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TO invest igate  the m e c h a n i s m s  of sudden death the authors  de te rmined  the noradrena l in  and 
adrenal in  content in the myoca rd ium of var ious  p a r t s  of the hea r t  by a f l uo romet r i c  method; 
pa ra l l e l  de te rmina t ions  were  made in the m y o c a r d i u m  of pe r sons  dying accidental ly .  A 
he te ro topic  dis t r ibut ion of noradrena l in  in the va r ious  p a r t s  of the hea r t  a f te r  sudden death 
was found c o m p a r e d  with its d is t r ibut ion a f t e r  accidental  death. Di f ferences  in the content 
of adrena l in  and noradrena l in  in the va r ious  pa r t s  of the hea r t  of the two groups  indicate that 
death was due to different  mechan i sms .  KEY WORDS: sudden death, t r auma ,  ca techolamines ,  
myocard ium.  

The m e c h a n i s m s  lying at the bas i s  of sudden death a r e  complex,  va r i ed  and, probably,  highly individua- 
l ized and depend on many conditions, genetic  f ac to r s ,  p rev ious  d i seases ,  psyehoemot iona l  s t r e s s ,  and d i s tu r -  
bances  of the act ivi ty of enzymic  and hormona l  p r o c e s s e s .  

Among metabol ic  d i s o r d e r s  which have been suggested,  those affecting ca techolamines  (dopamine, no ra -  
drenal in ,  and adrenalin) ,  play an impor tan t  role  [1-3, 6, 8-11, 13, 15]. 

This pape r  d e s c r i b e s  the r e su l t s  of de te rmina t ion  of the noradrenal in  and adrenal in  content in the myo-  
ca rd ium of two groups  of pe r sons ,  dying suddenly and as a r e su l t  of t r auma .  

E X P E R I M E N T A L  M E T H O D  

Tes t s  were  c a r r i e d  out on 23 human hea r t s ,  15 of them f r o m  p e r s o n s  dying suddenly. Autopsy showed 
that  during life these  p e r s o n s  suf fe red  f r o m  chronic  and acute i schemic  hea r t  d i sease ,  myocard ia l  infarct ion,  
and acute c a r d i o v a s c u l a r f a i l u r e .  The t ime  between death and the invest igat ion va r i ed  between 2 and 24 h. 
Eight p e r s o n s  died f r o m  t r a u m a  between the ages  of 3 and 52 yea r s ;  the t ime  between death and the inves t iga-  
t ion va r i ed  f rom 12 to 24 h. The adrenal in  and noradrena l in  content also was de te rmined  in the m y o c a r d i u m  of 
8bul ls  kil led by e l ec t r i c  shock. The t ime  between s laughter  and the invest igat ion was 30 rain. 

Ca techolamines  were  de te rmined  by a f l uo rome t r i c  method [7]. Samples  fo r  invest igat ion were  taken 
f r o m  the left a t r ium,  the an t e r i o r  wall  of the left ven t r i c le  (the middle third),  the apex of the left vent r ic le ,  the 
v e n t r i c u l a r  sep tum (upper third),  the r ight  a t r i um (at the junction between the supe r io r  vena  cava  and the la te ra l  
b o r d e r  of the r ight  a t r ium) ,  and the r ight  ven t r i c le  (middle third).  The r e su l t s  were  subjected to s ta t i s t i ca l  
ana lys i s .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

In near ly  all ca ses  the adrenal in  level  was cons iderably  lower than the noradrena l in  level  in the hea r t s  
of both groups  of subjects  (Table 1). A lower  content of adrenal in  in the myoca rd ium of the a t r i a  and ven t r ic les  
was obse rved  in the t r auma t i c  group than in the sudden death group.  

Cons iderable  d i f fe rences  both between dif ferent  pa r t s  of the hea r t  and between the two groups  w e r e  found 
in the noradrena l in  content. Compar i son  of the resu l t s  shows a he te ro t rop ic  dis t r ibut ion of noradrena l in  be -  
tween the left and r ight  por t ions  of the hea r t  in both groups  (Table 1). 
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TABLE 2. Concent ra t ions  of Noradrena l in  
and Adrenal in  (in # g / g )  in Conducting Sys-  
t em of H e a r t  

Acc~en~l 
death 

S~den 
death 

Sinoat~ial 
node 

HA A 

3,2 2,1 

5,7 i,04 

Atrioventri- Loft branch 
cular node of bundle of 

His 
I 

HA A I HA A 
! 

TABLE 3. Noradrena l in  Concentra t ion  (in # g / g )  in Human M rocardium 

Noradrenal in  
Pathology After  sudden death concent ra t ion  Citat ion 

1.15 
0.67-0.85 

Mi t ra l  incompentence  
Fal lo t '  s t e t ra logy  

Funct ional  fa i lu re  
Mi t ra l  s t enos i s  

After  death f r o m  t r a u m a  
After  sudden death 

Aur ic le  of left  a t r i um 
Right ven t r i c le  (children aged 

8-13 y e a r s )  
Myoeard ium of ven t r i c l e s  
Aur ic le  of left  a t r ium:  

before  c o m m i s s u r o t o m y  
a f te r  c o m m i s s u r o t o m y  

Myocard ium of r ight  ven t r i c l e  
The s ame  

0.33 

0.52 
0.16 
0.16 
0.013 

[5] 
[21 

[141 

[4, 12] 

