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C om pared to  cy to - an d  m yeloarch itectu re , th e  ang ioarch itectu re  of 
ce rta in  areas of th e  b ra in  is less know n. T he an g ioarch itec tu re  of th e  ganglion- 
system  o f th e  b ra in  stem , w hich is an area of th e  b ra in  th a t  is of g reat p ra c tic a l 
im portance , is no t kn o w n  even  in m an. As reg a rd s  com parative s tu d ies , th is  
an g io s tru c tu re  has b een  w orked  ou t to  an  ev en  lesser ex ten t.

I t  w as th e  aim  o f o u r investigations to  g a in  closer insight into th e  an g io ­
s tru c tu re  of th e  gang lionsystem  of th e  b ra in  s te m .

W e consider ph ilogenetica l investigations to  be of im portance, because  
these su p o rt resu lts o b ta in e d  in  m an and p o in t o u t  those correlations w hich  
explain  th e  role an d  significance of the  d iffe ren t v ascu la r system s.

To our investiga tions prac tica l significance can  be a ttrib u ted  in  th re e  
d irections :

a) W e m ay follow u p  th e  philogenesis o f  th e  vascular s tru c tu re  o f  th e  
stem -ganglionsystem , w hich  enables us to  draw  conclusions to  various p rob lem s 
connected  w ith  the  role an d  significance o f th e  ganglionsystem  of th e  s te m  
and  in add ition  it  p resen ts  an  opportu n ity  fo r m ak in g  general o b serv a tio n s 
concerning th e  v ascu la r supp ly  of the  nervous sy s tem .

b)  O n basis of m acro- and  m icroscopical ev id en ce  obtained in connec tion  
w ith  th e  vascu lar s tru c tu re  o f the  ganglionsystem  o f the  stem , duely  con si­
dering philogenetical v iew po in ts  as well, we m a y  d raw  conclusions e lu c id a tin g  
the  histophysiology —  in  th e  f irs t place th e  n o rm a l hydrodynam ics —  o f th e  
described vessels, w h ich  m ay  get us nearer to  th e  determ ination  of th e  role 
played b y  th e  ganglion- sy stem  of the  b ra in  s tem .

c) E vidence o b ta in ed  in  connection w ith  th e  vascular s tru c tu re  m a y  
serve as m orphological basis in  investigations concerned  w ith  vascular d iseases 
of th e  ganglionsystem  o f th e  stem , firs t of all w ith  apoplexy.

M ethod o f  Investigations
The prob lem  was ap p ro ach ed  m acro- and M icroscopically . To corroborate h is to p h y sio - 

logical conclusions an im al ex p erim en ts were done. F o r  m acroscopical studies the b ra in  w as

1 Acta Morphologic.
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in je c te d  w ith  red  lead  hy p ero x id e  (m inium ) su sp en d ed  in  terpen tine  oil ( te re b en th e n e ) and 
X - ra y  p ic tu re s  were ta k e n  o f th e  b ra in  con tain ing  c o n tra s t  m edium .

F o r  m icroscopic s tu d ies  1 : 2 d ilu tions o f c h in a  in k  were injected. In je c te d  m ate ria l 
w as in  p a r t  exam ined in  th ic k  sections w ithou t sta in in g ; o th e r  specimens were s ta in ed  in  ad d itio n  
w ith  m eth y len e  blue.*

R E S U L T S  OF T H E  IN V E ST IG A T IO N S

1 . F i s h

‘ As com pared to  th e  b lood supply  of th e  prosencephalom , th e  v a sc u la r iz a ­
t io n  o f  th e  ganglionsystem  of the b ra in  s te m  is m ateria lly  b e tte r  developed. 
A n  ex trem ely  high n u m b er o f perforating  vessels can  be seen, w h ich  ru n  from

Fig. 1
C h in a  in k  in jection . 300 m icrons. F ish  (carp) Vessels o f th e  ganglia of th e  stem . I n  th e  m iddle 
v e in s  w ith  large d iam eters, a )  w ide veins, b) p e rp en d icu la r  arteries. M a g n if ic a tio n : 40 x.

