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SECTION I .

THE DEVELOPMENT OF COLLAPSE THERAPY.

1 .  A r t i f i c i a l  P n e u m o th o ra x .

! The u s e  o f  a r t i f i c i a l  p n eu m o th o ra x  i n  t h e

i  t r e a t m e n t  o f  p u lm o n a ry  t u b e r c u l o s i s  h a s  become e s t a b -  j 

: l i s h e d  i n  t h e  p h y s i c i a n ’ s a rm a m e n ta r iu m  o n l y  w i t h i n  

j c o m p a r a t i v e l y  r e c e n t  y e a r s .  A l th o u g h  f ro m  t im e  t o  

t im e  d u r i n g  t h e  n i n e t e e n t h  c e n t u r y ,  r e f e r e n c e  I s  made jI

b y  v a r i o u s  w r i t e r s  t o  t h e  im p ro v em en t w h ic h  n o t  i n f r e - j  

: q u e n t l y  i s  s e e n  i n  a  p h t h i s i c a l  s u b j e c t  a f t e r  a  s p o n - |

! t t a n e o u s  p n e u m o th o ra x  h a s  o c c u r r e d ,  i t  was n o t  u n t i l  

! t h e  en d  o f  t h a t  c e n t u r y  t h a t  t h e  a r t i f i c i a l  p r o d u c t io n !

; o f  a p n eu m o th o ra x  was b r o u g h t  i n t o  t h e  r e a lm  o f  accom -j 

i t p l i s h e d  f a c t  and fo u n d  o f  v a lu e  I n  t r e a t i n g  pu lm o n ary j

I t u b e r c u l o s i s .  j
! j
I When one c o n s i d e r s  t h e  d i f f i c u l t i e s  w h ic h  b e -  !I

: s e t  t h e  e a r l i e r  p r o t a g o n i s t s  o f  a r t i f i c i a l  pneum o- 

: t h o r a x ,  t h e  d e l a y  i n  i t s  i n t r o d u c t i o n  c a n n o t  be c o n -
]

: s i d e r e d  s u r p r i s i n g .  I g n o r a n c e  o f  t h e  c a u s e s  o f  j 

s e p s i s  and i t s  f r e q u e n t  o c c u r r e n c e  a s  a  c o m p l i c a t i o n
j

o f  s p o n ta n e o u s  p n e u m o th o ra x ,  t h e  p r e s e n c e  o f  e x t e n s iv e !  

p l e u r a l  a d h e s i o n s ,  commonly fo u n d  i n  c a s e s  w i t h  a d v an ch  

t e d  d i s e a s e ,  and  t h e  d i f f i c u l t y  o f  d e v i s i n g  and  p r o -
!

: c u r i n g  s u i t a b l e  a p p a r a t u s  and n e e d l e s ,  a l l  p l a y e d  

t h e i r  p a r t  i n  p r o l o n g i n g  i t s  i n t r o d u c t i o n .  The f i r s t ;  

o f  t h e s e  was p r o b a b l y  t h e  g r e a t e s t  b a r r i e r ,  a n d ,  i n -  j 
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i n d e e d ,  i t  was o n ly  a few  y e a r s  a f t e r  P a s t e u r ’ s d i s -

I i c o v e r y  o f  m ic r o b ic  i n f e c t i o n  a s  t h e  c a u s e  o f  s e p s i s

I t h a t  P o t a i n  in d u c e d  t h e  f i r s t  s u c c e s s f u l  t h e r a p e u t i c
i  |

| p n e u m o th o ra x .  I
l I
| The f i r s t  r e f e r e n c e  t o  w hat was e s s e n t i a l l y  j
I |
| a r t i f i c i a l  p n e u m o th o ra x  w ould  a p p e a r  t o  o c c u r  i n  t h e  j

w r i t i n g s  o f  t h e  H i p p o c r a t i c  s c h o o l  o f  t h e  f o u r t h  c e n -  •

: t u r y  B .C . (K ra u s e ;  6 2 ) .  U nder t h e  t i t l e  o f  ”The lunjs; 

i n c l i n i n g  a g a i n s t  t h e  s i d e , ” i s  t h e  f o l l o w i n g  p a s s a g e ; j -  

nWhen t h e  lu n g  i n c l i n e s  a g a i n s t  t h e  s i d e ,  t h e  p a t i e n t  j 

h a s  a co u g h  and i s  o r t h o p n o e i c :  t h e  e x p e c t o r a t i o n  i s

I c o l o u r l e s s :  and  he h a s  p a i n  i n  t h e  b r e a s t  and  b a c k .
I j
j  The lu n g  i s  t h r u s t  o u tw a r d ,  p r e s s e d  c l o s e l y  t o  t h e  |

| s i d e .  The s i c k  man f e e l s  a s  th o u g h  a  w e ig h t  w ere  i n  j

' h i s  c h e s t .....................I f  t h i s  a f f e c t i o n  r e s u l t s  f ro m  a
i

wound o r ,  a s  so m e tim es  h a p p e n s ,  f ro m  an  i n c i s i o n  f o r  

empyema, one s h o u ld  a t t a c h  a p ip e  t o  a  b l a d d e r ,  f i l l  

t h e  b l a d d e r  w i t h  a i r  and  se n d  t h e  a i r  i n t o  t h e  I n t e r -  

: i o r  o f  t h e  c h e s t .  And one s h o u ld  i n s e r t  a  s o l i d  

p e w te r  sound  and p u s h  i t  f o r w a r d .  i t  i s  b y  t h i s  

m ethod  t h a t  you  w i l l  g e t  t h e  v e r y  b e s t  r e s u l t s . ”

K ra u se  t h i n k s  t h a t  t h e  sound  was u s e d  a s  a  m eans o f  

p u s h in g  t h e  l u n g  away f ro m  t h e  c h e s t  w a l l  so  a s  t o  

p e r m i t  t h e  i n f l o w  o f  a i r .
i
i

The i d e a  o f  t h e  a r t i f i c i a l  p r o d u c t i o n  o f  a 

p n e u m o th o ra x  was n o t  h e a r d  o f  a g a i n  u n t i l  t h e  l a t t e r  
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h a l f  o f  t h e  e i g h t e e n t h  c e n t u r y ,  a l t h o u g h  r e f e r e n c e s  t o  

s u r g i c a l  t r e a t m e n t  i n  c a s e s  w i t h  g r o s s  c a v i t a t i o n  a r e  

i  n u m e ro u s .  Among t h e s e  may be m e n t io n e d  t h e  names o f  !
j  j
; j

| S ch en k  i n  t h e  s i x t e e n t h  c e n t u r y ,  W i l l i s  and B a g l i n i n i  I
| I
! i n  t h e  s e v e n t e e n t h ,  and B a r r y  o f  D u b l in  and  P o t e a u  and j
|  j| |
| D av id  i n  t h e  e i g h t e e n t h .  The t r e a t m e n t  u s u a l l y  c o n -  j  

: s i s t e d  i n  d r a i n i n g  t h e  c a v i t y  t h r o u g h  an  i n c i s i o n  o f  !
I

t h e  c h e s t  w a l l  and t h e  l u n g  s u b s t a n c e ,  a n d ,  w h i l e  a  ! 

few  b r i l l i a n t  c u r e s  seem t o  have  f o l l o w e d  t h e  o p e r a t -  j 

: i o n ,  t h e  outcom e was n e a r l y  a lw a y s  f a t a l .  I n  one j 

c a s e  d e s c r i b e d  b y  B l ig n e y  i n  1 6 7 0 ,  and q u o te d  by  j
I

i M urphy, c u r e  o f  p h t h i s i s  f o l l o w e d  a c c i d e n t a l  p u n c t u r e  ! 

j o f  t h e  c h e s t  by a  sw ord : i t  i s  p o s s i b l e  t h a t  c u r e s  j
| I
: s u c h  a s  t h i s  w ere  due t o  t h e  b e n e f i c i a l  r e s u l t s  o f  ai
| t r a u m a t i c  p n eu m o th o ra x  r a t h e r  t h a n  t o  i n c i s i o n  o f  l u n g
j

p a re n c h y m a .

The o n l y  d i r e c t  r e f e r e n c e  t o  t h e  p o s s i b l e  u s e  

o f  p n e u m o th o ra x  t h a t  one c a n  f i n d  d u r i n g  t h i s  p e r i o d  

i s  t h a t  o f  a F r e n c h  w r i t e r ,  B o u r r u ,  i n  1 7 7 0 .  He 

w r i t e s : -  ( S i n d i n g - L a r s e n :  9 6 )  ,f0n s a i t  que s i t o t  que
i

l f a i r  e s t  i n t r o d u i t  d a n s  une d e s  c a v i t e s  de l a  p o i t r i n e j
t

ou  s o n t  l o g e s  l e s  poum ons, l e  lo b e  de ce  c o t e  s f a f f a i s e j
!

s u r - l e - e h a m p  e t  n * a  p l u s  de j e u :  1*a u t r e  lo b e  a l o r s  j
j

f a i t  s e u l  1 * o f f i c e  de l a  r e s p i r a t i o n .  On e n t r e t -  j
!

• i e n d e r a i t  c e t t e  c o m m u n ic a t io n  de I ’ a i r e  e x t e r i e u r  ;
i

a v e c  l a  c a v i t e  de l a  p o i t r i n e  ou  g i t  l a  m a la d ie  ju squ*a j 

ce  que l a  n a t u r e  a i d e e  p a r  d e s  re m e d e s  i n t e r n e s ,  e u t  pu 
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p r o c u r e r  l a  c i c a t r i c e  de 1 !u l c e r e ,  ce  q u i  ne s o i t  p a s  

f o r t  l o n g ,  s u p p o se  t o u j o u r s ,  que l e  v i c e  f u t  l o c a l  e t  

: non  h a b i t u e l ,  ou  r e p a n d u  p a r  t o u t e  1*h a b i t u d e  d u  c o r p s . ” 

M eanw hile t h e  p r a c t i c e  o f  t h e  H i p p o c r a t i c  s c h o p l  

i  was n o t  f o r g o t t e n  e n t i r e l y .  I t  was r e c a l l e d  by  Thoma4
: tt
| Young o f  London i n  1815 ( 1 0 3 ) .  H is  comment on t h e  

m ethod  w a s ,  ’’h o w ev er  e x t r a o r d i n a r y  t h e  p r a c t i c e  a p p e a r s ,  

i t  i s  n o t  i m p o s s i b l e  t h a t  i t  m ig h t  be b e n e f i c i a l  w h e re  j 

t h e  a d h e s i o n  was n o t  s u c h  a s  t o  p r e v e n t  t h e  c o l l a p s e  

o f  t h e  l u n g s ,  a l l o w i n g  t h e  wounded p a r t s  t o  r e u n i t e  

| more r e a d i l y  t h a n  i n  t h e  n a t u r a l  p r o c e s s  o f  r e s p i r a t -  j
I !

i  : i o n ,  s i n c e  t h e y  w ould  be more i n t i m a t e l y  i n  c o n t a c t  j 

j w i t h  e a c h  o t h e r ,  t h o u g h  n o t  more a t  r e s t . ” j

Jam es C a rso n  o f  L i v e r p o o l ,  e s t a b l i s h e d  b ey o n d  I
;  ■ |
j d o u b t  t h e  f e a s i b i l i t y  o f  a r t i f i c i a l  p n e u m o th o ra x ,

| th o u g h  h i s  w ork  d i d  n o t  r e c e i v e  t h e  r e c o g n i t i o n  i t  

| d e s e r v e d  and f e l l  i n t o  c o m p a r a t iv e  o b l i v i o n  t i l l

| b r o u g h t  t o  l i g h t  by  Daus i n  1 9 0 9 .  H is  f i r s t  p a p e r
!

(1 5 )  was r e a d  b e f o r e  t h e  L i t e r a r y  and  P h i l o s o p h i c a l  

S o c i e t y  o f  L i v e r p o o l  i n  November 1 8 2 1 ,  and  p u b l i s h e d ,  j
iI

a l o n g  w i t h  t h e  r e s u l t s  o f  o t h e r  e x p e r i m e n t s ,  i n  t h e  j 

f o l l o w i n g  y e a r .  The c o m m u n ic a t io n  was v e r y  c o m p le te :  j 

he su m m arised  h i s  e x p e r i m e n t a l  w ork  on r a b b i t s  and  ji
t h e n  i n  t h e  p e r o r a t i o n  s t a t e d : -  ” T h e re ’ c a n  be no j

d o u b t ,  h o w e v e r ,  t h a t  one o f  t h e  l u n g s  o f  an  a n im a l  mayj 

be r e d u c e d  t o  a s t a t e  o f  c o l l a p s e  w i t h  p e r f e c t  im m u n ity .  

T h i s /  I



T h is  was a p r i o r i  in d e e d  t o  be  p re su m e d ,  a s  i n  a l l  

o t h e r  c a s e s  i n  w h ic h  a n im a ls  a r e  s u p p l i e d  w i t h  d o u b le  

o r g a n s ,  one o f  t h e s e  o r g a n s  may be rem oved o r  r e n d e r e d  

I u n f i t  f o r  t h e  d i s c h a r g e  o f  i t s  f u n c t i o n s  w i t h o u t  d e s -
i j

I ; t r o y i n g  o r  m a t e r i a l l y  i n j u r i n g  t h e  a n i m a l .....................

j I n  t h e  c a s e  o f  t h e  c o l l a p s e  o f  a s i n g l e  l u n g  t h e  im -  

i : p u n i t y  i s  no d o u b t  s e c u r e d  b y  t h e  t e n s e n e s s  o f  t h e  

m e d ia s t in u m ,  o r  membrane w h ic h  i s  p l a c e d  v e r t i c a l l y  i n  j

| t h e  m id d le  o f  t h e  c h e s t ,  b e tw e e n  t h e  l u n g s :  and  w h ich ^
! !
I a f t e r  t h e  c o l l a p s i n g  o f  one l u n g ,  b y  t h e  a d m is s io n  o f

| t h e  e x t e r n a l  a i r  i n t o  c o n t a c t  w i t h  i t s  s u r f a c e ,  s e c u re s i

; t o  t h e  o t h e r  l u n g  n e a r l y  i t s  own p r o p o r t i o n  o f  t h e  cav-i
;  i

: i t y  o f  t h e  c h e s t ,  and  p r o t e c t s  i t  f ro m  b e i n g  m a t e r -  j
: ' i

: i a l l y  im peded  i n  t h e  p e r fo r m a n c e  o f  i t s  f u n c t i o n s . ” j

j He n e x t  gave  h i s  v ie w s  on t h e  c a u s e s  o f  t h e  r a r i t y  o f

j h e a l i n g  o f  t u b e r c u l o u s  l e s i o n s ,  a n d ,  a f t e r  p o i n t i n g  o u t

I t h a t  t h e  m o b i l i t y  o f  t h e  l u n g  c a n n o t  be t h e  s o l e  c a u s e

o f  t h i s  d i f f i c u l t y ,  c o n c lu d e d  t h a t ,  ” The c h i e f  c a u s e  o f
j

t h e  p e c u l i a r  o b s t i n a c y  o b s e r v e d  i n  t h e  h e a l i n g  o f  In ju r*  

: i e s  o f  t h e  lu n g s  a r i s e s ,  i n  my o p i n i o n ,  f ro m  t h e  s t a t e
I

I n  w h ic h  t h e  s u b s t a n c e  o f  t h e s e  o r g a n s  i s  h e l d  I n  t h e  j
!

l i v i n g  s y s te m .  I t  h a s  b e e n  p ro v e d  t h a t  t h e  s u b s t a n c e  j
i!

o f  t h e  l u n g s  i s  p o w e r f u l l y  e l a s t i c ,  an d  t h a t  i n  t h e  ] 

l i v i n g  s y s te m  i t  i s  a t  a l l  t i m e s  on t h e  s t r e t c h .  when 

a  l e s i o n  f ro m  a n y  c a u s e  o c c u r s  i n  t h e  l u n g s ,  t h e  s i d e s  

o f  t h e  d i v i d e d  s u b s t a n c e  r e c e d e  i n  o p p o s i t e  d i r e c t i o n s ; :  

and  a  pow er e q u a l  t o  t h e  e l a s t i c  s p r i n g  o f  t h e  f i b r e s ,  

t e n d s /



t e n d s ,  n o t  o n ly  t o  p r e v e n t  t h e  a p p r o a c h  o f  t h e  s i d e s  

o f  t h e  d i v i d e d  p a r t s ,  b u t  s t i l l  f a r t h e r  t o  i n c r e a s e  

t h e  b r e a c h . ”

C a rs o n  assum ed  t h a t  t h e  t u b e r c u l o u s  l e s i o n  

i c o u ld  be c u r e d  i n  a  v e r y  s h o r t  t im e  by  s im p ly  c o l l a p s - j  

: : i n g  t h e  lu n g :  a p a r t  f ro m  t h i s  m i s c o n c e p t i o n  t h e r e  i s

j v e r y  l i t t l e  i n  h i s  a rg u m e n t  t h a t  h a s  n o t  b e e n  fo u n d  t o  

| be  c o r r e c t .

| When he a t t e m p t e d  t o  p u t  t h e  m ethod  i n t o  p r a c -

j : t i c e  he c h o s e ,  a s  i s  so o f t e n  done when t e s t i n g  a n y  

I new fo rm  o f  t r e a t m e n t ,  two p a t i e n t s  who w ere  s u f f e r i n g 1 

fro m  a d v a n c e d  t u b e r c u l o s i s .  I n  e a c h  c a s e  t h e  p r e s e n c e  

o f  a d h e s i o n s  r e n d e r e d  a  p n e u m o th o ra x  i m p o s s i b l e ,  and

t h e  p a t i e n t s  d i e d  w i t h i n  a m on th  o f  t h e  a t t e m p t s  b e in g ;

m ade. T h e se  w ere  made i n  1 8 2 2 ,  b u t  t h e  r e s u l t s  w ere  j

| n o t  p u b l i s h e d  t i l l  1833 ( 1 6 ) ,  and  C a r s o n  d o e s  n o t
| |
| a p p e a r  t o  have  p e r s e v e r e d  f u r t h e r  i n  h i s  e f f o r t s  t o  Ii ji
I p r o c u r e  c o l l a p s e  b y  a r t i f i c i a l  p n e u m o th o ra x .  I

' • ii
K rim e r  i n  1830 ( 8 ) ,  and Ramadge ( . x . )  i n  1839 |

l
a r e  s a i d  t o  have  p e r fo r m e d  t h o r a c e n t e s i s ,  b u t  a p p a r e n t j -

|
: l y  t h e y  d i d  so w i t h o u t  an y  c l e a r  i d e a  u n d e r l y i n g  t h e  |

I

p r a c t i c e ,  and w i t h o u t  much s u c c e s s  a t t e n d i n g  t h e i r  j
I

e f f o r t s . /  |

( . x . )  R e f e r e n c e s  a r e  g i v e n  by  s e v e r a l  a u t h o r s  ( B a l -  j 
: b o n i ,  M urphy, e t c . )  t o  a  p a p e r  by  Ram adge, j 
b u t  i t  h a s  n o t  b e e n  p o s s i b l e  t o  t r a c e  t h i s  ! 
f ro m  t h e  r e f e r e n c e s ,  w h ic h  a r e  n o t  a l l  i d e n t i - j  
: c a l ,  g i v e n  by  t h e s e  a u t h o r s .  R i v i e r e  s t a t e s ;  
he was u n a b le  t o  t r a c e  t h i s  p a p e r .  j
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e f f o r t s .

Up t i l l  1819 when L aen n ec  p u b l i s h e d  h i s  b o o k ,

”De 1*A u s c u l t a t i o n  m e d i a t e , ” t h e  c o n d i t i o n  o f  pneum o-

: t h o r a x  had  n o t  b e e n  r e c o g n i s e d  g e n e r a l l y  a s  a s e p a r -  j

i : a t e  e n t i t y .  A few i s o l a t e d  e x a m p le s  ” v e r y  i m p e r f e c t ^

: l y  d e s c r i b e d , ” and  a s h o r t  t r e a t i s e  p u b l i s h e d  by

| I t a r d  i n  1 8 0 3 ,  o f  f i v e  c a s e s ,  o n ly  t h r e e  o f  w h ic h  had  i

| b e e n  o b s e r v e d  by  h i m s e l f ,  r e p r e s e n t e d  a l l  t h e  r e f e r -  
! 1
| t e n c e s  t o  t h e  s u b j e c t  w h ic h  L aen n ec  c o u ld  f i n d  i n  t h e  ;
i i
I l i t e r a t u r e .  He h i m s e l f  gave  a v e r y  f u l l  d e s c r i p t i o n  ;

| o f  t h e  p h y s i c a l  s i g n s  o f  t h e  c o n d i t i o n ,  and  r e c o g n i s e d ;  

i t s  g r a v i t y .

I n  t h e  f i r s t  e d i t i o n  o f  h i s  b o o k  (6 3 )  he s t a t - j  

: e d  ( V o l . I I ,  p . 2 6 2 )  he had  n e v e r  s e e n  a  c a s e  r e c o v e r ,

| b u t  i n  t h e  se c o n d  p u b l i s h e d  i n  1 8 2 7 ,  he e x p r e s s e s  a  1 

| more m o d i f i e d  o p i n i o n ,  a l t h o u g h  s t i l l  h o l d i n g  t h a t  i n  

| t h e  m a j o r i t y  o f  c a s e s  d e a t h  e n s u e s  w i t h i n  a s h o r t  p e r -  

: i o d ,  i f  n o t  im m e d ia t e ly .  L a e n n e c * s  w ork  l e d  t o  t h e  

more f r e q u e n t  r e c o g n i t i o n  and d i a g n o s i s  o f  p n e u m o th o ra x ,  

and  d u r i n g  th e  n e x t  f i f t y  y e a r s  r e f e r e n c e s  a r e  more j  

f r e q u e n t  t o  t h e  im provem en t w h ic h  may o c c u r  i n  a  t u b e r 4
j

t c u l o u s  p a t i e n t  a f t e r  a  s p o n ta n e o u s  p n e u m o th o ra x .  \

H oughton  (5 3 )  i n  1832 gave  a  d e t a i l e d  d e s c r i p t i o n  o f  a j  

man i n  whom p n eu m o th o ra x  h ad  b e e n  p r e s e n t  f o r  a  y e a r ,  

and  i n  whom t h e  d i s e a s e  -  w h ic h  was b i l a t e r a l  -  was s o j
j

g r e a t l y  l e s s e n e d  i n  a c t i v i t y  a s  t o  p e r m i t  him  t o  resum 4 

h i s  j  |
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h i s  w o rk .  I n  1 8 3 7 ,  S to k e s  (9 7 )  was a b l e  t o  r e c o r d  

t h a t  ” In  s e v e r a l  i n s t a n c e s ,  I  have  o b s e r v e d  ( w i t h  

p n e u m o th o ra x )  a  c o m p le te  chan g e  i n  t h e  c h a r a c t e r  o f  

t h e  c o u g h ,  and  a  c e s s a t i o n  o f  e x p e c t o r a t i o n .  The 

l a t t e r  symptom seem s p e c u l i a r  t o  t h o s e  c a s e s  i n  w h ic h  j 

t h e  e x p e c t o r a t i o n  had  b e e n  f u r n i s h e d  by  t h e  l u n g  w h ic h  

was s u b s e q u e n t l y  p e r f o r a t e d .  I  have  s e e n  a c a s e  i n  

w h ic h  t h e  e x p e c t o r a t i o n ,  b e i n g  p r e v i o u s l y  c o p io u s  

c e a s e d  on t h e  o c c u r r e n c e  o f  f i s t u l a ,  and  o n ly  r e t u r n e d  

when t u b e r c u l a r  u l c e r a t i o n  had in v a d e d  t h e  o p p o s i t e  

l u n g . ” ” l n  many c a s e s ,  w here  t h e  d i s e a s e  (pneum othor-f  

: a x )  becom es c h r o n i c ,  we may o b s e r v e  a  s i n g u l a r  s u s p e n d  

: s i o n  o f  t h e  u s u a l  symptoms o f  p h t h i s i s .  The p h t h i e - j  

t i c a l  c o u n te n a n c e  d i s a p p e a r s :  t h e  s w e a ts  c e a s e :  t h e  j

p u l s e  I  have  known i n  some c a s e s  t o  become q u i e t ,  and  ; 

t h e  p a t i e n t  may g a i n  f l e s h  and  s t r e n g t h  t o  a  s u r p r i s -  j 

: i n g  d e g r e e ,  and  be o n ly  t r o u b l e d  w i t h  d y s p n o e a  on 

e x e r c i s e ,  and  w i t h  t h e  so u n d  o f  f l u c t u a t i o n  i n  t h e i
c h e s t . n !fI  h av e  l o n g  t h o u g h t  t h a t  t h e  s u s p e n s i o n  o f  J  
h e c t i c  u n d e r  t h e s e  c i r c u m s t a n c e s ,  was t o  be  e x p l a i n e d  j 

on t h e  same p r i n c i p l e  t h a t  we a c c o u n t  f o r  i t  a f t e r  t h e j  

r e m o v a l  o f  an  e x t e r n a l  d i s e a s e ,  s u c h  a s  w h i t e  sw e llin g j*  

I  h av e  b e f o r e  s t a t e d  my c o n v i c t i o n  t h a t  t h e  h e c t i c  o f  | 

p h t h i s i s  i s  more a m e a su re  o f  t h e  i r r i t a t i o n  t h a n  t h e  j 

s u p p u r a t i o n  o f  t h e  l u n g :  and when we r e f l e c t  on t h e  Ii
c o l l a p s e  o f ,  and  t h e  p r e s s u r e  o n ,  t h e  e f f e c t e d  lu n g :  !

t h e /  I
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t h e  o b l i t e r a t i o n  o f  i t s  b lo o d  v e s s e l s  and t h e  a t r o p h y  

t h e r e b y  in d u c e d ,  we m ust a d m it  t h a t  i t  i s  p l a c e d  i n  a 

c o n d i t i o n  u n f a v o u r a b l e  t o  t h e  p r o g r e s s  o f  i r r i t a t i o n  

o r  o f  t u b e r c l e . ”

The n e x t  c o n t r i b u t i o n  o f  im p o r ta n c e  t o  t h e  

; l i t e r a t u r e  on p n eu m o th o ra x  was made by  T o u s s a i n t  i n  

j  1 8 8 0 . He c o l l e c t e d  p a r t i c u l a r s  o f  tw e n ty / fo u r  c a s e s  

| o f  s p o n ta n e o u s  p n e u m o th o ra x  w here  im p ro v em en t i n  t h e

! p a t i e n t * s  c o n d i t i o n  had  t a k e n  p l a c e  a f t e r  t h e  pneum o- !
i  ;
I : t h o r a x .  T h i s  t h e s i s  was one o f  t h e  a r t i c l e s  w h ic h  

j a t t r a c t e d  F o r l a n i n i * s  a t t e n t i o n  t o  t h e  s u b j e c t ,  and  i n ;  

1882 he p u b l i s h e d  (4 0 )  a  l o n g  d i s s e r t a t i o n  i n  w h ic h  he 

a n a l y s e d  i n  d e t a i l  t h e  l i t e r a t u r e  d e a l i n g  w i t h  t h e  

t r e a t m e n t  o f  t u b e r c u l o s i s  by  t h e  i n j e c t i o n  o f  f l u i d s  

i n t o  t h e  lu n g  o r  i t s  c a v i t i e s ,  by  s u r g i c a l  r e m o v a l  o f  |
i

i t h e  d i s e a s e d  t i s s u e ,  and  by  c o l l a p s e  o f  t h e  l u n g ,  o r  j
i i
| r a t h e r  t h e  b e n e f i c i a l  r e s u l t s  t h a t  so m e tim e s  f o l l o w  j

i
s p o n ta n e o u s  c o l l a p s e .  He c o n s i d e r e d  t h e  l a s t  m e th o d  j

!■I
t h e  m ost l o g i c a l  l i n e  o f  t r e a t m e n t ,  m a in ly  b e c a u s e  i t  j  

p ro d u c e d  r e s t  o f  t h e  l u n g .  He c o n c lu d e d  h i s  a r t i c l e  j
i

t h u s : -  ” 1 s e e  t h e  p r o p o s i t i o n  o f  a r t i f i c i a l  pneum o- j
1

✓ : t h o r a x  i n  p h t h i s i s  s u p p o r t e d ,  m o re o v e r ,  a s  a  n e c e s s a r y ,  

l o g i c a l ,  o b v io u s  o f f s p r i n g  o f  c l i n i c a l  f a c t s ,  t h e  wortlfL 

o f  w h ic h  c a n n o t  be d o u b te d  f o r  one p a r t ,  and  o f  t h e  

m ost e l e m e n t a r y  i d e a s  o f  p h y s i o l o g y  and  p h y s i c s  f o r  j 

t h e  o t h e r  p a r t .  I t  h a s ,  t o  my m in d , r e q u i s i t e s  

w o r t h y /
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w o r th y  o f  c o n s i d e r a t i o n .  I t  w ould  c e r t a i n l y  seem 

r a s h  t o  me to d a y  t o  a t t e m p t  i t  now d i r e c t l y  on a  c o n 

s u m p t i v e .  But when b y  e x p e r i m e n t a t i o n  o f  a n im a l s  i t  

w i l l  have  b e e n  d e m o n s t r a t e d  t h a t  t h e  p h y s i c i a n  c a n  

q u a n t i f y  w i t h  p r e c i s i o n  a r t i f i c i a l  p n e u m o th o ra x  and 

a lw a y s  c o n t r o l  i t s  v o lu m e , and t h e  a b s o l u t e  h a r m l e s s -  

: n e s s  o f  p r o p e r  g a s e s ,  b r o u g h t  i n t o  c o n t a c t  w i t h  t h e  

p l e u r a ,  w i l l  a l s o  have  b e e n  d e m o n s t r a t e d ,  t h e n  t h i s  

o p e r a t i v e  p r o c e d u r e  s h o u ld  seem l o g i c a l  and  l e g i t i m a t e . ' 1'

B e fo re  F o r l a n i n i  c o u ld  p u t  h i s  t h e o r y  t o  t h e  

t e s t  c e r t a i n  o t h e r  i m p o r t a n t  c o n t r i b u t i o n s  a p p e a r e d .  

A l r e a d y  P a r k e r  (8 2 )  i n  1882 had  r e a d  a  p a p e r  (w h ic h  

F o r l a n i n i  q u o te d  i n  h i s  a r t i c l e  o f  1882) b e f o r e  t h e  

R o y a l  M e d ic a l  and C h i r u r g i c a l  S o c i e t y  o f  London a d v i s -  !

: i n g  t h a t  i n  t h e  t r e a t m e n t  o f  c a s e s  o f  empyema w h e r e ,
; | 
ow ing t o  t h e  n o n - e x p a n s io n  o f  t h e  l u n g ,  d i f f i c u l t y  was j

e x p e r i e n c e d  i n  a s p i r a t i n g  t h e  f l u i d ,  r e p l a c e m e n t  o f  the j
1 iI
; f l u i d  b y  s t e r i l i s e d  a i r  s h o u ld  be p r a c t i s e d .  P a r k e r  j! |

im akes no m e n t io n  o f  r e p e a t i n g  t h e  a i r  i n j e c t i o n  and  j 
I j
j  a p p a r e n t l y  had  no n o t i o n  o f  t h e  p o s s i b i l i t y  o f  in d u c in g !
!  i
p n e u m o th o ra x  i n  o t h e r  c o n d i t i o n s .  j

T h re e  y e a r s  l a t e r ,  i n  1 8 8 5 ,  C a y le y  (1 8 )  r e p o r t - j
I

: e d  t o  t h e  C l i n i c a l  S o c i e t y  o f  London t h e  c a s e  o f  a manj
i

w i t h  s e v e r e  and r e c u r r i n g  h a e m o p ty s e s  whom he* t r e a t e d  j 

b y  i n d u c i n g  p n eu m o th o ra x  b y  o p en  o p e r a t i o n .  The haem-j 

: o r r h a g e  was l a r g e l y  a r r e s t e d ,  b u t  t h e  p a t i e n t  d i e d
j

r a t h e r /
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r a t h e r  s u d d e n ly  s i x  d a y s  l a t e r .  At a u t o p s y ,  a d h e s 

i o n s  w ere  fo u n d  l i m i t i n g  t h e  e x t e n t  o f  t h e  c o l l a p s e ,  

and  t h e r e  was m i l i a r y  d i s e a s e  o f  t h e  o p p o s i t e  l u n g .  

C a y le y  t h o u g h t  t h a t  t h e  c o l l a p s e  o f  t h e  lu n g  w ould  j  

a r r e s t  t h e  h a e m o rrh a g e  b y  l e s s e n i n g  t h e  c i r c u l a t i o n  I 

i n  t h e  l u n g ,  and  ^ m o re o v e r ,  p r o b a b l y  c h e c k ,  a t  any  

I r a t e  f o r  a  t i m e ,  t h e  d e v e lo p m e n t  o f  t u b e r c l e  i n  t h i s  

| l u n g ,  s u p p o s in g  s u c h  t o  be i n  p r o g r e s s . ”
i i
j D u r in g  t h e  d i s c u s s i o n  w h ic h  t o o k  p l a c e  a f t e r  j

i C a y l e y ! s p a p e r  had  b e e n  r e a d ,  E w a r t  s t a t e d  (3 5 )  t h a t  I 

I D r D o u g la s  P o w e l l  ” some y e a r s  a g o ” had  made u s e  o f  

! a r t i f i c i a l  p n e u m o th o ra x  t o  com bat a l a r g e  c a v e r n o u s  

u p p e r  lo b e  a f f e c t i o n .  The p a t i e n t  d i e d ,  b u t  a t  p o s t  j 

m ortem  e x a m i n a t i o n  t h e  l u n g  was fo u n d  t o  be  w e l l  c o l -  !

| : l a p s e d  and t h e  c a v i t y  p r a c t i c a l l y  c o m p l e t e l y  o b l i t e r -  

| : a t e d .

I n  1887 a  l e t t e r  a p p e a r e d  i n  t h e  L a n c e t  f ro mI
j
| a n  I r i s h  p r a c t i t i o n e r ,  F .E .  Adams ( 1 ) , d e s c r i b i n g  t h e  

j im p ro v em en t f o l l o w i n g  t h e  d e v e lo p m e n t  o f  a  s p o n ta n e o u s
I

p n e u m o th o ra x  i n  a  c a s e  o f  t u b e r c u l o s i s ,  and s u g g e s t i n g '  

a r t i f i c i a l  p n e u m o th o ra x  a s  a  l o g i c a l  m ethod  o f  t r e a t -  j
j

: i n g  t u b e r c u l o s i s ,  and  a l s o  h a e m o p ty s i s  due t o  t u b e r -  

t c u l o s i s .  i t  e x c i t e d  no i n t e r e s t .

The f o l l o w i n g  y e a r  P o t a i n  (8 4 )  r e a d  a v e r y  com l
i

r p r e h e n s i v e  p a p e r  b e f o r e  t h e  A cadem ie de M edecine  d e -  i 

: s c r i b i n g  t h r e e  c a s e s  o f  s p o n ta n e o u s  p n eu m o th o ra x  com-I 

: p l i c a t e d /



c o m p l i c a t e d  by p l e u r a l  e f f u s i o n .  The f i r s t  had 

o c c u r r e d  i n  1 8 8 4 ,  and  i n  a l l  t h r e e  c a s e s  t r e a t m e n t  had  

c o n s i s t e d  o f  a s p i r a t i o n  o f  t h e  f l u i d  a t  i n t e r v a l s  o f  

one t o  two m onths  and r e p l a c e m e n t  w i t h  s t e r i l e  a i r .

