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PREFACE

The ch a lle n g e  o f pu lm onary tra n s p la n ta tio n  em bodies the  tw in  

d is c ip lin e s  o f s u rg ic a l e x p e rtis e  and s c ie n t if ic  e n q u iry . M y  in te re s t 

in  th is  su b je c t has been s tim u la te d  b y  my co lle a g u e s  in  bo th  su rgery  

and s c ie n t if ic  researcho P re -em inen t am ongst the se  has been my 

form er s u rg ic a l tu to r ,  M r .  J . H u tc h is o n , C o n s u lta n t T ho rac ic  Surgeon, 

G lasgow  Royal In f irm a ry . I acknow ledge  my Indebtedness to  h im , 

no t o n ly  fo r  my e a r ly  s u rg ic a l tra in in g  b u t a ls o  h is  co n s ta n t he lp  and 

u n fa il in g  gu idance  in  th is  research  « I  a ls o  w is h  to  thank 

M r .  J .M o  A nderson , C o n su lta n t Surgeon, G lasgow  Royal In f irm a ry , 

fo r  h is  e n th u s ia s tic  support and expert h e lp  in  bo th  the  use o f lo c a l 

in fu s io n  th e ra p y  and in  the  p r in c ip le s  o f c o n tro lle d  b io lo g ic a l 

e xp e rim e n ts . I t  is  a x io m a tic  th a t th is  type  o f research  c a lls  fo r 

s u rg ic a l team w ork o f the  h ig h e s t o rde r. In  th is  resp e c t I  am indeb ted  

to  M ro M .  N e e ly , fo r  h is  co n s id e ra b le  s u rg ic a l s k i l l  and a s s is ta n c e , and 

to  a su cce ss io n  o f s u rg ic a l re g is tra rs  from  G lasgow  Royal In f irm a ry . 

P ro fessor A . F o rres te r and D r ,  G . Robinson o f the  D epartm ent o f 

A n a e s th e tic s , G lasgow  Royal In f irm a ry , have co -o p e ra te d  e n th u s ia s t ic a lly  

as members o f the  s u rg ic a l and a n a e s th e tic  team and I  record  my



2 ,

appx-'eciation o f th e ir  e f fo r ts .  D r .  W . S p ilg , D epartm ent o f P a tho logy , 

V ic to ria  In firm a ry  has k in d ly  a s s is te d  w ith  the p repa ra tion  and 

in te rp re ta tio n  o f the  h is to lo g ic a l spec im ens, and h is  a s s is ta n c e  has 

been in v a lu a b le .

F in a lly ,  I  acknow ledge  the  w i l l in g  h e lp  o f M is s  M .  Burnside 

fo r ty p in g  the  m a n u sc rip t, M r .  W . Tow 1er fo r h is  a id  w ith  photography 

and M is s  J. M a cD o n a ld  fo r  he r a r t is t ic  s k i l l  in  the  p re pa ra tio n  o f the  

d ia g ra m s .



CHAPTER I 

INTRODUCTION

The s u c c e s s fu l e s ta b lish m e n t o f tra n s p la n ta tio n  o f pu lm onary 

t is s u e  w o u ld  f u l f i l  a need in  c l in ic a l  p ra c t ic e . O ut o f a to ta l o f 

33 ,311 deaths from  a l l  causes com p iled  by  the  R e g is tra r G enera l fo r 

S co tland  in  1968, 3 ,1 95  deaths (ap p ro x im a te ly  9 .8% ) w ere  due to  

carc inom a o f the  lu n g , and 2 ,6 75  deaths (8%) co u ld  be a ttr ib u te d  to  

ch ro n ic  re s p ira to ry  d ise a se  ( in c lu d in g  emphysema and a s th m a ).

The annua l death ra te  from  the se  causes has been in c re a s in g  

p ro g re s s iv e ly  w ith  a tm o sph e ric  p o llu t io n  and consum p tion  o f 

c ig a re tte s . O ur p resen t methods o f trea tm ent o f bo th  ch ro n ic  

re s p ira to ry  fa ilu re  and carc inom a o f the  lung  a re  e x tre m e ly  u n s a tis fa c to ry .

The o p e ra b ility  ra te  o f p a tie n ts  w ith  carc inom a o f the  lu ng  is  

a p p ro x im a te ly  o n e - th ird .  O f the  rem a inder a g e , poor gene ra l c o n d itio n  

and e x te n s iv e  d ise a se  p re c lude  su rg e ry . There is ,  ho w e ve r, a 

s ig n if ic a n t group in  whom p re -o p e ra tiv e  s tu d ie s  show th a t pu lm onary 

fu n c tio n  a fte r  re s e c tio n  w o u ld  be inadequate  to  s u s ta in  l i f e  in  c o m fo rt.

S im ila r ly ,  s u rv iv a l in  p a tie n ts  w ith  c h ro n ic  re s p ira to ry  d isease  

can be e s tim a te d  by  the  ap p ro p ria te  s tud y  o f lu n g  fu n c t io n . Burrows



and E arle  (1969) in  a d e ta ile d  s tudy o f ove r 2 00 p a tie n ts  w ith  ch ro n ic  

a irw a ys  o b s tru c tio n , de te rm ined , by m u lt ip le  re g re ss io n  a n a ly s is  

w ith  s u rv iv a l as the  dependent v a r ia b le , th a t the  5 ye a r l i f e  

exp ec ta ncy  was o n ly  40% i f  the  fo rced  e x p ira to iy  vo lum e was be low  

0*7 5 l i t r e s *

I t  w o u ld  appear, th e re fo re , th a t once the  im m u n o lo g ica l 

problem s o f tra n s p la n ta tio n  have been s o lv e d , the re  w i l l  be many 

p o s s ib le  in d ic a tio n s  fo r the  use o f lung  tra n s p la n ts .

The e a r lie s t  a ttem p t a t lung  tra n s p la n ta tio n  was perform ed by 

C a rre l and G u th rie  in  19 05, a fte r  the p ion ee ring  w ork o f U llm a n n ,

D ec A s te l lo  and F lo re sco  in  th e ir  su c c e s s fu l exp e rim en ta l k id n e y  

tra n s p la n ts  in  1902 -1905 * C a rre l e s ta b lis h e d  th e  method o f the  

v a s c u la r  anastom os is  fo r  tra n sp la n ts  o f k id n e y , o va ry , lim b s  and 

th y ro id ,  and a ls o  tra n sp la n te d  the  heart and lungs  o f a k it te n  in to  

the  neck o f a c a t*  The lungs  became engorged w ith in  tw o  days and 

the  experim en t w as con c lu de d  * C a rre l *s m a g n ific e n t ach ievem ents  in  

th is  f ie ld  w ere accom panied b y  t ru ly  rem arkab le  fo re s ig h t when he 

s ta te d  th a t " th e  p resen t surgery o f organs is  in  its  in fa n c y  * * .  * *

W hen th e  e x tirp a tio n  o f an organ is  n e c e s s a ry , the  id e a l trea tm ent 

w o u ld  be the  im m ed ia te  tra n s p la n ta tio n  o f a sound organ to  ta ke  its



p la c e ."  H is  s ta tem ent th a t " th e  fu tu re  o f tra n s p la n ta tio n  o f organs 

fo r  th e ra p e u tic  purposes depends on the  fe a s ib i l i t y  o f h e te ro -  

t ra n s p la n ta t io n " ,  is  p ro p h e tic  o

D e m ikh o v , on 15th M a y  1947, reported h is  tech n iq u e  o f 

tra n s p la n tin g  the  r ig h t lo w e r lobe  in  an im a ls  to  the  F irs t A ll-U n io n  

C on fe rence  on T ho ra c ic  Surgery in  M o s c o w , and the  re s u lt becam e 

a v a ila b le  in  a p u b lic a tio n  b y  Fegiz to  the  W e s te rn  W o rld  in  1959, 

and in  a tra n s la t io n  in to  E n g lish  by B a s il H a ig h  in  1962 o f D e m ikh ov 's  

book "E xp e rim e n ta l T ra n sp la n ta tio n  o f V ita l O rg a n s " . Two an im a ls  

s u rv ive d  fo r  7 days bo th  dy ing  o f pneum othorax due to  d is ru p tio n  o f 

the  b ro n c h u s . In  th ree  s im ila r  exp e rim e n ts , te c h n ic a l fa ilu re  was 

a ttr ib u te d  to  bo th  a r te r ia l and venous th ro m b o s is *

An upsurge in  exp e rim en ta l w ork occurred  in  1950 when Staudacher^ 

B e llin a z z o  and Pul in  perform ed bo th  lo b a r re im p la n ta tio n  and hom ograft 

p rocedures us ing  v ita l l iu m  tubes fo r the  v a s c u la r anas to m oses . The 

re im p la n te d  lo b e s  fu n c tio n e d  fo r  an average o f 12 d a ys , w hereas the 

hom ogra fts  w ere re je c te d  w ith in  7 days * In  th e  same y e a r, L a n a r i, 

M o ll in s  and C ro xa tto  ca rrie d  out lo b a r tra n s p la n t experim en ts  w ith  a 

s im ila r  re s u lt*  In  1950, M e tra s  made a fu r th e r advance in  the  

s u rg ic a l te ch n iq ue  when he rep laced  anastom os is  o f the  in d iv id u a l
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pu lm onary ve in s  b y  an anastom os is  th rough the  w a ll o f the  le f t  a tr iu m .

A s im ila r  anastom os is  was described  by  N e p tun e , W e lle r  and B a ile y , 

one ye a r la te r  and has now become the  s tandard  p rocedure , overcom ing 

one o f th e  m ain te c h n ic a l d i f f ic u l t ie s ,  nam ely  venous th ro m b o s is *

A lth ough  B lades (1952) recorded the  f i r s t  s u c c e s s fu l pu lm onary 

re im p la n ta tio n  procedure in  a dog , ca rr ie d  out by  B e a ttie  in  1950, 

m ost o f the  li te ra tu re  a sc rib e s  to  Juvene lle  the  f i r s t  s u c c e s s fu l long  

s u rv iv in g  a u to tra n s p la n ta tio n  o f the  can ine  lu n g  in  1951. Good 

fu n c tio n  o f th is  tra n s p la n t a t 35 months a fte r  o p e ra tion  was dem onstra ted 

by  b ro n ch o sp iro m e tric  m e thods. Since th a t t im e , many exp e rim en ta l 

lo b a r and w h o le  lu n g  tra n s p la n ts  have been s u c c e s s fu lly  a p p lie d  in 

dogs as w e ll as o the r s p e c ie s . E va lu a tio n  o f the  te c h n ic a l and 

p h y s io lo g ic a l problem s o f tra n s p la n ta tio n  in  sheep (Borrie and 

M on tgo m e ry , 1958, and D a v ie s  et a l . ,  1965) baboons (H a g lin  et a l , ,  

1963, and H a g lin  and O rn , 1964) and ca lve s  (B orrie  and L ic h te r ,  1964) 

have shown them to  be s im ila r  to  th a t o f the ca n in e  p re p a ra tio n . Long 

term  s u rv iv a l w ith  fu n c tio n in g  a u to g ra ft lungs has been dem onstra ted by 

many w o rk e rs , a lth o u g h  in i t ia l  a ttem pts a t s im u ltan eo us  b i la te r ia l 

re im p la n ta tio n  and u n ila te ra l re im p la n ta tio n  fo llo w e d  b y  c o n tra la te ra l 

pneum onectom y w ere accom panied by  death o f the  an im a ls  from



re s p ira to ry  fa i lu re .  I t  was assum ed th a t th is  w as due to  d e ne rva tion  

and the  lo s s  o f the  T ie ring -B reue r re f le x .  I t  has been show n , ho w eve r, 

th a t s u rv iv a l w ith  re la t iv e ly  norm al pu lm onary fu n c tio n  can occu r 

a f te r  b i la te ra l pu lm onary a u to tra n s p la n ta tio n  (S lim  et a l . ,  1964,

Lem pert and B lu m e n s to ck , 1964, H a g lin  and O rn , 1964, and Faber 

et a l , ,  1965) and ch ro n ic  s u rv iv a l on o n ly  a re im p lan ted  lung  has 

been reported  b y  seve ra l w o rke rs  (N ig ro  et a l , ,  1963, D u v o is in  e t a l . ,  

1964, Yeh et a l . ,  1966, and Shaw and H i l l ,  1968)* These s tud ies  

have dem onstra ted  c o n c lu s iv e ly  th a t the gross fu n c tio n a l c a p a b il ity  

o f the  denerva ted organ can support l i f e .

W ith  the  advance o f im m unosuppressive  the rap y  in  the  la te  

1950*s and its  re la t iv e  success in  human ren a l t ra n s p la n ta t io n , an 

a ttem p t a t pu lm onary a llo tra n s p la n ta tio n  becam e a p ra c t ic a l p o s s ib i l i ty .  

H ardy and h is  a s s o c ia te s , w ith  th e ir  u n p a ra lle le d  experience  o f over 

400 e xp e rim en ta l lung tra n sp la n ts  in  do gs , and th e ir  co n s id e ra b le  

e x p e rtis e  in  th e  m o d if ic a tio n  o f g ra ft re je c tio n  by  a z a th io p r in e , 

perform ed the  f i r s t  human lung  a llo tra n s p la n t in  1963, H a rd y 's  team 

tra n s p la n te d  a cadave r le f t  lung  in to  a 58 y e a r-o ld  man w ith  a carc inom a 

o f the  le f t  m ain stem bronchus and a m arked ly  d im in ish e d  pu lm onary 

re s e rv e . T issu e  ty p in g  was no t ca rrie d  ou t* The im m unosuppress ive
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the rap y  used was a z a th io p r in e , p re dn iso lo n e  and c o b a lt th e ra p y , 

d ire c te d  to  the  m e d ia s tin u m . The p a tie n t d ied  on the  18th p o s t

o p e ra tive  day from ren a l fa ilu re ,  w h ic h  had been p resen t be fo re  

o p e ra tio n . The p a tie n t 's  a r te r ia l oxygen sa tu ra tio n  was 87*3% p re -  

o p e ra tiv e ly  (due to  a fu n c tio n a l a rte r io -v e n o u s  shunt th rough h is  

a te le c ta t ic  le f t  lung) and rose to  98*5 9% a fte r  tra n s p la n ta t io n .

A t a u top sy  com p liance  o f the g ra ft was g ro s s ly  e q u iv a le n t to  th a t o f 

the  r ig h t lu n g . A lv e o la r a rc h ite c tu re  o f the tra n s p la n t was w e ll 

p reserved  and no c e l lu la r  in f i l t r a t io n  c h a ra c te r is t ic  o f im pending 

re je c t io n  was p resen t in  the  g ra f t .

Up to  the  presen t tim e  21 human lung  a llo tra n s p la n ts  have been 

reported  in  the  m ed ica l or s c ie n t if ic  p u b lic a tio n s  and in  the  n a tio n a l 

press (Table 1 ). In  a d d it io n , M e s h a lk in  and F e lo f ilo v  (1964) have 

rese c ted  and re im p lan te d  the lung  in  the tre a tm e n t o f severe b ro n c h ia l 

asthm a in  m an. Two p a tie n ts  out o f 7 in  th is  se rie s  d ied  from pro fuse 

pu lm onary haem orrhage in  the  p o s t-o p e ra tiv e  p e r io d . The o the r f iv e  

p a tie n ts  s u rv ive d  and the  asthm a was sa id  to  be im p roved .

O f the  human lung  a llo tra n s  p la n t procedures 4 w ere le f t  lo w e r 

lo be  tra n s p la n ts  and the  re s t w ere w ho le  lung  tra n s p la n ta t io n s . O n ly  

7 p a tie n ts  ou t o f the  21 a llo tra n s  p lan ts  l iv e d  lo n g e r than  10 days w ith



TABLE I

HUM AN LUNG ALLOTRANSPLANTATION
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DATE CENTRE TYPE OF SURVIVAL 
PROCEDURE TIM E

1 1 .6 .6 3

6 .6 ,6 3 .

2 5 .6 .6 5

1 3 .9 .6 5

2 9 .9 .6 5

1 5 .3 .6 6 .

5 .1 .6 7 .

4 .6 7 .

1 5 .6 .6 7

67 .

J .D .  H a rd y , U n iv e rs ity  
o f M is s is s ip p i,  U .S .A .

L e ft W ho le  
Lung

18 D ays

G .J p M a g o v e m , U n iv e rs ity  L e ft W ho le  8 Days
o f P itts b u rg h , U .S .A .

K . S h in o i, Tokyo M e d ic a l 
C o lle g e , Japan*

W oE , N e v i l le ,  Veterans 
A d m in is tra tiv e  H o s p ita l,
I l lo  U .S .A .

J .J . W h ite ,  Royal V ic to ria  
H o s p ita l,  M o n tre a l,
C a n a d a .

Y . T s u ji ,  U n iv e rs ity  o f 
N a gasak i M e d ic a l 
S ch oo l, Japan,

EoS. B u ch e rl, M u n ic ip a l 
H o s p ita l,  B e r lin , G erm any.

Y . H a y a ta , Tokyo M e d ic a l 
C o lle g e , T okyo , Japan*

O .B . G ago, U n iv e rs ity  o f 
M ic h ig a n  H o s p ita l,  U .S .A .

EpS. B u ch e rl, M u n ic ip a l 
H o s p ita l,  B e r lin , G erm any.

Lung

L e ft Low er 
Lobe

R ight W ho le  
Lung

L e ft W ho le  
Lung

L e ft Low er 
Lobe

L e ft W h o le  
Lung

L e ft Low er 
Lobe

L e ft Low er 
Lobe

R ight W ho le  
Lung

T ransp la n t 
Removed 18 Days 
Post -o p e ra tiv e ly

5 Hours

7 D ays

T ransp la n t
Removed
P o s t-o p e ra tiv e ly

1 H our

T ransp la n t 
Removed 8 Days 
Post -o p e ra tiv e ly

i  H our

2 D ays

/ -
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DATE CENTRE TYPE OF 
PROCEDURE

SURVIVAL
TIM E

1 5 .5 .6 8 . A . Logan , Royal 
In f irm a ry , E d inbu rgh .

L e ft W ho le  
Lung

13 Days

1 4 .5 .6 8 . J .J . H a g lin ,  H ennep in  
C o un try  G enera l H o s p ita l, 
U .S .A .

L e ft W ho le  
Lung

8 Hours

3 1 .8 .6 8 . A .C .  B e a ll,  J r . ,  B a y lo r 
U n iv e rs ity  C o lle g e  of 
M e d ic in e ,  T exa s , U .S .A .

L e ft W h o le  
Lung

26 D ays

8 .1 1 .6 8 . G .L .  H a llm a n , S t, Lukes 
E p isco p a l H o s p ita l,  
T e xa s , U .S .A .

L e ft W ho le  
Lung

6 D ays

1 4 .1 1 .6 8 . F . D erom , A cadem isch 
Z ie ke n h u is
Ri j k s un i ve rs  i t  e i t , B e lg iu m .

R ight W h o le  
Lung

10 M  onths

1 8 .1 .6 9 , J .D .  H a rd y , U n iv e rs ity  o f 
M is s is s ip p i,  U .S .A .

R igh t W h o le  
Lung

29 D ays

6 .3 .6 9 . F .J .  V e ith , M o n te fio re  
H o s p ita l,  N .Y . ,  U .S .A .

R igh t W ho le  
Lung

14 D ays

2 6 .3 .6 9 D .L .  R oss, G u y 's  Hospital^, 
London .

. L e ft W h o le  
Lung

10 D ays

9 .4 .6 9 . A .C .  B e a ll,  J r . ,  B ay lo r 
U n iv e rs ity  C o lle g e  o f 
M e d ic in e ,  T e xa s , U .S .A .

L e ft W h o le  
Lung

10 Days

1 .6 .6 9 . P .J . V a nd e rho e ft, H ô p ita l 
S a in t-P ie rre , B ru x e lle s , 
B e lg iu m .

L e ft W h o le  
Lung

11 D ays

6 9 . D .R . Kahn, Ann A rbo r, 
M ic h ig a n , U .S .A .

L e ft W h o le  
Lung

4 D ays



the  tra n s p la n t In ta c t .

The second human lung  tra n s p la n t was perform ed in  1964 by 

M cG ove rn  and Y a te s . They tra n sp la n te d  a w h o le  le f t  lung  in  a 

44 y e a r-o ld  man s u ffe r in g  from severe o b s tru c tiv e  em physema* The 

im m unosuppress ive  the rapy  used on th is  o cca s io n  w as m e th o tre xa te .

A marked lym phopen ia  occurred  and the  p a tie n t d ied  on the  8th day 

a fte r  o p e ra tio n  from  b ronchopneum on ia . Some o f the o th e r cases have 

been s im ila r ly  in s tru c t iv e .  S h ino i and h is  team from Japan reported  

in  1966 the  f i r s t  le f t  lo b a r tra n s p la n t in  a man o f 44 years w ho requ ired  

re s e c tio n  o f th e  lln g u la  and lo w e r lobe o f the  le f t  lung  fo r  recu rren t 

haem op tys is  due to  b i la te ra l b ro n c h ie c ta s is *  On th e  17th p o s t

op e ra tive  d a y , ho w e ve r, the  p a tie n t deve loped pu lm onary oedema and 

re -e x p lo ra t io n  was ne cessa ry  to  remove the  tra n s p la n te d  lo b e , fo llo w in g  

w h ic h  h is  symptoms s u b s id e d . The lobe  showed th ic k e n in g  o f the 

a lv e o la r  w a l ls ,  the  a lv e o li be in g  f i l le d  w ith  exudate  and the re  was p e r i

v a s c u la r  c u ff in g  w ith  m ononuclear c e l ls .  In  1966, W h ite  and h is  

co lle a g u e s  in  Canada reported  th e ir  a ttem p t to  tra n s p la n t a w h o le  le f t  

lung  in to  a 31 y e a r-o ld  man w ith  re s p ira to ry  fa ilu re  from  advanced 

s i l ic o s is .  The im m unosuppress ive  reg im e o f a z a th io p r in e , s te ro id s  and 

a c tin o m y c in  was s im ila r  to  th a t w h ic h  th e y  used fo r rena l tra n s p la n ta tio n
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Some im provem ent in  pu lm onary fu n c tio n  occurred  bu t the  p a tie n t d ied  

sud de n ly  on the  7th p o s t-o p e ra tiv e  day from e x te n s iv e  pneum on itis  and 

In fa rc t io n  o f the  m ain stem b ro n ch u s .

In  th is  c o u n try , the  b e s t docum ented case is  th a t o f M a tth e w  and 

Logan in  1968, w ho tra n s p la n te d  a w h o le  lung  in to  a 15 y e a r-o ld  boy 

w ho deve loped  severe re s p ira to ry  d is tre s s  from  p ro life ra t iv e  a lv e o l i t is  

and b ro n c h io lit is  a fte r  in g e s tin g  the  dangerous w e e d k ille r  p a raq ua t.

He d ied  13 days a fte r  the  o p e ra tion  from re s p ira to iy  fa ilu re  due to  the  

c o n tin u in g  a c tio n  o f the  w e e d k il le r .  The h is to lo g ic a l fea tu res  o f 

re je c t io n  in  the  tra n sp la n te d  organ w ere reputed to  be ab sen t *

M o s t o f the  o th e r lung  tra n s p la n ts  have su ffe re d  a s im ila r  fa te  w ith  

the  e xce p tio n  o f one o f the B e lg ian  p a tie n ts  (D erom , U n iv e rs ity  

S u rg ica l C l in ic ,  B e lg ium )* Th is  s o lita ry  case  p ro v id e s  some hope fo r 

the  fu tu re  o f human pu lm onary a llo tra n s p la n ta t io n .  The p a tie n t was a 

23 y e a r-o ld  man s u ffe r in g  from severe s i l ic o s is  w ith  p ro g re ss ive  

re s p ira to ry  fa ilu re  and pu lm onary in fe c t io n  w ith  s ta p h y lo c o c c i and 

Candida a lb ic a n s *  He had a ca d a ve ric  w h o le  r ig h t lung  tra n s p la n t 

perform ed on 14th N ovem ber 1968, b y  Derom 's te a m . A ll o f the  face ts  

in  th is  procedure w ere  fa vo u ra b le *  T issu e  ty p in g  showed th a t m ost 

groups w ere  id e n t ic a l.  In  a d d it io n  to  a z a th io p r in e , p re dn iso lo n e  and
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a c tin o m y c in  G , a n t i- ly m p h o c y t ic  serum was u t i l is e d  to  good e ffe c t 

fo r the  f i r s t  tim e  in  human lu ng  tra n s p la n ta t io n . There w ere no 

te c h n ic a l co m p lic a tio n s  and the  tra n sp la n te d  lung  began to  fu n c tio n  

im m e d ia te ly  a fte r  o p e ra tio n * The a r te r ia l oxygen sa tu ra tio n  on 

spontaneous re s p ira tio n  2 0 hours a fte r  tra n s p la n ta tio n  was n o rm a l.

From a v ir tu a l ly  bedridden  s ta te  p re -o p e ra tiv e ly , the p a tie n t was ab le  

to  run and c lim b  s ta irs  w ith in  a few  w eeks a fte r  o p e ra tio n * I t  was 

re p o rte d , h o w e ve r, th a t he d ied  o f in fe c t io n  3 00 days a fte r  the p ro ce d u re ,

The ve ry  poor re s u lts  in  human lung tra n s p la n ta tio n  demands ca u tio n  

in  fu tu re  a ttem p ts  be fo re  the  tw o  main problem s o f in fe c t io n  and 

re je c t io n  have been so lve d  on an experim en ta l b a s is *

The Present Problems in  E xperim en ta l Pulm onary T ra n sp la n ta tio n

The expe rience  ga ined  b y  expe rim en ta l lung  tra n s p la n ta tio n  over the 

la s t  15 years has de fine d  the  m ajor problem s in  th e  fo llo w in g  c a te g o r ie s :-

1 . The e ffe c ts  o f s u rg ic a l techn iques  i n pu lm onary tra n s p la n t 

procedures • The te c h n ic a l problem s a r is e  from 

d e v a s c u la r is a tio n  o f the  bronchus and from the  d i f f ic u lt ie s  

in  p re ven ting  venous o c c lu s io n  in  the  lo w  pressure  

pu lm onary v a s c u la r  sys te m .
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2o The assessm en t o f the  tra n s p la n t procedure on 

a l l  asp ec ts  o f pu lm onary fu n c tio n  such as b lood  

f lo w ,  v e n t i la t io n ,  a lv e o la r  vo lum e , gas exchange , 

co m p lia n ce , su rfa c ta n t a c t iv i t y ,  b ro n c h ia l c le a ra nce  

and c i l ia r y  a c t iv i t y ,

3 * G ra ft p re se rva tio n  and the  e ffe c ts  on fu n c tio n  o f the  

m ethods u t i l is e d  to  p reven t g ra ft d e te r io ra t io n .

4 , The p re ve n tio n  o f re je c tio n  in  an organ w h ic h  is  open 

to  a tm osph e ric  co n ta m in a tio n  w ith  the  consequent 

l i a b i l i t y  to  in fe c t io n ,

5 . The m on ito ring  o f tra n s p la n t fu n c tio n ,

(a) to  d e te c t the  e a rly  changes a ttr ib u ta b le  

to  re je c t io n  c r is e s .

(b) to  assess c o n t in u a lly  the long  term  fu n c tio n  

o f the  g ra ft b y  re lia b le  pa ram e te rs .

