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I t  i s  u n n e c e s s a r y  a t  th e  p r e s e n t  t im e  t o  p ro v e  
t h a t  pulmonary c o l l a p s e  i n  one o r  o t h e r  form i s  an 
e s s e n t i a l  weapon o f  th e  p h y s i c i a n  t r e a t i n g  t u b e r c u l o s i s  
o f  t h e  l u n g .  * N e v e r t h e l e s s , t h i s  f a c t  i s  once a g a i n  
e m p h a s i s e d .

C o l la p s e  m e a su re s ,  f i r s t  a d v o c a t e d  more t h a n  a 
c e n t u r y  and a h a l f  ago ,  were r e n d e r e d  s a f e  and c o n t r o l l -  
a b l e  t o  a g r e a t  e x t e n t  by t h e  i n t r o d u c t i o n  o f  a s e p t i c  
s u r g e r y  and by th e  r o u t i n e  u se  o f  the  X-Ray p h o t o g r a p h .  
A r t i f i c i a l  pneumothorax ,  the  most f r e q u e n t l y  u se d  o f  
t h e s e  c o l l a p s e  m ea su re s ,  h a s  been  i n  g e n e r a l  use  f o r  th e  
p a s t  t h i r t y  y e a r s  and the t r e a t m e n t  has  become i n c r e a s ­
i n g l y  v a l u a b l e  w i t h  th e  c l e a r e r  r e c o g n i t i o n  o f  t h e  ty p e  
o f  case  i n  which  i t s  use  i s  l i k e l y  to  be s u c c e s s f u l .

C o l la p se  o f  the  lu n g  h as  now become a  h i g h l y  
i n d i v i d u a l i s e d  p r o c e d u r e .  There  i s  no s i n g l e  measure 
w h ich  can be a p p l i e d  w h o l e s a l e  i n  th e  e x p e c t a t i o n  o f  a  
h ig h  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  i s  r e c o g n i s e d  to d a y  t h a t  t h e  forms o f  
c o l l a p s e  f o r m e r ly  th o u g h t  to  be l e s s  d a n g e r o u s ,  namely ,  
p h r e n i c  i n t e r r u p t i o n  and e s p e c i a l l y  a r t i f i c i a l  pneumo­
t h o r a x ,  can c a r r y  c o n s i d e r a b l e  r i s k  f o r  th e  p a t i e n t  i n  
t h e  lon g  r u n .  The more d r a s t i c  p r o c e d u r e s ,  su c h  as  
t h o r a c o p l a s t y ,  lobec tom y and pneumonectomy, on t h e  o t h e r  
hand,  must now be  th o u g h t  o f  as  i n i t i a l  p r o c e d u r e s  i n  
c e r t a i n  case s  r a t h e r  th an  as  a l a s t  r e s o r t .

With th e  advances  i n  t h o r a c i c  s u r g i c a l  t e c h ­
n ique  in  the  p a s t  few y e a r s ,  more and more c a s e s  w h ich  
would f o r m e r ly  have had a r t i f i c i a l  pneumothorax  a r e  now 
d e a l t  w i t h  s u c c e s s f u l l y  by p u r e l y  s u r g i c a l  m easures  
sup p le m e n te d ,  o f  c o u r s e ,  by more o r  l e s s  lo n g  p e r i o d s  
of  s a n a to r iu m  r e s t .  I t  i s  now r e c o g n i s e d  a l s o  t h a t  th e  
p r e s e n c e  of  s t e n o t i c  o r  o b s t r u c t i v e  b r o n c h i a l  t u b e r ­
c u l o s i s  i s  a b a r  t o  t h e  s u c c e s s f u l  use  o f  pneum othorax .  
P ro lo n g e d  bed r e s t ,  supp lem en ted  i n  many c a s e s  by pneumo­
p e r i to n e u m ,  w i t h  o r  i tf ithout a s s o c i a t e d  t e m p o ra ry  p h r e n i c  
p a r a l y s i s ,  o b v i a t e s  i n  many c a se s  t h e  need  f o r  f u r t h e r  
c o l l a p s e  t r e a t m e n t .  F i n a l l y ,  S t r e p to m y c in  i s  now 
b e i n g  u se d  w i t h  s u c c e s s  in  c e r t a i n  ty p e s  o f  pulmonary 
t u b e r c u l o s i s ,  b u t  i t  rem a ins  to  be se en  how many c a s e s
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i n  w h ich  i t  would p r e v i o u s l y  have  been  c o n s i d e r e d  
n e c e s s a r y  t o  u se  c o l l a p s e  may be s p a r e d  i t s  use  and 
a l s o  how many c a s e s  Twho would p r e v i o u s l y  have been  
c o n s i d e r e d  u n f i t  f o r  c o l l a p s e  t r e a t m e n t  can  now have 
th e  b e n e f i t  o f  t h i s  p r o c e d u r e .

Thus,  a r t i f i c i a l  pneumothorax  i s  n o t  "‘now u s e d  
so f r e q u e n t l y  a s  f o r m e r l y ,  a l t h o u g h  i t  has  become a 
s a f e r  p ro c e d u re  t h r o u g h  a b e t t e r  r e c o g n i t i o n  o f  t h o s e  
c a s e s  i n  which i t  can s a f e l y  be employed.

The o b j e c t  o f  th e  p r e s e n t  i n v e s t i g a t i o n  was 
p r i m a r i l y  t o  r e c o r d  t h e  s h o r t - t e r m  r e s u l t s  o f  a r t i f i c i a l  
pneumothorax i n  a s e r i e s  o f  one hundred  c a s e s  p e r s o n a l l y  
t r e a t e d .  I n  a d d i t i o n ,  the  h ig h  i n c i d e n c e  of  p l e u r a l  
e f f u s i o n  e n c o u n te r e d  made i t  seem d e s i r a b l e  t o  d e t e r m i n e ,  
i f  p o s s i b l e ,  th e  p r o g n o s t i c  s i g n i f i c a n c e  o f  su c h  
e f f u s i o n s ,  i n c l u d i n g  t u b e r c u l o u s  empyema, and th e  c o r r e c t  
h a n d l in g  of such  c o m p l i c a t i o n s  s h o u ld  th ey  a r i s e .  How­
e v e r ,  i t  was r e a l i s e d  t h a t  the  p r o g n o s t i c  i m p l i c a t i o n s  
cou ld  not  p r o p e r l y  be a s s e s s e d  w i th o u t  a p e r i o d  o f  
o b s e r v a t i o n  ru n n in g  i n t o  many y e a r s  and ,  a c c o r d i n g l y ,  
a t t e n t i o n  was f o c u s s e d  on th e  tw e lv e  c a se s  o f  empyema 
e n c o u n t e r e d  in  t h e  s e r i e s .  Each case  was s t u d i e d  i n  an 
e f f o r t  t o  a s c e r t a i n  w h e th e r  t h i s  c o m p l i c a t i o n  c o u ld  
r e a s o n a b l y  have b een  e x p e c te d  to  o c cu r  and w h e th e r  i t  
co u ld  have been p r e v e n t e d  an d ,  f i n a l l y ,  what  e f f e c t  i t s  
o c c u r r e n c e  had on the  o u t lo o k  f o r  the  p a t i e n t .

The work was c a r r i e d  o u t  a t  th e  T r a n s v a a l  
Chamber o f  Mines ( S p r i n g k e l l )  S a n a to r iu m  d u r i n g  th e  
y e a r s  194-4- t o  194-9 and a t  th e  J o h a n n e s b u rg  M u n ic ip a l  
T u b e r c u lo s i s  C l i n i c  d u r in g  the  same p e r i o d .

I  w ish  t o  e x p re s s  my th an k s  t o  Dr. M.A. P r i n g l e ,  
M edica l  S u p e r i n t e n d e n t  of th e  S a n a to r iu m ,  f o r  p e r m i s s i o n  
t o  use  t h e  h o s p i t a l  r e c o r d s  and f o r  h i s  encouragem ent  and 
a d v ic e  w i t h  my work .  I  t h a n k  a l s o  th e  A c t i n g  M edica l  
O f f i c e r  o f  H e a l t h ,  Jo h a n n e s b u rg ,  f o r  p e r m i s s i o n  to  q u o te  
from t h e  r e c o r d s  o f  t h e  M u n ic ip a l  T u b e r c u l o s i s  C l i n i c .
My th a n k s  a l s o  go t o  my w i fe  who c a r r i e d  o u t  th e  t y p i n g  
off* t h e  m a n u s c r ip t .
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THE HISTORY OF ARTIFICIAL PNEUMOTHORAX

The o r i g i n a l  c o n c e p t i o n  o f  t h e r a p e u t i c  
a r t i f i c i a l  pneumothorax  i n  t h e  t r e a t m e n t  o f  Pulmonary  
T u b e r c u l o s i s  i s  s a i d  t o  be t h a t  o f  Dr.  E. Claude B o u r r u ,  
who p u b l i s h e d  a book e n t i t l e d  “U t i l i t y  d es  voyages  s u r  
mer p o u r  l a  cu re  des  d i f f d r e n t e s  m a la d ie s  e t  notamment 
de l a  consumption" i n  1770 f l ) «

He s u g g e s t e d  t h a t ,  i f  i t  was o n ly  t h e  movement 
o f  t h e  a f f e c t e d  p a r t  t h a t  p r e v e n t e d  h e a l i n g  o f  th e  u l c e r ,  
t h i s  c o u ld  be overcome by making an o p e n in g  i n  t h e  c h e s t  
w a l l  t o  a l l o w  i n g r e s s  of  a i r  a s  i t  was knox/n, itfhen t h i s  
was d one ,  a i r  r u s h e d  i n  and t h e  lu n g  c o l l a p s e d  and t o o k  
no f u r t h e r  p a r t  i n  r e s p i r a t i o n .  Bourru  b e l i e v e d  t h a t  
t h e  communication be tw een  th e  a i r  i n s i d e  and o u t s i d e  t h e  
c h e s t  w a l l  sh o u ld  be k e p t  open u n t i l  t h e  u l c e r  h e a l e d .
He t h u s  f o r  the  f i r s t  t ime a d v o c a te d  pneum othorax  and 
seemed t o  r e a l i s e  t h a t  i t  sh o u ld  be of  some d u r a t i o n .  
A p p a r e n t ly  he d i d  no t  b e l i e v e  t h a t  i t  would t a k e  l o n g  
f o r  h e a l i n g  t o  t a k e  p l a c e .

No p r a c t i c a l  a p p l i c a t i o n  of  th e  ab o v e -  
m en t ioned  c o n c e p t io n s  was made u n t i l  James Carson o f  
L iv e r p o o l  (2 ,  3 , 5) p u b l i s h e d  h i s  work on th e  e l a s t i c ­
i t y  o f  t h e  lu n g s  and k i n d r e d  s u b j e c t s .

Carson had n o te d  t h a t  pulmonary c a v i t i e s  were  
p r e v e n t e d  from h e a l i n g  by th e  e l a s t i c  r e t r a c t i o n  o f  t h e  
s u r r o u n d i n g  lu n g  t i s s u e .  He, t h e r e f o r e ,  a d v o c a te d  t h e  
i n t r o d u c t i o n  o f  a i r  i n t o  t h e  p l e u r a l  sp ace  t o  overcome 
t h i s  and t o  a l l o w  th e  lung  t o  c o l l a p s e .

He p e r fo rm ed  a r t i f i c i a l  pneumothorax  i n  r a b b i t s  
by i n c i s i o n  and,  f o l l o w i n g  h i s  an im a l  e x p e r i m e n t s ,  he 
s u g g e s t e d  t h a t  i t  be used  i n  human b e i n g s  i n  th e  t r e a t m e n t  
o f  pulmonary  a b s c e s s ,  i n  s e v e r e  h a e m o p ty s i s ,  and i n  u n i ­
l a t e r a l  t u b e r c u l o s i s . He t h e r e a f t e r  a t t e m p t e d  i t  i n  two 
c a se s  o f  consum ption .  An i n c i s i o n  was made be tw een  th e  
s i x t h  and s e v e n th  r i b s  c a l c u l a t e d  t o  adm i t  a i r  f r e e l y  b u t  
b o t h  c a se s  were u n s u c c e s s f u l  owing t o  th e  p r e s e n c e  o f  
a d h e s i o n s .  He was an a d v o ca te  o f  comple te  c o l l a p s e  o f  
th e  l u n g ,  t h i s  t o  be b r o u g h t  a b o u t  by a d m i t t i n g  s u c c e s s i v e  
sm a l l  amounts o f  a i r  to  th e  c h e s t .  N o th ing  more i s  h e a r d  
o f  th e  method u n t i l  i n  133^ F.H. Ramadge (6 )  d e s c r i b e d  two 
c a se s  o f  consumption  itfhich he c la im ed  to  have cu red  by 
p r o d u c in g  a pneumothorax w i t h  a  t r o c a r  and c an n u la  and 
s u b s e q u e n t l y  k e e p in g  the  open ing  from c l o s i n g  f o r  a s  lo n g  
as seemed to  him n e c e s s a r y .
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The f i r s t  was in d u c e d  i n  1527 on a  y o u th  o f  
17 w i t h  c l i n i c a l l y  u n i l a t e r a l  d i s e a s e  w i t h  c a v i t a t i o n .  
A m e l i o r a t i o n  o f  t h e  symptoms was n o te d  a l t h o u g h  t h e  
p a t i e n t  l a t e r  d i e d .  The second  c a se  (1527 -  153^-) was a  
man o f  30 w i t h  a  t h r e e - y e a r  h i s t o r y .  He had s i g n s  o f  a  
c a v i t y  a t  one apex  and was e x p e c t o r a t i n g  a  q u a n t i t y  o f  
p u r u l e n t  sputum. A t r o c a r  o p e n in g  was made and k e p t  
open f o r  t e n  d a y s .  He itfas r e p o r t e d  to  be i n  good h e a l t h  
two y e a r s  l a t e r .  The t h i r d  c a se  was i n  1531 when a 
s i m i l a r  t e c h n iq u e  was employed f o r  a  case  o f  pu lmonary  
a b s c e s s .  Recovery  f o l l o w e d .

U n f o r t u n a t e l y ,  l i t i g a t i o n  i n  w h ich  he was i n ­
v o lv e d  caused  Ramadge's  methods t o  be d i s p a r a g e d  by h i s  
c o n t e m p o r a r i e s .

The f i r s t  m en t ion  o f  improvement i n  pu lm onary  
t u b e r c u l o s i s  f o l l o w i n g  s p o n ta n e o u s  pneum othorax  was made 
by James Houghton ( 7 ) i n  1532. He d e s c r i b e d  a case  o f  
p h t h i s i s  i n  a man o f  25 who d e v e lo p e d  a s p o n ta n e o u s  
pneum othorax .  F o l lo w in g  t h i s  o c c u r r e n c e  h i s  c o n d i t i o n  
improved so much t h a t  he was a b l e  to  resume h i s  work a s  
a  b r i c k l a y e r .

W i l l i  am Stokes  (5)  in  h i s  book w r i t t e n  i n  1537  
a l s o  noted t h i s  f a c t .  Under the  heading “P h t h i s i s  com­
p l i c a t e d  w ith  empyema and pneumothorax from f i s t u l a 11, he 
s t a t e s  th a t  i t  was h i s  ex p e r ien ce  that  many c a ses  o f  
p h t h i s i s  showed an a r r e s t  and m o d i f i c a t i o n  o f  the symptoms 
w ith  the occurrence o f  spontaneous pneumothorax. He 
r e c o g n ise d  that  c e r t a i n  ca ses  b e n e f i t e d  g r e a t l y ,  l o s i n g  
t h e i r  cough and t h e i r  t o x i c  symptoms, and he a t t r i b u t e d  
t h i s  improvement to  the compression o f  the d i s e a s e d  lu n g .

I t  i s  t o  C a r lo  F o r l a n i n i  ( 9 ) ,  however ,  t h a t  
th e  w o r ld  i s  i n d e b t e d  f o r  t h e  i n t r o d u c t i o n  o f  a r t i f i c i a l  
pneumothorax t r e a t m e n t  in  a  more modern s e n s e .  I n  1552 
he p u b l i s h e d  a  p a p e r  e n t i t l e d  “ C o n t r ib u z i o n e  d e l l a  
t e r a p i a  c h i r u r g i c a  d e l l a  t i s i :  a b l a z i o n e  d e l  polmone?
pneumatorace  a r t i f i c i a l e ? "  He f i r s t  q u o te d  many c a s e s  i n  
which  t h e  o c c u r re n c e  of  a  sp o n ta n e o u s  pneum othorax  had 
e x e r t e d  a f a v o u r a b l e  i n f l u e n c e  on the  c o u rs e  of  p h t h i s i s .  
He th e n  p o i n t e d  ou t  t h a t  the  p r o d u c t i o n  of  an a r t i f i c i a l l y  
p ro d uced  pneumothorax was a  l o g i c a l  p r o c e d u r e  and l i k e w i s e  
c a p a b le  o f  l e a d i n g  to  a s i m i l a r  r e s u l t .  T h e o r e t i c a l l y ,  he 
s u g g e s t e d  a  complete  and s u f f i c i e n t l y  lo n g  m a i n t a i n e d  
im m o b i l i s a t i o n  of  th e  lu n g .

In  1555 he a p p l i e d  h i s  p r o p o s i t i o n  f o r  t h e  f i r s t  
t i n e  t o  a case o f  u n i l a t e r a l  p h t h i s i s  w i t h  e f f u s i o n  w h ich
he a s p i r a t e d  and r e p l a c e d  by f i l t e r e d  a i r .  T h is  was 
r e p o r t e d  i n  1590.
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I n  1392 he in d u c e d  h i s  f i r s t  c a se  h a v in g  a 
r e l a t i v e l y  normal  p l e u r a l  s p a c e ,  I s .  w i t h o u t  a p r e ­
e x i s t i n g  e f f u s i o n .  T h is  c a se  and a  second  one were pub­
l i s h e d  i n  1395 and t h e r e a f t e r  n o t h i n g  was p u b l i s h e d  
u n t i l  1906  when he p u b l i s h e d  25 c a s e s .

F o r l a n i n i  b e l i e v e d  t h a t  th e  l u n g  had  t o  be  
f l a t t e n e d  down, u s i n g  c o n s i d e r a b l e  p r e s s u r e .  Using t h e  
p u n c t u r e  method,  he i n t r o d u c e d  l a r g e  amounts o f  n i t r o g e n  
by means o f  a r u b b e r  h a n d - b u l b ,  sometimes a s  o f t e n  a s  
once d a i l y ,  t h r o u g h  a h o l lo w  n e e d le  i n t o  t h e  p l e u r a l  
s p a c e .  As he had no manometer, he had no means o f  knowing 
t h a t  t h e  gas  was a c t u a l l y  e n t e r i n g  the  p l e u r a l  sp a ce  e x ­
c e p t  by the f a c t  t h a t  i t  f low ed  e a s i l y ,  n o r  c o u ld  he 
e s t i m a t e  th e  p r e s s u r e  i n  the  p l e u r a l  s p a c e .  His  t e c h n i q u e  
was u n d b u b te d ly  d a n g e ro u s  and p r o b a b l y  gave  r i s e  to  a  good 
many c a s e s  o f  ga s  embolism. However, i n  1910,  he d i d  
e v e n t u a l l y  a do p t  th e  w a t e r  manometer . At f i r s t  he t r e a t e d  
o n ly  th e  m i l d e s t  c a s e s ;  l a t e r  he w idened  h i s  i n d i c a t i o n s .

In  E ng land  i n  1332 t h e  gas  r e p l a c e m e n t  o f  a  
p l e u r a l  e f f u s i o n  was u n d e r t a k e n  by Mr. H ick s  a t  t h e  
Brompton H o s p i t a l  f o r  a case  o f  S i r  R ic h a rd  Douglas  P o w e l l .

In  t h i s  y e a r ,  a l s o ,  R.W. P a r k e r  (10)  d e s c r i b e d  
an a p p a r a t u s  used  by him t o  r e p l a c e  t h e  f l u i d  i n  an 
empyema c a v i t y  by f i l t e r e d  c a r b o l i s e d  a i r .  He p u b l i s h e d  
a p a p e r  e n t i t l e d  “S u g g e s t io n s  f o r  th e  t r e a t m e n t  o f  s p e c i a l  
c a se s  o f  empyema by t h o r a c e n t e s i s  and th e  s i m u l t a n e o u s  
i n j e c t i o n  o f  p u r i f i e d  a i r “ .

The n e x t  advance  i n  pneumothorax  t h e r a p y  was i n  
133*1- when P o t a i n  ( l l )  o p e r a t e d  on a  case  who had 
d e v e lo p e d  an hydropneum othorax .  He d e v i s e d  an a p p a r a t u s  
f o r  t h e  s im u l t a n e o u s  w i th d r a w a l  o f  f l u i d  and i t s  r e p l a c e ­
ment by f i l t e r e d  a i r .  For th e  f i r s t  t im e  m en t ion  i s  made 
o f  th e  use  of a  manometer t o  measure th e  p r e s s u r e  o f  a i r .  
R e s u l t s  were p u b l i s h e d  i n  1333 by which  t im e  t h r e e  c a s e s  
had be en  t r e a t e d  by th e  new method.  As a r e s u l t  o f  h i s  
e x p e r i e n c e ,  he f o r m u la te d  the  f o l l o w i n g  c o n c l u s i o n s : -

(a )  That i f ,  a t  the  o u t s e t ,  a  pneum othorax
gave r i s e  t o  no v e r y  marked d y sp n o e a ,  
th e  o p e r a t i o n  s h o u ld  no t  be u n d e r t a k e n .

(b )  That  i f  a  v a l v u l a r  pneumothorax  gave r i s e
to  symptoms owing t o  t h e  r i s e  i n  i n t r a ­
p l e u r a l  p r e s s u r e  t o  a  dang ero u s  d e g r e e ,  
then  th e  o p e r a t i o n  s h o u ld  be r e s o r t e d  to  
and th e  i n t r a p l e u r a l  p r e s s u r e  b r o u g h t  
down t o  a tm o s p h e r ic  o r  below t h i s .
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( c )  I f ,  a t  a  l a t e r  s t a g e  i n  a  case  o f  pneumo­
t h o r a x ,  a  s e r o - p u r u l e n t  e f f u s i o n  d e v e l o p e d ,  
t h e  o p e r a t i o n  s h o u ld  he p o s tp o n e d  u n l e s s  
t h e  s i z e  o f  th e  e f f u s i o n  o r  t h e  w e i g h t  o f  
th e  f l u i d  caused  d i s t r e s s .

(d )  I f  t h e r e  was a  c o n s i d e r a b l e  amount o f  f l u i d
i n  a  hydrop n eu m o th o rax ,  P o t a i n  a d v i s e d  
removing t h i s  and r e p l a c i n g  i t  w i t h  s t e r ­
i l i s e d  a i r ,  t h e  f i n a l  p r e s s u r e  i n  th e  
p l e u r a l  sp ace  b e in g  a t  o r  a b o u t  t h e  normal  
minus sev en  m i l l i m e t e r s  o f  w a t e r .

( e )  That i f  a  p u r u l e n t  f o c u s  comm unica t ing  w i t h
a  b ro n ch u s  e x i s t e d  o r  i f  the  e f f u s i o n  was 
p u r u l e n t  from th e  o u t s e t ,  he recommended 
gas  r e p l a c e m e n t ,  p r o v i d e d  t h a t  th e  c o n t r a ­
l a t e r a l  l u n g  cou ld  be e x p e c te d  t o  s u f f i c e  
f o r  b r e a t h i n g  p u r p o s e s  i n  s p i t e  o f  th e  d i s ­
p lac em en t  o f  th e  m ed ia s t in u m .

( f )  i f  r e s p i r a t i o n  xms s e r i o u s l y  a f f e c t e d ,  he
recommended c lo s e d  d r a i n a g e  on th e  syphon 
p r i n c i p l e .

P o t a i n 1s a c t u a l  work l e a d i n g  t o  t h e  above con­
c l u s i o n s  was c a r r i e d  out  i n  lgg&- and p u b l i s h e d  i n  l g g g .

A r t i f i c i a l  pneumothorax  was n e x t  a p p l i e d  t o  t h e  
t r e a t m e n t  o f  h a em o p ty s is  i n  1$$5 by Dr. W. Cayley  (12)  o f  
th e  M idd lesex  H o s p i t a l ,  who r e a d  a  p a p e r  b e f o r e  th e  
C l i n i c a l  S o c i e t y  o f  London d e s c r i b i n g  a  c a s e .  The 
p a t i e n t  was a  young man a d m i t t e d  a f t e r  a  sudden  haemop­
t y s i s  of  about  a p i n t .  H aem optys is  r e c u r r e d  s e v e r a l  
t im e s  w h i l e  i n  h o s p i t a l  and Dr.  Cayley recommended t h a t  
t h e  l e f t  lung  sh o u ld  be c o l l a p s e d  ( th e  presumed s i d e  o f  
t h e  b l e e d i n g )  i n  o r d e r  t h a t  11 th e  g r e a t  d i m i n u t i o n  i n  th e  
c i r c u l a t i o n  th r o u g h  t h e  c o l l a p s e d  lu n g ,  t o g e t h e r  w i t h  
th e  p r e s s u r e  e x e r c i s e d  by th e  a i r ,  would a r r e s t  th e  
haemorrhage and s u p p o s in g  t h e r e  was a c t i v e  deve lopm ent  
o f  t u b e r c l e  in  p r o g r e s s  i n  the  lu n g ,  t h i s  would p r o b a b l y  
f o r  a t im e  be c h ec k ed " .  An i n c i s i o n  was made i n  t h e  l e f t  
s i x t h  space  and t u b i n g  i n s e r t e d .  A i r  p a s s e d  i n  and out  
f r e e l y :  the  lung  c o l l a p s e d ,  the  apex  b e a t  was d i s p l a c e d
t o  th e  middle  l i n e  and t h e  r e s p i r a t o r y  r a t e  i n c r e a s e d .
He had o n ly  s l i g h t  h a em op ty s is  from the  t im e o f  o p e r a t i o n  
u n t i l  he s h o r t l y  a f t e r w a r d s  succumbed t o  h i s  d i s e a s e .
The p o s t -m o r tem  showed e v id e n c e  o f  e x t e n s i v e  pulmonary 
t u b e r c u l o s i s  and a d h e s i o n s  were p r e s e n t .



I t  i s  u n f o r t u n a t e  t h a t  t h i s  c a se  was one o f  
o b v i o u s l y  h o p e l e s s  p h t h i s i s ,  b u t  i t  was e v i d e n t  t h a t  
t h e  pneum othorax  had had a d e f i n i t e l y  f a v o u r a b l e  e f f e c t  
a s  f a r  a s  th e  h a e m o p ty s i s  was c o n c e rn e d .

Meanwhile i n  America  i n  1$92> J«B.  Murphy ( 1 3 ) 
d e l i v e r e d  an o r a t i o n  t o  the  ^ 9 t h  Annual M ee t ing  o f  t h e  
Am erican  Medical  A s s o c i a t i o n  on “S u r g e r y  o f  t h e  Lung“ .
He d e s c r i b e d  th e  method o f  c o l l a p s e  o f  t h e  l u n g  by i n t r a ­
p l e u r a l  i n j e c t i o n s  o f  a i r .  He p u t  fo rw a rd  h i s  r e a s o n s  
f o r  a d v o c a t i n g  c o l l a p s e  t h e r a p y ,  p o i n t i n g  o u t  t h a t  t u b e r ­
c u lo u s  pulmonary c a v i t i e s  a r e  e x p o sed  t o  p h y s i c a l  con­
d i t i o n s  p e c u l i a r  t o  the  c h e s t ,  namely,  t o  t h e  r e s i s t a n c e  
o f  th e  c h e s t  w a l l  t o  c o n t r a c t i o n  and t h e  e f f o r t  a t  
e x p a n s i o n  o f  t h e  c a v i t y  i n  e a c h  i n s p i r a t o r y  a c t .  He 
b e l i e v e d  t h a t  t h e  k e y n o te  o f  s u c c e s s f u l  t r e a t m e n t  was t o  
a l lo w  t h e  a b s c e s s  t o  c o l l a p s e  and i t  would h e a l  a s  o t h e r  
a b s c e s s e s  d i d .  This  x^as a  s t i m u l u s  to  h i s  r e s e a r c h e s  i n  
pulmonary s u r g e r y  and l e d  him t o  hope t h a t ,  n o t  o n ly  
might  pulmonary c a v i t i e s  be o b l i t e r a t e d  by p e r m i t t i n g  o r  
f o r c i n g  t h e i r  c o l l a p s e ,  b u t  t h a t  p r im a ry  t u b e r c u l o s i s  
might  be  e n c a p s u l a t e d  by i m m o b i l i s a t i o n  of  t h e  d i s e a s e d  
p o r t i o n  by c o l l a p s e  and e n f o r c e d  r e s t  o f  th e  lu n g .  I n  
o t h e r  w ords ,  t u b e r c u l o s i s  of  th e  lu n g s  t r e a t e d  i n  a 
s i m i l a r  manner t o  t h a t  o f  th e  j o i n t s ,  i . e .  by im m obi l ­
i s a t i o n  and e n f o r c e d  r e s t ,  s h o u l d  re s p o n d  i n  a  s i m i l a r  
m anner .

Methods o f  o b t a i n i n g  c o l l a p s e  w e r e : -

(1 )  By p e r m i t t i n g  o r  f o r c i n g  the  c o l l a p s e  of  t h e
lung  by s e p a r a t i o n  o f  th e  p a r i e t a l  p l e u r a  
and i n t r a t h o r a c i c  co m p ress ion  ( e x t r a ­
p l e u r a l  p n e u m o th o r a x ) .

(2 )  By removing the bony r e s i s t a n c e  and a l l o w ­
ing  th e  c o l l a p s e  o f  t h e  c h e s t  w a l l ,  t h u s  
f a v o u r in g  c o n t r a c t i o n  and c i c a t r i s a t i o n  
( t h o r a c o p l a s t y ) .

(3 )  A l low ing  t h e  lung t o  c o l l a p s e  by i n t r a ­
p l e u r a l  i n j e c t i o n s  o f  gas  o r  f l u i d .

As a c o l l a p s e  measure Murphy f a v o u r e d  i n t r a ­
p l e u r a l  i n j e c t i o n  o f  gas  ( N i t r o g e n ) ,  h a v in g  n o te d  t h a t  
a  l u n g  compressed  by f l u i d  f o r  l o n g  p e r i o d s  may s t i l l  
r e g a i n  i t s  f u n c t i o n  when th e  f l u i d  a b s o r b s  o r  i s  removed.

His t e c h n i q u e  xvas to  i n c i s e  the  s k i n  and t h e n  
p ush  i n  a t r o c a r  and c ann u la  c o n n ec te d  xvith a  m ea su r ing
b o t t l e ,  a movable p r e s s u r e  b o t t l e  and t h e  n i t r o g e n
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c o n t a i n e r .  The gas  was t u r n e d  on b e f o r e  t h e  p a r i e t a l  
p l e u r a  was p i e r c e d  by th e  t r o c a r .  When the  p a r i e t a l  
p l e u r a  was p u n c t u r e d ,  t h e  t r o c a r  advanced  r a p i d l y  and 
g a s  b e g an  to  f lo w  f r e e l y  i n t o  th e  c a v i t y  u n l e s s  a d h e s i o n s  
e x i s t e d .  The amount o f  ga s  i n t r o d u c e d  v a r i e d  be tw een  7° 
and 200 c u b . i n s .  g iv e n  a t  one o p e r a t i o n .  He a d v i s e d  r e ­
i n j e c t i o n  e v e ry  s i x  t o  t e n  w eeks ,  d e p en d in g  on the  r a t e  
o f  a b s o r p t i o n .

At txhe t im e  o f  h i s  r e p o r t ,  he gave d e t a i l s  o f  
$ c a s e s .  I n  5 t h e  o p e r a t i o n  was s u c c e s s f u l  and a  marked 
pneum othorax  was o b t a i n e d .  I n  3> a d h e s i o n s  made i t  un ­
s u c c e s s f u l .  Only one o f  t h e s e  c a s e s  r e c e i v e d  a second  
i n j e c t i o n .  I n  t h e  f i r s t  case  d e s c r i b e d  i n  1&9& he 
i n t r o d u c e d  120 c u b . i n s .  of  N i t r o g e n  i n t o  t h e  r i g h t  
p l e u r a l  c a v i t y  o f  a young man w i t h  r i g h t  a p i c a l  d i s e a s e .  
T h is  was i n  A p r i l  1$9&« Re-examined i n  J u l y ,  th e  
pneumothorax  was s t i l l  p r e s e n t  and the  p a t i e n t  was s t i l l  
w e l l .

A l th o u g h  Murphy 's  work was b a s e d  on sound 
s u r g i c a l  p r i n c i p l e s ,  t h e  t e c h n i q u e  was t o  some e x t e n t  
d a n g e ro u s  as  l a r g e  amounts o f  a i r  were g i v e n  w i th o u t  t h e  
s a f e g u a r d  o f  manometr ic  c o n t r o l .  The need  f o r  p r o l o n g e d  
c o l l a p s e  i n  th e  se n se  u sed  to d a y  was n o t  a p p a r e n t l y  
r e a l i s e d .

Murphy 's  work was c o n t i n u e d  by A .F .  Lemke (l*+), 
who p u b l i s h e d  h i s  r e s u l t s  on 53 c a s e s  i n  1^99* His 
t e c h n i q u e  was s l i g h t l y  d i f f e r e n t  to  t h a t  o f  Murphy, a l ­
though  he s t i l l  had no manometer to  g u id e  him. He pu shed  
an a s p i r a t i n g  n e e d le  i n t o  th e  f i f t h  o r  s i x t h  i n t e r s p a c e  
abou t  t h e  a n t e r i o r  a x i l l a r y  l i n e  and,  t o  d e te r m in e  when 
the  n e e d l e  was i n  th e  p l e u r a l  c a v i t y ,  he caused  t h e  
p a t i e n t  t o  t a k e  a  s e r i e s  o f  deep  b r e a t h s .  I f  t h e  n e e d l e  
was c o r r e c t l y  p l a c e d ,  a i r  cou ld  be h e a r d  r u s h i n g  i n .  The 
tu b e  from the  N i t r o g e n  b o t t l e  was t h e n  a t t a c h e d  and t h e  
gas a l l o w e d  t o  f lo w .  This  seems t o  be an advance  on 
Murphy 's  method. He r e p o r t s  a case  o f  H em ip leg ia  from 
gas  embolism and a n o t h e r  case  w i t h  a  s e v e r e  haem orrhage  
f o l l o w i n g  th e  i n t r o d u c t i o n  o f  th e  n e e d l e .  He n o te d  the  
a c c i d e n t s  which may o c c u r  a s  gas  embolism, xvounding o f  
i n t e r c o s t a l  v e s s e l s ,  pulmonary haem orrhage  from p u n c tu r e  
of th e  lu n g  and wounding th e  p e r i c a r d i u m  when i t  i s  d i s ­
t e n d e d .  He gave r e f i l l s  o c c a s i o n a l l y ,  b u t  n o t  a s  a  
r o u t i n e  and h i s  c a se s  x^rere no t  folloxved up f o r  lo n g .



This  work does  not. seem t o  have  a t t r a c t e d  t h e  
a t t e n t i o n  which  i t  d e s e r v e d  i n  Am erica  h u t ,  a l t h o u g h  i t  
was i g n o r e d  t h e r e ,  P r o f .  L. B r a u e r  ( l p )  o f  Marhurg b e ­
came i n t e r e s t e d  and h i s  f i r s t  c a se  was r e p o r t e d  i n  1 9 0 6 . 
I n  190$ a n o t h e r  case  was p u b l i s h e d .  T h is  was a  woman 
h a v in g  a  c a v i t y  i n  t h e  l e f t  l u n g .  He u s e d  N i t r o g e n ,  t h e  
p a t i e n t  r e c e i v i n g  f o u r  r e f i l l s  f rom 1000 to  1700 c . c .  i n  
f o u r  months .  The t r e a t m e n t  had a f a v o u r a b l e  i n f l u e n c e  
on th e  symptoms; t e m p e r a t u r e ,  cough and e x p e c t o r a t i o n  
d i m i n i s h e d  and t h e  g e n e r a l  c o n d i t i o n  improved  a f t e r  e a c h  
i n j e c t i o n .

His t e c h n i q u e ,  a g r e a t  advance on a n y t h i n g  
p r e v i o u s l y  done ,  was t o  a n a e s t h e t i s e  th e  s k i n  and t h e n  
i n c i s e  down t o  t h e  p a r i e t a l  p l e u r a .  Through t h i s  he 
pu sh ed  a b l u n t  c a n n u la  w i t h  a s i d e  opening  . The lu n g  
was c o n s i d e r e d  f r e e  i f  a i r  c o u ld  be h e a r d  e n t e r i n g  w i t h  
i n s p i r a t i o n .  An e l a s t i c  c a t h e t e r  was t h e n  i n t r o d u c e d  to  
a s c e r t a i n  xirhether o r  n o t  t h e r e  were a d h e s i o n s  i n  th e  
ne igh b ou rh o od .  I f  t h e  space  x^as f r e e ,  t h e  tu b e  was con­
n e c t e d  w i t h  a  b o t t l e  c o n t a i n i n g  N i t r o g e n .  He u sed  a  
manometer ,  by means o f  which t h e  v a r i a t i o n s  i n  i n t r a ­
p l e u r a l  p r e s s u r e s  c o u ld  be measured  a c c u r a t e l y .  N e g a t iv e  
o r  o n ly  s l i g h t l y  p o s i t i v e  p r e s s u r e s  were  u se d  and a f t e r  
t h e  l a p s e  of some t im e  a r e f i l l  was g i v e n .

F o r l a n i n i  had always c o n s i d e r e d  t h a t  com ple te  
c o l l a p s e  o f  th e  l u n g  u s i n g  h i g h  p r e s s u r e s  o f  N i t r o g e n  
was a p r e r e q u i s i t e  f o r  h e a l i n g ,  b u t  i n  1912 A s c o l i  ( 1 6 ) 
s u g g e s t e d  t h a t  a comple te  c o l l a p s e  was n o t  a lw ays  
n e c e s s a r y .  I n  o t h e r  w o r d s , a  s e l e c t i v e  c o l l a p s e  o f  t h e  
d i s e a s e d  a r e a s  of t h e  lung  was p ro p o se d ,  k e e p in g  t h e  
i n t r a p l e u r a l  p r e s s u r e s  a t  s u b - a t m o s p h e r i c .  He a l s o  p r o ­
posed  b i l a t e r a l  s im u l t a n e o u s  pneum othorax .

With t h e  i n t r o d u c t i o n  o f  the  w a t e r  manometer ,  
pneumothorax  became a  s a f e  p r o c e d u r e  and t h e  knowledge 
o f  i t s  v a lu e  s p r e a d  th r o u g h o u t  t h e  w o r ld .

However, i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  L i l l i n g -  
s to n e  ( 1 7 ) found t h a t  a r t i f i c i a l  pneumothorax  t r e a t m e n t  
was p r a c t i c a l l y  unknown i n  E ng lan d  i n  1 9 1 3 . Rapid s t r i d e s  
have been  made s i n c e  th o s e  d a y s .
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had  become w o r ld -w id e  by a b o u t  1 9 1 1 , i t  was many y e a r s  
b e f o r e  i t s  use became r e g u l a r  i n  s a n a t o r i a  g e n e r a l l y .  
N a t u r a l l y  i t  t o o k  many y e a r s  b e f o r e  c o n c l u s i o n s  c o u ld  be 
drawn from c a s e s  f o l lo w e d  up f o r  a  s u f f i c i e n t  l e n g t h  o f  
t i m e .  There  were many q u e s t i o n s  t o  be a n sw e red  a s  t o  th e  
i n d i c a t i o n s  f o r  c o l l a p s e  t h e r a p y  and a s  t o  t h e  h a n d l i n g  
o f  e a c h  c ase  and a s  t o  how lo n g  t h e  lu n g  had  t o  be k e p t  
c o l l a p s e d  f o r  h e a l i n g  to  t a k e  p l a c e .

Beggs ( l £ ) ,  w r i t i n g  i n  1917 on “ In d u c e d  Pneumo­
t h o r a x  i n  Pulmonary T u b e r c u l o s i s  -  I t s  p r e s e n t  s t a t u s ” , 
s t a t e d  t h a t  some r e g a r d e d  t h e  p r o c e d u r e  a s  a  l a s t  r e s o r t  
and o t h e r s  as  t h e  on ly  t r e a t m e n t  l i k e l y  to  b e n e f i t  c a s e s  
o f  p r o g r e s s i v e  p h t h i s i s .  T here  were  a t  t h a t  t im e  a  good 
many opponen ts  o f  t h e  t r e a t m e n t .  His c o n c l u s i o n s  w e r e : -

( a )  While t h e  o p e r a t i o n  i s  n o t  a  d a n g e r o u s
one, t h e  p r a c t i c e  o f  c o l l a p s e  t h e r a p y  
c a l l s  f o r  s p e c i a l  s k i l l .

(b )  C o l la p s e  t h e r a p y  r e s t o r e s  t o  h e a l t h  many
h o p e le s s  c a s e s .

( c )  I t  d e c r e a s e s  th e  p e r i o d  o f  i n c a p a c i t y .

(d)  I t  sh o u ld  be used  i n  a l l  c a se s  o f
r e c u r r e n t ,  s e v e r e  and p r o t r a c t e d  
haem orrhage .

( e )  I t  sho u ld  be invoked  e a r l i e r .

( f )  I t  sh o u ld  be c o n s i d e r e d  i n  e v e ry  c ase  o f
advanced  o r  m o d e ra te ly  advanced  s lo w ly  
p r o g r e s s i v e  pulmonary t u b e r c u l o s i s  and 
in  e v e r y  c a se  o f  a c t i v e l y  p r o g r e s s i v e  
pulmonary t u b e r c u l o s i s ,  b e ca u se  a l l  t e n d  
towards  d e a t h .

(g )  O b l i t e r a t i o n  of  th e  sp ace  sh o u ld  be corn-
b a t t e d  by f r e q u e n t  f i l l s  and p o s i t i v e  
p r e s s u r e s .

(h )  The p r o c e d u r e  shou ld  be c o n t r o l l e d  by
th e  use  o f  X-Rays and s c r e e n i n g .

In  h i s  p a p e r  Beggs g i v e s  no i n d i c a t i o n  o f  th e  t im e  th o u g h t  
n e c e s s a r y  t o  m a i n t a i n  th e  c o l l a p s e  b u t  i n  t h e  main h i s  
c o n c l u s i o n s  were sound .

In  the  same j o u r n a l  Minor ( 1 9 ) drex* h i s
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d e d u c t i o n s  from 4-g- y e a r s  o f  a r t i f i c i a l  pneum othorax  i n  
t h e  t r e a t m e n t  o f  pulmonary  t u b e r c u l o s i s .  He s t a r t e d  
u s i n g  th e  method i n  1912  and r e v ie w e d  a h u n d re d  c a s e s .  - 
He d i d  n o t  use  i t  i n  f i r s t - s t a g e  c a se s  o t h e r w i s e  f a v o u r ­
a b l e ,  b u t  u sed  i t  m o s t ly  i n  b a d ,  advanced  t h i r d - s t a g e  
c a s e s .  He g o t  12$ w e l l  and w o rk in g  and i n  20$ l i f e  was 
p r o l o n g e d  and symptoms a m e l i o r a t e d .  I n  h i s  100 c a s e s  
no e n t r a n c e  was p o s s i b l e  i n  11 .  I n  13 c a s e s  t h e r e  was no 
f a v o u r a b l e  i n f l u e n c e  o b se rv e d  and th e  a r t i f i c i a l  pneumo­
t h o r a x  was abandoned .  44 c a s e s  were c l a s s e d  a s  f a i l u r e s ,  
u s u a l l y  due to  t h e  p r e s e n c e  o f  a d h e s i o n s ,  b u t  7 o f  t h e s e  
were due t o  c o n t r a l a t e r a l  s p r e a d .  21 showed e x c e l l e n t  
te m p o ra ry  s u c c e s s .  He r e g a r d e d  a d h e s i o n  f o r m a t i o n  a s  
t h e  commonest c o m p l i c a t i o n .  A lso  n o t e d  were e f f u s i o n ,  
n e r v o u s n e s s ,  p a i n  and d y s p e p s i a  from p u s h i n g  down th e  
l e f t  h e m i-d iap h ragm .

His o p i n io n  was t h a t :  “The method i s  c h i e f l y
a p p l i c a b l e  t o  m o d e r a te ly  adv an ced  o r  a d van ced  c h r o n i c  
c a se s  -  n o t  to  f l o r i d  a c u t e  c a s e s  n o r  t o  i n c i p i e n t  c a s e s  
u n l e s s  showing s i g n s  of becoming a c t i v e ” .

He u sed  sm a l l  r e f i l l s  and gave no d e f i n i t e  
g u id e  t o  the  l e n g t h  o f  t r e a t m e n t  r e q u i r e d .  He c o n s i d e r e d  
one y e a r  t o  be long  enough. K e n d a l l  (20 )  and  M orr i s  (21)  
p u b l i s h e d  r e p o r t s  and drew somewhat s i m i l a r  c o n c l u s i o n s  
in  191g.

About t h i s  t ime the  p r e s e n c e  o f  a d h e s i o n s  was 
a  b a r  t o  a d e q u a te  c o l l a p s e  i n  many c a s e s . The i n t r o ­
d u c t i o n  o f  t h o r a c o s c o p y  and a d h e s io n  s e c t i o n  by J a c o b a e u s  
(22)  was a d i s t i n c t  a d v an ce .

By 1927 R i s t  ( 2 3 ) ,  r e v i e w in g  th e  r e c e n t  a d v a n c e s  
i n  th e  t r e a t m e n t  o f  pulmonary t u b e r c u l o s i s ,  s t a t e d  t h a t  
c o l l a p s e  t h e r a p y  became s a f e  and c o n t r o l l a b l e  w i t h  t h e  
ad v en t  o f  a s e p t i c  s u r g e r y  and r o e n t g e n o l o g y .  The 
i n d i c a t i o n s  were becoming b r o a d e r  bu t  u n i l a t e r a l i t y  and  a  
f r e e  space  were n e c e s s a r y .  He m en t ion ed ,  however,  t h a t  
a d h e s io n s  might s t r e t c h  o r  co u ld  be c a u t e r i s e d .  He s a i d :  
"The a r t i f i c i a l  pneumothorax  has  l o s t  i t s  e a r l y  d a n g e r s " .

During  t h i s  d e v e lo p m e n ta l  p e r i o d ,  i t  was n o t e d  
t h a t  c e r t a i n  c o m p l i c a t i o n s  xvere found i n  a s s o c i a t i o n  w i t h  
a r t i f i c i a l  pneumothorax t r e a t m e n t .  W ilson  ( 2 4 ) ,  f o r  
example ,  n o te d  a  case  of m e d i a s t i n a l  r u p t u r e  which  
a p p e a rs  t o  have been  caused  by g i v i n g  a i r  a t  to o  h i g h  a  
p r e s s u r e  where i t  was known t h a t  g r o s s  a d h e s i o n s  were 
p r e s e n t .  From t h i s  e x p e r i e n c e  emerged a  p l e a  f o r  
f l u o r o s c o p y  b e f o r e  and a f t e r  r e f i l l i n g .
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I n  t h e  same y e a r ,  Cooke ( 2 5 ) had  a  case  o f  
s p o n t a n e o u s  pneum othorax  su p e r im p o s e d  upon an  a r t i f i c i a l  
p neu m o th o rax .  Here a g a i n  t h e r e  was no f l u o r o s c o p i c  con­
t r o l  and r e f e r e n c e  i n  t h e  a r t i c l e  t o  " c o m p r e s s io n  
t h e r a p y "  g i v e s  th e  i m p r e s s i o n  t h a t  d a n g e ro u s  p r e s s u r e s  
were b e i n g  used  i n  th e  p r e s e n c e  o f  a d h e s i o n s . R e p o r t s  
o f  a  number of  o t h e r  su ch  c a s e s  had b een  p u b l i s h e d  a t  
th e  t im e  o f  t h i s  a r t i c l e .

Heise  ( 2 6 ) ,  i n  t h e  same j o u r n a l ,  r e p o r t s  a  
case  of  haemo-pneumothorax  su p e r im p o sed  on an a r t i f i c i a l  
pneum othorax .  D ea th  f o l l o w e d .

Two c a s e s  o f  mixed t u b e r c u l o u s  empyema were 
d e s c r i b e d  by W aters  ( 2 7 ) and t h e i r  t r e a t m e n t  w i t h  G e n t i a n  
V i o l e t  was d i s c u s s e d .

I n  a symposium i n  th e  B r i t i s h  J o u r n a l  of  
T u b e r c u l o s i s  i n  1927 C l iv e  R i v i e r e  (2g)  s t a t e d  t h a t  t h e  
use  o f  a r t i f i c i a l  pneumothorax  t r e a t m e n t  was even  t h e n  
no t  v e r y  w id e s p r e a d  i n  E n g land .  S e v e r a l  c o n t r i b u t o r s  
s t i l l  spoke o f  co m p re ss io n  o f  t h e  l u n g .  O t h e r s  recommended 
low p r e s s u r e s .  Wynn (29) d e p r e c a t e d  t h e  t e n d e n c y  t o  
w iden  t h e  b a s i s  of s e l e c t i o n  and warned t h a t  a r t i f i c i a l  
pneumothorax  s h o u ld  n o t  be t h e  s o l e  means o f  t r e a t m e n t .  
M o r r i s t o n  Davies  ( 3 0 ) s a i d  t h a t  he had s e en  good r e s u l t s  
from p a r t i a l  c o l l a p s e  of  th e  l u n g .  He a d v o c a t e d  t h e  
av o id a n ce  of h i g h  i n t r a p l e u r a l  p r e s s u r e s  and m en t io ned  
b i - l a t e r a l  c o l l a p s e  a s  a  p o s s i b i l i t y .  He a l s o  recommended 
th e  abandon ing  of  a u s e l e s s  a r t i f i c i a l  pneum othorax  and 
t h e  s u b s t i t u t i o n  o f  t h o r a c o p l a s t y .

B i l a t e r a l  a r t i f i c i a l  pneum othorax  i s  d i s c u s s e d  
by Tob£ e t  a l  ( 3 1 ) who sum up " ev e ry o n e  a g r e e s  i n  r e c o g ­
n i s i n g  t h a t  s im u l t a n e o u s  b i l a t e r a l  pneum othorax  i s  th e  
o n ly  t r e a t m e n t  f o r  e a r l y  and s e r i o u s  s p r e a d  i n  c a s e s  o f  
a r t i f i c i a l  p n e u m o th o rax " .

As a  r e s u l t  of  numerous a r t i c l e s  p u b l i s h e d  b e ­
tween 1920  and 1930> 'the i n d i c a t i o n s  f o r  t h e  use  o f  
a r t i f i c i a l  pneumothorax  were g r a d u a l l y  becoming more 
c l e a r l y  d e f i n e d .

Young ( 3 2 ) ,  i n  1930, s u g g e s t e d  t h e  f o l l o w i n g : -

( a )  E x t e n s i v e  d i s e a s e ,  s lo w ly  p r o g r e s s i v e ,
c l i n i c a l l y  u n i l a t e r a l ,  t h e  X-Ray showing
l i t t l e  damage i n  th e  o p p o s i t e  l u n g .
C av i ty  c a s e s .
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(b )  H aem orrhag ic  c a s e s .  To "be i n d u c e d
d e l i b e r a t e l y  w i t h  r e p e a t e d  h a em o p ty ses
o r  a s  an emergency i f  l i f e  i s  t h r e a t ­
ened by  b l o o d  l o s s .

( c )  Where p a r t i a l  a r r e s t  h a s  b een  o b t a i n e d
b u t  where symptoms c o n t i n u e .

(d)  I n  b a s a l  l e s i o n s  where  p h r e n i c  c r u s h
a lo n e  i s  i n e f f e c t i v e .

( e )  Spon taneous  c o l l a p s e  Tirith l o c a l i s e d  d i s e a s e .

( f )  I n  a c u t e  c a s e s  o n ly  i f  t h e r e  i s  im p ro v e ­
ment iiri th r e s t .

As c o n t r a - i n d i c a t i o n s  Young s u g g e s t e d  e x t e n s i v e  
b i l a t e r a l  d i s e a s e ,  e x t r a - p u l m o n a r y  l e s i o n s ,  d y sp n o e a ,  
emphysema and age o v e r  6 0 .

B u r r e l  and McNalty (3 3 ) -  i n  t h e i r  r e p o r t  b a s e d  
on th e  p e r s o n a l  e x p e r i e n c e  o f  l o  p h y s i c i a n s  i n  t h e  t r e a t ­
ment o f  pulmonary t u b e r c u l o s i s  by a r t i f i c i a l  pneum oth o rax ,  
co nc lude  as  to  t h e  v a lu e  o f  s u c h  t r e a t m e n t  “ t h a t  a  
f a v o u r a b l e  answer i s  r e t u r n e d  by a l l  w i t h  no u n c e r t a i n  
v o i c e 11. They hoped t h a t  th e  p u b l i c a t i o n  o f  t h e i r  r e p o r t  
might  l e a d  t o  th e  more g e n e r a l  a d o p t i o n  o f  t h i s  v a l u a b l e  
method o f  t r e a t m e n t .

F o u r t e e n  y e a r s  l a t e r  F . J .  B e n t l e y  (3^)> f rom a  
p e r u s a l  o f  th e  w o r ld  l i t e r a t u r e  on a r t i f i c i a l  pneum othorax  
from 1922 t o  1 9 3 6 , found  v a r y i n g  o p i n io n s  b u t  a lm o s t  
unanimous e n th u s ia s m  f o r  a r t i f i c i a l  pneum othorax .  He t h e n  
compared th e  f a t e  o f  677 a r t i f i c i a l  pneum othorax  c a s e s  
itfith t h a t  o f  3 ,3 2 9  c o n s e r v a t i v e l y  t r e a t e d  c a s e s  and 
a t t e m p t e d  to  a s s e s s  th e  v a lu e  o f  pneum othorax  t h e r a p y .

F i r s t l y ,  he c o n s i d e r e d  i t  i m p o s s i b l e  t o  o b t a i n  
a p e r f e c t  s t a t i s t i c a l  c o n t r o l  and r i g h t l y  d e p r e c a t e d  t h e  
te n d e n c y  o f  s e v e r a l  w r i t e r s  t o  compare a g ro u p  t r e a t e d  by 
a r t i f i c i a l  pneumothorax  i ^ i th  o t h e r s  xvho, a l t h o u g h  con­
s i d e r e d  s u i t a b l e  f o r  a r t i f i c i a l  pneum othorax ,  were i n  f a c t  
u n a b le  t o  have i t  b eca u se  o f  e x t e n s i v e  a d h e s i o n s ,  o r  xvith 
th o se  who were u n s u c c e s s f u l l y  t r e a t e d  o r  abandoned e a r l y .

He p o i n t e d  ou t  t h a t  a l l  c a se s  h a v in g  a r t i f i c i a l  
pneumothorax  a r e  no t  n e c e s s a r i l y  u n d e rg o in g  c o l l a p s e .  
Complete c o l l a p s e  was seen  to  be more e f f i c a c i o u s  t h a n  
o n ly  p a r t i a l  c o l l a p s e .  Of 267 in c o m p le te  c o l l a p s e  c a s e s ,  
on ly  p0$ s u r v i v e d  a p e r i o d  o f  t h r e e  y e a r s ,  w hereas  o f
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202 c a s e s  xvho had a complete  c o l l a p s e ,  6 5 . 9^ s u r v iv e d  
th r ee  years  and, where the d i s e a s e  was s t r i c t l y  u n i ­
l a t e r a l ,  the s u r v i v i n g  percen tag e  t o t a l l e d  77

He a l s o  noted  th a t  s t r i c t  u n i l a t e r a l i t y  was 
im portant  in  p r o g n o s i s  and as a s i n g l e  f a c t o r  seemed t o  
he more important than the  degree  o f  c o l l a p s e  o b t a in e d .
He made a p le a  f o r  c o l l a p s e  as complete as p o s s i b l e .

Another c o n c lu s io n  was t h a t ,  having  s a t i s f i e d  
o n e - s e l f  th a t  c o l l a p s e  i s  v a lu a b le  i t  i s  n e c e s s a r y  i n  
incom plete  c a se s  and e s p e c i a l l y  i f  the sputum s t i l l  con­
t a i n s  t u b e r c l e  b a c i l l i ,  to  c o n s id e r  the p o s s i b i l i t y  o f  
p roceed in g  to  o th e r  c o l l a p s e  measures .  Adhesion s e c t i o n ,  
p h re n ic  nerve o p e r a t io n s  and p l a s t i c  o p e r a t io n s  on the  
c h e s t  w a l l  were mentioned.

He c o n s id er ed  th a t  i t  xvas u n l i k e l y  th a t  a much 
g r e a t e r  proport ion  o f  p a t i e n t s  would be found s u i t a b l e  
f o r  a r t i f i c i a l  pneumothorax, even i f  the  treatm ent  were  
to  be c a r r ie d  out more f r e q u e n t l y ,  because  o f  the poor  
r e s u l t s  ivhere th e re  xvas b i l a t e r a l  d i s e a s e  (o v er  h a l f  the  
t o t a l  number in  the  s e r i e s )  and where the  c o l l a p s e  was 
incom plete  (over  h a l f  the rem ainder) .  He s t a t e d  f i n a l l y :
" A r t i f i c i a l  pneumothorax i s  not a s p e c i f i c  c u r e   i t
i s  indeed o f  only  l i m i t e d  a p p l i c a t i o n .  . . .  The p r e s e n t  
i n v e s t i g a t i o n  has e s t a b l i s h e d  th a t  a r t i f i c i a l  pneumo­
thorax i s  a power f o r  the good, but only  in  c a r e f u l l y  
s e l e c t e d  c a s e s " .

Bloch e t  a l  (35)  > an important a r t i c l e  
w r i t t e n  in  19^-1, attempted "to e s t a b l i s h  more f i r m ly  th e  
b a s i s  on xvhich i t  ( a r t i f i c i a l  pneumothorax) can be a p p l i e d  
and by what c r i t e r i a  i t s  r e s u l t s  can be judged". There 
was s t i l l  much controversy  on the i n d i c a t i o n s  f o r  a i r  
c o l l a p s e  even on a p a t h o l o g i c a l  b a s i s  a l o n e .  The mass 
a p p l i c a t i o n  o f  c o l l a p s e  therapy was r i g h t l y  con s id ered  
r e g r e t t a b l e  ( i n  one sanatorium 96$ of  a l l  c a s e s  had 
c o l l a p s e  o f  some s o r t  a t t e m p t e d ) .- They a l s o  thought  
tha t  the  manner o f  r e p o r t in g  r e s u l t s  had caused o v e r ­
optimism. Of 2 ,1 0 0  r ep o r ts  checked by th e se  a u th o rs ,  on ly  
99 d e a l t  xvith r e s u l t s .  On i n v e s t i g a t i n g  t h e s e  99 r e p o r t s  
from 12 c o u n t r i e s ,  they  c l a s s i f i e d  them as having  
"acceptab le  s tandards ,  p a r t i a l l y  adequate s tan da rds ,  i n ­
adequate s tandards ,  or incom plete  in form ation " .  P a t i e n t s  
in  the f i r s t  group had, among o th er  c r i t e r i a ,  been r e ­
expanded fo r  at  l e a s t  two y ears  b e fo re  b e in g  rep orted  on 
as cured. Of t h i s  group o f  n e a r ly  6 ,000  c a s e s ,  3 9 .2 $  
were "cured" and 33*3$ xvere dead.
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The c o n c l u s i o n s  w e r e : -

( a )  That  th e  i n d i c a t i o n s  f o r  a r t i f i c i a l  pneumo­
t h o r a x  t r e a t m e n t  r e q u i r e d  t o  he more sharply-  
d e l i n e a t e d .

(b )  That  r e s t  t r e a t m e n t  i s  a  n e c e s s a r y  a d j u n c t  t o
a r t i f i c i a l  pneum othorax .

( c )  That  s u r g i c a l  c o l l a p s e  s h o u l d  f o l l o w  u n s u c c e s s ­
f u l  a i r  c o l l a p s e  as  soon a s  i t  i s  e v i d e n t  
t h a t  th e  a r t i f i c i a l  pneum othorax  h a s  f a i l e d  
t o  o b l i t e r a t e  c a v i t a t i o n .

One o f  th e  most u p - t o - d a t e  a c c o u n t s  o f  c o l l a p s e  
t h e r a p y  w i t h  s p e c i a l  r e f e r e n c e  t o  a r t i f i c i a l  pneum othorax  
i s  t h a t  o f  R a f f e r t y  ( 3 6 ) .  I n  d i s c u s s i n g  r e s u l t s ,  he 
summarises  s i x  a r t i f i c i a l  pneum othorax  s e r i e s .  There  
were 966 c a se s  w i t h  105 d e a t h s .  He c i t e s  B lo c h  and con­
c lu d e s  t h a t  a r t i f i c i a l  pneum othorax  must be r e g a r d e d  as  
n o t h i n g  more t h a n  an e f f e c t i v e  a i d  i n  t h e  t o t a l  t h e r a p y  
o f  pulmonary t u b e r c u l o s i s .  11 The most i m p o r t a n t  s i n g l e  
f a c t o r  i n  i n s u r i n g  maximum r e s u l t s  w i t h  c o l l a p s e  t h e r a p y
i s  a p r o p e r  c h o ic e  o f  c a s e s ...............Many p o o r  r e s u l t s  i n
th e  p a s t  a re  due to  th e  use  o f  a r t i f i c i a l  pneum othorax  i n  
c a se s  i n  which  i t  i s  no t  s u i t a b l e 1’ .

The advance i n  t h e  t r e a t m e n t  o f  pulmonary  
t u b e r c u l o s i s  s i n c e  th e  days  o f  F o r l a n i n i  ha s  in d e e d  b e en  
r e m a r k a b l e . The v e r y  numerous r e p o r t s  p u b l i s h e d  s i n c e  
1920 o r  so have s e r v e d  to  em phas ise  t h a t  a r t i f i c i a l  
pneumothorax  i s  a p ro c e d u re  f r a u g h t  w i t h  c o n s i d e r a b l e  
d a n g e r .  The adv an ces  i n  t h o r a c i c  s u r g e r y ,  however ,  have 
made i t  p o s s i b l e  t o  o b v i a t e  many o f  t h e s e  d a n g e r s  by a 
c a r e f u l  cho ice  o f  th e  c o l l a p s e  p r o c e d u r e  to  be employed 
in  any g iv e n  c a s e ,  w h i l e  th e  r e s e a r c h e s  a t  p r e s e n t  b e in g  
p u r s u e d  i n  c o n n e c t io n  w i t h  t h e  use  o f  s t r e p t o m y c i n  make 
i t  p r o b a b le  t h a t  c o l l a p s e  t h e r a p y  w i l l  i n  f u t u r e  be 
a p p l i e d  t o  c e r t a i n  c a se s  now c o n s i d e r e d  u n s u i t a b l e  f o r  i t .

\

\
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ANATOMICAL CONSIDERATIONS

The l u n g s  a r e  t h e  e s s e n t i a l  o r g a n s  o f  
r e s p i r a t i o n .  I r r e g u l a r l y  c o n i c a l  i n  s h a p e ,  t h e y  occupy  
t h e  t h o r a c i c  c a v i t y ,  s e p a r a t e d  from e ac h  o t h e r  by t h e  
m e d i a s t i n a l  s t r u c t u r e s .  The a p i c e s  e x t e n d  3 “ ^  cm* 
above t h e  m ed ia l  ends  o f  th e  f i r s t  r i b s .  The b a s e s  a r e  
concave ,  t h e  c o n c a v i t y  b e in g  g r e a t e r  on th e  r i g h t  b e ­
cause  o f  th e  p o s i t i o n  of  t h e  dom el ike  r i g h t  l o b e  o f  th e  
l i v e r  (3 7 ) •

The s u b s t a n c e  o f  t h e  l u n g  c o n s i s t s  o f  in n u m e r ­
a b l e  l o b u l e s  c o n n e c te d  by a r e o l a r  t i s s u e  r i c h  i n  e l a s t i c  
f i b r e s .  Each l o b u l e  c o n s i s t s  o f  t h e  l o b u l a r  b r o n c h i o l e  
and i t s  t e r m i n a l  a i r  s p a c e s ,  t h e  pulmonary  and b r o n c h i a l  
v e s s e l s ,  l y m p h a t i c s  and n e r v e s .  This  i s  the  fu n d a m e n ta l  
lu n g  u n i t  o f  Coope ( 3 8 ) .

L o b es : As u s u a l l y  d e s c r i b e d ,  t h e  l e f t  l u n g  i s
d i v i d e d  i n t o  an u p p e r  and a l o w e r  lo b e  by th e  o b l iq u e  
f i s s u r e  and t h e  r i g h t  lu n g  i s  d i v i d e d  i n t o  u p p e r ,  m idd le  
and lo w e r  l o b e s  by t h e  o b l i q u e  and t r a n s v e r s e  f i s s u r e s .

As p o i n t e d  out  by Nelson  ( 3 9 ) ,  however, th e  i n t e r n a l  
s t r u c t u r e s  a r e  s i m i l a r  on b o t h  s i d e s  and s y m m e t r i c a l .  
T h e r e f o r e ,  one can d e s c r i b e  th e  tiiro l u n ^ s  i n  te rm s  o f  f o u r  
p r i n c i p a l  a r e a s ,  namely,  u p p e r ,  m iddle  ( v e n t r a l ) ,  d o r s a l  
and lo w e r .  The d o r s a l  a r e a  on b o t h  s i d e s  i s  u s u a l l y  i n ­
c o r p o r a t e d  i n  t h e  lo w e r  lo b e  b u t  may be s e p a r a t e d  by a  
f i s s u r e  and i s  a n a t o m i c a l l y  and c l i n i c a l l y  i n d e p e n d e n t  
o f  th e  r e s t  o f  the  lo w e r  l o b e .

RIGHT LEFT
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T rach ea  and B r o n c h i ; The t r a c h e a  i s  a  mem­
b r a n o u s  and c a r t i l a g i n o u s  tu b e  c o n t i n u e d  downwards from 
t h e  l a r y n x  as  f a r  a s  th e  u p p e r  b o r d e r  o f  t h e  $ t h  
t h o r a c i c  v e r t e b r a  where  i t  d i v i d e s  i n t o  r i g h t  and  l e f t  
main b r o n c h i .  The r i g h t  main b ro n c h u s  i s  s h o r t e r ,  
w i d e r  and more v e r t i c a l  t h a n  t h e  l e f t .  I t  g i v e s  o f f  
t h e  e p a r t e r i a l  b ro n c h u s  t o  th e  u p p e r  lo b e  above th e  
r i g h t ’ pulmonary a r t e r y  and t h e n  d i v i d e s  i n t o  b r a n c h e s  
f o r  t h e  middle  and lo w e r  l o b e s .  The l e f t  b r o n c h u s  h a s  
no e p a r t e r i a l  b r a n c h .

The t r a c h e a  and e x t r a - p u l m o n a r y  b r o n c h i  con­
s i s t  o f  a  framework o f  c a r t i l a g i n o u s  r i n g s ,  i n c o m p le t e  
p o s t e r i o r l y  and j o i n e d  t o g e t h e r  by f i b r o u s  and u n s t r i p e d  
muscle  t i s s u e .  The mucous membrane i s  made up of 
columnar  c i l i a t e d  e p i t h e l i u m  on a r e o l a r  and lymphoid  
t i s s u e  and t h i s  l i e s  s u p e r f i c i a l l y  t o  a  l a y e r  o f  s u b -  
mucous t i s s u e  c o n t a i n i n g  b l o o d - v e s s e l s ,  n e r v e s  and mucous 
g l a n d s .  The n e r v e s  a r e  d e r i v e d  from th e  v a g i ,  t h e  
r e c u r r e n t  l a r y n g e a l s  and th e  s y m p a t h e t i c  t r u n k s .

X n t ra -p u lm o n a ry  B r o n c h i : These d i v i d e  and s u b ­
d i v i d e ,  t h e  s m a l l e s t  b r a n c h e s  c o n s t i t u t 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 e s .  The l a r g e r  b r a n c h e s  c o n s i s t  t y p i c a l l y  
o f  f i b r o u s  t i s s u e  e n c l o s i n g  h y a l i n e  c a r t i l a g e s ,  a t  f i r s t  
i n  t h e  form o f  r i n g s ,  a s  i n  th e  t r a c h e a ,  and ,  a s  the  
b r o n c h i ,  d i m i n i s h  i n  d i a m e t e r ,  i n  the  form o f  i r r e g u l a r  
p l a t e s .  When th e  d i a m e t e r  o f  t h e  b r o n c h i  f a l l s  be low 
0.1| t o  0 . 7  mm., t h e  c a r t i l a g e  d i s a p p e a r s  f rom t h e i r  
w a l l s  ( ^ 0 ) .

W ith in  t h i s  i s  t h e  smooth m u sc le ,  a r r a n g e d  i n  
a g e o d e s i c  ne tw ork  ( s e e  d iag ram )  and e x t e n d i n g  a s  f a r  
down as  th e  a t r i a .  I n s i d e  t h i s  l a y e r  i s  th e  mucous 
membrane which a l s o  c o n t a i n s  a b u n dan t  e l a s t i c  t i s s u e .
The c e l l s  a r e  c i l i a t e d  columnar  e p i t h e l i u m ,  b u t  i n  th e  
s m a l l e r  b r o n c h i o l e s  and b e f o r e  th e  r e s p i r a t o r y  
b r o n c h i o l e s  a r e  r e a c h e d ,  t h i s  changes  to  c u b o id a l  
c i l i a t e d  e p i t h e l i u m .  This  i s  t h e n  r e p l a c e d  by c u b o i d a l  
c e l l s  w i t h o u t  c i l i a  i n  t h e  r e s p i r a t o r y  b r o n c h i o l e s  them­
s e l v e s .  T h e r e a f t e r ,  a s  t h e  a l v e o l a r  d u c t s  a r e  r e a c h e d ,  
t h e s e  c u b o id a l  c e l l s  a r e  r e p l a c e d  by s im p le  squamous 
e p i t h e l i a l  c e l l s .
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Diagram t o  show t h e  
m y o - e l a s t i c a  ( a f t e r  
Snow M i l l e r ) .

Note:  The muscle  i s
a r r a n g e d  i n  a  g e o d e s i c  
ne t i t fork .

The e l a s t i c  f i b r e s  a r e  
m ain ly  i n  a l o n g i ­
t u d i n a l  d i r e c t i o n .

At t h e  e x i t  o f  t h e  
b r a n c h  b r o n c h u s ,  th e  
m y o - e l a s t i c a  would 
p rod u ce  a s p h i n c t e r ­
l i k e  e f f e c t  by i t s  
c o n t r a c t i o n .

The r e s p i r a t o r y  b r o n c h i o l e ,  s o - c a l l e d  b e c a u s e  
o f  t h e  a l v e o l i  w h ich  s t u d  i t s  w a l l s ,  l e a d s  f i n a l l y  i n t o  
t h e  a l v e o l a r  d u c t .  From th e  d i s t a l  end o f  t h i s  l e a d  o f f  
s e v e r a l  a t r i a  and from each  of t h e s e  s e v e r a l  a l v e o l a r  
s a c s  from th e  w a l l s  o f  which  p r o j e c t  t h e  a l v e o l i  o r  a i r  
c e l l s .  A ne twork  o f  abundan t  e l a s t i c  t i s s u e  f i b r e s  e n ­
c l o s e s  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 s  th e  
i l l u s t r a t i o n s  of M i l l e r  so b e a u t i f u l l y  show.

A lveol a r  E p i t h e l i u m : A l a y e r  o f  t h i n ,  f l a t t e n e d
squames c l o s e l y  a p p l i e d  t o  the  a l v e o l a r  w a l l  h a s  b een  
d e s c r i b e d  b u t  d o ub t  e x i s t s  a s  t o  w h e th e r  t h i s  a p p e a r ­
ance  i s  n o t  i n  f a c t  an accompaniment o f  i n f l a m m a t i o n .

There i s  c o n t r o v e r s y  a s  to  w h e t h e r  p o r e s  of 
any k i n d  e x i s t  i n  t h e  a l v e o l a r  w a l l s  w hich  might  a l l o w  
communication be tw een  a d j a c e n t  a l v e o l i .  I f  no 
communication e x i s t e d ,  t h e n  b l o c k i n g  o f  a r e s p i r a t o r y  
b r o n c h i o l e  w i t h  s e c r e t i o n  might  f r e q u e n t l y  l e a d  t o  a b ­
s o r p t i o n  o f  th e  a i r  d i s t a l l y  t o  th e  o b s t r u c t i o n  and a 
c o n d i t i o n  o f  a t e l e c t a s i s .  The work o f  Adams and L i v i n g ­
s to n e  (lj-l) and van A l l e n  and L indskog  (^2)  on o b s t r u c t i v e  
a t e l e c t a s i s  showed t h a t  b lo c k  o f  l o b a r  b r o n c h i  l e d  t o  
a b s o r p t i o n  of  a i r  i n  the  lo b e  s u p p l i e d  and r e s u l t i n g
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a t e l e c t a s i s .  T h is  d i d  no t  o c c u r  when l o b u l a r  b r o n c h i  
were o b s t r u c t e d ,  i n d i c a t i n g  t h a t  a i r  c o u ld  s t i l l  r e a c h  
a l v e o l i  when t h e i r  s u p p l y i n g  b r o n c h i o l e s  were c u t  o f f  
by way o f  a d j a c e n t  a l v e o l i .  I n  o t h e r  w o rd s ,  a  c o l l a t e r a l  
r e s p i r a t i o n  e x i s t s  be tw een  n e ig h b o u r i n g  l o b u l e s  b u t  n o t  
from lo b e  to  l o b e .  T h is  a l s o  p r e s u p p o s e s  a  h e a l t h y  
s t a t e  o f  t h e  pu lm onary  e p i t h e l i u m .