One c a s e  -  an  o ld  man w i t h  a d v a n c e d  b i l a t e r a l  d i s e a s e  t  

d i e d  w i t h i n  a  s h o r t  t i m e ,  b u t  i n  t h e  o t h e r  two t h e  '

| p n eu m o th o ra x  was m a i n t a i n e d  f o r  s i x  and a h a l f  and 

| e i g h t  m on ths  r e s p e c t i v e l y ,  t h e  f i r s t  p a t i e n t  b e i n g  

| a l i v e  and w e l l  two y e a r s  f ro m  t h e  o n s e t ,  w h i l e  i n  t h e  ' 

s e c o n d  t u b e r c l e  b a c i l l i  c o u ld  n o t  be fo u n d  i n  t h e  s p u -  

: tu m  when t h e  p n e u m o th o ra x  was t e r m i n a t e d .  P o t a i n  

d e s c r i b e d  i n  d e t a i l  h i s  a p p a r a t u s ,  w h ic h  d i d  n o t  

d i f f e r  g r e a t l y  f ro m  t h a t  o f  p r e s e n t  d ay  u s a g e ,  and i n 

to  lu d e d  a  m e rc u ry  m an o m ete r :  he recom m ended t h a t  t h e  |

p r e s s u r e  a f t e r  a r e f i l l  s h o u ld  be i n  t h e  n e ig h b o u r h o o d !  

o f  -7mm. o f  m e r c u ry ,  t h a t  b e i n g  c o n s i d e r e d  t h e  n o rm a l  |

| i n t r a p l e u r a l  p r e s s u r e .  A l th o u g h  h i s  o r i g i n a l  r e a s o n  j
I |
I f o r  m a i n t a i n i n g  t h e  p n eu m o th o ra x  was t o  p r e v e n t  r e -  

! : o p e n in g  o f  t h e  p l e u r o - p u l m o n a r y  f i s t u l a ,  he c o n c lu d e d !
i i
! t h a t  ” t h i s  mode o f  t r e a t m e n t  f a v o u r s  t h e  c i c a t r i s a t i o n !
| |
| and h e a l i n g  o f  t u b e r c u l a r  ( p a re n c h y m a to u s )  l e s i o n s . ” I
f I

! F o r l a n i n i * s  s e c o n d  c o m m u n ic a t io n  (4 1 )  was p r e - !
I i
I : s e n t e d  b e f o r e  t h e  e l e v e n t h  I n t e r n a t i o n a l  M e d ic a l  Con-!
i
| t g r e s s  i n  Rome i n  1 8 9 4 .  A f t e r  r e c o r d i n g  t h e  i m p r o v e - '  

:m e n t  w h ic h  r e s u l t e d  f ro m  s p o n ta n e o u s  p n e u m o th o ra x  i n  * 

two p h t h i s i c a l  p a t i e n t s ,  he gave  a  d e t a i l e d  d e s c r i p t i o n
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o f  t h e  t e c h n i q u e  f o r  t h e  i n d u c t i o n  and  m a i n t a i n a n c e  o f  

a  p n e u m o th o ra x .  He a d v i s e d  u s i n g  e i t h e r  a i r  o r  n i t r o -  

: g e n ,  and g i v i n g  s m a l l  q u a n t i t i e s  -  200 t o  250  c . c .  -  

a t  a t i m e .  H is  a t t e m p t s  h ad  n o t  t h e n  b e e n  crow ned  

w i t h  s u c c e s s ,  b u t  t h i s  was n o t  s u r p r i s i n g ,  f o r  a s  he 

s a y s ,  n I  h av e  t o  l i m i t  m y s e l f  f o r  t h e  t im e  t o  t r e a t  i n  

t h i s  m anner some s u b j e c t s  i n  whom t h e  e x t e n t ,  g r a v i t y  

a n d ,  above  a l l ,  t h e  b i l a t e r a l  l e s i o n s  rem oved  any  hop ef  

and  my p u r p o s e  c o u l d  n o t  be more t h a n  t h a t  o f  s t u d y i n g  

t h e  t o l e r a n c e  o f  t h e  p a t i e n t  f o r  t h e  p n eu m o th o ra x  i n -  

i d u c e d  s y s t e m a t i c a l l y :  and o f  f i n d i n g  t h e  b e s t  o p e r 

a t i v e  t e c h n i q u e .  I n  s h o r t ,  t o  p r e p a r e  t h e  s o i l  f o r  

t h e  f u t u r e .  T h i s  p u r p o s e  I  h ave  a c h i e v e d . ”

He r e p o r t e d  h i s  f i r s t  s u c c e s s f u l  c a s e  t h e  f o l 

l o w i n g  y e a r  (6 8 )  t o  t h e  s i x t h  C o n g re s s  o f  I n t e r n a t i o n  

: a l  M edecine i n  Rome. I t  was t h a t  o f  a  g i r l ,  a g e d  17 

i n  whom a p n e u m o th o ra x  h ad  b e e n  in d u c e d  i n  O c to b e r  189 

and  who i n  J u l y  1895 was c l i n i c a l l y  c u r e d .

Murphy o f  C h ic a g o  (7 7 )  i n  1 8 9 8 ,  i n d e p e n d e n t l y  

o f  F o r l a n i n i ,  a r r i v e d  a t  a  s i m i l a r  m ethod o f  t r e a t i n g  

p u lm o n a ry  t u b e r c u l o s i s .  He a t t e m p t e d  t o  in d u c e  a  

p n a u m o th o ra x  i n  s e v e n  p a t i e n t s  and was s u c c e s s f u l  i n  

f i v e  o f  th e m . Murphy* s i n t e r e s t  i n  t h e  s u b j e c t  had  

b e e n  a r o u s e d  b y  o b s e r v i n g  t h e  p r o g r e s s i v e  c o n t r a c t i o n  

o f  t h e  c h e s t  w a l l  w h ic h  t o o k  p l a c e  i n  c h r o n i c  p h t h i s i s  

t h e  r e p a i r  o f  p r im a r y  lu n g  l e s i o n s  w h ic h  so m e tim es  

f o l l o w e d /
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f o l l o w e d  c o m p r e s s io n  o f  t h e  lu n g  by  an  e f f u s i o n ,  and 

t h e  h e a l i n g  o f  t u b e r c u l o u s  l e s i o n s  a f t e r  b e i n g  c o l l a p s e

i : e d  by  t h e  r a d i c a l  o p e r a t i o n  f o r  o b l i t e r a t i o n  o f  empy-
;  j
| :em a c a v i t i e s .  He u s e d  a t r o c a r  t o  p u n c t u r e  t h e

I c h e s t  w a l l  and  i n t r o d u c e d  70 -  200 c u b ic  i n c h e s  o f
i

n i t r o g e n ,  d e p e n d in g  on th e  symptoms p r o d u c e d .  A l

t h o u g h  t h e  i n j e c t i o n  was r e p e a t e d  o n ly  i n  one c a s e  he I 

a d v i s e d  r e p e t i t i o n  i n  s i x  t o  t e n  w e e k s t t im e  i f  i n d i e -  j
i
j

: a t e d ,  and  c o n s i d e r e d  t h r e e  t o  s i x  m onths  a  r e a s o n a b l e  I
i  |
! t im e  i n  w h ic h  t o  o b t a i n  c u r e .  j
i  '  j
; I t  i s  i n t e r e s t i n g  t o  com pare h i s  a r t i c l e  (w hich!

| was i l l u s t r a t e d  w i t h  r a d i o g r a p h i c  r e p r o d u c t i o n s )  w i t h  I
: i

! t h o s e  o f  F o r l a n i n i .  W hile  e a c h  was a t t r a c t e d  by  t h e  !
i

j i d e a  o f  n i m m o b i l i s a t i o n  and p h y s i o l o g i c  r e s t  o f  t h e  

l u n g ” (M u rp h y ),  t h e  s i m i l a r i t y  b e tw e e n  t h e  two e n d s  

t h e r e .  F o r l a n i n i 1s p r o g r e s s  was s low  and  e v e r y  d e -  

: t a i l  was s u b j e c t e d  t o  t h e  c l o s e s t  s c r u t i n y  and e x a m in 

a t i o n  b e f o r e  b e i n g  p u t  i n t o  p r a c t i c e :  H is  f i r s t

p a p e r  was p u b l i s h e d  i n  1 8 8 2 ,  and p a r t i c u l a r s  o f  h i s  

f i r s t  s u c c e s s f u l  c a s e  t h i r t e e n  y e a r s  l a t e r .  Murphy 

p u b l i s h e d  h i s  p a p e r  l e s s  t h a n  t h r e e  m on ths  a f t e r  he 

i n d u c e d  h i s  f i r s t  p n e u m o th o ra x ,  and  a num ber o f  h i s  

c o n c l u s i o n s  w ere  mere g u e s sw o rk  w i t h o u t  any  f o u n d a t i o n
t

on e x p e r i e n c e .  H is  i n t e r e s t  d id  n o t  l a s t  l o n g ,  and  j
j

b y  1902 he h ad  ab an d o n ed  t h e  m e th o d .  ( T ic e :  9 9 ) .  ]

Murphy s h o u ld ,  h o w e v e r ,  r e c e i v e  r e c o g n i t i o n  f o r  t h e  

u s e  /
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u s e  he made o f  r a d i o g r a p h y ,  w h ic h  h ad  b e e n  d i s c o v e r e d  

by  R o e n tg e n ,  a  mere t h r e e  y e a r s  p r e v i o u s l y ,  i n  1 8 95 , 

i n  h i s  p n e u m o th o ra x  w o rk . He showed a  p r o p e r  a p p r e c -  

: i a t i o n  o f  i t s  v a lu e  when he s a i d : -  tf . . t h e  x - r a y  

i s  o f  u n d e n i a b l e  v a lu e  i n  s t u d y i n g  t h e  p a t h o l o g i c  p r o 

c e s s e s  o f  t h e  l u n g ,  p a r t i c u l a r l y  i n  t h e  l o c a l i s a t i o n  

o f  c a v i t i e s . ”

A l th o u g h  t h e  s u c c e s s  o f  a r t i f i c i a l  p n e u m o th o r -  

: a x  was t h u s  d e m o n s t r a t e d  b y  F o r l a n i n i  a n d ,  t o  a  l e s s e r  

e x t e n t ,  by  M urphy, th e  g ro w th  o f  i t s  u s e  a s  a  m ethod o f  

t r e a t i n g  p h t h i s i s  h a s  b e e n  s lo w ,  and  i t  I s  o n l y  s i n c e  

t h e  G r e a t  War t h a t  t h e  m ethod  h a s  become w i d e s p r e a d .

The o n ly  i m p o r t a n t  m o d i f i c a t i o n s  t h a t  h av e  b e e n  made to! 

i t  a r e  t h e  i n t r o d u c t i o n  o f  t h e  w a t e r  m anom eter  by  Saug-I 

m ann, t h o ra c o to m y  and a d h e s i o n  c u t t i n g  b y  J a c o b a e u s  i n  j 

|1 9 0 5 ,  and  low p r e s s u r e  and b i l a t e r a l  p n e u m o th o ra x  b y  j

A s c o l i  i n  1 9 1 2 .  I t s  d e v e lo p m e n t  h a s  b e e n  c o i n c i d e n t a l !
; I
;w i th  o t h e r  m ethods  o f  p r o d u c in g  c o l l a p s e  o f  t h e  l u n g ,  j
! i
| n o t a b l y  e x t r a p l e u r a l  t h o r a c o p l a s t y  and  p h r e n i c  n e r v e

i i n t e r r u p t i o n .
I i

|2 .  P h r e n ic  P a r a l y s i s .
j

The e a r l i e s t  r e f e r e n c e  t o  o p e r a t i o n  on t h e  Ii i
j p h r e n ic  n e r v e  i s  t h a t  o f  S i r  A s t l e y  C o o p er  (1 9 )  i n  18361 

He s t a t e s  t h a t  i n  a  r a b b i t  -  111 d i v i d e d  t h e  p h r e n i c  

n e r v e s  one a f t e r  t h e  o t h e r ,  i n  im m e d ia te  s u c c e s s i o n . ” 

R e s p i r a t i o n  becam e ”e x c e s s i v e l y  l a b o r i o u s ” and  t h e  a n i -  

: m a l /
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a n im a l  d i e d  i n  tw e n ty  m i n u t e s .  S i m i l a r  r e s u l t s  w ere  

o b t a i n e d  w i t h  d o g s .  H is  w ork  a p p e a r s  t o  have  i n f l u 

e n c e d  s u r g i c a l  t h o u g h t  f o r  a lm o s t  s e v e n t y  y e a r s ,  and 

was n o t  d i s p r o v e d  u n t i l  1902 when S c h r o e d e r  and G reen  

(9 3 )  p u b l i s h e d  an  a c c o u n t  o f  a man w i t h  a tu m o u r  o f  

; t h e  n e c k  i n  w h ic h  t h e  p h r e n i c  n e r v e  was c u t ,  w i t h o u t  

i an y  i l l  e f f e c t ,  d u r i n g  o p e r a t i o n  f o r  t h e  re m o v a l  o f
i

| t h e  tu m o u r .  S u b s e q u e n t ly  t h e y  c a r r i e d  o u t  a  s e r i e s  

i o f  e x p e r im e n t s  on dogs  w h ic h  p ro v e d  t h a t  i n  t h e s e  a n i -
i

! :m a l s  one o r  b o t h  p h r e n i c  n e r v e s  c o u ld  be d i v i d e d  w i t h  

! i m p u n i ty .

The o p e r a t i o n  o f  p h r e n ic o to m y  was p r o p o s e d  

f i r s t  by  S t u e r t z  i n  1911 f o r  u n i l a t e r a l  t u b e r c u l o s i s  

o f  t h e  lo w e r  l o b e .  S a u e r b r u c h ,  w o rk in g  in d e p e n d e n t l y ^  

: p u b l i s h e d  i n  1913 an  a c c o u n t  o f  5 c a s e s ,  and O c h le c k e r^  

; i n  t h e  same y e a r ,  p u b l i s h e d  a n  a c c o u n t  o f  3 c a s e s ,  t h e ;

; f i r s t  o f  w h ic h  had  b e e n  o p e r a t e d  on i n  1 9 1 1 .  S e v e r a l
; I
I s e r i e s  o f  r e s u l t s  w ere  p u b l i s h e d  d u r i n g  t h e  n e x t  few  !
i I
i  |

| y e a r s ,  b u t  i t  was fo u n d  g e n e r a l l y  t h a t  d i a p h r a g m a t i c  j 

I f u n c t i o n  r e t u r n e d  i n  up  t o  50 p e r  c e n t  o f  c a s e s ,  and
I |
i  t

| t h e  o p e r a t i o n  f e l l  i n t o  d i s u s e .  I n  1922 a n a t o m i c a l
' i

i n v e s t i g a t i o n s  by F e l i x  (3 9 )  showed a s  t h e  r e a s o n ,  t h e j  

f r e q u e n c y  w i t h  w h ic h  a d d i t i o n a l  b r a n c h e s  r e a c h  t h e  | 

p h r e n i c  n e r v e  be low  t h e  u s u a l  s i t e  o f  s e c t i o n  i n  t h e  

j n e c k .  Not uncommonly t h e  n e r v e  i s  d u p l i c a t e d ,  and  i t  i 

may r e c e i v e  b r a n c h e s  f ro m  th e  s y m p a t h e t i c ,  t h e  n e r v e  

t o /
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t o  t h e  s u b c l a v i u s ,  h y p o g l o s s a l ,  s p i n a l  a c c e s s o r y ,  

v ag u s  and s u p r a s c a p u l a r  n e r v e s .  S e c t i o n  i n  t h e  n e c k  

l e a v e s  t h e s e  a c c e s s o r y  b r a n c h e s  i n t a c t .  ( 7 ,  6 6 ) .  To

overcom e t h e  d i f f i c u l t y  c a u s e d  b y  a c c e s s o r y  s o u r c e s  of;
: !
I s u p p l y ,  F e l i x  p ro p o s e d  and c a r r i e d  o u t  t h e  o p e r a t i o n  j

: o f  p h r e n i c  e v u l s i o n .

L a t e r  i t  was fo u n d  t h a t  s e v e r a l  a c c i d e n t s  s u c h
j  ;

| a s  i n j u r y  t o  t h e  t h o r a c i c  d u c t  o r  s u b c l a v i a n  v e s s e l s  ;
! !

i  may o c c u r  d u r i n g  th e  o p e r a t i o n .  To overcom e t h e s e

| r i s k s  G o e tze  (7 4 )  d e v i s e d  t h e  o p e r a t i o n  o f  r a d i c a l

I p h r e n ic o to m y .  I n  t h i s  o p e r a t i o n  t h e  n e r v e  i s  d i s -  

: s e c t e d  o u t  and c u t  low down i n  t h e  n e c k  b e lo w  i t s  

a n a s to m o s i s  w i t h  t h e  i n f e r i o r  c e r v i c a l  g a n g l i o n .

I A c c id e n t s  a r e  v e r y  r a r e ,  and i n  t h e  m a j o r i t y  o f  c a s e s

: e v u l s i o n  i s  w i t h o u t  r i s k ;  s h o u ld  t h e  n e r v e  p ro v e  a d -
; !
I : h e r e n t  i t  i s  a s im p le  m a t t e r  t o  e n l a r g e  t h e  i n c i s i o n
I
| and c a r r y  o u t  t h e  r a d i c a l  o p e r a t i o n .

I n  r e c e n t  y e a r s  i n c r e a s i n g  u s e  h a s  b e e n  made o f  

te m p o r a r y  p h r e n i c  p a r a l y s i s .  The m ain  n e r v e  i s  i s o 

l a t e d ,  e i t h e r  i n j e c t e d  w i t h  a l c o h o l  o r  c r u s h e d ,  and 

a l l  a c c e s s o r y  b r a n c h e s  d i v i d e d .  R e t u r n  o f  f u n c t i o n  

t a k e s  p l a c e  i n  f ro m  f o u r  t o  s i x  m o n th s .  S h o u ld  f u r -  

: t h e r  p a r a l y s i s  be d e s i r e d  t h e  o p e r a t i o n  c a n  be r e 

p e a t e d ,  o r  a p e rm a n e n t  p a r a l y s i s  p r o d u c e d .  I

3 .  T h o r a c o p l a s t y . j

A l i m i t e d  r i b  r e s e c t i o n  o v e r  t h e  s i t e  o f  a  j

t u b e r c u l o u s /
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! t u b e r c u l o u s  c a v i t y ,  p e r fo rm e d  w i t h  t h e  i d e a  o f  c o l l a p s e  

I : i n g  t h e  c a v i t y ,  a p p e a r s  t o  h av e  b e e n  p e r fo rm e d  f i r s t
■ -  i

i by  De C e r e n v i l l e  (2 7 )  w i t h  o n l y  l i m i t e d  s u c c e s s .
i  .  !i t

I n  1888 Q uinke and S p e n g l e r  (9 2 )  p r o p o s e d  a 

more e x t e n s i v e  r e s e c t i o n ,  w h ic h  w a s ,  h o w e v e r ,  s t i l l  t o  

Jbe  l i m i t e d  t o  t h e  a r e a  im m e d ia te ly  o v e r l y i n g  t h e  c a v i t y .  

A t te m p ts  made by B i e r  and v .  M ik u l i c z  t o  c a r r y  o u t  th i s j  

o p e r a t i o n  d i d  n o t  y i e l d  any  m e a su re  o f  s u c c e s s ,  and i t  j 

was n o t  u n t i l  1907 t h a t  t h e  n e x t  s t e p  i n  t h e  e v o l u t i o n  |

o f  t h o r a c o p l a s t y  o c c u r r e d ,  when B r a u e r  (81)  p r o p o s e d  i
|

t h e  o p e r a t i o n  o f  c o m p le te  e x t r a p l e u r a l  t h o r a c o p l a s t y ,  j
!
| I t  was p e r fo rm e d  b y  F r i e d r i c h ,  b u t ,  w h i l e  t h e  f i r s t  

; p a t i e n t  made a p e r f e c t  r e c o v e r y ,  t h e  o p e r a t i v e  m o r t a l -  

. : i t y  p ro v e d  t o  be o v e r  25 p e r  c e n t ,  and  t h e  o p e r a t i o n  

! somewhat n a t u r a l l y  f e l l  i n t o  d i s u s e .

I t  was i n  1 9 1 3 ,  when S a u e r b r u c h  p u b l i s h e d  t h e  

r e s u l t s  o b t a i n e d  w i t h  p a r a v e r t e b r a l  e x t r a p l e u r a l  t h o r a -  

: c o p l a s t y ,  an  o p e r a t i o n  w h ic h  he had  d e v i s e d ,  t h a t  t h e  

p r o c e d u r e  became o f  p r a c t i c a l  im p o r ta n c e  a s  a  m ethod  

o f  t r e a t m e n t .  I n  t h i s  c o u n t r y  i t s  a d o p t i o n  was v e r y  

s lo w ,  and o n l y  s i n c e  t h e  War h a s  i t  b e e n  u s e d  t o  an y  

e x t e n t .

The g r e a t  d ra w b a c k  o f  t h e  S a u e r b r u c h  o p e r a t i o n  

was t h a t  i t  p ro d u c e d  c o l l a p s e  m a in ly  f ro m  t h e  s i d e :  

t h i s  t e n d e d  t o  be  in c o m p le t e  and  t o  c o l l a p s e  c a v i t i e s  

o n l y  i n  one p l a n e ,  l e a v i n g  them  a s  s t r e t c h e d - o u t  s l i t s  

b e tw e e n /
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i b e tw e e n  t h e  ap ex  and r o o t  a r e a .  S e v e r a l  s u rg e o n s  

| a t t e m p t e d  t o  d e v i s e  some fo rm  o f  a p i c a l  a p i c o l y s i s  |

| w hereb y  t h e  c o l l a p s e  m ig h t  be e n h a n c e d .  G e n e r a l l y  I
I
i

| t h e  t e c h n i q u e  e v o lv e d  was d i f f i c u l t ,  and  n o t  j u s t i f i e d  

by  t h e  r e s u l t s  o b t a i n e d ,  u n t i l  1935 when Semb (9 4 )  

p u b l i s h e d  h i s  m ethod o f  p e r f o r m i n g  e x t r a p l e u r a l  a p i c -  

j o l y s i s :  t h i s  o p e r a t i o n  o r  some m o d i f i c a t i o n  o f  i t  j
i

h a s  now l a r g e l y  d i s p l a c e d ,  i n  m ost c a s e s  w h ere  th o ra c o - j
i

: p l a s t y  i s  i n d i c a t e d ,  t h e  o l d e r  S a u e r b r u c h  p r o c e d u r e .  

The im m e d ia te  r e s u l t s  o f  t h e  o p e r a t i o n  a r e  e x t r e m e l y  

good ( 9 5 ) :  t h e  m o r t a l i t y  w i t h i n  two m onths  i s  a b o u t
i

j  3 p e r  c e n t ,  and o v e r  90 p e r  c e n t  o f  t h e  s u r v i v o r s  

| l o o s e  t h e i r  sp u tu m .

S e c t i o n  I I . /
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SECTION I I ;

ANATOLIY AND PHYSIOLOGY OF THE RESPIRATORY SYSTEM;

A n a to m ic a l  a s p e c t s  o f  t h e  l u n g s  and b r o n c h i .

N e ls o n  (7 8 )  h a s  d e m o n s t r a t e d  t h a t ,  a l t h o u g h  thej

; r i g h t  l u n g  h a s  t h r e e  l o b e s  and t h e  l e f t  tw o ,  t h e  in te r - 4  
| ;

I : n a l  s t r u c t u r a l  r e l a t i o n s  a r e  s y m m e t r i c a l  on t h e  two
! *  ̂
j  s i d e s .  E a c h  lu n g  c a n  be r e g a r d e d  a s  c o n s i s t i n g  o f

| f o u r  p r i n c i p a l  and  a n a t o m i c a l l y  s e p a r a t e  a r e a s ,  t h e  j

! u p p e r ,  t h e  m id d le  ( v e n t r a l ) ,  t h e  d o r s a l  and t h e  l o w e r ,  j
i !; i
; On t h e  r i g h t  s i d e  t h e  u p p e r  and  m id d le  ( v e n t r a l )  a r e a s  :

; c o r r e s p o n d  t o  t h e  u p p e r  and  m id d le  l o b e s ,  w h i l e  t h e

lo w e r  lo b e  com poses two a r e a s ,  t h e  d o r s a l  c o r r e s p o n d i n g
!!

t o  t h e  u p p e r  p o r t i o n  o f  t h e  l o b e ,  and t h e  lo w e r  l y i n g  | 

b e lo w  and a n t e r i o r l y ;  o c c a s i o n a l l y  t h e  d i v i s i o n  b e -  

: tw e e n  t h e s e  two a r e a s  i s  m arked  b y  a  f i s s u r e  w h ic h

imay be p a r t i a l  o r  c o m p le te .  On t h e  l e f t  s i d e  t h e
I
I u p p e r  lo b e  i s  d i v i d e d  i n t o  two a r e a s ,  t h a t  p o r t i o n  o f
!
| t h e  u p p e r  lo b e  s i t u a t e d  b e lo w  t h e  p l a n e  o f  t h e  f o u r t h
i
j c o s t a l  c a r t i l a g e  b e i n g  e q u i v a l e n t  t o  t h e  m id d le  ( v e n i r -
i
: a l )  a r e a :  t h e  a r r a n g e m e n t  i n  t h e  lo w e r  lo b e  i s  s im -

: i l a r  t o  t h a t  o f  th e  r i g h t  lo w e r  l o b e .  I n  t h e  l e f t  

u p p e r  lo b e  a f i s s u r e ,  a s  i n  t h e  lo w e r  l o b e s ,  i s  som e- 

: t i m e s  fo u n d  s e p a r a t i n g  t h e s e  a r e a s .  E a c h  a r e a  i s  

s u p p l i e d  b y  e i t h e r  a  m ain  b r o n c h u s  o r  a b r a n c h  b ro n c h u s

r e s u l t i n g  f ro m  t h e  f i r s t  d i v i s i o n  o f  a  m a in  b r o n c h u s ,  j
]

The se  /



T h ese  a r e a s  a r e  o f  im p o r ta n c e  when one c o n s i d e r s  t h e  

r e l a t i o n s h i p  o f  a t e l e c t a s i s  t o  t h e  h e a l i n g  o f  t u b e r -  | 

: c u lo u s  l e s i o n s ,  a s  m a ss iv e  c o l l a p s e  may o c c u r  i n  one

s u c h  a r e a  a l o n e ,  t h a t  i s  i t  may a f f e c t  o n ly  a  p o r t i o n  !

: o f  a  lo b e *

The s t r u c t u r e  o f  t h e  b r o n c h i  ( M i l l e r : 75)  i s  

I a t  f i r s t  s i m i l a r  t o  t h a t  o f  t h e  t r a c h e a ,  b u t  d i s t a l l y  1

| t h e  c a r t i l a g i n e o u s  e l e m e n t s  d i s a p p e a r  i n  b r o n c h i  b e -
J I
! : tw e e n  .6  and  .7  mm. i n  d i a m e t e r .  The b r o n c h i a l  |
1 i| m u sc le  (m u sc le  o f  R e i s s e i s e n )  fo rm s  a g e o d e s i c  n e tw o rk j

: a b o u t  t h e  a i r  c h a n n e l s .  As s t r e t c h e d  e l a s t i c  c o r d s  j 
j |
! a l o n g  s u c h  a  n e tw o rk  o f  l i n e s  fo rm  a  f o r c e  w h ic h  i s  j
? i
i w h o l ly  n o rm a l  t o  th e  w a l l ,  i t  i s  t h e  i d e a l  a r ra n g e m e n t j  

t o  w i t h s t a n d ,  o r  p r o d u c e ,  p r e s s u r e  w i t h i n  t h e  a p a c e  

; e n c l o s e d  by th e  s u r f a c e ,  w i t h o u t  an y  t e n d e n c y  f o r  t h e  

I b a n d s  t o  s l i p  a lo n g  t h e  s u r f a c e .  T h i s  m u sc le  i s

| a r r a n g e d  i n  c i r c u l a r  b a n d s ,  w h ic h  i n t e r l a c e  i n  e v e r y
i
| w ay, a n d ,  a t  p o i n t s  w here  b r a n c h e s  a r e  g i v e n  o f f ,
I

t h e y  have  a t e n d e n c y  t o  a t r i a n g u l a r  f o r m a t i o n .

At t h e  d i s t a l  end  o f  t h e  d u c t u s  a l v e o l u s  t h e  m u sc le  

fo rm s  a s p h i n c t e r  a b o u t  t h e  o p e n in g s  l e a d i n g  i n t o  t h e  

a t r i a .  D i s t a l  t o  t h e  s p h i n c t e r  no m u sc le  i s  f o u n d .  

The m u sc le  i s  p r o p o r t i o n a t e l y  t h i c k e r  i n  t h e  s m a l l e r  

d u c t s ,  and i n  a  b r o n c h i o l u s  1 mm. i n  d i a m e t e r  i t  i s  

a p p r o x i m a te ly  f i v e  t i m e s  a s  s t r o n g  a s  i n  one 10mm. i n

d i a m e t e r .  #j
!

The c i l i a t e d  e p i t h e l i u m  d i s a p p e a r s  i n  b r o n c h i - l  

s o l i /  j
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b r o n c h i o l i  a b o u t  t h e  p o i n t  o f  t h e i r  f i n a l  d i v i s i o n  a s  

b r o n c h i o l i  and i s  r e p l a c e d  by  c u b i c a l  e p i t h e l i u m ,  w h ic h  

i n  t h e  d u c t i  a l v e o l i  g i v e s  way t o  s im p le  squamous 

e p i t h e l i u m ,  s i m i l a r  t o  t h a t  fo u n d  i n  t h e  a l v e o l i .
i

M i l l e r  s t a t e s  t h a t  when t h e  a l v e o l i  a r e  c o l l a p s e d
|

; t h a r e  i s  r e a s o n  t o  b e l i e v e  t h a t  t h i s  e p i t h e l i u m  h a s  

I t h e n  t h e  same c u b o i d a l  a p p e a r a n c e  a s  t h a t  l i n i n g  t h e  

| r e s p i r a t o r y  b r o n c h i o l i .
I 1
j I n  t h e  b r o n c h i ,  b r o n c h i o l i ,  and d u c t i  a l v e o -

: l a r e s  t h e  e l a s t i c  f i b r e s  r u n  p a r a l l e l  t o  t h e  l o n g  

a x e s  o f  t h e  a i r  p a s s a g e s .  B ra n c h e s  a r e  g i v e n  o f f  

w h ic h  p a s s  t o  t h e  b a n d s  o f  sm oo th  m u sc le  i n  t h e  w a l l s ,  

s u r r o u n d  them  w i t h  a n e tw o r k  o f  f i b r e s ,  and t h e n  t a k e  i 

p a r t  i n  t h e  f o r m a t i o n  o f  t h e  o u t e r  f i b r o u s  t i s s u e .  I n j  

t h e  a t r i a ,  t h e  s a c c u l i  a l v e o l a r e s  and  t h e  a l v e o l i ,  t h e  ii
! I

e l a s t i c  f i b r e s  fo rm  an  i n t r i c a t e  n e tw o r k .  A bout t h e  !! I
! o p e n in g s  l e a d i n g  f ro m  t h e  d u c t u l i  a l v e o l a r e s  i n t o  t h e
i

j a t r i a ,  f ro m  t h e  a t r i a  i n t o  t h e  s a c c u l i  a l v e o l a r e s ,  and  

| f ro m  t h e  s a c c u l i  a l v e o l a r e s  i n t o  t h e  a l v e o l i  t h e y  a r e
i
j

j a r r a n g e d  i n  an  e n c i r c l i n g  band  o f  i n t e r l a c i n g  f i b r e s .
i
| Prom t h e s e  b a n d s  i n d i v i d u a l  f i b r e s  a r e  g i v e n  o f f  w h ic h
|
1 b r a n c h  and a n a s to m o se  t o  fo rm  a  n e tw o r k  o f  f i b r e s ,  

w h ic h  a r e  d e r i v e d ,  i n  t h e  c a s e  o f  t h e  a t r i a  f ro m  t h e  

f i b r e s  o f  t h e  d u c t u l i  a l v e o l a r e s ,  i n  t h e  c a s e  o f  t h e  I
j

s a c c u l i  a l v e o l a r e s  f ro m  t h e  f i b r e s  o f  t h e  a t r i a ,  and 

i n  t h e  c a s e  o f  t h e  a l v e o l i  f ro m  t h e  s a c c u l i  a l v e o l a r e s . ! i
Thus i f  t h e  a l v e o l i ,  s a c c u l i  a l v e o l a r e s ,  and a t r i a  a r e  j 

c o n s i d e r e d /



c o n s i d e r e d  as  d i s t e n s i b l e  b l a d d e r s  e n c l o s e d  by  an e l a s -  

: t i c  n e tw o rk  o f  su c h  a n a t u r e ,  i t  w i l l  be o b v io u s  t h a t ,  

a s  t h e y  a r e  d i s t e n d e d  w i t h  a i r ,  t h e  e l a s t i c  f i b r e s  i n  

t h e  b r o n c h i o l i  and d u c t i  a l v e o l a r e s  a r e  p u t  on th e  

s t r e t c h  i n  a l o n g t i t u d i n a l  d i r e c t i o n ,  b u t  i n  t h e  c a s e  ! 

o f  t h e  w a l l s  o f  t h e  a t r i a ,  a l v e o l a r  s a c s  and a l v e o l i ,  ' 

a l s o  p u t  on t h e  s t r e t c h  and d i s t e n d e d  i n  a l l  t h e i r  dia-^

: : m e t e r s ,  t h e i r  r e l a t i v e  shap e  i s  p r e s e r v e d  by  th e  e n -  

! : c i r c l i n g  n e tw o r k  o f  f i b r e s .  In  t h e  b r o n c h i o l i  and 

d u c t u l i  a l v e o l a r e s  th e  b an d s  o f  sm ooth  m u sc le  s e r v e  t o  

p r e v e n t  o v e r d i s t e n s i o n .  M ack lin  (70) h a s  p ro v e d  t h a t  i 

p r a c t i c a l l y  th e  e n t i r e  e l a s t i c  r e c o i l  o f  lu n g  t i s s u e  j

i s  due t o  t h e  e l a s t i c  t i s s u e  i n  t h e  b r o n c h i ,  more p a r -  j

: t i c u l a r l y  t o  t h a t  fo u n d  i n  t h e  t u n i c a  p r o p r i a  o f  t h e  |
i

l a r g e r  b r o n c h i .  He d i s s e c t e d  o u t ,  a s  f a r  a s  was poss-*

: i b l e ,  t h i s  e l a s t i c  membrane and fo u n d  t h a t  when

s t r e t c h e d  and a l lo w e d  t o  sn ap  b a c k  i t  a c t e d  much a s  an  j

; e l a s t i c  b a n d ,  w h i l e  i n  t h e  rem n an t  o f  th e  t r a c h e a  and

; b r o n c h i ,  w h ic h  b e f o r e  d i s s e c t i o n  had  shown n o rm a l

e l a s t i c  r e c o i l ,  t h e r e  was v i r t u a l l y  no e l a s t i c i t y .

! He h a s  a l s o  d e s c r i b e d  (72 )  t h e  i n t e r s t i t i a l  m u sc le  o f

j t h e  lu n g :  i t  o c c u r s  i n  t h r e e  s i t u a t i o n s ,  v i z ;  t h e

I m u sc le  f i b r e s  o f  t h e  i n t e r l o b a r  s e p t a ,  t h o s e  o f  t h e

i b r o n c h i a l  and v a s c u l a r  s h e a t h s ,  and  t h o s e  o f  t h e  v i s -  j
| :

! : c e r a l  p l e u r a .  I t  fo rm s  a  f e n e s t r a t e d  membrane i n  i
! • ;
| t h e s e  a r e a s  and  may p o s s i b l y  p l a y  some p a r t  i n  d im in -  j
i
j : i s h i n g  lu n g  v o lu m e .



