
CHAPTER I

INTRODUCTION

T h y r o id  hormone e x e r t s  d i r e c t  c e l l u l a r  e f f e c t s  on a lm o s t  a l l  

t i s s u e  o f  t h e  b ody in c lu d in g  th e  h e a r t .  The c a r d io v a s c u la r  a b n o r m a l i t ie s  

a s s o c i a t e d  w ith  t h y r o id  d y s f u n c t io n  a r e  v a r ie d .  The e x p la n a t io n  f o r  th e  

a l t e r e d  c i r c u l a t o r y  hem odynam ics o f  t h y r o id  d i s e a s e  i s  co m p le x . The 

r e a s o n s  f o r  t h i s  in c lu d e
1. t h e  p o t e n t i a l  d i r e c t  e f f e c t s  o f  t h y r o id  hormone on th e  

m yocardium ;

2 . t h e  in t e r p l a y  o f  th e  a d r e n e r g ic  n e r v o u s  sy s te m  w ith  t h y r o id  

hormone on c a r d ia c  f u n c t io n ;
3 . t h e  i n d i r e c t  e f f e c t s  o f  a l t e r e d  t h y r o id  hormone l e v e l s  on 

c a r d ia c  f u n c t io n  and o f  a d r e n e r g ic  to n e  on th e  p e r ip h e r a l  v a s c u la r  
s y s te m .

R ecen t f in d in g s  h ave f o c u s s e d  t h a t  an e n e r g y  r e q u ir in g  

s t e r e o s p e c i f i c  t r a n s p o r t  s t e p  o f  t h y r o id  hormone and i t s  a n a lo g u e s  o c c u r  

a t  t h e  l e v e l  o f  t h e  p lasm a and n u c le a r  m embrane. O nce t h y r o id  hormone 

e n t e r  c a r d ia c  c e l l ,  th e y  m ed ia te  t h e i r  e f f e c t s  th r o u g h  e i t h e r  a  n u c le a r  

m echanism  and s t i m u la t e  p r o t e in  s y n t h e s i s  o r  b y  e x t r a n u c le a r  e f f e c t s  

r e s u l t i n g  in  r a p id  s t im u la t io n  o f  am ino a c id  and su g a r  t r a n s p o r t .
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The in c r e a s e  in  th e  s y n t h e s i s  r a t e  o f  th e  s p e c i f i c  p r o t e i n s  

in v o lv e s  t h e  a l t e r a t i o n s  a t  s e v e r a l  s t e p s  i n s i d e  t h e  m y o c y te . T h ere  i s  

s e l e c t i v e  in c r e a s e  in  th e  p r o d u c t io n  o f  m yosin  VI w h ich  h a s  m a rk ed ly  

h ig h e r  m yo sin  ATPase a c t i v i t y  than  m yo sin  t h a t  o f  V3. T h is  can  e x p la in  

th e  in c r e a s e s  in  th e  v e l o c i t y  and f o r c e  o f  s y s t o l i c  c o n t r a c t io n  in  h y p er  

t h y r o id  s t a t e

T h y r o id  hormone a l s o  in d u c e s  c h a n g e s  in  c a lc iu m  ATPase  

a c t i v i t y  b y  in c r e a s in g  th e  number o f  SR c a lc iu m  ATPase pump u n i t s  

th ro u g h  t h e  in c r e a s e  in  th e  t r a n s c r ip t i o n  o f  t h e  g e n e . The c a lc iu m  

ATPase o f  t h e  SR i s  and io n  pump r e s p o n s ib le  f o r  rem ov in g  c a lc iu m  form  

t h e  c y t o s o l  th e r e b y  a f f e c t i n g  d i a s t o l i c  r e l a x a t i o n .
T h e se  two m echanism s t o g e t h e r  a r e  t h e  m ajor d i r e c t  e f f e c t s  

o f  th y r o id  hormone on th e  m yocardium . O th er  m inor e f f e c t s  in c lu d e  t h e  

t h y r o id  hormone in d u ced  in c r e a s e s  in  so d iu m -p o ta s s iu m  A T Pase, a t r i a l  

n a t r i u r e t i c  f a c t o r  and an in c r e a s e  in  t h e  number o f  c a lc iu m  c h a n n e ls .
The p h y s io lo g ic  e f f e c t s  o f  t h y r o id  hormone a r i s e  from  b o th  

