
V ibrations at the time of 1 s t ,  2nd, and 3rd 

heart sounds.

P a tien t No. 14 -» male, age 48

D iagnosis
A r te r ia l hypertension Chronic b ro n ch itis
Cor pulmonale and emphysema
Myocardial degeneration

A uscu ltation
Very fa in t  1 st and 2nd heart sounds; no murmur*

Logarithmic P.C.Cr*
1 s t ,  2nd and- 3rd heart sounds (p r o to d ia s to lic  

g a llo p );  no murmur.

L in e a r  P*C*G*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2nd , 3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATE 21

P a t i e n t  No# 15 -  m a le ,  age 69

D iagnosis
A r ter ia l hypertension L eft pyonephrosis
A nterior myocardial in fa r c tio n  
Congestive cardiac fa ilu r e

A uscu ltation
1st and 2nd heart sounds; no murmur#

Logarithmic P,C#G#
1st and 2nd heart sounds; no murmur#

Linear P#C»G-,
V ibrations at the time of 1 s t ,  2nd, and 4th  

heart sounds#

P atien t No# 16 -  male# age 52

D iagnosis
Angina p ecto r is

A uscu ltation
1 st and 2nd heart sounds; no murmur#

Logarithmic P#C.G#
1 st and~2nd heart sounds; no murmur#

L in e a r  P.C.G#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2nd, and

h e a r t  sounds#
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PLATE 22

P a t i e n t  No. 17 -  m a le ,  age 68

D iagnosis
Myocardial degeneration  Duodenal U lcer

A uscu ltation
1 st and 2nd heart sounds; no murmur.

Logarithmic P.C.G-.
1 st and 2nd heart sounds; no murmur.

Linear P.C.G-.
V ibrations at the time of 1 s t ,  2nd, and 3rd 

heart sounds.

P atien t No. 18 -  fem ale, age 15

D iagnosis
M itral incom petence.

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  murmur.

Logarithmic P.C.G-.
1 st and 2nd heart sounds; p a n sy sto lic  murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t , - 2 n d ,  3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATS 25

P & tle n t  No* 19 -  f e m a le » age 76

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
P a i n t  1 s t  and 2nd h e a r t  so u n d s ;  no murmur#

L o g a r i th m ic  P.C.G-*
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.
Record  2 shows a r t e f a c t s  (A) and a "b rea th  

s ound ( BS) .

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  

s o u n d s •

P a t i e n t  No. 20 -  f e m a le ,  age 19

D ia g n o s i s
M i t r a l  in co m p e ten ce

A u s c u l t a t i o n
Loud 1 s t  and n o rm al 2nd so und ; p a n s y s t o l i c  murmur*

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur*

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2n d , 3 r d ,  and 4 t h

h e a r t  s o u n d s .
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PLATE 24

P a t i e n t  No* 21 -  f e m a le ,  age 14

D ia g n o s is
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  c o n t in u o u s  murmur*

L o g a r i th m ic  P*C*G*
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur, 

w i t h  m i d - s y s t o l i c  a c c e n t u a t i o n ,  and e a r l y  d i a s t o l i c  
murmur•

L in e a r  P*C*G~*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d , 3rd* and 

4 t h  h e a r t  so u n d s ;  i n d i c a t i o n  o f  m i d - s y s t o l i c  murmur.
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PLATE 25

P a t i e n t  No* 22 -  f e m a le ,  age 26

D ia g n o s i s
M i t r a l  and a o r t i c  in co m p e ten ce  
A cute  rh e u m a t ic  c a r d i t i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

At s t e r n a l  end o f  2nd r i g h t  i n t e r c o s t a l  s p a c e ,  h e a r t  
sounds masked by lo u d ,  c o n t in u o u s  murmur w i t h  s y s 
t o l i c  a c c e n tu a t io n #

L o g a r i th m ic  P.C.G#
1 s t ,  2nd and 4 t h  h e a r t  sounds ( p r e s y s t o l l c  g a l l o p )  

p a n s y s t o l i c  murmur# At s t e r n a l  end o f  2nd r i g h t  
i n t e r c o s t a l  s p a c e ,  h e a r t  sounds masked by c o n t in u o u s  
murmur, l o u d e s t  i n  l a t e  s y s t o l e  and e a r l y  d i a s t o l e #

L in e a r  P#C#fl#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d , 3 r d ,  and 4 t h  

h e a r t  sounds#
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PLATS 26

P a t i e n t  No# 23 -  f e m a le ,  age 15

D ia g n o s i s
A cute  r h e u m a t ic  c a r d i t i s

A u s c u l t a t i o n
S o f t  1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  

murmur# At a o r t i c  a r e a ,  p a n s y s t o l i c  murmur#

L o g a r i th m ic  P#C#G#
1 s t  and £ n d l i e a r t  so u n d s ;  no murmur.

L in e a r  P.C.G-#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  sounds#

P a t i e n t  No# 24 -  m a le ,  age 31

D ia g n o s i s
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t ,  £nd and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  f a i n t  m i d - d i a s t o l i c  murmur#

L o g a r i th m ic  P#C.G#
1 s t  and 2nd h e a r t  so u n d s ;  p a n d l a s t o l i c  murmur 

r e c o r d e d  i n  o n ly  two c a r d i a c  c y c le s #

L in e a r  P#C#G•#
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd

h e a r t  sounds#
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PLATE 27

P a t i e n t  No* 25 -  m a le ,  age 58

D ia g n o s i s
A n t e r i o r  m y o c a r d ia l  i n f a r c t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur*

L o g a r i th m ic  P.C.G-*
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l l c  

g a l l o p ) ; no murmur*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2nd , and 4 t h  

h e a r t  s o u n d s .

P a t i e n t  No* 26 -  m a le ,  age 64

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  C h ro n ic  n e p h r i t i s
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.

L o g a r i th m ic  P.C.G*
1 s t ,  2nd and 4 t h  h e a r t  so und s ( p r e s y s t o l l c  

g a l l o p ) ;  murmur i n  e a r l y  and m id - s y s to le *

L in e a r  P*C»Gr*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d , 3 rd  and

4 t h  h e a r t  sounds*
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PLATE 28

P a t i e n t  No* 27 -  f e m a le . age 27

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i e  and m id

d i a s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ,  w i t h  v/ide s p l i t t i n g  o f  

2nd sound ; p a n s y s t o l i e  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  h e a r t  sound and 

b o t h  com ponents o f  s p l i t  2nd h e a r t  so u n d .

P a t i e n t  No. 28 -  f e m a le ,  age 46

D ia g n o s i s
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n d i a s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  sounds and m i t r a l  o p e n in g  sn a p  

m id -  and l a t e  d i a s t o l i c  murmur.

L in e a r  P .0.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd

h e a r t  s o u n d s .
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P a t i e n t  No. 29 -  f e m a le . age 21

D ia g n o s i s
M i t r a l  s t e n o s i s
A cute  r h e u m a t ic  c a r d i t i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  and 

p a n - d i a s t o l i c  murmurs*

L o g a r i th m ic  P .C .G .
1 s t ,  2nd , and 4 t h  h e a r t  sounds ( p r e s y s t o l i c  

g a l l o p ) ;  e a r l y  s y s t o l i c  and l a t e  d i a s t o l i c  murmurs*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 4 t h  

h e a r t  sounds*

Note
I n  v iew  o f  t h e  t a c h y c a r d i a  (105 h e a t s  p e r  min*) 

t h e  e x t r a  sound c o u ld  he a sum m ation so und , i n c l u d i n g  
an  e le m e n t  o f  th e  3^d h e a r t  so u n d .

P a t i e n t  No* 50 -  f e m a le ,  age 59

D ia g n o s i s
M i t r a l  s t e n o s i s  ( p o s t - v a lv o to m y )

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  m i d - d i a s t o l i c  and 

p r e s y s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  sounds and m i t r a l  o p e n in g  sn a p ;  

e a r l y  s y s t o l i c  and p a n d i a s t o l i c  m urmurs, t h e  l a t t e r  
w i th  p r e s y s t o l i c  a c c e n tu a t io n *

L in e a r  P.C.G-*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t  sounds 

and m i t r a l  o p e n in g  s n a p .

Note
. A f t e r  an  a p p a r e n t l y  s u c c e s s f u l  va lvo tom y  t h e  t y p i c a l  

p h y s i c a l  s i g n s  o f  m i t r a l  s t e n o s i s  r e m a in .
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PLATE 50

P a t i e n t  No* 31 -  f e m a le ,  age 49

D ig g n o s i s
M i t r a l  s t e n o s i s  and in com p eten ce  
A o r t i c  s t e n o s i s  and in co m petence

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  c o n t in u o u s  murmur#

The same a t  a o r t i c  a r e a  (2nd r i g h t  c o s t a l  c a r t i l a g e  
and l e f t  s t e r n a l  "border)#

L o g a r i th m ic  P .C .G .
L ow -am plitude  1 s t  and lo u d e r  2nd h e a r t  so u n d s ;  

p a n s y s t o l i e  and e a r l y  d i a s t o l i c  m urm urs. At s t e r n a l  
end o f  3rd  l e f t  i n t e r c o s t a l  s p a c e ,  no o b v io u s  1 s t  
h e a r t  sound ; p a n s y s t o l i e  murmur ( f t ia m o n d -sh a p e d 19 
w i th  maximum i n t e n s i t y  i n  m i d - s y s t o l e )  and e a r l y  
d i a s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  sounds 

and m i t r a l  o p e n in g  s n a p .  At s t e r n a l  end o f  3 rd  l e f t  
i n t e r c o s t a l  s p a c e ,  v i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 
2nd h e a r t  s o u n d s .
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PLATS 51

P atien t No, 31 -  continued

Logarithmic P,C»G~,
At 2nd r ig h t c o s ta l c a r t i la g e , no obvious heart 

sounds; *diamond-shaped* p a n sy sto lie  murmur and 
ea r ly  d ia s t o l ic  murmur.

Linear P,C.G-,
At 2nd r ig h t c o s ta l c a r t i la g e , v ib ra tio n s  at the 

time of 2nd heart sound and in d ica tio n  of s y s t o l ie  
murmur•
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P a t i e n t  No* 32 -  f e m a le ,  age 25

D ia g n o s i s
M i t r a l  s t e n o s i s  B r o n c h i e c t a s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i e  and e a r l y  

and l a t e  d i a s t o l i c  murmurs*

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  sounds and m i t r a l  o p e n in g  sn a p ;  

p a n s y s t o l i e  and e a r l y  and l a t e  d i a s t o l i c  murmurs*

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  

sounds and m i t r a l  o p e n in g  snap*

P a t i e n t  No. 35 -  f e m a le ,  age 44

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  C h ro n ic  n e p h r i t i s
L e f t  h e a r t  s t r a i n  I r o n - d e f i c i e n c y  anaem ia

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  murmur*

L o g a r i th m ic  P.C.fr*
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L in e a r  P.C»G-»
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 rd  and 4 t h

h e a r t  s o u n d s .
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P a t i e n t  No* 34 -  f e m a le ,  age 14

Diagnosis
M itral s te n o s is  
Myocardial d isease

A uscultation
1st and 2nd heart sounds and m itra l opening snap; 

p a n sy sto lie  murmur*

Logarithmic P.C.G-.
1 st  and 2nd heart sounds and m itra l opening snap; 

ear ly  and m id -sy s to l ic  murmur*

Linear P.C.G-*
V ibrations at  the time of 1 s t ,  2nd, 3rd, and 4th  

heart sounds and m itra l opening snap*

Note
The predominant s y s t o l i c  murmur suggests a co n s i

derable degree of m itral incompetence*

P atien t  No* 35 -  fem ale, age 33

Diagnosis
M itral s te n o s is  ( post-valvotom y)

A uscultation
1st and 2nd heart sounds; m id -d ia sto lic  murmur*

Logarithmic P.C.G-*
1 s t ,  2nd and 3rd heart sounds (p r o to d ia s to l ic  

g a llo p );  no murmur*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d , 3 r d ,  and 4 t h

h e a r t  s o u n d s .
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P a t i e n t  No* 36 -  f e m a le ,  age 41

Diagnosis
M itral s te n o s is  ( post-valvotom y)
Auricular f i b r i l l a t i o n

A uscultation
1st and 2nd heart sounds; p ansysto lio  and mid* 

d ia s t o l i c  murmurs.

Logarithmic P.C.G*
1st and 2nd heart sounds and m itra l opening snap 

ear ly  and m id -sy s to lic  and p and lasto lio  murmurs*

Linear P.C.Or.
V ibrations at the time of 1st and 2nd heart 

sounds and m itra l opening snap*

P atien t No* 37 -  fem ale, age 52

D iagnosis
M itral s te n o s is  
A ortic incompetence

A uscultation
1st and 2nd heart sounds; p an systo lie  and mid- 

and la te  d i a s t o l i c  murmurs.

Logarithmic P.C.G,
1 s t ,  2nd, and 3rd heart sounds (p r o to d ia s to l ic  

g a l lo p ) ; p a n sy sto lie  and early  and la te  d ia s t o l i c  
murmurs•

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2n d , and 4 t h

h e a r t  s o u n d s .
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PLATE 35

P a t i e n t  No. 58 -  f e m a le ,  age 35

D iagnosis
M itral s te n o s is  and incompetence 
Aortic incompetence

A uscultation
1st and 2nd heart sounds; p an systo lie  and mid- 

and la te  d ia s t o l i c  murmurs# Aortic p an systo lie  and 
ear ly  d ia s t o l i c  murmurs, the la t t e r  loudest at s ter n a l  
end of 3rd l e f t  in te r c o s ta l  space.