w ith o u t in to  the stem  an d  w hich are considered  to  be arteries. I n  c e r ta in  areas 
d is te n d e d  veins can be v isualised. —  In  th e  f ish  there  are p e rm an en t connections 
b e tw e e n  th e  tw o hem ispheres. In  a few sections enorm ous p e rp en d icu la r vessels 
can  be  seen. As regards th e  d iam eter o f  th e  vessels, there are no  sign ifican t 
d ifferences betw een th e  vessels o f th e  p rosencephalon  and those o f  th e  ganglion- 
sy s te m  region. In  th e  areas corresponding to  those of the  d iencep h a lo n  and 
m esencephalon  th e  vessels are m ore d ense ly  arranged . The th ic k e s t vessels, 
considered  to  be veins, a re  of abou t 30 m icrons in  d iam eter. T h e  d iam eters 
o f  m ed ium  vessel v a ry  from  10 to  20 m icro n s, those of th e  sm alle r ones are

* F o r  th e  m ic ro fo to g ram s I  am  g ra te fu l to  M r. M. M üller.
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5 m icrons or less. —  In  co n tra s t to  frogs, in  bony  fish  (carps) th a t  are  o f  h igher 
o rder philogenetically  th a n  th e  form ers, m ore circum scribed v ascu la r  areas 
develop already . In  these anim als we m ay  also fin d  a few veins o f g re a te r  (30 —  
40 m icrons) d iam eter w hich a re  w av y , bulgy an d  resem ble the  b ran ch  o f  a tree . 
In  F ig . 1. th e  aa. s tria tae  can  be se e n ; in  th e  m iddle several b igger vessels 
(veins) can  be noted .

2. Frogs

In  th e  region of the  ganglia  of th e  stem  th e  vessels are bigger a n d  v as­
cu lariza tion  is more dense th a n  in  th e  prosencephalon. T h e  s tro n g est a re  th e  
aa. s tr ia ta e , pene tra ting  from  th e  basis. Bigger vessels can  b e  observed  a rro u n d  
th e  ventric les as well. These vessels —  on the  g round of th e ir  a rra n g e m en t -  
are considered to  be p a rtly  veins an d  p a r tly  a rteries. T he vessels —  as show n in 
Fig. 2. —  form  a ra th e r hom ogenous netw ork  ; we canno t speak  here o f  areas

Fig. 2
C hina in k  in jec tion , 300 m icrons. F rog . P o s te rio r p a r t  of prosencephalon  Com plete h em isp h ere . 

R ela tively  hom ogenous vascu la r ne t. M agnification  : 40 x

of flow . T he vessels are qu ite  th in . The th icker ones have a d iam eter o f  a b o u t 
10 m icrons. These can be considered to  be veins, inasm uch  as the  law  o f  R o u x  
can be applied  to  living beings o f such low order. The th in n e r vessels do n o t  
exceed 2— 3— 5 m icrons in th ickness. The aa. s tr ia ta e  them selves, re sp . th e  
basa l perpend icu la r vascular stem s have  a d iam eter o f 20 m icrons. In  th e  p e rip ­
heral p a r ts  areas of ra th e r poor v ascu la riza tion  can be seen. F rom  th e  p o in t 
of view  o f philogenesis it  is of in te re s t th a t  the  brain-vessel system  o f th e  frog 
is considerably  m ore hom ogenous th a n  th a t  o f living beings of h ig h er o rd er.

3. Chicken
T he b ra in  stem  of the  chicken is sim ilarly  richer in vessels th e n  is th e  p ro ­

sencephalon. H ere we can find  a g rea te r num ber o f veins w hich in  ce rta in  a reas

1 *
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show  bulgy dilation . V essels of such c h a rac te ris tic a l d istension can be seen 
in  F ig . 3. Certain veins are  tree-b ranch  and  cascade-like. In  certa in  areas rem ar­
k a b ly  big vessels can  be seen . —  This v ascu la r sy stem  of p o u ltry  is in  general

Fig. 3
C hina in k  injection, 300 m ic ro n s. Chicken. Vessels o f th e  gan g lia  o f th e  stem . V ery  w ide veins.