A c o n s i d e r a t i o n  o f  th e  d e v e lo p m e n t  o f  th e  d i a 

p h r a g m  h e l p s  t o  e l u c i d a t e  c e r t a i n  p o i n t s  c o n n e c te d

w i t h  i t s  a c t i o n .  E a r l y  i n  em b ry o n ic  l i f e  i t  i s  s i t -  j
!; I

u a t e d  to w a rd s  t h e  h e a d ,  b u t  i t  m i g r a t e s  c a u d a l l y  u n t i l  

I i t  fo rm s  a sep tu m  d i v i d i n g  th e  coelom e i n t o  t h e  t h o r -  

; : a c i c  and t h e  ab d o m in a l  c a v i t i e s .  I n  t h e  human em-
« j

| : b r y o  o f  t h e  t h i r d  w eek two n a r ro w  s h o r t  p a s s a g e s  l y -  i

| : i n g  o p p o s i t e  th e  f o u r t h  and f i f t h  c e r v i c a l  se g m e n ts
! - I
| and l e a d i n g  from  th e  p e r i c a r d i u m  t o  t h e  p e r i to n e u m  r e - j
! I
1 p r e s e n t  t h e  p o t e n t i a l  p l e u r a l  c a v i t i e s ,  ( K e i th :  5 9 ) .  

i K e i t h  p o i n t e d  o u t  t h a t  11 t h e  p l e u r a l  c a v i t i e s  a r e  s im -  j 

: i l a r  i n  many r e s p e c t s  t o  th e  t u n i c a e  v a g i n a l e s ;  b o th j  

a r e  e x t r u s i o n s  o r  e x t e n s i o n s  o f  th e  p r im a r y  c o e lo m ic  

c a v i t y ,  b u t  w h e re a s  t h e  t e s t i c l e s  have e x t r u d e d  i n  

f r o n t  o f  them  a l l  t h r e e  p r im a r y  l a y e r s  f ro m  t h e  h in d  

g u t ,  t h e  l u n g s  p e r f o r a t e  o n ly  t h e  i n n e r  o f  t h e  t h r e e  

j l a y e r s  o f  th e  f o r e  end  o f  t h e  c a v i t y  a n d ,  i n s t e a d  o f
i
| b e i n g  e x t r u d e d  i n  t h e  n e c k ,  p u s h  down t h e  i n n e r  l a y e r
|
! t o  fo rm  t h e  d ia p h ra g m . The lu n g s  a s  t h e y  d e v e lo p
Ii

| t h u s  become lo d g e d ,  a s  i t  w e r e ,  i n  t h e  a b d o m in a l  w a l l ,

| a s  one m ig h t  c o n c e iv e  h a p p e n in g  o f  an  i m p e r f e c t l y  d e s -
I
| : c e n d e d  t e s t i c l e  a t  t h e  g r o i n . ” The p o i n t s  a t  w h ic h
f
i

t h e  r i g h t  and l e f t  l u n g  e s c a p e  f ro m  t h e  p r i m i t i v e  a b 

d o m i n a l  c a v i t y  t h r o u g h  t h e  d i a p h r a g m va r e  te rm e d  t h e  

p l e u r o p e r i t o n e a l  o p e n in g s .  They  a r e  s i t u a t e d  one on | 

e i t h e r  s i d e  and  d i v i d e  e a c h  h a l f  o f  t h e  d ia p h ra g m  i n t o j
i

a d o r s a l  p o r t i o n ,  a r i s i n g  f ro m  t h e  s p in e  and a r c u a t e  

l i g a m e n t s , /
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l i g a m e n t s ,  and a v e n t r o - l a t e r a l  p o r t i o n  a r i s i n g  f ro m  

t h e  r i b s  and s te r n u m .  The p l e u r o p e r i t o n e a l  o p e n in g s  

u l t i m a t e l y  c l o s e ,  b u t  i t  w i l l  be s e e n  t h a t  t h e  d i a -  . 

:p h ra g m  c o n s i s t s  o f  two d o r s a l  and two v e n t r o - l a t e r a l  !• 

p o r t i o n s ,  th e  c e n t r a l  te n d o n  s i t u a t e d  b e tw e e n  t h e  f o u r^

; fo rm in g  t h e  f i f t h  m o r p h o lo g ic a l  e l e m e n t .

The c e n t r a l  t e n d o n  i s  d e v e lo p e d  f ro m  t h e  septurii 

: t r a n s v e r s u m ;  t h e  d o r s a l  p o r t i o n s '  a r e  fo rm ed  f ro m  t h a t  j
j |

; p o r t i o n  o f  t h e  body  w a l l  w h ic h  fo rm s  th e  s u b v e r t e b r a l  |

! m u s c u l a t u r e ,  and g a i n s  an  i n s e r t i o n  a n t e r i o r l y  i n t o  

t h e  p e r i c a r d i u m  and sep tu m  t r a n s v e r s u m .  The v e n t r o -  j 

: l a t e r a l  p a r t s  a r e  d e r i v e d  from  th e  v e n t r a l  l o n g t i t u d - j  

: i n a l  m u s c u la r  s h e e t s  w h ic h  g iv e  r i s e  t o  t h e  r e c t u s
j

a b d o m in a l i s  and d e p r e s s o r s  o f  t h e  h y o i d ,  th e  d e v e l o p -  j 

:m e n t  o f  t h e  lu n g  s e p a r a t i n g  f ro m  t h e  c h e s t  w a l l  t h e  

: d e e p e s t  p a r t  o f  t h e  r e c t u s  s h e a t h  t o  fo rm  t h e  v e n t r o -  

I : l a t e r a l  p a r t  o f  t h e  d ia p h ra g m . The r i b s  a r e  fo rm ed  

! i n  t h e  c h e s t  w a l l ,  and t o  th e  p o s t e r i o r  s i x  t h i s  p a r t  

| u l t i m a t e l y  o b t a i n s  an  o r i g i n :  i t  i s  c o n t in u o u s  a t  i t s

| i n s e r t i o n  w i t h  t h e  sep tum  t r a n s v e r s u m .  One w ould  

| t h u s  e x p e c t  t h e  d ia p h ra g m , f ro m  i t s  o r i g i n ,  t o  be com- 

| : p o s e d  o f  two p a r t s  d i f f e r i n g  i n  f u n c t i o n ,  and t h i s  isL
i
| i n  f a c t ,  t h e  c a s e ;  t h e  s p i n a l  p a r t  a c t s  on t h e  h e a r t
i
| and  p e r i c a r d i u m ,  e l o n g a t i n g  t h e  t h o r a x ,  and  t h e  s te r n o j -  

: c o s t a l  p a r t  on t h e  lo w e r  s i x  r i b s .  j

P h y s i o l o g i c a l  a s p e c t s  o f  r e s p i r a t i o n *  !

Movements o f  t h e  b r o n c h i :
|

R h y th m ic a l /



I R h y th m ic a l  d i l a t a t i o n  and c o n t r a c t i o n  o f  th e

i b r o n c h i  d u r in g  i n s p i r a t i o n  and e x p i r a t i o n  was f i r s t  

| n o t e d  by  I n g a l s  (54)  i n  1905 w h i le  p e r f o r m in g  b r o n c h o s  

| : c o p y .  The movements w ere more m arked i n  c h i l d r e n  

t h a n  i n  a d u l t s ,  and he c o n f i rm e d  t h e i r  p r e s e n c e  by  

e x p e r im e n t s  on d o g s .  He s t a t e d  t h a t '  i n  q u i e t  i n s p i r 

a t i o n  th e  s m a l l e r  t u b e s  d i l a t e d  t o  f o u r  t im e s  t h e i r  

s i z e  i n  e x p i r a t i o n ,  when t h e y  w ere a lm o s t  c l o s e d .

T h is  movement h a s  b e e n  v e r i f i e d  f r e q u e n t l y  s i n c e  t h e n ,  

p a r t i c u l a r l y  by  C h e v a l i e r  J a c k s o n  who s t a t e d  (55)  t h a t  

" r e s p i r a t o r y  and p u l s a t o r y  movements a r e  i n  many p la n e  

| b u t  t h e  c h i e f  movements n o t i c e d  by th e  b r o n c h o s c o p i s t
I
j i n  a l l  c a s e s  o f  f o r e i g n  b o d i e s  i n  t h e  l a r g e r  b r o n c h i  

i i s  t h e  t o  and f r o  m o tio n  to w a rd s  and  fro m  t h e  b ro n c h o sI
: c o p e ,  c h i e f l y  i n  th e  b r o n c h o s c o p ic  a x i s . "  S i m i l a r  

movement o f  t h e  b r o n c h i ,  a l t h o u g h  l e s s  m arked t h a n  t h e  

up and  down m o t io n  due t o  th e  a c t i o n  o f  t h e  d ia p h ra g m ,  

was n o t e d  b y  t h e  r a d i o l o g i s t  who ex am in ed  t h e  c a s e s .  

S t u d i e s  made on t h e  b r o n c h i a l  movements a f t e r  t h e  i n 

f e c t i o n  o f  opaque s u b s t a n c e s  (B u iIo w a  & G o t t l i e b :  1 4 . 

M a c k l in :  7 1 . )  y i e l d e d  s i m i l a r  i n f o r m a t i o n .  I n  a d d i 

t i o n  B u llo w a  and G o t t l i e b  c la im e d  t o  be a b l e  t o  

d e t e c t  a  l o n g  p e r i s t a l t i c  wave o f  s m a l l  a m p l i t u d e ,  

p a s s i n g  up  t h e  b r o n c h i ,  b u t  s u b s e q u e n t  i n v e s t i g a t o r s  

have  b e e n  u n a b le  t o  c o n f i r m  t h i s .

A l th o u g h  t h e  v ag u s  c o n t a i n s  b r o n c h o - c o n s t r i c -  

: t o r  f i b r e s  (D ixon  & B r o d ie :  2 8 ) ,  i t  i s  u n l i k e l y  t h a t  

t h e y /



t h e y  p l a y  any  p a r t  i n  b r i n g i n g  a b o u t  t h i s  rh y th m ic  d i - \  

s l a t a t i o n  ahd c o n t r a c t i o n ,  a s  t h i s  t a k e s  p l a c e  e v e n  i f j  

t h e  v a g a l  and s y m p a th e t i c  f i b r e s  r u n n in g  t o  t h e  lu n g  

: a r e  c u t*  E l l i s :  (3 1 ,  32 )  e x p l a i n e d  th e  e x p a n s io n  and 

I c o n t r a c t i o n  as  b e in g  due t o  m e c h a n ic a l  e f f e c t s  p r o d u c -  

■ : e d  by  t h e  s u c t i o n  o f  t h e  c h e s t .  He found  no ev idence;

| i n  s u p p o r t  o f  th e  v iew  t h a t  i t  i s  an  i n t r i n s i c  f u n c t i o n
j
i

| o f  t h e  b r o n c h i a l  m u s c le ,  w h ich  i s  c o n c e rn e d  e n t i r e l y  i n
|
j m a i n t a i n i n g  a m o d e ra te  f o r c e  and th u s  l e a v i n g  a lum en

| i n  t h e  s m a l l e r  b r o n c h i  w h ich  o t h e r w i s e  m ig h t  be eom-

! : p l e t e l y  e x c lu d e d  d u r in g  e x p i r a t i o n .

The i n t e r c o s t a l  m u s c le s :  H oover: (5 2 )  a f t e r  a v e r y

c a r e f u l  i n v e s t i g a t i o n  o f  th e  f u n c t i o n s  o f  t h e  i n t e r c o s -

; : t a l  m u s c l e s ,  c o n c lu d e d  t h a t ,  c o n t r a r y  t o  t h e  b e l i e f

; t h a t  i n s p i r a t i o n  and e x p i r a t i o n  a r e  d e te r m in e d  b y  th e

; a l t e r n a t e  a c t i o n  o f  t h e  two s e t s  o f  i n t e r c o s t a l s ,  t h e

| m u s c le s  a c t  s y n e r g i c a l l y  w i t h  e a c h  o t h e r  and w i t h  t h e

a c c e s s o r y  m u sc le s  o f  r e s p i r a t i o n .  W h e th e r  t h e i r  c o n -  
\/

t r a c t i o n  r e s u l t  i n  i n s p i r a t i o n  o r  e x p i r a t i o n  d e p e n d s  or. 

t h e  g ro u p  o f  a c c e s s o r y  m u s c le s  w i t h  w h ic h  t h e  i n t e r c o s -  

s t a l s  a r e  i n t e g r a t e d :  i f  t h e  s c a l e n l  and t h e  s e r r a t u s

p o s t i c u s  s u p e r i o r ,  t h e n  i n s p i r a t i o n  f o l l o w s ,  i f  t h e  

t r i a n g u l a r i s  s t e r n i  and s e r r a t u s  p o s t i c u s  i n f e r i o r ,  

t h e n  e x p i r a t i o n .  The f u n c t i o n  o f  t h e  i n t e r c o s t a l s  i s  

t o  a i d  e i t h e r  e x p i t f i t i c m  o r  i n s p i r a t i o n .  n o r m a l l y ,  

t h e  e x t e r n a l  I n t e r c o s t a l s  o n ly  a r e  em ployed  d u r i n g  i n 

s p i r a t i o n ,  and n e i t h e r  t h e  e x t e r n a l  n o r  t h e  i n t e r n a l  

d u r i n g /
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d u r i n g  e x p i r a t i o n .  I f ,  h o w ev er ,  t h e  a b d o m in a l  m us- i
; I

: c l e s  a r e  u se d  i n  f o r c e d  e x p i r a t i o n ,  t h e n  t h e  e x t e r n a l j  

I i n t e r c o s t a l s  a l s o  a r e  b r o u g h t  i n t o  p l a y ,  w h i le  i n  

I h y p e rp n o e a  w here t h e r e  i s  r e s i s t a n c e  t o  t h e  e n t r a n c e

| o f  a i r  t h e  i n t e r n a l  i n t e r c o s t a l s  a r e  em ployed  a lo n g  t
I  j

! w i t h  t h e  e x t e r n a l  d u r in g  i n s p i r a t i o n .
|  j
| The m e c h a n ic s  o f  r e s p i r a t i o n :  Much o f  th e  p i o n e e r  j

| w ork  on t h i s  s u b j e c t  was done by S i r  A r th u r  K e i th  I
! |
| ( 5 7 ,  5 8 ,  5 9 ,  6 0 ,  6 1 ) ,  and h i s  v iew s  w i l l  be sum m arised  I
i  i
: i n  t h e  f o l l o w i n g  p a r a g r a p h s .  |
j  j

The lu n g s  a r e  composed o f  e l e m e n t s  o f  v a r y i n g  j
:  {

d e g r e e s  o f  e x t e n s i b i l i t y ,  h en ce  t h e  e x p a n s io n  o f  t h e i r  |I
i

p a r t s  i s  u n e q u a l  d u r in g  r e s p i r a t i o n .  They may be c o n 

s i d e r e d  a s  b e i n g  composed o f  t h r e e  p a r t s ;  1 .  t h e  

i r o o t  z o n e ,  w h ich  i s  i n e x p a n s i l e :  2 .  t h e  i n t e r m e d i a t e

j z o n e ,  w h ic h  i s  p a r t l y  e x p a n s i l e :  3 .  t h e  e x p a n s i l e
I
| o u t e r  z o n e ,  e x t e n d i n g  t o  a  d e p th s  o f  25 -  30 mm. D i s -  

: t e n s i b i l i t y  o f  any  p a r t  o f  t h e  lu n g  d e p e n d s  on th e  

num ber o f  p r im a r y  l o b u l e s  i t  c o n t a i n s .  ‘

The lu n g s  do n o t  expand  e q u a l l y  i n  a l l  d i r e c 

t i o n s .  Of t h e  f i v e  a r e a s  one may d i s t i n g u i s h  on t h e  

s u r f a c e  o f  t h e  human l u n g ,  t h r e e  a r e  i n  c o n t a c t  w i t h  

s t a t i o n a r y ,  o r  a lm o s t  s t a t i o n a r y  p a r t s ,  o f  t h e  p l e u r a l  

c a v i t y ;  t h e s e  a r e  t h e  m e d i a s t i n a l ,  t h e  d o r s a l  and t h e  

a p i c a l ;  t h e  tw o p a r t s  w h ic h  c a n  be  e x p an d ed  d i r e c t l y  

a r e  t h e  d i a p h r a g m a t ic  and t h e  s t e r n o - c o s t a l .  j

I n  man t h e  m anubrium  s t e r n i ,  t h e  f i r s t  p a i r  o f

r i b s /



r i b s  and t h e i r  c a r t i l a g e s ,  w i t h  S ib s o n * s  f a s c i a ,  fo rm  j ; | 
a  f u n c t i o n a l  l i d  ( t h e  t h o r a c i c  o p e rc u lu m )  t o  th e  t h o r - |

i
! : a x ,  and move as  i f  t h e y  fo rm ed  one p i e c e .  The l i d  

; i s  h in g e d  t o  th e  v e r t e b r a l  colum n a t  t h e  f i r s t  c o s t o -  

| : v e r t e b r a l  a r t i c u l a t i o n ;  i t s  m oveable  o r  s w in g in g  end
I
! i s  a t t a c h e d  t o  t h e  a n t e r i o r  w a l l  o f  t h e  t h o r a x  a t  t h e
I
i

I s t e r n o - m a n u b r i a l  j o i n t .

At th e  apex  o f  th e  lu n g  t h e r e  i s  no i n s p i r :  

: a t o r y  e x p a n s io n  o f  t h e  r i b s  i n  a b ack w ard  d i r e c t i o n ,

! b u t  a b u c k e t  h a n d le  a c t i o n  o f  t h e  f i r s t  f i v e  r i b s  

| w h ic h  p r o v i d e s  e f f e c t i v e  v e n t i l a t i o n  o f  th e  a n t e r i o r  

; p a r t s  o f  t h e  u p p e r  l o b e s .  T hese  r i b s  r e s e m b le  a r c s ,

' t h e  bows o f  w h ich  a r e  r e p r e s e n t e d  by  a x e s  j o i n i n g  th e  

I s p i n a l  and s t e r n a l  e x t r e m i t i e s .  The movement i s

I p e c u l i a r  t o  t h e  u p p e r  f i v e  r i b s  and d o e s  n o t  a p p ly  t o
!
I th e  lo w e r  g ro u p  ( r i b s  s e v e n  t o  t w e l v e ,  r i b  s i x  b e i n g  

i n t e r m e d i a t e  i n  i t s  a c t i o n ) .

The b a s a l  p a r t s  o f  t h e  lu n g s  a r e  e x p a n d e d  

d i r e c t l y  by  a  compound m o t io n  o f  t h e  d ia p h ra g m  and 

t h e  lo w e r  r i b s .  D u r in g  c o m p le te  i n s p i r a t i o n  t h e  

w hole  l u n g  i s  moved dow nw ards, f o r w a r d s  and o u tw a r d s ,  

t h e  r o o t s  s h a r i n g  i n  t h i s  movement. M a c k l in  (7 3 )  

h a s  f ro m  r a d i o g r a p h i c  s t u d i e s  on n o rm a l  p e r s o n s  e s t i -  

: m a ted  t h e  v e r t i c a l  e x c u r s i o n  o f  t h e  c a r i n a  a s  21 mm. 

d u r i n g  f u l l  r e s p i r a t i o n .

The d i a p h r a g m , t h u s  p l a y s  a  com plex  a c t i o n  d u r -

:ingI
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d u r i n g  i n s p i r a t i o n .  I t  a c t s  a s  a  t r u e  p i s t o n ,  e x p a n d -  

: i n g  t h e  b a s a l  a r e a s  o f  th e  lu n g  d i r e c t l y  and th r o u g h  

them  th e  a p i c a l  p a r t s ;  t h r o u g h  t h e  m u s c u la r  c r u r a ,  

w h ic h  fo rm s  o n e - t h i r d  o f  th e  m u s c le ,  i t  a c t s  on t h e9 i

p e r i c a r d i u m  and so h a s  a d i r e c t  i n f l u e n c e  on th e  lu n g  ; 

r o o t s ;  i t  r a i s e s  t h e  a n t e r i o r  p o r t i o n s  o f  t h e  r i b s  t o  

: w h ic h  i t  i s  a t t a c h e d ,  i . e :  t h e  lo w e r  s i x ,  w h ic h ,

a c t i n g  th r o u g h  t h e i r  c o s t a l  c a r t i l a g e s  on t h e  f i f t h  

: and s i x t h  c h o n d o - s t e r n a l  f a c e t s ,  e l e v a t e  t h e  body  o f  

t h e  s te r n u m ,  and i n  so d o in g  p ro d u c e  a b e n d in g  a t  t h e  |

m a n u b r i o s t e r n a l  a r t i c u l a t i o n .

N o rm a lly  t h e s e  two t y p e s  o f  r e s p i r a t i o n ,  th e  !

c o s t o - s t e r n a l  and t h e  c o s t o - d i a p h r a g m a t i c  a r e  a lw a y s  i
|

p r e s e n t  i n  v a r y i n g  d e g r e e ;  th e  fo rm e r  m echanism  i s  j
!

a lm o s t  p e c u l i a r  t o  man and i s  o n ly  s l i g h t l y  d e v e lo p e d

i n  t h e  h i g h e r  p r i m a t e s .
|  j

The g r e a t  f i s s u r e  o f  t h e  l u n g  i s  o f  f u n c t i o n a l

| s i g n i f i c a n c e  a s  i t  p e r m i t s  t h e  a n t e r i o r  p a r t s  o f  t h e

I u p p e r  lo b e  t o  be  sw ept f o rw a rd  and upw ard  w i t h o u t  h i n -

| : d r a n c e  f rom  t h e  lo w e r  lo b e*  I n  p o s t - m o r te m  s p e c i -

1 :men6 t h e  m arks o f  t h e  f i r s t  f o u r  r i b s  o n ly  ca n  be j
! ■ ! 
i s e e n ,  and t h e s e  a r e  n o t  v i s i b l e  p o s t e r i o r l y ,  t h u s  j
i
| p r o v in g  t h a t  b o t h  th e  lo w e r  lo b e  and t h e  p o s t e r i o r  

p a r t  o f  t h e  u p p e r  m ust g l i d e  o v e r  t h e  c h e s t  w a l l .  jI
The im p o r ta n c e  o f  f r e e  r o o t  movement i n  t h e  j

v e n t i l a t i o n  o f  t h e  s u p r a - r e t r o - r a d i c u l a r  a r e a  i s  j

s t r e s s e d /  j
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s t r e s s e d  b o t h  by M ack lin  and by  K e i t h .  The f o rm e r  

d e f i n e d  t h i s  a r e a  a s  t h e  k e e l - l i k e  r e g i o n  bounded  i n -  ; 

:w a r d l y  by  th e  v e r t e b r a l  b o d i e s  and a d j a c e n t  m e d ia s -

; : t i n a l  w a l l ,  p o s t e r i o r l y  by t h e  m e d ia l  e n d s  o f  t h e

; r i b s ,  and above by  t h e  c u p o la  o f  t h e  p l e u r a ,  w h i le  

j K e i t h  s a y s : -  ”The s u p r a r a d i c u l a r  p a r t s  o f  t h e  lu n g  

| c a n  be t h o r o u g h l y  a e r a t e d  o n ly  i f  t h e  r o o t s  o f  t h e  j

| l u n g s  p a r t i c i p a t e  i n  t h e  r e s p i r a t o r y  movements o f  t h e  j
I i
I d ia p h ra g m . F o r  t h e  p r o p e r  a e r a t i o n  o f  t h e  a p i c a l  !
i  !
I p a r t  o f  man’ s lu n g s  d ia p h r a g m a t ic  movements a r e  e s s e n - |

i : t i a l . ” j
;  ;

C l i n i c a l  p r o o f  o f  t h e  above f i n d i n g s  was s u p - j 

: p l i e d  by  an  I n t e r n a t i o n a l  C o n g re ss  o f  R a d i o l o g i s t s  I n j  

V ien n a  (Roche: 8 6 ) .  T h e re  D e lh e im  and B onte  r e p o r t e d  

| t h e i r  f i n d i n g s  a f t e r  i n j e c t i n g  l i p i o d o l  i n t o  t h e  m id d -  

; : l e  lo b e  b ro n c h u s  and s t u d y i n g  t h e  movements o f  th e  

| b ro n c h u s  by  ra d io k y m o g ra p h y .  The d i s p l a c e m e n t  o f  t h e  

| b r o n c h u s  was e x a c t l y  p a r a l l e l  t o  t h a t  o f  t h e  d ia p h ra g m  

| s u g g e s t i n g  t h a t  t h e  m id d le  lo b e  i s  d i r e c t l y  i n f l u e n c e d
f|
| by  t h e  d ia p h ra g m . Weber w i t h  t h e  kym ograph i n v e s t i -
!

| : g a t e d  t h e  movements o f  th e  r i b s .  The g r e a t e s t  

m o t io n  was t h a t  o f  t h e  t h i r d ,  f o u r t h  and f i f t h  r i b s .
|
i  Lbwer down t h e  a m p l i tu d e  l e s s e n e d  and was s u b s e r v i e n t  

t o  t h e  d iaph ragm * He th o u g h t  t h e  f u n c t i o n  o f  t h e

f i s s u r e  was t o  a l l o w  one lo b e  t o  s l i d e  o v e r  t h e  o t h e r ,  j
i

and t h a t  i f  t h e  f i s s u r e  was f r e e  f ro m  a d h e s io n s  i t  was | 

n o t  p o s s i b l e  t o  r e s t  t h e  u p p e r  lo b e  by  p h r e n i c  n e r v e  j 

i n t e  r r u p t  i  o n • /
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I i n t e r r u p t i o n .  I n  h e a l t h  t h e  movements o f  th e  u p p e r  

lo b e  b r o n c h i  w ere  d i r e c t l y  o pposed  t o  t h e  movements o f
i
j t h e  d ia p h ra g m , b u t  i n  d i s e a s e  t h e y  w ere d i r e c t l y  r e -  

; : l a t e d ,  i . e :  t h e y  t e n d e d  t o  be p u l l e d  down b y  th e

| a c t i o n  o f  th e  d ia p h ra g m .
j
| The f i n d i n g s  o f  o t h e r  p h y s i o l o g i s t s  a r e  u s u -
i
i : a l l y  i n  a g re e m e n t  w i t h  t h o s e  o f  K e i t h .  B r i s c o e : (11)  

v a r i e s  f ro m  him o n ly  i n  d e t a i l .  On s t u d y i n g  c a s e s  o f  

p o s t o p e r a t i v e  c o l l a p s e  o f  t h e  l u n g s ,  o f  su p p o se d  p o s t -  

d i p h t h e r i t i c  p a r a l y s i s  and o f  h i g h  s p i n a l  p a r a p l e g i a ,

I he n o t i c e d  t h a t  i n s p i r a t i o n  was a s s o c i a t e d  w i t h  r e t r a c -
|
: : t i o n  o f  t h e  s te r n u m ,  r e c e s s i o n  o f  t h e  e p i g a s t r i u m  and 

! e v e r s i o n  o f  t h e  lo w e r  r i b s .  On e x a m in in g  t h e s e  p a t -  

: : i e n t s  r a d i o s c o p i c a l l y ,  th e  d ia p h ra g m  was s e e n  t o  move 

i p o o r l y .  He t h e n  made p r e s s u r e  o v e r  t h e  lo w e r  t h o r a x  

| and l a t e r a l  abdomen, and fo u n d  t h a t  n o rm a l  d i a p h r a g -  

! : m a t i c  m o t io n  a p p e a r e d ,  and  t h a t  t h e  e p i g a s t r i c  r e c e s s - -  

: i o n  chan g ed  i n t o  p r o p u l s i o n .  He t h o u g h t  t h a t  i n  

t h e s e  c a s e s  t h e  c o s t a l  p o r t i o n  o f  t h e  d ia p h ra g m  was 

i n  a b e y a n c e ,  b u t  t h a t  i t  c o u ld  be made t o  c o n t r a c t  i f  

r e q u i r e d .  He th o u g h t  th e  c r u r a  t h e  e s s e n t i a l  p o r t i o n  

o f  t h e  d ia p h ra g m , and c o n s i d e r e d  t h a t  I t  a c t e d  c o n t i n 

u a l l y  i n  a l l  t y p e s  o f  r e s p i r a t i o n ,  b u t  t h a t  i t s  

a c t i o n  was r e l a t i v e l y  g r e a t e r  and a lm o s t  e x c l u s i v e  In  

t h e  t h o r a c i c  t y p e ,  w h i l e  I t  was r e l a t i v e l y  l e s s  i n  t h e  

a b d o m in a l  t y p e ,  t h e  c o s t a l  p o r t i o n  o f  t h e  d ia p h ra g m  

p l a y i n g /
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; p l a y i n g  a l a r g e r  p a r t  i n  t h e  l a t t e r .  He c o n s i d e r e d  !

: t h a t  th e  a c t i o n  o f  th e  d ia p h ra g m  to o k  p l a c e  i n  two d i r -  

! s e c t i o n s  -  t h r o u g h  th e  p e r i c a r d i a l  l i g a m e n t  on th e  

| r o o t  o f  t h e  lu n g  e x p a n d in g  t h e  p a r t  o f  t h e  l u n g  above 

| t h a t  l e v e l ,  e s p e c i a l l y  when e r e c t ,  and  a t  t h e  b a s e  o f  

t h e  s te rn u m  t h r o u g h  t h e  t r e f o i l  t e n d o n  and t h e  s e v e n t h  

and a d j a c e n t  r i b s ,  b e n d in g  t h e  s te rn u m  and so e x p a n d in g  

t h e  a r e a  w h ic h  l i e s  above t h e  se co n d  r i b ,  e s p e c i a l l y  

when s u p in e .

H is  v ie w ,  t h a t  t h e  d ia p h ra g m  c a u s e d  r e t r a c t i o n  

o f  t h e  s te rn u m  was o p p o sed  to  t h a t  ,of K e i t h ,  b u t  was 

| s u p p o r t e d  by  th e  work o f  Hoover: ( 5 1 ) ,  who c o n s i d e r e d  

i t h e  d ia p h ra g m  a s  a n t a g o n i s t i c  t o  t h e  s c a l e n i  and i n t e r -  

| s c o s t a l s ,  w h ich  t e n d e d  t o  w id en  t h e  a n t e r o p o s t e r i o r  

j and t r a n s v e r s e  d i a m e t e r s  o f  th e  t h o r a x  and t o  l e s s e n
j

j t h e  v e r t i c a l  l e n g t h  o f  t h e  t h o r a x .  The m o t io n s  o f
i

th e  lo w e r  end  o f  t h e  s te rn u m  and t h e  s u b c o s t a l  a n g le  

r e s u l t i n g  from  t h i s  a n ta g o n is m  d ep en d ed  on t h e  p o s i t i o n  

o f  t h e  d ia p h ra g m ; when i t  was p u sh e d  up  i t  was p l a c e d  

a t  a m e c h a n ic a l  d i s a d v a n ta g e  i n  a p p r o x im a t in g  t h e  p a r t s  

o f  i t s  o r i g i n ,  i . e :  t h e  c e n t r a l  t e n d o n ,  t h e  s te r n u m ,  

and t h e  c o s t a l  b o r d e r ,  w h i l e  when i t  was p u sh e d  down 

i t  was a t  a  m e c h a n ic a l  a d v a n ta g e .  He fo u n d  t h a t  i f  

t h e  d ia p h ra g m  was c lam ped  t o  t h e  c h e s t  w a l l  above t h e  

t h o r a c i c  m a rg in  i n  a p p r o x im a te ly  a  s t r a i g h t  l i n e  f ro m  

t h e  c e n t r a l  t e n d o n ,  t h e n  m arked i n s p i r a t o r y  r e t r a c t i o n  

o c c u r r e d . /
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j  o c c u r r e d .  C l i n i c a l l y  s u c h  a  p o s i t i o n  i s  s e e n  a f t e r  

; an  empyema o r  f l u i d  e f f u s i o n ,  w h i le  th e  o p p o s i t e ,

I w here  t h e r e  i s  a m e c h a n ic a l  d i s a d v a n t a g e ,  i s  s e e n  i n  

emphysema. From t h e  c a r e f u l  o b s e r v a t i o n  o f  t h i r t y  

two c a s e s  o f  p h r e n i c  e v u l s i o n  a t  E a s t  F o r tu n e  S a n a t o r 

i u m ,  A n d erso n  (5 )  fo u n d  t h a t  i n  f i f t y  p e r  c e n t  t h e r e  

was q u i t e  d e f i n i t e  i n c r e a s e d  f re e d o m  o f  movement o f  

t h e  lo w e r  r i b s  and w id e n in g  o f  t h e  s u b c o s t a l  a n g le  

a f t e r  p h r e n i c  n e r v e  i n t e r r u p t i o n .  I n  t h e  r e m a in d e r  

t h e  change  was n o t  d e t e c t e d ,  b u t  i n  t h e  m a j o r i t y  o f  

t h e  l a t t e r  t h e r e  was e x t e n s i v e  lu n g  d i s e a s e  w i t h  f a i r -  

| : l y  m arked c o n t r a c t i o n  and f i x a t i o n  o f  th e  l u n g .

! T hese  f i n d i n g s  o f  A n d e rso n 1s l e n d  s u p p o r t  t o  H oover*s  

j  e x p l a n a t i o n .

S e c t i o n  I I I . /
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SECTION I I I *

THE PATHOLOGY OF THE COLLAPSED LUNG. j

Among t h e  s ig n s  i n d i c a t i v e  o f  a good p r o g n o s i s  

I i n  a p a t i e n t  w i t h  p h t h i s i s  a r e  t h e  d i s a p p e a r a n c e  o f  

' t u b e r c l e  b a c i l l i  f ro m  s p i t  i n  w h ich  p r e v i o u s l y  t h e y  

| w ere  p r e s e n t ,  and t h e  h e a l i n g  o f  any  c a v i t i e s  w h ic h  

| may have  b e e n  p r e s e n t#  A p o s i t i v e  spu tum  i s  p r a c t i -  j
| i
| : c a l l y  a lw a y s  found  i n  t h e  p r e s e n c e  o f  open  c a v i t a t i o n j
I i
| a n d ,  w h i l e  t h e  r e v e r s e  i s  n o t  t r u e ,  n a m e ly ,  t h a t  t h e  !

i  c l o s u r e  o f  a c a v i t y  i s  acco m p an ied  by a v a n i s h i n g  o f  j

t u b e r c l e  b a c i l l i  f ro m  th e  s p i t ,  i t  h a p p e n s  s u f f i c i e n t 

l y  f r e q u e n t l y  t o  r e n d e r  th e  c l o s u r e  o f  c a v i t i e s  t h e
i

u l t i m a t e  aim  i n  t r e a t i n g  p u lm o n ary  t u b e r c u l o s i s .  

nN a t u r a l fl h e a l i n g  i n  p u lm o n ary  t u b e r c u l o s i s , 

j H e a l in g  o f  c a v i t i e s  o c c u r s  f r e q u e n t l y  w i t h o u t

j any  a c t i v e  t r e a t m e n t .  A c c o rd in g  t o  P i n n e r  (4 )  Ms p o n -  

| : t a n e o u s ,f h e a l i n g  -  c l o s u r e  o f  th e  c a v i t y  w i t h o u t  c o l -  

: l a p s e  m e a su re s  -  o c c u r s  i n  f ro m  10 t o  30  p e r  c e n t  o f  

c a s e s  w i t h  c a v i t a t i o n .  H e ise  (48)  s t a t e s  t h a t  27 p e r  

| c e n t  o f  one h u n d re d  and f o r t y  p a t i e n t s  a d m i t t e d  t o

| T ru d e a u  S a n a to r iu m  a f t e r  1 919 , and t r e a t e d  by  b ed  r e s t
;

| a lo n e  had  no c a v i t y  a f t e r  s i x  m onths* r e s i d e n c e .  The
ii

m a j o r i t y  o f  t h e  c a v i t i e s  w h ic h  c l o s e d  w ere o f  r e c e n t  

o r i g i n ,  d i d  n o t  have  t h i c k  w a l l s  and w ere u n d e r  4 cm. 

i n  d i a m e t e r -  P a l e s  and B e a u d e t  s u p p ly  v e r y  d e t a i l e d  

s t a t i s t i c s /
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s t a t i s t i c s  r e l a t i n g  t o  ’’n a t u r a l 11 d i s e a s e  o f  c a v i t i e s .

In  t h e i r  f i r s t  p a p e r  (36) t h e y  fo u n d  t h a t  c a v i t i e s  v a n -  

: i s h e d  i n  40 p e r  c e n t  o f  one h u n d re d  and tw e n ty  c a s e s .  ;
i

The a b i l i t y  t o  h e a l  depended  l a r g e l y  upon  t h e  s i z e  o f  j 

t h e  c a v i t y ,  th e  amount o f  p u lm onary  in v o lv e m e n t ,  a n d ,  I 

; more e s p e c i a l l y ,  on t h e  a b se n c e  o f  b i l a t e r a l  c a v i t a -  !

: : t i o n .  I t  s h o u ld ,  h o w ev e r ,  be n o t e d  t h a t  t h e s e  c a s e s  ;

I w ere  o b s e rv e d  u n d e r  b e t t e r  d o n d i t i o n s  t h a n  I s  t h e  r u l e  j
I

i i n  S a n a t o r i a  i n  t h i s  c o u n t r y ,  w h i le  p a t i e n t s  who had  

; any  c o l l a p s e  t h e r a p y  w ere e x c lu d e d ,  an e x c l u s i o n  which,! 

n a t u r a l l y ,  r a i s e d  t h e  p r o p o r t i o n  o f  s u c c e s s f u l  r e s u l t s . !  