Blood S u p p l y : T h is  i s  m ain ly  from t h e  p u l ­
monary a r t e r y ,  t h e  b r a n c h e s  o f  which  c l o s e l y  f o l l o w  t h e  
d i v i s i o n s  o f  t h e  b r o n c h i .  U l t i m a t e l y ,  a p l e x u s  o f  
c a p i l l a r y  v e s s e l s  r e s u l t s  c o v e r i n g  the  a l v e o l a r  d u c t s  
and f u r t h e r  a i r  s p a c e s .  The b r o n c h i a l  a r t e r i e s ,  b r a n c h e s  
o f  t h e  a o r t a ,  s u p p ly  th e  b r o n c h i  as  f a r  a s  t h e  r e s p i r ­
a t o r y  b r o n c h i o l e s .  Most o f  t h e  venous r e t u r n  from b o t h  
pulmonary and b r o n c h i a l  a r t e r i e s  i s ,  however ,  by way o f  
t h e  pulmonary v e i n s .

L y m p h a t i c s : The ly m p h a t i c s  of  t h e  l u n g  con­
s i s t  o f  a s u p e r f i c i a l  s e t  i n  t h e  p l e u r a  and a  deep  s e t  
accompanying th e  b r o n c h i  and  pulmonary  v e s s e l s  and a l s o  
fo rm ing  a ne tw ork  i n  th e  c o n n e c t i v e  t i s s u e  s e p t a .

M i l l e r  (^0)  s t a t e s  t h a t  t h e r e  i s  o n ly  a  s i n g l e  
p l e x u s  i n  th e  p l e u r a  d r a i n i n g  i n t o  th e  h i l a r  lymph n o d e s .  
C on n e c t io n s  e x i s t  w i t h  the  d e e p e r  l y m p h a t i c s  o f  t h e  l u n g  
a lo n g  a narrow zone 2 -  3 mra* d e p th  j u s t  b e n e a th  t h e  
p l e u r a .  The v a l v e s  i n  t h e s e  c o n n e c t i n g  c h a n n e l s ,  how­
e v e r ,  a l l  p o i n t  ou tw ards  and d r a i n a g e  t a k e s  p l a c e  t o w a rd s  
t h e  p l e u r a  and n o t  i n  th e  r e v e r s e  d i r e c t i o n .  He a l s o  
s t a t e s  t h a t  no l y m p h a t i c s  a r e  p r e s e n t  i n  the  w a l l s  o f  
t h e  a t r i a  o r  o f  t h e  a l v e o l a r  s a c s .

N e r v e s : The a n t e r i o r  and p o s t e r i o r  pulmonary
p l e x u s e s  s i t u a t e d  r e s p e c t i v e l y  i n  f r o n t  o f  and b e h in d  
th e  lu n g  r o o t s ,  a r e  made up o f  ner.ve f i b r e s  from th e  
v a g i  and the  s e co n d ,  t h i r d  and f o u r t h  t h o r a c i c  sym- 
p h a t h e t i c  g a n g l i a .  From t h e s e ,  two f u r t h e r  p l e x u s e s  
a r i s e ,  one accompanying the  b r o n c h i  and t h e  o t h e r  the  
b r a n c h e s  o f  the  pulmonary a r t e r y .  E f f e r e n t  f i b r e s  ru n  
t o  t h e  b r o n c h i a l  w a l l s  and a f f e r e n t s  from t h e  mucous 
membrane and th e  a l v e o l i .

The P l e u r a : Each lu n g  i s  i n v e s t e d  by a s e r o u s
membrane. P a r t  of t h i s  c o v e rs  t h e  lung  and l i n e s  th e  
i n t e r - l o b a r  f i s s u r e s .  This  i s  t h e  v i s c e r a l  p l e u r a .  The 
r e m a in d e r  l i n e s  th e  h e m i - th o r a x  and c o v e r s  most o f  th e  
d iaphragm  and m e d i a s t i n a l  s t r u c t u r e s .  The l a y e r s  a r e  
c o n t in u o u s  a round  and below t h e  lung  r o o t .  The r i g h t  
and l e f t  p l e u r a l  s a c s  a re  s e p a r a t e ,  coming i n t o  c o n t a c t
b e h in d  the  u p p e r  h a l f  of th e  s te rn um  and b e h in d  th e
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oesop h agu s  i n  t h e  m i d - t h o r a c i c  r e g i o n .  I t  i s  a t  t h e s e  
p o i n t s  t h a t  h e r n i a t i o n  may o c c u r  d u r i n g  a r t i f i c i a l  
pneum othorax .  The v i s c e r a l  p l e u r a  i s  i n s e p a r a b l y  con­
n e c t e d  w i t h  th e  l u n g  and l i n e s  t h e  i n t e r l o b a r  f i s s u r e s .  
The s u b s e r o u s  a r e o l a r  t i s s u e  i n v e s t s  t h e  e n t i r e  s u r f a c e  
and e x t e n d s  inw ards  be tw een  th e  l o b u l e s .  I t  c o n t a i n s  a  
l a r g e  p r o p o r t i o n  o f  e l a s t i c  f i b r e s .  The f r e e  s u r f a c e ,  
a s i n g l e  l a y e r  o f  f l a t t e n e d  n u c l e a t e d  c e l l s ,  i s  smooth 
and m o is te n e d  by s e r o u s  f l u i d .  B e n e a th  t h i s  l i e  t h e  
e l a s t i c  f i b r e s  and a  good d e a l  o f  u n s t r i p e d  m u sc le .

PULMONARY PHYSIOLO&Y

E f f i c i e n t  r e s p i r a t i o n  c o n s i s t s  of a d e q u a te  
g a seo u s  exchange be tw een  a i r  and  b lo o d  i n  t h e  l u n g  and 
betxveen b lo o d  and c e l l s  a t  t h e  c a p i l l a r y - t i s s u e  bound­
a r y .  I t  p r e s u p p o s e s  e f f i c i e n t  v e n t i l a t i o n .

V e n t i l a t i o n : This  i s  s im p ly  t h e  rh y th m ic
b e l l o w s - l i k e  a c t i o n  of t h e  lu n g  t h a t  e n s u r e s  an a d e q u a te  
su p p ly  o f  a i r  coming i n t o  c o n t a c t  w i t h  t h e  r e s p i r a t o r y  
e p i t h e l i u m .

A cco rd in g  t o  K e i th  (^3)> t h e  e x p a n s io n  o f  t h e  
t h o r a c i c  c a v i t y  can be d i v i d e d  i n t o  two p o r t i o n s ,  
namely, u p p e r ,  where th e  movement of th e  u p p e r  f i v e  
r i b s  causes  e x p a n s io n  c h i e f l y  i n  an upward and fo rw a rd  
d i r e c t i o n ,  and lo w e r ,  where t h e  movement o f  th e  lo w e r  
r i b s  and d iaphragm  cause  e x p a n s io n  m ain ly  l a t e r a l l y  and 
downwards. These volume changes  o f  t h e  t h o r a x  cause  
a p p r o x i m a t e ly  e q u a l  changes i n  t h e  amount o f  a i r  i n  
th e  l u n g s .

V a lu ab le  i n f o r m a t i o n  a b o u t  t h e  e f f i c i e n c y  o f  
v e n t i l a t i o n  can be o b t a i n e d  from s p i r o m e t r i c  s t u d i e s .

S p i r o m e t r i c  D a t a : A few o f  t h e  more i m p o r t ­
a n t  p r a c t i c a l  d a t a  a r e : -

V i t a l  C a p a c i ty  -  T h is  i s  th e  maximum amount o f  a i r  which  
can be e x h a le d  f o l l o w i n g  a maximum i n s p i r a t i o n  and v a r i e s
i n  h e a l t h  from t h r e e  t o  f i v e  l i t r e s  o r  more, depending
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upon p h y s iq u e  and t r a i n i n g .  I n  pulmonary  d i s e a s e  s t a t e s  
i t  i s  f r e q u e n t l y  lo w e re d .  I t  i s  made up o f :

T i d a l  a i r  -  the  amount o f  a i r  v e n t i l a t e d  by  one q u i e t  
r e s p i r a t i o n ,  a p p r o x i m a t e l y  5^0 c . c . ;

Complementa ry  a i r  -  t h e  maximum amount o f  a i r  which  can 
be" i n h a l e d  a f t e r  a q u i e t  i n s p i r a t i o n  and v a r y i n g  from 
2 . K  t o  3-8> l i t r e s ,  and

R ese rve  a i r  -  w h ic h  i s  th e  maximum amount o f  a i r  w h ich  
can be e x h a le d  a f t e r  a  q u i e t  e x p i r a t i o n ,  a b o u t  one l i t r e .

I n  a d d i t i o n ,  t h e r e  i s  R e s i d u a l  a i r ,  t h e  amount 
of a i r  l e f t  in  the  lu n g s  f o l l o w i n g  a maximal e x p i r a t i o n  
i n  amount about  one l i t r e .

The m inute  volume o f  r e s p i r a t i o n  i s  t h e  amount 
o f  a i r  v e n t i l a t e d  u n d e r  b a s a l  c o n d i t i o n s ,  e q u a l l i n g ,  
a p p r o x i m a t e ly ,  r e s p i r a t i o n  r a t e  t im e s  $00  c . c .

The maximum b r e a t h i n g  c a p a c i t y  i s  t h e  maximum 
amount o f  a i r  t h a t  can be v e n t i l a t e d  i n  one minute  and 
v a r i e s  from about  100 l i t r e s  i n  t h e  fe m a le  t o  150 l i t r e s  
in  th e  m a le .

V e n t i l a t i o n  E q u i v a l e n t  -  T h is  i s  the  number o f  l i t r e s  o f  
a i r  which must be v e n t i l a t e d  t o  e n s u r e  t h e  a b s o r p t i o n  o f  
100 c . c .  o f  Oxygen. N orm al ly ,  i t  i s  b e tw ee n  two and 
t h r e e  l i t r e s  and ,  i f  i t  i s  h i g h ,  the  work o f  v e n t i l a t i o n  
i s  i n c r e a s e d .  I t  i s  a measure  o f  th e  e f f i c i e n c y  o f  t h e  
pulmonary c i r c u l a t i o n .

D i s t u r b a n c e s  o f  R e s p i r a t i o n  i n  Pulmonary 
T u b e r c u l o s i s : R e s p i r a t o r y  i n s u f f i c i e n c y  i s  p ro du ced  by
any c o n d i t i o n  p r e v e n t i n g  normal  exchange o f  g a s e s  be tw ee n  
th e  a l v e o l a r  a i r  and th e  b l o o d .  T h is  may be due to  -

(a)  d e f e c t i v e  v e n t i l a t o r y  f u n c t i o n ,

(b)  i n a d e q u a te  c o m p o s i t io n  o f  th e  a l v e o l a r
a i r ,

( c )  any abnorm al  c o n d i t i o n  o f  th e  a l v e o l a r
w a l l ,  such  as  t h i c k e n i n g  or t h i n n i n g  
of t h e  w a l l  w i t h  d i m i n i s h e d  v a s c u l a r i t y ,  
t h e  p r e s e n c e  o f  e x u d a te  i n  the  a l v e o l i , ’ 
or  the  p r e s e n c e  o f  d i s e a s e  f o c i  i n t e r ­
f e r i n g  w i t h  normal g a se o u s  d i f f u s i o n .
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I n  f a r  ad v an ced  t u b e r c u l o s i s ,  v e n t i l a t o r y  
f a i l u r e  may o c cu r  f rom w i d e s p r e a d  f o c i  o f  t u b e r c u l o u s  
t i s s u e ,  o r ' b r o n c h i a l  o c c l u s i o n  w i t h  e x u d a t e  o r  from 
b r o n c h i a l  t u b e r c u l o s i s ,  p r e v e n t i n g  an a d e q u a t e  s u p p l y  o f  
a i r  from r e a c h i n g  th e  a l v e o l i .  L o c a l i s e d  i n t e r f e r e n c e  
w i t h  v e n t i l a t i o n  i s  more f r e q u e n t  w h ich ,  i t f i thout  l e a d i n g  
t o  g r o s s  v e n t i l a t o r y  f a i l u r e ,  l e a d s  t o  d e c r e a s e d  Oxygen 
t e n s i o n  i n  c e r t a i n  p a r t s  o f  t h e  l u n g .  The r e s u l t  i s  
t h a t  b lo o d  coming from t h e  a f f e c t e d  a r e a s  i s  u n d e r ­
s a t u r a t e d  w i t h  oxygen.  Cyanosis  may t h u s  o c c u r  where  
b lo o d  i s  c i r c u l a t i n g  t h r o u g h  th e  w a l l s  o f  a l v e o l i  w h ich  
a re  n o t  r e c e i v i n g  enough oxygen.  When, however ,  t h e s e  
a r e a s  a r e  c o l l a p s e d  so t h a t  b lo o d  c i r c u l a t i o n  v i r t u a l l y  
c e a s e s ,  the  c y a n o s i s  d i s a p p e a r s .

V e n t i l a t i o n  may a l s o  be i m p a i r e d  by d e c r e a s e d  
movement of the  t h o r a x  i n  p l e u r i s y ,  i n  f i b r o s i s  o f  t h e  
p l e u r a  o r  lu n g ,  i n  d i a p h r a g m a t i c  p a r a l y s i s ,  i n  b r o n c h i a l  
s t e n o s i s ,  i n  t h e  p r e s e n c e  o f  c o p io u s  s e c r e t i o n s  and i n  
t h e  g e n e r a l  a t r o p h y  o f  th e  m u sc le s  w h ich  o c c u r s  a s  p a r t  
o f  t h e  g e n e r a l  w a s t i n g  of  ad v an c ed  t u b e r c u l o s i s .

We a r e  no t  h e re  f u r t h e r  c o n c e rn e d  w i t h  r e s ­
p i r a t i o n ,  e x c e p t  t o  n o te  t h a t  i t  i s  u n d e r  t h e  c o n t r o l  
of  t h r e e  f a c t o r s ,  namely, the  r e s p i r a t o r y  c e n t r e  and 
c a r o t i d  s i n u s ,  th e  vagus n e r v e s  and th e  c h e m ic a l  con­
d i t i o n  o f  th e  b l o o d .

The B r o n c h i a l  Movements: A knowledge of t h e
b r o n c h i a l  movements and an a p p r e c i a t i o n  o f  t h e i r  i m p o r t ­
ance i n  pulmonary p h y s io lo g y  and p a th o l o g y  i s  e s s e n t i a l  
t o  an i n t e l l i g e n t  a p p ro a c h  t o  t h e  p rob lem s o f  t r e a t m e n t  
l a t e r  t o  be d i s c u s s e d .

Macklin  ( ^ ,  k-5 , ^-6) d e s e r v e s  m en t io n  f o r  
h av in g  thrown much l i g h t  on a p r e v i o u s l y  o b sc u re  s u b j e c t .

The b r o n c h i a l  movements may be d i v i d e d  i n t o : -

A. Those no t  c o n n e c te d  w i t h  th e  b r o n c h i a l  m usc le ,  
namely, p u l s a t i o n s  t r a n s m i t t e d  from t h e  h e a r t  and g r e a t  
v e s s e l s  o f  the  t h o r a x ,  t r a n s m i t t e d  d e g l u t i t i o n  movements 
( 4 7 ) and b e n d ing s  of th e  b r o n c h i  i n  f o r c e d  e x p i r a t i o n  i n  
t h e  p r e s e n c e  o f  a  h ig h  d iap h rag m .  Txhere i s  a l s o  t h e  l u n g  
mass a d ju s tm e n t  l a t e r  t o  be d e s c r i b e d .

B. Movements a s s o c i a t e d  w i t h  th e  b r o n c h i a l  m u s c u l a t u r e .  
These a r e  l e n g t h  ch anges ,  c a l i b r e  changes and p e r i s t a l s i s .



2k-.

L e n g th  Changes :

By i n s p i r a t o r y  l e n g t h e n i n g  and e x p i r a t o r y  
s h o r t e n i n g ,  a l l  t h e  r e s p i r a t o r y  t i s s u e  i s  e n ­
a b l e d  to  expand and c o n t r a c t .  These movements 
can be seen  d i r e c t l y  t h r o u g h  t h e  b ro n c h o s c o p e  
( ^ 7 ) •  I n  a d d i t i o n ,  J a c k s o n  (^ 7 )  b r o u g h t  f o r ­
ward X-Ray e v i d e n c e .  I n  t h e  case  o f  a  c h i l d  
w i t h  a m e t a l l i c  f o r e i g n  body i n  th e  r i g h t  main 
b r o n c h u s ,  t h i s  cou ld  be s e e n  t o  move t h r o u g h  an 
e x c u r s i o n  of  two c e n t i m e t r e s .  I n  a d d i t i o n ,  th e  
b r o n c h i  move a p a r t ,  i . e .  !,f a n  o u t 11, a s  t h e y  
l e n g t h e n  ( ^ 5 )*

C e r t a i n  a d j u s t m e n t s  a r e  n e c e s s a r y  b e c a u s e  
t h e  t h o r a x  does  no t  expand e q u a l l y  i n  a l l  
d i r e c t i o n s .  The space  g a i n e d  i n  i n s p i r a t i o n  i s  
m o s t ly  c a u d a l l y ,  from th e  movement o f  t h e  d i a ­
phragm, and a n t e r o - l a t e r a l l y , from the  movement 
upwards and ou tw ards  of th e  r i b s  and s t e r n u m ,  a  
l i t t l e  tow ards  th e  m ed ia s t in u m  and none a t  a l l  
a t  t h e  p o s t e r i o r  apex  and i n  th e  p o s t e r o - m e d i a l  
r e g i o n  o r  th e  11 s u p e r o - r e t r o - r a d i c u l a r  a r e a "  d e s ­
c r i b e d  by M ackl in  ( ^ 6 ) .  The lu ng  expands  i n  
t h e s e  a r e a s  by th e  r e c e s s i o n  from th e  p e r i p h e r y  
of t h e  b a s a l  ends of  t h e  b r o n c h i ,  t h u s  p e r m i t t i n g  
t h e i r  l e n g t h e n i n g .  K e i th  (k-j )  d e s c r i b e d  how t h e  
lu n g  r o o t s  a r e  drawn downwards and f o r w a r d s  by 
the  a c t i o n  of  t h e  d iaphragm  and th e  movement of .  
th e  lu n g  r o o t  can be c l e a r l y  se en  i f  a  m e ta l  
r i d e r  i s  a p p l i e d  t o  t h e  c a r i n a  (^2>) .

T h is  lung  mass s h i f t i n g  i s  e s s e n t i a l  t o  th e  
p r o p e r  e x p a n s io n  o f  a r e a s  o f  l u n g  l y i n g  a g a i n s t  
i n e x p a n s i b l e  w a l l s .  I n t e r f e r e n c e  w i t h  l u n g  r o o t  
movements may t h u s  e x p l a i n  t h e  p r e d i s p o s i t i o n  of  
th e  a p i c a l  r e g i o n s  t o  t u b e r c l e  as  th e  apex  f i r s t  
f e e l s  t h e  e f f e c t  of i m m o b i l i s a t i o n  of  th e  r o o t .

The b r o n c h i a l  muscle i s  p a s s i v e  d u r i n g  t h i s  
l e n g t h e n i n g  p r o c e s s .  S h o r t e n i n g  i s  due t o  t h e  
r e c o i l  of  th e  s t r e t c h e d  e l a s t i c  t i s s u e  a i d e d  
p o s s i b l y  by a c t i v e  m uscu la r  c o n t r a c t i o n  i n  
f o r c e d  e x p i r a t i o n .

C a l i b r e  Changes:

Bronchoscopy shows t h a t  d i l a t a t i o n  and l e n g t h ­
en ing  go hand i n  hand,  as  do s h o r t e n i n g  and 
n a r ro w in g .  This  i s  so a t  l e a s t  f o r  t h e  l a r g e r
b r o n c h i ,w h i c h  can be d i r e c t l y  s e e n  and so  by
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i n f e r e n c e  f o r  t h e  f i n e r  b r o n c h i o l e s .  The cause  
o f  t h e  d i l a t a t i o n  i s  s a i d  t o  be  th e  h i g h e r  a i r  
p r e s s u r e  i n  t h e  b r o n c h i ,  a s  compared w i t h  t h a t  
i n  t h e  s u r r o u n d i n g  lu n g  parenchyma, d u r i n g  i n ­
s p i r a t i o n  b u t  t h e  more l i k e l y  e x p l a n a t i o n  i s  
t h a t  t h e  b r o n c h i  a r e  p u l l e d  open i n  a l l  d i r e c t ­
i o n s  by th e  i n c r e a s e d  e l a s t i c  t e n s i o n  o f  t h e  
lu n g  w h ich  o c c u r s  d u r i n g  i n s p i r a t o r y  e n l a r g e ­
ment o f  the  c h e s t  w a l l  ( ^ 9 ) .  E x p i r a t i o n  and 
n a r ro w in g  of  th e  b r o n c h i  a r e  a s s o c i a t e d  w i t h  
t h e  r e c o v e r y  o f  t h i s  s t r e t c h e d  e l a s t i c  t i s s u e .

I t  w i l l  be  s e e n  t h a t  t h e r e  i s  a  c a p a c i t y  i n ­
c r e a s e  in  i n s p i r a t i o n  which  v a r i e s  w i t h  the. 
d e p th  of r e s p i r a t i o n .  The g r e a t e s t  v a r i a b i l i t y  
in  volume i s  toiirards th e  p e r i p h e r y  o f  t h e  
b r o n c h i a l  sy s te m .

E x p u ls iv e  and P r o t e c t i v e  Movements:

These a re  t h e  cough r e f l e x ,  c i l i a r y  a c t i o n  
and p e r i s t a l s i s .  The l a s t  h a s  been  d e s c r i b e d  by  
Bul lowa and G -o t t l i eb  (p0> 51)  • seems t o  be 
d ep en d e n t  on t h e  b r o n c h i a l  muscle  and i s  c a l l e d  
i n t o  p l a y  u n d e r  abnormal  c o n d i t i o n s ,  e . g .  t h e  
e j e c t i o n  of  t h i c k  e x u d a te  and f o r e i g n  m a t e r i a l .  
R e in b e rg  (p2) c la im s  t h a t  t h e  b r o n c h i a l  muscle  
s t r u c t u r e ,  i n  r e s e m b l in g  o t h e r  t u b e s  w h ich  show 
p e r i s t a l t i c  movements, i s  a d a p t e d  to  t h i s  form 
o f  movement. I t  i s  a  r e f l e x  mpvement d ep en d in g  
on the  i n t e g r i t y  o f  t h e  mucosa and n e rv e  e n d in g s .
I t  i s  more a c t i v e  i n  g a n g ren e  and a b s c e s s  and 
l e s s  a c t i v e  i n  b r o n c h i e c t a s i s .

Lewis (53) illas d e m o n s t r a t e d  p e r i s t a l t i c  move­
ment i n  th e  r e s p i r a t o r y  t u b e s  o f  t e n -  t o  s i x t e e n -  
day o ld  c h ic k  embryos b e f o r e  t h e  n e rv e  f i b r e s  
show much deve lopm ent  and h as  conc lud ed  t h a t  t h i s  
ty p e  of  c o n t r a c t i o n  i s  a f u n c t i o n  o f  muscle  i t s e l f .

The Mechanics  of R e s p i r a t i o n : The two l a y e r s
of th e  p l e u r a  a r e  everywhere  i n  t h e  c l o s e s t  f u n c t i o n a l  
c o n t a c t .  The c o n c e p t io n  t h a t  t h e  p l e u r a l  sp a ce  i s  non­
e x i s t e n t  ( 5^ ,  55) i s  n o t ,  hoT^ever, s t r i c t l y  c o r r e c t .  
There i s  a v e r y  s m a l l  b u t  d e f i n i t e  space  b e tw een  th e  
p l e u r a l  l a y e r s  c o n t a i n i n g  f l u i d  and t h i s  f l u i d  s e r v e s  
the  p u rpose  of l u b r i c a t i o n  and th e  f u n c t i o n a l l y  more 
i m p o r t a n t  one of p r o v i d i n g  a  s t r o n g  c o h e s iv e  f o r c e  b e ­
tween t h e s e  l a y e r s .  The movement of th e  o u t e r  l a y e r  i s  
t h u s  c l o s e l y  and im m e d ia te ly  f o l lo w e d  by t h a t  o f  th e  
v i s c e r a l  l a y e r  (^9 ) .
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Free root movement essential to  
proper ventilation. of- regions 
tying against mex-pansCie. wall.

Right
bronchos
expiration.

inspiration.

".Diagrammatic.
" representation, of bronektal 

movements as seen in frontal. 
Section. Somewhat exaggerat'ect.

V '

Diagram t o  show t h e  b r o n c h i a l  movements

and r o o t  movements. ( A f t e r  M a c k l i n , C. C. )  ( ^ 5 )
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When t h e  c h e s t  w a l l  i s  opened a f t e r  d e a t h ,  t h e  
l u n g s  c o l l a p s e  and come t o  occupy much l e s s  sp a ce  t h a n  
t h e y  d i d  d u r i n g  l i f e ,  even i n  maximum e x p i r a t i o n .  I t  
f o l l o w s  t h a t  t h e  l u n g s ,  i n  a l l  p h a s e s  o f  t h e  r e s p i r a t o r y  
c y c l e ,  a r e  s t r e t c h e d  to  some e x t e n t  and,  t h e  more t h e y  
a r e  s t r e t c h e d ,  th e  g r e a t e r  the  t e n d e n c y  t o  r e c o i l .

The a i r  p r e s s u r e  i n  t h e  pulmonary  a i r  s p a c e s  a t  
a h y p o t h e t i c a l  p o s i t i o n  of  pu lm onary  r e s t  i s  one a tm o s ­
p h e r e ,  i . e .  760 mm. o f  M ercury .  Because  o f  t h e  e l a s t i c i t y  
of t h e  pulmonary t i s s u e  and t h e  t e n d e n c y  t o  r e c o i l ,  t h e  
f u l l  p r e s s u r e  i s  no t  t r a n s m i t t e d  t o  th e  p l e u r a l  sp a ce  
h u t  i s  r e d u c e d  hy th e  amount o f  t h e  e l a s t i c  t r a c t i o n  
o p e r a t i n g  a t  t h e  moment. The p r e s s u r e  i n  t h e  p l e u r a l  
space  i s  th u s  s u b - a t m o s p h e r i c  and v a r i e s  from minus 5 mm« 
Hg. t o  minus 10 mm. Hg. i n  e x p i r a t i o n  and i n s p i r a t i o n  
r e s p e c t i v e l y .

The P l e u r a l  S t r e s s e s :

The i n t r a p u lm o n a r y  s u r f a c e  o f  t h e  p l e u r a  i s  
s u b j e c t e d  to  a s t r e s s  of one a tm o sp he re  minus t h e  r e ­
t r a c t i v e  f o r c e  of t h e  l u n g .  Thus, a t  t h e  end o f  i n ­
s p i r a t i o n ,  jSO  mm. minus 10 mm. e q u a l s  750 mm* Hg. and 
t h i s  i s  t h e  p r e s s u r e  which  the  c o n t e n t s  o f  t h e  p l e u r a l  
space  must assume. The v i s c e r a l  p l e u r a  i s  i n  a  p o s i t i o n  
of e q u i l i b r i u m .  A l th o u g h  t h e  i n t r a p u l m o n a r y  p r e s s u r e  i s  
g r e a t e r  t h a n  t h a t  o f  th e  p l e u r a l  sp a c e ,  th e  d i f f e r e n c e  
i s  p r e c i s e l y  b a l a n c e d  by th e  e l a s t i c  t r a c t i o n  o f  t h e  
s t r e t c h e d  lung  ( ^ 9 ) .

I t  has  been  c o n v i n c i n g l y  d e m o n s t r a t e d  by Andrus  
(1+9) t h a t  the  outward  movement o f  th e  v i s c e r a l  p l e u r a  i s  
caused  by a f o r c e  p r o v id e d  p r i m a r i l y  by t h e  m u sc u la r  
e nergy  o f  th e  th.ora .cic  w a l l s . The outward  movement of  
th e  p a r i e t a l  p l e u r a  i s  t r a n s f e r r e d  t o  t h e  v i s c e r a l  p l e u r a  
th ro u g h  th e  i n e l a s t i c  i n t e r v e n i n g  b r i d g e  o f  p l e u r a l  f l u i d .  
The lung  th us  expands  by b e i n g  p u l l e d  out  and no t  pushed  
ou t  by th e  gas p r e s s u r e  w i t h i n  t h e  lu n g .  The normal  
movements o f  t h e  v i s c e r a l  p l e u r a  a r e  n o t  c au se d  by t h e  
n e g a t iv e  p r e s s u r e  i n  th e  p l e u r a l  space  (w h ich  i s  t h e  
r e s u l t a n t  o f  two f o r c e s  and canno t  11 cause"  movement) b u t  
a r e  s im p ly  caused  by th e  c lo s e  a d h e s i o n  o f  t h e  two 
p l e u r a l  l a y e r s .

This  i s  no t  the  c a s e ,  however ,  where  a  pneumo­
t h o r a x  i s  p r e s e n t .  There i s  h e re  no c l o s e  a d h e s i o n  o f  
t h e  p l e u r a i  lawyers. The i n i t i a l  outward  movement of  t h e



p a r i e t a l  p l e u r a  i s  c aused  a s  b e f o r e  by t h e  m u s c u la r  i n ­
s p i r a t o r y  e x p a n s io n  o f  t h e  t h o r a x .  The p r e s s u r e  o f  th e  
g as  i n  th e  pneum othorax  sp ace  t h u s  f a l l s  a s  t h e  volume 
i n c r e a s e s  and t h e  v i s c e r a l  p l e u r a  i s  p ush ed  o u t  by t h e  
e x c e s s  o f  p r e s s u r e  o f  gas  i n  txhe lu n g  u n t i l  t h e  p o s i t i o n  
o f  e q u i l i b r i u m  o f  s t r e s s e s  i s  r e a c h e d .

Diagram to  i l l u s t r a t e  p l e u r a l  
s t r e s s e s  ( a f t e r  A n d r u s , 1 2 ) .
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M echan ics  of  I n s p i r a t i o n :

C o n t r a r y  t o  t h e  u s u a l  t e a c h i n g  t h a t  th e  p u l ­
monary a i r  chambers a r e  i n f l a t e d  by t h e  i n r u s h  of a i r  on 
i n s p i r a t i o n ,  t h e y  a r e  more p r o b a b l y  expanded  by t r a c t i o n  
from t h e  ou tw ard ly -m o v in g  t h o r a c i c  w a l l ,  t r a n s m i t t e d  
a lo n g  in n u m e ra b le  e l a s t i c  t i s s u e  f i b r e s  t h r o u g h o u t  t h e  
l u n g .  From t h e  b e h a v i o u r  of e l a s t i c  u n d e r  s t r e s s ,  t h i s  
means t h a t  a l l  t h e  a i r  s p a c e s  t h r o u g h o u t  t h e  lung  a r e  e x ­
panded  s i m u l t a n e o u s l y .  The i n r u s h  of a i r  i s  t h u s  s e c o n d ­
a r y  t o  t h i s  e x p a n s i o n .  The gas  p r e s s u r e  i n  a l l  t h e  a i r  
s p a c e s  f a l l s  a t  t h e  same t im e  and a i r  p a s s e s  i n t o  them 
from t h e  b r o n c h i .  The u n i f o r m i t y  of  p r e s s u r e  d i s t r i b u t i o n  
depends on t h e  v a r i a b l e  e l a s t i c i t y  o f  d i f f e r e n t  p a r t s  of  
t h e  lu ng  and a l s o  upon t h e  f reedom  of th e  lu n g  to  a d a p t  
i t s e l f  t o  t h e  v a r y i n g  shape of  t h e  t h o r a x .  As p r e v i o u s l y  
m en t io n ed ,  f i x a t i o n  of  t h e  h i lu m  from any c au se  may p r e v e n t  
p r o p o r t i o n a t e  e x p a n s io n  of  th e  p a r t s  above and b e h in d .  
A n o th e r  f u n c t i o n  of  th e  a l v e o l a r  p o r e s  may a l s o  be t o  
p r o t e c t  t h e  d e l i c a t e  a l v e o l a r  w a l l s  from damage by e q u a l ­
i s i n g  th e  p r e s s u r e  o f  gas in  a d j a c e n t  a l v e o l i .

I t  i s  l i k e l y  t h a t  t h e  g as  p r e s s u r e  and 
m e c h a n ic a l  s t r e s s e s  a r e  much t h e  same i n  d i f f e r e n t  p a r t s  
o f  t h e  lun g  a t  a g iv e n  t im e .  A l th o u g h  th e  u p p e r  p a r t s  o f  
t h e  l u n g s  a r e  u s u a l l y  r e g a r d e d  a s  f u n c t i o n a l l y  l e s s  a c t i v e  
t h a n  th e  b a s e s ,  t h e  downward d i s p l a c e m e n t  o f  t h e  h i lu m  
d u r i n g  i n s p i r a t i o n  a l l o w s  more sp ace  f o r  t h e  u p p e r  l o b e s  
t o  expand and i t  seems l i k e l y  t h a t  th e  a p i c e s  a r e  as  
a c t i v e  i n  t h e i r  v e n t i l a t o r y  f u n c t i o n  as  o t h e r  p a r t s  o f  
th e  l u n g .  Walsh ( 5 6 ) goes f u r t h e r  and s t a t e s  t h a t  th e  
b a s e s  a r e  f u n c t i o n a l l y  l e s s  a c t i v e  t h a n  t h e  a p i c e s  b u t  
h i s  e v id e n c e  i s  no t  c o n v in c in g .

As p r e v i o u s l y  n o te d ,  b r o n c h i a l  l e n g t h  and 
c a l i b r e  changes a r e  e s s e n t i a l  e le m e n t s  i n  lu n g  e x p a n s i o n .  
This  has been  s a i d  t o  be due to  e x c e s s  g a s  p r e s s u r e  i n  
t h e  b r o n c h i  as compared iirith th e  s u r r o u n d i n g  lung  b u t  
m ec h an ica l  p u l l  by th e  expand ing  lung  i s  more i m p o r t a n t .  
D i l a t a t i o n  of  b r o n c h i  i s  m a i n t a i n e d  i n  f u l l  i n s p i r a t i o n  
w i t h  th e  b r e a t h  h e ld  when no gas  p r e s s u r e  d i f f e r e n c e  
e x i s t s  any l o n g e r .

Mechanics o f  E x p i r a t i o n :

During i n s p i r a t i o n  a r e s e r v o i r  o f  e nergy  i s  
p ro d uced  end when i n s p i r a t i o n  c e a s e s ,  t h e  i n c r e a s e d  t e n ­
s i o n  of t h e  e l a s t i c  t i s s u e  of t h e  lung t e n d s  t o  r e s t o r e  
t h e  s t a t u s  quo. G r a v i t y  a l s o  has  an i n f l u e n c e  i n  
r e s t o r i n g  th e  r i b s  t o  t h e i r  normal p o s i t i o n .
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The p l e u r a l  sp ace  p r e s s u r e  ha s  b e e n  shown t o  be 
s u b - a t m o s p h e r i c  i n  a l l  p h a s e s  of r e s p i r a t i o n .  T hus ,  when 
t h e  t h o r a c i c  w a l l s  move i n w a rd s ,  t h e  s l a c k  must be t a k e n  
up s i m u l t a n e o u s l y  by the  c o n t r a c t i o n  o f  a l l  t h e  p u lm o na ry  
e l a s t i c  t i s s u e .  The a i r  i s  a c t u a l l y  e x p e l l e d  from t h e  
l u n g  by th e  c o n t r a c t i o n  o f  t h e  e l a s t i c  t i s s u e  i n  t h e  
w a l l s  of  t h e  a i r  s p a c e s .  T h is  i s  a  p a s s i v e  a c t  u n d e r  
norm al  c o n d i t i o n s .

During  abnorm al  r e s p i r a t i o n ,  e . g .  cough, t h e  
i n t r a - p l e u r a l  p r e s s u r e  becomes p o s i t i v e  and t h e r e  i s  a  
l o c a l i s e d  l e s s e n i n g  o f  e l a s t i c  t e n s i o n  a t  t h e  s u r f a c e  o f  
t h e  lu n g  w i t h  a r i s e  o f  gas  p r e s s u r e  i n  t h e  p e r i p h e r a l  
a l v e o l i .  P r o t r a c t e d  s e v e r e  cough may t h u s  r e s u l t  i n  i n ­
j u r y  t o  t h e s e  a l v e o l a r  w a l l s  a s  w i t n e s s  th e  l a r g e  
emphysematous b u l l a e  o f t e n  s e e n  n e a r  th e  s u r f a c e  of  t h e  
l u n g  where t h e r e  i s  a  h i s t o r y  o f  c h r o n i c  cough.  P a r t i a l  
b r o n c h i a l  o b s t r u c t i o n  in  in f l a m m a to r y  s t a t e s  must , of  
c o u r s e ,  be t a k e n  i n t o  a cc o u n t  a l s o  when d i s c u s s i n g  t h e  
p r o d u c t i o n  o f  emphysema.

P h y s io lo g y  of  C o l l a p s e  T h e r a p y : By c o l l a p s e
t h e r a p y  i s  meant any form o f  t r e a t m e n t  d e s i g n e d  t o  p r o ­
duce a  r e d u c t i o n  o f  pulmonary volume.  I t  i n c l u d e s  
a r t i f i c i a l  pneum othorax ,  o p e r a t i o n s  on t h e  p h r e n i c  n e rv e  
l e a d i n g  t o  p a r a l y s i s  o f  the  d iaph rag m ,  o l e o - t h o r a x ,  
e x t r a p l e u r a l  pneumo- and o l e o - t h o r a x ,  pneum oper i toneum ,  
and t h o r a c o p l a s t y .  I n t e r n a l  p n eu m o ly s i s  may a l s o  be  men­
t i o n e d  a s  a measure  u sed  t o  improve the  d e g r e e  o f  
c o l l a p s e  when t h e  l u n g  i s  h e l d  up by a d h e s i o n s .

As a r e s u l t  o f  t h e  r e d u c t i o n  of l u n g  volume, 
c e r t a i n  d e f e c t s  a r e  p roduced  and c e r t a i n  co m pensa to ry  
mechanisms come i n t o  p l a y .  Among t h e  d e f e c t s  n o t e d  a r e : -

(a )  R ed u c t io n  i n  t o t a l  pulmonary vo lum e.

(b)  Decrease  i n  v i t a l  c a p a c i t y .

( c )  In cr ea se  in  i n t r a p l e u r a l  p ressu re  ( 5 7 ) -

The t o t a l  pulmonary volume can be r e d u c e d  t o  
t h e  minimum v i t a l  c a p a c i t y ,  i . e .  t h e  t i d a l  a i r  p lu s  t h e  
r e s i d u a l  a i r .  The v i t a l  c a p a c i t y  can t h e o r e t i c a l l y  be 
r educed  to  l e s s  t h a n  the  t i d a l  a i r  a s  an  i n c r e a s e  i n  t h e  
r e s p i r a t i o n  r a t e  e n s u r e s  t h a t  th e  minute  volume i s
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a d e q u a t e .  I n  t h i s  e v e n t ,  how ever ,  t h e r e  w ould  he no 
r e s e r v e  to  meet th e  needs  o f  even  m ild  e x e r c i s e  and s u c h  
d r a s t i c  r e d u c t i o n s  a r e  not  s e e n  u s u a l l y  i n  c o l l a p s e  
t h e r a p y .

Compensatory M echanism s:

M uscula r  c o m p e n sa t io n .  There  i s  an i n c r e a s e  
i n  normal  r e s p i r a t o r y  muscle  f u n c t i o n ,  th e  a u x i l i a r y  
m usc les  o f  r e s p i r a t i o n  a r e  c a l l e d  i n t o  p l a y  and t h e r e  i s  
a l s o  a c t u a l  muscle  h y p e r t r o p h y .

I n c r e a s e  i n  r e s p i r a t o r y  r a t e ,  t h e  o b j e c t  b e i n g  
t o  m a i n t a i n  th e  m inu te  volume a t  an a d e q u a te  l e v e l  u n d e r  
v a r y i n g  c o n d i t i o n s .

I n c r e a s e d  oxygen a b s o r p t i o n  by  an  i n c r e a s e  i n  
t h e  c a p i l l a r y  bed  a v a i l a b l e  f o r  g a s  e x c h a n g e .

I n c r e a s e d  c a r d i a c  o u t p u t  l e a d i n g  t o  i n c r e a s e d  
pulmonary  c i r c u l a t i o n .

A d e c r e a s e  i n  t h e  c i r c u l a t i o n  t h r o u g h  t h e  
c o l l a p s e d  parenchyma.

An i n c r e a s e  i n  th e  c i r c u l a t i n g  h aem og lob in  
g i v i n g  th e  b lo o d  an i n c r e a s e d  o x y g e n - c a r r y i n g  c a p a c i t y .

H y pe r t ro p hy  o f  t h e  r i g h t  v e n t r i c l e  .

Emphysema o f  p a r t  o f  th e  l u n g  to  f i l l  t h e  
v a c a n t  sp a c e .  P e r h a p s  a c t u a l  h y p e r t r o p h y  of  lu n g  t i s s u e .

Pneumonectomy;
t

This  may be t a k e n  as  an example o f  how t h e  p u l ­
monary volume can be d im i n i s h e d  w i t h o u t  s e r i o u s l y  d i s ­
t u r b i n g  r e s p i r a t o r y  f u n c t i o n .  F o l low ing  t h e  o p e r a t i o n  
on a dog ,  the  f o l l o w i n g  mechanisms can be o b s e r v e d : -

There  i s  dyspnoea, f o r  a few h o u r s . There  i s  a  g r a d u a l  
o b l i t e r a t i o n  of  t h e  p l e u r a l  c a v i t y  by d i s l o c a t i o n  o f  th e  
m ed ias t inum  and p o s s i b l y  by a c t u a l  h y p e r t r o p h y  of  l u n g  
t i s s u e .  The a l v e o l a r  CÔ  a t  f i r s t  d ro p s  and t h e n  r i s e s  
above norm al ,  r e t u r n i n g  to  the  normal l e v e l  by th e  25 t h  
d ay .  The a l v e o l a r  oxygen r i s e s  a t  f i r s t  t h e n  d ro ps  
below normal  and r e t u r n s  t o  normal  abou t  th e  same t im e  
as th e  COg. The haem oglobin  shows a pe rm anen t  r i s e .  I n  
dogs i t  seems t h a t  t h e r e  i s  a t r u e  h y p e r t r o p h y  o f  l u n g  
11 s s ue .
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P h y s i c a l  and P h y s i o l o g i c a l  A s p e c t s  of  P n e u m o th o ra x :

V e n t i l a t o r y  f u n c t i o n  can be s t u d i e d  by  s p i r o ­
m et ry  and  b r o n c h o s p i r o m e t r y . R e s p i r a t o r y  f u n c t i o n . i s  
s t u d i e d  by gas  a n a l y s i s .  The m e c h a n ic a l  b e h a v i o u r  o f  
t h e  lu n g  can be f o l l o w e d  by X-Rays and by m anom etr ic  
o b s e r v e t i o n s .

I n t r a p l e u r a l  P r e s s u r e :

I n  a norm al  p e r s o n  the  i n t r a p l e u r a l  p r e s s u r e  
i s  s u b - a t m o s p h e r i c  and i s  e q u a l  t o  th e  a t m o s p h e r i c  
p r e s s u r e  minus t h e  r e t r a c t i v e  f o r c e  of th e  l u n g .  I t  i s  
e x p r e s s e d  as  t h e  d i f f e r e n c e  b e tw ee n  th e  two and o s c i l l ­
a t e s  d u r i n g  r e s p i r a t i o n  be tw een  a p p r o x i m a t e l y  minus 2 cm. 
o f  w a t e r  i n  e x p i r a t i o n  and minus 6 cm. o f  w a t e r  i n  
i n s p i r a t i o n .

The normal lu ng  t i s s u e  has  p e r f e c t  e l a s t i c i t y .  
I n  o t h e r  w ords ,  t h e  s t r e t c h  i s  p r o p o r t i o n a t e  t o  t h e  
s t r e s s .  I n  d i s e a s e d  c o n d i t i o n s ,  such  a s  t u b e r c u l o u s  i n ­
f i l t r a t i o n ,  f i b r o s i s  and b r o n c h i a l  d i s e a s e ,  t h e r e  i s  an  
i n c r e a s e  i n  the e l a s t i c  modulus o f  th e  l u n g .  T h is  means 
t h a t  more f o r c e  i s  needed  t o  p roduce  a  g i v e n  d e g re e  o f  
d i s t e n t i o n .  I n  su ch  c o n d i t i o n s ,  t h e r e f o r e ,  t h e  i n t r a ­
p l e u r a l  p r e s s u r e  i s  f r e q u e n t l y  low er  t h a n  n o rm a l .

E f f e c t  of Pneum othorax :

When a i r  i s  i n j e c t e d  i n t o  th e  p l e u r a l  s p a c e ,  
s e v e r a l  t h i n g s  happen .  F i r s t  of  a l l ,  t h e  p r e s s u r e  i n  
th e  space  r i s e s ,  i . e .  becomes l e s s  n e g a t i v e .  That  t h i s  
p r e s s u r e  change i s  r e f l e c t e d  i n  b o th  p l e u r a l  c a v i t i e s  
was d e m o n s t r a te d  by Graham and B e l l  ( 5 8 ) and  Graham (59 )  • 
I n v e s t i g a t i n g  th e  q u e s t i o n  o f  open d r a i n a g e  i n  empyema, 
t h e y  conducted  e x p e r im e n t s  on th e  mechanics  o f  r e s p i r ­
a t i o n  i n  dogs .  O b se rv in g  the  e f f e c t  on t h e  p l e u r a l  
p r e s s u r e  on one s i d e  o f  i n j e c t i n g  a i r  i n t o  th e  o p p o s i t e  
p l e u r a .1 c a v i t y ,  t h e y  found t h a t  i f  th e  p r e s s u r e  o f  a i r  
was r a i s e d  to  10 cm. o f  w a t e r ,  t h e n  the  p r e s s u r e  r o s e  to  
n e a r l y  t h e  seme l e v e l  in  the  o p p o s i t e  s p a c e .  They th u s  
deduced  t h a t  t h e  t h o r a x  of th e  dog c o u ld  be r e g a r d e d  as  
f u n c t i o n a l l y  one s p a c e .  Graham l a t e r  found  t h a t  i f  
g r e a t e r  p r e s s u r e  was u se d ,  a  g r e a t e r  and g r e a t e r  d i f f e r ­
ence e x i s t e d  be tw een  th e  two s i d e s .  However, t h e  m ed ia ­
s t in u m  in  dogs i s  known to  be v e ry  t h i n  and pe rm eab le  
r a t h e r  f r e e l y  t o  g a s e s  and f l u i d s .  The e l a s t i c i t y  and 
p e r m e a b i l i t y  o f  th e  m edias t inum  i s  v a r i a b l e  i n  humans and ,  
o b v i o u s l y ,  t h e  c o n c l u s i o n s  of the  above a u t h o r s  a r e  not  
v a l i d  i f  t h e  m ed ias t inum  i s ,  f o r  any r e a s o n ,  t h i c k e n e d  
ana r i g i d .  The amount o f  s h i f t i n g  o f  t h e  m ed ias t in u m ,
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w h ic h  i s  f r e q u e n t l y  o b s e r v e d  i n  pneum othorax  t r e a t m e n t ,  
g i v e s  an i d e a  of  i t s  e l a s t i c i t y .  When p l e u r a l  t h i c k e n ­
in g  o c c u r s  a s ,  e . g .  a f t e r  an  e f f u s i o n ,  m e d i a s t i n a l  s h i f t  
i s  much l e s s  f r e q u e n t .

The a i r  i n j e c t e d  expands  t o  some e x t e n t  a s  i t
r i s e s  t o  th e  t e m p e r a t u r e  o f  t h e  body .  The volume o f  t h e
lu n g  i s  r e d u c e d ,  the  d iaphragm  i s  pushed  downwards, t h e  
t h o r a c i c  cage i s  moved ou tw ards  and the  m e d ia s t in u m  i s  
s h i f t e d  tow ard s  t h e  o p p o s i t e  s i d e .  As a l l  t h e s e  t h i n g s  
happen i n  v a r y i n g  d e g r e e s ,  i t  i s  i m p o s s i b l e  t o  p r e d i c t  
how much pulmonary c o l l a p s e  w i l l  be cau se d  by t h e  i n ­
j e c t i o n  o f  a  g i v e n  q u a n t i t y  o f  a i r .

A r e l a t i o n s h i p  d o e s ,  hoiirever, e x i s t  be tw een  
th e  amount o f  a i r  i n t r o d u c e d ,  th e  amount o f  lu n g  c o l l a p s e  
and  t h e  i n t r a p l e u r a l  p r e s s u r e .  T h is  v a r i e s  f rom p a t i e n t  
t o  p a t i e n t  and ,  i n d e e d ,  i n  th e  same p a t i e n t  from t im e  t o  
t im e .  I t  can be s a i d  t h a t ,  i f  t h e  t h o r a x  i s  d i s t e n d e d  
b u t  l i t t l e  by th e  i n j e c t i o n  of  a c e r t a i n  amount o f  a i r ,  
t h e n  the  lu n g  w i l l  be c o l l a p s e d  r e l a t i v e l y  much and v i c e  
v e r s a .  I t  can f u r t h e r  be s a i d  t h a t ,  w i t h  a  r i g i d  o r  
r e s t r i c t e d  p l e u r a l  s p a c e ,  a  g i v e n  amount o f  a i r  w i l l  
r a i s e  th e  i n t r a p l e u r a l  p r e s s u r e  r e l a t i v e l y  much. T h is  
would o c c u r ,  f o r  example ,  where  th e  p l e u r a  i s  t h i c k e n e d ,  
where many a d h e s io n s  a r e  p r e s e n t  o r  where t h e  lu n g  i s  
m ax im al ly  c o l l a p s e d .  On t h e  o t h e r  hand,  a  g i v e n  amount 
o f  a i r  w i l l  r a i s e  the  i n t r a p l e u r a l  p r e s s u r e  r e l a t i v e l y  
l i t t l e  i f  t h e  lung  i s  e a s i l y  c o l l a p s e d  o r  t h e  m e d ia s t in u m  
e a s i l y  s h i f t e d  or  t h e  t h o r a x  e a s i l y  expanded .

In  a norm al  p l e u r a l  sp a c e  h i g h  i n t r a p l e u r a l  
p r e s s u r e  i n d i c a t e s  low pulmonary s t r e s s ,  i . e .  marked 
c o l l a p s e .  Low p r e s s u r e  means l i t t l e  c o l l a p s e .  However, 
i n  d i s e a s e d  l u n g s ,  t h e r e  i s  an i n c r e a s e  i n  t h e  e l a s t i c  
moduli  and t h e s e  c o n d i t i o n s  no l o n g e r  a p p l y .  S t r e s s  and 
e x p a n s io n  a re  no t  t h e n  e q u i v a l e n t  te rms ( 6 0 ) .

The p r e s s u r e  a m p l i t u d e s  i n d i c a t e  th e  d i s ­
c repancy  be tw een  th e  e x p a n s io n  of the  t h o r a x  and t h a t  o f  
th e  l u n g .  I t  i s  eve ry day  e x p e r i e n c e  t h a t  l a r g e  a m p l i t u d e s  
i n d i c a t e  l a r g e  t h o r a c i c  e x c u r s i o n s  and s m a l l  pulmonary 
ones .  I n  o t h e r  w o rd s ,  r e l a t i v e l y  l a r g e  changes  i n  volume 
a re  t a k i n g  p l a c e ,  as  f o r  example in  p l e u r a l  f i b r o s i s ,  
b r o n c h i a l  s t e n o s i s ,  e t c .  Sm all  a m p l i tu d e s  mean an 
e a s i l y  d i s t e n s i b l e  lu n g  and o n ly  sm a l l  volume changes  i n  
th e  p l e u r a l  s p a c e .
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O b v io u s ly ,  c o l l a p s e  o f  th e  l u n g  means a  d e ­
c r e a s e  i n  th e  pu lm onary  a i r  c o n t e n t  b u t  t h e r e  i s  no 
d e f i n i t e  r e l a t i o n s h i p  be tw een  t h e  amount o f  pu lm onary  
c o l l a p s e  and t h i s  d e c r e a s e  i n  a i r  c o n t e n t  b e c a u s e ,  w i t h  
s u c h  a c o l l a p s e ,  t h e r e  i s  a l s o  a  d i m i n u t i o n  i n  t h e  b l o o d  
c o n t e n t .  The amount o f  a i r  removed from t h e  l u n g  when 
a i r  i s  i n j e c t e d  i n t r a p l e u r a l l y  can be m easu red  by th e  
b r o n c h o s p i r o m e t e r . I n  e x p e r i m e n t s ,  t h e  i n j e c t i o n  of  up 
t o  4-00 c c .  o f  a i r  r e s u l t e d  i n  no change i n  i n t r a ­
pulmonary a i r  ( 6 0 ) .

When pneum othorax  h a s  b e en  i n  e x i s t e n c e  f o r  
some t i m e ,  t h i c k e n i n g  o f  th e  p l e u r a  o c c u r s  i n  g r e a t e r  o r  
l e s s  d e g r e e ,  b e i n g  much more marked where a p l e u r a l  
e f f u s i o n  has  o c c u r r e d .  T h is  r e d u c e s  t h e  d i s t e n s i b i l i t y  
of  t h e  l u n g .  O b l i t e r a t i v e  p l e u r i t i s  som etim es  o c c u r s  
l e a d i n g  to  g r a d u a l  l o s s  of  t h e  pneum othorax  s p a c e .  
F i b r o s i s  may a t  t h e  same t im e  be o c c u r r i n g  ro u nd  th e  
d i s e a s e  f o c i  in  t h e  l u n g .  These two f a c t o r s  l e a d  t o  i n ­
c r e a s e d  r i g i d i t y  o f  th e  w a l l s  o f  t h e  p l e u r a l  sp a ce  and t o  
i n c r e a s e  of  t h e  e l a s t i c  modulus o f  th e  l u n g .  A i r  r e f i l l s  
t h u s  have t o  be r e d u c e d  as  t im e  goes  on to  k eep  th e  
i n t r a p l e u r a l  p r e s s u r e s  a t  a  f a i r l y  c o n s t a n t  l e v e l .  A i r  
i s  a l s o  a b so rb e d  more s lo w ly  th r o u g h  t h e  t h i c k e n e d  
p l e u r a .  At th e  end of  a r t i f i c i a l  pneum othorax  t r e a t ­
ment,  when the  lu n g  i s  b e in g  a l l o w e d  t o  e xp an d ,  the  
p r e s s u r e s  become 11 h i g h l y  n e g a t i v e "  and may be th e  cau se  
of  th e  t e r m i n a l  11 ex vacuo" e f f u s i o n s  so  commonly s e e n .

S e l e c t i v e  C o l l a p s e :

I f  a r t i f i c i a l  pneumothorax  i s  in d u c e d  i n  th e  
p r e s e n c e  o f  a normal  lu n g ,  th e  lun g  c o l l a p s e s  e v e n l y ,  
r e t a i n i n g  more o r  l e s s  i t s  normal  sh a p e .  As p r e v i o u s l y  
n o te d ,  however, t h e  p r e s e n c e  of  d i s e a s e  f o c i  I n  th e  l u n g  
parenchyma, causes an i n c r e a s e  i n  the  e l a s t i c  modulus o f  
t h i s  d i s e a s e d  a r e a .  The r e s u l t  i s  t h a t ,  when th e  p u l l  
of  th e  c h e s t  w a l l  i s  r e l e a s e d  and t h e  lung  i s  f r e e  t o  
assume t h e  shape d i c t a t e d  by i t s  i n n e r  s t r e s s e s ,  t h e  d i s ­
e a sed  a r e a  c o l l a p s e s  more t h a n  th e  h e a l t h y  p a r t  o f  t h e  
l u n g .  A f u r t h e r  cause  of  t h i s  s e l e c t i v e  c o l l a p s e  i s  
b r o n c h i a l  o b s t r u c t i o n  which ,  i f  co m p le te ,  c a u se s  a i r ­
l e s s n e s s  of the  a r e a  i n v o l v e d .  F u r t h e r ,  i t  i s  s e en  i f  
f i b r o s i s  e x i s t s .  The deve lopm ent  o f  s e l e c t i v e  c o l l a p s e  
i s  no t  u n d e r  th e  c o n t r o l  o f  the  o p e r a t o r  e x c e p t  to  a 
l i m i t e d  e x t e n t .

I n  su c h  an a r e a  o f  s e l e c t i v e  c o l l a p s e ,  i f  t h e  
d i s t e n s i b i l i t y  o f  t h e  lung  i s  r e d u c ed  t o  such  an e x t e n t  
t h a t  t h e  movement of th e  c h e s t  w a l l  has  no t e n d e n c y  t o
cause t h i s  p a r t  t o  expand,  v e n t i l a t i o n  c e a s e s ,  t h e
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c o n t a i n e d  a i r  i s  a b s o r b e d  by t h e  b lo o d  s t r e a m  and 
s e l e c t i v e  c o l l a p s e  and r e s t  becomes a  f a c t .  Meanwhile ,  
r e s p i r a t i o n  c o n t i n u e s  i n  th e  h e a l t h y  p o r t i o n s  o f  t h e  
l u n g ,  a l t h o u g h  p e rh a p s  t o  a r e d u c e d  e x t e n t .

A d h e s i o n s :

I n  t h e  p r e s e n c e  of  a d h e s i o n s ,  l u n g  c o l l a p s e  i s  
i r r e g u l a r ,  t h e  a r e a s  h e l d  up by t h e  a d h e s i o n s  b e in g  p r e ­
v e n t e d  from c o l l a p s i n g  and c a v i t i e s  a r e  h e l d  open.  
A d h e s io n s  t a k e  v a r i o u s  sh a p es  and s i z e s  and have v a r y i n g  
d e g r e e s  o f  im p o r t a n c e .  I t  i s  common knowledge  t h a t  t h e y  
a r e  most f r e q u e n t l y  found h o l d i n g  up j u s t  t h a t  a r e a  w h ic h  
i t  i s  most i m p o r t a n t  to  c o l l a p s e .  T h e i r  e l a s t i c i t y  
v a r i e s  w i t h  t h e i r  a g e ,  shape  and s i z e .  They a c t  t o g e t h e r  
as  a  f o r c e  opp o s ing  t h e  i n t r a p l e u r a l  p r e s s u r e .  The sum 
of  t h e  s t r e s s e s  o f  a l l  the  a d h e s i o n s  p l u s  t h e  a t m o s p h e r i c  
p r e s s u r e  e q u a l s  th e  sum of  th e  i n t r a p l e u r a l  and th e  
pu lm onary  s t r e s s e s  ( 6 0 ) .

A dhes ions  p r e v e n t  th e  p l e u r a l  s p a c e  from en ­
l a r g i n g  when a i r  i s  i n t r o d u c e d  i n  t h e  same way as  d oes  
p l e u r a l  f i b r o s i s .  Thus,  w i t h  g iv e n  amounts  o f  a i r ,  t h e  
i n t r a p l e u r a l  p r e s s u r e  t e n d s  t o  r i s e  more t h a n  i t  would 
do i f  a d h e s io n s  were a b s e n t .

B eh av iou r  o f  t h e  P l e u r a l  Space g a s e s  i n  
A r t i f i c i a l  Pneumothorax:

The gas  i n t r o d u c e d  i n t o  t h e  p l e u r a l  s p a c e ,  
u s u a l l y  a i r ,  i s  s t e a d i l y  a b s o r b e d  i n t o  th e  b l o o d s t r e a m  
v i a  the  p l e u r a l  v e s s e l s  u n t i l  i t  f i n a l l y  d i s a p p e a r s .
The p l e u r a  c o v e r in g  t h e  lung  i s  n o r m a l ly  pe rm eab le  t o  
th e  c o n s t i t u e n t  g a s e s  of  a i r  (O2 , C02 and N2 ) and e x ­
change goes  on between, th e  i n t r a p l e u r a l  g a s  and t h a t  i n  
t h e  venous b lo o d  i n  th e  pulmonary c a p i l l a r i e s  l e a d i n g  
tow ards  an e q u i l i b r i u m  o f  p r e s s u r e s  on b o t h  s i d e s  o f  th e  
p l e u r a l  membrane.

Wright ( 6l )  has  d e s c r i b e d  t h i s  p r o c e s s  v e r y  
c l e a r l y .  The p r e s s u r e  of the  pneumothorax  g a s e s  i s  
abou t  a tm o s p h e r i c ,  ( a c t u a l l y  s l i g h t l y  l e s s ,  a s  p r e v i o u s l y  
shown).  The venous b lo o d  gas p r e s s u r e  i s  s u b s t a n t i a l l y  
l e s s  t h a n  th e  a r t e r i a l  gas  p r e s s u r e  b e c a u se  o f  th e  f a l l  
o f  oxygen p r e s s u r e  and  th e  s m a l l  r i s e  i n  CO2 p r e s s u r e .  
N i t r o g e n  and CO2 d i f f u s e  out o f  th e  b lo o d  and oxygen 
d i f f u s e s  i n ,  t h u s  l e a d i n g  t o  a  n e t  l o s s  o f  gas  from t h e  
p l e u r a l  space  and a  consequen t  d ro p  i n  p r e s s u r e .  The
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lung expands to  b a la n ce  t h i s  l o s s  in  p r e s s u r e  and th e  
volume o f  the pneumothorax space  i s  reduced .  The 
p r e s s u r e s  o f  the g a s e s  s t i l l  remain h ig h e r  than t h o s e  in  
the  venous b lood  and f u r t h e r  d i f f u s i o n ,  drop i n  p r e s s u r e  
and expans ion  o f  the lung ta k e s  p l a c e .  Thus the  p l e u r a l  
space g o e s  on d im in i sh in g  in  s i z e  u n t i l  f i n a l l y  the gas  
has absorbed and the  lung has re-exp and ed .

The mechanism d e s c r ib e d  above a l s o  a p p l i e s  
when the  product ion  o f  a t e l e c t a s i s  beyond a b r o n c h ia l  
o b s t r u c t i o n  i s  co n s id er ed  and a l s o  in  the a b s o r p t io n  o f  
a i r  from a pulmonary c a v i t y  when the d r a i n i n g  bronchus  
has been co m p le te ly  o b s tr u c te d  ( 6 2 ) .  This  mechanism w i l l  
be r e f e r r e d  to  l a t e r .

P l e u r a l  Q-as A n a l y s i s :

This procedure i s  mentioned here as  i t  g i v e s  
in fo r m a t io n  about the  e x i s t e n c e  or o th e rw ise  o f  a 
b r o n c h o -p leu ra l  f i s t u l a .  In a r e l a t i v e l y  s t a b l e  e a r l y  
a r t i f i c i a l  pneumothorax, the com posit ion  o f  the  p l e u r a l  
g a s e s  i s  approximately:

Oxygen 1 to  5 Per  c e n t .

Carbon Dioxide  6 t o  9 Per c e n t .

N itrogen  approx im ate ly  SO per c en t .

In the presence of  a b r o n c h o -p leu ra l  f i s t u l a ,  the pneumo­
thorax  g a se s  undergo constant  mixing w i t h  a l v e o l a r  a i r ,  
hence the CO2 p ercentage  i s  lower  and i t s  Cg p ercen ta ge  
i s  h ig h er  than in c lo s e d  pneumothorax. A c o n c e n tr a t io n  
o f  COg o f  l e s s  than 5^ an(i  o f  On o f  more than 7% i s  
d i a g n o s t i c  o f  b r o n c h o -p le u r a l  f i s t u l a  a c c o r d in g - t o  P inner  
( 6 0 ) .  In p r a c t i c e  the  e x i s t e n c e  o f  a b r o n c h o -p le u r a l  
f i s t u l a  can u s u a l l y  be determined by s im p ler  methods 
than t h i s .

Ef f e c t s  o f  C ol lapse  on Spirome t r i c  F in d i n g s :

When the  lung i s  c o l l a p s e d  by a r t i f i c i a l  
pneumothorax, the  v i t a l  c a p a c i ty  at  f i r s t  becomes l e s s  
than normal. When a c e r ta in  q u a n t i ty  o f  a i r  i s  i n j e c t e d ,  
however, i t  does not  cause a f a l l  in  the v i t a l  c a p a c i ty  
of an equal amount. This may be ex p la in ed  as f o l l o w s .
In a r t i f i c i a l  pneumothorax, part  of  the lung c o l l a p s e  i s  
at  the  expense o f  the  r e s i d u a l  a i r  which i s  not taken  
i n t o  account in  v i t a l  c a p a c i ty  e s t i m a t i o n s .  Further,  
the c o l l a p s e  of  d i s e a s e d  areas  and c a v i t i e s  l e a d s  t o  no
l o s s  in  v i t a l  c a p a c i ty  as the lung t i s s u e  concerned i s

)
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i n  any c a s e ,  r e l a t i v e l y  n o n - f u n c t i o n i n g .  A g a in ,  th e  
i n j e c t e d  a i r  may be c h i e f l y  expended  i n  p u s h i n g  o u t  t h e  
c h e s t  w a l l ,  as  m en t io n ed  p r e v i o u s l y .  Compensatory  i n ­
c r e a s e d  f u n c t i o n  o f  t h e  r e s p i r a t o r y  m u sc le s  comes i n t o  
e f f e c t  a f t e r  a t im e  and may t h u s  l e a d  t o  an a c t u a l  i n ­
c r e a s e  i n  t h e  v i t a l  c a p a c i t y .

F a i r l y  c o n s t a n t  e f f e c t s  a r e :  d e c r e a s e  i n
v i t a l  c a p a c i t y ,  d e c r e a s e  i n  complem entary  a i r  and a  
b i g g e r  d e c r e a s e  i n  s u p p le m e n ta r y  a i r .  The t i d a l  a i r  
r e m a in s  a b o u t  th e  same. The v e n t i l a t o r y  r e s e r v e  i s ,  o f  
c o u r s e ,  r e d u c e d .

Bronchosp irom etry:

The measurement o f  v e n t i l a t i o n  i n  t h e  two l u n g s  
s e p a r a t e l y  was f i r s t  i n t r o d u c e d  by J a c o b a e u s  e t  a l  ( 6 3 ) 
who u sed  a  d o u b l e - b a r r e l l e d  b ro n c h o s c o p e .  G-ebauer (64)  
t h e n  i n t r o d u c e d  a r u b b e r  b r o n c h i a l  c a t h e t e r  and  l a t e r  
Zavod ( 6 5 ) d e s c r i b e d  h i s  t e c h n i q u e  and s p e c i a l  c a t h e t e r .

These s t u d i e s  a r e  o b v i o u s l y  i m p o r t a n t  f o r  
d e t e r m i n i n g  t h e  r e l a t i v e  f u n c t i o n  of the  two lu n g s  
p r i o r  t o  any m ajor  c o l l a p s e  o r  e x t i r p a t i o n  p r o c e d u r e .  
Owing t o  t h e  a r t i f i c i a l  c o n d i t i o n s  p r e v a i l i n g  d u r i n g  
th e  a c t u a l  m easurem ents ,  o r d i n a r y  s p i r o m e t r y  i s  u sed  
f o r  d e t e r m i n i n g  t h e  a b s o l u t e  amounts of  the  vo lum ina  
and b r o n c h o s p i r o m e t r y  t h e n  g i v e s  th e  p e r c e n t a g e s  from 
e ac h  lu n g  s e p a r a t e l y .

I t  has  been  shown by t h e s e  methods t h a t  
c l i n i c a l  o b s e r v a t i o n  and X-Ray s t u d i e s  may be m i s l e a d ­
ing  i n  t h a t  p l e u r a l  o b l i t e r a t i o n  which m arked ly  r e d u c e s  
f u n c t i o n  may n o t  be d i a g n o s a b l e . I t  i s  a l s o  o f t e n  
d i f f i c u l t  t o  a s s e s s  th e  l o s s  of f u n c t i o n  of  a lu n g  from 
w i d e s p r e a d  f i b r o s i s .  I n  a  s e r i e s  of  o b s e r v a t i o n s ,
P in n e r  ( 6 6 ) found t h a t  l o c a l i s e d  pa renchym atous  c h a n g e s ,  
even e x t e n s i v e  o n e s ,  im p a i r e d  f u n c t i o n  o n ly  s l i g h t l y ,  
whereas  p l e u r a l  t h i c k e n i n g  from e f f u s i o n  o r  o b l i t e r a t i o n  
of  t h e  p l e u r a l  space  a f t e r  a r t i f i c i a l  pneum othorax  t r e a t ­
ment l e d  t o  marked d e g r e e s  o f  f u n c t i o n a l  damage.
D i f f u s e l y  s c a t t e r e d  l e s i o n s  w i t h  t h e i r  accompanying 
areas o f  emphysema a l s o  l e d  to f u n c t i o n a l  damage as d id  
a l s o  tub ercu lous  b r o n c h i t i s .
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PATHOLOGICAL CONSIDERATIQMS

B efo re  p r o c e e d i n g  t o  d i s c u s s  any form of  t r e a t ­
m ent ,  i t  i s  n e c e s s a r y  t o  have a c l e a r  c o n c e p t i o n  o f  c e r ­
t a i n  a s p e c t s  o f  t h e  p a th o l o g y  o f  pu lmonary  t u b e r c u l o s i s .

At p o s t -m o r te m  e x a m in a t io n ,  t h e  l u n g s  of  a 
p e r s o n  dead  o f  t h i s  d i s e a s e  may p r e s e n t  a complex and  
p e r p l e x i n g  p i c t u r e  i n d e e d .  The v a r i o u s  s t a g e s  o f  t h e  
e v o l u t i o n  and h e a l i n g  o f  pulmonary  t u b e r c l e  a r e  f r e q u e n t ­
l y  p r e s e n t  i n  t h e  same sp e c im en .  I n  one p a r t ,  o ld  
h e a l e d  l e s i o n s  can be seen ;  i n  a n o t h e r ,  a c t i v e l y  e v o l v ­
in g  d i s e a s e ,  c a s e a t i o n ,  c a v i t a t i o n  and so on .  The 
p i c t u r e  i s  f u r t h e r  c o m p l i c a te d  by f i b r o s i s ,  t h i c k e n i n g  
o f  t h e  p l e u r a  and ,  p o s s i b l y  e f f u s i o n ,  p u r u l e n t  o r  o t h e r ­
w ise  .

From t h e  p o i n t  o f  viexv o f  t r e a t m e n t ,  some form 
o f  c l a s s i f i c a t i o n  i s  o b v io u s ly  n e c e s s a r y .  One method o f  
c l a s s i f y i n g  t h e  l e s i o n s  i s  b a s e d  upon t h e  method o f  
s p r e a d  o f  t h e  d i s e a s e  i n  th e  l u n g .  For  exam ple ,  c h r o n i c  
f i b r o - c a s e o u s  t u b e r c u l o s i s ,  w i t h  o r  w i t h o u t  c a v i t a t i o n ,  
i s  s a i d  t o  r e s u l t  f rom s p r e a d  by way o f  t h e  l y m p h a t i c s .  
T u b e rc u lo u s  b roncho-pneum onia  o r  c a s e a t i n g  pneumonia a r e  
b o t h  forms o f  a c u t e  p h t h i s i s  and s p r e a d  h e r e  i s  v i a  t h e  
b r o n c h i .  Acute m i l i a r y  d i s e a s e  o r  l o c a l i s e d  m e t a s t a t i c  
t u b e r c u l o s i s  i s  t h e  r e s u l t  of s p r e a d  by th e  b l o o d s t r e a m .  
This  i s  t h e  c l a s s i f i c a t i o n  o f  t h e  o l d e r  p a t h o l o g i s t s  and 
i s  th e  one f o l lo w e d  by Muir ( 6 7 ) .

Boyd ( 6gi), on th e  o t h e r  hand,  d i f f e r e n t i a t e s  
b a s i c a l l y  betx^een th e  p r o d u c t i v e  and the  e x u d a t i v e  r e ­
a c t i o n ,  a s  does  P i n n e r  ( 6 6 ) end su ch  a c l a s s i f i c a t i o n  
i n t o  tx>ro b a s i c  g ro u p s  g i v e s  us a  c l e a r e r  p i c t u r e  o f  th e  
e a r l y  p a t h o l o g i c a l  changes and ,  a t  the  same t im e ,  makes 
c l e a r e r  t h e  e x p l a n a t i o n  o f  t h e  changes  which  occur  l a t e r .  
The p r o d u c t i v e  r e a c t i o n  o c c u r s  i n  i t s  p u re  form i n  t h e  
non-immune a n im a l ,  w h i l e  t h e  e x u d a t i v e  r e a c t i o n  i s  c h a r ­
a c t e r i s e d  by an i n f la m m a to ry  e x u d a te ,  t h e  r e s u l t  o f  an 
a l l e r g i c  s t a t e  o f  t h e  t i s s u e s .

The P r o d u c t i v e  R e a c t io n— i'— mil ■—«w t m m r n m — mm

T his  r e s u l t s  i n  th e  f o r m a t io n  o f  a  g r a n u l a t i o n  
t i s s u e .  I t  i s  c h a r a c t e r i s e d ,  f i r s t l y ,  by t h e  p r o l i f e r ­
a t i o n  o f  e p i t h e l i o i d  c e l l s .  G ia n t  c e l l s  t h e n  make t h e i r  
a p p e a ra n c e  and,  l a t e r  an o u t e r  zone o f  ly m p h o c y te s .  T h is  
c o n s t i t u t e s  the  c l a s s i c a l  t u b e r c l e  and t h e  l a c k  o f
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v a s c u l a r i t y  i s  a  n o te w o r th y  f e a t u r e .  A l t h o u g h  c a s e a t i o n  
i s  n o t  i n e v i t a b l e ,  i t  may a p p e a r  a s  e a r l y  a s  t h e  s e c o n d  
week ( 6g ) .  This  i s  a  c o a g u l a t i o n  n e c r o s i s  iirhich c a u s e s  
t h e  d e t a i l s  of t i s s u e  s t r u c t u r e  t o  be o b l i t e r a t e d .  As 
t h e  t u b e r c l e  g row s ,  normal  s t r u c t u r e s  a r e  p ush ed  a s i d e  
and a d i f f e r e n t i a t i n g  f e a t u r e  b e tw een  t h i s  form and t h e  
e x u d a t i v e  r e a c t i o n  i s  t h a t  i n  t h e  c a s e a t e d  c e n t r e s  o f  
p r o d u c t i v e  l e s i o n s ,  no e l a s t i c  f i b r e s  a r e  to  be found  ( 6 6 ) .