M agnification : 40 x

Fig. 4
C hina  in k  injection , 300 m ic ro n s. R a t. Vessels o f th e  gan g lia  of th e  stem . Cortical and  stem  gang­
lio n  s truc tu res’ are m a rk e d ly  d ifferen tia ted  from  each  o th e r, a )  vessels o f th e  cortex , b)  vessels 

o f  th e  ganglia  of the stem . M ag n ifica tio n  : 40 x

m uch  more d iffe ren tia ted  in to  separate areas o f flow  th a n  th a t  of th e  b ra in  
o f  fish . Ind iv idual la rg e r  vessels are found  to  be o f even 60 to  70 m icrons in  
d iam eter. M edium vessels are 20 to 30 m icrons in  d iam eter, th a t  o f th e  sm aller 
ones varies betw een 10 to  20 microns. V eins are  p resen t in  very  g rea t num bers 
a n d  show extensive arbo risa tion .
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4. Rat

Oil com paring th e  v ascu la risa tion  of th e  prosencephalon resp . o f  th e  
co rtica l a rea  i t  can be seen th a t  th e  vessels o f th e  s te m  are on the  one h a n d  
m ore ab o u n d an tly  p resen t ; on th e  o th e r h a n d , som e of them  ex h ib it q u ite  
d ifferent form s. (Fig.4.) E v en  in  th e  low pow er view  ve m ay  note the  considerab ly  
wide, am pou lla ry  veins th a t  are m ore m arked  th a n  those in the b ra in s o f  f ish  
and chicken. (Fig. 5.). T he m edium  size veins are  30— 40 microns in  d ia m e te r . 
The d iam ete r of th e  arteries averages 20 to  25 m icrons. There is a lread y  m a rk e d  
d iffe ren tia tion  in th e  ang io -arch itec tu re  o f th e  co rtic a l substance an d  gang lion- 
system  of th e  stem  in ra t . (Fig. 4.) in  ce rta in  areas —  relatively  in freq u en tly  —

Fig. 5
China ink  in jec tio n , 300 m icrons. R a t. W ide, large ve in  in  th e  ganglion system  of th e  stem . 

M agnification  of region b. o f Fig. 4. M agn ification  : 100 x

sinuslike, d istended  veins (100 m icrons) can  be d em o n stra ted . The aa. s tr ia ta e  
are 30 m icrons in  d iam eter. G enerally  speaking  in  ra ts  arteries p re p o n d e ra te  
to  a g rea te r e x te n t th a n  in p o u ltry  an d  fish.

5. Cat

In  c a t we find  denser vascu larisa tion  in th e  a rea  of the stein  th a n  in  th e  
co rtico -m edullary  region. C haracteristica l are th e  ex trem ely  th ick , a rb o ris in g  
veins. L arg er vessels are  30—40—50 m icrons in  d iam e te r. A m poullary d is te n ­
sions can  be observed in  th e  larger veins, th ere  are  well defined sinuses as w ell. 
The d iam ete r of these  sinuses is a round  50 m icrons. I t  is th e  veins th a t  d o m in a te  
in th e  region o f th e  nuclei o f the s tem  ; th is  is s im ilar to  the re la tions in  th e  
cortical a reas, only  even m ore m arked . These veins are  characterized b y  am p o u l- 
like d istensions, by  th e ir  vary ing  arborizing  p a t te rn  as well as b y  th e ir  v e ry
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la rg e  size as com pared  to  o ther vessels. M ed iu m  vessels are 10 to  20 m icrons in  
d iam eter.

6. Dog

The vascu lar sy s te m  in the brain  s te m  o f th e  dog strongly resem bles th a t 
o f  th e  ca t ; th is  fa c t  is obviously expla inab le  b y  th e  close ph ilogenetical re la tion  
ex is tin g  betw een th e se  tw o species. A t th e  sam e tim e there  a re  m arked  
differences in th e  c o rtic a l vascular s tru c tu re s  ; in  ca t the num ber o f veins is 
h ig h e r th a n  th a t  o f  th e  arteries, while in th e  dog i t  is the  arteries t h a t  dom inate . 
T h e re  are no such  d ifferences betw een th e  tw o spcies in the v ascu la r s tru c tu res  
o f  th e  nucleus sy s tem  o f th e  stem . This fa c t, to g e th er w ith  o thers, also shows

F ig . 6
C hina ink in jection . 300 m icrons. Dog. W ide v e in  in  th e  area of the  capu t nucle i cau d a ti.

M agnification : 40 x

t h a t  th e  vascular s tru c tu re  of this a rea  is a philogeneticallv old fo rm atio n . 
I n  th e  ca t and in  th e  dog m arked am p o u lla ry , wide venous sy s tem  can be 
d em o n stra ted  a lread y  in  th is  area, w ith  sinuslike  bulges a t ce rta in  s ites, as i t  
is show n in Fig. 6.