O b s e r v a t i o n  was c o n t in u e d  f o r  a t  l e a s t  one y e a r  and ! 

o f t e n  f o r  e i g h t e e n  m o n th s ,  and b ed  r e s t  was s t r i c t ,  a t  

l e a s t  tw e n ty  h o u r s  and f r e q u e n t l y  t w e n t y - f o u r  h o u r s  

p e r  d iem  b e i n g  s p e n t  i n  b e d .  I n  t h e i r  s e c o n d  s e r i e s  

(3 7 )  t h e y  fo u n d  t h a t  h e a l i n g  o c c u r r e d  i n  4 6 .7  p e r  c e n t  

■ o f  n i n e t y  c a s e s .  A g a in ,  t h i s  s e r i e s  was composed 

; l a r g e l y  o f  c a s e s  w h ich  f a v o u r e d  a  h i g h  p e r c e n t a g e  o f  

i  s a t i s f a c t o r y  r e s u l t s ,  and bed  r e s t  was p r o lo n g e d .

| McMahon and K e rp e r  (6 9 )  had  i n  t h e i r  s e r i e s
i
j two h u n d re d  and n i n e t y  s i x  c a s e s  w h ich  w ere  o b s e rv e d
i|
j f o r  a  minimum p e r i o d  o f  t h r e e  m onths and an  a v e ra g e
!
| p e r i o d  o f  t h i r t e e n  m o n th s .  E x c lu d in g  s i x t y  two c a s e s
|
|w h ic h  r e c e i v e d  c o l l a p s e  t h e r a p y  w i t h i n  two m onths o f  j

j
a d m is s io n  t o  h o s p i t a l ,  i n  28  p e r  c e n t  o f  t h e  r e m a in in g  j 

two h u n d re d  and t h i r t y  one c a s e s  t h e  c a v i t i e s  c l o s e d  

s p o n ta n e  o u s l y , /
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s p o n t a n e o u s l y ,  w h i le  I n  a n o t h e r  17 p e r  c e n t  t h e y  c o n 

t r a c t e d  a s i z e  l e s s  th a n  1 cm. by  1 cm. T hese  a u t h -  i 

: o r s  make th e  i n t e r e s t i n g  o b s e r v a t i o n  t h a t  t h e  p e r i o d  

w h ic h  e l a p s e d  b e f o r e  a c a v i t y  c l o s e d  was a lm o s t  th e
i

same w h e th e r  t h e  p a t i e n t  was t r e a t e d  b y  bed  r e s t  o r  by  ; 

c o l l a p s e  m e a s u re s ,  n am e ly ,  b e tw e e n  f i v e  and s i x  m o n th s .  

T h i s  o b s e r v a t i o n ,  h o w e v e r ,  h a s  n o t  b e e n  c o n f i rm e d  and 

jDe B lo em ef s f i g u r e s  (26)  may be q u o te d .  He fo u n d  t h a t  

t h e  spu tum  became t u b e r c l e  f r e e  i n  7 4 .6  p e r  c e n t  o f  

1 one h u n d re d  and s i x t y  s i x  c a s e s  o f  u n i l a t e r a l  t u b e r c u -  j 

: l o s i s .  T h is  p e r c e n t a g e  was a lm o s t  c o n s t a n t  w h e th e r  j 

t h e  c a s e s  w ere t r e a t e d  c o n s e r v a t i v e l y  o r  by  a r t i f i c i a l j  

p n eu m o th o ra x  ( 7 4 .2  p e r  c e n t  o f  one h u n d re d  and one |I
c a s e s  t r e a t e d  c o n s e r v a t i v e l y ,  and 7 5 .3  p e r  c e n t  o f  

s i x t y  f i v e  c a s e s  t r e a t e d  b y  a r t i f i c i a l  p n e u m o th o ra x ) ,  

b u t  w h i l e  w i t h  c o n s e r v a t i v e  t r e a t m e n t  t h e  a v e r a g e  p e r -  

: i o d  w h ic h  e l a p s e d  b e f o r e  s p o n ta n e o u s  h e a l i n g  t o o k  

p l a c e  was f o u r t e e n  m o n th s ,  i n  c o l l a p s e  c a s e s  spu tum  

; c o n v e r s i o n  and c a v i t y  c l o s u r e  o c c u r r e d  w i t h i n  a few  

m onths o f  th e  i n d u c t i o n .

I H e a l in g  by  C o l l a p s e  T h e ra p y .

I I t  may be a c c e p t e d  t h a t  w h i l e  s p o n ta n e o u s  h e a l -

! : i n g  w i l l  t a k e  p l a c e  i n  b e tw e e n  20 and 40 p e r  c e n t  o f  

; c a s e s ,  i n  t h e  r e m a in in g  60 t o  80 p e r  c e n t  t h e  p a t i e n t ,i
w h i l e  h i s  c o n d i t i o n  may im prove and t h e  d i s e a s e  a r e a  

beoome l e s s  a c t i v e  and  e x t e n s i v e ,  w i l l  r e m a in  i n f e c t e d j  

j w i t h /
i  ;
i
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w i t h  a c t i v e  t u b e r c u l o s i s ,  be l i a b l e  t o  s p r e a d  o f  t h e  

d i s e a s e  a t  any  t i m e ,  and be p o t e n t i a l l y  c a p a b le  o f  con-i
i

; : v e y in g  h i s  I n f e c t i o n  t o  p e r s o n s  w i t h  whom he may come 

j i n  c o n t a c t .  In  a p r o p o r t i o n  o f  t h e s e  60 t o  80 p e r  

! c e n t  o f  c a s e s ,  a r r e s t  o f  th e  d i s e a s e ,  and o f t e n  p e rm a-  

! : n e n t  c u r e ,  c an  be p r o c u r e d  by  c o l l a p s e  t h e r a p y .

| A l th o u g h  t h e r e  h a s  b e e n  much e x p e r i m e n t a l  w ork  |

| on t h e  e t i o l o g y  o f  t h e  h e a l i n g  p r o c e s s ,  t h e  e x a c t

| m ethod  by  w h ic h  i t  o c c u r s  i s  s t i l l  o b s c u r e .  R e p o r t s
|

| on t h e  p o s t  mortem a p p e a r a n c e s  o f  lu n g s  w h ich  c o n t a i n

h e a l e d  c a v i t i e s  a r e  s c a n t y  and n o t  v e r y  h e l p f u l .
:
j P i n n e r  (4 )  c o n s i d e r s  t h a t  a n a to m ic a l  h e a l i n g  s h o u ld  

I im p ly  c o m p le te  o b l i t e r a t i o n  o f  t h e  cavum and d i s a p p e a r -  

: ance  -  by r e s o r p t i o n  o r  f i b r o u s  s u b s t i t u t i o n  -  o f  a l l  

j  t u b e r c u l o u s  t i s s u e  a l t e r a t i o n s  i n  t h e  c o n s t i t u e n t  p a r t s  

j o f  t h e  c a v i t y ;  mere a p p o s i t i o n  o f  t h e  w a l l s  w i t h o u t

I f i b r o u s  b r i d g i n g  may s im u l a t e  h e a l i n g  b o t h  c l i n i c a l l y
!
| and r a d i o g r a p h i c a l l y ,  b u t  su c h  d i s e a s e  c a n  n o t  be c o n -
|
j  : s i d e r e d  h e a l e d .  N e i t h e r  may e p i t h e l i a l i s a t i o n  o f
i

t h e  cavum w a l l .  He g i v e s  a s h o r t  d e s c r i p t i o n  o f  two 

c a s e s  w h ic h  con fo rm ed  t o  t h e  above s t a n d a r d s  and s t a t e s  

he  was a b l e  t o  f i n d  o n ly  one o t h e r  d e s c r i p t i o n  o f  a 

h e a l e d  cavum i n  t h e  l i t e r a t u r e  -  t h a t  o f  G i l b e r t  ( 4 3 ) .  

i I n  e a c h  o f  t h e s e  t h r e e  c a s e s  t h e  cavum was r e p r e s e n t e d  

b y  a  s m a l l  s t a r - s h a p e d  mass o f  w h i t i s h  f i b r o u s  t i s s u e  

w i t h  no e v id e n c e  o f  r e s i d u a l  c a v i t a t i o n ,  c a s e a t i o n  o r  

c a l c i f i c a t i o n . /
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c a l c i f i c a t i o n .

I n  a d d i t i o n  t o  t h o s e  c a s e s  w i t h  a n a to m ic a l
!

h e a l i n g ,  t h e r e  a r e  c a v i t i e s  w h ich  c l i n i c a l l y  and r a d io - |

: g r a p h i c a l l y  a p p e a r  h e a l e d ,  y e t  a t  p o s t  m ortem a r e  

fo u n d  t o  c o n t a i n  s m a l l  r e s i d u a l  c a v i t i e s  b u r i e d  i n  

: s c a r  t i s s u e #  Such  a c a s e ,  i n  w h ich  t h e  lu n g  had  b e e n
i

j c o l l a p s e d  f o r  f o u r  y e a r s  p r i o r  t o  d e a t h ,  i s  d e s c r i b e dii
j i n  G i l b e r t ! s p a p e r  on t h e  s u b j e c t .  I t  c o n t a i n e d  two 

j c a v i t i e s ,  t h e  one t h e  s i z e  o f  a l e n t i l  and t h e  o t h e r
i

j o f  a s m a l l  p e a .  B oth  w ere e n c a p s u l a t e d  i n  f i b r o u s  

t i s s u e ;  one c o n t a i n e d  c a s e o u s  m asses  w i t h  c a l c i f i e d  

d e p o s i t s ,  w h i le  i n  t h e  o t h e r ,  w h ich  l a y  I n  a t e l e c t a t i c  j 

p a re n c h y m a ,  t h e r e  w ere no s ig n s  o f  a t u b e r c u l o u s  c h a r 

a c t e r  s av e  one o r  two g i a n t  c e l l s  i n  t h e  f i b r o u s  w a l l s .  

The p a th o lo g y  o f  t h e  lu n g  u n d e r  c o l l a p s e  m e a s -  

i : u r e s  h a s  b e e n  d e s c r i b e d  r e p e a t e d l y  (H o l la n d :  8 7 .  Gard-

j : n e r :  4 2 .  C au ssad e  & I s i d o r :  1 7 .  L indb lom : 6 7 .  Sweany:
!

; 9 8 .  P i n n e r :  4 . ) .  The o u t s t a n d i n g  change  p ro d u c e d  

| b y  c o l l a p s e  i s  t h e  d e v e lo p m e n t  o f  f i b r o u s  t i s s u e ,
i

| w h ic h  i n  a p n eu m o th o rax  o f  a  few  months* s t a n d i n g  may

jb e  e q u i v a l e n t  t o  t h a t  s e e n  i n  c h r o n i c  p h t h i s i s  o f  many
|
j y e a r s *  d u r a t i o n .  T h is  f i b r o s i s  i s  n o t  g e n e r a l i s e d ,  

j b u t  l o c a l i s e d  and n o d u l a r ,  and v e r y  d e n s e .  I t

t e n d s  t o  be w e l l - m a rk e d  i n  c e r t a i n  a r e a s  -  p e r l b r o n ;  

: c h i a l ,  p e r i a r t e r i a l  ( b u t  d e t a c h e d  f ro m  t h e  v e s s e l s ) ,  

a b o u t  c a s e o u s  m a s s e s ,  s u b p l e u r a l ,  and a lo n g  t h e  i n t e r -  |

: l o b a r /
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i i n t e r l o b a r  and i n t e r l o b u l a r  s e p t a .  The i n c r e a s e  i n  

th e  p re fo rm e d  t i s s u e  ( p e r i b r o n c h i a l ,  p e r i a r t e r i a l  and 

j s e p t a l )  i s  m ost marked i n  t h e  im m ed ia te  n e ig h b o u rh o o d  

! o f  t u b e r c u l o u s  l e s i o n s .  L indb lom  fo u n d  t h a t  i f  a
I
I p l e u r a l  e f f u s i o n  s h o u ld  d e v e lo p ,  t h e r e  i s  a m arked I n -  

: c r e a s e  o f  t h e  p re fo rm e d  and s u b p l e u r a l  f i b r o s i s ,  t h e  

l a t t e r  a r e a  b e in g  one i n  w h ic h  f i b r o s i s  i s  n o t  o t h e r -  

: w i s e  g r e a t .
i

T h e re  a r e  num erous t h e o r i e s  a s  t o  th e  a c t u a l  

| mode o f  h e a l i n g  o f  c a v i t i e s .  I f  t h e o r i e s  w h ic h  l a c k  

| an y  p a t h o l o g i c a l  s u p p o r t ,  su c h  a s  t h a t  o f  Doubrow 

; ( d i s c u s s i o n ,  G i l b e r t  ( 4 3 ) )  -  who c o n s i d e r e d  h e a l i n g  

t o  be a c c o m p l is h e d  by  g r a n u l a t i o n  t i s s u e  g ro w in g  i n t o  

! t h e  c a v i t y  and f i l l i n g  i t  c o m p le t e ly  a f t e r  w h ic h  i t  

| was r e p l a c e d  by  a c t u a l  r e g e n e r a t i o n  o f  l u n g  t i s s u e  -  

a r e  l e f t  o u t  o f  a c c o u n t ,  t h e n  t h e  r e m a in d e r  a r e  b a s e d  

on one o f  t h e  f o l l o w i n g  two a rg u m e n ts .

T h e re  i s ,  f i r s t ,  w hat was f o r  lo n g  th e  g e n e r 

a l l y  a c c e p t e d  m eth o d .  A c c o rd in g  t o  t h i s  t h e o r y  a 

c a v i t y  r e s u l t e d  from  i n t e r r u p t i o n  o f  lu n g  p a renchym a 

and was c o n s t a n t l y  b e i n g  e n l a r g e d  b y  t h e  n a t u r a l  e l a s 

t i c i t y  o f  t h e  lu n g  w h ich  te n d e d  t o  p u l l  i t  o u t .  The 

n a t u r a l  t i s s u e  r e a c t i o n  t o  th e  p a t h o l o g i c a l  l e s i o n s  

was t h e  f o r m a t i o n  o f  f i b r o u s  t i s s u e ,  w h ic h  s u r r o u n d e d  

t h e  l e s i o n  and more p a r t i c u l a r l y ,  t h e  c a v i t y .  T h is  

f i b r o u s  t i s s u e  had  a  n a t u r a l  t e n d e n c y  t o  c o n t r a c t  a s  

i t /
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I i t  g rew  o l d e r  and e v e n t u a l l y  I t  w ould  manage t o  produce
j

o b l i t e r a t i o n  o f  t h e  s p a c e .  C o l l a p s e  a id e d  h e a l i n g  by  

: r e d u c i n g  t h e  e l a s t i c  t e n s i o n  i n  t h e  lu n g  and e n a b l i n g  

| t h e  f i b r o u s  t i s s u e  t o  c o n t r a c t  more e a s i l y  and c l o s e  

; t h e  c a v i t y .  T h e re  i s  no h i s t o l o g i c a l  e v id e n c e  t h a t
i
| t h i s  p r o c e s s  a lo n e  i s  i n  f a c t  w hat t a k e s  p l a c e .

H e b e r t  (4 6 )  had  p o i n t e d  o u t  t h a t  f i b r o s i s  i n  t h e  w a l l  

o f  a c a v i t y  w i l l  r e n d e r  i t  l e s s  c o l l a p s i b l e  w h i l e  f i -
i
| : b r o t i c  c o n t r a c t i o n  o f  th e  a r e a  i n  w h ic h  t h e  c a v i t y  i s  

i s i t u a t e d  t e n d s  t o  r e d u c e  i n  s i z e .  A gain  f i b r o u s  

I t i s s u e  t e n d s  t o  be more e x u b e r a n t  t h e  o l d e r  t h e  l e s i o n
I
; i s ;  one w ould  t h u s  e x p e c t  a h i g h e r  p e r c e n t a g e  o f  c a v -  

: i t i e s  t o  c l o s e  i n  c h r o n ic  p h t h i s i s ,  w h e re a s  i n  t h i s  

c o n d i t i o n  one o b t a i n s  t h e  s m a l l e s t  p e r c e n t a g e  o f  s p o n -  

! : t a n e o u s  c u r e s .  T h is  c o n c l u s i o n  i s  p o s s i b l y  n o t  t r u e  

j a s ,  i n  m arked  f i b r o s i s  t h e r e  i s  w id e s p re a d  p l e u r a l  

; a d h e s i o n  w h ic h  w i l l  t e n d  t o  p r e v e n t  r e t r a c t i o n ,  a s
I

| w i l l  t h e  f a c t  t h a t  t h e r e  i s  r e l a t i v e l y  l i t t l e  h e a l t h y
i

| p a ren ch y m a t o  co m p en sa te  f o r  any  c o n t r a c t i o n  w h ic h
j

| t a k e s  p l a c e .  P i n n e r  a d v a n c e s  an  i n g e n i o u s  t h e o r y  

when he s t a t e d  t h a t  ro u n d  an y  c a v i t y  t h e r e  a r e  two 

s e t s  o f  f i b r e s ,  t h e  o n e ,  a r r a n g e d  c o n c e n t r i c a l l y ,  

a c t s  a s  c o n s t r i c t o r s ,  and t h e  o t h e r ,  w h ic h  r a d i a t e s  

f ro m  t h e  c a v i t y  and  may be a n c h o re d  d i s t a l l y  t o  t h e  

p l e u r a  o r  i n t e r l o b a r  s e p ta >  a c t s  a s  d i l a t o r s ;  th e
i

l a t t e r  p r e d o m in a te  i n  c h r o n i c  c a v i t i e s  and t e n d  t o  j 

k e e p /
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k e e p  them  from  c l o s i n g ,  w h i le  I n  r e c e n t  c a v i t i e s  th e  

c o n s t r i c t o r  f i b r e s  a r e  more num erous and may l e a d  t o  

c l o s u r e  o f  t h e  c a v i t y .  T h e re  i s  no h i s t o l o g i c a l  

p r o o f  t h a t  t h i s  i s  th e  c a se  and th e  t h e o r y  i s  c o n t r a -  

: d i e t e d  by  th e  f a c t  t h a t  a c a v i t y  i n  a lu n g  c o l l a p s e d  

by  p n e u m o th o ra x ,  i n  w h ich  c a s e  t h e r e  i s  no a n c h o ra g e  

f o r  t h e  ’’d i l a t o r ” f i b r e s ,  may I n c r e a s e  i n  s i z e .  One 

m ig h t  a l s o  m e n t io n  P a r o d i» s  work ( 8 3 ) .  He b e l i e v e s  

t h a t  t h e  w e ig h t  o f  th e  lu n g  i s  th e  p r im a r y  f a c t o r  b o th  

I n  d e c i d i n g  th e  s i t e  o f  t h e  l e s i o n  -  u s u a l l y  a p i c a l  -  

and i n  t h e  h e a l i n g  o f  th e  l e s i o n  w h e th e r  t h i s  i s  by  

c o l l a p s e  o r  b y  c o n s e r v a t i v e  m e a s u re s .  H is  a rg u m en t 

i s  i n v o l v e d ,  b u t  i f  one s u b s t i t u t e s  th e  te r m  ’’e l a s t i 

c i t y ” f o r ,  ’’th e  w e ig h t  o f  th e  l u n g ” i t  d o e s  n o t  d i f f e  

m a t e r i a l l y  f ro m  th e  v iew s  g iv e n  a b o v e .

A t e l e s t a s i s  and T u b e r c u l o s i s .

D u r in g  r e c e n t  y e a r s ,  C o r y l l o s  and h i s  c o -w o rk -  

: e r s  have  ad v an ced  t h e  t h e o r y  t h a t  t u b e r c u l a r  c a v i t i e s  

c l o s e  and h e a l  o n ly  a s  a r e s u l t  o f  a t e l e c t a s i s  s u b s e 

q u e n t  t o  o c c l u s i o n  o f  t h e  b ro n c h u s  s u p p ly i n g  t h e  d i s 

e a s e d  p a r t  o f  t h e  l u n g .  As e a r l y  a s  1909 K l i e b  had  

n o t e d  t h a t  ” s c a r  t i s s u e  i n  t h e  lu n g s  may co m p re ss  t h e  

b r o n c h i  so t h a t  a r e a s  o f  a l v e o l i  c o l l a p s e ” (Holcomb & 

W eber: 3 0 . ) .  One f i n d s  s i m i l a r  s t a t e m e n t s  n o t  

i n f r e q u e n t l y  i n  t h e  l i t e r a t u r e ,  b u t  i t  was n o t  u n t i l  

C o r y l l o s  p u b l i s h e d  h i s  v a r i o u s  p a p e r s  on t h e  s u b j e c t  

( C o r y l l o s : /
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I

i ( C o r y l l o s :  2 0 .  2 1 .  2 8 . C o r y l l o s  & B irnbaum : 2 3 . )G o r y ~ j
- I

: l l o s ,  K a n te r w i t z  & L e v in e :  2 4 . )  t h a t  a t t e n t i o n  was j
' ■ i

: d raw n t o  t h e  a s s o c i a t i o n  b e tw e e n  a t e l e c t a s i s  and th e  

; h e a l i n g  o f  t u b e r c u l o u s  l e s i o n s .  B r i e f l y ,  h i s  t h e o r y  

I may be s t a t e d  t h u s : -  A c a v i t y  i s  fo rm ed  a s  a r e s u l t  

; o f  e v a c u a t i o n  o f  c a s e o u s  m a t t e r  from  an  e a r l y  l e s i o n .

| T h is  h o l e  i n  th e  lu n g  d o es  n o t  c o l l a p s e  a s  t h e  p r e s s u r e  

| i n s i d e  i t  i s  g r e a t e r  (one a tm o sp h e re )  t h a n  th e  p r e s s u r e
i

I a b o u t  i t  ( l e s s  t h a n  one a tm o s p h e r e ) .  As th e  p r e s s u r e

| o f  t h e  s u r r o u n d in g  t i s s u e  i s  more o r  l e s s  u n i fo r m  i t
j  j
ia s su m e s  a s p h e r i c a l  s h a p e .  I f  a i r  i s  e n t r a p p e d  i n  I

any  t i s s u e  i n  th e  body i t  i s  a b s o rb e d ;  t h i s  a p p l i e s

e q u a l l y  t o  a i r  e n t r a p p e d  i n  th e  l u n g s .  When a c a v i t y

i s  f i r s t  fo rm ed  th e  b ro n c h u s  d r a i n i n g  i t  i s  i n  communi-

;- c a t i o n  w i t h  th e  a tm o sp h e re  and w i t h  t h e  c a v i t y .

;T h re e  t h i n g s  may h ap p en  t o  th e  b r o n c h u s .  I f  i t  r e m a in s

|o p e n  t h e r e  i s  f r e e  d r a i n a g e  o f  t h e  c a v i t y ,  unham pered
|
jg ro w th  o f  t u b e r c l e  b a c i l l i ,  p r o g r e s s i o n  o f  t h e  l e s i o n  

|and  a b s o r p t i o n  o f  t o x i c  p r o d u c t s  b y  t h e  lymph s t r e a m ,  

j I f  t h e  b ro n c h u s  i s  n a r ro w e d  so  a s  t o  a l lo w  f r e e  i n g r e s s

Iof a i r  d u r i n g  i n s p i r a t i o n  b u t  no e g r e s s  d u r i n g  e x p i r a t -
!
: i o n ,  emphysema o f  t h e  lu n g  t i s s u e  d i s t a l  t o  t h e  n a r ro w  

i n g  i s  p ro d u c e d  and any  c a v i t y  p r e s e n t  i n  t h i s  t i s s u e  

w i l l  i n c r e a s e  I n  s i z e  -  th e  s o - c a l l e d  ttc h e c k - v a l v e M 

c a v i t y .  S h o u ld  t h e  b r o n c h u s  become c o m p le t e ly  b lo ck ed , ,  

t h e n  t h e r e  w i l l  be a b s o r p t i o n  o f  t h e  e n t r d p p e d  a i r  i n  

t h e /



: th e  d i s t a l  p a r t  o f  th e  lu n g  w i t h  t h e  p r o d u c t i o n  o f  a t e -  

: l e c t a s i s  and c l o s u r e  o f  th e  c a v i t y .  I n  t h i s  l a s t  

I e v e n t u a l i t y  c e r t a i n  o t h e r  b i o l o g i c a l  f a c t o r s  a id  h e a l -  

| : i n g  o f  t h e  l e s i o n .  The t u b e r c l e  b a c i l l u s  i s  a s t r i c t  

! a e r o b e ,  and I n  th e  p r e s e n c e  o f  a t e l e c t a s i s  i s  p l a c e d

| i n  an e n v i ro n m e n t  much more u n s u i t a b l e  f o r  i t s  s u r v i v a l
|
| t h a n  i s  th e  open  c a v i t y .  I n  a d d i t i o n ,  a t e l e c t a s i s  

| l e a d s  t o  d im in i s h e d  b lo o d  f lo w  t h r o u g h  th e  a f f e c t e d
i
| l u n g  t i s s u e  and c o n s e q u e n t ly  l e s s e n e d  t o x i c  a b s o r p t i o n .

| A n o th e r  e f f e c t  o f  t h e  c o i n c i d e n t  r e d u c t i o n  o f  c i r c u l -j
' : a t i o n  w h ich  o c c u r s  i s  t i s s u e  a n o x a e m ia ,  w h ic h ,  i f  p r o -  

: lo n g e d  and s u f f i c i e n t l y  p ro n o u n c e d ,  g iv e s  r i s e  t o  a 

f i b r o s i s  a n a la g o u s  t o  t h a t  s e e n  i n  V olkm ann’ s ischaem ic ;

I p a r a l y s i s .

C o r y l l o s  h a s  ad v an ced  some v e r y  s u b s t a n t i a l  

j a rg u m e n ts  i n  f a v o u r  o f  h i s  t h e o r y .  He h a s  a n a ly s e d  

| s a m p le s  o f  g a s  w ith d ra w n  from  c a v i t i e s  t h r o u g h  t h e
i

c h e s t  w a l l .  I n  c a v i t i e s  c o n n e c te d  w i t h  o p en  b r o n c h i  

t h e  oxygen  p e r c e n t a g e  was 1 6 -1 9 ,  t h e  c a rb o n  d i o x i d e
!

u n d e r  1 ,  w h i l e  t h e  p r e s s u r e  was a tm o s p h e r i c  w i t h  an 

o s c i l l a t i o n  b e tw e e n  m inus one and p l u s  one mm. o f  

m e rc u ry .  I n  c h e c k  v a lv e  c a v i t i e s  t h e  oxygen  p e r c e n t 

a g e  was 1 0 - 1 7 ,  th e  c a rb o n  d io x id e  2 - 3 ,  and  t h e  p r e s 

s u r e  l a y  b e tw e e n  p l u s  two and p l u s  f o u r  mm. w i t h  n o ,  

o r  o n l y  w eak , i n s p i r a t o r y  o s c i l l a t i o n ;  w h i l e  i n  c l o s -  

: ed  c a v i t i e s  t h e  oxygen  f e l l  w i t h i n  a few h o u r s  to  
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: u n d e r  1 p e r  c e n t ,  o r  e v en  d i s a p p e a r e d ;  t h e  c a rb o n  d i - j  

: : o x id e  was above 5 p e r  c e n t ,  p r e s s u r e s  w ere n e g a t i v e  

j and no o s c i l l a t i o n s  c o u ld  be d e t e c t e d .

T h a t  a t e l e c t a s i s  i s  c a p a b le  o f  p r o d u c in g  p r e s -  

j : s u r e s  s u f f i c i e n t l y  h i g h  t o  c l o s e  t h e  v a s t  m a j o r i t y  o f

! c a v i t i e s  h a s  b e e n  shown b y  H a b l i s t o n  (Lee L a n d e r :  6 4 .
I
j  J e n n in g :  5 6 . )  who fo u n d  i n t r a p l e u r a l  p r e s s u r e s  i n  t h e  

p r e s e n c e  o f  w id e s p re a d  a t e l e c t a s i s  as  low a s  -4 3 2  mm.

| o f  w a t e r ,  t h e  n o rm a l i n t r a p l e u r a l  p r e s s u r e  b e i n g  -  40 

! t o  - 8 0  mm. T h is  f i g u r e  i s  i n  t h e  r e g i o n  o f  th e  lo w e s -:
I
| w h ic h  t h e o r e t i c a l l y  i s  p o s s i b l e  s in c e  th e  b lo o d  can

i

| a b s o rb  a i r  o n ly  t o  a p r e s s u r e  o f  a b o u t  400 mm. o f  

w a t e r ,  (Trocm e: 1 0 1 ) .

S an es  and S m ith  ( 9 1 ) ,  and E l o e s s e r  ( 3 4 ) ,  have  

| made v e r y  c o m p le te  s t u d i e s  o f  b r o n c h i a l  o b s t r u c t i o n ,
j

s and t h e y  show t h a t  co m p le te  o b s t r u c t i o n  may be p r o d u c -
!i
! : e d  b y  many c a u s e s  o t h e r  t h a n  t u b e r c u l o u s  b r o n c h i t i s ,

w h ic h  C o r y l l o s  m e n t io n s  a s  t h e  com m onest. Among t h e

I c a u s e s  t h e y  l i s t  a r e  e n l a r g e d  lymph n o d e s ,  b r o n e h i t i s ,
I .

r e s t  i n  b ed  i n  t h e  s u p in e  p o s i t i o n ,  i m m o b i l i s a t i o n  o f

t h e  c h e s t  and d im in u t i o n  o f  t h e  cough  r e f l e x  b y  s e d a -

: t i v e s .

C o n c e rn in g  e x p e r i m e n t a l  w ork  r e l a t e d  t o  t h e  

c u r e  o f  t u b e r c u l o u s  l e s i o n s  i n  a t e l e c t a t i c  lu n g  t i s s u e ,  

two p a p e r s  may be q u o te d .  Adams (2 )  h a s  fo u n d  t h a t  | 

i n  dogs  i n  w h ich  m a ss iv e  a t e l e c t a s i s  was p ro d u c e d  j
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47 .

. t h r o u g h  s t e n o s i n g  th e  main b ro n c h u s  t o  one lu n g  by j

I c a u t e r i s i n g  th e  mucous membrane w i t h  a 35 p e r  c e n t  

| s o l u t i o n  o f  s i l v e r  n i t r a t e ,  t u b e r c u l o u s  l e s i o n s  h e a l e d  

| more r a p i d l y  i n  th e  a t e l e c t a t i c  lu n g  t h a n  i n  t h e  i n -  

I : f l a t e d  l o b e s . .  In  a v e r y  i n t e r e s t i n g  p a p e r  B rooks

| (12 )  h a s  p u b l i s h e d  th e  c a s e  o f  a p a t i e n t  w i t h  a lo w e r
|
| lo b e  i n f i l t r a t i o n  w i t h  c a v i t y  f o rm a t io n ;  she was
i
| t r e a t e d  by  p n e u m o th o ra x ,  b u t  th e  c a v i t y  was s t i l l  p r e s - ’
i
! : e n t  a f t e r  n in e  w eek s ,  d e s p i t e  a p a r t i a l  s e l e c t i v e  c o l -  

I : l a p s e .  B r o n c h i a l  o c c l u s i o n  was t h e n  p ro d u c e d  by  

! p l a c i n g  a c o l l a p s e d  b a l l o o n  i n  th e  lo w e r  lo b e  b ro n c h u s  

t h r o u g h  a b r o n c h o s c o p e ,  i n f l a t i n g  th e  b a l l o o n  w i t h  

I w a t e r  and l e a v i n g  i t  i n  p o s i t i o n .  M ass ive  c o l l a p s e  o f  

t h e  lo w e r  lo b e  to o k  p l a c e  i n  s i x  h o u rs*  t im e  and th e  

| b a l l o o n  was w i th d ra w n .  C om plete  o b l i t e r a t i o n  o f  t h e  

| c a v i t y  r e s u l t e d  d e s p i t e  th e  p r e s e n c e  o f  u n s u s p e c t e d  

| a d h e s i o n s ,  and  no i n f l a t i o n  o f  t h e  lo b e  r e s u l t e d  d u r i n g
i

th e  n e x t  f o u r  m o n th s ,  a r t i f i c i a l  pn eu m o th o rax  b e i n g  

c o n t i n u e d .  The a p p e a r a n c e s  o f  t h e  lo w e r  lo b e  w ere  

i d e n t i c a l  w i t h  t h o s e  s e e n  i n  w hat Lee L a n d e r  & D a v id s o n  

(6 5 )  h av e  c a l l e d  t h e  " b l a c k  l o b e . "  T h is  phenomenon 

i s  o f t e n  s e e n  i n  p n eum othorax  when a  d i s e a s e d  lo b e  

r a p i d l y  d e c r e a s e s  i n  s i z e  and comes t o  l i e  a ro u n d  th e  

r o o t .  T h i s  c o l l a p s e  h a s  b e e n  shown by t h e s e  a u t h o r s  

t o  be  due t o  a t e l e c t a s i s .

Coryllos^ t h e o r y  offers a satisfactory e x 
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e x p l a n a t i o n  o f  th o s e  a p p e a ra n c e s  n o t  i n f r e q u e n t l y  s e e n  i 

i n  s e r i a l  r a d i o g r a p h s  o f  t u b e r c u l o u s  p a t i e n t s ,  w i t h  o r  

w i t h o u t  a p n e u m o th o ra x ,  i n  whom a c a v i t y  w i l l  show f r e -

: : q u e n t  a l t e r a t i o n s  i n  s i z e ,  a phenomenon n o t  h i t h e r t o
i
; e x p l a i n e d  s a t i s f a c t o r i l y *  One c a n  assume i n  su c h

I c a s e s  t h a t  t h e r e  h a s  b e e n  o n ly  t e m p o ra ry  b r o n c h i a l  

o c c l u s i o n ,  p r o d u c in g  c o n t r a c t i o n  o f  t h e  c a v i t y ,  w h ic h  

i s  s u c c e e d e d  b y  p a r t i a l  o c c l u s i o n  o r  no o c c l u s i o n ,
j
I when t h e  c a v i t y  w i l l  a g a in  d i l a t e *

I M assive  lu n g  c o l l a p s e  may p o s s i b l y  be an
;

| e t i o l o g i c a l  f a c t o r  i n  t h e  p r o d u c t io n  o f  c a s e s  o f  c h ro n -  

: i c  p h t h i s i s  o r  f i b r o t h o r a x  (Trocme: 101 . S an e s  & S m ith  

9 1 . )  I n  su c h  c a s e s  th e  o c c l u s i o n  i s  assum ed t o  h ave  

g iv e n  r i s e  t o  t r a c t i o n  i n  t h e  b r o n c h i  s u f f i c i e n t l y

i s t r o n g  t o  c a u s e  a c o m p e n sa to ry  b r o n c h i e c t a s i s .
|
1 T h e re  a r e ,  h o w ev e r ,  c e r t a i n  a rg u m e n ts
i
! a g a i n s t  a t e l e c t a s i s  a s  a b e n e f i c i a l  f a c t o r  i n  p u lm o n ary
1
! t u b e r c u l o s i s .  I f  Van A l l e n ’ s i n t e r - a l v e o l a r  p o r e s
|
| e x i s t  t h e y  w i l l  p r e v e n t  a t e l e c t a s i s  t a k i n g  p l a c e  sh o u ld  

b lo c k a g e  o c c u r  i n  a  s m a l l  b ro n c h u s  o r  i n  a  b r o n c h i o l u s ,  

a s  a i r  w ould  t h e n  be a b l e  t o  e n t e r  t h e  t i s s u e  a f f e c t e d  

t h r o u g h  t h e  p o r e s .  M i l l e r  (7 5 )  h a s  d e m o n s t r a t e d  t h a t  

t h e i r  p r e s e n c e  i s  d o u b t f u l ,  and i f  th e y e :o c c u r  i t  i s  

p r o b a b l y  o n ly  a s  t h e  r e s u l t  o f  p a t h o l o g i c a l  l e s i o n s ,  

m ost commonly l o b a r  pneumonia* I n  t h i s  r e s p e c t . W a r n e r  

& Graham (102) have  p u b l i s h e d  a  r e p o r t  on a p a t i e n t  
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4 9 .

w i t h  a t e l e c t a s i s  i n  whom th e  b r o n c h i  w ere c l e a r ,  b u t  

i n  whom t h e r e  was a marked in f la m m a t io n  o f  t h e  d i s t a l  

b r o n c h i o l i .

