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T h e  Effect of  T h y r o i d  State  on  M o n o p h a s i c  Act ion  

H y p e r t h y r o i d i s m  is a c o m m o n  cause of supraven t r i cu la r  
a r rhy thmias ,  whereas  in m y x o e d e m a  irregUlarities of car- 
diac r h y t h m  are rare. The di rect  effect  of differences in 
t hy ro id  s t a t e  on cardiac  in t racel lu lar  po ten t i a l s  were s tu-  
died by  FREEDBERG et  al. ~, showing t h a t  the  d u r a t i o n  of 
the  repolar iza t ion  phase  of the  act ion po ten t i a l  was grea t ly  
prolonged in a t r ia  f rom thy ro idec tomized  rabbi ts ,  and  was 
shor tened  in h y p e r t h y r o i d  atr ia .  These changes  being in 
re la t ion wi th  the  dura t ion  of the  atr ia l  muscle  refracto-  
riness, could account  for a reduced  p robab i l i t y  of a r rhy t h -  
mias  in hypo thy ro id i sm .  

In t r aca rd iac  recording of t he  monophas ic  act ion po ten-  
t ia l  (MAP) in the  i n t ac t  h u m a n  hear t ,  using a suct ion  elec- 
t rode  technique ,  offers new poss ib i l i ty  to  ob ta in  indica-  
t ions  abou t  the  electrical  ac t iv i ty  of the  myocard ium.  The 
MAP recorded in th is  way  m a y  be t a k e n  as a reliable index  
of t he  shape  of the  ac t ion  po ten t i a l  dur ing  the  ent i re  phase  
of repolar iza t ion  2,3. The recording of t he  M A P  by  the  
suct ion electrode t echn ique  is ob ta ined  f rom a grea t  num-  
ber  of cells, therefore  i t  does no t  r epresen t  t he  t rue  t rans-  
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Monophasic action potential of the right atrium (RAMAP) recorded 
simultaneously with all intracavitary electrocardiogram (ICECG) 
and one standard ECG lead, in patient No. 3, from Table I. A)Before 
treatment. The mean duration of monophasie aetion potential 
measured at 90% of the amplitude is 330 msec. B) After 2 weeks of 
treatment with thyroid hormone. The mean duration of the mono- 
phasic action potential shortened to 240 msee. 

Potent ia l  in H u m a n  Hear t  

m e m b r a n e  potent ia l .  Never the less  its du ra t ion  is an im- 
p o r t a n t  p a r a m e t e r  which  expresses  the  ref rac tor iness  of 
the  a t r ia l  myocard ium,  an i m p o r t a n t  d e t e r m i n a n t  of t he  
na tu re  of response  to  a given s t imulus  2, ~. 

We  have  used for the  M A P  recording a s imple  beds ide  
suct ion  technique,  w i th  b ipolar  e lectrode catheters ,  in t ro-  
duced percutaneous ly ,  and  pos i t ioned t h ro u g h  cont inuous  
moni to r ing  of the  i n t r a - cav i t a ry  e lect rocardiogram,  wi th-  
out  X- rays  COlltrol. The recordings  were p icked  up on a 6 
channe l  recorder,  using a pape r  speed of 50 or 100 mm/sec  
and the  ampl i tude  was ad ap t ed  by  changing  the  e ta lon for 
each de te rmina t ion ,  in order  to have  a good curve  of t he  
MAP.  

Such M A P  recordings  were done in 9 pa t ien ts ,  7 wi th  
h y p o t h y r o i d i s m  and  2 wi th  hype r thy ro id i sm.  In  4 pa-  
t i en t s  w i th  h y p o t h y r o i d i s m  the  M A P  was recorded also 
af ter  2 weeks of t r e a t m e n t  w i th  t hy ro id  ho rmone  (Table I). 

Be tween  the  pa t i en t s  in h y p o t h y r o i d  s ta te  (Table I), 
and  those  wi th  h y p e r t h y r o i d i s m  (Table II) an ev iden t  
difference appears  concerning the  du ra t ion  of the  M A P  
and  also the  ra te  of rise of the  ac t ion  po ten t i a l  dur ing  
phase  th ree  of the  repolar iza t ion  (dV/dt  3). 