7. In fa n t (h u m a n )

In  the  new ly b o rn  child very  th in , hom ogenous vascular n e tw o rk  can be 
fo u n d  in  the  b ra in  s te m . In  certain  areas th ic k e r , bu t not too b ran ch in g  vessels 
can  be seen:, th a t  a re  ab o u t 20 m icrons in  d iam eter. Thin vessels are  2— 5 
m icrons in d iam eter. T h ey  are loosely d is tr ib u te d  as com pared to  th e  corres­
p o n d in g  areas is sm alle r anim als. A t ce rta in  sites bulges resem bling th e  sinuses 
o f  th e  nucleus system s o f the  grown m a n ’s b ra in  stem  are found ; th ese  rep ­
re se n t an  early  fo rm  o f th e  la tte r. In  F ig . 7. th e  m aterially  m ore hom ogenous 
ang io -s tru c tu re  of th e  new born is show n.
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F ig . 7
C hina in in jection , 300 m icrons. N ew born child. C aput nuclei c au d a ti. As com pared  to  the  adu lt, 

re la tively  hom ogenous ang iostructure . M agnification : 10 x

Fig. «
M an. C onnection of aa, s tr ia ta e  w ith  th e  cortico-m edullary  vessels. (2 cm  th ick  sec tion , m inium - 
th ereb en th en e  in jec tio n .) R oentgenogram , n a tu ra l size, a )  aa  cortico-m edullares. b) aa. s tria tae  

ex ternae . c) anastom osis betw een the  two vascu la r system s
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8. Human adult

Roentgonological exam ination  of the brain stem  arteries of man has 
show n that the aa. striatae can be divided into tw o groups : aa. striatae externae 
and internae on the basis o f  their length and topographical distribution. Fig. 8 . 
T he external striated artries are considerably longer than t h e . internal ones 
and th ey  communicate on ly  in man with the aa. corticales longae, which fact

Fig. 8]a

R o en tg en o g ram . A nastom osis b e tw een  th e  two vascu lar system s. 1. aa. s tr ia ta e  ex ternae  t 
2. anastom osis ; 3. aa. cortico-m edullares. A rea  c. in  F ig . 8

proves beyond doubt th at th e  aa. striatae cannot be ca lled  term inal arteries. 
T he aa. striatae externae, apart from their relative length, are also present 
in  greater numbers than th e  aa. striatae internae, which is a fact that m ay  
have to  be considered in cases o f surgical interference. Fig. 8 . shows the aa. 
striatae externae and their anastom osis with the aa. cortico-medullares. In 
F ig . 8/a  high power view  o f  these communications is presented.

Roentgenological exam ination  of the veins in this region reveals that the 
v ein s do not run parallel w ith  the arteries at all, but they  take, in the m ajority
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of cases, a course of outward direction toward the insula. In the subinsular  
region we always find  a large, connective vein th a t communicates abundantly  
with the insular veins. (Fig. 9.)

F i g .  9
M an. Venae s tr ia ta e  anil th e ir  connections w ith  th e  in su la r  veins. (Section of 2 cm  th ic  kness.

M in ium -therebenthene  in jection . R oentgenogram .)

Together with macroscopical findings, histological studies have also 
revealed that the ganglionsystem  of the human brain stem  has a special v a s­
cular structure. This vascular structure can be differentiated from that o f  other  
regions even in animals, but it is in man that its special character is m ost 
markedly seen. In this area, in accordance w ith  the rule of Roux, the veins  
dominate. The veins are extrem ely wide and have a great number o f branches. 
Their diameters are so large that the term : »sinusoid vascular system « is 
suggested for proper term inolgy. (Fig. 10).

These wider veins are 80 to 100 microns in diameter. Occasionally th ey  
m ay be even wider. The maior vessels have m any branches, in general th ey  
resemble the branches of a tree. They bear strong resemblence to the sim ilar  
vessels o f fish, rats, chickens etc., from which th ey  differ only in size. This 
angioarchitecture is another proof of the fact that the ganglion system  o f the
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brain stem  is a philogenetcally old part o f the nervous system. In certain areas 
th e  veins show pond-like distensions ; this is m ost often seen at sites where the  
ind iv id u al tree-branch veins join each other. These bulges are, beside the smaller

