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The replanted lung is a c lass ica l  model for the study of the changes ar is ing after  transplantation in 
conditions when t issue incompatibil i ty is absent. This operation has been used clinically for the t reatment  
of bronchial  as thma [9]. 

The resul t s  of the experimental  study of the problem show that in the absence of technical faults, the 
indices of external  respi ra t ion,  which are  changed in the early stages af ter  the operation, re turn  toward 
normal  within a few months [12, 13, 18]. Some authors [16, 17, 19] have repor ted  a decrease  in the oxygen 
absorpt ion and an increase  in the p r e s s u r e  in the pulmonary a r t e ry  even in the la ter  s tages after  the oper-  
ation (1.5-2.5 years) .  The histological  s t ruc ture  of the transplanted lung, according to most  authors, shows 
no significant change, although in a few cases  loci of emphysema appeared [16, 17]. In cases  of thrombosis  
of the veins of the lung and left atr ium, the muscle layer  of the small  a r t e r i e s  of the lung undergoes hyper-  
trophy and they a re  conver ted into vesse ls  of "shunt" type [2]. 

One of the mos t  important  aspects  of the problem of transplantation of the lung is that of res tor ing  
the nervous regulat ion of the functions of the transplanted organ. It has now been established conclusively 
that injury to the nervous connections caused by division of the s t ruc tures  at the hilum of the lung is one 
of the causes of the development of s t ruc tura l  and functional changes in the lung. Some invest igators  who 
have pe r fo rmed  experimental  t ransplantat ion of the lung in animals have associa ted the disturbances of the 
function of the t ransplanted organ with injuries to the nerve f ibers ,  expecially of the vagus nerve.  In this 
connection the fur ther  development of r e s e a r c h  along the lines of the study of the nerve s t ruc tures  of the 
lungs after  t ransplantat ion is of considerable interest .  In the present  investigation the autotransplanted 
dog's  lung was studied histologically.  

E X P E R I M E N T A L  M E T H O D  

Experiments  were  ca r r i ed  out on dogs. Autotransplantation of the lung was pe r fo rmed  by Yu. 
Ya. Rabinovich [10] by the following method. 

Latera l  thoractomy on the left side was per formed under endotracheal anesthesia.  The main b ron-  
chiaI a r t e r i e s  were  divided and ligated. The left main bronchus and the pulmonary a r t e ry  were clamped 
and divided. A clamp was applied to the left atr ium, and the lung was then removed,  forming a cuff f rom 
par t  of the wall of the left a t r ium with the orif ices of the pulmonary veins. The lung was withdrawn f rom 
the pleural  cavity for 5-10 min, after  which it was replaced.  The wall of the left a tr ium was joined to the 
cuff fo rmed f rom the wall of the left a t r ium and the orif ices of the pulmonary veins by means of a H-shaped 
evert ing suture.  The divided ends of the pulmonary a r t e ry  were sutured end-to-end.  The clamps were 
then removed f rom the a t r ium and the pulmonary a r t e ry  and the circulat ion was res tored .  The left main 
bronchus was joined by in te r rup tedsu tu res ,  passing through all the layers  of the bronchial  wall. The lung 
was inflated and the chest  wall closed without drainage. In these experiments  the lung was excluded f rom 
the circulat ion for 1.5-2 h. 

The replanted lungs in 13 dogs were examined histologically between 1 day and 17 months after the 
operation. Seven animals died during the f i r s t  10 days (2 f rom hemorrhage ,  3 f rom thrombosis  of the 
venous anastomosis ,  2 f rom pneumonia, complicating stenosis of the bronchi).  The remaining 6 dogs 
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Fig. i. Regenerating nerve fibers in 
the wall of the main bronchus of a 
transplanted lung 8 days after the 
operation. Bielsehowsky-Gros. 280x. 

Fig. 2. Degeneration and cys t ic  
changes in the mucous glands ef 
the bronchus 44 days af ter  the 
operation.  Hematoxy l in -eos in .  
120x. 

developed no complicat ions after  the operation, and they 
were  sacr i f iced  by intravenous injection oi thiopental. 

Sections f r o m  the various par t s  of the lungs were 
stained by the B i e l s c h o w s k y - G r o s  method, with p ic ro -  
fuchsin-fuchsel in,  with toluidine blue, and '~ th  hema-, 
toxy!in-eosin.  I ~ r i n g  the operation the es~erase and 
lipase activity of the lung t issue was investigated. No 
difference was found in the localization and act ivi ty of 
these enzymes during the per iod of 1.5-2 h during which 
the lung was excluded f rom respi ra t ion  and the c i r cu la -  
tion. 

The state of the nervous s t ruc tu res  in the wall of 
the main bronchus of the t ransplanted lung was studied 
in the f i r s t  month af ter  the operation on the dogs. Areas  
of the bronchial  wall 1-2 cm distally to the suture were  
taken for examination. 

EXPERIMENTAL RESULTS 

Between the 3rd and 5th days after the operation 
the medullated nerve fibers in the wall of the main bron- 

Fig. 3. Gross thickening of the intima 
chus of the transplanted lung degenerated.  The  absolute 

of an intra lobular  vein. P i c r o f u c h s i n -  
fuehselin. 250x. major i ty  of the nonmedullated fibers remained  intact. 