An a ttem p t has been made here to  dem onstra te  a s a t is fa c to ry  

s u rg ic a l te c h n iq u e , to  d e v ise  and an a lyse  the  e ffe c t o f a method of 

lo c a l im m unosuppress ion , w hose sys te m ic  e ffe c ts  are m in im ise d , 

and f in a l ly  to  assess the  fu n c tio n  of a pu lm onary g ra ft b y  a method
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w h ic h  is  re l ia b le ,  repea tab le  and re a d ily  a p p lic a b le  to  the  human 

be in g  w ith o u t re so rt to  the  need fo r  genera l an a e s th e s ia  w ith  its  

consequent d e le te rio u s  e ffe c ts *



CHAPTER II

THE SURGICAL TECHNIQUE OF PULMONARY TRANSPLANTATION

In tro d u c tio n  and P rin c ip le s  o f S u rg ica l Techn ique

D iv is io n  o f a l l  the  s tru c tu re s  in  the  pu lm onary h ilu m  is  requ ired  

fo r lu n g  tra n s p la n ta tio n *  The s truc tu re s  d iv id e d  are the  pu lm onary 

a r te ry , th e  pu lm onary v e in s , the  b ro n c h i, the  b ro n c h ia l a r te r ia l 

su p p ly  and the  ly m p h a tic  and ne rve ’ su p p ly  * The tra n s p la n ta tio n  

procedure the re fo re  poses se ve ra l problem s s p e c if ic  to  the  lu n g , 

bo th  fo r  its  v ia b i l i t y  and fo r su cce ss fu l fu n c t io n .

Lym p ha tic  and N erve Supply

I t  is  no t p o s s ib le  to  re u n ite  the  ly m p h a tic  and nerve su p p ly  w ith  

p resen t day s u rg ic a l te c h n iq u e s .

D is s e c t io n  o f lym p h a tic s  w ith  consequent lym phoedem a o f the  

g ra ft may o cca s io n  the  tem porary v e n t ila to ry  d is fu n c tio n  seen 2 -5  days 

a fte r  t ra n s p la n ta t io n . I t  has been shown (H ardy et a l * ,  1963) th a t 

reg en e ra tion  o f lym p h a tic s  occurs tow ards the  end o f the  f i r s t  week 

in  the  can in e  p re p a ra tio n  and i t  w o u ld  seem th e re fo re  u n lik e ly  th a t 

d iv is io n  o f th e  ly m p h a tic  su p p ly  has any p ro longed e ffe c t on the



fu n c tio n a l c a p a b il i ty  o f a g ra ft*

The d e n e rva tio n  w h ic h  occurs fo llo w in g  pu lm onary tra n s p la n ta tio n  

has been tho ug h t how ever to  be o f more im p o rta n ce . The lo ss  o f the  

a ffe re n t a rc  o f the  B e rin g -B re u e r re f le x  w ith  the  re s u lta n t d e p r iv a tio n  

o f the norm al re s p ira to ry  pa tte rn  has been p re v io u s ly  p o s tu la te d  by 

the e a r ly  w o rke rs  to  be an in su p e ra b le  b a rr ie r  to  b i la te ra l tra n s p la n ta tio n  

o r to ta l pu lm onary d e n e rv a tio n , e s p e c ia lly  s in ce  P o rtin  e t a l ,  (1960) 

co u ld  f in d  no ev ide nce  o f ne rve  regenera tion  in  a tra n s p la n t a t 35 months , 

The e a rly  w o rk  o f A lic a n  and H ardy (1963) and Yeh and h is  co -w o rke rs  

(1962) suggested  th a t an in ta c t H e rin g -B re u e r re f le x  was necessa ry  

fo r  spontaneous re s p ira t io n .  Both groups o f w o rke rs  w ere  unab le  to  

o b ta in  s u rv iv o rs  fo llo w in g  to ta l pu lm onary d e n e rva tio n  e ith e r  by 

c o n tra la te ra l pneum onectom y fo llo w in g  re - im p la n ta t io n  or b i la te ra l 

pu lm onary re - im p la n ta t io n s .

W ith  im provem ent in  s u rg ic a l te ch n iq u e s  and a fte rc a re , i t  has more 

re c e n tly  been shown th a t s u rv iv a l w ith  re la t iv e ly  norm al pu lm onary 

fu n c tio n  can occu r a fte r  b i la te ra l a u to tra n s p la n ta tio n  in  bo th  dogs 

(Lem pert and B lu m e n s to ck , 1964, S lim  et a l * ,  1964, and Faber e t a l .  1965) 

and in  baboons (H a g lin  and O m , 1964). S im ila r ly  p ro longed s u rv iv a l 

on o n ly  a re - im p la n te d  lu n g  has been dem onstra ted  by  se ve ra l w o rke rs
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(N ig ro  e t a l . ,  1963, D u v o is in  et a l . , 1964, Yeh et a l . , 1966, and 

Shaw and H i l l ,  1968 ). I t  w o u ld  seem th e re fo re , th a t s u rv iv a l depends 

more on a lv e o la r -c a p il la ry  exchange than on the  presence o f fu n c tio n a l 

s tre tc h  re ce p to r a c t iv i t y .  Th is  c o n c lu s io n  is  re -e n fo rce d  b y  the  absence 

o f a lte ra t io n  in  t id a l vo lum e , re s p ira to ry  ra te  o r p a tte rn  o f a i r  f lo w , 

a f te r  b i la te ra l b lo c k  o f the  vagus nerves in  the  neck (Guz et a l . ,  1964) 

o r a fte r  com p le te  s tr ip p in g  o f the  pu lm onary h ilu m  (Faber e t a l . ,  1965).

A lthough  the  H e rin g -B re u e r re f le x  is  a p p a re n tly  no t necessa ry  fo r 

spontaneous re s p ira tio n , the  o ther e ffe c ts  o f de ne rva tio n  (nam ely the  

lo s s  o f the  cough re f le x ,  d e p riv a tio n  o f c i l ia r y  m ovem ent, and the  e ffe c ts  

on the  se c re to ry  a c t iv i ty  o f the  b ro n c h ia l mucous membrane) have been 

le s s  w id e ly  s tu d ie d . The recen t o b se rva tio n s  o f H irs c h  and h is  

c o -w o rke rs  (1968) suggests  th a t the re  may be more d e le te rio u s  e ffe c ts  

e s p e c ia lly  w ith  regard to  re te n tio n  o f se c re tio n s  and consequent in fe c t io n  

w ith  fo c i o f f ib ro p la s ia  fo llo w in g  tra n s p la n ta t io n .

Pulm onary V a scu la r Anastom oses

Two m a jo r problem s have been encountered in  pu lm onary 

haem odynam ics o f the  tra n sp la n te d  lung  -  nam ely pu lm onary a r te r ia l 

h yp e rte n s io n  and the  frequen t occurrence in  the  e a rly  experim en ts of 

venous o c c lu s io n .



The p re c ise  fa c to rs  cau s in g  a r is e  in  pu lm onary v a s c u la r re s is ta n c e  

fo llo w in g  tra n s p la n ta tio n  are s t i l l  d isp u te d * The s tu d ie s  o f Yeh (1962), 

N ig ro  (1963) and C h ris tia n s e n  et a l ,  (1965) showed th a t in  the can ine  

p repa ra tio n  a fte r  a u to tra n s p la n ta tio n , the pu lm onary a r te r ia l pressures 

are  e le va te d  and becom e m arked ly  so (by a p p ro x im a te ly  5 0%) when the  

c o n tra la te ra l pu lm onary a rte ry  is  c lam ped* M o re  re c e n tly  Susuki et a l*

(1968) have found b y  lung  scann ing  tech n iq ue s  th a t the re  is  an in c rea se  

in  the  pu lm onary v a s c u la r  re s is ta n c e  o f a g ra ft a f te r  c lam p ing  the 

c o n tra la te ra l pu lm onary a r te ry .  Kahn et a l * (1965) s tud ied  the  response 

o f the  re im p la n te d  lung  to  hypox ia  and suggested th a t th is  was the 

a e t io lo g ic a l fa c to r  in  th e  p ro d u c tio n  o f the  in c re a se d  pu lm onary v a s c u la r 

re s is ta n c e . A llg o o d , Ebert and S ab is ton , (1967) and K o ttm e ie r, Cheng 

and F itz g e ra ld , (1969) have c la im e d  th a t th e  a lte ra t io n  in  pu lm onary 

haem odynam ics is  due to  d e n e rv a tio n . I t  seems more p ro b a b le , how ever, 

th a t pu lm onary h yp e rte n s io n  may be the end re s u lt  o f se ve ra l fa c to rs , 

the  m ost common be ing  s te n o s is  o f the  a r te r ia l su tu re  lin e  and venous 

o c c lu s io n , Sharma et a l .  (1966) and D a ly  and W a ldhausen  (1966) 

c la im  th a t the  r is e  in  v a s c u la r re s is ta n c e  a fte r  tra n s p la n ta tio n  is  due to  

e ith e r  a decrease in  pu lm onary a r te r ia l f lo w  o r an inc reased  re s is ta n c e  to  

pu lm onary o u tflo w  ra th e r than d e n e rv a tio n . Th is  issupported by  Faber's



rep o rt o f norm al v a s c u la r  re s is ta n c e  a fte r  a com p le te  s tr ip p in g  o f the 

pu lm onary h ilu m .

The d isc re p a n c ie s  observed by  m ost w orke rs  in  re la t io n  to  pu lm onary 

a r te r ia l h yp e rte n s io n  may w e ll have been a ttr ib u ta b le  to  s te n o s is  a t the 

a r te r ia l or venous su tu re  l in e s .  The recen t w ork  o f V e ith  and R ichards 

(1969) has c le a r ly  shown th a t the in d is te n s ib le  pu lm onary a r te r ia l 

anastom os is  produced b y  con tinuous a r te r ia l su tu re  can g iv e  r is e  to  

h yp e rte n s io n  w hen the  c o n tra la te ra l pu lm onary a rte ry  is  o cc lu d e d , and 

em phasizes the  im portance  o f pa ss ive  fa c to rs  ra th e r than de ne rva tion  in  

the  com p lex re g u la tio n  o f the  pu lm onary v a s c u la tu re . S im ila r ly ,

B e n fie ld  and Coon (1967) have im p lic a te d  o b s tru c tio n  to  the  pu lm onary 

venous d ra inage a t the  le f t  a t r ia l anastom osis  as the  cause o f abnorm al 

re s is ta n c e  c h a ra c te r is t ic s  in  the pu lm onary a r te r ia l c ir c u la t io n .  I t  

w o u ld  ap pe a r, th e re fo re , th a t the  cross s e c tio n a l area o f bo th  anastom oses 

is  c ru c ia l and i t  is  l ik e ly  th a t i f  th is  is  ad eq ua te , pu lm onary h yp e rte n s io n  

w i l l  be m in im a l.

A part from its  e ffe c t in  in c re a s in g  v a s c u la r re s is ta n c e , the  most 

se rious c o m p lic a tio n  o f a te c h n ic a l k in d  o ccu rrin g  a fte r  tra n s p la n ta tio n  

is  th a t o f venous th ro m b o s is , A lic a n  and H ardy (1963) in  th e ir  e a rly  

experim en ts on lung  re im p la n ta tio n  encountered th is  problem  as a m ajor
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cause  o f dea th  in  the  52% o f dogs w ho d ied  w ith in  th e  f i r s t  fo u r w eeks 

a fte r  o p e ra tio n * Sharma and h is  co lle a g u e s  observed s im ila r  e ffe c ts  

in  th e ir  s tu d ie s  o f tra n s p la n ts  o f the  le f t  lo w e r lo b e  when e n d -to -e n d  

anas tom os is  o f th e  le f t  in fe r io r  pu lm onary v e in  w as c a rr ie d  ou t* The 

te ch n iq u e  d e scrib e d  b y  M e tra s  in  1950 and N eptune in  1952 is  m ost 

e f fe c t iv e  in  red uc ing  th e  in c id e n ce  o f pu lm onary venous o c c lu s io n .

Th is  e n ta ils  ta k in g  a la rge  c u f f  o f the  le f t  a t r ia l w a ll a long  w ith  the  

in d iv id u a l pu lm onary v e in s  fo r  a w ho le  lung  g ra ft or w ith  a s in g le  

pu lm onary v e in  in  a d ia p h ra g m a tic  lo b a r g ra f t .  F onka ls rud  et a l ,  (1969) 

have shown th a t im p la n ta tio n  in to  the  a t r ia l appendage o f the  re c ip ie n t 

con fe rs  no advan tage  over an anastom os is  in  the  norm al a n a to m ica l s ite  

in  the  p o s te ro - la te ra l w a ll  o f th e  le f t  a triu m  * There is  l i t t l e  d o u b t, th a t 

the  c o m p lic a tio n  o f venous th rom bos is  and o c c lu s io n  can be v ir tu a l ly  

e lim in a te d  b y  the  use o f th is  s u rg ic a l te c h n iq u e .

The B ro n ch ia l A nastom os is  

The B ro n ch ia l C irc u la t io n

The c la s s ic a l s tu d ie s  o f M i l le r  (1925) have show n th a t the  b ro n c h ia l 

a r te r ie s  su p p ly  the  m ain b ro n ch i and th e ir  s u b d iv is io n s  down to  the  d is ta l 

end o f the  a lv e o la r  d u c t.  I t  is  te c h n ic a lly  p o s s ib le  b y  ta k in g  a c u ff  o f 

the  a o r t ic  w a ll a lon g  w ith  the  b ro n c h ia l a rte r ie s  to  re -e s ta b lis h  the
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b ro n c h ia l a r te r ia l c irc u la t io n  in  the  perform ance o f a lung  tra n s p la n t.

The te c h n ic a l d i f f ic u lt ie s  o f th is  p rocedure , ho w e ve r, w ith  its  consequent 

m o rta lity  have fo r tu n a te ly  been found to  be unnecessa ry* D iv is io n  o f the 

b ro n c h ia l a rte rie s  does not a ffe c t lung  fu n c tio n , e ith e r  im m e d ia te ly  or 

se ve ra l months a fte r  opera tion  (Karsner and A sh , 1912, and B o rrie ,

C am pbe ll and F u lto n , 1958)* The m ain tenance o f n u tr it io n  in  the 

bronchus and parenchym a o f a tra n sp la n te d  lobe  is  o f more im p o rta n ce . 

E l l is ,  G r in d la y  and Edwards d iscove red  in  1951 by  in je c tin g  the p la s t ic  

v in y l a ce ta te  in to  the  r ig h t p o s te r io r  b ro n c h ia l a rte ry  to  occ lude  i t ,  th a t the 

pu lm onary a r te r ia l su p p ly  w as s u f f ic ie n t  to  p reven t n e cros is  ex tend ing  

fu rth e r than  the  h i la r  b ro n c h i.  I t  was su b se q u e n tly  found b y  H ugg ins (1959 

th a t b ro n c h ia l d is ru p tio n  co u ld  be m in im ise d  in  the  perform ance o f a lo b a r 

tra n s p la n t b y  d iv id in g  the donor bronchus to  w ith in  le s s  th a t 10 mm. of 

th e  lung  pa renchym a, S im ila r s tu d ie s  in  w h o le  lung  tra n s p la n ts  have 

no t been pe rfo rm ed . I t  seems probable  th a t secondary b ro n c h ia l n e c ro s is  

can be a vo id e d  p ro v id ed  the  pu lm onary a r te r ia l anastom os is  is  ad eq ua te . 

N e ve rth e le ss  re d u c tio n  in  n u tr it io n  o f the  bronchus may be re sp o n s ib le  fo r 

th e  la te  deve lopm ent o f b ro n c h ia l s te n o s is  w h ic h  is  encountered in  m ost 

s e r ie s .
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Is ch a e m ic  Time

■The sho rt pe rio d  o f ischaem ia  (a p p ro x im a te ly  45 m inutes) in  a l l  o f 

the  experim en ts  d escrib ed  here is  w e ll w ith in  the  es tim a ted  isch ae m ic  

tim e  o f seve ra l hours a t norm otherm ic tem pera tu res be fo re  c e llu la r  

damage re s u lts  (B lades et a l , ,  1952, Bogardus, 1958, G onnaughton et a U ,  

1962, and B orrie  and L ic h te r ,  1964), U n t i l  more data is  a v a ila b le  on 

p re se rva tio n  and s to rage  o f th e  lung  i t  w o u ld  seem b e tte r not to  perfuse 

or v e n t ila te  th e  is o la te d  organ p r io r  to  reun ion^ M ilh a u d  and h is  group

(1969) have shown th a t v e n t ila t io n  con fers  no advantage and indeed may 

lead  to  d e s tru c tiv e  emphysema a lthough  others (G arzon et a l« ,  1966) c la im  

th a t h yp e rb a ric  oxygen con fe rs  v ia b i l i t y  fo r  a p p ro x im a te ly  24 hours,and 

a com b in a tio n  o f hypotherm ia  and hyp e rb a ric  oxygen fo r  48 hours 

(La rg iad e r et a le ,  1965, and H in o  et a l * ,  1968), P e rfus ion  w ith  low  

m o le cu la r w e ig h t D e x t ran and he pa rin  s o lu tio n s  is  know n (Pegg et a l . ,  

1964, H endry et a l . ,  1968) to  cause e x te n s iv e  in tim a i and e n d o th e lia l 

damage in  the  k id ne yp  V e ith  (196 7) has dem onstra ted s im ila r  f in d in g s  

in  th e  lu ng  when perfused w ith  b lo o d le ss  m ed ia . Th is  has more re c e n tly  

been con firm ed  b y  F onka lsrud  et alo (196 9) w ho dem onstra ted th a t g ra ft 

p e rfu s io n  had a d e le te rio u s  e ffe c t on the  mean s u rv iv a l tim e  o f dogs 

su b je c te d  to  le f t  lung  tra n s p la n ts .



The s u rg ic a l te ch n iq u e  used in  our experim en ts  has been d e v ise d  

in  the  fu l l  kno w led ge  o f the  p r in c ip le s  o u tlin e d  above and has been 

m o d ifie d  in  the  l ig h t  o f expe rience  to  accom m odate a method o f re g io n a l 

in fu s io n  o f im m u nosup p ressa n ts .

PREPARATION FOR OPERATION AND ANAESTHESIA 

PREPARATION OF ANIMALS

N in e ty - f iv e  a d u lt m ongre l dogs o f a know n s tandard  w e ig h t 

(2 0 -  25 K g ,) w ere used in  these  e xp e rim e n ts . The an im a ls  w ere 

va c c in a te d  w ith  "C a n ile p "  (G laxo  La bo ra to ries ) a g a in s t d is te m p e r, 

le p to s p ira l fe v e r and in fe c tio u s  h e p a t i t is . They w ere  dep rived  o f 

food and w a te r  from  9 p .m . on th e  even ing  p r io r  to  o p e ra tio n . A fte r 

in d u c tio n  o f a n a e s th e s ia , the  le f t  f la n k  and rib  cage w as c lip p e d  and 

sh a ved . In  the se  experim en ts  o n ly  le f t  lung  or lo b a r tra n s p la n ta tio n s  

w ere  pe rfo rm ed, in  acco rdance  w ith  m ost o the r s e r ie s . For a n a to m ica l 

reasons the le f t  lo b e  or lung  tra n s p la n ta tio n  is  e a s ie r to  perform  and the  

le f t  lo w e r "d ia p h ra g m a tic "  lobe  is  la rg e  a cco u n tin g  fo r  a p p ro x im a te ly  

26% o f the  to ta l lung  vo lum e (Rahn et a l . ,  1956, and Z a jtch u k  e t a l . ,  1967) 

Each dog was g ive n  600 mgm, (6 00, 000 u n its ) o f p ro ca ine  p e n ic i l l in  G . 

(G laxo  L a b o ra to rie s ) by  deep in tra m u s c u la r in je c t io n  im m e d ia te ly  p r io r



10

to  op e ra tio n  and th is  w as con tinu ed  as a d a ily  dose fo r  the  f i r s t  f iv e  

p o s t-o p e ra tiv e  days o

ANAESTHESIA

Too l i t t le  a tte n tio n  has been pa id  in  the  past to  a n ae s the s ia  in  

m a jo r a n im a l experim en ts  bu t the h e lp  o f a s k il le d  a n a e s th e tis t is 

accom pan ied b y  a s ig n if ic a n t f a l l  in  the  o p e ra tive  m o r ta lity .

A naes thes ia  was induced and m a in ta ined  b y  a to ta l dose o f 

a p p ro x im a te ly  5 00 mgm, o f sodium  pe n to th a l in tra v e n o u s ly  acco rd in g  

to  the  know n body w e ig h t o f th e  a n im a l, A cu ffe d  bronchus b lo c k in g  

endo trache a l tube  w as in se rte d  in to  the trachea and m an ipu la ted  in to  

the  a p p ro p ria te  p o s it io n  a t the  carinao The tube  used was a G ordon 

G reene tube  m od ifie d  b y  P ro fessor A , F o rres te r and D r ,  G , Robinson 

(D epartm ent o f A n a e s th e tic s , G lasgow  Royal In f irm a ry ) ,  I t  was 

des igned  s p e c if ic a l ly  fo r the  purpose o f can ine  lu ng  tra n s p la n ta tio n , and 

has been found to  be in v a lu a b le  fo r the  p re ve n tio n  o f the  severe hyp ox ia  

re s u lt in g  from  the  co n s id e ra b le  a ir  le a k  o ccu rr in g  from  the  c u t end o f the 

h o s t b ronchus du ring  the  o p e ra tio n . In  a d d it io n , i t  e lim in a te s  the  use o f 

b ro n c h ia l o c c lu s io n  c lam ps w h ic h  are tra u m a tic  and d e v ita lis e  the 

d iv id e d  b ro n ch u s . The tra c h e a l c u f f  on the endo trachea l tube was 

in f la te d  and com p le te  c o n tro l o f re s p ira tio n  ob ta ined  b y  co n n e c tin g  i t  to
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a Barnet v e n t ila to r  se t to  a s troke  volum e o f a p p ro x im a te ly  300 cOo a t a 

ra te  o f 15 -20  c y c le s /m in .  A naesthes ia  was m a in ta ined  a t a l ig h t  

p lane  b y  means o f a m ix tu re  o f oxygen, n itro u s  ox ide  and ha lo t  ha n e .

C are was ta ke n  th a t h ypox ia  d id  not; occu r a t any tim e  during  the  

p ro ced u re . The an im a ls  w ere  p laced  on the  op e ra ting  ta b le  ly in g  on 

th e ir  r ig h t s id e .  D u rin g  the  o p e ra tio n , 1 l i t r e  o f 5% D e xtro se  sa lin e  

was in fu se d  in tra v e n o u s ly  on the assum ption  th a t the  dogs w o u ld  be 

dehydra ted  fo r  a t le a s t 24 h o u rs , p r io r  to ,  d u r in g , and a fte r  the  ope ra tion  

H yp o te n s io n  from b lood  lo ss  v>/as rare and b lood  vo lum e rep lacem ent 

found to  be u n n e ce ssa ry .

TECHNIQUE OF LOBAR AUTOTRANSPLANTATION

11 lo b a r a u to tra n sp la n ts  were perform ed b y  the  fo llo w in g  

te c h n iq u e .

S urg ica l A p p ro a ch . A fte r c le a n in g  the s k in  w ith  5% c h lo rh e x id in e  in  

a lc o h o l,  th e  ope ra tion  s ite  was draped and an in c is io n  a p p ro x im a te ly  

2 0 cm s .  in  le n g th  was made over the  5 th  r ib  on the  le f t  s id e . The 

th o ra c ic  m uscu la tu re  o v e r ly in g  the  r ib  cage w as re f le c te d , haem ostas is  

secured and the  m ost co n ve n ie n t r ib ,  e ith e r the  4 th , 5th or 6th resected  

s u b p e r io s t ia l ly . The p a r ie ta l p leura was opened, a llo w in g  the  lung  

to  re tra c t and a P rice -Thom as th o ra c ic  re tra c to r in s e r te d . In  o rder to
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perform  a le f t  d iaph ragm a tic  lobe  tra n s p la n t i t  is  necessa ry  to  remove 

the  a p ic a l and ca rd ia c  lobes w h ich  are separa te in  the  can ine  p repa ra tion

L e ft A p lc o -C a rd ia c  Lobectom y o The h i la r  s tru c tu re s  o f the  le f t  lung 

w ere co m p le te ly  d is s e c te d  free  b y  d iv id in g  f i r s t  the in fe r io r  pu lm onary 

ligam ento  The pu lm ona iy  ve in s  d ra in in g  the  lobes of the  le f t  lung  are 

u s u a lly  separate and en te r the  le f t  a trium  in d e p e n d e n tly  a lth ou g h  th is  

was not found to  be an in v a r ia b le  fe a tu re . The venous dra inage o f the 

a p ic a l and ca rd ia c  lobes w ere d isse c te d  free  and doub ly  lig a te d  w ith  

00 s i lk  and d iv id e d , as in  F igure 1 , The pu lm onary a r te ry , found 

d o rs a lly ,  was d isse c te d  from the surround ing  a d v e n tit ia  and the  branches 

su p p ly in g  the  upper tw o  lobes  is o la te d , doub ly  lig a te d  and d iv id ed o  A 

s in g le  bronchus su p p lie s  these  tw o  lobes and takes o r ig in  from the main 

stem bronchus on its  v e n tra l a sp ec t ly in g  be tw een the  main pu lm onary 

a r te r ia l tru n k  and the  venous d ra in a g e . The bronchus su p p ly in g  the 

a p ic a l and ca rd ia c  lobes was d isse c te d  free and the  sm a ll b ro n c h ia l 

a rte rie s  e ith e r t ie d  or coagu la ted  w ith  d ia the rm y  ̂ A fte r in f la t in g  the 

low e rm ost c u f f  on the  endo trachea l tube and c o n firm in g  th a t the tube was 

o cc lu d in g  the le f t  main b ro n ch us , v e n t ila t io n  o f the  r ig h t lung was 

observed w h ile  the  le f t  lu ng  rem ained c o lla p s e d  d e sp ite  m anua lly  

in c re a s in g  the  v e n t ila to ry  p re ssu re . The bronchus su p p ly in g  the  a p ic a l
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and ca rd ia c  lobes  w as d iv id e d  f lu s h  w ith  the  m ain stem b ronchus and 

c lo se d  w ith  in te rru p te d  000 s i lk  su tu res th e re b y  co m p le tin g  the  a p ic o -  

ca rd ia c  lo b e c to m y . These lobes w ere th e re a fte r d isca rd e d *

P repara tion  of L e ft D ia p h ra g m a tic  Lobe fo r T ra n sp la n ta tio n o  The 

pe rica rd iu m  w as opened a n te r io r  to  the pu lm onary v e in  d ra in in g  the  

d iap h ra gm a tic  lo b e  as in  F igu re  1 . The a t r ia l w a ll a round th is  ve in  

w as d is s e c te d  free^ e s p e c ia lly  p o s te r io r ly ^  to  expose the  te rm in a tio n  

o f the  venous dra inage o f the  d iaph ragm a tic  lobe  on the  c o n tra la te ra l 

s id e , w h ic h  is  in  c lo s e  p ro x im ity *  Care was n e cessa ry  a t th is  ju n c tu re  

to  p reven t open ing th e  m e d ia s tin a l p leura co ve rin g  the  r ig h t lu n g * 

A tra u m a tic  b u lld o g  clam ps w ere  a p p lie d  to  th e  pu lm onary a rte ry  d is ta l 

to  the  ca rd ia c  and a p ic a l lo b a r a rte rie s  and the v e s s e l w as tra n se c te d  

w ith  the  k n ife *  An a tra u g rip  S a tin sky  c lam p w as a p p lie d  to  the le f t  

a triu m  a t le a s t 2 c m s . from the  en trance o f th e  le f t  lo w e r pu lm onary ve iU f 

care be in g  taken  not to  in c lu d e  the  te rm in a tio n  o f the  r ig h t pu lm onary ve in  

su p p ly in g  the  r ig h t d iap h ra gm a tic  lobe  p o s te r io r ly .  A cu rved  b u lld o g  

c lam p w as a p p lie d  to  the  le f t  lo w e r pu lm onary v e in *  The le f t  a t r ia l 

" c u f f "  w as tra n se c te d  as c lo s e  to  the  S a tin sky  c lam p on the  a triu m  as 

p o s s ib le ,  le a v in g  s u f f ic ie n t  (5 mm*) d is ta l to  th is  c lam p fo r the 

a n a s to m o s is * M in im a l d is s e c tio n  o f the  bronchus s u p p ly in g  the
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d ia p h ra gm a tic  lo be  w as ca rr ie d  o u t. The bronchus w as cu t b y  the k n ife  

as c lo s e  to  the  lung  parenchym a as p o s s ib le  and c e r ta in ly  no g re a te r 

than  10 mm* d is ta n c e  from  i t *  The sm a ll b ro n c h ia l a r te r ie s  found 

d o rs a lly  w ere t ie d  w ith  0000 s i lk  or c o tto n . The lo b e  w as now c o m p le te ly  

free  and ready fo r  the  tra n s p la n t p ro ced u re . No a tte m p t was made to  

p e rfu se , v e n t ila te  or co o l the is o la te d  lo b e  p r io r  to  reu n ion  in  accordance  

w ith  the  p r in c ip le s  o u tlin e d  a b o ve .