C a s e a t i o n ,  a s  m en t io ned  b e f o r e ,  i s  n o t  
i n e v i t a b l e .  I t  i s  a b s e n t  i n  the  h y p e r p l a s t i c  form where  
v i r u l e n c e  i s  low,  dosage  of  b a c i l l i  s m a l l ,  o r  r e s i s t a n c e  
h i g h .  What f o l l o w s  i s  v a r i a b l e .

G ardner  ( 6 9 ) showed t h a t ,  u s i n g  a s t r a i n  o f  
t u b e r c l e  b a c i l l i  o f  loxv v i r u l e n c e ,  many c a s e o u s  l e s i o n s  
i n  a n im a l s  d i s a p p e a r e d  c o m p l e t e ly  w i t h o u t  f i b r o s i s  o r  
c a l c i f i c a t i o n .  I n  o t h e r  w o rd s ,  r e s o l u t i o n  o c c u r r e d .

P i n n e r  ( 6 6 ) ,  on t h e  o t h e r  hand ,  s t a t e s  t h a t  
s u c h  l e s i o n s  a r e  p r o b a b l y  n e v e r  e n t i r e l y  r e s o r b e d  t o  
l e a v e  norm al  t i s s u e ,  a l t h o u g h  s m a l l ,  h i s t o l o g i c a l l y  n on ­
s p e c i f i c  s c a r s  may r e m a in .  F i b r o u s  e n c a p s u l a t i o n  o r  r e ­
p l a c e m e n t  ( c a r n i f i c a t i o n )  may o c c u r  and th e  d e p o s i t i o n  
o f  c a l c iu m  s a l t s  i n  t h e  case o u s  m a t e r i a l  i s  s e e n  f r e ­
q u e n t l y .  D i a g r a m m a t i c a l l y , t h e  f a t e  o f  t h e  p r o d u c t i v e  
t u b e r c l e  may be r e p r e s e n t e d  t h u s :

P r o d u c t i v e  c e l l u l a r  t u b e r c l e
^  1 \  \

E n c a p s u l a t i o n  F i b r o s i s  P a r t i a l  r e s o r p t i o n

C a s e a t io n  N o n - s p e c i f i c  s c a r  

C a l c i f i c a t i o n  L i q u e f a c t i o n  and  C a v i ty

( A f t e r  P i n n e r :  Pulmonary T u b e r c u l o s i s  i n  th e  A d u l t )

The E x u d a t iv e  R e a c t i o n

T his  i s  t h e  e a r l y  c e l l u l a r  t u b e r c u l o u s  pneum onia .  
I n f l a m m a to ry  phenomena a p p e a r  w i t h i n  a  few h o u r s  o f  t h e  
t u b e r c l e  b a c i l l i  s e t t l i n g  i n  th e  a l l e r g i c  t i s s u e s .  'Blood 
v e s s e l s  become d i l a t e d  and t h e r e  i s  an o u t p o u r i n g  o f  
serum and l e u c o c y t e s .  These changes  t h e n  s u b s i d e  and 
t h e i r  p l a c e  i s  t a k e n  by the  f o r m a t io n  o f  t u b e r c l e s ,  b u t  
a t  a more r a p i d  r a t e  t h a n  i n  th e  p r o d u c t i v e  r e a c t i o n .
Such l e s i o n s  can r e s o r b  c o m p le t e ly  b u t  p a t h o l o g i c a l
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r e s o r p t i o n  i s  n o t  so  f r e q u e n t l y  found  a s  t h e  r a d i o l o g i c a l  
f i n d i n g s  would s u g g e s t .  I f  no r e s o r p t i o n  o c c u r s ,  c a s e ­
a t i o n  f o l l o w s  and ,  i n  s u i t a b l y  s t a i n e d  s e c t i o n s ,  t h e  
no rm al  lu n g  s t r u c t u r e  can be se en  i n  shadowy o u t l i n e .  
T h e r e a f t e r ,  f i b r o s i s  may o c c u r  or  c a l c i f i c a t i o n .  On 
th e  o t h e r  hand, l i q u e f a c t i o n  l e a d i n g  t o  c a v i t a t i o n  by 
c o n n e c t i n g  up w i t h  a b r o n c h i o l e  i s  a  f r e q u e n t  o c c u r r e n c e .

D i a g r a m m a t i c a l l y  t h u s :

C e l l u l a r  Pneumonic  L e s io n

R e s o r p t i o n  C a s e a t io n  F i b r o s i s

L i q u e f a c t i o n  C a l c i f i c a t i o n  F i b r o u s  E n c a p s u l a t i o n
and |

C a v i t a t i o n  R e a c t i v a t i o n

( A f t e r  P i n n e r ) .

R e s i s t a n c e

The c o m p le x i ty  o f  t h e  p a t h o l o g i c a l  p i c t u r e  men­
t i o n e d  b e f o r e  h a s ,  a s  p a r t  o f  i t s  e x p l a n a t i o n ,  th e  i n t e r ­
p l a y  o f  t h e  f a c t o r s ,  h o s t  r e s i s t a n c e  v e r s u s  b a c i l l a r y  
v i r u l e n c e  and d o s a g e .  The r e s u l t a n t  o f  t h e s e  oppo s in g  
i n f l u e n c e s  v a r i e s  from one i n d i v i d u a l  t o  a n o t h e r  an d ,  i n  
t h e  same p e r s o n ,  from t ime to  t i m e .  A f u r t h e r  c l a s s i f i ­
c a t i o n  can be made on th e  f o r e g o i n g  b a s i s .

I f  t h e  dose  o f  b a c i l l i  i s  s m a l l ,  o r  t h e i r  
v i r u l e n c e  low, w h i l e  the  r e s i s t a n c e  of  th e  h o s t  i s  h i g h ,  
th e  r e s u l t  i s  commonly a q u i e t  s lo w ly  p r o g r e s s i v e  l e s i o n ,  
f i b r o - c a s e o u s  t u b e r c u l o s i s  o r  c h ro n ic  p h t h i s i s .  I f  t h e  
dose  i s  l a r g e ,  th e  v i r u l e n c e  xhigh o r  t h e  h o s t  r e s i s t a n c e  
low, t h e  r e s u l t  i s  t u b e r c u l o u s  caseous  pneumonia o r  
a c u t e  p h t h i s i s .  M ass ive  r e p e a t e d  d o se s  o f  t u b e r c l e  
b a c i l l i  i n t o  t h e  b lo o d  s t r e a m  l e a d s  to  g e n e r a l i s e d  
m i l i a r y  t u b e r c u l o s i s .  Owing to  th e  v a r i a b i l i t y  o f  t h e  
f a c t o r s  m en t ioned ,  a s  w e l l  as  from t h e  e f f e c t  o f  s t i l l  
o t h e r  i n f l u e n c e s ,  t h e  more c h r o n i c  forms o f  pulmonary 
t u b e r c u l o s i s  may a t  any t im e  become more a c u t e .

Speak ing  g e n e r a l l y ,  i t  seems t h a t  t h e  E u rop ean ,  
e s p e c i a l l y  the  u r b a n i s e d  i n d i v i d u a l ,  p o s s e s s e s  c o n s i d e r ­
a b l e  r e s i s t a n c e  t o  t h e  i n v a s i o n  o f  h i s  t i s s u e s  by th e  
t u b e r c l e  b a c i l l u s .  This  i s  shown by th e  numerous h e a l e d  
f o c i  o f  t u b e r c u l o s i s  found i n  t h e  lu n g s  o f  p e r s o n s  who 
hatve d i e d  from o t h e r  cau se s  and i n  whom t h e r e  was no 
h i s t o r y  o f  a  r e c o g n i s a b l e  t u b e r c u l o u s  i l l n e s s .  That



r e s i s t a n c e ,  i n  g e n e r a l ,  i s  low i n  t h e  non-E urop ean  i n  
S o u th  A f r i c a  i s  w e l l -k n o w n .  M ass ive  c a s e a t i o n ,  r a p i d  
s p r e a d  of th e  d i s e a s e  and an a c u t e  f a t a l  i l l n e s s  a r e  
commonly found i n  th e  B an tu  m in e r  ( JO) .

R e s i s t a n c e  a l s o  v a r i e s  among th e  d i f f e r e n t  
members o f  th e  same r a c i a l  s t o c k .  The i n f a n t  and t h e  
young fem ale  have a  n o t o r i o u s l y  loxv r e s i s t a n c e .  Such 
f a c t o r s  a s  i n h e r i t e d  c o n s t i t u t i o n ,  r a c i a l  c h a r a c t e r ­
i s t i c s ,  e n d o c r in e  c o n s t i t u t i o n ,  e n v i r o n m e n t a l  and 
h y g i e n i c  c o n d i t i o n s ,  a l l  p l a y  t h e i r  p a r t s .

A n o th e r  im p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  how 
th e  i n d i v i d u a l  r e a c t s  to  t h e  i n v a s i o n  o f  t h e  t u b e r c l e  
b a c i l l i  i s  th e  a l l e r g i c  s t a t e  of  h i s  t i s s u e s .  On t h i s ,  
p a r t l y  depends  w h e th e r  o r  not  he can s u c c e s s f u l l y  o v e r ­
come h i s  d i s e a s e .

F i r s t  i n f e c t i o n  w i t h  th e  t u b e r c l e  b a c i l l u s  i s  
a  v e r y  d i f f e r e n t  m a t t e r  from t h a t  o c c u r r i n g  l a t e r .  The 
p i c t u r e  o f  t h e  p r im a r y  i n f e c t i o n ,  t h e  G-hon f o c u s  i n  t h e  
l u n g  o f  t h e  c h i l d ,  i s  w e l l  known. In  s p i t e  o f  some 
w r i t e r s 1 o p i n io n s  ( 7 1 ) ,  i t  seems c l e a r  t h a t  a  h ig h  p r o ­
p o r t i o n  of  t h e s e  l e s i o n s  h e a l .  The t i s s u e s ,  hoxirever, a r e  
t h e r e a f t e r  l e f t  i n  a h y p e r s e n s i t i v e  o r  a l l e r g i c  s t a t e  t o  
f u r t h e r  i n f e c t i o n  w i t h  th e  t u b e r c l e  b a c i l l u s .  When t h i s  
l a t e r  i n f e c t i o n  does  o c c u r ,  c a s e a t i o n  and c a v i t a t i o n  a r e  
r a t h e r  th e  r u l e  t h a n  the  e x c e p t i o n .

C av i t a t i o n

I t  i s  common e x p e r i e n c e ,  u n f o r t u n a t e l y , t h a t ,  
by th e  t im e  pulmonary  t u b e r c u l o s i s  i s  d i a g n o s e d ,  c a v i t a ­
t i o n  h a s ,  in  th e  m a j o r i t y  o f  c a s e s ,  a l r e a d y  o c c u r r e d  and 
th e  t h e r a p e u t i c  e f f o r t s  of  th e  p h y s i c i a n  must be concen­
t r a t e d  on the  c l o s u r e  o f  th e  c a v i t y .  The e r a  o f  c o l l a p s e  
t h e r a p y  has  p e rh a p s  o v e r - e m p h a s i s e d  the  im p o r tan c e  of  
th e  c a v i t y  p e r  se  ( 7 2 ) b u t ,  w i t h  th e  i n t r o d u c t i o n  o f  
S t r e p to m y c in ,  a  new concept  may t a k e  s h a p e .

The f a c t  rem ains  t h a t  th e  c a v i t y  i s  a  fo c u s  o f  
d a n g e r  i n  the  l u n g .  I t  i s  h e re  t h a t  th e  t u b e r c l e  
b a c i l l i  f i n d  an i d e a l  n id u s  f o r  t h e i r  m u l t i p l i c a t i o n  and ,  
b e in g  i n  communication w i th  th e  b r o n c h i a l  t r e e ,  d i s -  
emm inat ion  can o c cu r  to  o t h e r  p a r t s  of  th e  lu n g  and t o  
t h e  p a t i e n t ’ s o u t e r  e n v i ro n m e n t .  The c a v i t y  may a l s o  be 
t h e  s e a t  o f  haem orrhage ,  p o s s i b l y  f a t a l  i n  i t s e l f  o r  
l e a d i n g  t o  the  f u r t h e r  in v o lv em en t  o f  h e a l t h y  lu n g  by 
a s p i r a t i o n  s p r e a d  of  i n f e c t e d  b lo o d .



The c a v i t y  may be r e g a r d e d  i n  a n o t h e r  l i g h t ,  
namely ,  as  a c o n s e r v a t i v e  measure  on t h e  p a r t  o f  t h e  
h o s t .  The body g e t s  r i d  o f  t h e  c aseou s  c o n t e n t s  and 
numerous b a c i l l i  i n  much th e  same way a s  o c c u r s  i n  th e  
e v o l u t i o n  of  any p y o g e n ic  a b s c e s s .  The c a v i t y  can t h u s  
be r e g a r d e d  as  showing a c e r t a i n  r e s i s t a n c e  on th e  p a r t  
o f  th e  i n d i v i d u a l .

P r o g n o s i s  o f  C a v i t a t i o n

I n  d i s c u s s i n g  the  c a v i t y  from a p r o g n o s t i c  p o i n t  
o f  v iew ,  i t  must f i r s t  be em p h a s i se d  t h a t ,  p r o g n o s i s  
b e in g  b a s e d  upon so many d i f f e r e n t  f a c t o r s ,  t h e  v a l u e  of  
“ c a v i t y  v e r s u s  n o n - c a v i t y "  must n o t  be g iv e n  undue 
im p o r t a n c e .  An o b v io u s  example i s  t h a t  m i l i a r y  t u b e r ­
c u l o s i s  w i t h o u t  c a v i t y  may have a  much worse  p r o g n o s i s  
t h a n ,  s a y ,  t h e  "good c h ro n ic "  ty p e  o f  case  w i t h  c a v i t y .
As w i l l  be m en t ioned  l a t e r ,  c a v i t i e s  can be d i v i d e d  i n t o  
s e v e r a l  t y p e s ,  e ac h  c o n n ec te d  w i t h  a  p re d o m in a n t  p a t h o l o ­
g i c a l  p r o c e s s  i n  t h e  lu n g  and e a c h  hav ing  i t s  own 
p r o g n o s t i c  i m p l i c a t i o n s .

When i t  comes t o  s t a t i s t i c a l  e v i d e n c e ,  and i n  
s p i t e  o f  the  l i m i t a t i o n s  of  t h e  method,  th e  e v id e n c e  i s  
ove rw helm ing ly  i n  f a v o u r  of  t h e  d e f i n i t e  w o rs e n in g  o f  
th e  p r o g n o s i s  when s c a v i t y  can be d e m o n s t r a t e d .

Barnes  and Barnes  (73)  f o l lo w e d  up 1 , ^ 5 ^  c a s e s  
w i t h  c a v i t y  and found a m o r t a l i t y  of g>0% w i t h i n  one y e a r .  
W i th in  t h r e e  j e e r s  had d i e d  and ,  where  t h e  c a v i t i e s  
were f rom  1 t o  2 cm. i n  d i a m e t e r ,  no l e s s  t h a n  were 
dead w i t h i n  t h r e e  y e a r s .

Barnes  (7*0 had p r e v i o u s l y  shown t h a t ,  o f  122 
p a t i e n t s  w i t h  c a v i t i e s  l e s s  t h a n  2 cm. d i a m e t e r ,  on ly  
31% were a l i v e  a f t e r  f i v e  y e a r s .

P i n n e r  (75)  s t a t e d  t h a t  c a v i t i e s  g r e a t e r  t h a n  
2 t o  3 cm. i n  d i a m e t e r  no t  t r e a t e d  s u r g i c a l l y ,  c a r r i e d  
t h e  g r a v e s t  p r o g n o s i s ,  a l t h o u g h  i s o l a t e d  sp o n ta n eo u s  
h e a l i n g  i s  n o t  unknown.

W ess le r  ( j 6 ) n o te d  t h a t ,  where a c a v i t y  
e x i s t e d ,  6S% d i e d  w i t h i n  f o u r  y e a r s  and on ly  l 6% c l o s e d .  
Quot ing  from a s e r i e s  of  7 , 5 °7 c a s e s  from d i f f e r e n t  
American s a n a t o r i a ,  29% d i e d  w i t h i n  s i x  months and 30% 
w i t h i n  two y e a r s .

Simpson ( 7 7 ) ,  In a  s e r i e s  of 1 ,601  c a s e s  w i t h
c a v i t y ,  mos t ly  l e s s  t han  2 cm. i n  d i a m e t e r ,  r e p o r t e d  60$ 
dead w i t h i n  f i v e  y e a r s .
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Thomson (7$)  r e p o r t e d  on a  s e r i e s  o f  406 c a s e s  
xirith c a v i t y .  W i th in  one y e a r ,  4 2 .3 $  were d e a d .  At t h e  
end o f  f i v e  y e a r s  7 7 -5$ had d i e d  and ^0% o f  th o s e  who 
were  l e f t  had d i e d  b e f o r e  th e  end o f  t h e  seco nd  f i v e  y e a r  
p e r i o d .

T a b le  t o  show t h e  f o r e g o i n g  r e s u l t s  more c l e a r l y : -

A u th o r Cases l 2 3 ij- 5 6 7 & 9 10 y e a r s

B arnes  & 
B arnes 1454 go$ &5$

B arnes 122 69^

W ess le r 7507.

Sinpcson 1601

Thomson 4o6 11$ . &
F u r t h e r  s t a t i s t i c s  showing t h e  p r o g n o s i s  f o r  

t h e  s p u t u m - p o s i t i v e  c a s e s  have a s i m i l a r  s i g n i f i c a n c e  
s i n c e  i t  can be shown t h a t ,  a lm o s t  i n v a r i a b l y ,  a  p o s i t i v e  
sputum means t h e  p r e s e n c e  o f  a  t u b e r c u l o u s  c a v i t y  i n  t h e  
l u n g .

Thomson ( 7 $ ) ,  i n the  a r t i c l e  p r e v i o u s l y  men­
t i o n e d ,  q u o te s  from a n o t h e r  s e r i e s  o f  655 s p u t u m - p o s i t i v e  
c a se s  i n  which  on ly  2 7 .$$ rem a in e d  a l i v e  a f t e r  f i v e  y e a r s .

T a t e r s a l l  ( 7 9 ) ,  i n  a d e t a i l e d  i n v e s t i g a t i o n ,  
f o l lo w e d  up 1 ,192  s p u t u m - p o s i t i v e  ca.ses se en  a t  t h e  
Heading T u b e r c u l o s i s  D i s p e n s a r y .  He found t h a t  3^$ s u r ­
v iv e d  f i v e  y e a r s  and 22$ s u r v i v e d  t e n  y e a r s .  A f t e r  f i v e  
y e a r s  t h e  s u r v i v o r s  had a f i f t y - f i f t y  chance o f  s u r v i v i n g  
a f u r t h e r  f i f t e e n  y e a r s .  A f t e r  t e n  y e a r s  s u r v i v a l ,  t h e r e  
was a tw o - t o - o n e  chance of  s u r v i v i n g  a f u r t h e r  t e n  y e a r s .  
I n  a d d i t i o n ,  he found  t h a t  t h e  d i f f e r e n c e  i n  s u r v i v a l  
r a t e s  o f  the  p a t i e n t s  t r e a t e d  w i t h  and w i t h o u t  s a n a t o r i u m  
ca re  was t r a n s i e n t  o n ly .  The l a t t e r  s t a t e m e n t  canno t  be 
a c c e p te d  as  t r u e  u n l e s s  11 s a n a t o r i u m  c a re"  be t ak en  t o  
mean bed  r e s t  and n o t h in g  more. This  canno t  be th e  case  
ifhere t r e a t m e n t  i s  u n d e r t a k e n  in  a modern c h e s t  h o s p i t a l  
w i t h  a l l  the  means a t  i t s  d i s p o s a l .  However, the  s t a t e ­
ment o f  Trudeau (£0) t h a t  th e  p re s e n c e  of  a ca,v i ty  n e a r l y  
d o u b le s  th e  chance o f  dy ing  w i t h i n  f i v e  y e a r s  p r o b a b ly  
r e m a in s  t r u e  t o d a y .
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The f o r e g o i n g  f i g u r e s  r i g h t l y  s t r e s s  t h e  d a n g e r  
t o  t h e  i n d i v i d u a l  of  t h e  p r e s e n c e  o f  a  c a v i t y .  N e v e r t h e ­
l e s s ,  t h e  mere p r e s e n c e  o f  a  c a v i t y  i n  t h e  lu n g  i s  n o t  
enough on which  t o  b a s e  an a c c u r a t e  p r o g n o s i s .  The s i z e  
o f  t h e  c a v i t y  has  been  m en t ioned  above a s  h a v in g  a  b e a r ­
in g  on t h e  outcome o f  th e  d i s e a s e .

McMahon and K erpe r  (21)  s t u d i e d  296 c a s e s  w i t h  
c a v i t y .  Of t h e s e ,  115 became a r r e s t e d ,  65 by  sp o n ta n e o u s  
c l o s u r e  and 50 f o l lo iv in g  c o l l a p s e  t r e a t m e n t . The t im e  
t a k e n  i n  b o t h  g ro u p s  was a b o u t   ̂ t o  6 m onths .  They
f u r t h e r  found t h a t  sp o n ta n e o u s  h e a l i n g  o c c u r r e d  w i t h  l e s s
f r e q u e n c y  as  t h e  s i z e  of the  c a v i t y  i n c r e a s e d .  The 
f i g u r e s  were 40$ i n  c a v i t i e s  2 x 2  cm., 20$ i n  t h o s e  3 x 
3 cm. , and on ly  6$ where the  c a v i t y  m easured  o v e r  4 x 4 cm.

The p o s i t i o n  of the  c a v i t y  i n  t h e  lu n g  i s  a l s o  
a m a t t e r  o f  some im p o r t a n c e .  The f a c t  i s  t h a t  c e r t a i n  
c a v i t i e s  t e n d  t o  h e a l  xvhile o t h e r s  do no t  and  t h i s  w i t h ­
out  r e f e r e n c e  t o  t r e a t m e n t  a t  a l l .

I m p o r ta n c e  o f  t h e  Type o f  C a v i ty  P r e s e n t :

P i n n e r  (75)  sn<3- P i n n e r  and P a r k e r  ( 2 2 ) ,  i n  a
c a r e f u l  s tu d y  o f  X-Ray f i n d i n g s ,  g r o s s  p a t h o l o g i c a l
a p p e a ra n c e  and of th e  h i s t o l o g y  i n  c a se s  w i t h  t u b e r ­
c u lo u s  pulmonary c a v i t a t i o n ,  were a b le  to  d i s t i n g u i s h  
t h r e e  e s s e n t i a l  t y p e s  o f  c a v i t y ,  each  w i t h  i t s  own 
p r o g n o s t i c  s i g n i f i c a n c e .  These xirere:-

Type One. S m a l l ,  u s u a l l y  m u l t i p l e  c a v i t i e s  
a p p e a r i n g  i n  d e n s e l y  i n f i l t r a t e d  t i s s u e  and 
h av in g  th e  r a d i o l o g i c a l  a p p e a ra n c e  of  11 moth- 
e a t e n  a r e a s .  H i s t o l o g i c a l l y ,  such  c a v i t i e s  
a r e  each found to  r e p r e s e n t  s im p ly  a f o c a l -  
i s e d  l o s s  o f  s u b s t a n c e .  They a r e  found i n  
a r e a s  o f  homogeneous c a s e a t i o n  and th e  
e l a s t i c  t i s s u e  i s  f a i r l y  w e l l  p r e s e r v e d ,  as  
would be e x p e c te d  i n  a  p re d o m in a n t ly  e x u d a t iv e  
r e a c t i o n .

Such a  p r o c e s s  may l e a d  to  l a r g e  a r e a s  o f  ex­
c a v a t i o n  even i n v o lv i n g  a whole lobe  and t h e  
p r e s e n c e  of  such  c a v i t i e s  ind icex tes  an a lm o s t  
complete  l a c k  o f  r e s i s t a n c e  on the  p a r t  o f  
t h e  t i s s u e s  to  the  t u b e r c l e  b a c i l l u s .
F i b r o s i s ,  however,  may s t i l l  d e v e lo p .
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Type Two. Such c a v i t i e s  show on the  X-Ray as  
s h a r p l y  d e f i n e d ,  t r a n s l u c e n c i e s  o f  v a r y i n g  
s i z e ,  a lm o s t  a lw ays  round  o r  o v a l  i n  s h a p e ,  
w i t h  c l e a r  b o r d e r s  o r  heavy  p e r i f o c a l  i n f i l ­
t r a t i o n .  A n a t o m i c a l l y ,  t h e y  have smooth 
w a l l s  and t h e  h i s t o l o g y  i s  t h a t  o f  t y p e  one 
c a v i t i e s .  That  i s  t o  s a y ,  t h e r e  i s  a c a se o u s  
l i n i n g  b u t  t h e r e  i s  a l s o  a c l e a r - c u t  r i n g  o f  
young f i b r o u s  t i s s u e  p r e s e n t .  T h is  t y p e  
would i n d i c s . t e  an e a r l y  p r o d u c t i v e  r e s p o n s e  
t o  an e x c a v a t i n g  c aseou s  b ro n ch o -p n e u m o n ia .
Such c a v i t i e s  a l s o  behave  i n  a  p e c u l i a r  manner 
i n  t h a t  t h e y  may v a r y  r a p i d l y  i n  s i z e ,  a p p e a r  
r a p i d l y  and sometimes d i s a p p e a r  j u s t  as  
q u i c k l y .  They may d e v e lo p  i n t o  th e  f o l l o w i n g  
t y p e .

Type T h r e e . These  a r e  t h e  h e a v y - w a l l e d , 
i r r e g u l a r l y  shaped  c a v i t i e s  commonly s e e n  i n  
or  n e a r  th e  a p ex .  A f e a t u r e  i s  t h e  marked 
p l e u r a l  t h i c k e n i n g  which  i s  p r e s e n t .  H i s t o l o g ­
i c a l l y ,  t h e y  shoTtf an i n n e r  n e c r o t i c  l a y e r  w i t h ­
o u t  e l a s t i c  t i s s u e  ( h e n c e ,  a c c o r d i n g  t o  P i n n e r ,  
n o t  e x u d a t iv e  i n  o r i g i n ) .  O u ts id e  t h i s  l a y e r  
i s  a  m ant le  of  c o n n e c t i v e  t i s s u e  and g r a n u ­
l a t i o n  t i s s u e .  P a t h o l o g i c a l l y ,  su c h  c a v i t i e s  
show slow p r o g r e s s  and marked t i s s u e  r e s i s t a n c e .  
P r o d u c t iv e  p r o c e s s e s  a r e  d o m in an t .

A p r o g n o s i s  b a se d  on a t v p e - c l a s s i f i c a t i o n , 
su c h  a s  th e  f o r e g o i n g ,  depends  to  an e x t e n t  on th e  type  
o f  t r e a t m e n t  a d o p te d  and t h i s  i n  t u r n  i s  b a s e d  on our 
knowledge  of  t h e  b e h a v i o u r  of  t h e s e  v a r i o u s  forms of  
c a v i t y .  I t  now rem a in s  to  t r a c e  th e  deve lopm ent  o f  t h e  
c a v i t y  from i t s  i n c e p t i o n .

F o rm a t io n  and E v o l u t i o n  of  T u b e rc u lo u s  C a v i t i e s .

The i n i t i a l  s t s g e s  i n  c a v i t y  f o r m a t i o n  a r e  w e l l -  
knoitfn. The e s s e n t i a l  p r e c e d i n g  o c c u r r e n c e  i s  l i q u e f a c t i o n  
and the  d i s c h a r g e  of  t h i s  l i q u e f i e d  c aseou s  m a t e r i a l  
t h r o u g h  a b ro n c h u s .  The c a v i t y  t h e n  o c c u p ie s  the  p l a c e  
o f  a c i n i  and b r o n c h i o l e s  which  d i s a p p e a r .  I t  i n c r e a s e s  
i n  s i z e  by f u r t h e r  c a s e a t i o n  o f  i t s  tats-II and  th e  i n v o l v e ­
ment o f  more and more pulmonary t i s s u e .  At f i r s t  t h e  
c a v i t y  i s  i n  c o n t a c t  w i th  a  s m a l l  b r o n c h i o l e  b u t ,  a s  i t  
e n l a r g e s  by t h i s  p r o c e s s  o f  d e s t r u c t i o n  l a r g e r  b r o n c h i  
become i n v o l v e d .  U l t i m a t e l y  th e  d r a i n i n g  b ro n ch u s  may 
be a  l o b u l a r  o r  even a  l o b a r  b ro nch u s  ( 2>3 )»
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F u r t h e r  s m a l l  c a v i t i e s  d e v e lo p  i n  a s i m i l a r  
manner i n  th e  n e ig h b o u rh o o d  and t h e s e  c o a l e s c e  l e a d i n g  t o  
a s t i l l  l a r g e r  c a v i t y .  The p r o g r e s s i o n  i n  th e  s i z e  o f  
th e  c a v i t y  i s  t h u s  a  p r o c e s s  o f  s low u l c e r a t i o n .

A ccord ing  t o  s t a n d a r d  t e x t - b o o k s  o f  P a t h o l o g y ,  
c a v i t i e s  i n  the  lung  a r e  formed as  d e s c r i b e d  above ( 6 7 ,
6g ) .  C a lm e t te  ( 1 0 6 ) a l s o  s u p p o r t s  t h i s  v iew .

That  su ch  a p r o c e s s  does  o c c u r  t o  a c c o u n t  f o r
t h e  f o r m a t i o n  and e v o l u t i o n  of  c e r t a i n  c a v i t i e s  i s  n o t  
d e n i e d .  However, t h e  anomalous b e h a v i o u r  o f  c e r t a i n  
c a v i t i e s  canno t  w h o l l y  be e x p l a i n e d  on s u c h  a  b a s i s  and  
c o n s i d e r a b l e  r e s e a r c h  has  been  u n d e r t a k e n  t o  e l u c i d a t e  
t h e  r e a l  e x p l a n a t i o n  ( 7 2 , 35 ,  2 6 , 37, 22,  39 ,  9 0 ,  9 1 ) .
The r e s u l t  has  been  a r e v o l u t i o n  i n  our i d e a s  o f  t h e  
p a t h o g e n e s i s  o f  c a v i t a t i o n .

I t  i s  now a p p a r e n t  t h a t  t h e r e  a r e  two main 
g ro u p s  o f  f a c t o r s  r e s p o n s i b l e  f o r  c a v i t y  f o r m a t i o n .

(A) The p a t h o l o g i c a l  p r o c e s s e s  l e a d i n g  t o
d e s t r u c t i o n  of  lu n g  t i s s u e .

(B) The m ec h an ica l  f a c t o r s  i n h e r e n t  i n  t h e
pulmonary dynam ics .

(A) The P a t h o l o g i c a l  P r o c e s s e s  l e a d i n g  t o  
c a v i t y  f o r m a t io n  have a l r e a d y  b e en  d e s c r i b e d .  C a v i t i e s  
do n o t  a lw ays  b e g i n  a s  sm a l l  h o l e s  i n  the  l u n g  and 
g r a d u a l l y  e n l a r g e  a s  might be e x p e c te d  i f  a  slow p r o c e s s  
o f  u l c e r a t i o n  were r e s p o n s i b l e .  Nor do t h e y  c lo s e  s l o w l y  
as  would happen i f  f i b r o s i s  x^rere a lo n e  r e s p o n s i b l e  f o r  
t h e i r  c l o s u r e .  N e i t h e r  i s  t h e  shape of  most c a v i t i e s  
a c c o u n te d  f o r  by c o a l e s c e n c e  o f  o t h e r  s m a l l  c a v i t i e s  to  
form one l a r g e r  one .  I f  t h i s  were the  c a s e ,  i r r e g u l a r ,  
o u t l i n e s  would be common, w h e r e a s ,  in  the  ty p e  two 
c a v i t i e s  d e s c r i b e d  p r e v i o u s l y ,  t h e  shape i s  round  o r  
o v a l .  F u r t h e r ,  t h e  f l u c t u a t i o n s  in  s i z e  of  c e r t a i n  
c a v i t i e s  r e q u i r e  a n o t h e r  e x p l a n a t i o n  and t h i s  i s  t o  be 
found i n  a c o n s i d e r a t i o n  of  v a r i o u s  m ec h an ica l  f a c t o r s  
now t o  be  d i s c u s s e d .

( B) M echan ica l  F a c t o r s .

E l a s t i c  T e n s i o n . An i m p o r t a n t  f a c t o r  i n  the  g e n e s i s  
o f  t h e  c a v i t y T s  t h a t  o f  t h e  e l a s t i c  t e n s i o n  of the  
s u r r o u n d i n g  lung  parenchyma. The lu n g ,  a s  p r e v i o u s l y  d e s ­
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c r i b e d ,  i s  an o rgan  e x c e p t i o n a l l y  w e l l  endowed w i t h  
e l a s t i c  t i s s u e  and ,  i n  th e  unopened  t h o r a x ,  i s  i n  a  
c o n s t a n t  s t a t e  of e l a s t i c  t e n s i o n .  T ha t  t h i s  t e n s i o n  
f a c t o r  i s  i m p o r t a n t  i n  d e t e r m i n i n g  th e  c i r c u l a r  sh ap e  o f  
c e r t a i n  c a v i t i e s  has  been  p o i n t e d  out by s e v e r a l  
i n v e s t i g a t o r s . ( 9 2 ) .

Moolten ( 9 2 ) ,  u s i n g  c a l f  and human l u n g s ,  
i n t r o d u c e d  b r o n c h o s c o p i c  punch f o r c e p s  to  v a r y i n g  d e p t h s  
doxvn th e  b r o n c h i  and removed p i e c e s  of t h e  pu lmonary  
parenchym a.  T h is  r e p r e s e n t s  to  some e x t e n t  xvhat happens  
in  t h e  i n i t i a l  s t a g e s  of  c a v i t y  f o r m a t i o n  a t  the  t im e  o f  
th e  e v a c u a t i o n  o f  t h e  caseous  m a t t e r .  T h e r e a f t e r ,  he 
i n f l a t e d  th e  l u n g s  by i n t r o d u c i n g  a i r  i n t o  th e  b r o n c h i  
u n d e r  p r e s s u r e .  I n  a l l  c a s e s ,  s p h e r i c a l  c a v i t i e s  xvere 
p ro d u ce d  as  shown on X-Ray and a d e f i n i t e  “w a l l 11 formed 
round  the  c a v i t y ,  composed of c o l l a p s e d  lu n g  t i s s u e .  I f  
t h e  l u n g s  i>rere examined w i t h o u t  i n f l a t i n g  them, t e a r s  i n  
t h e  b r o n c h i a l  w a l l s  and l o s s  of  parenchyma were  s e e n ,  
c o r r e s p o n d i n g  to  t h e  a c t u a l  damage done by th e  punch  f o r ­
c e p s .  I n t e r r u p t i o n  of  the  l u n g  t i s s u e  can t h u s  be s a i d  
to  c au se  a lo w ered  r e s i s t a n c e  to  i n f l a t i o n .  The c e n t r i ­
f u g a l  p u l l  o f  t h e  e l a s t i c  t i s s u e  i n  a l l  d i r e c t i o n s  may 
a l s o  be a f a c t o r  i n  t h e  p r o d u c t i o n  o f  the  c i r c u l a r  shape  
o f  th e  c a v i t y .  T h is  i s  by no means p roved  by such  
e x p e r i m e n t s ,  hox^ever.

I n c r e a s e d  El a s t i c  T ens io n  of  th e  D i s e a s e d  Lung .

Van A l l e n  and Wu (93)» i-n i n v e s t i g a t i o n s  on 
e x p e r i m e n t a l  pneumonia i n  d o g s ,  showed t h a t  t h e r e  xvas a  
d e f i n i t e  i n c r e a s e  i n  e l a s t i c  t e n s i o n  i n  t h e  lu n g  t i s s u e  
even b e f o r e  c o n s o l i d a t i o n  to o k  p l a c e  and t h a t  t h i s  i n ­
c r e a s e d  t e n s i o n  p e r s i s t e d  f o r  some t ime a f t e r  r e - a e r a t i o n  
had o c c u r r e d .  T h is  was c o n s i d e r e d  to  be due t o  t h i c k e n ­
ing  of t h e  a l v e o l a r  s e p t a  by e a r l y  in f l a m m a to r y  phenomena.

That s.n i n c r e a s e d  t e n s i o n  e x i s t s  i n  lu n g  t i s s u e  
i n f i l t r a t e d  w i t h  t u b e r c u l o s i s  i s  known and i s  p r o b a b l y  
d ue ,  as  above,  t o  t h e  t h i c k e n i n g  of  t h e  s e p t a  from 
d i l a t a t i o n  of t h e  b lo o d  v e s s e l s  and i n t e r s t i t i a l  d e p o s i t s  
of in f la m m a to ry  f l u i d s  and c e l l s .  This  has  a l s o  b e en  
p o i n t e d  out  by Dumarest  and L e f e v re  (9^-).

C l i n i c a l l y ,  i t  has  been  n o te d  by Andrus (g&) 
t h a t ,  when a t e l e c t a s i s  o c cu rs  i n  a p a r t  o f  th e  lu n g ,  as  
shoxirn by th e  d i s p l a c e d  t r a c h e a  and m ed ia s t in u m ,  the  
r a i s e d  d iaphragm  and the  crox\rded r i b s ,  a  c a v i t y  p r e ­
v i o u s l y  seen  t o  be s m a l l  may sudden ly  undergo  marked 
e n l s r g e m e n t .
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P a r o d i  ( 9 5 ) ,  i n  d i s c u s s i n g  s t a t i c  and dynamic  
t e n s i o n ,  m a i n t a i n e d  t h a t  th e  r e a s o n  f o r  th e  i n c r e a s e d  
t e n s i o n  i n  any p a r t  o f  the  lu n g  which  i s  th e  s i t e  o f  
l e s i o n s  i s  t h a t  t h e  w e ig h t  o f  s u c h  a  l u n g  s e c t i o n  i s  i n ­
c r e a s e d  and i t s  d i s t e n s i b i l i t y  i s  r e d u c e d ,  i . e .  t h e r e  
i s  l e s s  " g i v e " .  W hether  t h i s  i s  so o r  no t  i s  d o u b t f u l .

U n d o u b te d ly ,  e l a s t i c  t e n s i o n  and e s p e c i a l l y  
i n c r e a s e d  e l a s t i c  t e n s i o n  i n  d i s e a s e d  s t a t e s  h as  much t o  
do w i t h  t h e  s p h e r i c a l  shape o f  some c a v i t i e s  and may a l s o  
e x p l a i n  th e  r a p i d  i n c r e a s e  in  s i z e  o f  a  c a v i t y  i n  an 
a r e a  o f  a t e l e c t a s i s  and i t s  d i m i n u t i o n  i n  s i z e  when t h e  
a t e l e c t a s i s  c l e a r s  up .  I f  t h e  e l a s t i c  t e n s i o n  were t h e  
o n ly  f a c t o r  o f  im p o r ta n c e  i n  the  f o r m a t i o n  o f  c a v i t i e s ,  
one would e x p e c t  immedia te  r e d u c t i o n  i n  s i z e  and prompt 
c l o s u r e  o f  th e  c a v i t y  on the  i n d u c t i o n  of  a r t i f i c i a l  
pneum othorax ,  p r o v i d e d ,  o f  c o u r s e ,  th e  c a v i t y  was no t  
h e l d  open by a d h e s i o n s .  This  d o e s ,  in  f a c t ,  f r e q u e n t l y  
happen b u t  t h e  f a c t  t h a t  i t  does  n o t ,  i n  a f a i r  p r o p o r ­
t i o n  o f  c a s e s  ( g g ) ,  l e a d s  us t o  lo o k  f o r  f u r t h e r  f a c t o r s  
a t  work.

The r o l e  o f  t h e  d r a i n i n g  b r o n c h u s . H a l l  ( 1 2 0 ) ,  i n  
a l e c t u r e  o’rT~,rSome Hare and Obscure  Pulmonary  C o n d i t i o n s " ,  
p o i n t e d  ou t  t h a t  a  v a l v u l a r  b r o n c h i a l  b l o c k  c o u ld  g i v e  
r i s e  t o  b a l l o o n i n g  of  a  c a v i t y .  He d e s c r i b e d  such  a 
case  i n  w hich  th e  v a l v u l a r  b r o n c h i a l  e x i t  was demon­
s t r a t e d .  C l i n i c a l l y ,  the  c o n d i t i o n  had s i m u l a t e d  pneumo­
t h o r a x  .

Vere P e a r s o n  (72) a l s o  d e s c r i b e d  t h i s  f a c t o r  
o f  b r o n c h i a l  b l o c k  to  which l i t t l e  a t t e n t i o n  had h i t h e r ­
to  b een  drawn.  I n  a case  w i t h  a l a r g e  a p i c a l  c a v i t y ,  a 
n e e d le  was i n t r o d u c e d  th r o u g h  the c h e s t  w a l l  i n t o  th e  
c a v i t y  and  th e  p r e s s u r e  of  th e  g as  was m easured  mano- 
m e t r i c a l l y .  This  liras p lu s  l 6 cm. o f  w a t e r .  A i r  was 
t h e n  removed and t h e  p r e s s u r e  f e l l ,  b u t  no t  be low a  
c e r t a i n  l i m i t  b e c a u s e  o f  an a p p a r e n t l y  o b s t r u c t e d  
b r o n c h i a l  o u t l e t .  Tivo months l a t e r ,  on n e e d l i n g  th e  
same c a v i t y ,  t h e  p r e s s u r e  was found to  be a b o u t  t h a t  o f  
t h e  a tm o sp h e re ,  namely ,  t h a t  o f  th e  b r o n c h i  g e n e r a l l y  
and t h e  i n f e r e n c e  was drawn t h a t  t h e  b r o n c h i a l  open ing  
had become u n b lock ed  d u r i n g  th e  i n t e r v a l .

P e a rso n  f e l t  t h a t  the  p o s i t i v e  p r e s s u r e  w i t h i n  
th e  c a v i t y  was a d e f i n i t e  f a c t o r  in  c a u s in g  e x c a v a t i o n .
In  s u p p o r t  o f  h i s  t h e o r y ,  he p o i n t e d  out how f r e q u e n t l y  
a f l u i d  l e v e l  was found in  a c a v i t y  and s u g g e s t e d  t h a t  
v i s c i d  s e c r e t i o n s  might a c t  a s  a v a lv e  p r e v e n t i n g  th e  
a i r  from l e a v i n g  th e  c a v i t y .  The s p h e r i c a l  shape o f  some
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c a v i t i e s  a l s o  seemed t o  be e x p l a i n e d  by  t h e  p r e s e n c e  
w i t h i n  them o f  a i r  u n d e r  a  p r e s s u r e  g r e a t e r  t h a n  t h a t  
o f  t h e  a tm o s p h e r e .  F u r t h e r ,  t h e r e  was th e  a n a lo g y  w i t h  
v a l v u l a r  pneum othorax .  The r a p i d  a p p e a ra n c e  and d i s ­
a p p e a ra n c e  o f  c e r t a i n  c a v i t i e s  c o u ld  a l s o  be e x p l a i n e d  
on t h i s  t h e o r y .

Morland ( $ 5 ) ,  s u p p o r t i n g  t h e  above e x p l a n ­
a t i o n ,  s u g g e s t e d  a f u r t h e r  a n a lo g y  t^ i th  emphysematous 
b u l l a e  i n  c o n n e c t i o n  itfith w h ich  i t  was found t h a t  t h e  
b r o n c h i  were a l s o  b l o c k e d .

I t  i s  t o  C o r y l l o s  (5 5 ,  $3, , 9 6 ) ,  however ,
t h a t  t h e  c h i e f  c r e d i t  must go f o r  d e m o n s t r a t i n g  t h e  r o l e  
of  t h e  d r a i n i n g  b r o n c h u s .

j He c o n s i d e r e d ,  f i r s t l y ,  t h a t  t h e  s p h e r i c a l
shape  o f  c e r t a i n  c a v i t i e s  i s  due to  the  p r e s s u r e  
d i f f e r e n c e s  i n s i d e  and o u t s i d e  the- c a v i t y ,  He saw t h a t  
t h i s  p r e s s u r e  d i f f e r e n c e  was l a r g e l y  due t o  th e  v a l v e ­
l i k e  a c t i o n  caused  by d i s e a s e  of  th e  d r a i n i n g  b ro n ch u s  
or  a t  t h e  b r o n c h o - c a v i t a r y  j u n c t i o n .  Three  t h i n g s  may 
happen  t o  th e  d r a i n i n g  b r o n c h u s : -

I t  may rem a in  o p e n . The a i r  th u s  c o n t i n u e s  to
floxtf i n t o  and ou t  of the  c a v i t y  xvith r e s p i r a t i o n ,  
t h e  t u b e r c l e  b a c i l l i  can m u l t i p l y  f r e e l y ,  d r a i n ­
age .from t h e  c a v i t y  i s  f r e e  and t h e r e  can be  no 
p r e s s u r e  d i f f e r e n c e  be tw een  th e  i n s i d e  and t h e  
o u t s i d e  o f  th e  c a v i t y  to  a c c o u n t  f o r  any 
p a r t i c u l a r  s h a p e .

I t  may become c l o s e d . I f  t h e  b lo c k  i s  c o m p le te ,  
any a i r  x f i th in  th e  c a v i t y  i s  a b s o r b e d  i n t o  t h e  
b lo o d  s t r e a m  as  i t  i s  from any o t h e r  c l o s e d  
space  in  th e  body ( 6 2 ) .

I t  may become n a r r o w e d * T h is  may r e s u l t  from 
d i s e a s e  of t h e  b ron ch us  o r  from p r e s s u r e  o u t ­
s i d e  th e  b r o n c h i a l  w a l l .  A c h e c k -v a lv e  may 
e a s i l y  r e s u l t .  Here th e  a i r  can g e t  p a s t  th e  
o b s t r u c t i o n  on i n s p i r a t i o n  b u t  n o t  ou t  a g a i n  
on e x p i r a t i o n  and ,  h e n ce ,  t h e  p r e s s u r e  o f  gas  
i n  th e  c a v i t y  r i s e s  h i g h e r  t h a n  t h a t  i n  th e  
su r r o u n d in g  lu n g  and b a l l o o n i n g  o f  t h e  c a v i t y  
o c c u r s ,  l e a d i n g  t o  the  f o r m a t io n  of  t h e  s o -  
c a l l e d  t e n s i o n  c a v i t y .
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The f u r t h e r  deve lopm en t  of t h e  c a v i t y  d ep en d s  

upon what  happens  to  t h e  d r a i n i n g  b r o n c h u s .  Shou ld  a  
p a r t i a l l y  o r  i n t e r m i t t e n t l y  o b s t r u c t e d  b r o n c h u s  become 
f u l l y  o b s t r u c t e d ,  t h e  a i r  w i l l  be a b s o r b e d  a n d  th e  c a v i t y  
w i l l  c l o s e .  I f  i t  r e o p e n s  so t h a t  a i r  p a s s e s  f r e e l y  i n  
and ou t  a t  a l l  p h a s e s  of r e s p i r a t i o n ,  t h e  t e n s i o n  f a c t o r  
w i l l  d i s a p p e a r .

(See d iag ra m  on n e x t  p a g e ) .

The e v id e n c e  f o r  t h i s  t h e o r y  c o n s i s t s  o f  
a n a l y s i s  o f  th e  c a v i t y  g a s e s ,  m anom etr ic  o b s e r v a t i o n s  o f  
t h e  p r e s s u r e  of g a s  i n  t h e  c a v i t y ,  p a t h o l o g i c a l  e v id e n c e  
and l i p i o d o l  and dye s t u d i e s .

C o r y l lo s  (2>3) i n t r o d u c e d  a  n e e d l e  d i r e c t l y  
t h r o u g h  th e  c h e s t  x m l l  i n t o  t h e  cesvity and a t t a c h e d  i t  
t o  a w a t e r  manometer . When t h e  b ro n chu s  was open,  t h e  
p r e s s u r e  o s c i l l a t i o n s  were from minus 1 t o  p l u s  1 cm. o f  
w a t e r .  T h is  c o r r e s p o n d s  t o  t h e  p r e s s u r e  f l u c t u a t i o n s  i n  
t h e  b r o n c h i a l  t r e e .  (Vide Goldman, 29)* The a n a l y s i s  o f  
t h e  g a s  in  such  a case  gave:  02 l o  to  19$ ,  CO2 l e s s  t h a n
1$ .  I n  c h e c k -v a lv e  c a v i t i e s ,  t h e  p r e s s u r e  was a bo u t  
p l u s  2 p l u s  ^  and th e  o s c i l l a t i o n s  were a b s e n t  o r  weak 
and showed on i n s p i r a t i o n  o n l y .  Gas a n a l y s i s  gave Og 
from 10 t o  17$ and CO2 2 to  3$•  A f l u i d  l e v e l  i n  t h e  
c a v i t y  on th e  X-Ray f r e q u e n t l y  showed t h a t  d r a i n a g e  was 
d e f e c t i v e .  I n  a  c l o s e d  c a v i t y ,  e s p e c i a l l y  a f t e r  t h o r a c o ­
p l a s t y ,  t h e  p r e s s u r e  was a lways n e g a t i v e  and no 
o s c i l l a t i o n s  were o b se rv e d .  The oxygen f e l l  i n  a  fexv 
hou rs  t o  be low 1$ and the  CC>2 r o s e  to  o v e r  5$«

E l o e s s e r  ( 2>g>) a l s o  n e e d l e d  c a v i t i e s  and w i t h ­
drew th e  s e c r e t i o n s  f o r  e x a m in a t io n  f o r  t u b e r c l e  b a c i l l i .  
I f  t h e s e  were  found  w h i le  t h e  sputum was n e g a t i v e ,  t h i s  
was t a k e n  as  e v id e n c e  o f  b r o n c h i a l  b l o c k a g e .

E l o e s s e r  a l s o  found t h a t  w i t h  a s y r i n g e  
a t t a c h e d  t o  th e  n e e d le  and t h e  p a t i e n t  u n d e r  t h e  f l u o r o ­
s c o p i c  s c r e e n ,  moving th e  p i s t o n  of  th e  s y r i n g e  b a ck  and 
f o r t h  cau se d  a c o r r e s p o n d i n g  f l u c t u a t i o n  i n  t h e  s i z e  o f  
t h e  c a v i t y .  T h i s ,  o f  c o u rs e ,  would o n ly  be so i f  t h e  
w a l l s  o f  th e  c a v i t y  were q u i t e  e l a s t i c .  He found ,  
f u r t h e r ,  t h a t  c o n s t a n t  manometric  p r e s s u r e s  o c c u r r e d  i n  
th e  p re s e n c e  o f  t h i c k - w a l l e d  c a v i t i e s  w h i l e  h i g h  p r e s s u r e s  
i n d i c a t e d  s t o p - v a l v e  b l o c k .  This  i s  t h e  same a s  t h e  
i n t e r m i t t e n t l y  o b s t r u c t e d  t e n s i o n  c a v i t y  o f  C o r y l l o s .  He 
n o te d  t h a t  r e s p i r a t o r y  f l u c t u a t i o n s  do n o t  r e f u t e  th e  
p r e s e n c e  of a  b l o c k e d  b ro n chu s  as  t h e  p r e s s u r e s  may be
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S c h e m a t ic  p r e s e n t a t i o n  o f  t h e  P h y s i o l o g i c a l  
A c t i o n  o f  D r a in i n g  B r o n c h i .

1 11 111
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I .  Bronchus open.  I n g r e s s  and e g r e s s  of a i r  f r e e .

I I .  C heck-va lve  c a v i t y .  A l l e r g i c  i n f l a m m a to r y  or
p r o l i f e r a t i v e  n a r ro w in g  of  b ro nch u s  may produce  
one-way v a lv e  mechanism. I n g r e s s  o f  a i r  can 
t a k e  p l a c e  b u t  e g r e s s  i s  hampered.  O b s t r u c t i v e  
emphysema i s  p rod u ced  c a u s i n g  b a l l o o n i n g  o f  t h e  
c a v i t y .

I I I .  C lo su re  o f  b ro n ch u s  c a u se s  a t e l e c t a s i s ,  i . e .
a b s o r p t i o n  of  a i r  t r a p p e d  i n  th e  c a v i t y  and 
s h r in k a g e  and d i s a p p e a r a n c e  o f  the  c a v i t y  
w i t h o u t  any co n sp icu o u s  s c a r .

IV. S i m i l a r  c o n d i t i o n s  i n  c a n c e r  o f  th e  lu n g  ( J a c k s o n ,  
10) .

/ C o r y l l o s ,  P.N. Amer. Rev. T u b e rc .  33 : 6 3 9 , 1936 /
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t r a n s m i t t e d  t h r o u g h  t h i n - w a l l e d  c a v i t i e s ,  a  f a c t  a l s o  
n o t e d  by G-oldman ($9)«  I n  'the l a t t e r *  s c a s e s ,  i t  was 
found t h a t  th e  b r o n c h o - c a v i t e r y  r e l a t i o n s h i p s  were a t  
most t im e s  v a l v u l a r  and t h i s  v a l v e  was u s u a l l y  100#  
e f f i c i e n t  i n  the  d i r e c t i o n  c a v i t y  t o  b r o n c h u s .  T h is  
was shown by r u n n i n g  a i r  i n  t o  a  p r e s s u r e  o f  p l u s  13 t o  
p l u s  2k  cm. o f  w a t e r .  This  p r e s s u r e  was m a i n t a i n e d .
A i r ,  however ,  e n t e r e d  th e  c a v i t y  when th e  p r e s s u r e  was 
made 11 h i g h l y  n e g a t i v e ” .

P o s t -m o r tem  s t u d i e s  o f  two c a s e s  ( C o r y l l o s )  
showed i n  one a c l o s e d  c a v i t y  xvith a c l o s e d  d r a i n i n g  
b ro n c h u s  and ,  i n  th e  o t h e r  an u n c lo s e d  c a v i t y  w i t h  an 
open b ro n ch us  d r a i n i n g  i t .  The d r a i n i n g  b ro n c h u s  was 
u s u a l l y  found t o  be long  and n a r ro w .  The o p e n in g  o f  t h e  
d r a i n i n g  b ro n chu s  may be on a l e v e l  w i t h  t h e  c a v i t y  w a l l  
or be r a i s e d  on th e  summit o f  a n i p p l e - l i k e  p r o j e c t i o n  
o r  a t  t h e  b o t to m  of  a  f u n n e l - l i k e  d e p r e s s i o n .  F u r t h e r ­
more, t h e  opening  may be s e t  ob l ioxu e l y  i n  th e  w a l l  o f  
t h e  c a v i t y  and i t  i s  easy  to  s e e  t h a t  r a i s i n g  t h e  i n t r a ­
c a v i t a r y  p r e s s u r e  may cause  su ch  an opening  t o  a c t  i n  a  
v a l v e - l i k e  manner.

G-oldman e t  a l  (39)  i n  a hund red  p o s t -m o r te m s  
found  t u b e r c u l o u s  changes  i n  t h e  d r a i n i n g  b ro n c h u s  i n  
e v e r y  c a s e .  They a l s o  n o t e d  v a r i o u s  changes  a t  t h e  
b r o n c h o - c a v i t a r y  j u n c t i o n  w hich  could  l e a d  t o  v a l v u l a r  
e f f e c t s .  These d i f f e r e n t  k i n d s  of  v a lv e  a r e  shown below 
i n  t h e  s k e t c h .  I t  i s  easy  t o  se e  how, i n  e x p i r a t i o n  w i t h  
b r o n c h i a l  n a r ro w in g  o c c u r r i n g ,  t h e s e  v a l v e s  may c lo s e  
and c o m p le t e ly  p r e v e n t  th e  e g r e s s  of  a i r  from t h e  c a v i t y .
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The im p o r ta n c e  of l o c a l i s e d  b r o n c h i a l  changes  
was a l s o  s t r e s s e d  by E l o e s s e r  (&2>). He s t a t e d  t h a t  any 
t e n d e n c y  t o  t r a p  a i r  in  th e  l u n g  i s  o b v i o u s l y  i n c r e a s e d  
by any  b r o n c h i a l  s t e n o s i s ,  i r r e g u l a r i t y  o f  t h e  s u r f a c e  
or t h e  p r e s e n c e  o f  s t i c k y  s e c r e t i o n .  The mucosa o f  t h e  
b ro n c h u s  i s  f r e q u e n t l y  r e d ,  oedematous and  c o v e re d  w i t h  
e x u d a t e .  Desquam at ion  and b lo c k a g e  of  mucous g l a n d s  
f u r t h e r  a c c e n t u a t e  t h e  b r o n c h i a l  n a r r o w in g .  Muscle .and 
c a r t i l a g e  may be d e s t r o y e d  w i t h  f i b r o u s  r e p l a c e m e n t  
( C o r y l l o s ) ,  These p a t h o l o g i c a l  f i n d i n g s  have been  con­
f i r m e d  by Shipman ( 8>6 ) who, i n  an i n v e s t i g a t i o n  of  p o s t ­
mortem m a t e r i a l  t o  d e te rm in e  the  e x t e n t  o f  b r o n c h i a l  
t u b e r c u l o s i s ,  found  a p p r o x i m a t e l y  10^.  A u f s e s  (97)  
found i t  i n  35^ c a s e s  and P i l l m o r e  (9$)  i n  ^0%. Ob­
v i o u s l y ,  t h e  p e r c e n t a g e  w i l l  v a r y  t o  some e x t e n t  w i t h  
t h e  o b s e r v e r ' s  i n t e r p r e t a t i o n  o f  th e  f i n d i n g s .  T h is  i s  
e s p e c i a l l y  so w i t h  b r o n c h o s c o p y .

C a v e rn o sc o p y .

C a v e rn o sc o p ic  i n v e s t i g a t i o n  of  c e r t a i n  “g i a n t "  
c a v i t i e s "  x*as c a r r i e d  out by C o r y l lo s  and O r n s t e i n  (<37) • 
The i n s t r u m e n t ,  a  m i n i a t u r e  t h o r a c o s c o p e ,  x^as i n t r o ­
duced t h r o u g h  a s m a l l  c ann u la  d i r e c t l y  i n t o  t h e  c a v i t y  
and th e  i n t e r i o r  c o u ld  t h e n  be c l e a r l y  v i s u a l i s e d .
U s u a l l y  th e  b r o n c h i a l  open ing  c o u ld  be l o c a t e d  e a s i l y .
I f  n o t ,  l o w e r in g  th e  p r e s s u r e  of  the  a i r  i n  th e  c a v i t y  
had t h e  e f f e c t  o f  c a u s in g  a i r  t o  bub b le  i n t o  t h e  c a v i t y  
t h r o u g h  t h e  s e c r e t i o n s  a t  th e  b r o n c h o - c a v i t a r y  o p e n in g .  
S e v e r a l  d i f f e r e n t  sh a p es  of  b r o n c h i a l  o pe n in g s  c o u ld  be 
d i s t i n g u i s h e d ,  as  n o t e d  ab o ve .  U s u a l ly  t h e r e  X\ras o n ly  
one or a l a r g e  p r i n c i p a l  d r a i n i n g  b r o n c h u s .  I n  u p p e r  
lo b e  c a v i t i e s  t h i s  x/as s i t u a t e d  i n  the  lo w e r  p a r t .  I f  
s a l i n e  was ru n  i n ,  i t  r em a ined  f o r  some t im e  i n  th e  
c a v i t y .  I f  a i r  was i n j e c t e d  t o  r a i s e  th e  p r e s s u r e ,  t h e
s a l i n e  cou ld  no t  be f o r c e d  out  b u t , by r e d u c i n g  t h e  
p r e s s u r e ,  a i r  e n t e r e d  t h e  c a v i t y  and th e  s a l i n e  th e n  r a n  
o u t .  S i m i l a r  c a v e r n o s c o p i c  f i n d i n g s  were made by 
G-oldman (g>9).

B ro n c h o g ra p h y .

By the  i n j e c t i o n  of L i p i o d a l  i n t o  t h e  c a v i t y ,
one can see  w h e th e r  t h e  b r o n c h i a l  o u t l e t  i s  f r e e l y  open
or n o t .  I f  a p p a r e n t l y  c l o s e d ,  i t  may s t i l l  be open t o
th e  p a s s a g e  of a i r  a t  c e r t a i n  p h a se s  o f  r e s p i r a t i o n  x>rhile 
no t  a l l o w i n g  a r e l a t i v e l y  t h i c k  f l u i d  su ch  a s  L i p i o d a l  t o  
p a s s .  Bronchography  a l s o  shox-zs v a r i o u s  n a r r o w in g s  and 
o b s t r u c t i o n s  o f  th e  b r o n c h i  i n  th e  n e ig h b o u rh o o d  o f  t h e  
c a v i t y .  Areas o f  b r o n c h i e c t a s i s  a r e  a l s o  commonly s e e n .
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The Role o f  S econdary  Invading: Organisms .

A c o r o l l a r y  of  C o r y l l o s 1s t h e o r y  i s  t h a t  b l o c k ­
age o f  t h e  d r a i n i n g  b r o n c h u s ,  by which  he means co m p le te  
b l o c k ,  l e a d s  t o  c l o s u r e  of  t h e  c a v i t y  d r a i n e d  by t h a t  
b r o n c h u s .  E l o e s s e r  (&$) and P i n n e r  ( 6 6 ) s t a t e  t h a t  
b l o c k  of  t h e  b ro n ch u s  may som etim es  l e a d  to  f e v e r ,  
t o x ae m ia  and d i s a s t e r  and t h a t  s e c o n d a r y  o rg an ism s  p l a y  
an i m p o r t a n t  r o l e  h e r e .  However, C o r y l lo s  and O r n s t e i n  
found o n ly  t u b e r c l e  b a c i l l i  and no s e c o n d a r y  o r g a n i s m s ’ 
i n  m a t e r i a l  t a k e n  from c a v i t i e s  a t  c a v e rn o s to m y .

A c o n s i d e r a t i o n  o f  th e  f o r e g o i n g  p a r a g r a p h s  
l e a d s  one to  th e  c o n c l u s i o n  t h a t  the  m a in t e n a n c e ,  e n ­
l a r g e m e n t  and n o n - c l o s u r e  of  many c a v i t i e s  depends  on t h e  
p r e s e n c e  of a b r o n c h o - c a v i t a r y  v a lv e  which  a l l o w s  a i r  
i n t o  t h e  c a v i t y  e a s i l y  b u t  on ly  ou t  o f  i t  w i t h  d i f f i c u l t y ,  
t h u s  p r o d u c in g  an abnorm al  t e n s i o n  of g a s  i n  i t . I f  th e  
v a lv e  i s  e f f i c i e n t ,  co m press ion  of  th e  lu n g  on ly  t e n d s  t o  
augment th e  t e n s i o n .  Such c a v i t i e s  t en d  t o  d i s a p p e a r  
when t h e  p r e s s u r e  i s  s t a b i l i s e d  a t  o r  be low a t m o s p h e r i c .

H e a l i n g  of  Tub e r c u l o u s  L e s i o n s .

T u b e rc u lo u s  l e s i o n s  have an e v o l u t i o n a r y  
d e v e lo p m e n t .  That  i s ,  t h e y  form m a tu re ,  r e g r e s s  and 
h e a l .  P r o g r e s s i o n  may be r a p i d  o r  slow and t h e  l e s i o n  
may be i n t e r m i t t e n t l y  p r o g r e s s i v e ,  s t a t i o n a r y  o r  r e g r e s s ­
ive  (99)*  The c o u rs e  of t h e  l e s i o n  depends  on numerous 
f a c t o r s ,  among which  a r e :  th e  ty p e  and d o sa g e  of  b a c i l l i ,
th e  c o n d i t i o n  o f  t h e  h o s t ,  t h e  h o s t ’ s e n v i r o n m e n t ,  i n ­
c l u d i n g  d i e t ,  h a b i t s ,  work, m en ta l  o r  p h y s i c a l  s t r a i n ,  
m e n t a l i t y ,  th e  p r e s e n c e  o f  o t h e r  d i s e a s e s .  As i s  n o t e d  
f r e q u e n t l y ,  h e a l i n g  may commonly be found i n  one p a r t  
and p r o g r e s s i o n  i n  a n o t h e r .

H e a l in g  o f  th e  l e s i o n  depends on a t  l e a s t  a  
l o c a l  e q u i l i b r i u m  b e in g  e s t a b l i s h e d .  I f  t h i s  i s  r e a c h e d  
a t  an e a r l y  s t a g e ,  b e f o r e  the  l e s i o n  has  s p r e a d  beyond 
th e  c e l l u l a r  b a r r i e r ,  t h e  s m a l l  fo cu s  becomes e n ca p ­
s u l a t e d  and u n d e rgo es  h e a l i n g  by f i b r o s i s ,  c a l c i f i c a t i o n  
or  even by r e s o r p t i o n .

I f  a r r e s t  of  p r o g r e s s i o n  o c c u r s  l a t e r ,  t h e r e  
i s  u s u a l l y  r e s o r p t i o n  of t h e  e x u d a t iv e  e l e m e n t s ,  i n ­
c lu d i n g  p e r i f o c a l  e x u d a t e s  and c e l l u l a r  i n f i l t r a t i o n .
The caseous  p o r t i o n s  a re  u s u a l l y  in v o lv e d  by f i b r o u s  
e n c a p s u l a t i o n  and may l a t e r  become c a l c i f i e d .  S m a l l e r  
caseous  l e s i o n s  may become pe rm e a ted  by c a p i l l a r i e s  and 
be r e s o r b e d ,  l e a v i n g  only  s m a l l  f i b r o u s  s c a r s  c o n t a i n i n g  
many b lo o d  v e s s e l s .
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An example  of h e a l i n g  by f i b r o s i s  was d e s ­
c r i b e d  by  McPhedran and Long ( 1 0 0 ) .

The c a se  was one o f  b i l a t e r a l  s u b - a p i c a l  i n ­
f i l t r a t i o n ,  seen  f i r s t  i n  192g.  At p o s t - m o r te m  i n  193^  
f o i l o w i n g  c e r e b r a l  tum our ,  a  h e a l e d  p r im a r y  l e s i o n  was
found  i n  a lo w e r  lo b e  and,  i n  an u p pe r  lo b e  a  s t e l l a t e  
s c a r  was s e en  made up o f  d e n se  f i b r o u s  t i s s u e  w i t h  a  
n e c r o t i c  c e n t r e .  There  was m a r g in a l  i n f i l t r a t i o n  w i t h  
lym phocy tes  and f i b r o b l a s t s .  None o f  t h e  u s u a l  c r i t e r i a  
of t u b e r c u l o u s  a c t i v i t y  were s e e n  and no t u b e r c l e  
b a c i l l i  were fo u n d .  An i n t e r e s t i n g  p o i n t  was t h a t  th e  
b ro n c h u s  l e a d i n g  t o  txhe s c a r  was somewhat c o n t r a c t e d  by 
f i b r o u s  t i s s u e ,  and  th e  lumen f i l l e d  w i t h  p a r t i a l l y  
d e g e n e r a t e d  e p i t h e l i a l  c e l l s .  As t h e  h i s t o r y  of  th e  c a se  
showed t h a t  th e  sputum had been  p o s i t i v e  i n  1922;, i t  
m ight  be assumed t h a t  t h i s  was i n  r e a l i t y  a case  of  
c a v i t y  h e a l i n g  a l t h o u g h  th e  p r e s e n c e  o f  c a v i t y  o r i g i n a l l y  
i s  no t  s t a t e d .

R e s o l u t i o n .

Amberson (101)  saw r e s o l u t i o n  o f  some d e g re e  
in  a p p r o x i m a t e ly  5>000 c a s e s .  T h is  was m o s t ly  e v i d e n t  
i n  e x u d a t i v e  pneumonic  l e s i o n s  ( 1 0 2 ) .  The e f f e c t i v e n e s s  
and e x t e n t  of  r e s o l u t i o n  i s  l i m i t e d  by th e  e x t e n t  of 
c a s e a t i o n  and the  p a r t  t o  r e s o l v e  most r e a d i l y  i s  the  
zone of  c o l l a t e r a l  i n f l a m m a t i o n .  The c a s e o u s  n u c l e u s ,  
on th e  o t h e r  hand,  u s u a l l y  p e r s i s t s  i n d e f i n i t e l y .  P e r i ­
f o c a l  in f l a m m a t io n  and s m a l l  c a se o u s  a r e a s  may r e s o l v e  
w i t h o u t  permanent  damage, b u t  a p p e a ra n c e s  a r e  d e c e p t i v e  
and t h e r e  i s  n e a r l y  a lw ays  some damage to  t i s s u e ,  l e a d i n g  
l a t e r  t o  im p a i re d  r e s p i r a t o r y  f u n c t i o n .  %

Three c a s e s  r e f e r r e d  t o  by Amberson (101) 
showed s t r i k i n g  X-Ray r e s o l u t i o n .  However, a t  p o s t ­
mortem, i n  th e  r e g i o n s  xvhere t h i s  r e s o l u t i o n  had been  
most a p p a r e n t ,  he found c a l c i f i e d  n o d u le s  and c a seou s  
r e s i d u e s  c o n t a i n i n g  t u b e r c l e  b a c i l l i  ( a f t e r  t e n  y e a r s  i n  
one c a se )  . Some c ase o u s  f o c i  were e n c a p s u l a t e d  b u t  n o t  
c a l c i f i e d .  There was f i b r o u s  t h i c k e n i n g  of a l v e o l a r  
w a l l s  and o r g a n i s a t i o n  of  a l v e o l a r  e x u d a t e .  One case  
showed a c a v i t y ,  c l o s e d  o f f  from th e  b r o n c h i  and f i l l e d  
w i t h  f l u i d  r i c h  i n  c h o l e s t e r i n  c r y s t a l s  a l t h o u g h  the  
c a v i t y  had been  i n v i s i b l e  on X-Ray f o r  t e n  y e a r s .  He 
co n c lu ded  " i t  i s  w ise  to  c o n s i d e r  r e s o l u t i o n  a s  o n ly  a  
p a r t  and an i n i t i a l  phase  o f  the  h e a l i n g  p r o c e s s ,  no 
m a t t e r  how s t r i k i n g  i t  may b e " .
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The damage t o  t h e  e l a s t i c  t i s s u e  and t h e
f i b r o s i s  i n v o lv i n g  a l v e o l a r  w a l l s ,  l e a d  t o  a  common con­
d i t i o n  i n  h e a l e d  pulmonary t u b e r c u l o s i s ,  namely emphysema. 
K o ra l  ( 1 0 3 ) r e g a r d s  t h i s  a s  u s u a l l y  v a s c u l a r  -in o r i g i n ,  
r e s u l t i n g  from a t h e r o s c l e r o s i s , e n d a r t e r i t i s  o r  th rom ­
b o s i s  of b r o n c h i a l  o r  pulmonary  a r t e r i e s .  However, t h i s  
may b e ,  emphysema i s  o f t e n  s e en  a s  a complem enta l  p r o c e s s  
f i l l i n g  i n " t h e  space  l e f t  by s h r i n k i n g  h e a l i n g  f i b r o t i c  
l e s i o n s  and s u r r o u n d i n g  h e a l e d  c a v i t i e s .  A p i c a l  b u l l a e  
a r e  o f t e n  s e e n .

B r o n c h i e c t a s i s  i s  a n o t h e r  common r e s u l t  o f  t h e  
h e a l i n g  p r o c e s s .  I t  i s  most common i n  the  u p p e r  l o b e s ,  
a n o t h e r  way of sa.ying t h a t  t u b e r c u l o u s  l e s i o n s  a r e
commoner h e re  t h a n  i n  o t h e r  p a r t s  of  th e  l u n g ,  and i t  i s
most marked where t h e r e  has been  much p e r i b r o n c h i a l  i n ­
f i l t r a t i o n .  I t  may be caused  by a r e a s  of  a t e l e c t a s i s  o r  
a c t u a l  f i b r o t i c  s h r i n k a g e .

C a v i ty  H eal ing : .

An e l a s t i c  i n t e r p r e t a t i o n  of  th e  t e rm  c a v i t y  
h e a l i n g  i s  r e q u i r e d  f o r  p r a c t i c a l  p u r p o s e s .  P i n n e r  ( 0 6 ) 
demands f o r  h e a l i n g  t h a t  a l l  c a seou s  e l e m e n t s  d i s a p p e a r  
and m a i n t a i n s  t h a t  h e a l i n g  of t h i s  s o r t  i s  r a r e l y  fo u n d .  
Morbid a n a t o m i s t s  a r e  l e s s  o p t i m i s t i c  t h a n  c l i n i c i a n s  
abou t  th e  o o s s i b i l i t y  o f  h e a l i n g .  A uerbach  and (Green 
llOk-) s t a t e  t h a t  t h e i r  i d e a  o f  c a v i t y  h e a l i n g  i s  s e r i a l  
X-Rays showing c a v i t y  c lo s u r e  end n e g a t i v e  s p u t a .  C a v i ty  
c l o s u r e  and sputum c o n v e r s io n  i s  the  i n i t i a l  aim of  
c o l l a p s e  t h e r a p y  b u t  h e a l i n g ,  i f  i t  does e v e r  o c c u r ,  comes 
much l a t e r .

