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The p resen t s tu d y  ab o u t the an g io arch itec tu re  of the periphera l gang lia  
has the  purpose of com pleting  our previous investiga tions in to  the b lood  su p p ly  
of the  p e riphera l nerves. The question h as  a p rac tica l im portance , because  
everyw here in  th e  cen tra l and  peripheral n erv o u s system  there ex is ts  a close 
correlation  betw een  blood supply  and  fu n c tio n a l im portance, a n d  because  
a tten tio n  is being  d irec ted  m ore and m ore to  th e  vascular p a th o lo g y  of th e  
ganglia and to  the  exam ina tion  of clinical m an ifesta tio n s connected w ith  the ir 
changes.

The problem  of the  vascu lar supply  o f th e  ganglia has received li t t le  a t te n ­
tion  in  th e  lite ra tu re . Beside older descrip tions of th e ir  visible blood su p p ly , the 
m ost n o tab le  are B ergm ann ’’s studies on th e  m icroscopical vascu lar cond itions 
of th e  sp inal gan g lia , th e  coeliac ganglion  a n d  G asser’s gang lion . W hile 
N onidez  co n fined  his in v estiga tions m ain ly  to  th e  a rterio -venous a n a s to ­
moses in th e  sy m p a th e tic  ganglia of th e  dog , Lattes described  h y p e r te n ­
sive changes in  th e  sy m p a th e tic  ganglia w ith o u t, however, d iscussing  n o r­
m al vascu lar conditions.

W e are  of th e  opinion th a t ,  to  ob ta in  a c lear view  of the  ganglionic c ircu la ­
tion , first th e  vasc idar supp ly  of various h u m a n  ganglia and th e ir  in d iv id u a l 
conditions m u s t be exam ined , w ith special re g a rd  to  the top o g rap h y  a n d  a rch i­
tec tu re  of th e  vessels. In  add ition , phy logene tica l investigations a re  needed , 
com paring th e  b lood supp ly  of the  ganglia according to  species. F in a lly , a fter 
evaluating  th e  resu lts  th u s ob tained , it should  be established how can  th e  c ircu la ­
tion of the  ganglia be influenced ex p erim en ta lly . Investigations o f  th is  k ind 
would m ake it possible to  elucidate a n u m b er o f unsolved problem s arising  in  
the  course o f exam inations exclusively concerned  w ith the v ascu la r p a th o lo g y  
of th e  ganglionic blood supply .

In  th e  p resen t p ap er th e  first o f th e  above points will be d iscussed , i. e. 
the  v ascu la r supp ly  of th e  ganglia in h u m an  sub jects, w ith especial regard  to  
com paring th e  vascu la r system  of th e  sy m p a th e tic  and the  spinal gang lia .
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Material and M ethods

The sympathetic and spinal ganglia of 4 new born and  6 adult humans were examined. 
T he  in fan ts  were injected th rough  th e  heart with P russian  blue according to the specification in 
R om eis’ manual. The vessels o f th e  ganglia have been exam ined in sections 100 m icra thick. 
I n  a d u lts , the superior and inferior cervical ganglia, th e  thoracic ganglia, the coeliac ganglion, 
th e  lu m b ar and the spinal ganglia have been subjected to  examination in sections 150 micra 
th ic k  tre a ted  with peroxidase.

Blood supply of the sym pathetic ganglia

Investig a tin g  the m acroscopic blood su p p ly  of the sym pathetic  ganglia , 
D elam are  and Tanasesco fo u n d  th a t the  su p erio r cervical ganglion collects its  
v a s c u la r  supply from th e  ascending p h ary n g ea l a r te ry  ; the m edium  cervical 
g a n g lio n  from  the inferior th y ro id  ; and th e  in fe rio r cervical ganglion, from  th e  
d eep  cerv ica l a rtery , these  a rte rie s  serving as p e rm a n e n t trunks of su p p ly . A t 
le a s t  one  b ranch  of the  corresponding  in te rco s ta l a rteries supplies th e  b lood  to  
e a c h  o f  th e  thoracic ganglia . T he supplying t r u n k  is th e  one lying im m ed ia te ly  
a b o v e  th e  ganglion. T he abdom inal and lu m b a r  ganglia collect th e ir  blood 
su p p ly  likewise from th e  corresponding  segm en ta l vessel tru n k , while th e  supp ly  
o f  th e  coeliac ganglion com es from  the  sm aller b ran ch es  of either th e  abd o m in a l 
p h re n ic , renal, suprarenal o r lu m b ar arteries. A ccording to  the au th o rs  c ited , 
th e  m acroscop ic  blood su p p ly  o f the  sy m p a th e tic  ganglia is in d ep en d en t from  
t h a t  o f  th e  spinal ganglia, in  sp ite  of the ir com m on developm ent.

