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1 .

The D a n g e rs  o f  M odern A n a e s t h e t i c s .

I n t r o d u c t i o n .

D a r in g  t h e  p a s t  f i f t y  y e a r s  t h e r e  h av e  b e e n  many 

o h a n g e s  i n  t h e  p r a c t i c e  o f  a n a e s t h e s i a ,  some many y e a r s  

ag o , o t h e r s  more r e c e n t l y .  P a t i e n t s  a s e d  t o  b e  s t a r v e d  

b e f o r e  o p e r a t i o n  and d r a s t i c a l l y  p a r g e d .  P r e m e d ic a t io n  

c o n s i s t e d  o f  a  s m a l l  d o se  o f  a t r o p i n e ,  and  m o rp h in e ,  i f  

t h e  p a t i e n t  was i n  p a i n .  The a n a e s t h e t i c  a g e n t s  i n  a s e  

w ere  n i t r o n s  o x id e ,  e t h e r ,  c h lo r o f o r m ,  and  e t h y l  c h l o r i d e .  

L o c a l  a n a l g e s i a  was a s e d  e x t e n s i v e l y  on t h e  C o n t i n e n t ,  b a t  

r a r e l y  i n  B r i t a i n .  S p i n a l  a n a l g e s i a  w as a s e d ,  b a t  o n ly  

h y p o b a s ic  s o l a t i o n s ,  and  l i t t l e  was known o f  t h e  c o n t r o l ­

l a b i l i t y  o f  t h e  a n a l g e s i a .

The c h a n g e s  h a v e  b e e n  m any. P r e - o p e r a t i v e  c a r e  

h a s  now becom e e x t e n s i v e ,  c o v e r i n g  many f i e l d s .  I f  n e c e s s ­

a r y ,  an  a t t e m p t  i s  made t o  r e s t o r e  t h e  p a t i e n t * s  g e n e r a l  

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

g l u c o s e  s o l u t i o n ,  p la s m a  o r  b l o o d .  A d e q u a te  fo o d  and d r i n k  

a r e  g i v e n ,  and a  m i l d  l a x a t i v e  o r  b l a n d  enema t o  e n s u r e  t h a t  

t h e  p a t i e n t * s  b o w e l  i s  em pty  when he g o es  t o  t h e  o p e r a t i n g  

t h e a t r e .  P r e m e d io a t i o n  i s  c a l c u l a t e d  f o r  each  p a t i e n t ,  an 

opiam  d e r i v a t i v e  o r  b a r b i t u r a t e  w i t h  s c o p o la m in e  o r  a t r o p i n e  

b e i n g  t h e  u s u a l  c h o i c e .  I n  c e r t a i n  c a s e s  a  b a s a l  n a r c o t i c



d ru g  may be  s u b s t i t u t e d  f o r  t h e  o p i a t e  o r  b a r b i t u r a t e .

I n d u c t i o n  o f  a n a e s t h e s i a  may b e  b y  t h e  i n t r a v e n o u s  

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

o f  th e  t y p e  o f  a n a e s t h e t i c ,  oxygen  i s  a d m i n i s t e r e d  t h r o u g h ­

o u t  t h e  o p e r a t i o n .  C y c lo p ro p a n e  d i - v i n y l  e t h e r  and t r i -  

c h l o r e t h y l e n e ,  t h e  new i n h a l a t i o n a l  a n a e s t h e t i c  a g e n t s ,  a r e  

i n  e v e ry d a y  u s e .  The u s e  o f  c u r a r e  i n  a n a e s t h e s i a  i s  

l i k e l y  t o  m ark t h e  g r e a t e s t  adv an ce  i n  t h a t  s p e c i a l t y  i n  

r e c e n t  y e a r s .  A p p a ra tu s  h a s  d e v e lo p e d ,  w i t h  m e c h a n i s a t io n  

and  c o m p le x i ty  t h e  m a in  f e a t u r e s .  E n d o tra c h e a l  and en d o ­

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

l a r y n g o s c o p e  and b r o n c h o s c o p e .  " C o n t r o l l e d ’1 o r  " a r t i f i c i a l ’1 

r e s p i r a t i o n  h a s  become a  r e c o g n i s e d  t e o h n i q u e  i n  a n a e s t h e s i a ,  

n o t  m e r e l y  a  means o f  r e s u s c i t a t i o n .

A dvances  h av e  a l s o  b e e n  made i n  l o c a l ,  r e g i o n a l  and 

s p i n a l  a n a l g e s i a .  le w  d r u g s ,  " l u p e r o a i n e "  and  A m eth o o a in e , 

g i v i n g  g r e a t e r  d u r a t i o n  o f  e f f e c t  t h a n  p r o c a i n e ,  a l l o w  m ost 

o p e r a t i o n s  t o  be  p e r fo rm e d  u n d e r  l o c a l  o r  r e g i o n a l  a n a l g e s i a .  

S p i n a l  a n a l g e s i a  h a s  d e v e lo p e d  w i t h  d r u g s  l i g h t e r ,  h e a v i e r  

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

The r i s k  i n v o l v e d  i n  t h e  t e c h n i q u e  o f  s u b - a r a c h n o i d  a n a l g e s i a  

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

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



S in c e  t h e  a d v e n t  o f  c u r a r e  t h e  u s e  o f  r e g i o n a l  and  

s p i n a l  a n a l g e s i a  h a s  d e c r e a s e d ,  a s  s u b - a r a c h n o i d  b l o c k  i s  

now no l o n g e r  r e q u i r e d  f o r  t h e  a b s o l u t e  r e l a x a t i o n  o f  th e  

a b d o m in a l  m u s c u l a t u r e ,  and  few  a r e  t h e  p a t i e n t s  to o  i l l  t o  

t o l e r a t e  c u r a r e  a n d  a  '’l i g h t "  g e n e r a l  a n a e s t h e s i a ,  r e q u i r i n g  

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

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

w i t h  h i s  s h a r e  i n  t h e  p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  t r e a t ­

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

p a t i e n t  d u r in g  t h e  o p e r a t i o n  b e in g  l e f t  m ore and more t o  h im .

The c h a n g e  h a s  b e e n  b r o u g h t  a b o u t  b y  t h e  n e c e s s i t y  

f o r  a n a e s t h e s i a  t o  k e e p  p a c e  w i t h  d e v e lo p m e n ts  i n  s u r g e r y .  

D u r in g  t h e  two w a rs  t h e r e  h a v e  b e e n  many a d v a n c e s  i n  s u r g i c a l  

t e c h n i q u e  t o  co p e  w i t h  p ro b le m s  p r e v i o u s l y  n e v e r  e n c o u n te r e d  

o r  t h o u g h t  t o  b e  i n s o l u b l e .  A ccom panying t h e s e ,  t h e r e  h a v e  

b e e n  d e v e lo p m e n ts  i n  r e s u s c i t a t i o n  and  b lo o d  t r a n s f u s i o n ,  

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

s u r g e o n  t o  t h e  a n a e s t h e t i s t ,  who, w i t h  t h e  p a t i e n t ' s  b lo o d -  

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

o p e r a t i o n ,  i s  i n  t h e  p o s i t i o n  o f  m ak ing  t h e  m o st a c c u r a t e  

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

t o  o c c u r .  W ith  t h i s  i n f o r m a t i o n  he i s  t h u s  t h e  m o st s u i t a b l e  

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

t h a t  may b e  r e q u i r e d .



The sc o p e  o f  t h e  a n a e s t h e t i s t  h a s  i n c r e a s e d  c o n ­

s i d e r a b l y .  The a v a i l a b l e  d r a g s  a s e d  t o  b e  few , and  t h e  

a d m i n i s t r a t o r s  t e n d e d  to  c o n c e n t r a t e  t h e i r  e x p e r i e n c e  on t h e  

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

a  s t a f f  a p p o in tm e n t  a t  a  t e a c h i n g  h o s p i t a l  was a d v e r t i s e d  

a s  " C h l o r o f o r m i s t  t o  - -  H o s p i t a l "  ( 1 ) .  He i s  now e x p e c te d  

t o  h a v e  a  kn o w led g e  o f  t h e  b a s i c  s c i e n c e s ;  ana tom y, i n  

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

a l l y  o f  t h e  c i r c u l a t o r y  and r e s p i r a t o r y  s y s te m s ;  p a th o lo g y ,  

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

any  c o n c o m m it ta n t  c o n d i t i o n ;  p h a rm a c o lo g y  o f  a n a e s t h e t i c ,  

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

m ig h t  w e l l  b e  te rm e d  p h y s i c i a n - a n a e s t h e t i s t  * i n  c o n t r a s t  

t o  t h e  C h l o r o f o r m i s t *  o r  *e t h e r i s t *  o f  d ay s  gone b y .

W ith  b e t t e r  p r e - o p e r a t i v e  an d  p o s t - O p e r a t i v e  c a r e ,  

and  m odern  m e th o d s  o f  a n a e s t h e s i a ,  w h ich  d e p en d  l e s s  and  

l e s s  on t h e  more t o x i c  a g e n t s ,  e s p e c i a l l y  s i n c e  t h e  a d v e n t  

o f  t h e  r e l a x a n t  d r u g s ,  t h e r e  s h o u ld  b e  f e w e r  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  and  an  im provem en t i n  t h e  im m e d ia te  p o s t ­

o p e r a t i v e  c o n d i t i o n  o f  t h e  p a t i e n t .

U n f o r t u n a t e l y ,  t h e r e  w ould  n o t  a p p e a r  t o  b e  t h e  

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

t h e s i a  t h a t  one w o u ld  e x p e c t  when s t a t i s t i c s  p u b l i s h e d  a t  

t h e  b e g i n n i n g  o f  t h e  t w e n t i e t h  c e n t u r y  a r e  com pared  w i t h  t h o s e

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



d e t e r i o r a t i o n .

T h is  i n v e s t i g a t i o n  h a s  b e e n  c a r r i e d  o a t  i n  an  

a t t e m p t  t o  d e t e r m in e  w h e th e r  t h e  r e s u l t s  o f  m odern  m eth o d s  

o f  a n a e s t h e s i a  a r e  w o rse  t h a n  t h o s e  o f  t h e  o l d e r  and more 

s im p le  t e c h n i q u e s .  One m ust b e a r  i n  mind t h a t  t h e  o p e r a ­

t i o n s  i n  many c a s e s  a r e  much more e x t e n s i v e ,  and  t h a t  many 

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

r i s k s  t h a n  t h o s e  q u o te d  i n  t h e  e a r l i e r  f i g u r e s .  A m o st 

i m p o r t a n t  f a c t o r  i s  t h e  more a c c u r a t e  k e e p in g  o f  r e c o r d s ,  

w i t h  t h e  n o t i n g  o f  m in o r  c o m p l i c a t i o n s  w h ic h  w o u ld  h a v e  

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

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

t h a t  i t  i s  h o p ed  to  d e te r m in e  t h e  " D a n g e rs  o f  M odem  

A n a e s t h e t i c s "  .

T hese  c a s e s  h av e  b e e n  r e c o r d e d  d a r i n g  t h e  p a s t  t h r e e  

y e a r s  a t  S t o b h i l l  H o s p i t a l ,  G lasgow , w h i l e  h o l d i n g  t h e  

a p p o in tm e n t s  o f  T r a i n e e  A n a e s t h e t i s t ,  and l a t e r ,  A n a e s t h e t i s t .  

B o th  a p p o in tm e n t s  w ere  " f u l l - t i m e " ,  a l l o w i n g  t im e  t o  be  s p e n t  

w i t h  t h e  p a t i e n t s  i n  t h e  w a rd s  d u r in g  t h e  p r e - o p e r a t i v e  and 

p o s t - o p e r a t i v e  p e r i o d s .  The c a s e s  h av e  b e e n  d raw n  f ro m  t h e

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

w i th  a  few  from  t h e  u n i t  s p e c i a l i s i n g  i n  d i s e a s e s  o f  t h e  

e a r ,  t h r o a t  and n o s e .

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

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



6 .

p r a c t i s e d .  An a t t em p t  h a s  been  made to d i s c o v e r  t h e  f a u l t s  

i n  th e  modern t e c h n iq u e ,  w h e th e r  the  e r r o r  l i e s  i n  t h e  

p rem ed ic& tion  of  t h e  p a t i e n t ,  t h e  a n a e s t h e s i a  i t s e l f ,  o r  

th e  p o s t - o p e r a t i v e  c a r e  o f  t h e  p a t i e n t ,  and to  o f f e r  

s u g g e s t i o n s  f o r  t h e i r  c o r r e c t i o n .

i ' i v e  hundred  c a s e s  u nd e rgo in g  a n a e s t h e s i a  i n  S to b ­

h i l l  H o s p i t a l ,  Grlasgow have been  re c o rd e d  on Copeland-  

G h a t t e r t o n  Paramount A n a e s th e t i c  Record  C a rd s .  Adequate  

t ime f o r  11 f o l l o w - u p 1’ was t h e  s o l e  f a c t o r  i n  t h e  c h o ic e  of  

each c a s e .



Phe d e t a i l s  on t h e  f r o n t  o f  t h e  o a r d  a r e  f i l l e d  i n  

d a r i n g  t h e  p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  v i s i t s  to  t h e  

p a t i e n t ,  and th o s e  on t h e  b a c k  d a r i n g  t h e  o p e r a t i o n . ( 2 ) .

One o f  t h e  c r i t i c i s m s  o f  m odern  a n a e s t h e s i a  i s  

t h a t  a l t h o u g h  t h e  p a t i e n t ’ s c o n d i t i o n  i s  e x c e l l e n t  t h r o u g h ­

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

d e t e r i o r a t i o n  s e t s  i n  d u r in g  t h e  im m e d ia te  p o s t - o p e r a t i v e  

p e r i o d .  I n  an  a t t e m p t  to  e v a l u a t e  t h i s  c r i t i c i s m ,  t h e  

b l o o d - p r e s s u r e  h a s  b e e n  r e c o r d e d  i n  some c a s e s  f o u r  h o u r s  

a f t e r  t h e  p a t i e n t  h a s  r e t u r n e d  to  t h e  w a rd ,  and  t h i s  f i g u r e  

oom pared  w i t h  t h e  p r e - o p e r a t i v e  r e c o r d i n g  and t h a t  t a k e n  

a t  t h e  end o f  t h e  o p e r a t i o n .

I t  h a s  b e e n  s a i d  t h a t  any  r e v o l u t i o n a r y  d i s c o v e r y  

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

p r o g r e s s  w i l l  be  a c h ie v e d  b y  a  s e r i e s  o f  c o m p a r a t i v e l y  s m a l l  

im p ro v e m e n ts  i n  t e c h n i q u e  ( 3 ) .

I n  t h i s  t h e s i s  i t  i s  i n t e n d e d  t o  d i s c u s s  t h e  d e f e c t s  

i n  a n a e s t h e s i a  a s  i t  i s  p r a c t i s e d  t o d a y  a s  shown b y  t h e  

s tu d y  o f  f i v e  h u n d re d  c a s e s .



H i s t o r y .

Phe h i s t o r y  o f  a n a e s t h e s i a  d u r in g  t h e  p a s t  t h i r t y  

y e a r s  m ig h t  b e  d e s c r i b e d  as  t h e  d e v e lo p m e n t o f  a  s p e c i a l i s e d  

b r a n c h  o f  m e d ic in e  and t h e  a d d i t i o n  o f  a  s c i e n c e  to  an  a r t .  

W ith  t h e  d e s c r i p t i o n  o f  (Juedel o f  t h e  s i g n s  o f  a n a e s t h e s i a  

i n  1920 , t h e  p r i n c i p l e s  f i r s t  l a i d  down by  Jo h n  Snow i n  

1858 w ere  r e p ro d u c e d  i n  more d e t a i l .

B e f o r e  t h i s  p e r i o d  a n a e s t h e s i a  h ad  b e e n  u sed  a lm o s t  

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

em ploy t h e i r  a r t  i n  o b s t e t r i c  a n a l g e s i a ,  b u t  on t h e  w h o le  

t h i s  w as l e f t  t o  t h e  o b s t e t r i c i a n  who m ig h t  a d m i n i s t e r  some 

fo rm  o f  ’ t w i l i g h t  s le e p *  and s u p e r v i s e  th e  a d m i n i s t r a t i o n  

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

b i r t h .  Phe r e p o r t  o f  Gwathmey i n  1930 c o n c e r n in g  t h e  a d ­

m i n i s t r a t i o n  o f  2 0 ,0 0 0  a n a e s t h e t i c s  to  Y/omen i n  l a b o u r  

s t i m u l a t e d  t h e  i n t e r e s t  o f  a n a e s t h e t i s t s  n o t  o n ly  i n  A m erica ,  

b u t  th r o u g h o u t  t h e  w o r ld  i n  t h e  p ro b le m  o f  e a s i n g  t h e  p a in  

o f  l a b o u r .  I n  1933 , M i n n i t t  d e v e lo p e d  h i s  ’g a s - a n d - a i r 1 

a n a l g e s i c  a p p a r a t u s  f o r  t h e  u s e  o f  m id w iv es  i n  d o m e s t ic  a s  

w e l l  as  h o s p i t a l  p r a c t i c e .  I n  A m erica  t h e r e  a r e  many who 

f a v o u r  a  form o f  r e g i o n a l  a n a l g e s i a  r a t h e r  t h a n  t h a t  p r o ­

duced  b y  i n h a l a t i o n  o f  g a s e s  and v a p o u r s .  I n  1942 Edw ards 

and H in g s o n  d e v e lo p e d  t h e  t e c h n i q u e  o f  c o n t in u o u s  c a u d a l  

a n a l g e s i a .  P h i s  h a s  come t o  b e  u s e d  a l s o  i n  t h e  t r e a t m e n t



o f  e c l a m p s ia  and , i n  c e r t a i n  c a s e s ,  to  p r e v e n t  t h e  o n s e t  

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

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

t h o u g h t  t o  b e  due to  an im b a la n c e  o f  t h e  au tonom ic  n e r v o u s  

sy s te m  su c h  a s  c o n g e n i t a l  m e g a c o lo n .  I t  h a s  a l s o  b een  

r e c o g n i s e d  a s  a  d i a g n o s t i c  a g e n t  i n  t h r o m b o - a n g i i t i s  

o b l i t t e r a n s .

A n a e s t h e s i a  f o r  o p e r a t i v e  p r e o c e d u r e s  h a s  made many 

a d v a n c e s  w i t h  new a p p a r a t u s ,  d r u g s  and t e c h n i q u e s .  I'he 

a p p a r a t u s  h a s  become more c o m p l i c a t e d .  The B o y le  a n a e s t h e t i c  

a p p a r a t u s  h a s  a lw ay s  b e e n  one o f  t h e  m o s t  commonly u s e d  i n  

t h i s  c o u n t r y .  I t s  d e v e lo p m e n t ,  from  t h e  f i r s t  m odel to  t h e  

l a t e s t ,  i l l u s t r a t e s  v e r y  w e l l  t h e  c h a n g e s  i n  a n a e s t h e s i a ,  

t h e  g r e a t e r  a c c u r a c y  and t h e  g r e a t e r  c o m p l e x i t y .  The 

o r i g i n a l  ’B u b b le - ty p e *  f lo w m e te r  h a s  b e e n  s u p e r c e d e d  b y  t h e  

more a c c u r a t e  ’B o b b in - ty p e *  w h ich  h a s  i n  t u r n  g i v e n  way t o  

t h e  ’R o ta m e te r ’ . R ed u c in g  v a l v e s  have  r e p l a c e d  t h e  o r i g i n a l  

f i n e - a d j u s t m e n t  v a l v e s ,  and  some fo rm  o f  c i r c l e - t y p e  a b ­

s o r p t i o n  a p p a r a t u s  added  t o  a l lo w  t h e  u s e  o f  c y c l o p r o p a n e .

The r e s u l t  i s  a  c o m p l i c a t e d ,  e x p e n s iv e  a p p a r a t u s ,  i n  com­

p l e t e  c o n t r a s t  t o  t h e  s i m p l i c i t y  and c h e a p n e s s  o f  t h e  ’ r a g  

and  b o t t l e *  m e th o d .  The p ro b le m  a r i s e s  r e g a r d i n g  t h e  

t e a c h i n g  o f  s t u d e n t s  t o  u s e  a  m ach in e  so d a n g e ro u s  i n  u n ­

s k i l l e d  h a n d s  and so e x p e n s iv e  to  b u y  t h a t  t h e y  a r e  u n l i k e l y



t o  u s e  i t  i n  t h e  f u t u r e  u n l e s s  t h e y  j o i n  t h e  r a n k s  o f  t h e  

s p e c i a l i s t  a n a e s t h e t i s t s .

S e v e r a l  new g e n e r a l  a n a e s t h e t i c  a g e n t s  h a v e  b e e n  

added  to  t h e  a n a e s t h e t i s t s '  ph a rm aco p o ea , s e v e r a l  i n h a l a -  

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

g e n e r a l  a n a e s t h e t i c .

I n  1928 t h e  a n a e s t h e t i c  p r o p e r t i e s  o f  c y c lo p r o p a n e  

w ere  o b s e r v e d  b y  H e n d e rso n  and L u o a s ,  who n o te d  i t  a s  an  

i m p u r i t y  o f  p r o p y le n e ,  i n  w hich  th e y  w ere  p r i m a r i l y  

i n t e r e s t e d .  They fo u n d  i t  more e f f i c a c i o u s  t h a n  p r o p y le n e  

and i n v e s t i g a t e d  i t s  p r o p e r t i e s  e x p e r i m e n t a l l y  i n  a n i m a l s .

The d ru g  was i n t r o d u c e d  i n t o  c l i n i c a l  a n a e s t h e s i a  b y  

W a te r s  and h i s  a s s o c i a t e s  i n  1933 ( 4 ) .  The g a s  was i n v e s t i ­

g a t e d  i n  G re a t  B r i t a i n  b y  Rowbotham and t h e  a n a e s t h e t i c  

s t a f f  o f  The C a n c e r  H o s p i t a l ,  London ( 5 ) .  The a s s o c i a t i o n  

o f  t h e  names W a te r s  and  c y c lo p r o p a n e  m ig h t  w e l l  b e  e x p e c t e d  

when one  c o n s i d e r s  t h a t  c y c lo p r o p a n e  r e q u i r e s  to  be  a d ­

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

o f  w h ic h  W a te rs  w as one o f  t h e  p i o n e e r s .

Two y e a r s  a f t e r  t h e  o r i g i n a l  w ork  on c y c lo p r o p a n e ,  

L e ak e  and Chen d i s c o v e r e d  t h e  a n a e s t h e t i c  p r o p e r t i e s  o f  

d i - v i n y l  e t h e r  on " V i n e s t h e n e ” ( 6 ) .  T h re e  y e a r s  l a t e r  i t  

was i n t r o d u c e d  i n t o  o l i n i c a l  a n a e s t h e s i a  by  G e l f a n  and B e l l ,  

u s in g  one a n o t h e r  a s  s u b j e c t  ( 7 ) .  The M e d ic a l  R e s e a r c h



1 1 .

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

v a l u e " ,  a n d  i t  was ap p ro v e d  b y  t h e  C o u n c i l  o n  Pharm acy  

and C h e m is t ry  o f  t h e  A m erican  M e d ic a l  A s s o c i a t i o n .  One 

o f  t h e  d i s a d v a n t a g e s  o f  t h i s  d ru g  i s  i t s  e x tre m e  v o l a t i l i t y .  

To a v o id  w a s t e ,  B ourne  and o t h e r s  recommended m ix in g  d i ­

v i n y l  e t h e r  and  d i - e t h y l  e t h e r  i n  t h e  p r o p o r t i o n s  o f  one t o  

t h r e e  (8 )  .

The t h i r d  i n h a l a t i o n a l  a g e n t ,  w h ic h  i s  now g e n e r a l l y  

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

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

o r  " T r i l e n e " . I n  1935  S t r i e k e r  and  h i s  a s s o c i a t e s  (9 )  

d e s c r i b e d  a  s e r i e s  o f  t h r e e  h u n d re d  s h o r t  a d m i n i s t r a t i o n s  

f o r  m in o r  o p e r a t i o n s .  The r e s u l t s  w e re  i n c o n c l u s i v e ,  and 

i n  t h e  f o l l o w i n g  y e a r  t h e  C o u n c i l  on Pharm acy  and C h e m is t ry  

o f  t h e  A m erican  M e d ic a l  A s s o c i a t i o n  c o n s i d e r e d  t h a t  " t h e  

c a s e  h a d  n o t  b e e n  c o m p l e t e l y  made o u t"  f o r  t h e  u s e f u l n e s s  

o f  t h e  d r u g .  I n  1939 t h e  j o i n t  A n a e s t h e t i c  C om m ittee  o f  

t h e  M e d ic a l  B e s e a r c h  C o u n c i l  and  t h e  R o y a l S o c i e t y  o f  

M e d ic in e  a s k e d  C . Lang t o n  H ew er t o  i n v e s t i g a t e  t h e  p r o p e r t i e s  

o f  t r i c h l o r e t h y l e n e .  The i n v e s t i g a t i o n  was c a r r i e d  o u t  

i n  t h e  d e p a r tm e n t  o f  a n a e s t h e s i a  o f  S a i n t  B a r th o lo m e w 1 s 

H o s p i t a l  a n d  t h e  r e s u l t s  em bodied i n  t h r e e  p a p e r s  ( 1 0 , 1 1 , 1 2 J , 

when t r i c h l o r e t h y l e n e  w as shown t o  b e  an e x c e l l e n t  i n h a l a n t  

d ru g  f o r  p r o d u c in g  g e n e r a l  a n a l g e s i a ,  an d  u s e f u l  f o r  l i g h t  

a n a e s t h e s i a  ( 1 3 ) .



D a r in g  t h i s  e r a  t h e r e  w ere  o u t s t a n d i n g  d e v e lo p m e n ts  

i n  i n t r a v e n o u s  a n a e s t h e s i a *  P r i o r  t o  t h i s ,  many a g e n t s  

h a d  b e e n  t r i e d  t o  p ro d u c e  a n a e s t h e s i a  b y  t h i s  m ethod  w i th  

no g r e a t  s u c c e s s .  D a r in g  t h e  y e a r s  1 9 2 0 -1 9 3 0  many d e r i ­

v a t i v e s  o f  b a r b i t u r i c  a c i d  w ere i n v e s t i g a t e d ,  among them  

P e m o s t a n  i n  1927 b y  Bumm i n  Germany, A m ytal i n  1929 by  

S e r f a s  and  h i s  a s s o c i a t e s  i n  A m erica , and H em buta l i n  1931 

b y  Lundy, a l s o  i n  A m e ric a .  I n t r a v e n o u s  a n a e s t h e s i a ,  how­

e v e r ,  r e a l l y  b e g a n  w i t h  t h e  i n t r o d u c t i o n  o f  E v ip a n  i n  1932 b y  

tv/o G erm ans, Weese and S c h a f f .  I n  1933 t h e  M e d ic a l  R e s e a r c h  

C o u n c i l  d e c id e d  t h a t  t h e  e n c o u ra g in g  r e p o r t s  from  German 

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

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

t h e t i s t s  was fo rm ed  t o  c a r r y  o u t  t h e  i n v e s t i g a t i o n .  I n  

A m e ric a ,  a  s i m i l a r  t r i a l  was c a r r i e d  o u t  b y  Jo h n  S . Lundy, 

and  i n  t h e  f o l l o w i n g  y e a r  h e  i n t r o d u c e d  " P e n t o t h a l " , w h ich  

was even  more e f f i c a c i o u s  t h a n  E v ip a n .  " P e n t o t h a l "  was 

f i r s t  u s e d  i n  B r i t a i n  b y  Ja rm an  who h a d  b e e n  one o f  t h e  

p i o n e e r s  i n  t h e  u se  o f  E v ip a n .  S in c e  t h e n  " P e n t o t h a l " , o r  

a s  i t  i s  now o f f i c i a l l y  nam ed, t h i o p e n t o n e  sod ium , h a s  b e ­

come one  o f  t h e  a n a e s t h e t i c  a g e n t s  m ost commonly u s e d .