T4 and T 3. The b i o l o g i c  h a llm a rk  o f  abnorm al t h y r o id  f u n c t io n  i s  a  

ch an g e in  th e  b a s a l  m e ta b o lic  r a t e  b y  p r im a r i ly  s t i m u la t in g  c e l l u l a r  

ox yg en  co n su m p tio n  and s u b s t r a t e  u t i l i z a t i o n .  T h is  im p o ses  an in c r e a s e d  

n eed  f o r  ox yg en  and f u e l  d e l i v e r y  t o  p e r ip h e r a l  t i s s u e  a s  w e l l  a s  f o r  

th e  e f f i c i e n t  rem oval o f  w a s te  p r o d u c t s .  T h is  r e q u ir e s  an in c r e a s e  in  

r e s t i n g  c a r d ia c  o u tp u t . T h is  p r o c e s s  w i l l  u l t i m a t e l y  d e te r m in e  t h e  

c h a n g e s  in  v a s c u la r  r e s i s t a n c e ,  b lo o d  p r e s s u r e ,  and c a r d ia c  w ork.
T h ese  ch an g es a r e  sum m arized  in  t h e  f o l l o w i n g  d ia g ra m
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T h ese  ch a n g es  r e p r e s e n t  t h e  i n d i r e c t  e f f e c t s  r e s u l t i n g  from  

a l t e r a t i o n s  in  c i r c u l a t o r y  hem odynam ics im p osed  upon th e  h e a r t .

I
T h ere  a r e  num erous in d ic e s  o f  l e f t  v e n t r i c u la r  f u n c t io n ,  

o b t a in e d  b o th  b y  in v a s iv e  and n o n - in v a s iv e  m eth o d s. The commonly



em p loyed  n o n - in v a s i v e  t e c h n iq u e s  in c lu d e  th e  u s e  o f  e x t e r n a l  p u l s e  

t r a c in g ,  p h o n o ca rd  io g ra m , e le c t r o c a r d io g r a m , e c h o c a r d io g r a m  o r  d o p p le r  

t e c h n iq u e  t o  m easu re  th e  v a r io u s  i n t e r v a l s  o f  s y s t o l i c  e v e n t s .  In d eed  
t h e  term  " n o n in v a s iv e "  was f i r s t  u sed  in  c o n n e c t io n  w ith  t h e  s y s t o l i c  

t im e  i n t e r v a l s  ( S T I ) .  The STI w ere on e o f  th e  f i r s t  q u a n t i t a t i v e  

n o n in v a s iv e  t e s t s  o f  c a r d ia c  f u n c t io n  and rem ain  on e o f  t h e  s i m p l e s t  and 

m ost r e l i a b l e  t o  p e r fo rm . The f i r s t  r e c o r d  o f  th e  a r t e r i a l  and v e n o u s  

p u ls e  in  n orm a l in d iv id u a l s  and p a t i e n t s  w ith  v a r io u s  c a r d ia c  

a f f l i c t i o n s  w ere o b ta in e d  by H arey in  1 8 6 0 . L ik e  a l l  n o n in v a s iv e  

t e c h n iq u e s ,  t h e  STI h ave th e  a d v a n ta g e  t h a t  m u l t ip l e  o b s e r v a t io n s  can  b e  

p erfo rm ed  w ith o u t  an y d is c o m fo r t  to  t h e  p a t i e n t .  The p h y s i o l o g i c  

s i g n i f i c a n c e  i s  t h a t  th e  STI r e s p r e s e n t  t im e  w h ich  i s  a  d im e n s io n  o f  

c a r d ia c  p e r fo rm a n ce  t h a t  i s  d i s t i n c t  from  o t h e r  f u n c t io n a l  m ea su res  o f  