S a l k i n ,  C adder & Me Ind o e  (8 9 .  90) have  exam - 

: i n e d  by  p o s t  mortem b ro n c h o g ra p h y  and p o s t  m ortem  d i s -  

: s e c t i o n  o f  lu n g s  a  l a r g e  number o f  c a v i t i e s ,  and s t a t e  

t h a t  i n  b lo c k e d  c a v i t i e s  ( c a v i t i e s  i n t o  w h ic h  th e  r a d i o  

: opaque  s u b s t a n c e  d i d  n o t  e n t e r ) ,  no m a t t e r  w h e th e r  t h e

b lo c k a g e  was i n t r a c a v i t a r y ,  e x t r a - b r o n c h i a l ,  o r  i n t r a -  j
j

: b r o n c h i a l ,  t h e  w a l l s  o f  th e  c a v i t i e s  showed g r o s s  and I

m i s c r o s c o p ic  e v id e n c e  o f  t u b e r c u l o u s  a c t i v i t y  w i t h  n u -  j
|

im e ro u s  a r e a s  o f  c a s e a t i o n  n e c r o s i s .  As t h e y  s ta n d  

t h e s e  r e s u l t s  a rg u e  a g a i n s t  C o r y l l o s f s t h e o r y ,  b u t  i t  

i s  p o s s i b l e  t h a t  e i t h e r  t h e  b lo c k a g e  was o f  t o o  r e c e n t  

a d a t e  t o  show any  e f f e c t  on t h e  c a v i t y ,  t h a t  a l t h o u g h  

r a d i o - o p a q u e  s u b s ta n c e  c o u ld  n o t  e n t e r  t h e  c a v i t y ,  y e t  

a i r  c o u l d ,  o r  t h a t  th e  c a v i t y  w a l l  was t o o  t h i c k  t o  

a l lo w  a i r  a b s o r p t i o n  t o  t a k e  p la c e *

I t  i s  f r e q u e n t l y  s t a t e d  t h a t  t h e  r e t e n t i o n  o f  

c a v i t y  s e c r e t i o n s  i s  d a n g e ro u s  and t o x i c  t o  t h e  p a t i e n t  

a s  c a v i t i e s  a r e  u s u a l l y  s e c o n d a r i l y  i n f e c t e d ,  and w h i l e  

c l o s u r e  o f  t h e  c a v i t y  may h i n d e r  t h e  g ro w th  o f  t u b e r c l e  

b a c i l l i ,  i t  w i l l  h av e  no e f f e c t  on p y o g e n ic  o r g a n i s m s .  

Adams (2 )  fo u n d  t h a t  p y o g e n ic  a b s c e s s e s  h e a l e d  more 

s lo w ly  i n  a t e l e c t a t i c  lu n g  t i s s u e  t h a n  when c o l l a p s e  

was n o t  p r o d u c e d ,  and P a ra g e  (38)  h a s  i s o l a t e d  f ro m  th e  
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50.

b lo o d  a n t i - b o d i e s  a g a i n s t  th e  h a e o m o to x in  and t o x i n  o f  

B. W e lc h i i  i n  42 p e r  c e n t  o f  c a s e s  w i t h  t u b e r c u l o s i s  

w i t h  c a v i t y  f o r m a t i o n .  I n  a d d i t i o n  he was a b l e  t o  j

i s o l a t e  t h e  o rg a n ism  from  12 p e r  c e n t  o f  th e  s p u t a .  j
: i

I t  i s  d i f f i c u l t  t o  a g re e  w i t h  C o r y l l o s  t h a t  |i i
i a l l  c a v i t i e s  h e a l  o n ly  by th e  p r e s e n c e  o f  a t e l e c t a s i s

; o r  a i r  a b s o r p t i o n ,  and th e  p o s t  mortem r e p o r t s  so f a r  | 
; i
‘ p u b l i s h e d  a r e  i n s u f f i c i e n t  t o  p ro v e  h i s  t h e o r y .  The j

; a rg u m en t i s ,  h o w e v e r ,  v e r y  a t t r a c t i v e  and c a l l s  f o r  I

f l i r t  h e r  i n q u i r y .  j
: I' |

C e r t a i n  a c t i o n s  o f  th e  d i f f e r e n t  m ethods  o f  j
j

c o l l a p s e  t h e r a p y  w i l l  no# be c o n s i d e r e d : -  I
i
j

A r t i f i c i a l  P n e u m o th o ra x . j

I t  w i l l  r e a d i l y  be r e a l i s e d  from  th e  d e s c r i p -  J  
: t i o n  o f  t h e  d i s t r i b u t i o n  o f  t h e  e l a s t i c  t i s s u e  and 

: m u sc le  i n  t h e  lu n g  t h a t  t h e  a r ra n g e m e n t  i s  i d e a l l y  

: s u i t e d  f o r  s p o n ta n e o u s  and s im u l ta n e o u s  r e t r a c t i o n  o f  

; a l l  h e a l t h y  p a r t s  o f  t h e  lu n g ,  and  t h a t  a s  th e  m a jo r  

! l i n e s  o f  f o r c e  g e n e r a t e d  by  t h e  e l a s t i c  t i s s u e  l i e  i n  

' t h e  d i r e c t i o n  o f  t h e  b r o n c h i a l  t r e e ,  th e  h e a l t h y  lu n g

i t e n d s  t o  r e t r a c t  ro u n d  th e  r o o t .  I n  a lu n g  t h e  s e a t!
i  o f  a  t u b e r c u l o u s  l e s i o n  th e  n a t u r a l  e l a s t i c i t y  o f  t h e

| l u n g  i n  t h e  d i s e a s e d  a r e a  i s  d e s t r o y e d .  P a r r y  Morgan 
! I
! (76 )  was t h e  f i r s t  t o  d e s c r i b e  how o n ly  th e  h e a l t h y  |
| t
j  p o r t i o n s  c a n  be i n f l a t e d  f r e e l y  w i t h o u t  undue i n c r e a s e  j
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: o f  t e n s i o n .  Thus i n  t h e  p r e s e n c e  o f  a pn eu m o th o rax  

t h e  h e a l t h y  a r e a s  expand  f r e e l y  w i th  i n s p i r a t i o n  and 

; i n  so d o in g  d i s p l a c e  a i r  w h ich  f i n d s  lo d g m en t o v e r  

I t h e  l e s s  e x p a n s i l e  o r  n o n - e x p a n s i l e  d i s e a s e d  p a r t s  o f  

| t h e  l u n g .  Such a p r o c e s s  l e a d s  t o  th e  s o - c a l l e d  s e l -i
| : e c t i v e  c o l l a p s e  o f  th e  d i s e a s e d  a r e a ,  b u t  t h i s  c o l -

] : l a p s e  i s  n o t  due t o  i n c r e a s e d  e l a s t i c i t y  o f  t h e  d i -
!i
j : s e a s e d  a r e a ,  a s  i s  o f t e n  s t a t e d ,  b u t  t o  t h e  i n e r t i a
|
| o f  th e  a r e a  t o  e x p a n d .  F r e q u e n t l y  t h i s  ty p e  o f  s e l -  

| : e c t i v e  c o l l a p s e  i s  n o t  im m ed ia te  b u t  t a k e s  a v a r y i n g  

J p e r i o d  o f  t im e  to  d e v e lo p  and can be s t u d i e d  on s e r i a l  

: r a d i o g r a p h s  (H enne l & S t iv e lm a n :  4 9 . ) .  I t  i s  s low  i n  

a p p e a r i n g  when th e  l e s i o n  i s  o f  a b ronchopneum onic  

i t y p e ,  i n  w h ic h  th e  e l a s t i c  f i b r e s  o f  t h e  lu n g  have  n o t  

! b e e n  d e s t r o y e d ,  and w i l l  a p p e a r  more r a p i d l y  when t h e  

| l e s i o n s  a r e  a l r e a d y  th e  s e a t  o f  f i b r o u s  t i s s u e  fo rm a -
i

j : t i o n ,  t h e  s p e e d  o f  i t s  a p p e a ra n c e  b e in g  g o v e rn e d ,

| a f t e r  t h e  i n i t i a l  c o n t r a c t i o n ,  by th e  r a t e  a t  w h ich
j
| t h e  f i b r o u s  t i s s u e  c o n t r a c t s .  I f  t h e r e  i s  a c o n s i d e r
i
| : a b l e  q u a n t i t y  o f  f i b r o u s  t i s s u e  i n  th e  l e s i o n  b e f o r e  

t h e  p n eu m o th o ra x  i s  in d u c e d ,  t h e n  one may se e  a s e l e c 

t i v e  c o l l a p s e  d e v e lo p  a lm o s t  im m e d ia te ly  a f t e r  I n d u c 

t i o n ,  and t h i s  may a l s o  be th e  c a s e  when a t e l e c t a s i s  

h a s  o c c u r r e d  p r i o r  t o  th e  I n d u c t i o n ,  o r  when i t  t a k e s  

p l a c e  s h o r t l y  a f t e r  i n d u c t i o n  ( E l l i s o n :  3 3 . ) •

H e a l th y  lu n g  t i s s u e  i s  l i t t l e  a f f e c t e d  by

p n e u m o th o ra x /
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! p n eu m o th o ra x  c o l l a p s e ,  p r o v id e d  no p l e u r a l  e f f u s i o n  

: f o r m s .  R o l l a n d  (8 7 )  fo u n d  t h a t  e v e n  i f  c o l l a p s e  was 

I m a i n t a i n e d  f o r  y e a r s ,  on t e r m i n a t i n g  t h e  p n eu m o th o ra x  j
I i
i  i

| t h e  h e a l t h y  l u n g  t i s s u e  r e - e x p a n d e d  r a p i d l y  and a t
!

p o s t  m ortem  was o f  n o rm a l  a p p e a r a n c e .  j

On th e  o t h e r  h a n d ,  i n  th e  p r e s e n c e  o f  a f l u i d  j 

e f f u s i o n  t h e  p re fo rm e d  f i b r o u s  t i s s u e  i n  t h e  lu n g  t e n d $  

t o  i n c r e a s e ,  p a r t i c u l a r l y  i n  t h e  d i s e a s e d  a r e a s , L i n d -  

:b lo m  ( 6 7 ) ,  and t h i s  c l i n i c a l l y  a p p e a r s  t o  e x e r t  a 

l i m i t i n g  i n f l u e n c e  on th e  lu n g  when th e  p n e u m o th o ra x  

i s  a b a n d o n e d .  Trocme (100) h a s  shown t h a t  i f  t h e  !
i
i

; p l e u r a l  t h i c k e n i n g  i s  a t  a l l  m arked  I t s  e f f e c t  i s  t o  

l i m i t  t h e  r e s p i r a t i o n  o f  t h e  c o l l a p s e d  h e a l t h y  l o b e s ,  

j a s  c a n  be s e e n  c l i n i c a l l y  by  t h e  r e l a t i v e  i m m o b i l i s -  

j  : a t i o n  o f  t h e  c h e s t  on t h e  a f f e c t e d  s i d e  and  t h e  l a r g e  

m anom eter  sw ing  w h ic h  t h e n  o c c u r s .

When a p n eu m o th o ra x  w h ic h  h a s  n o t  b e e n  c o m p l i -  

: c a t e d  by  e f f u s i o n  i s  ab an d o n ed  t h e n  t h e  h e a l t h y  l o b e s  

w i l l  ex p an d  t o  a f a r  g r e a t e r  e x t e n t  t h a n  w i l l  t h o s e  

w h ic h  a r e  d i s e a s e d .  An e x tr e m e  c a s e  h a s  b e e n  p u b l i s h - '  

: e d  by  R o s s e l  ( 8 8 ) ,  t h e  f i n a l  r a d i o g r a p h  o f  h i s  p a t -  

: l e n t  b e i n g  u n d i s t i n g u i s h a b l e  from  t h a t  o f  a  n o rm a l  

l u n g .  I n  su c h  e x tre m e  i n s t a n c e s  p r o b a b l y  a d e g r e e  

o f  t r u e  h y p e r t r o p h y  o f  t h e  lu n g  o c c u r s .  T h a t  t h i s  i s  

p o s s i b l e  h a s  b e e n  s u g g e s t e d  by  A dd is  ( 3 ) ,  who fo u n d  

i n  r a t s  a f t e r  a l e f t  pneum onectom y, th e  r i g h t  l u n g  i n -  

: c r e a s e d /
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i n c r e a s e d  i n  m ass b y  more t h a n  f o r t y  p e r  c e n t  o f  i t s  I 

o r i g i n a l  w e i g h t .

P a r o d i  (83 )  h a s  s t r e s s e d  t h e  im p o r ta n c e  o f  

t h e  p a r t  p l a y e d  by  th e  w e ig h t  o f  th e  l u n g  i n  pneum oth-  

: o r a x ,  when t h e  s u p p o r t  o f  t h e  l u n g  i s  d i f f e r e n t  f ro m  

t h a t  i n  t h e  i n t a c t  c h e s t .  I n  p a t i e n t s  w i t h  a p i c a l  

a d h e s i o n s  when th e  r e m a in d e r  o f  t h e  l u n g  i s  f r e e ,  a 

l a r g e  p a r t  o f  th e  w e ig h t  o f  t h e  l u n g ,  t h e  p r o p o r t i o n  

v a r y i n g  w i t h  t h e  p o s i t i o n  o f  t h e  p a t i e n t ,  w i l l  be 

b o rn e  by  way o f  t h e  d i s e a s e d  a r e a  t o  t h e  a p e x ;  any  

c a v i t i e s  i n  t h e  a r e a  a r e  u n d e r  t e n s i o n  f ro m  above and 

f ro m  b e lo w ,  and may w e l l  i n c r e a s e  i n  s i z e .

P h r e n ic  E v u l s i o n .

The q u e s t i o n  a s  t o  w h e th e r  d i a p h r a g m a t i c  p a r -  

j a l y s l s  h a s  any  e f f e c t  on u p p e r  lo b e  t u b e r c u l o s i s  h a s  

b e e n  w i d e l y  d e b a t e d .  Some a u t h o r i t i e s  s u c h  a s  G rave-  

: s e n  (4 5 )  c l a i m  t h a t  i t  h a s  no a c t i o n ,  b u t  t h i s  v iew  

i s  n o t  s u p p o r t e d  by  t h e  a n a t o m i c a l  f a c t s .  M o r r i s t o n  

D a v ie s  (2 5 )  q u o te s  O rso s  a s  u s i n g  an  i n g e n i o u s  d e v i c e  

f o r  d e m o n s t r a t i n g  t h e  e f f e c t  o f  t h e  d ia p h ra g m  on t h e  

a p e x .  He f i x e d  t h e  apex  o f  a  t r i a n g u l a r  p i e c e  o f  

t h i c k  r u b b e r .  T h i s  r u b b e r  i s  p e r f o r a t e d  by  a s e r i e s  

o f  row s o f  c i r c u l a r  h o l e s  o f  e q u a l  d i a m e t e r  and  s p a c -  

: i n g .  On d ra w in g  down t h e  b a s e  and f i x i n g  t h a t ,  he 

d e m o n s t r a t e d  c o n c l u s i v e l y  t h a t  w h i l s t  t h e  downward 

d i s p l a c e m e n t  o f  t h e  lo w e r  row s o f  h o l e s  i s  much g r e a t -  

: e r /
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g r e a t e r  t h a n  t h a t  o f  t h e  u p p e r ,  y e t  t h e  u p p e r  a r e  muchj 

more e l o n g a t e d  t h a n  t h e  l o w e r .  O rso s  c o n c lu d e d  t h a t  

t h e  f i x a t i o n  o f  t h e  ap ex  o f  t h e  lu n g  ( a s  f r e q u e n t l y  

o c c u r s  i n  a p i c a l  d i s e a s e )  i n  t h e  u p p e r  t h o r a c i c  o p e n -  

: i n g  i s  o f  g r e a t  im p o r ta n c e  i n  r e l a t i o n s h i p  t o  t h e  

i n f l u e n c e  o f  t h e  d ia p h ra g m  on t h e  w hole  l u n g ,  and by  

a n a lo g y  fro m  t h e  above e x p e r i m e n t ,  t h a t  t h e  d ia p h ra g m  

e x e r t s  a  g r e a t e r  d i s p l a c e m e n t  on t h e  lo w e r  p a r t  o f  t h e  

l u n g ,  b u t  h a s  a g r e a t e r  i n f l u e n c e  on t h e  a l v e o l i  o f  

t h e  a p e x .  B ig g e r  & Cox (9 )  e x p e r i m e n t in g  w i t h  a n i -  

: n a l s ,  m easu red  t h e  c h a n g e s  i n  l e n g t h  and a n g l e s  o f  

d e v i a t i o n  o f  t h e  b r o n c h i  and c a l c u l a t e d  f ro m  t h e s e  

f i g u r e s  th e  a c t u a l  l e n g t h s .  They o b t a i n e d  an a v e r -
|

: a g e  l e n g t h e n i n g  o f  th e  b r o n c h i  d u r i n g  s t i m u l a t i o n  o f  

t h e  p h r e n i c  n e r v e  o f  21 p e r  c e n t  f o r  t h e  u p p e r  lo b e  v 

and  3 4  p e r  c e n t  f o r  t h e  lo w e r  l o b e .  I f  t h e  ch an g e  in  

b r o n c h i a l  l e n g t h  i s  t a k e n  a s  an  i n d i c a t i o n  o f  t h e  

c h an g e  i n  r e s p i r e d  a i r ,  c o n t r a c t i o n  o f  t h e  d ia p h ra g m  

p ro d u c e s  a s l i g h t l y  g r e a t e r  e f f e c t  on t h e  lo w e r  lo b e  

t h a n  on t h e  u p p e r ,  b u t  t h e  d i f f e r e n c e  i s  so s l i g h t  

d u r i n g  n o rm a l  r e s p i r a t i o n  t h a t  i t  i s  o f  no p r a c t i c a l  

i m p o r t a n c e .

D e s p i t e  G ra v e se n * s  e x p e r i e n c e  c l i n i c a l l y ,  

t h e r e  i s  l i t t l e  d o u b t  on t h e o r e t i c a l  g ro u n d s  t h a t  t h e  

d ia p h ra g m  p l a y s  an  I m p o r t a n t  p a r t  i n  a e r a t i n g  t h e  

u p p e r  l o b e .

T h e /
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The p r e s e n c e  o f  a d h e s io n s  l i m i t s  th e  e f f e c t s  

o f  d i a p h r a g m a t ic  p a r a l y s i s ,  and i f  t h e s e  a d h e s io n s  a r e  

v e r y  w id e s p r e a d  t h e n  t h e  r e s u l t s  o f  p h r e n i c  e v u l s i o n  

w i l l  be s c a n t y .  M atson (7 4 )  fo u n d  t h a t  t h e  r e s u l t s  

a r e  more d e p e n d e n t  on t h e  r i s e  o f  t h e  d ia p h ra g m  and on 

t h e  d e g r e e  o f  c o l l a p s e  o f  d i s e a s e d  t i s s u e  t a k i n g  p l a c e  

t h a n  on t h e  i m m o b i l i t y  p r o d u c e d .  He a l s o  p o i n t s  o u t  

t h a t  t h e  r i s e  i s  p r o g r e s s i v e  and may c o n t i n u e  f o r  two 

y e a r s .  I n  e v a l u a t i n g  c l i n i c a l  r e s u l t s  b o th  Trocme 

( 1 0 0 ) ,  and  P a r o d i  (83 )  s t a t e  t h a t ,  i f  t h e  d ia p h ra g m  

r i s e s  ,fe n  b l o c , ” t h e n  i t  i s  l i k e l y  t o  be f r e e  f ro m  

a d h e s i o n s ,  w h e r e a s ,  i f  i t  a s c e n d s  ”e n  a r c , ” i . e :  , i f  

t h e  c e n t r a l  p o r t i o n  a lo n e  a r i s e s ,  i t  i s  l i k e l y  t h a t  

e x t e n s i v e  a d h e s io n s  e x i s t  and w i l l  p r e v e n t  much c o l -  

: l a p s e  t a k i n g  p l a c e .

T h o r a c o p l a s t y .

I n  t h e  o l d  S a u e r b r u c h  p a r a v e r t e b r a l  ty p e  o f  

o p e r a t i o n ,  a s  h a s  b e e n  s t a t e d ,  c o l l a p s e  was o b t a i n e d  

m a in ly  i n  a l a t e r a l  d i r e c t i o n .  In  a d d i t i o n ,  p a r t i c -  

s u l a r l y  when t h e  t r a n s v e r s e  p r o c e s s e s  w ere  rem oved and 

t h e  wp a r a v e r t e b r a l  g u t t e r ” a b o l i s h e d ,  t h e r e  was a p a r -  

: t i a l  d e g r e e  o f  a n t e r o - p o s t e r i o r  c o m p r e s s io n .  The 

l u n g ,  h o w e v e r ,  re m a in e d  u n i n f l u e n c e d  i n  th e  v e r t i c a l  

a x i s  and i t  was n o t  uncommon i n  s u c h  c a s e s  t o  e x p e r i 

e n c e  m e r e ly  an  a l t e r a t i o n  i n  s i z e  o f  t h e  c a v i t y  o r  

e v e n  o n l y  i t s  d i s p l a c e m e n t  downwards i n  an  u n a l t e r e d  

s t a t e . /
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In  d i s t i n c t i o n  f ro m  t h e  c o l l a p s e  p ro d u c e d  by  

a p n e u m o th o ra x ,  some c a v i t i e s  w h ic h  h e a l  a f t e r  t h o r a -  

: c o p l a s t y  do so as  a r e s u l t  o f  a c t u a l  c o m p r e s s io n  o f  

t h e i r  w a l l s ,  t h e  v e r t i c a l  a x i s  o f  su c h  c a v i t i e s  b e i n g  

s u f f i c i e n t l y  l a x  t o  a l lo w  a p p o s i t i o n  o f  t h e  w a l l s  o f  

t h e  c a v i t y .  On t h e  o t h e r  h a n d ,  i t  i s  n o t  a t  a l l  im - 

: p r o b a b l e  t h a t  h e a l i n g  b y  a t e l e c t a s i s  i s  o f  f r e q u e n t  

o c c u r r e n c e .  R o b in so n  (85 )  a t  t h e  P a p w o r th  S e t t l e 

m e n t  i n  a s e r i e s  o f  tw e lv e  c a s e s  I n  w h ich  t h o r a c o -  

: p l a s t y  had  b e e n  p e r fo rm e d  was a b l e  by  b ro n c h o g ra p h y  

t o  d ia g n o s e  b r o n c h i e c t a s i s  o f  t h e  c o l l a p s e d  lu n g  i n  

f i v e  o f  t h e s e  c a s e s .  He s u g g e s t s  t h a t  t h e  b r o n c h i e c -  

: t a s i s  e x i s t e d  b e f o r e  t h e  o p e r a t i o n ;  i t  i s  a l s o  p o s s -  

: i b l e  t h a t  t h e  c o m p l i c a t i o n  d e v e lo p e d  a f t e r  th e  o p e r 

a t i o n  and a s  a r e s u l t  o f  a t e l e c t a s i s  t a k i n g  p l a c e ,  

p a r t i c u l a r l y  a s  two o f  t h e  b r o n c h i e c t a t i c  p a t i e n t s  h ad  

a  p e r s i s t e n t l y  n e g a t i v e  s p i t .  O v e r h o l t  & B e t t s  (8 0 )  

a l s o  h av e  p u b l i s h e d  two c a s e s  i n  w h ic h ,  a f t e r  a th o rac* -  

: o p l a s t y  c o l l a p s e  o f  t h e  u p p e r  l o b e ,  lo b e c to m y  was r e 

q u i r e d  f o r  b r o n c h i e c t a s i s  i n  t h e  lo w e r  l o b e .  The 

h i s t o r y ,  i n  one o f  th e  c a s e s  a t  l e a s t ,  s u g g e s t s  t h a t  

t h e  b r o n c h i e c t a s i s  may have  b e e n  a  p o s t - o p e r a t i v e  com- 

: p l i c a t i o n  due t o  m a ss iv e  c o l l a p s e  o f  t h e  lo w e r  l o b e .

W ith  t h e  a d o p t i o n  o f  a p i c a l  m o b i l i s a t i o n  t h e  

c o l l a p s e  o f  t h e  u p p e r  lo b e  o b t a i n e d  by  t h o r a c o p l a s t y  

i s  much more c o m p le te .  The l u n g  i s  f r e e  t o  c o l l a p s e

w



i n  a l l  d i r e c t i o n s  and a c o l l a p s e  n o t  u n l i k e  t h a t  i n  

a c o m p le te  p n eum othorax  i s  p o s s i b l e .

S e c t i o n  IV . /
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SECTION IVt

A REVIEW OF COLLAPSE TREATMENT.

c a r r i e d  o u t  a t  

EAST FORTUNE SANATORIUM.

At E a s t  F o r tu n e  S a n a to r iu m ,  b e tw e e n  t h e  y e a r s  

1924 and 1 9 37 , c o l l a p s e  t h e r a p y  h a s  b e e n  c a r r i e d  o u t  

on two h u n d re d  and t h i r t y  f i v e  p a t i e n t s .  The I n s t i t u 

t i o n  was o pened  i n  1 9 2 2 ,  and th e  num ber o f  b e d s  h a s  

b e e n  i n c r e a s e d  from  t im e  t o  t i m e ,  p a r t i c u l a r l y  d u r in g  

t h e  f i r s t  d e c a d e  o f  i t s  e x i s t e n c e .  I t  i s ,  h o w e v e r ,  j 

o n ly  s i n c e  1931 t h a t  c o l l a p s e  t h e r a p y  h a s  b e e n  u s e d
j
| e x t e n s i v e l y .
i

D u r in g  t h e  p e r i o d  u n d e r  r e v ie w  a r t i f i c i a l  

p n e u m o th o ra x  was in d u c e d  i n  one h u n d re d  and f o r t y  f o u r  

p a t i e n t s ,  p h r e n i c  p a r a l y s i s  p ro d u c e d  i n  one h u n d re d  and 

t h i r t y  f i v e ,  and t h o r a c o p l a s t y  p e r fo rm e d  on t h i r t y  

t h r e e  p a t i e n t s .  T hese  num bers  a r e  t o o  s m a l l  t o  p e r m i t  

o f  d r a w in g  any  c o n c l u s i o n s .  They h a v e ,  h o w e v e r ,  b e e n  

a n a l y s e d  i n  d e t a i l ,  and w i l l  s e r v e  t o  d e m o n s t r a t e  c e r -  

s t a i n  p o i n t s  m e n t io n e d  i n  t h e  p r e c e e d i n g  r e v i e w .

The t h r e e  t y p e s  o f  c o l l a p s e  -  a r t i f i c i a l  p n e u -  

jm o th o r a x ,  p h r e n i c  p a r a l y s i s  and t h o r a c o p l a s t y  -  h ave  

e a c h  b e e n  c o n s i d e r e d  s e p a r a t e l y .  The a d o p t i o n  and 

d e v e lo p m e n t  o f  e a c h  m ethod  from  1924 onw ard i s  dem on- 

i s t r a t e d ,  t h e n  i s  g iv e n  a  resum e o f  t h e  g e n e r a l  i n d i e -  

: a t i o n s /



: i n d i c a t i o n s  f o r  i t s  u s e ,  w h ic h  i s  s u c c e e d e d  by an  

a n a l y s i s  o f  t h e  f a c t o r s  m ost l i k e l y  t o  a f f e c t  th e  

t r e a t m e n t ,  and f i n a l l y ,  t h e  r e s u l t s  o b t a i n e d  a r e  d e -  

: t a i l e d  and th e  m o r t a l i t y  co m p u ted .  A d e t a i l e d  l i s t  

o f  i n d i c a t i o n s  f o r  th e  d i f f e r e n t  t y p e s  o f  c o l l a p s e  i s  

n o t  g i v e n  a s  t h e s e  do n o t  d i f f e r  from  t h o s e  g e n e r a l l y  

a c c e p t e d .

The c l a s s i f i c a t i o n  l a i d  down by  t h e  M i n i s t r y  

o f  H e a l t h  h a s  b e e n  a d o p te d  t o  d e s c r i b e  th e  e x t e n t  o f  

d i s e a s e .  I t  i s  s t a t e d  t h u s : -  

Group A.

C a se s  i n  w h ich  t u b e r c l e  b a c i l l i  h av e  n e v e r  
b e e n  d e m o n s t r a t e d  i n  t h e  sp u tu m , p l e u r a l  
f l u i d ,  f a e c e s ,  e t c .

Group B .

C ases  i n  w h ic h  t u b e r c l e  b a c i l l i  h av e  a t  any  
t im e  b e e n  fo u n d .  I t  s h o u ld  be  n o t e d  t h a t  
a  p a t i e n t  o r i g i n a l l y  i n  Group A. m ust be  
t r a n s f e r r e d  t o  Group B. a t  any  s t a g e  i n  t h e  
c o u r s e  o f  t r e a t m e n t  i f  and  when t u b e r c l e  
b a c i l l i  a r e  f o u n d ,  w h i le  on t h e  o t h e r  h a d d ,  
a p a t i e n t  who i s  once p l a c e d  i n  Group B. 
ca n  n e v e r  be i n c l u d e d  i n  Group A. Group B. 
s h o u ld  be f u r t h e r  s u b d iv id e d  i n t o  t h r e e  
g ro u p s  a s  f o l l o w s : -

Group 1 . ( B . l . )

C ase s  w i t h  s l i g h t  c o n s t i t u t i o n a l  d i s t u r b a n c e ,  
i f  any : e . g :  t h e r e  s h o u ld  n o t  be m arked
a c c e l e r a t i o n  o f  p u l s e ,  n o r  e l e v a t i o n  o f  
t e m p e r a t u r e  e x c e p t  o f  v e r y  t r a n s i e n t  d u r 
a t i o n ;  g a s t r o - i n t e s t i n a l  d i s t u r b a n c e  o r  
e m a c i a t i o n ,  i f  p r e s e n t ,  s h o u ld  n o t  be e x -  
: c e s s i v e .  The o b v io u s  p h y s i c a l  s i g n s  
s h o u ld  b t  o f  a v e r y  l i m i t e d  e x t e n t ,  a s  
f o l l o w s : -

E i t h e r /



E i t h e r  p r e s e n t  i n  one lo b e  o n l y  a n d ,  i n  
t h e  c a s e  o f  an  a p i c a l  l e s i o n  o f  one u p p e r  
l o b e ,  n o t  e x t e n d i n g  b e lo w  t h e  se co n d  r i b  
i n  f r o n t  o r  n o t  e x c e e d i n g  an e q u i v a l e n t  
a r e a  i n  any  one l o b e ;  o r  w here  t h e s e  
p h y s i c a l  s ig n s  a r e  p r e s e n t  i n  more t h a n  
one l o b e ,  t h e y  s h o u ld  be l i m i t e d  t o  t h e  
a p i c e s  o f  t h e  u p p e r  l o b e s ,  and s h o u ld  n o t  
e x te n d  b e low  th e  c l a v i c l e  and t h e  s p in e  
o f  t h e  s c a p u l a .  No c o m p l i c a t i o n s  ( t u b -  
: b e r c u l o u s  o r  o t h e r )  o f  p r o g n o s t i c  g r a v i t y  
s h o u ld  be p r e s e n t .  A s m a l l  a r e a  o f  d r y  
p l e u r i s y  s h o u ld  n o t  e x c lu d e  a c a s e  from  
t h i s  g ro u p .

Group 3 .  ( B . 3 . )

C ase s  w i t h  p ro fo u n d  s y s te m ic  d i s t u r b a n c e  
o r  c o n s t i t u t i o n a l  d e t e r i o r a t i o n ,  w i t h  
m arked im p a irm e n t  o f  f u n c t i o n ,  e i t h e r  
l o c a l  o r  g e n e r a l ,  and w i t h  l i t t l e  o r  no 
p r o s p e c t  o f  r e c o v e r y .  A l l  c a s e s  w i t h  
g ra v e  c o m p l i c a t i o n s  ( e . g :  d i a b e t e s ,
t u b e r c u l o s i s  o f  i n t e s t i n e ,  e t c . ) ,  w h e th e r  

I t h o s e  c o m p l i c a t i o n s  a r e  t u b e r c u l o u s  o r
j n o t ,  s h o u ld  be c l a s s i f i e d  i n  t h i s  g ro u p .

| Group 2 . ( B . 2 . )

A l l  c a s e s  w h ich  c a n n o t  be  p l a c e d  i n  G roups  1 
and 3 .

A r t i f i c i a l  P n e u m o th o ra x . /
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ARTIFICIAL PNEUMOTHORAX»

A r t i f i c i a l  p n eu m o th o rax  h a s  b e e n  in d u c e d  on 

une h u n d re d  and f i f t y  f i v e  o c c a s i o n s  i n  one h u n d re d  

and  f o r t y  f o u r  p a t i e n t s  a t  E a s t  F o r tu n e  S a n a to r iu m .

I n  one c a s e  s u f f e r i n g  f ro m  b r o n c h i e c t a s i s  p n e u m o th o ra Î
was p ro d u c e d  a s  a p r e l i m i n a r y  t o  th e  o p e r a t i o n  o f  lo b e d  

: to ra y ;  t h i s  c a s e  w i l l  be l e f t  o u t  o f  t h e  s e r i e s  now 

u n d e r  r e v i e w .  A l l  t h e  r e m a in in g  p a t i e n t s  s u f f e r e d  

f ro m  p u lm o n a ry  t u b e r c u l o s i s .

NUMBER OF A. P . INDUCTIONS PERFORMED 
IN COfrfSECWlVE YEARS’!

TABLE I .

Y e a r Male s F em a les T o t

1924 _ 1 1
1925 — 1 1
1926 - '  1 1
1927 - 2 2
1928 1 2 3
1929 - 1 1
1930 4 5 9
1931 10 9 19
1932 6 8 14
1933 5 16 21
1934 6 14 20
1935 2 12 14
1936 7 12 19
1937 13 16 29

T o t a l 54 100 154

W hile  t h e  f i r s t  p n eu m o th o ra x  was in d u c e d  i n  

1 9 2 4 ,  i t  was n o t  u n t i l  s i x  y e a r s  l a t e r  t h a t  t h i s  

t r e a t m e n t  was u s e d  i n  an y  c o n s i d e r a b l e  p r o p o r t i o n  o f  

p a t i e n t s .  T h i s  was l a r g e l y  due t o  l a c k  o f  p r o p e r  

f a c i l i t i e s . /
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| 6 2 .  !
i

: f a c i l i t i e s .  S in c e  1931 a p p r o x i m a te ly  o n e - f i f t h  t o  
i I
I o n e - q u a r t e r  o f  t h e  p u lm o n ary  c a s e s  i n  th e  S a n a to r iu m  j

i
h av e  r e c e i v e d  p n eu m o th o rax  t r e a t m e n t ,  e x c l u s i v e  o f  j 

t h o s e  c a s e s  i n  w h ich  i n d u c t i o n  p ro v e d  i m p o s s i b l e  ow ingj 

t o  t h e  p r e s e n c e  o f  a d h e s i o n s .  The a c t u a l  num ber o f  | 

i n d u c t i o n s  i n  c o n s e c u t i v e  y e a r s  i s  g iv e n  i n  T a b le  I .

A l th o u g h  t h e  num ber o f  m ale c a s e s  a d m i t t e d  t o  | 

t h e  S a n a to r iu m  was a b o u t  t e n  t o . f i f t e e n  p e r  c e n t  

g r e a t e r  t h a n  t h e  fe m a le  a d m is s io n s  y e t  t h e  i n c i d e n c e  

o f  p n eu m o th o ra x  i n d u c t i o n s  i n  f e m a le  p a t i e n t s  i s  a l -  j

:m o s t  d o u b le  t h a t  o f  t h e  m ale p a t i e n t s .  S e v e r a l  f a c - |
i - |
I : t o r s  l i e  b e h in d  t h i s ,  t h e  m ost i m p o r t a n t  o f  w h ic h  i s  i
i  |I I
; t h e  h i g h e r  p r o p o r t i o n  o f  male p a t i e n t s  w i t h  a d v a n c e d  j 

! d i s e a s e .
j

i
NUMBER OF PNEUMOTHORAX INDUCTIONS 

Ift VARIOUS AGE QROUPSl

TABLE I I .