To m atch  t h e  d e v e lo p m e n ts  i n  s u r g e r y ,  a n a e s t h e t i c  

a p p a r a t u s  and d r u g s ,  t h e r e  h a v e  b e e n  many d e v e lo p m e n ts  i n  

a n a e s t h e t i c  t e c h n i q u e .  E o r  ex am p le ,  i t  i s  now c u s to m a ry ,  

v/here p o s s i b l e ,  to  in d u c e  g e n e r a l  a n a e s t h e s i a  w i t h  one



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

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

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

E n d o t r a c h e a l  a n a e s t h e s i a  i s  n o t  a  new d e v e lo p m e n t .

The f i r s t  t im e  e n d o t r a c h e a l  a n a e s t h e t i c  was a d m i n i s t e r e d  was 

b y  S i r  W i l l i a m  Macewen i n  1 8 8 0 .  I n  1912 K e l l y  i n t r o d u c e d  

i n t o  E n g la n d  i n s u f f l a t i o n  e n d o t r a c h e a l  a n a e s t h e s i a  w h ich  

was p i o n e e r e d  i n  A m erica  b y  M e l t z e r ,  A uer and E l s b e r g .  As 

a  r e s u l t  o f  t h e i r  e x p e r i e n c e s  i n  t h e  1 9 1 4 -1 8  w ar M a g i l l  and 

Bowbotham u s e d ,  f i r s t  i n s u f f l a t i o n ,  and l a t e r  i n h a l a t i o n a l ,  

e n d o t r a c h e a l  m e th o d s ,  u s in g  s o f t - w i d e - b o r e  r u b b e r  t u b e s .

I n  1928 M a g i l l  d e s c r i b e d  h i s  m ethod  o f  b l i n d ,  'n a s a l *  

i n t u b a t i o n ,  and  G uede l and  W a te rs  r e - i n t r o d u c e d  t h e  f i t t i n g  

o f  i n f l a t a b l e  c u f f s  to  e n d o t r a c h e a l  t u b e s .  I n  1932 G a le  

and W a te r s  d e m o n s t r a te d  c l o s e d  e n d o b r o n c h i a l  a n a e s t h e s i a  

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

T h is  t e c h n i q u e  may b e  t a k e n  a s  a  f u r t h e r  exam ple o f  t h e  i n ­

c r e a s i n g  c o m p le x i ty  o f  a n a e s t h e s i a *  C h e v a l i e r  J a c k s o n ' s  

w ork  on d i r e c t  l a r y n g o s c o p y  s t i m u l a t e d  i n t e r e s t  i n  i n t u b a ­

t i o n .  A n a e s t h e t i s t s  g r a d u a l l y  becam e l a r y n g o s c o p i s t s ,  and  

now ^to b e  a b l e  t o  a n a e s t h e t i s e  f o r  t h o r a c i c  s u r g e r y  and  b e  

a b l e  t o  d e a l  c o m p e te n t ly  w i t h  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 ,  

m ust b e  b r o n o h o s c o p i s t s  a l s o .

As l o n g  ago a s  1850 Jo h n  Snow d i s c o v e r e d  t h e  p r i n c i p l e



o f  c a r b o n  d io x id e  a b s o r p t i o n  and c l o s e d - c i r c u . i t  a n a e s t h e s i a *  

I t  was r e d i s c o v e r e d  b y  J a c k s o n  i n  A m erica  i n  1915 and u s e d  

i n  a n a e s t h e s i a  i n v o l v i n g  a n i m a l s .  U n t i l  t h e  work o f  L ee , 

i t  u s e d  t o  b e  th o u g h t  t h a t  e x h a le d  a i r  c o n t a i n e d  a  p o i s o n ­

o u s  s u b s t a n c e ,  " A n th ro p o to x in "  ( 1 4 ) .  I n  t h e  same y e a r  

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

u s in g  " S o d a - l im e "  t o  a b so rb  t h e  c a r b o n  d i o x i d e .  The s im p le  

a p p a r a t u s  b e a r i n g  W a te r s '  name h a s  c e r t a i n  d i s a d v a n t a g e s ,  

and i n  an  e f f o r t  to  overcom e t h e s e ,  t h e  " c i r c l e "  ty p e  o f  

a b s o r p t i o n  u n i t  was i n t r o d u c e d  f i v e  y e a r s  l a t e r  by  B r i a n  

Sw ord. S in c e  t h e n ,  t h e  number o f  " c i r c l e "  u n i t s  h a s  i n ­

c r e a s e d  t i l l  t h e y  a r e  now l e g i o n .

I n  1913 C r i l e  o f  C le v e la n d  p u b l i s h e d  h i s  K i n e t i c  

T h e o ry  o f  Shock ( 1 5 ) ,  and  s e v e n  y e a r s  l a t e r  w i t h  Lower he  

p i o n e e r e d  t h e  t e c h n i q u e  o f  com bined l o c a l  a n a l g e s i a  and  

g e n e r a l  a n a e s t h e s i a  i n  t h e  p r e v e n t i o n  o f  sh o c k  from  s u r g i c a l  

o p e r a t i o n s  ( 1 6 ) .  T h is  t h e o r y  o f  t h e  c a u s a t i o n  o f  sh o c k  h a s  

b e e n  shown t o  b e  o n ly  one o f  t h e  many f a c t o r s  i n v o l v e d ,  b u t  

C r i l e ' s  A noci A s s o c i a t i o n  T h eo ry  was so  e f f e c t i v e  i n  p r a c t i c e  

t h a t  m o st a n a e s t h e t i s t s  made u se  o f  t h e  t h e o r y  to  a  g r e a t e r  

o r  l e s s e r  e x t e n t  u n t i l  t h e  f o l l o w i n g  t e c h n i q u e  came i n t o  

b e i n g  and  a lm o s t  c o m p le t e ly  d i s p l a c e d  t h e  c o m b in a t io n  o f  

’ l o c a l *  and  g e n e r a l  a n a e s t h e s i a .



D a r in g  t h e  p a s t  t e n  y e a r s  a  d i s c o v e r y  h a s  h e e n  made 

t h a t  h a s  b e e n  d e s c r i b e d  a s  "A M i l e s t o n e  i n  A n a e s t h e s i a "  ( 1 7 ) .  

I n  J a n u a r y  1942 G r i f f i t h  o f  M o n tr e a l  f i r s t  u se d  c u r a r e  a s  

an  a i d  to  a n a e s t h e s i a .  Two y e a r s  l a t e r ,  H a l t  on i n  E n g la n d  

u se d  t u b o - c u r a r i n e  c h l o r i d e  i n  t h o r a c i c  s u r g e r y ,  b u t  i t  was 

n o t  t i l l  t h e  f o l l o w i n g  y e a r  t h a t  he  r e a l i s e d  i t s  p o s s i b i l i t i e s  

a s  a  m eans o f  p ro d u c in g  m u s c u la r  r e l a x a t i o n  i n  g e n e r a l  

s u r g e r y .  By 1946 c u r a r e  was i n  g e n e r a l  u s e  i n  B r i t a i n .

I t s  a d v a n ta g e  i s  t h e  p ro fo u n d  r e l a x a t i o n  o f  s p i n a l  a n a l g e s i a  

o r  deep  g e n e r a l  a n a e s t h e s i a  a t  a  l i g h t  p la n e  o f  a n a e s t h e s i a .  

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

d u c t i o n  o f  "M yanesin"  i n  1 9 4 7 .  I n  c o m p o s i t io n  t h i s  i s  a  

s u b s t i t u t i o n  p r o d u c t  o f  one o f  t h e  e t h e r s  o f  g l y c e r o l .  L ik e  

c u r a r e ,  t h i s  d ru g  i s  g i v e n  b y  i n t r a v e n o u s  i n j e c t i o n .  I t  

h a s ,  h o w e v e r ,  t h e  d i s a d v a n ta g e  o f  c a u s i n g  v en o u s  t h r o m b o s i s  

and  h a e m o ly s i s  o f  t h e  r e d  b lo o d  c e l l s .

The name o f  Lab a t  i s  o u t s t a n d i n g  i n  t h e  r e c e n t  

h i s t o r y  o f  r e g i o n a l  a n a l g e s i a .  I n  1920 i n  A m erica  he  

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

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

p u b l i s h e d  h i s  b o o k  " R e g io n a l  A n a lg e s ia "  w h ich  was t o  p ro v e  

t h e  s t a n d a r d  t e x t b o o k  on  t h i s  s u b j e c t .  A lso  i n  1920 a  

S p a n is h  s u rg e o n ,  E e d e l  P a g e s  a p p l i e d  to  t h e  human s u b j e c t  

t h e  t e c h n i q u e  b f  e p i d u r a l  a n a l g e s i a ,  b u t  i t  h a s  a lw a y s  b e e n



c o n s i d e r e d  l e s s  r e l i a b l e  t h a n  sub a r a c h n o id  b l o c k .  H ow ever, 

t h e  a l t e r n a t i v e  m ethod  o f  e n t e r i n g  t h e  p e r i d u r a l  sp a c e  

t h r o u g h  t h e  s a c r a l  c a n a l  h a s  become more p o p u la r  e s p e c i a l l y  

i n  A m erica  s i n c e  Edwards and H in g so n  d e v e lo p e d  t h e  t e c h n i q u e  

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

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

t h e  m o th e r  w i th o u t  c a u s in g  f o e t a l  u p s e t  o r  d i s t u r b a n c e  o f  

t h e  n o rm a l  u t e r i n e  c o n t r a c t i o n s .  I n  t h e  same y e a r  A l l e n  

and o t h e r s  (18 )  r e d i s c o v e r e d  t h e  t e c h n i q u e  o f  a m p u ta t in g  

l im b s  u n d e r  r e f r i g e r a t i o n  a n a l g e s i a .  A lth o u g h  t h e  d e ­

c r e a s e d  m e ta b o l i s m  due to  r e f r i g e r a t i o n  i s  made u s e  o f  i n  

t h e  t r e a t m e n t  o f  g a n g re n e  o f  t h e  lo w e r  l i m b s ,  i t  i s  n o t  now 

u se d  so e x t e n s i v e l y  to  p r o v id e  t h e  a n a l g e s i a  f o r  t h e  a c t u a l  

a m p u t a t i o n .  I n  1943 a  t e c h n i q u e  o f  p o s t e r i o r  i n t e r c o s t a l  

and s p l a n c h n ic  b l o c k s  to  p r o v id e  a n a l g e s i a  f o r  ab d o m in a l  

s u r g e r y  was d e s c r i b e d  b y  dames ( 1 9 ) .

D u r in g  t h e  im m ed ia te  p r e - c u r a r e  c h a p t e r  i n  t h e  

h i s t o r y  o f  a n a e s t h e s i a  t h e r e  was a  p e r i o d  o f  i n c r e a s e d  

p o p u l a r i t y  o f  r e g i o n a l  a n a l g e s i a *  A n a e s t h e t i s t s  w ere  becom ­

in g  m ore and  m ore e x p e r t  a t ,  and s u rg e o n s  m ore and  more 

i n c l i n e d  t o  d e l e g a t e ,  r e g i o n a l  a n a l g e s i a .  B u t  w i t h  t h e  

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

r e g i o n a l  a n a l g e s i a  became c o n f in e d  t o  t h o s e  c a s e s  who m ust 

n o t  h a v e  a  g e n e r a l  a n a e s t h e s i a ,  no m a t t e r  how " l i g h t 11 i t  

m ig h t  b e .



K e g io n a l  a n a l g e s i a  was n o t  a lo n e  i n  Tine d e c l i n e  

i n  p o p u l a r i t y  due to  t h e  r e l a x a n t  d r u g s .  S p i n a l  a n a l g e s i a  

h a d  b e e n  m aking g r e a t  p r o g r e s s ,  and w i th  t h e  t e c h n i q u e  o f  

’ f r a c t i o n a l 1 o r ’c o n t in u o u s*  s p i n a l ,  s u b - a r a c h n o i d  b l o c k  h a d  

b e e n  p l a c e d  on a  r a t i o n a l ,  i f  n o t  c o m p le t e ly  s a f e ,  b a s i s .

P r i o r  t o  t h e  w ork o f  Lab a t  (19 2 1 )  and P i t k i n  (1927) 

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

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

" S p i n o c a i n " , p o p u l a r i s i n g  s p i n a l  a n a l g e s i a ,  t h e  t e c h n i q u e  

was n o t  s a f e  and  was i n f r e q u e n t l y  u s e d .  A lso  i n  1927, 

O c k e rb la d  and  D i l l o n  i n  A m erica  u s e d  e p h e d r in e  t o  m a i n t a i n  

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

a  f u r t h e r  s t e p  was made i n  t h e  d i r e c t i o n  o f  s a f e t y  i n  su b -  

a r a c h n o i d  a n a l g e s i a .  T h ree  and f o u r  y e a r s  l a t e r  Howard 

J o n e s  and  E t h e r i n g t o n  W ilso n  d e s c r i b e d  t h e i r  r e s p e c t i v e  

m e th o d s  f o r  t h e  u s e  o f  t h e  f i r s t  t r u e  h y p p b a r i c  d ru g ,  " L i g h t  

H u p e r c a i n e " . H y p e rb a s ic  " H u p e rc a in e "  was i n t r o d u c e d  b y  

E r a n k i s  E v an s  i n  1 9 3 4 .  I n  1940 Lemmon i n t r o d u c e d  ’ f r a c t i o n ­

a l ’ o r  ’ c o n t i n u o u s ’ s p i n a l .

D u r in g  t h i s  p e r i o d  v a r i o u s  v a s o p r e s s o r  d ru g s  w ere  

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

t h e  p a t i e n t ’ s  n o rm a l  a s  p o s s i b l e .  To a l lo w  f i n e  a d ju s tm e n t  

o f  t h i s  l e v e l  E r a n k i s  E vans  i n t r o d u c e d  t h e  m ethod  o f  u s in g  a  

c o n t i n u o u s  i n t r a v e n o u s  d r i p  i n f u s i o n  o f  an e x t r e m e l y  d i l u t e

s o l u t i o n  o f  a d r e n a l i n .  I n  c o m p le te  c o n t r a s t  t o  t h i s ,



G r i f f i t h  and  G i l l i e s  i n  1948 p u b l i s h e d  a  d e s c r i p t i o n  o f  

t h e  t e c h n i q u e  f o r  " t o t a l  s p i n a l "  f o r  u se  i n  t h o r a c i c o -  

lu m b a r  s p l a n c h n ic  ectom y and sym pathec tom y ( 2 0 ) .  I n  o r d e r  

t o  p r e v e n t  b l e e d i n g  no v a s o p r e s s o r  a g e n t  i s  g iv e n ,  and  th e  

b l o o d - p r e s s u r e  i s  a l lo w e d  to  f a l l  to  l e v e l s  w h ich  c a n n o t  b e  

r e c o r d e d ,  e f f e c t i v e  o x y g e n a t io n  o f  t h e  p a t i e n t ’ s  b lo o d  

b e i n g  m a i n t a i n e d  b y  a s s i s t e d  r e s p i r a t i o n .

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

t h e r e  h a s  b e e n  an i n c r e a s e  i n  t h e  c o m p le x i ty  o f  t h e  a p p a r a t u s ,  

an  i n c r e a s e  i n  t h e  number o f  d ru g s  a t  t h e  d i s p o s a l  o f  t h e  

a n a e s t h e t i s t ,  a  t e n d e n c y  to  d i s c a r d  t h e  more t o x i c  d r u g s ,  

and  an  a t t e m p t  n o t  o n ly  t o  g iv e  t h e  s u rg e o n  maximum r e l a x a ­

t i o n ,  b u t ,  a s  shown b y  t h e  ’ t o t a l  s p i n a l ’ , an a t t e m p t  h a s  

b e e n  made t o  f a c i l i t a t e  h i s  t a s k  s t i l l  f u r t h e r  b y  m in im is in g  

h a e m o r r h a g e .

A ch an g e  i n  t h e  s t a t u s  o f  t h e  a n a e s t h e t i s t  h a s  t a k e n  

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

a n a e s t h e s i a .  S p e c i a l i s t s  i n  a n a e s t h e s i a  made t h e i r  a p p e a r ­

ance  i n  i n c r e a s i n g  n u m b ers .  I n  1932 t h e  B r i t i s h  M e d ic a l  

A s s o c i a t i o n  form ed a  s e c t i o n  d e v o te d  to  t h e  s tu d y  and f u r t h e r ­

ance  o f  know ledge  o f  a n a e s t h e s i a .  I n  1935 , a s  a  r e s u l t  o f  

n e g o t i a t i o n s  b e tw e e n  t h e  A s s o c i a t i o n  o f  A n a e s t h e t i s t s  o f  

G r e a t  B r i t a i n  and I r e l a n d  and t h e  R o y a l  C o l l e g e s  o f  P h y s i c i a n s  

and S u rg e o n s ,  a  D ip lom a i n  A n a e s t h e t i c s  was i n s t i t u t e d  b y



t h e s e  two b o d i e s .  By 1948 i t  h a d  become a p p a r e n t  t h a t  t h e  

s t a n d a r d  o f  t h e  d ip lo m a  h ad  n o t  k e p t  p a c e  w i th  t h e  r a p i d  

i n c r e a s e  i n  t h e  scope  o f  a n a e s t h e s i a  (2 1 )  and i t  was d e c id e d  

t o  r e v i s e  t h e  r e g u l a t i o n s  and  s y l l a b u s  f o r  t h e  e x a m in a t io n  

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

t h e t i s t  t o  t h e  same academ ic  s t a n d i n g  a s  t h a t  o f  o t h e r  

s p e c i a l i s t s .  I n  t h e  same y e a r  a  E a c u l t y  o f  A n a e s t h e s i a  

was fo rm ed  b y  th e  R oyal C o l le g e  o f  S u rg e o n s  o f  E n g la n d .

I t  i s  no l o n g e r  s u f f i c i e n t  f o r  t h e  a n a e s t h e t i s t  

t o  k e e p  h i s  p a t i e n t  q u i e t  and r e l a x e d  on t h e  o p e r a t i n g  

t a b l e .  W ith  t h e  d ru g s  and equ ipm en t nov/ a t  h i s  d i s p o s a l  

he i s  a b le  t o  g iv e  t h e  s u rg e o n  optimum o p e r a t i n g  c o n d i t i o n s  

w i t h  t h e  minimum o f  u p s e t  t o  t h e  p a t i e n t .  To do so means 

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

o p e r a t i o n ,  t h e  c h o ic e  o f  d ru g s  and m ethod  o f  t h e i r  u s e  a t  

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

t e c h n i q u e  and t h e  o p p o r t u n i t y  to  a s s e s s  t h e  r e s u l t s  i n  t h e  

p o s t - o p e r a t i v e  p e r i o d .  These  c o n d i t i o n s  may o n l y  b e  o b ­

t a i n e d  b y  d e v o t i n g  o n e ’ s  t im e  s o l e l y  to  t h e  p r a c t i c e  o f  

a n a e s t h e s i a *

T hese  im p ro v em en ts  i n  a n a e s t h e s i a  a r e  n o t  r e f l e c t e d  

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

a n a e s t h e s i a  i n  t h i s  p e r i o d .  I n  E n g la n d  and W ales  i n  1901 

t h e r e  w ere  n i n e t y  one d e a t h s ,  and  i n  1941 t h e r e  w ere  e i g h t



h u n d r e d  and  t h i r t y  f i v e  d e a t h s  a s s o c i a t e d  w i t h  a n a e s t h e s i a  

( 2 2 , 2 3 ) .  I n  one A m erican  h o s p i t a l  p u lm o n a ry  c o m p l i c a t i o n s  

f o l l o w i n g  ab d o m in a l  s u r g e r y  r o s e  from  2 .0  p e r  c e n t  i n  1927 

t o  5 .3  p e r  c e n t  i n  1939 (24) .

I t  i s  t h e r e f o r e  p ro p o s e d  to  d i s o u s s  t h e  d a n g e r s  o f  

m odern  a n a e s t h e t i c  a g e n t s  and t e c h n i q u e s  i n  t h e  f o l l o w i n g  

s e c t i o n .



The S p e c i f i c  D an g ers  o f  M odem  A n a e s t h e t i c  A g e n ts .

A lth o u g h  many c h a n g e s  h a v e  t a k e n  p l a c e  i n  a n a e s ­

t h e s i a  d u r in g  th e  t w e n t i e t h  c e n t u r y  and many a d v a n c e s  h av e  

b e e n  m ade, t h e  d rug  g i v i n g  i d e a l  o p e r a t i n g  c o n d i t i o n s  w i th  

no u n to w a rd  s i d e - e f f e c t s  h a s  y e t  t o  b e  d i s c o v e r e d .  Much 

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

e a s i e r  f o r  t h e  p a t i e n t .  The u se  o f  th io p e n tm n e  h a s  made 

t h e  i n d u c t i o n  e a s y  and  p l e a s a n t ,  and t h e  m a in te n a n c e  by  

n i t r o u s  o x id e  o r  c y c lo p ro p a n e  s p a r e s  t h e  p a t i e n t  t h e  d i s ­

t r e s s i n g  p o s t - a n a e s t h e t i c  v o m i t in g  l i a b l e  to  f o l l o w  e t h e r  

and c h lo r o f o r m .  M uscle  r e l a x a t i o n  r e q u i r e d  i n  a b d o m in a l  

and t h o r a c i c  o p e r a t i o n s  may b e  p r o v id e d  b y  c u r a r e .  I f  

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

m ost s u r g i c a l  p r o c e d u r e s  may now b e  p e r fo rm e d  u n d e r  some 

fo rm  o f  r e g i o n a l  a n a l g e s i a .

U n f o r t u n a t e l y  w i t h  t h e s e  new d ru g s  and t e c h n i q u e s  

new c o m p l i c a t i o n s  o c c u r  w h ich  d id  n o t  accom pany o r  f o l l o w  

t h e  o l d e r  m e th o d s .

C y c lo p ro p a n e  i s  c a p a b l e  o f  c a r r y i n g  a n a e s t h e s i a  

th ro u g h  t h e  f o u r  s t a g e s  and  h a s  c o n s e q u e n t l y  b e e n  a c c o rd e d  

a  p o te n c y  o f  100 p e r  c e n t  b y  G uedel (25) . I t  h a s  b e e n  

d e s c r i b e d  a s  s t a n d i n g  midY/ay b e tv /een  e t h e r  and  c h lo r o f o r m  

f o r  s a f e t y  and p o te n c y  ( 2 6 ) .  The e x t re m e  power o f  t h e  

a g e n t  and  t h e  e x tre m e  r a p i d i t y  w i th  w hioh a  h ig h  c o n c e n t r a t i o n



o f  t h e  g a s  may h e  b u i l t  up i n  t h e  b lo o d  and b r a i n  c e l l s  o f  

t h e  p a t i e n t  make t h e  d a n g e r  o f  o v e r -d o s a g e  v e r y  r e a l  ( 2 7 ) .

The t im e  f o r  th e  a n a e s t h e s i a  to  p r o g r e s s  from  i n d u c t i o n  to  

r e s p i r a t o r y  p a r a l y s i s  may b e  a s  s h o r t  a s  from  one h a l f  to  

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

w i l l  a l l o w  t h e  o p e r a t i o n  to  b e g i n  b e f o r e  t h e  a n a e s t h e s i a  

h a s  b e e n  s t a b i l i s e d  ( 2 5 ,2 8 ) .

Many a u t h o r i t i e s  c o n s i d e r  t h a t  c y c lo p r o p a n e  d e ­

p r e s s e s  r e s p i r a t i o n .  W ith  t h i s  W a te rs  d o e s  n o t  a g r e e .

He c o n s i d e r s  t h e  g a s  to  b e  n e i t h e r  a  r e s p i r a t o r y  d e p r e s s a n t  

n o r  s t i m u l a n t ,  and i n  h i s  o p i n i o n  th e  a p p a r e n t  d e p r e s s i o n  

o f  r e s p i r a t i o n  r e s u l t s  from  c o m p a r iso n  w i t h  o t h e r  a n a e s ­

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

a n t s .  He a d m i t s ,  h o w ev er ,  t h a t  r e s p i r a t i o n  i s  q u i e t  and 

t h a t  p a r a l y s i s  o f  t h e  i n t e r c o s t a l  m u s c le s  i s  a p t  t o  b e  

o o m p le te  b e f o r e  i t  i s  n o t i c e d  ( 2 9 , 3 0 , 2 5 ) .

As t h e  d ru g  d o es  n o t  s t i m u l a t e  r e s p i r a t i o n ,  t h e  

m a rg in  b e tw e e n  t h e  d e g re e  o f  p a r t i a l  p a r a l y s i s  o f  t h e  m u s c le s  

o f  r e s p i r a t i o n  w h ic h  o e o u r s  w i th  r e l a x a t i o n  o f  t h e  m u s c le s  

o f  t h e  u p p e r  abdomen and c o m p le te  r e s p i r a t o r y  a r r e s t  i s  

n a r r o w .  R e s p i r a t o r y  a r r e s t  may ev en  s u p e rv e n e  b e f o r e  

o o m p le te  r e l a x a t i o n  h a s  b e e n  o b t a i n e d  ( 2 7 , 3 1 ) .

C y c lo p ro p a n e  may r e d u c e  t h e  t i d a l  r e s p i r a t i o n  b e lo w  

th e  l e v e l  r e q u i r e d  f o r  t h e  a d e q u a te  e x p o s u re  o f  t h e  e x p i r e d



2 3 .

g a s e s  t o  t h e  s o d a - l im e  o f  t h e  a b s o r b e r  u n i t  ( 3 2 ) .