I n  t he  4 pa t i en t s  wi th  m y x o e d e m a  in w h o m  the  M A P  
was recorded before and  af ter  t r e a t m e n t  w i th  t hy ro id  hor-  
mone,  we have  found  a s ignif icant  shor ten ing  of the  MAP 
dura t ion  in the  second d e t e rmi n a t i o n  (Table I). The dura-  
t ion  measured  a t  50% of the  ampl i tude  was also shor tened,  
bu t  no big differences were observed on d V / d t  3. In  the  
Figure  we p re sen t  the  MAP recorded in p a t i e n t  No. 3 f rom 
Table  I, before (A), and af ter  (B) 2 weeks of t r e a t m e n t  w i th  
t hy ro id  ho rmone  (125 rag/day).  At  the  a lmos t  same hea r t  
ra te  t he  differences in the  M A P  curves can be observed  
(Figure). 

Our f indings  are in comple t  ag reemen t  wi th  t he  experi-  
men ta l  da t a  ob ta ined  by  FREEDBERG, under l in ing  the  in- 
f luence of t hy ro id  s ta te  on the  dura t ion  of the  act ion po- 
t en t ia l  t h ro u g h  the  metabol ic  changes  induced  in t he  car- 
diac muscle.  This  pro longed dura t ion  of the  MAP,  showing 
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Table I. The MAP caracteristics in 7 patients with hypothyroidism 

No. Name Sex Age RA MAP before treatment RA MAP after thyroid treatment 

P-P A D 1 D 2 D 3 dV/dt 3 P-P A D1 D 2 D 3 dV/dt 3 

1 CA ~ 48 900 5 390 330 180 380 660 5 340 300 170 390 
2 MS ~ 48 720 3.5 300 230 160 400 600 3.4 240 220 150 544 
3 SB 2 43 940 4.2 340 300 230 450 880 4.2 270 240 170 500 
4 CM ~ 54 950 4.5 380 330 190 360 900 4.6 300 230 170 520 
5 CT ~ 64 780 4.4 390 360 280 365 
6 GI ~ 58 750 5 400 360 270 178 
7 HA ~ 44 760 5 400 350 300 388 

Abbreviations: P-P, P-P interval ill msee; A, amplitude in mV; D, duration measured at isoelectrie line D2, duration at 90% of the ampli- 
tude; Ds, duration at 50% of the amplitude; dV/dt 3, the rate of rise of the action potential during phase 3; RA MAP, right atrium mono- 
phasic action potential. 
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all increase  of t he  a t r i a l  muscle  ref rac tor iness ,  m a y  ex- 
p la ine  t i le r a r e t y  of a t r i a l  a r r h y t h m i a s  in  h y p o t h y r o i d i s m  
c o m p a r a t i v e l y  w i t h  h y p e r t h y r o i d i s m ,  a n d  p rov ides  clues 
to  u n d e r s t a n d  t he  u n d e r g r o u n d  of t h e  r h y t h m  d is tu r -  
bances  1, 4. 

Table II. The MAP caraeteristics in 2 patients with hyperthyroidism 

No. Name Sex Age P-P A D 1 D 2 D 3 dV]dt 3 

1 SE ~ 53 580 4.5 230 170 110 1150 
2 GT ~ 60 620 4 240 200 140 820 

Rdsumd. L ' e n r e g i s t r e m e n t  du  po t en t i e l  m o n o p h a s i q u e  
d ' a c t i o n  de l ' aur icu le  dro i te  a 6t6 effectu6 ~ l ' a ide  des 
61ectrodes de succion, chez 9 pa t i en t s .  On cons t a t e  u n  al-  
l o n g e m e n t  n o t a b l e  du  p o t e n t i e l  m o n o p h a s i q u e  chez les 
hypothyro~diens ,  il se r accourc i t  aprgs  t r a i t e m e n t  thyro~- 
dien, t a n d i s  que  chez les h y p e r t h y r o i d i e n s  sa dur6e est  di- 
minu6e.  