Logarithmic P.C.Ct.
1st and 2nd heart sounds with wide s p l i t t i n g  of  

2nd sound; early  and m id -sy s to lic  and la te  d ia s t o l i c  
murmurs. At s ter n a l end of 3rd l e f t  in te r c o s ta l  
space, 1st and 2nd heart sounds; early  and mid- 
s y s t o l i c  and early  d ia s t o l i c  murmurs.

Linear P.C.G.
V ibrations at the time of 1 s t ,  both components 

o f  2nd, and 4th heart sounds. At s ter n a l end of 3rd 
l e f t  in te r c o s ta l  space, v ib ra tio n s  at the time of 1st  
heart sound and both components of 2nd sound.
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P atient No# 59 * male, age 50

Diagnosis
M itral s te n o s is

A uscultation
1st and 2nd heart sounds; mid* and la te  d ia s t o l i e  

murmur#

Logarithmic P#C#G*
1 st  and 2nd heart sounds; mid* and la te  d ia s t o l i e  

murmur•

Linear P«C#G#
V ibrations at the time of 1 s t ,  2nd and 3 ĉl heart 

sounds#
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P a t i e n t  No. 40 -  m a le ,  age 16

Diagnosis
M itral s te n o s is  
Aortic incompetence

A uscultation
1st and 2nd heart sounds; p an systo lie  murmur 

At 2nd r ig h t  c o s ta l  c a r t i la g e ,  1st and 2nd heart 
sounds; continuous murmur*

Logarithmic P.C.G.
1 s t ,  2nd, and 3rd heart sounds; p ansysto lie  

and la te  d ia s t o l i c  murmurs. At 2nd r ig h t  c o s ta l  
c a r t i la g e ,  1 s t ,  2nd, and 3rd heart sounds; early  
and m id -sy s to l ic  and early  d ia s t o l i c  murmurs*

Linear P.C.G*
V ibrations at the time of 1 s t ,  2nd, 3rd, and 

4th heart sounds. At 2nd r ig h t  c o s ta l  c a r t i la g e  
v ib ra tio n s  at the time of 1 s t ,  2nd, and 3rd heart 
sounds•
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PLATE 38

P a t i e n t  No* 41 -  m a le ,  age 66

D ia g n o s is
A o r t i c  s t e n o s i s  Emphysema
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
Very f a i n t  1 s t  and 2nd h e a r t  so u n d s ;  no murmur*

L o g a r i th m ic  P.C«£»
1 s t ,  2 n d , 3 r d ,  and 4 t h  h e a r t  sounds ( q u a d r u p le  

rh y th m ) ;  p a n s y s t o l i e  murmur*
B r e a th  sound a r t e f a c t s  marked ’A* on r e c o r d  2*

L in e a r  P*C*G-*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h  

h e a r t  sounds*
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P a t i e n t  No» 42 -  m a le ,  age 15

D ia g n o s i s
F a l l o t ^  t e t r a l o g y

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i e  murmur. 

Murmur l o u d e s t  a t  lo w e r  r i g h t  s t e r n a l  b o rd e r*

L o g a r i th m ic  P,C«Gr»
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i e  murmur*

At t r i c u s p i d  a r e a ,  1 s t  and 2nd h e a r t  sounds* p a n -  
s y s t o l i c  murmur*

L in e a r  P . 0,(2-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2n d , and 3 rd  h e a r t  

sounds*  At t r i c u s p i d  a r e a ,  v i b r a t i o n s  a t  t h e  t im e  
o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h  h e a r t  sounds*
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PLATE 40

P a t i e n t  No. 45 -  m a le ,  age 24

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  m id -  and l a t e  

d i a s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  

s o u n d s .

Note
The h i g h e r - f r e q u e n c y  s y s t o l i c  murmur, w h ich  was 

h e a r d ,  i s  n o t  r e c o r d e d :  t h e  lo w e r - f r e q u e n c y  d i a s t o 
l i c  murmur, w h ich  ^ a s  n o t  h e a r d ,  i s  r e c o r d e d .

P a t i e n t  No. 44 -  f e m a le ,  age 28

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
V ery  loud  1 s t  and n o rm al 2nd h e a r t  so u n d s ;  mid® 

d i a s t o l i c  murmur.

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  sounds 

and m i t r a l  o p e n in g  s n a p .

Note
At t h e  re d u c e d  g a in  r e q u i r e d  t o  r e c o r d  t h e  whole 

o f  th e  1 s t  sound d e f l e c t i o n s ,  th e  a u d ib l e  murmur i s  
n o t  r e c o r d e d .
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PLATE 41

P a t i e n t  No. 45 -  f e m a le ,  age 7

D iagnosis ;
P a t e n t  d u c tu s  a r t e r i o s u s

A u s c u l t a t i o n  .
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur.

At pulm onary  a r e a ,  h e a r t  sounds masked by c o n t in u o u s  
murmur•

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and e a r l y  

d i a s t o l i c  murmur. At pulm onary  a r e a ,  1 s t  h e a r t  
so und ; c o n t in u o u s  murmur, l o u d e s t  a t  t h e  t im e  o f  2nd 
h e a r t  so u n d .

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  s o u n d s .  

At pulm onary  a r e a ,  v i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 
2nd h e a r t  s o u n d s ;  i n d i c a t i o n  o f  d i a s t o l i c  murmur.
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PLATE 42

P a t i e n t  No. 46 -  f e m a le ,  age 21

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s o u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and m id

d i a s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m i d - s y s t o l i c  

murmur•

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t  

so u n d s .

Note
The p redom inance  o f  t h e  s y s t o l i c  murmur s u g g e s t s  

a p redom inance  o f  in co m p e te n ce  r a t h e r  t h a n  s t e n o s i s  
o f  th e  m i t r a l  v a l v e .

P a t i e n t  No. 47 -  f e m a le ,  age 51

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  s o u n d s ;  e a r l y  s y s t o l i c  murmur*

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t

s o u n d s .
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PLATE 43

P a t i e n t  No> 48 -  fem ale#  age 65

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
A n t e r i o r  m y o c a rd ia l  i n f a r c t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
V ery  f a i n t  1 s t  and 2nd h e a r t  s o u n d s ;  e a r l y  

s y s t o l i c  murmur.

L o g a r i th m ic  P .C .G .
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l l c  

g a l l o p ) ;  e a r l y  s y s t o l i c  murmur.
The ‘mush* on th e  b a s e l i n e  o f  r e c o r d s  1 and 2 

i s  a t t r i b u t a b l e  t o  th e  h ig h  g a in  o f  t h e  a m p l i f i e r s  
n e c e s s a r y  t o  r e c o r d  th e  sounds i n  t h i s  c a s e .

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .

P a t i e n t  No. 49 -  f e m a le ,  age 44

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
M i t r a l  s t e n o s i s  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  s o u n d s ;  p a n s y s t o l i c  murmur

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  s o u n d s ;  p a n s y s t o l i c  murmur

L in e a r  P.C.Cx.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t

sounds and m i t r a l  o p e n in g  s n a p .
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PLATE 44

P a t i e n t  No. 50 -  f e m a le . age 42

D ia g n o s i s
M i t r a l  s t e n o s i s  Pneumonia (R)
S u b a c u te  b a c t e r i a l  e n d o c a r d i t i s  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and f a i n t  

m i d - d i a s t o l i c  murmurs.

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ,  w i th  w ide s p l i t t i n g  

o f  2nd so u n d ;  p a n s y s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  h e a r t  sound and 

b o t h  com ponents o f  s p l i t  2nd so u n d .

P a t i e n t  No. 51 -  f e m a le ,  age 58

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  C h ro n ic  n e p h r i t i s
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l i c  

g a l l o p ) ,  w i t h  s p l i t t i n g  o f  2nd so u nd ; e a r l y  and m id -  
s y s t o l i c  murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h

h e a r t  s o u n d s .
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P a t i e n t  No# 52 -  f e m a le ,  age 72

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  C h ro n ic  n e p h r i t i s
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m i d - s y s t o l i c  

murmur#

L o g a r i th m ic  P.C.G#
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m i d - s y s t o l i c  

murmur•

L in e a r  P.C.G-#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t  and 2nd h e a r t  sounds#

Note
The r e f e r e n c e  t r a c i n g  in  r e c o r d s  2 and 3 i s  s t r o n g l y  

a r t e r i a l i z e d ,  r e p r e s e n t i n g  c a r o t i d  r a t h e r  t h a n  j u g u l a r  
p u l s a t i o n #

P a t i e n t  No# 55 -  f e m a le ,  age 31

D ia g n o s i s
, M i t r a l  s t e n o s i s  D uodenal u l c e r

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L o g a r i th m ic  P.C.G-#
1 s t  and 2nd h e a r t  sounds and m i t r a l  o p e n in g  sn a p ;  

e a r l y  and m i d - s y s t o l i c  murmur.

L in e a r  P.C.G-#
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2n d , and 4 t h  h e a r t

sounds and m i t r a l  o p e n in g  snap#
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PLATE 46

P a t i e n t  No* 54 -  f e m a le ,  age 48

P i s g n o s i s
A r t e r i a l  h y p e r t e n s i o n  C h ro n ic  b r o n c h i t i s
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  

murmur•

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur#

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  sounds*  
The r e f e r e n c e  t r a c i n g  shows c a r o t i d  r a t h e r  t h a n  

j u g u l a r  p u l s a t i o n .

P a t i e n t  No* 55 -  male* age 28

D ia g n o s i s
M i t r a l  s t e n o s i s  ( p o s t - v a lv o to m y )

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  s o u n d s :  p a n s y s t o l i c  murmur*

L o g a r i th m ic  P»C*G*
1 s t  and 2nd h e a r t  so u n d s ;  no murmur*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2n d , 3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATE 47

P a t i e n t  No. 56 -  m a le ,  age 56

D ia g n o s i s
A ngina  p e c t o r i s

A\jb c u l t a t l o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L o g a r i th m ic  P.C .Cr .
1 s t  and 2nd h e a r t  so u n d s ;  no murmur#

L in e a r
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  so u n d s .

P a t i e n t  No. 57 -  f e m a le ,  age 63

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

Au s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd

h e a r t  s o u n d s .
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PLATE 48

P atien t No# 58 * female* age 55

D iagnosis
A r ter ia l hypertension  
L eft heart s tr a in

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  murmur*

Logarithmic P.0.G-#
1 st and 2nd heart sounds; ear ly  and mid* 

s y s t o l ic  murmur.

Linear P.C.G-*
V ib rations at the time of 1 st and 2nd heart sounds#
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P a t i e n t  No# 59 -  f e m a le ,  age 32

D iagnosis
M itral s te n o s is  
A ortic incompetence 
A uricular f ib r i l l a t io n

A uscu ltation
1 s t ,  2nd, and 3rd heart sounds ( p r o to d ia s to lic  

g a llo p );  ear ly  s y s t o l ic  murmur# At s te r n a l end of
3rd l e f t  in te r c o s ta l space, 1 st and 2nd heart sounds; 
ear ly  and m id -sy sto lic  and early  d ia s t o l ic  murmurs#

Logarithmic P.C.Cr#
1 s t ,  2nd, and 3rd heart sounds (p r o to d ia s to lic  

g a llo p );  early  s y s t o l ic  murmur. At s tern a l end of
3rd l e f t  in te r c o s ta l space, 1st and 2nd heart sounds; 
ea r ly  and m id -sy sto lic  and ear ly  d ia s t o l ic  murmurs#

Linear P.C.G-#
V ibrations at the time o f 1 s t ,  2nd, and 3rd 

heart sounds. The same at s te r n a l end of 3rd l e f t ,  
in te r c o s ta l space.
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P a t i e n t  No. J 0 _  -  f e m a le ,  age 36

D ia g n o s i s
M i t r a l  s t e n o s i s  
A o r t i c  in co m p e ten ce  
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and  e a r l y  

and l a t e  d i a s t o l i c  murmurs#

L o g a r i th m ic  P.C,G>
1 s t ,  2 n d ,  and 3 rd  h e a r t  so u n d s ;  p a n d i a s t o l i c  

murmur w i t h  p r e s y s t o l i c  a c c e n t u a t i o n .

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 rd  and 4 t h  

h e a r t  s o u n d s .
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P a t i e n t  No. 61 -  f e m a le » age 11

D ia g n o s i s
C o n g e n i t a l  pulm onary  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m i d - s y s t o l i c  

and l a t e  d i a s t o l i c  m urm urs. At pu lm onary  a r e a ,  1 s t  
and 2nd h e a r t  sounds w i th  s p l i t t i n g  o f  2nd soun d ; 
p a n s y s t o l i c  murmur.

