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A series of experim en ts was perform ed b y  us in  the course of th e  last 
few years to  exam ine w heth er fixed vascular g ra fts  are  suitable for b rid g in g  a 
defect in  th e  ao rta  and, if  so, how th e  new vessel wall is being fo rm ed  and  
w hat p a r t  th e  graft was p lay in g  in its fo rm ation . Dogs differing in b reed , age, 
and sex w ere used. The experim ents fu rn ished  convincing proof th a t  vessel 
segm ents k e p t for longer or shorter periods in  d ifferent p reservative m edia  
act for some tim e m erely as connecting  tu b es iti th e  wall of the rec ip ien t vessel, 
w hereafter th e y  gradually  becom e transfo rm ed , ta k in g  on a histologic a rc h ite c 
tu re  ensuring  a perfectly  u n d is tu rb ed  blood c irc ida tion . Generally, th e  im p res
sion was gained  th a t, in  case of successful o p era tions, the tra n sp la n t tu rn e d  
in to  a vessel wall fully e ffic ien t for un d is tu rb ed  blood  flow. This tran sfo rm a tio n  
having been histologically  confirm ed in acco rdance  w ith foreign pub lica tio n s 
the question  arose w heth er under th e  given histological conditions th e  n e r
vous sy stem  was growing in to  the  newly developed  vessel wall and , i f  so, how 
th e  nerve fibers were ad o p tin g  them selves to  m eet the  dem ands o f th e  new 
env ironm ent, in w hat m an n e r th ey  were a tta c h in g  them selves to  th e  tissue 
layers an d , thereby , to  th e  ad jacen t portions o f th e  recipient vessel.

To s tu d y  the  problem  fixed segm ents o f dog ao rta  were tra n sp la n te d  in to  
th e  abdom inal ao rta  of dogs. These were allow ed to  survive for v a ry in g  periods 
before being  sacrificed. A t au topsy , the  g ra fts  w ith  the ad jacen t p o rtio n s  of 
the  rec ip ien t ao rta  w ere excised and  th e  n e rv e  connections exam in ed . The 
resu lts ob ta in ed  on a series of 5 dogs were as follows :

Dog N o. 1. A po rtio n  of 2 cm leng th  w as excised from th e  abdom inal 
ao rta  and  w as su b s titu ted  b y  an aortic g ra ft, w hich  had been k ep t fo r 2 m onths 
in a 0,1 p e r cen t m ercu ry  oxycyanide so lu tion . A t autopsy, 1 m o n th  an d  6 
days a fte r  th e  tra n sp la n ta tio n , an aneurysm -like d ila ta tion  was fo u n d  around  
the tra n sp la n t. On gross inspection  it  seem ed th a t  the  graft was d es tro y ed  and  
blood c ircu lation  was m a in ta in ed  by  a tem p o ra ry  segm ent formed b y  th e  su rro u n d 
ing tissues. A piece was th e n  cu t ou t of th e  an eu ry sm al area so as to  inc lude  the 
two a d jacen t portions o f th e  recipient a r te ry . T h e  specimen was fix ed , according 
to  Lavrentiev , firs t in a m ix tu re  of alcohol, form alin  and arsenic ac id , and

ft
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su b se q u e n tly  in 20 p er cen t n eu tra l fo rm alin . Thereupon, ta n g e n tia l sections 
20 to  30 m icra th ick  w ere p repared  and  im p reg n a ted  according to  Bielschowsky- 
Schultze-Gross. I t  was revealed  th a t  th e  n e rv e  fib res grew in to  th e  a rea  of the  
a n e u ry sm  ; m oreover, in  som e of th e  sections a v a s t sy m p ath e tic -ty p e  ganglion 
w as fo u n d  in  th e  te m p o ra ry  vascular w all to g e th e r  w ith  the afferent sy m p a th e tic  
t r u n k .  In  addition , i t  could be seen in  th e  p rep ara tio n s th a t  reg en era tio n  had  
s ta r te d  over the  whole aneurysm al area, a n d  th a t  large masses o f n e rv e  fibres 
h a d  grow n in to  th e  tra n sp la n t which was degenerating , ye t a t  th e  sam e tim e 
u n d e rg o in g  tran sfo rm atio n  (Fig. 1*). F rom  th is  i t  was inferred t h a t  h ad  the  
a n im a l been  kep t alive for some add itional tim e , th e  d ilated  a rte ria l w all would