W ith  t h i s  a g e n t ,  t h e  n a t u r e  and amount o f  t h e  d ru g s  

u se d  a s  p r e m e d ic a t io n  a r e  e s p e c i a l l y  i m p o r t a n t .  M orph ine  

i s  a  p o w e r fu l  r e s p i r a t o r y  d e p r e s s a n t  and  w i th  c y c lo p ro p a n e  

a  f a r  g r e a t e r  d e g re e  o f  d e p r e s s i o n  r e s u l t s  t h a n  i s  g e n e r a l l y  

a p p r e c i a t e d .  I f  c y c lo p ro p a n e  i s  t h e  a n a e s t h e t i c  o f  c h o ic e ,  

t h e n  t h e  d o se  o f  m o rp h in e  em ployed s h o u ld  b e  much s m a l l e r  

t h a n  u s u a l  (30)  .

C y c lo p ro p a n e  may c a u s e  b r o n c h o c o n s t r i c t i o n  b y  

s t i m u l a t i n g  t h e  p a r a s y m p a th e t i c  n e r v o u s  s y s te m .  B u t  i t  

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

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

t h e  b r o n c i a l  m u sc le  becom es r e l a x e d ,  b u t  i f  t h e  i n i t i a l  

c o n c e n t r a t i o n  o f  t h e  g a s  i n  t h e  i n h a l e d  m ix tu r e  h a s  b e e n  to o  

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

b e i n g  begun  w h i l e  t h e  a n a e s t h e s i a  i s  s t i l l  i n c o m p l e t e ,  t h e n  

t h i s  a c t i o n  w i l l  be  o vershadow ed  b y  t h e  b r o n c h i a l  c o n ­

s t r i c t i o n  (3 3 ,  27, 2 8 ) .

On a c c o u n t  o f  t h e  e x tre m e  p o te n c y  o f  t h e  g a s ,  a n a e s ­

t h e s i a  may be  m a i n t a i n e d  w i t h  a  h i g h  p e r c e n t a g e  o f  oxygen  i n  

t h e  i n h a l e d  m i x t u r e .  Oxygen, and  c y c lo p r o p a n e  a r e  b o t h  a b ­

s o rb e d  r a p i d l y  from  t h e  p u lm o n ary  a l v e o l i ,  an d ,  ovfing t o  t h e  

q u i e t  r e s p i r a t i o n  o f  c y c lo p r o p a n e  a n a e s t h e s i a ,  a  m a s s iv e  p u l ­

m onary  c o l l a p s e  may o c c u r  u n n o t i c e d  on t h e  o p e r a t i n g  t a b l e  

(25 )  .



The u s e  o f  c y c lo p ro p a n e  i s  n o t  w i t h o u t  i l l - e f f e c t s  

on  t h e  c a r d i o v a s c u l a r  s y s te m .

I t  i s  s u g g e s te d  t h a t  t h e  l e v e l  o f  t h e  b l o o d - p r e s s u r e  

r e m a in s  unchanged  i f  t h e  r e s p i r a t o r y  e f f i c i e n c y  i s  n o t  

d i m i n i s h e d  ( 3 4 ) .  But f r e q u e n t l y  t h e  r e d u c e d  t i d a l  r e s p i r a ­

t i o n  c a u s e s  an a c c u m u la t io n  o f  c a r b o n  d i o x i d e  i n  t h e  b lo o d  

and a  f a l l  i n  t h e  h y d ro g e n  i o n  c o n c e n t r a t i o n  o f  t h e  p la sm a  

due to  an  i n a d e q u a te  e x p o s u re  o f  t h e  e x p i r e d  g a s e s  t o  t h e  

s o d a - l i m e .  As a  r e s u l t  t h e  s y s t o l i c  and d i a s t o l i c  b lo o d  

p r e s s u r e s  r i s e  ( 3 0 , 3 2 ) .  When t h e  r e s p i r a t o r y  d e p r e s s i n g  

c y c lo p r o p a n e  i s  w i th d ra w n  a t  t h e  end o f  a n a e s t h e s i a  o r  

c o m p le te  r e b r e a t h i n g  i s  s u d d e n ly  s to p p e d ,  t h e  p la s m a  h y d ro g e n  

i o n  c o n c e n t r a t i o n  and  c a r b o n  d io x id e  c o n t e n t  f a l l ,  and  t h e  

b lo o d  p r e s s u r e  d o es  l i k e w i s e  ( 3 5 ) .

W a te rs  i n  1937 i n  d i s c u s s i n g  t h e  t o x i c  e f f e c t s  o f  

o a r b o n  d i o x i d e ,  d e s c r i b e d  a  syndrom e s i m u l a t i n g  c o l l a p s e  

w h ic h  o c c u r r e d  i n  h y p e r s e n s i t i v e  i n d i v i d u a l s  e x p o se d  to  an  

e x c e s s  o f  o a rb o n  d i o x i d e  as  f o l l o w s :  11A somewhat s i m i l a r

p i c t u r e  may a p p e a r  d i r e c t l y  f o l l o w i n g  a  p e r i o d  d u r in g  w h ic h  

an  i n d i v i d u a l  h a s  b e e n  s u b j e c t e d  t o  an  a tm o sp h e re  to o  r i c h  

i n  o a r b o n  d i o x i d e .  I t  i s  t h e n  p r o b a b l y  due to  t h e  su d d e n  

w i th d r a w a l  o f  t h e  e x c e s s  o a rb o n  d i o x i d e  f o r  w h ich  a d ju s tm e n t  

o f  t h e  b u f f e r  m echanism  o f  t h e  b lo o d  and t i s s u e s  h a s  b e e n  

made, p e r h a p s  t h e  e x c e s s  c a r b o n  d i o x i d e  h a s  b e e n  b lo w n  o f f



m ore r a p i d l y  t h a n  i t  i s  p o s s i b l e  f o r  t h e  b u f f e r  m echanism  

t o .  k e e p  p a c e * . (36) T h is  f a i l u r e  o f  t h e  b u f f e r  m echanism  

may b e  t h e  c a u s e  o f  "C y c lo p ro p a n e  Shock'1 . D u r in g  t h e  

a n a e s t h e s i a  t h e  b lo o d  p r e s s u r e  h a s  b e e n  above th e  p r e ­

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

s a t i s f a c t o r y .  When t h e  mask i s  rem oved , t h e  c o n d i t i o n  o f  

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

p r e s s u r e s  f a l l  to  a  v a r i a b l e  e x t e n t  and a t  a  v a r i a b l e  r a t e .  

I n  some o a s e s  t h e  h y p o te n s io n  o c c u r s  a t  o n c e .  W i th in  t h r e e  

t o  f i v e  m in u te s  t h e  s y s t o l i c  b lo o d  p r e s s u r e  h a s  f a l l e n  to  

5 0 -60  m i l l i m e t r e s  o f  m e rc u ry  o r  lo w e r .  The h y p o t e n s i o n ,  

h o w e v e r ,  may t a k e  p l a c e  o v e r  a  p e r i o d  o f  t im e  and  may n o t  

r e a c h  su c h  a la r m in g  p r o p o r t i o n s .  A s s o c i a t e d  w i t h  a  r a p i d  

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

olammy s k i n ,  a  p u l s e  o f  p o o r  volum e, an d  become d e l i r i o u s  

d u r i n g  h i s  em ergence  from  t h e  a n a e s t h e s i a .  The d i f f e r e n c e  

b e tw e e n  t h i s  c o n d i t i o n  and s u r g i c a l  sh o c k  i s  t h a t  i n  t h e  

f o rm e r  t h e  p a t i e n t  h a s  a  b r a d y c a r d i a .  I n  some o a s e s ,  t h e  

p a t i e n t s  a p p e a r  t o  b e  b e t t e r  th a n  th e y  a r e ,  and  t h e  l e v e l  o f  

t h e  b lo o d  p r e s s u r e  s u g g e s t s .  They a r e  warm, t h e  s k i n  i s  

d r y ,  t h e  p u l s e  s low , and t h e  p a t i e n t s  a r e  o r i e n t a t e d  and

a l e r t .  T h is  h y p o t e n s i o n  may p e r s i s t  f o r  s e v e r a l  h o u r s  

d e s p i t e  t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  p la sm a  ( 3 0 , 3 7 ) .



A lth o u g h  t a c c h y c a r d i a  h a s  b e e n  d e s c r i b e d  i n  d o g s ,  

b r a d y c a r d i a  i s  more f r e q u e n t  d u r in g  c l i n i c a l  c y c lo p r o p a n e  

a n a e s t h e s i a *  T h is  i s  even  more f r e q u e n t  a f t e r  m o rp h in e  

p r e m e d i c a t i o n  t h a n  a f t e r  c y c lo p r o p a n e  a l o n e .  The s lo v / in g  

o f  t h e  h e a r t - r a t e  o f f e r s  more t im e  f o r  d i a s t o l l i o  f i l l i n g  

o f  t h e  h e a r t  and c o n s e q u e n t ly  an  i n c r e a s e  i n  t h e  s t r o k e  

volum e ( 3 8 , 2 9 , 3 3 , 3 0 , 3 4 , 3 1 ) .

T here  i s  a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  t h e  c o n c e n ­

t r a t i o n  o f  t h e  d ru g  i n  t h e  i n h a l e d  m ix tu r e  and t h e  e f f e c t s  

on  t h e  c i r o u l a t o r y  s y s te m .  When t h i s  c o n c e n t r a t i o n  e x c e e d s  

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

o e l l s  h a s  b e e n  r a i s e d  t o  an  u n d u ly  h ig h  l e v e l  b y  t h e  cumu­

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

weak m i x t u r e ,  c a r d i a c  a r r h y th m ia s  may a r i s e .  The c y c l o ­

p ro p a n e  e x c i t e s  th e  v e n t r i c u l a r  m u so le  o f  t h e  h e a r t  i n t o  

t h e  p r o d u c t i o n  o f  e c t o p i c  c o n t r a c t i o n s .  When t h i s  c o n c e n ­

t r a t i o n  o f  c y c lo p r o p a n e  f a l l s ,  t h e  c a r d i a c  rh y th m  r e t u r n s  

t o  n o rm a l  ( 3 1 , 2 7 ) .

A r rh y th m ia s  a r e  common, and , a c c o r d in g  t o  A d r i a n i ,  

i n c l u d e  d i s p l a c e m e n t  o f  t h e  p a c e m a k e r ,  v ag u s  o s ta p a ,  a u r i c u l o -  

v e n t r i c u l a r  b l o c k  and v e n t r i c u l a r  t a c h y c a r d i a ,  t h e  l a t t e r  

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

commonly i n  t h e  lo w e r  p l a n e s  (33)  . The a r r h y t h m i a s  

o o o u r r i n g  e a r l y  i n  t h e  a n a e s t h e s i a  may b e  o f  v a g a l  o r i g i n  

a s  t h e y  may b e  a b o l i s h e d  b y  th e  a d m i n i s t r a t i o n  o f  a t r o p i n e ,



and  t h e y  a r e  n o t  i n d i c a t i v e  o f  p e rm an en t  damage t o  t h e  

h e a r t  ( 3 9 ) .

Ten p e r  c e n t  o f  t h e  c a s e s  o f  one s e r i e s  o f  p a t i e n t s  

u n d e r  c y c lo p r o p a n e  a n a e s t h e s i a  showed " m u l t i p l e  fo c u s  

v e n t r i c u l a r  t a o h y c a r d i a "  w h ich  i n v a r i a b l y  p r e c e d e d  v e n t r i ­

c u l a r  f i b r i l l a t i o n  i n  t h e  o a t s  Levy e x p e r im e n te d  upon w i t h  

c h l o r o f o r m .  C l i n i c a l l y ,  t h i s  c a u s e s  an  i r r e g u l a r  i r r e g u l a r ­

i t y  i n  t h e  p u l s e  w i th  a  p u l s e  d e f i c i t  o f  3 0 -1 0 0  b e a t s  p e r  

m in u te  ( 3 9 ) .

C y c lo p ro p a n e  r e f l e x l y  s e n s i t i s e s  t h e  h e a r t  o f  t h e  

dog to  i n j e c t e d  a d r e n a l i n e .  The r e c e p t o r  n e r v e - e n d i n g s  

a r e  d i s t r i b u t e d  f o r  t h e  m ost p a r t  th r o u g h o u t  t h e  p e r i p h e r a l  

t h r e e  c e n t i m e t r e s  o f  t h e  m e s e n te r y .  Im p u ls e s  t r a v e l  b y  

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

s u p e r i o r  m e s e n t e r i c  p l e x u s e s ,  s p l a n c h n ic  n e r v e s  and  s p i n a l  

c o r d  t o  a  c e n t r e  i n  t h e  b r a i n  above  t h e  p o n s .  E f f e r e n t  

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

b r a n c h e s  o f  t h e  s y m p a th e t i c  n e r v o u s  sy s te m  an d  i n c r e a s e  t h e  

i r r i t a b i l i t y  o f  t h e  h e a r t  (40) .

The a d m i n i s t r a t i o n  o f  a d r e n a l i n  to  a  p a t i e n t  u n d e r  

c y o lo p r o p a n e  a n a e s t h e s i a  l e a d s  t o  m arked  d i s t u r b a n c e  o f  t h e  

c a r d i a c  rh y th m  p a r t i c u l a r l y  o f  t h e  v e n t r i c u l a r  t y p e  and  may 

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

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



t h e  a p p r e h e n s iv e  p a t i e n t  b e c a u s e  o f  t h i s  r i s k  o f  v e n t r i -  

o u l a r  f i b r i l l a t i o n  ( 4 1 ,3 3 , 4 2 ) .

I n  one s e r i e s  o f  1000 c a s e s  o f  c y c lo p r o p a n e  a n a e s ­

t h e s i a ,  two d ev e lo p ed  a u r i c u l a r  f i b r i l l a t i o n  and two o t h e r s  

d i e d  on  t h e  t a b l e  (43) .

A lth o u g h  th e  i n c r e a s e d  ooze a t  t h e  s k i n  wound d o es  

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

t h e  a c t u a l  o p e r a t i o n  due t o  t h i s  h a e m o rrh a g e  may b e  d e t r i ­

m e n ta l  to  t h e  p a t i e n t  and t h e r e f o r e  m ust b e  i n c l u d e d  i n  t h e  

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

may b e  due t o  an i n c r e a s e  i n  t h e  d i a m e te r  o f  t h e  c a p i l l a r i e s ,  

due t o  a  d e p r e s s i o n  o f  t h e  v a so m o to r  c e n t r e  o r  an  i n c r e a s e  

i n  t h e  v en o u s  p r e s s u r e  ( 3 0 , 4 3 , 4 2 ) .

The m a in te n a n c e  o f  a  sm ooth l e v e l  o f  a n a e s t h e s i a  

w i t h  c y c lo p r o p a n e  i s  n o t  e a s y .  Sudden a l t e r a t i o n s  i n  t h e  

d e p th  o f  t h e  a n a e s t h e s i a  a r e  l i a b l e  t o  o c c u r .  A lth o u g h  

c y c lo p r o p a n e  i s  one h u n d re d  p e r  c e n t  p o t e n t ,  i t  p r o d u c e s  

l i t t l e  p u p i l l a r y  d i l a t a t i o n .  W ith  o r d i n a r y  p r e m e d i c a t i o n  

a s  em ployed f o r  o t h e r  a g e n t s  (M orph ine  g r .  i  and  A t r o p in e  

g r .  1 /lQ O ) t h e  f o u r t h  s t a g e  o f  a n a e s t h e s i a  i s  o f t e n  e n t e r e d  

w i t h o u t  p u p i l l a r y  d i l a t a t i o n  u n t i l  t h e  r e s e r v e  oxygen  

s u p p ly  o f  t h e  t i s s u e s  i s  u se d  up , when d i l a t a t i o n  o c c u r s  

f ro m  oxygen  w a n t .  The a n a e s t h e t i s t  may b e  g iv e n  a  f u r t h e r



f a l s e  s e n s e  o f  s e c u r i t y  b y  t h e  i n a d e q u a t e  p u lm o n a ry  v e n t i ­

l a t i o n  b e i n g  o b sc u re d  by  an oxygen c o n c e n t r a t i o n  i n  t h e  

i n h a l e d  m i x t u r e  g r e a t e r  t h a n  tw e n ty  p e r  c e n t  ( 4 3 , 2 5 , 2 7 , 4 4 ) .

C y c lo p ro p a n e  h a s  b e e n  e x t e n s i v e l y  u s e d  a s  t h e  

a n a e s t h e t i c  a g e n t  f o r  t h e  o p e r a t i o n  o f  C a e s a r i a n  S e c t i o n .  

" P i t u i t r i n  shock" a p p e a r s  to  b e  a c c e n t u a t e d  when i t  o c c u r s  

w i t h  c y c lo p r o p a n e  ( 4 5 ) .

T h is  g a s  h a s  b e e n  d e s c r i b e d  as  one o f  t h e  m ost 

d a n g e ro u s  a n a e s t h e t i c  a g e n t s .  The d e a th  r a t e  i s  h ig h  ev en  

when t h e  g a s  i s  u sed  by  t h o s e  th o u g h t  to  b e  c o m p e te n t .  

P ro lo n g e d  a d m i n i s t r a t i o n  i s  d a n g e ro u s  b e c a u s e  i t  c o n c e a l s  

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

e l e v a t e  t h e  b lo o d  p r e s s u r e  and r e d u c e  t h e  p u l s e  r a t e . Soon 

a f t e r  t h e  a d m i n i s t r a t i o n  i s  d i s c o n t i n u e d ,  t h e  p a t i e n t  may 

d e v e lo p  " c y c lo p r o p a n e  sh o c k " ,  w h ich  may b e  c o m b a t te d  w i th  

d i f f i c u l t y  ( 4 6 ) .

I n t r a v e n o u s  a n a e s t h e s i a  i s  t h e  m o st p l e a s a n t  f o r  

t h e  p a t i e n t ,  and  t h e  m ost t i m e - s a v i n g  f o r  t h e  s u rg e o n  and 

t h e  a n a e s t h e t i s t .  The l a t t e r  i s  t h e r e f o r e  f r e q u e n t l y  

te m p te d  o r  r e q u e s t e d  t o  a d m i n i s t e r  t h i s  t y p e  o f  a n a e s t h e s i a  

when i t  i s  r e l a t i v e l y  o r  c o m p le t e ly  c o n t r a - i n d i c a t e d .  The 

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

t h e  e a s e  w i t h  w h ich  t h e  i n d u c t i o n  and m a in te n a n c e  may b e  

c a r r i e d  o u t  a s  oom pared w i t h  i n h a l a t i o n a l  a n a e s t h e s i a .



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

i s  t h e  e s t i m a t i o n  o f  th e  dose  o f  t h e  a g e n t .  The c o n t r o l ­

l a b i l i t y  o f  t h e  a n a e s t h e s i a  i s  i n  p r o p o r t i o n  to  a  g r e a t  

e x t e n t  t o  t h e  r a t e  o f  d e t o x i c a t i o n  o f  t h e  d ru g  i n  th e  body  

t i s s u e s .  T h is  i s  s u b j e c t  t o  a  number o f  v a r i a b l e  i n f l u e n c e s ,  

su c h  a s  a g e ,  w e ig h t ,  s e x ,  and m e ta b o l i c  r a t e  o f  t h e  p a t i e n t .  

B u t t h e  d o se  ca n n o t  b e  ju d g ed  on t h e s e  f a c t o r s  a l o n e .  Con­

s i d e r a b l e  c o n t r o l  o f  t h e  a n a e s t h e s i a  may b e  e x e r c i s e d  by  

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

c i r c u l a t i o n  t im e  and t h e  r a t e  o f  a d m i n i s t r a t i o n  ju d g e d  i n  

such  a  way a s  t o  p r e v e n t  o v e rd o sa g e  and c u m u la t iv e  e f f e c t .  

D e a th s  h a v e  o c c u r r e d  due to  r e l a t i v e  o v e rd o sa g e  i n  c a s e s  

s u f f e r i n g  from  shock  and h a e m o r rh a g e .  A f t e r  t h e  J a p a n e s e  

a t t a c k  on P e a r l  H a rb o u r  many o f  t h e  c a s u a l t i e s  w ere  a n a e s ­

t h e t i s e d  w i th  " P e n t o t h a l "  f o r  a  v a r i e t y  o f  o p e r a t i o n s  b y  

men n o t  f a m i l i a r  w i th  t h e  l i m i t a t i o n s  and d a n g e r s  o f  i n t r a ­

v en o u s  a n a e s t h e s i a  w i th  t h e  r e s u l t  t h a t  t h e  m o r t a l i t y  r a t e  

was one  i n  f o u r  h u n d re d  and f i f t y .  One h a s  b e e n  im p r e s s e d  

many t i m e s  b y  t h e  m in u te  d o se  r e q u i r e d  f o r  t h e  i n d u c t i o n  

o f  a n a e s t h e s i a  i n  women s u f f e r i n g  from  sh o ck  and h a e m o rrh a g e  

due t o  i n c o m p le te  a b o r t i o n s  ( 4 7 , 3 1 , 4 8 ) .

The c o n t in u o u s  a d m i n i s t r a t i o n  o f  t h i o p e n t o n e  i n  

l o n g  o p e r a t i o n s  r e q u i r e s  ev en  g r e a t e r  c a u t i o n  on t h e  p a r t  o f  

t h e  a n a e s t h e t i s t .  A f i t ,  h e a l t h y  a d u l t  i s  a b l e  t o  d e t o x i ­

c a t e  h a l f  a  gram o f  t h e  d ru g  q u i c k l y ,  b u t  t h e  s u c c e e d in g



d o s e s  m ust b e  g iv e n  s lo v / ly  b e c a u s e  i n  p r o lo n g e d  deep  

a n a e s t h e s i a  t h e  p r o c e s s  o f  d e t o x i c a t i o n  i s  r e t a r d e d  and  

a  c u m u la t i v e  e f f e c t  r e s u l t s ,  l e a d i n g  to  o v e r d o s a g e .  I t  

h a s  b e e n  s u g g e s te d  t h a t  t h e  dose  o f  two gram s s h o u ld  n o t  

b e  e x c e e d e d  i n  such  c a s e s  ( 3 1 , 4 9 ) .

I n t r a v e n o u s  a n a e s t h e s i a  h a s  a  p ro fo u n d  e f f e c t  on 

r e s p i r a t i o n  and c o n s e q u e n t ly  on t h e  c h e m i s t r y  o f  t h e  b l o o d .  

The r e s p i r a t o r y  m in u te -v o lu m e  ex change  i s  d e c r e a s e d ,  and  

t h i s  r e s p i r a t o r y  d e p r e s s i o n  may c a u s e  e m b a r ra s sm e n t  i f  t h e  

i n t r a v e n o u s  a n a e s t h e s i a  i s  b e in g  u se d  a s  an  i n d u c i n g  a g e n t  

f o r  an  i n h a l a t i o n a l  a n a e s t h e s i a  ( 3 3 , 5 0 ) .

I n  t h e  human s u b j e c t  and  t h e  e x p e r im e n ta l  a n im a l ,  

i f  p r e m e d i c a t i o n  h a s  b e e n  g iv e n ,  m o d e r a t e l y  d eep  a n a e s t h e s i a  

w i t h  " P e n t o t h a l "  d o e s  n o t  c a u s e  a  s i g n i f i c a n t  d e c r e a s e  i n  

t h e  l e v e l  o f  oxygen i n  t h e  b l o o d .  I f  p u re  oxygen i s  a d ­

m i n i s t e r e d  w i th  t h e  " P e n t o t h a l " ,  t h e r e  i s  a  s i g n i f i c a n t  r i s e  

i n  t h i s  l e v e l  ( 5 1 ) .  B u t  i n  a  s e r i e s  o f  a n im a ls  d e e p l y  

a n a e s t h e t i s e d  w i th  " P e n t o t h a l "  t h e r e  was a  d e c r e a s e  i n  t h e  

d e g r e e  o f  r e s p o n s e  t o  oxygen l a c k  and  t h e  p e r i o d  o f  t im e  

b e tw e e n  t h e  c e s s a t i o n  o f  r e s p i r a t i o n  and t h e  f a l l  o f  a r t e r i a l  

b lo o d  p r e s s u r e  t o  z e r o  was s h o r t e r  t h a n  w i th  " l i g h t 11 e t h e r ,  

" V i n e s f h e n e " , c h lo r o f o r m ,  n i t r o u s  o x id e  and oxygen  a n a e s ­

t h e s i a s ,  b u t  l o n g e r  t h a n  w i t h  " d e e p "  e t h e r .  The c o n c e n t r a ­

t i o n  o f  o a rb o n  d io x id e  i n  t h e  b lo o d  i s  i n c r e a s e d  a f t e r



t h i o p e n t o n e  a n a e s t h e s i a  ( 5 2 ) .  The f a i l u r e  o f  t h e  p a t i e n t  

t o  e x h i b i t  a  r i s e  i n  t h e  a r t e r i a l  b lo o d  p r e s s u r e  due t o  

t h i s  i n c r e a s e d  c a rb o n  d io x id e  t e n s i o n  h a s  b e e n  a t t r i b u t e d  

t o  t h e  d e p r e s s i o n  o f  th e  v a so m o to r  c e n t r e  b y  t h e  d ru g  ( 3 0 ) .

C o n s e q u e n t ly  i t  h a s  b e e n  a d v i s e d  t h a t  " P e n t o t h a l "  

s h o u ld  b e  g i v e n  o n ly  b y  c o m p e ten t  p h y s i c i a n s  w i th  f a c i l i t i e s  

a t  h a n d  t o  combat t h e  r e s p i r a t o r y  d e p r e s s i o n  and t h e  im ­

b a l a n c e  o f  t h e  oxygen and  o a rb o n  d io x id e  i n  t h e  b lo o d  ( 4 7 ) .

U n f o r t u n a t e l y  t h e  l a r y n g e a l  and  t r a c h e a l  r e f l e x e s  

a r e  n o t  o b tu n d e d  b y  t h i s  form o f  a n a e s t h e s i a .  H y p e r ­

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

spasm , e s p e c i a l l y  i f  t h e  s t i m u l u s  be an  a t t e m p t  t o  p a s s  an 

e n d o t r a c h e a l  tu b e  ( 5 0 ,3 3 ) .

H y p e r a c t i v i t y  o f  t h e  mucous g l a n d s  o f  m e  r e s -  

p i r a c c r y  w ract may a l s o  o c c u r .  A c a s e  h a s  b e e n  d e s c r i b e d  

i n  w h ich  t h e  p a t i e n t  s e c r e t e d  su ch  enorm ous q u a n t i t i e s  o f  

mucus a s  t o  s im u l a t e  a c u t e  p a lm o n ary  oedema ( 5 3 ) .

S h o u ld  a  p a t i e n t  u n d e r  t h i o p e n t o n e  a n a e s t h e s i a  

s u f f e r  from  a n o x ia  due t o  any  c a u s e  su ch  a s  l i m i t e d  lu n g  

e x p a n s io n  from  p l e u r a l  e f f u s i o n ,  o r  r e s p i r a t o r y  o b s t r u c t i o n  

due t o  s w e l l i n g s  i n  t h e  n e c k ,  o r  w i t h i n  t h e  p h a ry n x  o r  

c h r o n i c  lo n g  d i s e a s e s  su c h  a s  t u b e r c u l o s i s ,  tum our o r  

empyema, t h e n  t h a t  a n o x ia  w i l l  b e  d a n g e r o u s l y  a g g r a v a t e d  b y  

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



h y p o th a lm ic  c e n t r e s  due to  t h e  d ra g  ( 3 1 ) .  I f  t h e  r e s u l t i n g  

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

d a n g e r .