L o g a r i th m ic  P.C.Gr.
1 s t ,  2 n d ,  and 3 rd  h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  and m id -  and l a t e  d i a s t o l i c  m urm urs. At 
pu lm onary  a r e a ,  1 s t  and 2nd h e a r t  sounds w i th  
s p l i t t i n g  o f  2nd so u n d ; e a r l y  and m i d - s y s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .  At pulm onary  a r e a ,  v i b r a t i o n s  
a t  t h e  t im e  o f  1 s t  h e a r t  sound and b o t h  com ponents 
o f  s p l i t  2nd so u n d .
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P a t i e n t  No. 62 -  f e m a le ,  age 52

Dia g n o s i s
M i t r a l  s t e n o s i s  
A o r t i c  in co m p eten ce  
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur*

L o g a r i th m ic  P.C.G-.
1 s t ,  2n d , and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  p a n s y s t o l i c  and e a r l y  d i a s t o l i c  murmurs*

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  s o u n d s .

P a t i e n t  No. 63 -  m a le ,  age 59

D ia g n o s i s
P o s t e r i o r  m y o c a r d ia l  i n f a r c t i o n  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  s o f t  e a r l y  and mid* 

s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h

h e a r t  s o u n d s .
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PLATE 55

P a t i e n t  No* 64 -  m a le ,  age 59

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and  m id -  

s y s t o l i c  murmur#

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .

P a t i e n t  No. 65 -  f e m a le ,  age 53

D ia g n o s i s
C o n g e n i t a l  pulm onary  s t e n o s i s  D u o d en a l u l c e r

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  s o u n d s ;  p a n s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATE 54

P a t i e n t  No* 66 -> f e m a le ,  age 54

D ia g n o s i s
M i t r a l  s t e n o s i s  ( p o s t -v a lv o to m y )

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n d i a s t o l i c  murmur*

L o g a r i th m ic  P.C.Cr*
1 s t ,  2 n d ,  and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  no murmur*

L in e a r  P.C.G*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .

P a t i e n t  No* 67 -  male* age 31

D ia g n o s i s
M i t r a l  in co m p e te n ce  
A cute  r h e u m a t ic  c a r d i t i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur*

L o g a r i th m ic  P.G.G-*
1 s t ,  2 n d ,  and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ; p a n s y s t o l i c  murmur*

L in e a r  P«C.G-»
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  sounds*
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PLATS 55

P a t i e n t  No* 68 -  male* age 58

D ia g n o s i s
A n t e r i o r  m y o c a r d ia l  i n f a r c t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur*

L o g a r i th m ic  P*C»G~*
1 s t  and 2nd . h e a r t  so u n d s ;  no  murmur*

L in e a r  P*C,G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 rd ., and 

4 t h  h e a r t  sounds*

P a t i e n t  No* 69 -  male* age 62

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  D ia b e t e s  m e l l i t u s
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  s o u n d s ;  no murmur*

L o g a r i th m ic  P*C»G*
1 s t ,  2 n d ,  3 r d ,  and 4 t h  h e a r t  so u n d s ;  no murmur*

L in e a r  P*C*G*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3rd> Qud

4 t h  h e a r t  sounds*
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P a t i e n t  No# 70 -  male* age 76

Pia  g n o s i s
A n t e r i o r  m y o c a r d ia l  i n f a r c t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur#

L o g a r i th m ic  P#C#G->
1 s t  and 2nd h e a r t  so u n d s ;  no murmur#

L in e a r  P#C#G#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 rd  and 

4 t h  h e a r t  sounds#

P a t i e n t  No# 71 -  fem ale#  age 59

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  B r o n c h ia l  a s th m a
L e f t  b u n d le  b r a n c h  b lo c k

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur#

L o g a r i th m ic  P#C#(x#
1 s t  and 2nd h e a r t  so u n d s ;  no  murmur#
B r e a t h  sou nds  (BS) on r e c o r d s  1 and 2 .

L in e a r  P#C#G-#
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  $nd 3 rd

h e a r t  sounds#
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P a t i e n t  No> 72 -  m a le ,  age 45

D ia g n o s i s
P o s t e r i o r  m y o c a rd ia l  i n f a r c t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .

P a t i e n t  No. 73 -  f e m a le ,  age 40

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  m id -  and l a t e  d i a s t o l i e  

murmur.

L o g a r i th m ic  P.C .G.,
1 s t  and 2nd h e a r t  so u n d s ,  s y s t o l i c  e x t r a  so u n d , 

and m i t r a l  o p e n in g  sn a p ;  m id -  and l a t e  d i a s t o l i c  
murmur w i t h  p r e s y s t o l i c  a c c e n t u a t i o n .

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 rd*  and

4 t h  h e a r t  s o u n d s .
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PLATE 58

P a t i e n t  No. 74 * f e m a le ,  age 61

D ia g n o s i s
Cor pu lm onale  B r o n c h ia l  as thm a

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no murmur

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  sounds and s y s t o l i c  e x t r a  sound ; 

no murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  so u n d s .

P a t i e n t  No. 75 -  m a le ,  age 49

D ia g n o s i s
M i t r a l  s t e n o s i s  
M y o c a rd ia l  d i s e a s e  
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and e a r l y  

and m i d - d i a s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and, e a r l y  

d i a s t o l i c  m urm urs.

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t  and 2nd h e a r t  s o u n d s .

L o bar pneumonia ( L )  
A cute  n e p h r i t i s
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P a t i e n t  No. 76 ~ m a le ,  age 39

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  M a lig n a n t  h y p e r t e n s i o n  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmurf

L o g a r i th m ic  P .C .f l .
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur*

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  s o u n d s .

P a t i e n t  No. 77 -» f e m a le ,  age 23

D ia g n o s i s
M i t r a l  incom p eten ce

A u s c u l t a t i o n
Loud 1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  

murmur•

L o g a r i th m ic  P .C .f l .
1 s t  and 2nd h e a r t  so u n d s ;  no murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  so u n d s .

Note
The a b sen c e  o f  t h e  m i t r a l  s y s t o l i c  murmur on t h e  

l o g a r i t h m i c  P .C .G . can  be a t t r i b u t e d  t o  t h e  g a in  
r e d u c t i o n  n e c e s s a r y  t o  r e c o r d  th e  whole e x t e n t  o f  th e  
d e f l e c t i o n s  due t o  th e  lo u d  1 s t  so u n d .
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PLATE 60

P a t i e n t  No» 78 -  f e m a le ,  age 52

D ia g n o s i s
M i t r a l  s t e n o s i s  H e m ip leg ia  (R)

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L o g a r i th m ic  P.C.Gr.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2n d , and 3 rd  h e a r t  

s o u n d s .

P a t i e n t  No. 79 -  f e m a le ,  age 68

Diagnosis?
Cor pu lm ona le  B a s a l  pneumonia

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur*

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id -  

s y s t o l i c  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  so u n d s ;  i n d i c a t i o n  o f  s y s t o l i c  murmur#
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PLATE 61

P a t i e n t  No. 80 -  m a le ,  age 61

D ia g n o s i s
L e f t  b u n d le  b r a n c h  b lo c k  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
F a i n t  1 s t  and 2nd h e a r t  so u n d s ;  no murmur*

L o g a r i th m ic  P.C.G-.
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l l e  

g a l l o p ) ;  no murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  s o u n d s .

P a t i e n t  No. 81 -  m a le ,  age 60

D ia g n o s i s
A ngina  p e c t o r i s
L e f t  b u n d le  b r a n c h  b lo c k

A u s c u l t a t i o n
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l l e  

g a l l o p ) ;  e a r l y  s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t ,  2 n d ,  and 4 t h  h e a r t  sounds ( p r e s y s t o l l e  

g a l l o p ) ;  m i d - s y s t o l i c  murmur.

L in e a r  P.C.Gr.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATS 62

P a t i e n t  No. 82 -  m a le ,  age 50

D ia g n o s i s
R ig h t  b u n d le  b r a n c h  b l o c k  C hron ic  b r o n c h i t i s  
Cor pu lm onale

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s ' t o l l c  murmur

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h  

h e a r t  s o u n d s .

P a t i e n t  No. 83 * m a le .  age 58

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and mid** 

s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and l a t e  

d i a s t o l i c  m urm urs.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  s o u n d s .
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PLATE 63

P a t i e n t  No. 84 -  m a le ,  age 42

D iagnosis
A r te r ia l hypertension  
Myocardial d isea se  
Angina p ecto r is

A uscu ltation
1 st and 2nd heart sounds; no murmur.

Logarithmic P.C.G-.
1 st and 2nd heart sounds; no murmur.

Linear P.C.G.
V ibrations at the time of 1 s t ,  2nd, 3rd, and 

4th  heart sounds.

P atien t No. 85 -  fem ale, age 63

D iagnosis
A r te r ia l hypertension  
A ortic s te n o s is

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  murmur.

Logarithmic P.C.G-.
1 s t ,  2nd, and 4th  heart sounds (p r e sy s to lio  

g a llo p );  p a n sy sto lic  murmur.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  so u n d s ;  i n d i c a t i o n  o f  s y s t o l i c  murmur.
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PLATS 64

P a t i e n t  No. 86 -  male# age 29

D iagnosis
M itral s te n o s is
A ortic incompetence
L eft heart s tra in
Subacute b a c te r ia l en d ocard itis

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  and midl

and la te  d ia s t o l ic  murmurs.

Logarithmic P.C.G-.
1 s t ,  2nd, and 3rd heart sounds (p r o to d ia s to lic  

g a llo p );  ea r ly  and m id -sy sto lic  and p a n d ia sto lic  
murmurs•

Linear P.C.G-.
V ibrations at the time of 1 s t ,  2nd, 3rd, and 

4th  heart sounds.

P atien t No. 87 -  fem ale, age 57

D iagnosis
A r ter ia l hypertension  Malignant hypertension  
Myocardial d isea se  
C ongestive cardiac fa ilu r e

A uscu ltation
1st and 2nd heart sounds; ear ly  s y s t o l ic  murmur•

Logarithmic P.C.G-.
1 s t ,  2nd, and 4th  heart sounds (p r e s y s to lle  

g a llo p );  ear ly  s y s t o l ic  murmur.

L in e a r  P.0.Q-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 4 t h

h e a r t  s o u n d s .
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FLATS 65

P a t i e n t  No* 88 -  male* age 55

D ia g n o s i s
M itral s te n o s is  and incompetence 
A ortic incompetence 
L eft bundle branch b lock

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  and mid- 

and la te  d ia s t o l ic  murmurs.

Logarithmic P.C.G*
1 s t ,  2nd, 3rd, and 4th heart sounds (quadruple 

rhythm) w ith wide s p l i t t in g  of 1 st sound; p a n sy sto lic  
and ear ly  d ia s t o l ic  murmurs.

Linear P.C.G.
V ibrations at the time of both components of 1 st  

sound, and at the time of 2nd, 3rd, and 4th  heart 
sounds *

P atien t No. 89 -  male, age 66

D iagnosis
A rter ia l hypertension  
L eft heart s tr a in

A uscu ltation
1st and 2nd heart sounds; p a n sy sto lic  murmur*

Logarithmic P.C.G.
1 s t ,  2nd, 3rd, and 4th  heart sounds (quadruple 

rhythm); p a n sy sto lic  murmur*

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  sounds*
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PLATS 66

P a t i e n t  No* 90 -  f e m a le ,  age 29

D ia g n o s i s
M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n  
C a rd ia c  f a i l u r e

A u s c u l t a t i o n
1 s t ,  2 n d ,  and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  p a n s y s t o l i c  murmur*

L o g a r i th m ic  P .C .G .
1 s t ,  2 n d ,  and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  p a n s y s t o l i c  and e a r l y  and m i d - d i a s t o l i c  
m urm urs•

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  s o u n d s .

P a t i e n t  Ho. 91 -  f e m a le ,  age 70

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  Kimmelstiel<=»Wilson
C o n g e s t iv e  c a r d i a c  f a i l u r e  syndrome

A u s c u l t a t i o n
S o f t  1 s t  and 2nd h e a r t  so u n d s ;  no murmur*.

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  no murmur*
B r e a t h  sound (BS) on r e c o r d  1*

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  sounds*
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PLATE 67

P a t i e n t  No* 92 -  f e m a le ,  age 45

D iagnosis
A r t e r i a l  h y p e r t e n s i o n  M a l ig n a n t  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and mid* 

s y s t o l i c  murmur*

L in e a r  P .C .G .
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 4 t h  

h e a r t  so u n d s ;  indie* a t  io n  o f  s y s t o l i c  murmur*

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  murmur.

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and mid*, 

s y s t o l i c  murmur.

L in e a r  P.C.G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and

4 t h  h e a r t  s o u n d s .

P a t i e n t  No. 93 -  male* age 62

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

C e r e b r a l  v a s c u l a r  
d i a e a s e
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PLATS 68

P a t i e n t  No* 94 -  f e m a le ,  age 64

D ia g n o s ia
A r t e r i a l  h y p e r t e n s i o n  C h ro n ie  ‘b r o n c h i t i s
L e f t  h e a r t  s t r a i n  
A u r i c u l a r  f i b r i l l a t i o n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  no  murmur*

L o g a r i th m ic  P.C+G-*
1 s t  and 2nd H e a r t  so u n d s ;  no murmur*

L in e a r  P«C«G-*
V i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  sounds*
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PLATE 69

P a t i e n t  No, 95 -  f e m a le ,  age 52

D ia g n o s i s
M i t r a l  s t e n o s i s  
A o r t i c  incom p eten ce  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and e a r l y  

and l a t e  d i a s t o l i c  m urm urs. At s t e r n a l  end o f  3 rd  
l e f t  i n t e r c o s t a l  s p a c e ,  1 s t  and 2nd h e a r t  so u n d s ;  
e a r l y  and m i d - s y s t o l i c  and e a r l y  d i a s t o l i c  m urm urs.

