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The s t ruc ture  of the small  intestine, transplanted subcutaneously on a vascular  pedicle, and 
of a free graft  consist ing of the mucosa  and submucosa only, was studied in experiments  on 
dogs. The degree to which the graft  t issues survived was directly dependent on their dis-  
tance f rom the vascular  pedicle. The free intestinal graft  died and was replaced by sca r  t is-  
sue. 

The small  intestine is regarded as the best plastic mater ia l  for the reconstruct ive  su rge ry  of the 
esophagus [7, 12-16]. However, a serious disadvantage of the small  intestine for  plastic purposes is the 
unsat isfactory blood supply of the graft .  Various methods have been used to improve its blood supply: a 
Fi latov 's  stalk [9, 11], transplantation of a segment  of intestine subcutaneously [8], formation of a col la ter-  
al circulat ion f rom the omentum [4, 5], and incisions in the intestinal wall [1]. 

This paper  descr ibes  the resul ts  of a histological  study of the smal l  intestine in which different parts  
of the organs differed in their conditions of nutrition. Attempts were made to lengthen the small  intestinal 
graft  and to improve its blood supply by removal  of the serous and muscular  coats over a large area.  
Other experiments  were car r ied  out to study the fate of a free graft  of a segment of small  intestine f rom 
which the mesen te ry  and serous and muscular  coats had been removed.  

EXPERIMENTAL METHOD 

Three series of experiments were carried out on 23 dogs. In series I a segment of small intestine, 

12-15 em in length, was taken from 8 dogs on a vascular pedicle, consisting of one arteria recta and the 
homonymous vein, without removal of its outer membranes. The remaining mesenteric vessels of this seg- 
ment of small intestine were ligated and divided close to the intestinal wall. Continuity of the intestine was 

restored by end-to-end anastomosis. A subcutaneous pouch was constructed on the right side of the abdom- 
inal incision, of the same length as the intestinal graft prepared for insertion into it. Both ends of the 
graft were exteriorized through skin incisions and sutured to the wound edges. The intestinal graft and 

surrounding tissues were taken for histological investigation I, 3, 6, i0, and 15 days after transplantation. 

In series II, a segment of small intestine 12-16 cm in length also was grafted on a vascular pedicle 
in 12 dogs. For a distance of 10-14 cm the mesenteric vessels were ligated and divided and the serous 

and muscular membranes removed to accelerate ingrowth of vessels from the surrounding tissues. These 

membranes were left in situ only at one end of the graft for a distance of 2 cm, and 1 arteria recta and the 

homonymous vein were preserved. This vascular pedicle was initially the only blood supply to the grafted 

segment of intestine. Material was fixed I, 5, 8, i0, 15, 19, 24, 27, 35, and 40 days after transplantation. 

In series IIIa segment of intestine 7-8 cm in length was transplanted into a pouch on the anterior ab- 

dominal wall. The mesentery with its vessels and the serous and muscular membranes were removed 
from the whole length of this segment of intestine, so that the free graft doubled its length and consisted of 
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mucosa  and submucosa only. Both ends of the graf t  were exter ior ized and sutured to the wound edges. 
ter ial  was fixed 10, 15, 19, 24, and 27 days af ter  transplantation.  

In all se r ies  of experiments  mater ia l  for histological investigation was taken f rom the sacr i f iced  
dogs, fixed with 10% neutral  formalin,  and embedded in paraffin wax. Sections 7-8 p in thickness were 
stained with hematoxylin and eosin. 

Ma- 

E X P E R I M E N T A L  R E S U L T S  

The experiments  of ser ies  I showed that 24 h after  graft ing changes developed in the small  intestine, 
and their sever i ty  was d i rec t ly  proport ional  to the distance of the par t  of the graf t  f rom its end with an in- 
tact blood supply. The veins of the intestinal wall were dilated and congested with blood, the connective 
t issue of all layers  of the intestine was permeated  with e ry throcytes ,  and the epithelium of the villi had 
died. Small groups of viable epithelial cells still remained only here  and there in the c rypts .  As the end 
of the graf t  with the vascular  pediele was approached, the number of hemorrhages  and the degree of venous 
s tas is  diminished and the mucosa  gradual ly regained a more  normal  appearance,  but the villi ir~ these 
a reas  were shortened.  Necrobiotic changes were found in the mucous membrane  where it was in contact 
with the skin. MacroscopicaUy,  during the f i rs t  2 days this end of the graf t  appeared cyanotic, but later  it 
regained the usual pink color  of the intestinal mucosa .  The crypts  bordering on this part  of the mucosa  
were turned toward the junction between the intestine and skin, an ea r ly  sign of regenerat ive changes in the 
intestinal mucosa  [2, 3]. 