Fig. 1. Dog. Innervation of fixed aortic graft, a) connective tissue, b) nerve, c) nerve fibre.
Bielschowsky’s m ethod. X 200. Photographically  reduced 3 to 1

h a v e  b e e n  streng thened  b y  th e  trophic in fluence  o f th e  nervous sy stem  to  an  
e x te n t  t h a t  i t  could h av e  secured a p e rm a n e n t, unham pered  p a th  fo r blood 
c irc u la tio n . In  th is case, th e  g ra ft acted  as a te m p o ra ry  connecting tu b e  w hich 
gave  rise  b y  its effect in th e  surrounding  tissues to  th e  developm ent o f  a b o u n 
d a ry  la y e r  capable of su b s titu tin g  the  excised vessel wall as a w hole, in  sp ite  
of i ts  in c a p a c ity  of pu lsa tile  m otion, due to  th e  lack  of the n o n -reg en era tin g  
la y e r  o f  sm ooth  muscle.

O n exam ining  the  specim ens the  questio n  arose where the sy m p a th e tic  
t r u n k  m a y  have come from , seeing th a t  in  th e  ao rtic  wall proper th e re  occurs 
no  p a r ie ta l  ganglion, a t  least n o t in the  section invo lved . I t  cannot of course be 
assum ed  th a t  th e  ganglion is th e  outcom e o f sim ple regeneration. T h e  only 
rea so n ab le  exp lanation  w ould therefore be th a t  th e  correspondingly s itu a te d  
gang lion  o f  th e  sym pathe tic  tru n k  grew in to  th e  aneurysm , or vice v e rsa , an d  
th a t  th e i r  fusion was also th e  cause of th e  reg en e ra tio n  th a t  s ta rted  from  th e

* A ll figures were drawn by assistant Miss Z. Möller, to whom thanks are due for her 
careful w ork.
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tru n k  tow ards the  an eu ry sm al area, and of the  p ro life ra tio n  of fine nerve fib re s  
in itia ted  b y  the  new  env ironm en t.

Dog N o. 2. An ao rtic  segm ent kep t for 102 days in 4 per cen t n e u tra l  
form alin was tra n sp la n te d  in  th e  aorta , again in  th e  lum bar region. A u to p sy  
showed th e  tra n sp la n ta tio n  to  have been a com ple te  success, w ithou t an y  signs

Fig. 2. Dog. innervation  of fixed aortic graft. Bielschowsky’s method. X 400. 
Photographically reduced 2 to  1

of aneurysm  or o b lite ra tio n . The dog su rv ived  th e  operation  by  3 m o n th s and 
6 days. In  th is case, to o , a t  necropsy the  g ra ft w as excised toge ther w ith  a portion  
of th e  recip ien t vessel a t  each end. The m a te r ia l  was fixed and  im p reg n a ted  
in  th e  m an n er described  above. The im p reg n a tio n , also, was a success. The 
abundance  of nerves in  th e  p repara tion  exceeded  m any  tim es th e  u su a l nerve 
supp ly  to  th e  area. In  ad d itio n , quite conspicuous were the em bryon ic  ch a rac 
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te r is t ic s ,  such as th e  v ag u en ess , d iso rien ta tion , exqu isite  delicacy a n d  u n d u la tio n  
o f  th e  fibres. These m ark s  d iffered  considerably from  the  charac teris tics  peculiar 
t o  d e f in ite  vegetative f ib re s  (Fig. 2).