T echn ique  o f the  T ra n sp la n ta tio n  Procedure * The tra n s p la n ta tio n  

procedure was begun w ith  the  venous a n a s to m o s is * Two B la lo ck  m attress 

e ve rtin g  su tu res w ere  in se rte d  as s ta y  su tu res th rough bo th  h o s t and 

re c ip ie n t a t r ia l c u f fs .  The venous anastom os is  w as a cco m p lish e d  b y  a 

co n tinu ou s  e ve rtin g  su tu re  o f 00000 M e rs ile n e  in te rru p te d  tw ic e .  The 

f u l l  th ic k n e s s  o f the  a t r ia l c u f f  on e ith e r s id e  w as take n  to  ensure co rre c t 

in tim a  to  in tim a  a p p o s it io n *

The a nas to m os is  o f the  bronchus was perform ed n e x t.  A p o s te r io r 

la y e r  o f in te rru p te d  000 s i lk  su tu res w as in se rte d  th rough the  fu l l  

th ic k n e s s  o f the  b ro n c h ia l w a ll and t ie d  w ith  the  kn o ts  e x te rn a l to  the 

b ro n c h ia l lu m e n . An a n te r io r  la y e r  o f su tu res was in se rte d  in  a s im ila r  

fa s h io n  and th e  b ronchus te s te d  fo r leakage  by  re le a s in g  the  c u ff  o f the  

en do trache a l tu b e * The a r te r ia l anastom os is  was c a rr ie d  ou t in  accordance
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w ith  the  p r in c ip le s  enunc ia ted  a b o ve . Two la te ra l s ta y  su tu res were 

in se rte d  th rough  bo th  h o s t and donor pu lm onary a r te ry .  The p o s te r io r 

la y e r  o f m attress e ve rtin g  in te rru p te d  5 -0  M e rs ile n e  su tu res w ere 

in se rte d  b y  ro ta tin g  the  pu lm onary a rte ry  th rough 180° by  means o f the  

la te ra l s ta y  s u tu re s , w h ic h  had p re v io u s ly  been in s e rte d . The a n te r io r  

la y e r  o f in te rru p te d  su tures was com ple ted  a fte r  f lu s h in g  the a r te r ia l 

lum en w ith  h e p a rin ise d  s a lin e  (1 , 000 in te rn a tio n a l un its  o f hepa rin  to  

500 c c .  norm al sa lin e ) *

The a tr ia l c lam ps w ere re leased  f i r s t  and any  leakage  c o n tro lle d  by  

in s e rt io n  o f a few  in te rru p te d  su tu res* The a r te r ia l c lam ps w ere 

th e re a fte r re lea sed  and the  su tu re  lin e s  in sp e c te d  fo r leakage  and 

na rro w in g * H aem o sta s is  w as ra re ly  a problem  and b loo d  flo w  w ith in  

the  g ra ft w as e a s ily  de term ined b y  in s p e c tio n  and p a lp a tio n * D im in u tio n  

in. b loo d  flo w  to  the  g ra ft was u s u a lly  found to  be due to  tw is t in g  o f the 

a r te r ia l anastom osis  and requ ired  undoing o f the  su tu res and r e -  

anastom os is  w ith  p roper o r ie n ta tio n  o f the  v e s s e ls .

The lu ng  was in f la te d  a fte r  re le a s in g  the  c u ff  on the  endo trachea l 

tube and f u l l  v is u a l co n firm a tio n  of g ra ft fu n c tio n  de te rm ined* I t  was 

found ne cessa ry  to  v e n t ila te  the  g ra ft and com press i t  m anua lly  fo r  a 

few  m inutes in  o rder to  ob ta in  com p le te  a e ra tio n  o f the  lo b e . P rio r to
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c lo s u re  o f the  ch e s t the  lung  was fu l ly  in f la te d  and any in tra p le u ra l 

a ir  or b lo o d  w as a s p ira te d . The ch e s t w a ll was c lo se d  in  th ree  la ye rs  

by  co n tinu ou s  ch rom ic  ca tg u t su tu res w ith  the  a id  o f a Tudor-Edw ards 

r ib  a p p ro x im a to r. No in tra p le u ra l d ra in  w as found to  be n e ce ssa ry , 

p ro v id ed  th a t p r io r  to  com p le te  c lo su re  of the ch e s t w a ll the  lung  v /̂as 

f u l ly  in f la te d .  The s k in  was c lo se d  w ith  in te rru p te d  s i lk  or n y lo n  

s u tu re s . The w ound was sprayed w ith  N o be cu tane , d ressed w ith  gauze 

and an e n c irc lin g  e la s to p la s t bandage a p p lie d  round the  th o ra c ic  cage 

to  p reven t the  an im a l dam aging the  w ound* A n ae s th es ia  was d isco n tin u e d  

The trachea  and b ro n c h ia l tree  w ere sucked out by  means o f an 

e n do b ro nch ia l c a th e te r passed th rough the endo trachea l tube  w h ic h  was 

th e re a fte r rem oved*

TECHNIQUE OF WHOLE LUNG TRANSPLANTATION

Three w h o le  lung  tra n s p la n ts  w ere perform ed in  th e se  experim en ts *

S u rg ica l A p p roa ch . The s k in  was c le an sed  w ith  5% c h lo rh e x id in e  in  

a lc o h o l and an in c is io n  a p p ro x im a te ly  20 cm s . in  le n g th  made over the  

le n g th  o f the  5th r ib  on the  le f t  s id e . The th o ra c ic  m usc les  w ere 

re fle c te d  and the  5th or 6th r ib  re se c te d  s u b p e r io s t ia lly  in  a s im ila r  

fa s h io n  to  the  lo b a r tra n s p la n t p rocedure . The p leura  w as opened and a 

P rice -Thom as th o ra c ic  re tra c to r in s e r te d .
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P repara tion  o f the  Lung fo r  T ra n s p la n ta tio n . The lo w e r c u ff  on the  

e n do trache a l tube  w as in f la te d  and c o n firm a tio n  w as ob ta ined  th a t 

v e n t ila t io n  w as p roceed ing  in  the  r ig h t lung  w h ile  the  le f t  lu ng  rem ained 

c o lla p s e d . The p e rica rd ium  a n te r io r  to  the  te rm in a tio n  o f the  pu lm onary 

v e in s  in  the  le f t  a triu m  w as opened w id e ly  as in  F igure  2* D is s e c t io n  

o f th e  te rm in a tio n  o f the  th ree  pu lm onary ve in s  w as n e cessa ry  in  order 

to  ob ta in  a la rge  c u f f  o f the  le f t  a tr iu m . The le f t  m ain pu lm onary a rte ry  

requ ired d is s e c t io n  to  the  m ain pu lm onary trunk  and a tra u m a tic  b u lld o g  

c lam ps w ere  a p p lie d  p ro x im a l to  the  a p ic a l lo b a r a rte ry *  The pu lm onary 

a rte ry  was th e re a fte r d iv id e d  be tw een the  clam ps w ith  the  k n i fe .  The 

m ain stem bronchus to  the  le f t  lung  d iv id e s  ju s t  p ro x im a l to  the parenchym a 

in to  the  bronchus s u p p ly in g  the  a p ic a l ca rd ia c  lobes  and the  la rge  le f t  

d iap h ra gm a tic  lo b e * The m ain stem bronchus re q u ire d  some d is s e c tio n  

to  expose its  b ranches in  order th a t i t  be tra n s e c te d  as c lo s e  to  the  

pu lm onary parenchym a as p o s s ib le  w ith o u t tra n s e c tin g  the  in d iv id u a l 

lo b a r b ro n c h i. The sm a ll b ro n c h ia l a rte r ie s  w ere  found d o rs a lly  and w ere 

lig a te d  w ith  3 -0  s i l k .  A fte r  tra n s e c tin g  the  bronchus and pu lm onary 

a r te ry , a tte n tio n  was tu rned  to  ensuring  com p le te  d is s e c t io n  o f the  

te rm in a tio n  o f the  th ree  pu lm onary ve in s  and v is u a lis in g  the  te rm in a tio n  

o f the  v e in s  from  the c o n tra la te ra l lu n g . Two 00000 s ta y  su tu res w ere



1 9 ,

C3O•rW-MfT3
"ë
(Ü*—HQuin
d
SH
tJidd
hd
CD
"o
rd

o
CDdtr
d
rd
Ü
CD
H

(N

ÎD
Ot—jpL,



20

a p p lie d  to  the  le f t  a triu m  c ra n ia l and cau da l to  th e  su p e rio r and 

In fe r io r  pu lm onary ve in s  re s p e c tiv e ly  In order to  ensure co rre c t 

a p p lic a tio n  o f the  a tra u g rip  S a tin sky  c lam p « Th is  c lam p w as a p p lie d  in  

a c ra n io -c a u d a l d ire c t io n  a t le a s t 1 cm , d is ta l to  th e  in s e r t io n  o f the  

pu lm onary v e in s .  Sm all b u lld o g  clam ps w ere p o s it io n e d  over the 

in d iv id u a l pu lm onary  ve in s  to  occ lude  th e m . The a tr io to m y  was 

com p le ted  b y  means o f ang led  Pott*s s c is s o rs .  The w h o le  lung  was 

ready fo r  the  tra n s p la n ta tio n  p ro cedu re .

Techn ique  o f the  W h o le  Lung T ra n sp la n ta tio n  P rocedu re . The 

tra n s p la n ta tio n  procedure was begun w ith  the c r i t ic a l  a t r ia l a n a s to m o s is . 

I t  was found to  be e s s e n tia l to  o rie n ta te  the g ra ft p r io r  to  anastom os is  in  

o rder to  e lim in a te  any ha rm fu l tw is t in g  o f the  a n as to m os is  a t the  

co m p le tio n  o f the  p ro ce d u re „ Two m attress B la lo c k  su tu res w ere 

in se rte d  th rough  bo th  donor and h o s t a t r ia l c u ffs  a t the  c ra n ia l and 

cau da l ends o f the  v e s s e ls .  In  a d d itio n ^  tw o  la te ra l s ta y  su tu res w ere 

in se rte d  th rough  the  h o s t a tr iu m  a lo n e , in  order to  separa te  the m argins 

o f th is  a t r ia l c u f f  « The anas tom os is  w as perform ed w ith  e ve rtin g  

co n tinuou s  5 -0  M e rs ile n e  su tu res in te rru p te d  tw ic e  as in  F igure 2 The 

fu l l  th ic k n e s s  o f the a triu m  was taken  by means o f these  su tu res in  

order to  ob ta in  in tim a  to  in tim a  a p p o s it io n . Before com p le ting  the
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a n as to m os is  th e  v e s s e l was f i l le d  w ith  h e p a rin ise d  s a lin e .  The 

b ro n c h ia l an as to m os is  was ca rr ie d  out w ith  in te rru p te d  th rough  and 

th rough su tu res o f 000 M e rs ile n e , the  p o s te r io r la y e r  be ing  ca rr ie d  out 

f i r s t .  The bronchus w as sucked  out be fo re  co m p le tio n  o f the  anastom os is  

and tem porary  in f la t io n  o f th e  g ra ft ca rr ie d  ou t to  de te rm ine  w h e the r any 

a ir  le a ks  w ere  p re s e n t. Extra su tu res w ere in se rte d  i f  le aka ge  occurred  

th rough  the  b ronchus » The f in a l anas tom os is  o f th e  m ain le f t  pu lm onary 

a rte ry  was perform ed in  a s im ila r  fa sh io n  to  the  lo b a r tra n s p la n t.  Two 

la te ra l m a ttress  e ve rtin g  su tu res w ere in s e rte d , and the  v e s s e l was 

ro ta te d  th rough  180^ to  in s e rt the  in te rru p te d  m attress e ve rtin g  s u tu re s . 

The a n te r io r  la y e r  w as com p le ted  in  a s im ila r  fa s h io n  a fte r  ir r ig a t in g  the 

lum en w ith  h e p a rin ise d  s a lin e .  The b u lld o g  c lam ps on the  pu lm onary 

v e in s  w ere rem oved and the  S a tin sky  c lam p on the h o s t a triu m  re lea sed  

s lo w ly  in  o rder th a t any b le e d in g  co u ld  be c o n tro lle d  w ith  in te rru p te d  

s u tu re s . The pu lm onary a r te r ia l c lam ps w ere rem oved . The anastom osis  

w as in sp e c te d  bo th  fo r  b lo o d  f lo w  and any  n a rro w in g . F in a lly ,  the  c u f f  

on the  endo trache a l tube w as re leased  and the  g ra ft m a n ua lly  in f la te d  

u n t i l  f u l l  a e r ia tio n  o f any  a te le c ta t ic  segm ents o f the g ra ft w as o b ta in e d . 

C o n firm a tio n  o f b lo o d  f lo w ,  v e n t i la t io n  and g ra ft fu n c tio n  w as ob ta ined  

bo th  b y  in s p e c tio n  and by  p a lp a tio n  o f the  va rio u s  a n a s to m o s is . The
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ch e s t c a v ity  w as a s p ira te d  o f b lo o d  and a ir ,  the  th o ra c ic  cage v /̂as 

c lo se d  in  th re e  la y e rs  b y  means o f con tinuous ch ro m ic  ca tg u t s u tu re s .

No in tra p le u ra l d ra ins  w ere found to  be n e cessa ry  bu t fu l l  expans ion  o f 

the  lung  and a s p ira t io n  o f the  p le u ra l c a v ity  o f b lo o d  and a ir  w ere  ca rrie d  

out p r io r  to  com p le te  c lo su re  o f the che s t w a l l .  The w ound was dressed 

w ith  gauze and an e n c irc lin g  e la s to p la s t bandage .

A naes thes ia  w as d is c o n tin u e d  a fte r  a s p ira tio n  o f the  trachea  and 

bronchus o f b lo o d  and se c re tio n s  th rough the  en do trache a l tube  by  means 

o f an en do b ro nch ia l c a th e te r .

TECHNIQUE OF LOBAR ALLOTRANSPLANTATION

S e ve n ty -se ve n  lo b a r a llo g ra fts  w ere ca rr ie d  out in  the se  e xp e rim e n ts .

In  order to  m in im ise  the  pe riod  o f ischaem ia  and to  econom ise in  the  

use o f donor a n im a ls , a llo g ra f t  experim ents w ere  conducted  in  p a irs , 

exchang ing  the  d iap h ra g m a tic  lobes be tw een tw o  d o g s . The an im a ls  w ere 

pa ired  a cco rd in g  to  the  degree o f d is p a r ity  in  th e  p h y s ic a l t ra its  o f th e ir  

m a jo r breed com ponents and dogs o f a s im ila r  breed w ere ne ve r ass ig n e d  

to  a d o n o r-re c ip ie n t p a ir .

The a llo g ra f t  tra n s p la n ta tio n  procedure was s im ila r  in  a l l  resp ec ts  

to  the lo b a r a u to g ra ft te ch n iq u e  de scrib ed  a b o ve , and the  isch a e m ic  tim e
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w as no lo n g e r than  45 m inutes fo r  each p ro ced u re .

TECHNIQUE OF LOCAL INFUSIO N

1 . R egional In fu s io n  o f Im m unosuppressants in to  the  Pulm onary

A rte rie s  S upp ly ing  the  G ra f t . Th is  method o f re g io n a l in fu s io n  

was c a rr ie d  out o n ly  in  le f t  d iaph ragm a tic  lo b a r a llo g ra fts  and w as 

perform ed in  45 tra n s p la n ts .

The te ch n iq u e  is  shown in  F igure 3 , The procedure was 

s im ila r  to  th a t d e sc rib e d  a b o ve , excep t th a t,  p r io r  to  a p ic o -c a rd ia c  

lo b e c to m y the  lo b a r a rte ry  to  the  a p ic a l lobe  was d is s e c te d  in to  

the  parenchym a o f the lung  fo r a p p ro x im a te ly  2 cm s , and a sm a ll 

b u lld o g  c lam p a p p lie d  p r io r to  tra n s e c tio n  o f th e  m ain v e s s e l d is ta l 

to  t h is .  The pu lm onary ve in s  to  the a p ic a l and ca rd ia c  lobes  w ere 

d o u b ly  lig a te d  and d iv id e d  as was the pu lm onary a rte ry  branch 

s u p p ly in g  the ca rd ia c  lo b e . F o llo w in g  tra n s e c tio n  o f the  bronchus 

s u p p ly in g  the  a p ic a l and ca rd ia c  lo b e s , the pu lm onary a rte ry  to  the 

a p ic a l lo be  w as d iv id e d  as fa r  d is ta l ly  as p o s s ib le  to  the  b u lld o g  

c la m p . A fte r  pe rfo rm ing  the  le f t  d ia p h ra g m a tic  lo b a r a llo tra n s p la n t 

b y  the  s ta n d a rd ise d  te ch n iq u e  o u tlin e d  ab o ve , a f in e  n o n - ir r ita n t  

T e flo n  ca th e te r (e x te rn a l d iam e te r 1 m m .. In te rn a l d iam e te r 0 .5  m m .) 

w as in se rte d  th rough a sm a ll stab in c is io n  in  the  ch e s t w a ll p o s te rio r
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FIGURE 3 . D ia g m a tic  i l lu s t ra t io n  o f method o f lo c a l 
g ra ft in fu s io n  in  lo b a r tra n s p la n ts .
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to  the  scapu la  ju s t  beh ind  the  n e c k . A l ig a tu re  w as p laced  round 

the  a p ic a l lo b a r a rte ry  bu t not t ie d  u n t il th e  T e flo n  c a th e te r was 

in se rte d  in to  the  a rte ry  so th a t its  t ip  la y  ju s t  w ith in  the  main 

pu lm onary tru n k . The lig a tu re  was tig h te n e d  and the  ca th e te r 

s e c u re ly  su tu red in to  p la ce  b y  means o f a s t itc h  th rough the  p e r i

card ium  o A 3 -w a y  ta p  w as connected  to  th e  end o f a ca th e te r 

w h ic h  w as th e re a fte r f lu s h e d  w ith  he pa rin  s a lin e  and a sp ira te d  

to  ensure th a t f lo w  was adequate «

2 . Techn ique  o f In tra -A o r t ic  In fu s io n . A s im ila r  te ch n iq u e  o f 

c a th e te r is a tio n  was perform ed in  12 an im a ls  b y  in s e rtin g  the  

T e flo n  c a th e te r ag a in  th rough  the  ch e s t w a ll in to  the  th o ra c ic  c a v ity  

and in to  the  th o ra c ic  aorta  th rough the  m ost c o n ve n ie n t in te rc o s ta l 

a r te ry .  T h is  u s u a lly  la y  a t the 6th in te rsp a ce  a n d ,a fte r  d iv id in g  

the  p a r ie ta l p leura  th e  v e s s e l was is o la te d .  Two lig a tu re s  were 

passed around the  v e s s e l and the in te rc o s ta l a rte ry  opened. The 

T e flo n  c a th e te r was passed in  a re trog rade  fa sh io n  in to  the  d o rsa l 

a o rta , s e c u re ly  t ie d  in to  th e  in te rc o s ta l a r te ry  and secured to  the 

p a rie te s  b y  means o f a s t itc h  th rough th e  p a r ie ta l p le u ra .

The T e flo n  c a th e te r used has been shown (Anderson and H u tc h is o n , 196t
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to  be e ffe c t iv e  and n o n -re a c tiv e  in  the pu lm onary v a s c u la r  system  of 

p a tie n ts  w ho have re ce ive d  co n s ta n t in tra v a s c u la r  chem otherapy w ith  

c o n s is te n t te c h n ic a l success c. These ca th e te rs  can d w e ll in  la rge  

a rte r ie s  and v e in s  fo r  many months and indeed in  one p a tie n t fo r  3 years 

w ith o u t un tow ard  e f fe c t .  B e n fie ld j Coon and Gree (1967) have used a 

s im ila r  in d w e llin g  ca th e te r fo r  periods o f up to  3 years in  norm al 

u n tra n sp la n te d  lu n g s .

In fu s io n  o f the  im m unosuppressants was ca rr ie d  out im m e d ia te ly  

a f te r  the  co m p le tio n  o f the tra n s p la n t procedure on re le a se  o f the  

a r te r ia l and venous c lam ps in  bo th  in tra  pu lm onary a r te r ia l and in t r a -  

a o r t ic  m e th od s . The im m unosuppressants (w h ich  w i l l  be describ ed  

la te r) w ere  d e liv e re d  b y  co n n e c tin g  the  T e flo n  c a th e te r to  e ith e r  the  

W a tk in *s  ch ro n o fu so r m icro  in fu s io n  pump (U .S . C a th e te r and Ins trum e n ts  

C o rp . ,  U .S .A .)  or to  th e  Sage m ic ro flo w  pump (H o rw e ll L td . ,  Lo ndon ). 

The W a tk in 's  U . S . C . I p ch ro n o fu so r is  a sm a ll p o rta b le  c lo c k w o rk  m otor 

w h ic h  d rive s  a ro ta ry  pump and is  I l lu s tra te d  in  F igure  4 . I t  is  an 

e x tre m e ly  re lia b le  method o f d e liv e r in g  a co n s ta n t In fu s io n  and req u ires  

l i t t l e  a tte n tio n  ap a rt from  w in d in g  the  c lo c k w o rk  m echanism  tw ic e  per day 

The s il ic o n e  rubber bag w h ic h  co n ta in s  the  in fu s a te  em pties a t a re g u la r



FIGURE 4 . Watkin's U .S .C . I .  Chronofusor*

FIGURE 5 . Sage MlcroHow Pump (Model 216)
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speed w ith in  3 d a y s . The Sage m ic ro in fu so r i l lu s tra te d  in  F igure 5 

has a d e liv e ry  speed w h ich  can be va rie d  from 1 ml o in  qua rte r o f an 

hour to  1 mlo in  tw e n ty - fo u r  h o u rs . I t  is  b a tte ry  operated and the 

p is to n  in  the  sy rin g e  is  depressed by means o f the  e v o lu tio n  o f gas 

from a s p e c ia l e le c tro ly t ic  so lu tio n ^

The chrono fusors  or m icro fusors  w ere  strapped to  the  back o f the 

dog a fte r  re co ve ry  from the  a n a e s th e tic  fo r  the  pe riod  o f In fu s io n  

(no rm a lly  5 days) p D uring  th is  period the  dogs w ere no t re s tr ic te d  in  

any w ay and w ere ab le  to  ru n , e a t, d rin k  and s le ep  w ith o u t d is c o m fo rt. 

F igure 6 dem onstra tes the  ca th e te r and ch ro no fuso r in  s itu  in  an an im a l 

fo llo w in g  a lo b a r tra n s p la n t p

Post "O p e ra tive  M anagem ent

A ll o f the  an im a ls  w ere observed during the  Im m ediate p o s t-o p e ra tiv e  

period  u n t il the  re tu rn  of f u l l  con sc io us  le v e ls  . The in travenous 

in fu s io n  was d isco n tin u e d  a t the  end o f the procedure and the an im a ls  

a llo w e d  fu l l  freedom  to  d rin k  and move w ith in  a few  hours a fte r  o p e ra tio n . 

W a te rse a l ch e s t d ra ins  w ere no t used ro u tin e ly  b u t p le u ra l a s p ira tio n  

was em ployed i f  any e ffu s io n  d e ve lo p e d . E ndobronch ia l su c tio n  was 

n e ce ssa ry  in  some cases w here a te le c ta s is  was suspected  because o f
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p o s t-o p e ra tiv e  dyspnoea , cya n o s is  or a u s c u lta to ry  fin d in g s  in  the  

c h e s t .

A ll a n im a ls  were g ive n  600, 000 u n its  o f p roca ine  p e n ic i l l in  G . 

p o s t-o p e ra t iv e ly . None requ ired  e ith e r b lo o d  rep lacem ent or p o s t

o p e ra tive  in travenous  fe e d in g . They w ere re tu rned to  a heated cage 

fo r  24 hours a fte r  opera tion  and tem perature  and re s p ira to ry  ra te s  

w ere recorded 3 tim es d a ily .

RESULTS AND CAUSES OF DEATHS

The s u rv iv a l tim e  of each p repa ra tion  w as recorded as the  number 

o f days to  death  o f the  dog from  te c h n ic a l re a so n s , from re je c tio n  in  the 

a llo g ra f t  p re pa ra tio n  or from  w i l f u l  or a c c id e n ta l k i l l in g  fo r h is to lo g ic a l 

p u rp o se s .

Post-m ortem  s tu d ie s  w ere perform ed in  a l l  an im a ls  dy ing  from any 

cause and h is to lo g ic a l s tu d ie s  w ere ca rrie d  out on ap p ro p ria te  specim ens 

a fte r  in f la t io n  o f the  lungs w ith  10% fo rm a l s a lin e  d e liv e re d  through the  

tra c h e a .

The to ta l num ber o f experim ents ca rrie d  ou t from  D ecem ber 1968 to  

January 1970, w as 95 . O f th e s e , 5 an im a ls  w ere  su b je c te d  to  le f t
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a p ic o -c a rd ia c  lobec tom y w ith o u t g ra ftin g  (3 o f whom had le f t  pu lm onary 

a r te iy  l ig a tio n )  fo r  c o n tro l purposes in  the  s tu d y  o f pu lm onary fu n c tio n .

R esults  in  A u to tra n s p la n ta tio n

T h irte e n  a u to g ra ft experim en ts w ere perfo rm ed. Two in  th is  group

had w ho le  lung  g ra fts .  The rem a in ing  11 had le f t  d iaph ragm a tic  lo b a r

tra n s p la n ts . Four an im a ls  d ied  from venous o c c lu s io n  le a v in g  9

s u c c e s s fu l g ra fts  a v a ila b le  fo r fu rth e r s tudy  in c lu d in g  assessm ent o f

re s p ira to ry  fu n c t io n .  One dog w ith  a s u c c e s s fu l w h o le  lung  g ra ft

succum bed to  pu lm onary oedema 6 w eeks a fte r  tra n s p la n ta tio n  du ring  an

a ttem p t to  perform  c o n tra la te ra l pneum onectom y. One an im a l w ith  a

lo b a r g ra f t ,  proven to  be s a tis fa c to ry  on bo th  fu n c tio n a l assessm ent and

by pos t mortem s tu d ie s , d ied  from an a n a e s th e tic  m ishap w h ile  undergo ing 

133Xenon s tu d ie s , 2 w eeks a fte r  o p e ra tio n . A t p resen t the re  are 7 

an im a ls  w ith  pu lm onary a u to g ra fts  a liv e  and w e ll a t pe riods rang ing from 

6 months to  ove r 2 y e a rs . One an im a l s u c c e s s fu lly  d e live re d  fou r l iv e  

pupp ies 3 months a fte r  ope ra tion  and was u n d is tre sse d  during  labou r and 

in  the  p o s t-pa rtu m  p e rio d .

R esu lts  in  A llo tra n s p la n ta tio n

I t  is  d i f f ic u l t  to  d is t in g u is h  the im m u n o lo g ic a lly  m ed ia ted h is to lo g ic a l
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changes in  th e  g ra ft from  those  due to  m echan ica l in te rru p tio n  or 

in fe c t io n .  Th is  has a ls o  been noted in  re la t io n  to  can ine  l iv e r  

a llo tra n s p la n ts  by  F o n ka ls ru d , O no, Shafey and Long m ire (1967).

The te c h n ic a l fa ilu re  ra te  in  th is  se ries  is  th e re fo re  an a p p ro x im a tio n .

O f the  77 a llo g ra f t  p rocedures , 21 an im a ls  w ere  a ls o  g ive n  sk in  

g ra fts  to  de term ine the  s ite  o f a c tio n  o f lo c a l im m unosuppress ion . 

