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Summary. The characteristic pathological changes of the spinal cord after brain death 
of 15 cases are reported. In some cases of a sudden ischaemic or hypoxic accident the spinal 
lesions occur simultaneously with the ischaemic infarction of the brain. In most cases of cerebral 
death reactive lesions of the primary intact spinal cord upon the autolytic disintegration of the 
brain occur. The segments C2/C3 became necrotic in nearly all cases, thus representing a 
demarcation between the autolytic brain and the spinal cord. Necrotic cerebellar tissue was 
displaced into the lower parts of the spinal subarachnoid space and produced inflammatory 
reactions of the meninges and meningeal vessels. The reactive meningeal angiitis and the me- 
chanical impairment of the venous drainage by the cerebellar detritus seem to be the main 
factors contributing to the severe circulatory disorders in the spinal cord including roots and 
spinal ganglia. I t  is assumed that the lesions of the spinal cord are at least partly responsible 
for autonomous spinal activities of brain death patients. 

Key-Words :  Bra in  Dea th  - -  Demarca t ion  - -  Ci rcula tory  Dis turbances ,  
Spinal  - -  Fore ign  Body  Reac t ion  - -  Spinal  Au tonomy.  

Bra in  dea th  is the  resul t  of a complete  and pe rmanen t  in t rac ran ia l  c i rcu la tory  
arrest ,  caused b y  ex t reme  bra in  oedema,  induced  by  var ious  agents  ( t rauma,  tumour ,  
metabo l ic  disorders  etc.). Bra in  dea th  can be regarded  as an  infarc t ion  of all  
s t ruc tures  enclosed b y  the  skull.  I f  the  organism is kep t  alive, i t  reacts  in all cases 
iden t ica l ly  upon  b ra in  necrosis:  24 - -36  h af ter  the  s top of  cerebral  c i rcula t ion 
demarca t ion  develops  in the  anter ior  p i t u i t a r y  lobe, in  the  upper  cervical  segments  
of  the  spinal  cord and  in the  optic nerves  [19]. Due to the  ex t reme  b ra in  edema 
axia l  d i s to r t ion  of  the  b ra in  s tem occurs and  caudal  pa r t s  of the  cerebel lum are  
pressed  into  the  foramen oeeipi tale  magnum.  The resul t ing eerebel lar  pressure  
cone m a y  be cut  off and  displaced into  the  spinal  snbaraehnoid  space, ly ing as a 
cuff a round  the spinal  cord [19, 20, 21 ]. 

The spinal  cord below the  segments  C 2 - - C 3  is in mos t  cases no t  d i rec t ly  
affected in eases of b ra in  dea th .  The t r ans i t o ry  loss of  spinal  funct ions,  observed  
dur ing  the  incidence of cerebra l  dea th ,  corresponds to  the  spinal  shock af ter  a 
t ransverse  lesion. L a t e r  on the  i so la ted  cord can regain  some au tonomous  func- 
tions, ff the  organism is ma in t a ined  alive b y  in tens ive  t r e a t m e n t  [20,4,16, 21]. 
The spinal  mechanisms  m a y  appea r  even earl ier  and  wi th  more in tens i ty  in eases 
of cerebral  dea th  t h a n  in pa t i en t s  wi th  t ransverse  lesion wha t  can lead  to  dia-  
gnostic  confusion [4]. No sys temat ic  s t u d y  has  been publ i shed  so far  concerning 
the  under ly ing  morphologica l  changes of the  spinal  cord which de t e rmines  the  
fu r the r  clinical  course of  b ra in  dea th  pa t ien ts .  
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Material and Methods 

The following is the report of pathological changes of the spinal cord observed in 15 con- 
secutive cases of brain death. In the Table the essential data of the primary disease, the sur- 
vival time, the clinical observations of spinal mechanisms, and the spectrum of the spinal 
morphological changes are summarized. 

Clinical diagnosis of brain death was confirmed by loss of all cerebral functions, electrical 
silence (flat EEG) and proof of intracranial circulatory arrest by angiography. 

The typical findings in the necrotic brain have been described extensively in previous 
papers [19, 20, 21]. The massive impaction of the autolytic brain, the increased brain weight, 
fresh thromboses in the superior sagittal, transverse, sigmoid sinuses and in the bulb of jugular 
vein, and the demarcation in the bordering tissues of the necrotic brain must be regarded as 
the morphological equivalent of the permanent intracranial circulatory arrest. Brain and 
spinal cord were prepared from dorsal and removed in connexion. The transitional zone 
between brain and spinal cord was examined with special attention. Sagittal sections through 
the brain stem and the upper cervical cord allow the best insight and demonstration of the 
demarcation zone in C2--C3 (C 1--C4) (Fig. 2). 

Specimens of the cord for microscopic examination were taken after transverse and longi- 
tudinal sections. 

Observations 

The lesions of the spinal cord in cases of  brain dea th  can be classified as follows : 

I. Lesions caused by  p r imary  disease. 

I I .  Lesions occurring as react ions upon brain necrosis (demarcat ing reactions).  

I I I .  Lesions caused by in te rac t ion  of p r imary  disease and react ions upon brain 
necrosis. 

This classification par t ly  ant ic ipates  the in te rpre ta t ion  of the lesions observed 

in our cases. The combina t ion  of different agents in the single case, however,  
justifies this dist inction.  

I. Spinal Lesions Caused by Primary Disease 

In  this group post  m o r t e m  analysis revealed the s imultaneous damage  of 

cerebral and spinal s t ructures  af ter  a sudden hypoxie- ischaemic accident.  I n  the 

two eases ment ioned  here the ischaemic accident  due to cardiac arrest  was followed 

by t e m p o r a r y  residual funct ions of  the  brain and finally by ext inc t ion  of  all 
cerebral ac t iv i ty  ( " in te rva l la ry  course").  

Fig. 1 shows the spinal cord of a 65-year-old man admitted because of septicaemia (Case 
No. 14). Cerebral death occurred after a cardiac arrest lasting 5--10 rain. Reanimation was 
continued for 50 hrs. 

Cross sections of the spinal cord revealed haemorrhages in the grey matter extending to 
the caudal segments which were more intense in the thoracic and lumbar regions. I-Iistologically 
multiple, partly confluent pericapitlary and perivenous haemorrhagic extravasates were found, 
combined with endothelial swelling, necrosis and rupture of vessel walls. Shrinkage of the 
neurons, edema of the grey substance and the bordering white matter as well as granulocytic 
infiltration demonstrated the severe microcirculatory disturbances developing after the tran- 
sient ischemia. The displaced cerebellar tissue in the subarachnoid spinal case extended to C8. 
Tile upper cervical segments showed only discolouration and softening in the grey and white 
matter. 

Similar lesions were found in a case of HCN-intoxication, complicated by a transient 
cardiac arrest, as reported in a previous paper [4]. In this case ischemic alterations of the neu- 
rons and a beginning glial and capillary proliferation in the intermediate grey matter of the 
lumbar cord were observed. 