S i m i l a r l y  i f  t h e  p a t i e n t  v o m its  d u r in g  i n d u c t i o n  

t h e  r e s u l t i n g  l a r y n g e a l  spasm from  t h e  h y p e r a c t i v e  l a r y n g e a l  

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

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

p a t i e n t s  l i a b l e  to  t h o s e  c o n d i t i o n s .

The c a r d i o v a s c u l a r  sy s tem  may be  a d v e r s e l y  a f f e c t e d  

d u r in g  i n t r a v e n o u s  a n a e s t h e s i a .  The v a so m o to r  c e n t r e  i s  

d e p r e s s e d  w i th  each  i n j e c t i o n  c a u s in g  a  t e m p o ra ry  f a l l  i n  

t h e  b lo o d  p r e s s u r e ,  m ost m arked  i n  p a t i e n t s  s u f f e r i n g  from  

h y p e r t e n s i o n  and a r t e r i o s c l e r o s i s .  T h is  f a l l  may amount 

t o  a s  much a s  f o r t y  m i l l i m e t r e s  o f  m e r c u ry .  TEe d e c r e a s e  

i n  b lo o d  p r e s s u r e  i s  accom panied  b y  a  s u s t a i n e d  i n c r e a s e  

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

p o s in g  t o  i n c r e a s e d  o o z in g  a t  t h e  o p e r a t i o n  s i t e  ( 5 0 , 3 3 , 4 2 ) .

The p u l s e - r a t e  i s  i n c r e a s e d ,  and , a l t h o u g h  t h e  

c a r d i a c  rh y th m  i s  n o t  u s u a l l y  d i s t u r b e d  i f  t h e  p a t i e n t  i s  

m a i n t a i n e d  f r e e  o f  oxygen l a c k ,  i t  o c c u r s  i n  t h e  e x p e r i m e n t a l  

a n im a l  i f  p r e m e d ic a te d  w i t h  m o rp h in e  and i n  t h e  human s u b j e c t  

i f  e l d e r l y  and a r t e r i o s c l e r o t i c  w i t h  i s c h a e m ic  m y o c a r d i a l  

d e g e n e r a t i o n  ( 5 0 , 3 3 ) .



I n t r a v e n o u s  a n a e s t h e s i a  i s  n o t  f r e e  from  r i s k  to  

t h e  l i v e r .  Toxic  h e p a t i t i s  h a s  o o c u r r e d .  I n  p r o lo n g e d  

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

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

a c t i v i t y  ( 5 4 , 5 5 ) .

A lth o u g h  t h i s  fo rm  o f  a n a e s t h e s i a  i s  g e n e r a l l y  

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

o t h e r  fo rm s  o f  a n a e s t h e s i a  o r  a n a l g e s i a ,  c a s e s  o f  c o n ­

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

r e p o r t e d  ( 5 6 , 5 7 ) .

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

im p o r t a n t  and  i t  h a s  b e e n  o b s e rv e d  t h a t  r e s p i r a t o r y  d i f f i ­

c u l t y  i s  common i n  t h e  p ro n e  p o s i t i o n  and t h a t  t h e s e  

p a t i e n t s  a r e  m ore l i a b l e  to  vom it ( 4 9 ) .

T h is  fo rm  o f  a n a e s t h e s i a  i s  e s p e c i a l l y  i n d i c a t e d  

f o r  m in o r  s u r g i c a l  o p e r a t i o n s .  Many s u c h  c a s e s  a r e  t r e a t e d  

as  " o u t - p a t i e n t s " ,  t h e  p a t i e n t  b e i n g  a l lo w e d  t o  r e t u r n  t o  

h i s  home a f t e r  h i s  r e c o v e r y .  T h is  p r a c t i c e  i s  n o t  w i t h o u t  

r i s k  t o  t h e  u n acco m p an ied  p a t i e n t  a s  he may f a l l  a s l e e p  

a g a in  a b o u t  one  h o u r  a f t e r  w ak en in g  f ro m  t h e  a n a e s t h e s i a  ( 5 8 ) .

The a c t u a l  i n j e c t i o n  o f  t h e  d ru g  may p ro v o k e  u n ­

d e s i r a b l e  l o c a l  r e a c t i o n s .  The v e i n  i n t o  w h ich  t h e  i n ­

j e c t i o n  i s  made may become th ro m b o s e d .  The f r e q u e n c y  o f  

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



t h e  d r u g .  I t  ooours  i n  one c a s e  i n  a  th o u s a n d  w i t h  f i v e  

p e r  c e n t  s o l u t i o n s  and one i n  t h r e e  th o u s a n d  w i t h  a  two and 

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

u s e d ,  t h e n  t h e  c o m p l ic a t io n  i s  f r e q u e n t .  Ho c a s e ,  o f  

em bolus a r i s i n g  i n  t h e  th ro m b o sed  v e i n  h a s  b e e n  r e p o r t e d  

( 5 0 , 4 2 , 5 9 ) .  I f  t h e  i n j e c t i o n  s h o u ld  b e  made i n t o  an  a r t e r y ,  

a  d e f i n i t e  r i s k ,  th e  p a t i e n t  c o m p la in s  a t  once  o f  a  b u r n in g  

p a i n  s h o o t i n g  down t h e  arm, -sfaich f l u s h e s  s c a r l e t  and  

u r t i c a r i a l  w h e a ls  may a p p e a r .  G angrene o f  t h e  f i n g e r s  h a s  

b e e n  r e c o r d e d  a s  a  c o m p l i c a t i o n  o f  i n t r a - a r t e r i a l  i n j e c t i o n .  

I n  one s e r i e s  o f  e i g h t  such  c a s e s ,  f o u r  d e v e lo p e d  g a n g r e n e .  

A n o th e r  s e r i e s  q u o te d  f o u r  c a s e s  i n  t w e n t y - f i v e  th o u s a n d  

w i th  no c a s e s  o f  g a n g re n e ,  a l th o u g h  i n  one i n  w h ich  an  o v e r ­

dose  was g iv e n  i n t o  t h e  a r t e r y ,  t h e  e x c e s s i v e  d o se  was 

m asked b y  t h e  i n j e c t i o n  n o t  h a v in g  b e e n  made i n t o  a  v e i n ,  

and d e a th  r e s u l t e d  ( 5 8 , 6 0 , 4 2 ) .  I f  t h e  i n j e c t i o n  s h o u ld  be  

made e x t r a v a s e u l a r l y ,  t h e  s k i n  may s lo u g h ,  t h e  s o l u t i o n  

c a u s i n g  t i s s u e  n e c r o s i s  b y  v i r t u e  o f  i t s  a l k a l i n i t y ,  t h e  Pg 

o f  t h e  s o l u t i o n s  n o r m a l ly  u se d  b e i n g  i n  t h e  r e g i o n  o f  n i n e  

o r  t e n .

A p e r i p h e r a l  n e r v e  may b e  i n j u r e d  b y  t h e  n e e d l e  

th r o u g h  w h ich  t h e  i n j e c t i o n  i s  made i n t o  t h e  v e i n  ( 4 2 ) .

T h e re  i s  t h u s  ample e v id e n c e  t o  s u p p o r t  t h e  v iew  

t h a t  i n t r a v e n o u s  a n a e s t h e s i a  m ust n o t  b e  em barked upon



w i t h o u t  c o n s i d e r a t i o n . The s i m p l i c i t y  o f  a d m i n i s t r a t i o n  

i s  c o n f in e d  s o l e l y  t o  t h e  s i m p l i c i t y  o f  t h e  a p p a r a t u s  r e ­

q u i r e d .  The p a t i e n t  may l o s e  h i s  h a n d  th ro u g h  a  f a u l t y  

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

c o n d i t i o n  b y  t h e  a n a e s t h e t i s t .  I n  d e a th s  d i r e c t l y  a t t r i ­

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

A f r i c a  d u r in g  1 9 3 1 -1 9 3 5 , E v ip a n  r a n k s  n e x t  to  c h lo r o f o r m  a s  

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

0 .1 4  p e r  c e n t .  I n  one s e r i e s  o f  s i x  th o u s a n d ,  f i v e  h u n d re d  

c a s e s  t h e r e  w ere  e i g h t  d e a th s  ( 6 1 ) .

I n  few  ty p e s  o f  a n a e s t h e s i a  m ust t h e  d e c i s i o n  f o r  

i t s  em ploym ent b e  more c a r e f u l l y  c o n s id e r e d  th a n  i n  s p i n a l  

a n a l g e s i a .  The a n a e s t h e t i s t  may b e  te m p te d  t o  u se  t h e  

m ethod  i n  t h e  m is ta k e n  i d e a  t h a t  once  t h e  'b lo c k *  h a s  b e e n  

a d m i n i s t e r e d  he  i s  f r e e  t o  a n a e s t h e t i s e  a n o t h e r  c a s e .  Some 

s u rg e o n s  may even  a d m i n i s t e r  t h e  a n a l g e s i a  t h e m s e lv e s  and 

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

t h e  p a t i e n t  to  a  n u r s e .  S in c e  t h e  i n t r o d u c t i o n  o f  t h e  

r e l a x a n t  d r u g s ,  t h e  i n d i c a t i o n s  f o r  t h e  t e c h n i q u e  h a v e  

d i m i n i s h e d .  I t  i s  s t i l l  i n d i c a t e d  w here  m u sc le  r e l a x a t i o n  

i s  s p e c i a l l y  r e q u i r e d  w here i t  i s  u n d e s i r a b l e  t o  h a v e  t h e  

p a t i e n t  a s l e e p  and w here  r e g i o n a l  a n a l g e s i a  i s  c o n t r a ­

i n d i c a t e d .  The c o n t r a - i n d i c a t i o n s  o f  t h e  t e c h n i q u e  v a r y  

w i t h  t h e  d e g r e e  w i th  w h ich  t h e  a n a e s t h e t i s t  f a v o u r s  t h e



m eth o d ,  h u t  t h o s e  l i s t e d  by  Hewer may be  t a k e n  a s  r e a s o n a b l e  

(3 )  . He s t a t e s  t h a t  t h e  m ethod  s h o u ld  n o t  b e  u se d  i n  

p a t i e n t s  s u f f e r i n g  from  s e v e r e  sh o o k ,  ad v anced  m y o c a r d i a l  

d e g e n e r a t i o n  and  an  a b n o rm a l ly  low  b lo o d  p r e s s u r e .  H y p e r ­

t e n s i o n ,  o n l y  i f  aocom panied  b y  a r t e r i o s c l e r o s i s ,  c o n t r a ­

i n d i c a t e s  t h e  t e c h n i q u e .  I t  s h o u ld  n o t  b e  u s e d  i n  p a t i e n t s  

w i th  d i s e a s e  o f  th e  c e n t r a l  n e r v o u s  s y s t e m .  R e s p i r a t o r y  

o b s t r u c t i o n  from  any  c a u s e  i s  a  b a r  t o  h ig h  s p i n a l  b l o c k .  

E x t e n s i v e  l e s i o n s  o f  th e  v e r t e b r a l  co lum n, l o c a l  s e p s i s  and 

b l o o d - s t r e a m  i n f e c t i o n s  a l s o  make t h e  m ethod  i n a d v i s a b l e .

I t  s h o u ld  n o t  b e  u sed  i n  young c h i l d r e n  o r  n e r v o u s  a d u l t s .

I n  h i s  o p i n i o n  t h e  t e c h n i q u e  s h o u ld  n o t  b e  em ployed  i n  c a s e s  

o f  i n t e s t i n a l  o b s t r u c t i o n  due t o  m e c h a n ic a l  c a u s e s .

Of g r e a t  im p o r ta n c e  i s  t h e  a r e a  i n v o l v e d  i n  t h e  

a n a l g e s i a  and t h e  'h e i g h t *  o f  t h e  * h lo c k * . I t  h a s  b e e n  

shown t h a t  s a c r a l  and  lu m b a r  b l o c k  i s  r e l a t i v e l y  s a f e ,  even  

t o  t h e  h a n d ic a p p e d  p a t i e n t .  B u t  w here  t h e  b l o c k  e x t e n d s  

i n t o  t h e  t h o r a c i c  r e g i o n  t h e  r e s u l t  i s  d i f f e r e n t .  I t  may 

n o t  b e  h a r m f u l  t o  t h e  r o b u s t  p a t i e n t ,  b u t  i t  may p ro v e  so to  

t h e  h a n d ic a p p e d .  T h e re  i s  l i t t l e  e v id e n c e  t h a t  s p i n a l  

a n a l g e s i a  c a r r i e s  a  h i g h e r  m o r t a l i t y  i n  'g o o d  r i s k '  p a t i e n t s  

b u t  i t  d o e s  so i n  t h e  'p o o r  r i s k '  (62) .

I t  w ould  be r e a s o n a b l e  t h e r e f o r e  t o  r e s t r i c t  t h e  u s  

o f  s p i n a l  a n a l g e s i a ,  w i th  t h e  p o s s i b l e  e x c e p t i o n  o f  ' s a d d l e -  

b l o c k ' , t o  t h e  f i t  s u b j e c t .



The d an g e r  o f  s e p s i s  i s  n o t  to  be  i g n o r e d :  one

w r i t e r  d e s c r i b e s  e le v e n  c a s e s  o f  m e n i n g i t i s  f o l l o w i n g  

n i n e t y - s i x  * s p i n a l s \  one o f  th e  c a s e s  p r o v in g  f a t a l  ( 6 3 ) .  

The i n f e c t i o n  may come from  t h e  a n a e s t h e t i s t ' s  h a n d s ,  f rom  

t h e  s k i n  i n  t h e  lum bar r e g i o n  o f  th e  p a t i e n t  o r  f rom  im­

p e r f e c t l y  s t e r i l i s e d  s y r i n g e s  and n e e d l e s .  The n e e d l e s  

and s y r i n g e s  may b e  c o n ta m in a te d  by  i n f e c t i o n  from  im­

p e r f e c t l y  s t e r i l i s e d  t o w e l s ,  f rom  t h e  s o - c a l l e d  s t e r i l e  

w a te r  o r  s t e r i l e  d i s t i l l e d  w a te r ,  from  t h e  l o c a l  a n a e s t h e t i c  

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

lum bar  p u n c t u r e  may r e s u l t  i n  t h e  f o r m a t i o n  o f  h aem a to m a ta  

w hich may r e l a y  i n f e c t i o n  t o  t h e  m en in g es  ( 6 4 ) .  I t  h a s  

b e e n  s u g g e s t e d  t h a t  i r r i t a t i o n  o f  t h e  m e n in g e s  b y  t h e  

a n a e s t h e t i c  d ru g  a l lo w s  o rg a n ism s  to  g a i n  a  h o ld  ( 6 5 ) ,  b u t  

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

t i o n s  u s e d  c l i n i c a l l y  w i l l  p ro d u c e  in f la m m a to r y  c h a n g e s  i n  

th e  m e n in g e s  i s  u n s u p p o r te d  by  e x p e r im e n ta l  e v id e n c e  ( 6 6 ) .

The c l i n i c a l  p i c t u r e  may b e  h e a d a c h e  w i th  m en in -  

g ism u s ,  o r  a t  t h e  o t h e r  e x tre m e ,  a c u t e  s e p t i c  m e n i n g i t i s .  

The i l l n e s s ,  h o w e v e r ,  may be  c h r o n ic  i n  c h a r a c t e r ,  w i t h  a  

t e n d e n c y  t o  r e l a p s e  due  to  th e  f o r m a t i o n  o f  a d h e s io n s  c o n ­

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

f ro m  t im e  t o  t i m e .  These  a d h e s io n s  may e v e n t u a l l y  p r o ­

duce  s p i n a l  b l o c k  o r  even  h y d r o c e p h a lu s .  One c a s e  o f



s a b - a r a c h n o i d  a b c e s s  h a s  b een  d e s c r i b e d  i n  a  p a t i e n t  w i th  

a  s e p t i c  a r e a  i n  t h e  lum bar s k in  who was g i v e n  a  s p i n a l  

a n a l g e s i a  b y  t h e  f r a c t i o n a l  t e c h n i q u e  o f  Lemmon ( 6 5 , 6 7 ) .

O r a n i a l  n e r v e  p a r a l y s i s  i s  a  n o t  unknown c o m p l i c a ­

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

and  t e n t h  have  b een  d e s c r i b e d ,  w i th  t h e  s i x t h  m o st  commonly 

a f f e c t e d .  S q u in t  d e v e lo p s  i n  t h e  t h i r d  d a y  and u s u a l l y  

d i s a p p e a r s  w i t h i n  a  few w eeks ,  a l th o u g h  p e rm a n e n t  d i p l o p i a  

h a s  b e e n  r e c o r d e d  ( 3 , 6 8 ) .  The e x a c t  c a u s e  o f  t h e  c o n d i t i o n  

i s  unknown. I t  h a s  b e e n  s u g g e s t e d  t h a t  i n c r e a s e  o r  d e c r e a s e  

i n  t h e  p r e s s u r e  o f  t h e  c e r e b r o - s p i n a l  f l u i d  may b e  a  f a c t o r .  

A l t e r a t i o n s  i n  t h e  b lo o d  p r e s s u r e  d u r i n g  t h e  s p i n a l  b l o c k  

h a v e  b e e n  i n c r i m i n a t e d ,  and a l s o ,  a  d i r e c t  t o x i c  e f f e c t  

f ro m  t h e  s p i n a l  d r u g .  I n f la m m a to r y  c h a n g e s ,  e i t h e r  a  low - 

g r a d e  m e n i n g i t i s  o r  m en in g ism u s ,  and p r e - e x i s t i n g  d i s e a s e s ,  

su c h  a s  s y p h i l i s ,  have  a l s o  b e e n  c o n s i d e r e d  a s  p o s s i b l e  

a e t i o l o g i e s !  f a c t o r s .  I n c r e a s e d  i n t r a c r a n i a l  p r e s s u r e  w i t h  

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

a l s o  b e e n  p ro p o s e d  as  a  f a c t o r  ( 6 9 , 3 3 ) .

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

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

c o u r s e  o f  t h e  n e r v e  e x p o s e s  i t  t o  i n j u r y ,  t h a t  i t  may b e  

damaged b e tw e e n  t h e  j>ons and t h e  o c c i p i t a l  b o n e  w here  i t  i s  

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



t h e  n e r v e  may h e  i n j u r e d  as  i t  b e n d s  o v e r  t h e  a n g u l a r  ap ex  

o f  t h e  p e t r o u s  b o n e .  A r e c e n t  s u g g e s t i o n  i s  " t h a t  t h e  

h i g h e s t  and  m ost r e c e n t l y  a c q u i r e d  f a c u l t i e s  and  a t t r i b u t e s  

o f  t h e  human b e in g  axe t h e  f i r s t  t o  be  l o s t  o r  d i s t u r b e d  

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

v i s i o n  f u n c t i o n  makes i t  p o s s i b l e  t h a t  an y  c e r e b r a l  p a th o l o g y ,  

ev en  s l i g h t  i n  d e g r e e ,  w ould  t e n d  to  c a u s e  a  b reak d o w n  o f  

t h e  b i n o c u l a r  sy s tem  w i th  r e s u l t i n g  d i p l o p i a "  ( 7 0 ) .

A lth o u g h  p a r a l y s i s  o f  t h e  s i x t h  c r a n i a l  n e r v e  may 

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

o f  s p i n a l  n e r v e  p a l s y ,  o r  t h e  e n t i r e  "G auda E q u in a  Syndrome" 

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

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

d e v e lo p s  l o s s  o f  m o to r  and s e n s o r y  f u n c t i o n s  i n  t h e  lum bo­

s a c r a l  d i s t r i b u t i o n ,  and l o s s  o f  b l a d d e r  and  bow el f u n c t i o n  

( 7 1 , 7 2 ) .  M inor d e g r e e s  o f  u p s e t  o f  n e r v e  f u n c t i o n  i n  t h e  

l u m b o - s a c r a l  d i s t r i b u t i o n  a r e  more common, f o r  exam ple , 

f o o t - d r o p ,  b i l a t e r a l  w eak n ess  o f  l e g  m u s c le s ,  p a r a e s t h e s i a e  

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

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

r e g i o n ,  an d  l o s s  o f  s e x u a l  f u n c t i o n  ( 7 3 ,4 - 2 ,7 4 ) .  R e t e n t i o n  

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

a c e t y l  c h o l i n e  g r o u p .  B u t  i n  some o a s e s  t h e  r e t e n t i o n  i s  

s e v e r e  and  p e rm a n e n t ,  l e a v i n g  t h e  p a t i e n t  w i t h  t h e  r i s k  o f



an  a s c e n d in g  i n f e c t i o n  o f  M s  u r i n a r y  t r a c t .  The l e s i o n  

i s  damage t o  t h e  s a c r a l  n e r v e  r o o t s  w i t h  c o n s e q u e n t  

s p a s t i c i t y  o f  t h e  i n t e r n a l  s p h i n c t e r  o f  t h e  b l a d d e r  ( 7 5 ) .

T here  a r e  two s c h o o l s  o f  t h o u g h t  i n  t h e  a e t i o l o g y  

o f  t h i s  c o n d i t i o n .  T here  a r e  t h o s e  who c l a im  t h a t  i t  i s  

due t o  t h e  s p i n a l  a g e n t .  I n  s u p p o r t  o f  t h i s  v ie w  t h e y

s t a t e  t h a t  t h e  n e r v e s  o f  a n im a ls  ex p o sed  t o  t h e  h i g h e s t

c o n c e n t r a t i o n  o f  t h e  d ru g  a r e  t h e  m ost a f f e c t e d ,  t h a t  t r a u m a  

i s  u n l i k e l y ,  and  t h a t  t h e  r a p i d  o n s e t  o f  t h e  symptoms and 

t h e  f a i l u r e  t o  c u l t i v a t e  o rg a n ism s  from  t h e  o e r e b r o - s p i n a l  

f l u i d  seem to  p r e c l u d e  i n f e c t i o n  ( 7 1 ) .  I t  may b e  t h a t  t h e

p a t i e n t  i s  u n d u ly  s e n s i t i v e  t o  t h e  d ru g ,  o r  t h a t  t h e  a n a ­

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

d i l u t i o n  o f  t h e  i n j e c t e d  d ru g  and t h a t  su ch  c o n c e n t r a t i o n s  

o f  t h e  d ru g  may g iv e  r i s e  t o  n e u r o l o g i c a l  s e q u e l a e  ( 6 7 ) .  

O th e r  a n a e s t h e t i s t s  c la im  t h a t  t h e s e  s e q u e l a e  a r e  due to  

t r a u m a ,  a s  one may d e v e lo p  w eak n ess  o f  t h e  l e g  a f t e r  lu m b a r-  

p u n c t u r e  i n  w h ich  no d ru g  h a s  b e e n  i n j e c t e d ,  b u t  t r a u m a  

o a u s e d  t o  a  n e r v e  ( 4 2 ) .

H ead ach e  i s  p r o b a b ly  t h e  m ost common c o m p l i c a t i o n  

o f  s p i n a l  a n a l g e s i a ,  b u t  i t s  o r i g i n  i s  s t i l l  unknown. The 

i n c i d e n c e  i n  one s e r i e s  o f  o a s e s  was h i g h e s t  when a  c o n ­

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

s a c r a l  s e g m e n ts  and i t  i s  s u g g e s t e d  t h a t  c o n c e n t r a t e d



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

ach e  ( 6 2 ) .  A v e ry  h ig h  i n c i d e n c e  i s  r e c o r d e d  a f t e r  c o n ­

t i n u o u s  s p i n a l  a n a l g e s i a  w i th  t h e  c a t h e t e r  t e c h n i q u e  ( 7 6 ) .

The same c a u s a l  f a c t o r  may b e  i n v o lv e d  w here  h e a d a c h e  i s  

p ro d u c e d  b y  e x c e s s iv e  a t t e m p t s  a t  lu m b ar  p u n c tu r e  w i t h  no 

d ru g  i n j e c t e d .  T h is  a l s o  p ro d u c e s  a  ' s p i n a l 1 h e a d a c h e  and 

l e u c o c y t o s i s ,  b u t  no p y r e x i a  and t h e  symptoms a r e  a t t r i b u t e d  

t o  m e n in g e a l  i r r i t a t i o n  from  t ra u m a  and s u b - a r a c h n o i d  

b l e e d i n g .  T hese  two t h e o r i e s  a r e  c o m p a t ib le  w i t h  t h e  l e s s  

d e f i n i t e  s u g g e s t i o n  t h a t  th e  h e a d a c h e  i s  due to  d i s t u r b a n c e  

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

i s  a s s o c i a t e d  w i t h  n u c h a l  r i g i d i t y ,  a  ' s e p t i c *  t y p e  o f  te m ­

p e r a t u r e ,  and a  p o s i t i v e  K e r a ig  s i g n .  Lumbar p u n c t u r e  

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

t h e  f l u i d  a r e  s t e r i l e  ( 4 2 ) .  O th e r  f a c t o r s ,  t h e  im p o r ta n c e  

o f  w h ich  i s  d i f f i c u l t  t o  a s s e s s ,  have  b e e n  s u g g e s t e d .  T here  

i s  a  g r e a t e r  i n c i d e n c e  i n  women and p a t i e n t s  u n d e r  t h e  age  

o f  f o r t y  y e a r s .  The c o m p l i c a t i o n  i s  e n c o u n te r e d  tw ic e  a s  

f r e q u e n t l y  i n  p a r t u r i e n t  a s  n o n - p a r t u r i e n t  women. I t  h a s  

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

o r i g i n  ( 7 7 , 7 8 , 7 9 , 8 0 ) .

H e a d a c h e s  m ost commonly come on b e tw e e n  t h e  f i r s t  

and  f i f t h  day  a f t e r  t h e  o p e r a t i o n .  T h ree  t y p e s  h a v e  b e e n  

d e s c r i b e d .  T h e re  i s  a  r a r e  t y p e  w h ich  i s  d e f i n e d  a s



1 s p l i t t i n g 1 . A more common v a r i e t y  i s  a  b a n d - l i k e  o p p r e s s i v e  

a c h e  ro u n d  t h e  b e a d  w bicb i s  a g g r a v a te d  by  movement and  may 

b e  a s s o c i a t e d  w i th  v e r t i g o  ( 7 7 ) .  The h e a d a c h e ,  i n  a  few  

o a s e s ,  may be a s s o c i a t e d  w i th  n u c h a l  r i g i d i t y ,  p y r e x i a ,  a  

p o s i t i v e  H e rn in g  s i g n  and lu m b a r  p u n c tu r e  r e v e a l s  b lo o d  i n  

t h e  c e r e b r o - s p i n a l  f l u i d .  Some o f  t h e s e  may b e  a s s o c i a t e d  

w i t h  d i p l o p i a ,  n a u s e a ,  t i n n i t u s ,  h e m ia n o p ia ,  and  d i f f i c u l t y  

i n  accom m odation  when r e a d i n g .  The a s s o c i a t e d  d i p l o p i a  

may l a s t  two m onths o r  more ( 4 2 ) .