Fig. 10
C h in a  in k  in jec tion , 300 m icrons. M an. Vessels o f th e  nucleus lentiform is. A m pou lla ry , sinusoid

veins. M agnification  : 40 x

or greater extravasates present in injected sections, with certainity not to  be 
considered to be by-products, bearing in m ind the following considerations :

a) We have found the same structures in six different injected brains.

b)  Similar form ations can be follow ed along the philogenetical line, 
w here we have worked w ith  more specim ens, too.

c) Sinusoid angiostructures can be dem onstrated in non-injected pré­
parâtes as well.

d) To rule out extravasates and the suggestion that the described veins 
becam e distended as the result of injection it  is mentioned in addition to the 
aforesaid facts that in the cortex of the sam e brain in which sinus-like veins 
could be dem onstrated in the stem, no such dilated veins could be observed.

e)  Similar veins have been described b y  Pfeiffer in the thalam us and in 
th e  corpus geniculatum  laterale.

Topographical differences

In the ganglionsystem  of the brain stem  angiotopographical differences 
o f  som e significance can be found in the arterial system , in connection w ith  the 
described arrangement o f the aa. striatae. Apart from the already described
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connective vena striata system , there are no marked differences in the venous 
system . On the other hand, it is of interest to study the vascular system  con­
necting the stem ganglion structure w ith the capsula interna. Certain stem  
branches are continued in the internal capsule in the form of straight, elongated  
branches. As a result of this that part o f the internal capsule th a t is nearest 
to  the nuclei o f the stem  is relatively richer in vessels than the m edullar subs­
tance in general. (Fig. 11.)

The special venous structure of the stem  nuclei is in our opinion suggestive  
o f  the possibility that these veins m ay be praedilectional sites in cases o f  apolexy.

In order to investigate the behaviour o f these veins when th e  speed of 
flow  is pathologically reduced, the following experiment was perform ed :

The iugular veins on both sides were ligated in a cat. B y  th is ligation  
we did not cut off com pletely the flow  from the brain of venous b lood, we only 
reduced it, since the plexus venosus vertebralis and venae cervicales e tc . represent 
a collateral system  o f sufficient capacity for the maintenance o f  life . E ight 
days later, following the washing of the vessels o f the brain w ith  formalin, 
the anim al was killed. W hen compared to a control animal we found th at the 
stem  veins operated upon were 2 to 5 tim es wider than those in the control 
brain. A loosening up in the walls o f the veins in the region of the stem  nuclei 
could also be observed in the operated animal.

Fin. 11
C hina  in k  in jec tion , 300 m icrons. M an. T ran s ito ry  a rea  betw een the an g io s tru c tu re  o f capsula

in te rn a  and nucleus eau d a tu s

In  th e  p a r t of th e  in te rn a l capsule ad ja ce n t to th e  nucleus eaudatus vessels o f larg e  d iam e­
te rs  a re  still visible. M agnification  : 40 x. a )  A n g io -stru c tu re  of nucleus eau d a tu s . b )  A ngio­
s tru c tu re  o f  th e  in te rn a l capsule.
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CONCLUSIONS

We find no exact description of the vascularisation  of the ganglion system, 
o f  th e  brain stem in literature ; the most we can fin d  is occasional allusions to  
th is  topic. Thus sinus-like vein s have been described in the thalamus and corpus 
geniculatum  laterale —  b eing  somewhat related to  the ganglion system  —  by  
Pfeiffer. Hoagh-Wolff, stu d y in g  the vessels of the ganglion system  of the brain 
stem  in cats, have found th a t  the theory, according to which within the nervous 
system  the blood supp ly  is directly proportionate to the total surface o f  
nerves, is valid in th is region of the nervous sy stem  as well. In this connection  
w e m ay confirm the sta tem en t that blood supply  in general is proportionate 
to  th e  greatness and im portance of function. Locchi and Scharrer have dealt 
w ith  the problem o f th e  term inal arteries in th e  brain. According to  the 
former there are no term inal arteries in the hum an brain, while the latter found  
term inal arteries in the brain of the opossum. In  this respect we have found 
th a t the aa. stritae in th e  course of philogenesis com e nearer and nearer to  
th e  aa. cortico-medullares and in man there are doubtlessly established  
com m unications betw een them .

The uniformity o f  th e  results obtained in different individuums on the 
one hand, the similar resu lts obtained in different species of the philogenetical 
line on the other, w ith  due consideration given to  those we said earlier, appear 
to confirm  the view th a t th e  special angiostructure of the ganglion system  
o f  the brain stem is no artific ia l product, but here we deal with a real sinusoid 
venous system that is m ost marked in man.