Methods of  C av i ty  H e a l i n g .

(A) (Gradual f i l l i n g  up of  t h e  c a v i t y  w i t h  
g r a n u l a t i o n  t i s s u e  and su b s e q u e n t  o b l i t e r a t i v e  f i b r o s i s .  
Sweany (99)  b e l i e v e s  t h a t  t h i s  o r g a n i s a t i o n  o f  g r a n u l a t i o n  
t i s s u e  i s  o f  im p o r ta n c e ,  a s  does Mayer ( 1 0 5 ) ,  b u t  th e  
l a t t e r  em phas ises  t h a t  t h i s  i s  on ly  l i k e l y  t o  happen t o  
s m a l l  c a v i t i e s .  He e s t i m a t e s  t h a t  c o n n e c t iv e  t i s s u e  p r o ­
l i f e r a t i o n  can o b l i t e r a t e  a c a v i t y  of not  g r e a t e r  t h a n
•q: i n c h  d i a m e t e r .

(B) C o n c e n t r i c  F i b r o s i s  l e a d i n g  to  g r a d u a l  
s h r i n k a g e .  Mayer b e l i e v e s  t h a t  t h i s  slow p r o c e s s  may 
o b l i t e r a t e  even a l a r g e  c a v i t y .  Calm et te  ( 1 0 6 ) ,  however ,  
b e l i e v e d  t h a t  l a r g e  c a v i t i e s  r a r e l y  c i c a t r i s e d  c o m p l e t e ly .  
P i n n e r  and P a r k e r  (22)  p o i n t  o u t  t h a t  t h e  f i b r o u s  t i s s u e  
a round  a c a v i ty  may a c t  in  two d i f f e r e n t  ways. The one
i s  a more o r  l e s s  c o n c e n t r i c  s h r i n k i n g  and t h e  o t h e r  i s
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s c a r  r e t r a c t i o n  w hich  may keep  t h e  c a v i t y  open .  I t  i s  
e a sy  t o  see  t h a t  r a d i a t i n g  hands  of f i b r o u s  t i s s u e ,  some 
of  them a t t a c h e d  t o  th e  a d h e r e n t  p l e u r a ,  may p r o v i d e  a  
f i r m  b a r r i e r  t o  c o l l a p s e  i n  one d i r e c t i o n  a t  l e  a s  t  ( 1 0 7 ) .

S w e a r . y  ( 9 9 )  ' b e l i e v e s  t h a t  t h e  o r g a n i s a t i o n  o f
f i b r o u s  t i s s u e  be tw een  the  l a y e r s  o f  th e  p l e u r a  l e a d s  t o  
c a v i t y  c l o s u r e  b u t  Huebschmann ( lOg) t a k e s  t h e  o p p o s i t e  
viexir and s t a t e s  t h a t  t h i s  i s  more l i k e l y  t o  p r e v e n t  
c l o s u r e .  With the  l a t t e r  s t a t e m e n t  I  am i n  a g re e m e n t ,  
as  one o f  the  most i m p o r t a n t  f a c t o r s  i n  c a v i t y  h e a l i n g  
i s  t h e  c o n c e n t r i c  r e l a x a t i o n  o f  th e  pulmonary  t i s s u e  
s u r r o u n d i n g  th e  c a v i t y .  Nowhere i s  t h i s  b e t t e r  s e e n  t h a n  
when an a r t i f i c i a l  pneumothorax  has  been in d u c e d .  
A dhes ions  a re  th e  most f r e q u e n t  b a r  t o  t h i s  r e l a x a t i o n  
pro c e s s .

(C) C losed  H e a l in g  by B r o n c h i a l  B lock .  
B r o n c h i a l  b lo c k  i s  c o n s i d e r e d  by many a u t h o r s  t o  be an 
e s s e n t i a l  p r e l i m i n a r y  f a c t o r  i n  the  h e a l i n g  of  a  t u b e r -  
c u lo u s  c a v i t y  (37 ,  91,  96, 101)-, 103,  109, 112,  1X7). 
O th e r s  ( 6 6 , 33) b e l i e v e  t h a t  b r o n c h i a l  b l o c k  cou ld  l e a d  
t o  to x aem ia  and e v i l  r e s u l t s  f o r  th e  p a t i e n t s  owing t o  
th e  f a c t  t h a t  c a v i t i e s  were f r e q u e n t l y  i n f e c t e d  w i t h  
s e c o n d a r y  pyo g en ic  i n v a d e r s .  As a l r e a d y  m en t ioned ,  how­
e v e r ,  C o r y l lo s  and O r n s t e i n  ( 3 7 ) ,  o b t a i n i n g  m a t e r i a l  from 
c a v i t i e s  opened d u r i n g  m u sc le - f l& p  o p e r a t i o n s ,  found 
on ly  t u b e r c l e  b a c i l l i  and A uerbach  (10^)  c o n f i rm ed  th e  
f a c t .

I t  i s  q u i t e  d e f i n i t e  t h a t  b r o n c h i a l  b l o c k ,  i f  
n o t  e s s e n t i a l  t o  c a v i t y  h e a l i n g ,  i s ,  i n  most c a s e s ,  a t  
l e a s t  one f a c t o r  i n  h e a l i n g .  From our knowledge of t h e  
p a th o l o g y  of b r o n c h i a l  t u b e r c u l o s i s ,  i t  i s  e asy  to  see  
how th e  b r o n c h i ,  e s p e c i a l l y  th e  s m a l l e r  t u b e s ,  become 
c o m p le t e ly  b lo c k e d .  I n  b r o n c h i ,  a l r e a d y  na rrow ed  by 
d i s e a s e ,  t h e  w a l l s  can e a s i l y  come i n t o  c o n t a c t  and ,  by 
the  o r g a n i s a t i o n  of  g r a n u l a t i o n  t i s s u e ,  f i r m  f i b r o u s  
u n io n  can o c c u r .  Narrowing can a l s o  be caused  by 
f i b r o s i s  o u t s i d e  the  w a l l  of t h e . b r o n c h u s  and a p p o s i t i o n  
can be e a s i l y  f u r t h e r  a s s i s t e d  by c o l l a p s e  t h e r a p y .  
B lo c k in g ,  t o o ,  o c c u r s  by o b s t r u c t i o n  w i t h  g r a n u l a r  d e b r i s  
and a f a i r l y  f i r m  p lu g  fo rm s.  T h is  form o f  p lu g  i s ,  how­
e v e r ,  c ap a b le  o f  l a t e r  e x t r u s i o n .

P ag e l  ( 1 1 2 ) c o l l e c t e d  t h i r t y - n i n e  r e p o r t s  on 
h e a l e d  c a v i t i e s .  Of t h e s e ,  tw en ty - tw o  became c o n v e r t e d  
i n t o  s o l i d  n o d u le s  and b r o n c h i a l  o c c l u s i o n  had o c c u r r e d  
e i t h e r  by caseous b r o n c h i t i s  o r  caseous  p lu g g in g .
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Closed  h e a l i n g  may t a k e  two fo rm s .

( a )  C onvers ion  t o  a  s o l i d  f o c u s .

F o l lo w in g  th e  b l o c k i n g  of  t h e  b ro n c h u s  l e a d i n g  
t o  th e  c a v i t y ,  t h e  a i r  i s  a b s o r b e d  from t h e  c a v i t y ,  a s  
i t  i s  f rom any o t h e r  c lo s e d  spa ce  i n  t h e  body ( 5 5 '* 
c a v i t y  t h e n  f i l l s  up w i th  case o u s  d e b r i s  w hich  becomes 
i n s p i s s a t e d  and e n c a p s u l a t e d  w i t h  f i b r o u s  t i s s u e .  
O r g a n i s a t i o n  of  t h i s  w a l l e d - o f f  caseous  m a t e r i a l  may 
t a k e  p l a c e  b u t  i s  r a r e r .  C a l c i f i c a t i o n ,  a t  l e a s t  p a r t i a l ,  
i s  n o t  so uncommon. H e a l in g  by t h i s  method i s  a t  b e s t  
u n c e r t a i n .

P a g e l  and Simmonds (91) d e s c r i b e d  t h r e e  c a s e s .  
One o f  t h e s e  had c a l c i f i e d  f o c i  and th e  o t h e r s  showed 
caseo u s  and c a l c i f y i n g  f o c i .  The b r o n c h i  l e a d i n g  t o  
t h e s e  a r e a s  were o c c lu d e d  by s i m i l a r  caseo u s  and c a l c i ­
f y i n g  m a t e r i a l .

Auerbach and (Green (104-) gave t h r e e  i n s t a n c e s  
o f  t h i s  form o f  h e a l i n g .  I n  th e  f i r s t  c a se  t h e r e  had 
been  b i l a t e r a l  open c a v i t a t i o n  p r e s e n t  f o r  s i x  y e a r s .
Then c l o s u r e  o f  th e  c a v i t i e s  o c c u r r e d  w i t h  c o n v e r s i o n  
o f  t h e  sputum t o  n e g a t i v e .  At a u to p s y ,  c a v i t i e s  were 
found  i n  which t h e  lum ina  were f i l l e d  w i t h  i n s p i s s a t e d  
c a se o u s  m a t e r i a l .  No b r o n c h i a l  communication could  be 
found .  M i c r o s c o p i c a l l y , an i n n e r  c a seo u s  l a y e r  was s e e n  
r e s t i n g  on a zone of  t u b e r c u l o u s  g r a n u l a t i o n  t i s s u e  and ,  
o u t s i d e  t h i s ,  a zone of  h y a l i n i s e d  c o n n e c t iv e  t i s s u e .  
O u ts id e  t h i s  a g a i n  was found l o o s e  f i b r o u s  t i s s u e  w i t h  
many c o l l a p s e d  a l v e o l i .  O th e r  a l v e o l i  showed d i l a t a t i o n .  
I n  th e  o t h e r  two c a s e s ,  s i m i l a r  f i n d i n g s  were made.

H e r in g to n  (110) a l s o  d e s c r i b e d  a  c ase  which  
showed t h i s  method o f  c a v i t y  c l o s u r e  and he l i k e n e d  i t  
t o  an Assmann’ s fo cu s  i n  r e v e r s e .

The w a l l s  o f  c a v i t i e s  c lo s e d  in  t h e  above 
manner a r e  f i n a l l y  composed of  c o n c e n t r i c a l l y  a r r a n g e d  
h y a l i n i s e d  c o n n e c t iv e  t i s s u e  w i t h ,  p e r h a p s ,  an o c c a s i o n a l  
g i a n t  c e l l .  The m a t e r i a l  w i t h i n  t h e  c a v i t y  shows p r o ­
g r e s s i v e  ca lc ium  d e p o s i t i o n  and d e c r e a s e  i n  th e  n u c l e a r  
e l e m e n t s .  The b ronchus  i s  altirays c lo s e d  b u t  th e  d a n g e r ­
ous v o l c a n o - l i k e  n a t u r e  o f  t h i s  ty pe  of  h e a l i n g  i s  shown 
by th e  f a c t  t h a t  t u b e r c l e  b a c i l l i  can be i s o l a t e d  from 
th e  c e n t r e  and th e  c a v i t y  c o n t e n t s  can be G Sc s i l y  
e v a c u a te d  a t  p o s t -m or tem .
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An i n v e s t i g a t i o n  w i t h  d i f f e r e n t  c o n c l u s i o n s  
ivas made "by S a l k i n  e t  a l  ( i l l )  t o  d e te r m in e  what im­
p o r t a n c e ,  i f  any ,  cou ld  be a t t a c h e d  to  b r o n c h i a l  
o c c l u s i o n  i n  c a v i t y  h e a l i n g .

The whole s tu d y  was c a r r i e d  ou t  p o s t -m o r te m .  
X-Rays were t a k e n  f o l l o w in g  th e  i n j e c t i o n  o f  r a d i o ­
opaque s u b s t a n c e s  i n t r a - b r o n c h i a l l y  and a l s o  d i r e c t l y  
th r o u g h  t h e  c h e s t  w a l l  i n t o  c a v i t i e s .  Only c a v i t i e s  o f .  
o v e r  3 d i a m e t e r  were i n c l u d e d .  S ev e n ty  c a s e s  were 
s t u d i e d  and t h i r t y - s e v e n  o f  t h e s e  had a l s o  p o s t -m o r te m  
e x a m in a t io n s  o f  t h e  l u n g s .  I t  was found t h a t  lM-% o f  th e  
c a v i t i e s  had no a p p a r e n t  b r o n c h i a l  c o n n e c t i o n s  o f  any 
s o r t  and i t  was conc lu ded  t h a t  a c a v i t y  can be main­
t a i n e d  w i t h o u t  an open b ronchus  and t h a t  b r o n c h i a l  
o c c l u s i o n  was no t  a f a c t o r  i n  c a v i t y  c l o s u r e .

However, i t  does n o t  f o l lo w  t h a t ,  b e c a u se  
L i p i o d o l  w i l l  not  p a s s  i n  o r  out  of  t h e  c a v i t y ,  t h e r e  i s  
no c o n n e c t i o n  w i t h  t h e  b r o n c h i a l  t r e e  i n  a l l  p h a se s  o f  
r e s p i r a t i o n  and d u r i n g  l i f e .  I t  has  a l r e a d y  been  shown 
t h a t  changes in  th e  b r o n c h i a l  d i a m e t e r  o c cu r  d u r i n g  r e s ­
p i r a t i o n .  I n  a d d i t i o n ,  A uerbach  (10*4-) found i n  2 ,0 0 0  
c a v i t i e s  t h a t  t h o s e  w i t h  a d i a m e t e r  of  3 cm* o r  o v e r  a l ­
ways had a communication w i t h  th e  d r a i n i n g  b ronchus  a l ­
th o u g h  a f i n e  p robe  might be needed  to  d e m o n s t r a t e  t h i s .

The t y p e s  o f  b r o n c h i a l  o c c l u s i o n  found by 
S a l k i n  e t  a l  a r e  shown on th e  f o l l o w i n g  d i a g r a m : -
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From t h i s  d iag ram  i t  can been  s e e n  t h a t  t h e  
f i r s t  t y p e  r e p r e s e n t s  c lo s e d  h e a l i n g  of  t h e  t y p e  now- 
u n de r  d i s c u s s i o n ,  t h e  second  i s  a c l o s e d - o f f  c a v i t y  
u n d e rg o in g  th e  slow c i r r h o t i c  s h r i n k i n g  d e s c r i b e d  a b o v e ,  
th e  t h i r d  i s  b l o c k i n g  by a p lu g  which c o u ld  p o s s i b l y  be 
d i s l o d g e d ,  and th e  f o u r t h  shows a ty p e  o f  b l o c k  which  
may no t  be r e a l l y  a b l o c k  a t  a l l  b u t  a  p a r t i a l  o c c l u s i o n  
i n  w hich  a i r  may be  a b l e  to  pass  i n t o  th e  c a v i t y  i n  c e r ­
t a i n  p h a se s  o f  r e s p i r a t i o n .  In  o t h e r  w ords ,  one must 
d i s t i n g u i s h  be tween  tem porary  and perm anent  b l o c k  and 
a l s o  betiveen what happens i n  th e  l i v i n g ,  f u n c t i o n i n g  
lu n g  and what i s  found  p o s t -m o r te m .  I n c i d e n t a l l y , t h e  
commonest cause o f  b l o c k i n g  o f  c a v i t i e s  in  t h e  above 
i n v e s t i g a t i o n  was t u b e r c u l o u s  e n d o b r o n c h i t i s .

In  a d d i t i o n  t o  c lo s e d  h e a l i n g  w i t h  c o n v e r s io n  
of  th e  fo cu s  i n t o  an e n c a p s u l a t e d  caseous  f o c u s ,  t h e r e  
o c c u r s  a  r a r e r  form b u t  t h i s  t im e  of more comple te  h e a l ­
i n g ,  namely

( b ) H e a l in g  by f i b r o s i s  o f  t h e  C a v i t y .

A f t e r  b l o c k i n g  o f  t h e  b ronchus  o c c u r s ,  i f  
t h e r e  i s  l i t t l e  o r  no d e b r i s  i n  the  c a v i t y ,  t h e  c a v i t y  
w a l l s  become apposed  as  the  a i r  i s  a b s o r b e d  and h e a l i n g  
o c c u r s  by f i b r o s i s  r e s u l t i n g  i n  a n o n - s p e c i f i c  s c a r .
T h is  form i s  no t  so common as  i n s p i s s a t i o n  o f  the  
case o u s  c o n te n t s  ( lOb,  113, l i b )  • However, c a se s  have 
b een  d e s c r i b e d  (99 ,  100, l i b ,  115,  l l 6 ) .  T h ic k e n in g  o f  
t h e  c a v i t y  w a l l  t a k e s  p l a c e  by an i n c r e a s e  i n  the  con­
n e c t i v e  t i s s u e  f i b r e s  and p r o l i f e r a t i o n  o f  g r a n u l a t i o n  
t i s s u e  w i t h i n  the  lumen. By c o n t r a c t i o n  o f  th e  o u t e r  
l a y e r s  t h e  lumen o f  th e  c a v i t y  w i l l  t h e n  be o b sc u red  ( 108s) .

A f t e r  th e  b ro n ch us  c l o s e s  what happens i s  some­
what as  fo l lo w s  a c c o r d in g  t o  Auerbach  ( 1 0 b ) .  There  i s
an i n c r e a s e  o f  f i b r o b l a s t s ,  e p i t h e l i o i d  c e l l s  and 
c o l l a g e n  f i b r e s  w i t h i n  the  p yo g e n ic  membrane l i n i n g  th e
c a v i t y .  The zone of  t u b e r c u l o u s  g r a n u l a t i o n  t i s s u e  and
th e  o u t e r  f i b r o u s  l a y e r  r e v e a l  an i n c r e a s e  i n  c o n n e c t iv e  
t i s s u e  f i b r e s  and a d e c r e a s e  i n  the  c e l l u l a r  e l e m e n t s .
With th e  o r g a n i s a t i o n  o f  the  p yogen ic  membrane, th e  g r a n ­
u l a t i n g  s u r f a c e s  o f  apposed  w a l l s  f u s e  and a t  f i r s t  p a r ­
t i a l l y  and then  c o m p le te ly  f i l l  the  lumen of  th e  c a v i t y .

G i l b e r t  ( l l 6 ) d e s c r i b e s  th e  p o s t -m o r te m  f i n d ­
i n g s  i n  two c ase s  where h e a l i n g  was  by f i b r o s i s .
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Case 1 : This  p a t i e n t  was o b s e r v e d  from 1922 u n t i l  1931
when d e a t h  o c c u r r e d  from seminoma. O r i g i n a l l y ,  t h e r e  • 
was a  l e f t  a p i c a l  c a v i t y  w h ich  d i s a p p e a r e d  w i t h i n  1$ 
months w i t h  - r e s t .  At p o s t -m o r te m ,  the  p o s i t i o n  o f  t h e  
c a v i t y  was o c c u p ie d  by a s m a l l  g r e y  s t e l l a t e  s c a r .
Dense c o l l a g e n o u s  f i b r e s  were s e e n ,  t r a v e r s e d  by 
numerous v e s s e l s  xvith t h i c k e n e d  w a l l s .  Lymphocytes and 
a n t h r a c o t i c  p igment  were p r e s e n t ,  b u t  no s p e c i f i c  t u b e r ­
c u lo u s  e l e m e n t s ,  no c a s e a t i o n  and no core  of  c a l c i f i ­
c a t i o n  were found .

Cage 2 ; B r i e f l y :  192*1- Onset  . . . .  r e s t  o n l y .  1926 . . . .
d e f i n i t e  l e f t  a p i c a l  c a v i t y  . . . .  l e f t  A .P .  i n d u c e d .
1930 . • • •  new l e s i o n  i n  r i g h t  u p p e r  zone . . . .  c a v i t y  . . .  
r i g h t  A .P .  B a l l o o n i n g  o f  t h i s  c a v i t y ,  p e r f o r a t i o n ,  
d e a t h .  At p o s t -m o r te m ,  two s m a l l  c a v i t i e s  were found 
embedded in  s c a r  t i s s u e  a t  t h e  l e f t  ap ex ,  t h e  s i t e  of 
th e  o r i g i n a l  c a v i t y .  Sm all  a r e a s  o f  c a s e a t i o n  and 
c a l c i f i c a t i o n  were a l s o  found .  A second s m a l l  c a v i t y  
had a n o n - s p e c i f i c  f i b r o u s  w a l l  w i t h  a few g i a n t  c e l l s .  
The lu n g  t i s s u e  a rou n d  was a t e l e c t a t i c  and c o n t a i n e d  a 
few f i b r o u s  n o d u le s  e n c lo s e d  in  f i b r o u s  t i s s u e .  H ere ,  
h e a l i n g  a p p e a r s  to  have been  complete  in  t h e  f i r s t  case  
and in c o m p le te  i n  th e  second .

Cases have a l s o  been  d e s c r i b e d  by Loesch  ( 1 1 3 , 
n i i - ) . I n  h i s  f i r s t  s e r i e s  of f i v e  c a s e s ,  h e a l i n g  was by 
c o n v e r s i o n  i n t o  c a se o u s  i n s p i s s a t e d  f o c i .  I n  th e  second  
f i v e  c a s e s ,  t h r e e  i n s t a n c e s  of  comple te  c a v i t y  h e a l i n g  
i\rere o b s e r v e d .  I n  one of  t h e s e  s lo u g h in g  ou t  o f  the  
ca seou s  c a v i t y  l i n i n g  a p p a r e n t l y  o c c u r r e d  and in  t h e  
o t h e r  two, t h e r e  may have been  f i b r o u s  t r a n s f o r m a t i o n  of  
th e  caseous  e n c a p s u l a t e d  f o c i  which  took  p l a c e  o v e r  a 
number of  yea.rs.

P in n e r  (115) d e s c r i b e s  a  case  i n  w hich  a 
c a v i t y  became r e p l a c e d  by a f i b r o u s  s c a r ,  t h e  b ro n chu s  
en d in g  b l in d l j^  i n  t h i s  s c a r  t i s s u e .  From th e  normal 
a p p e a ra n c e  of t h e  b r o n c h i a l  lumen,  i t  i*as s u g g e s t e d  t h a t  
t h e  b ro n ch u s  became o c c lu ded  b e c a u se  of th e  c a v i t y  c l o s ­
u re  and n o t  t h a t  the  c a v i t y  h e a l e d  b e ca u se  t h e  b ronchus  
was f i r s t  b lo c k e d .  I t  seems from t h i s  example t h a t  
f i b r o t i c  o b l i t e r a t i o n  of  a c a v i t y  can o c cu r  i n  the  p r e ­
sence  of  an open b ronchus  b u t  ample e v id e n c e  e x i s t s  t o  
show t h a t  b r o n c h i a l  o c c l u s i o n  i s  a v e ry  f r e q u e n t  a n t e ­
cede n t  h a p p en ing .
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As has  b e en  s t a t e d  b e f o r e ,  C o r y l l o s  b e l i e v e s  
t h a t  b r o n c h i a l  b lo c k  i s  n e c e s s a r y  t o  c a v i t y  h e a l i n g .
T h is  f i r s t  o c c u r s  by a b s o r p t i o n  o f  a i r .  The t u b e r c l e  
b a c i l l i  i n  th e  c a v i t y  and i n  i t s  w a l l s  become s t a r v e d  o f  
Oxygen. The t e n s i o n  f a c t o r  d i s a p p e a r s .  Txhe p e r i  c a v i t a r y  
zone o f  a t e l e c t a s i s  r e - e x p a n d s  and th e  w a l l s  become 
a p p o sed .  H e a l in g  t h e n  p r o c e e d s  by f i b r o s i s  o r  th e  r e ­
mains o f  th e  c a v i t y  f i l l s  w i t h  d e b r i s .  C o n d i t i o n s  i n  
t h e s e  i n s p i s s a t e d  f o c i  cannot  r e a c h  a n a e r o b i o s i s , how­
e v e r ,  as  i t  has  been  shown t h a t  . v i a b l e  b a c i l l i  can be 
r e c o v e r e d  from e n c a p s u l a t e d  c a se o u s  f o c i .

(D) Open H e a l in g .  Open h e a l i n g  o c cu rs  
f o l l o w i n g  t h e  sh e d d in g  o f  th e  i n n e r  c aseo u s  l a y e r  and 
th e  c o n v e r s io n  of  t h e  g r a n u l a t i o n  t i s s u e  l i n i n g  i n t o  
f i b r o u s  t i s s u e .  I n  a d d i t i o n ,  more o r  l e s s  e p i t h e l i a l -  
i s a t i o n  f r e q u e n t l y  o c c u r s .  T u b e rc le  b a c i l l i  d i s a p p e a r  
from th e  sputum.

Auerbach  d e s c r i b e s  a c a s e .  Here a  c a v i t y
had been  o b se rved  on X-Ray to  p e r s i s t  f o r  e l e v e n  y e a r s .  
The sputum had been  p e r s i s t e n t l y  n e g a t i v e . At a u to p s y  
th e  c a v i t y  was se en  t o  have no p y o g en ic  o r  caseous  l i n i n g  
and p a r t i a l  e p i t h . e l i a l i s a . t i o n  w i t h  squamous and columnar  
c e l l s  had t a k e n  p l a c e .  There was a  f r e e  communica t ion  
w i t h  t h e  d r a i n i n g  b ro n c h u s .  The s u r r o u n d i n g  lung  was 
c o n t r a c t e d  and f i b r o t i c  o r  emphysematous. T h is  typ e  of 
h e a l i n g  i s  s i m i l a r  t o  what o c c u r s  i n  t h e  c l o s e d  c a v i t y  
X'/ithout r e t e n t i o n  o f  c o n t e n t s ,  a  g r a d u a l  r e p la c e m e n t  o f  
s p e c i f i c  t u b e r c u l o u s  e le m e n ts  xvith f i b r o u s  t i s s u e .

P i n n e r  b e l i e v e s  t h a t  e p i t h e l i a l i s a t i o n  i s  r a r e  
and o n ly  o c c u r s  i n  s m a l l  c a v i t i e s  b u t  Auerbach  saw p a r ­
t i a l  r e p l a c e m e n t  w i t h  e p i t h e l i u m  i n  some c a v i t i e s  w i t h  
c a s e a t i o n  s p r e a d i n g  i n  o t h e r  p a r t s  o f  the  w a l l  o f  th e  
same c a v i t y .  This  p r o c e s s  has  a l s o  been  n o t e d  in  t h e  
w e l l s  o f  c a v i t i e s  a f t e r  the  o p e r a t i o n  o f  c a v e rn o s to m y .
The s u r f a c e  of  such  a  c a v i t y  becomes smooth r e d  o r  g r e y  
and ,  h i s t o l o g i c a l l y ,  i t  i s  s e e n  t h a t  p a r t i a l  e p i t h e l i a l ­
i s a t  i o n  has  o c c u r r e d .

Open h e a l i n g  may o c cu r  w i t h  p e r s i s t e n t  a c t i v e  
d i s e a s e  e ls e w h e re  i n  t h e  lu n g .  One e x p l a n a t i o n  i s  t h a t  
th e  w id e ly  p a t e n t  b r o n c h i a l  opening  a l lo i^s  e a s y  sh ed d in g  
o f  th e  i n f e c t i o u s  l i n i n g  of  t h e  c a v i t y .  More im p o r t a n t  
i s  t h e  change i n  th e  imm unologica l  r e l a t i o n s h i p s  be tw een  
th e  h o s t  and t h e  o rgan ism .
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As r e g a r d s  th e  f r e q u e n c y  o f  th e  v a r i o u s  d i f f e r ­
e n t  forms o f  c a v i t y  h e a l i n g  t h e r e  i s  a  p a u c i t y  o f  p a t h o ­
l o g i c a l  r e p o r t s .  P a g e l  and Simmonds (112)  c o l l e c t e d  a l l  
a v a i l a b l e  r e p o r t s  up to  t h a t  t im e  and found  t h a t ,  ou t  o f  
a t o t a l  o f  33 c a s e s ,  open c a v i t y  h e a l i n g  o c c u r r e d  i n  5 
c a s e s ,  s c a r  h e a l i n g  was seen  i n  11 and c l o s e d  h e a l i n g  by 
c o n v e r s i o n  o f  th e  c a v i t y  i n t o  a s o l i d  fo c u s  o c c u r r e d  i n  
16 c a s e s .  I n  L o e s c h ' s  c a s e s  7 became c l o s e d  f o c i  and 3 
h e a l e d  by f i b r o u s  t r a n s f o r m a t i o n .

The r e a s o n  f o r  t h e  f r e q u e n c y  of  t h e  c l o s e d  
fo c u s  ty p e  o f  h e a l i n g  l i e s  most p roba ,b l 3̂ w i t h  the  e a r l y  
c l o s u r e  o f  t h e  d r a i n i n g  b r o n c h i ,  d i s e a s e d  or o t h e r w i s e ,  
xvhich i s  found e s p e c i a l l y  x>rith c o l l a p s e  t h e r a p y .  Many 
o f  t h e s e  b r o n c h i  a r e  v e ry  s m a l l  t u b e s  and a r e  e a s i l y  
o c c lu d e d ,  th us  making i t  i m p o s s i b l e  f o r  d r a i n a g e  t o  o c c u r .

A d h e s i o n s .

I t  i s  t h e  r u l e  r a t h e r  t h a n  t h e  e x c e p t i o n  to  
f i n d  a d h e s i o n s  c o n n e c t in g  t h e  lu n g  t o  th e  c h e s t  w a l l  and 
by t h e i r  p r e s e n c e  p r e v e n t i n g  t h e  i d e a l  s e l e c t i v e  c o l l a p s e  
o f  t h e  lu n g  from d e v e l o p in g .  As' a d h e s io n s  a r e  a lw ays  p r e ­
ceded by more o r  l e s s  l o c a l i s e d  p l e u r i t i s  w i t h  o r g a n ­
i s a t i o n  o f  t h e  e x u d a t e ,  i t  i s  commonest t o  f i n d  them 
o c c u r r i n g  ove r  j u s t  t h a t  a r e a  of  the  l u n g  w h ich  i t  i s  
most i m p o r t a n t  to  c o l l a p s e .

As a r e s u l t  of  g e n e r a l i s e d  p l e u r i t i s ,  d i f f u s e  
a d h e r e n c e  of t h e  p l e u r a l  l a y e r s  may t a k e  p l a c e  and w i t h  
t h i s  form of a d h e s io n  we a r e  no t  f u r t h e r  conce rn ed  as  
i t  i s  i m p o s s i b l e  from th e  f i r s t  to  i n t r o d u c e  any a i r  b e ­
tween t h e  v i s c e r a l  and p a r i e t a l  p l e u r a .  Thus pneumo­
t h o r a x  may be i m p o s s i b l e  o r  s m a l l  l o c a l i s e d  p o c k e t s  o f  
a i r  may form w hich ,  hoxvever, do n o t  a f f e c t  t h e  i s s u e  a s  
th e  pneumothorax  i s  q u i c k l y  abandoned and no t h o r a c o ­
scopy i s  p o s s i b l e .  Where th e  p l e u r i t i s  i s  more l o c a l ­
i s e d ,  a d h e s io n s  of  v a r i o u s  sh a p es  and s i z e s  r e s u l t  (llg>, 
1 1 9 ) .

T h rea d s ,  s t r i n g s  and co rds  a r e  f r e q u e n t l y  s e e n .  
They a re  composed of  f i b r o u s  t i s s u e  and have narroxv 
a t t a c h m e n t s  a t  b o t h  t h e i r  v i s c e r a l  and p e r i p h e r a l  e n d s .
A number of t h r e a d s  o r  s t r i n g s  t o g e t h e r  may s u f f i c e  t o  
p r e v e n t  c o l l a p s e  b u t  one cord  by i t s e l f  may be enough.
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Band a d h e s i o n s  a r e  commonly e n c o u n t e r e d .  They 
v a r y  in  w i d t h  and l e n g t h  h u t  a r e  f l a t .  They c o n s i s t  o f  
c o n n e c t i v e  t i s s u e  and ,  i f  s h o r t ,  may c o n t a i n  lu n g  t i s s u e  
and a l s o  b lo od  v e s s e l s  l a r g e  enough to  g i v e  r i s e  t o  con­
s i d e r a b l e  b l e e d i n g  when c u t .

F a n -sh a p e d  a d h e s i o n s :  These a r e  b a n d - l i k e  b u t
have a  na rrow  v i s c e r a l  a t t a c h m e n t ,  w id e n in g  out  a s  t h e y  
r e a c h  t h e  p a r i e t e s .  I  have seen  them m o s t ly  a n t e r i o r l y  
and m e d i a l l y .  They may c o n t a i n  sm a l l  b l o o d - v e s s e l s  b u t  
on ly  r a r e l y  lu ng  t i s s u e .  They a r e  s a i d  t o  a r i s e  from a  
g ro u p  of  o r g a n i s e d  s u p e r f i c i a l  c o ng lo m era te  t u b e r c l e s  
( 1 1 9 ) .

C one-shaped:  These a r e  i m p o r t a n t  a s  the
v i s c e r a l  end i s  b r o a d  and th e  lu n g  t i s s u e  i s  u s u a l l y  
p u l l e d  ou t  i n t o  t h e  a d h e s io n  i n  txhe i n t e r i o r  o f  which  
t h e  e l o n g a t e d  p r o j e c t i o n  of a c a v i t y  may be found ( s e e  
d i a g r a m ) . The c a u s a t i v e  p l e u r i t i s  seems to  be v e ry  c i r ­
c u m s c r ib e d  w i t h  c l o s e  a t t a c h m e n t  o f  th e  v i s c e r a l  and 
p a r i e t a l  p l e u r a .

B u t t r e s s e d  a d h e s i o n s :  These a r e  f r e q u e n t l y
se en  a t t a c h i n g  th e  u p p e r  lo b e  t o  th e  dome o f  t h e  p l e u r a .  
They n e a r l y  a lways c o n t a i n  lu ng  t i s s u e  i n  t h e i r  c e n t r a l  
p a r t ,  i n  f a c t ,  t h e  lu n g  may e x t e n d  r i g h t  ou t  t o  t h e  
p a r i e t e s ,  w h i le  t h e  b u t t r e s s e s  c o n s i s t  o f  c o n n e c t iv e  
t i s s u e .  They may in v o lv e  i m p o r t a n t  v e s s e l s  such  as  the  
s u b c l a v i a n  v e i n  and th e y  a r e  d ang erou s  t o  cu t  u n l e s s  one 
can s e e  a l l  round them.

Folds  o f  v a r i o u s  s o r t s  a r e  f r e q u e n t l y  s e en  
a t t a c h i n g  th e  lu n g  t o  the  p a r i e t e s  i n  t h e  c o s t o - v e r t e b r a l  
g u t t e r .  A cco rd in g  to  Matson ( 1 1 9 ) ,  t h e y  commonly have 
t h e i r  o r i g i n  in  an i n t e r l o b a r  p l e u r i t i s  which  gums t o ­
g e t h e r  t h e  p l e u r a  l i n i n g  th e  i n t e r l o b a r  f i s s u r e  and a t  
th e  same t ime i n v o l v e s  the  p a r i e t a l  p l e u r a .  I  have s e en  
them f r e q u e n t l y  where t h e  d i s e a s e  i n v o lv e s  t h e  apex of 
t h e  l o n e r  l o b e .

L o c a l i s e d  symphysis  o f  th e  p l e u r a l  l a y e r s ,  f r e ­
q u e n t l y  a s s o c i a t e d  w i t h  d i f f u s e  f o l d s  o f  v a r i o u s  sh a p e s  
may n u l l i f y  a t t e m p t s  a t  c o l l a p s e  and make e f f o r t s  a t  
c u t t i n g  them out  o f  the  q u e s t i o n .  They a r i s e  from a 
more g e n e r a l i s e d  p l e u r i t i s  and ,  i n  p l a c e s ,  t h e  lung  may 
be s im ply  fu s e d  to  the  c h e s t  w a l l .  P a r t s  o f  the  d i f f u s e  
type  of  a d h e s io n  may be t h i n  and w e b l ik e  and composed o f  
c o n n e c t iv e  t i s s u e  o n ly ,  w h i l e  o t h e r  p a r t s  a r e  t h i c k ,  
v a s c u l a r  and c o n t a i n  obvious lun g  t i s s u e .
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F la b b y ,  r e c e n t ,  w e b l ik e  a d h e s i o n s  a r e  f r e q u e n t -  
l y  s e e n  i n  th e  lo w e r  or  more p o s t e r i o r  p a r t s  o f  t h e  
p l e u r a l  space  e s p e c i a l l y  i f  t h e r e  has  been  some r e c e n t  
e x u d a t e .  I n  t im e  t h e s e  o r g a n i s e  i n t o  f i r m  a d h e s i o n s  o f  
th e  web, s t r i n g  o r  co rd  t y p e s  p r e v i o u s l y  m en t io n ed  b u t  
t h e y  do n o t  c o n t a i n  lu n g  t i s s u e  o r  im p o r t a n t  b lo o d  v e s s e l s .

A le x an d e r  ( l l g )  q u o te s  v a r i o u s  w r i t e r s  xvrho 
have shown t h a t  lu n g  t i s s u e  may be p r o lo n g e d  f o r  con­
s i d e r a b l e  d i s t a n c e s  i n t o  a d h e s i o n s .  T h is  has  been  d i s ­
c u sse d  above .  With th e  d raw ing  out  and a t t e n u a t i o n  o f  
t h i s  pulmonary t i s s u e ,  a l v e o l i  a r e  c o l l a p s e d  and,  i n  
t i m e ,  t h e  a d h e s io n  c o n s i s t s  o f  f i b r o u s  t i s s u e .  However, 
t h e  p o s s i b i l i t y  a lw ays  e x i s t s  t h a t  lung  t i s s u e  c o n t a i n i n g  
t u b e r c u l o u s  e le m e n ts  may e x te n d  f a i r l y  n e a r  t o  the  

• p a r i e t a l  p l e u r a  and c a u t io n  i s  r e q u i r e d  in  c u t t i n g  such  
a d h e s i o n s  l e s t  th e  t u b e r c u l o u s  t i s s u e  be c u t  t h r o u g h  and 
an empyema r e s u l t .  A gain ,  p a r t i a l  s e c t i o n  o f  c e r t a i n  
t y p e s ,  e s p e c i a l l y  t h e  b u t t r e s s e d  a d h e s i o n s ,  may a l lo w  
t e a r i n g  t o  t ak e  p l a c e  l a t e r  t h r o u g h  t u b e r c u l o u s  l u n g  o r  
even t h r o u g h  a c a v i t y  w i t h  d i s a s t r o u s  r e s u l t s .

f' .
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RATIONALE OF COLLAPSE THERAPY

P r o p e r l y  employed and w i t h  a knoxvledge o f  i t s  
l i m i t a t i o n s ,  c o l l a p s e  t h e r a p y  i s  one o f  t h e  most v a l u a b l e  
weapons a g a i n s t  pulmonary  t u b e r c u l o s i s .  By i t s e l f ,  how­
e v e r ,  i t  does n o t  c u re  pulmonary t u b e r c u l o s i s  u n l e s s  th e  
p a t i e n t  p o s s e s s e s  t h e  r e q u i s i t e  r e s i s t a n c e  to  h e a l  th e  
l e s i o n s  which  a r e  p r e s e n t  ( 1 2 1 ) .

The o b j e c t  o f  a l l  t r e a t m e n t  o f  t u b e r c u l o u s  
l e s i o n s  o f  th e  l u n g s  i s  t o  a s s i s t  the  h e a l i n g  f o r c e s  o f  
n a t u r e  ( 6 6 ) .  I n  c e r t a i n  l i m i t e d  o r  even f a i r l y  e x t e n s ­
iv e  n o n -c a v e rn o u s  l e s i o n s ,  t h i s  may be a c c o m p l i sh e d  by 
r e s t  t r e a t m e n t ,  p r o p e r l y  c a r r i e d  out  and s u f f i c i e n t l y  
p r o l o n g e d .  I t  i s  no t  i n t e n d e d  t o  convey t h a t  c o l l a p s e  
t h e r a p y  i s  i n  any way a s u b s t i t u t e  f o r  r e s t .  The one i s  
complementary  to  the  o t h e r .

When p e r s i s t e n t  c a v i t a t i o n  i s  p r e s e n t ,  however ,  
and i n  s p i t e  o f  t h e  f a c t  t h a t  a sm a l l  p r o p o r t i o n  o f  
c a v i t i e s  do h e a l  w i t h o u t  c o l l a p s e  (1 2 2 ) ,  i t  i s  v e r y  f r e ­
q u e n t l y  n e c e s s a r y  t o  employ c o l l a p s e  m easu res  t o  o v e r ­
come c e r t a i n  m ec h an ica l  o b s t r u c t i o n s  t o  h e a l i n g .  These 
were d e s c r i b e d  i n  th e  l a s t  c h a p t e r  and a r e ,  b r i e f l y : -

( a )  The c e n t r i f u g a l  r e t r a c t i o n  f o r c e  o f  t h e
pulmonary e l a s t i c  t i s s u e .

(b )  The b r o n c h i a l  o r  i n f l a t i o n  f a c t o r .

( c )  The p u l l  o f  th e  c h e s t  w a l l .

C o l la p se  t h e r a p y  aims a t  p u t t i n g  t h e  lu n g  i n
th e  b e s t  c o n d i t i o n  f o r  th e  h e a l i n g  o f  pa renchym atous
l e s i o n s  and f o r  t h e  c l o s u r e  and h e a l i n g  o f  c a v i t i e s .  A l l  
th e  v a r i o u s  c o l l a p s e  measures  have t h i s  i n  common and,  
t h e r e f o r e ,  a  d i s c u s s i o n  of  a r t i f i c i a l  pneumothorax  must 
t a k e  p l a c e  a g a i n s t  th e  background  of  c o l l a p s e  t h e r a p y  as  
a whole ( 3 6 ) .

The c h i e f  h e a l i n g  f a c t o r  i n  pulmonary  t u b e r ­
c u l o s i s  i s  f i b r o s i s  and t h e r e  seems to  be no doubt  t h a t  
t h i s  f i b r o t i c  p r o c e s s  i s  d e f i n i t e l y  enhanced  by c o l l a p s e  
t h e r a p y .  I t  is ,  i n  f a c t ,  h a s t e n e d  and e x a g g e r a t e d .  I t  
can be se en  in  t h e  e n c a p s u l a t i o n  of  t u b e r c u l o u s  f o c i ,  by 
th e  o r g a n i s a t i o n  o f  t u b e r c u l o u s  g r a n u l a t i o n  t i s s u e  and
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i n  th e  i n c r e a s e  o f  p re fo rm ed  
c o n n e c t i v e  t i s s u e  i n  a r e a s  o f  
t u b e r c u l o u s  d i s e a s e  ( 5 7 ) .
See p h o to .  ( A le x a n d e r ,  1 18 ) .

How t h i s  t a k e s  p l a c e  i s  no t  
d e f i n i t e l y  known b u t  t h e  f o l l o w ­
in g  f a c t o r s  must be c o n s i d e r e d  
as  h a v in g  i n f l u e n c e : -

(a )  Some d e g re e  o f  l o c a l  r e s t .
When th e  lu n g  i s  c o m p le t e ly  c o l ­
l a p s e d ,  i t  a p p ro a c h e s  a s t a t e  o f  
a lm ost  comple te  f u n c t i o n a l  r e s t  
b u t ,  u n d e r  modern c o n d i t i o n s ,  
s e l e c t i v e  c o l l a p s e  and s e l e c t i v e  
r e s t  of  t h e  d i s e a s e d  a r e a  i s  
so u g h t .  As can be s e e n  by 
f l u o r o s c o p y ,  t h i s  i s  o n ly  p a r t i a l  
r e s t ,  t h e  d i s e a s e d  a r e a  t a k i n g  

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

(b)  R e l a x a t i o n  o f  lu n g  t i s s u e  ( 1 2 3 ) i n  a more o r  l e s s  
c o n c e n t r i c  manner which  a b o l i s h e s  t h e  t e n d e n c y  t o  r e ­
t r a c t i o n  l e a d i n g  t o  c a v i t y  c l o s u r e  and a l l o w i n g  th e  con­
t r a c t i o n  o f  s c a r  t i s s u e .

( c )  B r o n c h ia l  o c c l u s i o n  (55)* ^  t h i s  i s  com ple te  and 
th e  c a v i t y  w a l l s  no t  to o  t h i c k ,  a b s o r p t i o n  of  the  con­
t a i n e d  a i r  t a k e s  p l a c e  and t h e  c a v i t y  c l o s e s .

(d)  D im in ished  c i r c u l a t i o n  d i s c o u r a g e s  haematogenous 
s p r e a d  and t h i s  f a c t o r  and th e  l e s s e n e d  l y m p h a t i c  d r a i n ­
age from the  a r e a  a r e  c h i e f l y  r e s p o n s i b l e  f o r  th e  r a p i d  
l e s s e n i n g  of to xaem ia  which  f o l lo w s  c o l l a p s e  o f  th e  lu n g
( 12U .

(e )  D im in ished  r e s p i r a t o r y  movement l e s s e n s  the  r i s l :  
o f  b r o n c h o g e n ic  s p r e a d .

The above f a c t o r s  t o g e t h e r  d i m i n i s h  to x a e m ia ,  
p r o b a b ly  encourage  f i b r o s i s  and ,  i n  a d d i t i o n ,  d i m i n i s h  
th e  oxygen su p p ly  t o  the  p a r t  which  may be s u f f i c i e n t  to  
r e t a r d  th e  g rowth  o f  t u b e r c l e  b a c i l l i  and make t h e i r  
s u r v i v a l  more d i f f i c u l t  ( 9 6 ) .

C l i n i c a l l y ,  th e  c l o s u r e  o f  c a v i t i e s  i s  a  s t r i k ­
ing  r e s u l t  of c o l l a p s e  t h e r a p y .  R ep o r ts  o f  p a t h o l o g i c a l  
h e a l i n g  a re  not  abundant  b u t  such  as  do e x i s t  show t h a t ,
in  t im e ,  c a v i t i e s  become e n c a p s u l a t e d  w i t h  f i b r o u s  t i s s u e

Kies. 6  -R ight lung of p 
fibrous encapsulation 'o f  
m oderate jieribronchial an 
pa rtia l ob literation  of I 
slight thickening  of pleur 
lobe, ancient chalky  foci



70.

and ,  e v e n t u a l l y ,  i n  some c a s e s ,  h e a l e d  by f i b r o s i s  ( 1 1 3 , 
I l k ,  1 1 6 ) .

I t  i s  t r u e  t h a t  th e  s i m p l e r  forms o f  lu n g  
c o l l a p s e  o r  r e l a x a t i o n  sho u ld  be a d o p te d  i n  a p a r t i c u l a r  
case  i f  t h e y  w i l l  s u f f i c e .  A r t i f i c i a l  pneumothorax  i s  
f r e q u e n t l y  c o n s i d e r e d  to  be one o f  t h o s e  s i m p l e r  m easu re s  
b u t  th e  l o n g - t e r m  r e s u l t s  i n  a l l  b u t  a few c a s e s  g i v e  
t h e  l i e  t o  t h i s  a s s u m p t io n .  The aim o f  t h e r a p y  i s  t o  
l e a v e  t h e  p a t i e n t  a t  t h e  end o f  h i s  t r e a t m e n t  w i t h  a r e ­
expanded  h e a l e d  lu n g  and as  l i t t l e  f u n c t i o n a l  l o s s  a s  
p o s s i b l e .  Very f r e q u e n t l y ,  however,  c o m p l i c a t i o n s  a r i s e  
d u r i n g  t h e  course  o f  t r e a t m e n t  w h ich  p r e v e n t  r e - e x p a n s i o n  
o r  r e - e x p a n s i o n  i s  accompanied  by such  symptoms o f  
m e d i a s t i n a l  d i s p l a c e m e n t  t h a t  r e f i l l s  have t o  be k e p t  up 
i n d e f i n i t e l y  o r  th e  p l e u r a l  space  o b l i t e r a t e d  by t h o r a c o ­
p l a s t y  y e a r s  a f t e r  t h e  i n i t i a l  p l a n  o f  t r e a t m e n t  i s  made. 
T h e r e f o r e ,  the  more r a d i c a l  methods of  t r e a t m e n t ,  s u c h  
as  t h o r a c o p l a s t y  o r  r e s e c t i o n ,  must be c o n s i d e r e d  i n  t h e  
i n i t i a l  a s se s sm e n t  o f  a case  w hich  r e q u i r e s  c o l l a p s e  
t h e r a p y .  T rea tm en t  must be i n d i v i d u a l  from th e  s t a r t  
and t h e  p a t i e n t  a s  a whole must be c o n s i d e r e d  and not  
m ere ly  h i s  lung  d i s e a s e .  Too much emphasis  must n o t  be 
l a i d  on th e  "h o le  i n  t h e  lung"  ( 7 2 ) .  A p r o p e r  s e l e c t i o n  
o f  c a s e s  f o r  the  e x i s t i n g  forms o f  c o l l a p s e  t h e r a p y  i s  
most e s s e n t i a l  (3 6 ) .

I n  th e  t r e a t m e n t  o f  c a v i t i e s ,  c o l l a p s e  aims a t  
overcoming th e  o b s t r u c t i o n s  t o  c a v i t y  h e a l i n g  p r e v i o u s l y  
m en t io n ed .  In  u n o b s t r u c t e d  pneumothorax ,  where th e  lu n g  
i s  a b l e  to  r e t r a c t  away from the  c h e s t  w a l l ,  th e  c e n t r i ­
f u g a l  r e t r a c t i o n  f o r c e  c e a s e s  t o  o p e r a t e  as  does t h e  p u l l  
o f  th e  c h e s t  w a l l ,  t h e  b ronchus  becomes k in k e d  o r  c l o s e d  
and c a v i t y  c l o s u r e  r e s u l t s .  I n  t h o r a c o p l a s t y ,  the  same 
o b j e c t  i s  so u g h t .  The c h e s t  w a l l  p u l l  i s  overcome by 
r i b  r e s e c t i o n  and a p i c o l y s i s  and th e  r e t r a c t i o n  of t h e  
f r e e d  lu n g  p lu s  more o r  l e s s  c o m p re ss io n ,  l e a d s  t o  c a v i t y  
c l o s u r e .  I t  i s  t h u s  a  m ech an ica l  e f f e c t  t h a t  i s  so u g h t  
i n  t h e  f i r s t  i n s t a n c e .

The most e f f e c t i v e  form o f  a r t i f i c i a l  pneumo­
t h o r a x  i s  t h a t  which  p r o v id e s  s e l e c t i v e  c o l l a p s e  of  t h e  
d i s e a s e d  p o r t i o n  o f  th e  l u n g ,  l e a v i n g  th e  r e s t  o f  t h e  
pulmonary t i s s u e  t o  c o n t in u e  f u n c t i o n i n g  more o r  l e s s  
n o rm a l ly .  More w i l l  be s a i d  a b o u t  t h i s  l a t e r  b u t  h e re  
i t  may be m ent ioned  t h a t  one advan tage  of t h o r a c o p l a s t y  
over  pneumothorax i s  t h a t  s e l e c t i v e  c o l l a p s e  and s e l e c t ­
i v e  r e s t  o f  th e  d i s e a s e d  a r e a  i s  o b t a i n e d  from th e  s t a r t .
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I n d i c a t i o n s  f o r  C o l l a p s e  T h e r a p y .

I t  may be s a i d  from t h e  o u t s e t  t h a t  h e a l i n g  o f  
t u b e r c u l o u s  pulmonary  l e s i o n s  w i t h o u t  c o l l a p s e  t h e r a p y  i s  
t o  be  p r e f e r r e d  to  t h a t  w i t h  i t .  There i s  a  d e f i n i t e  
r i s k  e n t a i l e d  i n  any o f  th e  p r e s e n t  methods o f  c o l l a p s e  
t r e a t m e n t ,  even w i t h  seem in g ly  ino cu ou s  p h r e n i c  n e rv e  
c r u s h  and ,  when i t  comes t o  a r t i f i c i a l  pneum othorax ,  th e  
r i s k s  of  e a r l y ,  and e s p e c i a l l y  l a t e r ,  c o m p l i c a t i o n s  a r e  
in d e e d  f o r m id a b le  and cannot  be i g n o r e d .  H e a l in g  w i t h ­
ou t  c o l l a p s e  l e a d s  t o  l e s s  l a t e r  d i s a b l e m e n t .  As a  
p r a c t i c a l  c o n s i d e r a t i o n ,  however ,  i t  i s  found  i n  t h i s  
h o s p i t a l  t h a t  p r o b a b l y  n i n e t y - p e r - c e n t  o f  a d m i s s io n s  w i t h  
pulmonary  t u b e r c u l o s i s  only  r e q u i r e  to  be c o n s i d e r e d  f o r  
c o l l a p s e  t r e a t m e n t  and a p r o p o r t i o n  of  t h e s e  a r e  t o o  f a r  
advaneed  t o  be c o n s i d e r e d  s a f e  s u b j e c t s  f o r  c o l l a p s e  a t  
a l  1 .

I t  must f i r s t  be d e c i d e d  f o r  any case  w h e t h e r  
or  n o t  h e a l i n g  i s  l i k e l y  to  t a k e  p l a c e  w i t h o u t  c o l l a p s e  
( 1 2 5 ) and f o r  t h i s  an i n i t i a l  p e r i o d  o f  bed  r e s t  i s  
a b s o l u t e l y  e s s e n t i a l .  I t  may be o b j e c t e d  t h a t  t h e r e  i s  
some d a n g e r  o f  s p r e a d  o f  th e  d i s e a s e  d u r i n g  t h i s  w a i t i n g  
p e r i o d  and t h a t  a d h e s i o n s  a r e  l i k e l y  to  form making i t  
p e rh a p s  im p o s s i b l e  t o  c a r r y  out  pneumothorax  i f  i t  sh o u ld  
be c o n s i d e r e d  n e c e s s a r y  l a t e r .  However, u n d e r  c lo s e  ob­
s e r v a t i o n ,  th e  d a n g e r  o f  s p r e a d  i s  m in im ised .  As f o r  
a d h e s i o n s  fo rm in g ,  t h e y  a r e  f r e q u e n t  i n  any case  and can 
f r e q u e n t l y  be f r e e d  by pn eu m o n o ly s i s .  I t  i s  no t  l i k e l y  
t h a t  p l e u r a l  sym physis  xirill t a k e  p l a c e  d u r i n g  th e  o b s e r ­
v a t i o n  p e r i o d  i f  i t  has  no t  o c c u r r e d  b e f o r e .  The i n i t i a l  
r e s t  p e r i o d  need o n ly  be long  enough f o r  a  d e f i n i t e  
d e c i s i o n  t o  be r e a c h e d ;  i n  some case s  t h i s  w i l l  be 
s h o r t ,  i n  o t h e r s  l o n g e r .

Having s e e n  th e  e x t e n t  o f  th e  d i s e a s e ,  t h e  n e x t  
s t e p  i s  to  d e t e r m i n e ,  as  soon as  p o s s i b l e ,  i t s  s t a t u s  
and t o  form an i d e a  o f  i t s  t e n d e n c i e s .  T h is  can be 
a c c o m p l i sh e d  most s u c c e s s f u l l y  by a  c a r e f u l  compar ison  
o f  s e r i a l  X-Rays t a k e n  a t  a  s u i t a b l e  i n t e r v a l  o f  t i m e .  
T h is  i n t e r v a l  v a r i e s  from case  to  c a s e .  In  th e  e a r l y  
e x u d a t iv e  type  o f  d i s e a s e  i t  may be on ly  a x^eek o r  so 
w h e re a s ,  in  the  more c h ro n ic  t y p e s ,  a month o r  l o n g e r  i s  
s a f e .

Here i t  sh o u ld  be m ent ioned  t h a t  t h e  symptoms 
o f  toxaem ia  may l e s s e n ,  the  t e m p e r a t u r e ,  p u l s e  and b lo o d  
s e d i m e n t a t i o n  r a t e  may come down t o  more normal  l e v e l s ,  
t h e  cough and sputum may d e c r e a s e  and t h e r e  may be some
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g a i n  i n  w e i g h t ,  a l l  from s im p le  "bed r e s t  and a l l  w i t h o u t  
meaning t h a t  the  l e s i o n  i s  r e a l l y  t e n d i n g  to  r e g r e s s .
T h is  sym ptom at ic  improvement may, i n  f a c t ,  m ere ly  he a  
s i g n  t h a t  a  c a se o u s  l e s i o n  has  c a v i t a t e d .  As r e g a r d s  
p h y s i c a l  s i g n s ,  s p r e a d i n g  r a l e s  may i n d i c a t e  t h a t  a  
l e s i o n  i s  e x t e n d i n g .

This  i s  a l s o  th e  t im e  to  c o n s i d e r  v a r i o u s  b a c k ­
ground  f a c t o r s  c o n n e c te d  w i t h  th e  p a t i e n t .  The p r e v i o u s  
e n v i ro n m e n t ,  th e  mode of  l i f e  and h a b i t s  g e n e r a l l y  may 
g i v e  a g u id e  as  to  what can be e x p e c te d  from bed r e s t .
The r a c e ,  age ,  sex  and c o lo u r  f a c t o r s  must a l s o  be con­
s i d e r e d .  B ro ad ly  sp e a k in g ,  t h e  young fem a le  i s  a  c a n d i ­
d a t e  f o r  e a r l i e r  c o l l a p s e  t h a n  t h e  young man. The p r o g ­
n o s i s  w i t h o u t  c o l l a p s e  i s  p o o r e r  i n  th e  c o l o u r e d  t h a n  i n  
th e  w h i t e .

Having em phasised  t h a t  t h e r e  sh o u ld  be no r u s h ­
in g  i n t o  c o l l a p s e  t h e r a p y  e x c e p t ,  p e rh a p s ,  i n  c e r t a i n  
c a se s  o f  haem orrhage ,  one may d e f i n e  the  b r o a d  i n d i c a t i o n s  
f o r  c o l l a p s e  as  f o l l o w s

( a )  D ise ase  which  p r o g r e s s e s  w i t h  bed  r e s t  a l o n e .

(b)  C av i ty  which  f a i l s  t o  show prompt d i m i n u t i o n
i n  s i z e  w i t h  r e s t .

( c )  C e r t a i n  l e s i o n s  which  e x p e r i e n c e  shows a r e
u n l i k e l y  t o  h e a l  w i t h  r e s t  o n ly .

( a )  As l o n g  as  c a v i t a t i o n  i s  a b s e n t ,  i t  i s  
q u i t e  s a f e  to  w a i t ,  p r o v id e d  t h a t  t h e r e  i s  c a r e f u l  
o b s e r v a t i o n  of  t h e  case  on t h e  l i n e s  i n d i c a t e d  above .
Here i t  may be s t a t e d  t h a t  bed r e s t  means a t  l e a s t  b e in g  
in  bed t w e n t y - f o u r  ho u rs  a day w i t h  s t r i c t  r e g u l a t i o n  o f  
a l l  m en ta l  and p h y s i c a l  e x e r t i o n .  The s a n a t o r i u m  reg im e  
i s  s t i l l  t h e  backbone of  a l l  t r e a t m e n t  o f  pulmonary 
t u b e r c u l o s i s .  S e c o n d - r a t e  m ea su re s ,  su ch  as  a m b u la to ry  
pneum othorax ,  may have t o  be a d o p te d  in  c e r t a i n  c i rcum ­
s t a n c e s  where t h e  s h o r t a g e  o f  s a n a to r iu m  beds  makes t h i s  
i m p e r a t i v e ,  b u t  i t  must be r e c o g n i s e d  t h a t  t h i s  i s  a 
m a k e s h i f t  p r o c e d u r e .

(b)  When a c a v i t y  i s  p r e s e n t  th e  p o s i t i o n  i s  
d i f f e r e n t .  This  a lm o s t  a lways c a l l s  f o r  c o l l a p s e  o f  some 
s o r t .  F r e q u e n t l y ,  however,  a  w a t c h f u l  w a i t i n g  p o l i c y  i s  
in  o r d e r .  Spontaneous  h e a l i n g ' o f  c a v i t y  sometimes t a k e s  
p l a c e .  Wiese ( 1 2 2 ) ,  among o t h e r s ,  has p o i n t e d  t h i s  o u t .
In  h i s  s e r i e s  o f  125 c a v i t y  c a s e s ,  tw en ty  c lo s e d  on r e s t  
a l o n e .  As was shown i n  the  c h a p t e r  on p a th o lo g y  and as
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B lo ch  e t  a l  (35)  have p o i n t e d  o u t ,  the  s i z e  o f  some 
c a v i t i e s  a t  t h e  s t a r t  o f  t r e a t m e n t  does n o t  r e p r e s e n t  
th e  a c t u a l  s i z e  o f  t h e  lu n g  d e f e c t .  R es t  l e a d s  t o  t h e  
l o s s  o f  t h e  i n f l a t i o n a r y  e f f e c t  l e a v i n g  a s m a l l  c a v i t y  
which  may then  c lo s e  x f i thout  c o l l a p s e .

G e n e r a l l y ,  however,  t h e  p r e s e n c e  o f  c a v i t a t i o n  
i s  t h e  most i m p o r t a n t  i n d i c a t i o n  f o r  some form o f  
c o l l a p s e  o f  t h e  l u n g .  I f  t h e r e  i s  no l e s s e n i n g  i n  i t s  
s i z e  w i t h i n  a r e a s o n a b l e  p e r i o d  o f  r e s t ,  t h i s  sh o u ld  be 
i n i t i a t e d .  T h is  i s  a ssum ing t h a t  the  sputum i s  p o s i t i v e .  
The d a n g e r s  of  open c a v i t y  w i t h  p o s i t i v e  sputum do n o t  
need  to  be f u r t h e r  s t r e s s e d .

C a v i t i e s  a r e  not  a l l  s u i t a b l e  f o r  pneumothorax  
t r e a t m e n t .  The b e s t  a r e  f a i r l y  young c a v i t i e s ,  n o t  t o o  
l a r g e ,  s i t u a t e d  f a i r l y  c e n t r a l l y  i n  th e  l u n g .  The l a r g e ,  
c i r c u l a r ,  t e n s i o n  c a v i t i e s  u s u a l l y  need  o t h e r  t r e a t m e n t .  
M ed ia l  a p i c a l  c a v i t i e s  a r e  d i f f i c u l t  to  c l o s e  a s  a r e  
t h o s e  a t  th e  apex  of  th e  lo w er  l o b e .  G-enera l ly ,  a p i c a l  
c a v i t i e s  a r e  more f a v o u r a b l e  f o r  c l o s u r e  t h a n  b a s a l  o n e s .  
I t  may be n o te d  t h a t  l a t e r a l  X-Rays a r e  f r e q u e n t l y  needed  
to  l o c a l i s e  a c a v i t y  a c c u r a t e l y .

(c )  There  a r e  c e r t a i n  l e s i o n s  w hich  would 
a p p e a r  t o  c a l l  f o r  c o l l a p s e  o f  th e  lung  w i t h o u t  d e l a y .  
They a re  th o se  which  e x p e r i e n c e  t e a c h e s  a r e  u n l i k e l y  to  
b e n e f i t  from r e s t  a lo n e  and i n c l u d e  most c a s e s  o f  f a r -  
advanced  c a v i t a t i o n  w i t h  d i s t o r t i o n  o f  th e  m ed ias t inum  
and p l e u r a l  t h i c k e n i n g  i n d i c a t i n g  f i b r o s i s .  There a r e  
some w orke rs  who would say  t h a t  t u b e r c u l o u s  pneumonia 
f a l l s  i n t o  t h i s  c a t e g o r y  a s  t h e s e  l e s i o n s  a r e  a lm os t  i n ­
v a r i a b l y  about  to  c a v i t a t e  and e a r l y  pneumothorax  may 
l i m i t  t h e  e x t e n t  o f  t h i s  d e s t r u c t i o n .

The f o r e g o i n g  a r e  t h e  f a i r l y  w id e ly  a c c e p t e d  
i n d i c a t i o n s .  There f o l lo w  some which  a r e  more d e b a t a b l e : -

( a ) The Minimal L e s i o n .

R a f f e r t y  has  c o l l e c t e d  numerous o p in io n s  on 
t h i s  s u b j e c t  and th e  consensus  seems to  be t h a t  such  
l e s i o n s  sh ou ld  no t  h a s t i l y  be c o n s i d e r e d  a s  r e q u i r i n g  
c o l l a p s e .  B loch  e t  a l  (35) have s t a t e d  t h a t  the  t e n d e n c y  
of  r e a l l y  e a r l y  c a se s  to  h e a l  w i t h o u t  c o l l a p s e  seems t o  
have been  o v e r lo o k e d  by the  more e n t h u s i a s t i c  a d v o c a te s  
o f  e a r l y  c o l l a p s e  m easu re s .  I t  sh o u ld  be m ent ioned  i n  
p a s s i n g  t h a t  c a se s  w i t h  c a v i t y  o r ,  what amounts t o  th e  
same t h i n g ,  p e r s i s t e n t  p o s i t i v e  sputum sh o u ld  no t  be 
c l a s s i f i e d  as  e a r l y  o r  "minimal  d i s e a s e " .
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These l e s i o n s  r e q u i r e  c lo s e  o b s e r v a t i o n ,  u n d e r  
b e d - r e s t  c o n d i t i o n s  i n  many c a s e s ,  to  d e t e r m i n e  t h e i r  
s t a t u s  j u s t  as f o r  more advanced  d i s e a s e .  I t  i s  n o t  a  - 
q u e s t i o n  o f  w a i t i n g  f o r  su ch  l e s i o n s  t o  become f a r -  
a d v an ced .  Under c l o s e  o b s e r v a t i o n  c o l l a p s e  can be done 
e a r l y .  Amberson (126)  has em phas ised  t h a t  t h e s e  e a r l y  
l e s i o n s  a r e  e x u d a t i v e  i n  n a t u r e  and hence u n s t a b l e .  An 
X-Ray may be r e q u i r e d  as  o f t e n  a s  weekly  i n  t h e  e a r l y  
s t a g e s .  In  such  a manner,  th e  a l r e a d y  s t a b l e  and even 
h e a l e d  l e s i o n s  can be weeded ou t  and th e  p r o g r e s s i v e  
ones can be c o l l a p s e d  as  r e q u i r e d .

P i n n e r  ( 6 6 ) has summed th e  m a t t e r  up.  Minimal 
l e s i o n s ,  he rem inds  u s ,  a r e  not  a  homogeneous g ro u p .
Some need  c o l l a p s e  and some do n o t .  A l l  l e s i o n s  s h o u ld  
be e v a l u a t e d  i n  te rm s  of a c t i v i t y ,  dynamic s t a t u s ,  
p o t e n t i a l  d e v e lo p m e n ts ,  b a c t e r i o l o g i c a l  f i n d i n g s  and 
s y s t e m i c  r e a c t i o n  and a l l  t h i s  a g a i n s t  t h e  background  o f  
t h e  f a c t o r s  i n d i c a t i n g  the  c o n s t i t u t i o n a l  make-up o r  t h e  
v u l n e r a b i l i t y  o f  th e  p a t i e n t .  I n d i v i d u a l  t r e a t m e n t  i s  
r e q u i r e d  and i t  seems most unwise t o  employ a  b l a n k e t  
c o l l a p s e  m easu re ,  u s u a l l y  pneumothorax  w i t h  a l l  i t s  
p o t e n t i a l  c o m p l i c a t i o n s ,  when p r o b a b ly  30% o r  more o f  
su ch  minimal l e s i o n s  w i l l  h e a l  w i t h  a d e q u a te  r e s t .  
W oolas ton  ( 1 2 7 ) makes a  p l e a  f o r  the  use  o f  p h r e n i c  
p a r a l y s i s  in  a d d i t i o n  to  r e s t  f o r  t h e s e  l i m i t e d  e a r l y  
l e s i o n s .

em ootys is  .

I t  i s  seldom t h a t  h a em o p ty s is  p e r  se  forms th e  
b a s i s  of a d e c i s i o n  t o  c o l l a p s e  the  lu n g .  Haemorrhage 
i s  se ldom f a t a l  and then  u s u a l l y  i n  c a s e s  where i t  i s  ob­
v i o u s  t h a t  some form o f  c o l l a p s e  measure i s  r e q u i r e d  
w i t h o u t  haemorrhage  o r  i n  c a s e s  where  p r e v i o u s  e f f o r t s  
to  o b t a i n  c o l l a p s e  have f a i l e d .  O ther  c a s e s  have a l ­
re a d y  been  t u r n e d  down as  u n f i t  t o  undergo  c o l l a p s e  
t r e a t m e n t .

I t  i s  a f a c t  t h a t  in  c e r t a i n  c a s e s ,  one d e c i d e s  
on an u r g e n t  a t t e m p t  a t  c o l l a p s e  of  t h e  lu n g  as  a  r e s u l t  
o f  h a e m o p ty s i s ,  w hereas  th e  o t h e r  i n d i c a t i o n s  would have 
e n c o u ra g e d  one t o  w a i t  and p e r s i s t  w i t h  r e s t .  One must 
i n i t i a l l y  t r y  t o  d e c id e  which s i d e  needs c o l l a p s i n g ,  a 
t h i n g  which  i s  no t  a lways e a s y .  The p a t i e n t 1s s e n s a t i o n s  
a r e  of  some v a lu e  h e re  as  i s  a c a r e f u l  s tu d y  of  th e  X- 
Rays. A f a i r l y  r a p i d  c o l l a p s e  o f  the  lung  w i t h  l a r g e  r e ­
f i l l s  o f  a i r  i s  r e q u i r e d  u s u a l l y  b u t ,  on th e  o t h e r  hand ,  
a s m a l l  c o l l a p s e  by a l lo w in g  t h e  b lo o d  v e s s e l s  to  r e l a x  
may be enough t o  s t o p  th e  b l e e d i n g .  A c o n t r a l a t e r a l  
c o l l a p s e  may a l s o  be ment ioned h e re  i f  a l l  e l s e  f a i l s .
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( c ) P l e u r a l  E f f u s i o n .

A l a r g e  p e r c e n t a g e  of  c a s e s  o f  p l e u r i s y  w i t h  
e f f u s i o n  p rec ed e  o r  o c c a s i o n a l l y  accompany a c t i v e  p a r e n ­
chymal d i s e a s e .  When c o n f r o n t e d  w i t h  s u c h  a c o n d i t i o n ,  
i t  i s  t h e r e f o r e  w ise  t o  have c a r e f u l  X-Ray s t u d i e s  o f  
t h e  l u n g s  made. I f  i t  cannot  he s e e n  t h a t  t h e  parenchyma 
i s  c l e a r  o f  t u b e r c u l o u s  d i s e a s e ,  one can t h e n  p r o c e e d  to  
a s p i r a t e  some of  th e  f l u i d  iirhen th e  a c u t e  f e b r i l e  p h ase  
has  s e t t l e d  down. This  w i l l  e n co u rag e  r e - e x p a n s i o n  o f  
t h e  l u n g  and ,  as  i t  r e - e x p a n d s ,  a c a r e f u l  w a tc h  s h o u ld  
be k e p t  f o r  l e s i o n s  o f  an a c t i v e  n a t u r e  i n  t h e  l u n g .  I f  
t h e s e  a r e  found ,  t h e  f l u i d  can th e n  be r e p l a c e d  by a i r  
and th e  r e f i l l s  c o n t i n u e d  a s  r e q u i r e d .

( d ) I n  P r e g n a n c y .

U n c o n t r o l l e d  t u b e r c u l o s i s  i s  as  d a n g e ro u s  i n  
a s s o c i a t i o n  w i t h  p regnancy  as  w i t h o u t  i t  and ,  t h e r e f o r e ,  
an a t t e m p t  s h o u ld  be made t o  g e t  i t  u n d e r  c o n t r o l  w i t h  
r e s t  i n  th e  f i r s t  I n s t a n c e  and,  i f  t h a t  i s  n o t  s u f f i c ­
i e n t ,  c o l l a p s e  must be c o n s i d e r e d .  I f  p o s s i b l e ,  c o l l a p s e  
m easu res  sh ou ld  be d e la y e d  u n t i l  a f t e r  d e l i v e r y .  I t  i s  
a t  t h i s  t im e  e s p e c i a l l y  t h a t  a c lo s e  w a tch  must be k e p t  
on th e  s t a t e  o f  t h e  l e s i o n s  a s  r a p i d  p r o g r e s s i o n  may 
f o l l o w  t h e  d e s c e n t  o f  the  d iaphragm  (12g>7.

Type o f  C o l l a p s e .

C o l la p se  m easures  a r e  o f  two f u n d a m e n ta l ly  
d i f f e r e n t  t y p e s ,  namely ,  tem p o ra ry  o r  r e v e r s i b l e  and 
pe rm anen t  and i r r e v e r s i b l e  ( 3 6 )* A t h e o r e t i c a l l y  
r e v e r s i b l e  p ro c e d u re  such  as  pneumothorax sh o u ld  o n ly  be 
employed where i t  i s  c o n s i d e r e d  t h a t  r e - e x p a n s i o n  can 
r e a s o n a b l y  be e x p e c t e d  o r  s a f e l y  a l lo w e d .  Permanent 
me8.sures a r e  r e q u i r e d  inhere t h e r e  can be no r e a s o n a b l e  
hope o f  r e - e x p a n s i o n  o r  where i t  would be unwise to  
a l lo w  t h i s  to  o c c u r .