The h e a d a c h e  m ost commonly l a s t s  a b o u t  tv /e lv e  d a y s ,  

b u t  two c a s e s  h av e  b e e n  r e c o r d e d  i n  w h ich  t h e  d u r a t i o n  was 

two y e a r s  ( 4 2 ) .  I n  a  f u r t h e r  s e r i e s  o f  two h u n d re d  and 

t h i r t y - o n e  th o u s a n d ,  one h u n d re d  and s e v e n t y  f o u r  t h i s  

c o m p l i c a t i o n  o c c u r r e d  i n  two o a s e s  and l a s t e d  m ore t h a n  two 

w eeks ( 7 3 ) .  I n  c o n t r a s t ,  i n  a  s e r i e s  o f  f i v e  h u n d re d  c a s e s ,  

t h i r t y  p e r  c e n t  d e v e lo p e d  h e a d a c h e  and i n  1 3 .4  p e r  c e n t  i t  

was s e v e r e  ( 8 1 ) .

S p i n a l  a n a l g e s i a  may b e  f o l l o w e d  b y  u n u s u a l  e f f e c t s .  

A f t e r  a  ' s p i n a l *  h e a d a c h e  h a s  w orn  o f f  t h e  p a t i e n t  may com­

p l a i n  o f  h y p e r a e s t h e s i a  o f  t h e  s c a l p ,  w h ic h  may b e  due to  

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

p a t i e n t  may b e  l e f t  w i t h  h y p e r a e s t h e s i a  o r  p a r a e s t h e s i a e  i n  

t h e  l e g  ( 4 2 ) .  The a n a l g e s i a  may p e r s i s t  i n  some p a r t s  o f  

t h e  b o d y  lo n g  a f t e r  i t  h a s  d i s a p p e a r e d  i n  o t h e r s  (8 2 )  .



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

t h e  n e r v e  s u p p ly  to  th e  arm i s  u p s e t ,  a l th o u g h  t h e r e  i s  

no s u c h  u p s e t  i n  t h e  l e g s .  I r r i t a t i o n  o f  t h e  s p i n a l  c o r d  

a s  t h e  a n a l g e s i a  w e a rs  o f f  may l e a d  to  c l o n i c  movements i n  

t h e  l e g s  (42) .

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

p a t i e n t  may l a p s e  i n t o  coma. T h is  may r e s e m b le  sy n co p e  

w i th  r a p i d  r e c o v e r y  o f  c o n s c i o u s n e s s .  The p a t i e n t  may 

re m a in  u n c o n s c io u s  f o r  a  p e r i o d  up to  t w e n t y - f o u r  o r  t h i r t y -  

s i x  h o u r s  b u t  r e c o v e r  w i th o u t  s e q u e l a e .  O th e r  c a s e s  may 

r e c o v e r  c o n s c i o u s n e s s  and l i v e  b u t  show s i g n s  o f  p e rm a n e n t  

b r a i n  dam age. I n  t h e  m ost s e v e r e  g r a d e  o f  coma, t h e  p a t i e n t  

d i e s  on t h e  t a b l e  o r  re m a in s  co m ato se  i n  t h e  p o s t  o p e r a t i v e  

p e r i o d  and  d i e s  i n  a  few  d a y s .  Coma d u r in g  s p i n a l  a n a l ­

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

and i f  u n t r e a t e d  f o r  a  few  m in u te s ,  d e a th  e n s u e s  ( 8 3 ) .

Changes t a k e  p l a c e  i n  t h e  c e r e b r o - s p i n a l  f l u i d  

a f t e r  s p i n a l  a n a l g e s i a *  The p r o t e i n  c o n t e n t  i n c r e a s e s  

s l i g h t l y  d u r in g  t h e  f i r s t  t h r e e  w eek s ,  t h e  g r e a t e r  i n c r e a s e  

b e i n g  i n  t h e  a lb u m in  c o n t e n t  w hich  i s  a lm o s t  d o u b le d  b y  t h e  

e i g h t e e n t h  d a y .  T h e r e a f t e r  t h e r e  i s  a  s i g n i f i c a n t  r i s e  

i n  t h e  p r o t e i n  i n d i c a t i n g  a  m i ld  and  t r a n s i e n t  i r r i t a t i o n  

o f  t h e  m e n in g e s .  I n  some c a s e s ,  t h e r e  i s  s t i l l  e v id e n c e  o f  

t h i s  r i s e  t e n  y e a r s  a f t e r  t h e  a n a l g e s i a .  T h e re  i s  a  s l i g h t  

i n c r e a s e  i n  t h e  p o ly m o rp h o - n u c le a r  l e u c o c y t e s  and  t h e



s u g a r  c o n t e n t  ( 8 4 ,8 5 , 3 3 ) .

I t  h a s  b e e n  shown t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  d ru g s  

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

p r o d u c t i o n  o f  n e u r o l o g i c a l  i n j u r i e s  ( 8 6 , 8 7 ) .  I f  a  t o x i c  

d o se  o f  a  ' s p i n a l '  d ru g  i s  i n j e c t e d  i n t o  t h e  s u b a r a c h n o id  

s p a c e  o f  a  dog, g a n g l io n  c e l l s  f rom  t h e  s i t e  o f  i n j e c t i o n  

show c h r o m a t o ly s i s ,  d i s s o l u t i o n  o f  t h e  U i s s l  s u b s t a n c e ,  and 

s w e l l i n g  o f  t h e  c e l l  membrane. The a r a c h n o id  becom es 

th i c k e n e d  and i n f i l t r a t e d  w i th  p la sm a  c e l l s  ( 3 3 ) .  O ases  

o f  a s c e n d in g  m y e l i t i s  h av e  b e e n  d e s c r i b e d .  I n  a  f a t a l  

c a s e  a f t e r  ,fS p i n o c a i n e " , w here  t h e  w hole  s u b s t a n c e  o f  t h e  

c o r d  i n  t h e  lu m b ar  r e g i o n  was fo u n d  t o  b e  n e c r o t i c ,  t h e r e  

was no e v id e n c e  o f  d i r e c t  t r a u m a  t o  th e  c o r d ,  n o r  o f  t h e  

i n t r o d u c t i o n  o f  i n f e c t i o n  a t  t h e  t im e  o f  t h e  lu m b a r  

p u n c t u r e  ( 8 8 ) .

The e f f e c t  o f  s p i n a l  a n a l g e s i a  on t h e  r e s p i r a t o r y  

sy s te m  may b e  d i s c u s s e d  as  t h e  e f f e c t  on  r e s p i r a t i o n  d u r in g  

t h e  a n a l g e s i a ,  and t h e  i n f l u e n c e  o f  t h i s  t e c h n i q u e  on 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 .

D u r in g  s p i n a l  a n a l g e s i a  t h e  r e s p i r a t o r y  c e n t r e  may 

b e  d e p r e s s e d  b y  c i r c u l a t o r y  d e p r e s s i o n  (33)  . T h e re  i s  a  

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

o o s t a l  m u s c le s  may b e  p a r a l y s e d .  The m in u te -v o lu m e  e x ch an g e  

i n  t h e  l u n g s  i s  d e c r e a s e d .  R e s p i r a t i o n  i s  n o r m a l l y  s h a l lo w



and r e g u l a r  b u t  m ust be  w a tc h e d  f o r  t h e  o n s e t  o f  r e s p i r a t o r y  

p a r a l y s i s .  I f  t h e  p a t i e n t  i s  h e a v i l y  p r e m e d ic a te d  w i t h  

m o rp h in e ,  t h e  r e s p i r a t o r y  d e p r e s s i o n  so p ro d u c e d ,  i n  a d d i t i o n  

to  t h a t  due t o  t h e  a n a e s t h e s i a ,  i s  l i a b l e  t o  p ro d u c e  

r e s p i r a t o r y  a r r e s t  ( 3 3 , 3 , 8 2 ) .

R e s p i r a t o r y  f a i l u r e  may o c c u r  from  a n o x ia  o f  t h e  

r e s p i r a t o r y  c e n t r e  due t o  t h e  ' s p i n a l 1 a s c e n d in g  so h ig h  

t h a t  a l l  t h e  i n t e r c o s t a l  m u s c le s ,  and, l e s s  l i k e l y ,  th e  

d ia p h ra g m , a r e  p a r a l y s e d ,  o r  from  a n o x ia  due t o  t h e  f a i l u r e  

o f  th e  c i r c u l a t i o n  ( 3 , 3 3 , 3 9 ) .  D i f f u s i o n  o f  t h e  d ru g  i n t o  

t h e  m e d u l l a  and  a  d i r e c t  t o x i c  e f f e c t  f rom  a b s o r p t i o n  o f  

t h e  d ru g  h a v e  a l s o  b e e n  i n c r i m i n a t e d  ( 3 3 , 6 7 ) .

D ea th  o c c u r r i n g  im m e d ia te ly  i n  s p i n a l  a n a e s t h e s i a  

i s  due t o  r e s p i r a t o r y  f a i l u r e ,  b u t  when d e l a y e d ,  i t  i s  

a s s o c i a t e d  w i t h  p e rm an en t  m o to r  p a r a l y s i s  due t o  c e r e b r a l  

a n o x ia  c a u s e d  b y  r e s p i r a t o r y  and c i r c u l a t o r y  f a i l u r e  ( 3 9 , 4 2 ) .

R e s p i r a t o r y  c o m p l i c a t i o n s  o c c u r r i n g  p o s t - o p e r a t i v e ­

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

a l t h o u g h  l o b a r  pneum onia  i s  r e l a t i v e l y  uncommon. T h e re  i s  

a  s i g n i f i c a n t  i n c r e a s e  i n  r e s p i r a t o r y  i n f e c t i o n  w i th  

a n a e s t h e s i a  e x te n d in g  i n t o  t h e  u p p e r  d o r s a l  s e g m e n ts  ( 6 2 ,7 9 ,  

80) .

The o u t s t a n d i n g  e f f e c t  o f  s u b a r a c h n o id  block on  t h e  

c i r c u l a t o r y  sy s te m  i s  t h e  f a l l  i n  t h e  s y s t o l l i c  b l o o d



4 7 .

p r e s s u r e .  Many c a u s e s  o f  t h i s  h y p o t e n s i o n  h a v e  b e e n  

s u g g e s t e d ,  among them, th e  p a r a l y s i s  o f  th e  v a s o c o n s t r i c t o r  

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

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

b lo o d  p r e s s u r e  from  d e p r e s s i o n  o f  t h e  v a so m o to r  c e n t r e ,  

t h e  s h a l lo w  r e s p i r a t i o n  o f  ‘h ig h  s p i n a l s '  d i m i n i s h i n g  t h e  

p u m p - e f f e c t  o f  r e s p i r a t i o n ,  h a e m o rrh a g e ,  and  r e f l e x e s  from  

t r a c t i o n  on  th e  m e s e n te ry  ( 8 9 , 9 0 * 9 1 , 3 ,3 3 , 8 3 ) .  T h is  h y p o ­

t e n s i o n  i s  l e s s  m arked  i n  'c o n t i n u o u s  s p i n a l s '  and  may 

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

( 9 2 ) .  i h e  m ost p ro n o u n c e d  f a l l s  o c c u r  i n  h ig h  a n a e s t h e s i a  

and  i n  p a t i e n t s  w i th  h y p e r t e n s i o n  o r  h y p o t e n s i o n  ( 3 3 ) .

T h is  h y p o te n s io n  may r e s u l t  i n  s e v e r e  a n o x i a  o f  

t h e  c e r e b r a l  c e n t r e s .  M orm ally  t h e  body  c o m p e n s a te s  f o r  

b l o o d  l o s s  o r  d im in i s h e d  b lo o d  volum e b y  c o m p e n s a to ry  v a s o ­

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

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

u n d e r  ' s p i n a l 1 , t h e  power o f  v a s o c o n s t r i c t i o n  i s  l o s t  i n  a  

l a r g e  p a r t  o f  th e  body  and a  c o m p a r a t i v e l y  s m a l l  l o s s  o f  

b lo o d  may b e  f a t a l  ( 8 3 ,3 9 )  •

The d i a s t o l i c  b lo o d  p r e s s u r e ,  on t h e  o t h e r  h a n d ,  

f a l l s  o n ly  s l i g h t l y  due to  t h e  d e c r e a s e d  c a r d i a c  o u t p u t  and 

d e c r e a s e d  s t r o k e - v o lu m e  from  f a i l u r e  o f  t h e  v en o u s  c i r ­

c u l a t i o n  ( 3 3 ) .



The e f f e c t  on t h e  h e a r t  i s  one o f  d e p r e s s i o n .  

B r a d y c a r d i a  i s  p ro m in e n t ,  c a u s e d  b y  d e p r e s s i o n  o f  t h e  c a r d i o -  

a c c e l e r a t o r  n e r v e s .  The c a r d i a c  o u tp u t  i s  d e c r e a s e d  b y  t e n  

p e r  c e n t  o r  more and t h e  s t r o k e - v o lu m e  i s  a l s o  d e c r e a s e d .

The c i r c u l a t i o n  t im e  i s  i n c r e a s e d  b y  one h u n d r e d  p e r  c e n t  (3 3 )  

W hile  t h e  p a t i e n t  i s  on th e  o p e r a t i n g  t a b l e  n a u s e a  

and v o m i t in g  may b e  t r o u b le s o m e .  They a r e  n o t  uncommon even  

i f  t h e r e  i s  no s u r g i c a l  o p e r a t i o n  and t h e  ' b l o c k 1 h a s  b e e n  

c a r r i e d  o u t  f o r  d i a g n o s t i c  p u r p o s e s .  Any g r e a t ,  sudden  

a l t e r a t i o n  i n  th e  b lo o d  p r e s s u r e  may b e  a  f a c t o r  i n  t h e i r  

p r o d u c t i o n .  I n  some c a s e s  th e y  may b e  due t o  h y p o x ia  ( 4 2 ) .  

D u r in g  t h e  o p e r a t i o n  undue t r a c t i o n  on t h e  s tom ach  may 

c a u s e  im p u ls e s  to  be  r e f e r r e d  v i a  t h e  y a g i  t o  t h e  v o m i t in g  

c e n t r e  w i t h  r e s u l t i n g  e m e s is .  D i r e c t  s t i m u l a t i o n  .o f  t h e  

v o m i t in g  c e n t r e  h a s  b e e n  d e s c r i b e d  as  c a u s i n g  t h e s e  e f f e c t s  

( 3 , 9 3 , 9 4 ) .  I t  h a s  b e e n  c la im e d  t h a t  t h e  c e n t r e  may b e  

s t i m u l a t e d  by  t h e  d ru g  d i f f u s i n g  i n t o  t h e  c i s t e r n a  ( 3 3 ) .

D u r in g  t h e  a n a e s t h e s i a  t h e  p a t i e n t  may c o m p la in  o f  

f e e l i n g  s t i f l e d  o r  s u f f o c a t e d  due t o  t h e  h ead -d o w n  p o s i t i o n  

i n  t h e  h o t  o p e r a t i n g  t h e a t r e .  He may a l s o  c o m p la in  o f  

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

o f  t h e  d r u g s  u s e d  i n  p r e m e d i c a t i o n  (3 )  .

H au sea  and  v o m i t in g  f o l l o w  o p e r a t i o n s  u n d e r  sub -  

a r a c h n o id  b l o c k  m ore f r e q u e n t l y  t h a n  i s  s u p p o s e d .  I n  one



s e r i e s  o f  f i v e  h u n d red  o a s e s ,  v o m it in g  o c c u r r e d  i n  o v e r  one 

t h i r d  o f  t h e  p a t i e n t s  ( 9 5 ) .

Abdom inal d i s t e n s i o n  h a s  b e e n  o b s e rv e d  a f t e r  s p i n a l  

a n a e s t h e s i a  even  where no abdom inal o p e r a t i o n  h a s  b e e n  p e r ­

f o rm e d .  However, i f  p y r e x i a  acco m p an ies  t h e  d i s t e n s i o n ,  i t  

i s  d o u b t f u l  w h e th e r  t h e  c a u s e  i s  n o t  so m e th in g  o t h e r  t h a n  

t h e  a n a l g e s i a .  I n  some c a s e s ,  c o m p la in t  h a s  b e e n  made o f  

m u s c u la r  c ram ps i n  t h e  abdomen when t h e  ' s p i n a l 1 was w e a r in g  

o f f ,  b u t  th e  c o n d i t i o n  i s  n o t  e n c o u n te r e d  f r e q u e n t l y .  I l e u s  

due to  t h e  o p e r a t i o n  i s  o f  s h o r t  d u r a t i o n .  I f  i t  p e r s i s t s  

f o r  m ore t h a n  two d ay s  i t  i s  p r o b a b l e  t h a t  t h e  a n a e s t h e s i a  

was n o t  t h e  c a u s e ,  o r  t h e  s o l e  c a u s e  ( 4 2 ) .

The a c t i o n  o f  sub a r a c h n o id  b l o c k  on t h e  p r e g n a n t  

u t e r u s  and on p r e g n a n t  women i s  h i g h l y  c o n t r a v e r s i a l • I t  

i s  s a i d  t h a t  i t  i n t e r f e r e s  w i th  t h e  n o rm a l  se q u e n o e  o f  c o n ­

t r a c t i o n  and  r e l a x a t i o n  o f  t h e  u t e r u s .  D u r in g  t h e  f i r s t  

s t a g e  o f  l a b o u r  c o n t r a c t i o n  o f  t h e  lo w e r  segm en t i t  h am p ers  

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

h y p e r to n u s  w i l l  sp e e d  up d e l i v e r y  ( 3 9 ) .  M a c in to s h ,  i n  g i v ­

i n g  h i s  o p in i o n  o n  th e  u se  o f  t h i s  fo rm  o f  a n a e s t h e s i a  f o r  

C a e s a r i a n  S e c t i o n  o p e r a t i o n s ,  o b s e r v e s  t h a t  s p i n a l  a n a l g e s i a  

f o r  m o d e r a t e l y  h i g h  ab d o m in a l o p e r a t i o n s  c a u s e s  p a r a l y s i s  

o f  t h e  n e r v e  s u p p ly  t o  t h e  lo w e r  i n t e r c o s t a l  m u s c l e s ,  so 

t h a t  t h e  lo w e r  an d  m o b i le  p a r t  o f  t h e  c h e s t - w a l l  i s



5 0 .

t e m p o r a r i l y  p a t  o a t  o f  a c t i o n .  A f a l l - t e r m  a t  e r a s  s p l i n t s  

t h e  d ia p h rag m , and th e  e f f e c t  o f  t h i s  i s  i n c r e a s e d  b y  t h e  

T r e n d e le n b u r g  p o s i t i o n  and s a r g i c a l  p a c t s .  " A l l  t h a t  

r e m a in s  i s  f o r  t h e  s a r g e o n f s  a s s i s t a n t  to  l e a n  on  t h e  p a t i e n t * s  

c h e s t  to  c o m p le te  th e  i n s a l t  t o  h e r  r e s p i r a t o r y  m ech an ism . n 

Even w i t h o a t  t h i s  l a s t ,  t h e r e  i s  a  p r o b a b i l i t y  o f  c o l l a p s e  

f ro m  a n o x ia  i f  t h e  p a t i e n t  i s  b r e a t h i n g  a i r  o n l y  ( 9 6 ) .

The p r o c e d u re  o f  lu m b ar  p u n c tu r e  i s  n o t  w i t h o a t  

r i s k  to  t h e  p a t i e n t ' s  v e r t e b r a l  co lum n. Damage c a u s e d  by  

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

f o r  a  c o n s i d e r a b l e  t im e  ( 4 2 ) .  C a se s  h av e  b e e n  r e p o r t e d  o f  

p e r s i s t e n t  p a i n  i n  t h e  b a c k  and r a d i o l o g i c a l  c h a n g e s  i n  one 

i n t e r  v e r t e b r a l  d i s c  and a r t h r i t i s  l i m i t e d  t o  one i n t e r -  

v e r t e b r a l  j o i n t  ( 9 7 ) .  The n u c l e u s  p u lp o s u s  may become i n ­

f e c t e d  a f t e r  a  lum bar p u n c tu r e  ( 9 8 ) ,  and  so may t h e  s k i n  

o v e r  t h e  sacrum  w i th  r e s u l t i n g  c e l l u l i t i s  and  more o r  l e s s  

e x t e n s i v e  g a n g re n e  ( 9 9 ) .

T h e re  i s  t h e  d a n g e r  t h a t  a  p a t i e n t  who h a s  b e e n  

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

b e  p u t  i n  t h e  T r e n d e le n b u r g  p o s i t i o n  b e f o r e  t h e  d ru g  h a s  

beoome f i x e d ,  o r  t h e  w rong s o l u t i o n  may b e  i n j e c t e d  i n t r a -  

t h e c a l l y .  B re a k a g e  o f  t h e  l u m b a r - p u n c tu r e  n e e d l e  i n  t h e  

p a t i e n t ' s  b a c k  i s  n o t  a  r a r e  o c c u r r e n c e  ( 4 2 ) .  C ases  o f  

r i g o r s  and h y p e r p y r e x i a  a r e  so m e tim es  s e e n .  I t  may b e  t h a t  

b o i l i n g  t h e  s y r i n g e s  and  n e e d l e s  i n  a l k a l i n e  o r  t a p - w a t e r



may h a v e  b e e n  t h e  c a u se  ( 1 0 0 ) .

The m o r t a l i t y ,  a s  w i t h  any fo rm  o f  a n a e s t h e s i a ,  

i s  v a r i a b l e .  I n  one s e r i e s  i t  was a s  h i g h  a s  one i n  two 

h u n d r e d ,  a n o t h e r  w r i t e r  q u o te s  one i n  f o u r  h u n d re d ,  and  a 

t h i r d  s e r i e s ,  t h i r t y  d e a t h s  i n  t h i r t y - t h r e e  th o u s a n d ,  e i g h t  

h u n d re d  and e le v e n  ( 1 0 1 ,1 0 2 ,1 0 3 ) .

The t e c h n iq u e  o f  c a u d a l  b l o c k ,  w h ich  h a s  b e e n  g r e a t l y  

p u b l i c i s e d  i n  A m erica  f o r  a n a l g e s i a  i n  l a b o u r ,  i s  n o t  w i t h ­

o a t  s e r i o u s  c o m p l i c a t io n s  to  t h e  m o th e r .

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

t o r y  s y s te m ,  a s  i n  s p i n a l  a n a l g e s i a ,  i s  h y p o t e n s i o n  w h ich  

o c c u r s  s e c o n d a r i l y  to  t h e  in v o lv e m e n t  o f  t h e  lu m b ar  sym­

p a t h e t i c  n e rv o u s  s y s te m  ( 1 0 4 ,1 0 5 ) .  T h is  h y p o t e n s i o n  may be 

a s s o c i a t e d  w i t h  s e v e r e  h e a d a c h e ,  f a i n t n e s s  an d  d i z z i n e s s  (106)

C o n t in u o u s  c a u d a l  a n a l g e s i a  s e r i o u s l y  i n t e r f e r e s  

w i t h  n o rm a l l a b o u r ,  w hich  may b e  p r o lo n g e d  f ro m  t h e  a d m i n i s t r a  

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

The u t e r i n e  c o n t r a c t i o n s  become l e s s  p o w e r fu l  and t h e  p a t i e n t  

i s  u n a b le  t o  make u s e  o f  h e r  ab d o m in a l  m u s c l e s .  The i n ­

c i d e n c e  o f  p e r s i s t e n t  o o c i p i t o - p o s t e r i o r  p o s i t i o n s  i s  i n ­

c r e a s e d  to  t h e  e x t e n t  o f  one h u n d re d  p e r  c e n t -  The num ber

o f  d e l i v e r i e s ,  i n  w h ich  o p e r a t i v e  m e a s u re s  a r e  r e q u i r e d ,  i s  

i n c r e a s e d  ( 1 0 7 ,1 0 5 ) .

I t  i s  n o t  w i th o u t  r i s k  to  t h e  c h i l d .  P r im a r y  i n t r a ­

u t e r i n e  f o e t a l  a n o x ia  may o c c u r  from  t h e  m a t e r n a l  h y p o t e n s i o n



and  o c c a s i o n a l l y  t h e  f o e t u s  h a s  d e v e lo p e d  s e n s i t i v i t y  th r o u g h  

t h e  p l a c e n t a  t o  t h e  l o c a l  a n a e s t h e t i c  s o l u t i o n  { 1 0 5 ) .

The o e n t r a l  n e rv o u s  sy s tem  o f  t h e  m o th e r  i s  l i a b l e  

t o  c o m p l i c a t i o n s .  S e v e re  h e a d a c h e ,  p o u n d in g  i n  c h a r a c t e r ,  

and  f r o n t a l  i n  d i s t r i b u t i o n ,  i s  q u i t e  common ( 1 0 6 ,1 0 8 ) .  

M e n i n g i t i s  may o o c u r  due to  i n f e c t i o n ,  and t h e  s u b - a r a c h n o i d  

sp a c e  may b e  e n t e r e d  b y  m is ta k e  ( 1 0 8 ,1 0 9 ) .

The r e s p i r a t o r y  sy s te m  may b e  i n v o l v e d  i f  t h e  b l o c k  

i s  c a r r i e d  to o  h ig h ,  a s  may o c c u r  when i t  i s  u s e d  f o r  

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

m u s c le s  ( 1 0 8 ) .

H aase a  and v o m i t in g  a r e  f r e q u e n t  b o t h  b e f o r e  and  

a f t e r  d e l i v e r y  o f  t h e  c h i l d  ( 1 0 8 ) .

The i n s e r t i o n  and f i x a t i o n  o f  a  n e e d l e  o r  o a t h e t e r  

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

o r  o a t h e t e r  may b r e a k  i n s i d e  t h e  c a n a l .  The s k i n  o v e r  

t h e  h i a t u s  i s  l i a b l e  to  i n f e c t i o n .  P o s t - p a x tu m  p a i n  i n  

t h e  s a c r a l  r e g i o n  i s  v e r y  common. G h i l l y  s e n s a t i o n s  a r e  

c o m p la in e d  o f  b y  b e tw e e n  two and  t h r e e  p e r  c e n t  o f  c a s e s .

When e p i s i s t o m y  i s  p e r fo rm e d ,  t h e  wound t e n d s  t o  b l e e d  more 

t h a n  i s  u s u a l  ( 1 0 8 ) .