L o g a r i th m ic  P.C.G-.
1 s t  and 2nd h e a r t  so u n d s ;  no murmur. At s t e r n a l  

end of 3 rd  l e f t  i n t e r c o s t a l  s p a c e ,  1 s t ,  2 n d ,  and 3 rd  
h e a r t  sounds ( p r o t o d i a s t o l i c  g a l l o p ) ;  e a r l y  and m id -  
s y s t o l i c  and e a r l y  d i a s t o l i c  m urm urs.

L in e a r  P.C.G-.
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  h e a r t  

s o u n d s .  At s t e r n a l  end o f  3 rd  l e f t  i n t e r c o s t a l  
s p a c e ,  v i b r a t i o n s  a t  th e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 
4 t h  h e a r t  s o u n d s .
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PLATE 70

P a t i e n t  No. 96 -  f e m a le ,  age 53

D ia g n o s i s
A r t e r i a l  h y p e r t e n s i o n  B r o n c h ia l  a s thm a .
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
F a i n t  1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  s y s t o l i c  

murmur•

L o g a r i th m ic  P.C.G-*
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  murmur#

L in e a r  P.C.G*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  3 r d ,  and 

4 t h  h e a r t  sounds*

P a t i e n t  No* 97 -  fem ale*  age 23

D ia g n o s i s
M i t r a l  s t e n o s i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  p a n s y s t o l i c  and mid® 

d i a s t o l i c  m urm urs.

L o g a r i th m ic  P .C .G .
1 s t ,  2 n d ,  and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ; p a n s y s t o l i c  murmur.

L in e a r  P .C .G .
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  h e a r t

sounds*
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PLATS 71

P a t i e n t  No. 98 -  f e m a le ,  age 17

D ia g n o s i s
M i t r a l  in com petence  I r o n « d e f i c i e n c y  anaem ia  
S u b a c u te  b a c t e r i a l  

e n d o c a r d i t i s

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s f  p a n s y s t o l i c  murmur#

L o g a r i th m ic  P.C.G-*
1 s t ,  2 n d , and 3 rd  h e a r t  sounds ( p r o t o d i a s t o l i c  

g a l l o p ) ;  p a n s y s t o l i c  murmur*

L in e a r  P.C.G-*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd  

h e a r t  sounds*

P a t i e n t  No* 99 -  male* age 23.

D ia g n o s i s
A o r t i c  in co m p e ten ce  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

A u s c u l t a t i o n
1 s t  and 2nd h e a r t  so u n d s ;  c o n t in u o u s  murmur, 

•with s y s t o l i c  a c c e n tu a t io n *

L o g a r i th m ic  P .C .G .
1 s t  and 2nd h e a r t  so u n d s ;  e a r l y  and m id* 

s y s t o l i c  and p a n d i a s t o l i c  murmurs*

L in e a r  P.C.G*
V i b r a t i o n s  a t  t h e  t im e  o f  1 s t ,  2 n d ,  and 3 rd

h e a r t  sounds*
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PLATS 72

P a t i e n t  No* 100 * male* age 62

D iagnosis
A ortic incompetence 
Cardiac fa ilu r e

A uscu lta tion
1 st and 2nd heart sounds; p a n sy sto lic  murmur*

Logarithmic P.C.G.
1st and 2nd heart soundsf ear ly  and mid* 

s y s t o l ic  murmur.

Linear P.C.G.,
V ib rations at the time of 1 s t ,  2nd, 3rd, and 

4 t h  heart sounds.

Note
No a o r tic  d ia s t o l ic  murmur heard at any point 

on praecordium.
A rtefact (A) on record 2 .
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APPENDIX C ( c o n t in u e d )

PLATES 73 ~ 79

EXPERIMENTAL PHONOCARDIOGRAMS

P l a t e  73 Human e x p er im en t

P l a t e s  74 -  78 Dog e x p e r im e n ts

P l a t e  79 C a l i b r a t e d  human r e c o r d



PLATS 75

E x p e r im e n ta l  s u b j e c t  No* 1 * f e m a le ,  age 2 0 *

L o g a r i th m ic  P*C.G-.s from th e  m i t r a l  a re a *

R e fe re n c e  t r a c i n g  i n  r e c o r d  1 -  S.C.G-* (Lead I I ) • 
R e fe re n c e  t r a c i n g  i n  r e c o r d s  2 -  5 “ j u g u l a r  ph lebogram

1 .  P r e l im i n a r y  c o n t r o l

2 . ”
3* W ith  v enou s  o c c l u s i o n  

4* C o n t r o l  a f t e r  v enous o c c l u s i o n  

5* Im m ed ia te ly  a f t e r  e x e r c i s e

Time m ark in g  i n  1 /1 0  se co n d s

The r e c o r d s  shown h e re  a r e  c u t  from  t h e  o r i g i n a l  
( l o n g e r )  r e c o r d s
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PLATS 74

Dor No » 11 -  C o l l i e  -  f e m a le ,  11«3 kg» 

P r e l im in a r y  P .C .G .s

1 .  E o C »Gr» ( L e a d  I I )
L o g a r i th m ic  P .C .G . from l e f t  c h e s t  w a l l

2 .  E .C .G . (Lead I I )
S t e th o s c o p i c  P .C .G . from  l e f t  c h e s t  w a l l

3* J u g u l a r  phlebogram
L o g a r i th m ic  P .C .G . from exposed  r i g h t  v e n t r i c l e

4 .  J u g u l a r  ph lebogram
S te th o s c o p ic  P .C .G . from exposed  r i g h t  v e n t r i c l e

5 .  J u g u l a r  ph lebogram
L o g a r i th m ic  P .C .G . from exposed  l e f t  v e n t r i c l e

6 .  J u g u l a r  ph lebogram
S t e th o s c o p i c  P .C .G . from  exposed  l e f t  v e n t r i c l e

Time m ark in g  i n  1 /5  se co n d s



AvAvAvA\/A^/AvAa/An/A v̂ Aa/A'̂ 'A/v
•i • I i • : • •: • ■ ,
* , ' . * * *'  ̂ r*

_  _

{ / A r s / A ^ s / A ^ j A ^ j A y J ^ C j A y ^
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PLATE 75

Doft No. 3 ~ L a b ra d o r  puppy -  m a le ,  1 2 .1  k g .

L o g a r i th m ic  P .C .G .s  from  t h e  exposed  r i g h t  v e n t r i c l e

R e fe re n c e  t r a c i n g s  -  No. 1 -  j u g u l a r  ph lebogram
N os. 2 ,  3 ,  4 «* E .C .G . (Lead I I )

1 .  F i r s t  c o n t r o l

2 .  D u r in g  v eno us  o c c l u s i o n

3 .  Second c o n t r o l

4 .  D u r in g  r a p i d  in tr a v e n 'o u s  i n f u s i o n

l o t e

A r t e f a c t s ,  %A \  i n  r e c o r d  1 

Time m ark in g  i n  l / 5  se co n d s
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PLATS 76

Dog No# 12 L a b ra d o r  puppy -  f e m a le .  1 0 ,0  kg» 

S t e th o s c o p i c  P.C.G-. s from exposed  r i g h t  v e n t r i c l e  

R e fe re n c e  t r a c i n g s  ~ S.C.G-. (Lead I I )

1 .  F i r s t  c o n t r o l

2 .  D u r in g  venous o c c l u s i o n

3 .  Second c o n t r o l

4 .  D u r in g  r a p i d  in t r a v e n o u s  i n f u s i o n  

Time m ark in g  i h  1 /5  se c o n d s



J ________,________ L

4  1 2  5

4  I 3

>JL—

!/ W V  i \ M f  j

4  I 2

/ W Y  /W ' 7 ‘ - V ^ /  Aw Y  ^ w V : ,  W  - V v V

4  1 2 3

DOG NO.  12



PLATE 77

Dos No. 1 -  C o l l i e  -  m a l e » 1 0 ,3  k g # 

L o g a r i th m ic  P.C.G-.s from t h e  exposed  r i g h t  v e n t r i c l e

1 .  E .C .G .  (Lead I I )
C o n t r o l

2 .  J u g u l a r  phlebogram
P.C.G-. im m e d ia te ly  a f t e r  a d m i n i s t r a t i o n  of 
d i g o x i n  ( s low  i n t r a v e n o u s  i n j e c t i o n  of 1 mg# 
o v e r  a p e r i o d  of  4 m in u te s )

Time m ark in g  i n  1 /5  seco nd s

Dog No. 12 -  Labrador puppy -  fem ale, 10 .0  kg.

Logarithmic P.C.&s from the exposed r ig h t v e n tr ic le
Reference tra c in g s -  jugular phlebogram

1 . F ir s t  con tro l

2 . During stim u lation  of peripheral end of 
divided  r ig h t vagus nerve (10 m illiseco n d  
impulses at 3 v o lt s  and 50 impulses per 
second)

3* Second con tro l

4 . P.C.G-# 10 minutes a fte r  adm in istration  of
physostigmine (slow intravenous in je c t io n  
of 1 .5  mg. over a period of 5 minutes)

Note
Extra sy s to le  (ES) in  record 2

Time marking in  l /5  seconds
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PLATE 78

Dog No, 1 (2nd  s e r i e s )  -  C o l l i e  puppy «» fe m a le . 6 .5  kg«

1 . S tethoscop io  P.C.G. from exposed r ig h t v e n tr ic le  
Reference tra c in g  -  jugular phlebogram 
Vagal a rrest of heart; between arrows, 9 ml. sa lin e  
in jec ted  through cardiac ca th eter in to  r ig h t  
v e n tr ic le ,  causing extra  sy s to le  (ES).

Dog No.. 2 (2nd s e r ie s )  -  A lsa tian  -  fem ale. 20 .0  kg#

1 . S tethoscopio P.C.G. from exposed r ig h t v e n tr ic le  
Reference tra c in g  -  jugular phlebogram
Vagal a rrest of heart; three taps (a t arrow s), 
producing two extra sy s to le s  (E S).

2 . Logarithmic P.C.G. from exposed r ig h t v e n tr ic le  
Reference tra c in g  -  jugular phlebogram
Vagal a rrest of heart; between arrows, 14 ml. 
sa lin e  in jected  through cardiac cath eter  in to  
r ig h t v e n tr ic le ,  causing murmur (M).

Dog No. 5 (2nd s e r ie s )  -  C o llie  -  male. 24 .5  kg.

1 . Logarithmic post-mortem record from exposed r ig h t  
v e n tr ic le
Right v e n tr ic le  tapped (a t arrow s), causing sound 
v ib ra tio n s  lik e  heart sound.
The c a lib r a tio n  s ig n a l (CAL) at end of record  
corresponds to  a sound s ig n a l of 6 dynes per sq . 
cm. at 50 c y c le s  per second applied  to  the  
microphone•

2 .  Logarithmic post-mortem record from exposed r ig h t  
v e n tr ic le
10 m l. sa line in jected  through cardiac ca th eter  
again st d e f le c to r  in  r ig h t v e n tr ic le ,  causing  
murmur (M).
C alib ration  s ig n a l (CAL) as b e fo re .

Time marking in  1/5 seconds in  a l l  records
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PLATE 79

C alibration  te a t  record on normal subject -  male* age 20 . 

P.C.G-.s from the m itra l area
Reference tra c in g  in  records 1 and 2 -  E.C.G-. (Lead II)  
Reference tracin g  in  records 3 and 4 -  jugular phlebogram

lo Logarithmic

2 . Linear

3* Logarithmic

4 . Linear

Time marking in  l / 5  seconds

The ca lib r a tio n  s ig n a l i s  produced by an a lter n a tin g  
p o te n tia l of 2 .4  mV. at 50 cy c le s  per second applied  to  
the input of the p ream p lifier . This corresponds to  
a sound pressure of 6 dynes per sq . cm. on the micro
phone employed, which i s  approximately 25 d e c ib e ls  above 
the threshold  of a u d ib il ity  at th is  frequency.
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APPENDIX D

TABLES 30 -  55



T ab le  3 0 « C a r d ia c  e x t r a  sounds a t  m i t r a l  a r e a  i n  h e a l t h y
human s u b j e c t s :  a u s c u l t a t i o n  and l o g a r i t h m i c
phono c a r  dio g rap hy

O b s e rv e r  1 -  AoS* Henderson 
O b s e rv e r  2 -  A.W. S loan  
O b s e rv e r  3 -  F.W. Campbell

H e a r t  r a t e  p e r  m inute  c a l c u l a t e d  from P 0C<,G-o

S u b j e c t

Noo

Age

y r s a
Sex

H e ar t

r a t e

3 rd  h e a r t  sound
4 t h  sound 

P o C © Gr o
Heard by obs* P oCflG’o

1 2 3

1 20 M 70 - - + - +

2 21 F 62 - - + -

3 19 M 66 - - + + +

4 22 M 100 - - - -

5 22 M 70 - - - - -

6 20 F 90 - - - - -

7 21 M 55 - - - - -

8 21 F 67 - - - - -

9 20 M 56 - - + +

10 19 M 72 + - + - -

11 22 M 85 - — - - -

12 17 M 70 - - - - -

13 18 ' M 60 - - - - -

14 21 M 58 ■ - - - + +

15 18 M 65 - - + + +



T ab le  30 o ( c o n t i n u e d )

S u b j e c t

NOo

Age

yrs<>
Sex

H e a r t

r a t e

3rd  h e a r t  sound
4 th  sound 

PoCoGo
Heard by obs«> PoCoGa

1 2 3

16 31 M 54 - - - - -

17 18 M 80 - + - - -
18 20 F 68 - - - + +

19 20 F 64 - - - - -

20 18 M 72 - - - - -
21 18 F 74 + - - + +
22 21 M 64 - - - . - +

23 18 M 82 4* - + + +

24 24 M 82 - - - + +

25 18 F 86 - - - + -
26 21 M 68 - - - - -

27 19 F 62 - - - - -

28 19 M 56 - - - + -

29 20 M 66 - - + + -

30 21 M 48 - - - - +

31 19 M 70 - - - - +

32 22 F 58 + - + - -

33 19 F 90 - - - - -

34 27 M 50 - ; - - - -

35 19 F 75 - - — — ~



T a b le  30« ( c o n t i n u e d )

Subj e c t  

No.