T h irtee n  an im a ls  d ied  from causes o ther than re je c t io n , le a v in g  64 

fo r  s tudy  o f the  e ffe c t o f lo c a l im m unosuppress ion . O f these  13 

a n im a ls , 7 d ie d  o f pu lm onary venous o c c lu s io n  and 1 an im a l d ied  

o f haem orrhage from the  a p ic a l lo b a r a rte ry  a fte r  i t  had p u lle d  the 

T e flo n  ca th e te r lo o s e . Two an im a ls  d ied  o f ca rd ia c  a rre s t (one o f 

these  p robab ly  as a re s u lt  o f anox ia  due to  a te le c ta s is ) .  O n ly  2 

an im a ls  su ffe re d  a te n s io n  pneum othorax secondary  to  b ro n ch ia l 

d is ru p tio n  and 1 an im a l d ied o f pu lm onary oedema o f in de te rm in a te  

a e t io lo g y .

Comment

The o v e ra ll m o rta lity  ra te  in  the  90 trans  p la n ts  (from  te c h n ic a l 

com p lica tion s) o f 18.8%  is  in  accordance w ith  m ost o the r s e r ie s . 

Fonka lsrud  et a l«  (1969) in  a s tudy  o f 40 lung  tra n s p la n ts , us ing  

sys te m ic  h e p a rin , had a 25% m o rta lity  from te c h n ic a l causes w ith in  the
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f i r s t  weeko Yeh and E llis o n  (1962) had 14 deaths (26%) from te c h n ic a l 

ca u s e s f m a in ly  venous th rom bos is^  in  a se ries  o f 53 le f t  lung  tra n sp la n ts ^  

D u v o is in ^  Fow ler^ Pain and E ll is  recorded an o v e ra ll m o rta lity  ra te  of 

35% in  lung  re im p la n ta tio n  in  1964* B o rrie  and L ic h te r  (1964) and 

D a v ie s j Rosser and W e s t (1965) had the h ig h  e a r ly  m o rta lity  in  sheep 

o f 6 0% and 40% re s p e c tiv e ly  « Rangel e t a lo  (1969) us ing  ca d a ve ric  

lungs in  can ine  tra n s p la n ts  had 11 deaths (50%) in  22 dogs from 

te c h n ic a l c o m p lic a t io n s . M o u ritz e n  et a lo (1967) in  a se ries  o f 32 

lung  re " im p la n ts  had a m o rta lity  o f 19% du ring  the  ope ra tion  and a 53% 

during  the  f i r s t  weeko

The b ro n c h ia l d is ru p tio n  ra te  in  th is  p resen t se ries  is  low  (2.2% ) 

compared w ith  th a t o f N eptune^ W e lle r  and B a ile y  (2 0%) in  1953. 

Haem orrhage and pu lm onary oedema accoun ts  fo r  2 ,2 % , and ca rd ia c  

a rre s t under a n ae s the s ia  fo r 2.2%  o f the o v e ra ll f ig u re s . The main 

cause o f death from  te c h n ic a l fa ilu re  is  v a s c u la r  th rom bos is  and the  ra te  

in  th is  se ries  is  12 o2%o Th is  accords w e ll w ith  A lic a n  and H a rd y 's  

in i t ia l  ra te  o f 52% w here the in d iv id u a l pu lm onary v e in s  w ere anastom osed 

and more re c e n tly  F o n ka ls ru d 's  fig u re s  o f 8 out o f 4 0 dogs (2 0%) d e sp ite  

the  in s e rt io n  o f the  anastom os is  in to  the  a t r ia l  appendage.



CHAPTER III

IM M U N O SU PPR ESSIO N  IN LUNG TRANSPLANTATION

In tro d u c tio n

Im m u n o lo g ica l re je c t io n  Is l ik e ly  to  rem ain fo r  some co n s id e ra b le  

tim e  as the  c e n tra l problem  in  tra n s p la n ta tio n  su rg e ry . G e n e ra lise d  

im m unosuppress ive  tech n iq ue s  are accom panied b y  a h igh  in c id e n ce  o f 

deaths from in fe c t io n  due to  depress ion  o f those  responses in  the hosts 

w h ic h  are b e n e f ic ia l and ne cessa ry  fo r  s u rv iv a l.  The e a rly  m o rb id ity  

and m o rta lity  in  re c ip ie n ts  o f rena l a llo g ra fts  has been a ttr ib u te d  to  

the  la rge  con tinu ou s  sys te m ic  doses o f im m unosuppress ive  drugs g ive n  

(Shackman et a l . ,  1963, H i l l  et a l . ,  1967, and Kramer e t a l . ,  1968).

The m ost com m only used m ethod o f im m unosuppression  in  expe rim en ta l 

pu lm onary a llo g ra fts  has been the  chem ica l su p p re ss io n  o f the g e n e ra lise d  

immune c e n tre s . Because these  modes o f in te rfe re n ce  are n o n -s p e c if ic ,  

dep ress ion  o f the  re s is ta n c e  to  in fe c tio n  in  the  re c ip ie n t an im a l occurs 

and sup p ress io n  o f h o s t response by these  means is not id e a l.

N e v e rth e le s s , the  in tro d u c tio n  of che m ica l im m unosuppressants such 

as m e th o tre xa te , a z a th lo p rin e  and a c tin o m y c in  has s u c c e s s fu lly  le d  to  the
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lo n g e r s u rv iv a l o f pu lm onary a l lo g ra f ts . S porad ic  pro longed s u rv iv a l 

o f an im a ls  w ith  fu n c tio n in g  g ra fts  on im m unosuppress ive  agents has been 

reported  in  se ve ra l s e r ie s . Barnes and F lax  (1964) c la im e d  to  have had 

s u rv iv a l o f a dog w ith  a le f t  lung  hom ograft up to  238 days a fte r  g ra ftin g  

w ith  a z a th io p r in e . Gago et a l .  (196s) u s ing  m e tho trexa te  reported  

s u rv iv a l w ith  fu n c tio n  10 months a fte r  opera tiono  In  the  se ries  reported  

b y  N e ttle b a d  et a l .  ̂ 1964^ one dog su rv ive d  on a z a th io p r in e  the rapy  fo r 

2 96 d a ys , a lth o u g h  the  mean s u rv iv a l tim e  fo r the  w h o le  se ries  was 

31 o5 days on a z a th io p rin e  com pared w ith  a mean s u rv iv a l tim e  o f 5 .3  days 

fo r un trea ted  can ine  a l lo g ra f ts .  The be s t re s u lts  in  B lu m e n s to ck 's  se ries  

(1964) w ere  ob ta ined  w ith  the  a g g re ss ive  su p p re ss io n  o f the  im m uno

lo g ic a l m echanism  b y  w h o le  body ir ra d ia t io n ,  m e th o tre xa te , and p r io r  

exposure o f the  re c ip ie n t an im a ls  to  donor a n t ig e n . A lth ough  5 a n im a ls  

in  th is  group w ere a l iv e  5 months a fte r  g ra f t in g ,  i t  is  p o s s ib le  th a t 

the se  re s u lts  w ere im proved b y  chance h is to c o m p a t ib il i ty .

A lth ou gh  th e  re a c tio n s  w ith in  the  g ra ft are im p o rta n t, the  e ffe c ts  on • 

th e  re g io n a l and g e n e ra lise d  immune cen tres  have co n cen tra te d  a tte n tio n  

upon g e n e ra lise d  im m unosuppress ion . A ttem pts  to  m a in ta in  a ba la nce  

be tw een a b ro g a tio n  o f the  immune response to  a ch ie ve  adequate 

p ro te c tio n  fo r  g ra ft fu n c tio n  and the need to  d im in is h  ia tro g e n ic  to x c ic i ty



has le d  to  the  s tu d y  o f lo c a l im m u no sup p ress ion . In  1967, Kountz and 

Cohn reported  s ig n if ic a n t a b rog a tio n  o f g ra ft re je c t io n  w ith  a ‘ c o c k ta il*  

o f s ix  m e th y l-p re d n is o lo n e , a c tin o m y c in  D and h e p a rin , in fu se d  lo c a l ly  

in to  re n a l a l lo g ra f ts .  The p rospec t o f r e la t iv e ly  n o n - to x ic  im m uno

su p p re ss io n  le d  Kountz to  use th is  method in  human rena l tra n s p la n t 

p a t ie n ts .  Kountz and Cohn (1969) reported  th a t 58 o f 60 human rena l 

tra n s p la n t p a tie n ts  w ere w e ll a t periods exceed ing  one yea r fo llo w in g  

tra n s p la n ta tio n  o

Aim of S tudy

In  v ie w  o f the in d iffe re n t re s u lts  o f pu lm onary tra n s p la n ta tio n  in  

an im a ls  and in  humans and the  know n d isad van ta ge s  of g e n e ra lise d  

im m u nosup press ion , a se ries  o f experim en ts have been ca rr ie d  out us ing  

re g io n a l in fu s io n .  A ttem pts  have been, made to  te s t the e f f ic ie n c y  o f 

the  method in  term s o f s u rv iv a l and fu n c tio n  o f can ine  pu lm onary 

tra n s p la n ts ,  and to  de te rm ine  w h e the r the  e ffe c t is  lo c a l or due to  

re c irc u la t io n  o f the  in fu s a te .

Two se rie s  o f experim en ts  w ere ca rr ie d  o u t.  The f i r s t  com pared the 

e ffe c t o f re g io n a l g ra ft in fu s io n  o f the c o c k ta il o f drugs used by Kountz 

and Cohn w ith  th a t o f the  same drugs in fu se d  s y s te m ic a lly  in to  the  do rsa l 

a o r ta . The second se rie s  o f experim en ts  w ere undertaken to  de te rm ine



b y  means o f s k in  g ra ft from  the lung  do no rs , w h ic h  part o f the  immune 

c y c le  is  a ffe c te d  b y  lo c a l g ra ft in fu s io n .

DESIGN OF THE EXPERIMENTS

S e ve n ty -se ve n  m ongrel dogs o f 2 0 to  25 K g . in  w eight w ere 

pa ired  a cco rd in g  to  the  degree o f d is p a r ity  in  th e ir  p h y s ic a l t ra its  o f 

th e ir  m a jo r breed com ponen ts . Dogs o f s im ila r  breed or genera l 

appearance w ere never ass ig n e d  to  a donor re c ip ie n t pair» A l l  o f the 

an im a ls  w ere sub m itted  to  le f t  a p ic o -c a rd ia c  lobe c tom y and the  le f t  

d iap h ra gm a tic  lobes  w ere s im u lta n e o u s ly  exchanged betw een pa irs  o f 

dogs by the  s tan da rd ise d  te ch n iq u e  o u tlin e d  in  C h ap te r I I .

133
V e n tila t io n  and p e rfu s io n  s tu d ie s  us ing  Xenon w ere perform ed 

in  a l l  groups a t re g u la r in te rv a ls  a fte r  pu lm onary tra n s p la n ta tio n , and 

an es tim a te  o f the  lung  s u rv iv a l tim e  ob ta ined  w hen no fu n c tio n  was 

p resen t in  a p re v io u s ly  v ia b le  g ra f t .  The s u rv iv a l tim e  o f the  p re pa ra tio n  

w as recorded as the  num ber o f days to  the  death  o f the an im a l from 

re je c t io n  o f th e  g ra f t .  P ost-m ortem  s tud ies  w ere  ca rr ie d  out in  a l l  

an im a ls  and re je c tio n  assessed  by  the absence o f te c h n ic a l fa ilu re  and 

on the  h is to lo g ic a l appearances o f the  pu lm onary t is s u e .  O f 77 dogs , 13
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w ere thus exc luded from th is  s tu d y  fo r te c h n ic a l reasons e ith e r  because

133
there  was no b lood  flo w  in  the  tra n s p la n t as assessed  b y  Xenon s tu d ie s  

or the  p re pa ra tion  w as found a t post-m ortem  to  have venous or a r te r ia l 

o cc lu s io n o  W h ite  b lood  c e l l counts w ere c a rr ie d  out in  a l l  an im a ls  w e e k ly

S im ila r r ig id  c r ite r ia  w ere a p p lie d  in  d e te rm in in g  s u rv iv a l o f s k in  

g ra f ts . A ll s k in  g ra fts  w ere recorded bo th  v is u a l ly  and p h o to g ra p h ic a lly  

as be ing  s u c c e s s fu l takes be fo re  be ing  occ luded  in  the s e r ie s . The 

s k in  g ra fts  w ere in spe c te d  d a ily  and appearances re co rd e d . The end 

p o in t (s k in  g ra ft s u rv iv a l tim e) was taken  as th a t day when le ss  than 10% 

o f the e p ith e liu m  was s t i l l  in ta c t ,  the day o f g ra ftin g  be ing  taken  as day 

0 o f the  e xp e rim e n t.

SERIES I

A com parison  o f th e  e ffe c ts  of lo c a l and sys te m ic  im m unosuppression 

on pu lm onary tra n sp la n ts  was undertaken in  th is  se rie s  o f e xp e rim e n ts .

As c o n tro ls ,  s u rv iv a l was eva lua ted  in  re c ip ie n ts  o f pu lm onary a llo g ra fts  

unm od ified  b y  any trea tm ent and in  a group g ive n  o n ly  the same low  dose 

o f o ra l im m unosuppressant g ive n  to  the  re c ip ie n ts  o f bo th  lo c a l and 

sys te m ic  chem otherapy. T w e n ty -e ig h t o f the  56 a l lo g ra ft  p repa ra tions  

w ere used as c o n tro ls , le a v in g  28 an im a ls  in  the  te s t group g ive n  in t r a -  

pu lm onary a r te r ia l in fu s io n  th e ra p y .



MATERIALS 

Group 1

Seven an im a ls  re ce ive d  no im m unosuppress ion  the rap y  and w ere g ive n  

o n ly  the  ro u tin e  a n t ib io t ic  (6 00 ,000  u . p e n ic i l l in  G .)  ad m in is te re d  to  a l l  

an im a ls  d a i ly .

G roup 2

Th is  group c o n s is t in g  o f 9 an im a ls  re ce ive d  o ra l im m unosuppression 

o n ly  in  the  form o f low  doses o f a z a th io p rin e  (Im uran , Burroughs, W ellcom e 

T uckahoe, New York) 2 mg » per K g . per da y , and p redn iso lon e  (D e c o r t is y l,  

R oussel C o rp o ra tio n , New York) 1 m g. per K g . per day fo r the du ra tio n  of 

th e ir  s u r v iv a l. The f i r s t  o ra l dose was a d m in is te re d  18 hours be fo re  

o p e ra tio n .

Group 3

This group co n s is te d  o f 12 an im a ls  w ho re ce ive d  in  a d d it io n  to  the 

same ora l trea tm en t ad m in is te re d  to  Group 2 , the  in fu s io n  o f im m uno

suppressan ts  s y s te m ic a lly .  The in fu sa te  was the  same as th a t g ive n  to  

Group 4 in  a l l  respec ts  excep t th a t i t  was d e liv e re d  through a T e flon  

c a th e te r in se rte d  in to  the  th o ra c ic  aorta th rough an in te rc o s ta l a r te ry . 

Group 4 (Test Group)

Th is group re ce ive d  the  same ora l a z a th io p rin e  and p redn iso lon e  as 

Groups 2 and 3 . In  a d d itio n  th e y  were g ive n  the  fo llo w in g  In fusa te  in



d a ily  doses th rough an in d w e llin g  ca th e te r in  th e  pu lm onary a rte ry : -

300 m gm . 6 m e th y l-p re d n is o lo n e .
(S o iu -m e d ro l, U p john C o . K a lam azoo , M ic h ig a n ) .

0 .1  m gm . a c tin o m y c in  D .
(Lyovac C osm egen, M e rc k , Sharp and Dohm e,

Rahway, New Je rsey).

2 0 in te rn a tio n a l u n its  h e p a r in .
(P u la rin  Evans M e d ic a l,  L iv e rp o o l,  E ng la nd ).

The T e flo n  ca th e te r used fo r  in fu s io n  in to  the  pulmonar^^ a rte ry  or 

do rsa l aorta  was connected to  a Sage pump or a W a tk in 's  ch rono fuso r 

im m e d ia te ly  a fte r  re lea se  o f the  v a s c u la r c lam ps and the in fu s io n  was 

con tinu ed  in  bo th  groups fo r 5 days a fte r  o p e ra tio n .

RESULTS

The re s u lts  are seen in  ta b u la te d  form in  Tab le  I I .  The order o f the 

re s u lts  in  each group is  de term ined by in c re a s in g  du ra tion  o f s u rv iv a l t im e , 

and is  no t a h is to r ic a l sequence , thus e lim in a tin g  s e le c tio n  o f re s u lts  

w ith  In c re a s in g  s u rg ic a l com petence .

G roup 1

One an im a l d ied  a t 4 days from  te c h n ic a l causes le a v in g  6 fo r  a s s e s s 

ment o f s u rv iv a l w ith o u t im m unosuppress ive  th e ra p y . These an im a ls  d ied 

be tw een 4 and 7 days fo llo w in g  tra n s p la n ta tio n , the  mean s u rv iv a l tim e  

be in g  5 .8  d a y s . They w ere w e ll w ith  fu n c tio n in g  g ra fts  on the  second 

p o s t-o p e ra tiv e  day b u t th e  onset o f th e  re je c t io n  c r is is  was hera lded  w ith
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le th a rg y , co u g h in g , dyspnoea , pu lm onary oedem a, and h a e m o p tys is .

In  genera l the  h o s t d ied  w ith in  24 h o u rs . C o n firm a tio n  o f re je c t io n  w as 

ob ta ined  a t pos t-m ortem  b y  the ty p ic a l m ic ro s c o p ic  and m acroscop ic  

appearances and on the  absence o f te c h n ic a l m ish a p s .

M o rp h o lo g ic a l Appearances

I t  is  e x tre m e ly  d i f f ic u l t  to  eva lu a te  the  more su b tle  c e l lu la r  changes 

a s s o c ia te d  w ith  the  hom ogra ft re je c tio n  response in  pu lm onary t is s u e ,  

no t o n ly  because  such changes are no t w id sp re a d  bu t a ls o  because o f 

the  problem  o f d if fe re n t ia t in g  th o se  changes due to  in fe c t io n ,  p e rfu s io n  

and isch a e m ic  dam age. H om ogra ft re je c t io n  in  th e  tra n sp la n te d  lung  o f 

the  un m od ifie d  h o s t has been s tu d ie d  by  va rio u s  w o rke rs  (Lana ri e t a l . ,

1951, gam es et a l . ,  1963, and Sharma e t a i . ,  1966) and in  genera l

has th ree  m ain com ponen ts .

1 o P e r i-v a s c u la r  m ononuc lea r in f i l t ra te s  .

2 . In t ra -a lv e o la r  oedema and in fla m m a tio n .

3 . T e rm ina l m ass ive  pu lm onary n e c ro s is  and haem orrhage
a t th e  end o f one w eek w h ic h  ra p id ly  leads  to  death o f the  a n im a l

F igu re  7 shows the  ty p ic a l m acroscop ic  appearances o f re je c t io n  in  

the  tra n sp la n te d  lo b e . A t the  tim e  o f death a sm a ll haem orrhag ic p le u ra l 

e ffu s io n  was fre q u e n tly  o b se rve d . The tra n s p la n te d  lungs w ere dark red 

In  c o lo u r and c u t w ith  the c o n s is te n c y  o f l iv e r  t is s u e .  Patchy areas o f 

n e c ro s is  w ere  e v id e n t and th e  lung  was c o n s o lid a te d  th ro u g h o u t. The 

b ro n c h ia l mucosa w as congested  and haem orrhag ic  and se ro r-p u ru le n t



FIGURE 7 . Photograph of rojected Ic^e (on left) 
5 days after transplantation*



I

nGURE 8. HUtological appoarances of lobar allograft 
unmodified by Immunoeuppresalon. Widespcoad 
necroeie, alveolar dlsa&pUoa# Intra-alveolar 
oedema and cellular infiltrates* (H & E x 4)



FIGURE 9 . Rejected lobar allograft. Dense perivascular 
cuffing with mononuclear c e lls . (H & E x 10)
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f lu id  exuded from the a lv e o li and sm a ll b ro n c h i. F igures 8 and 9 

dem onstra te the  ty p ic a l h is to lo g ic a l appearances found in  th is  g roup . 

There was pa tchy  n e c ro s is  o f pu lm onary t is s u e  and w ide sp rea d  d is ru p tio n  

o f a lv e o la r  p a tte rn . There was w idespread  oedema w ith in  the  a lv e o li 

accom panied b y  a p leom orph ic  in tra -a lv e o la r  in f i l t r a te  c o n s is t in g  

p redom inan tly  o f round c e lls  as w e ll as po lym orphonuc lear c e l ls .  The 

sm a ll a r te r io le s  showed marked haem orrhage w ith in  th e ir  w a lls  w ith  fo ca l 

n e c ro s is  and p e r i-v a s c u la r  c u ff in g  w ith  m ononuclear c e l ls .  Th is la t te r  

fea tu re  has been docum ented b y  Sharma et a l .  1966, as be in g  the  

c h a ra c te r is t ic  fea tu re  of g ra ft re je c tio n  in  pu lm onary t is s u e .

Group 2

In  th is  group the an im a ls  re ce ive d  o n ly  o ra l im m unosuppress ive  

th e ra p y . O f the  9 a n im a ls , 1 d ied  from te c h n ic a l causes and was 

e lim in a te d  from the  s tu d y . The mean s u rv iv a l tim e  in  the rem a in ing  

8 an im a ls  was 9 .75  d a y s . The fu lm in a tin g  c l in ic a l course o f the  

re je c tio n  response was s im ila r  to  th a t in  Group 1 and was not m od ified  

b y  the  low  dose o ra l im m unosuppress ion . The m orp ho lo g ica l appearances 

o f the  g ra ft w ere s im ila r  in  a l l  respects  to  those  in  G roup 1 .

Group 3

In  th is  group the  an im a ls  rece ive d  ora l and sys te m ic  in fu s io n  o f the
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'c o c k ta il*  in  the  same doses as the  te s t an im a ls  and fo r the  same 

d u ra tio n , nam ely 5 d a y s . Tw e lve  an im a ls  w ere used in  th is  group 

bu t 3 d ied  in  the im m edia te p o s t-o p e ra tiv e  pe riod  from te c h n ic a l 

fa i lu re ,  le a v in g  9 fo r assessm ent of sys te m ic  in fu s io n  o f im m uno

su p p re ssa n ts . There was s l ig h t ly  pro longed s u rv iv a l t im e , the mean 

be ing  11 .3  d a y s . H ow ever, o n ly  1 an im a l su rv ive d  beyond 20 days 

and the c l in ic a l  course was s im ila r  to  tha t o f G roups 1 and 2 .

Group 4

The te s t group co n s is te d  to  28 an im a ls  w h ic h  w ere trea te d  b y  both 

ora l and lo c a lis e d  im m unosuppression to  the g r a f t . Seven an im a ls  were 

exc luded  from the  s tu d y . Four o f these d ied w ith in  3 days o f opera tion  

from v a s c u la r o c c lu s io n , and 3 were exc luded  because the re  was no 

ev idence  o f b lood  flo w  in  the  g ra ft im m e d ia te ly  a fte r  o p e ra tio n . The 

mean s u rv iv a l tim e  o f the  rem a in ing  21 an im a ls  was 48 .1  days and there 

was ev idence  o f pro longed s u rv iv a l w ith  g ra ft fu n c tio n , 7 an im a ls  

s u rv iv in g  beyond 20 d a y s . The mean s u rv iv a l tim e  in  th is  group ha s , 

in  fa c t ,  been reduced because tw o  an im a ls  w ith  fu n c tio n in g  g ra fts  were 

k i l le d  du ring  a la b o ra to ry  d is tem pe r outbreak a t 13 and 18 days^ 

re s p e c tiv e ly  a fte r  o p e ra tio n , and one was pu rpose ly  k i l le d  a t 65 days 

fo r h is to lo g ic a l s tudy  o f its  fu n c tio n in g  g ra ft .  One an im a l is  s t i l l  a l iv e



FIGURE 10. Photograph of post mortem specimen.
Viable lobar allograft (on the right) at 
65 days, treated by local immunosuppression.
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a t 57 0 days w ith  a w e ll fu n c tio n in g  g ra ft assessed  by  bo th  Xenon 

s tud ies  and con firm ed  by  lung b io p s y  »

There was no c l in ic a l ev idence  o f m assive se p s is  on long term 

the rapy fo llo w in g  lo c a l im m unosuppress ion , a lth o u g h  1 long  term  

s u rv iv in g  an im a l deve loped p u s tu la r sores on its  tru n k  and lim b s , w h ich  

was a ttr ib u te d  to  m ange. No an im a l d ied  o f drug to x ic i ty  as ev idenced 

by  a re d u c tio n  in  the  w h ite  b lood  c e ll c o u n ts .

M o rp h o lo g ic a l Features

F igure 10 shows the  m acroscop ic  appearances o f a fu n c tio n in g  

g ra ft a t 65 days fo llo w in g  trea tm en t w ith  lo c a l im m unosuppress ion . The 

p le u ra l su rface  o f the tra n s p la n t on the  r ig h t was s l ig h t ly  th ic ke n e d  and 

d u ll bu t the  lung  v e n tila te d  w e ll and was o f the  same c o n s is te n c y  as the  

c o n tra la te ra l lu n g . Both anastom oses w ere pa ten t; the bronchus showed 

no ev idence o f an in flam m ato ry  re sp o n se . H is to lo g ic a l se c tio n s  dem on

s tra te  l i t t le  ev idence  o f nec ros is  and o n ly  a m in im a l in flam m a to ry  response 

The a n tic ip a te d  c la s s ic  c e llu la r  pa tte rn  o f the hom ograft re a c tio n  was 

absent in  the  long  term  s u rv iv in g  a l lo g ra f ts .  There is  m inimum in tra -  

a lv e o la r  e xu d a te . The a lv e o li are w e ll formed and the re  is  l i t t le  c e llu la r  

re a c tio n . F igure 11 shows the h is to lo g ic a l appearances o f the  a ttenua ted  

c e llu la r  re sp o n se . One of the  fea tu res o f th is  response was the  oedema



FIGURE 11 (a ). Histological features In rejection modified
by Immunosuppression. Normal alveolar 
architecture with no cellular or fluid 
Infiltrates • Oedema of small arterial wall 
(H 6c E X 4)
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FIGURE 11 (b ). High power view of changes in small
vessels in modified rejection. Marked 
swelling due to oedema ; little  mono
nuclear "cuffing".



1 9 .

presen t w ith in  the  w a ll o f the  sm a ll a rte r ie s  and a r te r io le s  o ften  w ith  

l i t t l e  o r no c e l lu la r  in f i lt ra te o  Th is c h a ra c te r is t ic  fea tu re  has been 

d e scrib ed  b y  L a na ri e t a U ,  in  pu lm onary hom ografts and has been 

no ted  b y  Porter e t a l .  1965, to  occu r in  human rena l tra n s p la n ts . 

Porter has dem onstra ted  th a t human rena l g ra fts  re je c te d  a fte r  some 

m onths show damage to  a rte r ie s  and a r te r io le s  o ften  w ith  l i t t l e  or no 

c e l lu la r  in f i l t r a te  and he suggests th a t c irc u la t in g  a n tib o d ie s  may be 

im p o rtan t in  ch ro n ic  re je c t io n .

SERIES I I

In  th is  separa te  se ries  of s tu d ie s , 21 dogs w ere  g ive n  s k in  g ra fts  

from the  lung  donors

1 o im m e d ia te ly  a fte r  the  co n c lu s io n  o f th e  pu lm onary

tra n s p la n t procedure to  de term ine w h e th e r re c o n s titu tio n  

o f the  a ffe re n t a rc  o f the immune response  in  th is  w ay 

w o u ld  in v a lid a te  th e  b e n e fic ia l re s u lts  o f lo c a l pu lm onary 

g ra ft in fu s io n , and

2 c tw o  w eeks p r io r  to  pu lm onary tra n s p la n ta tio n  in  order to

a sse ss  the  e ffe c t o f lo c a l im m unosuppress ion  on the  

second se t response*
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The Skin G ra ft Techn ique

The s k in  g ra ft te ch n iq u e  was s ta n d a rd ise d  in  a l l  e xp e rim e n ts .