I n  t h e s e  days  xvhen t h o r a c o p l a s t y  ha s  become a 
r e l a t i v e l y  s a f e  o p e r a t i o n  and when r e s e c t  loti: o f  a  lo b e  
o r  a  whole lung  f o r  t u b e r c u l o u s  d i s e a s e  i s  coming i n ­
c r e a s i n g l y  i n t o  u s e ,  th e  p r i n c i p l e  o f  p r im a r y  t h o r a c o ­
p l a s t y  and p r im a ry  r e s e c t i o n  f o r  c e r t a i n  t y p e s  o f  d i s e a s e  
must be a c c e p t e d .  I t  i s  no l o n g e r  good p r a c t i c e  t o  con­
s i d e r  e v e ry  case  a s  one f o r  pneumothorax and ,  on ly  when 
t h i s  f a i l s ,  to  a d v i s e  one o f  the  more ‘’d r a s t i c 11 p r o c e d u r e s .  
For example , a r t i f i c i a l  pneumothorax  i n  a case  o f  l a r g e ,  
o l d - s t a n d i n g ,  a p i c a l  c a v i t y  may u l t i m a t e l y  be a  much more 
d r a s t i c  p ro c e d u re  w i t h  i t s  p o s s i b l e  c o m p l i c a t i o n s  of
c a v i t y  r u p t u r e ,  empyema and in - e x p a n d a b le  lu n g  t h a n ,  say
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cavernos tom y  f o l l o w e d  by a t w o - s t a g e  t h o r a c o p l a s t y . As 
K eers  and Rigden (129)  say :  11 t h e r e  i s  no l o n g e r  a  c a se
f o r  a d h e r i n g  r i g i d l y  to  a  f i x e d  programme b e g i n n i n g  w i t h  
a  minor  p r o c e d u r e  and p r o g r e s s i n g ,  by a  p r o c e s s  o f  t r i a l  
and e r r o r ,  to  an u l t i m a t e  t h o r a c o p l a s t y 11 .

Having t h u s ,  a c c o r d i n g  to  the g e n e r a l  p r i n c i ­
p l e s  o u t l i n e d  abo v e ,  d e c id e d  t h a t  c o l l a p s e  t h e r a p y  i s  
n e c e s s a r y ,  i t  r em a in s  t o  d e c id e  which  form t h i s  i s  to 
t a k e  and an i n i t i a l  d i f f e r e n t i a t i o n  i n t o  t em p o ra ry  and 
p e rm anen t  i s  r e q u i r e d .  The i n d i c a t i o n s  f o r  a r t i f i c i a l  
pneumothorax  a re  t h u s  th o se  f o r  major  c o l l a p s e  t h e r a p y  
and th e  c o n t r a - i n d i c a t i o n s  i n c l u d e  th o s e  c a s e s  which  r e ­
q u i r e  some form of  perm anent  c o l l a p s e  from t h e  s t a r t .

As w i t h  o t h e r  forms o f  t r e a t m e n t ,  so i n  p u l ­
monary t u b e r c u l o s i s ,  compromise i s  o f t e n  r e q u i r e d .  Some 
p a t i e n t s  may be t e m p e r a m e n ta l l y  q u i t e  u n s u i t e d  to  p r o ­
lo n g e d  bed  r e s t  and some can n o t  be c o nv in ced  o f  t h e  
n e c e s s i t y  f o r  i t .  For  them, and fo r '  t h o s e  who canno t  
a f f o r d  p r o lo n g e d  t r e a t m e n t , c o l l a p s e  t h e r a p y  may have to  
be a d v i s e d  b e f o r e  t h e r e  has  been a p r o p e r  t r i a l  of bed 
r e s t .

C o n t r a - i n d i c a t i o n s  to  A r t i f i c i a l  Pneumothor a x .

F i r s t l y . t h o s e  c a s e s  w h ich ,  w h i l e  r e q u i r i n g  
c o l l a p s e  t h e r a p y ,  a re  c o n s i d e r e d  more s u i t a b l e  f o r  some 
form o f  permanent  c o l l a p s e  from t h e  s t a r t .  They i n c l u d e :

(a )  Cases w i t h  l a r g e  a p i c a l  c a v i t y ,  e s p e c i a l l y  i f  th e  
d i s e a s e  i s  o f  l o n g - s t a n d i n g  and a s s o c i a t e d  w i t h  
much f i b r o t i c  d i s t o r t i o n  and p l e u r a l  t h i c k e n i n g .  
T h o r a c o p la s t y ,  w i t h  o r  w i th o u t  tu b e  d r a i n a g e  o r  
c av e rn o s to m y , g i v e s  much b e t t e r  r e s u l t s  even 
su p p o s in g  t h a t  the  a t t e m p t  to  o b t a i n  pneumo­
t h o r a x  space  does not f a i l  i n  the  f i r s t  i n s t a n c e .

(b) The g r o s s l y  damaged f i b r o i d  sh runken  l u n g .  I f  
t h e  o t h e r  lu n g  i s  c l e a r  of  d i s e a s e ,  lobec tom y 
o r  pneumonectomy i s  the  p r o c e d u r e  of  c h o ic e  and ,

' i f  t h e r e  i s  doub t  of the  c o n d i t i o n  o f  th e  
o p p o s i t e  l u n g ,  t h o r a c o p l a s t y  may g i v e  r e s u l t s  
which  a r e  e n t i r e l y  s a t i s f a c t o r y .

( c )  B r o n c h ia l  t u b e r c u l o s i s  w i t h  s t e n o s i s  g r e a t  enough 
t o  be v i s i b l e  by the  b roncho sco pe  o r  g i v i n g  r i s e  
t o  marked symptoms and s i g n s .  I f  th e  s t e n o s i s  i s  
not  due to  g r o s s  f i b r o s i s ,  s t r e p to m y c i n  may l e a d  
to  h e a l i n g  of  th e  l e s i o n .  More w i l l  be s a i d
abou t  t h i s  im p o r ta n t  s u b j e c t  l a t e r .
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S e c o n d l y , t h o s e  c a s e s  where t h e  d i s e a s e  i s  o f  
su c h  e x t e n t  t h a t  c o l l a p s e  t h e r a p y  of  any k in d  i s  u n l i k e ­
l y  t o  a f f e c t  th e  i s s u e .  Judgement i s  r e q u i r e d  h e r e .  
Sometimes s u r p r i s i n g  r e s u l t s  a r e  o b t a i n e d  w i t h  l o n g -  
c o n t i n u e d  bed  r e s t  so t h a t  th e  p a t i e n t  may e v e n t u a l l y  be 
c o n s i d e r e d  f o r  some form o f  c o l l a p s e .  There  i s  h e re  
sometimes an i n d i c a t i o n  f o r  a  p r e l i m i n a r y  p h r e n i c  
p a r a l y s i s ,  a lo n e  o r  a s s o c i a t e d  xvith pneumoper i toneum. 
Pneumoperi toneum may be t r i e d  a lo n e  w i th  bed  r e s t .  S ix  
months o r  l o n g e r  o f  t h i s  t r e a t m e n t  may b r i n g  th e  d i s e a s e  
to  t h e  p o i n t  where one may r e a s o n a b l y  a t t e m p t  some more 
r a d i c a l  form o f  c o l l a p s e  t r e a t m e n t  w i t h  the hope o f  p e r ­
m an en t ly  c o n t r o l l i n g  th e  l e s i o n .  I t  i s  in  su c h  c a s e s  
a l s o  t h a t  th e  use  of  s t r e p to m y c i n  may s o m e t im e s * le a d  t o  
r e s o l u t i o n  of th e  e x u d a t iv e  e le m e n t s  to  such  an e x t e n t  
t h a t  c o l l a p s e  m easu res  can be c o n s i d e r e d .

B i l a t e r a l  d i s e a s e  i s ,  o f  c o u r s e ,  no c o n t r a ­
i n d i c a t i o n  by i t s e l f  p ro v id e d  t h a t  s u f f i c i e n t  f u n c t i o n i n g  
l u n g  t i s s u e  rem ains  t o  c a r r y  on r e s p i r a t i o n .  R e s p i r a t o r y  
f u n c t i o n  t e s t s  h e re  f i n d  a u s e f u l  a p p l i c a t i o n .

T h i r d l y . s i l i c o s i s  a s s o c i a t e d  w i t h  t u b e r c u ­
l o s i s  i s ,  g e n e r a l l y  s p e a k in g ,  u n s u i t a b l e  f o r  pneumo­
t h o r a x  o r  any o t h e r  form of c o l l a p s e  t h e r a p y .  Pulmonary 
f u n c t i o n  i s  u s u a l l y  so much im p a i r e d  t h a t  t r e a t m e n t  by 
c o l l a p s e  may o n ly  h a s t e n  on r i g h t  h e a r t  f a i l u r e  o r  l e a v e  
t h e  p a t i e n t  w i t h  so l i t t l e  r e s p i r a t o r y  r e s e r v e  t h a t  i t  
would have been  b e t t e r  t o  l e a v e  him a l o n e .  I t  must be 
remembered t h a t  the  e f f e c t s  o f  s i l i c o s i s  a r e  p r o g r e s s i v e  
in  most c a s e s  and  t h i s  must be t a k e n  i n t o  a c c o u n t  when 
a s s e s s i n g  any case  f o r  a. t r i a l  o f  pneum othorax .  With 
t h e  improved methods o f  d u s t  c o n t r o l  h e re  i n  t h e  mines 
o f  th e  W i t w a t e r s r a n d , s i l i c o s i s  a p p e a r s  o n ly  a f t e r  a  
lo n g  p e r i o d  u n d e rg ro u n d .  Hence th,e age f a c t o r  must a l s o  
be c o n s i d e r e d .  Many s i l i c o - t u b e r c u l o t i c s  r e t a i n  a f a i r  
measure  o f  h e a l t h  and to  add th e  d o u b t f u l  b e n e f i t s  o f  
pneum othorax  and the  ve ry  r e a l  p o s s i b i l i t y  of i t s  com­
p l i c a t i o n s  se ldom does much b u t  harm.

Exceptions  do occur,  however, and, in  the  
w r i t e r ’ s e x p e r ie n c e ,  an o c c a s io n a l  case has been seen  in  
Tfhich pneumothorax has prolonged l i f e  to  an e x te n t  which  
would have seemed u n l i k e l y  w ithout  c o l l a p s e  t r e a t m e n t .
The on ly  form o f  c o l l a p s e  which  i t  i s  p e r m i s s i b l e  to  
a t t e m p t  i n  t h e s e  c a s e s  i s  some form of t e m p o ra ry  c o l l a p s e  
such  as  a r t i f i c i a l  pneumothorax o r ,  p e r h a p s ,  pneumo­
p e r i to n eu m .
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F o u r t h l y . t u b e r c u l o u s  pneumonia .  There i s  con­
s i d e r a b l e  d i s a g r e e m e n t  as  t o  w h e th e r  t h i s  t y p e  o f  d i s e a s e  
c o n t r a - i n d i c a t e s  c o l l a p s e .

. There a r e  th o s e  who sa y  t h a t  t h i s  i s  th e  one 
form of  d i s e a s e  where e a r l y  pneumothorax  i s  r e q u i r e d  on 
th e  g rounds  t h a t  i t  i s  a l e s i o n  which ,  by i t s  n a t u r e ,  i s  
n o t  s t a t i c  and t e n d s  a lways to w a rd s  c a v i t a t i o n .  I t  i s  
b e t t e r ,  t h e y  sa y ,  n o t  t o  w a i t  f o r  t h i s  to  o c c u r  and w i t h  
i t  t h e  d a n g e r  o f  s p r e a d  and a l s o  th e  l i k e l i h o o d  of  
p l e u r a l  a d h e s io n s  fo rm in g .

O t h e r s ,  su c h  as  B lo ch  e t  a l  ( 3 5 ) ,  c o n s i d e r  t h a t  
pneumothorax  i s  d e f i n i t e l y  c o n t r a - i n d i c a t e d  a s  an e a r l y  
m easure  b ecau se  o f  th e  g r a v i t y  of th e  p a t i e n t ! s con­
d i t i o n  and b e c a u se  o f  the  l i k e l i h o o d  o f  s e r i o u s  p l e u r a l  
i n f e c t i o n  o c c u r r i n g .  They a r e  prepaired t o  w a i t  u n t i l  
t h e  d i s e a s e  has s u b s id e d  i n t o  a more c h r o n i c  s t a t e .  I f  
t h e  d i s e a s e  does no t  s u b s id e  w i t h  bed r e s t ,  o r  a c t u a l l y  
p r o g r e s s e s ,  one must c o n s i d e r  pneumothorax  a s  the  l e s s e r  
of th e  two e v i l s  ( 3 6 ) • Empyema can be d e a l t  w i t h  i f  and 
when i t  a r i s e s .  Here ,  a g a i n ,  s t r e p to m y c i n  has  a  p l a c e  
in  t r e a t m e n t  a s  i t  i s  i n  th e  e x u d a t iv e  ty p e  of  l e s i o n  
t h a t  i t  has  so f a r  p roved  i t s  w o r th .  I n  th e  b a s a l  
pneumonic type  of  d i s e a s e ,  t h i s  may be combined w i t h  
pneumoperi toneum.

F i f t h l y , a s s o c i a t e d  d i s e a s e s ,  t u b e r c u l o u s  o r  
n o n - t u b e r c u l o u s , must on ly  be c o n s i d e r e d  a s  c o n t r a ­
i n d i c a t i o n s  i f  t h e y  a r e : -

(a )  l e t h a l  in  t h e m s e lv e s ,

(b)  t e r m i n a l  m a n i f e s t a t i o n s ,  o r

(c )  l i k e l y  to  i n t e r f e r e  w i t h  c a r a i o - r e s p i r a t o r y
f u n c t i o n  to  such  an e x t e n t  as  to  make 
c o l l a p s e  of  t h e  lun g  h a z a r d o u s .

Thus, t u b e r c u l o u s  l e s i o n s  o f  o t h e r  p a r t s  o f  t h e  body,  un ­
l e s s  f a l l i n g  u n d e r  ( b ) ,  a re  no t  c o n t r a - i n d i c a t i o n s  bu t  
r a t h e r  s t r o n g  i n d i c a t i o n s  f o r  c o l l a p s e .  This  a p p l i e s  to  
t u b e r c u l o s i s  o f  th e  bowel and l a r y n x .  S i m i l a r l y ,  con­
t r o l l e d  d i a b e t e s  and compensated h e a r t  d i s e a s e  do n o t  
n e g a t i v e  c o l l a p s e .

As a  f u r t h e r  c o n t r a - i n d i c a t i o n  s h o u ld  be men­
t i o n e d  th e  d i f f i c u l t y  in  some p a r t s  of t h e  c o u n t ry  o f  
o b t a i n i n g  th e  n e c e s s a r y  r e f i l l s  and r e l i a b l e  a d v ic e  o v e r



a l o n g  p e r i o d  o f  t im e .  T h is  may be i m p o s s i b l e  o r  t h e  e x ­
pense  of  such  p r o lo n g e d  t r e a t m e n t  may make some form o f  
pe rm anen t  c o l l a p s e  p r e f e r a b l e .  I t  i s  a l s o  a lm o s t  u s e ­
l e s s  t o  b e g in  a p r o lo n g e d  t r e a t m e n t  s u c h  a s  t h i s  i f  t h e  
p a t i e n t  i s  no t  l i k e l y  t o  c o o p e r a t e  f o r  t h e  n e c e s s a r y  
t i m e .  I n  a d d i t i o n ,  where c o o p e r a t i o n  i s  ou t  o f  t h e  
q u e s t i o n ,  as i n  some forms of m en ta l  d i s e a s e ,  i t  i s  u s e ­
l e s s  t o  a t t e m p t  pneum othorax .

B r o n c h i a l  T u b e r c u l o s i s .

There has  b e en  c o n s i d e r a b l e  d i s c u s s i o n  i n  
r e c e n t  y e a r s  on th e  q u e s t i o n  of  what  form of  t r e a t m e n t  
t o  employ f o r  pulmonary t u b e r c u l o s i s  i n  the  p r e s e n c e  of  
c o m p l i c a t i n g  b r o n c h i a l  t u b e r c u l o s i s .

Chamberla in  e t  a l  ( 1 3 0 ) ,  i n  a s e r i e s  o f  100 
c a s e s ,  a l l  w i t h  g r o s s  b r o r i c h o s c o p i c a l l y  v i s i b l e  b r o n c h i a l  
t u b e r c u l o s i s ,  c o n c lud ed  t h a t  pneumothorax  was c o n t r a ­
i n d i c a t e d  b eca u se  o f  th e  c o m p l i c a t i o n s  w hich  o c c u r r e d  
f o l l o w i n g  i t s  u s e .  Twenty-two o f  t h e i r  c a s e s  had pneumo­
t h o r a x .  P r o g r e s s i o n  of  th e  d i s e a s e  and empyema (11 
e s s e s )  were th e  c h i e f  c o m p l i c a t i o n s  and o n e - t h i r d  o f  
t h e  c a se s  d i e d .  On th e  o t h e r  hand ,  r e s u l t s  w i t h  t h o r a ­
c o p l a s t y  were much b e t t e r .  Of 2p c a se s  t r e a t e d  t h u s , /  

were a p p a r e n t l y  a r r e s t e d  o r  improved and on ly  12^  
were unchanged o r  w o rs e .  None d i e d .

In  a n o t h e r  s e r i e s  p u b l i s h e d  a bou t  t h e  same 
t i m e ,  T u t t l e  e t  a l  ( 1 3 1 ) d e a l t  w i t h  92 c a s e s .  As r e g a r d s  
t h e  t r e a t m e n t  i n t e n d e d  to  c o n t r o l  the  parenchym al  
d i s e a s e ,  pneumothorax was used  in  ^7 p a t i e n t s  and t h o r a ­
c o p l a s t y  In  35- In  on ly  12 o f  th e  pneumothorax  c a se s  
was c o n t r o l  a d e q u a t e .  I n  22 c a s e s  t h i s  form o f  t r e a t ­
ment was abandoned beca u se  of  the  i n a b i l i t y  t o  c o n t r o l  
th e  d i s e a s e  or  b e c a u se  o f  empyema o r  a t e l e c t a s i s .  F i f ­
t e e n  of t h e s e  c a se s  had t u b e r c u l o u s  empyema, 2 w i t h  
b r o n c h o - p l e u r a l  f i s t u l a .  Twenty-two h a d ■in e x p a n d a b le  
l u n g s .  The w o rs t  r e s u l t s  were o b t a i n e d  w i t h  pneumo­
t h o r a x  where a h i g h  d eg ree  of  b r o n c h i a l  s t e n o s i s  was 
p r e s e n t .  They, and o t h e r  w r i t e r s  ( 1 3 2 , 1 3 3 ) ,  have 
s t r e s s e d  t h a t  b ronchoscopy  must be done more f r e q u e n t l y  
i f  t h e r e  i s  any s u s p i c i o n  of  b r o n c h i a l  d i s e a s e  i n  o r d e r  
to  f i n d  I t ,  I f  p o s s i b l e ,  i n  an e a r l y  and t r e a t a b l e  s t a g e .

R a f f e r t y  and S h i e l d s  ( l j ^ )  s t u d i e d  ^0 c a s e s  o f  
b r o n c h i a l  t u b e r c u l o s i s  d i a g n o s e d  by b ro n ch o sco p y .
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Pneumothorax was need  i n  an e f f o r t  t o  c o n t r o l  t h e  p u l ­
monary d i s e a s e  and i n  1J c a s e s  d e a t h  r e s u l t e d .  I n  a 
f u r t h e r  3 ^he d i s e a s e  was u n c o n t r o l l e d .  The com­
p l i c a t i o n s  iirere a t e l e c t a s i s ,  u s u a l l y  l o b a r  i n  e x t e n t ,  
in  17 c a s e s ;  t h e  l u n g  would no t  r e - e x p a n d  i n  most o f  
t h e s e .  I n f e c t i o n  of  th e  a t e l e c t a t i c  l u n g  w i t h  a n a e r o b i c  
s t r e p t o c o c c i  o c c u r r e d  in  J c a s e s . T u b e rc u lo u s  empyema 
o c c u r r e d  in  17 c a s e s  and,  i n  3.2 c a se s  w hich  had empyema 
p l u s  a t e l e c t a s i s ,  11 d i e d .  T h e i r  i m p r e s s io n  was t h a t  
t h e s e  c a se s  were d e f i n i t e l y  made worse by pneumothorax  
th u s  c o n f i r m in g  t h e  f i n d i n g s  s e t  out ab o ve .

A f u r t h e r  a n a l y s i s  was made by th e  above 
a u t h o r s  o f  th e  cause  o f  d e a t h  from the  p o i n t  o f  view o f :

(a )  t h e  parenchym al  d i s e a s e ,  and

(b)  th e  b r o n c h i a l  l e s i o n .

The s e v e r i t y  o f  t h e  b r o n c h i a l  d i s e a s e  was of  much more 
im p o r ta n c e  th an  t h a t  of t h e  parenchym al  d i s e a s e  i n  
d e t e r m i n i n g  the  p r o g n o s i s .  C o m p l ic a t io n s  were  a l s o  much 
more f r e q u e n t  when t h e  pneumothorax  was i n d u c e d  d u r i n g  
an a c u t e  phase  o f  th e  b r o n c h i a l  d i s e a s e .  When th e  
b r o n c h i a l  l e s i o n  had h e a l e d  o r  become i n d o l e n t ,  no com­
p l i c a t i o n s  o c c u r r e d  (J  c a s e s ) .

B r o n c h ia l  t u b e r c u l o s i s  thus  a f f e c t s  th e  t r e a t ­
ment o f  th e  parenchym al  l e s i o n  c h i e f l y  a s  a  p rob lem  o f  
d e f e c t i v e  d r a i n a g e .  A t e l e c t a s i s ,  r e t e n t i o n  o f  s e c r e t i o n s ,  
a n a e r o b i c  i n f e c t i o n ,  p r o g r e s s i v e  t u b e r c u l o s i s ,  t u b e r ­
c u lo u s  empyema, b r o n c h i e c t a s i s  and in e x p a n d a b le  l u n g ,  
a r e  t h e  c o m p l i c a t i o n s  to  be f e a r e d  where pneumothorax  
i s  u se d  i n  the  p r e s e n c e  o f  e x t e n s i v e  b r o n c h i a l  d i s e a s e  
in  the  ©cute p h a s e .  Such c o m p l i c a t i o n s  a r e  r e l a t i v e l y  
l e s s  f r e q u e n t  i f  pneumothorax i s  r e s e r v e d  f o r  th o se  
c a se s  where the  b r o n c h i a l  d i s e a s e  i s  l e s s  e x t e n s i v e  o r  
where i t  i s  i n d o l e n t  o r  h e a l e d  w i t h o u t  a p p r e c i a b l e  
s t e n o s i s .  Once s t e n o t i c  l e s i o n s  a r e  p r e s e n t ,  lobec tom y 
o r  pneumonectomy a r e  needed ( 1 3 3 ) an& from t h e  r e s u l t s  
i n  a. r e c e n t  s e r i e s  r e p o r t e d  by C u r r e r i  e t  a l  (135) t h i s  
would seem t o  be p r e f e r r e d  t r e a t m e n t  t o  t h o r a c o p l  s, s t y .

To summarise ,  when t u b e r c u l o u s  b r o n c h i t i s  i s  
d i a g n o s e d ,  i t  i s  b e t t e r  to  abandon the  p l a n  of  pneumo­
t h o r a x  f o r  t h e  t im e  b e in g  and t o  t r e a t  t h e  b r o n c h i a l  
l e s i o n  by means o f  bed  r e s t ,  d r a i n a g e  by p o s t u r e ,  
p o s s i b l y  b r o n c h o s c o p ic  a p p l i c a t i o n  o f  s i l v e r  n i t r a t e  and
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a l s o  s t r e p t o m y c i n .  I f ,  a f t e r  a  p e r i o d  o f  r e s t ,  t h e  p a r ­
enchymal l e s i o n  s t i l l  i s  i n  need  o f  c o l l a p s e ,  th e  ty p e  
o f  c o l l a p s e  s h o u ld  depend on th e  b r o n c h i a l  s t a t u s  a t  
t h a t  t i m e .  Pneum othorax  s h o u ld  no t  be u sed  i f  th e  
u l c e r a t i o n  i s  e x t e n s i v e  o r  even  m odera te  b u t  p r o g r e s s i n g ,  
o r  i f  t h e r e  i s  p a r t i a l  s t e n o s i s  w i t h  a h e a l e d  or  i n ­
d o l e n t  b r o n c h i a l  l e s i o n .  Only i f  t h e  b r o n c h i a l  d i s e a s e  
i s  minimal  o r  has  r e sp o n d ed  w e l l  t o  t r e a t m e n t  can 
pneumothorax  s a f e l y  be a t t e m p t e d .

P h r e n i c  P a r a l y s i s  w i t h  A r t i f i c i a l  P neu m o tho rax .

I t  i s  w e l l  to  remember f i r s t l y  t h a t , a p a r t  from 
such  o p e r a t i v e  r i s k s  as  h aem orrhage ,  damage to  th e  
t h o r a c i c  d u c t  a.nd p a r a l y s i s  of  n e r v e s  o t h e r  t h a n  th e  
p h r e n i c ,  p h r e n i c  i n t e r r u p t i o n  d e p l e t e s  t h e , r e s p i r a t o r y  
r e s e r v e  t o  a v a r y i n g  e x t e n t .  A cco rd in g  t o  A le x a n d e r  ( 1 3 6 ) ,  
t h e  pulmonary  volume may be d i m i n i s h e d  by from o n e - s i x t h  
t o  o n e - h a l f .  I n  a d d i t i o n ,  t h e  d u r a t i o n  of  t h e  p a r a l y s i s  
i s  v e ry  v a r i a b l e  a f t e r  c ru s h in g  t h e  n e r v e .  Thorburn  and 
H ig g in s  ( 137 ) found  t h a t  i n  on ly  20 o f  t h e i r  100 c a s e s  
o f  p h r e n i c  c r u s h  was t h e r e  f u l l  r e t u r n  o f  d i a p h r a g m a t i c  
f u n c t i o n  a f t e r  from one t o  e i g h t  y e a r s .  F o r t y  p a t i e n t s  
had im p a i r e d  f u n c t i o n  and,  i n  5> th e  d iaphragm  was m o t ion ­
l e s s .  T h is  must be remembered ifhen i t  may be n e c e s s a r y  
o r  d e s i r a b l e  t o  c a r r y  out t h o r a c o p l a s t y  l a t e r  on. The 
p a t i e n t  th e n  may no t  have the  n e c e s s a r y  r e s p i r a t o r y  
r e s e r v e  o r  d e f e c t i v e  movement o f  the  b a se  of t h e  l u n g  
may encourage  p o s t - o p e r a t i v e  a t e l e c t a s i s  to  d e v e lo p .

E n th u s ia sm  f o r  th e  use  o f  p h r e n i c  p a r a l y s i s  was 
h i g h  some y e a r s  ago .  For  example ,  L e s l i e  and Anderson 
(133) r e p o r t e d  t h a t  i n  1 ,1 2 ^  c a s e s  t r e a t e d  by i n t e n s i v e  
c o l l a p s e  t r e a t m e n t ,  no l e s s  t h a n  25^  had pneumothorax  
and p h r e n i c  p a r a l y s i s  t o g e t h e r .  The measure  i s  now l e s s  
p o p u l a r  and ,  as  f a r  a s  co nce rn s  t h e  p r e s e n t  work, t h e r e  
i s  one u n e q u iv o c a l  i n d i c a t i o n  f o r  t h i s  co m b in a t io n  of  
p r o c e d u r e s .  That  i s  when pneumothorax  i s  i n e f f e c t i v e  o r  
only  p a r t i a l l y  e f f e c t i v e ,  t h e  lu n g  b e in g  s t r e t c h e d  b e ­
tween u n c u t t a b l e  a p i c a l  and d i a p h r a g m a t i c  a d h e s io n s  w i t h  
p e r s i s t e n t  p o s i t i v e  sputum and open c a v i t y  and  where 
t h o r a c o p l a s t y  i s  out o f  th e  q u e s t i o n  ( 6 6 ) .  However, 
t h o r a c o p l a s t y  need no t  be w ho l ly  out o f  the  q u e s t i o n  b e ­
f o r e  a t t e m p t i n g  t h i s  p ro c e d u re  because  c e r t a i n  c a v i t i e s  
from t h e i r  s i t u a t i o n  i n  th e  m id - lu n g  xvould r e q u i r e  an e x ­
t e n s i v e  t h o r a c o p l a s t y  t o  e f f e c t  t h e i r  c l o s u r e  and t h i s  
i s  no t  j u s t i f i e d  i f  s i m p le r  m easures  can be s a f e l y  
a d o p te d  h a v in g  an eye to  t h e  lo n g  term r e s u l t s .
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Thorburn and R igg ins  ( 1 3 7 ) p u b l i s h e d  t h e i r  
r e s u l t s  w i th  the combined treatm ent  in  100 c a ses  who 
had f i r s t  pneumothorax, but in  whom the c a v i t y  p e r s i s t e d  
and the sputum remained p o s i t i v e .  In 44$ c a v i t y  c lo s u r e  
r e s u l t e d  and a f u r t h e r  19$ c lo s e d  t h e i r  c a v i t i e s  a f t e r  
pneum olysis  or t h o r a c o p la s t y  had been added.

In O’B r i e n ’ s (139) s e r i e s  o f  5OO ph ren ic  nerve  
o p e r a t io n s ,  there  were 14^ which the o p e r a t io n  was 
supplementary to  pneumothorax. Of t h e s e ,  102 or 
of c a v i t i e s  c l o s e d .  There were 34 in  which the pneumo­
thorax  liras u s e l e s s  owing to adhes ions  h o ld in g  open the  
c a v i t y  and o f  t h e s e ,  4-2 c lo s e d ,  36 became sm a l le r ,  4- w e r e  
unchanged and 2 became l a r g e r .

The type o f  c a v i t y  p resen t  has more to  do w i th  
the s u c c e s s  or o th erw ise  of the procedure than i t s  
s i t u a t i o n  in the lu n g .  O’Brien  (139) found th a t  the  
sm al l  "moth-eaten" type o f  c a v i t y  showed the  h ig h e s t  per ­
centage  of c lo su r e  T h in -w al led  c a v i t i e s  were
next  w i t h  c lo s u r e .  The i r r e g u la r  t h i c k - w a l l e d
c a v i t i e s ,  a s s o c i a t e d  w ith  much f i b r o s i s ,  d id  l e a s t  w e l l .  
Closure i s  hardly  to be expected  of such c a v i t i e s  u n l e s s  
th ey  are very sm all  ( 1 3 6 ) .

Apart from the main i n d i c a t i o n  s t a t e d  above,  
t h i s  combined procedure f in d s  a u s e f u l  a p p l i c a t i o n  where 
the c a v i t y  i s  s i t u a t e d  in  the lower lobe  114-0) and 
commonly at  the apex o f  the lobe  . Even a f t e r  complete  
pneumolysis  has been carr ie d  out ,  the c a v i t y  in  t h i s  
s i t u a t i o n  may r e s i s t  c lo su re  and almost t o t a l  pneumo­
thorax may be req u ired  to  e f f e c t  c lo s u r e .  In order to  
o b ta in  a more s e l e c t i v e  c o l l a p s e ,  phrenic  crush may be 
added and the pneumothorax kept more sh a l lo w .  S e l e c t i v e  
c o l l a p s e  of the lower lobe  then occurs more r e a d i l y  and 
th ere  i s  l e s s  unnecessary  c o l l a p s e  of h e a l t h y  lung  
t i s s u e .  Thoracoscopy may show un cu ttab le  adhes ions  in  
the p a r a v e r te b r a l  g u t t e r  between the chest  w a l l  and the  
reg io n  o f  the a p i c a l  part o f  the lower l o b e .  Here a g a in ,  
phrenic  p a r a l y s i s  may have the same e f f e c t  as  above,  
namely,  to  a l low  a s e l e c t i v e  c o l l a p s e  of  the lower lobe  
to d ev e lo p .  The a l t e r n a t i v e  would be a t o t a l  pneumo­
thorax w i t h ,  even then ,  a chance of  the c a v i t y  remaining  
open, or a b a s a l  t h o r a c o p la s t y .

In a number of  cases  in  t h i s  h o s p i t a l ,  not  
n e c e s s a r i l y  w i th  b a s a l  d i s e a s e ,  x̂ e have combined pneumo­
thorax ,  phrenic  crush and pneumoperitoneum s u c c e s s f u l l y  
in  o b ta in in g  the c lo su r e  o f  p e r s i s t e n t  c a v i t i e s  where



the c o n d i t io n  o f  the o ther  lung has p rec lud ed  th o r a ­
c o p l a s t y  or where the p o s i t i o n  o f  the c a v i t y  in  the lung  
has not  been i d e a l  f o r  c lo s u r e  by the  major o p e r a t io n .

Pneumothorax plus  p h re n ic  p a r a l y s i s  i s  c o n tr a ­
i n d i c a t e d  i f  the  d i s e a s e  i s  o f  such e x te n t  th a t  c o n t r o l  
i s  un l ik e l jr  w i th  t h e s e  measures or i f  the pulmonary 
r e s e r v e  i s  markedly d e p le t e d  and a l s o  i f  t h o r a c o p la s t y  
i s  p r e f e r a b l e  and p o s s i b l e .  L i t t l e  va lue  can be e x ­
p e c te d  i f  t h i c k - w a l l e d  c a v i t i e s  are p resen t  or i f  t h e r e  
i s  m u l t ip le  c a v i t a t i o n  or e x t e n s i v e  d e s t r u c t i o n  o f  the  
lu n g .
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A d e t a i l e d  d e s c r i p t i o n  of  t h e  t e c h n i q u e  o f  
a r t i f i c i a l  pneumothorax  i n d u c t i o n  and su b s e q u e n t  r e f i l l s  
i s  n o t  n e c e s s a r y  i n  t h i s  work.  The method i s  w e l l  known, 
I t  may be m en t ioned  t h a t  pneumothorax  m achines  a r e  o f  
v a r i o u s  t y p e s .  The e s s e n t i a l  r e q u i r e m e n t s  a r e  some 
method o f  i n t r o d u c i n g  a i r  i n t o  t h e  c h e s t  o r  removing i t  
i n  m easured  q u a n t i t y  and a  manometer to  measure  th e  
i n t r a p l e u r a l  p r e s s u r e .  The P e t e r  Edwards machine has  
been  i n  use  i n  t h i s  h o s p i t a l  f o r  a  number o f  y e a r s .  A 
f i n e  n e e d l e  w i t h  a s m a l l  round s i d e  open ing  i s  used  f o r  
i n d u c t i o n  and a l a r g e r  one w i t h  a s i d e  s l o t  n e a r  the  
end f o r  r e f i l l s .  L oca l  i n f i l t r a t i o n  o f  t h e  c h e s t  w a l l  
w i t h  2$ P r o c a in e  i s  used  f o r  th e  f i r s t  few r e f i l l s  o n ly .  
No o t h e r  p r e p a r a t i o n  of t h e  p a t i e n t  i s  n e c e s s a r y .  Ex­
c e p t  f o r  v i s i t s  t o  the  X-Ray room and t h e a t r e ,  he i s  
k e p t  a t  r e s t  f o r  a few weeks a f t e r  th e  I n d u c t i o n .

A r t i f i c i a l  pneumothorax  i s ,  i d e a l l y ,  a  r e l a x ­
a t i o n  measure and com press ion  o f  th e  lung  i s  no t  aimed 
a t  e x c e p t  i n  c e r t a i n  s p e c i f i c  i n s t a n c e s  t o  be m en t ioned  
l a t e r .  The o b j e c t  o f  a l l  c o l l a p s e  m easures  i s  t o  
c o l l a p s e  d i s e a s e d  t i s s u e  w i t h  as  l i t t l e  i n t e r f e r e n c e  
w i t h  norm al  lu n g  as  p o s s i b l e .  I n  th e  case  o f  pneumo­
t h o r a x ,  t h i s  i s  a c h i e v e d  most r e a d i l y  t h r o u g h  s e l e c t i v e  
c o l l a p s e .  As we have s e e n ,  d i s e a s e d  parenchyma shows a. 
t e n d e n c y  t o  r e t r a c t  more t h a n  normal t i s s u e  s o ,  p r o v i d e d  
t h a t  th e  p l e u r a l  space  i s  f r e e  and r e f i l l s  a r e  g iv e n  a t  
t h e  p r o p e r  i n t e r v a l s ,  t h i s  s e l e c t i v e  c o l l a p s e  w i l l  be 
o b t a i n e d .  U n f o r t u n a t e l y ,  a d h e s io n s  a re  common and t h e i r  
most f r e q u e n t  s i t e  i s  o v e r  th e  d i s e a s e d  a r e a  which i t  i s  
d e s i r e d  t o  c o l l a p s e .  Thus,  i f  r e f i l l s  a r e  g iv e n  w i t h o u t  
p n e u m o ly s i s ,  g r a d u a l l y  th e  l e s s  d i s e a s e d  a r e a  o f  t h e  
lu n g  w i l l  become more c o l l a p s e d  ( u s u a l l y  th e  b a s e )  and 
c o n t r a - s e l e c t i v e  c o l l a p s e  i s  t h e  r e s u l t .  Pneum onolys is  
i s  r e q u i r e d  in  p r a c t i c a l l y  e v e ry  case  i f  s e l e c t i v e  
c o l l a p s e  i s  t o  d e v e lo p .

I f  t h e  d i v i s i o n  of a d h e s io n s  sh o u ld  p rove  im­
p o s s i b l e  by i n t e r n a l  p n eu m o n o lv s is ,  t h e  pneumothorax 
must be r e g a r d e d  as  i n e f f e c t i v e  and,  u n l e s s  a  good 
c o l l a p s e  can be o b t a i n e d  f a i r l y  soon,  i t  s h o u ld  be 
abandoned i n  f a v o u r  of  some o t h e r  c o l l a p s e  p r o c e d u r e .
I t  may be t h a t  t h e  a d h e s io n s  w i l l  s t r e t c h  and become 
c u t t a b l e  l a t e r  and t h e r e f o r e  i t  i s  j u s t i f i a b l e  to  w a i t  
f o r  a  few weeks f o r  t h i s  t o  happen .  I t  i s ,  however,  
u s u a l l y  dangerous  t o  a t t e m p t  to  s t r e t c h  the  a d h e s io n s  by
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g i v i n g  l a r g e  r e f i l l s  u n d e r  p o s i t i v e  p r e s s u r e .  The case  
may he c o n s i d e r e d  a s u i t a b l e  one f o r  open p n e u m o n o ly s is  
a l t h o u g h  t h i s  i s  an o p e r a t i o n  r a t h e r  r a r e l y  pe r fo rm ed  
nowadays. Or an e x t r a p l e u r a l  s t r i p  may be c a r r i e d  out  
w i t h  f e n e s t r a t i o n  i n t o  th e  pneumothorax  sp a c e  and r e f i l l s  
t h e r e a f t e r  c o n t i n u e d .  The pneumothorax  may o t h e r w i s e  be 
abandoned and a l i m i t e d  e x t r a p l e u r a l  s t r i p  c a r r i e d  out  
w hich  can l a t e r  be c o n v e r t e d  i n t o  an o l e o t h o r a x  i f  
o b l i t e r a t i o n  o f  th e  space  seems imminent .  L a s t l y ,  t h o r a ­
c o p l a s t y  may be c a r r i e d  ou t  a f t e r  th e  lu n g  h as  b een  r e ­
expan d ed .

I n  th e  i d e a l  c a s e ,  w i t h  l o c a l i s e d  d i s e a s e  i n  
t h e  u p p e r  t h i r d  o f  th e  lu n g ,  s e l e c t i v e  c o l l a p s e  may be 
e x p e c t e d  t o  d e v e lo p  i f  r e f i l l s  a r e  k e p t  s m a l l  and g i v e n  
f a i r l y  f r e q u e n t l y .  I t  i s  a d v i s a b l e  t o  g iv e  no t  more t h a n  
25O t o  300  c . c .  a t  i n d u c t i o n ,  t o  r e p e a t  t h i s  on th e  
f o l l o w i n g  day and a g a i n  two days  l a t e r .  The p r e s s u r e s  
a r e  k e p t  n e g a t i v e .  A f t e r  th e  t h i r d  r e f i l l ,  t h e  p a t i e n t  
can t h e n  be s c r e e n e d  b e f o r e  e ac h  r e f i l l  and th e  amount 
o f  a i r  to  be g iv e n  depends on th e  f i n d i n g s .  T h e r e a f t e r ,  
r e f i l l s  a r e  g iv e n  tw ice  xveekly u n t i l  t h e  r e q u i r e d  d e g re e  
of  c o l l a p s e  i s  o b t a i n e d  and t h e n  the  i n t e r v a l  i s  
u s u a l l y  l e n g t h e n e d  t o  one week.

I f  a d h e s io n s  a re  n o t e d ,  r e f i l l s  a r e  g i v e n  i n  
t h e  same manner, no a t t e m p t  b e i n g  made t o  s t r e t c h  th e  
a d h e s i o n s  b u t  t h o r a c o s c o p y  and ,  i f  p o s s i b l e ,  d i v i s i o n  o f  
t h e  a d h e s i o n s  i s  c a r r i e d  out  as  soon a s  t h e r e  i s  space  
t o  m a n ip u la t e  t h e  i n s t r u m e n t s .

The amount o f  a i r  r e q u i r e d  i s  v e ry  v a r i a b l e .
The g i v i n g  of  s m a l l  f r e q u e n t  r e f i l l s  i s  r e c o g n i s e d  as  
t h e  b e s t  method of  m a i n t a i n in g  c o l l a p s e .  T h is  has  th e  
a d v a n ta g e  of  p r o d u c in g  th e  l e a s t  11 c o n c e r t i n a  e f f e c t 11 o f  
a l t e r n a t e  c o l l a p s e  and r e - e x p a n s i o n  of  th e  lu n g  (l^i-l).  
T h is  can u s u a l l y  be  c a r r i e d  out  w h i l e  th e  p a t i e n t  i s  i n  
h o s p i t a l  b u t ,  a s  an  o u t - p a t i e n t ,  weekly r e f i l l s  a r e  more 
c o n v e n ie n t  and hence  l a r g e r  amounts a r e  u s u a l l y  r e q u i r e d .  
With the  p assag e  o f  t im e  th e  p l e u r a  o f t e n  becomes l e s s  
p e rm eab le  to  th e  pneumothorax g a s e s  making a b s o r p t i o n  
s lo w e r  and hence r e f i l l s  can be g iv e n  a t  l o n g e r  i n t e r ­
v a l s .  T h is  i s  much more marked where t h e r e  has  been  a 
p l e u r a l  e f f u s i o n  -  a  common o c c u r r e n c e .  To a v o id  
c a u s in g  d i s c o m f o r t ,  t h e  maximum r e f i l l  i s  u s u a l l y  a b o u t  
500 c . c .  a l t h o u g h  600 c . c .  o r  even J00  c . c .  may be r e ­
q u i r e d  i n  c e r t a i n  c a s e s  to  m a i n t a i n  the  optimum c o l l a p s e .
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I t  s h o u ld  be em p h a s i se d  h e re  t h a t  X-Rays t a k e n  
a t  f a i r l y  f r e q u e n t  i n t e r v a l s  (3 to  ^  weeks w h i l e  i n  h o s ­
p i t a l  and 2 t o  3 months when o u t - p a t i e n t s )  p r o v i d e  th e  
o n ly  sound g u id e  t o  t h e  p r o g r e s s  o f  t r e a t m e n t . I n  
a d d i t i o n ,  i t  i s  n e c e s s a r y  t o  s c r e e n  t h e s e  p a t i e n t s  f r e ­
q u e n t l y ,  p r e f e r a b l y  b e f o r e  and a f t e r  r e f i l l s  t o  see  t h a t  
t h e  c o l l a p s e  i s  p r o p e r l y  m a i n t a i n e d .  Manometr ie  r e a d ­
in g s  t h e n  se rv e  as  a f u r t h e r  check  t o  keep  t h e  p r e s s u r e  
s u b - a t m o s p h e r i c  and a l s o  t o  i n d i c a t e  when a l e s s e n i n g  i n  
th e  amount o f  a i r  and a l e n g t h e n i n g  of th e  i n t e r v a l  
b e tw een  r e f i l l s  becomes n e c e s s a r y .

P o s i t i v e  P r e s s u r e  C o l l a p s e *

A l tho u gh  th e  i d e a l  i s  t o  keep th e  pneumothorax  
a t  a n e g a t i v e ,  or  l e s s  th an  a tm o s p h e r i c  p r e s s u r e ,  t o  
a v o id  f o r c i n g  down t h e  more h e a l t h y  a r e a s  of lu n g ,  
o c c a s i o n a l l y  i t  may be n e c e s s a r y  t o  m a i n t a i n  the  
p r e s s u r e  i n  the p l e u r a l  sp ace  somewhat p o s i t i v e .  T h is  
means t h a t  the  manometer r e g i s t e r s  a g r e a t e r - t h a n -  
a tm o s p h e r i c  p r e s s u r e  i n  a l l  p h a se s  o f  r e s p i r a t i o n .  To 
do t h i s ,  f r e q u e n t  r e f i l l s  a r e  u s u a l l y  n e c e s s a r y .

P r e v i o u s l y ,  t h i s  method liras u se d  t o  a t t e m p t  to  
c l o s e  c a v i t i e s  h e l d  open by a d h e s i o n s  b u t  i t  c a r r i e s  t h e  
d a n g e r  o f  t e a r i n g  t h e s e  a d h e s io n s  a t  t h e i r  pulmonary 
a t t a c h m e n t s  w i t h  th e  r i s k  of  opening  i n t o  t u b e r c u l o u s  
t i s s u e  and c on seq uen t  empyema and b r o n c h o - p l e u r a l  f i s t u l a .  
Nowadays, a  f r e e r  use  o f  i n t e r n a l  pneum ono lys is  and 
e a r l i e r  r e s o r t  to  o t h e r  c o l l a p s e  m easures  when pneumo­
t h o r a x  i s  seen  t o  be i n e f f e c t i v e  have l a r g e l y  o b v i a t e d  
t h e  need  f o r  t h i s  u n s u r g i c a l  p r o c e d u r e .

I t  i s  o c c a s i o n a l l y  used  t o  a t t e m p t  t o  " h o ld  
back"  o b l i t e r a t i v e  p l e u r i t i s .  Where o b l i t e r a t i o n  i s  
g r a d u a l l y  o c c u r r i n g  from the  b a se  upwards and where th e  
d i s e a s e  i s  a p i c a l ,  i t  may be p o s s i b l e  t o  m a i n t a i n  a  s m a l l  
pneumothorax  sp ace  by t h i s  means f o r  l o n g e r  t h a n  would 
be p o s s i b l e  w i t h  n e g a t i v e  p r e s s u r e s .

As R a f f e r t y  ( 3 6 ) d e c l a r e s ,  t h o r a c o p l a s t y  i s  
now g e n e r a l l y  used  f o r  th o s e  c a s e s  which  would f o r m e r l y  
have had p o s i t i v e  p r e s s u r e  pneumothorax .  I f  t h o r a c o ­
p l a s t y  i s  not  f e a s i b l e ,  a c o m bina t ion  of  pneumothorax 
and p h r e n i c  p a r a l y s i s  may e f f e c t  c l o s u r e .  As a  l a s t  
r e s o r t ,  i f  t h o r a c o p l a s t y  i s  n o t  f e a s i b l e  and a low r e s ­
p i r a t o r y  r e s e r v e  makes p h r e n i c  p a r a l y s i s  i n a d v i s a b l e ,  
p o s i t i v e  p r e s s u r e  pneumothorax may be j u s t i f i a b l e  as  
b e in g  l e s s  r i s k y  t h a n  u n c o n t r o l l e d  d i s e a s e .
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B i l a t e r a l  P n e u m o th o ra x .

S im u l ta n e o u s  c o l l a p s e  o f  b o t h  l u n g s  i s  i n  
f r e q u e n t  use  t o d a y .  The i n d i c a t i o n s  a r e  the  same as  
t h o s e  f o r  u n i l a t e r a l  pneum othorax .  As th e  c o l l a p s e  can ­
n o t ,  o f  c o u r s e ,  be c o m p le te ,  i t  i s  b e s t  u sed  f o r  d i s e a s e  
l i m i t e d  t o  the  u p p e r  t h i r d  of  t h e  lu n g  so t h a t  a  s e l e c t ­
i v e  c o l l a p s e  can be o b t a i n e d  on each  s i d e  (14-2). R e s -  
p i r a t i o n  i s  t h e n  c a r r i e d  on by t h e  lo w er  l o b e s  and 
b r e a t h i n g  c a p a c i t y  i s  s u r p r i s i n g l y  l i t t l e  im p a i r e d .

As to  w hich  lu n g  t o  ind u ce  f i r s t ,  u s u a l l y  t h a t  
w i t h  t h e  more advanced  d i s e a s e  i s  chosen  and ,  w h i le  t h i s  
i s  b e i n g  c o l l a p s e d ,  th e  b e t t e r  l u n g  may show enough im­
provem ent  to  a v o id  th e  n e c e s s i t y  o f  c o l l a p s i n g  i t  ( 1 0 2 ) .

With r e g a r d  t o  management, i t  i s  b e s t  t o  t r y  
t o  o b t a i n  s e l e c t i v e  c o l l a p s e ,  w i t h  c a v i t y  c l o s u r e ,  and 
t o  c a r r y  out  p n e u m o n o ly s i s ,  i f  n e c e s s a r y ,  on one s i d e  
b e f o r e  commencing th e  c o l l a p s e  o f  th e  o p p o s i t e  lu n g  un­
l e s s  th e  d i s e a s e  i n  i t  i s  a d v a n c in g  r a p i d l y ,  making 
d e l a y  d a n g e ro u s .  The optimum d e g re e  o f  c o l l a p s e ,  th e  
amount o f  a i r  t o  g iv e  and th e  i n t e r v a l  be tw een  r e f i l l s  
must be worked out  f o r  e a c h  lun g  as  a s e p a r a t e  protolem 
d i g )  a c c o r d i n g  to  th e  p r i n c i p l e s  o u t l i n e d  f o r  u n i ­
l a t e r a l  c o l l a p s e .  B oth  lu n g s  may be r e f i l l e d  on t h e  same 
day i f  n e c e s s a r y  o r  on s e p a r a t e  days i f  t h e r e  i s  any 
t e n d e n c y  t o  d y sp n o e a .  The i n t e r v a l  b e t w e e n . r e f i l l s  may 
be d i f f e r e n t  on th e  two s i d e s .

A c c i d e n t s  A s s o c i a t e d  w i t h  P neum othorax .

Haemorrhage: A su b c u ta n e o u s  haematoma, t h r o u g h
th e  t r a n s f i x i o n  o f  a  su b c u tan e o u s  v e s s e l  o c c u r s  
o c c a s i o n a l l y  and i s  e a s i l y  c o n t r o l l e d  by p r e s s u r e .  
I n t r a p l e u r a l  haemorrhage  from damage to  an i n t e r c o s t a l  
v e s s e l  o r  from a v e s s e l  i n  an a d h e s io n  i s  v e r y  much 
r a r e r .  S c r e e n in g  b e fo r e h a n d  a v o id s  i n s e r t i n g  t h e  n e e d le  
i n t o  l u n g  t i s s u e  and c a r e f u l  i n s e r t i o n  o f  th e  n e e d le  
sh o u ld  a v o id  damage to  i n t e r c o s t a l  v e s s e l s .

Emphysema: This  may be due t o  i n j e c t i n g  a i r
i n f o  th e  t i s s u e s  o u t s i d e  the  p l e u r a l  s p a c e .  C a r e f u l  
t e c h n iq u e  e n s u r e s  t h a t  no a i r  i s  a l lo w e d  to  f low u n l e s s  
t h e  manometer r e g i s t e r s  a  f r e e  swing i n d i c a t i n g  t h a t  th e  
n e e d le  i s  be tween t h e  p l e u r a l  l a y e r s .  Cough f o l lo w in g  
i n d u c t i o n  may f o r c e  a i r  a lo n g  the n e e d le  t r a c k  i n t o  the  
subcu tan eou s  t i s s u e s  and th e  emphysema may be q u i t e  ex­
t e n s i v e  and u n c o m f o r t a b l e .  I t  c l e a r s  up i n  a few d a y s .  
Again c a r e f u l  i n d u c t i o n  t e c h n iq u e  a v o id s  l a t e r a l  move­
ment o f  t h e  n e e d le  and th e  r i s k  o f  t e a r i n g  th e  p l e u r a .
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Pneum oper i toneum ; I t  may be n e c e s s a r y  t o  i n ­
s e r t  th e  n e e d le  r a t h e r  low t o  a v o id  a d h e r e n t  lu n g  and  
i t  may p a s s  t h r o u g h  th e  d iaph rag m  i n t o  t h e  p e r i t o n e u m .  
B anyai  ( l-M-3) r e c o r d s  two such  c a s e s .  A le x a n d e r  ( 1 3 6 ) 
d e s c r i b e s  a  case  In  which  a p a r a l y s e d  dome o f  t h e  d i a ­
phragm had r i s e n  so h ig h  i n t o  th e  c h e s t  t h a t  the  n e e d l e  
was i n s e r t e d  i n t o  the  s tomach.  C a r e f u l  a t t e n t i o n  to. 
s c r e e n i n g  and t o  t h e  manometr ic  f i n d i n g s  sh o u ld  h e l p  t o  
o b v i a t e  t h e s e  a c c i d e n t s .

A i r  Embolism: T h is  i s  a s e r i o u s  and f o r t u n ­
a t e l y  r a r e  c o m p l i c a t i o n  which may occu r  d u r i n g  i n d u c t i o n  
or  d u r i n g  one of the  e a r l i e r  r e f i l l s  when th e  lu n g  i s  
s t i l l  n e a r  th e  c h e s t  w a l l .  I t  seems t o  be due t o  
p u n c tu r e  of  the  lu ng  w i t h  th e  n e e d le  p o i n t  which comes 
t o  r e s t  i n  a  pulmonary  v e i n  and a i r  i s  t h e n  drawn i n t o  
t h e  v e i n  from th e  a p p a r a t u s .  The n e e d le  may a l s o  cause  
a communication be tw een  a l v e o l i  and a pulmonary  v e i n .
I n  e i t h e r  case a i r  e n t e r s  the  c i r c u l a t i o n  and c o ro n a ry  
o r  c e r e b r a l  embolism may f o l l o w .  C a rd ia c  a r r e s t  o r  
b l i n d n e s s  may o c cu r  o r  p a r a l y t i c  symptoms which  may 
p a ss  o f f  o r  rem a in  p e rm a n e n t ly  o r  d e a t h  may ensue r a p i d l y .

P l e u r a l  Shock : Sudden d e a t h  may o c cu r  when
th e  p l e u r a  i s  p u n c tu r e d  by the  n e e d le  a t  i n d u c t i o n .
Some say  t h a t  t h i s  i s  r e a l l y  a i r  embolism and th e  f a c t  
t h a t  i t  o c cu rs  when the  lu n g  i s  n e a r  t h e  c h e s t  w a l l  and 
a v e s s e l  i s  most l i k e l y  to  be damaged by th e  n e e d le  i s  
i n  s u p p o r t  of  t h i s .  V a so -v a g a l  a t t a c k s  may occu r  d u r i n g  
th e  a s p i r a t i o n  of  p l e u r a l  e f f u s i o n s  and t h e y  a re  no t  
n e c e s s a r i l y  a s s o c i a t e d  w i t h  p a i n .  These may be minor 
p l e u r a l  shock phenomena.

Novocain R e a c t i o n : An o c c a s i o n a l  p a t i e n t  i s
e n c o u n te r e d  in  whom a marked h y p e r s e n s i t i v i t y  t o  Novocain  
e x i s t s .  I n j e c t i o n  o f  th e  s o l u t i o n  may be folloxired by 
r e s t l e s s n e s s ,  a n x i e t y ,  e x c i t a b i l i t y  o r  d e l i r i u m  xvri t h  
weak p u l s e .  C on vu ls io n s  may f o l lo w  l e a d i n g  t o  coma and 
d e a t h  o r  d e a t h  may o c c u r  r a p i d l y  from i n t r a v e n o u s  i n ­
j e c t i o n  o f  the  d r u g .

%uperadded Spon taneous  Pneum othorax : T h is  may
be caused  by th e  t e a r i n g  of  an a d h e s i o n ,  t h e  r u p t u r e  o f  
an u n s u p p o r t e d  s u p e r f i c i a l  caseous  focus  o r ,  xvhat i s  
p ro b a b ly  more f r e q u e n t ,  the  t e a r i n g  of  t h e  v i s c e r a l  
p l e u r a  by th e  p o i n t  o f  the  n e e d le  and t o  the  e scape  of  
a i r  from t h e  l u n g .  Minor d e g r e e s  o f  t h i s  are" p r o b a b ly
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f r e q u e n t  a s ,  commonly, th e  d e g re e  o f  c o l l a p s e  i s  g r e a t e r  
t h a n  would seem to  he  w a r r a n t e d  hy th e  amount o f  a i r  
g iv en  a t  the  i n d u c t i o n .  T h is  i s  no t  s e r i o u s  and th e  
s m a l l  h o le  i n  th e  p l e u r a  p r o b a b l y  q u i c k l y  c l o s e s  a s  t h e  
l u n g  c o l l a p s e s .  I n  more s e r i o u s  d e g r e e s ,  however ,  
v a l v u l a r  pneumothorax  o r  t e n s i o n  pneumothorax  r e s u l t s  and 
i s  accom pan ied  by marked c o l l a p s e  o f  th e  l u n g ,  d y sp n o e a ,  
p a i n  i n  th e  c h e s t  and  shock .  X-Ray shows a much- 
c o l l a p s e d  o r  a i r l e s s  lu ng  and d i s p l a c e m e n t  o f  t h e  m ed ia ­
s t in u m .  A i r  mustbe withdraxm  Im m e d ia te ly  and p e rh a p s  
r e p e a t e d l y  or  a n e e d le  may have to  be l e f t  i n  the  c h e s t  
a t t a c h e d ,  t o  a v a lv e  o r  an u n d e r w a t e r  s e a l  t o  a l lo w  t h e  
a i r  t o  e s c a p e . f r o m  t h e  c h e s t  a s  i t  a c c u m u l a t e s .  C a r e f u l  
t e c h n i q u e  a g a in  m in im ises  th e  chance o f  t h i s  o c c u r r i n g .  
F o l lo w in g  th e  i n d u c t i o n ,  t h e  p a t i e n t  sh o u ld  l i e  q u i e t l y  
i n  bed  and coughing  sh o u ld  be d i s c o u r a g e d .  B a rn w e l l  (ll£>) 
c i t e s  a  case  where a t h r e e - i n c h  g a s h  in  th e  v i s c e r a l  
p l e u r a  r e s u l t e d  from coughing a t  i n d u c t i o n .
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C  0  M P L  I  C A T I O N S

P L E U R A L  E F F U S I O N S .

( a )  N O N - P U R U L E N T :

A n  e f f u s i o n  o f  f l u i d  i n t o  t h e  p l e u r a l  s p a c e  i s  
p r o b a b l y  t h e  c o m m o n e s t  c o m p l i c a t i o n  o c c u r r i n g  i n  p n e u m o ­
t h o r a x  t h e r a p y  ( l M - ) .

T h e  r e p o r t e d  i n c i d e n c e  v a r i e s  c o n s i d e r a b l y .
For  exam ple ,  F i s h b e r g  (l*+5) s t a t e s  t h a t  5^$ to  70$ o f  
a l l  p n e u m o th o races  d e v e lo p  an e f f u s i o n .  J e n n i n g s  (l*J-6 ) 
found  53*5$ and Tak Eng (1*1-7) 6g.3$* As Heaton  ( l 4 g )  
has  p o i n t e d  o u t ,  t h e  r e p o r t e d  i n c i d e n c e  v a r i e s  v e ry  much 
b e c a u s e  o f  t h e  d i f f e r e n t  d e f i n i t i o n s  o f  what c o n s t i t u t e s  
an e f f u s i o n .  With f r e q u e n t  s c r e e n i n g  o f  t h e  c h e s t ,  i t  
i s  p r o b a b l e  t h a t  some p l e u r a l  f l u i d  cou ld  be d e t e c t e d  i n  
most ,  i f  n o t  a l l ,  c a s e s  o f  pneumothorax  a t  some t im e 
d u r i n g  th e  t r e a t m e n t .

The m a j o r i t y  o f  e f f u s i o n s  a r e  s e r o u s  o r  s e r o ­
f i b r i n o u s  and rem a in  so b u t  a  s i g n i f i c a n t  p r o p o r t i o n  
d e v e lo p  i n t o  f r a n k  t u b e r c u l o u s  empyemata and a  s m a l l e r  
number become s e c o n d a r i l y  i n f e c t e d  w i t h  p y o g e n ic  
o r g a n i s m s .  T r a n s i t o r y ,  sym ptom less ,  s m a l l  e f f u s i o n s  a r e  
u n i m p o r t a n t ,  e x c e p t  f o r  the  s l i g h t  deg re e  o f  p l e u r a l  
t h i c k e n i n g  which  may o c c u r  b u t ,  because  e v e r y  sub ­
s t a n t i a l  e f f u s i o n  i s  a  p o t e n t i a l  empyema and b e c a u se  o f  
th e  u n d e s i r a b l e  l a t e  e f f e c t s  o f  even a  s e r o u s  e f f u s i o n ,  
e v e r y  e f f u s i o n  sh o u ld  be e v a l u a t e d  a s  soon a s  p o s s i b l e  
i n  t e rm s  o f  i t s  p o s s i b l e  l o n g - t e r m  r e s u l t s .

Causes -  V a r io u s  c a u s e s  have been  m ent ioned  t o  
a cc o u n t  f o r  th e  f r e q u e n c y  o f  e f f u s i o n  a s  an accom pan i­
ment t o  a r t i f i c i a l  pneum othorax .  These i n c l u d e  t h e  u se  
o f  c o ld  a i r  f o r  r e f i l l s ,  t h e  e f f e c t  o f  c o ld  damp w e a t h e r ,  
o v e r - e x e r t i o n ,  t h e  d ro p p in g  o f  n o v o c a in  on t h e  v i s c e r a l  
p l e u r a ,  t h e  f r e q u e n t  p u n c tu re  o f  t h e  p a r i e t a l  p l e u r a ,  
to o  l a r g e  r e f i l l s ,  t o o  h ig h  p r e s s u r e s .  They have a l s o  
been  a t t r i b u t e d  t o  th e  i n c r e a s e d  p e r m e a b i l i t y  o f  t h e  
p l e u r a  and t o  t h e  a s p i r a t i n g  e f f e c t  o f  th e  n e g a t i v e  
p l e u r a l  p r e s s u r e . T h is  may be a  f a c t o r  i n  t h e  ex -vacuo  
e x u d a te  which  accom panies  r e - e x p a n s i o n  o f  th e  lung  i n  
many i n s t a n c e s .

Accord ing  t o  Matson ( 1 1 9 ) ,  t h e  mere p r e s e n c e  
o f  a i r  and th e  u n p h y s i o l o g i c a l  i n t r a p l e u r a l  p r e s s u r e s  
a r e  s u f f i c i e n t  t o  a cc o u n t  f o r  some e f f u s i o n s .  Hut c h i n -
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s o n  a n d  B l a i r  ( 1 * 1 - 9 )  s u g g e s t  t h a t  e f f u s i o n  i s  o f t e n  d u e  
t o  a  s m a l l  r u p t u r e  o f  t h e  l u n g  a n d  S i m m o n d s  ( 1 5 0 )  s t a t e s  
t h a t  m o s t  e f f u s i o n s  a r e  d u e  t o  a c t u a l  c a v i t y  r u p t u r e  
w h i c h  m a y  o c c u r  f o l l o w i n g  a d h e s i o n  s e c t i o n .  T h e  l a t t e r  
a l s o  c o n s i d e r s  t h a t  t h e  c a u s e  m a y  h e  b l o o d - b o r n e  
i n f e c t i o n  o f  t h e  p l e u r a  o r  d i r e c t  s p r e a d  o f  t u b e r c u l o s i s  
f r o m  t h e  l u n g  t o  t h e  p l e u r a .

P a c k a r d  e t  a l  ( 1 5 1 )  h a v e  t w o  c a t e g o r i e s  o f  
s e r o u s  e x u d a t e : -

( a )  B e n i g n  ( a p p e a r s  e a r l y ,  i s  s y m p t o m l e s s
a n d  d i s a p p e a r s  r a p i d l y ) ,  a n d

( b )  T u b e r c u l o u s .

I n  s p i t e  o f  t h e  l i s t  o f  s u b s i d i a r y  c a u s e s  m e n ­
t i o n e d ,  m o s t  p l e u r a l  e f f u s i o n s  a r e  t r u e  t u b e r c u l o u s  
p l e u r i t i d e s  ( 5 7 ) -  P i n n e r  e t  a l  ( 1 5 2 )  f o u n d  t u b e r c l e  
b a c i l l i  i n  1 2  o f  15 e f f u s i o n s  e x a m i n e d  a n d  t h i s  a u t h o r  
q u o t e s  O s h i m a  a n d  S u z u k i  a s  h a v i n g  f o u n d  t u b e r c l e  b a c i l l i  
b y  c u l t u r a l  m e t h o d s  i n  9 0 $  o f  2 0  e f f u s i o n s .

P a t h o l o g y  -  T h e  p l e u r a  s h o w s  a  f i b r i n o - c e l l u l a r  
e x u d a t e ;  g r a n u l a t i o n  t i s s u e  m a y  d e v e l o p  w i t h  o r  w i t h o u t  
s e c o n d a r y  c a s e a t i o n .  T h e r e  i s  a l w a y s  f i b r o t i c  t h i c k e n ­
i n g  o f  t h e  p l e u r a  a n d ,  e s p e c i a l l y  i f  e m p y e m a  d e v e l o p s ,  
t h e  c o l l a p s e d  l u n g  m a y  b e  e n c l o s e d  i n  a  r i g i d  c a s e  o f  
w h i t e  s c a r  t i s s u e  h a v i n g  t h e  c o n s i s t e n c y  o f  c a r t i l a g e  ( 5 7 ) .

A s  r e g a r d s  t h e  p a t h o l o g y  o f  t h e  u n d e r l y i n g  
l u n g ,  t h e  m o r e  a c t i v e  a n d  a c u t e  t h e  p u l m o n a r y  l e s i o n ,  
t h e  m o r e  f r e q u e n t  a n d  t h e  m o r e  s e r i o u s  t h e  p l e u r i s y  ( 1 5 1 ) .  
T h u s ,  e f f u s i o n  o c c u r s  v e r y  f r e q u e n t l y  i n  a c u t e  p n e u m o n i c  
t u b e r c u l o s i s  a n d  i s  l i k e l y  r a p i d l y  t o  b e c o m e  p u r u l e n t .
I t  i s  a l s o  f r e q u e n t  i n  b r o n c h o - p n e u m o n i c  d i s e a s e  b u t  
l e s s  f r e q u e n t  i n  t h e  l e s s  a c u t e  f i b r o - c a s e o u s  t y p e .
T h e  e f f u s i o n  s e e m s  t o  o c c u r  r e l a t i v e l y  e a r l y  i n  t h e  
c o u r s e  o f  t r e a t m e n t  w h e n  t h e  l u n g  l e s i o n  i s  s t i l l  a c t i v e .  
T h u s  M a t t i l l  a n d  J e n n i n g s  ( l 4 4 )  f o u n d  26% o f  e f f u s i o n s  
o c c u r r i n g  w i t h i n  t h e  f i r s t  m o n t h  o f  t r e a t m e n t  a n d  7 7 $  
w i t h i n  t h e  f i r s t  s i x  m o n t h s .

R e s u l t s  o f  E f f u s i o n  -  T h e  p r e s e n c e  o f  a n  
e f f u s i o n  m a y  l e a d  t o  a n y  o f  t h e  f o l l o w i n g  u n d e s i r a b l e  
r e s u l t s : -

( a )  T h i c k e n i n g  o f  t h e  p l e u r a .  T h i s  o c c u r s  t o  
s o m e  e x t e n t  i n  a l l  e f f u s i o n s  b u t  i s  m o r e  
m a r k e d  w h e r e  t h e  f l u i d  h a s  b e e n  a l l o w e d  
t o  r e m a i n  i n  t h e  p l e u r a l  s p a c e  f o r  a n y



92.

l e n g t h  o f  t i m e .  I t  m a k e s  e v e n t u a l  r e -  
e x p a n s i o n  o f  t h e  l u n g  d i f f i c u l t  o r  i m ­
p o s s i b l e .  T h i s  t h i c k e n i n g  o f  t h e  p l e u r a  
a l s o  a p p l i e s  t o  a d h e s i o n s  a n d  t h e s e  m a y  
s h o r t e n  a s  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 ,  
t h u s  d r a g g i n g  o p e n  c a v i t i e s  a n d  c a u s i n g  
r e - a c t i v a t i o n  o f  t h e  p u l m o n a r y  d i s e a s e .

( b )  O b l i t e r a t i v e  p l e u r i t i s  m a y  s e t  i n  a n d  t h e
c o l l a p s e  o f  t h e  l u n g  m a y  r a p i d l y  b e  l o s t .

( c )  O v e r - c o l l a p s e  o f  t h e  l u n g .  S e l e c t i v e
c o l l a p s e  o f  t h e  u p p e r  p o r t i o n  o f  t h e  l u n g  
m a y  b e  a b o l i s h e d  b y  a  c o l l e c t i o n  o f  f l u i d  
i n  t h e  p l e u r a l  s p a c e  w h i c h  c o l l a p s e s  t h e  
r e l a t i v e l y  h e a l t h y  b a s a l  p o r t i o n .  T h e r e ­
a f t e r ,  p l e u r a l  t h i c k e n i n g  m a y  p r e v e n t  r e ­
e x p a n s i o n  o f  t h e  l u n g  o r  o b l i t e r a t i v e  
p l e u r i t i s  m a y  o c c u r  s o  t h a t  t h e  w h o l e  
s p a c e  i s  l o s t .  T h i s  m a y  b e  v e r y  i m p o r t a n t  
i n  b i l a t e r a l  c o l l a p s e  w h e r e  s e l e c t i v e  
c o l l a p s e  i s  e s s e n t i a l .

(a) F l u i d  m a y  c a u s e  u n u s u a l  t e n s i o n  o n  a d h e s i o n s  
s i t u a t e d  o v e r  d i s e a s e d  p o r t i o n s  o f  t h e  l u n g .  
T h e s e  m a y  t e a r  l e a d i n g  t o  t h e  f o r m a t i o n  o f  
b r o n c h o - p l e u r a l  f i s t u l a .

S o m e  o f  t h e  f o l l o w i n g  e f f e c t s  m a y  b e  l e s s  u n ­
d e s i r a b l e  : -

( a )  T h e  e n c o u r a g e m e n t  o f  f i b r o s i s  i n  t h e  l u n g .
I f  t h i s  w e r e  c o n f i n e d  t o  t h e  a r e a  o f  d i s e a s e  
i t  w o u l d  b e  o f  b e n e f i t  i n  h a s t e n i n g  h e a l i n g .  
H o w e v e r ,  b a n d s  o f  f i b r o u s  t i s s u e  m a y  d i p  
i n t o  t h e  l u n g  f r o m  t h e  t h i c k e n e d  p l e u r a  
a l o n g  t h e  p u l m o n a r y  s e p t a  ( 5 7 ) ,  m a k i n g  t h e  
l u n g  i n c a p a b l e  o f  u l t i m a t e  r e - e x p a n s i o n .

( b )  T h e r e  m a y  b e  a  b e n e f i c i a l  e f f e c t  f r o m  a u t o ­
i n o c u l a t i o n .  T h i s  i s  n o t  m e a s u r a b l e  b u t  
m a y  d o  g o o d .

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

( d )  T h e  p l e u r a l  t h i c k e n i n g  m a y  s t i f f e n  a n  u n d u l y
m o b i l e  m e d i a s t i n u m .  M o r e  H c o m p r e s s i o n "  m a y
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s e r o u s ,  p e r s i s t  f o r  s o m e  t i m e ,  s t a b i l i s e  
a n d  g r a d u a l l y  r e s o r b ,  i t  m a y  l e a d  t o  t h e  
u n d e s i r a b l e  e f f e c t s  m e n t i o n e d  a n d  i t  d o e s ,  
i n  a  p r o p o r t i o n  o f  c a s e s  b e c o m e  e v e n t u a l l y  
f r a n k l y  p u r u l e n t .  P a c k a r d  ( 1 5 1 )  n o t e d  
t h a t  1 0  -  2 0 #  o f  r e l a t i v e l y  m i l d  e f f u s i o n s  
b e c a m e  p u r u l e n t .

M a n a g e m e n t  -  T h e  b e n i g n  e f f u s i o n  c a n  u s u a l l y  b e  
l e f t  e n t i r e l y  a l o n e .  R e f i l l s  m a y  b e  s u s p e n d e d  w h i l e  t h e  
f l u i d  i s  p r e s e n t  a n d ,  a f t e r w a r d s ,  m a y  r e q u i r e  t o  b e  g i v e n  
l e s s  f r e q u e n t l y .  I f  t h e  f l u i d  i s  c a u s i n g  a n  u n w a n t e d  
c o l l a p s e  o f  t h e  b a s e  o f  t h e  l u n g ,  i t  m a y  b e  r e p l a c e d  b y  
a i r .

I n  t h e  s e v e r e  t o x i c  t y p e  t h e  f l u i d  s h o u l d  b e  
a s p i r a t e d  f o r  d i a g n o s t i c  p u r p o s e s  a n d ,  i f  i t  t e n d s  t o  
b e c o m e  o p a l e s c e n t  o r  f r a n k l y  p u r u l e n t ,  t h e  c o n d i t i o n  
s h o u l d  b e  t r e a t e d  a s  a n  e m p y e m a .

T h e  i n t e r m e d i a t e  t y p e  m u s t  b e  t r e a t e d  o n  g e n e r a l  
p r i n c i p l e s .  I t  i s  a g r e e d  t h a t  i t  i s  b e s t  n o t  t o  a s p i r a t e  
d u r i n g  t h e  a c u t e  f e b r i l e  p h a s e  e x c e p t  f o r  d i a g n o s t i c  p u r ­
p o s e s .  F l u i d  m u s t  b e  r e m o v e d  i f  t h e r e  a r e  p r e s s u r e  s y m p ­
t o m s ,  s u c h  a s  p a i n  i n  t h e  c h e s t ,  d y s p n o e a ,  o r  i f  s c r e e n ­
i n g  s h o w s  t h a t  t h e r e  i s  s h i f t  o f  t h e  m e d i a s t i n u m  t o  a n y  
m a r k e d  d e g r e e .