The same was true of the nerve  cells contained in the 
nerve plexus of the bronchial  wall. 

At the beginning of the 2rid week after  the operation, numerous thin nonmedullated nerve f ibers  began 
to appear in the sect ions,  with pools of neuroplasm at their ends in the fo rm of bulbs of growth (Fig. 1). 
This was evidence of ingrowth of regenera t ing  nerve f ibers  and of the gradual res tora t ion  of the connections 
between the t ransplanted lung and the central  nervous sys tem.  Between 4 and 17 months af ter  the operation 
no abnormal nervous s t ruc tures  could be seen in the investigated region. 
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The authors cons ider  that  the concept  of " t ransplanted  lung" cannot be identified with that of "com-  
p le te ly  denerva ted  lung." Many inves t iga to r s  [4, 6, 8] have found that in the wall  of the l a rge  bronchi  and 
along the cour se  of the b ranches  of the pu lmonary  a r t e r y  there a re  ne rve  p lexuses ,  containing many ne rve  
cel ls ,  some  single and o thers  in groups .  Connections between the nerve  cel ls  of the pe r iphe ra l  autonomic 
ganglia,  r e spons ib le  for  the t r a n s m i s s i o n  of local  re f lex  reac t ions ,  have been demons t ra ted  morpho log ica l -  
ly [7]. These findings have been conf i rmed  by the resu l t s  of physiological  invest igat ion [1, 11]. T r a n s -  
plantat ion of the lung does not the re fo re  dis turb the in tegr i ty  of the ne rve  cel ls  and of the i r  connections 
within the lung. The nerve  pathways joining the t ransplan ted  organ  to the cent ra l  nervous  s y s t e m  are ,  
however ,  injured.  This is one of the r easons  why m a r k e d  changes in the bronchial  glands were  obse rved  
in all c a ses ,  i r r e s p e c t i v e  of the p r e s e n c e  or  absence  of complicat ions .  

Star t ing on the 2nd-8th day a f te r  the operat ion,  mucus was obse rved  to be absent  f r o m  the lumen of 
the glands,  the glands were  di lated to f o r m  cys ts ,  and the i r  cel ls  showed nec rob ios i s .  Invest igat ions 8-11 
days and i month a f t e r  the opera t ion  r evea l ed  dedifferentiat ion,  so that the ceils contained ve ry  dense 
cy top lasm and were  no longer  cyl indr ica l  in shape,  but f lat tened, l ike r egene ra t ing  s t ruc tu r e s  (Fig. 2). 
The number  of glands was  cons iderab ly  reduced  1.5 and 17 months a f t e r  the opera t ion.  Acidophflic m a s s e s  
were  v is ib le  in thei r  lumen,  giving a negat ive reac t ion  fo r  m e t a c h r o m a s i a  with toluidine blue.  Sc le ros i s  
of the submucosa  of the bronchus  could be seen between the smal l ,  a t rophic  ve s i c l e s .  This phenomenon of 
the suppres s ion  of s ec re t ion  of the bronchi  may be the f ac to r  respons ib le  fo r  the benef ic ia l  cl inical  effect  
of auto t ransplanta t ion  of the lung on the p ic ture  of bronchial  as thma [9]. However,  the r e su l t s  of these  in-  
ves t iga t ions  revea led  s e v e r e  changes in the blood v e s s e l s  of the dogs '  lung af ter  this operat ion,  so that 
c a r e  is n e c e s s a r y  when applying it to cl inical  conditions.  After  1 and 17 months,  fo r  instance,  despite  the 
absence  of th rombos i s  of the or i f ices  of the pu lmonary  veins and of the left  a t r ium,  obvious signs of venous 
hyper tens ion  were  obse rved  in the pu lmonary  sy s t em.  In cases  not compl ica ted  by th rombos i s  of the veins ,  
the in t ra lobular  veins p o s s e s s e d  a highly co r ruga ted  wall,  picr inophil ic  m a s s e s  were  deposi ted between the 
tunica e las t ica  and the endothelium, and musc le  f ibe r s  appeared,  as a re  cha rac te r i s t i ca I ly  found in the 
venous hyper tens ion  a s soc ia t ed  with m i t r a l  defects .  As a r e su l t  of these changes the lumen of the veins 
was grea t ly  na r rowed  (Fig. 3). The study of the region of the venous anas tomos i s  showed that in eve ry  case  
the myocard ia l  s t r u c t u r e s  surrounding the or i f ice  of the pulmonary  veins had been divided. Recent  inves t i -  
gations [5] have shown that  d is turbance  of the function of these " p r e s s e s "  in man leads to an i nc rea se  in 
the r e s i s t a n c e  of the veins within the lung; this is of compensa to ry  impor tance  in prevent ing the r e g u r g i t a -  
tion of blood f r o m  the lef t  a t r i um  into the cap i l l a r i e s  of the lung. 

Any autot ransplanta t ion,  even if f r ee  f r o m  compl icat ions ,  is  accompanied  by division of the m y o -  
card ia l  p r e s s e s .  The opera t ion  may  thus be compl ica ted  by the development  of pu lmonary  hyper tension,  
for  which there is physiological  evidence [16, 17]. 
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