P articu la rly  to w ard s  th e  centre of th e  tra n s p la n t there ap p ea red  in  large 
m a sse s  neurofibrillar e n d  form ations, loops, clubs, term inal ram ifica tio n s

Fig. 3. Dog. Innervation  o f fixed aortic graft. Bielschowsky’s method. X 400. 
Photographically  reduced 2 to  1

n e u ro f ib r il la r  plates, and  o th e r  sim ilar s truc tu res o f vary ing  size w hich in  th e ir  
e n t i r e ty  appeared to  im p a rt a q u ite  pa rticu la r sensory  character to  th e  te rm in a l 
b ra n c h e s  o f the fibrous sy s te m . T he groping for a p a th  to  follow, on th e  one 
h a n d , a n d  th e  course-determ ining  and  form ative in fluence of the reg en e ra te , on 
th e  o th e r , reflected them selves conspicuously in  th e  s tru c tu ra l ch a rac ter an d  the
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assum ed configuration  of th e  en tire  nerve-fibre  system  (Fig. 3). E v en  m ore 
in te restin g  and  charac teris tic  were perhaps those  s tru c tu res  which p resen ted  
them selves qu ite  near to  th e  te rm ina tion  of th e  regenerating  fib re  system . 
Special te rm inal clubs, neu ro fib rilla r plates in se rted  in to  the  fibres, pecu liar 
loops, and  loose w hirl-like fo rm atio n s w ere visible in  th is  area. In  general, th e

Fig. 4. Dog. Innervation of fixed aortic graft. Bielschowsky’s method. X 400. 
Photographically reduced 2 to 1

en tire  nervous ne tw ork  was distinguished b y  ex trao rd in a ry  fineness, a b u n d an ce  
in  m any  places b y  a m arked  clearness of th e  neurofibrils, and  in  som e by  a 
peculiar and unusual te x tu re . All th is is very  accu ra te ly  and d is tin c tly  visible 
in Fig. 4 w hich is th e  d irec t continuation  of F ig . 3.

Am ong th e  various in te resting  and p ecu liar end -structu res, w hich m igh t 
be characteristic  of nerve  regeneration  in o th e r  areas as well, th e re  occurred 
n o t in frequen tly  som e fo rm ations in the  shape  o f a corkscrew. T h e ir s tru c tu re ,
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in d e e d , reflected th e  c h a ra c te r , shape, course, an d  tre n d  of reg en era tio n . T hey 
sh o u ld  be visualized as exceedingly  fine fib res, a lm ost of th e  te n u ity  of neu ro 
f ib r ils , which a t th e  end  o f  a longish s tre tch  form  in to  ascending sp irals giving

Fig. 5. Dog. Innervation of fixed ao rtic  graft. Nerve regenerate. Bielschowsky’s m ethod. X 900.
Photographically reduced 3 to 2

e x a c tly  th e  im pression of closely  w inding coils a ro u n d  a ra th e r  long , solid, 
c y lin d ric  sh aft. Along w ith  th e m  there  are large, f la t , f ib rilla te  varices, special 
b ra n c h e s , end-plates and  c lubs, in te rs titia l lam ellae, loose, w hirl-like te rm in a l
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ram ifica tions, an d  sim ilar s tru c tu res  occurring in  g re a t num bers and v a r ie ty  a t  
th e  end-system  of th e  advanc ing  fibres. A m ong th e se  diverse n eu ro fib rilla ry  
fo rm ations, which in th is  case really  deserve to  be ca lled  pioneers, or tra il b laze rs , 
th ere  is one which is q u ite  peculiar, sp ind le-shaped , of conspicuous size, b lu n t  
a t  th e  end, differing from  all o ther term inal s tru c tu re s . This was seen in  b u t  a 
single p rep ara tio n , and  because of its uniqueness i t  was studied by  s tro n g e r  
m agn ification . I t  was found  to  be really  the  en d  p la te  of a single f ib re  th e  
neurofibrils of w hich were m ultip ly ing , opening o u t  an d  uniting  again. F u r th e r  
m agnified , i t  was seen to  consist of a close p lexus o f  delicate neurofibrils, w h ich  
in some places, a rrang ing  them selves in  bund les, fo rm ed  long-shaped b u n c h e s , 
while in  others th ey  in te rsec ted  each o ther fo rm in g  windowlike o p en in g s. 
A nother characteristic  o f th is peculiar regenerate  in  question  is th a t the  te rm in a l 
body  p roper is su rrounded  by  a system  of n eu ro fib rilla r  plates which, b lu n te d  a t 
th e ir  ends, conclude w ith  a glomus (Fig. 5).