t h e  e x t e n t  and f o r c e  o f  v e n t r ic u la r  w a l l  c o n t r a c t io n .
D e s p i t e  t h e i r  e a r l y  in t r o d u c t io n ,  c l i n i c a l  a p p l i c a t i o n  o f  

th e  STI h a s  r e c e iv e d  r e l a t i v e l y  l e s s  a t t e n t i o n  th a n  h ave o t h e r  

n o n in v a s iv e  m eth od s f o r  a s s e s s s i n g  v e n t r i c u l a r  p er fo rm a n ce  su c h  a s  

e c h o c a r d io g r a p h y  and r a d i o i s o t o p i c  im a g in g , p a r t l y  d u e t o  t h e  d i f f e r e n t  

n a tu r e  o f  t h e  S T I, w h ich  d e n o te s  th e  t im in g  o f  e v e n t s  o f  t h e  c a r d ia c  

c y c l e  r a t h e r  th a n  t h e  e x t e n t  o f  w a l l  and cham ber m o tio n . W ith b e t t e r  

u n d e r s ta n d in g  t h a t  th e  tem p o ra l e v e n t s  o f  t h e  c a r d ia c  c y c l e  can  b e  

d e l i n e a t e d  a c c u r a t e l y  and t h a t  t h e i r  m easu rem en t and in t e r p r e t a t i o n  

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

p e r fo r m a n c e , t h e  STI have g a in e d  w id er  c l i n i c a l  a p p l i c a t i o n  in  r e c e n t
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y e a r s .

Many i n v e s t i g a t i o n s  have t r i e d  t o  b e t t e r  q u a n t i f y  t h e  STI 

and h ave a s s e s s e d  th e  l e f t  v e n t r ic u la r  f u n c t io n  b y  a  v a r i e t y  o f  
n o n in v a s iv e  t e c h n iq u e s  a s  th e  a d v en t o f  new er t o o l s  go  b y . T h e se  in c lu d e  

é c h o c a r d io g r a p h ie  and d o p p le r  u ltr a s o u n d  w h ich  d e l i n e a t e  t h e s e  v a lu e s  

t o  a g r e a t e r  d e g r e e  o f  a c c u r a c c y  by o b s e r v in g  t h e  o p e n in g  and c lo s u r e  

o f  th e  a o r t i c  v a lv e  d i r e c t l y  r a th e r  th an  o b t a i n i n g  th e  e x t e r n a l  p u J se  

t r a c in g  t o  o b v ia t e  t h e  e r r o r  due t o  t h e  ch an g e  in  p u l s e  c o n to u r  a s  i t  

r e a c h e s  th e  more p e r ip h e r a l  s i t e s  w here t h e  p ea k  b ecom es sm o o th er  and 

th e  in c i s u r a  l e s s  s h a r p ly  d e f in e d .
More o v e r ,  th e  u s e  o f  é c h o c a r d io g r a p h ie  r e c o r d in g ,  a p a r t  

from  a l lo w in g  f o r  more a c c u r a te  m easurem ent o f  S T I, p e r m it s  th e  

a s s e s s m e n t  o f  o t h e r  p a r a m e te r s  o f  l e f t  v e n t r i c u l a r  f u n c t io n  s u c h  a s  t h e  

e j e c t i o n  f r a c t i o n  (E F ) and v e l o c i t y  o f  c o n t r a c t io n  o f  l e f t  v e n t r i c u l a r  

w a l l  e t c .
T h is  s tu d y  u t i l i s e d  th e  m ethod o f  s im u lt a n e o u s  f a s t  sp eed  

r e c o r d in g  o f  M-mode e c h o c a r d io g r a p h y  and e le c t r o c a r d io g r a p h y  t o  

d e te r m in e  t h e  l e f t  v e n t r i c u la r  s y s t o l i c  i n d i c e s  arid a t te m p te d  t o  

c o r r e l a t e  t h e s e  v a lu e s  w ith  th e  l e v e l  o f  t h y r o id  horm one in  p a t i e n t s  

w ith  h y p e r th y r o id is m  who a t te n d e d  th e  t h y r o id  c l i n i c  in  C h u la lo n g k o rn
h o s p i t a l .
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