S. COTOI, L. CONSTANTINESCU a n d  S. GAVRILESCU 

I s t  In ternal  Clinic, Ins t i tu te  o /Med ic ine ,  
T imisoara  (Romania) ,  5 November 1971. 

Identif icat ion of T e m p e r a t u r e  Increases  and Decreases:  A Difficult T a s k  for M o n k e y  and H u m a n  1 

M a n y  au tho r s  h a v e  s u b d i v i d e d  s o m a t o s e n s a t i o n  in to  
4 sub-moda l i t i e s  of sensory  exper ience- tac t i le ,  cool, w a r m  
a n d  pa in  ~-4. Based  on  th i s  consensus ,  a t t e m p t s  were m a d e  
to t r a i n  2 m o n k e y s  to  d i s c r imina t e  tact i le ,  cool a n d  pa in-  
ful ly h o t  s t imul i  de l ivered  s epa ra t e ly  ill t i m e  to  t he  same 
area  on  t he  s h a v e d  dorsa l  surface  of t he  r ig id ly  he ld  
fo rea rm (Figure).  The  m o n k e y s  were requi red  to m a k e  
d i sc r imina t ions  b y  press ing  t he  a p p r o p r i a t e  one of 3 
ava i l ab le  levers  w h e n  t he  s t imu lus  came on (Figure 1A). 

A l t h o u g h  t he  m o n k e y s  l ea rned  to d i s c r i m i na t e  t he  
t ac t i l e  a n d  t h e r m a l  s t imul i ,  t h e y  did  no t  learn  to  discr imi-  
n a t e  t h e  2 t h e r m a l  s t imul i .  N u m e r o u s  changes  ill t r a i n i n g  
p rocedures  m a d e  over  a 2 years  pe r iod  were i n a d e q u a t e  in 
es tab l i sh ing  t he  d i sc r imina t ion .  There  are severa l  poss ible  
e x p l a n a t i o n s  for th i s  fa i lure :  1. t he  cor rec t  t r a i n i n g  
cont ingenc ies  were no t  used. 2. T he  t r ip le  d i s c r imina t i on  
t a s k  was b e y o n d  t he  m o n k e y ' s  ' i n t e l l ec tua l '  capac i ty .  3. 
The  ra t e s  of change  of t h e  t h e r m a l  s t imu l i  were too slow. 
4. Monkeys  do n o t  h a v e  t he  sensory  capac i t y  to  discr imi-  
n a t e  t e m p e r a t u r e  increase  f rom decreases  as t h e y  were 
appl ied  in th i s  expe r imen t .  

W h e n  an  a u d i t o r y  s t imulus  was s u b s t i t u t e d  for t i le cool 
s t imulus ,  t he  m o n k e y s  l ea rned  to  d i s c r imina t e  t he  a u d i t o r y  
f rom the  ho t  a n d  tac t i l e  s t imul i ,  t h e r e b y  e l i m i n a t i n g  b o t h  
t he  f i rs t  and  second exp lana t ions .  W h e n  t he  r a t e  of 
change  of t h e  t h e r m a l  s t imul i  was  increased (Figure 1C), 
t h e  m o n k e y  was sti l l  u n a b l e  to  l ea rn  t h e  d i sc r imina t ion ,  
t h e r e b y  m a k i n g  the  3rd e x p l a n a t i o n  less likely. To t e s t  t he  
4 th  e x p l a n a t i o n  fur ther ,  12 na ive  h u m a n s  were t e s t ed  w i t h  
t he  same  a p p a r a t u s .  A l t h o u g h  al l  sub jec t s  were able  to  
de t ec t  t h e  presence  of a t h e r m a l  s t imulus ,  t h e y  also re- 
p o r t e d  d i f f icu l ty  ill i den t i fy ing  t he  ' q u a l i t y '  (i.e. d i rec t ion  
of change)  of t h a t  t h e r m a l  s t imulus .  The  h u m a n  subjects ,  
therefore ,  m a d e  errors  ill l ever  press  responses  m u c h  like 
t he  m o n k e y  subjects .  Most  h u m a n  sub jec t s  deve loped  
these  diff icul t ies  a f t e r  t h e  t e s t i ng  began,  usua l ly  w i t h i n  5 
to  20 min,  b u t  3 sub jec t s  r epo r t ed  confus ion  on  t he  f i rs t  
t r i a l  (Table,  compa re  f i rs t  a n d  las t  4 tr ials) .  

