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In 1947, one o f  us ( L a d á n y i ) succeeded in  suturing back a digit after it  
had been cut off 10 m inutes earlier in an accident. In the possession o f a n ti
biotics this problem o f regeneration seemed and subsequently proved to  be  
solvable. In our D epartm ent we have succeeded in  20 cases to replant d ig its  
cut off partially or to ta lly  within 2 hours of the accident and without suturing  
blood vessels and nerves.

The more im portant it is to study this problem  in detail since blood vessels  
supplying the digits are o f such a calibre that i t  appears impossible th ey  m ay  
be sutured by m eans o f the present vascular suture apparatuses in use. N or is 
the present surgical technique adequate for uniting by suture blood vessels  
o f such a small calibre. Therefore, in such cases, replantation without suturing  
blood vessels is the m ethod o f choice.

In an effort to  elucidate the theoretical basis o f the procedure th a t had  
proved practicable, anim al experiments were carried out in order to m ake a 
closer study o f the regeneration processes taking place in the replanted region.

In this paper we wish to deal exclusively w ith  the development o f a new  
vascular supply in a canine limb cut to the bone and replanted. The results  
o f  artériographie studies and the evaluation o f India ink experiments in v iv o , 
w ill be presented and discussed below.

Metboil

In  the course of three years 22 dogs were subjected to  a series of experiments. U nder 
intravenous or in traperitoneal anaesthesia the canine fore lim b was transected bone-deep ab o u t 
3 cm above the jo in t corresponding to the wrist in m an. D uring operation the fore lim b was 
compressed by means o f a rubber band applied above th e  jo in t corresponding to the elbow. Skin 
and fascia were circularly transected. Tendons were transected  between sutures applied p re
viously. Likewise, the muscles were cut between catgut su tures, together with the blood vessels 
and nerves. The arteries were not tied. Inside the wound th e  periosteum was circularly cu t in  a 
line w ith the incision and  then pushed apart 1 ■> cm both proxim ally and distally. After th a t ,  th e  
interosseous m em brane, too, was transected.

In  these experim ents we did not cut the bone, because a to tal interruption of bone 
continuity  would have necessitated the use of plaster casts, which in turn  would — in the  earlier 
stage —  have made a step-by-step observation of the vascularisation process impossible. E x p e ri
m ents on totally  detached limbs are now in progress.
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The time required for cutting and carefully replanting the part of the lim b varied from 
20 to  25 minutes. I f  10 to  15 m inutes after tran sec tion  the appropriate soft tissue layers were 
b ro u g h t together carefully b y  means of previously placed sutures, they  were found  to u n ite  
an d  heal.

Experim ental

In this paper an account is given o f 20 (out of a total of 22) cases, in  which 
lim bs transected to the bone were replanted w ithin an hour and healed b y  means 
o f  th e  above m ethod. In  each one o f these cases all the nerves and vessels were 
undoubtedly cut and in  none of them  w ere th ey  subsequently sutured. In the  
course o f the experim ents two out o f th e  20 animals died due to  intercurrent 
disease. Thus the evaluation of revascularisation was based on th e  results 
obtained  in 18 dogs w ith  successfully replanted limb parts.

Series A . Serial artériographie exam inations were carried out during periods 
varyin g  from 1 week to  5 months after operation. Under Evipan anaesthesia an 
incision  was made in  the medial aspect o f  th a t region which corresponds to the 
arm . The brachial artery was thus exposed and an intramuscular cannula was 
introduced into it. Joduron of 70 per cent w as then injected into the artery and 
at th e  same tim e serial radiograms were tak en  (F ig s .l, 2, 3, 4, 5, 6). The radio
gram s were taken 1, 2, 3, 6 and 8 weeks after operation. Fig. 6 shows th e  situation  
at 5 m onths.

Series B. The other technique em ployed for the follow-up o f revasculari
sa tion  was the m odified Spalteholcz supravital India ink method. U nder Evipan  
anaesthesia the thoracic cavity  was opened b y  a longitudinal incision made in 
th e  midline of the sternum . The pericardium also was opened exposing the heart 
ap ex , which then was cut off by scissors. Through this opening a m etal cannula 
x/ 2 cm  in diameter (bearing a tap) was introduced into the aorta, across the left 
ventricle. Except for the aorta, the great vessels were ligated w ith  double thick 
silk  and the aorta was fastened to the cannula. After that India ink w as injected  
under pressure to fill the vessels of the still liv ing animal (Kis 2). A fter treatm ent 
w ith  Gauetherian oil, sections were m ade, and the scar line of replantation  was 
carefully examined (Figs. 7 and 8).