U nder gene ra l an ae s th e s ia  the r ig h t f la n k  w as shaved and c le aned  w ith  

5% c h lo rh e x id in e  in  a lc o h o l.  The re c ip ie n t area fo r the  s k in  g ra ft on 

th e  r ig h t f la n k  w as prepared by e x c is io n  of a re c ta n g u la r area 

(4 cms , X 5 cmso) o f the  ep iderm is  down to ,  b u t no t in c lu d in g , the  

p a n n ic u lu s . A s tandard  s k in  g ra ft (4 cm s . x  5 cm s . in  area w ith  1 mm. 

th ic k n e s s ) was ob ta ined  from the  r ig h t f la n k  o f th e  lung  donor by  means 

o f a Pagett derm atom e. The g ra ft was a p p lie d  b y  in te rru p te d  000 s i lk  

su tu res t ie d  ove r a r o l l  o f g a u z e .

G roup 1

O f the  21 an im a ls  w ho w ere g ive n  s k in  g ra f ts ,  14 had contem poraneo i 

s k in  g ra f ts .  S kin  g ra ftin g  in  th is  group was c a rr ie d  out im m e d ia te ly  

a fte r  c o n c lu s io n  o f the  pu lm onary tra n s p la n t p ro ce d u re . A ll o f the 

a n im a ls  w ere  tre a te d  b y  the  same o ra l and lo c a l im m unosuppress ive  

reg im e g ive n  to  a n im a ls  in  Series I ,  One a n im a l d ied  o f te c h n ic a l 

fa ilu re  le a v in g  2 0 fo r  s tu d y .

G roup 2 and 3

S ix dogs w ere p re s e n s it is e d  w ith  s k in  g ra fts  from the  lung  donors 

tw o  w eeks be fo re  lung  tra n s p la n ta t io n . As im m unosuppress ive  the rap y  

d id  no t commence u n t i l  pu lm onary tra n s p la n ta t io n , 6 co n tro ls  w ere  thus
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a v a ila b le  fo r the  e s tim a tio n  o f s u rv iv a l o f hom ogra ft s k in  w ith o u t 

im m unosuppressiono F o llo w in g  pu lm onary lo b a r a llo tra n s p la n ta t io n ,

3 a n im a ls  w ere  tre a te d  b y  th e  same o ra l and lo c a l im m unosuppress ive  

reg im e g ive n  to  an im a ls  in  Series I *  The o th e r 3 dogs (Group 3) w ere 

g ive n  no im m unosuppress ive  the rapy  fo llo w in g  pu lm onary lo b a r a l lo 

tra n s p la n ta tio n  and w ere  thus used to  a sse ss  the  s u rv iv a l o f the  

second se t response  fo llo w in g  pu lm onary g ra ftin g p

RESULTS

G roup 1

Tab le I I I  shows the  re s u lts  ob ta ined  in  14 an im a ls  w ith  lo b a r 

a llo g ra fts  tre a te d  b y  lo c a l im m unosuppress ion  and h a v in g  a s k in  g ra ft 

from  the  lu ng  donor im m e d ia te ly  on c o n c lu s io n  o f the  pu lm onary tra n s p la n t 

procedureo One an im a l l iv e d  fo r 73 days b u t has been shown by  

bronchography and Xenon fu n c tio n a l s tu d ie s  to  have had a non - fu n c tio n in g  

g ra ft a t 23 days o The s u rv iv a l tim e  of the  lu ng  was es tim a ted  b y  Xenon 

s tu d ie s  as be in g  th a t day when no b lood  f lo w  co u ld  be dem onstra ted  in  a 

p re v io u s ly  v ia b le  g ra ft o The mean s u rv iv a l tim e  o f th e  g ra fted  lung  in  

th is  se rie s  w as 9 d a y s . The mean s u rv iv a l tim e  fo r  the  an im a ls  was 11 .5  

days (e x c lu d in g  th a t an im a l w h ic h  liv e d  73 days w ith  a n o n -fu n c tio n in g  

g ra ft) o Th is  s u rv iv a l t im e  is  m arked ly  reduced w hen com pared w ith  those
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a n im a ls  w ith  lo b a r a llo g ra fts  tre a te d  by lo c a l im m unosuppression  w ith o u t 

the  a p p lic a tio n  o f contem poraneous sk in  g ra fts  (Series I ,  Group 4 ),

The s k in  g ra ft s u rv iv a l tim e  in  th is  group is  no t pro longed (mean 

s u rv iv a l tim e  = 8 ,9  days ) w hen compared to  a llo g ra f t  s k in  a p p lie d  to  

dogs w ith o u t lu ng  tra n s p la n ta tio n  (mean s u rv iv a l tim e  9o5 d a y s , Tab le IV ) ,

Group 2

Table IV in d ic a te s  the  re s u lts  ob ta ined  from those  an im a ls  w ith  lo b a r 

a llo g ra fts  tre a te d  b y  lo c a l im m unosuppression^ w ho w ere p re se n s itise d  

w ith  s k in  from the  donor o f the  lung g ra ft tw o  w eeks p r io r to  tra n s p la n ta tio r  

A ll o f the  a n im a ls  in  bo th  the  trea ted  and un trea te d  groups w ere shown to  

have d ied  from re je c t io n  o f the  lung by pos t-m ortem  s tu d ie s . The mean ’ 

s u rv iv a l tim e  o f the  s k in  a llo g ra fts  (p r io r to  tra n s p la n ta tio n  o f the  lung) 

w as 9 .5  days and th is  is  in  accordance w ith  the  s u rv iv a l o f can ine  a l lo 

g ra ft s k in  in  m ost s e r ie s . The an im a ls  in  Group 2 , w h ic h  were trea te d  

b y  lo c a l im m unosuppress ion , showed a m arked ly  reduced mean s u rv iv a l 

tim e  o f 4 .0  d a ys , in d ic a tin g  an a cce le ra ted  re je c tio n  response de sp ite  

the  use o f lo c a l im m unosuppress ion .

Group 3

The 3 an im a ls  in  th is  group showed a fu lm in a tin g  c l in ic a l  course 

w ith  the  onset o f dyspnoea , haem optys is  and fro th in g  pu lm onary oedema



&
Mf-1
m
g

LO

CD

r-H

co

co

o

co
1-4

o

I—I r—I

co

t— I

co
•M

H4co
H - l  t— tco

co

2 4 .



25

w ith in  se ve ra l days o f lu ng  tra n s p la n ta t io n . The mean s u rv iv a l tim e  

o f bo th  lu ng  and an im a ls  in  th is  group was 2 ,7  days (Table IV) and is  

c h a ra c te r is t ic  o f the  a cce le ra te d  second se t response  fo llo w in g  

p re s e n s it is a tio n  w ith  s k in  g ra fts  (H ard in^ 1956),

CONCLUSIONS

1 , Prompt re je c tio n  o f a can ine  a l lo g ra ft  lu ng  in  the  hos t

u n m o d ifie d  by im m unosuppress ive  th e rap y  occurs w ith in  the f i r s t  

w eek and is  fo llo w e d  b y  a rap id  death o f th e  h o s t.  The mean 

s u rv iv a l tim e  o f 5 .8  days in  th is  group is  s im ila r  to  th a t o f o the r 

s e r ie s . Some re c ip ie n t an im a ls  may s u rv iv e  d e sp ite  the n e c ro tic  

g ra ft b u t more com m only th e y  d ie  soon a fte r  n e c ro s is  has become 

a p p a re n t, Z a jtch u k  et a l ,  (1967) have dem onstra ted  d im in ish e d  

fu n c tio n  a t 3 days in  unm od ified  a llo g ra fts  fo llo w in g  w h ich  

ir re v e rs ib le  g ra ft n e c ro s is  and death e n sue d , Yeh and E llis o n  

found th a t none o f th e ir  an im a ls  su rv ive d  beyond tw o  w eeks i f  no 

im m unosuppress ive  the rap y  was g iv e n . The mean s u rv iv a l tim es 

quoted in  a l l  o the r se ries  are rem arkab ly  c o n s ta n t, Faber's  group 

had a mean s u rv iv a l tim e  o f 6 ,5  days in  10 an im a ls  and Sharma's 

se rie s  (1966) reports  5 ,3  days in  11 a n im a ls . N ep tune , W e lle r  and 

B a il l ie  s im ila r ly  found the  average s u rv iv a l tim e  in  th e ir  un trea ted
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group as be ing  6 d a ys , and most of the  a n im a ls  in  the  series 

reported  b y  Barnes and F lax  (1964) w ere dead be tw een 7 and 9 days „ 

None o f the  7 an im a ls  in  S u suk i's  se ries  liv e d  lo n g e r than 2 0 days 

and the mean s u rv iv a l tim e  fo r  the  w h o le  group was 10 .3  d a y s . In  

the  se ries  reported  by  SharaBet a l„  (1966) and N e ttle b a d  et a l ,  (1964) 

the  mean s u rv iv a l tim es  were a p p ro x im a te ly  5 days in  unm od ified  

re c ip ie n ts  o f pu lm onary a llo tra n s p la n ts  . The con s ta n cy  in  a l l  

se rie s  im p lie s  th a t the  s u rv iv a l tim e  in  th e  can in e  pu lm onary a l lo -  

tra n s p la n t p re pa ra tion  re la te s  c lo s e ly  to  re je c t io n .

The re s u lts  ob ta ined  b y  lo c a l im m unosuppression  bear favo u ra b le  

com parison  w ith  o th e r n o n -b io lo g ic a l m ethods o f g e ne ra lise d  im m uno

s u p p re s s io n , H a rd in  (1954) us ing  s te ro id s  ob ta ined  a mean s u rv iv a l 

tim e  o f 14 days and N eptune and B a il l ie  in c reased  th is  to  25 days 

w ith A C T H , In  1961, B lum enstock reported  spo rad ic  s u rv iv a l o f 

a n im a ls  6 months to  a ye a r when the  re c ip ie n t was trea te d  w ith  

m e th o tre xa te . De Bono and Brock (1964) a ls o  reported p ro lo ng a tio n  

o f s u rv iv a l and fu n c tio n  w ith  th is  same d ru g , Both H ardy et a i ,  (1963] 

and Parsa e t a l .  (1964) w ere unab le  to  o b ta in  s im ila r  p ro lo n g a tio n  o f 

s u rv iv a l w ith  m e th o trexa te , the  mean s u rv iv a l tim e  in th e ir  se ries  

b e in g  14 days and 15 days re s p e c t iv e ly .  S im ila r ly ,  Gago (1964)
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was o n ly  a b le  to  o b ta in  one s u rv iv o r w ith  a fu n c tio n in g  lobe  a t 6 

months ou t o f 3 0 an im a ls  tre a te d  w ith  th is  same d ru g , Sharma 

(1966) dem onstra ted p ro lo n g a tio n  o f s u rv iv a l w ith  m yeleran and 

6 -m e rca p to p u rin e , the  mean s u rv iv a l tim e  b e in g  3 1 ,6  d a y s ,

The in tro d u c tio n  o f a z a th io p r in e , a c tin o m y c in  and c y c lo 

phospham ide has le d  to  the  e x te n s io n  o f s u rv iv a l in  pu lm onary a l lo -  

tra n sp la n tso  M cPhee and W rig h t eva lu a ted  the rap y  w ith  c y c lo 

phospham ide and a c tin o m y c in  C and in c re a se d  s u rv iv a l to  a maximum 

o f 49 d a ys , a lth o u g h  the  average s u rv iv a l t im e  was 2 8 ,3  d a y s ,

A z a th io p rin e  in  la rg e  doses o f a p p ro x im a te ly  5 -1 0  mgm, per Kgm . 

body w e ig h t ( i , e , ,  seve ra l tim es the  doses in  these  experim ents) 

has been used b y  m ost w orke rs  w ith  some s u c c e s s . H ardy (1964) 

found an average s u rv iv a l tim e  o f 30 days; bo th  Parsa et a l .  (1964) 

and N e ttle b a d  e t a l .  (1964) reported  s im ila r  mean s u rv iv a l tim es o f 

27 days and 3 1 ,6  days re s p e c t iv e ly .  In  N e ttle b a d 's  s e r ie s , 1 

su rv iv e d  w ith  a fu n c tio n in g  g ra ft fo r 296 days a fte r  tra n s p la n ta t io n ,

In  V u illa rd 's  se ries  (1969) the  lo n g e s t s u rv iv a l was 35 days w ith  

a z a th io p r in e . Yeh et a l ,  (1965) dem onstra ted pro longed

s u rv iv a l to  a maximum o f 80 days and R ichards and A s w a y -P in to  

(1964) to  92 d a y s , Susuki et a l .  (1968 ), d e sp ite  the
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use o f f u l l  doses o f a za th io p rin e  in  a d d it io n  to  w h o le  body 

ir ra d ia t io n  found th a t the  mean s u rv iv a l tim e  o f 3 1 .6  days w h ic h  he 

ob ta ined  b y  th is  method co u ld  be in c rea sed  to  3 8 .8  days w ith  

the  supp lem enta ry  in fu s io n  o f donor sp leen  c e l ls .

A lth ou gh  the  fig u re s  quoted and the  average s u rv iv a l tim e  o f 

48 ,1  days fo r lo c a l im m unosuppress ion can no t be s ta t is t ic a l ly  

a n a lyse d  due to  the  spo rad ic  nature o f s u rv iv a l in  such b io lo g ic a l 

in v e s tig a tio n s  (C a in e , 1963) i t  is  apparen t th a t the  re s u lts  o f lo c a l 

im m unosuppress ion  are as good as tho se  ob ta ined  b y  la rg e  doses o f 

s y s te m ic a lly  a d m in is te re d  th e ra p y .

The mean s u rv iv a l tim e  in  th is  se ries  approaches the o v e ra ll 

f ig u re  o f 5 1 ,5  days reported  b y  B lum enstock et a l ,  (1967) w ho 

com pared com b in a tio ns  of m etho trexa te  and a n t i- ly m p h o c y t ic  serum . 

They had 7 dogs a l iv e  and w e ll from 37 to  79 days a fte r  tra n s p la n ta tio n  

a lth o u g h  these  re s u lts  may have been in flu e n c e d  b y  chance h is to 

c o m p a t ib il i ty ,  M o re  re c e n tly  V e ith , R ichards and L a le z a r i (1969) 

have experim en ted w ith  a n t i- ly m p h o c y t ic  serum and a za th io p rin e  and 

th e  re s u lts  (mean s u rv iv a l tim e  2 8 .5  days) are  no t o u ts ta n d in g ly  

im p re s s iv e ,

C o n firm a tio n  o f the  re s u lts  ob ta ined  b y  Kountz and Cohn (1967)



29

in  rena l tra n s p la n ta tio n  is  suggested b y  s im ila r  e ffe c ts  in  pu lm onary 

a l lo g ra f ts .  Even such a short course o f in fu s io n  used in  these  

experim en ts  has pro longed s u rv iv a l in  th e  tre a te d  group beyond th a t 

o f the  c o n tro l g ro u p s . Long term the rap y  b y  the  in tra -a r te r ia l 

rou te  is  fe a s ib le ,  as is  in te rm itte n t in fu s io n  fo r re je c tio n  c r is is  and 

m igh t re a so n a b ly  be expected  to  approach the  re s u lts  ob ta ined  by 

Kountz (1969) in  human rena l tra n s p la n ts ,

4 . I t  seems l ik e ly  th a t In fu s io n  o f the  im m unosuppress ive  drugs 

lo c a l ly  in to  the  g ra ft is  re sp o n s ib le  fo r th e  observed e f fe c ts .  There 

is  l i t t l e  d iffe re n c e  in  s u rv iv a l be tw een the  group tre a te d  by lo w  dose 

o ra l im m unosuppression  and the un trea ted  g roup , and the  mean 

s u i'v iv a l tim es  o f these  groups does no t compare w ith  th a t o f the  

group tre a te d  b y  lo c a l g ra ft in fu s io n . The le s s  v io le n t c l in ic a l 

cou rse  and the  absence o f the  c la s s ic a l h is to lo g ic a l s igns  o f 

re je c t io n  in  the  pu lm onary t is s u e  o f lo c a l ly  in fu se d  g ra fts  suggests 

m o d if ic a tio n  o f the  immune response by  lo c a l in fu s io n ,

5 , The p o s s ib i l i ty  th a t re c irc u la t io n  o f im m unosuppressan ts , w ith  

subsequent c e n tra l de p re ss io n  o f the  immune resp on se , is  re sp o n s ib le  

fo r  th e  o b s e rv a tio n s , canno t w h o lly  be exc lud ed  from  the  data 

p re se n te d , bu t is  u n lik e ly  fo r  the fo llo w in g  reasons :-
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(a) W hen th e  same in fu sa te  o f im m unosuppressants 

was ad m in is te re d  s y s te m ic a lly  in  o th e rw ise  

id e n tic a l c irc u m s ta n c e s , the re  was no marked 

p ro lo n g a tio n  o f s u rv iv a l beyond th a t o f the group 

tre a te d  b y  o ra l im m unosuppress ion  o n ly , and the 

s u rv iv a l t i rm  d id  not approach th a t o f the  te s t 

p re p a ra tio n ,

(b) There was no p ro lo ng a tio n  o f s k in  g ra ft s u rv iv a l 

t im e  w h ic h  one m igh t expect w hen these  g ra fts  

w ere a p p lie d  to  re c ip ie n ts  o f lu n g  a llo g ra fts  

tre a te d  b y  lo c a l in fu s io n ,

(c) W h ite  b loo d  c e l l counts (Table I I)  d id  no t show the 

ty p ic a l le uco pen ia  c h a ra c te r is t ic  o f g e n e ra lise d  

immunos uppres s io n ,

6 . The e ffe c t o f lo c a l im m unosuppression canno t be w h o lly

e xp la in e d  bu t some deductions  may be p o s tu la te d  from th e  s k in  

g ra ft e xp e rim e n ts . I t  is  know n (H a rd in , 1956) th a t s k in  and lung  

share common tra n s p la n ta tio n  an tigens b u t th a t th e  methods w hereby 

g ra ft an tige ns  are p rocessed are no t y e t c le a r ly  d e fin e d . I t  is  

p o s s ib le  th a t lo c a l im m unosuppression p reven ts an tige n  re lea se  or
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re c o g n it io n  and th a t th is  e ffe c t is  overcom e b y  the  in d u c tio n  o f 

im m u n ity  b y  the  a p p lic a tio n  o f contem poraneous s k in  g ra fts  from  

th e  lung  d o n o rs , H a rd in  has shown th a t p re s e n s it is a tio n  w ith  

s k in  g ra fts  leads to  re je c t io n  of un trea ted  pu lm onary a llo g ra fts  

w ith in  3 days o f o p e ra tio n . The s im ila r  a cce le ra te d  re je c tio n  

response induced  in  the  group w h ic h  re ce ive d  lu ng  a llo g ra fts  

a f te r  p re s e n s it is a tio n  w ith  s k in  from the  lu n g  do no rs , im p lie s  th a t 

th e  a ffe re n t a rc  o f th e  immune response w as in v io la te  and th a t 

d e le te r io u s  e ffe c ts  o f re je c t io n  upon the  lu ng  g ra ft con tinued  

d e sp ite  lo c a l im m unosuppress ion .

Furthe r ev idence  as to  the  mode o f a c tio n  o f im m unosuppressant 

drugs w i l l  be ne cessa ry  to  e s ta b lis h  th a t phase o f the  Immune response 

w h ic h  is  m ost s e n s it iv e .



CHAPTER IV 

THE FUNCTION OF PULMONARY TRANSPLANTS

In tro d u c tio n

The assessm en t o f the  fu n c tio n a l progress o f a g ra fted  lung  

cannot he as e a s ily  fo re ca s te d  as th a t o f o the r o rg a n s . The progress 

o f re je c tio n  in  ren a l tra n s p la n ta tio n  may be he ra lded  by  the  de te rm in a tion  

o f the  se c re to ry  fu n c tio n s  and e a rly  trea tm ent in s t itu te d  (C a in e , 1961), 

S im ila r ly ,  S ta rz l et a l .  (1961) and G oodrich  et a l .  (1956) have assessed  

the  fu n c tio n a l c a p a c ity  o f the  l iv e r  tra n sp la n ts  b y  in v e s t ig a t io n  o f the 

c o n s titu e n ts  o f bo th  b loo d  and b i l ia r y  s e c re tio n s . The e le c tro c a rd io 

g ra ph ic  changes in  ca rd ia c  tra n sp la n ts  are a ls o  w e ll docum ented and 

e a r ly  re je c t io n  can be determ ined (H a llm ann et a l . ,  1969, and 

S tinson  et a i . ,  1969).

The gross p h y s io lo g ic a l changes w h ich  o ccu r a fte r  lung  

tra n s p la n ta tio n  have been an a lysed  in d ire c t ly  b y  c o n tra la te ra l 

pneum onectom y (N eptune, 1953) b ila te ra l a u to tra n s p la n ta tio n  (Lempert 

and B lu m en s to ck , 1964, S lim  et a l . ,  1964, and Faber et a l . ,  1965) and 

b y  e s tim a tio n  o f a r te r ia l oxygen and carbon d io x id e  m easurem ents and 

w ith  the  s im u ltaneous c o lle c t io n  o f exp ired  a ir  (Yeh et a l . ,  1962,



2 ,

and N ig ro  e t a l , ,  1963). O ther w orkers have assessed  fu n c tio n  by 

m easurem ent o f pu lm onary a r te r ia l and venous oxygen d iffe re n ce s  bu t 

these  methods requ ire  the  em placem ent o f ca the te rs  under flu o ro s c o p ic  

c o n tro l,  are d i f f ic u l t  to  perform  and are tim e  con sum ing . D if fe re n t ia l 

b ronchosp irom e tr)/ u t i l is in g  a doub le  lum en endo trachea l tube has 

p rov ided  much u se fu l in fo rm a tio n  on the oxygen uptake and exchange 

in  pu lm onary g ra ftin g  ( fu v e n e lle , 1951, P o rtin , 1960, L inberg  and 

A rm strong , 1961, and D av ies  and W e s t, 1965). As noted by  Faber, 

h o w eve r, b ro nch osp iro m e try  is  d i f f ic u l t  to  pe rfo rm , is  fre q u e n tly  

u n s u c c e s s fu l, and frequent c o lle c t io n  o f exp ired  gases is  not e a s ily  

o b ta in a b le . The d i f f ic u lt ie s  encountered have le d  to  a ttem pts  to  

c o lle c t  sam ples o f exp ired  gases b y  tem porary trach eos to m y (Borrie 

and M on tgo m e ry , 1958, and Borrie  and L ic h te r ,  1964) and to  the 

deve lopm ent o f H e d le y  Jones (1967) o f c e rv ic a l b ro n ch o s to m y , w hereby 

the  im p lan ted  le f t  d iap h ra gm a tic  lobe  bronchus was e x te r io r is e d  in  the 

neck and a llo w e d  is o la t io n  and co n tro l o f the  exp ire d  g a se s . These 

m ethods, a lb e it  u se fu l in  the  experim en ta l s itu a t io n ,  have a h igh  fa ilu re  

ra te  and cannot be a p p lie d  to  the  human s itu a t io n *  S im ila r ly ,  repeated 

s e r ia l lung  b io p s y  has been used b y  Sharma (1966) to  de term ine the 

changes occu rrin g  b u t, as w ith  a l l  o f such p ro ced u re s , e a rly  de te rm in a tio n
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o f re je c t io n  b y  the se  methods is  d i f f ic u l t  because  o f the  co n s id e ra b le  

rese rve  o f lung  fu n c tio n  and the  fa c t th a t even h is to lo g ic a l changes do 

not equate a d e q u a te ly  w ith  changes in  lung  fun c tio n o  C o ns ide ra b le  

s k i l l  is  req u ire d  to  o b ta in  v a lid  re s u lts  b y  b ro n ch o sp iro m e tr ic  methods 

and b y  pu lm onary a rte riog rap hy^  a lth ou gh  th e  la t te r  is  in v a lu a b le  fo r 

dem onstra ting  b loo d  flo w  in  a pu re ly  q u a lita t iv e  w a y*

The in tro d u c tio n  o f methods u t i l is in g  ra d io -a c t iv e  gases fo r 

m easuring v e n t ila t io n  and p e rfus io n  in  human su b je c ts  (Knipp ing et a l .  ̂

1955) has g ive n  a method w h ich  can re a d ily  be used in  the  determ ination 

o f flo w  and v e n t ila t io n  in  pu lm onary tra n s p la n ts  * A ccura te^ d ire c t and 

q u a n tita t iv e  data conce rn ing  the se  param eters in  the  tra n s p la n t s itu a t io n  

can more re a d ily  be ob ta ined  in  th is  w ay  than b y  any method so  fa r 

de sc rib e d  o

The use o f gaseous ra d io a c tiv e  iso topes fo r top og ra p h ic  e v a lu a tio n  o f

lu ng  p e rfus io n  and v e n t ila t io n  in  man is w e ll docum ented (B a ll e t a l 1962

D o lie ry  at a l o 5 1962^ W est,, 1962  ̂ and Bryan e t a lo  j. 1964) o Rahn et a l .

(1956) dem onstra ted the  d is tr ib u t io n  o f v e n t ila t io n  and p e rfu s io n  in  the

can ine  lung  and its  geograph ic  v a r ia b i l i ty  w ith  postu re  us ing ra d io - is o to p e

methods o Both S tr ie d e r's  group (1967) and Pain and h is  a ss o c ia te s  (1967)

133
in  th is  co u n try  have used the  ra d io -a c t iv e  gas Xenon to  dem onstra te
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the  e a r ly  changes o ccu rrin g  in  a few  can ine  lung  tra n s p la n t p ro ce d u re s ,

133The p resen t se ries  o f experim en ts u s ing  Xenon has been undertake; 

to  e va lu a te  s e q u e n tia l changes occu rrin g  a fte r  tra n s p la n ta tio n ^  to  de te rm ir 

th e  v a l id i t y  o f the  procedure in  re la t io n  to  tra n s p la n ts ^  to  d e te c t changes 

occu rrin g  du ring  re je c t ion  ̂  and to  s tudy the  p h y s io lo g ic a l consequences 

a fte r  lo n g  term  tra n s p la n ta tio n  b y  the com parison o f bo th  a llo g ra fts  and 

a u to g ra fts  o

DESIGN OF THE STUDY 

1 o M a te r ia ls

F if ty -s e v e n  m ongre l dogs w e ig h in g  a p p ro x im a te ly  be tw een 

2 0 and 25 Kgm * w ere  used in  these  e xp e rim e n ts . E leven had le f t  

d iap h ra gm a tic  lobe  re im p lan ta tions^ 2 had w h o le  le f t  lung  re -  

im p la n ta tio n s  and 44 had le f t  d iaph ragm a tic  lo b a r a l lo g ra f ts .

C o n tro ls  w ere ob ta ined  in  2 norm al do gs , and 3 dogs w ith  a p ic o -  

c a rd ia c  lobec tom y a lo n e . Three others w ith  pu lm onary a rte ry  

l ig a t io n  (a fte r a p ic o c a rd ia c  lobectom y) and 4 w ith  venous o c c lu s io n  

o f th e  d iap h ra gm a tic  lobe  w ere  u t i l is e d  to  de term ine the  e ffe c t o f 

te c h n ic a l fa ilu re  on the  fu n c tio n a l s tu d ie s .

A to ta l o f 288 te s ts  o f pu lm onary fu n c tio n  w ere  ca rrie d  out us ing  

133
Xenon . Long term  s u rv iv in g  a llo g ra fts  w ere  ob ta ined  fo r s tud y



by  the  method of lo c a l im m unosuppression o u tlin e d  ab ove .