O u r own exam inations w ere concerned w ith  th e  m icro topography  an d  
a rc h i te c tu re  of the  vessels o f  th e  sym pathetic  g ang lia . Lying in separa te  groups, 
th e se  vessels form a n u m b er o f  vascular beds w ith in  the ganglia, an  a rra n g e ­
m e n t  observab le  bo th  in  in fa n ts  and  adults. T h is p a tte rn  is especially m ark ed  
in  th e  su p erio r cervical (F ig. 1) an d  the  coeliac g ang lia , while the  vessels seem  to  
be  less sh a rp ly  delim ited in th e  ste lla te  ganglion. A n en tire ly  different p ic tu re  is 
p re s e n te d  b y  the  vessels o f th e  nerve  fibres in te rw eav in g  the  ganglia, in asm u ch  as 
th e y  fo rm  a fine netw ork o f  anastom osing ascen d in g  branches, as has been  
re p o r te d  in  our previous p a p e rs  on the blood su p p ly  of peripheral nerves. T he 
v a s c u la r  supp ly  of the  ganglion ic  cells is con sid erab ly  richer th an  th a t  o f th e  
n e rv e  fib res passing th ro u g h  th e  ganglia, th is  d ifference being so conspicuous 
t h a t  in  th ic k  unstained  p re p a ra tio n s  the areas w ith  cell groups m ay be sh a rp ly  
d is tin g u ish e d  from the n e rv e  fibres on the basis o f th e  num ber of vessels p re se n t 
(F ig . 1). T h e  ratio  of the  v a sc u la r  s truc tu re  of th e  ganglionic cells to  th a t  o f th e  
su rro u n d in g  nerve fibres is app ro x im ate ly  th e  sam e as th e  ratio  of th e  vessels 
in  th e  b a s a l  nuclei to  the  ang ioarch itectu re  of th e  capsu la  in terna.

T h e  ang ioarch itecture  o f  th e  sym pathetic  gan g lia  presents m any a c h a ra c ­
te r is t ic  fe a tu re . The cap illaries are th in . A p a rt from  th e  large vessels in  th e  
c e n tre  o f  hilun-like vascu lar b ed s, no significant v ascu la r d ila ta tion  is o b ser­
v ab le  in  in fa n ts , whereas in  a d u lts  there  are q u ite  m ark ed  am pullary, c is te rn ­
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like v ascu la r d ila ta tions in  each sy m p ath e tic  ganglion : m ost of these  w ide 
vessels correspond in  size to  postcap illa ry  veins. T h e ir diam eter is especially  
large in  th e  superior cervical ganglion (Fig. 2) w here th e  average d iam e te r  of

Fig. 1. Strongly detailed vascular system of ganglion cervicale superius. G elatine injection
X 80. In fan t

Fig. 2. Broad venous sinusoids of superior cervical ganglion. Peroxidase reaction. X120. Adult 
Fig. 3. Dense, homogeneous vascular structure of spinal ganglion. Gelatine injection. X 80. Infant 
Fig. 4. Sinusoids in spinal ganglion : though broad, they  are considerably sm aller th an  the 

sinusoidal vessels in the sym pathetic ganglia. Peroxidase reaction. X 120. A dult 
Fig. 5. Venous sinusoids in the caudate nucleus. China ink injection. X 40. A dult
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100 am pullary  vessels is 102,4 m icra, w hile t h a t  o f the  venous s inuso ids in  the  
th o ra c ic  ganglia a m o u n ts  to  90,9. These s inuso ids can be found only  am ong  th e  
d ense ly  packed vessels in  th e  area of th e  ganglion ic  cells. The v ascu la r p a t te rn  of 
th e  nerve  fibres co rresponds to  th e  an g io a rch itec tu re  of o ther nerves. T he sinuses 
o f  th e  sym pathetic  g ang lia  are generally w ider th a n  those seen in th e  h u m an  sp inal 
sy s tem  and in  h y p o th a la m ic  nuclei.

B lood supply of th e  sp inal ganglia

T he blood su p p ly  o f  th e  spinal ganglia h as  been  studied  b y  B ergm ann  in 
som e detail. H e fo u n d  th e  m acroscopic b lood  supp ly  of these gang lia  to  be 
co llec ted  from  th e  sp in a l b ran ch  of the  d o rsa l t r u n k  of th e  segm enta l a rte ries , 
th e  venous blood b e ing  d ra in ed  in to  the  ven o u s v e rte b ra l plexuses. T he m icro- 
to p o g rap h ica l cond itions o f  th e  vessels in  th e  sp in a l ganglia have n o t been  ex ­
am in ed  b y  Bergm ann.