On basis of the p h isica l law of flow, according to which the speed o f flow  
is in invers ratio to the d iam eter, it can be supposed that in the sinus-like venous 
bulges the flow is slower ev en  under normal circum stances. This hydrodynam ical 
condition renders these sinusoid  veins a possible site  for thrombus form ation  
as w ell as for lesions to  th e  wals of the vessels, if, due to pathological changes,, 
th e  flow  of blood becom es reduced.

It was in the ligh t o f  th is  theora that we perform ed the animal experiment 
m entioned above.

Several ruptures due to  injection could be observed in the area o f the  
vessels of the stem ganglia. Pfeiffer considers th ese to be experimental apop­
lex ies. These ruptures occur mainly in the described ampoullary veins, resp. 
in  th e  venous cisternes.

W e mention here th a t  we do not consider these so called experim ental 
apoplexies to be a su ffic ien t investigation m ethod and results concerning them  
have been mentioned for th e  sake of com pleteness only.
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Sum m ary

1. T he vascu la riza tio n  of th e  ganglion system  of th e  b ra in  stem  lias been su b jec t to  
m acro- and m icroscopical investiga tions.

2. In v estig a tio n s carried  o u t in  th e  vascular system  o f th e  b rain  stem  in fish , fogs, ch ic­
kens, ra ts , dogs and  cats h av e  revea led  th a t  the  vascu lar s tru c tu re  o f th e  stem  ganglia  show s 
a m ate ria lly  less m arked  developm en t upw ard  in the  ph ilo g en e tica l line th a n  th a t o f th e  cortex . 
As we come, on  th e  o th er h an d , to  species of higher an d  h ig h e r order, the  veins in  th e  region 
o f  th e  ganglia of th e  stem  becom e w ider and wider.

3. In  m an  we have  found  th a t  th e  aa .s tria tae  ex te rn ae  are  longer and more densely a r ra n ­
ged th a n  th e  in te rn ae  an d  th ey  com m unicate  w ith  th e  aa . cortico-m edullares. The veins o f th e  
stem  do no t follow th e  course o f th e  a rteries. In  the  su b in su la r region a lerge vein can be found  
th a t  com m unicates freely w ith  th e  in su lar veins, and  resem bles a clasp in form . T he h u m an  
ganglion system  of the  b ra in  stem  has a special an g io s tru c tu re  consisting  of am poullary , c is te rne- 
like, sinusoid veins.

4. F ro m  th e  m orphological conditions we m ay  d ra w  histophysiological conclusions, 
according to  w hich it  m ay  be assum ed th a t  the  c ircu la tion  in  th is  system  m ay be slower even 
norm ally  ; in  case o f im paired  c ircu la tio n , on the  o th er h a n d , th is  system  m ay serve as a site 
o f p red ilec tion  for lesions to  the  walls o f the  vessels an d  fo r consecutive haem orrhages.
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к р о в о с н а б ж е н и е  УЗЛОВ МОЗГОВОГО СТВОЛА С т о ч к и  з р е н и я
ФИЛОГЕНЕТИЧЕСКОЙ 

Ф. Бэлэньи 
Р е з ю м е

1. Мы исследовали макроскопически и микроскопически кровоснабжение системы 
узлов мозгового ствола.

2. При исследовании сосудов узлов мозгового ствола у рыб, лягуш ек, кур, крыс 
и у собак оказывается что система сосудов узлов ствола мозга развивается в ходе фило­
генетического развития в гораздо меньшей степени, чем система сосудсв кори мозга, и 
что чем выше стоит данное животное в филогенетическом разряде, тем шире просвет вен 
узлов ствола мозга.
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3. У человека мы находим, что аа. strictae extem ae более длинные и более 
богато  разветвленные, чем аа. stria tae  internae, и что они анастомизируют со аа. corti- 
com edullares. Вены узлов ствола не сопровождают ход артерий ; в области под остро­
вом располагается больш ая вена скобко-образной формы, которая дает много анасто­
мозов к  венам острова.

4. На основе морфологических данных можно сделать тот гистофизиологический 
вы вод, что кровообращение этой области является  более медленным и в нормальных 
у сл о ви ях , а что при ухудш ении кровообращ ения на этом месте возникают легче всего 
п овреж дения стенки сосудов с последующими кровоизлияниями.
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