The t e c h n i q u e  i s  n o t  s u i t a b l e  f o r  a l l  o a s e s ,  i t s  

s t r o n g e s t  a d v o c a te s  adm it t h a t  i t  i s  s u i t a b l e  f o r  o n ly  f i v e  

p e r  c e n t  o f  p a r t u r i e n t  women, and  t h e  a n a e s t h e t i s t  o r



o b s t e t r i c i a n  r e q u i r e s  s p e c i a l  t r a i n i n g  f o r  i t s  p e r fo rm a n c e  

( 110) .

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

p l a c e  b e tw e e n  c h lo r o fo r m  and d i - e t h y l  e t h e r .  I t  h a s  a  lo w e r  

t o x i c i t y  t h a n  t h e  fo rm e r  and i s  more p o w e r fu l  t h a n  t h e  

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

and  s i g n s  su ch  a s  eye-m ovem ents  a r e  u n r e l i a b l e .  " V in e s th e n e "  

h a s  c a u s e d  b u r n in g  o f  t h e  p a t i e n t * s  f a c e .  A l th o u g h  i t  i s  

g e n e r a l l y  b e l i e v e d  t o  h av e  l i t t l e  o r  no e f f e c t  on  t h e  c a r d i o ­

v a s c u l a r  s y s te m , t a c h y c a r d i a  h a s  b e e n  d e s c r i b e d  w i t h  

V in e s th e n e  A n a e s th e t i c  M ix tu re  ( 1 2 1 ,3 3 ,1 1 2 ,1 1 3 ) .

C o n v u ls io n s  a r e  a p p a r e n t l y  m ore f r e q u e n t  t h a n  w i t h  

d i - e t h y l  e t h e r .  Most o f  t h e  c a s e s  o c c u r r e d  i n  c h i l d r e n  

u n d e r  t h e  age o f  f i v e  y e a r s  when a  Goldman I n h a l e r  h a s  b e e n  

i n  u s e ,  a l th o u g h  one c a s e  o c c u r r e d  w i t h  V in e s th e n e  A n aes­

t h e t i c  M ix tu r e  i n  a  " Q i r c l e - a b s o r b e r " , an d  two h av e  b e e n  

d e s o r i b e d  i n  a d u l t s  when t h e  i n d u c t i o n  o f  t h e  a n a e s t h e s i a  

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

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

s u g g e s t e d  t h a t  t h e s e  w ere  due to  s t i m u l a t i o n  o f  t h e  c e n t r a l  

n e r v o u s  s y s te m  b e lo w  t h e  l e v e l  o f  t h e  c o r p o r a  q u a d ra g e m in a  

( 1 1 4 ,1 1 5 ,1 1 6 ,1 1 7 ,1 1 8 ) .

The i l l  e f f e c t s  on  t h e  l i v e r  a r e  t h e  m ost s e r i o u s  

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

l i v e r  f u n c t i o n ,  i n  one s e r i e s  o f  e x p e r im e n t s ,  was n o t



ch an g ed  a c c o r d in g  to  th e  d y e - t e s t ,  c e n t r a l  n e c r o s i s  and  

d e c r e a s e d  l i v e r  f u n c t i o n  o c c u r r e d  w i th  a n o x ia .  L ik e  c h l o r o ­

fo rm  t h i s  d ru g  may ca u se  l i v e r  n e c r o s i s ,  w h ich  i s  l a r g e l y  

p r e v e n t a b l e  b y  a d m i n i s t e r i n g  t h e  a n a e s t h e t i c  w i t h  a  h ig h  

c o n c e n t r a t i o n  o f  o xygen . A d i e t  r i c h  i n  c a r b o h y d r a t e  i s  

an  even  b e t t e r  p r o p h y l a x i s .  H e p a to r e n a l  syndrom e h a s  b e e n  

d e s c r i b e d  a s  a  c o m p l i c a t io n  o f  V in e s th e n e  a n a e s t h e s i a  (119 , 

3 3 ,1 2 0 ,1 1 1 )  .

T r i c h l o r e t h y l e n e ,  o r  " T r i l e n e "  i s  t h e  l a s t  o f  t h e  

ner/ v o l a t i l e  a n a e s t h e t i c  a g e n t s .  I n d u c t i o n  o f  a n a e s t h e s i a  

w i th  t h e  c o m b in a t io n  o f  n i t r o u s  o x id e ,  oxygen and ' T r i l e n e 1 

i s  sm ooth , b u t  p r o lo n g e d .  I t s  e f f e c t  on r e s p i r a t i o n  c a u s e s  

d i f f i c u l t i e s  i n  e v a l u a t i n g  t h e  d e p th  o f  a n a e s t h e s i a  ( 1 2 2 ) .

G r a n e a l  n e r v e  p a l s i e s  h a v e  b e e n  d e s c r i b e d  i n  p a t i e n t s  

a n a e s t h e t i s e d  b y  a p p a r a t u s  i n  w h ich  f T r i l e n e *  h a s  b e e n ,  o r  i s  

b e i n g  u sed  w i t h  s o d a - l im e  i n  c l o s e d - c i r c u i t . The p a l s i e s  

a r e  d i s a b l i n g  and  may b e  p e rm a n e n t ,  in v o lv e m e n t  o f  t h e  f i f t h ,  

s e v e n th ,  t h i r d ,  f o u r t h ,  s i x t h ,  t e n t h  and  t w e l f t h  c r a n i a l  

n e r v e s  h a v e  o c c u r r e d .  L a b i a l  h e r p e s  h a v e  b e e n  d e s c r i b e d  as  

accom pany ing  t h e  c r a n i a l  n e r v e  p a r a l y s i s .  A l l  d e g r e e s  o f  

damage h a v e  b e e n  r e p o r t e d ,  f ro m  s im p le  t r i g e m i n a l  n e r v e  

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

l a t t e r  c a s e s  showed a  s m a l l  i n c r e a s e  i n  p o ly m o rp h o n u c le a r  

l e u c o c y t e  c e l l s  and  p r o t e i n  c o n t e n t .  A u to p sy  i n  a  f a t a l



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

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

l y m p h o c y te s .  The p a l s i e s  and e n c e p h a l i t i s  a r e  due t o  t h e  

i n h a l a t i o n  o f  d i - c h l o r a o e t y l e n e ,  a  t o x i c  p r o d u c t  fo rm ed  b y  

t h e  i n t e r - a c t i o n  o f  s o d a - l im e  and t r i c h l o r e t h y l e n e . T h is  

r e a c t i o n  i s  sp eed ed  b y  t h e  h e a t  g e n e r a t e d  i n  t h e  s o d a - l im e  

( 1 2 3 ,1 2 4 ,1 2 5 ,1 2 6 )  .

O ases  o f  c o n v u l s io n s  h av e  b e e n  r e c o r d e d .  These 

b e g a n  i n  t h e  l e g s  and became g e n e r a l i s e d .  The t e m p e r a t u r e  

o f  t h e s e  p a t i e n t s  re m a in e d  n o rm a l and s p o n ta n e o u s  r e c o v e r i e s  

o c c u r r e d  i n  a l l  c a s e s .  T w itc h in g s  w ere  o b s e rv e d  by  Hewer, 

b u t  t h e s e  c e a s e d  when t h e  oxygen c o n c e n t r a t i o n  i n  t h e  

a n a e s t h e t i c  m ix t u r e  was i n c r e a s e d ,  and he  t h e r e f o r e  s u g g e s t e d  

t h a t  t h e y  w ere  due t o  a n o x ia  ( 1 2 7 ,1 2 8 ,1 2 9 ,1 3 0 ,1 3 2 ) .

An i n c r e a s e  i n  t h e  r a t e  o f  r e s p i r a t i o n  i s  common 

e s p e c i a l l y  i n  t h e  a b se n c e  o f  p r e m e d i c a t i o n .  T h i 3 may b e  due  

t o  t h e  a c t i o n  o f  t h e  d ru g  i n  t h e  p u lm o n ary  s t r e t c h  r e c e p t o r s ,  

t h e  s e n s i t i v i t y  o f  t h e  H e r in g - B r e u e r  r e f l e x  b e i n g  i n c r e a s e d .  

G u l b e r t ,  h o w e v e r ,  s u g g e s t s  t h a t  when t h e  c o n c e n t r a t i o n  o f  

'T r i l e n e *  i n  t h e  b lo o d  and t i s s u e s  r e a c h e s  a  c e r t a i n  l e v e l ,  

a  v a r y i n g  d e g re e  o f  h i s t o t o x i c  a n o x ia  e n s u e s  l e a d i n g  t o  t h e  

r a p i d ,  s h a l lo w  r e s p i r a t i o n  o f  oxygen  l a c k  due t o  a n o x ia  o f  ‘ 

t h e  c e l l s  o f  t h e  r e s p i r a t o r y  c e n t r e  (1 3 1 ,1 2 2 ,1 3 2 )  . I f  an 

a t t e m p t  i s  made to  d e e p e n  t h e  a n a e s t h e s i a  b e lo w  t h e  u p p e r



h a l f  o f  t h e  seoond  p la n e  o f  t h e  t h i r d  s t a g e ,  t h e  b r e a t h i n g  

may s to p  s u d d e n ly  o r  t a c h y p n o e a  d e v e lo p s  ( 1 2 4 ,1 3 1 ) .  The 

l u n g  b a s e s  become f i l l e d  w i t h  th e  h e a v y  and r e l a t i v e l y  n o n ­

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

a v a i l a b l e  l u n g  c a p a c i t y  and l e a d i n g  t o  a n o x ic  an o x aem ia  ( 1 3 3 ) .

T r i c h l o r e t h y l e n e  c o n t a i n s  t h r e e  c h l o r i n e  a to m s,  

t h e r e f o r e  u p s e t  o f  c a r d i a c  rhythm  i s  t o  b e  e x p e c t e d .  The 

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

m in u te s  o f  a n a e s t h e s i a .  B r a d y c a r d i a  i s  more common t h a n  

t a c h y c a r d i a .  The r e l a t i o n s h i p  b e tw e e n  t h e  b r a d y c a r d i a  and 

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

a c t i o n  on th e  c a r d i o - v a s c u l a r  sy s tem  may b e  c e n t r a l  i n  t h e  

c e n t r a l  n e r v o u s  sy s te m  ( 1 3 4 ,1 3 1 ,1 2 2 ) .

The b lo o d  p r e s s u r e  i s  r a i s e d  b e tw e e n  t e n  and  t h i r t y  

m i l l i m e t r e s  o f  m e rc u ry  and when t h e  ch an g e  i s  made from  th e  

s e q u e n c e  n i t r o u s  o x id e ,  oxygen, ' T r i l e n e 1 t o  n i t r o u s  o x id e ,  

oxygen , e t h e r ,  one w r i t e r  r e p o r t e d  t h a t  t h e  b lo o d  p r e s s u r e  

r o s e  b e tw e e n  f i v e  and e i g h t y - e i g h t  m i l l i m e t r e s  o f  m e rc u ry  

( 1 3 1 ) •

U n d e s i r a b l e  e f f e c t s  may b e  p ro d u c e d  on c a r d i a c  

a u t o m a t i c i t y .  On t h e  w h o le ,  t h e  a r r h y t h m i a s  o c c u r  e a r l y  i n  

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

g e n e r a l l y  t a k e  t h e  fo rm  o f  e x t r a s y s t o l e s .  One common 

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



l a s t s  some m in u te s ,  f o l lo w e d  b y  p u l s u s  b ig e m in u s  o f  a b o u t  

f i v e  m i n u t e s 1 d u r a t i o n ,  w hich  r e v e r t s  t o  n o rm a l  rh y th m .

I n  c o n t r a s t  i t  h a s  b e e n  r e c o r d e d  t h a t  a r r h y t h m i a s  o c c u r r e d  

i n  s i x t e e n  p e r  c e n t  o f  c a s e s ,  b u t  none d u r in g  t h e  f i r s t  t e n  

m in u te s  o f  a n a e s t h e s i a  ( 1 3 5 ,1 2 4 ,1 3 6 ,1 3 1 ) .  The su d d en  

d e v e lo p m e n t o f  a u r i c u l a r  f i b r i l l a t i o n  u n d e r  'T r i l e n e *  

a n a e s t h e s i a  h a s  b e e n  d e s c r i b e d  ( 1 3 4 ,1 3 7 ) .

B a rn e s  and I v e s  h a v e  s t u d i e d  t h e  e l e c t r o c a r d i o ­

g r a p h i c  c h a n g e s  o c c u r r i n g  u n d e r  t r i c h l o r e t h y l e n e  a n a e s t h e s i a *  

They fo u n d  t h a t  a r r h y th m ia s  w ere f r e q u e n t  and c o u ld  b e  

d i v i d e d  i n t o  g r o u p s .  The f i r s t  o c c u r r e d  e a r l y ,  d u r in g  t h e  

f i r s t  t e n  o r  tw e lv e  m in u te s ,  o f t e n  d u r in g  i n d u c t i o n ,  w ere  

t r a n s i e n t  and n o t  s i g n i f i c a n t .  They s u g g e s t e d  t h a t  t h e y  

m ig h t  b e  d u e  to  an i n c r e a s e  i n  v a g a l  t o n e .  The s e c o n d  g ro u p  

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

t h i r d  s t a g e  o f  a n a e s t h e s i a .  They fo u n d  t h a t  e c t o p i c  f o c i  

i n i t i a t i n g  p r e m a tu re  c o n t r a c t i o n s  d e v e lo p  so m etim es  i n  t h e  

a u r i c l e s ,  b u t  more o f t e n  i n  t h e  v e n t r i c l e s .  At f i r s t ,  

e c t o p i c  b e a t s  o c c u r  h a p h a z a r d ly  and  from  a  s i n g l e  f o c u s ,  b u t  

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

i n g  v e n t r i c u l a r  p re m a tu re  c o n t r a c t i o n s  c a u s i n g  p u l s u s  b i g e ­

m in u s .  They may b e  f o l l o w e d  i n  a b o u t  f i f t e e n  p e r  c e n t  b y  

m u l t i p l e  v e n t r i c u l a r  c o n t r a c t i o n s  a r i s i n g  from  s e v e r a l  

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



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

f ro m  a u r i c u l a r  f i b r i l l a t i o n .

B o th  t y p e s  o f  ch a n g e s  may o c c u r  i n  t h e  same c a s e .  

V e n t r i c u l a r  p re m a tu re  c o n t r a c t i o n s  h a v e  b e e n  n o t e d  d u r in g  

i n d u c t i o n .  Ho s i g n i f i c a n t  ch an g es  i n  t h e  R-T i n t e r v a l  o r  

T w av es ,  and no l a t e  c h a n g e s ,  f o r  w h ich  t h e  a n a e s t h e t i c  

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

ca rd io g ra m m e s  t a k e n  a t  t h e  end o f  o p e r a t i o n s  o r  i n  t h o s e  

r e c o r d e d  s e v e r a l  days  l a t e r .

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

d e s c r i b e d  i n  t e n  p e r  c e n t  o f  one s e r i e s .  T h is  i s  o n l y  s e e n  

w i t h  c h lo r o fo r m ,  c y c lo p r o p a n e  and 'T r i l e n e * .  I f  t h i s  

o c c u r s  when t h e  h e a r t  r a t e  i s  r a p i d ,  i t  i s  much m ore l i k e l y  

t o  b e  a s s o c i a t e d  w i th  m y o c a r d ia l  dam age. I t  i s  p o t e n t i a l l y  

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

rh y th m  i n t o  v e n t r i c u l a r  f i b r i l l a t i o n .  I n  i n d u s t r y ,  su d d en  

d e a t h  h a s  o c c u r r e d  i n  w o rk e rs  w i th  p u r e  t r i c h l o r e t h y l e n e  

and  a t  a u to p s y  no s i g n i f i c a n t  c a u se  f o r  d e a th  was fo u n d  ( 1 3 8 ) .  

D e a th  h a s  b e e n  r e c o r d e d  d u r in g  ' T r i l e n e '  a n a e s t h e s i a  and 

b e e n  a t t r i b u t e d  t o  'v a g a l  i n h i b i t i o n *  ( 1 3 9 ) .

H e p a t i c  im p a irm e n t  i s  c a u s e d  b y  'T r i l e n e *  a n a e s ­

t h e s i a  i n  t h e  m a j o r i t y  o f  p a t i e n t s  s u b j e c t e d  to  i t .  T h is  

i s  s l i g h t  i n  d e g r e e  and i s  l e s s  t h a n  t h a t  due t o  d i - e t h y l  

e t h e r .  F a t a l  o a s e s  o f  l i v e r  n e c r o s i s ,  h o w ev er ,  h a v e  b e e n  

r e c o r d e d  ( 1 4 0 ,1 4 1 ,1 4 2 ) .



R e c e n t  e x p e r im e n ta l  work i n  a n im a ls  h a s  shown t h a t  

t r i l e n e 1 may n o t  be  a s  s a f e  an a n a l g e s i c  a g e n t  i n  o b ­

s t e t r i c s  a s  was f i r s t  su p p o se d .  I n  s h e e p ,  t r i e h l o r e t h y l e n e  

a p p e a r s  i n  t h e  f o e t a l  c i r c u l a t i o n  a lm o s t  im m e d ia te ly  a f t e r  

i t  i s  a d m i n i s t e r e d  to  t h e  m o th e r .  The c o n c e n t r a t i o n  i n  t h e  

f o e t a l  c i r c u l a t i o n  becom es h i g h e r  t h a n  i n  t h e  m a t e r n a l  

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

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

h i g h e r  c o n c e n t r a t i o n  i n  t h e  f o e t a l  b l o o d  d id  n o t  t a k e  p l a c e
; /£v-l JVw. -1/ • '■*" .*1 *,s

( 1 4 3 ) .  N r

O th e r  u n d e s i r a b l e  s i d e - e f f e c t s  o f  t r i l e n e *  a n a e s ­

t h e s i a  a r e  t h e  d ev e lo p m en t o f  g i a n t  u r t i c a r i a  and g e n e r a l i s e d  

s w e a t in g  ( 1 3 1 ) .

T r i c h l o r e t h y l e n e  i s  a  good exam ple  o f  f u r t h e r  i n ­

v e s t i g a t i o n  p r o v in g  t h a t  th e  d rug  i s  n o t  a s  s a f e  a s  o r i g i n a l l y  

s u p p o s e d .  S e v e r a l  d e a t h s  o c c u r r e d  b e f o r e  i t  was r e a l i s e d  

t h a t  t h e  d ru g  s h o u ld  n o t  b e  u s e d  i n  c l o s e d - c i r c u i t . She 

r i s k  o f  t h e  c e s s a t i o n  o f  r e s p i r a t i o n  a t  a  r e l a t i v e l y  h i g h  

l e v e l  o f  a n a e s t h e s i a  m akes t h e  d ru g  r e l a t i v e l y  u n s a f e  i n  

u n s k i l l e d  h a n d s .  She r e c e n t  e x p e r i m e n t a l  work on b lo o d  

c o n c e n t r a t i o n s  i n  p r e g n a n t  a n im a ls  shows t h a t  t h e  p h arm a­

c o lo g y  o f  t h e  d ru g  i s  n o t  y e t  f u l l y  u n d e r s t o o d .

.Although t h e  i n t r o d u c t i o n  o f  C u r a r e  i n t o  a n a e s ­

t h e t i c  p r a c t i c e  h a s  b e e n  o f  g r e a t  b e n e f i t  to  t h e  p a t i e n t ,



s u rg e o n  and  a n a e s t h e t i s t ,  i t s  u se  i s  n o t  w i th o u t  d a n g e r  and  

d i f f i c u l t i e s .

The e f f e c t  on t h e  b lo o d  p r e s s u r e  may be t o  c a u s e  a  

r i s e  o r  a  f a l l .  A s l i g h t  r i s e  may o c c u r  w h ich  may b e  due t o  

a  q u i x o t i c  a c t i o n  on t h e  au tonom ic  n e r v o u s  sy s te m  o r  to  t h e  

i n a d e q u a t e  v e n t i l a t i o n  o f  t h e  l u n g s  w i t h  t h e  s u b s e q u e n t  

a c c u m u la t io n  o f  c a rb o n  d i o x i d e  i n  tfce b l o o d  (144) . T h is  

h y p e r t e n s i o n  may i n c r e a s e  any te n d e n c y  to  h a e m o rrh a g e  ( 1 4 5 ) .

An im m ed ia te  and t r a n s i e n t  f a l l  i n  t h e  b lo o d  

p r e s s u r e  may o c c u r  f o l l o w i n g  th e  r a p i d  i n j e c t i o n  o f  a  l a r g e  

d o s e  o f  c u r a r e .  T h is  may be  due to  a  l o s s  o f  v a so m o to r  

to n e  c a u s e d  by  i n t e r f e r e n c e  w i th  t h e  t r a n s m i s s i o n  b e tw e e n  

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

n e r v o u s  s y s te m , o r  m e r e ly  to  t h e  w id e s p r e a d  and  c o m p le te  

p e r i p h e r a l  m u sc le  r e l a x a t i o n  w i th  r e s u l t i n g  l a c k  o f  t o n a l  

a i d  t o  t h e  v enous  r e t u r n  (1 4 4 ,1 4 6 ,1 4 7 )  .

D ea th  h a s  b e e n  known t o  o c c u r  from  c i r c u l a t o r y  

f a i l u r e  due t o  t h e  c u r a r e  and an e f f e c t  on t h e  h e a r t  h a s  b e e n  

p o s t u l a t e d  ( 1 4 8 ,1 4 9 ) .

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

t h e  m u s c le s  o f  r e s p i r a t i o n .  T h is  p a r a l y s i s  may be  c o m p le te ,  

o r ,  when p r e s e n t  t o  a  l e s s e r  e x t e n t ,  r e s u l t  i n  t h e  d a n g e r s  

o f  in c o m p le te  p u lm o n ary  v e n t i l a t i o n  w i t h  oxygen  l a c k  and t h e  

b u i l d i n g  up o f  c a r b o n  d i o x i d e  i n  t h e  b l o o d .  T h is  d e p r e s s i o n



i s  i n c r e a s e d  w i t h  t h e  p a t i e n t  i n  th e  T re n d e le n b u r g  p o s i t i o n  

b e c a u s e  t h e  v /e ig h t  o f  t h e  l i v e r  and abdom ina l v i s c e r a  p r e s s  

on t h e  p a r t i a l l y  p a r a l y s e d  d iaph ragm  (1 5 0 ,1 4 5 )  .

I n  c e r t a i n  c a s e s ,  t h e  i n j e c t i o n  o f  c u r a r e  may r e ­

s u l t  i n  j  b ro n ch o  spasm, w h ich  may be  due to  a  h i s t  a m i n e - l i k e  

a c t i o n  b y  t h e  d rug  (151) .

H ic c u p s ,  w hich  may p ro v e  e m b a r r a s s in g  d u r in g  a b ­

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

c e n t  o f  c a s e s  (152) .

I n  d o s e s  s u f f i c i e n t  to  p ro d u c e  p a r e s i s  o f  t h e  

i n t e r c o s t a l  m u s c le s ,  c u r a r e  c a u s e s  a  r e d u c t i o n  i n  t h e  t o n e  

and p e r i s t a l s i s  o f  t h e  i n t e s t i n e  and  t h e  d i l a t a t i o n  o f  t h e  

bow el may in c o n v e n ie n c e  t h e  s u rg e o n  i n  a b d o m in a l  s u r g e r y  

( 1 5 3 ,1 4 7 ) .

The r e l a x a t i o n  o f  th e  c a r d i a  p ro d u c e d  b y  c u r a r e  

may b e  accom p an ied  b y  r e g u r g i t a t i o n  o f  s to m ach  c o n t e n t s  i n  

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

c a l l y  d is tended , o r  p r e s s e d  on  b y  t h e  s u rg e o n ,  w i t h  t h e  r i s k  

o f  an a s p i r a t i o n  pneum onia  ( 1 5 4 ,1 4 5 ,1 5 5 ) .

B lo o d y  d i a r r h o e a  h a s  b e e n  p ro d u c e d  i n  dogs w i t h  

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

i n  l a r g e  d o s e s  i s  c o n t r a - i n d i c a t e d  i n  d i s e a s e s  o f  t h e  i n ­

t e s t i n a l  t r a c t  ( 1 5 6 ) .

E x p e r im e n ta l  work on p a t i e n t s  r e c e i v i n g  l a r g e  d o s e s



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

( 1 4 6 ) .

The m a rg in  b e tw een  t h e  e f f e c t i v e  and  o v e r - d o s e s  o f  

t h e  d ru g  i s  s m a l l ,  and c a s e s  o f  i d i o s y n c r a c y  h av e  b e e n  

d e s c r i b e d  ( 1 4 4 ,1 5 7 ) .

W ith  c u r a r e ,  t h e  a n a e s t h e t i s t  i s  d e p r iv e d  o f  t h e  

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

a n a e s t h e s i a ,  and c o n s e q u e n t ly ,  w h i l e  a i d i n g  t h e  a n a e s t h e t i s t  

i n  t h e  p r o d u c t i o n  o f  m u s c u la r  r e l a x a t i o n ,  t h e  m a in te n a n c e  o f  

a n a e s t h e s i a  i s  made more d i f f i c u l t  ( 1 4 4 ) .

R e l a x a t i o n  w i th  “M y an es in 11 i s  l e s s  p r e d i c t a b l e  t h a n  

w i t h  c u r a r e .  A lth o u g h  i t  h a s  b e e n  s t a t e d  t h a t  r e s p i r a t o r y  

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

o f  o p i n i o n  i s  t h a t  "Myanesin® h a s  l i t t l e  e f f e c t  on  r e s p i r a ­

t i o n .  B ut i n  a  few  c a s e s  t h e r e  i s  a  t e m p o ra ry  d e p r e s s i o n  

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

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

a p p e a r s  t o  b e  i n c r e a s e d  when m ixed  w i t h  "M yanesin"  ( 1 5 8 ,1 5 9 ,  

160) .

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

v a s c u l a r  sy s te m  i s  t h r o m b o p h l e b i t i s  o f  t h e  v e i n  u se d  f o r  t h e  

i n j e c t i o n .  l o c a l  v e n o u s  th r o m b o s i s  h a s  b e e n  r e c o r d e d  a s  

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

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



o c c u r r e d  i n  t h r e e  p e r  c e n t  o f  c a s e s  ( 1 5 8 ,1 6 1 ,1 6 0 ) .

S u r g i c a l  shock  h a s  b e e n  p ro d u c e d  by  t h e  a d m i n i s t r a ­

t i o n  o f  "M y an e s in 11 to  t h e  u n a n a e s t h e t i s e d  p a t i e n t  ( 1 5 8 ) .

Many c a s e s  h av e  b e e n  d e s c r i b e d  o f  t r a n s i e n t  haemo- 

g l o b i n u r i a  and a lb u m in u r i a .  These u s u a l l y  d i s a p p e a r  

s p o n ta n e o u s l y  w i t h i n  f o r t y - e i g h t  h o u r s .  B u t ,  more s e r i o u s  

e f f e c t s  on t h e  k id n e y  may r e s u l t ,  as  d e a th  h a s  o c c u r r e d  from  

r e n a l  a n o x ia  ( 1 5 8 ,1 6 1 ,1 6 2 ) .