Dog No. 3. A ortic  segm ents th a t  had been k e p t  in Jores solution in  a re f
rig e ra to r for 58 days w ere tran sp lan ted  in the  sam e region of the ao rta  as ab o v e . 
T he an im al was allowed to  survive the o p era tio n  b y  5 m onths and  18 d ay s . 
T he tra n sp la n ta tio n  once m ore succeeded v e ry  w ell. No deficiencies, no  a n o 
m alies were observed. Im pregnation  was also  unobjectionable. T h e  n e rv e  
fibres were well discernible in the  graft. R egen era tio n  occurred, and  a lth o u g h  
no aneurysm  had  developed, there  was again a pow erful sym pathetic  gang lion  
presen t in th e  tissue undergoing  tran sfo rm atio n . N a tu ra lly , in te rp re ta tio n  was 
th is  tim e  less easy th a n  in the case of dog No. 1, fo r in  th e  absence of an  a n e u ry sm  
it was d ifficult to  im agine th a t  w ith one of its  ganglions the sy m p a th e tic  tr u n k  
h ad  grown onto  th e  new vessel wall, or vice v e rsa . One should ra th e r  su ppose  
th a t  th e  sy m p ath e tic  tru n k  and, w ith it, th e  gang lion , found the ir w ay  to  th is  
site  from  th e  p e riad v en titia l plexus accom pany ing  the  aorta . To be dec ided , 
th e  problem  aw aits fu r th e r  experim ental stud ies an d  careful anatom ical o b se rv a 
tions, w hich will th e n  also determ ine a t w hat s tag e  regeneration of th e  nerves 
rea lly  begins in th e  g ra ft, and  how m uch tim e  is required  for the in n e rv a tio n  
to  tak e  its fina l form in these vascular segm ents. A t the same tim e, th e se  s tud ies 
will have to  th row  lig h t upon th e  questions w h a t th e  definitive nervous n e tw o rk  
is like, and w hether in view of the new e n v iro n m en t it  differs from  th e  n o rm al 
conditions of in n erva tion .

Dog No. 4. A ortic  portions preserved in  4 per cent n eu tra l fo rm a lin  for 
19 days were tra n sp la n te d  in to  the  ao rta  of th e  anim al. The dog was sacrificed  
7 m onths and  10 days a fte r th e  operation. A u to p sy  shoAved the rec ip ien t vessel 
to  have becom e ob lite ra ted  along a length  o f 2 cm . b o th  cranially an d  cau d a lly . 
In  sp ite  of th is , th e  g ra ft underw en t tra n sfo rm a tio n  in th e  usual w ay . G row ing 
in of th e  nerve fib res and  regeneration , resp ec tiv e ly , were clearly v isib le  in  the  
im pregna ted  sections in th is  case as well.

Dog No. 5. An aortic  segm ent which h a d  been kept in 4 per c e n t n e u tra l
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fo rm alin  for 60 days w as tran sp lan ted  in  a d o g ’s aorta . 15 m o n th s a n d  14 days 
la te r  th e  anim al w as exam ined . The re c ip ie n t vessel had becom e o b lite ra ted . 
T h e  nerve fib res w ere found  to  have grow n in to  the  graft, like in  th e  preced
in g  case.

F rom  w hat has b een  said above a n d  from  the figures i t  c a n  safely be 
conc luded  th a t  w h ichever the m edium  u sed  for preserving th e  g ra f t , nerve 
f ib re s  will grow in to  th e  transfo rm ed  ao rtic  w all, th ey  trill supply  i t  r ic h ly  every 
w h e re , and  will e s tab lish  close contact w ith  th e  layers. These p h en o m en a  raise 
th e  question  w hat th e  rea l role of th e  n e rv o u s  system  m ay be in  v iew  of th e  
f a c t ,  confirm ed b y  h ’sto logical exam ina tions b o th  in this coun try  a n d  abroad 
t h a t  th e  sm ooth m uscle elem ents of th e  m ed ia  disappear in the tr a n s p la n t  and 
ev e n  la te r  do no t becom e replaced, so t h a t  p ro p e r contraction , d ila ta tio n , and 
ch an g es  in  lum inal d ia m e te r  cannot rea lly  ta k e  place in this v a scu la r segm ent. 
T h is  question  is ju s tif ie d , and there  is an  an sw er to  it. W hile the  m o st im p o rta n t 
fu n c tio n  of the  nervous system  in the  vesse l is undoub ted ly  concerned  w ith  the  
m o v e m e n t of th e  w all, th e re  are o ther c ircu m stan ces as well w hich ju s t ify  and 
m a k e  i t  b y  all m eans necessary  th a t th e  n e rv o u s  system  should g row  in to  the  
n ew  ao rtic  wall. These a re  as follows.

