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neurona l  si tes 1~. P rov ided  t h a t  nerve  endings  in the  
p u l m o n a r y  t runk ,  ductus ,  and  aor ta  are similar  in the i r  
s torage  and  up t ake  abilities, b o t h  the  endogenous  CA 
con t en t  and  the  up take  ra t io  would ref lect  the  dens i t y  of 
nerves  in these  vessels. 

The s ignif icance of t he  re la t ively  high concen t ra t ions  
of dopamine  in t h e  duc tus  of fetal  lamb,  as compared  wi th  
the  h u m a n  duc tus  where  no measurab le  dopamine  was 
found ~, is unknown.  

Con t ra ry  to  t he  visual  e s t ima te  of our earlier observa-  
t ion  a, t he  q u a n t i t a t i v e  e s t ima te  of CA con t en t  and  NA 
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up take  revealed  b o t h  to  be cons is ten t ly  higher  a t  t he  
p u l m o n a r y  end of the  duc tus  t h a n  at  the  aort ic  end. The 
presence of th is  g rad ien t  along the  duc tus  does not,  
however ,  necessar i ly  imply  a specific role of adrenergic  
inne rva t ion  in func t ion  of t he  duc tus  alone, since this is 
only pa r t  of a larger grad ien t  ex t end ing  f rom wi th in  the  
p u l m o n a r y  t r u n k  t h r o u g h t o ,  and including the  aorta .  
Since KENNEDY 1~ s t ressed the  i m p o r t a n c e  of a rise in 
ar ter ial  P% as a ma jor  d e t e r m i n a n t  of closure, th is  hy-  
pothes is  has  been subs t an t i a t ed  by  m a n y  s tudies  on the  
duc tus  of the  h u m a n  ~4, xa and  of an imals  ~6-1s. However ,  
the  possible  in ter re la t ions  be tween  effects of oxygen  and 
those  of inne rva t ion  were no t  clarified, e.g., w h e t h e r  the  
response  to  raised P% was d iminished  afeer dene rva t iom 

A n m n b e r  of expe r imen t s  have  favored  the  i nvo lvemen t  
of a nervous  mechan i sm in the  closure of the  ductus,  The 
au tonomic  innerva t ion  oi the  fetal  hea r t  and blood vessels 
is readi ly  responsive  to s t imul i  l~-2a. 

Taken  together ,  these  several  pieces of evidence s u g -  
gest  t h a t  adrenergic  innerva t ion  of the  duc tus  m a y  p lay  
a role in closure of the  duc tus  auxi l iary to t h a t  p layed  by  
arterial  P%. The possible role of t he  previously  demon-  
s t r a t ed  ehot inergic  inne rva t ion  a m u s t  also be inves t -  
igated ~. 

Zusammen/assung. Die Ver te i lung yon  Noradrena l in  
a n d  D o p a m i n  im D u c t u s  ar ter iosus  des L a m m e s  wurde  
s tud ie r t  und  mi t  ~C-Norep inephr in  die F/ihigkeit ,  e x o -  
genes Noradrena l in  aufzunehmen,  gepriift .  
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Cardiac Output in Thyroid Disease 

Concomi tan t  card iovascular  d isorder  in t hy ro id  disease 
is a well known fact  since the  ear ly  descr ip t ion  of Mo~Blus  
in 1896L Thyro id  h o r m o n e  possesses a pos i t ive  chrono-  
t ropic  and  inot ropic  action.  H e a r t  rate,  m a x i m u m  velo- 
c i ty  of f iber  shor tening,  ra te  of t ens ion  d e v e l o p m e n t  and  
cardiac  o u t p u t  are there fore  increased.  In  h y p o t h y r o i d i s m  
these  p a r a m e t e r s  are all reduced  ~, ~. Decreased per iphera l  
vascular  res is tance  is ano the r  i m p o r t a n t  factor  in thyro id -  
induced  high o u t p u t  s ta te .  The effects  of t hy ro id  ho rmo n e  
seem to be i n d e p e n d e n t  of t he  norep inephr ine  stores of the  
hea r t  2, r 

Inc reased  oxygen  consumpt ion  alone does not  expla in  
t he  e leva ted  cardiac  o u t p u t  in hype r thy ro id i sm ,  and t h e  
a u g m e n t a t i o n  of cardiac  output ,  when  compared  to oxy-  
gen consumpt ion ,  is in excess of t h a t  observed  dur ing  ex- 
ercise a. NeVertheless s o m e  re la t ionsh ip  be tween  cardiac  
o u t p u t  and  oxygen  c o n s u m p t i o n  seems to  exist .  The  pur-  
pose of th is  s t u d y  was to  inves t iga te  the  corre la t ion be- 
tween  basic metabol ic  ra te  (BMR) and  cardiac  ou tpu t .  