I f  f l u i d  d e v e l o p s ,  a s  i t  u s u a l l y  d o e s ,  e a r l y  
i n  t h e  c o u r s e  o f  t r e a t m e n t ,  i t  m u s t  b e  d e c i d e d  x i r h e t h e r  o r  
n o t  t o  c o n t i n u e  w i t h  t h e  p n e u m o t h o r a x .  B e a r i n g  i n  m i n d  
t h e  r e m o t e  i l l  e f f e c t s  o f  c e r t a i n  l o n g - s t a n d i n g  e f f u s i o n s ,  
i t  m a y  s o m e t i m e s  b e  b e t t e r  t o  a b a n d o n  t h e  p n e u m o t h o r a x  
a n d  p r o c e e d  t o  t h o r a c o p l a s t y  i f  c o l l a p s e  t h e r a p y  s h o u l d  
s t i l l  b e  r e q u i r e d .  O n  t h e  o t h e r  h a n d ,  m o s t  p n e u m o ­
t h o r a c e s  c a n  b e  c o n t i n u e d  a f t e r  a s p i r a t i o n  a n d  a i r  r e ­
p l a c e m e n t  .  F l u i d  s h o u l d  n o t  s i m p l y  b e  l e f t  j u s t  b e c a u s e  
t h e r e  a r e  n o  s y m p t o m s .  T h e  q u e s t i o n  o f  p l e u r a l  t h i c k e n i n g  
a n d  c o n s e q u e n t  i n a b i l i t y  t o  r e - e x p a n d  t h e  l u n g  i s  i m p o r t ­
a n t .  P n e u m o t h o r a x  w a s  d e s i g n e d  a s  a  t e m p o r a r y  m e a s u r e  
o f  c o l l a p s e ' b u t  i f  f l u i d  i s  l e f t ,  t h e  l u n g  m a y  n e v e r  e x ­
p a n d  r e q u i r i n g  i n d e f i n i t e  r e f i l l s  f o r  t h e  p a t i e n t f s  c o m ­
f o r t  o r  t h e  s p a c e '  m a y  f i l l  u p  w i t h  f l u i d  w h i c h  m a y  b e c o m e  
p u r u l e n t ,  r e q u i r i n g  e v e n t u a l  t h o r a c o p l a s t y  w h e n  t h e  c o n ­
d i t i o n  o f  t h e  p a t i e n t  m a y  n o t  w a r r a n t  i t .
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A n y  e f f u s i o n  s h o u l d  b e  a s p i r a t e d  s h o r t l y  a f t e r  
t h e  a c u t e  s t a g e  s u b s i d e s .  T h i s  s h o u l d  b e  w i t h i n  a  w e e k  
o r  s o .  A s p i r a t i o n  m a y  h a v e  t o  b e  c a r r i e d  o u t  r e p e a t e d l y  
b e f o r e  t h e  e f f u s i o n  d i s a p p e a r s .  C a r e  s h o u l d  b e  t a k e n  t o  
k e e p  t h e  c o l l a p s e  a s  s h a l l o w  a s  i s  c o m p a t i b l e  w i t h  s a f e ­
t y  i n  c a s e  t h e  p l e u r a  t h i c k e n s  a n d  r e - e x p a n s i o n  b e c o m e s  
i m p o s s i b l e .  I f  f e v e r  i s  p r o l o n g e d ,  t h e  p l e u r a l  s p a c e  
s h o u l d  b e  k e p t  a s  d r y  a s  p o s s i b l e  a n d  t h e  c o l l a p s e  k e p t  
s h a l l o w ,  i n  c a s e  a n  e m p y e m a  i s  d e v e l o p i n g  a n d  i t  b e ­
c o m e s  n e c e s s a r y  t o  r e - e x p a n d  t h e  l u n g  w i t h o u t  d e l a y .

A  w a t c h  m a y  a l s o  b e  k e p t  o n  t h e  c y t o l o g y  o f  
t h e  f l u i d .  I f  t h e  c e l l s  g o  o n  i n c r e a s i n g  i n  n u m b e r  o r  
i f  t h e  f l u i d  b e c o m e s  o b v i o u s l y  o p a l e s c e n t  a n d ,  
e s p e c i a l l y  i f  t h e  t e m p e r a t u r e  b e  p r o l o n g e d  b e y o n d  a  
w e e k  o r  t w o ,  t h e  d e v e l o p m e n t  o f  e m p y e m a  s h o u l d  b e  e x ­
p e c t e d ,  t h e  c o l l a p s e  k e p t  s h a l l o w  a n d  r e - e x p a n s i o n  t h o u g h t  
o f .  I n  a d d i t i o n ,  s t r e p t o m y c i n  o r  p a r a - a m i n o s a l i c y l i c  
a c i d  c a n  b e  g i v e n  i n  t h e  h o p e  o f  p r e v e n t i n g  a n  e m p y e m a .

T h e  e f f u s i o n s  o c c u r r i n g  l a t e r  i n  t r e a t m e n t ,  
u s u a l l y  a r e  r e l a t i v e l y  b e n i g n  a n d  m a y  b e  l e f t  t o  f i l l  
u p  t h e  p l e u r a l  s p a c e  w h i c h  i s  c o m m o n l y  p a r t i a l l y  
o b l i t e r a t e d  b y  t h i s  t i m e .  T h e  t e r m i n a l  e x  v a c u o  
e f f u s i o n s  a r e  r e a l l y  a  s i g n  o f  i n e x p a n d a b l e  l u n g .  T h e y  
f i l l  u p  w h a t  i s  l e f t  o f  t h e  p l e u r a l  s p a c e  a n d  a c t  a s  a  
c u s h i o n  o v e r  t h e  l u n g  i n d e f i n i t e l y .  T h e y  m a y ,  h o w e v e r ,  
e v e n t u a l l y  c h a n g e  i n t o  e m p y e m a t a  a n d  t h e  p a t i e n t  s h o u l d  
b e  k e p t  u n d e r  o b s e r v a t i o n  f o r  a  p r o l o n g e d  p e r i o d .
P a t i e n t 8  w i t h  s u c h  e f f u s i o n s  i n  l o c a l i s e d  w a l l e d - o f f  
p l e u r a l  p o c k e t s  u s u a l l y  d o  v e r y  w e l l .

T h e r e  i s  t h u s  n o  r o u t i n e  t r e a t m e n t  o f  p l e u r a l  
s e r o u s  e f f u s i o n .  T h e  w e i g h t  o f  e v i d e n c e  i s  i n  f a v o u r  
o f  r e m o v i n g  f l u i d  f r e q u e n t l y  e n o u g h  t o  p r e v e n t  a n y  o f  
i t s  h a r m f u l  s e q u e l a e  ( 1 1 & ) .

( b )  P U R U L E N T :

P u r e  t u b e r c u l o u s  e m p y e m a  m a y  b e  d e f i n e d  a s  t h e  
p r e s e n c e  o f  s e r o - p u r u l e n t  o r  p u r u l e n t  f l u i d  i n  t h e  
p l e u r a l  s p a c e  c o n t a i n i n g  t u b e r c l e  b a c i l l i  d e m o n s t r a b l e  
o n  d i r e c t  s m e a r  o r  b y  u s i n g  c u l t u r a l  o r  b i o l o g i c a l  
m e t h o d s .  M i x e d  i n f e c t i o n  e m p y e m a  o c c u r s  w h e n ,  i n  a d d i t i o n ,  
o t h e r  p y o g e n i c  o r g a n i s m s  g a i n  e n t r a n c e  t o  t h e  p l e u r a l  
s p a c e ,  e i t h e r  t h r o u g h  a  b r o n c h o - p l e u r a l  f i s t u l a  o r  b y  
i n t r o d u c t i o n  f r o m  w i t h o u t .
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T h e  o c c u r r e n c e  o f  t u b e r c u l o u s  e m p y e m a  c o n ­
s t i t u t e s  a  r e a l  o b s t a c l e  t o  t h e  s u c c e s s f u l  u s e  o f  
a r t i f i c i a l  p n e u m o t h o r a x .

I n c i d e n c e  -  T h i s  v a r i e s  i n  n u m e r o u s  r e p o r t e d  
s e r i e s  ( 1 3 6 ,  l t t ,  1 5 3 ) >  t u t  i t  p r o b a b l y  o c c u r s  i n  f r o m  
5  t o  2 0 $  o f  a l l  p a t i e n t s  i n  w h o m  p n e u m o t h o r a x  t r e a t m e n t  
i s  u s e d .  I n  t h e  p r e s e n t  s e r i e s  o f  1 0 0  c o n s e c u t i v e l y  i n ­
d u c e d  p n e u m o t h o r a c e s ,  t h i s  c o m p l i c a t i o n  x * a s  p r e s e n t  i n  
1 2  c a s e s ,  1 0  a c c o m p a n y i n g  p n e u m o t h o r a x  a n d  2  f o l l o w i n g  
e x t r a p l e u r a l  s t r i p  w i t h  f e n e s t r a t i o n  i n t o  t h e  p l e u r a l  
s p a c e .

T h e r e  a r e  t w o  a s p e c t s  t o  b e  c o n s i d e r e d  w h e n  
d i s c u s s i n g  t h e  i n c i d e n c e  o f  e m p y e m a : -

( a )  T h e  s t a t e  o f  t h e  c o l l a p s e .

M a t s o n  ( 1 1 9 ) ,  i n  a  s e r i e s  o f  t y g O  c a s e s  o f  
p n e u m o t h o r a x  t r e a t m e n t ,  f o u n d  t h a t  e m p y e m a  
w a s  j u s t  a s  c o m m o n  i n  t h e  “ s a t i s f a c t o r y  
c o l l a p s e 11 g r o u p  a s  i n  t h o s e  c a s e s  w i t h  
p a r t i a l  c o l l a p s e  a n d  a d h e s i o n s  u n d e r  t e n s i o n .  
S i m m o n d s  ( 15O ;,  o n  t h e  o t h e r  h a n d ,  s t a t e d  
t h a t  e f f u s i o n s  o f  a n y  k i n d  a r e  l e s s  f r e ­
q u e n t  i f  t h e  l u n g  i s  f r e e d  a d e q u a t e l y  b y  
a d h e s i o n  s e c t i o n .  C u t l e r ' s  s e r i e s  o f  ^76 
c a s e s  s h o w e d  d e f i n i t e l y  t h a t  e m p y e m a  w a s  
n e a r l y  f o u r  t i m e s  a s  f r e q u e n t  i n  t h e  
p r e s e n c e  o f  a  m e c h a n i c a l l y  i n e f f e c t i v e  
c o l l a p s e  a s  i n  t h o s e  c a s e s  w i t h  e f f e c t i v e  
c o l l a p s e  o f  t h e  l u n g  ( 15W .  T h e  p r o p o r t i o n  
i n  t h e  p r e s e n t  s m a l l  n u m b e r  o f  c a s e s  w a s  
a p p r o x i m a t e l y  t h r e e  t o  o n e  i n  f a v o u r  o f  
i n e f f e c t i v e  c o l l a p s e .

( b )  T h e  s t a t e  o f  t h e  u n d e r l y i n g  p u l m o n a r y  d i s e a s e .

F e w  p a t i e n t s  w i t h  m i n i m a l  d i s e a s e  d e v e l o p  
e m p y e m a  b u t ,  a s  t h e  p u l m o n a r y  l e s i o n s  b e ­
c o m e  m o r e  e x t e n s i v e  a n d  a c u t e ,  t h e  n u m b e r  
w i t h  e m p y e m a  i n c r e a s e s  ( l t t ) .  C u t l e r ' s  
s e r i e s ,  m e n t i o n e d  a b o v e ,  s h o w e d  a  m u c h  
h i g h e r  i n c i d e n c e  a s s o c i a t e d  w i t h  f a r -  
a d v a n c e d  d i s e a s e .

T h e  a s s o c i a t i o n  o f  e m p y e m a  w i t h  a c u t e  
p n e u m o n i c  t u b e r c u l o s i s  i n  w h i c h  a r t i f i c i a l  
p n e u m o t h o r a x  i s  i n d u c e d  d u r i n g  t h e  a c u t e  
p h a s e  i s  w e l l  k n o w n .  I n  e x t e n s i v e  c a v e r n o u s  
d i s e a s e ,  e m p y e m a  i s  r e l a t i v e l y  c o m m o n  a n d
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c o m m o n ,  t o o ,  i s  i t s  a s s o c i a t i o n  w i t h  
a t t e m p t s  t o  c o l l a p s e  l a r g e  a p i c a l  
c a v i t i e s  w i t h  p n e u m o t h o r a x .

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

P r o g n o s i s  -  T h e  l i t e r a t u r e  d o e s  n o t  a l l o w  a n y  
e x a c t  c o n c l u s i o n s  r e g a r d i n g  t h e  e f f e c t  o f  e m p y e m a  o n  t h e  
p r o g n o s i s  ( 3 6 )  > b u t  t h e r e  i s  n o  d o u b t  t h a t  i t  h a s  a  d i s ­
t i n c t l y  u n f a v o u r a b l e  e f f e c t ,  e s p e c i a l l y  f r o m  t h e  l o n g  
t e r m  v i e w p o i n t .  O n e  m u s t  c o n s i d e r  t h e  r i s k s  f r o m  t h e  
p r e s e n c e  o f  t h e  e m p y e m a  i t s e l f  a n d  a l s o  t h o s e  o f  t h e  
( u s u a l l y )  u n c o n t r o l l e d  p u l m o n a r y  d i s e a s e .  A s  r e g a r d s  
t h e  e m p y e m a  t h e r e  a r e  t h e  f o l l o w i n g  r i s k s : -

( a )  L o n g - c o n t i n u e d  s u p p u r a t i o n  l e a d i n g  t o  a m y l o i d
d i s e a s e .

( b )  T h e  o c c u r r e n c e  o f  b r o n c h o - p l e u r a l  f i s t u l a
w i t h  p o s s i b l e  s p r e a d  o f  t h e  t h i n  p u r u l e n t  
f l u i d  t h r o u g h  t h e  b r o n c h i a l  t r e e  a n d  c o n ­
s e q u e n t  w i d e s p r e a d  e x t e n s i o n  o f  d i s e a s e .
T h e r e  i s  a l s o  t h e  g r a v e  p o s s i b i l i t y  o f  
s u p e r a d d e d  i n f e c t i o n  o f  t h e  p l e u r a l  s p a c e  
w i t h  p y o g e n i c  o r g a n i s m s .  T h i s  d o e s  n o t  
h a p p e n  i n  e v e r y  c a s e .  F o r  e x a m p l e ,
W o o d r u f f  ( 1 5 3 )  f o u n d  t h a t  1 2  o f  ^7 p a t i e n t s  
w i t h  k n o w n  b r o n c h o - p l e u r a l  f i s t u l a e  d i d  n o t  
d e v e l o p  m i x e d  i n f e c t i o n .

( c )  A  c o l l a p s e d  p e r m a n e n t l y  i n e x p a n d a b l e  l u n g .

(a) T h e  e f f e c t  o f  t h e  l o n g - c o n t i n u e d  t o x a e m i a .

T h e  p r e s e n t  s u r v e y  a g r e e s  w i t h  R a f f e r t y  ( 3 6 )  
t h a t  t h e  p n e u m o t h o r a c e s  w h i c h  f u r n i s h  m o s t  o f  t h e  u n ­
f a v o u r a b l e  d a t a  i n  s t a t i s t i c a l  t a b l e s  a r e  t h o s e  c a s e s  

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

P a t h o l o g y  -  T h e  a c c e p t e d  e x p l a n a t i o n  f o r  p l e u r a l  
i n f e c t i o n  i s  a c t i v e  t u b e r c u l o u s  d i s e a s e  o f  t h e  v i s c e r a l  
p l e u r a ,  i t s e l f  i n f e c t e d  f r o m  t h e  l u n g  b y  d i r e c t  e x ­
t e n s i o n  o f  t h e  d i s e a s e  o r  v i a  t h e  s u b - p l e u r a l  l y m p h a t i c s .



93.

A c co rd in g  t o  Matson (119) and a l s o  P e n in g to n  
( 1 5 5 )> empyema u s u a l l y  a r i s e s  f rom u l c e r a t i o n  i n t o  t h e  
p l e u r a l  sp ace  o f  a  s u b - p l e u r a l  caseous  fo c u s  and I  f i n d  
i t  s u r p r i s i n g  t h a t  t h i s  does  no t  o c cu r  w i t h  g r e a t e r  f r e ­
quency  c o n s i d e r i n g  th e  f a i r l y  f r e q u e n t  o b s e r v a t i o n  o f  
t h e s e  f o c i  " p o i n t i n g ” th r o u g h  t h e  v i s c e r a l  p l e u r a  a t  
t h o r a c o s c o p y .  S p o n tan eou s  pneum othorax  and t h e  s t r e t c h ­
in g  and t e a r i n g  o f  a d h e s i o n s  a r e  o t h e r  p o s s i b l e  c a u s e s  
(119 ,  X56).

Simmonds ( 1 5 0 ) ,  f rom h i s  s t u d y  o f  25O o a se s  o f  
c a v i t a t i o n ,  c o n c lu d e s  t h a t  a l l  e f f u s i o n s ,  w h e th e r  c l e a r  
o r  p u r u l e n t ,  a r e  due t o  the  r u p t u r e  o f  c a v i t i e s .  I n  
W o o d ru f f ’ s s e r i e s  o f  empyemata,  t h e r e  were  k-J known 
p e r s i s t e n t  b r o n c h o - p l e u r a l  f i s t u l a e  ( 1 5 3 )*

C l a s s i f i c a t i o n  -  Empyemata can be c l a s s i f i e d  
i n  v a r i o u s  ways b u t  th e  c l i n i c o - p a t h o l o g i c a l  c l a s s i f i ­
c a t i o n  o f  P ac k a rd  e t  a l  ( 1 5 1 ) i s  t h e  most g e n e r a l l y  
u s e f u l .  I t  i s  as  f o l l o w s : -

( a )  Mild o r  b e n ig n  t u b e r c u l o u s  empyema.

(b )  Severe  t u b e r c u l o u s  empyema.

( c )  Severe  t u b e r c u l o u s  empyema w i t h
se c o n d a ry  i n f e c t i o n .

(d )  Empyema, f r e q u e n t l y  s e c o n d a r i l y  i n ­
f e c t e d ,  o r i g i n a t i n g  i n  a  b r o n c h o ­
p l e u r a l  f i s t u l a .

Onset  -  A l th o u g h  empyema may d e v e l o p  r a p i d l y  
a s ,  f o r  example ,  i n  pneumonic t u b e r c u l o s i s  o r  w i t h  b ro n c h o ­
p l e u r a l  f i s t u l a ,  t h e r e  i s  p r a c t i c a l l y  a lways an i n i t i a l  
phase  d u r i n g  w hich  the  f l u i d  p r e s e n t  i s  s e r o u s  i n  n a t u r e .  
I n  most c a s e s ,  t h i s  t h i n  s e r o u s  f l u i d  i s  p r e s e n t  f o r  
weeks o r  months b e f o r e  becoming p u r u l e n t  a n d ,  t h e r e f o r e ,  
a  p o i n t  i n  th e  p r e v e n t i o n  of  empyema i s  t o  a s p i r a t e  f l u i d  
e a r l y  and t o  en deavo u r  t o  keep  t h e  p l e u r a l  sp ace  a s  d r y  
a s  p o s s i b l e .

P a c k a rd  e t  a l  (151) s t a t e  t h a t  10 -  20$ o f  a l l  
s e ro u s  e f f u s i o n s  become p u r u l e n t  and E g le e  and Wylie ( 1 5 7 ) 
n o te d  t h a t  most empyemata d e v e lo p  s lo w ly  from p r e ­
e x i s t i n g  s im ple  e f f u s i o n s .

Pus can form i n  v a r i o u s  w a y s : -
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( a )  G r a d u a l l y ,  a s  h a s  b e e n  s a i d ,  f r o m  a  p e r s i s t e n t  
s e r o u s  e f f u s i o n .  N o  s p e c i a l  s y m p t o m s  a r e  n o t e d  
a n d  t h e  c h a n g e  i n  t h e  n a t u r e  o f  t h e  f l u i d  i s  
n o t e d  a t  a s p i r a t i o n .

( b )  R a p i d l y ,  o n  t o p  o f  a n  a c u t e  p l e u r i s y  w i t h  
e f f u s i o n .  A  s e v e r e  i n i t i a l  o n s e t  o f  s e r o u s  
e f f u s i o n  a n d  p r o l o n g e d  f e v e r  p o i n t  t o  t h e  l i k e ­
l i h o o d  o f  s u c h  e f f u s i o n s  b e c o m i n g  p u r u l e n t .

( c )  A s  a  s e q u e l  t o  b r o n c h o - p l e u r a l  f i s t u l a .

I n  E g l e e  a n d  W y l i e ’ s  s e r i e s  o f  7 2  p u r e  t u b e r ­
c u l o u s  e m p y e m a t a ,  5 $  d e v e l o p e d  f r o m  s e r o u s  e f f u s i o n  i n ­
c i d e n t  t o  p n e u m o t h o r a x  t r e a t m e n t ,  3  f o l l o w e d  s p o n t a n e o u s  
p n e u m o t h o r a x ,  2  o c c u r r e d  a f t e r  c l o s e d  p n e u m o n o l y s i s  a n d  
9  o c c u r r e d  d u r i n g  “ n e g l e c t e d  r e - e x p a n s i o n 11,  i . e .  w i t h o u t  
c l o s e  o b s e r v a t i o n  ( 1 5 7 ) •

P r e v e n t i o n  -  S h i p m a n  ( 1 5 2 > ) ,  o v e r  a  p e r i o d  o f  *1- 
y e a r s ,  m a n a g e d  t o  a v o i d  t h i s  c o m p l i c a t i o n  a l t o g e t h e r  b y  
o b s e r v i n g  t h e  f o l l o w i n g  r u l e s : -

( a )  A l w a y s  h a v e  a n  i n i t i a l  r e s t  p e r i o d  b e f o r e  i n ­
d u c i n g  p n e u m o t h o r a x  e x c e p t  w h e r e  i m m e d i a t e  
c o l l a p s e  i s  d i c t a t e d  b y  a  h a e m o r r h a g i c  e m e r ­
g e n c y .  T h i s  a v o i d s  t h e  u s e  o f  a r t i f i c i a l  
p n e u m o t h o r a x  i n  t h e  a c u t e  p h a s e  o f  p n e u m o n i c  
t u b e r c u l o s i s .

( b )  T h e  u s e  o f  f r e q u e n t ,  s m a l l  r e f i l l s  a t  s u b -
a t m o s p h e r i c  p r e s s u r e s .  T h e r e  m u s t  b e  n o  
11 c o m p r e s s i o n ” o f  t h e  l u n g .

( c )  E a r l y  a b a n d o n m e n t  o f  p n e u m o t h o r a x  u n l e s s  i t
i s  e f f e c t i v e  o r  c a n  r a p i d l y  b e  m a d e  s o  b y  
t h e  s e c t i o n  o f  s m a l l  a d h e s i o n s .  T h i s  i s  
t h e  m o s t  e f f e c t i v e  p r e v e n t i v e  m e a s u r e  ( 3 6 ) .

( d )  T h e  s t o p p i n g  o f  r e f i l l s  i f  f l u i d  f o r m s ,  a s ­
p i r a t i o n  o f  f l u i d  a n d ,  i f  i t  i s  p e r s i s t e n t ,  
t h e  a b a n d o n m e n t  o f  t h e  p n e u m o t h o r a x .

W h i l e  t h e s e  a r e  s o u n d  r u l e s  a n d  h a v e  p r o v e d  
t h e i r  u s e f u l n e s s ,  i t  h a s  b e e n  p o i n t e d  o u t  t h a t  t h e i r
a p p l i c a t i o n  m a y  m e a n  d e n y i n g  e f f e c t i v e  t r e a t m e n t  t o  
c e r t a i n  c a s e s  ( 3 6 ) .  T h e  a i m  o f  t r e a t m e n t  i s  t h e  c o n t r o l  
o f  t h e  p a r e n c h y m a l  d i s e a s e  a n d ,  i n  c e r t a i n  c a s e s ,  t h e  
o n l y  f e a s i b l e  t r e a t m e n t  m a y  b e  p n e u m o t h o r a x  w i t h  i t s  
r i s k  o f  e m p y e m a .
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I n  a d v a n c e d  o r  e v e n  m o d e r a t e l y  a d v a n c e d  d i s e a s e ,  
i t  m a y  b e  b e t t e r  f r o m  t h e  s t a r t  t o  c o n s i d e r  s o m e  f o r m  o f  • 
c o l l a p s e  p r o c e d u r e  w h i c h  d o e s  n o t  i n v o l v e  t h e  s e p a r a t i o n  
o f  t h e  p l e u r a l  l a y e r s  ( 1 2 1 ) .  O n e  m u s t  b e  p r e p a r e d  q u i c k ­
l y  t o  e x p a n d  t h e  l u n g  i n  t h e  p r e s e n c e  o f  t e n s i o n  c a v i t y  
l e s t  r u p t u r e  o f  t h e  c a v i t y  o c c u r .

E g l e e  a n d  W y l i e  ( 1 5 7 )  h a v e  r e c o m m e n d e d  m o r e  
11 i n d i v i d u a l i z a t i o n ” o f  p n e u m o t h o r a x  t o  p r e v e n t  e m p y e m a .  
T h e y  a r e  r i g h t l y  a g a i n s t  a n y  f o r m  o f  s t a n d a r d i s e d  t r e a t ­
m e n t .  T h i s  i s  a n o t h e r  w a y  o f  s a y i n g  t h a t  e v e r y  c a s e  m u s t  
b e  c a r e f u l l y  s t u d i e d  a n d ,  i f  c o l l a p s e  t h e r a p y  i s  r e q u i r e d ,  
t h e  t y p e  o f  c o l l a p s e  s u i t a b l e  t o  t h e  p a r t i c u l a r  c i r c u m ­
s t a n c e s  m u s t  b e  c h o s e n .  R e a l  p r e v e n t i o n  o f  e m p y e m a  b e g i n s  
h e r e  ( 3 6 ) .  T h i s  c h o i c e  o f  c a s e s  h a s  a l r e a d y  b e e n  d i s ­
c u s s e d  u n d e r  i n d i c a t i o n s  a n d  c o n t r a - i n d i c a t i o n s .

F u r t h e r ,  i t  s h o u l d  b e  r e m e m b e r e d  t h a t  c l o s e  
o b s e r v a t i o n  i s  r e q u i r e d  f r o m  s t a r t  t o  f i n i s h  o f  t r e a t ­
m e n t  a n d  f o r  s o m e  y e a r s  t h e r e a f t e r .  I n  t h i s  w a y  t h e  u s e  
o f  p n e u m o t h o r a x  i n  u n s u i t a b l e  c a s e s  w i l l  b e  a v o i d e d .  
P l e u r a l  e f f u s i o n s  w i l l  n o t  b e  i g n o r e d  a n d  c h a n g e  o f  
t r e a t m e n t  c a n  b e  d e c i d e d  u p o n , i f  n e c e s s a r y ,  a t  t h e  
o p t i m u m  t i m e .

A c t i v e  T r e a t m e n t  o f  E m p y e m a  -  W h e n  e m p y e m a  
d e v e l o p s  i n  a n y  c a s e  u n d e r g o i n g  p n e u m o t h o r a x  t r e a t m e n t ,  
t h e r e  a r e  s e v e r a l  f a c t o r s  t o  b e  c o n s i d e r e d  b e f o r e  u n d e r ­
t a k i n g  a n y  p l a n  o f  m a n a g e m e n t .  T h e  f i r s t  o f  t h e s e  i s  
t h e  e f f e c t i v e n e s s  o r 1 i n e f f e c t i v e n e s s  o f  t h e  c o l l a p s e  a n d  
t h e  s e c o n d  t h e  n a t u r e  o f  t h e  i n f e c t i o n .  A l s o  i m p o r t a n t  
a r e  t h e  c o n d i t i o n  o f  t h e  o p p o s i t e  l u n g  a n d  t h e  p r e s e n c e  
o r  a b s e n c e  o f  a  b r o n c h o - p l e u r a l  f i s t u l a .

F o r  t h e  p u r p o s e s  o f  t r e a t m e n t  e m p y e m a t a  m a y  b e  
d i v i d e d  i n t o  t w o  g r o u p s ,  t h e  p u r e  t u b e r c u l o u s  a n d  t h e  
m i x e d  i n f e c t i o n  e m p y e m a : -

M i x e d  T u b e r c u l o u s  E m p y e m a  -  T h i s  i s  g e n e r a l l y  
d u e  t o  t h e  o c c u r r e n c e  o f  a  s p o n t a n e o u s  p n e u m o t h o r a x  o n  
t o p  o f  a  t h e r a p e u t i c  p n e u m o t h o r a x .  I n  o t h e r  w o r d s ,  a  
b r o n c h o - p l e u r a l  f i s t u l a  i s  p r e s e n t  ( 1 5 9 )  • C o r y l l o s  w o u l d  
h a v e  i t  t h a t  a l l  e m p y e m a t a  a r e  d u e  t o  t h e  p r e s e n c e  o f  a  
b r o n c h o - p l e u r a l  f i s t u l a ,  m i x e d  i n f e c t i o n  o n l y  t a k i n g  
p l a c e  i n  t h e  l a r g e r  o n e s  ( 1 5 6 ) .  M i x e d  i n f e c t i o n  m a y  
f o l l o w  t h e  u n w i s e  c a u t e r i s a t i o n  o f  a d h e s i o n s ,  e s p e c i a l l y  
w h e n  p a r t i a l l y  s e v e r e d  a d h e s i o n s  a r e  l e f t  " o n  t h e  s t r e t c h "  
a n d  t e a r i n g  t a k e s  p l a c e  t h r o u g h  t u b e r c u l o u s  t i s s u e  l e a d ­
i n g ,  i t  m a y  b e ,  t o  s p o n t a n e o u s  c o l l a p s e .  A g a i n ,  t h e
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i n f e c t i o n  m a y  t a k e  p l a c e  d u r i n g  a n  a t t a c k  o f  “ i n f l u e n z a "  
o r  f o l l o w  u n s t e r i l e  a s p i r a t i o n s  o f  a  s i m p l e  e f f u s i o n .

H o w e v e r . , i t  o c c u r s ,  t h i s  c o m p l i c a t i o n  h a s  t o  b e  
t r e a t e d  a s  a n  e m e r g e n c y .  T h e  p r o g n o s i s  i s  g r a v e  a n d  
t r e a t m e n t ,  i f  i t  i s  t o  b e  s u c c e s s f u l ,  m u s t  b e  p r o m p t .

I n  t h o s e  c a s e s  w i t h o u t  a  d e m o n s t r a b l e  b r o n c h o ­
p l e u r a l  f i s t u l a ,  m e d i c a l  m e a s u r e s  s u c h  a s  w a s h - o u t s  w i t h  
v a r i o u s  a n t i - s e p t i c s  a n d  t h e  e m p l o y m e n t  o f  c h e m o - t h e r a -  
p e u t i c  a g e n t s  m a y  b e  s u c c e s s f u l  i n  r e c o n v e r t i n g  t h e  c o n ­
d i t i o n  i n t o  o n e  o f  p u r e  t u b e r c u l o u s  e m p y e m a .  R o b e r t s  e t  
a l  ( 1 6 0 )  h a v e  h a d  s o m e  s u c c e s s  i n  c a s e s  w h e r e  t h e  c o n t a m ­
i n a t i n g  o r g a n i s m  w a s  s e n s i t i v e  t o  P e n i c i l l i n ,  a l t h o u g h  
t h e  m e c h a n i c a l  p r e s e n c e  o f  l a r g e  f i b r i n o u s  d e p o s i t s  m a y  
i n t e r f e r e  w i t h  a s p i r a t i o n  a n d  m a k e  i t  n e c e s s a r y  t o  d r a i n  
t h e  p l e u r a l  s p a c e  s u r g i c a l l y  f o l l o w i n g  r i b  r e s e c t i o n .  
P e t r o f f  ( l 6 l )  h a s  u s e d  s o d i u m  t e t r a d e c y l  s u l p h a t e  w i t h  
s u c c e s s  i n  t h e s e  c a s e s .

W h e n ,  a s  i s  u s u a l l y  t h e  c a s e ,  a  d e m o n s t r a b l e  
f i s t u l a  e x i s t s ,  t u b e  d r a i n a g e ,  w i t h  o r  w i t h o u t  r i b  r e ­
s e c t i o n  i s  r e q u i r e d .  T h i s  p r o v i d e s  e f f i c i e n t  d r a i n a g e  a n d  
m a y  i n  s o m e  c a s e s  e n c o u r a g e  t h e  l u n g  t o  e x p a n d  a n d  t h u s  
t o  o b l i t e r a t e  t h e  i n f e c t e d  p l e u r a l  s p a c e .  I f  t h e  o p p o s i t e  
l u n g  i s  s o u n d ,  c l o s u r e  o f  t h e  p l e u r a l  s p a c e  b y  e x t e n s i v e  
t h o r a c o p l a s t y  s h o u l d  b e  p r o c e e d e d  w i t h  a s  s o o n  a s  t h e  c o n ­
d i t i o n  o f  t h e  p a t i e n t  w i l l  a l l o w .  A s p i r a t i o n  a n d  i n s t i l l ­
a t i o n  o f  P e n i c i l l i n  m a y  a v o i d  t h e  n e c e s s i t y  o f  c a r r y i n g  
o u t  a  t h o r a c o p l a s t y  a t  a  d a n g e r o u s  s t a g e  f o r  t h e  p a t i e n t  
( 1 6 2 ) .  i f  t h e r e  i s  d i s e a s e  i n  t h e  o p p o s i t e  l u n g ,  d r a i n ­
a g e  o f  t h e  e m p y e m a  p l u s  r e s t  a n d  p o s s i b l y  S t r e p t o m y c i n  o f  
P . A . S .  t r e a t m e n t  m a y  e v e n t u a l l y  r e n d e r  t h e  p a t i e n t  f i t  
f o r  a  l a t e r  t h o r a c o p l a s t y  t o  o b l i t e r a t e  t h e  e m p y e m a .
T h e  p e r i o d  o f  d e l a y  s h o u l d  b e  a s  s h o r t  a s  i s  c o m p a t i b l e  
w i t h  s a f e t y  a s  t h e  c o n s i d e r a b l e  p l e u r a l  t h i c k e n i n g  w h i c h  
t a k e s  p l a c e  i n  t h e  i n t e r v a l  m a k e s  s u c h  o b l i t e r a t i o n  v e r y  
d i f f i c u l t .

Brock ( 1 6 3 ) p u b l i s h e d  an i l l u m i n a t i n g  a c c o u n t  
of t h e  t r e a t m e n t  o f  t h e s e  c a se s  b e f o r e  t h e  days  o f  P e n i ­
c i l l i n  and  S t r e p to m y c in .  T h i r t y - f i v e  c a s e s  had d r a i n a g e  
o n ly .  Of t h e s e ,  32 d i e d  and 3 a r e  a l i v e .  F o r t y - n i n e  
cases  were t r e a t e d  by combined d r a i n a g e  and t h o r a c o p l a s t y ,  
1^ of  t h e s e  d i e d  and 35 a r e  a l i v e ,  15 o f  t h e s e  w i t h o u t  a  
s i n u s .  The above a u t h o r  b e l i e v e d  t h a t  p e r s i s t e n t  f e v e r  
was r a t h e r  an i n d i c a t i o n  f o r  o p e r a t i n g  t h a n  f o r  tem p or­
i s i n g  w i t h  l e s s  r a d i c a l  methods.

s  p a r a - a m i n o s a l i c y l i c  a c i d
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P e r s i s t e n t  s i n u s  f o l l o w i n g  su c h  t r e a t m e n t  i s  a  
c o m p l i c a t i o n  i n  some c a se s  h u t  w i t h  f u r t h e r  p l a s t i c  
o p e r a t i o n s  t o  o b l i t e r a t e  t h e  s m a l l  r e s i d u a l  space  a n d  t h e  
use  o f  S t r e p to m y c in  and ,  r e c e n t l y ,  p a r a - a m i n o - s a l i c y l i c  
a c i d ,  t h e s e  sh o u ld  be r e d u c e d  t o  a  minimum.

P u r e  T u b e r c u l o u s  E m p y e m a  -  T h e r e  s t i l l  e x i s t s  
s o m e  d i f f e r e n c e  o f  o p i n i o n  o n  t h e  s u b j e c t  o f  t r e a t m e n t  
f o r  t h i s  c o n d i t i o n .

C hand le r  ( l6*f) ,  the  ex t rem e  c o n s e r v a t i v e ,  i n ­
s i s t e d  t h a t  t h e s e  e f f u s i o n s  s h o u ld  be l e f t  a lo n e  u n l e s s  
t h e r e  was some v e r y  good r e a s o n  f o r  i n t e r f e r e n c e  and 
q u o te d  12 c a se s  who had c o n s i d e r a b l e  c o l l e c t i o n s  o f  t u b e r ­
c u lo u s  pus i n  t h e i r  c h e s t s  f o r  up t o  20 y e a r s ,  and who r e ­
mained i n  good h e a l t h .  No d e t a i l s  were  g i v e n  o f  t h e  
s t a t e  o f  th e  c o l l a p s e d  lu n g  a l t h o u g h  i t  may be i n f e r r e d  
t h a t  t h a t  was u n d e r  c o n t r o l .  I t  would be o f  i n t e r e s t  t o  
know what p r o p o r t i o n  o f  empyema c a se s  end  up i n  t h i s  
r e l a t i v e l y  happy a l t h o u g h  p r e c a r i o u s  s t a t e .  Some would 
a g re e  w i t h  C h a n d le r  and most t u b e r c u l o s i s  p h y s i c i a n s  have 
a t  l e a s t  a  few such  c a s e s ,  most w i t h  abandoned  pneumo­
t h o r a c e s  and q u i e s c e n t  pulmonary d i s e a s e ,  w i t h  l o c a l i s e d  
c o l l e c t i o n s  of  t u b e r c u l o u s  pus i n  t h e i r  p l e u r a l  s p a c e s  
and a p p a r e n t l y  i n  good h e a l t h  and f i t  f o r  t h e i r  o c c u p a t i o n s .  
But Woodruff  (153) s t r i k e s  a  j a r r i n g  n o te  w i t h  th e  s t a t e ­
ment t h a t  o f  15II such  case s  o b s e rv e d  f o r  3 t o  g> y e a r s ,  no 
l e s s  t h a n  J>Q% s u f f e r e d  p e r f o r a t i o n  or  se c o n d a ry  i n f e c t i o n .

At th e  o t h e r  extreme i s  C oe l lo  ( I 6 5 ) who s t a t e s :  
"Everyone w i l l  a g re e  t h a t  i n  a case  o f  t u b e r c u l o u s  empyema 
th e  f i r s t  s t e p  i s  t o  encourage  by a l l  means t h e  e x p a n s io n  
o f  t h e  lu n g  and t h e  o b l i t e r a t i o n  of  t h e  p l e u r a l  s p a c e " .
With t h i s  R a f f e r t y  would a g r e e .

Some y e a r s  ago t h e  r e c o g n i s e d  t r e a t m e n t  (13&,
1*1-7 , 1 6 6 ) was f i r s t  to  g iv e  a th o r o u g h  t r i a l  t o  such  n on -  
s u r g i c a l  measures  a s  a s p i r a t i o n s ,  w a s h - o u t s  and i n s t i l l ­
a t i o n  of  v a r i o u s  a n t i - s e p t i c s  i n  an a t t e m p t  t o  s t o p  th e  
f o r m a t io n  o f  pus and t o  c o n t in u e  th e  pneum othorax ,  b u t  
even t h e n  i t  was r e c o g n i s e d  t h a t  such  t r e a t m e n t ,  even i f  
e n e r g e t i c a l l y  p u r s u e d ,  might f a i l  b eca u se  o f  th e  i n ­
a d e q u a te  c o l l a p s e  of the  pulmonary l e s i o n s  r e s p o n s i b l e  f o r  
th e  c o n d i t i o n .  R e s o r t  was t h e n  had t o  o l e o - t h o r a x  o r  t o  
p h r e n i c  ne rve  o p e r a t i o n s  to  red u c e  t h e  s i z e  o f  t h e  
p l e u r a l  space  o r ,  f i n a l l y ,  t o  t h o r a c o p l a s t y .  I t  was 
r e c o g n i s e d  t h a t  t h o r a c o p l a s t y  sh o u ld  n o t  be to o  long  
d e l a y e d  l e s t  so much p l e u r a l  t h i c k e n i n g  to o k  p l a c e  t h a t  
th e  p l e u r a l  space  c o u ld  no t  r e a d i l y  be o b l i t e r a t e d  ( 1 5 1 ) .
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Such treatm ent o f  even the s o - c a l l e d  “benign" empyemata 
in Packard e t  a l ' s  s e r i e s  l e d  to  very poor r e s u l t s .  Of 
32 such c a se s ,  16 d ie d ,  6 from e x te n s io n  of d i s e a s e  to  
the  o p p o s ite  lu n g , 5 from e x te n s io n  in  b o th  lu n gs and 5 
from pulmonary p e r f o r a t io n .  Of th e  o th e r  16 c a s e s ,  9 
were “cured" but o n e th ird  on ly  were w orking.

A fu r th e r  i n t e r e s t i n g  comparison was made in  
an a r t i c l e  by M a t t i l l  and Jenn in gs ( i b k - )  from which the  
fo l lo w in g  ta b le  was ta k e n : -

Treatment 'No. Working A l iv e Dead
Empyema

a t
d ea th

Empyema
c le a r e d

PNX contd . 11 3 & k

PNX d is c o n td .  
no fu r th e r  
c o l la p s e 36 2 3 25 21 15

P hren ic 11 5 1 5 1 10

S u r g ic a l
c o l la p s e 60 . 2 k 16 20 10 k 9

C ath eter  d ra in ­
age or r ib  r e ­
s e c t io n  only 13 11 _ r 11 _ _

T ota l: 131 lj-0 20 71 ^9 g l

These auth ors r e c o g n ise d  th a t  such c a se s  may do 
w e l l  fo r  a time but the r is k s  which have been mentioned  
b efore  are always p r e s e n t .  A s p ir a t io n s  and i r r i g a t i o n s  
they  found o f l i t t l e  va lue  in  curing the empyema a lth o u g h  
by t h e i r  use toxaem ia might be reduced and the empyema 
pocket kept c le a n .  Treatment, they  s a id ,  should  be 
d ir e c t e d  towards c a v i ty  c lo su r e  and, fo r  t h i s ,  r e -e x p a n s io n  
and s u r g ic a l  c o l la p s e  o f f e r e d  the b e s t  chance. The 
f a t a l i t y  r a te  was h igh  fo r  th o se  who were u n f i t  fo r  
su rg ery .

To attem pt to  c l a r i f y  a ra th er  obscure p o s i t i o n ,  
the fo l lo w in g  p r in c ip le s  may be put fo rw a rd :-



I f  the u n d er ly in g  pulmonary d i s e a s e  i s  uncon­
t r o l l e d  by the pneumothorax, then i t  i s  u se ­
l e s s  to  c o n cen tra te  trea tm en t on th e  empyema 
which i s  p r e s e n t .  C ontrol o f  the  d i s e a s e  in  
th e  lung i s  what i s  aimed a t .  To con tin u e  
pneumothorax in  the fa c e  o f  p le u r a l  i n f e c t i o n  
i s  c o u r tin g  d i s a s t e r  and the soon er  the  
pneumothorax i s  abandoned and the lung  r e ­
expanded the b e t t e r .  Some other  form o f  
c o l la p s e  th era p y , u s u a l ly  t h o r a c o p la s t y ,  can 
then  be undertaken i f  the o p p o s ite  lung  i s  
c le a r  o f  d i s e a s e  or i f  the  d i s e a s e  in  the  
o th er  lung i s  q u ie sc e n t  or under c o n t r o l .
The s u r g ic a l  c o l la p s e  then  has the dual pur­
pose o f  c o n t r o l l in g  the  lung d i s e a s e  and 
o b l i t e r a t i n g  the empyema space ( 1 6 7 ) .

I f  the pulmonary l e s i o n  i s  c o n t r o l l e d ,  i t  i s  
reason ab le  to  attem pt to  dry up or render  
serou s the e f f u s io n  by freq u en t a s p ir a t io n s  
and w ash-outs  and the use o f ,  fo r  example,
Azochioramide-T (sodium t e t r a d e c y l  su lp h a te )  
in  the hope o f  c o n tin u in g  r e f i l l s .  This may 
be p o s s ib le  b u t ,  even h e r e ,  p le u r a l  th ic k e n ­
ing  and e v e n tu a l  i n a b i l i t y  to re-expand the  
lung may be the  outcome and so ,  i f  the  
e f f u s i o n  ta k es  p la c e ,  as i t  u s u a l ly  d o e s ,  
e a r ly  in  the course o f  pneumothorax t r e a t ­
ment, i t  must be co n sid ered  whether i t  i s  not  
w ise r  to  re-expand the lung  w h ile  i t  i s  s t i l l  
p o s s ib le  and s u b s t i t u t e  a more s e l e c t i v e  and 
permanent c o l la p s e  by th o r a c o p la s ty .  In  
c e r ta in  ca ses  o f  empyema occu rr in g  towards 
the  end of treatm ent where th e  p le u r a  i s  much 
th ick en ed  and the pus w a l le d  o f f ,  i t  may be 
p e r m is s ib le  to  le a v e  i t  a lo n e .

D e c is io n s  as to  the e f f e c t i v e n e s s  o f the  
c o l la p s e  and as to  the l ik e l i h o o d  o f  m edical  
treatm ent proving e f f e c t i v e  in  th e  treatm ent  
o f  the empyema should be made e a r ly  so t h a t , 
i f  d e s ir e d ,  r e -ex p a n s io n  o f  the  lung can be 
ca rr ied  o u t .

The b e s t  treatm ent fo r  tu b ercu lou s empyema i s  
p r e v en tio n . Apart from th ose  p r e v e n t iv e  
measures connected w ith  the proper s e l e c t i o n  
o f  cases  fo r  pneumothorax, th ere  i s  reason  t o  
b e l ie v e  th a t  Streptom ycin  i s  o f  va lu e  in  p re ­
v e n t in g  i t s  occurrence ( l 6 g ) .
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A D H E S I O N S .

The p r e s e n c e  o f  a d h e s i o n s  i s  n o t  so much a  com­
p l i c a t i o n  of  pneum othorax  t r e a t m e n t  a s  som e th in g  t o  "be 
a n t i c i p a t e d  i n  p r a c t i c a l l y  e v e r y  case  and t o  be  d e a l t  
w i t h  a s  p a r t  o f  th e  p l a n  t o  o b t a i n  a s  soon a s  p o s s i b l e  a  
good s e l e c t i v e  c o l l a p s e  of  t h e  d i s e a s e d  a r e a .

An a c c o u n t  has  been  g i v e n  o f  t h e  p a th o l o g y  o f  
a d h e s i o n s  i n  a  f o rm e r  s e c t i o n  and some a t t e m p t  made t o  
c l a s s i f y  them a c c o r d i n g  t o  t h e i r  s t r u c t u r e .  What i s  of  
c o n ce rn  a t  t h i s  s t a g e  i s  w h e th e r  t h e y  a r e  c u t t a b l e  o r  
n o t .  I f  t h e y  a r e  c u t t a b l e ,  an  i n a d e q u a t e ,  c o n t r a -  
s e l e c t i v e  c o l l a p s e  can be c o n v e r t e d  i n t o  one i n  w h ich  t h e  
d i s e a s e d  p o r t i o n  of  th e  lu n g  i s  s e l e c t i v e l y  and co n ce n ­
t r i c a l l y  r e l a x e d  ( 1 0 2 ) .  I f  t h e y  a r e  no t  c u t t a b l e  and  a r e  
no t  l i k e l y  t o  become c u t t a b l e  by g r a d u a l  s t r e t c h i n g  w i t h i n  
a  r e l a t i v e l y  s h o r t  t im e ,  t h e n  th e  pneum othorax  may have  t o  
be sup p le m e n te d  by o t h e r  p r o c e d u r e s  o r  g i v e n  up i n  f a v o u r  
o f  some o t h e r  form o f  c o l l a p s e  t h e r a p y .

A l th o ug h  many a d h e s i o n s  can be s e e n  on t h e  X-Ray 
and f a i r l y  a c c u r a t e l y  l o c a l i s e d  by t h i s  means,  t h e  o n ly  
way t o  d e c id e  w h e th e r  t h e y  a r e  c u t t a b l e  o r  n o t  i s  t o  
i n t r o d u c e  th e  t h o r a c o s c o p e  and i n s p e c t  them c l o s e l y .
Matson ( 1 1 9 ) ,  who u s e s  th e  e l e c t r o - s u r g i c a l  c a u t e r y ,  h a s  
found  t h a t  i n t r a p l e u r a l  pneum ono lys is  w i l l  c o n v e r t  
a p p r o x i m a t e ly  JQfi o f  c a se s  o f  u n s a t i s f a c t o r y  pneum othorax  
i n t o  s a t i s f a c t o r y  o n e s .

The method a d o p te d  h e r e  i s  t o  use  t h e  g a l v a n o -  
c a u t e r y  w i t h  two c a n n u la e ,  one f o r  t h e  t h o r a c o s c o p e  and 
the  o t h e r  f o r  th e  c a u t e r y .  The p r o c e d u r e  i s  e s s e n t i a l l y  
t h a t  d e s c r i b e d  by J a co b a eu s  ( l 6 9 ) »  No a t t e m p t  has  b e en  
made t o  e n u c l e a t e  a d h e s i o n s  from t h e  c h e s t  w a l l  u s i n g  th e  
t e c h n iq u e  o f  Maurer  ( 1 70 ) ,  a l t h o u g h  i n  h i s  hands t h i s  
method has  l e d  t o  some s p e c t a c u l a r  r e s u l t s .

I n d i c a t i o n s  f o r  A dhes ion  S e c t i o n  -  T horaco sco py  
s h o u ld  be c a r r i e d  ou t  i n  a l l  c a s e s  where th e  d e g re e  o f  
c o l l a p s e  i s  i n a d e q u a t e  t o  c o n t r o l  t h e  l e s i o n s  p r e s e n t .
I t  i s  e s p e c i a l l y  n e c e s s a r y  f o r  t h e  p e r s i s t e n c e  o f  c a v i t y  
and sputum which i s  p o s i t i v e  f o r  t u b e r c l e  b a c i l l i .  Matson 
has a l s o  n o te d  t h a t  pa roxysm al  cough,  p a i n  i n  t h e  c h e s t  
and f e b r i l e  r e a c t i o n s  a f t e r  r e f i l l s  may be due t o  
a d h e s i o n s .  The p r e s e n c e  o f  such  a d h e s i o n s  may be u n s u s ­
p e c t e d  on t h e  X-Ray p i c t u r e  and so t h o r a c o s c o p y  may be 
j u s t i f i e d  i n  th e  p re s e n c e  o f  t h e  above symptoms. L a i r d  
(171) a d v o c a te s  i n s p e c t i o n  o f  t h e  p l e u r a l  c a v i t y  i n  a l l
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o a se s ,  t u t  t h i s  does not seem to  be n e c e s s a r y  where a
good c o l la p s e  i s  o b ta in ed  and no a d h es io n s  are seen  on
X-Ray or s c r e e n in g .

Pneum onolysis should  not be a t te m p te d :-

( a )  In the p resen ce  of tu b ercu lo u s  empyema.
(b) In  the p resen ce  o f  a c u te  f e b r i l e

p le u r i s y  w ith  e f f u s i o n .

I t  i s  d o u b tfu l  i f  i t  should  be a t te m p te d :-

(a )  Where ad h esion s are r e l a t i v e l y  la r g e  and
a tta ch ed  to  la r g e  p e r ip h e r a l ly  p la ced
c a v i t i e s .

(b) Where e x te n s iv e  ad h es io n s  make s u c c e s s
u n l i k e l y .

C om plications -  Haemorrhage i s  the c o m p lic a t io n  
most to  be fe a r e d .  This may occur from damage to  i n t e r ­
c o s t a l  v e s s e l s  on in tr o d u c in g  th e  tro c h a r  and cannula or  
when a c t u a l ly  c u t t in g  the ad h es ion  or from in ju r in g  th e  
g r e a t  v e s s e l s  in  the cupola , e s p e c i a l l y  i f  th e s e  are ob­
scured by the nature of the a d h es ion s or p u l le d  in t o  ab­
normal p o s i t i o n s .  Matson r ep o r ted  9# o f  haemorrhagic  
e f f u s io n  in  h is  s e r i e s  o f 2*4-9 c a s e s .  Blood appeared in  
vary in g  amounts but he had on ly  3 c a ses  where the  
haemorrhage a t  the  time o f  o p era tio n  was o f  an alarm ing  
e x t e n t .  I t  i s  l i k e l y  to  be a c o m p lica t io n  in  a h ig h er  
p rop ortion  o f  c a se s  where the more h e r o ic  a ttem p ts  to  
se v er  e x te n s iv e  ad h es io n s  are u sed . There were no ca ses  
of s e r io u s  b le e d in g  in  the  p r e sen t  sm all s e r i e s ,  probably  
due to  th e  very c a u t io u s  a t t i t u d e  adopted .

E ffu s io n  may be ex p ected  to occur fo l lo w in g  
s e c t io n  o f  a d h e s io n s . This i s  commonly sm a ll  in  amount 
and serous in  nature being  t r a n s i e n t .  Empyema, however, 
may f o l lo w  the s e c t io n  of sh ort  adh esions and no doubt 
tu b ercu lo u s  t i s s u e  i s  f r e q u e n t ly  cut through by the 
ca u tery . The g r e a t e s t  danger seems to l i e  in  the p a r t i a l  
s e c t io n  of f a i r l y  t h ic k  ad h esion s which co n ta in  lung  
f a i r l y  fa r  p e r ip h e r a l ly .  T earing o f  such  p a r t i a l l y  
severed  adhesions may take p la c e  l a t e r  as a r e s u l t  o f  
coughing and tu b ercu lou s t i s s u e  or even a c a v i ty  may be 
opened i n t o .  Brock ( 1 6 3 ) found 1 .4 #  o f  tu b ercu lo u s  
empyemata and 1 .4 #  of mixed i n f e c t i o n  empyemata o ccu rr in g  
in  44-2 o p e r a t io n s .
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C o n s i d e r a b l e  emphysema i s  f a i r l y  f r e q u e n t  a f t e r  
t h e  o p e r a t i o n ,  due t o  u n c o n t r o l l e d  c o u g h in g .  This  may 
l e a d  t o  c o n s i d e r a b l e  l o s s  o f  pneumothorax  s p a c e .  T h i s  
s h o u ld  be  o b v i a t e d  by c a r e f u l  a d ju s tm e n t  o f  t h e  i n t r a ­
p l e u r a l  p r e s s u r e s  b e f o r e  th e  p a t i e n t  l e a v e s  t h e  t h e a t r e .

V a r io u s  i n j u r i e s  t o  n e r v e s  have  b e en  r e p o r t e d  
and H orne r*s  syndrome has  been  d e s c r i b e d  a s  o c c u r r i n g .

R e s u l t s  -  G-ood r e s u l t s  depend on th e  c o m p le te ­
n e s s  o f  t h e  a d h e s io n  s e c t i o n .  Many s e r i e s  have  been  
p u b l i s h e d  t o  show th e  v a lu e  o f  i n t e r n a l  p n e u m o no ly s is  a s  
an a d j u n c t  t o  pneumothorax  t r e a t m e n t .  U s u a l l y  th e  e a r l i e r  
t h e  a d h e s i o n s  can be s e v e r e d  th e  b e t t e r ,  a s  s e l e c t i v e  
c o l l a p s e  can be  o b t a i n e d  and t h e  o p e r a t i o n  i s  c a r r i e d  out  
b e f o r e  t h e  a d h e s io n s  become t h i c k e n e d  by t h e  p r e s e n c e  of  
p l e u r a l  f l u i d .  I n  t h e  p r e s e n t  s e r i e s  i t  was cus tom ary  a 
few y e a r s  ago t o  w a i t  f o r  from J t o  k- m onths ,  b u t  now 
th o r a c o s c o p y  i s  c a r r i e d  ou t  a s  soon a s  t h e r e  i s  spa ce  f o r  
th e  i n t r o d u c t i o n  of t h e  i n s t r u m e n t s ,  a  s t a t e  o f  a f f a i r s  
o b t a i n i n g  commonly w i t h i n  J t o  k  weeks .  T h o racosco p y  i s  
a l s o  c a r r i e d  out  a s  e a r l y  as  p o s s i b l e  where  t h e r e  i s  any 
doubt  o f  th e  s a f e t y  of p r o c e e d i n g  w i t h  th e  p n e um othorax .

As p o i n t e d  ou t  by Goorw itch  ( 1 7 2 ) ,  t h e  o n ly  
r e s u l t s  o f  i n t e r n a l  pneum ono lys is  i t s e l f  a r e : -

( a )  A l t e r a t i o n s  i n  th e  a n a t o m i c a l  n a t u r e
o f  th e  c o l l a p s e , and

(b)  c o m p l i c a t i o n s .

Changes i n  t h e  s t a t u s  o f  th e  d i s e a s e  and c a v i t y  and sputum 
c o n v e r s i o n  a re  r e s u l t s  of th e  c o n t i n u a t i o n  of  pneumo­
t h o r a x  t h e r a p y .

G oorw itch  (17&) r e c e n t l y  re v ie w e d  th e  l i t e r a t u r e  
on i n t e r n a l  pneum onolys is  and found th e  f o l l o w i n g  com­
p l i c a t i o n s  : -

Sm all  i n t r a p l e u r a l  haemorrhage  
Large H 11
Spontaneous pneumothorax 
Broncho p l e u r a l  f i s t u l a  
Small  s e ro u s  e f f u s i o n  
Large M M
Pure t u b e r c u l o u s  empyema 
Non t u b e r c u l o u s  py ogen ic  empyema

1 .2 to
0 to  2 . 3%
0 to
0 to  2%
5 .5 to  K0%
3 to  23#
0 5*5#
0 to  1# -
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Mixed t u b e r c u l o u s  empyema . . .  0 t o  2.%
Loss o f  pneumothorax  space  . . .  0 t o  2%
D eath  . . .  0 t o  g»7#

The i n c i d e n c e  o f  c o m p l i c a t i o n s  was g r e a t e r  i n  t h e  
e a r l y  y e a r s  f o l l o w i n g  th e  i n t r o d u c t i o n  of t h e  p r o c e d u r e  
and d e p e n d s to  some e x t e n t  on t h e  c l i n i c a l  m a t e r i a l  and  
th e  judgem ent  and s h i l l  of th e  o p e r a t o r .

Day e t  a l  (173)> i n  a s e r i e s  o f  1 ,0 0 0  c l o s e d  
a d h e s i o n  s e c t i o n s ,  found  f a i r l y  s i m i l a r  c o m p l i c a t i o n s ,  
f a l l i n g  w i t h i n  t h e  a b o v e - n o te d  l i m i t s .  I n  5 9 *5% o f  c a s e s  
t h e r e  were  no e a r l y  p o s t - o p e r a t i v e  c o m p l i c a t i o n s  ( w i t h i n  
4 weeks o f  o p e r a t i o n ; .

DURATION OF COLLAPSE.

I n  1930, R i s t  ( 173^  , f rom a  s t u d y  o f  h i s  c a s e s  
t r e a t e d  be tw een  1921 and 1 9 2 7 , c o n c lu d ed  t h a t  a  to o  l o n g  
p e r i o d  o f  c o l l a p s e  was a s  bad  a s  one t h a t  was t o o  s h o r t .
He recommended a  minimum of  y e a r s  and ,  i n  f a c t ,  most 
o f  h i s  c a s e s  had c o l l a p s e  f o r  5 yss-rs .

V a r io u s  a u t h o r s  (17^ ,  175, 17^) up t o  a b o u t  10 
y e a r s  ago were a d v o c a t i n g  a  minimum p e r i o d  o f  c o l l a p s e  
o f  2 t o  3 y e a r s ,  a l t h o u g h  i t  was r e c o g n i s e d  t h a t  c e r t a i n  
c a se s  r e q u i r e d  l o n g e r .  D u f a u l t  and Laroche  (17*0,  i n  
f a c t ,  s u g g e s t e d  5 t o  7 y e a r s  f o r  f i b r o - c a s e o u s  l e s i o n s .  
Dundee (177)  p o i n t e d  out  t h a t  t h e  t ime s h o u l d  be m easured  
from th e  l a s t  p o s i t i v e  sputum and th e  d i s a p p e a r a n c e  o f  
c a v i t a t i o n  and t h a t  among t h e  im p o r t a n t  f a c t o r s  to  be con­
s i d e r e d  were t h e  e x t e n t  and n a t u r e  of t h e  o r i g i n a l  l e s i o n .  
He recommended t h a t  some pneum othoraces  s h o u ld  be k e p t  up 
p e rm a n e n t ly .

Todd ( 1 7 3 ) ,  i n  a s u r v e y  o f  th e  p o s i t i o n  i n  193&, 
no ted  t h a t  g e n e r a l  s t a t e m e n t s  o f  the  t im e  r e q u i r e d  co u ld  
be m i s l e a d in g  and em phas ised  a g a i n  th e  im p o r ta n c e  o f  th e
s t a t e  o f  t h e  lung  b e f o r e  c o l l a p s e .  He gave  c e r t a i n
minimum p e r i o d s  on a b a s i s  o f  e x t e n t  o f  d i s e a s e  and 
p a th o lo g y .

Thus:

E a r l y  sm a l l  i n f i l t r a t e s  w i t h  
no symptoms . . .  l e s s  th an  2 y e a r s

F i b r o - c a s e o u s  d i s e a s e  w i t h o u t  
c a v i t y  . . .  3 y e a r s  a t  l e a s t
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Acute  b roncho-pneum onic  d i s e a s e  . . .  None l e s s  t h a n  
w i t h  much to x a e m ia  y e a r s .

Among t h e  more r e c e n t  r e p o r t s ,  H u r s t  and Schwarz 
( 1 7 9 ) found  r e l a p s e  much l e s s  f r e q u e n t  where  c o l l a p s e  was 
c o n t i n u e d  f o r  4- o r  more y e a r s  t h a n  i n  t h o s e  whose d u r a t i o n  
was 3 yean s  o r  l e s s .  However, Aycock and K e l l e r  (ISO-)- 
found t h a t  th e  i n c i d e n c e  o f  r e l a p s e  was j u s t  a s  g r e a t  
a f t e r  c o l l a p s e  f o r  3 ^  y e a r s  as  a f t e r  c o l l a p s e  f o r  o n ly
1^ t o  2 y e a r s .  They f e l t  t h a t  p r o lo n g e d  and i n d e f i n i t e  
c o l l a p s e  p e r i o d s  p r e s e n t e d  d e f i n i t e  d i s a d v a n t a g e s ,  th e  
c h i e f  b e i n g  c o m p l i c a t i o n s  su c h  a s  marked p l e u r a l  t h i c k e n ­
i n g ,  unexpandab le  l u n g  and r i g h t  h e a r t  h y p e r t r o p h y  and 
f a i l u r e .  As has  a l s o  been  p o i n t e d  ou t  by M o r r i s s  ( l S l ) ,  
e a r l i e r  r e - e x p a n s i o n  a v o id s  c e r t a i n  l a t e  c o m p l i c a t i o n s  and 
l e a d s  to  b e t t e r  a n a t o m i c a l  r e s t i t u t i o n .

From a c o n s i d e r a t i o n  o f  t h e  f o r e g o i n g ,  i t  can 
be s e e n  t h a t  no h a rd  and f a s t  r u l e s  can be made.
Accum ula ted  e x p e r i e n c e  shows t h a t  a  p e r i o d  o f  3 t o  5 y e a r s  
i s  u s u a l l y  a d e q u a te  b u t ,  as  a lw ays  i n  c o l l a p s e  t h e r a p y ,  
t h e  i n d i v i d u a l  case  r e q u i r e s  c a r e f u l  c o n s i d e r a t i o n .  Nowa­
d a y s ,  t h e  ten d e n cy  i s  to  use  permanent  c o l l a p s e  m easu re s  
f o r  d i s e a s e  which  r e q u i r e s  pe rm anent  c o l l a p s e .  Thus, 
many c a se s  a re  r e c o g n i s e d  ab i n i t i o  as  n o t  b e i n g  s u i t a b l e  
f o r  pneumothorax  w h ich ,  i n  e a r l i e r  y e a r s ,  would have had 
t h i s  form of t r e a t m e n t  and w h ich  iirould have r e q u i r e d  p r o ­
lo n g e d  o r  i n d e f i n i t e  r e f i l l s .  Nowadays, a l s o ,  a d h e s i o n s  
a r e  s e v e r e d  i f  p o s s i b l e  and ,  where t h i s  can no t  be don e ,  
th e  pneumothorax i s  g e n e r a l l y  g i v e n  up and t h o r a c o p l a s t y  
s u b s t i t u t e d  where t h e  c o n d i t i o n  o f  th e  o t h e r  lu n g  makes 
t h i s  p o s s i b l e .

The i n d i c a t i o n s  f o r  pneumothorax  have been  
narrowed c o n s i d e r a b l y  in  r e c e n t  y e a r s  and  th e  r e l a t i v e  
s a f e t y  o f  t h o r a c o p l a s t y  and r e s e c t i o n  r e c o g n i s e d .  I t  i s  
no l o n g e r  n e c e s s a r y  to  in d uce  pneumothorax  i n  c a s e s  un­
s u i t a b l e  f o r  i t  o r  t o  c o n t in u e  i t s  use  i n  c a s e s  inhere i t  
i s  seen  t o  be i n e f f e c t i v e .  Thus t h e r e  s h o u l d  be l i t t l e  
need f o r  g r e a t l y  p ro lo n g e d  pneumothorax  ( 3 6 ) .

I t  must be em phas ised  t h a t  what i s  now u n d e r  
c o n s i d e r a t i o n  i s  v o l u n t a r y  c e s s a t i o n  o f  s a t i s f a c t o r y  
pneumothorax.  I n  many c ase s  c o n s i d e r e d  s u i t a b l e ,  no 
space  can be found i n i t i a l l y .  I n  a f u r t h e r  p r o p o r t i o n ,  
a  s a t i s f a c t o r y  c o l l a p s e  c an n o t  be o b t a i n e d  b e c a u se  o f  t h e  
e x i s t e n c e  o f  u n c u t t a b l e  a d h e s i o n s .  In  o t h e r s ,  r e - e x p a n s i o n  
i s  c o n s id e r e d  a d v i s a b l e  b e c a u se  of  t h e  deve lopm ent  o f  
empyema and in  some l o s s  of t h e  pneumothorax  space  o c c u r s
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from p l e u r a l  o b l i t e r a t i o n .  So t h a t  what i s  l e f t  i s  a  
s e l e c t  g ro up  i n  w h ich  s a t i s f a c t o r y  and c l i n i c a l l y  e f f e c t ­
i v e  c o l l a p s e  has  been  m a i n t a i n e d .  One has  th en  t o  d e c i d e  
when i t  i s  s a f e  t o  a l l o w  r e - e x p a n s i o n .  An e s t i m a t e  h a s  
t o  be made f o r  t h e  i n d i v i d u a l  c a s e ,  t h e  d u r a t i o n  o f  
c o l l a p s e  b e in g  t a k e n  t o  d a te  from the  t im e  when i t  b e ­
came e f f e c t i v e  w i t h  r e f e r e n c e  to  permanent  c o n v e r s i o n  o f  
the  sputum and t h e  c l o s u r e  o f  a l l  c a v i t i e s .

Taking  3 y e a r s  o f  e f f e c t i v e  c o l l a p s e  a s  a 
minimum, one can a t  t h e  end of  t h i s  p e r i o d  r e v ie w  t h e  
case  from th e  b e g i n n i n g .  A l l  t h e  X-Rays sh o u ld  be a v a i l ­
a b l e  a t  t h i s  t im e .  The o r i g i n a l  e x t e n t  o f  t h e  d i s e a s e  
and i t s  t y p e ,  t o g e t h e r  w i t h  th e  s i z e  and l o c a t i o n  of  
c a v i t i e s  sh o u ld  be c o n s i d e r e d .  The more e x t e n s i v e  d i s e a s e  
and l a r g e r  c a v i t i e s  need  l o n g e r  c o l l a p s e  a s  does  t h e  more 
f i b r o t i c  d i s e a s e  in  compar ison  w i t h  th e  more e x u d a t i v e .
A r a p i d l y  e f f e c t i v e  s e l e c t i v e  pneumothorax  f o r  o r i g i n a l l y  
l i m i t e d  d i s e a s e  need  no t  be p r o lo n g e d  beyond t h e  minimum.
A c o l l a p s e  which was slow i n  l e a d i n g  t o  c a v i t y  c l o s u r e  and 
sputum c o n v e r s i o n  r e q u i r e s  l o n g e r  c o l l a p s e .  The c o n d i t i o n  
o f  th e  o t h e r  lu n g  needs  e v a l u a t i o n .  I f  t h e  d i s e a s e  h e re  
has  been  a p p a r e n t l y  s t a t i c ,  i t  can be i g n o r e d  i n  d e c i d i n g  
on r e - e x p a n s i o n  b u t ,  i f  t h e r e  has  been  o b v io u s  a c t i v i t y ,  
c o l l a p s e  may need p r o l o n g a t i o n .  I f  i t  i s  p r o g r e s s i n g ,  so 
t h a t  c o l l a p s e  i s  r e q u i r e d  f o r  i t s  t r e a t m e n t ,  i t  may be a 
r e a s o n  f o r  r a t h e r  s h o r t e r  c o l l a p s e  on th e  s i d e  o r i g i n a l l y  
t r e a t e d  and now u n d e r  c o n s i d e r a t i o n .

The p r e s e n c e  of  c o m p l i c a t i o n s  d u r i n g  t h e  p e r i o d  
of  c o l l a p s e  may modify i t s  d u r a t i o n .  C e r t a i n  c o m p l i c a t i o n s ,  
as  has a l r e a d y  been  d i s c u s s e d ,  may i n d i c a t e  t h a t  t h e  
c o l l a p s e  wShould be  abandoned e a r l y ,  i n  w h ich  case  t h e  
c o l l a p s e ,  b e in g  i n e f f e c t i v e ,  i s  o u t s i d e  t h e  scope o f  th e  
p r e s e n t  d i s c u s s i o n .  F e b r i l e  e f f u s i o n  d u r i n g  th e  c o u r s e  o f  
an e f f e c t i v e  pneumothorax p r o b a b l y  i n d i c a t e s  t h a t  a  r e . t h e r  
l o n g e r  c o l l a p s e  i s  needed .

The m e n t a l i t y  of th e  p a t i e n t  must be c o n s i d e r e d .
To most p a t i e n t s ,  t h e  c o n t i n u a t i o n  o f  th e  c o l l a p s e  g i v e s  a 
sense  o f  s e c u r i t y .  O th e rs  a r e  o n ly  too  g l a d  t o  have i t  
s to p p e d .  Those who have n e v e r  q u i t e  l e a r n e d  t o  l i v e  th e  
r e s t r i c t e d  l i f e  r e q u i r e d  had b e t t e r  have a  l o n g e r  r a t h e r  
t h an  a s h o r t e r  t im e  o f  c o l l a p s e .  C o n d i t i o n s  a t  home and 
as  r e g a r d s  employment and f i n a n c e  sh o u ld  be a s  s t a b l e  as  
p o s s i b l e  b e f o r e  r e - e x p a n s i o n .  No r e - e x p a n s i o n  sh o u ld  
t a k e  p l a c e  d u r in g  p regnancy  and p ro b a b ly  no t  f o r  s i x  
months t h e r e a f t e r .
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U n f o r t u n a t e l y ,  w e  h a v e  n o  m e a n s  o f  v e r i f y i n g  
w h e t h e r  t h e  d i s e a s e  i n  t h e  l u n g  h a s  h e a l e d  o r  n o t .  T h e  
o n l y  w a y  t o  f i n d  o u t  i s  t o  r e - e x p a n d  a f t e r  a  t i m e  w h i c h  
s e e m s  s u i t a b l e  i n  v i e w  o f  t h e  n e e d s  o f  t h e  p a r t i c u l a r  
p e r s o n .  I f  o n e  i s  I n  d o u b t ,  i t  i s  b e t t e r  t o  e r r  b y  
k e e p i n g  t h e  r e f i l l s  g o i n g  s o m e w h a t  l o n g e r  t h a n  n e c e s s a r y .

. R E - E X P A N S I O N .

A lth o u g h  some w r i t e r s  (179) f a v o u r  a b r u p t  
c e s s a t i o n  of  r e f i l l s ,  a  b e t t e r  method i s  p r o b a b l y  to  
a l l o w  s low  e x p a n s io n  t o  t a k e  p l a c e  ( 3 6 , 121, 1 5 1 , 12>l) •
I f  r e f i l l s  a r e  g iv e n  i n  d i m i n i s h i n g  amounts and  a t  l e n g t h ­
e n in g  i n t e r v a l s  t h e  l u n g ,  p r o v i d e d  i t  can expand ,  g r a d ­
u a l l y  resumes i t s  f u n c t i o n .  X-Rays can be t a k e n  a t  f r e ­
quen t  i n t e r v a l s  and any s i g n  o f  r e - o p e n i n g  c a v i t y  o r  
r e a c t i v a t i o n  can s e r v e  as  a  s i g n a l  t o  resume r e f i l l s .  
Aycock and  K e l l e r  (ISO) d i d  no t  f i n d  t h a t  e x a c e r b a t i o n  
o c c u r r e d  i n  any o f  t h e i r  c a s e s  u n d e r  12 months f o l l o w i n g  
r e - e x p a n s i o n .  R a f f e r t y  has  p o i n t e d  o u t  t h a t  t h e  r e - o p e n -  
in g  o f  a  c a v i t y  d u r i n g  r e - e x p a n s i o n  p r o b a b l y  i n d i c a t e s  
t h a t  t h e  pneumothorax  was n e v e r  r e a l l y  e f f e c t i v e  and t h a t  
a pe rm anen t  form of  c o l l a p s e  i s  r e q u i r e d  ( 3 6 ) .