In  th e  wall of every  a rte ry  and vein, a n d  in  th e  connective tissu e  im m ed ia 
te ly  su rround ing  it ,  th e re  are four p lexuses to  be distinguished, v iz . th e  pe- 
r ia d v e n t i t ia l ,  th e  a d v e n titia l, the  in te rlam ella ry , an d  the  in tram u scu la r p lexuses. 
W ith  respect to  th e  vessel wall’s function , th e  g rea test significance a tta c h e s  of 
co u rse  to  th e  last one, th e  nerve plexus of th e  m edia . Accordingly, i f  th e re  is a 
d e fe c t — and there  a c tu a lly  is —, then th is  p lex u s  will be the f irs t th e  fib res of 
w h ich  w ill be groping in  v a in  for m asses o f  executive cells in th e  g ra f t  th a t 
u n d e rw e n t tran sfo rm atio n . F or, as revealed b y  h isto logy, the sm ooth m uscle  cells 
d is a p p e a r  betw een th e  longest persisting e la s tic  fibres and even la te r  do not 
b eco m e  replaced. On t h î  o th e r  hand, th e  p e r ia d v e n titia l p lexus is a nerve- 
s u p p ly in g  netw ork  p ro v id in g  the vessel w all segm entally  w ith th e  necessary  
f ib re s , a n d  so represen ts th e  struc tu re  of w h ich  th e  fibres of the  v a sc u la r  wall 
w ill h a v e  to  be replaced. T h e  adven titia l p lex u s , originating from  th e  form er, 
h a s  p a r t ly  the  sam e role to  fulfill b u t in  a d d itio n  it is the  s ite  fo r the 
se n so ry  nerve endings in  th e  vascular w all a n d , a t  some places, th e re  are in 
i t  f ib re s  of cen tra l origin as well as sensory  end-apparatuses. T he elem ents 
o f  th is  p lexus divide in to  branches, and  se rv e  th e  purpose of in n e rv a tin g  
th e  co llagen  fibres and  th e ir  in term edia te  su b s ta n c e . A lthough th e y  are no 
p resso rrecep to rs , th ey  feel th e  d ila ta tion  o f th e  vessel wall and th e  in t r a 
lu m in a l p ressure exerted  u p o n  the  co rrespond ing  layer, and thu s secu re  the 
v a s c u la r  reflexes. M oreover, am ongst th e m  are  the end-organs o f  the  
w all m e d ia tin g  sensations o f  pain. A lthough  th e re  is nothing to  s u p p o r t it  
m orpho log ica lly , i t  m ig h t b e  possible th a t  a t  least p a rt of these  f ib re s  is 
d e r iv e d  from  th e  sy m p a th e tic  nervous system . T h e  interlam ellary  p lex u s , too,
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serves th e  innervation  o f th e  ad v en titia  an d , like to  some ex ten t th e  fo rm er 
|)lexuses, supplies sensory an d  m o to r fibres to  th e  walls of th e  vasa  v aso rum .