Age i n  M a le s .  F e m a le s .
y e a r s . Number. P e r  c e n t . Number. P e r  c e n t . T o t a l

0 -1 5 a i 8 8 .5 8
1 6 -2 0 19 3 8 .7 30 3 1 .9 49
2 1 -2 5 11 2 2 .4 25 2 6 .6 36
2 6 -3 0 8 1 6 .3 21 2 2 .3 29
3 1 -3 5 7 1 4 .3 5 5 .3 12
3 6 -4 0 1 2 . 0 5 5 .3 6
4 1 -4 5 1 2 . 0 - - 1
4 6 -5 0 2 4 . 1 — — 2

T o t a l 49 — 94 - 143

The p r o p o r t i o n  o f  p n eu m o th o ra x  i n d u c t i o n s  i n

t h e /



6 3 .

th e  v a r i o u s  age g ro u p s  was a p p r o x i m a te ly  t h e  same f o r  

t h e  two s e x e s .  About 60 p e r  c e n t  w ere  p e r fo rm e d  i n  

p a t i e n t s  o f  b e tw e e n  s i x t e e n  And tw e n ty  f i v e  y e a r s  o f  

a g e ,  and more t h a n  h a l f  o f  t h e s e  b e tw e e n  t h e  a g e s  o f  

s i x t e e n  and tw e n ty .

The y o u n g e s t  p a t i e n t  was an  i n f a n t  o f  t w e n t y -  

: tw o  m onths  w i t h  p u lm o n a ry  t u b e r c u l o s i s ,  i n  whom p n e u -  

jm o th o ra x  was in d u c e d  a s  a l a s t  r e s o r t .  A c o l l a p s e  

w h ic h  was p r o m is in g  was o b t a i n e d ,  b u t  t h e  c h i l d  d id  

n o t  im p ro v e ,  symptoms o f  m e n i n g i t i s  a p p e a r e d ,  and  t h e  

p n e u m o th o ra x  was d i s c o n t i n u e d .  The r e m a in in g  c a s e s  

i n  t h e  age g r o u p ,  0 -1 5  w ere  b e tw e e n  t h e  a g e s  o f  t e n  

and f i f t e e n  y e a r s .  A s u c c e s s f u l  c o l l a p s e ,  w i t h  c l i n -  

: i c a l  im p ro v e m e n t ,  was o b t a i n e d  i n  a  c h i l d  o f  t e n  

y e a r s  o f  a g e .

S t a g e /
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STAGE OF DISEASE AT TIME OF 
PljEUMQTrfORAX itoUGTtON.

TABLE I l i a .

S t a g e .
Y e a r  A. B . l .  W.2. B .3 .  T o t a l

1924 — — 1 — 1
1925 — — — 1 1
1926 - — 1 — 1
1927 - — 1 1 2
1928 - - 2 1 3
1929 — - — 1 1
1930 - - 5 4 9
1931 — - 10 9 19
1932 — - 9 5 14
1933 - 3 9 8 20
1934 - 2 9 8 19
1935 1 - 5 5 11
1936 - 1 15 1 17
1937 - 2 16 7 25

T o t a l 1 8 83 51 143
S t i l l  a t t e n d i n g  

on 3 1 - 9 - 3 8 1 2 21 3 27
C om ple ted  b e f o r e  

3 1 - 9 - 3 8 6 62 48 116

TABLE I l l b .

S t a g e . P e r  c e n t  i n
Y e a r A. B . l .  B .2 .  B .3 . T o t a l Group B .3 .

1 9 2 4 -3 1 20 17 37 4 5 .9
1 9 3 2 -3 4 — 5 27 21 53 3 9 .6
1 9 3 5 -3 7 1 3 36 13 53 2 4 .5

I n  t h e  e a r l y  y e a r s  o f  p n e u m o th o ra x  t r e a t m e n t  

t h e  p r o p o r t i o n  o f  i n d u c t i o n s  i n  p a t i e n t s  w i t h  a d v a n c e d  

d i s e a s e  was h i g h .  I t  h a s  f a l l e n  s t e a d i l y  and  t h e  r e -  

j l a t i v e  i n c r e a s e  i n  num ber o f  p a t i e n t s  w i t h  d it tg & st  

n o t  f a r  a d v a n c e d  who now r e c e i v e  p n e u m o th o ra x  i s  shown 

i n /



6 5 .

i n  t h e  se c o n d  p a r t  o f  T a b le  I I I .  T h is  i n c r e a s e  i s  j 

c e r t a i n l y  n o t  due t o  any  d e c r e a s e  i n  t h e  num ber o f  

p a t i e n t s  w i t h  a d v a n c e d  d i s e a s e  a d m i t t e d  t o  t h e  S a n a 

t o r i u m ,  b u t  p r o b a b l y  i n d i c a t e s  t h e  w i d e r  a d a p t i o n  o f  

p n eu m o th o ra x  w h ich  f o l l o w s  on e x p e r i e n c e  o f  t h e  r e s u l t s  

o b t a i n e d  b y  i t s  u s e .

INDICATIONS FOR TREATMENT.

C ase s  h av e  b e e n  d i v i d e d  i n t o  t h r e e  Groups as  b e l o w : -  

Group 1 .
C a s e s .

P n eu m o th o rax  p e r fo rm e d  a s  t h e  m ethod o f  c h o i c e -  102 

Group 2 .

P n eu m o th o rax  com bined w i t h  p h r e n i c  p a r a l y s i s  -  33

Group 3 .

P n eu m o th o rax  p e r fo rm e d  a f t e r  p h r e n i c  p a r a l y s i s  
h ad  f a i l e d  t o  p ro d u c e  c l i n i c a l  im pro v em en t -  8

1 .  P n eu m o th o rax  a s  a  p r im a r y  mode o f  t r e a t m e n t .

P n eu m o th o rax  was in d u c e d  a s  t h e  t r e a t m e n t  o f  

c h o ic e  i n  one h u n d re d  and two c a s e s .  At p r e s e n t  

( S e p te m b e r  1938) e i g h t e e n  p a t i e n t s  a r e  s t i l l  r e c e i v i n g  

r e f i l l s ,  I n  s i x t y  th e  p n eu m o th o ra x  h a s  b e e n  c o m p le t e d ,  

and t w e n ty  f o u r  p a t i e n t s  have  r e q u i r e d  f u r t h e r  c o l -  

: l a p s e  m e a s u re s  ow ing t o  t h e  f a i l u r e  o f  t h e  pneumo- 

: t h o r a x  t o  p ro d u c e  a s a t i s f a c t o r y  r e s u l t .

The p a t i e n t s  s t i l l  u n d e r g o in g  t r e a t m e n t  i n -  

: e lu d e  a  h i g h  p r o p o r t i o n  i n  whom sputum  a l t e r a t i o n  h a s  

o c c u r r e d  a s  a  r e s u l t  o f  t h e  t r e a t m e n t ;  i n  s i x t e e n  t h e  

sp u tu m  e i t h e r  h a s  d i s a p p e a r e d  o r  d o es  n o t  c o n t a i n  t u b -  

j b e r c l e /
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t u b e r c l e  b a c i l l i ,  and two re m a in  w i t h  p o s i t i v e  s p i t .

Of t h e  e i g h t y - f o u r  c a s e s  i n  w h ich  p n e u m o th o ra x  

h a s  b e e n  c o m p le te d ,  n i n e t e e n  c a s e s ,  a s  a r e s u l t  o f  

t r e a t m e n t ,  had  c o n v e r s io n  o f  t h e  sp u tu m , and s i x t y - f i v £  

r e m a in e d  w i t h  a p o s i t i v e  s p i t .  A l l  t h e  c a s e s  w i t h  

spu tum  c o n v e r s i o n  had  a t  l e a s t  n in e  m onths  t r e a t m e n t ,  

b u t  o f  t h o s e  c a s e s  r e m a in in g  w i t h  a p o s i t i v e  s p i t ,  

t h i r t y - t w o  w ere  abandoned  w i t h i n  s i x  m o n th s .  The 

c a s e s  i n c l u d e d  i n  t h i s  s e c t i o n  a r e  t h o s e  i n  w h ic h  p n eu  

:m o th o raX  was u s e d  i n  p r e f e r e n c e  t o  any  o t h e r  fo rm  o f  

c o l l a p s e  t h e r a p y ,  and  t h e y  i n c l u d e  a l a r g e  p r o p o r t i o n  

o f  c a s e s  done i n  t h e  e a r l y  d a y s ,  i n  w h ic h  a pneum o- 

: t h o r a x  w ould  n o t  now be a t t e m p t e d .

SUPPLELIENTARY METHODS OP COLLAPSE USED 
' ' A^'TER T O  F A T L W ' '" ^

++ +~ —  T o t a l
T h o r a c o p l a s t y  1 6 2  9

P h re n ic e c to m y  &
T h o r a c o p l a s t y  2 2

P h re n ic e c to m y  3 3 6

C o n t r a l a t e r a l  
P n e u m o t h o r a x 4 5 -  7

(The s i g n s ,  ++ + -  — , r e f e r  t o  t h e  sp u tu m .
++ s i g n i f i e s  a  c a s e  i n  w h ic h  t h e  spu tum  was 
p o s i t i v e  b o t h  b e f o r e  and a f t e r  t r e a t m e n t ,
+ -  one i n  w h ic h  t h e  sputum  became n e g a t i v e  
f o r  t u b e r c l e  b a c i l l i ,  o r  w h ic h  d i s a p p e a r e d ,  
a s  a r e s u l t  o f  t r e a t m e n t ,  and —  one i n  
Y/hich t h e  spu tum  was e i t h e r  a b s e n t ,  o r  t u b -  
: e r c l e  f r e e  b o t h  b e f o r e  and a f t e r  t r e a t m e n t ) .



j I t  w i l l  be s e e n  t h a t  t h o r a c o p l a s t y  was p e r fo rm ^

i : e d  on two p a t i e n t s  i n  whom t h e  spu tum  was t u b e r c l e  

| f r e e  b e f o r e  o p e r a t i o n ;  t h e s e  w ere  c a s e s  w i t h  a c h r o n i c  

t u b e r c u l o u s  empyema. S u p p le m e n ta ry  c o l l a p s e  t r e a t -  

:m e n t  was i n d i c a t e d  i n  t h e  o t h e r  tw e n ty - tw o  c a s e s  f o r  

p e r s i s t e n c e  o f  b a c i l l i  i n  t h e  sp u tu m . T h e se  c a s e s  i n -  

: e lu d e  t e n  i n  w h ich  th e  p n eu m o th o ra x  was m a i n t a i n e d  f o r  

l e s s  t h a n  s i x  m o n th s .

2 .  P n eu m o th o rax  s u p p le m e n te d  by  d i a p h r a g m a t i c  p a r a l y s i s

T h e re  w ere  t h i r t y - t h r e e  p a t i e n t s  i n  t h i s  g ro u p .  

I n  f o u r t e e n  a s a t i s f a c t o r y  r e s u l t  was o b t a i n e d  and n in e  

: t e e n  re m a in e d  w i t h  a p o s i t i v e  s p i t  a f t e r  t r e a t m e n t .

Of t h e  l a t t e r ,  f i v e  r e c e i v e d  f u r t h e r  c o l l a p s e  m e a s u re s ,  

i n  t h r e e  a p n eu m o th o ra x  o f  t h e  c o n t r a l a t e r a l  l u n g  and 

i n  two a  t h o r a c o p l a s t y ;  f o u r  a s  a r e s u l t  became f r e e  

f ro m  t u b e r c l e  b a c i l l i  and one d i e d  o f  i n t e s t i n a l  d i -  

: s e a s e •

3 .  P n eu m o th o rax  a s  a s e c o n d a ry  m e a s u r e .

T h is  g ro u p  c o m p r is e s  e i g h t  p a t i e n t s  i n  whom a 

d i a p h r a g m a t i c  p a r a l y s i s  had  b e e n  p ro d u c e d  w i t h  u n s a t i s -  

: f a c t o r y  r e s u l t .  They a r e  s e g r e g a t e d  s e p a r a t e l y  s in c e  

i t  was t h o u g h t  t h a t  t h e  d i a p h r a g m a t ic  p a r a l y s i s  m ig h t  

c a u s e  some d i f f e r e n c e  i n  t h e  e f f e c t  o f  t h e  pneum othorax]: 

t h i s ,  h o w e v e r ,  i s  n o t  e v i d e n t  ow ing t o  t h e  p a u c i t y  o f  

t h e /
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; t h e  f i g u r e s .  F o u r  c a s e s  became t u b e r c l e  f r e e  and f o u r
i
1 re m a in e d  w i t h  a p o s i t i v e  s p i t ,  b u t  t h e s e  i n c l u d e  t h r e e  

| i n  w h ic h  t h e  pneu m o th o rax  c o m p r is e d  m e r e ly  a s m a l l
t

| p o c k e t .
I

RESULTS OBTAINED FROM TREATMENT.

TABLE IV.

A* P • & 
P r im a ry  p h r e n i c

Number
s t i l l
r e q u i r -
: i n g
r e f i l l s

+ -
++

C o m p le t -  
: ed  
c a s e s

+ -
++

A l l
c a s e s

+ -
++

A l l  
c a s e s  
w i t h  A .P .  
o f  a t  
l e a s t  s i x  
m onths  
d u r a t i o n

+ -
++

A* P •

18

1
15

2

84
19
65

102
1

34
67

70
1-

34
35

p a r a l y s i s

8

4
4

25
10
15

33

14
19

32

14
18

S e c o n d a ry  
A .P .

7
3
4

8

P e r  
T o t a l  c e n t

27

1
20

6

116
32
84

143
1

52
90

4
2

108
1

52
55

.7
36*4
6 2 .9

• 9
4 8 .5
5 0 .9

T h is  T a b le  l a r g e l y  a m p l i f i e s  t h e  f i g u r e s  g i v e n  

above  and  p r e s e n t s  them  i n  a more c o m p re h e n s iv e  fo rm .  

A s /
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As a result of t r e a t m e n t  j u s t  o v e r  one third o f  

cases exhibit sputum a l t e r a t i o n ,  b u t  if one excludes 
t h e  t h i r t y - f i v e  c a s e s  i n  w h ic h  p n eu m o th o ra x  was aban
d o n e d  w i t h i n  s i x  m o n th s ,  t h e n  th e  f i g u r e  i s  r a i s e d  t o  

almost o n e - h a l f .  T h i s  change  i s  due a lm o s t  e n t i r e l y  

t o  c a s e s  com posing  t h e  f i r s t  g r o u p ,  t h i r t y - t w o  of t h e  

t h i r t y - f i v e  c a s e s  w h ic h  l a s t e d  l e s s  t h a n  s i x  m onths 

b e i n g  i n c l u d e d  i n  t h i s  g ro u p .

FACTORS INFLUENCING THE RESULTS OF ARTIFICIAL Pl^EUMG-
T m m s r i lW S K K P T .------------------------------------------------------------------------------

DURATION OF COLLAPSE IN CASES
w ith  Completed  PneumotNoraxT

TABLE V.

Age i n  y e a r s .

Sputum O-I2 i - 1  1 -2  2 -3  3 - 4  4 -5  5 -6  T o t a l

++ 35 20 16 8 4 1 -  84
+ -  -  5 8 7 9V 2 1 32

C ase s  w h ic h  t e r m i n a t e d  s a t i s f a c t o r i l y ,  a s  was 

t o  be e x p e c t e d ,  h ad  a c o n s i d e r a b l y  l o n g e r  p e r i o d  o f  

c o l l a p s e .  The a v e r a g e  d u r a t i o n  o f  c o l l a p s e  i n  t h o s e  

c a s e s  was 2 .8 7  y e a r s  a s  com pared  w i t h  1 .0 4  y e a r s  i n  

t h o s e  w i t h  p e r s i s t e n t l y  p o s i t i v e  s p i t .  T hese  f i g u r e s  

p o s s i b l y  a r e  more t h e  c o n s e q u e n c e s  o f  o t h e r  f a c t o r s  

t h a n  t h e m s e lv e s  f a c t o r s  w h ich  w ere t h e  c a u s e  o f  s u c -  

: c e s s  o r  f a i l u r e .  When p n eu m o th o ra x  was s u c c e s s f u l  

i n  c o l l a p s i n g  t h e  d i s e a s e d  a r e a ,  an  e n d e a v o u r  was made 

t o  m a i n t a i n  th e  c o l l a p s e  f o r  a t  l e a s t  t h r e e  y e a r s ;  i f  

t h e /



t h e  p a t i e n t  was t h e n  w i t h o u t  symptoms and had  b e e n  j 

f r e e  from  s p i t  f o r  a t  l e a s t  two y e a r s ,  t h e  p n e u m o th o r-  

: ax g e n e r a l l y  was a b a n d o n e d .  I f ,  h o w e v e r ,  a s  h a p p e n 

e d  i n  a few i n s t a n c e s ,  s p i t  o r  symptoms r e c u r r e d  on 

c e a s i n g  to  r e f i l l  t h e  p n eu m o th o ra x  s p a c e ,  th e  c o l l a p s e  

was m a i n t a i n e d .  I n  t h o s e  c a s e s  i n  w h ic h  th e  spu tum  

re m a in e d  p o s i t i v e  e v e n  w i t h  c o l l a p s e  t h e  p n e u m o th o ra x  

was u s u a l l y  s to p p e d  a f t e r  a b o u t  t h r e e  y e a r s  a s  b e i n g  

o f  no f u r t h e r  s e r v i c e .  G e n e r a l l y ,  i f  a p n eu m o th o ra x  

i n  anyway s a t i s f a c t o r y  was s to p p e d  i n  l e s s  t h a n  f ro m  

two and a h a l f  to  t h r e e  y e a r s  i t  was ab an d o n ed  in v o lu n -  

: t a r i l y .

RELATIONSHIP OF SPUTUM ALTERATION
to M b stage off Di s e a s e .

TABLE V I.

A l l  c a s e s : P e r  c e n t
A .P . a l o n e . ++ ++

Group B . l . 7 1 1 2 .5
Group B .2 . 39 44 5 3 .0
Group B .3 . 6 45 8 8 .2

T o t a l 52 90 6 4 .1

A l a r g e  p r o p o r t i o n  o f  s u c c e s s f u l  r e s u l t s  was 

o b t a i n e d  i n  th e  e a r l i e r  c a s e s ,  a g a i n  a r e s u l t  t o  be 

e x p e c t e d .

Of t h e  Group B .3 .  c a s e s ,  8 8 .2  p e r  c e n t  re m a in e d  

w i t h  a  p o s i t i v e  s p i t ,  w h i l e  o f  t h e  G roups B . l .  and B .2 .  

49*5  p e r  c e n t  re m a in e d  p o s i t i v e .

R e l a t i o n s h i p  /
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RELATIONSHIP OF DEGREE OF PNEUMOTHORAX 
~ COLLAPSE TO SPUTtJM ALTERATION.

TABLE V I I .

C o l l a p s e + - ++

C om plete 5 1
S e l e c t i v e 32 16
P a r t i a l l y -
s e l e c t i v e 5 32
I r r e g u l a r — 41

T o t a l 52 90

I t  i s  d i f f i c u l t ,  p a r t i c u l a r l y  when one h a s  t o  

r e l y  on p a s t  r e c o r d s  and r a d i o g r a p h s ,  t o  d e f i n e  t h e  

d e g r e e  o f  c o l l a p s e *  An a n a t o m i c a l  s c a l e  m ig h t  a p p e a r  

t h e  b e s t ,  b u t  t h i s  l e a v e s  o u t  o f  a c c o u n t  s u c h  f a c t o r s  

a s  t h e  o c c u r r e n c e  o f  a t e l e c t a s i s  i n  a l o b e ,  e v e n  a l -  

: t h o u g h  t h e  r e s t  o f  t h e  lu n g  i s  a d h e r e n t .  A g a in ,  t o  

e s t i m a t e  t h e  r e s u l t  by  th e  c l i n i c a l  im provem en t w h ic h  

i s  e f f e c t e d  i n  t h e  p a t i e n t  i s  o b v i o u s l y  u n s a t i s f a c t o r y .  

The f o l l o w i n g  a r b i t r a r y  s c a l e ,  b a s e d  on t h e  e x a m in a t io n  

o f  r a d i o g r a p h s  and s c r e e n i n g  n o t e s ,  h a s  b e e n  u s e d : -

C om ple te  c o l l a p s e . The lu n g  i s  q u i t e  f r e e  w i t h  no

v i s i b l e  c a u s e  t o  p r e v e n t  a  c o m p le te  c o l l a p s e  a b o u t  t h e  

r o o t .

S e l e c t i v e  c o l l a p s e . C o l l a p s e  o c c u r s  i n  t h e  d i s e a s e d  

a r e a ;  t h e  p r e s e n c e  o f  a d h e s i o n s ,  i f  t h e y  do n o t  i n t e r 

f e r e  w i t h  t h e  c o l l a p s e ,  a r e  n o t  c o n s i d e r e d .

P a r t i a l l y  s e l e c t i v e  c o l l a p s e . C o m p r ise s  t h o s e  g ro u p s  

w h e r e /
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w here  s e l e c t i v e  c o l l a p s e  t e n d s  t o  o c c u r ,  b u t  i s  h in d e rH  

: e d  b y  th e  p r e s e n c e  o f  a d h e s io n s *  Some d e g r e e  o f  c o l -  

: l a p s e  m ust h a v e  t a k e n  p l a c e ,  and t h e  d i s e a s e d  a r e a  be 

more c o n d e n s e d .

I n c o m p l e t e . C o l l a p s e  i s  i r r e g u l a r  and w i t h  no o b v io u s
t

s e l e c t i v e  e f f e c t  on th e  d i s e a s e d  a r e a *

A p p ly in g  t h o s e  s t a n d a r d s  t o  a l l  c a s e s  th e  r e -

: s u i t s  o b t a i n e d  a r e  shown i n  T a b le  V I I .
/

7 1 .1  p e r  c e n t  o f  t h e  c a s e s  show ing  spu tum  a l t e r  

: a t i o n  h ad  a  s a t i s f a c t o r y  c o l l a p s e  a s  com pared  w i t h  

1 8 .9  p e r  c e n t  o f  t h e  c a s e s  w i t h  a  p e r s i s t e n t l y  p o s i t i v e  

s p i t ,  w h i le  none o f  t h e  p a t i e n t s  w i t h  an  i r r e g u l a r  c o l -  

: l a p s e  showed sputum  a l t e r a t i o n .

RELATIONSHIP BETWEEN DISEASE IN THE CONTRA-

TABLE V I I I .

E x t e n t  o f  d i s e a s e + - ++

U n i l a t e r a l 21 34
B i l a t e r a l :  -

S l i g h t 20 21
M odera te 9 25
E x t e n s i v e 2 10

T o t a l 52 90

The e x t e n t  o f  d i s e a s e  on t h e  c o n t r a l a t e r a l  l u n g  

h a s  t o  be  t a k e n  i n t o  a c c o u n t .  The f o l l o w i n g  d e g r e e s  

o f  d i s e a s e  w ere  r e c o g n i s e d : -  

U n i l a t e r a l  /



U n i l a t e r a l . No e v id e n c e  o f  d i s e a s e  i n  t h e  c o n t r a l a t -

: e r a l  l u n g  o t h e r  t h a n  Ghon! s f o c i .

B i l a t e r a l . 1 .  S l i g h t  -  H e a le d ,  q u i e s c e n t  o r  l i g h t  i n -

: f i l t r a t i o n  o f  n o t  more t h a n  one l o b e .  2 .  M odera te  -  

D e f i n i t e l y  a c t i v e  d i s e a s e ,  o r  d i s e a s e  w i t h  c a v i t a t i o n ,  

o f  n o t  more t h a n  one l o b e .  Q u ie s c e n t  d i s e a s e  o f  more

t h a n  one l o b e .  3 .  E x t e n s i v e  -  A c t iv e  d i s e a s e  o f  more

t h a n  one l o b e .

2 1 .1  p e r  c e n t  o f  t h e  c a s e s  w i t h  spu tum  a l t e r 

a t i o n  had  m o d e ra te  o r  e x t e n s i v e  d i s e a s e  i n  t h e  c o n t r a -  

; l a t e r a l  l u n g  a s  com pared  w i t h  3 8 .9  p e r  c e n t  o f  c a s e s  

i n  t h e  g ro u p  w i t h  p e r s i s t e n t l y  p o s i t i v e  ' s p i t .

EFFECTS OF ANCILLARY TREATMENT.

TABLE IX .

Re s u i t
I n d i c a t i o n s  Number S u c c e s s  F a i l u r e

*" P r e v e n t  s y m p h is i s  1 1
B r o n c h o p l e u r a l  f i s -  

: t u l a  3 1 2
Lax m e d ia s t in u m  5 1 4
Empyema 6 4 2

O le o th o r a x  was c a r r i e d  o u t  on f i f t e e n  o c c a s i o n s  

i n  f o u r t e e n  p a t i e n t s .  W ith  th e  e x c e p t i o n  o f  t h e  g ro u p  

s u f f e r i n g  f ro m  t u b e r c u l o u s  empyema, t h e  r e s u l t s ,  w h ic h  

a r e  g i v e n  i n  T a b le  IX w ere  u n s a t i s f a c t o r y .

T h o ra c o s c o p y  was em ployed  i n  e i g h t  p a t i e n t s  who 

h ad  a c a v i t y  h e l d  o u t  by  a d h e s io n s  w h ich  w ere  a t  l e a s t  

p a r t i a l l y /



| p a r t i a l l y  d i v i s i b l e .  A fe w ,  who on e x a m i n a t i o n  w i t h
|

t h e  th o r a c o s c o p e  w ere  fo u n d  t o  be i n o p e r a b l e  c a s e s ,  I 

h av e  n o t  b e e n  i n c l u d e d .  Two p a t i e n t s  had  t h e  o p e r -  

: a t i o n  p e r fo rm e d  on b o t h  s i d e s .  The c o m p le te  r e s u l t s  

w ere  a s  f o l l o w s : -

t l a r l y  i n  t h e  p r e s e n c e  o f  d i s e a s e  o f  th e  c o n t r a l a t e r a l  

l u n g .  W hile  i n  many i n s t a n c e s  t h i s  a p p e a r e d  t o  be o f  

u n d o u b te d  h e l p  t o  th e  p a t i e n t ,  on t h e  w hole  i t  was v e ry  

I d i f f i c u l t  t o  e v a l u a t e  and a p p r o p o r t i o n  t h e  r e s u l t s  

w h ic h  m ig h t  be due t o  t h e  g o l d .  I n  s e v e r a l  i n s t a n c e s  

d i a r r h o e a  p ro v e d  i n t r a c t a b l e  and o f  a t u b e r c u l o u s  n a t -  

: u r e  l e a d i n g  t o  d e a t h .

S u c c e s s f u l  (+ - )
Some s u c c e s s  (++) 
F a i l e d  ( lu n g  ex p a n d e d )  
Empyema

4 c a s e s  
3 c a s e s  
2 c a s e s  
1 c a s e

Gold T h e ra p y  was f r e q u e n t l y  e m p lo y e d ,  p a r t i c u -

FactrorB /
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FACTORS LEADING TO CESSATION OF
FMMoTHORar;

TABLE X.

R eason  f o r  t e r m i n a t i o n  o f  A .P . ++ +—

S t i l l  a t t e n d i n g 5 22
V o lu n ta ry ;  c e s s a t i o n 2 13
S y m p h is is  o f  th e  lu n g 2 5
I n e f f i c i e n t  c o l l a p s e 25 2
Empyema 4 7
E f f u s i o n 1 2
C o n t r a l a t e r a l  s p r e a d  
C o n t r a l a t e r a l  s p r e a d  &

26 —

e n t e r i t i s 10 —

E n t e r i t i s 4 —

Am yloid d i s e a s e 2 —
B r o n c h o - p l e u r a l  f i s t u l a 3 -

S p o n ta n e o u s  p n eu m o th o ra x  
S p o n ta n e o u s  p n eu m o th o ra x  -

2 —

o f  c o n t r a l a t e r a l  lu n g 1 —
M e n in g i t i s 2 -

M e d i a s t i n i t i s 1 -

C eased  a t t e n d i n g - 2

T o t a l 90 53

T h is  T a b le  shows t h a t  i n e f f i c i e n t  c o l l a p s e  o r

s p r e a d  o f  t h e  d i s e a s e  i n  c o n t r a l a t e r a l  l u n g  a c c o u n te d
*

f o r  c e s s a t i o n  o f  t h e  p n eu m o th o ra x  i n  t w o - t h i r d s  o f  t h e  

c a s e s  w i t h  p o s i t i v e  sp u tu m .

A f t e r  /



AFTER HISTORY OF PATIENTS

Y e a rs
a f t e r ++

TABLE X I.

—  & + - A l l
commenc- C ases C ases C a se s
- i n g  A .P . D ied A liv e D ied A l iv e D ied A l l

0 - 1 30 2 . . 3 30 5
1 -2 6 7 — 9 6 16
2 - 3 4 3 1 6 5 9
3 - 4 2 2 - 6 2 8
4 -5 1 1 1 8 2 9
5 -6 2 2 — 8 2 10
6 -7 - 1 1 2 1 3
7 - 8 - - — 3 — 3
8 - 9 - — — 1 — 1
9 -1 0 - — — _

1 0 -1 1 - — — — —

1 1-12 — — — 1 — 1
1 2 -1 3 - — — — — _

1 3 -1 4 - - - 1 - 1

T o t a l 45 18 3 48 48 66

The above T a b le  i n d i c a t e s  t h e  num ber o f  d e a t h s  

o c c u r r i n g  e a c h  y e a r  a f t e r  t h e  commencement o f  t r e a t m e n t  

and  a l s o  g i v e s  t h e  num ber o f  p a t i e n t s  who w ere  a l i v e  

when l a s t  h e a r d  o f  i n  t h e  a p p r o p r i a t e  y e a r  a f t e r  com- 

:m e n c in g  t r e a t m e n t .

W ith  t h r e e  e x c e p t i o n s  a l l  t h e  p a t i e n t s  w ere  

t r a c e d  f o r  v a r y i n g  p e r i o d s  a f t e r  l e a v i n g  t h e  S a n a t o r 

i u m ,  o v e r  n i n e t y  p e r  c e n t  up t o  t h e  t im e  o f  t h e i r  

d e a t h s ,  o r  u n t i l  S e p te m b e r  1938 . Of t h e  t h r e e  who 

w ere  u n t r a c e d ,  two l e f t  t o  r e s i d e  i n  a r e a s  o u t s i d e  t h e  

S o u th  E a s t e r n  C o u n t i e s  and  d id  n o t  r e p l y  t o  c i r c u l a r  

l e t t e r .  I n  b o t h  t h e s e  c a s e s  t h e  p n eu m o th o ra x  h ad  b e e r  

c o m p l e t e d . /



c o m p le te d .  One p a t i e n t  l e f t  t o  go home t o  D o n e g a l  

! b e f o r e  t h e  p n eu m o th o ra x  had  b e e n  t e r m i n a t e d .  I t  h a s  

n o t  b e e n  p o s s i b l e  t o  o b t a i n  an y  i n f o r m a t i o n  c o n c e r n i n g  

t h i s  p a t i e n t ,  and she  h a s  b e e n  i n c l u d e d  among t h e s e  

s t i l l  u n d e r  t r e a t m e n t ,  t h e  p n e u m o th o ra x  b e i n g  p re su m ed  

t o  h ave  b e e n  m a in t a in e d  o n ly  f o r  t h e  p e r i o d  she was 

u n d e r  o u r  c a r e .  C ase s  w h ic h  r e c e i v e d  l a t e r  t r e a t m e n t  

s u c h  a s  p h r e n ic e c to m y  and t h o r a c o p l a s t y  a r e  n o t  i n -  

s e lu d e d  h e r e ;  t h e y  a r e  p l a c e d  u n d e r  t h e  a p p r o p r i a t e  

h e a d in g s  b e lo w . The mean p e r i o d  w h ic h  e l a p s e d  b e -  

: tw een  i n s t i t u t i n g  c o l l a p s e  and d e a t h ,  o r  t h e  t im e  

i  when l a s t  h e a r d  o f ,  i n  p a t i e n t s  r e c e i v i n g  p n e u m o th o ra x
i
» t r e a t m e n t ,  was 3 1 .2  m o n th s .  The c o r r e s p o n d i n g  f i g u r e  

f o r  t h o s e  c a s e s  d y in g  and t h o s e  a l i v e  when l a s t  h e a r d  

o f  was -

P o s i t i v e  c a s e s . 21 m onths
A verage  p e r i o d  t i l l  d e a t h  1 3 .4  m onths
A verage  p e r i o d  l a s t  h e a r d  o f  36 m onths

N e g a t iv e  c a s e s . 5 0 .6  m onths
A verage  p e r i o d  t i l l  d e a t h  51 m onths
A verage  p e r i o d  l a s t  h e a r d  o f  50 m onths

The m o r t a l i t y  f o r  b o t h  g ro u p s  com bined  was

4 2 .1  p e r  c e n t ,  b u t  f o r  t h e  p e r s i s t e n t l y  p o s i t i v e  g ro u p  

i t  was 7 1 . 4  p e r  c e n t ,  and f o r  t h e  g ro u p  sh o w in g  spu tum  

c o n v e r s i o n ,  a s  low a s  5 .9  p e r  c e n t .

P h r e n i c  /
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PHRENIC PARALYSIS.
— - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  I

| P h re n ie e c to m y  was p e r fo rm e d  on one h u n d re d  and I
| ! 
t h i r t y - f o u r  o c c a s io n s  b e tw e e n  1926 and t h e  end  o f  1 9 3 7 ,

b u t  o n ly  s i n c e  1931 h a s  i t  b e e n  em ployed  s y s t e m a t i c a l l y .  

NUMBER OP PHRENICECTOMIES PERFORMED
e a cH"y!e a r:

TABLE X I I .

Y e a r Male s F em ales T o t a l

1926 _ 2 2
1929 2 3 5
1930 3 4 7
1931 6 13 19
1932 9 13 22
1933 9 9 18
1934 8 10 18
1935 2 12 14
1936 2 6 8
1937 10 11 21

T o t a l 51 83 134

The same d i s p a r i t y  b e tw e e n  t h e  num ber o f  o p e r 

a t i o n s  p e r fo rm e d  on m a le s  and f e m a le s  a s  was n o t e d  i n  

t h e  p n eu m o th o ra x  c a s e s  i s  a g a i n  a p p a r e n t .

INDICATIONS.

1 .  P r e l i m i n a r y  t o  t h o r a c o p l a s t y . On n i n e  o c c a s i o n s  

b e tw e e n  1929 and 1932 t h e  o p e r a t i o n  was p e r fo r m e d  

a s  a r o u t i n e  m easu re  p r e l i m i n a r y  t o  t h o r a c o p l a s t y ,  

U s u a l l y  t h e  t h o r a c o p l a s t y  was p e r fo rm e d  two o r  

t h r e e  w eeks l a t e r ,  w h ich  p e r i o d  was n o t  s u f f i c i e n t  

t o  p e r m i t /



p e r m i t  any  c l i n i c a l  im provem en t t o  o c c u r .

S y m p to m a t ic . As a p a l l i a t i v e  m easu re  th e  o p e r a t -

: i o n  was p e r fo rm e d  on s i x t e e n  o c c a s i o n s .  The m a j-

: o r i t y  o f  t h e  p a t i e n t s  w ere  i n  a h o p e l e s s  s t a t e  and

no im provem ent i n  t h e i r  g e n e r a l  s t a t e  was e x p e c t e d .

The i n d i c a t i o n s  w ere -

S h o u ld e r  p a in  due t o  p e a k in g  o f
t h e  d ia p h ra g m  fro m  o ld  p l e u r i s y  -  1 c a s e
S e v e re  cough  -  9 c a s e s
H a e m o p ty s is  -  5 c a s e s
Dy8pneoa due t o  t r a c t i o n  on
h e a r t  and m e d ia s t in u m  -  1 c a s e

The o p e r a t i o n  f a i l e d  t o  s t o p  b l e e d i n g  i n  one o f  
t h e  c a s e s  o f  h a e m o p ty s i s  and was o n ly  p a r t l y  s u c c -  
: e s s f u l  i n  a n o t h e r  c a s e ,  b u t  i n  a l l  o t h e r  c a s e s  i t  
f u l f i l l e d  t h e  r e a s o n  f o r  i t s  p e r f o r m a n c e .

P h r e n ic  p a r a l y s i s  com bined w i t h  a r t i f i c i a l  pneumo-  
: t h o r a x !

T h i s  g ro u p  h a s  a l r e a d y  b e e n  c o n s i d e r e d  w i t h  t h e

p n eu m o th o ra x  c a s e s .  Of t h e  t h i r t y - t h r e e  p a t i e n t s

com p o sin g  i t ,  one had  a n e g a t i v e  spu tum  b e f o r e  o p e r - '

: a t i o n ,  i n  n i n e t e e n  t h e  spu tum  re m a in e d  p o s i t i v e  an a

i n  t h i r t e e n  i t  a l t e r e d  from  p o s i t i v e  t o  n e g a t i v e .