Age

y r s .
Sex

H e a r t

r a t e

3 rd  h e a r t  sound
4 th  sound 

P .C .G .
Heard by o b s . P .C .G .

1 2 3

36 20 M 90 - - - + +

37 18 M 94 - - - + -

38 17 F 84 - - - - -

39 20 M 46 + - + + -

40 18 M 104 - - - - -

41 20 M 78 + + + + +

42 20 F 106 - - - - -

43 24 M 65 - - - + -•

44 24 M 85 - - - - -

45 19 M 100 - + + - +

46 18 M 72 + + - + +

47 20 M 85 - - — - -

48 18 M 88 - - - - +

49 20 M 62 + + - + +

50 27 M 75 - + - -

51 22 M 55 - + + - -

52 23 M 46 - - + -

53 19 M 76 - - - + +

54 18 F 90 - - - + -

55 18 M 72 —

"

+ +



T a b le  30o (co n t in u ed . )

S u b j e c t

NOo

Age

y r s*
Sex

H e a r t

r a t e

3 rd  h e a r t  sound
4 th  sound 

PoCoG.
Heard  by obs« P .C .G .

1 2 3

56 26 M 95 - - - - -

57 20 F 96 - - - -

58 20 M 95 - - + + -

59 25 M 64 - - - - -

60 21 M 72 - - + + +

61 19 M 66 - - - +

62 20 M 70 + + + - -

63 23 M 76 - - - + +

64 23 M 70 - - - + -

65 23 M 75 - - - + -

66 23 M 85 - - + - -

67 26 M 70 - - - - -

68 18 F 46 - - - + -

69 19 F 96 - - ~ - -

70 21 M 76 - - + + -

71 20 M 64 - - - - -

72 19 M 95 - - - + -

73 22 M 80 - - - - +

74 23 F 78 - - - + -

75 32 M 68

'

— —



T ab le  5 0 o ( c o n t i n u e d )

S u b j e c t  

NOo

Age

y r s o
Sex

H e a r t

r a t e

3 rd  h e a r t  sound
4 th  sound 

P.C.Go
Heard  by o o' CO 0 P.CoG*

1 2 3

76 18 F 72 - - - - -

77 19 M 72 - - - - -

78 26 M 66 - - + + -

79 19 M 66 - - - + +

80 26 M 68 - - - - +

81 23 M 66 - - - - -

82 31 M 98 - - - - -

83 17 M 65 - - + - -

84 24 M 64 - - - - -

85 20 M 70 - - - + +

86 17 F 90 - - - + -

87 18 F 106 - + - + -

88 30 M 85 - - + - -

89 20 M 72 - - - - -

90 20 M 84 - — - + -

91 24 M 56 - - - - -

92 . 18 F 76 - - - - -

93 21 M 66 - - + - -

94 18 M 70 - + - + +

95 20 F 88 - - - - -



T a b le  30« ( c o n t i n u e d )

S u b j e c t

No,

Age

yrs<>
Sex

H e a r t

r a t e

3 rd  h e a r t  sound
4 t h  sound

p . c , a «
Heard  by obs<> PoC*Gr.

1 2 3

96 25 M 75 - - - + -

97 21 M 80 - - - - -

98 19 M 73 + 4* + + -

99 23 M 66 - + + + +

100 17 M 95 - - - - -

101 27 M 70 - - - - -

102 22 M 68 - - - - -

103 20 F 74 - - - - -

104 19 F 104 - - - - -

105 29 M 78 - - - - -

106 20 M 66 - - + - +

107 17 M 85 - - - - +

108 24 M 76 - - - + +

109 21 M 87 - - - - -

110 22 M 66 - - - - -

111 20 M 90 - - - - -

112 23 M 66 - - - - —

113 18 M 86 - - + + -

114 20 M 85 - - - - -

115 24 M 78 - - - - +



T a b le  30 o ( c o n t i n u e d )

Subj e c t  

No o

Age

y r s .
Sex

H e a r t

r a t e

3 rd  h e a r t  sound
4 t h  sound 

PeCcG*
Heard  by obs„ PoCoG-o

1 2 3

116 21 M 62 - - - - -

117 22 M 56 - - - - -

118 19 1 80 - - - - +

119 20 M 74 - - + - -

120 25 M 76 - - - - -

121 19 P 70 - - - + -

122 25 M 64 - + - + -

123 22 M 76 - - - + -

A s y s t o l i c  e x t r a  sound was s e en  on t h e  l o g a r i t h m i c  

PoCoG-o o f  s u b j e c t s  4 ,  4 0 ,  58 and 9 6 0



T ab le  31* H e a r t  sounds and murmurs a t  m i t r a l  a r e a  i n  p a t i e n t s  w i th  h e a r t  d i s e a s e

( a u s c u l t a t i o n  and l o g a r i t h m i c  p h o n o c a r d io g r a p h y ) :  f o l l o w - u p

D i a g n o s i s  by p h y s i c i a n  i n  ch a rg e  
A u s c u l t a t i o n  by A.W. S loan
F o l lo w -u p  a s s e s s m e n t  o f  p a t i e n t ’ s g e n e r a l  h e a l t h  

by d o c to r  i n  c h a rg e  o f  c a s e  ( e x c e p t  where o t h e r  so u rc e  
o f  i n f o r m a t i o n  i n d i c a t e d )

KEY

Sounds:

Murmurs:

3 P r o t o d i a s t o l i c  g a l l o p  sound
4 tm t P r e s y s t o l i c  g a l l o p  sound

Sys - S y s t o l i c  e x t r a  sound
OS — Opening snap o f  m i t r a l  v a l v e

VS P a n s y s t o l i c  murmur
ES M l E a r l y  s y s t o l i c  murmur
MS M i d - s y s t o l i c  murmur
LS — L a te  s y s t o l i c  murmur

VD P a n d i a s t o l i c  murmur
ED E a r l y  d i a s t o l i c  murmur
MD — M i d - d i a s t o l i c  murmur
LD - L a te  d i a s t o l i c  murmur

Con* C on t in u o u s  murmur

P a t i e n t Age
Sex D i a g n o s i s

A u s c u l t a t i o n P h o n o c a rd io g ra p h y Po l iow -u p

No. y r s . Sounds Murmur s Sounds Murmur s (6 -9  months)
In O Ti e S

1 44 M M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 VS 1 2 VS Improved

2 33 M M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 E S MD 1 2 OS VS MD Unchanged M i t r a l  va lvo tom y 4 
months l a t e r

3 9 M M i t r a l  s t e n o s i s 1 2 VS 1 2 VS Improved



T a b le  31 ♦ ( c o n t i n u e d )

P a t i e n t Age
Sex Tin QcnnQi q

A u s c u l t a t i o n P h o n o c a rd io g ra p h y F o l low -u p
Notes

No, y r s .
1/ 1 11 >/ O b

Sounds Murmur s Sounds Murmur s (6-9 months)

4 21 F M i t r a l  s t e n o s i s  
A o r t i c  in co m pe ten ce

1 2 E'S MS EL 1 2 OS - Unchanged

5 8 F P a t e n t  d u c tu s  a r t e r i o s u s 1 2 VS 1 2 MS LS Improved L i g a t i o n  o f  d u c tu s  
3 weeks l a t e r

6 23 F M i t r a l  s t e n o s i s  
A o r t i c  in c o m p e te n ce

1 2 VL 1 2 — Improved P r e g n a n t :  Spon taneous  
f u l l - t e r m  d e l i v e r y  4 
months l a t e r

7 20 F M i t r a l  s t e n o s i s 1 2 ES VL 1 2 ML LL Improved M i t r a l  va lvo tom y 7 
months l a t e r

8 52 M A r t e r i a l  h y p e r t e n s i o n  
A n t e r i o r  m y o c a r d ia l

i n f a r c t i o n
C a r d ia c  f a i l u r e

1 2 ES 1 2 ES L ie d  5 days 
l a t e r

9 23 F M i t r a l  s t e n o s i s 1 2 VL 1 2 ML LL Improved M i t r a l  va lvo tom y 3 
months l a t e r

10 38 F M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce

1 2 Con. 1 2 VS EL U n t ra c e d L e f t  S c o t l a n d

11 60 F A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d e g e n e r a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 — 1 2  3 Unchanged 
( p a t i e n t )

L i a b e t e s  m e l l i t u s  
H em ip leg ia

12 70 M A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 ES 1 2 Sys — Improved

13 59 M A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 - 1 2 - Unchanged

14 48 M A r t e r i a l  h y p e r t e n s i o n  
Cor pu lm ona le  
M y o c a rd ia l  d e g e n e r a t i o n

1 2 1 2  3 Unchanged Chronic  b r o n c h i t i s  
and emphysema

15 69 M A r t e r i a l  h y p e r t e n s i o n  
A n t e r i o r  m y o c a r d ia l

i n f a r c t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 1 2 L ied  4 months 
l a t e r

P y o n e p h r o s i s  (L)



T a b le  31 .  ( c o n t i n u e d )

P a t i e n t Age
Sex TH PtP’T'lO c?"? c;

A u s c u l t a t i o n P h o n o c a rd io g ra p h y F o l low -u p
TVT/̂ 4* o o

NOo y r s .
J—/ J. up̂ l 1U OJL O

Sounds Murmur s Sounds Murmur s (6 -9  m onths)

16 52 M Angina p e c t o r i s 1 2 - 1 2 - Unchanged

17 68 M M y o c a rd ia l  d e g e n e r a t i o n 1 2 - 1 2 - Unchanged Duodenal u l c e r

18 15 F M i t r a l  i n co m p e te n ce 1 2 VS 1 2 VS Improved

19 76 F A r t e r i a l  h y p e r t e n s i o n  
M y o c ard ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

1 2 1 2 Improved

20 19 F M i t r a l  in co m p e te n ce 1 2 vs 1 2 VS Improved 
( p a t i e n t )

7 months p r e g n a n t  a t  
f o l lo w - u p

21 14 F M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 Con. 1 2 VS EL Improved
(m o th e r )

22 26 F M i t r a l  and a o r t i c
in co m p e te n ce  

Acute  r h e u m a t i c  c a r d i t i s

1 2 VS 1 2  4 VS Improved

23 15 F Acute  r h e u m a t i c  c a r d i t i s 1 2 vs 1 2 - Improved 
( p a t i e n t )

24 31 M M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 3 ML 1 2 - Unchanged
( p a t i e n t )

25 58 M A n t e r i o r  m y o c a r d i a l
i n f a r c t i o n

1 2 mi* 1 2  4 - Worse

26 64 M A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 - 1 2  4 ES MS Unchanged C hron ic  n e p h r i t i s

27 27 F M i t r a l  s t e n o s i s 1 2 VS ML 1 2 VS L ied  2 months 
l a t e r

A n a e s t h e t i c  death.