On th e  ground of w h a t has been said above, th e  regenerated  vessel is 
indeed ju s tified  to  requ ire  nervous elem ents. T his is p articu larly  so in respect 
of th e  v a s t num ber of ingrow ing capillaries vascu lariz ing  th e  graft, load ing  the  
foreign tissue of th e  su tu res  w ith lym phocytes and , ju s t  like in perochondrial 
osteogenesis, p rac tica lly  dissolving the  preserved  tra n sp la n t. These cap illary  
vessels m ust be followed b y  th e  corresponding sym pathe tic  fib res, for the  
capillaries too  pu lsa te  ; a phenom enon which can n o t even be im agined w ith o u t 
a nervous stim ulus. A nd indeed  th is does re flec t itse lf  in  the tra n sp la n ts , w here 
th e  cap illary  vessels are followed by  an im m ense n um ber of nerve fib res p roceed
ing singly or in tru n k s . H ow ever, there  is a n o th e r bearing, w hich we usually  
call th e  trophic aspect an d  w hich in its essence agrees w ith ívhat has been 
expounded  in the  foregoing. A ccording to  th is , a nervous stim ulus is abso lu te ly  
necessary  to  elicit tissue  m etabo lism  ; a p o in t w hich we have never failed to  
stress, an d  la te ly  w ould em phasize p a rticu la rly . I f  th e  stim ulus is lacking 
th e  tissue will slowly d egenera te  and necrotize or, w ith  the  lapse of tim e , cease 
function ing . Trophic ac tion  is in our opinion a v ascu la r action, in  th e  f ir s t  line 
one of th e  capillary vessels. This will alwavs show when the  nerve to  th e  tissue 
is cu t or paralysed  p e rm an en tly , for thereby  n o t only  th e  cerebrospinal connection 
of th e  receptors and  effectors of th e  tissue will be in te rru p ted , b u t  th e  receptors 
an d  effectors of the  v a scu la r system  will be d isconnected  too. A lth o u g h  in  th e  
sm all vessels, and especially  in the  capillaries, we have no m eans o f m orpholo
gically d ifferen tia ting  these  m ultiform  and m u ltis tru c tu ra l en d -s tru c tu re s  by  
v ir tu e  of th e  uniform  m orphological and physiological outlook, we deem  it 
ju s tified  and in th e  p re sen t case even necessary  to  assum e th e ir  presence.

A pparen tly , these  theo re tica l considerations have fully been confirm ed 
by  th e  experim ents w hich revealed th a t nerves h ad  been replaced ab u n d a n tly , 
aston ish ing ly  rap id ly  an d , under the given circum stances, com pletely . F rom  
th is  fac t we are now e n title d  to  conclude th a t  preserved  tran sp lan ts  tu rn  gradually  
in to  v iable, perfectly  function ing  vessel Avails.

Summary

1. Aortic segments w hich for varying lengths of tim e had been kept in 0,1 per cent mercury 
oxycyanide, 4 per cent form alin, or a Jores solution, respectively, were transplanted  in the abdo
minal aorta of dogs of different breed and sex.

2. In their m ajority  th e  operations were successful. The animals survived them  by several 
m onths. The grafts necrotized gradually, and were replaced by new vascular walls.

3. After a month nerve fibres were found to begin growing in and to supply abundantly  
the single layers.

4. Since from the point of view of blood circulation the transplants appear to tu rn  into 
perfectly efficient vascular walls, there is reason to believe th a t after being exam ined on humans 
it will he possible to perform successfully the operation in case of injury sustained a t accidents or 
war casualties.
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МИКРОСКОПИЧЕСКАЯ ИННЕРВАЦИЯ ФИКСИРОВАННЫХ ТРАНСПЛАНТАТАХ
КРОВЕНОСНЫХ СОСУДОВ

А. АБРАХАМ и Л. ШИН

1. Авторы пересаживали кусочки аорты, содержанные более или менее продол
жительное время в 1%-ом растворе оксицианистой ртути, в 4%-ом нейтральном растворе 
формалина или же в растворов Jores, в брюшную аорту собак различной породы и раз
личного пола.

2. В большинстве случаев операция оказалась успешной, животные остались в 
живых в течение месяцев, пересаженные кусочки постепенно разрушились и были заме
щены новыми стенками сосудов.

3. По истечении одного месяца нервные волокна начинают врастать в трансплантат 
и обильно снабжают их отдельные слои.

4. Ввиду того, что с точки зрения кровообращения пересаженные кусочки аорты 
становятся полноценными стенками сосудов, то после соответствующих испытаний и 
соблюдая необходимую осторожность, такую операцию можно успешно провести и у 
человека при несчастных случаях или в случае боевых поранений.

A m brus Á brahám , S zeged , Táncsics M ihály  u tc a  2. H u n g ary  
L a jos Sin , Szeged, S ebészeti K linika. H u n g ary
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