"M yanesin"  a p p e a r s  t o  c a u s e  a  d e f i n i t e  h a e m o ly s i s  

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

some c a s e s  t h e  h a e m o ly s is  d o es  n o t  e v id e n c e  i t s e l f  a s  

h a e m o g lo b in u r i a  ( 1 6 3 ) .

An a u t h o r i t a t i v e  A m erican  comment on "M yanesin"  

s t a t e s  t h a t i  ,ft h e  c o m p l i c a t in g  f a c t o r s  o f  v e n o u s  i r r i t a t i o n  

and h a e m o g lo b in u r i a  a r e  s u f f i c i e n t l y  s e r i o u s  t o  b r i n g  us to  

t h e  c o n c l u s i o n  t h a t  "M yanesin"  i n  i t s  p r e s e n t  fo rm  i s  n o t  a  

s a t i s f a c t o r y  s u b s t i t u t e  f o r  c u r a r e . "  ( 1 5 8 ) .

The p ro lo n g e d  r e s p i r a t o r y  d e p r e s s i o n  a s  a  r e s u l t  o f  

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

p o s e  t o  p o s t - o p e r a t i v e  r e s p i r a t o r y  c o m p l i c a t i o n s .  The r e ­

duced  e x p a n s io n  o f  t h e  lu n g s  d u r in g  t h e  a n a e s t h e s i a  may 

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

lo b e  o f  a  l u n g .  The im p a i r e d  p u lm o n ary  v e n t i l a t i o n  may r e ­

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

d i o x i d e  r e t e n t i o n  i n  t h e  b l o o d .  P i n k e r t o n  i s  o f  t h e



o p i n i o n  t h a t  t h e  m a in te n a n c e  o f  m usc le  to n e  w i l l  p r e v e n t  t h e  

i n c i d e n c e  o f  t h e  p o s t - o p e r a t i v e  shook, and Hewer i n c l u d e s  

s u r g i c a l  sh o c k  among t h e  c a u s e s  o f  p o s t - o p e r a t i v e  p u lm o n a ry  

c o m p l i c a t i o n s .  I t  i s  r e a s o n a b le  to  su p p o se  t h a t  p r o lo n g e d  

r e d u c t i o n  i n  m u sc le  t o n e  may be  a  f a c t o r  i n  t h e  c a u s a t i o n  

o f  r e s p i r a t o r y  c o m p l ic a t io n s  ( 1 6 4 ,3 ) .

E x p lo s io n s  form  a  r e l a t i v e l y  f r e q u e n t  and o f t e n  

f a t a l  d a n g e r  i n  modern a n a e s t h e s i a .  At l e a s t  one h u n d re d  

c a s e s  o f  b u r n s  o f  ey eb ro w s, l i p s ,  and p h a ry n x  o c c u r  i n  

G r e a t  B r i t a i n  e v e ry  y e a r  from  e t h e r  e x p l o s i o n s  ( 1 6 5 ) .  I n  

a  r e c e n t  A m erican  s e r i e s ,  co m p ile d  from  t h e  r e c o r d s  o f  e i g h t y  

s e v e n  a n a e s t h e t i s t s ,  t h e  e x p l o s i o n  r a t e s  f o r  e t h e r ,  e t h y l e n e ,  

and c y c lo p r o p a n e  w ere a l l  i n  t h e  n e ig h b o u rh o o d  o f  two to  

f o u r  p e r  h u n d re d  th o u s a n d  a n a e s t h e s i a s  and t h e  e x p l o s i o n  

m o r t a l i t y  was one i n  one m i l l i o n ,  one h u n d re d  and  f i f t y  

t h o u s a n d  e a s e s  ( 1 6 6 ) .

A n a e s t h e t i c  e x p lo s io n s  may b e  d i s c u s s e d  a s  a n a e s ­

t h e t i c  e x p l o s i o n s  p r o p e r ,  oxygen f i r e s ,  e x p l o s i o n s  i n  b o d y  

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

A n a e s t h e t i c  e x p l o s i o n s  o o c u r  b e c a u s e  m o st  d ru g s  

u s e d  i n  i n h a l a t i o n a l  a n a e s t h e s i a  b u r n  r e a d i l y .  The a n a e s ­

t h e t i c  d ru g s  i n  u se  i n  B r i t a i n  w h ich  a r e  e x p l o s i v e  a r e  d i ­

e t h y l  e t h e r ,  d i - v i n y l  e t h e r ,  c y c lo p r o p a n e ,  and e t h y l  c h l o r i d e .  

H a lo g e n s  t e n d  to  d e c r e a s e  i n f l a m m a b i l i t y ,  c h lo r o f o r m  i s  n o n -



e x p l o s i v e ,  an d  t r i c h l o r e t h y l e n e  a lm o s t  s o .  I n  t h e  c a s e  o f  

t h e  f o rm e r  g ro u p ,  t h e  concentra 'taon  o f  e a c h  i n  t h e  i n s p i r e d  

m ix tu r e  r e q u i r e d  f o r  a n a e s t h e s i a  f a l l s  w i t h i n  t h e i r  e x p l o s i v e  

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

g a s e s ,  su c h  a s  c a r b o n  d i o x i d e  a s  n i t r o g e n ,  l o w e r s  t h e  l i m i t s  

o f  i n f l a m m a b i l i t y  (33) .

The p r a c t i c e  o f  a n a e s t h e t i s i n g  d e e p ly  w i t h  e t h e r  

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

s o u r c e  o f  t h e  a n a e s t h e t i c  b e i n g  rem oved when t h e  p a t i e n t  i s  

a t  an a d e q u a te  d e p th  o f  a n a e s t h e s i a ,  r a i s e s  t h e  q u e s t i o n  o f  

t h e  t im e  t h a t  m ust p a s s  a f t e r  t h e  w i th d r a w a l  o f  t h e  a n a e s ­

t h e t i c  b e f o r e  t h e  p a t i e n t Ts e x h a l a t i o n s  a r e  no lo n g e r  l i a b l e  

to  i g n i t e  o r  e x p lo d e .  I t  h a s  b een  d e te r m in e d  t h a t  t e n  o r  

f i f t e e n  m in u te s  a r e  s u f f i c i e n t  f o r  t h e  r e d u c t i o n  o f  t h e  

t e n s i o n  o f  t h e  in f la m m a b le  a n a e s t h e t i c  v a p o u r  i n  t h e  e x h a l a ­

t i o n s  t o  a  s u b - in f la m m a b le  l e v e l  ( 2 5 ) .

I n  a s  much a s  c y c lo p r o p a n e  i s  a d m i n i s t e r e d  i n  

c l o s e d  c i r c u i t ,  t h e r e  i s  a lm o s t  n e v e r  an  e x p l o s i v e  c o n c e n t r a ­

t i o n  o u t s i d e  t h e  b r e a t h i n g  b a g .  Di v i n y l  e t h e r  and  e t h y l  

c h l o r i d e  may b e  c o n s i d e r e d  t o  b e h a v e  i n  a  s i m i l a r  m anner to  

d i - e t h y l  e t h e r  ( 2 5 ) .

B e f o r e  t h e  u n i v e r s a l  u s e  o f  oxygen  i n  a n a e s t h e s i a  

any  f i r e s  w h ich  o c c u r r e d  w ere  u s u a l l y  n o t  f a t a l ,  a s  f a t a l i t i e s  

d ep en d  m a i n l y  on t h e  p r o p a g a t i o n  o f  t h e  f la m e  i n t o  t h e  l u n g s .



E t h e r  i n  a i r  b u r n s  so s lo w ly  t h a t  t h e  f la m e  i s  n o t  l i k e l y  

t o  b e  p r o p a g a t e d  i n t o  t h e  l u n g s .  B ut th e  f la m e  a b o u t  t h e  

m outh  and  n o s e  w i l l  be drawn i n t o  t h e  u p p e r  a i r  p a s s a g e s  o r  

l u n g s  w i t h  i n s p i r a t i o n .  "Open e t h e r "  i s  r e l a t i v e l y  s a f e .  

S am ples  o f  a i r  h a v e  b e e n  t a k e n  a t  a  d i s t a n c e  o f  two i n c h e s  

f ro m  t h e  m ask a f t e r  t h e  o p e r a t i o n  h a s  b e e n  i n  p r o g r e s s  f o r  

an jdour and t e n  ounces  o f  e t h e r  u s e d .  I t  was fo u n d  t h a t  

t h e  p e r c e n t a g e  o f  e t h e r  v ap o u r  i n  t h e  s a m p le s  was to o -  s m a l l  

t o  i g n i t e  - (2 5 ,1 6 7 ) .

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

o f  e x p l o s i o n .  The l i m i t s  o f  oxygen c o n c e n t r a t i o n  r e q u i r e d  

f o r  c o m b u s t io n  w i th  t h e  a n a e s t h e t i c  a g e n t  a r e  l e s s  t h a n  t h e  

p h y s i o l o g i c a l  r e q u i re m e n t  o f  t h e  p a t i e n t .  I f  an  e x p l o s i o n  

o c c u r s  when e t h e r  and oxygen a r e  b e in g  a d m i n i s t e r e d ,  t h e  

f la m e  w i l l  t r a v e l  a lo n g  t h e  t u b e  o f  t h e  a p p a r a t u s  and b low  

up t h e  e t h e r  b o t t l e .  I f  t h e  e t h e r  i s  a d m i n i s t e r e d  w i t h  

oxygen  a lo n e  o r  w i th  n i t r o u s  o x id e  and oxygen , t h e  r a p i d i t y  

o f  p r o p a g a t i o n  o f  t h e  f lam e  i s  so  g r e a t  t h a t  i t  w i l l  p a s s  

down t h e  p a t i e n t ' s  t r a c h e a  and b u r s t  t h e  l u n g s  ( 3 3 , 1 6 7 , 2 5 ) .

The i g n i t i o n  t e m p e r a tu r e  o f  an  a n a e s t h e t i c  m i x t u r e  

v a r i e s  w i th  t h e  m ix tu r e  and some m i x t u r e s  r e q u i r e  a  l o n g e r  

p e r i o d  o f  c o n t a c t  w i th  t h e  s o u rc e  o f  i g n i t i o n  to  s e l f -  

s u s t a i n  c o m b u s t io n  t h a n  o t h e r s *  The h i g h e r  t h e  * f l a s h - p o i n t '  

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



a n a e s t h e s i a  may h e  p ro v id e d  by  f la m e s ,  e l e c t r i c i t y  o r  s t a t i c  

e l e c t r i c i t y  ( 3 3 ) .  Open f la m e s ,  such a s  p i p e s ,  c i g a r e t t e s ,  

g a s  and s p i r i t  lam ps, and open f i r e s ,  a r e  n o t  o f t e n  t h e  

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

t h e r e f o r e  a v o id e d  ( 2 5 ) .

E l e c t r i c  s p a r k s  may be c a u s e d  b y  s t o p p i n g  and 

s t a r t i n g  an e l e c t r i c  m o to r ,  and from  e l e c t r i c  h e a t e r s .  A l ­

th o u g h  m odern  Z - r a y  a p p a r a tu s  i s  s a i d  to  b e  s p a r k - p r o o f ,  i t  

i s  u n w ise  t o  u se  an  in f la m m a b le  v a p o u r  w h i l e  t h e  p l a n t  i s  

i n  o p e r a t i o n .  The lo w e s t  t e m p e r a tu r e  a t  w h ich  a  c a u t e r y  

i s  e f f e c t i v e  i s  s u f f i c i e n t  t o  f l a s h  t h e  m i x t u r e .  One o f  t h e  

m o st r e c e n t l y  r e p o r t e d  o a s e s  o f  e x p l o s i o n  i n  E n g la n d  o c c u r r e d  

when d ia th e r m y  was u se d  i n  a  c a s e  u n d e rg o in g  pneum onectom y 

u n d e r  o y c lo p ro p a n e  a n a e s t h e s i a  w i th  f a t a l  r e s u l t s .  f a u l t y  

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

c o n n e c t i o n s  i n  l a r y n g o s c o p e s ,  b ro n c h o s c o p e s  o r  a e so p h a g o -  

s c o p e s  a r e  o t h e r  e l e c t r i c a l  s o u r c e s  o f  i g n i t i o n  ( 1 6 8 ,2 5 ,1 6 9 ,3 3 )

U n t i l  r e c e n t l y  no e x p l o s i o n s  due t o  s t a t i c  s p a r k s  

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

i n c i d e n t s  w hich  seem t o  h av e  b e e n  due to  t h i s  o a u s e .  I n  d r y  

c l i m a t e s  su ch  as  i s  fo u n d  i n  c e r t a i n  p a r t s  o f  A m erica  t h e r e  

i s  a  d e f i n i t e  r i s k  and  an  e l a b o r a t e  sy s tem  o f  e a r t h i n g  h a s  

b e e n  a d o p te d .  The s t a t i c  s p a r k  i s  n o t  o b v io u s .  I t  may 

o r i g i n a t e  b e tw e e n  t h e  mask and t h e  p a t i e n t ' s  f a c e ,  f rom  t h e



o p e n in g  an d  c l o s i n g  o f  v a l v e s  i n  t h e  a p p a r a t u s ,  f rom  f r i c t i o n  

b e tw e e n  t h e  i n n e r  s u r f a c e s  o f  t h e  r u b b e r  r e b r e a t h i n g  b a g ,  

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

t h e  a p p a r a t u s  and th e  h o s e ,  from  b l a n k e t s ,  o p e r a t i n g  t a b l e s ,  

an d  t h e  rem o v a l  o f  a d h e s i v e .  The m odern  te n d e n c y  to  u s e  

d r y  f lo w m e t r e s  i n s t e a d  o f  t h e  o l d  w a t e r  s i g h t - f e e d  b o t t l e ,  

w h ich  p r o v id e d  a  c e r t a i n  amount o f  w a t e r  v a p o u r  f o r  t h e  i n ­

s i d e  o f  t h e  a n a e s t h e t i c  m ach in e ,  c o n s t i t u t e s  a  d a n g e r  e s ­

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

( 1 7 0 ,1 7 1 , 3 3 ,2 5 , 1 6 7 ) .

The s o u r c e  o f  i g n i t i o n  c a u s in g  an e x p l o s i o n  may n o t  

b e  d e t e r m in e d .  I n  a  r e c e n t  i n c i d e n t  a  l e a k  b e tw e e n  t h e  

r e b r e a t h i n g  b a g  and t h e  bagm ount was fo u n d ,  b u t  w hat i g n i t e d  

t h e  e s c a p in g  g a s e s  was n o t  d i s c o v e r e d  ( 1 6 9 ) .

The e f f e c t  on t h e  l u n g s  d e p e n d s  on w h e th e r  an e x ­

p l o s i o n  t a k e s  p l a c e ,  o r  w h e th e r  f la m e  i s  i n h a l e d .  I f  an  

e x p l o s i o n  t a k e s  p l a c e  t h e  lu n g  i s  r u p t u r e d ,  i f  t h e  e x p l o s i o n  

i s  l e s s  p o w e r fu l  o r  a  f la m e  ab o u t t h e  m outh and n o s e  i s  

i n h a l e d ,  t h e  a i n e o l a r  membrane i s  so b u r n e d  t h a t  i t  c a n n o t  

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

a t  o n c e ,  b u t  i n  t h e  l a t t e r  i t  may b e  s l i g h t l y  d e l a y e d  (2 5 )  .

I f  o i l  o r  g r e a s e  comes i n t o  c o n t a c t  w i t h  h i g h l y  

o o m p re sse d  oxygen , a s  i s  u s e d  i n  a n a e s t h e s i a ,  a  s p o n ta n e o u s  

f i r e  may s t a r t  w h ich  i s  d i f f i c u l t  t o  e x t i n g u i s h .  T h i s  f i r e



may a c t  a s  t h e  s o u rc e  o f  i g n i t i o n  f o r  a  t r u e  a n a e s t h e t i c  

e x p l o s i o n  ( 2 5 , 3 ) .

T h e re  i s  t h e  r i s k  o f  an e x p l o s i v e  c o n c e n t r a t i o n  

o f  such  an a n a e s t h e t i c  a g e n t  fo rm in g  i n  b ody  c a v i t i e s  o t h e r  

t h a n  t h e  l u n g s .  A f t e r  an h o u r ' s  a n a e s t h e s i a  w i t h  e t h e r ,  

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

c a v i t i e s .  The same d a n g e r  i s  p r e s e n t  w i th  c y c lo p r o p a n e ,  

'V in e s th e n e *  and e t h y l  c h l o r i d e .  I t  may h a p p e n  i n  an  o p e r a ­

t i o n  su ch  a s  g a s t r e c to m y ,  7/here t h e  s u rg e o n  m akes u s e  o f

d i a th e r m y  to  e x c i s e  t h e  s tom ach  and i n c i s e  t h e  i n t e s t i n a l

w a l l ,  t h a t  an e x p lo s iv e  a g e n t  h a s  b e e n  s a f e l y  u s e d  i n  a  r i g i d  

c l o s e d  c i r c u i t  w i th  c o m p le te  s a f e t y  u n t i l  t h e  v a p o u r  accum­

u l a t e s  i n  t h e  s tom ach and i n t e s t i n e  w i t h  d i s a s t r o u s  r e s u l t s  

when t h e  d ia th e r m y  k n i f e  i s  u se d  ( 2 5 ) .

D i s i n t e g r a t i o n  o f  r e d u c in g  v a l u e s ,  a l th o u g h  n o t  

t r u e  a n a e s t h e t i c  e x p l o s i o n s ,  may h a v e  s i m i l a r  t h r o u g h  l e s s  

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

on s u d d e n ly ,  e s p e c i a l l y  w i th  an o u t l e t  v a lv e  on t h e  r e d u c i n g -

v a lv e  c l o s e d ,  t h e  sudden  s t r a i n  may r a p t u r e  t h e  v a l v e

d ia p h ra g m  o r  o t h e r w i s e  c a u s e  a  l e a k  from  t h e  h i g h  p r e s s u r e  t o  

t h e  low  p r e s s u r e  s i d e  w i th  d i s a s t r o u s  c o n s e q u e n c e s  (3 )  .

The p r e v e n t i o n  o f  a n a e s t h e t i c  e x p l o s i o n s  i s  s im p le  

i n  t h e  m a j o r i t y  o f  c a s e s .  I f  an  a n a e s t h e t i c  i s  to  b e  a d ­

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



i s  noY/ no r e a s o n  why a n o n - e x p l o s i v e  a g e n t  s h o u ld  n o t  he  

u s e d .  With a  r e l a t i v e  a tm o sp h e r ic  h u m id i t y  g r e a t e r  t h a n  

s i x t y  p e r  c e n t ,  an e x p l o s i o n  due to  s t a t i c  e l e c t r i c i t y  i s  

u n l i k e l y ,  i f  n o t  i m p o s s i b l e .  With comple te  r e b r e a t h i n g ,  

t h e  h u m id i t y  w i t h i n  t h e  a p p a r a t u s  becomes so h i g h  t h a t  t h e  

p r o d u c t i o n  o f  a  s t a t i c  s p a r k  i s  i m p o s s i b l e  unde r  o r d i n a r y  

c i r c u m s t a n c e s .  Where a tm o sp h e r ic  c o n d i t i o n s  p r e d i s p o s e  

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

sys tem  w i l l  p r o v id e  a lm os t  com ple te  s a f e t y .

The i n h a l a t i o n  o f  vom itus  o r  f o r e i g n  b o d i e s  i s  one 

o f  t h e  d a n g e rs  o f  a n a e s t h e s i a  s t i l l  t o  be  overcome.  The 

modern t e n d e n c y  t o  use  i n t r a v e n o u s  a n a e s t h e s i a  and m usc le -  

r e l a x a n t  d rugs  h a s  i n c r e a s e d  t h i s  d anger  i n  c e r t a i n  c a s e s ,  

f o r  example ,  t h e  u se  o f  t h i o p e n t o n e  i n  d e n t i s t r y  and c u r a r e  

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

The p a t i e n t  may vomit  d u r in g  t h e  i n d u c t i o n  o f  

a n a e s t h e s i a ,  b ecau se  t h e  i n d u c t i o n  i s  d i f f i c u l t  o r  p ro lo n g e d  

on a cc o u n t  o f  im p ro p e r  p r e m e d ic a t i o n ,  i n c o r r e c t  s e l e c t i o n  o f  

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

comes t o  t h e a t r e  w i th  a  f u l l  s tomach, o r  a  p h a ry n g e a l  a i rw a y  

i s  i n s e r t e d  to o  soon, v o m i t in g  may o c c u r .  I n  c e r t a i n  c a s e s  

t h e  u se  o f  m orph ine  i n  p r e m e d ic a t i o n  may i n c r e a s e  t h e  

l i a b i l i t y  o f  t h e  p a t i e n t  to  v o m i t .  Vomiting may a ls o  occu r  

d u r in g  t h e  m a in ten a n ce  of  a n a e s t h e s i a .  I f  t h e  dep th  o f



a n a e s t h e s i a  beoomes i n s u f f i c i e n t ,  mucus o r  an  a r t i f i c i a l  

a i r w a y  may i n i t i a t e  em es is  ( 4 4 ) .

C e r t a i n  c a s e s  a r e  more p ro n e  t o  vom it t h a n  o t h e r s .

I n  p a t i e n t s  who a r e  ab o u t t o  have  t h e  o p e r a t i o n  o f  C a e s a r i a n  

S e c t i o n  t h e r e  i s  an i n c r e a s e  i n  t h e  b a s a l  m e ta b o l i c  r a t e ,  

and  n e r v o u s n e s s  w hich  c a u s e s  h y p e r a c t i v i t y  o f  t h e  mucous 

g l a n d s  i n  t h e  r e s p i r a t o r y  t r a c t .  T h is  r e s u l t s  i n  an  o u t ­

p o u r in g  o f  mucus d u r in g  i n d u c t i o n  w h ich  s e r i o u s l y  i n t e r f e r e s  

w i t h  t h e  a n a e s t h e s i a .  Deep a n a e s t h e s i a  i s  n o t  r e q u i r e d  and 

t h e r e f o r e  t h e  a n a e s t h e s i a  may become to o  l i g h t ,  w i t h  r e s u l t ­

i n g  v o m i t in g ,  i f  t h e  s tom ach  i s  f u l l ,  a s  i s  l i k e l y  when 

su c h  c a s e s  h a v e  t o  b e  t r e a t e d  a s  e m e r g e n c ie s .  P r e - o p e r a t i v e  

g a s t r i c  l a v a g e  i s  n o t  a  c o m p le te  an sw e r  t o  t h e  p ro b le m .

I t  may g i v e  a  f a l s e  s e n s e  o f  s e c u r i t y  t o  t h e  a n a e s t h e t i s t  

a s  l a r g e  p o r t i o n s  o f  f o o d  may be  l e f t  i n  t h e  s to m a c h .  These  

may b e  v o m ite d  and  b l o c k  t h e  l a r y n x  o r  a  m a in  b ro n c h u s  (2 5 )  .

The a n a e s t h e t i s t  may h a v e  some w a rn in g  t h a t  v o m i t in g  

i s  a b o u t  t o  o c c u r  d u r in g  t h e  m a in te n a n c e  o f  a n a e s t h e s i a .

I t s  a d v e n t  i s  i n d i c a t e d  by  s h a l lo w  r e s p i r a t i o n ,  p a l l o r ,  a  

' s m a l l 1 p u l s e ,  and  an a c t i v e  p u p i l ,  t h e  l a s t  show ing  t h a t  t h e  

p r e v i o u s  s i g n s  a r e  n o t  due t o  o v e rd o s a g e  ( 3 1 ) .

R e g u r g i t a t i o n  o f  s tom ach  and  i n t e s t i n a l  c o n t e n t s  

i n t o  t h e  p h a ry n x  may o c c u r  when t h e  c a r d i a  r e l a x e s  and  t h e  

s tom ach  i s  f u l l .  M a n ip u la t i o n  o f  bow el i n  c a s e s  o f  i n t e s t i ­

n a l  o b s t r u c t i o n  may r e s u l t  i n  an o b v io u s  r e g u r g i t a t i o n ,  b u t



i n  t h a t  c o n d i t i o n  t h e r e  i s  a l s o  t h e  r i s k  o f  a  s low  d r a i n a g e  

o f  s to m ach  and  i n t e s t i n a l  c o n t e n t s  i n t o  t h e  p h a ry n x  t h r o u g h ­

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

and l u n g s  ( 2 5 , 4 4 ) .

The a c i d  g a s t r i c  c o n t e n t s  may i r r i t a t e  t h e  l a r y n g e a l  

m ucous membrane and s e t  up s e v e r e  l a r y n g e a l  spasm and  o b ­

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

t r a c t  may c a u s e  a c u te  a s p h y x ia  and d e a t h ,  b ro n c h o p n e u m o n ia ,  

a t e l e c t a s i s  o f  one o r  more l o b e s ,  o r  p e r i p h e r a l  c i r c u l a t o r y  

f a i l u r e .  A sp h y x ia  due to  a s p i r a t i o n  i s  a  f r e q u e n t  c a u s e  o f  

d e a t h  on t h e  o p e r a t i n g  t a b l e .  I f  t h e  s tom ach  i s  em pty  when 

t h e  p a t i e n t  v o m i t s ,  t h e r e  may b e  no i l l  e f f e c t s ,  b u t  h e  may 

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

m u s c l e s  o f  m a s t i c a t i o n  w h ich  may accom pany v o m i t i n g .

V o m itin g  o r  r e g u r g i t a t i o n  may o c c u r  w i th  l i t t l e  o r  no e v id e n c e  

a t  t h e  t im e  t h a t  i t  h a s  t a k e n  p l a c e ,  b u t  t h e  p a t i e n t  d e v e lo p s  

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

a l r e a d y  d e s c r i b e d  ( 4 4 ,2 5 ) .

I n  t h e  s u r g e r y  o f  t h e  n o s e ,  m outh and  t h r o a t  t h e r e  

i s  a  s p e c i a l  r i s k  o f  a s p i r a t i o n .  I n  t o n s i l l e c t o m y  t h e r e  i s  

a lw a y s  some a s p i r a t i o n  i n t o  t h e  t r a c h e a ,  t h e  amount o f  b lo o d  

a s p i r a t e d  d ep e n d s  on t h e  t e c h n i q u e s  o f  o p e r a t o r  and a n a e s ­

t h e t i s t .  I n  a d d i t i o n  t h e r e  i s  t h e  r i s k  o f  a  c l o t  f o rm in g  

i n  t h e  p o s t e r i o r  p h a ry n x  w h ich  may b e  a s p i r a t e d  and  c a u s e



c o m p le te  r e s p i r a t o r y  o b s t r u c t i o n  ( E5) .