P h re n ic ,  p a r a l y s i s  a f t e r  t h e  f a i l u r e  o f  o t h e r  c o l l -  
: a p s e  m e a s u r e s .

Of t h e  s e v e n  c a s e s  i n  t h i s  g r o u p ,  s i x  had  a  p h r e n i c  

p a r a l y s i s  p ro d u c e d  a f t e r  an  u n s a t i s f a c t o r y  pneum o- 

: t h o r a x  c o l l a p s e  had  b e e n  a b a n d o n e d ,  and  one was 

p e r fo r m e d  on a  t h o r a c o p l a s t y  p a t i e n t  who had  e x p e r 

i e n c e d  an  a c u t e  p o s t o p e r a t i v e  s p r e a d  i n t o  t h e  lo w e r  

l o b e .  I n  t h r e e  o f  t h e  p a t i e n t s  i n  t h i s  g r o u p ,  spu-
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spu tum  a l t e r a t i o n  r e s u l t e d  f ro m  t h e  o p e r a t i o n  w h i l e  

i n  f o u r  no change  was p r o d u c e d .

.5* P h r e n ic  e v u l s i o n  a s  t h e  p r im a r y  m ethod  o f  t r e a t m e n t .  

P h r e n ic  e v u l s i o n  was p e r fo rm e d  a s  t h e  m ethod o f  

c h o ie e  i n  b r i n g i n g  a b o u t  c o l l a p s e  i n  s i x t y - n i n e  

c a s e s .  One p a t i e n t  was a d m i t t e d  t o  t h e  S a n a to r iu m  

w i t h  a p l e u r i s y  and a v e r y  r e s t r i c t e d  s u b - a p i c a l  

i n f i l t r a t i o n  o f  a f i b r o t i c  t y p e .  He p ro d u c e d  no 

sp u tu m , b u t  f e l t  p a i n  i n  t h e  s h o u l d e r  and a l o n g  t h e  

i n s e r t i o n  o f  t h e  d ia p h ra g m  o f  a s e v e r i t y  s u f f i c i e n t  

t o  i n t e r f e r e  w i t h  h i s  e v e ry d a y  l i f e ;  a f t e r  t h e  

p h r e n i c  p a r a l y s i s  was p ro d u c e d  p a i n  d i s a p p e a r e d  and 

h i s  g e n e r a l  c o n d i t i o n  showed a  m arked  im p ro v e m e n t ,  

w h ic h  was c o i n c i d e n t a l  w i t h  a c o n t r a c t i o n  o f  t h e  

d i s e a s e d  a r e a  i n  t h e  l u n g .  Of t h e  r e m a i n in g  s i x t y -  

: e i g h t  c a s e s ,  s i x t e e n  became spu tum  n e g a t i v e ,  and 

f i f t y - t w o  re m a in e d  w i t h  a  p o s i t i v e  s p i t .  Of t h e  

f i f t y - t w o  p a t i e n t s  i n  t h e  l a t t e r  g r o u p ,  a d d i t i o n a l  

c o l l a p s e  m e a s u re s  w ere  i n s t i t u t e d  i n  e i g h t e e n ,  a r t i 

f i c i a l  p n eu m o th o ra x  i n  e i g h t ,  and  t h o r a c o p l a s t y  i n  

t e n ;  t h e s e  m e a s u re s  l e d  t o  spu tum  a l t e r a t i o n  i n  

e i g h t  c a s e s .

RESULTS.

As i n  t h e  f i r s t  two g ro u p s  p h r e n i c  e v u l s i o n  

h a d  no a c t i v e  i n f l u e n c e  oh t h e  c o u r s e  o f  t h e  d i s e a s e ,  

t h e s e  g ro u p s  and g ro u p  t h r e e  w h ic h  was i n c l u d e d  w i t h  

t h e /
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t h e  p n eu m o th o rax  c a s e s ,  w i l l  be  o m i t t e d ,  l e a v i n g  seven-j-
i

: t y - s i x  p a t i e n t s  i n  whom p h r e n i c  p a r a l y s i s  v/as in d u c e d !  

a s  an  in d e p e n d e n t  t h e r a p e u t i c  m e a s u re .  Of t h e s e  one

was a g ro u p  A. c a s e  w i t h  n e g a t i v e  spu tum  who was g r e a t - -  

: l y  h e lp e d  by th e  o p e r a t i o n ,  n i n e t e e n  became spu tum  

n e g a t i v e  f o r  t u b e r c l e  b a c i l l i ,  and f i f t y - s i x  r e m a in e d  

w i t h  a p o s i t i v e  s p i t ,  e i g h t e e n  o f  t h e  l a t t e r  p a t i e n t s  

h a v in g  a d d i t i o n a l  c o l l a p s e  t r e a t m e n t  a s  d e t a i l e d  a b o v e .  

T h u s ,  o f  s e v e n t y - f i v e  p a t i e n t s  who b e f o r e  o p e r a t i o n  hac. 

a p o s i t i v e  s p i t ,  n i n e t e e n  o r  2 5 .3  p e r  c e n t  showed s p u -  

: turn a l t e r a t i o n  a s  a r e s u l t  o f  t r e a t m e n t ;  a s  a r e s u l t  

o f  f u r t h e r  c o l l a p s e  m e a s u re s  i n  t h o s e  s u i t a b l e ,  e i g h t  

more became n e g a t i v e  o r  36 p e r  c e n t  o f  t h e  s e v e n t y -  

: f i v e  c a s e s ,  w h i le  64 p e r  c e n t  r e m a in e d  p o s i t i v e .

FACTORS INFLUENCING THE RESULTS OF TREATMENT.

NUMBER OF PATIENTS IN VARIOUS AGE 
 '(jRoUPs 1a1H:TO'"TMe¥K' FaMLYsIS.

TABLE X I I I .

Age i n  
y e a r s .

Male s 
N u m b er .P er  c e n t .

F e m a le s  
N u m b er .P e r  c e n t . T o t a l .

1 0 -1 5 — 3 6 . 4 3
1 6 -2 0 2 6 .9 6 1 2 .8 8
2 1 -2 5 5 1 7 .2 14 2 9 .8 29
2 6 -3 0 4 1 3 .8 8 1 7 .0 12
3 1 -3 5 6 2 0 .7 7 1 4 .9 13
3 6 -4 0 4 1 3 .8 4 8 . 5 8
4 1 -4 5 1 8 . 4 3 6 . 4 4
4 6 -5 0 3 10 . 3 1 2 . 1 4
5 1 -5 5 4 1 3 .6 1 2 . 1 5

T o t a l 29 - 47 — 76

The/
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The age d i s t r i b u t i o n  o f  t h e  o p e r a t i o n  i s  m ark

e d l y  d i f f e r e n t  b e tw e e n  t h e  two s e x e s .  I n  m ale p a t -  

: i e n t s  t h e  o p e r a t i o n  was p e r fo rm e d  a t  a l a t e r  age t h a n  

i n  women; t h e  age g ro u p  w i t h  t h e  g r e a t e s t  num ber o f  

i n d u c t i o n s  i s ,  i n  men 3 1 - 3 5 ,  and  i n  women 2 1 - 2 5 .

STAGE OF DISEASE IN PATIENTS HAVING
PSr e n ic  Pa r a l y s is  in d u c e d .

Y ear A.

TABLE

B . l .

: XlVa 

B .2 .

•

B .3 . T o t a l

1926 _ 2 2
1929 - - — 2 2
1930 - - 1 • - 1
1931 — - 6 7 13
1932 - - 8 4 12
1933 - 1 12 3 16
1934 1 1 3 5 10
1935 - 1 3 3 7
1936 - - 4 2 6
1937 - - 6 1 7

T o t a l 1 3 43 29 76

A.

TABLE

B . l .

XlVb.

B .2 . B .3 . T o t a l
P e r  c e n t  
i n  B .3 .

1 9 2 6 -3 1 7 11 18 6 3 .6
1 9 3 1 -3 4 1 2 23 12 38 3 1 . 6
1 9 3 5 -3 7 - 1 13 6 20 3 0 . 0

T o t a l 1 3 43 29 76 —

The s t a g e  o f  d i s e a s e  a t  t h e  t im e  p h r e n ic e c to m y  

w as p e r fo rm e d  i s  g iv e n  i n  T a b le  I I I .  A h i g h  p r o p o r -  

: t i o n /
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| p r o p o r t i o n  o f  t h e  c a s e s  had  a d v a n c e d  d i s e a s e ,  more
I j

1 :

t h a n  was t h e  c a s e  w i t h  a r t i f i c i a l  p n eu m o th o ra x  p a t i e n t s j .  

T h is  i s  n o t  s u r p r i s i n g  a s  t h e  o p e r a t i o n  i s  f r e q u e n t l y  

p e r fo rm e d  on p a t i e n t s  u n s u i t e d  b y  r e a s o n  o f  p l e u r a l  

a d h e s i o n  o r  to o  e x t e n s i v e  d i s e a s e  f o r  a r t i f i c i a l  p n e u -  

:m o th o r a x ,  and a s  i t  i s  a r e l a t i v e l y  b e n ig n  p r o c e d u r e ,  

a s  a  l a s t  l i n e  o f  a t t a c k  on p a t i e n t s  who a r e  v e r y  i l l .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a s  w i t h  a r t i f i 

c i a l  p n e u m o th o ra x  when t h e  o p e r a t i o n  was f i r s t  i n t r o 

d u c e d  i t  was u s e d  i n  a  l a r g e  p r o p o r t i o n  o f  Group B .3 .  

p a t i e n t s ,  b u t  t h a t  a s  e x p e r i e n c e  was g a in e d  a h i g h e r  

p r o p o r t i o n  o f  p a t i e n t s  w i t h  l e s s  a d v a n c e d  d i s e a s e  had  

t h e  o p e r a t i o n  c a r r i e d  o u t .

The c a s e s  w ere  a n a l y s e d  w i t h  a v iew  t o  d e t e r -  

: m in in g  w h e th e r  an  a d h e r e n t  p l e u r a ,  a s  shown t o  e x i s t  

by  f a i l u r e  t o  e s t a b l i s h  p n e u m o th o ra x ,  h a d  any  e f f e c t  

on t h e  e f f e c t  o f  p h r e n i c  p a r a l y s i s .  The f i g u r e s  w e re ,  

h o w e v e r ,  to o  s m a l l  t o  be o f  an y  v a l u e .  C e r t a i n  o t h e r  

f a c t o r s  w h ic h  e x e r t  a d e f i n i t e  I n f l u e n c e  a r e  g i v e n  b e -  

: low : -■

INFLUENCE OF STAGE OF DISEASE ON 
-------------sPufluM" aL7M'ATI6¥~;--------------

TABLE XV.

Group Sputum
+•* ++

Number P e r  c e n t  Number P e r  c e n t

Group B . l .  1 3 3 .3  2 6 6 .7
Group B .2 .  14 3 2 . 5  29 6 7 .5
Group B .3 .  4 13#8 25 8 6 .4

T he/
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| THe num ber o f  c a s e s  w h ich  became spu tum  n e g -
i  i

| : a t i v e  a f t e r  o p e r a t i o n  i n  e a c h  g r o u p ,  and t h e  p e r c e n t -  >

| i a g e  th e y  r e p r e s e n t  i s  g iv e n  a b o v e .  I t  w i l l  be s e e n  '
I
t h a t  two and a h a l f  t im e s  a s  many p a t i e n t s  i n  G roups 

B . l .  and B .2 .  became spu tum  n e g a t i v e  a s  i n  Group B .3 .

EFFECT OF PHRENIC PARALYSIS ON j
DISEASE IN DIFFERENT AREAS IN

S i t e  o f

THE LUNG.

TABLE XVIa 

+ -

•

++
d i s e a s e Number P e r  c e n t Number P e r  c e n t T o t a l

M ain ly  u p p e r 16 3 1 .4 35 6 8 .6 81
M ain ly  b a s a l -  - 12 1 0 0 .0 12
D i f f u s e 3 2 5 .0 9 7 5 .0 12

I

! TABLE XVIb.

D i s e a s e  m a i n l y : -  
U pper  B a s a l  D i f f u s e

C a se s  w i t h  ++ s p i t 35 12 9
Worse a f t e r  e v u l s i o n 3 2 —

No im provem en t a f t e r  e v u l s i o n 9 3 1
S l i g h t  im provem en t a f t e r  e v u l -

: s i o n 5 3 2
M o d era te  im provem ent a f t e r  e v u l -

: s i o n 13 2 4
Marked im provem en t a f t e r  e v u l -

: s i o n 5 2 2
T o t a l  show ing  m o d e r a te ,  o r

: m arked  im provem ent 18 4 6
P e r  c e n t  - d o - 5 1 .4 3 3 .3 6 6 .7

C a se s  h av e  b e e n  g ro u p e d  a c c o r d i n g  a s  t o  w h e th e r  

t h e  d i s e a s e  on th e  s id e  o p e r a t e d  on was c o n f i n e d  c h i e f -  

: l y  t o  t h e  u p p e r  o r  b a s a l  a r e a s ,  o r  was d i f f u s e .  The 

f i g u r e s  a r e  g i v e n  i n  T a b le  X VIa. The f a i l u r e  o f  

t h e  p a r a l y s i s  t o  p ro d u c e  spu tum  a l t e r a t i o n  i n  b a s a l  

d i s e a s e  i s  v e r y  s t r i k i n g .  T h a t  t h i s  i s  n o t  due t o

t h e /
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t h e  p a u c i t y  o f  t h e  c a s e s  i s  shown when one a n a l y s e s  

f u r t h e r  (T a b le  X V Ib .)  c a s e s  w i t h  a p e r s i s t e n t l y  p o s i -  

: t i v e  sp u tu m , and f i n d s  t h a t  o n ly  33*3 p e r  c e n t  o f  

c a s e s  o f  b a s a l  d i s e a s e  showed m o d e ra te  o r  m arked  im

p r o v e m e n t ,  a s  com pared  w i t h  o v e r  50 p e r  c e n t  i n  t h e  

o t h e r  two G ro u p s .

INFLUENCE OF THE EXTENT OF DISEASE IN 
THE CONTRALATERAL LUNG ON RESULTS.

TABLE X V II.
+ -  + +

U n i l a t e r a l  8 16
B i l a t e r a l  -

S l i g h t  5 20
M odera te  5 17 ;
E x t e n s i v e  1 3 !

T o t a l  19 56

T a b le  XVII i n d i c a t e s  t h e  e x t e n t  o f  t h e  d i s e a s e ^
i

The s t a n d a r d s  d e s c r i b e d ,  i n  t h e  s e c t i o n  d e a l i n g  w i t h  

a r t i f i c i a l  p n eu m o th o ra x  have  b e e n  u s e d  i n  e s t i m a t i n g  

t h e  e x t e n t  o f  d i s e a s e  i n  t h e  c o n t r a l a t e r a l  l u n g .  The 

e f f e c t  o f  t h e  e x t e n t  o f  t h e  d i s e a s e  i s  l e s s  m arked  th a i i  

was t h e  c a s e  w i t h  t h e  a r t i f i c i a l  p n e u m o th o ra x  p a t i e n t s

6 8 .4  p e r  c e n t  o f  t h e  c a s e s  w i t h  spu tum  a l t e r a t i o n  h ad  

u n i l a t e r a l  o r  o n ly  s l i g h t  c o n t r a l a t e r a l  d i s e a s e ,  a s  con^ 

: p a r e d  w i t h  6 4 .2  p e r  c e n t  o f  t h e  p e r s i s t e n t l y  p o s i t i v e  

c a s e s .

Number /



NUMBER OF GASES SURVIVING AND DYING
EACH Ye a r  aFTe r  o p e r a t i o n .

TABLE X V III .

Y e a rs ++ —  & + — A l l
s i n c e C ases C ases C ase s
O p e r a t i o n D ied A l iv e D ied A l iv e D ied A l i 1

0 -1 12 1 13
1 -2 10 3 1 3 11 6
2 -3 6 2 3 1 9 3
3 - 4 1 - 2 3 3 3
4 - 5 1 — — 1 1 1
5 -6 1 - - 4 1 4
6 -7 — — — — — _

7 - 8 1 1 - 1 1 2

T o t a l 32 6 7 12 39 19

I t  w i l l  be n o t e d  t h a t  o n ly  t h i r t y - e i g h t  o f  t h e  

f i f t y - s i x  p a t i e n t s  w i t h  a p e r s i s t e n t l y  p o s i t i v e  s p i t  

a r e  i n c l u d e d  i n  T a b le  X V III .  The r e m a in in g  e i g h t e e n  

p a t i e n t s  r e c e i v e d  l a t e r  some o t h e r  fo rm  o f  c o l l a p s e  

t h e r a p y ,  s u c h  a s  a r t i f i c i a l  p n e u m o th o ra x  o r  t h o r a c o p -  

: l a s t y ,  and have b e e n  i n c l u d e d  w i t h  t h e  c a s e s  t r e a t e d  

by  t h e s e  m eans .

C ases  t r e a t e d  by  p h r e n i c  p a r a l y s i s  w ere  t r a c e d  

f o r  a mean p e r i o d  o f  2 8 .9  m o n th s .  The a v e r a g e  t im e  

e l a p s i n g  b e tw e e n  t h e  o p e r a t i o n  and  t im e  o f  d e a t h  o r  p e r  

: i o d  when l a s t  h e a r d  o f  w a s ; -

P o s i t i v e  c a s e s .  2 3 . 4  m onths
A verage  p e r i o d  t i l l  d e a t h  2 1 . 4  m onths
A verage  p e r i o d  t i l l  l a s t  h e a r d  o f  3 4  m onths

N e g a t iv e  c a s e s . 4 0 .1  m onths
A verage  p e r io f f  t i l l  d e a t h  3 4 .2  m onths
A verage  p e r i o d  t i l l  l a s t  h e a r d  o f  47 m onths

The/
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The m o r t a l i t y  f o r  a l l  c a s e s  was 67*2 p e r  c e n t ,  

f o r  th e  g ro u p  w i t h o u t  spu tum  a l t e r a t i o n ,  8 4 .2  p e r  c e n t ,  

and f o r  th e  g ro u p  w i t h  n e g a t i v e  spu tum  a t  t h e  c o n c l u s -  

: i o n  o f  t r e a t m e n t  i t  was 35 p e r  c e n t .

T h o r a c o p l a s t y  /
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THORACOPLASTY.

T h i r t y - t h r e e  p a t i e n t s  h av e  had  p e r fo rm e d  th e  

o p e r a t i o n  o f  t h o r a c o p l a s t y .  The c a s e s  i n c l u d e d  h e r e  

a r e  t h o s e  c a s e s  i n  w h ic h ,  a t  l e a s t ,  t h e  f i r s t  s t a g e  o f  

t h e  o p e r a t i o n  was p e r fo rm e d  p r i o r  t o  t h e  end  o f  1 9 37 . 

The e a r l i e r  c a s e s  w ere  o p e r a t e d  on by t h e  S a u e r b r u c h  

t e c h n i q u e ,  commencing w i t h  th e  lo w e r  r i b s  and  w o rk in g  

u p w a rd s .  L a t e r ,  t h e  re m o v a l  o f  th e  t r a n s v e r s e  p r o 

c e s s e s  v/as i n t r o d u c e d ,  th e  o p e r a t i o n  was b e g u n  w i t h  

re m o v a l  o f  t h e  u p p e r  r i b s ,  and was p e r fo rm e d  i n  two 

o r  more s t a g e s .  Of t h e  t h i r t y - t h r e e  c a s e s  o n ly  t h e  

l a s t  two had e x t r a f a s c i a l  m o b i l i s a t i o n  o f  t h e  ap ex  

c a r r i e d  o u t .  I n  a d d i t i o n  t o  t h e s e  two c a s e s  t h e r e
I
| h av e  b e e n  done s i x t e e n  t h o r a c o p l a s t i e s  t h i s  y e a r  u s i n g  

Semb*s t e c h n i q u e .  T hese  c a s e s  a r e  n o t  i n c l u d e d  h e r e ,  

b u t  I t  may be m e n t io n e d  t h a t  t h e y  h ave  b e e n  c a r r i e d  o u ;  

w i t h o u t  o p e r a t i v e  m o r t a l i t y  and a p p e a r  t o  g iv e  b e t t e r  

r e s u l t s ,  w h i l e  p o s t o p e r a t i v e  sh o c k  i s  g r e a t l y  d im in -  

: i s h e d .

Number /



NUMBER OF OPERATIONS PERFORMED EACH YEAR.

TABLE XIX.
M ales F e m a le s  T o t a l

1926 1 — 1
1929 1 2 3
1930 2 3 5
1931 - 1 1
1932 - 1 1
1933 - 1 1
1934 3 2 5
1935 3 5 8
1936 3 2 5
1937 1 2 3

T o t a l 14 19 33

P r e v io u s  t r e a t m e n t .

In  n in e  o f  t h e  e a r l y  c a s e s  a p r e l i m i n a r y  p h r e n -  

: i c  e v u l s i o n  was p e r fo rm e d  a s  a r o u t i n e  m e a s u re ,  and 

| i n  one i t  was p e r fo rm e d  a f t e r  t h o r a c o p l a s t y  i n  a p a t -
ii
i  : i e n t  who d e v e lo p e d  an  a c u t e  i n f e c t i o n  o f  t h e  lo w e r  

l o b e .  S ix  p a t i e n t s  had  had  p n e u m o th o ra x  t r e a t m e n t ,  

n i n e  a p h r e n i c  p a r a l y s i s ,  and t h r e e  a c o m b in a t io n  o f  

t h e s e .

I n d i c a t i o n s . G a s e s .

B r o n c h i e c t a s i s ; c h r o n i c  t u b e r c u l o s i s  1 
P y opneum otho rax  3
B r o n c h o p l e u r a l  f i s t u l a  2
T u b e r c u l o s i s  -  

S ta g e  B .2 .  17)
S ta g e  B .3 .  10) 27

Age and  S e x .

The num ber o f  p a t i e n t s  i n  t h e  v a r i o u s  age  

G roups was a s  f o l l o w s : -

Age /
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Age i n
y e a r s 0 -1 5 -2 0 - 2 5 - 3 0 -3 5 -4 0 -4 5

Male s _ 2 4 2 3 1 2
F em ales 2 4 4 4 4 1 -

T o t a l 2 6 8 6 7 2 2

RESULTS.

O p e r a t i v e  M o r t a l i t y .

T h e re  w ere  f i v e  d e a t h s  w i t h i n  t h e  f i r s t  t h r e e

m onths  a f t e r  o p e r a t i o n .  A l l  o c c u r r e d  i n  p a t i e n t s

o p e r a t e d  on b e f o r e  1935 . The c a u s e s  o f  d e a t h  w ere -

S p o n ta n e o u s  p n eu m o th o ra x  F i r s t  d ay
( a  c a s e  o f  py o p n eu m o th o rax  i n  w h ic h  
( t h e  o r i g i n a l  f i s t u l a  r e - o p e n e d )
Pneum onia  F o u r t h  day
Pneum onia  F i f t h  day
C a r d ia c  f a i l u r e  T e n th  day
(due t o  m e d i a s t i n a l  f l a p )
U n e x p la in e d  su d d en  d e a t h  T w e n ty -s e c o n d

d ay

B r o n c h i e c t a s i s .

The r a d i o g r a p h i c  a p p e a r a n c e s i n  t h i s  c a s e  w ere  

t h o s e  o f  o ld  t u b e r c u l o u s  m i s c h i e f  w i t h  a s u p e r - a d d e d  

b r o n c h i e c t a t i c  c o n d i t i o n ,  w h ic h  was t h e  c a u s e  o f  t h e  

symptoms f o r  w h ic h  he was a d m i t t e d  t o  t h e  S a n a to r iu m .  

A f t e r  t h e  f i r s t  s t a g e  o f  t h e  t h o r a c o p l a s t y  o p e r a t i o n  

he became much w o r s e ,  f u r t h e r  o p e r a t i v e  t r e a t m e n t  was 

n o t  p o s s i b l e ,  and  he d i e d  f o u r  m onths  l a t e r .

P y o p n e u m o th o ra x ♦

One p a t i e n t  d i e d  p o s t  o p e r a t i v e l y .  Supplem ent-f

: a r y /



91 .

S u p p le m e n ta ry  p l a s t i c  o p e r a t i o n s  w ere  r e q u i r e d  i n  th e  

o t h e r  two p a t i e n t s .  One p a t i e n t  h a s  d i e d  o f  a m y lo id  

d i s e a s e ,  and th e  o t h e r  i s  s t i l l  c o n v a l e s c e n t  from  a 

s u p p le m e n ta r y  p l a s t i c  o p e r a t i o n .

B r o n c h o p l e u r a l  f i s t u l a .

One p a t i e n t  d i e d  p o s t o p e r a t i v e l y ,  and th e  o th e  

c a s e  d i e d  f ro m  m e n i n g i t i s  f i v e  m onths a f t e r  o p e r a t i o n .

T u b e r c u l o s i s .

T h re e  p a t i e n t s  d i e d  p o s t o p e r a t i v e l y .  Of t h e  

t w e n t y - f o u r  s u r v i v i n g  c a s e s ,  s e v e n  re m a in e d  w i t h  a 

I p o s i t i v e  spu tum , w h i le  i n  s e v e n t e e n  t h e  spu tum  h a s  d i st
i : a p p e a r e d  o r  become t u b e r c l e  f r e e .  F u r t h e r  o p e r a t i v e
i
! t r e a t m e n t  c a r r i e d  o u t  i n  t h e  c a s e s  w i t h  a  p e r s i s t e n t  

p o s i t i v e  sputum  i n c l u d e d  plom bage on one c a s e  w i t h  a 

r e s i d u a l  c a v i t y ,  p h r e n i c  e v u l s i o n  i n  a p a t i e n t  who had  

e x p e r i e n c e d  an a c u t e  p o s t o p e r a t i v e  s p r e a d  o f  d i s e a s e  

i n t o  th e  lo w e r  l o b e ,  and an  a n t e r i o r  r e m o v a l  o f  r i b s  

i n  two c a s e s  w i t h  r e s i d u a l  c a v i t i e s .  I n  no c a s e  d i d  

t h i s  s u p p le m e n ta r y  t r e a t m e n t  l e a d  t o  d i s a p p e a r a n c e  o f  

t u b e r c l e  b a c i l l i  f ro m  t h e  sp u tu m .

Number /
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NUMBER OF CASES SURVIVING AND DYING
M gW ^ W ^ fTM~oW raT7oT.

TABLE XX.

Y e a r s  s in c e  
O p e r a t i o n

0-1
1 -2
2 -3
3 - 4
4 - 5
5 -6
6 -7
7 - 8
8 -9
9 -1 0  

10-11 
11-12

T o t a l

4* +

G ases  
D ied  A l iv e

1 1
2

1
1 1

+ —
C ases  

D ie d  A l iv e

A l l  
C ase s  

D ied  A l iv e

2

1

4
3
4

1
2

2
1

1
4 
3
5 
1 
1

1
1

14

1
1

17

C ase s  t r e a t e d  by  t h o r a c o p l a s t y  w ere  t r a c e d  f o r  

! mean p e r i o d  o f  42*5 m o n th s .  The a v e r a g e  p e r i o d  e l a p s 4-
j

! : i n g  b e tw e e n  t h e  o p e r a t i o n  and t h e  t im e  when l a s t
i  
!

I h e a r d  o f  was -

P o s i t i v e  c a s e s .
A verage p e r i o d  t i l l  d e a t h

2 8 .3  m onths  
1 6 .8  m onths

A verage p e r i o d  t i l l  l a s t  h e a r d  o f  3 8 . 4  m onths

N e g a t iv e  c a s e s  
A verage  p e r i o d  t i l l  d e a t h

4 8 .4  m onths
3 9 .6  m on ths

A verage  p e r i o d  t i l l  l a s t  h e a r d  o f  5 7 .6  m on ths  

The m o r t a l i t y  f o r  t h e  w hole Group was 2 9 .2  p e r  

c e n t ,  f o r  t h e  c a s e s  w i t h  p e r s i s t e n t l y  p o s i t i v e  spu tum  

5 7 .1  p e r  c e n t ,  and f o r  t h o s e  w i t h  n o ,  o r  n e g a t i v e  s p u -  

: tu m  1 7 .6  p e r  c e n t .

R e su lts  /
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RESULTS OF TREATMENT IN ALL CASES.

TABLE XXI.

Y e a r s  s i n c e  ++ —  & + -  A l l
i n s t i t u t i o n  G ases  C aaes  C a se s

t r e a tm e n t D ied A l iv e D ied A l iv e D ied Aliv<

0x1 43 3 1 3 44 6
1x2 18 10 1 16 19 26
2 -3 10 5 4 10 14 15
3 - 4 3 3 4 13 7 16
4 -5 3 2 1 9 4 11
5 -6 3 2 - 13 3 15
6 -7 - 1 2 2 2 3
7 - 8 1 1 — 4 1 5
8 -9 - - — 1 _ 1
9 -1 0 — — — — _ mtm

1 0 -1 1 — - — 1 — 1
11-1 2 — - — 2 _ 2
1 2-13 — — — —

1 3 -1 4 - - - 1 - 1

T o t a l 81 27 13 75 94 102

Two h u n d re d  and t h i r t y - f i v e  p a t i e n t s  have  b e e n  

t r e a t e d  a t  E a s t  F o r tu n e  S a n a to r iu m  b y  some fo rm  o r  com- 

: b i n a t i o n  o f  fo rm s  o f  c o l l a p s e  t h e r a p y .  T h i r t y - n i n e  

p a t i e n t s  w ere  e i t h e r  t r e a t e d  on s y m p to m a tic  g r o u n d s ,  

d i e d  p o s t o p e r a t i v e l y ,  o r  h ave  t h i s  y e a r  r e c e i v e d  some 

a d d i t i o n a l  c o l l a p s e  t r e a t m e n t .  The r e s u l t s  o b t a i n e d  

f ro m  t r e a t m e n t  i n  th e  r e m a in in g  one h u n d re d  and  n i n e t y -  

: s i x  p a t i e n t s  a r e  sum m arised  i n  T a b le  XXI. The c a s e s  

w ere  t r a c e d  f o r  a mean p e r i o d  o f  3 3 . 4  m o n th s .  The 

a v e r a g e  p e r i o d  e l a p s i n g  b e tw e e n  t h e  i n s t i t u t i o n  o f  

t r e a t m e n t  and t h e  t im e  when l a s t  h e a r d  o f  was -

P o s i t i v e  /



P o s i t i v e  c a s e s • 2 1 .7 m onths
A verage p e r i o d t i l l d e a t h 18 m onths
A verage  p e r i o d t i l l l a s t  h e a r d o f 3 2 .4 m onths

N e g a t iv e  c a s e s • 4 7 .3 m onths
A verage  p e r i o d t i l l d e a t h 4 0 .2 m onths
A verage  p e r i o d t i l l l a s t  h e a r d o f 4 7 .7 m onths

The m o r t a l i t y  i n  t h e  e n t i r e  s e r i e s  i s  48 p e r  

c e n t ,  i n  t h e  g ro u p  w i t h  p e r s i s t e n t  p o s i t i v e  spu tum  75 

p e r  c e n t ,  and i n  th e  g ro u p  w i t h  n e g a t i v e  spu tum  a t  t h e  

t e r m i n a t i o n  o f  t r e a t m e n t ,  1 4 .2  p e r  c e n t .

S e c t i o n  /



SECTION V.

j DISCUSSION. I
I

The f i g u r e s  o f  t h e  p r e c e e d i n g  s e c t i o n  p e r m i t  

l i t t l e  comment. They y i e l d  r e s u l t s  w h ic h  h av e  b e e n  

d e m o n s t r a t e d  f r e q u e n t l y ,  p a r t i c u l a r l y  a s  r e g a r d s  t h e  

b e n e f i c i a l  e f f e c t  w h ich  spu tum  a l t e r a t i o n  h a s  on t h e  

p a t i e n t f s e x p e c t a t i o n  o f  l i f e .  C e r t a i n  p o i n t s ,  how- 

: e v e r ,  may be e m p h a s is e d .

A r t i f i c i a l  p n e u m o th o ra x .

The o c c u r r e n c e  o f  w hat Lee L a n d e r  h a s  t i t l e d
I
| t h e  " b l a c k  lo b e "  d u r in g  a p n e u m o th o ra x ,  due t o  a t e l e c t -

| : a s i s  t a k i n g  p l a c e  i n  th e  lo b e  i s  a w e l l -k n o w n  phenom -
tI

: e n o n ,  b u t  i t  h a s  n o t  b e e n  p o s s i b l e ,  f ro m  a  s tu d y  o f  

t h e  r a d i o g r a p h s  o f  p a t i e n t s  i n  t h i s  s e r i e s , t o  dem on- 

: s t r a t e  t h i s  o c c u r r e n c e  i n  any  new w ay . The a p p e a r 

a n c e s  a r e  n o t  s e e n  i n  a l l  c a s e s  o f  p n e u m o th o ra x  w h ic h  

h av e  a s u c c e s s f u l  o u tco m e , n o r  e v e n  i n  a  m a j o r i t y  o f  

s u c h  c a s e s .  T h a t  t h i s  i s  s o ,  i s  p r o b a b l y  due t o  t h e  

a n a t o m i c a l  d i v i s i o n  o f  t h e  l o b e s  i n t o  s e p a r a t e  a r e a s ,  

i n  w h ic h  c o l l a p s e  may o c c u r  q u i t e  i n d e p e n d e n t l y .  On 

e x a m in in g  t h e  p a t i e n t  by f l u o r o s c o p y  o r  b y  a  r a d i o -  

: g r a p h  t a k e n  i n  t h e  u s u a l  a n t e r o - p o s t e r i o r  p o s i t i o n  

t h i s  c o l l a p s e  may n o t  be s e e n .  I n  some c a s e s  t h i s  i s  

b e c a u s e  t h e  c o l l a p s e d  lu n g  i s  o v e rsh ad o w ed  b y  lu n g  

w h ic h /
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j w h ic h  r e m a in s  i n f l a t e d ,  and i n  s u c h  c a s e s  t h e  b l a c k
i  ii I! j
| c o l l a p s e d  lo b e  c a n  u s u a l l y  be s e e n  on r o t a t i n g  th e  pa t-)  

: i e n t .