Wfaterial and methods. 24 pa t i en t s  w i t h  clinical ev idence  
for t hy ro id  disease and 6 no rma l  cont ro ls  were  inves t i -  
gated.  Thyro id  func t ion  s tudies  inc luding B M R  (according 

to  m e t h o d  of Harris)  and t racer  s tudies  wi th  1 la6~ Were 
done in all and p ro t e in -bound  iodine de te rmina t ions  (PBI) 
were done  in 22 protein .  W i t h i n  5 days  r igh t  hea r t  ca the-  
te r iza t ion  wi th  mic roca the te r s  was pe r fo rmed  b y  pre- 
viously  descr ibed me t h o d s  7 and r ight  atrial-,  r ight  vent r i -  
cular- and  p u l m o n a r y  a r t e ry  pressures  were measured .  
Cardiac o u t p u t  was ca lcula ted  according to  t he  Fick w i n -  
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Influence of thyroid state on cardiac output and oxygen consumption 

E X P E R I E N T I A  2 8 [ 8  

Hypothyroid Euthyroid Hyperthyroid 
(BMR<--2%) N = 3 (BMR --2% to +12%) N = 6 (BMR> +12%) N ~ 15 

Cardiac output (1/min/m 2) 1.2 2.2 3.1 3.0 3.8 4.7 3.3 5.6 8.5 

02 consumption (VO2/m ~) 74 8"-'3 92 117 13--'-1 139 128 17"-O 244 

BMR (%) --32 --24 --19 --2 +6 +10 +16 +37 +67 

Phi  (y%) 0.9 1.5 2.0 4.5 6.6 8.3 7.5 12.1 24.1 

Lowest and highest scores are to the left and right of the mean value. 

. . ~176  

5 

02 - consumption(cr@rnin l m 2) 

Fig. 1. Cardiac output to be unproportionalty increased compared to 
O~ consumption in 15 patients with hyperthyroidism. The mean 
cardiac index (CI) being 5.6 1]min/m 2 with a mean Q-consumption 
of 170 cma/min/m 2. Solid and dotted lines represent regression line 
and 95% confidence limits for normal exercising males (DONALD 
et al."). 
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Fig. 2. Correlation betwee~ basic metabolic rate {BMR) at~d cardiac 
output per m 2 (CI) in 18 patients with thyroid dysfunction and 6 
normal controls (r = 0.671 ; p < 0.001). 

ciple. None  of t he  pa t i en t s  had  an e levated  p u l m o n a r y  ar- 
t e ry  mean  pressure;  none  of t he  pa t i en t s  was tak ing  car- 
diac glycosides, diuret ics  or t h y ro i d  hormone.  6 pa t i en t s  
w i th  t hy ro id  hype r func t i on  had  e levated  r ight  atr ial  pres-  
sure ( >  5 m m  Hg), e leva ted  r igh t  ven t r icu la r  enddias to l ic  
pressure  ( > 5ram Hg) or increased diastolic p u l m o n a r y  ar t -  
ery pressure  (> 13 m m  Hg) and were excluded f rom the  s t u d y  
because of t he  possibi l i ty  of a l tered cardiac o u t p u t  due to 
r igh t  or left  hea r t  fai lure s. Thus  the  resul ts  of 18 p a t i en t s  
w i th  t hy ro id  disease and  of 6 normal  controls  are  pre-  
sented.  The thy ro id  dys func t ion  in t he  18 p a t i en t s  w i th  
hypo-  or h y p e r t h y r o i d i s m  was  conf i rmed by  the  I ~3~ t racer  
studies.  

_Results. As shown in the  Table t he  t hy ro id  s ta te  in- 
f luences oxygen  consumpt ion ,  b u t  in h y p e r t h y r o i d i s m  car- 
diac o u t p u t  is unpropor t iona l ly  increased compared  to  oxy-  
gen d e m a n d  (Figure 1). Never theless ,  in our  p a t i en t s  qu i te  
a good corre la t ion  (r = 0.671; p < 0.001) was found  be- 
tween  B M R  and  cardiac  index  as well  as P h i  and  cardiac  
index (r = 0.667; p < 0.01) (Figures 2 and 3), documen t ing  
the  value of measur ing  B M R  to assess h e m o d y n a m i c  
changes  in t h y ro i d  dysfunct ion .  These  da t a  suppor t  pre- 
vious repor t s  ~, 8, 5 t h a t  cardiac response  in t h y ro i d  hyper -  
func t ion  is ma in ly  secondary  to  posi t ive  inotropic,  posi- 
t ive  chronot rop ic  and  vaso_dilatory effects o~ thyro id  hor-  
mone.  

Zusammen/assung. Bei P a t i e n t e n  mi t  Schi lddr i isenfunk-  
t ionss t6rung  bes t eh t  eine gute Korre la t ion  zwischen Grund-  
umsa tz  und  P h i  einerseits  und  H e r z m i n u t e n v o l u m e n  an- 
dererseits .  Die G r u n d u m s a t z b e s t i m m u n g  gibt  demzufolge  
n ieh t  n u t  Aufschluss fiber den Schweregrad  der  Schilddri i-  
senfank t ionss t6 rung ,  sondern  s u c h  fiber das Ausmass  der  
h ~ m o d y n a m i s c h e n  Vergnderung .  
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Fig. 3. Correlation betweeu protein-bound iodine (Phi) and cardiac 
output per m 2 (CI) in 11 patients with thyroid dysfunction and 5 
normal controls (r = 0.667; p < 0.01). 
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