28 46 F M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 VL 1 2 OS ML LL U n tra c e d A ddress  unknown

29 21 F M i t r a l  s t e n o s i s
Acute  r h e u m a t i c  c a r d i t i s

1 2 E S VL 1 2  4 ES LL Improved

30 39 F M i t r a l  s t e n o s i s  
( po s t - v a l v o  tom y)

1 2 ML LL 1 2 OS ES VL Improved



Table 3 1 « ( c o n t i n u e d )

P a t i e n t Age
Sex Diagno s i  s

A u s c u l t a t i o n P h o n o c a rd io g ra p h y F o l low -u p
Notes

No, y r s* Sounds Murmur s Sounds Murmur s (6 -9  months)

31 49 I M i t r a l  s t e n o s i s  and
in co m p e te n ce  

A o r t i c  s t e n o s i s  and
in co m p e te n ce

1 2 Con, 1 2 VS ED Unchanged

32 25 F M i t r a l  s t e n o s i s 1 2 VS ED LD 1 2 OS VS ED LD Improved B r o n c h i e c t a s i s  
M i t r a l  va lvo tom y 
1 week l a t e r

33 44 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 ES MS 1 2 ES Improved C hron ic  n e p h r i t i s  
I r o n - d e f i c i e n c y  anaemia

34 14 F M i t r a l  s t e n o s i s  
M y o c a rd ia l  d i s e a s e

1 2 OS VS 1 2 OS ES MS Unchanged
(m o the r )

35 33 F M i t r a l  s t e n o s i s  
( p o s t - v a l v o t o m y )

1 2 MD 1 2  3 - Improved

36 41 F M i t r a l  s t e n o s i s  
( p o s t - v a l v o t o m y ) 
A u r i c u l a r  f i b r i l l a t i o n

1 2 VS MD 1 2 OS ES MS VD Unchanged

37 52 F M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce

1 2 VS MD LD 1 2  3 VS ED LD Died 5 m onths  
l a t e r

33 35 F M i t r a l  s t e n o s i s  and
in co m p e te n ce  

A o r t i c  in co m p e te n ce

1 2 VS MD LD 1 2 ES MS LD Unchanged

39 30 M M i t r a l  s t e n o s i s 1 2 MD LD 1 2 MD LD Worse

40 16 M M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce

1 2 VS 1 2  3 VS LD Died 3 months 
l a t e r

41 66 M A o r t i c  s t e n o s i s  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 - 1 2  3 4 VS Died 3 months 
l a t e r

Emphysema

42 15 M F a l l o t * s  t e t r a l o g y 1 2 VS 1 2 VS Unchanged

43 24 M M i t r a l  s t e n o s i s 1 2 vs 1 2 MD LD Unchanged M i t r a l  va lvo tom y 
6 months l a t e r



T able  3 1 o ( c o n t i n u e d )

P a t i e n t Age
Sex D i a g n o s i s

A u s c u l t a t i o n
1............................

Ph on oca rd io g ra p h y F o l lo w -up

No * y r s . Sounds Murmur s Sounds Murmur s (6 -9  months)
i\J U Oo o

44 28 F M i t r a l  s t e n o s i s 1 2 MD 1 2 Unchanged
( p a t i e n t )

P r e g n a n t ,
M i t r a l  va lvo tom y 3 
weeks l a t e r *  
F u l l - t e r m  d e l i v e r y  
5 months l a t e r .

45 7 F P a t e n t  d u c t u s  a r t e r i o s u s 1 2 VS 1 2 VS ED Improved D uctus  l i g a t e d  2 
weeks l a t e r

46 21 F M i t r a l  s t e n o s i s 1 2 VS MD 1 2 ES MD Unchanged

47 51 F A r t e r i a l  h y p e r t e n s i o n  
C a r d i a c  f a i l u r e

1 2 SS 1 2 ES Improved

48 63 F A r t e r i a l  h y p e r t e n s i o n  
A n t e r i o r  m y o c a r d ia l

i n f a r c t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 ES 1 2  4 ES Worse

49 44 F A r t e r i a l  h y p e r t e n s i o n  
M i t r a l  s t e n o s i s  
C a r d i a c  f a i l u r e

1 2 VS 1 2 VS Unchanged

50 42 F M i t r a l  s t e n o s i s  
S u ba c u te  b a c t e r i a l

e n d o c a r d i t i s  
A u r i c u l a r  f i b r i l l a t i o n

1 2 VS MD 1 2 VS Unchanged Pneumonia (R)

51 38 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 ES 1 2  4 ES MS Improved C h ro n ic  n e p h r i t i s

52 72 F A r t e r i a l  h y p e r t e n s i o n  
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 ES MS 1 2 ES MS Improved C hron ic  n e p h r i t i s

53 31 F M i t r a l  s t e n o s i s 1 2 ES 1 2 OS ES MS Unchanged 
( p a t i e n t )

Duodenal u l c e r

54 48 F A r t e r i a l  h y p e r t e n s i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 ES 1 2 ES Unchanged Chronic  b r o n c h i t i s



T a b le  31* ( c o n t i n u e d )

P a t i e n t Age
Sex D i a g n o s i s

A u s c u l t a t i o n Pho no c a r  dio g raphy F o l lo w -u p
Notes

No* y rs* Sounds Murmur s Sounds Murmur s (6 -9  months)

55 28 M M i t r a l  s t e n o s i s  
( p o s t - v a l v o t o m y )

1 2 VS 1 2 - Improved

56 56 M Angina p e c t o r i s 1 2 S'S 1 2 - Unchanged

57 63 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 VS 1 2 VS Unchanged

58 53 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 vs 1 2 ES MS Unchanged

59 32 F M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce  
A u r i c u l a r  f i b r i l l a t i o n

1 2 3 ES 1 2  3 ES Unchanged

60 36 F M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 VS ED LD 1 2  3 VD Improved

61 11 F C o n g e n i t a l  pulmonary
s t e n o s i s

1 2 ES MS LD 1 2  3 ES MS MD 
LD

Improved 
( p a t i e n t )

62 52 F M i t r a l  s t e n o s i s  
A o r t i c  inco m p e te n ce  
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 VS 1 2  3 VS ED Worse

63 59 M P o s t e r i o r  m y o c a r d i a l
i n f a r c t i o n  

L e f t  h e a r t  s t r a i n

1 2 ES MS 1 2 ES Unchanged

64 59 M A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

1 2 ES MS 1 2 ES MS Unchanged

65 53 F C o n g e n i t a l  pulmonary
s t e n o s i s

1 2 VS 1 2 ES MS Improved Duodenal  U l c e r

66 34 F M i t r a l  s t e n o s i s  
( p o s t - v a lv o t o m y )

1 2 VD 1 2  3 - Improved 
( p a t i e n t )

67 31 M M i t r a l  i n co m p e te n ce  
A cu te  r h e u m a t i c  c a r d i t i s

1 2 VS 1 2  3 VS Improved 
( p a t i e n t )



T a b le  51 o ( c o n t i n u e d )

P a t i e n t Age
Sex Liagno s i  s

A u s c u l t a t i o n P ho no c a r  d io  g r  aphy F o l lo w -u p
TvTr\ "h & o

NOo y r s * Sounds Murmur s Sounds Murmur s ( 6 -9  months)
IN U  b b  o

68 58 M A n t e r i o r  m y o c a r d i a l
i n f a r c t i o n

1 2 - 1 2 - L ie d  5 days 
l a t e r

69 62 M A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

1 2 — 1 2 3 4 — Worse 
( p a t i e n t )

L i a b e t e s  m e l l i t u s

70 76 M A n t e r i o r  m y o c a r d ia l
i n f a r c t i o n

1 2 1 2 - Improved

71 59 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  b u n d le  b ra n c h  b lo c k

1 2 1 2 - Worse B r o n c h ia l  as thm a

72 45 M P o s t e r i o r  m y o c a r d ia l
i n f a r c t i o n

1 2 - 1 2 - Improved

73 40 F M i t r a l  s t e n o s i s 1 2 ML LL 1 2 Sys 
OS

ML LL Improved M i t r a l  va lvo tom y 
6 months l a t e r

74 61 F Cor pu lm onale 1 2 - 1 2 Sys - Unchanged B r o n c h ia l  as thm a

75 49 M M i t r a l  s t e n o s i s  
M y o c a rd ia l  d i s e a s e  
A u r i c u l a r  f i b r i l l a t i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 v;s EL ML 1 2 VS EL L ie d  2 days 
l a t e r

Lobar  pneumonia (L) 
Acute  n e p h r i t i s

76 39 M A r t e r i a l  h y p e r t e n s i o n  
C a r d ia c  f a i l u r e

1 2 VS 1 2 VS L ied  3 weeks 
l a t e r

M a l ig nan t  h y p e r t e n s i o n

77 23 F M i t r a l  in c o m p e te n c e 1 2 vs 1 2 - Unchanged 
( p a t i e n t )

4 months p r e g n a n t  
a t  f o l lo w - u p

78 52 F M i t r a l  s t e n o s i s 1 2 ES 1 2 ES Improved H em ip leg ia  (R)

79 68 F Cor pu lm ona le 1 2 VS 1 2 ES MS Improved B asa l  pneumonia

80 61 M L e f t  b u n d le  b r a n c h  b lo c k  
C a r d ia c  f a i l u r e

1 2 - 1 2 4 - Wor se ■

81 60 M Angina  p e c t o r i s
L e f t  b u n d le  b r a n c h  b l o c k

1 2 4 ES- 1 2 4 MS Improved

82 50 M R ig h t  b u n d le  b ra n c h  b lo c k  
Cor pu lm ona le

1 2 ES 1 2 ES Improved Chronic  b r o n c h i t i s



T a b le  31 . ( c o n t i n u e d )

P a t i e n t Age
C J p Y TW  o  r \ c* “i c*

A u s c u l t a t i o n P h o n o c a rd io g ra p h y F o l lo w -u p
N otes

No e y r s .
O  C a oJL  o

Sounds Murmur s Sounds Murmur s (6 -9  months)

83 58 M A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
L e f t  h e a r t  s t r a i n

1 2 ES MS 1 2 VS LD Unchanged

84 42 M A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
Angina p e c t o r i s

1 2 — 1 2 Improved 
( p a t i e n t )

85 63 F A r t e r i a l  h y p e r t e n s i o n  
A o r t i c  s t e n o s i s

1 2 VS 1 2  4 VS Unchanged

86 29 M M i t r a l  s t e n o s i s  
A o r t i c  in co m p e te n ce  
L e f t  h e a r t  s t r a i n  
S u b a c u te  b a c t e r i a l

e n d o c a r d i t i s

1 2 VS MD LD 1 2  3 ES MS VD Improved 
( p a t i e n t )

87 57 F A r t e r i a l  h y p e r t e n s i o n  
M y o c a rd ia l  d i s e a s e  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 ss 1 2  4 ES Improved M al ig n a n t  h y p e r t e n s i o n

88 55 M M i t r a l  s t e n o s i s  and
in co m p e te n ce  

A o r t i c  in c o m p e te n c e  
L e f t  b u n d le  b r a n c h  b lo c k

1 2 VS MD LD 1 2  3 4 VS ED Died 7 months 
l a t e r

89 66 M A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 VS 1 2  3 4 VS Improved

90 29 F M i t r a l  s t e n o s i s  
A u r i c u l a r  f i b r i l l a t i o n  
C a r d ia c  f a i l u r e

1 2  3 vs 1 2  3 VS ED MD Improved

91 70 F A r t e r i a l  h y p e r t e n s i o n  
C o n g e s t iv e  c a r d i a c  f a i l u r e

1 2 - 1 2 - Died  5 months 
l a t e r

Kimmel s t  i  e l - W i l  son
syndrome

92 45 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 vs 1 2 ES MS Unchanged M a l ig n a n t  h y p e r t e n s i o n

93 62 M A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n

1 2 I S 1 2 ES MS Unchanged C e r e b r a l  v a s c u l a r  
d i s e a s e

94 64 F A r t e r i a l  h y p e r t e n s i o n  
L e f t  h e a r t  s t r a i n  
A u r i c u l a r  f i b r i l l a t i o n

1 2 1 2 mm Died 3 months 
l a t e r

C hron ic  b r o n c h i t i s



T a b le  5 1 o ( c o n t i n u e d )

P a t i e n t Age
Sex l i a g n o  s i s

A u s c u l t a t i o n Phonoc ax d io g rap h y F o l lo w -u p
Notes

No o y r s . Sounds Murmur s Sounds Murmur s (6 -9  months)

95 32 P M i t r a l  s t e n o s i s  
A o r t i c  inco m p e te n ce  
l e f t  h e a r t  s t r a i n

1 2 VS S I  11 1 2 - Unchanged

96 53 P A r t e r i a l  h y p e r t e n s i o n  
l e f t  h e a r t  s t r a i n

1 2 ES 1 2 VS Worse B r o n c h ia l  as thm a

97 23 F M i t r a l  s t e n o s i s 1 2 VS MD 1 2  3 VS Unchanged

98 17 P M i t r a l  in com p e ten ce  
S u b a c u te  b a c t e r i a l

e n d o c a r d i t i s

1 2 VS 1 2  3 vs Improved I r o n - d e f i c i e n c y
anaemia

99 23 M A o r t i c  in co m p e te n ce  
M y o c a rd ia l  d i s e a s e  
l e f t  h e a r t  s t r a i n

1 2 Con* 1 2 ES MS VI Unchanged

100 62 M A o r t i c  in c o m p e te n c e  
C a r d i a c  f a i l u r e

1 2 VS 1 2 ES MS Improved



T a b le  3 2 » 11f e e t  o f  venous  o c c l u s i o n  and o f  e x e r c i s e  on
bhe arnpl i  tr.d--: o f  she f i r s t  h e a r t  sound a t  th e  
m i t r a l  a r e a  i n  h e a l t h y  human s u b j e c t s : 
l o g a r i  thm ic  phono c a r  dio g rap h y

Subj e c t E f f e c t  Oj" venous  o c c l u s i o n E f f e c t  o f  e x e r c i s e

No* C o n t r o l
(mm.)

Occlsn*
( mm )

Change
(* )

C o n t r o l  
(mm*)

E x e r c i s e
(mm.)