O ur own stu d ies  m ad e  in th is resp ec t h a v e  revealed th a t  th e  vascu la r 
a rra n g e m en t of th e  sp in a l ganglia was m uch m ore  hom ogeneous th a n  th a t  o f th e  
sy m p a th e tic  system , in  h a rm o n y  w ith  the  s im ila r a rran g em en t of th e  cells (F ig . 3). 
A sep a ra tio n  of th e  vessels to  d istinc t groups, s im ila r to  those described  in  th e  
sy m p a th e tic  ganglia, could  n o t be observed (F ig . 3). The d is trib u tio n  of th e  
n e rv e  fibres in the  sp ina l ganglia  are perfectly  id e n tic a l w ith  the general v a scu la r 
co n d itio n s of the  su rro u n d in g  nerves, the s itu a tio n  in  th is respect being analogous 
to  t h a t  described for th e  sy m p ath e tic  system .

I t  has fu rth e r b een  found  th a t  the vessels o f th e  spinal ganglia are  coarser, 
th ic k e r , and  th e ir a rbo rifica tion  more angular th a n  th o se  of the  sy m p ath e tic  g ang­
lia. S m all am pullary  vessels can  be observed in  in fa n ts  a lready . As regards ad u lts , 
th e  sp in a l ganglia, too , c o n ta in  m arked  am p u lla ry  venous sinusoids, as has been  
re p o rte d  also b y  B ergm ann. These sinusoids a re  how ever, considerably  sm aller 
th a n  th o se  in  the  sy m p a th e tic  ganglia (Fig. 4). W hereas th e  d iam eters of th e  
la t te r  average 102,2 an d  90,9 m icra, respective ly , th e  average d iam eter o f th e  
sp in a l sinusoids does n o t exceed  53,3 m icra, a p p ro x im a te ly  one half of th e  value 
found  fo r sy m p a th e tic  sinuso ids. We have fu r th e r  observed  th a t  w hereas th e  
n u m b e r o f capillary  loops w as 123 per square m m  in  th e  sym pathetic  ganglia, 
th is  n u m b e r averaged 231 in  th e  spinal g an g lia* .T h e  capillary  density  in sp inal 
gang lia  is therefore a p p ro x im a te ly  the  double o f th e  density  in  sy m p a th e tic  
ganglia .

* W e have used the following method for ascertaining these figures. The capillary loops 
seated in  the ganglia were, for sim plicity’s sake, assumed to  form  rectangles, and using th e  average 
lengths o f their longer and shorter sides, respectively, th e  average area of the loops expressed 
in  square m icra was obtained. From  this value was com puted the number of capillary loops 
over an  area of 1 square mm.
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Discussion

Hagen has repo rted  in a recen t paper on th e  v ascu la r p a th o lo g y  of the  
sy m p a th e tic  ganglion th a t  in  cases of a spontaneous gangrene of th e  vessels, the  
ganglionic cells were d estroyed  over certa in  areas. H e has also described  th e  
h istopatho log ica l changes occurring  in th e  ganglia in  connection  w ith  o b lite ra ­
tin g  en d arte ritis . C oncerning these  pathological processes we w an t to  p o in t ou t 
th a t  th e  vessels in th e  sy m p a th e tic  ganglia form  sep ara te  groups a ro u n d  each 
of th e  larger vessel-trunks. I f  we com pare th is vascu la r a rran g em en t w ith  the  
m ore uniform  vascular s tru c tu re  found in the sp inal system  w here th e re  is a 
m arked  anastom osis even betw een  th e  larger vessels we are inclined to  regard  
th e  sparsely  anastom izing sep a ra te  vascu lar groups of th e  sy m p a th e tic  ganglia as 
func tiona l te rm ina l blood channels. These m orphological observa tions m ight 
serve as a base for th e  app rec ia tion  of th e  vascu lar-patho log ica l lesions in  th e  
sy m p a th e tic  ganglia. I t  also deserves a tte n tio n  th a t  th e  vascu lar su p p ly  of the  
sp inal ganglia is ab o u t tw ice as rich  as th a t  of th e  sy m p a th e tic  gang lia . O ur 
previous investigations in to  th e  blood circu lation  of th e  nervous sy s te m  have 
rep ea ted ly  confirm ed th a t  th e  degree of the v ascu la r supp ly  of an y  p a r tic u la r  
nervous area is in  d irec t p ro p o rtio n  to  its  fu n c tiona l im portance . T h e  m otor 
co rtex  possesses m any  m ore vessels th an , for in stan ce  th e  p o la r area  ; th e  
rich  vascu lar s tru c tu re  of th e  hypo tha lam ic  neurocrine nuclei c o n tra s ts  v iv id ly  
w ith  its  surroundings ; in  b ird s th e  functionally  im p o rta n t cerebellum  is th e  
area  m ost ab u n d an tly  vascu larized  ; th e  areas o f th e  periphera l nerves exposed 
to  m echanical stress are likew ise rich in blood vessels. T he a b u n d a n t v ascu la ri­
za tio n  of th e  spinal ganglia m igh t also be explained b y  functional differences.