After  accidental  death, fo r  example ,  the noradrena l in  level  in the m y o c a r d i u m  of the ven t r i cu l a r  septum 
was 0.254 /~g/g, whe rea s  in the myoca rd ium of the an t e r i o r  wall  of the left  ven t r i c le  its concentra t ion was 
lower by a lmos t  half; in the myoca rd ium of the r ight  a t r i um noradrena l in  was absent ,  whereas  in the m y o c a r d i -  
urn of the left  a t r i um  its concentra t ion  was 0.075 ~ g / g .  After  sudden death the noradrena l in  concentra t ion  in 
the m y o c a r d i u m  of the r ight  vent r ic le  was one-f i f teenth of that in the myoca rd ium of the an te r io r  wall  of the 
left ventr ic le ;  the s ame  degree  of he te ro top ia  with r e s p e c t  to noradrena l in  was found between the myoca rd ium 
of the ven t r i cu l a r  sep tum and the r ight  ven t r i c le .  Consequently,  a f t e r  sudden death he te ro top ia  fo r  the no ra -  
d rena l in  concentra t ion  between different  pa r t s  of the hea r t  was m o r e  m a r k e d  than a f t e r  accidenta l  death. 

The adrena l in  level  in the m y o c a r d i u m  of the left and r ight  ha lves  of the bovine hea r t  was between 0.03 
and 0.04 ~ g / g ,  whereas  in the m y o c a r d i u m  of the ven t r i cu l a r  sep tum it was 0.07 # g / g .  The lowest  n o r a d r e n a -  
lin level  was found in the myoca rd ium of the r ight  vent r ic le ,  namely  0.05 # g / g .  It va r i ed  between 0.09 and 0.1 
/zg/g  in the myoca rd ium of the left ven t r ic le ,  the apex,  and the ven t r i cu l a r  septum, and in the myoca rd ium of 
the left  a t r i um the noradrena l in  concentra t ion was 0.18 ~ g / g .  

The r e su l t s  of the invest igat ion thus demons t r a t e  d i f fe rences  between the noradrena l in  and adrenal in  con- 
cent ra t ions  in the human myoca rd ium a f te r  sudden death and in the human and bovine myoca rd ium a f t e r  death 
f r o m  t r auma .  

Di f fe rences  in the levels  of noradrena l in  and adrena l in  we re  found in all  pa r t s  of the hear t ,  ref lec t ing 
he te rogene i ty  of conduction, excitat ion,  and mechanica l  act ivi ty of the myoca rd ium and, probably,  of its con- 
ducting sys t em.  These  d i f fe rences  in the ca techolamine  concentra t ions  explain the f requent ly  obse rved  fact  of 
the appearance  of e l ec t r i ca l  act ivi ty  and mechanica l  contract ions  in some  pa r t s  of the hea r t  during e x p e r i m e n -  
ta l  a t t empts  to r ev ive  the act ivi ty  of human  he a r t s  a f t e r  death f r o m  var ious  d i s ea se s  [1]. 

In the few de te rmina t ions  of ca techo lamines  that were  made in the s inoa t r ia l  and ven t r i cu l a r  nodes and in 
the left b ranch  of the bundle of His a high concent ra t ion  of adrenal in  and noradrena l in  was found a f te r  both acc i -  
dental  and sudden death. As Table 2 shows, the ca techolamine  level  fel l  cons iderably  f r o m  the s inoa t r ia l  node 
toward  the pe r iphe ry ,  and this may pe rhaps  be an impor tan t  f ac to r  de te rmin ing  the veloci ty  of conduction of 
a t r i oven t r i cu l a r  impulses .  

These  fac ts  sugges t  that  the m e c h a n i s m s  of t r auma t i c  and sudden death a re  different .  

The noradrena l in  concentra t ion in the myoca rd ium of the ven t r i cu l a r  septum was the s a m e  af te r  both acc i -  
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dental and sudden death, and was higher (0.254 and 0.25 ~g /g  respectively) than elsewhere in the heart. This 
may indicate the onset of fibrillation in the myocardium of the ventricles both during sudden death and during 
traumatic shock, for high catecholamine concentrations lead to the appearance of multiple pacemakers and to 
their heterogeneity, and increase the conduction velocity inthe atria, the atrioventricular node, and the ven- 
tr icles,  thereby facilitating the development of fibrillation. 

It will be clear from Table 3 that the noradrenalin concentration in the myocardium in the case of valvu- 
lar defects was 2 to 3 times higher than in the case of functional failure; after operative s tress  and general 
fatal trauma the noradrenalin level was reduced even lower, and the lowest noradrenalin concentration in the 
myocardium was observed after sudden death. 

The following conclusions can be drawn from these results: :D imsudden death the noradrenalin concen- 
tration falls sharply in different parts of the myocardium by comparison with its level in the myocardium of 
persons dying from diseases of the heart valves, cardiac failure, operative stress,  and general trauma; 2) in 
sudden death there is a marked heterotopic distribution of noradrenalin in the myocardinm of different parts of 
the heart. A high level of heterotopia is also evidently found in the noradrenalin concentration in the sinoatrial 
and atrialventricular nodes. The possibility cannot be ruled out that dissociation between the noradrenalin con- 
centrations in different parts of the myocardinm and the nodes of the conducting system disturbs the regulation 
of their synchronous activity, blocks cellular metabolism, and so constitutes one component of the mechanism 
of sudden death. 
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