2 . M e th od

The an im a ls  w ere a n a e s th e tise d  us ing  sodium  th io p e n to n e , 

ha lo t  ha ne n itro u s  ox ide  and oxygen , and w ere  in tu b a ted  w ith  a 

w e ll f i t t in g  cu ffed  endo trachea l tu b e . An in travenous  cannu la  was 

in se rte d  in to  the  m ost co n ve n ie n t fo re le g  v e in .  The an im a l was 

th e re a fte r p laced  in  a wooden trough as shown in  F igure  12 and 

pa ired  c o llim a te d  s c in t i l la t io n  counte rs w ith  1 in ch  sodium  io d id e  

c ry s ta ls  p lace d  beneath  the  dog , one on e ith e r  s ide  to  scan the 

lo w e r lobes o Th is  was a ch ie ved  b y  p la c in g  the  c o llim a to rs  a t a 

s tandard  p o s it io n  ^  in ch  c ra n ia l to  th e  z ip h is te rn u m  and in c lin e d  not 

more than 30^ from the  v e r t ic a l.  The c o llim a to rs  w ere connected to  

a m p lif ie r  a n a lyse rs  and ratem eters to  a dua l cha n n e lle d  se rvo sc rib e  

reco rde r on w h ic h  the  gamma em iss ions w ere  recorded .g ra p h ic a lly .

The endo trachea l tube  was connected th rough  a th re e -w a y  tap  to  

a Boyle*s a n a e s th e tic  m achine and to  a 1 l i t r e  handpump as shown in 

the  d ia g ra m .

P e rfus ion  S tud ies

13:
The an im a ls  w ere v e n tila te d  to  apnoea , and tw o  m il l ic u r ie s  o f Xenon 

d is s o lv e d  in  s a lin e  w ere in je c te d  in to  the  in traven ou s  ca n n u la . Xenon 

is  a c h e m ic a lly  in s e r t gas abou t three tim e s  as s o lu b le  as oxygen and
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o n e -se ve n th  as s o lu b le  as carbon d io x id e  a t body tem peatures « The 

133
iso to p e  Xenon decays to  s ta b le  ces ium  w ith  a h a lf  l i fe  o f 5o27 days 

e m itt in g  a n e g a tive  be ta  p a r t ic le  o f maximum energy 0o347 M evc Th is 

is  absorbed b y  le s s  than  1 mm» o f t is s u e  and is  th e re fo re  o f no use fu ln ess  

In e x te rn a l cou n tin g  o The nuc leus formed by  beta decay reaches a 

s ta b le  s ta te  b y  e m ittin g  a gamma ray of energy 0 „ 081 M ev« w h ic h  can 

be recorded b y  the  pa ired  c o llim a te d  s c in t i l la t io n  counte rs o Each 

cou n te r responds to  ra d ia tio n  from  a trun ca ted  cone o f lung  w ith  a 

s e n s it iv i ty  th a t d im in ish e s  q u ite  ra p id ly  w ith  in c re a s in g  d e p t h T h e  

gas is  evo lve d  during  one passage through th e  lungs in to  the  a lv e o li 

a f te r  in je c t i o n F o l lo w in g  the in je c t io n  o f Xenon in tra ve n o u s ly^  500 m l* 

o f a ir  w ere in s u ff la te d  to  the  lungs us ing  the  handpump and in s p ira t io n  

he ld  to  o b ta in  the  f i r s t  p la tea u  o f a c t iv i ty  fo r  12 seconds*

R ebreath ing was th e re a fte r s ta rted  us ing  the  pump operated b y  hand a t 

the  same t id a l vo lum e to  o b ta in  m ix tu res  o f the gases and even d is tr ib u t io n  

o f the Xenon w ith in  the  lungso F o llo w in g  th is  in f la t io n  was m a in ta ined  

ag a in  to  g iv e  a second p la tea u  of a c t iv i ty  in d ic a t iv e  o f lung  vo lum e* The 

a irw a y  was then connected  aga in  to  the a n a e s th e tic  m achine to  g iv e  a 

reco rd ing  o f open system  w ashouto Th is  con c lu de d  the  exa m in a tio n  b y  the  

in tra ven ou s method o



V e n tila t io n  S tud ies

133
A second reco rd ing  was made by in je c tin g  2 m il l ic u r ie s  o f Xenon 

In to  the  endo trache a l tube  fo llo w e d  by  500 m is « o f a ir  from the  handpump 

T h e re a fte rf the  record  was ob ta ined  in  an e x a c t ly  s im ila r  manner to  the 

in tra ven ou s  te ch n iq u e  and from  th is  v e n t ila t io n  m easurem ents cou ld  

be assessed

The above method fo llo w s  c lo s e ly  th e  m ethod describ ed  by  Pain and 

h is  a s s o c ia te s  in  th e ir  s tud ieso  They have de term ined the  standard 

d e v ia tio n  o f a s in g le  o b se rva tio n  and have shown th is  to  be 7% fo r 

b loo d  f lo w  m easurem ents and 8% fo r v e n t ila t io n  s tu d ie s^  co n firm in g  the 

r e l ia b i l i t y  o f repea t e s tim a tio n s *

In  these  e xp e rim e n ts j v e n t ila t io n  and p e rfu s io n  s tud ies  were 

m easured in  the  re c ip ie n ts  o f tra n sp la n te d  lungs  a t 3 , 9 and 30 days 

a fte r  op e ra tio n  and u s u a lly  a t m on th ly  in te rv a ls  th e re a fte r*

EXPRESSION OF RESULTS

P erfus ion  S tud ies

F igure 13 shows the  tra c in g  ob ta ined  in  a dog by  the in travenous 

m ethod* I t  w i l l  be seen th a t the  records o f a c t iv i ty  ob ta ined  over 

each lung  are v ir tu a l ly  id e n tic a l * In  th is  and a l l  subsequent tra c in g s  

the  record  from  the  le f t  lung  is  in  h e a v ie r l in e s .  From such a record
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the  fo llo w in g  may be de term ined*

(1) The f i r s t  p la te a u  o f a c t iv i ty  (B ^F * P ,) is  reached ra p id ly  

w ith in  5 seconds from  a s teady p re -e x is t in g  background 

le v e l o f a c t iv i ty  (B ,G , 1)  ̂ Th is rep resen ts  the com p le te  

e v o lu tio n  o f the  gas in to  the a lv e o li ac ross  the a lv e o la r  

membrane and is  an index  o f bo th  b loo d  f lo w  and d iffu s io n *  

I t  shou ld  be noted th a t th is  p la teau  is  h o r iz o n ta l in d ic a tin g  

th a t the re  is  no ev idence  of leakage  in  th e  c lo se d  system  

du ring  b rea th  h o ld in g a n d  in  a d d it io n  the re  is  no second 

peak o f a c t iv i ty  w h ich  m ight occu r w ith  re c irc u la t io n  o f 

the  gas »

(2) The second phase o f the  tra c in g  (R) shows good v e n t ila to ry  

o s c i l la t io n  dropp ing  to  a second p la te a u  when 

even d is tr ib u t io n  o f the  iso to p e  has occurred  w ith in  the  

lu n g * Th is p la tea u  is  lo w e r than the  f i r s t  and expresses 

v e n tila te d  a lv e o la r  vo lum e* The f in a l pa rt o f the tra c in g  

(B .G .2 ) records the background le v e l o f a c t iv i ty  a fte r  open 

system  w ashou t (W) and is  u s u a lly  h ig h e r than  the in i t ia l  

background le v e l*
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2 . V e n tila t io n  S tudies

F igure 14 shows th e  tra c in g  o f a norm al dog a fte r  in h a la tio n  o f 

the  iso to p e  and is  s im ila r  to  th a t ob ta ined  b y  the  in travenous m ethod* 

G ive n  un iform  d is t r ib u t io n th e  in i t ia l  p la tea u  (V *P,) represents 

v e n tila te d  lung  vo lum e and aga in  is  equa l on bo th  s id e s * The 

second p la tea u  a fte r  v e n t ila t io n  w ith in  the c lo se d  system  is  an index 

o f e f fe c t iv e  v e n tila te d  a lv e o la r  vo lum e (A *V *P .) *

CALCULATIONS

From the  above tra c in g s  th e  fo llo w in g  c a lc u la t io n s  may be made *

1 o B lood F low  L / R

This is  ob ta ined  b y  su b tra c tin g  the  in i t ia l  background le v e l 

from  the  b loo d  flo w  p la te a u  fo r each lung  s e p a ra te ly  and exp ress ing  

th is  as a ra t io  o f the  le f t  to  r ig h t*  This shou ld  approx im ate  to  

u n ity  in  the  norm al a n im a l*  For th is  tra c in g  (F igure 13)*

Blood Plow UK  RMlo .  B°p"p̂ ~B°g ( IU r X lT i ! )

= 0*95

2 * B lood F low  per U n it Lung Volume L /R

This is  c a lc u la te d  by d iv id in g  the co rre c te d  e va lu a te  o f the 

in i t ia l  in je c t io n  p la te a u  by  the  co rre c ted  o rd in a te  o f the  reb rea th ing
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p la te a u  fo r  each lung  se p a ra te ly  and e xp re ss ing  these  as a

ra t io  o f le f t  to  r ig h t e^go

B lood F low per U n it  Volume L /R  =

L e ft Lung) -  (R ight Lung)

— 1 o 4

3 o A lv e o la r  Volume L /R

A lv e o la r  vo lum e is  c a lc u la te d  b y  s u b tra c tin g  the  f in a l 

background le v e l from the  a lv e o la r vo lum e fo r  each lung  and 

e xp re ss in g  these  as a ra t io  L /R o

A lv e o la r  Volume L /R  =

=  0 o 8 8

4 o V e n tila t io n  L /R  R atio

Th is  is  es tim a te d  by  su b tra c tin g  th e  background le v e l from 

the  in i t ia l  v e n t ila t io n  p la te a u  and expressed  aga in  as a ra t io  o f

le f t  to  rig h to

/  _ VP -  BG (1) (L e ft Lung)
^  VP -  BG (1) (R ight Lung)

=  1 .0 0

5 o V e n tila t io n  per U n it Volume L /R

Th is  is  de term ined by d iv id in g  the co rre c te d  o rd ina te  o f the
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o f the  in i t ia l  p la teau  b y  the  co rrec ted  o rd in a te  o f the  reb rea th ing  

p la te a u  fo r  each lu n g  and expresses th is  as a ra t io  o f le f t  to  r ig h t „ 

V e n tila t io n  per U n it Volum e l /R  =

-  a v p ' / b g  S

l o O O

VALIDITY OF XENON STUDIES IN  RELATION TO LOBAR TRANSPLANTS

133
I t  has been shown b y  B a ll th a t th e  use o f Xenon scann ing  in  the 

human s u b je c t is  re lia b le  in  the  a p p ra isa l o f the  re g io n a l v a r ia t io n  in  

the  fu n c tio n  o f the  lung  * D e te rm in a tio n , how ever, o f the  v a l id i t y  o f 

the  method in  re la t io n  to  lo b a r tra n sp la n ts  is  no t docum ented «

The fo llo w in g  c o n tro ls  w ere used to  p ro v id e  v a l id i t y  fo r  the  

c o n c lu s io n s  in  the  tra n s p la n t s itu a t io n ,  and to  de term ine the  e ffe c t o f 

te c h n ic a l fa ilu re  on the  fu n c tio n a l s tu d ie s  *

1 o F un c tion  in  a D ia p h ra g m a tic  Lobe

Two an im a ls  w ere su b je c te d  to  le f t  a p ic o -c a rd ia c  lobectom y 

le a v in g  th e  le f t  d iap h ragm a tic  lo be  i n t a c t F i g u r e  15 shows a 

re p re se n ta tive  tra c in g  o f the  p e rfus io n  s tu d ie s  ca rrie d  o u t. There 

was o n ly  m in im a l d im in u tio n  in  b lood  f lo w  o f the  le f t  com pared to  

the  r ig h t lu n g „ The mean b lood  f lo w  L /R  c a lc u la te d  fo r 8 e s tim a tio n s
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in  2 an im a ls  was o»98 . F igure 16 dem onstra tes a s im ila r  exam ple 

in  the  v e n t ila t io n  s tud ies  and aga in  shows eq u iva le n ce  com paring the 

le f t  and r ig h t lungs „ The mean v e n t ila t io n  per u n it vo lum e L /R  = 

0 .9 6 , v e n t ila t io n  l /R  = 0 .61 and a lv e o la r  vo lum e L /R  = 0 . 6 ,

F un c tion  a fte r  V a scu la r O cc lu s io n

As in  the  tra n s p la n ta tio n  o f o the r o rg a n s , g ra ft fa ilu re  occurs 

in  the  e a rly  stages due to  the  problem s o f te c h n iq u e . Throm bosis o f 

the  pu lm onary v a s c u la r anastom os is  is  the  m ost frequen t te c h n ic a l 

m is h a p .

(a) Pulm onary A r te r ia l O cc lu s io n

Three an im a ls  w ere subm itted  to  le f t  a p ic o -c a rd ia c  

lo be c to m y fo llo w e d  b y  lig a tu re  o f the  a rte ry  sup p ly  to  the le f t  

d iap h ra gm a tic  lo b e . B lood flo w  s tu d ie s  a t 3 0 days p o s t-  

o p e ra tiv e ly  are e x e m p lif ie d  b y  F igu re  17 . The f i r s t  (b lood flo w ) 

p la tea u  was a b s e n t. F o llo w in g  v e n t ila t io n  the re  was s low  r is e  

as m ix in g  o f gas from bo th  s ides p roceeded, to  g ive  a second 

reduced p la tea u  in d ic a t iv e  of vo lum e in  the  d e va scu la rise d  lo b e . 

Tab le  V shows the  re s u lts .  The mean b loo d  flo w  ra tio s  fo r 9 

read ings in  th ree  p repa ra tions ove r a pe riod  o f 3 0 days was 

0 .14  (SD + 0 .0 6 ) . The mean b lood  flo w  per u n it vo lum e L /R  =
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0 .33  (SD + 0 .1 9 ) .  F igure 18 is a re p re se n ta tive  exam ple o f 

a v e n t ila to ry  s tu d y  a t 3 0 days and in d ic a te s  th a t v e n t ila t io n  of 

the  lo be  is  s t i l l  p resen t a lth ough  re d uce d . The mean v e n t ila t io n  

per u n it vo lum e l /R  over 7 read ings = 0 . 9  (SD + 0 .1 8 ) .

133One can conc lude  th a t Xenon m easurem ents in d ic a te  th a t 

b loo d  f lo w  In  the  lobe  is  v ir tu a l ly  absen t and th a t the  lung volum e 

is  reduced a lth o u g h  v e n t ila t io n  per u n it vo lum e o f lung  rem ain 

u n a lte re d , i . e . ,  d iv is io n  o f the pu lm onary a rte ry  re s u lts  in  f ib ro s is  

o f the  lu n g  bu t not ne c ros is  . Th is w ork con firm s  the  s tu d ie s  o f 

B lades et a l .  (1962) who dem onstra ted e x p e rim e n ta lly  th a t com p le te  

in fa rc t io n  of the  lung  was not an in v a r ia b le  consequence o f pulmonai-y 

a r te r ia l o c c lu s io n .

(b) Venous O c c lu s io n

F igures 19 and 2 0 are p e rfu s io n  and the  v e n t ila t io n  s tud ies  

re s p e c tiv e ly  on a dog w h ich  had venous th rom bos is  o f its  

d iap h ra gm a tic  lobe  proven a t a u to p s y . Both b lood  flo w  and 

v e n tila te d  a lv e o la r  vo lum e are m arked ly  re d uce d . Tab le VI shows 

the  mean v e n t ila t io n /p e r fu s io n  va lues  in  4 dogs w ho had venous 

o c c lu s io n  a t a u to p s y . The mean b lood  f lo w  L /R  fo r 7 e s tim a tio n s  

in  4 dogs was 0 .12  (SD + 0 ,0 6 ) . V e n tila t io n  L /R  was 0 .23 

(SD 4- 0 o 08) and a lv e o la r  vo lum e L /R  was 0 .1 9  (SD + 0 .0 5 ) .
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In  th is  p repa ra tion  bo th  b loo d  flo w  and a lv e o la r  vo lum e 

are m in im a l^ w h ic h  co rre la te s  w ith  the  ty p ic a l m acroscop ic  

appearances o f the la rge  he pa tised  lo b e  found in  venous 

o c c lu s io n  o

One can co n c lu d e  from the  above s tu d ie s  th a t m easurements o f 

133
b lood  b y  Xenon is  a re lia b le  index  o f fa ilu re  o f g ra ft fu n c tio n  

from te c h n ic a l causes a

I f  th e  I n i t ia l  b loo d  flo w  ra tio  is  le s s  than  0*30 in  the  f i r s t  few  

p o s t-o p e ra tiv e  days then v a s c u la r o c c lu s io n  has occurred  and the 

g ra ft is  l ik e ly  to  be n o n -v ia b le .  S u rv iva l canno t ̂  how ever, be 

p re d ic te d  from the  ra tio s  o f a lv e o la r  vo lum e or v e n t ila t io n  o Th is 

c o n c lu s io n  was con firm ed  by  s tudy of the  b loo d  flo w  L /R  in  a u to g ra ft 

p repa ra tions  w h ic h  d id  no t su rv ive  beyond tw o  w eeks due to  v a s c u la r 

o c c lu s io n  a O ut o f 11 lo b a r a u to g ra fts , 4 d ied  w ith in  the  f i r s t  tw o  

w e e k s . The mean b loo d  flo w  ra t io  L /R  (Table  V II) over the f i r s t  

5 days in  the se  an im a ls  was 0 ,1 8  in  com parison  to  the su rv ivo rs  

w hose ra t io  was 0 , 7 6 ,  S im ila r ly ,  the mean b lo o d  flo w  per u n it 

vo lum e l /R  in  the  n o n -s u rv iv o rs  was 0,27 and in  su rv ivo rs  0 ,83*

I t  shou ld  be noted th a t b loo d  flo w  per u n it lung  vo lum e L /R  may be 

m is in te rp re te d  i f  the re  is  a s im u ltaneous re d u c tio n  in  lung  vo lum e and
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fo r  th is  reason a lv e o la r  vo lum e and b loo d  f lo w  ra tio s  shou ld  be 

exam ined togethero

The E ffe c t o f M e d ia s tin a l S h ift on F unc tion

In  the  can in e  p repa ra tion^ the  narrow  th o ra c ic  c a v ity  and the  

m ob ile  m ed iastinum  may make separa tion  o f the  a c t iv i ty  recorded by  

each c o llim a to r  d i f f ic u l t  i f  m e d ia s tin a l s h if t  occurs subsequent to  

c o lla p s e  o f a g ra fted  lobe  from any causeo The b rone hog ram in  

F igure  21 dem onstra tes the  problem  o C o lla p s e  o f the  le f t  

d iap h ra gm a tic  lo be  occurred  and the  r ig h t d iaph ragm a tic  lobe  

s h ifte d  across  the  le f t  p le u ra l ca v ityp  Th is  cou ld  g iv e  r is e  to  an 

e rro r in  the  in te rp re ta tio n  o f the Xenon s tu d ie s   ̂ F igures 22 and 23 

w ere p e rfu s io n  and v e n t ila t io n  s tu d ie s  re s p e c tiv e ly  on th is  an im a l 

arid w o u ld  tend  to  suggest th a t pe rfus io n  and v e n t ila t io n  w ere s t i l l  

p resen t a t th is  tim e  (40 days a fte r  opera tion ) « That th is  was not 

co rre c t was p re d ic te d  from the  b loo d  flo w  L /R  ra t io  in  th is  an im a l 

on day 2  a fte r  opera tion^ w h ic h  was le s s  than  0o30,

B ronchography is  th e re fo re  ne cessa ry  to  de term ine th a t 

" c ro s s -o v e r"  has no t occurred  when a fa ls e  p o s it iv e  re s u lt is  

suspected  from an e s tim a te  o f p rev ious re a d in g s*

In  order to  ge t an accu ra te  e v a lu a tio n  o f the  le v e l o f a c t iv i ty



1

nGURE 21. Bronchogram. Collapse of le ft 
diaphragmatic lobar transplant with 
mediastinal sh ift. Right lower lobe 
bronchus in le ft pleural cavity .
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w h ic h  co u ld  be a ttr ib u te d  to  ’’ c ro s s -o v e r"   ̂ a se ries  o f e s tim a tio n s

was made on 9 an im a ls  who were su b je c te d  to  le f t  a p ic o -c a rd ia c

lo b e c to m y and w ho had an in d w e llin g  ca th e te r in se rte d  in to  the

pu lm onary a rte ry  su p p ly in g  the  le f t  d iap h ragm a tic  lo b e * A sm a ll

133
a liq u o t o f Xenon was in je c te d  in to  th is  ca th e te r and tra c in g s  

ob ta ined  from  bo th  s id es  as be fore  « F igure  24 shows the re s u lts  

ob ta inedo There was a h igh  le v e l o f a c t iv i ty  on the  in je c te d  s id e  

and a m in im a l le v e l recorded on the c o n tra la te ra l lu n g * C a lc u la tio n  

o f the  percen tage c ro s s -o v e r  from r ig h t to  le f t  w as made in  9 an im a ls  

in  th is  wayq The mean va lu e  was 8 «,54% w ith  s tandard  d e v ia tio n  

+ 5o7%q
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PULMONARy FU N C T IO N  IN LUNG TRANSPLANTATION

lo  EFFECT ON PERFUSION AND VENTILATION AFTER AUTOTRANSPLANTATIC 

P e rfus ion  and v e n t ila t io n  s tu d ie s  u s in g  th e  m ethod d e scrib e d  

above w ere perform ed on 13 dogs w ho unden/vent pu lm onary a u to -  

tra n s p la n ta tio n  p These s tu d ie s  w ere un de rtaken  a t 2^ 9^ 16 days 

and m on th ly  in te rv a ls  thereafter@ One a n im a l d ied  w h ile  under 

a n a e s th e s ia  w h ile  undergo ing fu n c tio n a l s tu d ie s ; 1  a n im a l w ith  a 

w h o le  lung  g ra ft d ied  fo llo w in g  an a tte m p t a t c o n tra la te ra l 

pneum onectom y; 4 a n im a ls  d ied  of v a s c u la r  o c c lu s io n  le a v in g  7 

lo ng  term  s u rv iv in g  a n im a ls  fo r  s tud y*

The a lte ra tio n s  in  fu n c tio n  due to  th e  te ch n iq u e  o f lung  

tra n s p la n ta tio n  w h ic h  have been noted can be c o n v e n ie n tly  c la s s if ie d  

as e a r ly  and la t e ,

1 o E a rly  C hanges

(1) 4 a n im a ls  d ied  w ith in  th ree  w eeks o f op e ra tio n  and w ere found

to  have e ith e r  venous or a r te r ia l o c c lu s io n  or b o th * C a lc u la t io n  

o f the  p e rfus io n  and v e n t ila t io n  in d ic e s  in  th e se  an im a ls  showed 

th a t th e  mean o f th e  b lo o d  flo w  ra t io  L /R  a t day 2 w as 0 ,1 8  and 

b lo o d  flo w  per u n it  vo lum e L /R  w as 0 .2 7  (Tab le  V II) o The mean



3 4 .

o f a lv e o la r  vo lum e L /R  was O0 6 8 0  The mean o f the ra tio s  fo r  

the  sui’v lv in g  a u tog ra fts  (Table V III) w as de term ined to  be 0*76 

(b lood  flo w  L /R ) and 0*83 (b lood flo w  pe r u n it v o lu m e ). The 

a lv e o la r  vo lum e in d ic e s  in  the  n o n -s u rv iv in g  an im a ls  were 

how ever good and these  ra tio s  are o f no va lu e  in  p re d ic tin g  

s u rv iv a l o f e ith e r  g ra ft or an im a l * The p e rfu s io n  ra tio s  in  the 

n o n -s u rv iv in g  a n im a ls  on the  second day a fte r  opera tion  are 

bo th  be low  0*3 0 and co rre la te  w e ll V vh th  the  mean of those 

same in d ic e s  in  an im a ls  sub je c te d  to  a p ic o -c a rd la c  lobectom y  ̂

com bined w ith  pu lm onary a r te r ia l or venous o c c lu s io n  (mean 

b loo d  flo w  L /R  = Ool4 and 0 ,12 re s p e c tiv e ly )*

(2) P e rfus ion  and v e n t ila t io n  in d ice s  w ere  p lo tte d  a g a in s t tim e  fo r  

each a n im a l and th e  v a r ia tio n s  occu rrin g  in  g ra ft fu n c tio n  in  the  

e a rly  p o s t- tra n s p la n t pe riod  can then  be dem onstra ted*

F igure 25 shows the  se q u e n tia l changes in  a ty p ic a l an im a l 

a l iv e  w ith  a w e ll fu n c tio n in g  w h o le  lung  g ra ft*  There was a 

s lig h t  re d u c tio n  in  v e n t ila t io n  and a e ria te d  vo lum e on the  

second day bu t b loo d  flo w  to  the  g ra ft was w ith in  norm al l im it s ,  

in d ic a t in g  a s u c c e s s fu l s u rg ic a l te c h n iq u e . The most 

n o tic e a b le  fea tu re  th e re a fte r was a con s ta n t re d u c tio n  in
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b lo o d  flo w  per u n it vo lum e o f the  g ra ft o ccu rrin g  in  the  second 

w eek o At  th is  tim e  v e n t ila t io n  L /R  g v e n t i la t io n  per u n it vo lum e 

and a lv e o la r  vo lum e tend to  v a ry  w id e ly  o The a lte ra t io n  in  

th e se  d is tr ib u t io n  in d ic e s ^  in d ic a tin g  m ild  fu n c tio n a l im pairm ent^ 

are c o n s is te n t w ith  the  occurrence  o f in tra -a lv e o la r  oedema or 

a te le c ta s is  du ring  th is  period^ when the  e ffe c t o f in te rru p tio n  of 

the  lym p h a tic ^  nervous and b ro n c h ia l a r te r ia l su p p ly  are m axim al * 

There w as a g radua l re co ve ry  o f bo th  v e n t i la t io n  and p e rfu s io n  

tow ards  the  end o f the  th ird  week u n t i l  b lo o d  flo w ^  b lo o d  flo w  

per u n it vo lum e^ a lv e o la r  vo lum e and v e n t i la t io n  per u n it vo lum e 

o f the  g ra fte d  lung  w ere  w ith in  norm al l im its  w hen com pared w i t h . 

the  c o n tra la te ra l lu n g *

T he re a fte r the  va lu e s  rem ained c o n s ta n t du ring  the  period  

(16 0  days) under s tud y  and con firm  the  b ro nch og rap h ic  appearances 

in  th is  an im a l shown in  F igure 2 6 . Th is  dem onstra tes a w e ll 

v e n t ila te d  and v ia b le  lung  w ith  a norm al b ro n c h ia l a rc h ite c tu re  

and no ev idence  o f b ro n c h ia l s te n o s is  «

La te  G ra ft F un c tion

F igures 27 and 2 8  are tra c in g s  o f f lo w  and v e n t ila t io n  in  an

a n im a l 422 days a fte r  a lo b a r a u to tra n s p la n ta tio n ; i t  dem onstra tes



FIGURE 26# Broocliognsn# W ell veotllated gmft 
with good alveolar A ll log# No 
bronchial ateaoal# #
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th a t the  v e n t ila to ry  c a p a c ity  o f a te c h n ic a lly  s a t is fa c to ry  g ra ft

d im in is h e s  ve ry  l i t t l e  when compared w ith  the  untouched lung  on

the  o the r s id e . Th is suggests th a t the re  is  no p h y s io lo g ic a l

reason w hy pu lm onary g ra fts  shou ld  not have u se fu l fu n c tio n a l

c a p a b il ity  d e sp ite  lo s s  o f pu lm onary and cough re fle x e s *  Tab le  V III

shows the  va lues  o f p e r fu s io n /v e n t ila t io n  in d ic e s  o f a l l  a u to g ra ft

lungs  and th e ir  d is tr ib u t io n  during  the  pe riod  under s tu d y . In

order to  assess the  o v e ra ll se q u e n tia l fu n c tio n  o f te c h n ic a lly

s u c c e s s fu l a u to g ra fts  the mean va lues  fo r  these  in d ice s  are shown

in  g ra ph ic  form  in  F igure 29 , B lood flo w  and b lood  flo w  per u n it

vo lum e ra tio s  rem ained fa ir ly  co n s ta n t du ring  the pe riod  o f

o b se rva tio n  a lth o u g h  the re  was o v e ra ll d im in u tio n  in  p e rfu s io n  of

long  term  g ra fts  « V e n tila t io n  ra tio s  a ls o  rem ained co n s ta n t and

g ra ft v e n t ila t io n  va lu e s  a t 640 days w ere  l i t t l e  a lte re d  from the

im m ed ia te  p o s t-o p e ra tiv e  v a lu e s . The o v e ra ll v e n t i la t io n /

p e rfu s io n  d is tr ib u t io n  in d ice s  in  te c h n ic a lly  s u c c e s s fu l tra n sp la n ts

dem onstra ted  co n tinu e d  m ain tenance o f b lo o d  flo w  and v e n t ila t io n

in  the  pu lm onary g ra f t .  The e x c e lle n t p e rfu s io n  shown on

a rte rio g ra p h y  (ca rried  out through the in d w e llin g  T e flo n  ca the te r) is

133
dem onstra ted in  F igure 30 and con firm s  the  Xenon s tu d ie s . The 

mean b lood  flo w  per u n it vo lum e L /R  and b loo d  f lo w  L /R  va lues  were
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nGURE 30. Pulmonary angiogram through Indwelling 
Teflon catheter. Lobar autotranaplant.
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0 .69  and 0 .4 0  re s p e c tiv e ly  during  th e  f in a l pe riod  o f o b se rva tio n  

be tw een 340-680 days , The mean a lv e o la r  vo lum e ra tio  a t th is  

tim e  was 0 .6 2 .