A l t h o u g h  these  d i s c r i m i na t i on  diff icul t ies  a p p e a r  to  be  
r e l a t ed  to  t he  p h e n o m e n o n  of pa radox ica l  cold, t h i s  
p h e n o m e n o n  occurs  ra re ly  and  on ly  w i t h  p i n p o i n t  s t imu l i  
wh ich  are n o r m a l l y  easy  to i den t i fy  5, 6. F u r t h e r m o r e ,  m o s t  
of t he  errors  m a d e  b y  t he  h u m a n  sub jec t  in  th i s  experi-  
m e n t  were i den t i fy ing  t he  cool s t imu l i  as ' ho t ' ,  t h e r e b y  
sugges t ing  t h e  errors  be  descr ibed  as ' p a r adox i ca l  ho t ' ,  a 
p h e n o m e n o n  even  more  r a r e ly  repor ted .  I t  seems reason-  
able  to  conclude,  therefore ,  t h a t  i t  was  di f f icul t  to  t r a i n  

m o n k e y s  to  d i s c r imina t e  t he  ho t  a n d  cool s t imul i  because,  
l ike h u m a n s ,  t he  m o n k e y  does n o t  h a v e  t he  sensory  
capac i t y  for such  d i s c r im ina t i on  u n d e r  these  condi t ions .  
Th i s  conclus ion  is surpr i s ing  because,  phenomenolog ica l ly ,  
h o t  and  cool seem easy to ident i fy .  I t  r e m a i n s  to  be  
d e t e r m i n e d  w h a t  cha rac te r i s t i c s  of t h i s  e x p e r i m e n t a l  
s i t ua t i on  m a k e  t he  iden t i f i ca t ions  so diff icul t .  

The re  are  severa l  possibi l i t ies .  I t  is poss ible  t h a t  t he  
s t imu lus  p a r a m e t e r s  were no t  changed  a p p r o p r i a t e l y  to  
effect  t h e  i den t i f i ca t ion  of h o t  and  cool. KENSI-IALO et  al. 7 
h a v e  found  t h a t  i t  t akes  a larger  t e m p e r a t u r e  change  to 
p roduce  iden t i f i ca t ion  of cool or w a r m  t h a n  i t  does to  
p roduce  a s imple  de t ec t i on  of change,  especial ly  a t  t he  
a d a p t i n g  t e m p e r a t u r e  used in th i s  e x p e r i m e n t  (37.7~ 
A poss ib ly  i m m o d e r a t e  a d a p t i n g  t e m p e r a t u r e  is n o t  t he  
comple t e  exp lana t ion ,  however ,  because  t he  a m o u n t s  of 
change  r e q u i r e d  for i den t i f i ca t ion  of cool a n d  w a r m  a t  
37-38~ in t he  KENSHALO et  al. e x p e r i m e n t  7 (1-1.5 ~ 
were m u c h  smal le r  t h a n  those  used  in th i s  e x p e r i m e n t  
(Figure 1C). 

A n o t h e r  poss ib i l i t y  is t h e  occurrence  of b o t h  ho t  a n d  
cool s t imul i  w i t h i n  t he  same  t e s t i ng  session. The  fac t  t h a t  
some of t he  h u m a n  sub jec t s  m a d e  i den t i f i c a t i on  errors  on  
t he  f i rs t  t r ia l ,  however ,  t ends  to nega te  th i s  poss ibi l i ty .  

O the r  poss ib i l i t ies  inc lude  t he  size and  locus of t h e  sti-  
muli .  S t imu lus  size is n o t  p r o b a b l e  because  t he  s t i m u l a t o r  
used here  was larger  t h a n  t he  r ange  over  wh ich  a rea l  
s u m m a t i o n  occurs  s 10. Locus, however ,  m a y  be  i m p o r t a n t ,  
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