During the f i rs t  3 days the end of the intestinal graf t  which had lost its blood supply and was far thest  
f rom the opposite end still supplied with blood, died and sloughed away on the 4th-5th day, and the skin 
wound above it gradual ly  epithelized. In the middle part  of the graf t ,  regenerat ion began to take place in 
the mucous membrane  against the background of well-defined degenerat ive and necrobiotic changes. The 
ceils of the crypts  began to prol i fera te  intensively. Bands of a single layer  of fiat, cubical, or  p r i smat ic  
cells,  lining the cavit ies o r  covering the newly formed villi, began to appear.  In a reas  with a high p r i s m a t -  
ic epithelium, in places this became pseudostrat i f ied in cha rac te r .  In every case the epithelium of the r e -  
generating areas  of intestine had no brush  border ,  no did it contain goblet cells.  The loci of en te rodermal  
regenerat ion were separa ted  from the pers is tent  a reas  of necrot ic  mucosa  by newly formed granulation 
t issue.  The regenera t ive  changes in the mucous membrane  were focal in charac te r .  

Regeneration of the intestinal epithelium was more  intensive still at the end of the graf t  retaining its 
vascular  pedicle and lying next to the skin. Differentiated layers  of intestinal epithelium, one ceil in thick- 
ness,  spread  along the border  with the necrot ic  end of the graf t  to form multiple tubes and gradual ly  to 
cover  the bare  mucous membrane .  The villi in these areas  were  sho r t e r  than normal ly .  Considerable 
changes were observed during the f i rs t  3-5 days at the border  between the skin and intestine. To begin 
with, the space between them was filled with fibrin, leukocytes, and f ibroblasts .  Gradually a layer  of g ranu-  
lation t issue developed between the skin and intestine. After 6 days, goblet cells and cells with a brush 
border  appeared in the foei of epithelial regenerat ion and in the newly formed covering of the villi, and 
crypts were formed.  The outline of the mucous membrane  of the graf t  af ter  10-15 days began to resemble  
that of the normal  intestinal mucosa.  

The experiments  of se r ies  II showed that soon after  grafting, differences between the s t ruc ture  of the 
mucosa  in different par ts  of the smal l - in tes t inal  graf t ,  differing in their  blood supply, began to appear and 
gradual ly  became more  definite. The mucous membrane  in the middle third of the t ransplanted intestine 
remained  intact. However,  changes were  seen in its relief,  the villi were shortened,  and the connective 
t issue permeated  by e ry throcy tes .  At the end of the intestinal graf t  far thest  f rom the nutrient a r t e ry ,  the 
mucous membrane  was dead on the 5th day. After 10 days the differences between the s t ruc ture  of parts  
of the graft  with different conditions of nutrition were more  marked still .  The mucous membrane  of the 
middle third of the graf ted segment of intestine was now more  normal  in appearance,  but at the end of the 
graf t  far thest  f rom the nutrient a r t e ry  it was replaced by granulation t issue.  

The resul ts  of the experiments  of se r ies  I and II showed that the length of graft  still remaining viable 
was about equal, namely  5-6 cm. In the region of contact between the skin and end of the intestinal graf t  
with a vascular  pedicle, regenerat ion led af ter  10-15 days to the formation of union between the epithelia 
of the skin and intestine [2, 6, 10]. The importance of preservat ion of the blood supply, even at only one 
end of the segment of t ransplanted intestine, is c lear  when the results  of the experiments of se r ies  I and II 
a re  compared  with those of ser ies  III. The mucous membrane  of the free graf t  (series III) died rapidly, 
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and by the end of the 2nd week was replaced  by granulat ion t i ssue .  Only a band consis t ing of connective 
s c a r  t i s sue  r ema ined  in its p lace .  

Although r emova l  of the se rous  and m u s c u l a r  m e m b r a n e s  ( se r ies  II) led to a valid improvemen t  in 
the blood supply of the graf t  on a va scu l a r  pedicle,  this was not the only condition for  p r e se rva t i on  of the 
histological  fea tures  of the graf ted  mucous m e m b r a n e .  A m o r e  impor tant  factor ,  e spec ia l ly  in the ea r ly  
s tages  a f te r  t ransplantat ion,  was the integri ty of the vascu l a r  pedicle,  even though it supplied blood only to 
one end of the graf t .  

Roentgenograms of the in t r amura l  ves se l s  of the smal l  intest ine of the dogs showed that they were  
3.5-4 cm in length. It can be concluded f rom the resu l t s  of the exper iments  in s e r i e s  I and II that the pedi -  
cle g ra f t  r ema ined  viable for  a dis tance of 5-6 cm in that par t  of it which was without a m e s e n t e r i c  blood 
supply. The i schemia  developing in the absence  of an e x t r a m u r a l  blood supply probably  gave r i s e  to condi-  
tions favoring manifes ta t ion of the compensa to ry  and adaptive reac t ions  of the i n t r amura l  v e s s e l s .  Conse-  
quently, the length of the segment  of smal l  intestine remain ing  viable was 1.5 t imes  g r e a t e r  than the length 
of the in t r amura l  v e s s e l s .  A ro le  of definite impor tance  in the blood supply to the graf t  was also played by 
blood v e s s e l s  growing in f rom the surrounding t i s sues  [1]. Removal  of the se rous  and m u s c u l a r m e m b r a n e s  
did not improve  the blood supply  to the at tached intest inal  g ra f t .  The resu l t s  of s e r i e s  III indicate that f ree  
graf t ing  of the intest ine is u se l e s s .  
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