The la te  c o m p lic a tio n  m ost fre q u e n tly  observed by au topsy 

s tu d ie s  in  a l l  s e r ie s , has been b ro n c h ia l s te n o s is  a t the  

a n a s to m o tic  su tu re  l in e ,  due to  d e v a s c u la r is a tio n  and s lo ug h ing  o f 

the  m ost vu ln e ra b le  b ro n c h ia l m ucosa. F igure  31 is  a p h o to m ic ro 

graph o f a b ro n c h ia l anastom os is  and shows the  absence o f 

b ro n c h ia l mucosa in  the  tra n sp la n te d  bronchus w h ile  the host 

b ro n c h ia l e p ith e liu m  {on the  le ft)  is  s t i l l  p resen t and v ia b le .

F igure  32 shows the  m acroscop ic  appearances o f a t ig h t  s te n o s is  in  

a lo b a r a u to tra n s p la n t, The g ra d u a lly  in c re a s in g  deve lopm ent o f 

th is  c o m p lic a tio n  is  shown ra d lo g ra p h lc a lly  in  F igures 33, 34 and 35. 

A t 6  months m ild  s te n o s is  was p re se n t. By one yea r s te n o s is  is  

marked and the  lobe  is  reduced in  v o lu m e . By 1 yea r 2 months 

a lv e o la r  f i l l in g  is  m in im a l.

The mean a lv e o la r  vo lum e ra tio s  o f s u rv iv in g  au tog ra fts  

decreased g ra d u a lly  tow ards the  end o f th e  pe riod  under s tu d y . This 

re d u c tio n  is  due to  b ro n c h ia l s te n o s is  in  some a n im a ls . A com parlso i 

o f the  v e n tila te d  a lv e o la r  vo lum e ra t io  in  2  a n im a ls  is  shown in
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FIGURE 31. Phocoaicrogmph of b ro n ^ ia l anastomoeit •
Abaeoce of bronchial epithelium In tm naplant.



HGURE 32 Photograph of bronchial anastomosis : 
tight stenosis present. Graft v iab le .
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FIGURE 33. Bronchogram. 
at 6 months.

Lobar autotransplant



FIGURE 34 • Bronchogram at 12 months.
Increasing bronchial stenosis
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FIGURE 35. Bronchogram at 14 months. Severe
bronchial stenosis with poor alveolar filling
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FIG TOE 37. B ronchogram. Lobar a utotra na plant.
Good alveolar fillin g . No stenosis.



FIGURE 38. Bronchogram. Lobar a utotra ns p lant. 
Complete occlusion.
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F igure 36 . These va lues  show a con s ta n t ra t io  o f 1 .0 0  in  one 

an im a l w here the  bronchogram  (F igure 37) showed no ev idence  o f 

s te n o s is  and good a lv e o la r f i l l in g .  The o the r an im a l showed 

e q u iva le n t a lv e o la r  vo lum e ra tio  a t 2  0  days w ith  gradua l re d u c tio n  

th e re a fte r to  a f in a l ra t io  o f L /R  = 0 .47 a t 640 d a y s . B roncho

graphy (F igure 38) a t th is  tim e  dem onstra ted th a t com ple te

o c c lu s io n  had taken p lace  a t the b ro n c h ia l a n a s to m o s is .

133M easurem ent o f a lv e o la r volum e ra tio s  b y  the  Xenon method 

does , th e re fo re , a c c u ra te ly  p re d ic t th e  In s id io u s  onset o f b ro n ch ia l 

s te n o s is  in  v iv o  w ith o u t reso rt to  repeated cumbersome ra d io lo g ic a l 

s tu d ie s .

I I . EFFECT ON PERFUSION AND VENTILATION AFTER PULMONARY 

ALLOTRANSPLANTATION

133
P erfus ion  and v e n t ila t io n  s tud ies  us ing  Xenon w ere eva lua ted  

in  56 dogs sub jec te d  to  pu lm onary a llo g ra ft  tra n s p la n ta tio n , trea te d  

b y  lo c a l im m unosuppress ion . The fu n c tio n a l s tud ies  w ere ca rrie d  

out by  the  same standard method as in  a u to g ra fts  a t 2, 9 days and 

w e e k ly  in te rv a ls  th e re a fte r, t i l l  death o f the  an im a l from im m uno

lo g ic a l re je c tio n  o f the  g ra ft^

In  order to  assess those  fu n c tio n a l changes occu rrin g  during



5 4 .

re je c tio n  and a fte r  adequate im m unosuppression^ the re su lts  

ob ta ined  in  an im a ls  who w ere know n to  be te c h n ic a l fa ilu re s  

(io 6 o f w ith  b lood  flo w  ra tio s  L /R  be low  0o30 and w ith  co n firm a tio n  

o f te c h n ic a l fa ilu re  a t au topsy) are exc luded from the  data 

presentedo Thus 44 an im a ls  were a v a ila b le  fo r de te rm in a tio n  of 

the  e ffe c ts  on fu n c tio n  o f pu lm onary a llo g ra fts  „

1 o E ffe c ts  on Pulm onary F unction  during  the R e je c tion  Process

' Tab le  IX shows the a lte ra tio n s  occu rrin g  in  b lood  flo w  L /R , 

b lo o d  flo w  per u n it vo lum e L/R^ v e n t ila t io n  L/R ^ v e n t ila t io n  per 

u n it vo lum e L /R  and a lv e o la r  vo lum e L /R  ra tio s  in  3 an im a ls  who d ied 

o f acu te  re je c tio n  w ith in  the  f i r s t  25 days o f opera tion  d e sp ite  

sys te m ic  and lo c a l im m unosuppression « The pa tte rn  in  each case 

is  s im ila rp  F igure 3 9 is  re p re se n ta tive  o f the  e x c e lle n t pe rfus io n  in  

th e se  an im a ls  du ring  the  im m ediate p o s t-o p e ra tiv e  phase w ith  b lood  

f lo w  and a lv e o la r  vo lum e equal on bo th  s id e s . P erfus ion and 

v e n t ila t io n  im m e d ia te ly  a fte r  tra n s p la n ta tio n  w ere w e ll m a in ta in e d , 

w ith  the mean va lues o f b lood  flo w  L /R  = Op64, b lood  flo w  per u n it 

vo lum e L /R  = 0*7 0, v e n t ila t io n  L /R  = 0 .6 4 , a lv e o la r  vo lum e L /R  = 0 .9 1  

and v e n t ila t io n  per u n it vo lum e L /R  = 0 .59  on the  second p o s t

o p e ra tive  d a y . These va lues  in d ic a te  te c h n ic a lly  s a tis fa c to ry
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g ra fts  and are e q u iva le n t to  the  ra tio s  ob ta ined  a t th is  tim e  fo r

au to g ra fts  a liv e  a t presen t^ The changes in  the  p e rfus io n  and

v e n t ila t io n  in d ic e s  w h ic h  take  p lace  du ring  re je c tio n  de sp ite

im m unosuppress ion  are shown g ra p h ic a lly  in  F igure  4 0 « The

most n o tic e a b le  and c o n s is te n t fea tu re  was the  re d u c tio n  in  b lood

flo w  compared w ith  the oppos ite  lung  a t 6 -1 0  days^ fo llo w e d  b y  a

drop in  v e n t ila t io n  and a lv e o la r  volum eo These va lue s  rem ained

low  u n t il th e  even tua l death o f the  a n im a l from  re je c t io n .  The mean

va lu e s  o f b loo d  flo w  per u n it vo lum e and v e n t ila t io n  per u n it vo lum e

o f lung  rem ain^ how ever^ a t a con s tan t h ig h  le v e l « The in te rp re ta tio n

o f these  h ig h ly  s ig n if ic a n t changes in  a te c h n ic a lly  s a t is fa c to ry

g ra ft is  th a t the re  is  d im in u tio n  in  p e rip h e ra l pe rfu s io n  in  th e  g ra ft

accom pan ied b y  a re d u c tio n  in  v e n tila te d  a lv e o la r  vo lum e due to

accu m u la tio n  w ith in  the  g ra ft w ith  oedema and c e l lu la r  in f i l t r a t io n  as

a re s u lt  o f the  re je c tio n  p ro ce ss . The f in a l s ta te  de term ined by 

133
Xenon te s t in g  is  shown in  F igure 41  ̂ ta ke n  a t 23 d a y s . Th is 

in d ic a te s  th a t b lood  f lo w  in  the  g ra ft was m in im a l compared w ith  the 

c o n tra la te ra l lu n g .

C o n firm a tio n  o f these  fin d in g s  was ob ta ined  a t a u to p s y . The 

photograph in  F igure  42 shows the  ty p ic a l m acroscop ic  appearances
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FIGURE 42. Photograph of post-mortem specimen. 
Rejected lobar allograft.
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o f a re je c te d  g ra f t . The lung  is  sw o lle n  and c o n so lid a te d  w ith  

reduced a e r ia t io n « The p le u ra l surface  is  d u ll and is  covered 

w ith  a f ib r in o u s  exudateo The anstom osis  and m ain ve sse l 

show no ev idence  o f throm bus * P ost-m ortem  a rte riog rap hy  

(F igure 43) dem onstra tes the d im in ish e d  pe rip h e ra l pe rfus io n ; the  

m ain v e s s e l is  in ta c t ,  and the sm a ll v e s s e ls  in  the  g ra ft are 

a p p a re n tly  d im in ishe d  in bo th  number and s iz e  compared to  the 

c o n tra la te ra l lung  due to  poor f i l l in g  w ith  the  co n tra s t mediumo 

W ith in  the  sm a ll ve s s e ls  in  the g ra ft are m u ltip le  f i l l in g  d e fe c ts .

On m icroscopy (F igure 44) there  is  c e l lu la r  in f i l t r a t io n  o f the 

g ra ft,  p e r iv a s c u la r "c u ff in g "  w ith  m ononuclear c e l ls , in tra -a lv e o la r  

in f i l t r a t io n  w ith  f lu id  and c e l ls ,  and d is ru p tio n  o f a lv e o li*  These 

changes are c h a ra c te r is t ic  of the acu te  re je c tio n  process in  pulm onary 

g ra fts  w h ic h  have been described  by Barnes and F lax  (1964) and 

Lana ri et a l . (1952).

2 • E a rly  Changes in  A llo g ra ft Function  M o d if ie d  by Adequate 

Immunos uppr e s s 1 on

Tab le  X shows the  va lues  o f bo th  p e rfu s io n  and v e n t ila t io n  

in d ic e s  o f a l l  a llo g ra fts  w h ich  were deemed te c h n ic a lly  s a tis fa c to ry  

and w h ich  w ere trea te d  by  lo c a l and sys te m ic  Im m unosuppression <,
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o f a re je c te d  g ra ft o The lung is  sw o lle n  and co n so lid a te d  w ith  

reduced a e ria tio n  « The no rm a lly  p le u ra l su rface  is  d u ll and is  

covered w ith  a fib r in o u s  e xu d a te . The anastom os is  and main 

v e s s e l show no ev idence  o f thrombus o Post-m ortem  a rte rio g rap h y  

(F igure 43) dem onstra tes the  d im in ish e d  p e rip h e ra l pe rfus io n ; the 

m ain ve s s e l is  in ta c t ,  and the sm a ll v e sse ls  in  the  g ra ft are 

a p p a re n tly  d im in ish e d  in  bo th  number and s iz e  compared to  the 

c o n tra la te ra l lung  due to  poor f i l l in g  w ith  the  co n tra s t m ed ium „

W ith in  the  sm a ll ve sse ls  in  the  g ra ft are  m u ltip le  f i l l in g  d e fe c ts .

On m ic ro scop y  (F igure 44) there  is  c e l lu la r  in f i l t r a t io n  o f the  

g ra ft ,  p e r iv a s c u la r "c u ff in g "  w ith  m ononuclear c e l ls ,  in tra  -a lv e o la r   ̂

in f i l t r a t io n  w ith  f lu id  and c e l ls ,  and d is ru p tio n  o f a lv e o li « These 

changes are c h a ra c te r is tic  o f the acu te  re je c tio n  process in  pu lm onary 

g ra fts  w h ich  have been described  by Barnes and F lax (1964) and 

Lana ri et a l o (1952) «

2 o E a rly  Changes in  A llo g ra ft Function  M o d if ie d  by Adequate 

Im m unosuppression

Tab le X shows the va lues  o f both pe rfu s io n  and v e n t ila t io n  

in d ic e s  o f a l l  a llo g ra fts  w h ic h  were deemed te c h n ic a lly  s a t is fa c to ry  

and w h ic h  w ere trea te d  b y  lo c a l and sys te m ic  im m unosuppression «
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HGURE 43. Post-mortem pulmonary arteriogram. 
Rejected graft. Poor perix^eral arterial 
perfusion with filling defects in vessels 
and graft oedema.



I #
nOURE 44. Hiatcdogical featuroa of unmodified rejection 

in lobar allograft. Widespread cellular 
and fluid infiltrates; dense pert-vascular 
cuffing with mononuclear and polymorphonuclear 
ce lls .
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F igure 45 dem onstra tes the  progress o f the se  Ind ices  in  one 

such g ra ft up to  6 0 days a t w h ich  tim e  the  a n im a l was k i l le d  fo r 

co n firm a tio n  o f th e  fu n c tio n a l fin d in g s  o The im m edia te  p o s t

o p e ra tive  va lues  fo r pe rfus io n  and v e n t ila t io n  In d ica te d  a te c h n ic a lly  

s a t is fa c to ry  g ra fto  T he rea fte r, there  w as tem porary depress ion  o f 

p e rfu s io n  and v e n t i la t io n ,  w h ich  was p ro bab ly  o f the same a e tio lo g y  

as in  the  a u to g ra ft p repa ra tion  and not due to  re je c t io n „ P erfus ion  

and v e n t ila t io n  recovered and rem ained co n s ta n t u n t il the death 

o f the  an im a l a t 6 0 days o Blood flo w  per u n it volum e^ v e n t ila t io n  

per u n it vo lum e and a lv e o la r  volum e a t th is  tim e  showed eq u iva lence  

w ith  those  va lue s  ob ta ined  from the c o n tra la te ra l lung*. At au topsy 

the  v a s c u la r anastom osis  showed no ev idence  o f throm bus fo rm a tion  

o r s te n o s is  and the  g ra ft had a s im ila r  appearance m a c ro sco p ica lly  

to  the  norm al lung  o

F igure 46 shows the  m acroscop ic  appearances o f a w e ll 

fu n c tio n in g  a l lo g ra f t ,  a t autopsy*, The tra n s p la n t was o f a norm al 

c o n s is te n c y , w e ll ae ria te d  and shows m in im a l indu ra tiono  There 

was l i t t l e  p le u ra l re a c tio n  bu t no o the r s ig n  o f acu te  re jec tion*, The 

post mortem a rte riog ram  (F igure 47) showed a norm al v a s c u la r pa tte rn  

in  the g ra ft when compared w ith  c o n tra la te ra l l u n g H i s t o l o g i c a l
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FIGURE 46. Photograph of po3t-m orteil spocltnen. 
tobftr « îîc rrra ft (on left) modified by 
immunosuppression» Mo giuft oadama^ 
r /c ll venttlated^seme consistency as the 
normal lung.
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HGURE 47. Po8t-mortem pulmonary arted ogram. Lobar 
allograft on the right. Good filling of vessels and 
no graft oedema • (The constriction at the bifurcation 
of the main pulmonary trunk Is due to a ligature around 
the cannula used for injecting contrast medium) •
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exa m in a tio n  o f such specim ens (F igure 48) shows th a t the pulm onary 

t is s u e  can be o f a lm os t norm al appearance w ith  no ev idence  of 

c e llu la r  or f lu id  in f i l t ra te s  and w ith  no p e r iv a s c u la r cu ffin g o

3 . Long Term E ffec ts  on A llo g ra ft Function

The mean va lues  and th e ir  standard d e v ia tio n  o f a l l  measurements 

are l is te d  in  Tab le X , F igure 49 is  a g ra ph ic  re p re se n ta tio n  o f those 

va lue s  in  tre a te d  a llo g ra fts  up to  640 d a y s . A fte r an in i t ia l  

d e p ress ion  o f pe rfus io n  there  was recove ry  o f b lood  flo w  and b lood  

f lo w  per u n it vo lum e to  near norm al va lue s  w ith in  tw o  to  th ree  w eeks 

a fte r  opera tion^ and th is  con tinued  u n t il th e  end o f the  period  under 

o b s e rv a tio n . I t  w o u ld  seem^ the re fo re^ th a t g ive n  an adequate 

method o f im m unosuppression (in  th is  case lo c a l or re g io n a l 

im m unosuppression) the  c h a ra c te r is tic  e ffe c ts  o f ch ro n ic  re je c tio n  on 

the v a s c u la r system  can be abrogated * S im ila r ly ^  v e n t ila t io n  per 

u n it vo lu m e j v e n t ila t io n  L /R  and a lv e o la r  vo lum e rem ain m arked ly  

co n s ta n t and approach those  va lues ob ta ined in  the fu n c tio n in g  

a u to g ra fts  p F igure 50 shows the com parison in  the  fu n c tio n a l 

param eters be tw een a long  term  s u rv iv in g  au tograftsand a llo g ra fts ^  

and dem onstra tes e ffe c t iv e ly  th a t the  long  term  fu n c tio n  in  bo th  

in  bo th  is  s im ila r .  The h is to lo g ic a l s tu d ie s  ca rrie d  out in  long
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FIGURE 40. Histological appearances of allograft 
modified by local immunosuppression. 
Normal architecture. No evidence of 
rejection.
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term  s u rv iv in g  a llo g ra fts  b y  lung  b io p s y  co n firm  th is  fin d in g  » The 

photom icrograph in  F igure 51 is  a b io p s y  take n  a t open tho raco tom y 

a t 540 days on a s u rv iv in g  a llo g ra ft  tre a te d  b y  lo c a l im m uno

sup press io n  c. There are m in im a l changes o f re je c tio n o  The 

a lv e o li are w e ll ae ria tedy the re  Is l i t t le  ev id e n ce  o f round c e l l 

or m ononuclear in f i l t r a t io n  « There w as no ev idence  o f a te le c ta s is  on 

h is to lo g ic a l exa m in a tio n  or a t ope ra tion  and the  g ra ft w as o b v io u s ly  

fu n c tio n in g  w e ll « B ronchography a t th is  tim e  dem onstra tes good 

a lv e o la r  f i l l in g  w ith  no ev idence  o f b ro n c h ia l s te n o s is  (F igure 52) o 

F igures 53 and 54 are p e rfus io n  and v e n t ila t io n  s tu d ie s  in  th is  

a n im a l a t 506 days and show sus ta ined  fu n c tio n  in  respec t o f b lood  

f lo w , v e n t ila t io n  and a lv e o la r  vo lum e *

CONCLUSIONS

133lo  The Xenon te s t is  a re lia b le  tech n iq ue  in  the  m easurem ent o f

fu n c tio n  in  a tra n sp la n te d  lu n g , and g ive s  more e x te n s ive  in fo rm a tio n  

than can be ob ta ined  b y  o the r methods o The m ost se rious in a ccu ra cy  

in  the  m ethod lie s  in  the  tra n s p o s it io n  e ffe c t from  the  c o n tra la te ra l 

lung  i f  the re  is  w idesp read  c o lla p s e  o f the tra n s p la n t*  Th is  can be 

surm ised  from s e q u e n tia l a n a ly s is  o f the  read ings and may be 

con firm ed  or exc luded  b y  bronchography * I t  ca n , h o w eve r, more 

re a d ily  be de term ined by  d ire c t measurem ent o f pe rfu s io n  and 

v e n t ila t io n  o



f

FIGURE 51. Lung blopay at 540 days. Lobar 
allograft created by local Immunosuppression 
Alveolar architecture good. Little cellular 
cr fluid Infiltrates. (H & E x 10).



FIGURE 52. Broochogram at 500 days. Lobar allograft.
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7 9 .

2 . Both p e rfus io n  and v e n t ila t io n  can be m a in ta ined  ad eq ua te ly  in

s a tis fa c to ry  a u to g ra ft p repara tions in d e f in ite ly *  Pulm onary a l lo 

g ra ft fu n c tio n  behaves in  an e x a c tly  s im ila r  manner i f  im m uno

sup p re ss io n  is  s u c c e s s fu l*

3o Errors in  s u rg ic a l techn iques le a d in g  to  v a s c u la r  o c c lu s io n  can be

p re d ic te d  in  the  im m edia te p o s t-o p e ra tiv e  pe riod  by the  Xenon method * 

I f  b loo d  flo w  L /R  ra tio s  are less  than 0*30 i t  is  c e rta in  th a t 

o c c lu s io n  has taken  p lace  and n o n -s u rv iv a l o f the an im a l is  l ik e ly *

4o E a rly  p re d ic tio n  o f re je c tio n  can be made by se q u e n tia l a n a ly s is  o f 

the  p e rfu s io n  and v e n t ila t io n  in d ic e s *  The m ost s e n s it iv e  param eters 

in  th is  respec t are b lo o d  flo w  L/R^ v e n t ila t io n  L /R  and a lv e o la r 

volum e L /R *

5o The most frequent la te  co m p lica tio n  in  pu lm onary tra n s p la n ta tio n  is  

b ro n c h ia l s tenos iso  Th is can be surm ised in  v iv o  by measurements 

o f the re d u c tio n  in  v e n tila te d  a lv e o la r  vo lum e o f the  g ra ft w ith o u t 

re so rt to  the  cumbersome method of b ronchography p re v io u s ly  

necessa ry^

6o Frequent assessm ent o f b lood flow ^ v e n t ila t io n  and a lv e o la r  vo lum e 

b y  th is  method is  p ra c tic a b le  in  the  human pu lm onary tra n sp la n t 

s itu a tio n ^  w here c o -o p e ra tio n  o f the p a tie n t and v o lu n ta ry  b re a th -  

h o ld in g  w o u ld  o b v ia te  the need fo r genera l a n a e s th e s ia *



CHAPTER V

D IS C U S SIO N

E xperim en ta l w o rk  on lung  tra n s p la n ta tio n  has de lin e a ted  those 

d i f f ic u lt ie s  w h ic h  m ight be expected to  a r is e  in  the  c l in ic a l a p p lic a tio n  of 

lung  tra n s p la n ta tio n  in  man* The b io lo g ic a l p rocesses o f the  immune 

response common to  a l l  organ tra n sp la n ts  and the problem  o f m on ito ring  

tra n s p la n t fu n c tio n  req u ire  d e ta ile d  s tudy in  th is  f ie ld  «

The success in  experim en ta l pu lm onary a llo tra n s p la n ta t io n  us ing  

co n ve n tio n a l genera l im m unosuppression is  sp o ra d ic * The data presented 

here shows th a t the  re s u lts  ob ta ined by lo c a l in fu s io n  o f im m uno

suppressan ts  bear favo u ra b le  com parison w ith  those ob ta ined by 

g e n e ra lise d  im m unosuppression ( in c lu d in g  a n t i- ly m p h o -c y t ic  serum) and 

con firm  the  b e n e fic ia l e ffe c ts  reported b y  Kountz and Cohn in  human rena l 

a llo tra n s p la n ta t io n *  From th is  s tud y  i t  seems th a t re c irc u la t io n  o f the 

in f  us a te  is  no t re sp o n s ib le  fo r  the  observed e ffe c ts  o f lo c a l im m uno

suppress ion  and th a t some o the r mechanism  is  re sp o n s ib le *

D e s p ite  e x te n s ive  in v e s tig a tio n ^  our kno w led ge  of the p rocesses of 

re je c tio n  is  in com p le te  and the  agents used to  depress the  immune response 

to  t is s u e  a llo g ra fts  are  em ployed in  a som ewhat e m p ir ica l fa sh io n *

In te rfe re n ce  w ith  those phases o f the  immune response o the r than  the



2*

cen tra l mechanism has been suggested by  o ther w orkers  * P re-trea tm ent of 

murine donors o f g ra fts  of lym pho id  c e l ls  w i th  an t ige n  d im in ishes  the 

g ra f t-v e rs u s  “ host r e a c t iv i ty  of these c e l ls  (L iacopou los^  M erch an t and 

H a rre l l^  1967) * Loca l i r ra d ia t io n .o f  can ine  rena l g ra fts  in  s i tu  d im in ishes  

the in te n s i ty  o f re je c t io n  (Dempster^ 1953^ Kauffman et a l * 4. 1965^^ and 

W o l f  et a l * j  1969) and has been used c l i n ic a l l y  in  human renal 

tra n sp la n ts  (Hume et a l*   ̂ 1966) and l i v e r  tra n sp la n ts  (S tarz l et a l * ,  1968)* 

W o l f  et a l *  (1969) has shown th a t the lo c a l ly  ir ra d ia te d  canine k id n e y  of 

a p a ir  from the  same donor su rv ived  longer and the  report o f the human 

k id n e y  tra n sp la n t re g is te r  (Murray^ Barnes and A tk in  son ̂  1967) has 

c le a r ly  dem onstra ted th a t lo c a l ir ra d ia t io n  had a s ta t is t ic a l ly  s ig n i f ic a n t  

e f fe c t  in  p ro long ing  su r \d va l*

I t  is a lso  c la im ed  tha t lo c a l a p p l ic a t io n  o f the  n a tu ra l ly  occurr ing  

po lyp e p tid e  " t r a s y lo l "  to  human sk in  a l lo g ra f ts  de lays  re je c t io n  

(Cassiano^ B eccario  and Troncare^ 1967)* Dukes and B locher (1962) 

s im i la r ly  reported pro longed s u rv iva l of sk in  g ra fts  when p re - tre a te d  w ith  

s tre p to k in a se  and s trep todornase* I t  seems l i k e ly  there fore^ th a t  agents 

used in im m unosuppress ive treatm ents may have a lo c a l  e f fe c t  in 

depress ion  o f the  immune response*

The p o s s ib i l i t ie s  to  be cons idered fo r  such a mechanism are the



a lte ra t io n  of g ra ft  a n t ig e n ic i ty ^  in te r fe rence  w i th  an t igen  re lease or 

uptake by  "a n t ig e n - re a c t iv e "  lym phocytes^  d im in u t io n  in  the e ffe ren t or 

a f fe re n t a rcs  o f the immune response and n o n -s p e c i f ic  depress ion  o f 

in f lam m a tion *

M o d i f ic a t io n  o f g ra ft  a n t ig e n ic i ty  to  a m ild  degree has been shov\?n 

to  occur w i th  bo th  drugs^ such as th a lid o m id e  (H e ilm an and D u ke , 1965) 

and urethra ne (Bonmassar et a l *  ̂ 1966), and by  b io lo g ic a l  means, such 

as in cub a tio n  o f the  g ra ft  w i th  a l lo g e n e ic  s k in  (H e ilm a n , 1967) or w i th  

r ib o n u c le ic  a c id  (M a n n ic k ,  1962, 1964, F ishm an, 1963, C ohn , 1965, and 