The g r a d u a l  method o f  r e - e x p a n s i o n  i s  s a i d  t o  
a v o id  h i g h l y  n e g a t i v e  p r e s s u r e s  i n  t h e  p l e u r a l  sp ace  and 
t o  d i s c o u r a g e  th e  f o r m a t io n  o f  p l e u r a l  f l u i d  ( 3 6 ) .  I n  
t h e  s m a l l  p e r s o n a l  s e r i e s  o f  r e - e x p a n s i o n s  c a r r i e d  out  
a t  th e  c l i n i c  p r e s s u r e s  have seldom b een  h i g h l y  n e g a t i v e ,  
e x c e p t  w i t h  u n ex pan d a b le  lu n g s  b u t  more o r  l e s s  t e r m i n a l  
e f f u s i o n  has  been  p r a c t i c a l l y  i n v a r i a b l e .

As r e g a r d s  t h i s  t e r m i n a l  e f f u s i o n ,  t h e  f l u i d  
may be  a s p i r a t e d  a  few t im e s  to  encourage  com ple te  ex p an ­
s i o n  b u t  u s u a l l y  i t  i s  a  s i g n  o f  un ex p and ab le  lung  a n d ,  i f  
s e r o u s ,  sh o u ld  be l e f t  a l o n e .  I f  sm a l l  i n  amount, i t  
commonly f i l l s  t h e  space  l e f t  o v e r  the  summit o f  t h e  l u n g  
fo rm ing  a  sem i-pe rm anen t  c u sh io n  and g r a d u a l l y  b e in g  r e ­
a b so rb e d  and becoming o r g a n i s e d  ( 1 5 1 ) .  R a f f e r t y ,  however ,  
a d v i s e s  a s p i r a t i o n  i n  t h e s e  c a s e s .

U N E X P A N D A B L E  L U N G .

W h e r e  a  s m a l l  s e l e c t i v e  c o l l a p s e  h a s  b e e n  m a i n ­
t a i n e d ,  r e - e x p a n s i o n  u s u a l l y  t a k e s  p l a c e  s m o o t h l y  a n d  
r e l a t i v e l y  q u i c k l y  a n d  w i t h  f a i r l y  c o m p l e t e  r e s t o r a t i o n  
o f  t h e  l u n g  t o  i t s  n o r m a l  a n a t o m i c a l  r e l a t i o n s h i p .  W i t h
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l o n g - c o n t i n u e d  c o l l a p s e ,  e s p e c i a l l y  where t h e r e  h a s  been  
s e r o u s  o r  p u r u l e n t  e f f u s i o n ,  r e - e x p a n s i o n ,  owing t o  
t h i c k e n i n g  o f  th e  p l e u r a  may be  v e ry  I n c o m p l e t e .  The 
i n t r a p l e u r a l  p r e s s u r e s  become v e r y  n e g a t i v e  and t h e  
m e d i a s t i n a l  s t r u c t u r e s  d i s l o c a t e d  to w a rd s  t h e  s i d e  o f  t h e  
c o l l a p s e .  I n  some c a s e s ,  and i f  th e  d i s l o c a t i o n  i s  n o t  
marked, no c o m p la in t  may be made by th e  p a t i e n t  b u t ,  i f  
d i s l o c a t i o n  i s  marked,  r e s p i r a t o r y  em bar rassm en t  and 
symptoms o f  r i g h t  h e a r t  f a i l u r e  may make t h e i r  a p p e a r a n c e .  
P h r e n i c  p a r a l y s i s  may h e l p  to  d i m i n i s h  t h e  p l e u r a l  sp a c e  
i n t o  w hich  t h e  lu n g  must expand ,  b u t  t h o r a c o p l a s t y  may be 
r e q u i r e d  t o  " s t r a i g h t e n  out  t h e  m e d i a s t i n u m " .

I n  c e r t a i n  c a se s  w i t h  a m u c h - th ic k e n e d  p l e u r a  
and r i g i d  m ed ias t inu m ,  a  pe rm anen t  a i r  sp a ce  re m a in s  and 
one i s  f a c e d  w i t h  c o n t i n u i n g  r e f i l l s  p e rm a n e n t ly  o r  
o b l i t e r a t i n g  th e  p l e u r a l  sp ace  w i t h  a  t h o r a c o p l a s t y .  
U s u a l ly  such  perm anen t  p l e u r a l  s p a c e s  f i l l  w i t h  f l u i d  
and i f  t h i s  i s  s e r o u s  i n  n a t u r e  i t  can be l e f t  a l o n e .  I f
i t  i s  p u r u l e n t ,  however ,  t h o r a c o p l a s t y  i s  p r o b a b ly
i n d i c a t e d  i n  v iew o f  what h a s  been  s a i d  b e f o r e  o f  th e  
d a n g e r  o f  l e a v i n g  a  permanent  c o l l e c t i o n  o f  pus i n  t h e  
p l e u r a l  s p a c e .

A f u r t h e r  a l t e r n a t i v e  e x i s t s  i n  t h e  p o s s i b i l i t y
o f  c a r r y i n g  ou t  a d e c o r t i c a t i o n  o f  the  i n e x p a n d a b le  l u n g
( 12>2 ) .  While t h i s  may be unwise where t h e r e  has  b een  
e x t e n s i v e  p l e u r a l  o r  pa renchym al  d i s e a s e ,  i t  i s  o f  h e l p  
where th e  d i s e a s e  has  been  c o n f i n e d  t o  th e  u p p e r  l o b e .
The lo w e r  lo b e  can t h e n  be d e c o r t i c a t e d  and a l lo w e d  t o  
r e - e x p a n d ,  b u t  no a t t e m p t  i s  made t o  remove th e  f i b r o u s  
c o v e r in g  from t h e  d i s e a s e d  a r e a  which th en  rem a in s  
c o l l a p s e d .
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R E S U L T S

There  i s  now no doub t  t h a t  a  programme o f  t r e a t ­
ment i n c l u d i n g  a l l  t h e  v a r i o u s  forms of  c o l l a p s e  t h e r a p y  
l e a d s  t o  b e t t e r  r e s u l t s  i n  th e  l o n g  ru n  t h a n  one r e l y i n g  
e n t i r e l y  on u n a id e d  s a n a t o r i u m  t r e a t m e n t .  The t a b l e  
r e p r o d u c e d  on th e  f o l l o w i n g  page shows t h i s  a d e q u a t e l y : -

The e v a l u a t i o n  o f  any form o f  t r e a t m e n t  i n  
pulmonary t u b e r c u l o s i s  i s  v e r y  d i f f i c u l t ,  f o r  the  
f o l l o w i n g  r e a s o n s : -

( a )  T u b e r c u l o s i s  i s  a  c h r o n i c  d i s e a s e  an d ,  t h e r e ­
f o r e ,  a  s u f f i c i e n t l y  l e n g t h y  o b s e r v a t i o n  
p e r i o d  a f t e r  t r e a t m e n t  i s  e s s e n t i a l .  A 
c e r t a i n  p e r c e n t a g e  o f  c a s e s  i s  l o s t ,  t h u s  
i n f l u e n c i n g  th e  r e s u l t s .

<b) T u b e r c u l o s i s ,  i n  a number of  c a s e s ,  t e n d s
t o  h e a l  w i t h  or w i t h o u t  s p e c i a l  t r e a t m e n t .

( c )  There  i s  g r e a t  d i f f i c u l t y  i n  f i n d i n g  s u i t ­
a b le  c o n t r o l s . I n  any two g roups  t o  be 
compared,  numerous f a c t o r s  must be m atched .
These i n c l u d e  the  f o l l o w i n g :  t h e  e x t e n t  o f
d i s e a s e ,  i t s  o a t h o l o g i c a l  type  and d i s ­
t r i b u t i o n ;  t h e  s i z e ,  number, l o c a t i o n  and 
ty p e  o f  c a v i t i e s ;  t h e  a g e ,  sex  and r a c e  
o f  the  p a t i e n t ;  h i s  economic and s o c i a l  
c o n d i t i o n s  and h i s  t em peram en t .  Thus a 
l a r g e  s e r i e s  o f  c a se s  i s  r e q u i r e d ,  so 
l a r g e  a s  t o  be beyond th e  e x p e r i e n c e  of  
any one o b s e r v e r .

An a p p ro a c h  to  th e  p rob lem  may be made i n  two
w a y s : -

The S t a t i s t i c a l  Method:

Large numbers o f  p a t i e n t s  t r e a t e d  by c o l l a p s i n g  
the  lu n g  a r e  compared w i t h  a s i m i l a r  number n o t  .having 
such  t r e a t m e n t .  Comparison i s  i n a c c u r a t e  b e c a u s e :

(a )  D e t a i l s  o f  th e  t r e a t m e n t  v a ry  among th e
d i f f e r e n t  g roups  i n c l u d e d .

(b)  The o b s e r v e r s  v a ry  as  to  t h e i r  d e g re e  o f
optimism o r  th e  r e v e r s e .
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( c )  A method o f  t r e a t m e n t  l i k e l y  to  do good
i s  no t  u s u a l l y  w i t h h e l d  from t h o s e  p a t i e n t s  
whose c o n d i t i o n  a p p e a r s  t o  i i rarrant  i t s  u s e .
The t r e a t e d  c a se s  t h u s  become a  s e l e c t  
g roup .

(d)  Such c a s e s  as  r e f u s e  t r e a t m e n t  a r e  n o t  good
c o n t r o l s ,  e i t h e r ,  a s  t h e y  a r e  l i k e l y  to  be
more i r r e s p o n s i b l e  and l e s s  c o - o p e r a t i v e  
abou t  t h e  reg im e  w i t h o u t  c o l l a p s e  t h e r a p y .

P a t i e n t s  t r e a t e d  i n  t h e  p r e - c o l l a p s e  e r a  may be 
compared w i t h  t h o s e  r e c e i v i n g  modern t r e a t m e n t .  A p a r t  
from th e  c o l l a p s e  t r e a t m e n t ,  however ,  more em phas is  i s  
now l a i d  on p r o lo n g e d  r e s t  t h a n  f o r m e r ly  and t h e r e  i s  
a l s o  t o  some e x t e n t  the  f a c t o r  o f  e a r l i e r  d i a g n o s i s .

As examples  o f  th e  s t a t i s t i c a l  method t h e r e  
a r e  t h e  f o l l o w i n g : -

( a )  The r e p o r t  o f  t h e  J o i n t  T u b e r c u l o s i s  C ounc i l
( 1 ^ 3 ) .  T h is  compared t h e  s u r v i v a l  r a t e s  o f
3 ,0 2 1  c a s e s  o f  pulmonary t u b e r c u l o s i s  
t r e a t e d  i n  *4-2 h o s p i t a l s  by a r t i f i c i a l  
pneumothorax w i t h  1 ,3 ^ 9  c a s e s  from t h e  same 
h o s p i t a l s  where pneumothorax  was  a t t e m p t e d  
b u t  f a i l e d .  The r a t i o  o f  a c t u a l  t o  e x p e c te d  
d e a th s  among the  t r e a t e d  g roup  was h a l f  t h a t  
o f  th e  f a i l u r e s  b u t  i t  was a d m i t t e d  t h a t  t h e  
c o n t r o l s  were r e a l l y  u n s u i t a b l e  f o r  a c c u r a t e  
com par ison .  These r e s u l t s  were t h e n  compared 
w i t h  2 ,7 5 0  c a se s  t r e a t e d  a t  M id h u rs t  
San a to r iu m  where a p p r o x i m a t e ly  1$ r e c e i v e d  
pneumothorax t r e a t m e n t . The r a t i o  o f  a c t u a l  
t o  e x p e c te d  d e a t h s  was tw ic e  as  h i g h  i n  th e  
pneumothorax g roup  as  i n  th e  M id h u rs t  g ro u p .
At M id h u rs t ,  however, t h e  p a t i e n t s  came from 
a d i f f e r e n t  s o c i a l  env iro n m en t  which  i n t r o ­
duced a f a c t o r  o f  g r e a t  im p o r tan c e  i n  making 
any com par ison  between t h e  g r o u p s .

(b)  B e n t l e y ' s  (3*0 r e p o r t  o f  th e  e x p e r i e n c e  o f  th e
London County C ounc i l  compared 677 pneumo­
th o r a x  c a se s  w i t h  3>3°9 c a s e s  h a v in g  o n ly  
c o n s e r v a t i v e  t r e a t m e n t .  C o r r e c t i o n  was made 
f o r  age ,  sex  and c l i n i c a l  c l a s s i f i c a t i o n .
The r a t e  of s u r v i v a l  i\ras 20$ h i g h e r  i n  th e  
pneumothorax group b u t  pneumothorax  was o n ly  
a p p l i e d  t o  10$ o f  a l l  p a t i e n t s .  Thus an 
improvement a l l  round of  on ly  2$ was n o te d
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w i t h  pneum othorax  t r e a t m e n t .  The p r o g n o s i s  
was found  t o  be b e s t  i n  th o s e  h a v in g  com­
p l e t e  c o l l a p s e  o f  the  l u n g  and i n  t h o s e  
l e a v i n g  h o s p i t a l  n e g a t i v e .
B e n t l e y  p o i n t e d  out  t h e  d i f f i c u l t i e s  i n  
a s s e s s i n g  r e s u l t s .  These were cau se d  by:

( i

( i i

( i i i  
( i v

(v 

( v i  

( v i i

P a u c i t y  -  c o n c l u s i o n s  from to o  
few c a s e s .
S e l e c t i o n  -  w r i t i n g  up o n ly  

c e r t a i n  c a s e s  .
P r e c i p i t a n c y  -  to o  s h o r t  f o l l o w - u p
F a l s e  c o n t r o l  -  e . g .  comparing  

pneumothorax  w i t h  t h o s e  h a v in g  
no s p a c e .

E q u iv o c a t i o n  -  l a c k  o f  d e f i n i t i o n  
o f  c o l l a p s e .

F a i l u r e  to  t r a c e  -  l o s i n g  s i g h t  
o f  a  h ig h  p r o p o r t i o n  of c a s e s .

Lack o f  d e t a i l  -  n o t  a d e q u a t e l y  
d e s c r i b i n g  th e  e x t e n t  o f  d i s e a s e .

The f o r e g o i n g  r e p o r t s  a r e  now 13 y e a r s  o l d  and 
r e f e r  t o  methods o f  t r e a t m e n t  w hich  a r e ,  i n  many r e s p e c t s ,  
q u i t e  d i f f e r e n t  from th o s e  i n  use  to d a y .  Nowadays, t h e  
i n d i c a t i o n s  f o r  pneumothorax  a r e  becoming na rrow ed down. 
S u rg e ry  has  made g r e a t  s t r i d e s  and r e s o r t  t o  i t  comes 
e a r l i e r  t h a n  f o r m e r l y .  There i s  w id e r  use  and a more 
e f f i c i e n t  p e r fo rm ance  of  pneum ono lys is  t h a n  f o r m e r l y .  
I n e f f e c t i v e  pneumothorax  i s  now g iv e n  up e a r l y ,  t h u s  
m in im is in g  th e  o c c u r r e n c e  o f  c o m p l i c a t i o n s  a s s o c i a t e d  
w i t h  i t s  c o n t in u e d  a p p l i c a t i o n .  There i s  more i n s i s t e n c e  
on s t r i c t  bed r e s t .  Pneumothorax i s  more and more t a k i n g  
i t s  p r o p e r  p l a c e  i n  t h e  comprehens ive  programme of  t r e a t ­
ment o f  pulmonary t u b e r c u l o s i s .

R a f f e r t y  ( 3 6 ) q u o te s  two examples  t o  show th e  
d i f f i c u l t y  o f  employing  th e  s t a t i s t i c a l  method.  One i s  
t h a t  of S od e rs t ro m  i l g ? )  i n  which  the  n o n - c o l l a p s e  g ro u p  
i s  compared w i t h  t h e  c o l l a p s e  g ro u p .  But t h e  c o l l a p s e  
g roup  u s u a l l y  have t h e  w o rse  p r o g n o s i s .  I n  t h i s  s e r i e s ,  
t h e  n o n - c o l l a p s e  g ro u p  had a 5 - y e a r  s u r v i v a l  r a t e  o f  92>$. 
In  o t h e r  words ,  many of  t h e s e  c a s e s  must have been  
q u i e s c e n t  in  th e  f i r s t  p l a c e .  I n  the  c o l l a p s e  g ro up  t h e  
s u r v i v a l  r a t e  was $9 -6$ ,  i t s e l f  e x c e p t i o n a l l y  good, y e t  
th e  c o n c lu s io n  was drawn t h a t  c o l l a p s e  t h e r a p y  co u ld  n o t  
be shown t o  have had v a l u e .  The second i s  t h a t  o f  D r o l e t  
(1£>5) where th e  r a t i o  o f  c a s e - f a t a l i t y  r a t e s  to  th e  
number o f  new c a s e s  was su rv e y ed  and l i t t l e  change was 
n o ted  o v e r  a 2 0 - y e a r  p e r i o d .  But 75%of t h e  c a se s  s u r v e y e d
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d id  no t  even have h o s p i t a l  t r e a t m e n t  and from W h i tn e y ’ s 
r e p o r t  ( 1 3 6 ) o f  th e  same p e r i o d  c o v e r i n g  75 s a n a t o r i a ,  
more t h a n  t w o - t h i r d s  o f  the  p a t i e n t s  had no s u r g i c a l  
t r e a t m e n t .

I n  a  more c o n t r o l l e d  s t a t i s t i c a l  s t u d y  by 
P o t t e r  ( 1 3 7 ) ,  th e  r e s u l t s  o f  t r e a t m e n t  a r e  compared i n  
two g r o u p s ,  one b e f o r e  c o l l a p s e  t h e r a p y  was i n  w id e ­
s p r e a d  u se  and t h e  o t h e r  t r e a t e d  by more modern m ethods .

G-roup Cases D ea ths  P e r c e n t a g e

1926  -  1932  1 , 3^9 1 ,0 2 6  76
1932 -  1933 1, '600 70S 1)4.2

The C l i n i c a l  Method:

To d e c i d e  t h e  p l a c e  o f  pneum othorax  i n  th e
scheme o f  t r e a t m e n t  and th e  amount o f  b e n e f i t  to  be e x ­
p e c t e d  from i t s  u s e ,  more r e l i a n c e  can be p r o b a b l y  
p l a c e d  on the  r e s u l t s  of s m a l l  g ro u p s  o f  c a s e s  d e a l i n g  
w i t h  p r o p e r l y  a d m i n i s t e r e d  c o l l a p s e  t h e r a p y .  I t  i s  s t i l l  
to o  soon t o  a s s e s s  t h e s e  i n  te rm s  o f  t h e  l o n g - t e r m  
e f f e c t  on p r o g n o s i s .  The s m a l l e r  s e r i e s  comes w i t h i n  
th e  compass o f  one o b s e r v e r ' s  e x p e r i e n c e  and th e  em phas is  
i s  l a i d  on good t r e a t m e n t .

The f o l l o w i n g  t a b l e  t a k e n  from R a f f e r t y  ( 3 6 )
shows th e  r e s u l t s  i n  6 s e r i e s  r e c e n t  enough t o  i n c l u d e
f a i r l y  modern i d e a s : -

A u tho r

P o t t e r  (137) 
Eglee & Jones (133)

Bloch e t  a l  ( 3 5 )
Hurst  & Schwartz  (179)  
S oders t rom  (13U) 
M orr iss  (131)

T o t a l :

P a t i e n t s D ea ths

113 3
100 l

60 k
117 l
201 21
370 75

3 6 6 . 103

F o l lo w -u p

1 - 3  y e a r s  
3 .2  y e a r s  aver* 

age a f t e r  r e ­
e x p a n s io n  

1 - 1 2  y e a r s  
l-g- -  6 y e a r s  
5 y e a r s  and up 

y e a r s  a v e r ­
age a f t e r  r e ­
e x p a n s io n
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The c a s e s  i n  t h e  f o r e g o i n g  s e r i e s  form a 
s e l e c t  g ro up  i n  t h a t  t h e y  a l l  have had t h e  a d v a n ta g e  o f  
a d e q u a te  pneumothorax  t r e a t m e n t .  I n  t h i s  c o n n e c t i o n  i t  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  P i n n e r  has  e s t i m a t e d  t h a t ,  
o f  e v e r y  th o u sa n d  h o s p i t a l  a d m i s s i o n s ,  the  a c t u a l  f i g u r e  
f o r  pneumothorax  s u c c e s s  i s  p r o b a b l y  n o t  more t h a n
12 -  15# .  ( 6 6 )

From th e  f o r e g o i n g  rem ark s  and from o t h e r  pub­
l i s h e d  r e p o r t s  i t  i s  d e f i n i t e  t h a t  the  p r o g n o s i s  f o r  
the  i n d i v i d u a l  c ase  has  g r e a t l y  im proved ,  p r o v i d e d  t h a t  
th e  p a t i e n t  i s  a d m i t t e d  to  h o s p i t a l  w i t h  h i s  pulmonary 
t u b e r c u l o s i s  i n  a s t a g e  amenable t o  th e  forms of  t r e a t ­
ment a t  our  d i s p o s a l . How much o f  t h i s  improvement i s  
a t t r i b u t a b l e  t o  pneumothorax  canno t  a c c u r a t e l y  be 
a s s e s s e d  as  t h i s  i s  m ere ly  one o f  a number o f  c o l l a p s e  
m easures  and t h e s e  i n  t u r n  a r e  p a r t  o f  a  l a r g e  t r e a t m e n t  
programme which i n c l u d e s  a d e q u a te  s a n a t o r i u m  t r e a t m e n t ,  
r e h a b i l i t a t i o n  and a d e q u a te  a f t e r - c a r e .

I n  t h e  p r e s e n t  s e r i e s  o f  one h u n d red  c a s e s ,  a  
lo n g  enough p e r i o d  o f  o b s e r v a t i o n  has  no t  y e t  e l a p s e d  
f o r  TtfortJhwhile l o n g - t e r m  c o n c l u s i o n s  t o  be drawn. The 
r e s u l t s  up t o  t h e  p r e s e n t  have a c c o r d i n g l y  b een  s e t  down 
w i t h o u t  much comment. The empyema c a s e s  and c e r t a i n  
o t h e r  c a s e s  showing p o i n t s  o f  i n t e r e s t  have  been d i s ­
cu ssed  i n  some d e t a i l  and c e r t a i n  c o n c l u s i o n s  drawn.
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R e s u l t s  o f  t r e a t m e n t  i n  one h un d red  c o n s e c u t i v e l y  a d -  
m i t t e d  p a t i e n t s  who had a r t i f i c i a l  p neum othorax

There  were Jk- males  and 66 f e m a le s  i n  t h e  s e r i e s .

E x t e n t  o f  D i s e a s e :

A l th o u g h  a v e ry  few c a s e s  were o f  a n a t o m i c a l l y  
minimal e x t e n t ,  none were p a t h o l o g i c a l l y  m in im al ,  t h a t  
i s ,  none were w i t h o u t  a p o s i t i v e  sputum a n d / o r  demon­
s t r a b l e  c a v i t a t i o n  a t  t h e  t im e  o f  a d m i s s io n .  A l l  were 
m o d e r a te ly  o r  f a r  ad vanced .  T w e n ty - f iv e  were u n i l a t e r a l  
and 75 b i l a t e r a l .

F o r t y  p a t i e n t s  had r i g h t  pneum othorax  o n ly ,
39 bad l e f t  on ly  and 21 had b i l a t e r a l  c o l l a p s e .  Thus 
one hundred  and tw e n ty -o n e  p n eum othoraces  a r e  c o n s i d e r e d .

F a te  o f  th e  P neum othorax :

Abandoned a s  i n e f f e c t i v e . There  were 32 i n  t h i s  
c a t e g o r y  and t h e  d u r a t i o n  o f  r e f i l l s  i s  shown as  f o l l o w s : -

Abandoned w i t h i n  t h r e e  months 17
Abandoned w i t h i n  s i x  months . . .  11
Abandoned a f t e r  s i x  months . . .  i

F i f t e e n  o f  th e  above pneum othoraces  were abandoned w i t h ­
out t h o r a c o s c o p y  b e in g  c a r r i e d  o u t  .as t h e  a d h e s i o n s  
a p p e a re d  to o  e x t e n s i v e  r a d i o l o g i c a l l y  o r  t h e  pneumo­
t h o r a x  space  was to o  sm a l l  f o r  t h e  m a n i p u l a t i o n  o f  t h e  
i n s t r u m e n t s .  I n  17,  t h o r a c o s c o p y  was p e r f o r m e d .  I n  4̂- 
o f  t h e s e ,  no a d h e s i o n  s e c t i o n  was a t t e m p t e d ;  i n  th e  
r e m a in d e r  some s e c t i o n  o f  a d h e s i o n s  wa.s done b u t  no t  
enough f a v o u r a b l y  t o  i n f l u e n c e  t h e  c o l l a p s e .

The 32 pneum othoraces  abandoned as  i n e f f e c t i v e  
were d i v i d e d  i n t o  two g r o u p s , namely, t h o s e  h a v in g  
f u r t h e r  c o l l a p s e  t r e a t m e n t  and t h o s e  no t  h a v in g  such  
t r e a t m e n t .

(a )  Those h a v in g  f u r t h e r  c o l l a p s e  t r e a t m e n t .  T h is  
c o n s i s t e d  o f : -

T h o r a c o p l a s t y  . . .  3
E x t r a p l e u r a l  pneumothorax  . . .  1

P h r e n i c  c ru s h  & pneumoperi toneum . 3
Cavernostomy . . .  1
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The p r e se n t  s t a t u s  o f  the above ca ses  I s  as fo l lo w s :

Well and f i t  f o r  work 
Convalescent
D ise a se  n o t .y e t  c o n t r o l le d
Worse
Lost tra c e
Died

(b) Those having no fu r th e r  c o l la p s e  tr e a tm en t .  
The reason s fo r  t h i s  are as fo l lo w s

Refused fu r th e r  treatm en t  
U n su ita b le  f o r  fu r th e r  c o l la p s e  
A w aiting fu r th e r  c o l la p s e  
Died ( a i r  embolism)

10
10

2
1

The s t a t u s  o f  th e s e  p a t i e n t s  now i s  as f o l l o w s : -

Well and f i t  fo r  work
Worse
Died
Lost tr a c e
Unchanged
C onvalescent

1
1

10
6

1

’ The f o l lo w in g  ta b le  shows the s t a t u s  a t  p r e se n t  
of the 31 p a t i e n t s  in  whom pneumothorax was abandoned as  
i n e f f e c t i v e : ~

T o ta l Further c o l la p s e No fu r th e r  
c o l la p s e

F it  fo r  work 3 2 1
C onvalescent 2 1 1
Unchanged 6 2 k
Worse 2 1 1
Died 11 1 10
No tra c e 7 1 6
P a t ie n ts 31 g 23

2. I n e f f e c t i v e  c o l la p s e  but continued; f or e x t r a p le u r a l  
s t r i p  w ith  f e n e s t r a t i o n T There were \  s u c h " c a s e s . ~Two 
of them are now a l i v e  and w e l l  and c o n t in u in g  r e f i l l s .
The other  2 develop ed  tu b ercu lo u s  empyema and the c o l la p s e  
was then abandoned. One i s  a l i v e  w ith  n e g a t iv e  sputum, 
the other  r eq u ire s  t h o r a c o p la s t y .



3 •  C a s e s  i n  w h i c h  t h e  p n e u m o t h o r a x  s p a c e  w a s  l o s t .

( a ) C om ple te ly  -  13 

W i th in  6 months:  ^

W i th in  one y e a r : 3 -

W ith in  two y e a r s :  3

W i th in  l a t e r  p e r i o d s : 3

(b ) P a r t i a l l y  -  5

One i s  w o r s e ,  2 a l i v e  
and w e l l , 1 -  l o s t  
t r a c e .

One d e ad ,  1 l o s t  t r a c e ,
1 r e q u i r i n g  f u r t h e r  
t r e a t m e n t .

2 a l i v e  and  w e l l ,  1 w i t h  
pneum othorax  c o n t i n u i n g  
on th e  o p p o s i t e  s i d e ,
1 w o r s e .

A l l  from 3 t o  3 i  y e a r s .  
Two f i t  f o r  work and 1 
r e q u i r i n g  t r e a t m e n t  f o r  
a c t i v e  d i s e a s e  i n  t h e  
o p p o s i t e  l u n g .

Three pneumothorax  s p a c e s  became p a r t i a l l y  
o b l i t e r a t e d  and were f i l l e d  w i t h  o i l .  One o f  t h e s e  now, 
a f t e r  3 y e a r s ,  has  an open c a v i t y  i n  th e  c o l l a p s e d  l u n g .  
One has  had an e f f e c t i v e  c o l l a p s e  f o r  9 months .  I n  th e  
t h i r d  c a s e ,  the  o l e o t h o r a x  i s  p r e s e r v i n g  a  s m a l l  a p i c a l  
space  o f  d o u b t f u l  v a l u e .

Two o t h e r  c a s e s  became p a r t i a l l y  o b l i t e r a t e d  
i n  t h e  p re s e n c e  o f  s m a l l  p l e u r a l  e f f u s i o n s . A f t e r  a few 
a s p i r a t i o n s  i n  e a c h  c a se ,  t h e  f l u i d  was l e f t  to  f i l l  up 
the  p l e u r a l  space  and a s a t i s f a c t o r y  d e g re e  o f  c o l l a p s e  
i s  b e in g  m a i n t a i n e d .

Vo l u n t a r y  Re-expan s i  o n . There  a r e  o n ly  4- c a se s  i n  
t h i s  c a t e g o r y .  I n  1 t h e  lu n g  was a l lo w e d  t o  r e - e x p a n d  
a f t e r  on ly  Itj y e a r s  a s  the  o p p o s i t e  lu n g  r e q u i r e d  
c o l l a p s e . U n f o r t u n a t e l y ,  a f r e s h  c a v i t y  a p p e a re d  w i t h i n  
a s h o r t  t ime and i t  was found i m p o s s i b l e  t o  r e - c o l l a p s e  
th e  lun{2j. The o t h e r  3 c a se s  had e f f e c t i v e  c o l l a p s e  f o r  
about  3*2" y e a r s  and have r e c e n t l y  been  r e - e x p a n d e d  w i t h ­
out i n c i d e n t .

5• Pneumothorax c o n t in u e d  t o  d a t e  u n de r  p e r s o n a l  s u p e r ­
v i s i o n  . These c a se s  have b e en  d i v i d e d  i n t o  g rou p s  
a c c o r d i n g  to  t h e  l e n g t h  o f  t ime d u r i n g  w h ich  an e f f e c t i v e  
c o l l a p s e  has been  o p e r a t i v e .



1 2 2 .

Under one year . . .  10
One to  2 years  . . .  6
Two to  3 years  . . .  10
Three to  5 years . . .  12

The s t a t u s  o f  th e s e  p a t i e n t s  i s  shox^n in  the  f o l lo w in g  
t a b l e : -

T o t a l Under 
1 y r .

1 - 2
y e a r s

2 - 3
y e a r s

3 - 5
y e a r s

F i t  f o r  work 2 b 1 6 7 10
W ell ,  no t  y e t  f i t

f o r  xtfork 12 g 2 2
A c t iv e  d i s e a s e  i n

o t h e r  l u n g b 1 1 2

6* I n e f f e c t i v e  c o l la p s e  c o n t in u e d . There are 3 c a ses  
in  t h i s  ca teg o ry . The pneumothorax i s  b e in g  continu ed  
because  they are not f i t  fo r  th o r a c o p la s ty  and the  
c o l la p s e  i s  a p p aren tly  having some e f f e c t  in  reducing  
to x a em ia .

A ctua l S ta tu s  o f  the  o r ig in a l  One-hundred P a t ie n t s  a t  
P r e s e n t : ___  _

F it  fo r  work: 39
W ell, but not y e t  f i t  fo r  work: 16
A c tiv e  d i s e a s e ,  a t  home: 5
S t i l l  in  h o s p i t a l ,  d i s e a s e  not c o n tr o l le d :  12
Dead: 12
No u p -to -d a te  tr a c e :  14-

Note,: These p a t i e n t s  c l a s s i f i e d  as 11 f i t  f o r  work” are
a l l  a c t u a l ly  employed in  g a in f u l  o ccu p ation s  or, in  the  
e sse  o f  most o f  the  fem a le s ,  carry in g  out t h e i r  u su a l  
dom estic  d u t ie s  w hich, in  t h i s  country , are o f  a f a i r l y  
l i g h t  n a tu re . Such fem ales in c lu d ed  in  t h i s  group have 
been judged f i t  fo r  g a in f u l  employment. Where t h i s  was 
not the c a se ,  a lth ou gh  they  may be doing some dom estic  
work, th ey  have been in c lu d ed  under “w e l l ,  but not y e t  
f i t  fo r  work11 .
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P l e u r a l  E f f u s i o n s  i n  t h e s e  c a s e a :

Of t h e  one hundred  and tw e n ty -o n e  pnebmo- 
t h o r a c e s ,  e i g h t y  have been n o t e d  t o  have f l u i d  i n  t h e  
p l e u r a l  space  d u r i n g  my o b s e r v a t i o n  o f  them. L a te  
e f f u s i o n s  i n  t h o s e  who have l e f t  h o s p i t a l  a r e  l i k e l y  
t o  o c c u r ,  making t h e  i n c i d e n c e  f o r  t h i s  s e r i e s  e v e n t ­
u a l l y  c o n s i d e r a b l y  h i g h e r  and I  do no t  t h i n k  i t  i s  t o o  
much t o  say t h a t  e v e ry  case  cf p n e u m o th o ra x , i f  f o l l o w e d  
c l o s e l y  enough, w i l l  show a l i t t l e  f l u i d  i n  t h e  p l e u r a l  
space  a t  some t im e  o r  o t h e r  d u r i n g  th e  c o u r s e  of  t h e  
c o l l a p s e .  F o r  c o n v en ience  of  d i s c u s s i o n ,  t h e s e  
e f f u s i o n s  have been  d i v i d e d  i n t o  t h r e e  g r o u p s :

(a ) Sm all  e f f u s i o n s . no t  a s p i r a t e d

There were 27 s m a l l  e f f u s i o n s  w i t h o u t  symptoms, 
on ly  n o t i c e d  on s c r e e n i n g  o r  X-Ray. Most o f  t h e s e  xvere 
t r a n s i e n t ,  a l t h o u g h  a few p e r s i s t e d  o r  r e c u r r e d .  None 
r e q u i r e d  t a p p i n g .

S e v en teen  had no o b v io u s  e f f e c t  on t h e  c o l l a p s e  
b u t  10 o f  t h e s e  showed some p l e u r a l  t h i c k e n i n g  on X-Ray 
w h ich  may l a t e r  i n t e r f e r e  w i t h  f u l l  r e - e x p a n s i o n .  S ix  
o t h e r s  were a s s o c i a t e d  w i t h  g r a d u a l  o b l i t e r a t i o n  o f  t h e  
p l e u r a l  sp a c e .  One c a s e  of  b i l a t e r a l  pneumothorax  had 
b i l a t e r a l  sm a l l  e f f u s i o n s  w i t h  f & i r l y  marked p l e u r a l  
t h i c k e n i n g  on b o t h  s i d e s .

E le v en  o f  t h e s e  s m a l l  e f f u s i o n s  were a s s o c ­
i a t e d  w i t h  a d e g re e  o f  c o l l a p s e  which  n e v e r  was e f f e c t i v e *  
A l l  have now been  g i v e n  up e x c e p t  3 w hich  seem to  be 
p a r t i a l l y  e f f e c t i v e .

The o t h e r  l 6 o c c u r r e d  i n  c a s e s  where th e  
c o l l a p s e  was o r  s t i l l  i s  e f f e c t i v e .  I n  1 1 , e f f e c t i v e  
c o l l a p s e  c o n t i n u e s .  Of t h e  r e m a in in g  5 ,  2 o b l i t e r a t e d  
c o m p le te ly  b u t  w i t h o u t  r e - a c t i v a t i o n  o f  t h e  d i s e a s e ,  one 
was a l lo w e d  t o  r e - e x p a n d  e lsexfhere  and l a t e r  r e l a p s e d  
w i t h  b i l a t e r a l  s p r e a d  of  th e  d i s e a s e .  One p a r t i a l l y  
o b l i t e r a t e d  and the  space  was f i l l e d  w i t h  o i l .  T h i s ,  
however, d id  n o t  p r e v e n t  t h e  c a v i t y  r e - o p e n i n g  a t  a 
l a t e r  d a t e  and the  case  now a w a i t s  f u r t h e r  t r e a t m e n t .
The o p p o s i t e  p l e u r a l  space  i n  t h i s  case  o b l i t e r a t e d  
c o m p le te ly  w i t h o u t  r e c u r r e n c e  o f  the  d i s e a s e .

Four o t h e r  sm a l l  e f f u s i o n s  were a s s o c i a t e d  
w i t h  v o l u n t a r y  r e - e x p a n s i o n .



12k.

R e -e x p a n s io n  a t  end o f  t r e a t m e n t :  2
R e -e x p a n s io n  o f  i n e f f e c t i v e  

c o l l a p s e  f o r  f u r t h e r  t r e a t m e n t :  2

Small  t e r m i n a l  e f f u s i o n s  were n o t e d  i n  2 c a s e s .

(b ) E f f u s i o n s  r e q u i r i n g  a s p i r a t i o n  (exc lu d in g ;  empyemata)

T h i r t y - t w o  e f f u s i o n s  r e q u i r e d  a s p i r a t i o n .
Marked symptoms ( f e v e r ,  p a i n ,  dy sp n o e a ,  t i g h t n e s s  i n  t h e  
c h e s t ,  m a l a i s e )  were p r e s e n t  i n  15 c a s e s .  Minor symptoms 
o n ly  were n o te d  i n  9 and no symptoms, i n  s p i t e  o f  
modera te  t o  marked e f f u s i o n s ,  i n  8> c a s e s .

A l l  t h e  f l u i d s  a s p i r a t e d  were t h i n ,  c l e a r  y e l lo w  
o r  s l i g h t l y  o p a l e s c e n t .  Not a l l  were examined f o r  t u b e r c l e  
b a c i l l i  b u t  a p r o p o r t i o n  were p o s i t i v e .

The t im e  o f  o n s e t  w i t h  r e l a t i o n  t o  th e  i n d u c t i o n  
was a s  f o l l o w s : -

W ith in  t h r e e  months:  13
Three t o  s i x  months:  9
S ix  months t o  one y e a r :  7
T o t a l  w i t h i n  one y e a r :  29

Three o c c u r r e d  l a t e r ,  one a f t e r  1-g- y e a r s ,  one 
a f t e r  3 y e a r s  and one a f t e r  3 i  y e a r s .  The two l a t t e r  
c a s e s  d e v e lo p e d  s h o r t l y  a f t e r  c h i l d b i r t h .

T his  b e a r s  out t h e  v iew  t h a t  most e f f u s i o n s  
o c c u r  r e l a t i v e l y  e a r l y  and may be a s s o c i a t e d  w i t h  con­
t i n u i n g  a c t i v i t y  of t h e  d i s e a s e  p r o c e s s  and a l s o  w i t h  
t h e  p r e s e n c e  of  a d h e s i o n s .

Of su ch  e f f u s i o n s  i n  th e  p r e s e n t  s e r i e s  r e q u i r ­
in g  a s p i r a t i o n ,  7 o c c u r r e d  w i t h i n  6 weeks o f  t h o r a c o s c o p y .  
I n  one,  t h o r a c o s c o p y  on ly  was done ,  i n  3 a d h e s i o n  s e c t i o n  
was in co m p le te  and i n  3 ‘the a d h e s i o n s  were c o m p le t e ly  
d i v i d e d .

( c) Empyemata.

Twelve empyemata o c c u r r e d  i n  t h e  p r e s e n t  s e r i e s .  
Two folloxired e x t r a p l e u r a l  s t r i p  iv’i t h  f e n e s t r a t i o n  and a r e  
m ent ioned s e p a r a t e l y .  Of t h e  r e m a in d e r ,  o n ly  one was n o t  
a s s o c i a t e d  w i th  the  s e c t i o n  o f  a d h e s i o n s .  S ix  o c c u r r e d  
w i t h i n  6 weeks of  t h o r a c o s c o p y  and 3 o c c u r r e d  l a t e r .
These a r e  now d e s c r i b e d  i n  some d e t a i l .
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Case 1 :

A.E.M. Male. 3^  y e a r s -  A d m i t te d  I j / j / b k - .  Died n / 3 / ^ 5 .

P a r - a d v a n c e d  b i l a t e r a l  d i s e a s e , p r e d o m i n a n t l y  
e x u d a t i v e .  M o d e ra te ly  l a r g e  c a v i t i e s  a t  r i g h t  apex and 
in  th e  l e f t  m id -z o n e .

R ig h t  a r t i f i c i a l  pneumothorax  in d u c e d  a lm o s t  
im m e d ia te ly .  A p ic a l  a d h e s i o n s  p r e s e n t  p r e v e n t i n g  c l o s u r e  
of  th e  c a v i  t y .

T horacoscopy  and p a r t i a l  a d h e s i o n  s e c t i o n  f o u r  
months a f t e r  i n d u c t i o n .  C a u te r y  t i p  b r o k e n  o f f  and l e f t  
i n  the  p l e u r a l  s p a c e .  Pneum onolys is  had l i t t l e  e f f e c t  on 
t h e  c o l l a p s e  and t h e  a d h e s io n s  were  se en  t o  be on t h e  
s t r e t c h  a f t e r  th e  o p e r a t i o n .

P l e u r a l  e f f u s i o n  d e v e lo p e d  a lm o s t  im m e d ia te ly .  
F i r s t  a s p i r a t e d  6 days  a f t e r  o p e r a t i o n .  The f l u i d  was 
th e n  c l e a r  and no t u b e r c l e  b a c i l l i  were d e t e c t e d  i n  i t .
The f l u i d  q u i c k l y  became p u r u l e n t  and f r e q u e n t  a s p i r a ­
t i o n s  were  r e q u i r e d .  C o n c e n t r a t e d  s o l u t i o n  o f  Urea was 
i n s t i l l e d  on a few o c c a s i o n s .  S te ad y  d o w n h i l l  c o u r s e .  
T u b e rc u lo u s  l a r y n g i t i s  l a t e r .  D ied  a f t e r  S months i n  
h o s p i t a l .

There a r e  two p o i n t s  o f  i n t e r e s t  i n  t h i s  c a s e .  
F i r s t l y ,  t h e r e  seems t o  have been  undue h a s t e  i n  i n d u c i n g  
pneum othorax .  Nowadays, S t r e p to m y c in  would p r o b a b l y  be 
u se d ,  i n  c o n ju n c t i o n  w i t h  a l i b e r a l  p e r i o d  o f  bed  r e s t ,  
in  th e  hope o f  overcoming th e  e x u d a t iv e  e le m e n t  b e f o r e  
p r o c e e d i n g  to  c o l l a p s e  t h e r a p y .  Pneumoperi toneum m ight  
a l s o  be of  v a lu e  i n  t i d i n g  th e  p a t i e n t  o v e r  th e  a c u t e  
p h a s e .

S e co nd ly ,  i t  i s  v e r y  p r o b a b le  t h a t  the  p a r t i a l  
a d h e s io n  s e c t i o n  which  was p e r fo rm ed  was a d i r e c t  c au se  
of t h e  o n s e t  o f  empyema, e i t h e r  from op e n in g  i n t o  t u b e r ­
c u lo u s  t i s s u e  o r  from t e a r i n g  o f  a d h e s io n s  which  were 
seen  to  be on the  s t r e t c h  a f t e r  the  o p e r a t i o n .  One o r  
o t h e r  of  t h e s e  mechanisms may have l e d  t o  th e  d e v e lo p ­
ment of a sm a l l  b r o n c h o - p l e u r a l  f i s t u l a  as  t h e  p l e u r a l  
space  showed no s i g n  o f  d i m i n i s h i n g  i n  s i z e ,  a l t h o u g h  
a s p i r a t i o n s  were c a r r i e d  ou t  f r e q u e n t l y .  The p r o g n o s i s  
w i th o u t  t r e a t m e n t  was u n d o u b te d ly  bad b u t  t h e  c o u rse  o f  
t r e a t m e n t  a d o p te d  no doubt  h a s t e n e d  th e  f a t a l  i s s u e  
r a t h e r  t h a n  r e t a r d i n g  i t  i n  any xvay.



1 2 6 .

Case  2 : J .D .  v . d .  W. Male.  26 y e a r s .  A d m i t t e d  3 / 7 / ^ *
D i s c h a r g e d  1 2 / 5 / it-5- R e - a d m l t t e d  9 / 7 /^ S -  D is c h a r g e d  
g /l lA g .

L im i te d  f i b r o - c a s e o u s  d i s e a s e  i n  t h e  r i g h t  
u p p e r  t h i r d  w i t h  a  m o d e r a te ly  l a r g e  c a v i t y .  I n f i l t r a t i o n  
a t  l e f t  a p ex .  (Case  2,  F i g .  l ) .

R igh t  a r t i f i c i a l  pneum othorax  i n d u c e d  a f t e r  a 
f o r t n i g h t .  A p i c o - l s t e r a l  a d h e s i o n s  seen  on X-Ray.
P l e u r a l  e f f u s i o n  w i t h  m odera te  symptoms 2 months a f t e r  
i n d u c t i o n .  A s p i r a t e d  a fex\r t im e s  -  f l u i d  c l e a r ,  no 
t u b e r c l e  b a c i l l i  f o u n d .  T h o raco sco py  5 months a f t e r  i n ­
d u c t i o n .  Three s m a l l  a d h e s i o n s  s e v e r e d  b u t  apex  h e l d  up 
m e d i a l l y  by s h o r t  wide a r e a  o f  a d h e r e n c e .  No s e c t i o n  of  
t h i s  a t t e m p t e d .

C o l l a p s e  s lo w ly  im proved .  D i s c h a r g e d  a f t e r  t e n  
months i n  h o s p i t a l  w i t h  c a v i t y  a p p a r e n t l y  c l o s e d  ( F i g .  2) 
and th e  sputum n e g a t i v e .  R e f i l l s  were c o n t i n u e d .  Two 
y e a r s  and f o u r  months a f t e r  i n d u c t i o n ,  he d e v e lo p e d  
t u b e r c u l o u s  empyema w i t h o u t  any marked symptoms. As th e  
c a v i t y  xvas s t i l l  a p p a r e n t l y  c l o s e d ,  a s p i r a t i o n s  were 
c a r r i e d  ou t  and th e  pneumothorax  c o n t i n u e d .  A f t e r  a 
month t h e  c a v i t y  a g a i n  became v i s i b l e  and t h e  p a t i e n t  was 
a d m i t t e d  t o  h o s p i t a l .  T h o r a c o p l a s t y  was a d v i s e d  b u t  r e ­
f u s e d .  The pneum othorax  was th e n  abandoned and t h e  lu n g  
l e f t  t o  r e - e x p a n d .

One y e a r  l a t e r  t h e  sp a c e  had a lm o s t  o b l i t e r a t e d  
( F i g .  3 ) and a s i x - r i b  t w o - s t a g e  t h o r a c o p l a s t y  was 
c a r r i e d  o u t .  S t r e p to m y c i n  was g i v e n  i n  a do sage  of  1 G-m 
d a i l y  f o r  3 months b e f o r e ,  d u r i n g  and a f t e r  t h e  o p e r a t i o n .  
Now, 9 months l a t e r ,  t h e  p a t i e n t ’ s c o n d i t i o n  i s  good.
The c a v i t y  r e m a in s  c l o s e d  ( F i g .  4-), t h e  sputum i s  
n e g a t i v e  and he i s  f i t  f o r  l i g h t  farm  work.

Looking b ack  on t h i s  c a s e ,  i t  seems r e a s o n a b l e  
t o  d o u b t  w h e th e r  t h e  c a v i t y  was r e a l l y  e v e r  p r o p e r l y  
c l o s e d  by a r t i f i c i a l  p n e u m o th o ra x . I t  i s  q u i t e  l i k e l y  
t h a t ,  a t  t h e  t im e  o f  d i s c h a r g e ,  a sm a l l  rem nant  s t i l l  p e r ­
s i s t e d  a t  the  a p e x .  Hox^ever, r e f i l l s  were  c o n t i n u e d  and 
no o b v io u s  c a v i t y  was seen  o v e r  a p e r i o d  o f  n e a r l y  2-gr 
y e a r s .  At th e  end o f  t h i s  t ime i t  was found  t h a t  a t u b e r ­
c u lo u s  empyema was p r e s e n t .  I  do no t  s e e  hoxv t h i s  cou ld  
have  be en  a n t i c i p a t e d  o r  p r e v e n t e d .

The r e f u s a l  o f  t h e  p a t i e n t  t o  u h d e rg o  t h o r a c o ­
p l a s t y  f o r  a f u r t h e r  y e a r  m ight  have been  e x p e c te d  to  
make th e  o p e r a t i o n  d i f f i c u l t  on a c c o u n t  o f  th e  p l e u r a l  
t h i c k e n i n g  and ,  i n  f a c t ,  a t  o p e r a t i o n  o n ly  a  sm a l l  d e g r e e  
o f  a p i c o l y s i s  c o u ld  be o b t a i n e d  b u t  th e  r e s u l t  o f  th e  
o p e r a t i o n  i\ras s a t i s f a c t o r y  i n  t h a t  c a v i t y  c l o s u r e  and
c o n v e r s i o n  o f  t h e  sputum xvas o b t a i n e d .
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Case 3 :

P.A. Female.  19 y e a r s .  A d m i t t e d  K/j/k-M-.  D i s c h a r g e d  
O c to b e r ,  19^5*

F a r - e d v a n c e d  b i l a t e r a l  i n f i l t r a t i o n  w i t h  mod­
e r a t e l y  l a r g e  c a v i t i e s  i n  b o t h  u p p e r  zones  . . .  f e b r i l e .

R ig h t  pneumothorax  ind u ce d  a f t e r  o n ly  a  few 
days  i n  h o s p i t a l .  A dhes ions  s e e n  h o l d i n g  up th e  u p p e r  
lo b e  which  a p p e a re d  p a r t i a l l y  a t e l e c t a t i c .  T h o raco sco py  
6 weeks l a t e r  and complete  s e c t i o n  o f  s e v e r a l  complex 
a p i c a l  f o l d  a d h e s i o n s .

Next day sp o n ta n eo u s  c o l l a p s e  o f  th e  lu ng  w i t h  
a t e l e c t a s i s  o f  th e  u p p e r  l o b e  i n  which  th e  c a v i t y  c o u ld  
be c l e a r l y  s e e n .  An e f f u s i o n  d e v e lo p e d  im m e d ia te ly  and  
the  p a t i e n t  was v e r y  i l l  f o r  3 weeks .  F l u i d  a t  f i r s t  
t h i n  b u t  became p u r u l e n t  2 months a f t e r  t h o r a c o s c o p y .
No organisms d e t e c t e d  in  i t .  A few a s p i r a t i o n s  were 
r e q u i r e d  and c o n c e n t r a t e d  Urea s o l u t i o n  was i n s t i l l e d  
e a c h  t i m e .  The f l u i d  d r i e d  up and r e f i l l s  were con­
t i n u e d  f o r  a f u r t h e r  11 months u n t i l  d i s c h a r g e .  The 
c o l l a p s e  a p p e a re d  s a t i s f a c t o r y ,  a l t h o u g h  t h e r e  was con­
s i d e r a b l e  p l e u r a l  t h i c k e n i n g .

L e f t  pneumothorax  in d u c e d  a f t e r  t h e  empyema 
had s e t t l e d .  The p a t i e n t  l e f t  h o s p i t a l  w i t h  b i l a t e r a l  
p neum o tho rax , no v i s i b l e  c a v i t y  i n  e i t h e r  lu n g  and 
n e g a t i v e  sputum. R epo r t  r e c e i v e d  y e a r s  l a t e r .
A l i v e ,  w e l l ,  working  as  a h o u s e w i f e ,  sputum n e g a t i v e ,  no 
s i g n  o f  a c t i v i t y  on X-Ray. R e f i l l s  were g i v e n  up "some 
t ime a g o " .

The o n s e t  o f  empyema i n  t h i s  case  was d e f i n i t e ­
l y  a s s o c i a t e d  w i t h  t h o r a c o s c o p y ,  p o s s i b l y  from c u t t i n g  
t h r o u g h  t u b e r c u l o u s  lu n g  t i s s u e .  A l th o u g h  th e  p a t i e n t  
was v e ry  i l l  f o r  a  t im e ,  the  l o n g - t e r m  r e s u l t  has  b een  
s a t i s f a c t o r y .  U n f o r t u n a t e l y ,  a f t e r  l e a v i n g  h o s p i t a l ,  
the  case  was no l o n g e r  p e r s o n a l l y  h a n d le d  and d e t a i l s  
o f  th e  s t a t e  of  t h e  lun g  a r e  l a c k i n g  a t  t h i s  s t a g e . To 
have g i v e n  up th e  pneumothorax when th e  empyema 
d ev e lo ped  would have a lm o s t  c e r t a i n l y  meant d o in g  a 
t h o r a c o p l a s t y ,  a p ro c e d u re  f o r  which  th e  p a t i e n t  a t  
t h a t  t im e  was u n f i t .
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Case *4-:

C.G-.F. Female.  20 y e a r s .  A d m i t t e d  11/6/14-5* D i s ­
c h a rg ed  3 / 9 A 8 -  D ied  March, 19^9.

F a r - a d v a n c e d  " b i l a t e r a l  e x u d a t i v e  d i s e a s e  xvith 
l a r g e  r i g h t  u p p e r  zone c a v i t y  and s e v e r a l  s m a l l  c a v i t i e s  
in  th e  l e f t  i n f r a - c l a v i c u l a r  r e g i o n .  F e b r i l e .  S t r i c t  
bed r e s t  f o r  3 months but  c a v i t y  on th e  r i g h t  became 
l a r g e r  and f u r t h e r  c a v i t a t i o n  was n o t e d  i n  t h e  same lu n g  
(Case k  -  F i g .  l ) .  R ig h t  pneumothorax  i n d u c e d .

T horacoscopy  c a r r i e d  ou t  a f t e r  2 months c o l l a p s e .  
Complex a p i c a l  b a n d s ,  2 o f  which  were d i v i d e d  and a t h i r d  
p a r t i a l l y  s e v e r e d .  The a p i c a l  c a v i t y  t h e n  assumed th e  
a p p e a ra n c e  o f  a t e n s i o n  c a v i t y  ( F i g .  2 ) .  I n  s p i t e  o f  
t h i s ,  3 r e f i l l s  o f  ^00  t o  600 c . c .  xvere g i v e n  i n  th e  16 
days  f o l l o w in g  th e  t h o r a c o s c o p y , a t  t h e  end o f  w h ich  
t im e  th e  p a t i e n t  d e v e lo p e d  a s p o n ta n e o u s  pneum othorax  
f o l lo w e d  by a mixed i n f e c t i o n  empyema.

F re q u en t  a s p i r a t i o n  of a i r  and f l u i d  and t h e  
i n s t i l l a t i o n  o f  P e n i c i l l i n  and Urea s o l u t i o n  to o k  p l a c e  
d u r i n g  t h e  f o l l o w i n g  4- months .  Then s e v e r a l  s i n u s e s  
d e v e lo p e d  i n  t h e  c h e s t  xvall t h r o u g h  which  d r a i n a g e  was 
f r e e .  A b r o n c h o - p l e u r o - e u t a n e o u s  f i s t u l a  p e r s i s t e d  up 
to  t h e  t ime o f  d e a t h  more t h a n  3 y e a r s  l a t e r .  No o t h e r  
t r e a t m e n t  xvas a t t e m p t e d  as  t h e  o t h e r  l u n g  was g r o s s l y  
involved . .  S t r e p to m y c in  f o r  2 months had no obv ious  
e f f e c t  on the  c o u rs e  o f  t h e  d i s e a s e .

This  case  had i n  th e  f i r s t  p l a c e  a bad p r o g ­
n o s i s .  A p e r i o d  of 3 months r e s t  d i d  no t  r e s u l t  i n  
improvement and t h e  a t t e m p t  t o  o b t a i n  c a v i t y  c l o s u r e  by 
pneumothorax a p p e a r s  t o  have been  j u s t i f i e d .  A d i f f e r ­
en t  a p p ro a c h  m ig h t ,  however,  have been  made. Pneumo­
t h o r a x  might have 'been used  f i r s t  t o  a t t e m p t  to  c o n t r o l  
the  l e f t - s i d e d  l e s i o n  and t h e r e a f t e r  d r a i n a g e  o f  t h e  
r i g h t - s i d e d  c a v i t y  f o l lo w e d  by t h o r a c o p l a s t y . might have 
f o l lo w e d .  The r i g h t  u p p e r  zone c a v i t y  xvas a p p a r e n t l y  a  
t e n s i o n  c a v i t y .

Aga in ,  a f t e r  th e  t h o r a c o s c o p y . t h e  c a v i t y  
showed a marked d e g re e  o f  i n f l a t i o n .  At t h i s  s t a g e  t h e  
pneumothorax might have been  abandoned p ro m p t ly  and th e  
lung  encouraged  t o  expand by w i th d r a w a l  of  a i r ,  t h u s  
p o s s i b l y  p r e v e n t i n g  c a v i t y  r u p t u r e  and the  d i s a s t r o u s  
t r a i n  o f  ev en ts  t h a t  f o l lo w e d  ( F i g .  3 ) .





J . E . V .  Female .  22 y e a r s .  A d m i t t e d  g / g / ^ 6 . Died
2/6 A 7 .

M o d e ra te ly  advanced  b i l a t e r a l  d i s e a s e ,  c h i e f l y  
l e f t - s i d e d  w i t h  a  l a r g e  a p i c a l  c a v i t y  w i t h  a  f l u i d  
l e v e l  (Case 5» F i g .  1 ) .  Bed r e s t  f o r  3 i  months b u t  th e  
c a v i t y  became l a r g e r  and assumed th e  a p p e a ra n c e  o f  a 
t e n s i o n  c a v i t y .  There  was a l s o  some e x t e n s i o n  o f  t h e  
d i s e a s e  i n  th e  o p p o s i t e  l u n g .  F e b r i l e  s i n c e  a d m i s s i o n .

L e f t  pneumothorax  i n d u c e d .  S h a rp  f e b r i l e  
r e a c t i o n  a b ou t  10 d ay s  a f t e r  i n d u c t i o n .  X-Ray a t  t h i s  
t im e  showed o n ly  a  sm a l l  c o l l a p s e  and b a l l o o n i n g  o f  t h e  
c a v i t y  ( F i g .  2 ) .  R e f i l l s  ivere c o n t i n u e d  f o r  a  f u r t h e r  
two months ,  up t o  J00  c . c .  o f  a i r  b e in g  g i v e n  a t  a 
t im e ,  a l t h o u g h  th e  p r e s s u r e s  were a lw ays  l e f t  n e g a t i v e .  
C o n t r a s e l e c t i v e  c o l l a p s e  o f  t h e  lu n g  d e v e lo p e d  b u t  t h e  
c a v i t y  rem a ined  d i s t e n d e d  ( F i g .  3)* R e f i l l s  were t h e n  
s to p p e d  b u t  a  s h o r t  t ime l a t e r  r u p t u r e  o f  t h e  c a v i t y  
to o k  p l a c e  and empyema d e v e l o p e d .  No f u r t h e r  t r e a t m e n t  
was c a r r i e d  o u t .  Three  months l a t e r  t h e  p a t i e n t  
d e v e lo p e d  t u b e r c u l o u s  m e n i n g i t i s  and a month l a t e r  was 
d e a d .

P os t -m or tem  conf i rm ed  th e  ^ m e n in g i t i s  and showed 
a sh ru n k e n  l e f t  l u n g  w i t h  a  l a r g e  b r o n c h o - p l e u r a l  f i s t u l a  
open ing  i n t o  t h e  c a v i t y  and a s m a l l  amount o f  pus i n  
th e  p l e u r a l  s p a c e .

I n  r e t r o s p e c t ,  pneum othorax  was d e f i n i t e l y  no t  
the  t r e a t m e n t  most l i k e l y  to  l e a d  to  s u c c e s s f u l  c a v i t y  
c l o s u r e  i n  t h i s  c a s e .  F u r t h e r ,  th e  pneumothorax  s h o u ld  
have been  p ro m p t ly  abandoned a s  soon as  t h e  c a v i t y  
showed s i g n s  o f  becoming d a n g e r o u s l y  d i s t e n d e d .
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Case 6 :

J.C .  v .  R. Female. 22 y e a r s .  Admitted 3 / l 0/^-6.
Died 1 9 / 9 A 7 .  '

M o d e ra te ly  advanced  u n i l a t e r a l  d i s e a s e  w i t h  
s m a l l  u p p e r  lo b e  c a v i t y  and an a r e a  o f  ? a t e l e c t a s i s  o f  
t h e  u p p e r  lobe  (Case 6, F i g .  l ) .  A f t e r  5 weeks bed r e s t  
r i g h t  pneum othorax  in d u c e d .  A p i c a l  a d h e s i o n s  on t e n s i o n  
n o te d  ( F i g .  2 ) .

T horacoscopy  c a r r i e d  ou t  2 months l a t e r .
P l e u r a  a c u t e l y  i n f l a m e d .  Complex a p i c a l  f o l d s  p r e s e n t  
-  p a r t i a l  a d h e s i o n  s e c t i o n  o n ly .  F e b r i l e  r e a c t i o n  
fo l lo w e d  which  s e t t l e d  b u t  an e f f u s i o n  d e v e lo p e d  3 
weeks l a t e r  w h ich  r e q u i r e d  a  few a s p i r a t i o n s .  The f l u i d  
was c l e a r  and 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 .  F u r t h e r  
t h o r a c o s c o p y  2 months a f t e r  t h e  f i r s t .  P l e u r a  t h i c k  
and many t u b e r c l e s  n o te d  on the  v i s c e r a l  p l e u r a .  No 
s e c t i o n  a t t e m p t e d .  Ten days l a t e r  the  p l e u r a l  f l u i d  xvas 
p u r u l e n t .  A zoch lo ram ide  xfas i n s t i l l e d  b u t  no f u r t h e r  
a s p i r a t i o n s  were r e q u i r e d  and no r e f i l l s  were g i v e n .
The lu n g  rem ained  w e l l  c o l l a p s e d  e x ce p t  t h a t  t h e  c a v i t y  
r em a in e d  open ( F i g .  3 )* Three  months l a t e r  t h e  p a t i e n t  
was c o n s i d e r e d  a lm o s t  f i t  f o r  t h o r a c o p l a s t y  b u t  sudden 
d e a t h  to o k  p l a c e  a f t e r  an a t t a c k  o f  p a l p i t a t i o n .

Pos t -m o r tem :  Lung w e l l  c o l l a p s e d  w i t h  s m a l l
f i l l e d  c a v i t y .  P l e u r a  t h i c k e n e d  and some p l e u r a l  pus 
p r e s e n t .  Thymus p e r s i s t e n t  and  l a r g e .  H e a r t  -  no 
a b n o r m a l i t y  n o t e d .

P o s s i b l y  th e  p a r t i a l  a d h e s i o n  s e c t i o n  i n  t h e  
p r e s e n c e  o f  an in f l a m e d  p l e u r a  was t o  blame f o r  th e  
empyema. The cause  o f  d e a t h  rem a in ed  o b sc u re  bu t  i t  
does no t  seem t o  have been  t h e  t u b e r c u l o s i s  a l o n e .
The c a v i t y  a t  a u t o p s y  was c l o s e d  and f i l l e d  w i t h  
i n s p i s s a t e d  m a t e r i a l .  1
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S.M.K. Female.  20 y e a r s .  A d m i t te d  5 /2 /^ 7 *  D is c h a r g e d  
1 5 / 1 2 / M .

Far  advanced  b i l a t e r a l  d i s e a s e  w i t h  r i g h t  
h i l a r  c a v i t y  and s e v e r a l  s m a l l e r  u p pe r  zone c a v i t i e s  
(Case  7,  F i g .  l ) .  A f t e r  2 months bed r e s t  X-Ray showed 
a  f u r t h e r  c a v i t y  tow ards  t h e  r i g h t  b a s e . Pneumothorax 
t h e n  i n d u c e d .

Thoracoscopy  c a r r i e d  ou t  one month l a t e r .  Two 
l a t e r a l  a p i c a l  s t r a p s  xvere c u t  b u t  a m e d ia l  a p i c a l  web 
c o u ld  o n ly  be p a r t i a l l y  s e v e r e d .  Second s i t t i n g  2 
months l a t e r  and a  f u r t h e r  s m a l l  co rd  c u t  ( F i g .  2 ) .  
F e b r i l e  e f f u s i o n  and complete  f l a t  c o l l a p s e  o f  the  l u n g  
f o l l o w e d .  F l u i d  x^as a s p i r a t e d  f r e q u e n t l y  i n  t h e  3 
months xvhich f o l lo w e d .  The f l u i d  xvas a t  f i r s t  c l e a r ,  
l a t e r  becoming p u r u l e n t .  Nine months l a t e r  t h e  lu n g  had 
p a r t i a l l y  r e - e x p a n d e d ,  th e  c a v i t y  was s t i l l  open,  t h e  
p l e u r a  was t h i c k e n e d  bu t  the  pus was no l o n g e r  accumul­
a t i n g  ( F i g .  3 )* Sm all  r e f i l l s  xvere, t h e r e f o r e ,  c o n t i n u e d  
and have been  k e p t  up to  d a t e  (one y e a r  and txvo m o n ths ) .  
R ig h t  p h r e n i c  c r u s h  was t h e n  c a r r i e d  o u t ,  f o l lo w e d  by 
pneumoperitoneum and  ^ months l a t e r  t h e  c a v i t y  co u ld  no t  
be s e e n  a l t h o u g h  t h e  sputum was s t i l l  p o s i t i v e  ( F i g .  k- ) .

S t r e p to m y c in  1 G-m d a i l y  was t h e n  g iv e n  f o r  2 
months ,  r e s u l t i n g  i n  some r e s o l u t i o n  of, t h e  l e s i o n s  i n  
the  l e f t  lung  and c o n v e r s io n  o f  th e  sputum.

Now, ^  months l a t e r ,  r e f i l l s  a r e  b e in g  con­
t i n u e d  and th e  p a t i e n t  has  l e f t  h o s p i t a l  w i t h  the  d i s e a s e  
a p p a r e n t l y  u n d e r  c o n t r o l .

There does  not  seem to  have been  any way o f  
a v o id in g  t h e  empyema in  t h i s  case  e x c e p t ,  p o s s i b l y ,  by 
abandon ing  th e  pneumothorax a f t e r  th e  f i r s t  t h o r a c o ­
scopy when i t  was s e en  t h a t  the  a p i c a l  a d h e s io n  xvas u n -  
c u t t a b l e . As th e  c o l l a p s e  of  th e  lung  lo o k e d  as  i f  i t  
would g r a d u a l l y  improve ,  hoxvever, and as  th e  o t h e r  lu n g  
Xfas i n v o l v e d ,  t h i s  was no t  done .  A l th o u g h  th e  u l t i m a t e  
p r o g n o s i s  f o r  t h i s  e a se  rem ains  o b s c u r e ,  th e  d i s e a s e  i s  
a t  p r e s e n t  u n de r  c o n t r o l  and r e f i l l s  a r e  b e i n g  c o n t i n u e d .

This  case  i s  a l s o  o f  i n t e r e s t  in  b e in g  one 
where s e v e r a l  forms of  t h e r a p y  have been  combined, name­
l y ,  bed r e s t ,  a r t i f i c i a l  pneumothorax ,  p h r e n i c  c ru s h ,  
pneumoperitoneum and a course  of S t r e p to m y c in .
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Case

A .S .B .  Female. 37 y e a r s .  A d m i t t e d  1 3 / 5 / ^ 7 -  D is ­
ch a rg e d  20/ l / 4-g).

M o d e ra te ly  advanced  b i l a t e r a l  d i s e a s e  w i t h  a 
t h i n - w a l l e d  c a v i t y  i n  th e  r i g h t  u p p e r  z o n e . Minimal 
d i s e a s e  i n  t h e  o p p o s i t e  l u n g .  A f t e r  one month o f  r e s t ,  
no chang e ,  pneumothorax  ind u ce d  on r i g h t .

Complete s e c t i o n  o f  a p i c a l  cone a d h e s i o n s  i n  
2 s i t t i n g s  1-J- months a f t e r  i n d u c t i o n .  F a i r l y  l a r g e  
e f f u s i o n  w i t h  symptoms d e v e lo p e d  w i t h i n  one month o f  
th e  s e co n d  t h o r a c o s c o p y .  A s p i r a t e d  s e v e r a l  t im es  
d u r i n g  t h e  f o l l o w i n g  3 months .  Pneumothorax c o n t in u e d  
and d i s c h a r g e d  to  o u t - p a t i e n t  t r e a t m e n t  a f t e r  months 
i n  h o s p i t a l .  P l e u r a  t h i c k e n e d ,  c o s t o - p h r e n i c  a n g le  
o b l i t e r a t e d  h av in g  s m a l l  i n f r e q u e n t  r e f i l l s .

Dur ing  t h e  f o l l o w i n g  y e a r ,  g r a d u a l  
o b l i t e r a t i o n  o f  t h e  p l e u r a l  sp a c e  from t h e  b a se  up­
wards  and c o l l a p s e  now o n ly  p r e s e n t  o v e r  t h e  u p p e r  t h i r d  
o f  th e  l u n g .  This  space  i s  f i l l e d  w i t h  f l u i d  which i s  
t h i n  pus -  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 .

This  i s  a more b e n ig n  ty p e  o f  empyema i n  t h a t  
t h e  pus was on ly  d i s c o v e r e d  one y e a r  and n in e  months 
a f t e r  th e  i n d u c t i o n  o f  pneumothorax  and when a con­
s i d e r a b l e  d eg ree  o f  p l e u r a l  o b l i t e r a t i o n  had t a k e n  
p l a c e .  The c a v i t y  rem a in s  c l o s e d  and th e  pus i s  b e i n g  
a l l o t t e d  t o  rem ain  a s  a  c u sh io n  o v e r  th e  u p p e r  t h i r d  of  
th e  l u n g .  The p a t i e n t  i s  i n  good h e a l t h .



J . C . E . C .  Female .  35 y e a r s .  A d m i t te d  6/G/k-~[.
D is c h a r g e d  25/ 9 / ^ -

F a r - a d v a n c e d  b i l a t e r a l  d i s e a s e ,  c h i e f l y  r i g h t ­
s i d e d  w i t h  a p i c a l  and h i l a r  c a v i t i e s .  A f t e r  one month 
of  r e s t  f u r t h e r  c a v i t a t i o n  n o t e d  i n  th e  l e f t  lu n g .

R ig h t  pneumothorax  6 weeks a f t e r  a d m i s s io n .
The c a v i t y  in  th e  o p p o s i t e  lu n g  th e n  became l a r g e r .  
T horaco sco py  3'z months a f t e r  i n d u c t i o n .  P a r t i a l  s e c t i o n  
o f  web a d h e s i o n s  a t  th e  a p i c e s  o f  u p p e r  and lo w er  l o b e s .  
F o l low ed  by marked emphysema and f e b r i l e  r e a c t i o n  f o r  a 
few d a y s .  Pneumothorax c o n t i n u e d  a l t h o u g h  i n e f f e c t i v e .

\

L e f t  pneumothorax  in d u ce d  one month l a t e r  and 
t h o r a c o s c o p y  a f t e r  a  f u r t h e r  6 xireeks. S h o r t  t h i c k  
l a t e r a l  a d h e s io n  c o m p le te ly  d i v i d e d .

Next day o v e r - c o l l a p s e  and b l a c k - o u t  o f  t h e  
r i g h t  l u n g ,  w i t h  e f f u s i o n .  A i r  and f l u i d  a s p i r a t e d .
Ten days  l a t e r  r i g h t  lu n g  p a r t i a l l y  r e - e x p a n d e d  b u t  l e f t  
l u n g  o v e r - c o l l a p s e d  and e f f u s i o n  on t h i s  s i d e .  P a t i e n t  
v e r y  i l l ,  d y s p n o e ic  and f e b r i l e  f o r  t e n  d a y s .  A i r  
a s p i r a t e d  from th e  l e f t  s i d e  and P e n i c i l l i n  i n s t i l l e d .  
Then S t r e p to m y c in  i n t r a m u s c u l a r l y  2 G-m d a i l y  f o r  12 d a y s .  
T h is  had t o  be s to p p e d  on a c c o u n t  o f  g i d d i n e s s .

T h e r e a f t e r  the  r i g h t  lung  was a l lo w e d  to  r e -  
expand a s  th e  c o l l a p s e  was i n e f f e c t i v e .  A s p i r a t i o n s  
and s m a l l  a i r  r e p l a c e m e n t s  were c o n t in u e d  on th e  l e f t  
s i d e  f o r  7 months. The f l u i d  t h e n  became p u r u l e n t  and 
t h i s  pneumothorax  was a l s o  abandoned.  Both  lu n g s  have 
now r e - e x p a n d e d  e x c e p t  f o r  s m a l l  p o c k e t s  o v e r  th e  u p p e r  
t h i r d s  b u t  th e  p a t i e n t  i s  u n f i t  f o r  f h r t h e r  c o l l a p s e  
t r e a t m e n t  and th e  g e n e r a l  c o n d i t i o n  i s  v e ry  p o o r .