Change
W

1 10 11 + 10 8 25 +213

2 14 *13 -  7 11 17 + 55

3 20 19 -  5 - -

4 20 18 -  10 20 22 + 10

5 16 10 -  38 16 23 -j-

6 12 12 0 9 13 + 44

7 13 11 -  15 - - -

8 5 8 + 60 5 26 +420

9 9 15 + 66 6 25 + 317

10 5 6 + 20 5 22 + 340

11 20 10 -  50 11 24 +118

12 10 14 + 40 13 21 + 62

13 9 10 + 11 12 24 +100

14 6 5 -  17 6 25 + 317

15 5 6 + 20 6 25 + 317

16 20 13 -  35 14 21 + 50

N.Bo With s u b j e c t s  3 and 7 th e  s t e t h o s c o p e
c h e s t - p i e c e  was d i s p l a c e d  by the  exerc ise* ,



Table 33 o E f f e c t  o f  venous occlusion and o f  exercise on
t h e  a m p l i tu d e  o f  t h e  second h e a r t  sound a t  t h e

—  I I—— I I ■! Wi. HU   ■ II I ■■ .^..^■■11 ^  — —■ .  Ifc *.i rniam ■ — ^ w —

m i t r a l  a r e a  i n  h e a l t h y  human s u b j e c t s :
1 o g a r i t h r n ic  - h o n o c a r d i o ataphy

S u b j e c t E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  e x e r c i s e

No. C o n t r o l  
(mm.)

O cc lsn . '  
( mm o)

Change
w

C o n t r o l
( mm o)

E x e r c i s e
(mm.)

Change
0 0

1 17 16 — 6 9 9 0

2 14 12 -  14 13 10 -  23

3 6 10 + 67 - -

4 13 25 + 92 15 17 + 13

5 10 11 + 10 11 13 + 18

6 12 15 + 25 12 13 + 8

7 12 11 -  8 - - -

8 12 11 -  8 13 8 -  39

9 7 4 -  43 8 8 0

10 13 13 0 15 20 + 33

11 11 9 -  18 7 9 + 29

12 6 9 + 50 7 8 + 14

13 9 10 + 11 10 11 + 10

14 9 6 -  33 11 18 + 64

15 7 7 0 9 16 + 78

16 20 21 + 5 17 16 — 6



T ab le  34 © E f f e c t  o f  y e n —■ s o c c l u s i o n  and o f  e x e r c i s e  on 
th e  a m p l i tu d e  ol the  t h i r d  h e a r t  sound a t  the  
m i t r a l  a r e a  i n  h e a l t h y  human s u b j e c t s :  
l o g a r i t h m i c  phono c a r d i o g r a p h y

Subj e c t E f f e c t  o f  venous  oc e l u s i o n E f f e c t  o f  e x e r c i s e

S! o o C o n t r o l  
(mm«)

Occlsn*  
( mm *)

Change
(* )

C o n t r o l  
( mm o )

E x e r c i s e  
( mm e )

Change
w

1 5 2 — 60 4 12 + 200

2 4 2 -  50 4 4 0

3 4 2 -  50 - e*# -

4 8 2 -  75 10 11 + 10

5 3 1 -  67 2 3 + 50

6 4 1 -  75 3 6 +100

7 3 1 -  67 - - -

8 5 1 -  80 4 8 +100

9 3 0 -100 3 3 0

10 5 2 -  60 3 5 + 67

11 3 0 -100 1 3 + 200

12 2 0 -100 2 4 +100

13 4 2 -  50 3 4 + 33

14 2 1 -  50 2 5 +150

15 3 0 -100 3 3 0

16 10 3 -  70 8 8 0



55 o. E f f e c t  o f  venous  o c c l u s i o n  and o f  e x e r c i s e  on 
the  a m p l i tu d e  of  th e  f o u r t h  h e a r t  sound a t  t h e  
m i t r a l  a r e a  i n  h e a l t h y  human s u b j e c t s :  
l o g a r i t h m i c  p h o n o c a r d ip g r a p h y

S u b j e c t E f f e c t  of v enous  o c c l u s i o n E f f e c t  o f  e x e r c i s e

No* C o n t r o l  
( mm o)

O c c l s n .
( :im o)

Change
(?0

C o n t r o l  
( mm o)

E x e r c i s e  
(mm0)

Change
(%)

1 3 0 -100 2 3 + 50

4 7 5 -  29 7 11 + 57

5 2 0 -100 2 3 + 50

6 3 2 -  33 2 2 0

7 2 1 -  50 - - «

9 2 1 -  50 2 2 0

12 1 1 0 1 2 + 100

13 3 3 0 3 4 + 33

14 3 2 -  33 2 4 +100

16 5 4 -  20 4 5 + 25

N«Bo With s u b j e c t s  2 ,  3,  1 1 ,  and 1 5 ,  t h e
f o u r t h  h e a r t  sound was a b s e n t  t h r o u g h o u t*

With s u b j e c t s  8 and 10 th e  sound was 
p r e s e n t  o n l y  a f t e r  e x e r c i s e *



Table ;)60 Effect o f  venous occlusion and o f  e x e r c i s e  on 
th e  h e a r t  r a t e  o f  h e a l t h y  human s u b j e c t s

( h e a r t  r a t e  from p h o n o c a rd io g ra m s)

Subj e c t E f f e c t  o f venous  o c c l u s i o n E f f e c t  o f  e x e r c i s e

NOo C o n t r o l  
p e r  min„

O cclsn«
p e r  min.

Change
(* )

C o n t r o l  
p e r  min*

E x e r c i s e  
p e r  min*,

Change
(* )

1 67 79 + 18 67 94 + 40

2 88 77 -  13 94 108 + 15

3 51 64 + 25 - -

4 83 91 + 10 83 142 + 71

5 85 72 -  15 73 72 -  1

6 72 59 -  18 59 67 + 14

7 63 61 -  3 - - -

8 87 91 + 5 71 117 + 65

9 92 92 0 77 92 + 19

10 71 75 + 6 66 101 + 53

11 75 78 + 4 79 111 + 41

12 53 50 -  6 56 77 + 38

13 65 64 -  2 61 77 + 26

14 63 66 + 5 59 113 + 92

15 79 78 -  1 63 100 + 59

16 82 82 0 67 84 + 25



able 37o Incid.ence of ca:{ 1 diec ext^a sounds in a s e r i e s  of1 12 
do^ss l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from c h e s t  w a l l  
( m i t r a l  a r e a ) ,  f rom r i g h t  v e n t r i c l e ,  and from l e f t  
v e n t r i c l e

Dog T h ird h e a r t sound F o u r t h  h e a r t sound S y s t o l i c  e x t r a  sound

S! O o Ches t
w a l l

R ig h t  
v e n t  o

L e f t  
v e n t  o

Ches t
w a l l

R ig h t  
v e n t  o

L e f t  
v e n t  o

C hest
w a l l

R igh t  
v e n t  o

L e f t  
v e n t  o

1 - - - + - -

2

3 MB wm. mm

+ ; —

4

5 4" _ +

6 - - - - - + -

7 - - - - + - - - -

8 - - + - + - - - -

9 - + - - + - - - -

10 - - - - + - - - -

11 - - - - + — - - -

12
i

- - - + - - - -

NoBo No r e c o r d s  were o b t a i n e d  from t h e  l e f t  v e n t r i c l e  i n  
dogs 1 - 4 *



T ab le  ^ 8 o I n c i d e n c e  o f  v i b r a t i o n s  a t  t h e  t im e o f  t h i r d
and f o u r t h  h e a r t  sounds i n  a s e r i e s  o f  12 
dogs:  s t e t h o s c o p i c  -phonocard iography  from
c h e s t  w a l l  ( m i t r a l  a r e a ) ,  from r i g h t  
v e n t r i c l e ,  and from l e f t  v e n t r i c l e

Dog

No*

T h i r d  h e a r t sound F o u r th h e a r t sound

C hes t
w a l l

R ig h t  
v e n t  *

L e f t
v e n t .

Che s t  
w a l l

R igh t  
v e n t  *

L e f t
vent©

1 + + - +

2 + + + +

3 + + + +

4 + + - +

5 + + + + + +

6 + + + + + +

7 + + + 4s -

8 + + + - - -

9 + + + + + -

10 + - - + +

11 + - - + + +

12 + - - + + +

N»B0 No r e c o r d s  were o b t a i n e d  from t h e  l e f t  
v e n t r i c l e  i n  dogs 1 -  4o



T a b le  39* E f f e c t  o f  v enous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s
i n f u s i o n  on th e  a m p l i tu d e  o f  th e  f i r s t  h e a r t  sound 
i n  dogs:  l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t
v e n t r i c l e

Dog E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No* C o n t r o l  
(mm*)

O c c l s n ,  
( mm!*)

Change
« )

C o n t r o l  
(mm*)

In fu sn *  
(mm*)

Change
( % )

1 -13 oO 5*5 - 5 7 . 7 1 8 ,0 22,0 + 22*2

3 20*0 16*5 - 1 7 . 5 14*0 1 5 .0 + 7 .1

4 21*0 1 8 ,5 - 1 1 . 9 - - -

5 - - - 1 1 , 0 14*0 + 27*3

6 14*5 4*0 -72*4 - - -

9 - - - 7*5 8*5 +13*3

10 17*0 4*0 -76*5 — - -

NoBo The e f f e c t  o f  ven ou s  o c c l u s i o n  was n o t  s t u d i e d  by 
l o g a r i t h m i c  p h o n o c a r d io g r a p h y  i n  dogs 5 and 9*

The e f f e c t  o f  r a p i d  i n t r a v e n o u s  i n f u s i o n  was no t  
s t u d i e d  by l o g a r i t h m i c  p h o n o c a r d io g r a p h y  i n  dogs 4,  
6 ,  and  10*



T a b le  40 o E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on t h e  a m p l i tu d e  o f  t h e  second  h e a r t  sound 
i n  dogs:  l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t
v e n t r i c l e

Dog E f f e c t  o f venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

TVT/% C o n t r o l 0 c c l s n o Change C o n t r o l I n f u s n . ChangeINO 0 (mra0) ( mm o ) (*) (mm*) (mm« ) { % )

1 2 o0 o o o - 1 0 0 o0 1 1 .5 15 o 0 + 30 .4

2 6 o0 0 . 0 - 1 0 0 «0 1 3 . 0 5 ,5 -5 7  o7

4 3 .0 1 . 5 -  50c0 - - -

5 - - - 12«5 1 4 .5 +16*0

6 4 .5 1 . 5 -  6 6 o 7 - - -

9 - - - 1 . 5 2.0 + 3 3 . 3

10 5.0 1 .0 -  80 o0 — - —



T ab le  4 1 o E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s
i n f u s i o n  on the  a m p l i tu d e  o f  th e  t h i r d  h e a r t  sound 
i n  dogs:  l o g a r i t h m i c  -phonocardiography from r i g h t
v e n t r i c l e

Dog E f f e c t  o f  v enous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

C o n t r o l 0 c c l s n o Change C o n t r o l I n f u s n 0 ChangeJMO o (mm*) (mm,) o o (mm,) (mm,) (*)

3 1®5 0 . 0 - 1 0 0 .0 - - -

5 — - - 1 .5 1 . 5

o•o

6 3o0

o•o

- 1 0 0 , 0 - - -

9 - - - 1 . 5 1 . 5

ooo

10 1 .5 OoO -100oO - - -

Tab le  4 2 0 E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on th e  a m p l i tu d e  o f  th e  f o u r t h  h e a r t  sound 
i n  dogs:  l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t
v e n t r i c l e

Dog E f f e c t  o f  v en o u s  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

NOo C o n t r o l  
(mm0 )

0 c c l s n o 
(mm,)

Change
(*)

C o n t r o l  
(mm.)

I n f u s n .  
(mm.)

Change
w

1 2o0 0 .0 -100 .0 2*0 1 .5 -2 5 .0

10 5o0 0 .0 -100 .0 - - mm

NoBo With dog 3 th e  sound was p r e s e n t  o n ly  d u r in g  
venous  o c c l u s i o n *



T a b le  43© E f f e c t  o f  venous o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s
i n f u s i o n  on th e  a m p l i t u d e  o f  th e  s y s t o l i c  e x t r a  
sound i n  dogs': l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from
r i g h t  v e n t r i c l e

Dog E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No© C o n t r o l
(mm©)

Occlsn© 
(mm©)

Change
(* )

C o n t r o l  
(mm©)

Infusn© 
(mm®)

Change
w

3 5 .5 1 4 .5 +163*6 10 ©5 12©5 + 1 9 .0

9 - - - 4o0 1 . 5 - 6 2 . 5

N©B© With dog 1 t h e  sound was p r e s e n t  o n l y  d u r i n g  
r a p i d  in fu s io n ©



T able  44© Effect of venous occlusion and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on bhe a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t im e 
o f  th e  f i r s t  h e a r t  sound i n  dogs:  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from r i g h t  v e n t r i c l e

l o g E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No© C o n t r o l  
( mm •)

O c c l s n .  
( mm.)