D iscussion

An evaluation o f the results of the anim al experiments revealed that in 
20 o f the 22 cases the part of the canine fore limb, replanted w ithout vascular 
suture within 1 hour after it had been cu t, united distally at a length  o f  about 
6 cm  from the line o f incision. In the fir st phase nutrition occurred probably  
b y  diffusion. By the end o f the first week th e  contrast medium still flooded the 
tissu es in the line o f the incision and it appeared to have no preformed route of 
transfer from the proxim al into the distal part. Eater at the site where the blood
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Fig. 1. Arteriogram made one week after replantation. I t  can be seen th a t the proxim al main 
vascular trunk  fills well and is in terrup ted  in the line of replantation. A fine netw ork of blood 
vessels is developing in th a t area. The contrast medium has left the vessels and appears in  the 

tissue spaces. D istal to  this area a very narrow vascular network is developing
Fig. 2. Arteriogram made two weeks after replantation. The main vascular trunk  is in te rrup ted  
in the line of replantation. Both proxim ally and distally abundant vascularisation hard ly  ex tend
ing beyond the jo in t corresponding to  the wrist can be seen. As compared to  Fig. 1. there  is no

extravasated  radiopaque medium
Fig. 3. Arteriogram made three weeks later. Most of the rich, fine vascular netw ork m eets

the distal vascular stum p
Fig. 4. Six weeks after operation. The main vascular trunk  and the distal stum p com m unicate 

through an abundant vascular network
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Fig. 5. E igh t weeks after replantation. Good arterial filling, also distally
Fig. 6. Five months after replantation. The proxim al and distal vascular trunks communicate 
th rough  a network of vessels in an area about 1 cm in length. The blood supply to  the distal 
p a r t  is carried now in a sm aller number of vessels of large diam eter and not by w ay of the fine

network as before
Fig. 7. Four weeks after operation. India ink preparation . Large numbers of tortuous, th in  
vessels are seen. Proliferating, superimposed vascular buds are abundant. There is a rich vas

cularisation also in th e  d ista l part, partly  reaching the vessels from the proxim al part
Fig. 8. Six weeks after operation . India ink preparation. Along the created p art of the replan

ta tio n  line a com m unication has been established betw een the two vascular systems
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vessels had been cut a fine, rich and very tortuous vascular network developed. 
This new vascular network appeared at first along greater vessels and subse
quently in other areas o f the granulation tissue, as it  was clearly seen in the  
sections.

In the sections made from specimens of India ink injection, superimposed 
masses of new proliferating vascular buds were to be seen. D istally  and 
proxim ally to these some new vascular networks becam e observable, showing 
partial unification after 4 weeks and an alm ost com plete unification after 
6 weeks.

It is obvious from both the arteriograms and the preparations made after 
the India ink injection th at the newly formed vascular network provided for 
an ample connection betw een distal and proxim al vessels as early as 4 to 6 
weeks after operation.

It was interesting to see how the vascular buds had started to grow from  
both the proximal and distal trunks in a direction opposite to that of blood  
flow . The buds of the proximal trunk were striving to  achieve unification with  
a higher regeneration potency. The sections ind isputab ly showed that both  
proxim ally and distally the new vascular networks had been connected w ith  
the main vascular trunks.

There are still numerous open questions regarding revascularisation, 
especially as far as regeneration is concerned. In  regeneration experim ents 
undoubtedly little attention  has been paid to peripheral circulation, and it  is 
thought that these problems should from now on be approached from new  
angles. We believe that by elucidating a minor —  as y e t not examined—  aspect 
of the problem, we have contributed evidence th at m ay prove useful for those  
concerned w ith research in th is field.

Summary

The revascularisation of limbs transected bone-deep and  replanted  w ithout suturing blood 
vessels has been examined in the dog. A new vascular netw ork developed distally to  the line of 
incision. By the techniques employed it could be clearly dem onstrated  th a t from 4 to 6 weeks 
after operation a new vascular connection has been established between the distal and proxi
m al parts.
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Р А З В И Т И Е  К Р О В О С Н А Б Ж Е Н И Я  П Е Р Е Р Е З А Н Н О Й  Д О  К О С Т Е Й  И  З А Ш И Т О Й  
О Б Р А Т Н О  Ч А С Т И  К О Н Е Ч Н О С Т Е Й

Й. ЛАДАНЬИ и ДЬ. ТОМПА

А вторам и было и ссл ед о в а н о  н ов ообр азов ан и е  сосудистой  систем ы  в перерезан ной  
д о  к о ст ей  и заш итой обратн о б е з  с о су д и ст о го  ш ва конечности собак .

В  дистальном  н ап р ав л ен и и  от л и н и и  р а зр еза  обр азуется  нов ая  с о су д и с т а я  система. 
С п ом о щ ь ю  метода авторов о б р а зо в а н и е  со су д и ст о й  сети м еж ду  д и ст а л ь н о й  и прокси
м а л ь н о й  частями как п р ави л о х о р о ш о  м о ж н о  п р осл едить в 4  6  н ед ел и  п о сл е  вмеш а
т ел ь ст в а .

N EU BILD U N G  D ER  BLUTYERSORGUNG BIS ZUM KNOCHEN IN Z IN D IE R TE N  
UND ZURÜ CK GEN ÄH TEN  EXTREM ITÄTEN

J .  L A D Á N Y I u n d  G Y . TO M P A

In  bis zum Knochen inzindierten und ohne Anwendung von G efässnaht w ieder ange
n ä h te n  E xtrem itäten  von H unden wurde das sich neubildende Gefässsystem un tersucht.

In  distaler Richtung von der Schnittlinie bildet sich ein neues B lutgefässsystem . Mit 
H ilfe der von den Autoren empfohlenen Methode lässt sich im allgemeinen in  der 4— 6 Woche 
n ach  dem  Eingriff das vom distalen zum proxim alen Teil durchgehende Gefässnetz gut 
beobach ten .

Prof. Józsa L a d á n y i  

D r. Gyula T o m p a
Debrecen, 12. II. Sebészet
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