The o u t l o o k  f o r  t h i s  case  xvas from th e  f i r s t  
p o o r .  Whether pneumothorax sh o u ld  have been  employed 
i s  d e b a t a b l e .  P o s s i b l y  pneumoperitoneum w i t h  r e s t  f o r  
a lo n g  p e r i o d  might  have been  b e t t e r .  The c u r i o u s  
b e h a v i o u r  of  th e  lu n g s  f o l l o w i n g  th e  second  th o r a c o s c o p y  
i s  n o te w o r th y .



IJk-.

Case 1 0 :

W. de V. Male. 25 y e a r s .  A d m i t t e d  l Q / l O / ^ 7 -  S t i l l  i n  
h o s p i t a l .

M o d e ra te ly  advanced  b i l a t e r a l  d i s e a s e  w i t h  
3 f a i r l y  l a r g e  c a v i t i e s  of  t e n s i o n  ty p e  . in  t h e  l e f t  l u n g .  
A f t e r  3 weeks r e s t  2 o f  t h e s e  had become s m a l l e r .  L e f t  
pneum othorax  t h e n  in d u c e d .  Apex h e ld  up by a d h e s i o n s .  
L e f t  t h o r a c o s c o p y  a f t e r  3 months and  t h e  lu n g  f r e e d  
e x c e p t  a lo n g  the  m ed ias t in u m .  The co l l s .p se  improved and 
th e  c a v i t i e s  became s m a l l e r .

F ive  weeks l a t e r  sudden  o n s e t  o f  e f f u s i o n  wi 'th 
o v e r - c o l l a p s e  and " b l a c k - o u t "  o f  th e  l e f t  l u n g .  A i r  and 
t h i n  g r e e n i s h  pus xrere a s p i r a t e d .  S ix  weeks l a t e r  t h i s  
f l u i d  was t h i c k  pus i n  which  t u b e r c l e  b a c i l l i  were 
d e t e c t e d .  A s p i r a t i o n s  were c a r r i e d  out  a s  r e q u i r e d  and 
i n t r a p l e u r a l  S t r e p to m y c in  0*5 d a i l y  was g iv e n  f o r  3 
weeks .  The f l u i d  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  
a l t h o u g h  s t i l l  r e m a in in g  t h i c k  p u s .  The pneumothorax  
was abandoned a t  t h e  o n se t  o f  t h e  e f f u s i o n  and con­
s i d e r a b l e  r e - e x p a n s i o n  o f  t h e  l u n g  took p l a c e  a l t h o u g h  
th e  p l e u r a  was m arked ly  t h i c k e n e d .

L e f t  t h o r a c o p l a s t y  13 months a f t e r  a d m is s io n  
(£ months a f t e r  o n s e t  o f  e f f u s i o n ) .  I n t r a m u s c u l a r  
S t r e p to m y c in  f o r  4- months commencing one month b e f o r e  
o p e r a t i o n .  Now, 5 months a f t e r  o p e r a t i o n ,  sm a l l  c a v i t y  
s t i l l  v i s i b l e  a t  t h e  apex  and t h e  sputum i s  p o s i t i v e .

The c a v i t i e s  i n  t h i s  case  were d e f i n i t e l y  o f  
t e n s i o n  ty p e .  I t  seemed j u s t i f i a b l e  t o  r i s k  a  c a u t i o u s  
a t t e m p t  a t  pneumothorax  and h a v in g  done so  to  a t t e m p t  
to  d i v i d e  t h e  a d h e s i o n s .  I t  i s  d i f f i c u l t  t o  d e c id e  
w h e th e r  t h e  a d h e s io n  s e c t i o n ,  d u r i n g  which  lu n g  t i s s u e  
may have been  d i v i d e d ,  o r  t h e  r u p t u r e  o f  a  s m a l l  t e n s i o n  
c a v i t y  was r e s p o n s i b l e  f o r  th e  o n s e t  o f  empyema i n  t h i s  
c a s e .



135-

From a c o n s i d e r a t i o n  o f  t h e  f o r e g o i n g  c a s e s
c e r t a i n  c o n c l u s i o n s  may be d r a w n : -

1 . C a r e f u l  c h o ic e  o f  c a se s  f o r  a r t i f i c i a l  pneumo­
t h o r a x  i s  n e c e s s a r y  i f  t h e  r i s k  o f  empyema i s  
t o  be m in im ised .  T h is  r i s k  canno t  be o b v i a t e d  
e n t i r e l y  w i t h o u t  d en y in g  e f f e c t i v e  t r e a t m e n t  
t o  c e r t a i n  c a s e s .  I n  c e r t a i n  d o u b t f u l  c a s e s  
i t  i s  Tvorthwhile ru n n in g  the '  r i s k  o f  empyema 
i f  no a l t e r n a t i v e  t r e a t m e n t  e x i s t s .

2 .  Cases o f  l a r g e  t h i n - w a l l e d  a p i c a l  c a v i t y  where
th e  b r o n c h i a l  o b s t r u c t i v e  e lem ent  i s  w e l l -  
marked a r e  no t  s u i t a b l e  f o r  c o l l a p s e  by 
a r t i f i c i a l  pneumothorax  and t h i s  m easure  i s  
d a n g e r o u s .

3* The p r o g n o s i s  i s  worsened  when empyema o c c u r s .
T h is  i s  g e n e r a l l y  t h e  c a s e ,  y e t  c e r t a i n  
c a s e s  s u b s id e  a f t e r  a  t im e  and th e  pneumo­
t h o r a x  can be c o n t i n u e d .

ij-. P a r t i a l  a d h e s i o n  s e c t i o n  can be d a n g e ro u s  un­
l e s s ,  p o s t - o p e r a t i v e l y , a t t e n t i o n  i s  p a i d  to  
c e r t a i n  d e t a i l s , namely,  th e  w i th d r a w a l  o f  
a i r  b e f o r e  t h e  p a t i e n t  l e a v e s  t h e  t a b l e  to  
e n s u r e  t h a t  t h e  i n t r a p l e u r a l  p r e s s u r e  i s  w e l l  
on th e  n e g a t i v e  s i d e ,  X^Ray o f  t h e  p a t i e n t  
b e f o r e  r e t u r n i n g  t o  bed  a s  a f u r t h e r  p r e ­
c a u t i o n  a g a i n s t  a d angerous  deg re e  o f  c o l l a p s e  
w i t h  t e n s i o n  on a d h e s io n s  and c a r e f u l  p o s ­
t u r i n g  of t h e  p a t i e n t  w i t h  the  same o b j e c t  
i n  view and s e d a t i o n  o f  cough f o r  some t ime 
a f t e r  o p e r a t i o n .

5.  C lose  o b s e r v a t i o n  o f  a l l  pneumothorax  c a s e s  
i s  e s s e n t i a l  w i t h  f r e q u e n t  s c r e e n i n g  and 
r a d i o g r a p h y .
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Two c a s e s  o f  empyema o c c u r r e d  f o l l o w i n g  e x t r a ­
p l e u r a l  s t r i p  w i t h  f e n e s t r a t i o n .

Case 1 1 :

D .P .B .  Male.  32 y e a r s .  A d m i t t e d  D i s c h a r g e d
i s / sA s .

E x te n s i v e  i n f i l t r a t i o n  t h r o u g h o u t  t h e  l e f t  l u n g  
w i t h  a l a r g e  c a v i t y  i n  th e  u p p e r  zone and minimal i n ­
f i l t r a t i o n  a t  th e  r i g h t  apex .  (Case 11, P i g .  1)

L e f t  pneumothorax  a f t e r  3 weeks r e s t .  Apex 
b r o a d l y  a d h e r e n t .  T horacoscopy  c a r r i e d  ou t  tw ic e  b u t  
o n ly  p a r t i a l  s e c t i o n  o f  a d h e s io n s  w i th o u t  any r e a l  im­
p rovem ent  i n  th e  c o l l a p s e  o f  th e  upper  l o b e .  Moderate  
p l e u r a l  e f f u s i o n  n o te d  a f t e r  the  second s t a g e  bu t  no 
a s p i r a t i o n  r e q u i r e d .  The a p i c a l  c a v i t y  p e r s i s t e d .  ( P i g , 2 )

Three months a f t e r  t h e  second t h o r a c o s c o p y , 
l e f t  e x t r a p l e u r a l  s t r i p  and f e n e s t r a t i o n  c a r r i e d  o u t .
Thick  e x t r a p l e u r a l  a d h e s io n  d i v i d e d .  Ten days  a f t e r  t h e  
o p e r a t i o n ,  o n s e t  o f  f e b r i l e  e f f u s i o n  w hich  soon became 
p u r u l e n t  a l t h o u g h  no o rg an ism s  cou ld  be d e t e c t e d .  As­
p i r a t i o n  o f  pus and a i r  r e p la c e m e n t  was c a r r i e d  out  
d u r i n g  th e  f o l l o w i n g  5 months and S t r e p to m y c in  0 .5  G-m 
d a i l y  g iv e n  i n t r a p l e u r a l l y  f o r  6 weeks.  The f l u i d  
g r a d u a l l y  d im in i s h e d  i n  q u a n t i t y .  ( F i g .  3)

F ive  months a f t e r  the  o p e r a t i o n  t h e  a p i c a l  
c a v i t y  was seen to  be s t i l l  open and a i r  r e f i l l s  u n d e r  
p o s i t i v e  p r e s s u r e  had no e f f e c t  i n  d i m i n i s h i n g  i t s  s i z e .  
T h e r e a f t e r ,  t h e  p l e u r a l  sp ace  was l e f t  t o  o b l i t e r a t e  
and i t  d i d  so p a r t i a l l y ,  t h e  r e m a in d e r  f i l l i n g  up w i t h  
p u s .

Now, one y e a r  and t h r e e  months a f t e r  the  
o p e r a t i o n ,  t h e r e  i s  a  p o c k e t  o f  f l u i d  over  t h e  upper  
t h i r d  o f  th e  l u n g .  The sputum i s  p o s i t i v e  and th e  
c a v i t y  i s  s t i l l  p r e s e n t  n e a r  th e  apex.  T h is  p a t i e n t  
now r e q u i r e s  t h o r a c o p l a s t y .  ( P i g .  4)



CASE 11



137 •

Case 1 2 :

Gr.F.S. Female.  37 y e a r s .  A d m i t te d  l Q / 5/ ^ 6 . D i s ­
c h a rg e d  2&/k-/k&.

B i l a t e r a l  d i s e a s e  w i t h  i n f i l t r a t i o n  i n  th e  
r i g h t  u p p e r  and m id -z o n e s .  M o d e ra te ly  l a r g e  c a v i t y  i n  
th e  r i g h t  o u t e r  i n f r a - c l a v i c u l a r  r e g i o n  and a  p r o b a b le  
e a r l y  c a v i t y  i n  t h e  m id -zone .  Small  a r e a  o f  i n f i l ­
t r a t i o n  and sm a l l  c a v i t y  i n  the  l e f t - i n f r a - c l a v i c u l a r  
r e g i o n .  A ppearances  unchanged a f t e r  2 months r e s t .

R igh t  pneumothorax  folloxved by 2 tho ra .co -  
s c o p i e s  and in c o m p le t e  a d h e s io n  s e c t i o n .  Moderate  c l e a r  
e f f u s i o n  a s p i r a t e d  t ii r ice .  G rad ua l  d i m i n u t i o n  in  s i z e  o f  
t h e  l e f t  c a v i t y  and sputum became n e g a t i v e .  The c a v i t y  
on t h e  r i g h t  p e r s i s t e d .

F o u r t e e n  months a f t e r  i n d u c t i o n  o f  pneumo­
t h o r a x ,  r i g h t  e x t r a p l e u r a l  s t r i p  w i t h  f e n e s t r a t i o n .
The s t r i p  was no t  complete  a t  t h e  apex b e c a u se  o f  dense  
a d h e r e n c e .  Normal p o s t - o p e r a t i v e  co u rse  f o r  the  f i r s t  
month.  Then, f o l l o w i n g  2 p l e u r a l  w a sh -o u t s  w i t h  sodium 
c i t r a t e  (b ec au se  o f  some b lo o d  which  cou ld  n o t  be 
a s p i r a t e d )  p a t i e n t  d e v e lo p e d  a S . a u r e u s  empyema. 
A s p i r a t i o n s  of  pus and i n s t i l l a t i o n s  o f  P e n i c i l l i n  a t  
2 t o  3 <3ny i n t e r v a l s  f o r  3 weeks and th e n  a t  l o n g e r  
i n t e r v a l s  f o r  a f u r t h e r  b weeks .  At t h i s  t ime f l u i d  
s t e r i l e  f o r  py o gen ic  o rgan ism s b u t  t u b e r c l e  b a c i l l i  
d e t e c t e d  t h e r e i n .  S t r e p to m y c in  0 . 5  Gm i n t r a p l e u r a l l y  
and 1 Gm i n t r a m u s c u l a r l y  d a i l y  f o r  22 d a y s .  Tnen 
s to p p e d  -  g i d d i n e s s .  No t u b e r c l e  b a c i l l i  d e t e c t e d  i n  
the  f l u i d  d u r i n g  t h e  Gourse o f  S t r e p to m y c in  t r e a t m e n t  
or  a t  t h e  end of  t h e  c o u r s e .

On d i s c h a r g e ,  no c a v i t y  v i s i b l e  i n  e i t h e r  
l u n g .  Sputum n e g a t i v e  and g e n e r a l  c o n d i t i o n  good.
Has had  a few a s p i r a t i o n s  s i n c e  t n e n ,  but none f o r  th e  
p a s t  6 months and th e  empyema sp ace  has a lm o s t  
o b l i t e r a t e d .  No obvious  a c t i v i t y  o f  t h e  pulmonary • 
l e s i o n s .



The f o l l o w i n g  c a s e s  a r e  d e s c r i b e d  i n  some 
d e t a i l  b e c a u se  t h e y  i l l u s t r a t e  c e r t a i n  p o i n t s  i n  con­
n e c t i o n  w i t h  the  c h o ic e  o f  case  foe* pneum othorax ,  th e  
i n f l u e n c e  o f  th e  b r o n c h i a l  o b s t r u c t i o n  f a c t o r  and t h e  
d i f f i c u l t y  o f  c l o s i n g  c a v i t i e s  i n  the  l o w e r  l o b e : -

Case 1 3 :

J .C .F .W .  Female.  y e a r s .  A d m it ted  Z j / K / k - l . D i s ­
c h a rg ed  9/12/ k-J .

I n s i d i o u s  o n s e t .  H o a rse n es s  and dyspnoea  
marked on a d m is s io n .  E xam in a t io n  o f  t h e  c h e s t  showed 
h a r s h  b r e a t h  sounds and lo u d  p i p i n g  r o n c h i  o ve r  th e  
r i g h t  u p pe r  t h i r d  l u n g - f i e l d  p o s t e r i o r l y .  X-Ray a t  
t h a t  t im e  showed i n f i l t r a t i o n  and f i b r o s i s  t h ro u g h o u t  
t h e  r i g h t  lung  c h i e f l y  c o n c e n t r a t e d  i n  t h e  u p p e r  h a l f  
w i t h  a  sm a l l  c a v i t y  b eh in d  th e  c l a v i c l e .  Minimal i n ­
f i l t r a t i o n  a t  th e  l e f t  h i lu m .  Vocal  co rd s  were d o u b t ­
f u l l y  i n v o lv e d .  Sputum p o s i t i v e . B .S .R .  37 (W e s te r -  
g r e n  1 h r . ) .

For  the  f i r s t  6 weeks,  bed r e s t  and v o c a l  
r e s t .  D ur ing  t h i s  t im e  p r a c t i c a l l y  a f e b r i l e  w i th  an 
o c c a s i o n a l  “s p ik e "  t o  100. Sputum 3A- o z .  d a i l y .  The 
c a v i t y  had become more obvious  and i t  was d e c id e d  to  
a t t e m p t  pneumothorax .

R ig h t  pneumothorax induced  k / 6/ k j  f o l lo w e d  by 
t h o r a c o s c o p y  and a p p a r e n t l y  comple te  a d h e s i o n  s e c t i o n  
a f t e r  5 weeks.  Fo l lowed by a t e l e c t a s i s  o f  th e  u p p e r  
l o b e ,  th e  c a v i t y  r e m a in in g  v i s i b l e  and a p p e a r i n g  some­
what d i s t e n d e d .  R e f i l l s  were  c o n t in u e d  and  th e  c a v i t y

tr a d u a l l y  d i m i n i s h e d  i n  s i z e  and a p p ea re d  c lo s e d  abou t  
months a f t e r  t h o r a c o s c o p y . R e f i l l s  c o n t i n u e  and th e  

c o l l a p s e  i s  s a t i s f a c t o r y .

There  was a d e f i n i t e  b r o n c h i a l  o b s t r u c t i v e  
e le m e n t  i n  t h i s  case  as  shown by the  p h y s i c a l  s i g n s  and 
t h e  b e h a v i o u r  o f  t h e  c a v i t y  i n  th e  e a r l y  s t a g e s  o f  th e  
c o l l a p s e .  However, t h e  c h e c k -v a lv e  mechanism was 
e v e n t u a l l y  a b o l i s h e d  w i t h  c a v i t y  c l o s u r e  and s a t i s f a c t o r y  
c o l l a p s e .



W .F .F .S .  Male. 23 yes*rs. A d m it ted  l~( /2/K&.  S t i l l  i n  
h o s p i t a l .

I n s i d i o u s  o n s e t .  Well marked t o x i c  symptoms 
on a d m i s s io n .  Marked w a s t i n g  g e n e r a l l y  and o f  th e  c h e s t  
m usc les  i n  p a r t i c u l a r .  Poor  a i r  e n t r y  l e f t  lu n g  w i t h  
s c a t t e r e d  r a l e s  ove r  t h e  u p p e r  h a l f .  X-Ray showed a 
s y s te m  o f  t h i n - w a l l e d  c a v i t i e s  in  the  l e f t  u p p e r  lo be  
w i t h  s c a t t e r e d  i n f i l t r a t i o n  h e r e .  A lso  a s m a l l  t h i n -  
w a l l e d  r i g h t  s u b - a p i c a l  c a v i t y  w i t h  a l i t t l e  s u r r o u n d i n g  
i n f i l t r a t i o n  (Case 1̂ 4-, F ig .  1 ; .

Rest  o n ly  f o r  t h e  f i r s t  7 weeks .  At th e  end 
of  t h i s  t im e  some f r e s h  i n f i l t r a t i o n  to w ards  th e  l e f t  
b a se  and some i n c r e a s e  i n  t h e  s i z e  of the  r i g h t  s u b -  
a p i c a l  c a v i t y .

L e f t  pneumothorax  in d u ce d  j / k / k -E.  A dhes ions  
n o te d  h o l d in g  up th e  apex .  Thoracoscopy  c a r r i e d  ou t  i n  
June  and a g a i n  i n  A u gu s t .  P a r t i a l  s e c t i o n  on the  f i r s t  
o c c a s io n  and no c u t t i n g  on the  second  o c c a s i o n  as  t h e  
apex  was seen  t o  be b r o a d l y  a d h e r e n t  to  t h e  c u p o la .  ( F i g .  
2 ) .  A sm a l l  e f f u s i o n  d e v e lo p ed  w i t h  f e v e r  and m ild  
symptoms f o r  a few d ays  bu t  no a s p i r a t i o n  was r e q u i r e d .  
The l e f t  pneumothorax  was t h e n  r e l a x e d  c o n s i d e r a b l y  and 
has  now been  abandoned.

Meanwhile ,  on the  r i g h t  s i d e  th e  c a v i t y  had 
been  e n l a r g i n g  and r i g h t  pneumothorax  was induced  6 / l O / ^ g  
f o l lo w e d  by t h o r a c o s c o p y  on J Q / l l / k E .  One a d h e s io n  was 
s e c t i o n e d  b u t  the  apex  was a d h e r e n t  m e d i a l l y  and t h e  apex  
of  txhe lo w er  lo b e  was a d h e r e n t  i n  th e  p a r a v e r t e b r a l  g u t t e r  
and no d i v i s i o n  of  t h e s e  was a t t e m p te d .  The c a v i t y  had 
been  somewhat b a l l o o n e d  b e f o r e  t h o r a c o s c o p y  b u t  d i m i n i s h ­
ed i n  s i z e  a f t e r  th e  o p e r a t i o n .  A month l a t e r ,  w i t h  th e  
same d e g r e e  of c o l l a p s e  o f  t h e  l u n g ,  t h e  c a v i t y  was se en  
to  become l a r g e r .  An i n c r e a s e  i n  t h e  c o l l a p s e  caused  
th e  c a v i t y  t o  become a g a i n  l a r g e r  and t h e r e  was a  w e l l -  
marked c i r c u m - c a v i t a r y  zone o f  a t e l e c t a s i s  p r e s e n t .  The 
pneumothorax  was c o n s i d e r e d  t o  be i n e f f e c t i v e  and p o s s ­
i b l y  dang erou s  and the  lung  was a l low ed  t o  r e - e x p a n d .
Four months l a t e r  t h e  lung  has  now c o m p le t e ly  expanded 
and t h e  c a v i t y  h as  assumed g i a n t  p r o p o r t i o n s  ( F i g .  3)*



The t r e a t m e n t  now p ro p o se d  i s  cavernos tom y on 
th e  r i g h t  p o s s i b l y  t o  be folloxved by t h o r a c o p l a s t y  on 
th e  l e f t .

The b e h a v i o u r  o f  t h i s  c a v i t y  i n  t h e  r i g h t  l u n g  
i l l u s t r a t e s  v e r y  w e l l  t h e  e f f e c t  o f  p a r t i a l  b r o n c h i a l  
o b s t r u c t i o n  and t h e  d i f f i c u l t y  o f  o b t a i n i n g  c o l l a p s e  
w i t h  pneum othorax .  Case 13 showed t h e  o t h e r  s i d e .  The 
c a v i t y  t h e r e ,  a l t h o u g h  e x h i b i t i n g  the  b e h a v i o u r  o f  a  
t e n s i o n  c a v i t y  f o r  a t im e ,  e v e n t u a l l y  became c lo s e d  
s a t i s f a c t o r i l y .



C A S E  1 4



Same c a v i t y  a f t e r  
t h o r a c o s c o p y .

R i g h t  s u b - a p i c a l  c a v i t y  
b e f o r e  p n e u m o t h o r a x .

Same c a v i t y  b e f o r e  
t h o r a c o s c o p y .
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I n c r e a s e d  c o l l a p s e  c a u s e d  
e n l a r g e m e n t  o f  c a v i t y .



141.

Case J £ :  P .J .L  . 0 .  Female.  23 y e a r s .  A d m it ted  14-/1/4-5*
D is c h a r g e d  7/12/4-5.

F i r s t  admitted to  h o s p i t a l  in  November 194-2 f o l l o w -  
in g  I n s i d i o u s  on se t  o f  i l l n e s s .  X-Ray a t  th a t  time  
showed e x t e n s i v e  r i g h t - s i d e d  i n f i l t r a t i o n  w i t h  c a v i t a t i o n  
in  the i n f r a - c l a v i c u l a r  and lower zones .  Right pneumo­
thorax  was induced in  January 194-3- Adhesions were noted  
at the apex but the p a t i e n t  r e f u s e d  thoracoscopy  and a l s o  
p h r e n ic  crush and took her own d isch arge  a t t e n d in g  t h e r e ­
a f t e r  f o r  r e f i l l s .  The p o s i t i o n  a t  the time o f  d i s ch a rg e  
was th a t  th ere  was a f a i r  degree of  c o l l a p s e  o f  the r ig h t  
lung but a small  r e s i d u a l  c a v i t y  probably p e r s i s t e d .

R e f i l l s  were continued f o r  a year and f i v e  months 
t h e r e a f t e r  but then the p a t i e n t  had a sm al l  haem optysis ,  
s i g n s  of  a c t i v i t y  were noted in  the l e f t  lung and X-Ray 
showed i n f i l t r a t i o n  and c a v i t a t i o n  in  the upper zone l e f t .  
The c a v i t y  s t i l l  p e r s i s t e d  in  the  r ig h t  lung and the  
p le u r a  was c o n s id er a b ly  th ic k e n e d .

L e f t  a r t i f i c i a l  pneumothorax was then induced, f o l l o w ­
ed 3 months l a t e r  by thoracoscopy and d i v i s i o n  of  a l l  ad­
h e s i o n s .  Within 3 months t h i s  c a v i t y  on the  l e f t ' h a d  
been r e p la c e d  by a dense o p a c i t y .  Just  b e fo r e  d isch arge  
the r i g h t  p le u r a l  space was f i l l e d  w i th  o i l  and the c a v i t y  
then appeared c lo s e d .

For 2 years  a f t e r  d isch a rg e  r e f i l l s  were continued  
on the  l e f t  but during the f i r s t  3 months o f  194-3, th a t  
i s  to  sa y ,  about 2-g- years  a f t e r  the  c a v i t y  in  the l e f t  
lung c l o s e d ,  the  l e f t  p l e u r a l  space became t o t a l l y  o b l i t ­
e r a t e d .  Now, more than a year  l a t e r ,  th ere  has been no 
s ig n  o f  t h i s  c a v i t y  r e -o p e n in g .

In January 194-9 a sm all  c a v i t y  again became apparent  
near the apex o f  the r ig h t  lun g .  The o i l  was removed 
and r e p la c e d  by a i r .  I t  i s  j u s t  p o s s i b l e  that  t h i s  
c a v i t y  may be c lo s e d  by a i r  r e f i l l s  but more probably  
t h o r a c o p la s t y  w i l l  now be req u ired  a f t e r  6 years  o f  
i n e f f e c t i v e  c o l l a p s e .

T h is  case  i l l u s t r a t e s  the  d i f f e r e n c e  be tw een  e f f e c t ­
ive  and i n e f f e c t i v e  c o l l a p s e .  The r i g h t - s i d e d  c a v i t y  
n e v e r  was p r o p e r l y  c lo s e d  and a form of  i n e f f e c t i v e  
c o l l a p s e  was k e p t  up f o r  a lm o s t  6 y e a r s  w i t h o u t  e f f e c t .
The c o l l a p s e  on the o p p os i te  s i d e  was q u ic k ly  made 
e f f e c t i v e  and i t  i s  reasonable  to  say th a t  c a v i t y  h e a l ­
ing  has taken p l a c e ,  I t  i s  t o  be noted that  the p a t i e n t  
r e fu s e d  to  have the n ec essa ry  supplementary treatment to  
make the  c o l l a p s e  e f f e c t i v e  when i t  was most l i k e l y  to 
have been s u c c e s s f u l .



M.I. du P. Female. 24- y e a r s .  Admitted 19/12/4-7.  D i s ­
charged 25/9/4-3.

Onset XArith " ’ f l u ” and r i g h t  p l e u r i s y  5 months 
b e f o r e  adm iss ion .  T h er ea f ter  gradual  development o f  
symptoms. On adm iss ion  marked l a s s i t u d e  and some cough 
and sputum.

Examination showed very l i t t l e  i n  the way o f  
p h y s i c a l  s ig n s  but adm iss ion X-Ray r e v e a le d  tub ercu lous  
i n f i l t r a t i o n  o f  the r ig h t  lower  h a l f  lung f i e l d  and a 
f a i r l y  l a r g e  r i g h t  “h i l a r 11 c a v i t y  o f  t e n s i o n  type at  
the apex o f  the  lower  lo b e .  There x âs a l s o  minimal i n ­
f i l t r a t i o n  a t  the l e f t  apex (Case 1 6 , F i g s .  1 and 2 ) .

Further examination: s l i g h t  d a i l y  r i s e  o f
tem perature,  l i t t l e  sputum but t h i s  p o s i t i v e ,  B .S .R. 3 3 . 
Bronchoscopy on 9/1/4-3 showed l o c a l i s e d  tub ercu lous  
b r o n c h i t i s  round the opening o f  the  r ig h t  lower lobe  
bronchus but no s t e n o s i s .

Right pneumothorax was induced on l 4 t h  January,  
th e re  was a g r a d u a l ly  i n c r e a s i n g  c o l l a p s e  o f  the lung  
w ith ,  a t  f i r s t ,  some d im inution  in  the s i z e  o f  the  
c a v i t y  ( F ig .  3 ) ,  but l a t e r  i t  remained s t a t i o n a r y  in  
s i z e  ( F i g .  4-).

In view o f  the f a i l u r e  t o  c lo s e  th e  c a v i ty  
and in  the absence o f  r a d i o l o g i c a l l y  v i s i b l e  a d h es io n s ,  
i t  was dec ided  to  p a ra ly se  the r i g h t  dome o f  the d i a ­
phragm. Right ph ren ic  crush was a c co r d in g ly  c a rr ie d  out  
on 674-/4-3. Some e l e v a t i o n  of  the diaphragm r e s u l t e d  and 
in  3 months the c a v i t y  could no lo n g er  be seen ( F ig .  5 )*

Two months l a t e r  she was d i s ch a rg e d .  General  
c o n d i t io n  was good.  Sputum n e g a t i v e ,  no s ig n s  of  
a c t i v i t y .  S ix  months a f t e r  d i s ch a rg e  she i s  having  
f o r t n i g h t l y  r e f i l l s  which maintain an adequate  s e l e c t i v e  
c o l l a p s e  o f  the r ig h t  lower l o b e .





1^3 •

Case 17:

M.L.D.G-. Fem ale .  26 y e a r s .  A d m it ted  22/2/4-5 .  D i s ­
ch a rg e d  29/5/4-5.

I n s i d i o u s  o n s e t  o f  symptoms d u r i n g  the  5 
months p r e c e d i n g  a d m i s s io n .

E x am in a t io n  showed d u l l n e s s  and im p a i re d  a i r  
e n t r y ’w i t h  r a l e s  a t  t h e  r i g h t  p o s t e r i o r  b a s e .

X-Ray shoitfed i n f i l t r a t i o n  o f  t h e  r i g h t  lo w e r  
zone w i t h  a f a i r l y  l a r g e  m id-zone  c a v i t y  w i t h  a  w e l l -  
d e f i n e d  w a l l  (Case  17 -  F i g .  l ) .  The l e f t  l u n g  was 
c l e a r .

D ur ing  the  f i r s t  f o r t n i g h t  r e s t  o n ly .
A f e b r i l e ,  v e ry  l i t t l e  sputum which  was p o s i t i v e .
B .S .R .  16.

P a t i e n t  found i t  d i f f i c u l t  t o  r em a in  i n  bed 
and was a n x io u s  to  l e a v e  h o s p i t a l  a s  soon a s  p o s s i b l e .  
R ig h t  pneumothorax  induced  on 7 / 3 A 5 -  A f t e r  a month 
t h e r e  was a good s e l e c t i v e  c o l l a p s e  o f  th e  r i g h t  lo w e r  
l o b e  b u t  th e  c a v i t y  was s t i l l  open ( F i g .  2 ) .  No 
o b v io u s  a d h e s i o n s  were seen  on t h e  X-Ray. R igh t  p h r e n i c  
a v u l s i o n  was c a r r i e d  out  on 1&/5/45 which p roduced  a 
marked r i s e  of  t h e  r i g h t  dome o f  t h e  d iaph ragm  and r a p i d  
c l o s u r e  o f  t h e  c a v i t y  ( F i g .  J>).

The p a t i e n t  th en  too k  h e r  own d i s c h a r g e  from 
th e  h o s p i t a l  and has  c o n t in u e d  r e f i l l s  a t  t h e  c l i n i c  up 
t o  t h e  p r e s e n t  ( n e a r l y  4- y e a r s ) .  G enera l  c o n d i t i o n  has  
r e m a in e d  good t h r o u g h o u t .  Some f l u c t u a t i o n  In  the  
d e g r e e  o f  c o l l a p s e  has  been  n o te d  from t im e  t o  t ime and 
in  J u l y  19^3, when a f a i r  d e g re e  of  r e - e x p a n s i o n  had 
been  d e l i b e r a t e l y  a l lo w e d ,  tomograms r e v e a l e d  a  sm a l l  
c a v i t y  a t  th e  s i t e  o f  the  o r i g i n a l  one and th e  lung  was 
r e - c o l l a p s e d ,  s i n c e  when th e  c a v i t y  has  r em ained  c lo s e d  
( F i g .  4 ) .

She has  r e c e n t l y  ( O c to b e r  194$) been  d e l i v e r e d  
of  a c h i l d .  More r e c e n t l y  s t i l l  (March 19^-9), a  s m a l l  
e f f u s i o n  was n o te d  and a  spec im en  of  t h i s  showed a c l e a r  
f l u i d  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 .



CASE IT



Case 1 $ : N .C .P .  Male. 26 y e a r s .  A d m i t t e d  1 5 / 5 /4 6 .
D i s c h a r g e d  November 1946.

T h is  p a t i e n t  to o k  i l l  w i t h  a  11 c o l d 11 and p a i n  
i n  the  r i g h t  lo w e r  a x i l l a r y  r e g i o n  o f  a  p l e u r i t i c  n a t u r e  
2 months b e f o r e  h i s  a d m is s io n  t o  h o s p i t a l .  He rem ained  
on d u t y ,  however, f o r  a bou t  6 weeks a f t e r  th e  o n s e t .  
Symptoms a t  t h e  t im e  o f  a d m is s io n  were:  a  l i t t l e  cough
and spu tum , n i g h t  s w e a t s ,  f e v e r i s h n e s s  and p l e u r i t i c  
p a in  i n  the  r i g h t  s i d e  o f  th e  c h e s t .  A lso  l o s s  o f  
iireight o f  23 l b s .  i n  t h e  p r e c e d i n g  two months ,  dyspnoea  
and h o a r s e n e s s .

E x am in a t io n  r e v e a l e d  a  l o c a l i s e d  a r e a  o f  
b r o n c h i a l  b r e a t h  sounds  and r a l e s  be tween t h e  5 t h  and 6 t h  
d o r s a l  v e r t e b r a l  s p i n e s  and th e  m ed ia l  b o r d e r  o f  th e  
r i g h t  s c a p u l a .  A l l  o t h e r  a r e a s  were c l e a r .  The l a r y n x  
showed an a r e a  o f  c o n g e s t i o n  and oedema i n  t h e  i n t e r ­
a r y t e n o i d  r e g i o n .  X-Ray: F a i r l y  dense  i n f i l t r a t i o n  i n
th e  lo w e r  h a l f  o f  t h e  r i g h t  lu n g  f i e l d  w i t h  a  m o d e r a te ly  
l a r g e  h i l a r  c a v i t y  ( a p e x  o f  l o w e r  l o b e ) .  The l e f t  l u n g  
was c l e a r .

T rea tm en t  f o r  the  f i r s t  month was bed  r e s t  and 
v o c a l  r e s t  w i t h  i n h a l a t i o n s .  The sputum was p o s i t i v e  
and th e  B .S .R .  was 7^* R ig h t  pneumothorax  was th en  i n ­
duced  an d  a good c o n c e n t r i c  c o l l a p s e  was o b t a i n e d ,  t h e  
c a v i t y  becoming s m a l l e r  in  th e  2 months which  fo l lo w e d  
b u t  no t  c l o s i n g .

T horacoscopy  was c a r r i e d  out  on 1 3 /$ /4 6  and a 
t h i c k  s h o r t  f l e s h y  a d h e s i o n  was found a t t a c h i n g  th e  
a p i c a l  p a r t  of  t h e  lo w e r  lo b e  t o  th e  p a r i e t e s  i n  th e  
p a r a v e r t e b r a l  g u t t e r .  A s m a l l  a r e a  o f  t h i s  was f r e e d  
b u t  com ple te  s e c t i o n  was n o t  c o n s i d e r e d  s a f e  and th e  
amount done was u n l i k e l y  to  a f f e c t  the  c o l l a p s e .  R igh t  
p h r e n i c  c r u s h  was c a r r i e d  o u t  s h o r t l y  a f t e r .  By t h e  t im e  
o f  d i s c h a r g e  t h e  c a v i t y  was no l o n g e r  v i s i b l e  and t h e  
sputum was n e g a t i v e .

The p a t i e n t  r e t u r n e d  to  d u ty  i n  F e b ru a ry  19^-7 
and r e f i l l s  were c o n t i n u e d  a t  th e  c l i n i c .  His h e a l t h  was 
good u n t i l  June 19^-7 when he d e v e lo p e d  an a c u t e  f e b r i l e  
p l e u r a l  e f f u s i o n  ivhich r e q u i r e d  a s p i r a t i n g  s e v e r a l  t im e s  
up t o  A ug u s t ,  a f t e r  which  th e  f l u i d  g r a d u a l l y  d r i e d  up. 
This  was folloxved by marked p l e u r a l  t h i c k e n i n g  and some 
o b l i t e r a t i o n  o f  the  b a s a l  p o r t i o n  o f  th e  p l e u r a l  s p a c e .  
Small  r e f i l l s  a t  lo n g  i n t e r v a l s  s t i l l  c o n t i n u e d  up t o  
March 19^-9 and th e  p a t i e n t  i s  i n  good h e a l t h  and d e v o id  
o f  symptoms. E xcep t  f o r  a s h o r t  p e r i o d  a t  t h e  o n s e t  o f  
the  e f f u s i o n ,  he has  c o n t in u e d  on d u ty  as  a w a rd e r .
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Case 1 9 2 M.V. Female .  y e a r s .  A dm it ted  2 5 / 6 /4 5 .  
D i s c h a r g e d  ^ 0 / 6 / k 6 ,

This  p a t i e n t  was examined a s  a c o n t a c t  o f  h e r  
s i s t e r  who d i e d  o f  pulmonary t u b e r c u l o s i s  i n  A p r i l  1 9 ^ .  
X-Ray o f  th e  c h e s t  a t  t h a t  t im e  was c l e a r  b u t ,  re -exam ­
i n e d  i n  J a n u a r y  19^5,  e v id e n c e  o f  t u b e r c u l o s i s  was found ,  
a l t h o u g h  th e  p a t i e n t  had n o t  a t  t h a t  t ime any o t h e r  s i g n s  
o f  i l l - h e a l t h .  On a d m is s io n  t h e  on ly  c o m p la in t  was v e ry  
s l i g h t  cough and she co u ld  r a i s e  a l i t t l e  sputum w i t h  an 
e f f o r t .

E x am in a t io n  g e n e r a l l y  r e v e a l e d  no a b n o r m a l i t y  
b u t  a t  t h e  r i g h t  p o s t e r i o r  b a se  t h e r e  was an a r e a  of  d u l l  
n e s s  on p e r c u s s i o n  w i t h  b r o n c h i a l  b r e a t h  sou n d s .  X-Ray 
on a d m i s s io n  showed t u b e r c u l o u s  i n f i l t r a t i o n  and a sm a l l  
c a v i t y  a t  the  r i g h t  h i l a r  r e g i o n  w i t h  a s m a l l  a r e a  of  i n ­
f i l t r a t i o n  i n  the  l e f t  o u t e r  m id-zone  (Case 19, F i g .  2 ) .

Bed r e s t  o n ly  was c a r r i e d  ou t  f o r  2-g- months.  
D u r in g  t h i s  t ime she was a f e b r i l e  and g a in e d  w e igh t  s a t i s  
f a c t o r i l y .  However, she had a s m a l l  amount o f  sputum 
w hich  was p o s i t i v e  and h e r  B .S .R .  rem ained  r a i s e d .  I n  
a d d i t i o n ,  th e  X-Ray showed t h e  r i g h t  h i l a r  c a v i t y  t o  
p e r s i s t  unchanged and a l s o  a l i t t l e  more i n f i l t r a t i o n  in  
t h e  l e f t  m id -zone .

R ig h t  pneumothorax  was, t h e r e f o r e ,  c a r r i e d  out  
on 19 / 9A 5 and t h i s  caused  a c o l l a p s e  o f  t h e  r i g h t  lo w er  
l o b e  w i t h o u t ,  however ,  c a v i t y  c l o s u r e  ( Fi  g . / ^ ) .  No ob­
v i o u s  a d h e s i o n s  were se en ,  a l t h o u g h  these p r o b a b ly  e x i s t e d  
i n  th e  p a r a v e r t e b r a l  g u t t e r .  No th o r a c o s c o p y  was c a r r i e d  
ou t  b u t  a  r i g h t  p h r e n i c  c r u s h  was pe r fo rm ed  on 16/ 11/^5  
and t h i s  l e d  t o  a good r i s e  of th e  d iaphragm  and d i s ­
a p p e a ra n c e  o f  t h e  c a v i t y  a f t e r  about  a  month.  A month 
l a t e r  a s m a l l  e f f u s i o n  d e v e lo p e d  w i t h  some f e b r i l e  r e ­
a c t i o n  b u t  no a s p i r a t i o n  was r e q u i r e d  end th e  f l u i d  ab ­
s o r b e d  f a i r l y  q u i c k l y .

At th e  t im e  o f  d i s c h a r g e  th e  c a v i t y  was c l o s e d ,  
t h e  p l e u r a l  space  d ry  and t h e r e  was no cough, sputum or 
s i g n s  of  a c t i v i t y .  A y e a r  l a t e r  g r a d u a l  o b l i t e r a t i o n  o f  
th e  p l e u r a l  space  commenced from below upwards ( F i g .  3 ) 
and ,  a l t h o u g h  s m a l l  r e f i l l s  a t  p o s i t i v e  p r e s s u r e s  were 
c o n t i n u e d  u n t i l  e a r l y  t h i s  y e a r ,  t h e  p r o c e s s  i s  now 
(March 19^-9) a lm o s t  com ple te .  The p a t i e n t  rem ains  in  
good h e a l t h ,  x^ithout symptoms and t h e r e  has  been ,  so f a r ,  
no s i g n  of  the  c a v i t y  r e - o p e n i n g .
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Case 20:

E .E .K .  Male. 21 y e a r s .  A d m i t te d  6 / 1 2 / 4 5 .  D isc h a rg e d
1 7 / 1 2 A 6 .

I n s i d i o u s  o n se t  f o l l o w i n g  m ea s le s  2 y e a r s  "before 
a d m is s io n  w i t h  e p i s o d e s  o f  p l e u r i t i c  p a i n  and sm a l l  
h a em o p ty ses .  X-Rays had f a i l e d  t o  show any a b n o r m a l i t y  
u n t i l  a  few months b e f o r e  a d m i s s io n .

On a d m is s io n  t h e r e  were s ig n s  o f  invo lvem en t  
a t  th e  r i g h t  p o s t e r i o r  b a se  and a l s o  i n  th e  u p p e r  zone .  
X-Ray a t  t h i s  t ime showed a f a i r l y  l a r g e  r i g h t  p o s t e r i o r  
b a s a l  c a v i t y  w i t h  a  sm a l l  a r e a  o f  i n f i l t r a t i o n  i n  t h e  
second  r i g h t  a n t e r i o r  i n t e r s p a c e .  The l e f t  l u n g  was 
c l e a r .

A f t e r  a month of  bed r e s t ,  t h e  c o n d i t i o n  liras 
u nchang ed .  The 3 . S . R .  was s l i g h t l y  r a i s e d  and  th e  sputum 
liras p o s i t i v e .  Pneumothorax  was c o n s i d e r e d  a d v i s a b l e .

R ig h t  pneumothorax  was in d uced  on l 6 / l / 4 6  and 
a b a s a l  c o l l a p s e  o b t a i n e d  (Case 20, F i g s .  1 and 2 ) .
A f t e r  2 months o f  r e f i l l s  t h e  c a v i t y  s t i l l  rem ained  
p a t e n t  and  t h o r a c o s c o p y  was c a r r i e d  ou t  on 1 5 / 3 / 4 6 .  T h is  
showed a  v a s c u l a r  a d h e s io n  t o  th e  d iaphragm  and a  s h o r t  
a d h e s i o n  t o  t h e  apex  o f  t h e  lo w e r  l o b e ,  n e i t n e r  be ing  
c u t t a b l e  w i t h  s a f e t y .

R ig h t  p h r e n i c  c r u s h  was then  done on 2 / 4 /4 6  
and 3 weeks l a t e r  pneumoperi toneum was in d u ce d  ( F i g .  3 )* 
From t h e n  u n t i l  d i s c h a r g e ,  the  pneumothorax  and the  
pneumoper i toneum were k e p t  up and th e  c a v i t y  was n o t  
seen  a f t e r  A u g u s t .

A f t e r  l e a v i n g  h o s p i t a l  he went t o  Cape Town 
where  t h e  p h r e n i c  c r u s h  was r e p e a t e d  and t h e  pneumothorax 
ab an do n ed .  T h e r e a f t e r  pneumoperitoneum r e f i l l s  were k e p t  
g o i n g ,  r e f i l l s  b e in g  t h r o u g h  a  low er  r i b  s p a c e .  About 
Sep tem ber  1947 r e f i l l s  were i n a d v e r t e n t l y  g iv e n  above 
th e  d iap h rag m  and a  b a s a l  pneumothorax space  e s t a b l i s h e d  
( F i g .  4 ) .  The c a v i t y  rem a ined  c lo s e d  and r e f i l l s  have 
b e e n  g i v e n  i n t o  t h i s  space  up to  the  p r e s e n t  (March 19 4 9 ) .  
( F i g .  5 ) .

The p a t i e n t  i s  w e l l ,  work ing  and t h e  c a v i t y  
has  r e m a in e d  c l o s e d  s i n c e  a b o u t  August  1946.
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Case 21;

A . J . B .  Female.  22 y e a r s .  A d m i t te d  23/9 /4-7 .  Took own 
d i s c h a r g e  11/12/4-7 .

One y e a r  h i s t o r y  o f  cough,  sputum and p l e u r i t i c  
p a i n  in  th e  r i g h t  c h e s t .  Bad f a m i ly  h i s t o r y .  F a t h e r  
and h u sb a n d  have pulmonary  t u b e r c u l o s i s  and i n f a n t  d i e d  
o f  m e n i n g i t i s .

P h y s i c a l  s i g n s  -  d u l l n e s s  t o  p e r c u s s i o n  a t  
r i g h t  b a s e  back  and f r o n t  w i t h  numerous r a l e s .

X-Ray: S c a t t e r e d  i n f i l t r a t i o n  t h ro u g h o u t
r i g h t  l u n g - f i e l d  w i t h  a  l a r g e  c a v i t y  l a t e r a l  t o  the  
r i g h t  h i lu m  a t  the  apex  of  t h e  lo w er  lo b e  and s e v e r a l  
s m a l l e r  c a v i t i e s  i n  the  up p e r  t h i r d  of  t h e  l u n g .  A lso  
s c a t t e r e d  i n f i l t r a t i o n  and a. s m a l l  c a v i t y  in  t h e  u p p e r  
t h i r d  of  the  l e f t  l u n g .

R es ted  f o r  the  f i r s t  6 weeks.  Sm all  d a i l y  
r i s e  o f  t e m p e r a t u r e .  Sputum p o s i t i v e .  3 . S . R .  1 5 .
S l i g h t  w e ig h t  g a i n .  X-Ray unchanged a t  th e  end o f  t h i s  
t i m e .

R igh t  pneumothorax  in d u ce d  22/10/4-7- There 
was some c o l l a p s e  o f  th e  r i g h t  u p p e r  lo b e  b u t  t h e  c a v i t y  
became m arked ly  d i s t e n d e d .  S m a l l  r e f i l l s  were c o n t in u e d  
f o r  4- weeks when an a c u t e  f e b r i l e  p l e u r a l  e f f u s i o n  
o c c u r r e d .  The f l u i d  was c l e a r  and s e r o u s  b u t  p o s i t i v e  
f o r  t u b e r c l e  b a c i l l i .  The pneumothorax  was abandoned 
f o r t h w i t h  and t h e  p l e u r a l  sp ace  a s p i r a t e d  d r y .  Re­
e x p a n s io n  to o k  p l a c e  p r o m p t ly ,  l e a v i n g  a  s m a l l  r e s i d u a l  
e f f u s i o n  b u t  t h e  p a t i e n t  r e f u s e d  any f u r t h e r  h o s p i t a l  
t r e a t m e n t .
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Case 22:

E.H. v.. W-. Female .  A dm it ted  2 4 / 1 2 /4 7 .  Died 2 / 2 / 4 9 .

P l e u r i t i c  o n s e t  7 months b e f o r e  a d m is s io n ,  a t  
w h ich  t im e  t h e r e  were marked symptoms. E x am in a t io n  a t  
t h i s  t im e  showed q u i t e  marked w a s t i n g  g e n e r a l l y  and 
s i g n s  o f  invo lvem en t  o f  the  l e f t  lu n g .

X-Ray showed a l o s s  o f  t r a n s l u c e n c y  o v e r  t h e  
lo w e r  t w o - t h i r d s  o f  t h e  l e f t  l u n g  w i t h  a f a i r l y  l a r g e  
m id-zone c a v i t y  (below t h e  apex  of  th e  lo w er  l o b e ) ,  
p r o b a b l y  some l e f t  b a s a l  e f f u s i o n .  The m ed ias t inum  was 
d i s p l a c e d  tow ards  t h e  l e f t  and t h e  l e f t  dome of  t h e  
d iap h ragm  was s l i g h t l y  e l e v a t e d .  There was a l s o  a 
m odera te  d e g re e  of i n f i l t r a t i o n  i n  th e  r i g h t  o u t e r  mid­
zone (Case 22, F ig .  l ) .

F a i r l y  f a r - a d v a n c e d ,  a c u t e  d i s e a s e ,  p o s s i b l y  
pneumonic w i t h  a c a v i t y  w hich  showed some t e n s i o n  
e l e m e n t .

During  t h e  f i r s t  3 weeks f u r t h e r  i n v e s t i g a t i o n  
showed a d a i l y  r i s e  o f  t e m p e r a t u r e  t o  100, B .S .R .  79 and 
sputum p o s i t i v e .  I t  liras d e c i d e d  t o  in d u ce  a l e f t  pneumo­
t h o r a x  t o  a t t e m p t  c l o s u r e  o f  th e  l e f t  b a s a l  c a v i t y  and 
p r e v e n t  f u r t h e r  e x t e n s i o n  o f  th e  d i s e a s e  on the  r i g h t .

This  liras done on l4 / l /4 g >  ( F i g .  2 ) .  This  was 
f o l l o w e d  a f t e r  a  few days by an a c u t e  f e b r i l e  e p i s o d e  
w i t h  p a i n  i n  b o t h  s i d e s  o f  t h e  c h e s t .  The f e v e r  s e t t l e d  
a f t e r  10 days  b u t  X-Ray on 2 g / l / 4 g  showed a w edge-shaped  
a r e a  o f  c o n s o l i d a t i o n  r e p l a c i n g  t h e  i n f i l t r a t i o n  p r e ­
v i o u s l y  n o te d  on the  r i g h t  ( F i g .  J ) ,  There  was some 
b a l l o o n i n g  o f  t h e  c a v i t y  on t h e  l e f t  s i d e .  S ix  weeks 
l a t e r  t h e  l e f t  pneumothorax  was abandoned as  th e  c a v i t y  
was s t i l l  f u r t h e r  d i s t e n d e d  and c a v i t a t i o n  had com­
menced on t h e  r i g h t  s i d e .  A s m a l l  e f f u s i o n  had a l s o  
a p p e a r e d  on th e  l e f t .

R ig h t  pneumothorax  in d u c e d  on 3 1 / 3 /^ $ •
Numerous a d h e s i o n s  were seen  o v e r  th e  d i s e a s e d  a r e a  and 
i t  was n o t  found p o s s i b l e  t o  o b t a i n  enough c o l l a p s e  f o r  
t h o r a c o s c o p y  ( F i g .  4-). R e f i l l s ,  however,  were c o n t in u e d  
f o r  months when a sm a l l  e f f u s i o n  a p p e a re d  on t h i s  
s id e ;  t h e  pneumothorax  was abandoned.
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From t h i s  t ime on t h e r e  was a g r a d u a l  w o rsen ­
in g  i n  t h e  p a t i e n t ' s  c o n d i t i o n .  By S ep tem ber ,  b o t h  
l u n g s  had m arked ly  expanded and a  l a r g e  c a v i t y  was se en  
on e a c h  s i d e  and a l s o  b i l a t e r a l  e f f u s i o n  ( F i g .  5 ) .
T h a t  on t h e  l e f t  was a s p i r a t e d  once— c l e a r  f l u i d  -  
p o s i t i v e  f o r  t u b e r c l e  b a c i l l i .  There  was d a i l y  f e v e r  
t o  100  -  1 0 1 , a l a r g e  q u a n t i t y  o f  sputum and a  h ig h  
B .S .R .

S t r e p to m y c in  was g iv e n  i n  a dose  o f  1 Grm 
d a i l y  d u r i n g  t h e  l a s t  month of l i f e  and t h e r e  was a 
f a l l  i n  t e m p e r a t u r e  and r e d u c e d  sputum o u t p u t .

N o te :

I t  seems t h a t  a  b e t t e r  p r e l i m i n a r y  t r e a t m e n t  
would have  been  pneumoperitoneum w i t h  p o s s i b l y  l e f t  
p h r e n i c  c ru s h .  The l e f t  pneumothorax  c o u ld  a l s o  have 
been  abandoned more p ro m p t ly  when seen to  be i n e f f e c t i v e .  
The e a r l i e r  use  o f  S t r e p to m y c in  -  when th e  f l a r e - u p  on 
th e  r i g h t  s i d e  t o o k  p l a c e  -  might  a l s o  have b een  
a d v a n t a g e o u s .



CASE 22

5.



150.

The f o r e g o i n g  seven  c a s e s  a r e  d e t a i l e d  b e c a u se  
t h e y  a r e  a l l  c o n ce rn e d  w i t h  t h e  t r e a t m e n t  o f  c a v i t a t i o n  
i n  th e  lo w e r  l o b e .  Cases 1 6 , 1 7 , 12 and 19 had th e  
o r d i n a r y  ty p e s  o f  c a v i t y  commonly e n c o u n t e r e d  a t  t h e  
a p i c e s  o f  th e  u p p e r  l o b e s .  The t r e a t m e n t  c o n s i s t e d  
f i r s t l y  o f  pneumothorax  and ,  as  t h i s  was i n s u f f i c i e n t  t o  
e f f e c t  c a v i t y  c l o s u r e ,  p h r e n i c  c r u s h  was added and t h e  
r i s e  o f  th e  d iaphragm  t o g e t h e r  w i t h  c o n t i n u e d  pneumo­
t h o r a x  caused  th e  c a v i t y  t o  c l o s e  s u c c e s s f u l l y .  Only i n  
Case 13 was t h o r a c o s c o p y  c a r r i e d  out  and a  s h o r t  u n -  
c u t t a b l e  a d h e s io n  t o  th e  apex  o f  the  lo w e r  lo b e  was 
found .  A dhes ions  were p r o b a b ly  p r e s e n t  i n  t h e  o t h e r  
c a se s  a l s o .  Such a d h e s i o n s  a r e  d i f f i c u l t  to  see  on th e  
X-Ray p l a t e ,  even on t h e  l a t e r a l  view.

Cases 16 and 17 had c a v i t i e s  o f  t e n s i o n  t y p e ,  
y e t  no p a r t i c u l a r  d i f f i c u l t y  was e n c o u n t e r e d  i n  c l o s i n g  
them.

I n  Case 21 the  c a v i t y  was of t h i s  ty p e  a l s o  
b u t ,  on in d u c in g  pneumothorax ,  i t  became m arkedly  d i s ­
t e n d e d  and th e  c o l l a p s e  had to  be r a p i d l y  abandoned .

Case 22 i s  a n o t h e r  p o o r  r e s u l t  f o r  t h i s  form 
o f  c o l l a p s e .

Case 20 was a t r u e  b a s a l  c a v i t y .  When th e  
l u n g  was c o l l a p s e d  by pneumothorax ,  th e  lo w e r  lobe  was 
u n a b le  t o  c o n t r a c t  c o n c e n t r i c a l l y  b e c a u se  o f  u n c u t t a b l e  , 
a d h e s i o n s  a t  i t s  apex  and b a s e .  L o n g i t u d i n a l  r e l a x a t i o n  
was e f f e c t e d  by p h r e n i c  c ru s h  c a u s in g  a r i s e  o f  t h e  
d iap h ragm .

C a v i t i e s  a t  t h e  apex  o f  th e  lo w e r  lo b e  p r e s e n t  
th e  same problems as  to  c l o s u r e  as  do t h o s e  a t  t h e  upp e r  
lo b e  a p ex .  C o n c e n t r i c  c o l l a p s e  seems t o  be  somewhat 
e a s i e r  t o  o b t a i n  a s  t h e y  l i e ,  so to  s p e a k ,  a t  th e  hub o f  
t h e  w h e e l ,  t h e  r im  of  which i s  formed by th e  apex of  t h e  
lu n g  and th e  d iaphragm .  Chest  w a l l  p u l l  commonly has  t o  
be overcome,  e i t h e r  by c u t t i n g  t h e  a d h e s io n s  t o  the  p a r a ­
v e r t e b r a l  g u t t e r  o r  by p r e v e n t i n g  t h e  downward movement 
o f  t h e  l u n g  r o o t  by p h r e n i c  p a r a l y s i s  sup p lem en ted ,  i f  
need  b e ,  by pneumoperitoneum.

Rapid  c o n c e n t r i c  r e l a x a t i o n  o f  th e  lun g  depends 
upon the  absence  o f  s i g n i f i c a n t  a d h e s io n s  o v e r  the  d i s ­
e a s e d  a r e a . ( As w i l l  be m en t io ned ,  a d h e s io n s  were p r e s e n t  
i n  t h e  m a j o r i t y  o f  c a s e s  i n  the  p r e s e n t  s e r i e s .  I n  two 
o f  t h e  c a se s  where t h e r e  were no a d h e s i o n s ,  one had a  
s m a l l  r e c e n t  fo c u s  below t h e  apex  of  the  u p p e r  lobe  and 
t h e  o t h e r  a  sm a l l  fo c u s  below th e  apex o f  t h e  lower  l o b e .  
Rapid  s e l e c t i v e  c o l l a p s e  was o b t a i n e d  i n  b o t h  w i th  
pneum othorax .
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C a s e  2 3 :

I . B .  Female .  3 °  y e a r s .  A d m i t t e d  2/g/l j -6 . D isc h a rg e d
2 5 /1 /j+ g .

I n s i d i o u s  o n se t  a b o u t  a  y e a r  b e f o r e  a d m is s io n  
f o l l o w i n g  a c o ld .  F a i r l y  marked symptoms and s i g n s  o f  
i n v o lv e m e n t  o f  t h e  l e f t  u p p e r  t h i r d  on a d m i s s io n .  X-Ray 
a t  t h i s  t im e  showed a m odera te  d eg re e  o f  s c a t t e r e d  i n ­
f i l t r a t i o n  t h r o u g h o u t  t h e  l e f t  l u n g - f i e l d  w i t h  a 
m o d e r a t e l y  l a r g e  s u b - a p i c a l  c a v i t y .  I n  th e  r i g h t  lu n g  
t h e r e  was a  sm a l l  a r e a  of  i n f i l t r a t i o n  i n  t h e  second  
a n t e r i o r  i n t e r s p a c e .

As t h i s  p a t i e n t  had a l r e a d y  had two months 
r e s t  i n  h o s p i t a l  e l s e w h e r e ,  i t  was d e c id e d  t o  induce  
l e f t  pneumothorax  im m e d ia te ly .  This  was done on 
b u t  t h e r e  were a good many a d h e s i o n s  h o l d in g  up the 
apex  and th e  c o l l a p s e  was m o s t ly  b a s a l  a l t h o u g h  the  
c a v i t y  became s m a l l e r .  On 6 / l 2 / ^ 6  t h o r a c o s c o p y  and i n ­
c om ple te  a d h e s i o n  s e c t i o n  was c a r r i e d  o u t .  A month 
l a t e r  t h e r e  was comple te  a t e l e c t a s i s  o f  t h e  l e f t  l u n g  
and an e f f u s i o n  had d e v e lo ped  which  r e q u i r e d  a s p i r a t i o n .  
A month a f t e r  t h i s  a f u r t h e r  th o r a c o s c o p y  was done b u t ,  
a s  t h e  p l e u r a  was t h i c k e n e d  end sodden,  no a d h e s io n  
s e c t i o n  was a t t e m p t e d .  T h e r e a f t e r  a t t e m p t s  were made 
t o  expand  t h e  lu n g  by xvTi t h d r a w i n g  a i r  and t h i s  was 
s u c c e s s f u l .  A s h a l lo w  c o l l a p s e  was c o n t i n u e d  u n t i l  t h e  
e f f u s i o n  seemed t o  have s e t t l e d  down. The f l u i d  
a s p i r a t e d  was a lw ays  t h i n  and c l e a r .

On 26 / 9A 7 ( t h i r t  een months a f t e r  i n d u c t i o n )  
l e f t  e x t r a p l e u r a l  s t r i p  w i t h  f e n e s t r a t i o n  was p e rfo rm ed .  
C onva le scence  was u n e v e n t f u l ;  on ly  one a s p i r a t i o n  o f  
b l o o d y  f l u i d  was r e q u i r e d .  T h e r e a f t e r ,  a  good c o l l a p s e  
o f  th e  lu n g  was o b t a i n e d  w i t h  c a v i t y  c l o s u r e  and sputum 
c o n v e r s i o n .  The p a t i e n t  l e f t  h o s p i t a l  f o u r  months 
l a t e r  and r e f i l l s  c o n t i n u e .

The f o r e g o i n g  case  i l l u s t r a t e s  how s u c c e s s f u l  
e x t r a p l e u r a l  s t r i p  w i t h  f e n e s t r a t i o n  can b e ,  p ro v id e d  a 
good s t r i p  i s  o b t a i n e d  and no i n f e c t i o n  s u p e r v e n e s .
Cases 11 and 12 show the  u n s a t i s f a c t o r y  e f f e c t s  o f  
i n f e c t i o n  o f  the  p l e u r a l  and e x t r a p l e u r a l  sp a c e .
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T horacoscopy  and A dhes ion  S e c t i o n  i n  t h e  p r e s e n t  s e r i e s :

A dhes io n s  v i s i b l e  on X-Ray were p r e s e n t  i n  
p r a c t i c a l l y  a l l  c a s e s .  I n  seven  none were a c t u a l l y  
v i s i b l e  b u t  f o u r  o f  t h e s e  had c a v i t i e s  a t  t h e  apex o f  
t h e  lo w e r  l o b e ,  a. c o n d i t i o n  a s s o c i a t e d  i n  my e x p e r i e n c e  
w i t h  s h o r t  a d h e s i o n s  i n  the  p a r a v e r t e b r a l  g u t t e r  which  
can o f t e n  on ly  be shown w i t h  d i f f i c u l t y  by l a t e r a l  o r  
o b l i q u e  v ie w s .  Two o t h e r s  o f  t h e s e  seven  had each  a 
f o c u s  of  d i s e a s e  so sm a l l  and so e a r l y  ( r a d i o l o g i c a l  
e v i d e n c e ) ,  t h a t  no a d h e s io n s  had had t im e  t o  form b e f o r e  
c o l l a p s e  was i n s t i t u t e d .  Four  p a t i e n t s  r e f u s e d  to  have 
t h o r a c o s c o p y  a l t h o u g h  a d h e s i o n s  were s e e n .  Thoraco­
scopy  was n o t  a t t e m p t e d  in  f o u r t e e n  p a t i e n t s  a s  the  
n a t u r e  o f  th e  a d h e s i o n s  p r e s e n t  was such  t h a t  any s e c t i o n  
seemed q u i t e  out o f  th e  q u e s t i o n .  One hun d red  and s i x  
t h o r a c o s c o p i e s  were c a r r i e d  ou t  on s e v e n t y - f i v e  p a t i e n t s .  
I n  seven  th e  p l e u r a l  space  was i n s p e c t e d  o n ly  and no 
a d h e s i o n  s e c t i o n  a t t e m p t e d .  F o r  th e  o t h e r s ,  s u c c e s s  in  
c l o s i n g  t h e  c a v i t y  was d i r e c t l y  p r o p o r t i o n a t e  t o  s u c c e s s  
i n  c u t t i n g  th e  a d h e s io n s  which  h e ld  up th e  d i s e a s e d  a r e a  
o f  t h e  lu n g .

Of t h i r t y  pneum othoraces  i n  which  a d h e s io n  
s e c t i o n  was com ple te ,  c a v i t y  c l o s u r e  was o b t a i n e d  i n  
tw e n ty - s e v e n  ( a l t h o u g h  one o f  t h e s e ,d e v e lo p e d  empyema). 
The p l e u r a l  space  o b l i t e r a t e d  r a p i d l y  i n  a n o t h e r  and 
s lo w ly  i n  a f u r t h e r  case  and the  pneumothorax  liras g i v e n  
up b e c a u se  o f  empyema i n  a n o t h e r .

Of f i f t y  pneum othoraces  in  w hich  t h e  a d h e s io n s  
c o u ld  n o t  a l l  be c o m p le te ly  d i v i d e d ,  c a v i t y  c l o s u r e  was 
o n ly  o b t a i n e d  i n  t w e n t y - f i v e ;  i n  t h i r t e e n  th e  c a v i t y  
became s m a l l e r  and in  a f u r t h e r  t e n  the  c a v i t y  was un­
changed;  two d e v e lo p e d  empyema.
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C O N C L U S I O N S

A r t i f i c i a l  Pneumothorax  has  a g a i n  been  shown 
t o  "be a  u s e f u l  form o f  t r e a t m e n t  o f  pulmonary  t u b e r ­
c u l o s i s  b u t  o n ly  i n  so f a r  a s  i t  i s  s u c c e s s f u l  i n  
e f f e c t i n g  c a v i t y  c l o s u r e  and th e  c o n v e r s io n  o f  th e  sputum.

I f  i t  c anno t  be made e f f e c t i v e  w i t h i n  a  r e a s o n ­
a b l e  t i m e ,  i t  s h o u ld  be g iv e n  up o r  sup p lem en ted  by some 
o t h e r  p ro c e d u re  d e s i g n e d  to  b r i n g  a b o u t  c a v i t y  c l o s u r e .
I n  c e r t a i n  case s  where i t  i s  c o n s i d e r e d  t h a t  t h e  p a t i e n t  
i s  u n f i t  f o r  m ajor  s u r g e r y ,  i t  may be j u s t i f i a b l e  t o  con­
t i n u e  a  p a r t i a l l y  e f f e c t i v e  c o l l a p s e  f o r  some t ime i n  th e  
hope t h a t  he may become f i t  f o r  th e  major  o p e r a t i o n .

Pneumothorax  sh o u ld  be used  f o r  t h o s e  c a se s  
r e q u i r i n g  a r e v e r s i b l e  c o l l a p s e  p r o c e d u r e .  A r e - e x p a n d e d  
f u n c t i o n i n g  lu n g  w i t h  a h e a l e d  l e s i o n  i s  t h e  mark o f  
s u c c e s s .  An u n e x p an d a b le  o r  p a r t i a l l y  expanded lu n g  w i t h  
marked l o s s  o f  f u n c t i o n  i s ,  t o  a c e r t a i n  e x t e n t ,  a  
f a i l u r e .

The f i e l d  o f  u s e f u l n e s s  o f  a r t i f i c i a l  pneumo­
t h o r a x  i s  becoming s m a l l e r  as  th e  s u r g e r y  o f  th e  c h e s t  
improves  and a l s o  as  i t  i s  b e in g  more and more r e a l i s e d  
t h a t  pneumothorax  i s  an i n e f f e c t i v e  and d angerous  p r o ­
c ed u re  i n  th e  p r e s e n c e  o f  o b s t r u c t i v e  b r o n c h i a l  t u b e r ­
c u l o s i s .  I t  i s  l i k e l y  to  f i n d  a w id e r  a p p l i c a t i o n  a s  
t h e  d i s e a s e  i s  d i a g n o s e d  a t  an e a r l i e r  s t a g e .

T u b erc u lo u s  empyema i s  a c o m p l i c a t i o n  w i t h  a 
s e r i o u s  p r o g n o s i s ,  e s p e c i a l l y  from th e  l o n g - t e r m  p o i n t  
o f  v iew .  I n  th e  p r e s e n t  s e r i e s  i t  has  been  shown t h a t  
a p r o p o r t i o n  o f  such  c a se s  a r e  p r e v e n t a b l e  by a  b e t t e r  
s e l e c t i o n  o f  c a s e s  f o r  pneumothorax  b u t ,  i n  c e r t a i n  
c a s e s ,  t h e  r i s k  o f  i t s  o c c u r r e n c e  must be t a k e n  i f  th e  
p a t i e n t  i s  n o t  t o  be  d e n ie d  e f f e c t i v e  t r e a t m e n t .

The t r e a t m e n t  o f  c a v i t a t i o n  a t  t h e  apex o f  th e  
low er  lo b e  by pneumothorax  i s  e s s e n t i a l l y  th e  same as  
t h a t  a t  t h e  u p p e r  lo b e  apex b u t  i s  made more d i f f i c u l t  
by t h e  f a c t  t h a t  s h o r t  u n c u t t a b l e  a d h e s io n s  f r e q u e n t l y  
o c c u r  and a com b in a t io n  o f  pneumothorax  and p h r e n i c  
p a r a l y s i s  i s  u s u a l l y  r e q u i r e d  b e f o r e  c a v i t y  c lo s u r e  can 
be e f f e c t e d .

The s e c t i o n  of  a d h e s i o n s  i s  a t e c h n i c a l  p r o c e ­
d u re  d e p en d in g  f o r  i t s  s u c c e s s  on good f o r t u n e  i n  f i n d i n g  
a d h e s i o n s  s u i t a b l e  f o r  d i v i s i o n  and on th e  s k i l l  o f  th e  
o p e r a t o r .



The h i s t o r y  o f  a r t i f i c i a l  pneum othorax  t r e a t m e n t  
i s  o u t l i n e d ,  e s p e c i a l l y  th e  development  o f  th e  
i n d i c 3. t i o n s  f o r  th e  u se  o f  t h i s  form o f  t r e a t m e n t .

The anatomy o f  the  lu ng  i s  d e s c r i b e d  i n  some d e t a i l ,  
emphasis  b e i n g  l a i d  on th e  e l a s t i c i t y  o f  th e  
v a r i o u s  pulmonary  and p l e u r a l  t i s s u e s .

The p l e u r a l  and pulmonary dynamics a r e  d i s c u s s e d  
w i t h  r e f e r e n c e  to  a r t i f i c i a l  pneumothorax  and 
s t r e s s  i s  l a i d  on th e  im p o r tan c e  of  t h e  b r o n c h i a l  

'movements and c a l i b r e  chang es .

The p a th o lo g y  o f  pulmonary t u b e r c u l o s i s  i s  to u ch ed  
upon a t  p o i n t s  which  c o n ce rn  t h i s  work .

C a v i t i e s  a r e  c l a s s i f i e d  and r e f e r e n c e  made to  t h e  
v a r i o u s  forms o f  c a v i t y  c l o s u r e  and h e a l i n g .

The im p o r tan c e  of  t h e  b r o n c h i a l  f a c t o r  i n  th e  
e v o l u t i o n ,  p e r s i s t e n c e ,  b e h a v i o u r  and c lo s u r e  
o f  c a v i t i e s  i s  em phasised .

A s h o r t  n o te  on a d h e s io n s  i s  i n s e r t e d .

The r a t i o n a l e  o f  c o l l a p s e  t h e r a p y  i s  n e x t  d i s c u s s e d  
a s  a r e  a l s o  th e  i n d i c a t i o n s  and c o n t r a - i n d i c a t i o n s  
f o r  pneumothorax t r e a t m e n t  i n  th e  l i g h t  o f  p r e s e n t -  
day knowledge.  The d i f f i c u l t y  o f  o b t a i n i n g  a 
s a t i s f a c t o r y  c o l l a p s e  by pneumothorax  i n  th e  p r e ­
sence  o f  a c t i v e  b r o n c h i a l  t u b e r c u l o s i s  i s  n o t e d .

The t e c h n iq u e  o f  c o l l a p s e  t h e r a p y  by a r t i f i c i a l  
pneumothorax  i s  d e s c r i b e d .  I t  i s  o n ly  p e r m i s s i b l e  
t o  use txhis form o f  c o l l a p s e  as  a tem pora ry  
c o l l a p s e  measure  and emphasis  i s  l a i d  on th e  f a c t  
t h a t  t h i s  i s  a  r e l a x a t i o n  p ro ce d u re  and no t  a 
com press ion  o f  t h e  lu n g .

The c o m p l i c a t i o n s  p l e u r a l  e f f u s i o n  and a d h e s io n s  
a r e  d i s c u s s e d ,  s t r e s s  b e in g  l a i d  on th e  p r e v e n t i o n  
and management o f  th e  fo rm e r .



V a r io u s  methods o f  a s s e s s i n g  th e  r e s u l t s  o f  
pneumothorax  t r e a t m e n t  a r e  n e x t  d i s c u s s e d .  
The r e s u l t s  t o  d a t e  i n  a  p e r s o n a l  s e r i e s  o f  
one -h u n d re d  c a s e s  h a v in g  pneumothorax  t r e a t  
ment a r e  s e t  f o r t h .  I t  i s  c o n f i rm ed  t h a t  
a r t i f i c i a l  p n e u m o th o r a x , in  so f a r  as  i t  i s  
e f f e c t i v e  i n  o b t a i n i n g  c a v i t y  c l o s u r e ,  i s  a  
u s e f u l  form o f  t r e a t m e n t  b u t , when i t  i s  
i n e f f e c t i v e ,  i t  must be g iv e n  up i n  f a v o u r  
o f  some o t h e r  form o f  t r e a t m e n t .

A number o f  c a se s  of empyema a r e  d i s c u s s e d  
w i t h  s p e c i a l  r e f e r e n c e  t o  the  p r e v e n t i o n ,  
where p o s s i b l e ,  o f  t h i s  c o m p l i c a t i o n .

C e r t a i n  f u r t h e r  c a s e s  a r e  d e s c r i b e d  i n  some 
d e t a i l  a s  t h ro w in g  l i g h t  on t h e  h a n d l i n g  o f  
pneumothorax  w i t h  t e n s i o n  c a v i t y  and a l s o  
t h e  d i f f i c u l t y  o f  c l o s i n g  c a v i t i e s  i n  th e  
lo w e r  l o b e .
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