Before concluding th e  problem  of th e  sinusoidal b road  vessels observed 
in  th e  ganglia should be d iscussed. D escribing venous sinusoids of th is  k in d  in th e  
sp inal ganglia an d  in th e  coeliac ganglion, Bergm ann  suspected  th em  to  be 
patho log ical s tru c tu res  su b s titu tin g  ganglionic cells w hich g radua lly  d isappear 
w ith  advancing  age. H e supposed  th a t ,  filled w ith  b lood, these  b ro ad  vessels 
ex e rted  a pressure on th e ir  surroundings th u s  lead ing  to  d egenera tion  and 
d es tru c tio n  of the  a d jacen t neurons. R eporting  on h ypertensive  v ascu la r  lesions 
in th e  ganglia, Lattes considered th e  system  of venous sinusoids as a rte rio v en o u s 
anastom oses w ith th e  func tion  of regu lating  th e  blood pressure. N onidez , too , 
described the venous sinusoids in  th e  sy m p a th e tic  ganglia of th e  dog as th e  
venous p a r t  of arte riv en o u s anastom oses. N one o f th e  au th o rs  m en tions a 
difference in  size betw een  th e  sinuses of th e  tw o system s. W e can n o t com pletely  
agree w ith  e ither of th e  au th o rs  as regards th e  p roblem  o f venous sinusoids. 
W e believe th a t  th e  special s tru c tu re  in  question  can n o t be ex p la in ed  unless 
v ascu la r conditions in  o th e r nervous areas too  are ta k e n  in to  accoun t. T h e  sinuses 
in th e  ganglia show a s trik in g  resem blance to  th e  sinusoidal vessels as found 
in  th e  spinal system  of m an an d  of th e  m em bers of th e  phylogenetic  row  (Fig. 5),
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as a lso  to  the  sinuses o f th e  neurocrine  nuclei in  th e  h y p o th a lam u s, i t  being 
c h a ra c te r is tic  of these sinuses th a t ,  absen t in  in fa n ts , th e y  арреат in  a d u lt age. 
A s th e  cy toarch itec tu re , so also th e  an g ioarch itec tu re  of th e  phylogenetically  
m o re  rem o te  nervous a rea s  p re sen ts  a d ifferen t p a tte rn  in  so fa r  as th e y  are 
p ro v id e d  w ith  large, b ro a d , in  som e places sinuso idal vessels. W e suggest th a t,  
a p a r t  from  possible fu n c tio n a l uses, th e  large sinuso ids form  a no rm al p a r t  of 
th e  sy m p a th e tic  ganglia as phylogenetica lly  an c ien t nervous areas. T his would 
e x p la in  th e  sm aller size o f  th e  sinusoids in th e  phylogeneticallv  m ore recent 
sp in a l ganglia.

Summary

(i) The vessels of the sym pathetic  ganglia form separate groups. Such vascular group8 
su rro u n d  larger vessels w hich m ay  he considered functional term inal arteries. The vascular 
p a t te rn  of the spinal ganglia is m ore homogeneous.

(ii) The capillaries in  th e  spinal ganglia are twice as densely packed as those in  the sym­
p a th e tic  system. This phenom enon m igh t he explained by  functional differences.

(iii) Broad, venous sinusoids are observable both in  the sym pathetic and the spinal gang­
lia. T he w idth of sinuses in th e  sym pathetic  ganglia considerably exceeds th a t of the sinuses in 
th e  spinal system.
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КРОВОСНАБЖЕНИЕ НЕРВНЫХ УЗЛОВ
3. САБО и Ф. Б Ё Л Ё Н Ь И

1. Сосуды симпатических узлов расположены в нескольких отдельных группах. 
Отдельные группы сосудов окружают большие кровеносные сосуды, которые можно 
рассматрывать как функциональные концевые артерии. Сосудистая структура спинно­
мозговых узлов более гомогенная.

2. Густота капилляров спинномозговых узлов приблизительно двойной густоты 
капилляров симпатических узлов. Этот факт, повидимому,объясняется функциональными 
разностями.

3. В симпатических и спинномозговых узлах встречаются синусы с крупными 
венами. Синусы симпатических узлов значительно крупнее синусов спинномозговых 
узлов.

Z o ltán  Szabó, B u d a p e s t, IX ., T űzoltó  u tc a  58. H u ngary  
F e re n c  Bölönyi, D eb recen , 12. A n a tó m ia , H u n g ary
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