Lem p e r le ,  1967) * There is ,  how ever, no ev idence  tha t th is  can occur 

w i th  heparin  or a c t in o m yc in  D ,  a lthough tre a t in g  sk in  homografts w i th  

s te ro ids  d i re c t ly  has been shown to  pro long th e i r  s u rv iv a l by  B il l in g h a m , 

Krohn and M ed aw ar (1951) «, A lthough the a c t io n  o f a c t in o m yc in  D is  

unknown, G e l le r  and Spiers (1968) have suggested th a t i t  prevents 

r ib o n u c le ic  a c id  syn th es is  and d i f fe re n t ia t io n  by an t igen*

In  th is  re sp e c t ,  E l l io t  and S in c la ir  (1968) in  th e ir  s tud ies  w i th  

s te ro id s ,  have suggested tha t a de fec t in  an t ige n  t ra p p in g , p rocess ing  

and re te n t io n  is  present and th a t  th is  cou ld  be due to  a d ire c t  a c t io n  of 

the  s te ro ids  *

Ada and Byrt (1969) have described  "a n t ig e n - re a c t iv e "  c e l ls  s im i la r



to  sm a ll lym phocytes  w h ich  p ro l i fe ra te  in  response to  an t igen  bu t do not

them se lves  form a n t ib o d y*  D w yer and M acKay (1970), us ing a u to -

125rad iog raph ic  techn iques  and la b e l l in g  lym phocy tes  w i th  I f la g e l l in  

found s im i la r  "a n t ig en  b in d in g "  c e l ls  w h ich  responded by  an e ig h t - fo ld  

increase  in  th e ir  number to  im m unisa tion  w i th  fo re ign  an tige n* This 

inc rease  was depressed by  the im m unosuppressive drug cyc lophospham ide 

and i t  seems p o ss ib le  th a t o ther drugs have a s im i la r  a c t io n  *

C le v e la n d ,  Kauffman and Hume (1965) have conc luded from th e ir  

s tud ies  th a t aza th io p r in e  ac ts  upon the a ffe re n t a rc  and tha t i t  may 

in te r fe re  w i th  the mechanism whereby an tigen  ga ins access to  the hos t 

and in i t ia te s  the e ffe ren t arc  o f the  immune response * Guttman (1967) 

us ing  a n t i ly m p h o c y t ic  g lo b u l in  found th a t p re treatm ent of the donor 

decreased the rate of re je c t io n  of g ra f ts ,  and C e r i l l i  (1967) suggested 

tha t i t  formed com plexes w i th  donor an tigen  in  h is  rena l t ra n s p la n ts .  I t  

has been shown how ever, by  D ie the im  and M u rra y  tha t p r io r  in t r a -  

a r te r ia l  in fu s io n  o f a n t i ly m p h o c y t ic  serum of the  donor fa i ls  to  prevent 

re je c t io n  in  rena l tra n sp la n ts  and tha t the  a c t io n  o f th is  substance is  on 

the  e ffe re n t a rc ,  and th a t the  'c o a t in g ' e f fe c t is  p robab ly  unstab le  and of 

short du ra t ion* S im i la r ly ,  W i ls o n  et a l .  (1965) have dem onstra ted th a t 

a za th io p r in e  has a c y to c id a l e f fe c t  on s p e c i f ic a l ly  s e n s it is e d  lym pho id



c e l ls  on homologous ta rge t c e l ls  in cu ltu re  and th a t th is  may be the 

mechanism of i ts  pe r iphera l a c t io n  *

M o s t  experim en ta l work has es ta b lish e d  th a t the v a s c u la r  system is 

the prim ary s ite  of the  im m uno log ica l in te ra c t io n  be tw een the hos t and 

an a l lo g ra f t *  K oun tz , W i l l ia m s ,  Kapros and D em pster (1963) and 

Porter (1967) demonstrated tha t the acu te  f i r s t  se t re je c t io n  response is 

a sso c ia te d  w i th  p rogress ive  va scu la r  d is ru p t io n  accom panied by 

adherence o f p la te le ts  and f ib r in  to  the  e n d o th e lia l w a l l  and escape of 

f lu id  and im m unoblasts in to  the in te r s t i t ia l  spaces* Knud sen et a l*

(1967) found that the  f i l l i n g  defects in renal a l lo g ra f ts  were due to  p e r i 

v a s c u la r  in f i l t r a t io n  o f host c e l ls  and the de fects  on the pulmonary 

angiograms presented here are of a s im i la r  o r ig in *  Porter (1965) has 

furtherm ore shown th a t trea ted  human renal a l lo g ra f ts ,  re jec ted  a f te r  

some m onths, may have l i t t l e  ev idence o f c e l lu la r  in f i l t r a te  w h i ls t  

damage to  a r te r ie s  and a r te r io le s  is p resent*

The m a in ta inance  o f pe rfus ion  in the pu lm onary g ra ft  a long w ith  

g ra ft  s u rv iv a l and the  absence of any marked h is to lo g ic a l  changes in  

those  g ra fts  trea ted  by  lo c a l in fu s io n  suggests th a t the usual sequence o f 

v a s c u la r  changes can be e l im in a ted  and im p lie s  tha t b lockage  o f con tac t 

be tw een the vecto rs  o f im m un ity  in  the host and the  v a s c u la r  endothe lium



6 .

o f the g ra ft  is the most l i k e ly  p a th o -p h y s io lo g ic a l exp ress ion  o f th is  

e f fec t o

D e te rm in a t io n  o f the e ffe c t o f the in d iv id u a l  components of the 

in fu sa te  requ ires fu r the r s tudy* D oughe rty , N e h lse n , M in ic k  and 

V e ith  (196 8 ) trea ted  tw o  groups of renal can ine  a l lo g ra f ts  by  in tra  -  

a r te r ia l  in fu s io n  o f heparin  in  one group and one o f three d iffe ren ce  

c o n t ico s te ro id s  in  ano ther w ith o u t  record ing the  in fu s io n  period and had 

l i t t l e  success in  p ro long ing  gra ft s u rv iv a l or fu n c t io n *  They d id  n o t,  

how ever, te s t  the  e ffe c t of the so lub le  c o r t ic o s te ro id  m e th y l-p re d n is o lo n e , 

a co n s t itu e n t of the in fu sa te  used in th is  se r ies  and th a t o f Kountz and 

Cohn who have reported s t r ik in g  p ro longations  of g ra ft  s u rv iv a l and a 

marked increased  g lom eru la r b lood  f lo w  and e f fe c t iv e  rena l plasma f lo w  * 

R e tik ,  D ubernard , H e s te r and M urra y  (1966) have found pro longed 

s u rv iv a l o f can ine  renal a l lo g ra f ts  w i th  lo c a l  in fu s io n s  of a c t in o m yc in  0 , 

a za th io p r in e  a lone and a za th io p r in e  w i th  aza se r ine *

From the  experim ents described  he re , i t  is  c le a r  th a t lo c a l im m uno

suppress ion  ach ieves p ro longa tion  of g ra ft s u rv iv a l and has a p p l ic a t io n  to  

the s p e c i f ic  cha llenge  o f chron ic  s u rv iv a l of pu lm onary a l lo g ra f ts  in  the 

present c ircu m s ta n ce s*  Longer term in t ra -a r te r ia l  the rapy combined w i th  

t is s u e  typ in g  and a d m in is tra t io n  o f a n t i ly m p h o c y t ic  serum can be expected



to  g ive  b e tte r  resu lts  w i th in  the con tex t of the  human pulmonary 

tra n s p la n ta t io n  and may reduce those unwanted s ide  e ffec ts  of 

g e ne ra lised  chem ica l im m unosuppression *

G iven  adequate co n tro l of the b io lo g ic a l  process of re je c t io n  in  its  

in i t ia l  s ta g e s , the problems of su rg ica l te ch n iq u e , o f  the fu n c t io n a l 

c a p a b i l i t y  o f a pulmonary t ra n sp la n t to  m a in ta in  l i f e  in  the absence of 

a s u ita b le  means o f m echan ica l a s s is ta n c e ,  the  d i f f ic u l t y  in  m on ito r ing  

fu n c t io n  and de tec t ing  re je c t io n ,  requ ire  s o lu t io n .

The low  rate o f ope ra t ive  m o r ta l i ty ,  venous o cc lu s io n  and b ro n ch ia l 

d is ru p t io n  in  th is  series  suggests tha t w i th  care and a t te n t io n  to  d e ta i l ,  

the im m edia te problems re la te d  to  su rg ica l techn ique  can be surmounted*

The main la te  co m p lica t io n  in  th is  and a l l  o ther series has been the 

developm ent o f b ro n ch ia l s te n o s is *  The fa c t  th a t a few long term 

s u rv iv in g  au tog ra fts  and a l lo g ra f ts  do not deve lop  th is  co m p lica t io n  

suggest tha t the pu lm onary a r te r ia l  c i r c u la t io n ,  a lthough co n ta in in g  

venous b lo o d ,  may be s u f f ic ie n t  to  prevent th is  o ccu rr in g , p rov ided tha t 

the anastomoses are adequate , the lung is w e l l  oxygenated and the 

donor b ro n ch ia l stump is d iv id e d  c lose  to  the  parenchyma *

The most p ragm atic  te s t  o f the fu n c t io n  o f organ gra fts  to  support



l i f e  is  the  rem oval o f the  other organ ( i f  i t  is  pa ired) or b i la te ra l  

re im p la n ta t io n *  In  the  case of pulmonai-y tra n sp la n ts  th is  has been 

proven by  s u rv iv a l a f te r  b i la te ra l  re im p la n ta tion s  (H a g l in ,  1964) a u to 

t ra n s p la n ta t io n  of one lung fo l lo w e d  by  co n tra la te ra l pneumonectomy 

(N ig ro  et a l * ,  1963, and D u v o is in  et a l * ,  1964) and by  l ig a t io n  of 

the oppos ite  pu lm onary a r te ry  a f te r  t ra n sp la n ta t io n  of a lung (Veith and 

R ichards , 1969) *

The in tro d u c t io n  o f ra d io a c t ive  gas techn iques  a l lo w s  greater

d is c r im in a t io n  o f the  assessm ent and con tinuous m on ito r ing  of t ra n sp la n t

133
fu n c t io n *  The re su lts  show th a t  measurement by  Xenon g ives 

re l ia b le  d i f fe re n t ia l  measurements w i th  ce r ta in  p recau tions  and tha t more 

in fo rm a tio n  can be obta ined by  th is  method than b y  the prev ious methods 

o f repeated b io p s y ,  d i f fe re n t ia l  b ronchosp irom etry  or measurement of 

pe r iphe ra l a r te r ia l  oxygen sa tu ra t io n ,  a lthough  these have prov ided in  the 

past in v a lu a b le  in fo rm ation  on the behav iou r o f pu lm onary g ra f ts *

The in frequen t in te rv a l a t w h ich  these fu n c t io n a l s tud ies  tend to  be 

made has g ive n  r is e  to  cons id e ra b le  v a r ia b i l i t y  in  the  re su lts  and th e ir  

in te rp re ta t io n *  N ig ro  (1961) c la im ed tha t the fu n c t io n  of a re im p lan ted 

lung was depressed tw o  months a f te r  surgery , th a t  oxygen uptake 

v e n t i la t io n  and carbon d io x id e  exc re t ion  were m arked ly  reduced, and tha t



9

pulm onary a r te r ia l  pressures were e leva ted* Yeh and E l l is o n  (1962) 

c la im ed  th a t the a r te r ia l pressure was normal in  9 dogs sub jec ted  to  

pu lmonary a u to g ra ft  procedures and th a t v e n t i la t io n  and e l im in a t io n  of 

carbon d io x id e  were un im paired 6  to  24 weeks a f te r  opera tion* 

C h r is t ia n s e n ,  B uck, Fanfera , G ross , P inch , S ta inback and Trummer

(1966) have suggested th a t there  is some im pairm ent of v e n t i la t io n  

secondary to  a d e f ic ie n t  transpo rt of oxygen across  the a lv e o la r  c a p i l la ry  

membrane fo l lo w in g  homologous tra n sp la n ta t io n  o f the  lung* Shaw and 

Burton (1964) found th a t the  oxygen uptake and the  t id a l  v e n t i la t io n  were 

co n s id e ra b ly  reduced a lthough both became increased to  near normal 

va lues  on c lam ping the  co n tra la te ra l bronchus * M o re  re c e n t ly ,  hov\7eve r, 

oxygen uptake a f te r  t ra n s p la n ta t io n  has been assessed  by Z a jtc h u k ,

R o s tik ,  Gago and Adams (1967) to  approach 75% o f the  expected v a lu e s ,  

whereas K o ttm e ir ,  Cheng and F itzge ra ld  (1969) in  a s tudy o f 10 re 

im p lan ted  lungs reported th a t oxygen consum ption  w as d im in ishe d  to  45%*

The con s id e ra b le  v a r ia t io n  in the reported se ries  suggests e i th e r  th a t 

the  methods used are open to  error or tha t there  are seq ue n tia l changes in 

tra n sp la n t fu n c t io n  a f te r  opera tion* This in v e s t ig a t io n  shows th a t 

seq ue n tia l changes do occur* The m echan ica l e f fe c ts  of the opera tion  can 

be most co n v e n ie n t ly  s tud ied  on the a u to tra n sp la n t p rocedures* There is



10

a tem porary  depress ion  o f fu n c t io n  w i th  d im in u t io n  o f  pe rfus ion  w h ic h  

returns to  normal w i th in  a few days a f te r  opera t ion * T rans ien t depress ion 

o f oxygena tion  and v e n t i la t io n  has been noted b y  others (R ichter and 

B u che rl,  1960, Faber, 1961, Reemsta et a l * ,  1963, B uche rl,  1964, and 

D a ly  and W a ld h a u sa n , 1966)* This present in v e s t ig a t io n  con firm s th is  

f in d in g *

S tr ied e r, B am es, A ronow , R usse ll and Kazem i (1967) s tud ied  the

v e n t i la t io n  and pe rfus io n  o f le f t  lung au tog ra fts  in  4 dogs up to  40 days

133
a f te r  opera tion  us ing  Xenon * They found d im in u t io n  in  bo th  v e n t i la t io n  

and pe rfus io n  during  th is  period w i th  red uc t io n  of the ae r ia te d  vo lum e of 

the  g ra ft  to  39% of the to ta l  vo lum e* In  c o n tra d is t in c t io n  to  bo th  the 

presen t in v e s t ig a t io n  and th a t  of Pain, De Bono, G la z ie r ,  M a lo n e y  and 

W e s t  (1967) how ever th e y  d id  not f ind  any s ig n i f ic a n t  v a r ia t io n  in  

pe r fus io n  or v e n t i la t io n  w i th  t im e *  The d if fe re n ce  between these f in d in g s  

p robab ly  l ie  in  the  fa c t  th a t th e ir  es t im a tion s  were o f an in te rm it te n t  

nature (on ly  one a u tog ra ft  p repara tion  ha v in g  more than three c o n se cu t ive  

read ings) and a ls o  th a t the y  d id  not record w h e th e r s tru c tu ra l ab n o rm a lit ie s  

were p resen t in  th e ir  few g ra fts  exam ined* The pa tte rn  o f fu n c t io n  in  the 

im m edia te  p o s t - t ra n s p la n t  period  has been a t t r ib u te d  to  a v a r ie ty  o f 

causes such as a d i f fu s io n  de fec t in  the c a p i l la r y  membrane (Reemsta, 196^
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t ra n s ie n t  decrease in pu lm onary a lv e o la r  su r fa c ta n t (T rim b le , 1966) spasm 

o f pu lm onary a r te r ies  (N ig ro ,  1964) ischaem ia  during the  tra n sp la n t  

procedure (D av ies  and W e s t ,  1955) and in te r ru p t io n  o f ly m p h a tic  supp ly  

(H ardy , 1963, and Stone, 1966) * These s p e c u la t io n s ,  how ever, do not 

take  in to  accoun t s im i la r  e ffec ts  w h ic h  take  p lace  a f te r  opera tion  not 

in v o lv in g  pu lm onary t ra n s p la n t  procedures* Bryant and h is  co lle ag ue s  

us ing  s c in t is c a n n in g  techn iques  (1967) have dem onstra ted in 97 pa t ien ts  

th a t there  was an abnormal d is t r ib u t io n  in  f lo w  a f te r  abdom ina l opera tions 

in  61% of those s tu d ie d  and th a t  th is  returned to  normal w i th in  7 d a ys .

This e f fe c t  was noted to  be more marked a f te r  th o ra c ic  o p e ra t io n s .

133The present expe rim en ta l s tud ies  us ing  Xenon on lung tran sp la n ts  

show tha t there  is  d im in u t io n  in  pe rfus ion  per u n it  vo lum e of e f fe c t iv e ly  

v e n t i la t io n  lung  t is s u e  and suggest th a t the e a r ly  depress ion  of pu lmonary 

fu n c t io n  in  the  p o s t - t ra n s p la n t  period is  p r im a r i ly  due to  abnormal 

pe rfus ion  in  u n de rven ti la te d  lung t is s u e  as a consequence o f segm ental 

a te le c ta s is .

The b io lo g ic a l  p o te n t ia l o f long term pu lm onary tra n sp la n ts  has

been under co n s id e ra b le  d is c u s s io n  and the  s ig n i f ic a n c e  o f denerva tion  in

re la t io n  to  the  la te  d e te r io ra t io n  in  fu n c t io n  d is p u te d .  Pain and h is

133
co lle ag ue s  us ing  Xenon s tud ied  2 can ine  lung a u to g ra f ts ,  1 a t 2 months
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and 1 a t  9 months fo l lo w in g  the procedure * They reported th a t b lood

f lo w  was reduced in  the  9 months su rv iv o r  and th a t  bo th  pe rfus io n  and

v e n t i la t io n  w ere  reduced in the other a n im a ls ,  w hose g ra ft  was

sub seq ue n tly  found to  be co l la p se d  a t pos t-m ortem  * S tr ieder, how ever,

133reported th a t  there was normal fu n c t io n  as measured by  Xenon in  the 

s in g le  6  month au tog ra ft  su rv iv o r  In th e ir  s e r ie s *

The presen t s tu d y  dem onstra tes c le a r ly  th a t long  term au tog ra ft

su rv ivo rs  may have good pe rfus ion  and v e n t i la t io n  in  the absence o f

s tru c tu ra l a b n o rm a lit ie s ;  p e rs is te n t ly  d im in ish e d  b lood  f lo w  ra t ios

co rre la te s  w e l l  w i th  v a s c u la r  o cc lu s io n  and la te  re d u c t io n  in a lv e o la r

vo lum e is  due to  b ro n c h ia l s te n o s is *  In  a d d i t io n  the  fu n c t io n a l

133
assessm ent o f a g ra ft  by  Xenon pe rfus ion  and v e n t i la t io n  obv ia tes  the 

n e c e s s i ty  o f de te rm in ing  these  ab n o rm a lit ie s  by  d ire c t  methods in v o lv in g  

com p lica te d  rad io g ra ph ic  techn iques  *

The con tinued  absence o f the H e r in g -B reu e r re f le x ,  w h ic h  has been 

noted by  bo th  D u v o is in  and Port in  (195 0) a t 8  months and 35 months a f te r  

t ra n s p la n ta t io n  re s p e c t iv e ly ,  bears l i t t l e  re la t io n s h ip  to  the fu n c t io n a l 

c a p a b i l i t y  o f pu lm onary g r a f t s . Numerous in v e s t ig a to rs  (N ig ro , 1963, 

B u che rl,  1964, Faber, 1965, C h r is t ia n s e n ,  1965, Trummer, 1965,Sharma, 19C 

P a in , 1967, A l lg o o d , 1968) have reported e le va tio n s  in  pu lm onary v a s c u la r
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re s is ta n ce  w h ich  were asc r ibed  to  do ne rva t ion* The f in d in g s  o f normal

133pe rfu s io n , v e n t i la t io n  and a lv e o la r  vo lum e by  Xenon in  te c h n ic a l ly  

s a t is fa c to ry  a u to g ra f ts ,  how ever, confirm s the recent obse iva t io ns  of 

B en fie ld  (1968) and V e ith  (1969) tha t the a l te ra t io n  in  pulmonary 

haemodynamics is more re la ted  to  the te c h n ic a l co m p lica t io n s  o f the 

va s c u la r  anastom oses o B e n f ie ld 's  work in c r im in a te s  the  venous 

anastom osis  and V e ith  has shown tha t the  In d is te n s ib le  a r te r ia l 

anastom osis  can g ive  r ise  to  pulmonary a r te r ia l h yp e r te n s io n .  This 

can be e l im in a te d  by  a t te n t io n  to  su rg ica l techn ique  in  the  p reven tion  

o f v a s c u la r  s te n o s is .

The s i tu a t io n  w i th  regard to  denerva tion  has not been com p le te ly  

c la r i f ie d  in  respec t o f other face ts  o f pulmonary p h y s io lo g y ,  such as 

c i l ia r y  movement, b ro n ch ia l secre t ion  and m usc le  fu n c t io n ,  com p liance  and 

pu lm onary su r fa c ta n t a c t iv i t y .  W a ldhausen , Giamoona and K ilm an (1965) 

reported an in i t ia l  f a l l  in  com p liance , lung s ta b i l i t y  and su rfac tan t 

a c t iv i t y  w h ic h  re turned to  normal 15 days a f te r  t ra n s p la n ta t io n .  U t i l is in g  

the  r e la t iv e ly  recen t procedure of tan ta lum  bronchography, Edmunds and 

h is  co lleagues  (1969) described  de lay  in  mucous c lea rance  in  transp lan ted  

lungs w h ich  la s te d  fo r 80 days a f te r  t ra n s p la n ta t io n . L i t t le  note has 

aga in  been taken  in  the t ra n sp la n t l i te ra tu re  o f the  human experim ents in
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th is  f ie ld *  K la sse n , M o rto n  and Douglas (1951) described  the e ffec ts  of 

vaga l and sym pa the tic  nerve sec t io n  in  p a t ien ts  w i th  b ronchogen ic  

carc inom ata* They found th a t  desp ite  the  absence o f a cough re f le x  

In the hom ola te ra l b ro n ch ia l t re e ,  there were l i t t l e  e f fe c t  on the normal 

b ro n ch ia l movement, no change in  amount or q u a l i t y  o f b ro n ch ia l 

secre tions  and no im pairm ent of t ra c h e o -b ro n c h ia l c le a ra n c e . I t  seems, 

th e re fo re , u n l ik e ly  th a t  there  w i l l  be any de le te r io u s  e ffec ts  in  th is  

respec t fo l lo w in g  pulmonary t ra n sp la n ta t io n  e s p e c ia l ly  in  the human 

s i tu a t io n  where adequate phys io therapy and p o s tu ra l dra inage can be 

t im e o u s ly  e f f ic a c io u s .

D e te rm in a tio n  o f fu n c t io n  and the e ffec ts  o f re je c t io n  has g iven  r is e  

to  co n s id e ra b le  d i f f i c u l t y  in  the past due to  ra p id i ty  w i th  w h ich  re je c t io n  

takes p lace  and to  the  sporad ic  nature of ch ro n ic  s u rv iv a l beyond a few 

weeks in  trea ted  an im a ls *  Some series show a gradual lo ss  of fu n c t io n  

desp ite  trea tm ent * Gago (1964) found th a t o n ly  1 dog out of 4 long term 

su rv ivo rs  had a fu n c t io n in g  a l lo g ra f t  a t the end o f 6  months* Yeh and 

h is  co lleagues  as w e l l  as Reemsta's group found s im i la r  d im in u t ion  in 

oxygen uptake a f te r  hom otransp lan ta tion  a lthough  Sharma reported normal 

oxygen uptake and v e n t i la t io n  in  2  ch ron ic  su rv ivo rs  out of 16 a n im a ls .

B lumens took (1967) us ing  d i f fe re n t ia l  b ronchosp irom etry  reported
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th a t  the  oxygen consum ption o f one long term s u rv iv o r  was 40% of the

to ta l  fu n c t io n ;  2 an im a ls^  a l iv e  a t 3 and 5 years were shown to  have

normal gross and m ic ro scop ic  a rch itec tu re ^  E va lua t ion  o f pe rfus ion  and

133
v e n t i la t io n  in d ices  by  Xenon show th a t the  long term fu n c t io n  o f an 

a l lo tra n s p la n t  is  a lte red  very  l i t t l e  in  the  absence o f re je c t io n ^  compared 

w i th  a s im i la r  au tog ra ft  p reparation and tends to  con firm  B lum enstock 's  

w ork o

The h is to lo g ic a l  fea tu res of re je c t io n  in  pu lm onary transp lan ts  are

w e l l  documented bu t the p h y s io lo g ic a l sequence o f fu n c t io n a l a l te ra t io n

is  le ss  w e l l  de term ined in  re la t io n  to  t ra n sp la n t  r e je c t io n „ W a it in g  fo r

s igns o f re je c t io n  a lm ost c e r ta in ly  a l lo w s  the developm ent of i r re v e rs ib le

ne cros is  o Thus^ the ea r ly  re co g n it io n  of these  fea ture  is e sse n t ia l to

proper co n tro l o f the rapy* S tr ieder and her co lleagues  determ ined th a t

the ae r ia ted  vo lum e o f the  g ra ft  f e l l  as re je c t io n  progressed in  th e ir

s tudy  o f 6  un trea ted pulm onary a l lo g ra f ts  up to  1 0  days a f te r  o p e ra t io n ,

133
Pain measured v e n t i la t io n  and perfus ion  by  Xenon in  1 homograft

s u rv iv o r  up to  2 0 daySo They s tated th a t  b lood  f lo w  per un it  vo lum e was

not decreased w i th  re je c t io n  a lthough a lv e o la r  vo lum e was reduced.

133
Xenon measurements in  th is  in ve s t ig a t io n ^  hoever^ show c o n c lu s iv e ly  

th a t there  is  d im in u t io n  in  pe rfus ion  and sequen tia l red uc t io n  in
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e f fe c t iv e ly  v e n t i la te d  a lv e o la r  volume as one m ight reasonab ly  expect 

from the  know n e ffec ts  o f r e je c t io n .  The d if fe re n ce  between th is  

c o n c lu s io n  and th a t o f  Pa in 's  group can be c la r i f ie d  by  the observa tion  

o f th e ir  g ra ph s . There is  in  fa c t  marked red uc t io n  in  the  b lood  f low  

ra t io s  as w e l l  as a lv e o la r  vo lum e w i th  the  re s u lt  tha t b lood f lo w  per 

u n it  vo lum e o f the g ra ft  is  on ly  apparen tly  und im in ished  during re je c t io n .

I t  is  c le a r ,  th e re fo re , tha t pulmonary tra n s p la n ta t io n  in  man is 

fe a s ib le ,  p ra c t ic a b le  and w o rth y  o f cau tious c l in ic a l  a p p l ic a t io n  

g iven  s u ita b le  methods o f im m unosuppress ion . Xenon d is t r ib u t io n  

s tud ies  can be used to  perm it rap id  eva lu a t io n  o f the  changes during 

re je c t io n  and la te  te c h n ic a l fa i lu re  in  the human s u b je c t ,  where 

v o lu n ta ry  b rea thho ld ing  w i l l  obv ia te  the need fo r  anaesthes ia  and the 

presence o f an in d w e l l in g  ca the te r in  the pu lm onary a r te r ia l  c i rc u la t io n  

w i l l  a l lo w  not on ly  in te rm it te n t  lo c a l im m unosuppress ion bu t a ls o  more 

frequent de te rm ina tion  o f pe rfus ion  in  the g ra f t*
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