The d i f f e r e n c e  fo u n d  i n  th e  r e s u l t s  o b t a i n e d  

i n  th e  t h r e e  g ro u p s  o f  p n e u m o th o ra x  p a t i e n t s  i s  n o t e -  

: w o r th y .  The f i g u r e s  a r e  g iv e n  i n  T a b le  IV . on page

6 8 .  The d i f f e r e n c e  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  by  

a r t i f i c i a l  p n eu m o th o ra x  a lo n e  and a r t i f i c i a l  pneum o- 

: t h o r a x  com bined w i t h  p h r e n i c  p a r a l y s i s ,  i s  s i m i l a r  t o ,  

b u t  n o t  so  m arked a s ,  t h a t  fo u n d  i n  l a r g e r  s e r i e s  o f  

c a s e s ,  s u c h  a s  t h o s e  r e f e r r e d  t o  b e lo w .  I f  h o w e v e r ,  

one o m i ts  f ro m  c o n s i d e r a t i o n  t h o s e  c a s e s  i n  w h ic h  pneu - 

:m o th o ra x  was aban d o n ed  w i t h i n  s i x  m onths  t h e n  t h e  d i f -  

j : f e r e n c e  i n  t h e  im m ed ia te  r e s u l t s  i n  t h e  two g ro u p s  o f  

c a s e s  i s  l a r g e l y  rem o v ed . P r o v id e d  t h e  p a u c i t y  o f  th e  

c a s e s  d o es  n o t  n u l l i f y  t h i s  r e s u l t ,  i t  i n d i c a t e s  t h a t  

i n  a  c e r t a i n  p r o p o r t i o n  o f  c a s e s  w here  c o l l a p s e  I s  i n -  

: c o m p le te ,  i f  a d i a p h r a g m a t ic  p a r a l y s i s  i s  ad d ed  t h e n  

t h e  c o l l a p s e  I s  made e f f e c t i v e .  I n  t h e  p r e s e n t  s e r i e s  

p h r e n i c  e v u l s i o n  was p e r fo rm e d  o n ly  I f  i t  a p p e a r e d  f ro m  

t h e  r a d i o g r a p h  o f  t h e  p a t i e n t  t h a t  a p a r a l y s i s  o f  t h e  

d ia p h ra g m  w ould  i n c r e a s e  t h e  c o l l a p s e ;  t h e  m ost com- 

:mon i n d i c a t i o n  was a  l u n g  s t r u n g  o u t  b e tw e e n  t h e  apex  

and  t h e  d ia p h ra g m  and a d h e r e n t  t o  b o th *

L a r g e r  s e r i e s  o f  r e s u l t s  h ave  b e e n  p u b l i s h e d  

b y  H a rp e r  ( 4 6 ) ,  E dw ards  and S te v e n s  ( 3 0 ) ,  and E dw ards  

( 2 9 ) . /



i ( 2 9 ) .  H a r p e r f s f i g u r e s  r e f e r  t o  o n ly  45 c a s e s  i n  I 

! w h ic h  sputum  had  r e m a in e d  p e r s i s t e n t l y  p o s i t i v e  a f t e r  

p n e u m o th o ra x ,  b u t  i n  w h ic h  a l a r g e  p r o p o r t i o n  h ad  b e -  

:come n e g a t i v e  a f t e r  a p a r a l y s i s  was a d d e d .  Edw ards  

and  S te v e n s  a n a ly s e d  t h e  a f t e r  h i s t o r i e s  o f  one t h o u s -  

: and  c a s e s  i n  w h ic h  p h r e n i c  p a r a l y s i s  had  b e e n  p ro d u c e d  

two bo tw e lv e  y e a r s  p r e v i o u s l y .  They c o n c lu d e d  t h a t  

w h i l e  p h r e n ic e c to ra y  was o f  d e f i n i t e  v a lu e  a s  a  s o l e  

c o l l a p s e  m e a s u re ,  i t s  g r e a t e s t  v a lu e  was i n  c o n j u n c 

t i o n  w i t h  p n e u m o th o ra x .  Of two h u n d re d  and e i g h t y -  

; tw o  p a t i e n t s  t r e a t e d  by  p h r e n i c e c to m y ,  spu tum  a l t e r 

a t i o n  was o b t a i n e d  i n  30*4  p e r  c e n t ,  w h i l e  o f  s i x  hun-
!
j : d r e d  and  f o r t y - s e v e n  t r e a t e d  by  a c o m b in a t io n  o f  a r t i -  

j : f i c i a l  p n eu m o th o ra x  and  p h r e n i c  p a r a l y s i s  t h e  spu tum  

I became n e g a t i v e  i n  4 9 .9  p e r  c e n t .  The f i g u r e s  f o r  

a r t i f i c i a l  p n eu m o th o ra x  t r e a t m e n t  a lo n e  a r e  n o t  g i v e n  

i n  t h i s  p a p e r ,  b u t  i n  t h e  A n n u a l R e p o r t  o f  t h e  C h e s h i r e  

J o i n t  S a n a to r iu m  ( t h e  I n s t i t u t i o n  i n  v /h ich  t h e  above  

s e r i e s  o f  c a s e s  was t r e a t e d ) ,  E dw ards  g i v e s  a  s e r i e s  of 

t a b l e s  d e a l i n g  w i t h  r e s u l t s  o b t a i n e d  f ro m  c o l l a p s e  

t h e r a p y *  I n  t h o s e  c a s e s  w i t h  a  s a t i s f a c t o r y  pneum o- 

: t h o r a x  c o l l a p s e ,  61*81 p e r  c e n t  w ere  a l i v e  f o u r  y e a r s  

l a t e r ,  w h i l e  f o r  s i m i l a r  c a s e s  i n  w h ic h  p n e u m o th o ra x  

h a d  b e e n  s u p p le m e n te d  b y  p h r e n i c  e v u l s i o n ,  t h e  f i g u r e  

was 83*57 p e r  c e n t .  The c o r r e s p o n d i n g  f i g u r e s  f o r  

c a s e s  i n  w h ic h  a  p a r t i a l  p n eu m o th o ra x  c o l l a p s e  was 

o b t a i n e d /
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jo b ta in e d  w ere 2 4 . 4  p e r  c e n t  and 6 3 .9 2  p e r  c e n t  r e s p e c t -  j

l i v e l y .

The m ost i m p o r t a n t  o f  t h e  f a c t o r s  i n f l u e n c i n g  

t h e  c o u r s e  o f  a  p n eu m o th o ra x  i s  t h e  e x t e n t  o f  t h e  d i s -  

; e a s e  i n  th e  c o n t r a l a t e r a l  l u n g .  9 . 1  p e r  c e n t  o f  a l l
i

s u c c e s s f u l  p n eu m o th o ra x  c a s e s  h a d  m o d e ra te  o r  e x t e n s i v e  j 

d i s e a s e  o f  t h e  c o n t r a l a t e r a l  l u n g  -  t h e  c o r r e s p o n d i n g  

f i g u r e  f o r  t h o s e  r e m a in in g  w i t h  a p o s i t i v e  spu tum  was 

4 1 .7  p e r  c e n t .  T hese  f i g u r e s  s u g g e s t  t h a t  i n  a h i g h  

p r o p o r t i o n  c o l l a p s e  was p r o b a b l y  e f f e c t i v e  on t h e  c o l -  

: l a p s e d  s i d e ,  b u t  t h a t  t h e  c o n t r a l a t e r a l  lu n g  r e m a in e d  

w i t h  a c t i v e  d i s e a s e .  They w ould  i n d i c a t e  t h a t  g r e a t e r  

u s e  s h o u ld  be made o f  b i l a t e r a l  p n e u m o th o ra x .

T a b le  I l l b .  on page 6 4 ,  i s  o f  i n t e r e s t  a s  i t  

i n d i c a t e s  t h e  m arked  f a l l  w h ic h  h a s  t a k e n  p l a c e  i n  c a s e s  

w i t h  a d v a n c e d  d i s e a s e  r e c e i v i n g  c o l l a p s e  t h e r a p y .

T ak en  i n  c o n j u n c t i o n  w i t h  T a b le  V I.  on page  7 0 ,  w h ic h  

shows o n ly  1 0 .5  p e r  c e n t  o f  B .3 .  c a s e s  w i t h  spu tum  

a l t e r a t i o n  a f t e r  t r e a t m e n t  a s  com pared  w i t h  3 9 .7  p e r  

c e n t  o f  B . l .  and B .2 .  c a s e s ,  i t  s u g g e s t s  t h a t  g r e a t e r  

u s e  i s  now b e i n g  made o f  p n e u m o th o ra x  i n  e a r l i e r  c a s e s .  

The c l a s s i f i c a t i o n  w h ic h  h a s  b e e n  u s e d  i s  n o t  s a t i s 

f a c t o r y  i n  c o n s i d e r i n g  t h e s e  c a s e s  i n  so f a r  a s  i t  

g r o u p s  t o g e t h e r  a s  B . 3 . ,  and t o  a  l e s s  e x t e n t  a s  B .2 .  

c a s e s  w h ic h  h av e  a  d i f f e r e n t  p a t h o l o g i c a l  b a s i s .  B .3 .  

c a s e s  i n c l u d e  t h o s e  w i t h  a d v a n c e d  c h r o n i c  d i s e a s e  f o r  

w h ic h /
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w h ic h  no t r e a t m e n t  i s  o f  a v a i l ,  and c a s e s  w i t h  a c u t e  

i l l n e s s  and w a s t i n g  who do h av e  a r e a s o n a b l e  ch a n c e  o f  

im provem en t by  p n e u m o th o ra x .  To a  l e s s  e x t e n t  t h e  

same a rg u m en t h o l d s  good f o r  B .2 .  c a s e s .  A p a t h o l o g -  

: i c a l  b a s i s  f o r  g r a d i n g  c a s e s  w a s ,  h o w e v e r ,  i m p r a c t i 

c a b l e .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e  g r e a t e s t  

p r o p o r t i o n  o f  p n eu m o th o ra x  i n d u c t i o n s  was i n  th e  p e r -  

: i o d  1 6 -2 0  y e a r s  o f  age when c h r o n i c  d i s e a s e  i s  r a r e .

F i n a l l y ,  one may p r e s e n t  a p o i n t  w h ic h  a r i s e s  

f ro m  c l i n i c a l  o b s e r v a t i o n  and c a n n o t  be r e d u c e d  t o  

s t a t i s t i c s  i n  s m a l l  s e r i e s  o f  c a s e s .  R e p e a t e d l y  one 

h a s  s e e n  a p n eu m o th o ra x  in d u c e d  i n  a t o x i c  and  i l l  p a t -  

: i e n t .  A l th o u g h  in c o m p le te  c o l l a p s e  r e s u l t s ,  g r e a t  

im pro v em en t may t a k e  p l a c e ,  t h e  t e m p e r a t u r e  f a l l i n g ,  

spu tum  d i m i n i s h i n g  and  w e ig h t  i n c r e a s i n g ,  b u t  t h e  s p u -  

; tu m  re m a in s  p o s i t i v e  and th e  d i s e a s e d  a r e a  u h c o l l a p s -  

: e d .  T h i s  im provem en t i s  due t o  d i m i n u t i o n  I n  t h e  

b lo o d  s u p p ly  t o  t h e  a f f e c t e d  lu n g  and  c o n s e q u e n t  d i m i n -  

: i s h e d  t o x i c  a b s o r p t i o n .  A l th o u g h  s u c h  a  p n e u m o th o r -  

; ax i s  a f a i l u r e  a s  f a r  a s  i t s  c u r a t i v e  e f f e c t  i s  c o n 

c e r n e d ,  i t  d o e s  a l lo w  s u c h  a  p a t i e n t  t o  im p ro v e  and t o  

become s t a b i l i s e d  i n  a  l e s s  a c u t e  s t a g e ,  p r o b a b l y  b e -  

: c a u s e  t h e r e  i s  a g r e a t e r  f o r m a t i o n  o f  f i b r o u s  t iS s U e  

t h a n  w ould  be  t h e  c a s e  i n  th e  a b s e n c e  o f  a p n e u m o th o ra x ,  

and i n  t h e  c o u r s e  o f  a few  m onths  he  may be a b l e  t o  

u n d e rg o  a raaJo r  c o 1 l a p s e  p r o c e d u r e  w h ic h  o t h e r w i s e  

w ould  h av e  b e e n  o u t  o f  t h e  q u e s t i o n .  U s u a l l y  t h e  im

p r o v e m e n t /
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! :
! im provem en t s e e n  i n  s u c h  a c a s e  i s  o n ly  t e m p o r a r y ,  t h e  j

| p a t i e n t  a f t e r  a s h o r t  p e r i o d  a g a i n  g o in g  d o w n - h i l l .  | 

I n  some o t h e r  c a s e s  a c o n d i t i o n  o f  s t a l e m a t e  i s  r e a c h -  

; e d ,  t h e  p a t i e n t  r e m a in in g  t o l e r a b l y  w e l l  and a b l e  t o  

g e t  up and a b o u t  w h i l e  t h e  p n eu m o th o ra x  i s  m a i n t a i n e d ,  

b u t  r e l a p s i n g  i f  i t  i s  a b a n d o n e d .  Such  c a s e s  w ould
!

a p p e a r  t o  a p p ro x im a te  t o  w hat L aw raso n  Brown and H .L . 

Sampson (13 )  h ave  d e s c r i b e d  a s  t h e  ngood c h r o n i c ” case ,,  

and  w h ich  t h e y  d e f i n e  t h u s : -  ”A c a v i t y  2 cm. i n  d i a -  

: m e te r  o r  l a r g e r  m ust be p r e s e n t .  The g e n e r a l  c o n d i -  

: t i o n  m ust be f a v o u r a b l e .  The t e m p e r a t u r e  and p u l s e  

m ust be n o rm a l d u r in g  t h e  p e r i o d  o f  o b s e r v a t i o n  o f
i

| s e v e r a l  m o n th s .  The a p p e t i t e  and s t r e n g t h  m ust be
|

g o o d , and th e  p a t i e n t  m ust s l e e p  w e l l .  E x p e c t o r a t i o n  

may be p r e s e n t ,  b u t  m ust n o t  be e x c e s s i v e .  He i s  

u s u a l l y  a b l e  t o  t a k e  some e x e r c i s e .  The num ber o f  

t u b e r c l e  b a c i l l i  i n  t h e  spu tum  i s  n o t  t a k e n  i n t o  c o n 

s i d e r a t i o n .  ” Of 205 s u c h  ” good c h r o n i c s ” 80 p e r  cent, 

w ere  a l i v e  a f t e r  f i v e  y e a r s ,  and  66 p e r  c e n t  a t  t h e  enc. 

o f  t e n  y e a r s ,  w h i l e  o f  131 b ad  c h r o n i c s ,  o n ly  37 p e r  

c e n t  and  25 p e r  c e n t  w ere  a l i v e  a f t e r  f i v e  and  t e n  

y e a r s  r e s p e c t i v e l y .  B r l e g e r  (1 0 )  i n  h i s  s u r v e y  o f  

t h e  r e h a b i l i t a t i o n  o f  s a n a to r iu m  p a t i e n t s  makes m e n t io n  

o f  a  s i m i l a r  g r o u p .  I n  some p a t i e n t s , ,  i t  a p p e a r s  c l i n -  

j i c a l l y  t h a t  a  p n eu m o th o ra x  may p l a y  a  p a r t  i n  c o n v e r t -  

: i n g  them  i n t o ,  a t  l e a s t ,  a c h r o n i c  c a s e ,  and  som etim es 

e v e n  i n t o  a  ” good c h r o n i c ” c a s e .  I t  i s  n o t  an  u n 

r e a s o n a b l e /
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: u n r e a s o n a b l e  s u p p o s i t i o n  when one c o n s i d e r s  t h e  i n -  j

j : c r e a s e  o f  f i b r o u s  t i s s u e  w h ic h  r e s u l t s  from  c o l l a p s e  iI i! (
| o f  t h e  l u n g .
I

P h r e n ic  p a r a l y s i s .
' i

The r e s u l t s  o b t a i n e d  by  t h i s  fo rm  o f  c o l l a p s e  | 

t h e r a p y  a r e ,  a s  shown by  th e  s u r v i v a l  f i g u r e s  on Page 

8 6 ,  n o t  so good a s  t h o s e  o b t a i n e d  by  o t h e r  c o l l a p s e  

m e th o d s .  T h is  i s  n o t  s u r p r i s i n g  s i n c e ,  from  a c o n s i d -  

: e r a t i o n  o f  t h e  m u s c u la r  a c t i o n  o f  t h e  d ia p h ra g m ,  one 

w ould  e x p e c t  p a r a l y s i s  o f  t h i s  m u sc le  t o  be b e n e f i c i a l  

c h i e f l y  i n  so f a r  a s  i t  a b o l i s h e s  th e  c o n c e r t i n a - l i k e

| pum ping a c t i o n  o f  t h e  m usc le  and l e s s e n s  t h e  r e s p i r -  

: a t o r y  m o t io n  o f  t h e  u p p e r  l o b e .  T h is  i s  b o rn e  o u t  

by  t h e  f a c t  t h a t  o n ly  25 p e r  c e n t  o f  c a s e s  i n  w h ic h  

t h e  o p e r a t i o n  i s  c a r r i e d  o u t  f o r  c u r a t i v e  p u r p o s e s  

show spu tum  a l t e r a t i o n ,  a l t h o u g h  i t  m ust be n o t e d  t h a t  

t h e s e  c a s e s  i n c l u d e  a h i g h e r  p r o p o r t i o n  w i t h  a d v a n c e d  

d i s e a s e  t h a n  i s  t h e  c a s e  w i t h  o t h e r  modes o f  c o l l a p s e  

t r e a t m e n t .

G ra v e se n  h a s  a l r e a d y  b e e n  q u o te d  a s  o f  t h e  o p in -  

: i o n  t h a t  p a r a l y s i s  o f  t h e  d ia p h ra g m  h a s  l i t t l e  e f f e c t  

i n  d i s e a s e  o f  t h e  u p p e r  l o b e .  He fo u n d  (4 4 )  p r o p o r 

t i o n a l l y  b a s a l  o r  m id d le  lo b e  a f f e c t i o n s  i n  t h r e e  

t i m e s  a s  many o f  t h e  s u c c e s s f u l  c a s e s  a s  o f  t h e  c a s e s  

w i t h  n e g a t i v e  r e s u l t s .  A l t o g e t h e r  h i s  r e s u l t s  f ro m  

t h e /
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I t h e  o p e r a t i o n  w ere d i s a p p o i n t i n g  sav e  i n  l o c a l i s e d  les-* 

j : i o n s .

In  th e  c a s e s  o p e r a t e d  on a t  E a s t  F o r tu n e  S a n a -  j 

: t o r i u m ,  t h e  l e a s t  s u c c e s s f u l  r e s u l t s  w ere  o b t a i n e d  i n  

b a s a l  d i s e a s e #  Not o n ly  d id  none o f  t h e  tw e lv e  c a s e s  

show spu tum  a l t e r a t i o n ,  b u t  i n  o n ly  o n e - t h i r d  was t h e r d

any  m a t e r i a l  g a i n  a s  a r e s u l t  o f  t h e  o p e r a t i o n .  !
|

B e t t e r  r e s u l t s  w ere  o b t a i n e d  b o t h  i n  c a s e s  o f  u p p e r  j
j

lo b e  d i s e a s e ,  and i n  c a s e s  w i t h  d i f f u s e  d i s e a s e .  As j

h a s  b e e n  d e s c r i b e d  i n  S e c t i o n s  I I ,  and I I I ,  one  w o u ld ,  j
. 1

c e r t a i n l y  e x p e c t  p a r a l y s i s  o f  t h e  d ia p h ra g m  t o  e x e r t  |
!

some i n f l u e n c e  on th e  u p p e r  l o b e .  One a s p e c t  o f  t h i s  

' s u b j e c t ,  h o w e v e r ,  d o e s  n o t  a p p e a r  t o  h av e  r e c e i v e d  

! a d e q u a te  a t t e n t i o n  f ro m  e x p e r i m e n t a l  w o r k e r s .  I t  h a s  

n o t  b e e n  d e t e r m in e d  i n  w hat way i n t e r l o b a r  a d h e s i o n s  

a l t e r  th e  a c t i o n  o f  t h e  d ia p h ra g m .  I n  R oche*s  p a p e r  

( 8 6 ) ,  i t  i s  s t a t e d  t h a t  i f  a d h e s i o n s  a r e  p r e s e n t ,  t h e n  

| on s c r e e n i n g  t h e  p a t i e n t  a f t e r  b r o n c h o g r a p h y ,  o r  b y
i
k y m o ra d io g ra p h y ,  t h e  u p p e r  lo b e  b r o n c h u s  i s  p u l l e d  

downwards w i t h  i n s p i r a t i o n  i n s t e a d  o f  m e r e ly  i n c r e a s i n g  

i n  i t s  own a x i s  a s  i s  n o r m a l ly  t h e  c a s e .  On t h e o r e t 

i c a l  g ro u n d s  one w ould  e x p e c t  t h a t  a  d i a p h r a g m a t i c  

p a r a l y s i s  w ould  have  a g r e a t e r  e f f e c t  i n  l e s s e n i n g  

r e s p i r a t o r y  m ovements o f  t h e  u p p e r  lo b e  i n  c a s e s  w i t h  

i n t e r l o b a r  a d h e s io n s  t h a n  i n  t h o s e  w here  t h e y  a r e  

a b s e n t .  An a n a l y s i s  o f  t h e  E a s t  F o r tu n e  f i g u r e s  t o  

d i s c o v e r /
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d i s c o v e r  w h e th e r  p l e u r a l  a d h e s i o n s ,  a s  d e t e r m in e d  t o  

e x i s t  t h r o u g h  t h e  f a i l u r e  t o  in d u c e  a p n e u m o th o ra x ,  

e x e r t e d  any  i n f l u e n c e  on t h e  e f f e c t i v e n e s s  o f  a d i a -  

: p h r a g m a t i c  p a r a l y s i s  was o f  no v a lu e  ow ing t o  t h e  few 

c a s e s  a v a i l a b l e .  Edw ards* f i g u r e s  may be q u o te d .  He 

fo u n d  t h a t  when a p n eu m o th o ra x  was i m p r a c t i c a b l e  o n ly  

2 5 .6 2  p e r  c e n t  o f  c a s e s  w ere a l i v e  f o u r  y e a r s  l a t e r ,  

b u t  i f  a p h r e n i c  p a r a l y s i s  was p ro d u c e d  i n  s u c h  c a s e s  

t h e n  4 9 .4 4  p e r .  c e n t  w ere a l i v e  f o u r  y e a r s  l a t e r .

Two f a c t o r s  b r o u g h t  o u t  i n  an  a n a l y s i s  o f  t h e  

f a c t o r s  e f f e c t i n g  th e  r e s u l t s  s u g g e s t  t h a t  t h e  o p e r 

a t i o n  a c t s  more i n  a  g e n e r a l  way by  r e s t i n g  th e  lu n g  

t h a n  b y  a l l o w i n g  c o l l a p s e  t o  t a k e  p l a c e  i n  i t .  T h e se  

a r e ,  t h e  l e s s e n e d  e f f e c t  w h ic h  t h e . s t a g e  o f  d i s e a s e  

e x e r t s  t h a n  i s  t h e  c a s e  w i t h  a r t i f i c i a l  p n e u m o th o ra x  

c a s e s ,  ( o n ly  o n e - t h i r d  o f  c a s e s  n o t  f a r  a d v a n c e d  

showed sputum  a l t e r a t i o n  a s  com pared  w i t h  50 p e r  c e n t  

o f  t h e  p n eu m o th o ra x  c a s e s  a t  a. c o r r e s p o n d i n g  s t a g e ) ,  

and t h e  f a c t  t h a t  d i s e a s e  i n  t h e  c o n t r a l a t e r a l  l u n g  

a p p e a r s  t o  e x e r t  v e r y  l i t t l e  i n f l u e n c e ,  a p p r o x i m a te ly  

t h e  same p r o p o r t i o n  o f  c a s e s  sh o w in g  spu tum  a l t e r a t i o n  

a s  re m a in  w i t h  a p o s i t i v e  s p i t .  T hese  f i n d i n g s  s u g -  

: g e s t  t h a t  ,a  p h r e n i c  p a r a l y s i s  a c t s  more b y  i n c r e a s i n g  

t h e  c h a n c e s  o f  n a t u r a l  r e c o v e r y  t h r o u g h  l e s s e n i n g  t h e  

r e s p i r a t o r y  m o t i o n , o f  t h e  J u n g . . t h a n  by  r e l a x i n g  t h e  

lung s u f f i c i e n t l y  t o  a l l o w  c o l l a p s e  o f  t h e  d i s e a s e d
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| a r e a  t o  o c c u r  i n  t h e  way i t  d o e s  w i t h  a p n e u m o th o ra x .  !
!  jj i

The f r e q u e n c y  w i t h  w h ic h  a p h r e n i c  p a r a l y s i s  i s  i n d u e - |  

: e d  a f t e r  f a i l u r e  t o  in d u c e  a p n e u m o th o ra x ,  and t h e  

f a c t  t h a t  t h i s  f a i l u r e  d o e s  n o t  a p p e a r  t o  l i m i t  th e
i

e f f e c t s  o f  th e  p a r a l y s i s  s u p p o r t  t h i s  a rg u m e n t .

T h o r a c o p l a s t y .

The r e s u l t s  i n  t h i s  g ro u p  s u g g e s t  t h a t  a  h i g h -  

: e r  p r o p o r t i o n  o f  s u c c e s s f u l  r e s u l t s  i n  s u i t a b l e  c a s e s  

a r e  o b t a i n e d  from  t h o r a c o p l a s t y  t h a n  f ro m  o t h e r  c o l l -  

: a p s e  m e a s u re s ;  7 0 .8  p e r  c e n t  o f  t h e  p a t i e n t s  showed 

a l t e r a t i o n  o f  spu tum . The num ber o f  o p e r a t i v e  d e a t h s  

i s  h i g h ,  b u t  t h e s e  o c c u r r e d  m o s t ly  i n  t h e  e a r l i e r  c a s e s .  

The r e s u l t s  o b t a i n e d  fro m  t h e  more r e c e n t  o p e r a t i o n ,  

w here  t h o r a c o p l a s t y  i s  com bined w i t h  m o b i l i s a t i o n  o f  

t h e  apex  a r e  much more p r o m i s i n g .  As h a s  b e e n  s t a t e d ,  

t h i s  i s  b e c a u s e  i t  p e r m i t s  a much b e t t e r  c o l l a p s e  o f  

t h e  l u n g  a b o u t  t h e  r o o t ,  p a r t i c u l a r l y  o f  t h e  u p p e r  l o b e ,  

w h e r e a s ,  w i t h  t h e  o l d e r  ty p e  o f  o p e r a t i o n  a c a v i t y  was 

n o t  i n f r e q u e n t l y  o n ly  r e d u c e d  i n  s i z e  o r  a l t e r e d  i n  

p o s i t i o n .  Sem bs1 f i g u r e s  f o r  h i s  im m e d ia te  r e s u l t s  

have  a l r e a d y  b e e n  q u o te d ,  t h e y  a r e  v e r y  s a t i s f a c t o r y .  

O v e r h o l t  ( 7 9 ) ,  h a s  o b t a i n e d  s i m i l a r  good r e s u l t s .  H is  

f i g u r e s  r e f e r  t o  two h u n d re d  and f i f t y - t h r e e  p a t i e n t s .  

One h u n d re d  and  f o r t y - s e v e n  c a s e s  w ere  o p e r a t e d  on 

w i t h o u t  a p i c a l  m o b i l i s a t i o n  b e tw e e n  Ju n e  1932 and 

F e b r u a r y  1 9 3 5 .  From F e b r u a r y  1935 t i l l  Ju n e  1936 

h e /
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! he p e r fo rm e d  t h o r a c o p l a s t y  w i t h  a p i c a l  m o b i l i s a t i o n  on 

I 106 c a s e s .  Of t h e  f o rm e r  g r o u p ,  15 p e r  c e n t  had  a c t -
!  i

j : i v e  b i l a t e r a l  d i s e a s e ,  and  t h e  t o t a l  m o r t a l i t y  was j 

| 6 . 4  p e r  c e n t .  I n  t h e  l a t t e r  g ro u p  28 p e r  c e n t  had
i

a c t i v e  b i l a t e r a l  d i s e a s e ,  and  t h e  t o t a l  m o r t a l i t y  was j

5 .6  p e r  c e n t .  S u rv ey ed  i n  t h e  s p r i n g  o f  1 9 3 7 ,  a s a t - I
S

: i s f a c t o r y  c o l l a p s e  i n  t h e  f i r s t  g ro u p  was fo u n d  i n  95 j 

o f  133 p a t i e n t s ,  i . e :  71 p e r  c e n t :  i n  t h e  s e c o n d ,  i n

86 o f  93 p a t i e n t s ,  i . e :  92 p e r  c e n t .  C o n t r a l a t e r a l  

s p r e a d  h ad  t a k e n  p l a c e  i n  t h e  f i r s t  g ro u p  i n  11 p a t -  

: i e n t s ,  i n  t h e  s e c o n d ,  i n  7 p a t i e n t s .  O p e r a t i v e  r e -  

> : v i s i o n  was r e q u i r e d  i n  20 c a s e s  i n  t h e  f i r s t  g ro u p  

i and i n  o n ly  o n e ,  i n  th e  s e c o n d .

R e f e r e n c e  h a s  a l r e a d y  b e e n  made (p ag e  56) t o  

! o c c u r r e n c e  o f  b r o n c h i e c t a s i s  i n  c a s e s  w h ic h  h a v e  had
l

t h o r a c o p l a s t y  p e r fo r m e d ,  a s  was d e m o n s t r a t e d  b y  R o b in -  

: so n  a t  P a p w o r th ,  and O v e r h o l t  and B e t t s  i n  A m e r ic a ,  

and i t s  p r o b a b le  r e l a t i o n s h i p  t o  m a s s iv e  c o l l a p s e  o f  

t h e  l u n g  m e n t io n e d .

T h is  c o m p l i c a t i o n  d e v e lo p e d  i n  one o f  t h e  c a s -  

: e s  t r e a t e d  a t  E a s t  F o r t u n e .

Case H i s t o r y .

J . B .  aged  18 y e a r s  -  a d m i t t e d  t o  t h e  
S a n a to r iu m  on 2 2 - 9 - 2 8  w i t h  d i f f u s e  
a c t i v e  d i s e a s e  o f  a  r e l a t i v e l y  c h r o n i c  
t y p e ,  i n  t h e  l e f t  l u n g .  The r i g h t  
l u n g  a p p e a r e d  h e a l t h y .  The spu tum  
c o n t a i n e d  t u b e r c l e  b a c i l l i  and  h i s  g e n 
e r a l  c o n d i t i o n  p e r m i t t e d  c l a s s i f i c a t i o r .  
a s /
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a s  a Group B .2 .  c a s e .  Commencing on 
th e  7 - 1 1 -2 8  he had  s e r i e s  o f  s m a l l  h a e -  
im o p ty s e s  f o r  w h ic h  on 3 - 1 2 - 2 8  an a r t i 
f i c i a l  p n eu m o th o ra x  was i n d u c e d .  Col-j 
: l a p s e  was i n c o m p l e t e .  The u p p e r  p a r t  
o f  t h e  l u n g ,  c o n t a i n i n g  a t  l e a s t  t h r e e  
f a i r  s i z e d  c a v i t i e s ,  was a d h e r e n t .  He 
im proved  c o n s i d e r a b l y  and t h e  pneum o- 
: t h o r a x  was m a in t a in e d  u n t i l  3 0 - 1 1 - 2 9 ;  
when ab a n d o n e d ,  a s y m p h is i s  was t a k i n g  
p l a c e  a f t e r  th e  o c c u r r e n c e  o f  a s m a l l  
t u b e r c u l o u s  empyema. Symptoms r e t u r n -  
: e d  a n d ,  a f t e r  a p r e l i m i n a r y  p h r e n i c  
e v u l s i o n  had  b e e n  p e r f o r m e d ,  c o m p le te  
e x t r a p l e u r a l  t h o r a c o p l a s t y  was c a r r i e d  
o u t  i n  two s t a g e s  on 1 3 - 2 -3 0  and 3 - 3 - 3 0 .  
C o n v a le s c e n c e  was n o rm a l  and  he was d i s 
c h a r g e d  on 2 4 - 7 - 3 0  f r e e  f ro m  co u g h  and 
s p i t .
He re m a in e d  w e l l  f o r  some m o n th s ,  b u t  or. 
1 8 - 3 -3 1  was r e - a d m i t t e d  w i t h  a h i s t o r y  c f  
a s l i g h t  h a e m o p ty s i s  and w i t h  s l i g h t  
cough  and s p i t .  C o l l a p s e  a p p e a r e d  s a t 
i s f a c t o r y ,  b u t  a l i p i o d o l  e x a m i n a t i o n  
showed a p p e a r a n c e s  v e r y  s u g g e s t i v e  o f  
b r o n c h i e c t a s i s  on t h e  c o l l a p s e d  s i d e ,  
no l i p i o d o l  p a s s i n g  i n t o  t h e  c o l l a p s e d  
lu n g  p a re n c h y m a .  T u b e r c l e  b a c i l l i  
w ere n o t  r e c o v e r e d  f ro m  t h e  spu tum  I n  
th e  c o u r s e  o f  tw e lv e  e x a m i n a t i o n s .  He 
r e c o v e r e d  r a p i d l y  and  was d i s c h a r g e d  on 
2 0 - 6 - 3 1 ,  a g a i n  spu tum  f r e e .
A p a r t  f rom  a s h o r t  p e r i o d  i n  t h e  S a n a 
t o r i u m  from  2 2 - 2 - 3 3 ,  t i l l l 2 - 6 - 3 3 ,  more 
o f  a  p r o p h y l a c t i c  m easu re  t h a n  f o r  a c t 
i v e  t r e a t m e n t ,  he k e p t  w e l l  u n t i l  e a r l y  
i n  1 9 3 6 ,  when a cough  and s p i t  re su m ed  
and r a p i d l y  became p r o f u s e .  R e - a d m i t 
t e d  on 2 8 - 3 - 3 6  w i t h  symptoms o f  am yloic. 
d i s e a s e ,  he w en t d o w n h i l l  and  d i e d  on 
2 3 - 7 - 3 6 ,  a p p a r e n t l y  f ro m  t h a t  c o n d i t i o n *  
Sputum was v e r y  a b u n d a n t ,  b u t  ex a m in 
a t i o n  on 19 o c c a s i o n s  h ad  f a i l e d  t o  r e -  
j v e a l  t u b e r c l e  b a c i l l i .  P o s t  m ortem  
e x a m in a t io n  was r e f u s e d .

The t e r m i n a l  d e v e lo p m e n t  o f  a m y lo id  d i s e a s e  i s  

i n t e r e s t i n g ,  and was p r o b a b ly  a  c o m p l i c a t i o n  o f  t h e  

b r o n c h i e c t a s i s .  The a s s o c i a t i o n  o f  t h e s e  c o n d i t i o n s



had been  r e f e r r e d  to  by A u fses  ( 6 ) ,  who s t a t e s  -  th e y

j are of not uncommon occurrence as a sequel to thoraco- |
• |
I :plasty, although he does not give details of any cased.
i  !

C o n c l u s i o n s . /



I CONCLUSIONS.

1 .  The d ev e lo p m e n t  o f  c o l l a p s e  t h e r a p y  h a s  b e e n  t r a c e d  

| f rom  e a r l y  t i m e s .  A summary o f  t h e  p h y s io l o g y  o f  r e s -

: p i r a t i o n  a s  r e l a t e d  t o  c o l l a p s e  t h e r a p y  i s  g iv e n  and 

t h e o r i e s  a s  t o  th e  mode o f  a c t i o n  o f  c o l l a p s e  t h e r a p y
j

d i s c u s s e d .  !)
i

2 .  C dses  t r e a t e d  a t  E a s t  F o r tu n e  S a n a to r iu m  h av e  b e e n  

a n a l y s e d  w i t h  a  v iew  t o  d e t e r m i n i n g  w hat f a c t o r s  i n 

f l u e n c e  th e  r e s u l t s  o f  c o l l a p s e  t h e r a p y .

3 .  P neum othorax  h a s  b e e n  fo u n d  o f  p ro v e d  v a l u e .  I t

| i s  now b e i n g  u se d  i n  c a s e s  i n  a r e l a t i v e l y  e a r l y  s t a g e
|
| and i t s  u se  i n  s u c h  c a s e s  i s  i n c r e a s i n g .  The more 

j f r e q u e n t  a d d i t i o n  o f  a p h r e n i c  p a r a l y s i s  i s  i n d i c a t e d ,  

j p a r t i c u l a r l y  i n  c a s e s  w i t h  u n s a t i s f a c t o r y  c o l l a p s e ,  

j A more e x t e n s i v e  u se  o f  b i l a t e r a l  a r t i f i c i a l  pneum o- 

: t h o r a x  i s  a l s o  i n d i c a t e d .  F u r t h e r  i n v e s t i g a t i o n  

i n t o  a s m a l l  g ro u p  o f  c a s e s  a p p r o x i m a t i n g  t o  w h a t  h a s  

b e e n  c a l l e d  t h e  ” good c h r o n i c ” ty p e  o f  c a s e  i s  c a l l e d  

f o r .

4 .  P h r e n ic  e v u l s i o n  y i e l d s  p e rm a n e n t  r e s u l t s  l e s s  

s a t i s f a c t o r y  t h a n  t h o s e  from  e i t h e r  a r t i f i c i a l  pneum o- 

: t h o r a x  o r  t h o r a c o p l a s t y .  I t  h a s  b e e n  o f  l i t t l e  

v a lu e  a s  t h e  s o l e  m ethod o f  c o l l a p s e  i n  c a s e s  w i t h  

b a s a l  d i s e a s e .  The e f f e c t  w h ic h  i n t e r l o b a r  a d h e s i o n  

e x e r t  on a d i a p h r a g m a t ic  p a r a l y s i s  c a l l s  f o r  f u r t h e r  

in v e  s t i g a t  i  o n . /
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inve  s t i y a t i o n •

5.  T h o r a c o p l a s t y  i n  s u i t a b l e  c a s e s  y i e l d s  t he  h i g h e s t  

p r o p o r t i o n  of  s u c c e s s f u l  r e s u l t s .  I t s  use  cou ld  p r o -  

i b a b l y ,  w i t h  a d va n t a ge ,  be ex t e n d ed .

references. /
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