Change
(fO

C o n t r o l  
( mm •)

I n f u s n 0 
( mm. )

Change
w

1 14*5 7*0 -51*7 - - -

2 13*0 13*0 0*0 13*0 17*0 + 30*8

3 22*0 19 o0 -13*6 22*0 2 0 .0 -  9*1

4 1 1 .0 1 0 .0 -  9*1 1 1 .0 16*0 + 45*5

5 13*0 5 *0 -61*5 22*0 22*0 0 . 0

6 16*0 14*0 - 1 2 . 5 17 *0 14*0 -17 * 6

7 13*5 1 2 .0 - 1 1 . 1 13*0 15*0 +15*4

8 14*0 3*0 -78*6 12*0 15*0 + 25*0

9 1 0 .5 6 .0 -42 .9 10*0 10*0 0*0

10

ooo 1—1 5*0 - 5 0 . 0 11*0 9*5 -13*6

11 15*0 3«0 -80  *0 1 5 .0 25*0 + 6 6 o 7

12 14*0 7*5 -46*4 14*0 12*0 -14*3

NoBq The e f f e c t  o f  r a p i d  i n t r a v e n o u s  i n f u s i o n  was n o t  
s t u d i e d  i n  dog 1®



T ab le  4 5 * E f f e c t  o f  ven o us  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s
i n f u s i o n  on the  a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t ime 
o f  t h e  second  h e a r t  sound i n  dogs:  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from r i g h t  v e n t r i c l e

Dog E f f e c t  o f  venous o c c l u s i o n E f f e c t  of  r a p i d  i n f u s i o n

No* C o n t r o l
(mm,)

Occlsn*  
( mm. )

Change
w

C o n t r o l  
( mm. )

In fu sn *  
( mm. )

Change
w

1 1 .5

o*o

-100*0 - - -

2 5 oO 2o5 -  30 .0 5 .0 1 0 .0 +10 0 o 0

3 4*0

o0o

- 1 0 0 . 0 4*0 4 .0 0 . 0

4 5 .0 2 *0 -  60 .0 5*0 5 .0

ooo

5 3*0 H 0 o -  66 .7 7 *5 8 .0 + 6„7

6 5*0 3*5 -  30 .0 7 .0 5*0 -  2 8 ,6

7 3o0 1 .5 -  5 0 .0 2*0 2*0 0 . 0

8 3*0 0 . 0 - 1 0 0 , 0 1 . 0 H o O

o©o

9 0 .0 0o0

o•o o0o

0 . 0 0*0

10 1*0 1 .0 0 . 0 2 .0 2*5 + 25*0

11 3*0 1*0 -  6 6 .7 4*5 6 o0 + 33*3

12 1*5 ' 1 . 5 0 . 0 1*5 2 .0 + 6 6 .7



T a b le  4 6 0 E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s
i n f u s i o n  on th e  a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t ime 
o f  th e  t h i r d  h e a r t  sound i n  dogs:  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from r i g h t ,  v e n t r i c l e

Dog "Effect  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

Noo C o n t r o l  
(mm.)

O c c l s n .  
(mm.)

Change
OO

C o n t r o l  
(mm.)

I n f u s n *  
(mm.)

Change
« )

1 1 .5 0 . 0 - 1 0 0 . 0 - - -

2 5*0 3*0 -  4 0 oO 5*0 5*5 + 1 0 .0

3 9*5 7 .5 -  21*1 9*5 7*0 -  26*3

4 5 *0 2*0 -  6 0 .0 5*0 3*5 -  3 0 .0

5 IcO 2.0 +100.0 5 .0 6 oO + 2 0 .0

6 3*5 2*5 -  28*6 3*0 3*0

o
o

o

7 5o0 4 .0 -  2 0 .0 5 .0 5*5 + 10 e 0

8

q

5*0 3*5 -  30 .0 2*0 3*0 + 5 0 .0

10 1 . 0 0 . 0 - 1 0 0 . 0 2*0 2*5 + 25 .0

11 2*0 1*0 -  5 0 .0 1*5 3*0 +100 .0

12 2*0 2*5 + 25*0 - - *

N*B» Summation sound on t h e  c o n t r o l  r e c o r d s  o f  dog 9*

No t h i r d  sound on th e  second  c o n t r o l  r e c o r d  o f  dog 12*



T a b le  47 * Tiff s e t  o f  venous o c c lu g d o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on th e  a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t ime 
o f  t h e  f o u r t h  h e a r t  sounds i n  dogs:  s t e t h o s c o p i c
-phonocard iography  from r i g h t  v e n t r i c l e

Bog E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

TYTrx C o n t r o l O c c l s n . Change C o n t r o l I n f u s n . ChangeI\iO o ( mm o) ( mm») « ) (mm,) (mm.) W )

1 6 oO 1 .5 -  7 5 .0 - -

2 3 .5 1 . 0 01—1l>-1 3 .5 6 .0 + 7 1 .4

3 5 oO 5 .5

OooI—1 + 5 .0 2 .0 -  6 0 .0

4 1 . 0 2 .0 +100»0 1 . 0 3 .0 +200 .0

5 2 .0 1 .0 -  5 0 .0 4 .0 1 .5 -  62 .5

6 1 . 5 1 .0 -  3 3 .3 1 . 5 2 .0 + 33 .3

7 0 . 0 0 . 0 0 . 0 0 . 0 o o o 0 . 0

8

q

5 oO 1 . 0 -  8 0 .0 3 .0 2 .0 -  3 3 .3

10 8 .0 3 .0 -  6 2 .5 5 .0 3 .0 -  4 0 .0

11 7 .0 0 . 0 - 1 0 0 . 0 6 .0 4 .0 -  3 3 .3

12 7 .5 2 .5 -  6 6 .7 4 .0 6 .5 + 6 2 .5

NoBo Summation sound on t h e  c o n t r o l  r e c o r d s  o f  dog 9*



i n f u s i o n  on t i n  amolitude on vibrations at the time
o the iirst heart sound in dogs;  s t e t h o s c o n i c
p h o n o c a r d io g r a p h y  from l e f t  v e n t r i c l e

Dog E f f e c t  o f  venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No <, C o n t r o l  
(mm*)

O c c l s n 0 
( mm •)

Change
v e

C o n t r o l  
( mm *)

In fu sn *  
( ram o)

Change
( r e

3 18*0 9*5 I -J 0 1 8 ,0 16*1

VO0Oi—1i

5 23oO 21 * 5 -  6„5 23-0 21*5 -  6*5

6 15*5 5 oO -  6 .8 22 o0 22*0

o
•

o

7 1 7 -5 22*5 + 2 8 .6 1 2 05 20*5 + 64 ©0

11 1 7 .0 1 0 .0 - 4 1 . 2 1 1 .5 1 0 .5 -  8*7

12 15 oO 1 5 .0

o
•

o

15*0 16*5 + 6 .7

Table 49 . E f f e c t  o f  v enous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on th e  a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t im e  
o f  th e  second h e a r t  sound i n  dogs:  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from l e f t  v e n t r i c l e

Dog E f f e c t  o f  venous o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No. C o n t r o l O c c l s n . Change C o n t r o l I n f u s n . Change
( mm •) (mm.) ( * ) (mm.) (mm.) (re

3 7 .5 4 .5 - 4 0 . 0 7 .5 8 .0 + 6 .7

5 1 0 .5 6 .5 + 38.1 10*5 1 0 .5 0 . 0

6 5 .0 2*0 - 6 0 . 0 10*5 1 2 .0 + 1 4 .3

7 10*5 1*0 -90*5 1 2 .0 12*0

o
•

o

11 6 .0 1 . 0 -83*3 4*5 3.5 -  22*2

12 3 .0 2 .0 -33*3 2 .0 4 .0 +100 .0



T ab le  5 0 0 E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on th e  a m p l i tu d e  o f  v i b r a t i o n s  a t  th e  t ime 
o f  th e  t h i r d  h e a r t  sound i n  dogs :  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from l e f t  v e n t r i c l e

Dog E f f e c t  o f venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No* C o n t r o l
(mm,)

Occlsn*  
(mm.)

Change
(* )

C o n t r o l  
(mm*)

I n fu sn *  
(mm.)

Change
w

3 1 . 0 4o0 -42*9 7 «0 4*0 -42*9

5 9 .0 7 .5 -16*7 9o0 8*5 -  5 .6

6 5 .0 2o5 - 5 0 . 0 6 .0  * 1 0 .0 + 67*0

7 2.0 0 .0 -100 .0 ro o o 3 .0 + 5 0 .0

11 6*0 1 . 5 -75  oO 4 .5 5 .0 +11*1

NoBo
With dog 1 2 ,  t h e  sound was p r e s e n t  o n ly  d u r in g  venous  
o c c l u s i o n  and d u r i n g  r a p i d  i n f u s i o n *

T a b le  5 1 * E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on the  a m p l i tu d e  o f  v i b r a t i o n s  a t  t h e  t im e  
o f  t h e  f o u r t h  h e a r t  sound i n  dogs:  s t e t h o s c o p i c
p h o n o c a r d io g r a p h y  from l e f t  v e n t r i c l e

Dog E f f e c t  o f  venous  o c c l u s i o n E f f e c t  of r a p i d  i n f u s i o n
oO£5 C o n t r o l  

(mm.)
O cc lsn*  

(mm.)
Change

« )
C o n t r o l  

(mm.)
In fu sn *  

(mm*)
Change

(*>

3 0 . 0 0 . 0 0 .0 0 .0 o o o

o•o

5 3 .0 0 . 5 -8 3  * 3 3*0

o•1—1 -  6 7 .0

6 2*5 1 . 5 - 4 0 . 0 5 .0 2*5 -  5 0 .0

7 - - - 1 .0 2*0 +100 .0

11 2*5 1 .5 - 4 0 . 0 - - -

12 2*0 2*0

ooo

1 . 5 4 .5 +200 .0

N .B . No f o u r t h  sound on th e  f i r s t  c o n t r o l  r e c o r d  o f  dog 7 
o r  on t h e  second c o n t r o l  r e c o r d  o f  dog 11 .



Tab le  52.  E f f e c t  o f  venous  o c c l u s i o n  and o f  r a p i d  i n t r a v e n o u s  
i n f u s i o n  on t h e  h e a r t  r a t e  o f  dogs

( h e a r t  r a t e  from p h o no c a rd io g ram s  from r i g h t  v e n t r i c l e )

Bog E f f e c t  o f venous  o c c l u s i o n E f f e c t  o f  r a p i d  i n f u s i o n

No. C o n t r o l  
p e r  m in0

Occlsn*  
p e r  min©

Change
(* )

C o n t r o l  
p e r  min.

I n f u s n .  
p e r  min*

Change
(* )

1 179 179 0„0 - - -

2 189 189 0 . 0 189 131 - 3 0 . 7

3 110 162 +47 .3 110 100 -  9 .1

4 234 189 - 1 9 . 2 234 170 -27*4

5 121 126 + 4 el 115 110 -  4 .3

6 148 139 -  6 .1 145 • 139 -  4 .1

7 184 184 0 . 0 184 184 0 . 0

8 206 206 0 . 0 212 179 - 1 5 . 6

9 200 200 0 . 0 189 206 + 9 .0

10 179 174 -  2*8 166 126 - 2 4 . 1

11 189 194 + 2 .6 189 162 - 1 4 . 3

12 142 126 -1 1 .3 131 139 + 6 ©1

NoBo The e f f e c t  o f  r a p i d  i n t r a v e n o u s  i n f u s i o n  was no t  
s t u d i e d  i n  dog 1 .



on th e  aimoli tude  o f  c a r d i a c  extra ,  .sounds i n  pQ£jii
l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t  v e n t r i c l e

hog T h i rd sound F o u r t h sound S y s t o l i c sound

oo C o n t r o l Stiirio C o n t r o l Stim* C o n t r o l Stim*
(mm*) (mm*) (mm*) ( mm * ) (mm,) ( mm * )

8 - — 4*5 4*5 2*0 2,0

9 1 .5 1 .5 2*5 3*0 -

10 - - 6*5 5*5 - -

11 - - - - OoO 2*0

12 - - 2 o0 1*5 - -

T ab le  5 4 * E f f e c t  o f  s low i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  d i g o x in  
on t h e  a m p l i tu d e  o f  c a r d i a c  e x t r a  sounds i n  dogs:  
l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t  v e n t r i c l e

hog T h i r d sound F o u r t h sound S y s t o l i c sound

No* Control 
(mm,)

A f t e r  
Admin* 
(mm*)

C o n t r o l  
( mm *)

A f t e r  
Admin* 
( mm *)

C o n t r o l  
(mm*)

A f t e r  
Admin* 
( mm * )

1

o

- - 2*0 0 . 0 - ..

c.

3 — — 1*0 1*0 —

5 1 .5 1*5 - - -

8 - - 4*5 4*5 - -



T a b le  5 5 * E f f e c t  o f  slow i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  d ig o x in
on th e  a m p l i tu d e  o f  c a r d i a c  e x t r a  .sounds i n  dogs:  
l o g a r i t h m i c  p h o n o c a r d io g r a p h y  from r i g h t  v e n t r i c l e

Dog
T h i r d sound f o u r t h sound S y s t o l i c sound

C o n t r o l A f t e r C o n t r o l A f t e r C o n t r o l A f t e r
No*

(mm.)
Admin* 
( mm *) ( mm. )

Admin* 
(■mm*) (mm*)

Admin* 
(mm * )

4 - - - - - —

6 o
•

o 2*0 - - ooo

7 oO

8 - - 6 o0 6 ©0 - -

9 - - - - - -

10 - - 2*5 2*5 - -

12 — - 2*0 2*0 0 .0 2*0
_________ .
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