Sponges  and p a c k s  u se d  i n  a n a e s t h e s i a  f o r  d e n t a l  

s u r g e r y  may cao.se a  f a t a l  o b s t r o c t i o n  i n  t h e  l a r y n x  o r  

t r a c h e a .  The o b s t r o c t i o n  may b e  ^ a l l - v a l v e 1, a l l o w in g  

e x p i r a t i o n ,  b o t  n o t  i n s p i r a t i o n .  R e s p i r a t o r y  e f f o r t  i n ­

c r e a s e s  a s  t h e  l e v e l  o f  c a rb o n  d io x id e  r i s e s  i n  t h e  b lo o d  

and t h e  oxygen r e s e r v e  i s  consom ed. The r e s o l t a n t  i n ­

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

o r  t r a c h e a .

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

o r  g a g s ,  o r  d a r i n g  e x t r a c t i o n ,  t e e t h  may b e  b r o k e n  and  a s ­

p i r a t e d .  T h is  d oes  n o t  l e a d  to  im m ed ia te  r e s p i r a t o r y  

d i f f i c o l t y ,  b o t  i t  does  l e a d  t o  s m a l l  o r  l a r g e  a r e a s  o f  

a t e l e c t a s i s  w hich  may p r o g r e s s  t o  a  l o n g  a b c e s s . ( 2 5 )

I n t a b a t i o n  i s  a  p r o c e d o r e  i n  e v e ry d a y  o s e  and  a l -  

th o o g h  a p p a r e n t l y  e a s y  to  p e r fo rm ,  i s  n o t  w i t h o o t  r i s k s .

I t  h a s  b e e n  s o g g e s t e d  t h a t  th e  t e c h n i q o e  may b e  o f  v a l o e  

i n  o p e r a t i o n s  i n  w hich  o b s t r o c t i o n  to  t h e  a i r w a y  may b e  

e x p e c te d  e i t h e r  from  t h e  n a t o r e  o f  t h e  d i s e a s e ,  t h e  s o r g i c a l  

t e c h n i q o e ,  t h e  p o s i t i o n  o f  t h e  p a t i e n t ,  o r  t h e  p r e s e n c e  o f  

f l o i d s  i n  t h e  a i r - p a s s a g e s • M ost o p e r a t i o n s  on  t h e  h e a d  

and n e c k ,  e x c e p t  t h o s e  f o r  t o ^ i c  g o i t r e ,  s h o o ld  b e  c a r r i e d  

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

an  a d v a n ta g e  i n  m ost p r o lo n g e d  o p p e r  a b d o m in a l  o p e r a t i o n s



w here  s h a l lo w  r e s p i r a t i o n  i s  d e s i r a b l e  and i n  w h ich  s p i n a l ,  

s p l a n c h n ic  o r  o t h e r  l o c a l  b l o c k s  a r e  n o t  em ployed ( 3 ) .

I n  some c a s e s  o f  a c u t e  i n f e c t i o n  o f  t h e  u p p e r  p a r t  

o f  t h e  r e s p i r a t o r y  t r a c t ,  u se  o f  an e n d o t r a c h e a l  tu b e  i s  

p r o b a b l y  n o t  a d v i s a b l e .  T h e re  i s  t h e  ty p e  o f  p a t i e n t  who 

o a n n o t  t o l e r a t e  any  t ra u m a  to  t h e  mucous m em branes. When 

p a t i e n t s  have  f o u l  l e s i o n s  i n  th e  mouth o r  on t h e  f a c e ,  and 

h a v e  d i f f i c u l t y  i n  co u g h in g  and e x p e c t o r a t i n g  t o  r i d  them ­

s e l v e s  o f  m a t e r i a l  from  t h e  r e s p i r a t o r y  p a s s a g e s ,  t h e  u s e  

o f  an e n d o t r a c h e a l  tu b e  i s  l i k e l y  to  i n c r e a s e  t h e  i n c i d e n c e  

o f  p o s t - o p e r a t i v e  pneum onia , o r  i f  p neum on ia  w o u ld  h a v e  

d e v e lo p e d ,  to  i n c r e a s e  i t s  s e v e r i t y  ( 1 7 2 ) .

S e v e r a l  f a c t o r s  i n f l u e n c e  t h e  d e g re e  o f  damage to  

t h e  l a r y n x .  On t h e  d e g re e  o f  p r o f i c i e n c y  i n  l a r y n g o s c o p y  

o f  t h e  a n a e s t h e t i s t  n o t  o n ly  d e p e n d s  t h e  damage t o  th e  

l a r y n x ,  b u t  a l s o  t h e  d e g re e  o f  damage t o  t h e  o t h e r  t i s s u e s  

o f  t h e  u p p e r  r e s p i r a t o r y  t r a o t .  The i n d i v i d u a l  a n a to m ic a l  

c h a r a c t e r i s t i e s  o f  t h e  p a t i e n t ,  su ch  a s  a  s h o r t  n e c k ,  a f f e c t  

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

d e g r e e  o f  r e l a x a t i o n  and t h e  r a p i d i t y  w i t h  w h ic h  t h e  i n t u b a ­

t i o n  m ust be a t t e m p te d  d i f f e r e n t i a t e  b e tw e e n  an e a s y  i n t u b a ­

t i o n  w i t h  t h e  p a t i e n t  a t  a  r e a s o n a b l e  d e p th  o f  a n a e s t h e s i a  

and an  em ergency  i n t u b a t i o n  w i t h  t h e  p a t i e n t  l i g h t l y  

a n a e s t h e t i s e d .  The d i a m e t e r ,  sh ap e  and c o n s i s t e n c y  o f  t h e



e n d o t r a c h e a l  t u b e ,  and t h e  t im e  d u r in g  w h ich  i t  i s  i n  

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

s u f f e r  an y  a f t e r - e f f e c t s .  The age o f  th e  p a t i e n t  i s  a l s o  

i m p o r t a n t .  A tu b e  t h a t  f i t s  t i g h t l y  t h e  g l o t t i s  and  t r a c h e a  

o f  an  i n f a n t  may c a u se  oedema w hich  may p ro v e  f a t a l .

E p i s t a x i s  o r  b l e e d i n g  from  t h e  t h r o a t  o f  a  c h i l d  o r  i n f a n t  

i s  e a s i l y  p ro d u c e d .  I n t u b a t i o n  i s  t h e r e f o r e  u s u a l l y  c o n t r a ­

i n d i c a t e d  f o r  young c h i l d r e n ,  and a  tu b e  t h a t  c a n  b e  i n s e r t e d  

i n t o  a  t i n y  t r a c h e a  does  n o t  have  a  l a r g e  enough lum en to  

p r o v id e  t h e  e a s y  r e s p i r a t i o n  n e c e s s a r y  f o r  an  i n f a n t  ( 1 7 3 ,4 2 )  .

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

t h e s i a  a r e  due  to  c o m p re s s io n  o f  t h e  tu b e  d u r i n g  a n a e s t h e s i a  

and  t r a u m a  i n  i n t r o d u c i n g  t h e  t u b e .  I f  t h e  t u b e  becom es 

c o m p re s s e d  o r  k in k e d  d u r in g  a n a e s t h e s i a ,  t h e  p a t i e n t  w i l l  

d e v e lo p  a c u t e  a s p h y x ia  i f  t h e  c o m p re s s io n  i s  c o m p le te ,  b u t  

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

and  c a r b o n  d io x id e  r e t e n t i o n  w i l l  d e v e lo p .  S i m i l a r  e f f e c t s  

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

t u b e  (42) .

l a r y n g o s c o p y  i n  e x p e r t  h a n d s  s h o u ld  be a t r a u m a t i c ,  

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

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

damage may b e  d o n e .  The l i p s  and  gums may b e  l a c e r a t e d .

The t e e t h  may b e  l o o s e n e d ,  f r a c t u r e d ,  o r  e x t r a c t e d .  The



h a r d  and  s o f t  p a l a t e s  and t h e  p o s t e r i o r  w a l l  o f  t h e  p h a ry n x  

may h e  a b r a i d e d  o r  l a c e r a t e d .  The to n g u e  may b e  i n j u r e d  

i f  c a u g h t  b e tw e e n  th e  t e e t h  and t h e  l a r y n g o s c o p e  ( 1 7 3 ) .

G ranulom a o f  t h e  l a r y n x  h a s  b e e n  r e p o r t e d  on s e v e r a l  

o c c a s i o n s .  The c a u s e  may b e  e x c o r i a t i o n  from  t h e  l a r y n ­

g o sc o p e  o r  t h e  e n d o t r a c h e a l  t u b e .  T h is  becom es s e c o n d a r i l y  

i n f e c t e d  and c o v e re d  w i th  g r a n u l a t i o n s  and e x u d a t e .  The 

wound e d g e s  become e v e r t e d ,  h e a l i n g  i s  d e la y e d  and a  

g ra n u lo m a  i s  fo rm e d .  I t  h a s  b e e n  s u g g e s t e d  t h a t  a l l  t h e  

c a s e s  r e p o r t e d  h ad  f a c t o r s  i n  common w h ich  may h a v e  a  b e a r ­

i n g  on t h e  a e t i o l o g y .  They w ere  a l l  i n t u b a t e d  f o r  lo n g  

p e r i o d s .  The a lm o s t  i n v a r i a b l e  l o c a t i o n  o f  t h e  tum our was 

n e a r  t h e  p o s t e r i o r  com m issure , v e r y  o f t e n  a t t a c h e d  to  t h e  

v o c a l  p r o c e s s  o f  th e  a r y t e n o i d  c a r t i l a g e .  The t im e  o f  

o n s e t  o f  t h e  o u t s t a n d i n g  symptom, h o a r s e n e s s ,  v a r i e s  from  

t h e  im m e d ia te  p o s t - o p e r a t i v e  p e r i o d  t o  one m onth  a f t e r  

i n t u b a t i o n .  I n  a l l  c a s e s  t h e  g ra n u lo m a s  w ere  e v e n t u a l l y  

rem oved ( 1 7 3 ,1 7 5 ,1 7 6 ,1 7 7 ,1 7 8 ,  1 7 9 ,  1 80 , 181 , 1 8 2 ) .

A s e r i e s  o f  f i v e  h u n d re d  and e i g h t e e n  o a s e s  o f  

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

l a r y n g e a l  s e q u e l a e .  The f i n d i n g s  w ere  b a s e d  s o l e l y  on  

p o s t - a n a e s t h e t i c  a a b 4 © o tiv e  c o m p la in t s  and n o t  on o b j e c t i v e  

l a r y n g e a l  e x a m in a t io n .  One c a s e  d e v e lo p e d  h o a r s e n e s s  w i t h ­

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



t r a c h e i t i s ,  and  f o u r ,  p h a ry n g e a l  u l c e r a t i o n s  ( 1 8 3 ) .

The p a th o lo g y  o f  t h e s e  c o m p l i c a t i o n s  may he  c o n ­

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

c h o n d r a l  i n j u r i e s .

The m ost common r e a c t i o n s  o b s e rv e d  i n  t h e  f i r s t  

t w e n ty  f o u r  t o  s e v e n ty  two h o u r s  a r e  a  l o s s  o f  l u s t r e ,  and 

a  p i n k i s h  i n f i l t r a t i o n  o f  t h e  v o c a l  c o r d s  w h ich  l a c k  t h e i r  

f l a t  a p p e a ra n c e  and s h a r p n e s s .  T h is  i s  a t t r i b u t e d  t o  c o n ­

t a c t  w i t h  t h e  tu b e ,  and d epends  on t h e  c a l i b r e  o f  t h e  t u b e ,  

i t s  c h e m ic a l  c o m p o s i t io n ,  p r e - o p e r a t i v e  p r e p a r a t i o n s ,  and  

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

a f t e r  m in o r  i n j u r i e s  t o  t h e  mucous membrane, b u t  m ore s e v e r e  

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

o r  m in o r  i n j u r i e s  w hich have  become i n f e c t e d ,  may l e a d  t o  

l a r y n g e a l  o b s t r u c t i o n  and r e q u i r e  t r a c h e o to m y .  Oedema o f  

t h e  l a r y n x  i s  n o t  r a r e ,  and b e n ig n  p a p i l l o m a t a  o f  t h e  v o c a l  

c o r d s  h a v e  b e e n  d e s c r i b e d  (1 7 4 ,  184 , 185 , 173) .

I n j u r i e s  t o  t h e  c a r t i l a g e  and  p e r i c h o n d r iu m  t e n d  to  

b e  more s e r i o u s .  R e p a i r  i s  p o o r ,  and  p e r i c h o n d r i t i s ,  p r o ­

lo n g e d  s u p p u r a t i o n  and  c a r t i l a g e  n e c r o s i s  may r e s u l t .  The 

r e s u l t a n t  s c a r  t i s s u e  f o r m a t io n  c a u s e s  d e f o r m i t y  and l a r y n ­

g e a l  s t e n o s i s  ( 1 7 3 ) .

I n t u b a t i o n  by  th e  n a s a l  r o u t e  h a s  i t s  own a d d i t i o n a l  

c o m p l i c a t i o n s ,  m ost commonly n a s a l  m ucosa  a b r a i s i o n s  and



7 8 .

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

o f  t h e  n a s o p h a ry n x  (173 , 186) • A c a s e  h a s  b e e n  r e p o r t e d  

i n  w h ich  a  b l o o d - c a s t  o f  a  b ro n c h a s  was co ag h ed  a p .  T h is  

h a d  b e e n  fo rm ed  f o l l o w in g  t h e  i n t e r m i t t e n t  e p i s t a x i s  d a r i n g  

a  p r e v i o a s  n a s a l  i n t a b a t i o n  ( 1 8 7 ) .

D ea th  may o c c a r  from  t r a c h e i t i s  dae  t o  t h e  a n t i ­

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

o f  an i n f l a t a b l e  c a f f  on  t h e  t a b e  (1 8 8 ,  1 8 9 ) .

One c a n n o t ,  t h e r e f o r e ,  b a t  a g re e  w i t h  Hewer t h a t  

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

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

(3 )  .



M sousslon of M ortality  and Morbidity 3 ta t i s t io a .

A comparison of the s t a t i s t i c s  of m o rta lity  

associated with anaesthesia shows th a t a g rea t increase 

has occurred in  the number of these deaths daring the 

tw entie th  century . In Scotland the increase  has been from 

m  each deaths in  1913 to 106 in  19B1 and 11B in  1945 (190, 

191, 19g)* In  England the increase has been from 91 deaths 

in  1901 to S96 in  1913, 337 in  19S1 and 843 in  1939 (193,

194, 195)#

Many fa c to rs  may be suggested as having influenced 

th i s  increase* The scope of su rg ica l treatm ent has been 

g re a tly  enlarged, the treatm ent of many diseases previously 

thought to  be purely medical has become su rg ica l, fo r  example 

in  the case of b ronch iec tasis . P a tien ts  who would p re­

v iously  not have been considered f i t  to  survive the necessary 

su rg ica l operation are no?/ able to  b enefit from each t r e a t ­

ment • There has been an increase in  the number of road 

accidents and sim ilar oasos requ iring  treatment* The use 

of anaesthesia  in  c h ild b ir th  has become more common, more 

examinations, inductions of labour, and perineal rep a irs  

are being performed under anaesthesia, and the operation of 

Caesarian Section i s  being ca rried  out w ith much g re a te r  

frequency* The use of anaesthesia as an aid in  diagnosis



slid as a method of treatm ent has also increased*

In  order to compare the scope of su rg ica l treatm ent 

of f i f t y  years ago with th a t of the present day, an examina­

t io n  of the records of the Western infirm ary of Glasgow was 

ca rried  out and the types of operation performed daring the 

year 1$99«1900 are shown in  fab le  1 {19&)*

fab le  1* Operations performed in  the Western 

Infirm ary of Glasgow in  the r e a r  1899-1900.

las&er of Cases*

Abdominal Section 108

Caesarian sec tion  1

Bemoval of Orarian Cyst 03

Opening of Aboess

im putations

A spiration or Tapping ■ 8

C astra tion  $

C a th e te risa tio n  §

C au terisa tion

Cholecystotomy $

Circumcision 1§
Geletemy / 9
CoIporrhaphy  1

Curetting 08
Graaieotomy 1



Oyatotony X
Dilatation a
&BBiott *a Operation a
ftatoiaiona of feonos* Joints and Tarioose veins 77
isnoision of tanoara 306
fovolOlo novonents 3
Oaatre-entoreatony X
Gastrostomy 4
Horniotoay 10
Badioal oaro of feernia 78
Hystoreotomy 5
Inolsioms 7t
Xndaotion of lalboiir X
Xaodnsotony a
Litfcotoay 4
Litfcotrlty X
Mastoidootony 17
Beptxreotany X
ffephrorrhaphy 4
Bephrotomy 6

Jferro stnotoMng 3
loans rrhaphy «
Operation fan Hyftrooolo 13

Ostootony 13
Porinoal sootion a



«2.

P erin eo rrh ap h y  19

P la a t io  Op o ra tio n s  09

B adioal Oars s t  SaBonsesle 2

Bedciotion o f  D ie lao a tio n  9

Esmoral s t  D isease By do rap in g  o r Gouging 122

Removal o f  fo re ig n  Body o r  p is s s  s t  Bons 29

Removal s t  Basnsrsfesl&s 29

Removal s t  t o n s i l s  1 U

Removal o f  ta a s a r  25

B ssso tio n  s t  rlB  IB

S e a r i f le a t le n  1

S eq aestro to ay  20

Skin g r a f t in g  9

s tap h y lo rrh ap h y  *

s a ta r ln g  7

farseotom y 1

Teeth B z tra s tlo n  12

Tendon G ra ftin g  4

Tenotomy 9
Thyroidectom y *

f ra e h e o te a y  2

T reph in ing  20
T arB ineeteny 74

U rethrotom y 2

W iring o r  P inn ing  42

Woands g rassed  **



Of these eases, 20 per sent might bo said to have 
tmdergone major operations* 105 ef the oases died in  
hospital* tha t ls» Hie m ortality ra te  was 5 per oent.

fhe operations performed on the eases investiga­
ted for th is  thesis are classified  In fable 2* She eases 
were seleeted solely hy the e rlte rien  of time available 
fe r  adequate follsw-ap, and are representative of modem 
surgery.

gable 2» Operations performed on 500 patients in
ItibMilloggltal*

Operation I ^ s i . j £ J , l i , s s
P artia l Oastreetomy 21

Hernia* Hep a ir  of
Inguinal and femoral 25

Teatral *
lumbar 1

0 astro-enterostomy t

P artia l Colectomy 8
fhyroideetemy 8
Hephreetemy $
Oheleeysteetemy 8
Pretateotomy

"Pttneh" 2

Saprapffele l 8

Miscellaneous Urological 15



84

X M tM tM jr 8

Lwrtar Syapattaaotonjr 8
Orthapaadlo

Zasaatioa af Saith-Fataraoa Bail i
Othdr 30

Kay-hela Oparatloa far
S n u M  lu l « u  talpaaaa 7

Bar, Boat and Bferaat Oparatioaa 8
Appandioaotoay 84
Laparotamy 18
Colostomy 8
Chelaoya toatomy 8
Olosara af Oastrta ar naa&aaal Parfatation 9
Parinoal Sapair 93
Oaphorootoay 8
Byataraataay 18
S lw U tH ttn  IS
Oaaaariaa Saotioa aad Starillaatiaa 8
Hyataratamy «n& startllaatloa 8
Xyeaostsay S
S y itw a ta v  *
Oaaaariaa faatlMK IS
Qparstioa Caaaallod 4

M latattoa and Oarattaga 89



Salphlmgo* Oophorostomy 4
Unclassified 61
Piagneatio ant Therapeatlo Anaesthetics 1*

17$ of the operations were regard** as "miacre* 

sad 89 per eeat major la  severity* 97 of the patient* 
tied  la  hospita l, the mortality ra te  heiag 7 #4 per eeat*
91 per eeat of the patients were elasalfied  as peer opera* 
tive  risk s , and the pro*operative ooadltloa of 8 per eeat 
was serious, tha t Is , almost 88 per eeat of the eases were 
not good surgioal r isk s . 98 per oeat of the patients were 
between the ages of 40 sad 80 years* and 17 per oeat were 
elder then 81 years*

The number of deaths assoeiated with anaesthesia in  
England and Wales daring th is  eeatary has iaoreased ninefold • 

Various eeases have been suggested and th is  series of eases 
has been eompared with the operations performed la  one of 

the large teaehlag hospitals daring the la s t  year of the 
la s t  eeatary to dhow that the severity o f operations has 
Iaoreased* la  many of the operations in  the e a r lie r  series 
desenbed as "Bemeval of tenear,S  the tamear was deseribed 
as a sarcoma* Many of these patients mast have died shortly

a fte r re tara iag  to th e ir  hemes* bat they were not Uteiaded 
la  the members of the patients Who had died.

I t  i s  reasonable to suggest tha t the re sa lts  of the



two series aoapare favourably*

Jtany pleas b a r. haaa aaAa tha t anaesthetists reoorA 
th e ir  fa ilu res  and asoiAeata aa wall aa th e ir  eaoeeasea, and 
i t  weald appear th a t sane are responding, with tha resu lt 
tha t tha solanoe af aaaaathaaia haa progressed* Ihe la* 
proven eBt ia  tha reporting af Aaatha aaseeisted with anaes- 
thaala  ia  evidaneed by tha faot that Aaatha have heaa 
aetifiaA  wham tha patiaat haA haaa given aerphiaa anA 
atropine withoat any aotual aaaaathatio having haaa aAnln- 
1 stared.

Although figaraa fa r  Aaatha aaaaoiataA with anaea* 
thaala ahaw aaoh aa lmoreaaa ever the paat fo rty  years, 
thaaa figaraa may, ia  thaBeeleee, ha misleading* Sha number 

af f a ta l i t ie s  AapaaAa aa tha aataat to whioh various agaata 
have haaa used aa wall aa aa tha riak  attaohiag to them.

Sha Aaatha aaaoalataA with aaah typo a t  aaaaathatio eaaaat 
ha aellatoA with tha aaahar a f  aAaiaiatratiaaa • Zt ia  ia* 
paaaihla te  aay whether, ar to what aataat * tha iaoraaaa ia  
tha anA ar a f Aaatha iap liea  iairaaaiag m ortality  aaAor 
aaaaathaaia* the aaA or af aAaiaiatratiaaa ia  known to  ha 
iaoraaaiag« hat i t  a manat ha estimated, and tha figaraa fa r  
tha aaahar a f Aaatha ana only ha thaaa aaaaoiataA with, and 

aat thaaa aaaaaA hy aaaaathaaia* I t  ia  iqptaaihla froa 

a a rtif io a tlo a  to Aiatiagoiah hatwaaa Aaatha fro* aparatiaa 

oaAar aaaaathaaia and Aaatha Aaa ta  the anaesthesia I t s e l f .



87 .

Shara i s  as Aaflaita lag is la tio a  ragarAlag tha 
ao tlf io a tlo a  af Aaatha aaAar aaaaathaaia la  BaglaaA aa 
SootlaaA. I t  is  atatsA that aa aaaaathatio asp aat 
asasaaarllp  raaAsr a Aeoth oaaatoral aaA tharafors ao tlfl*  
afela* ha thaaa ia  w ig  a lagal Aaty to raport a Aoath 
afaioh la  asaatoral to tha Ooronar or i’rooarator-Piaa a l , 
thsra aight ho Alfforaasas af oplaioa aa to Ohathar or aot 
a oarta ia  Aaath asaA ha aatlfiaA and Wsthor tha faa t that 
tha Aaath aaAar aaaaathaaia ha iaolaAaA ia  tha Aeath osrti*  
f lo a t a (197, 198, 199) *

A stoAjr of s ta tis tlo a  of a a r ta ll tp  aaaaoiataA with 
aaaaathaaia aa rapartaA la  pohllshsA avtialaa glvas a aaro 

aaaot, hat aot aaaplata piotnro, as tha  to ta l aaabar a f  aasaa 
ia  sash asrisa  aay ho aaoartala*A aa wall aa tha aaahar a f 
Aaatha m i oonsa^aaatly oonparisoaa nay ha aaAa. Oaring 
tha ysara 1884*1901 aaa w ritar toot a a 32 Aaatha fraa  ohlaro- 
f a n  aaaaathaaia ia  88,812 aaaaa, ataal to a parasntaga af 
0.089, mi. 84 Aaatha la  80,00.8 aaaaa Of aplaal aaalgsaia ia  
1988, a m ortality ra ta  a f 0*2* par oaat. l*a raoaat 
figaraa for Aaatha aaAar aplaal saalgaala aara 8.8 par oaat 
aaA 1*04 par o ast. Bagional aaalgaaia fa r  ahAoalaal aorgaxy 

aaA aorara ia  1948 aaA 1947 raapaativaly hara ramltaA ia  
m ortality  ra taa  a f 8 par a«at aaA 8*8 par oaat (200, 801.

202# 288, 204) .



A stuAy a t tha a ta tla tia a  fa r  morbidity associated 
a lth  aaaaathaaia reveals aa lnsreaae a ia ila r  to that of 
n a r ta li ty . la  1918 Whipple rapartaA that resp iratory  oen- 
p lioatiaaa  aaoarraA ia  8*8 par oaat of hia eases. l a  1948 
tha resp iratory  osapllsatioa rato  with o u ra re , a itro as  

oxiAo aaA oxygon was 18 par oaat, aad with other typos of 
anaesthesia, 19 per oaat. She rapartaA inolAanaa of post* 
operative voalting has iasreasoA fron 5 par seat in  1935 
to 9*8 par sent far aen^afrAomlnal operations, aaA 19*5 par 
oaat fa r ahAoalaal operations (80S, 808, 207 , 208) .

Shis lnorsaso nay ho das to  tha taw  footers as 
saggastsA fo r tha apparent iaaraaaa in  the m ortality rato*
In  sAAitioa there la  the wary important fa s te r  th a t as aaaaa* 
th esis  has haoono a spaolallaaA b ru sh  of noAioiao so has 

the in te r  eat of tha w aaathstia ts  (ha th e ir  patients iasreasoA* 
Sis resu lt i s  tha t niaor post-eporatiTO compile at ions are 
Aiagnasad whoso inolAanaa weald have haaa unknown without 
spaoial inquiry. This ia  wall AsaonstratoA hy Zing aha 
showaA tha t the iaoiAeaee a f post-operative polnonary sea* 

p liastions daring the two years th a t ha iavostiga te i tha 
problem was Aothla tha t of tha ysara hafsra sad a f te r  (209).

m  tha present investigation 8? (7*4 par eeat) 

patien ts AioA following oporation. In 2 aasas (0*4 par aaat) 
Aaath was Aha to  tha effeata af anasathasia. In orAsr to



substantiate the statement that death was due te  the eases- 
th e s is  in  two eases only, a synopsis af the eases whieh ended 
fa ta lly  i s  included.

1* Perforated peptle oleeri female, aged 43 years i opera* 
tion  * repair of perforation t anaesthesia * Pentothal* 
earare» gas* oxygen and frllene of 3$ minute*1 daratioszt 
induction and maintenance of anaesthesia were sa tisfasto ry  
end patient had reeevered reflexes before leaving theatre t 
developed soTere sheet eomplloation and oliguria: died on
3rd day< autopsy revealed sab-phrenic aboees*
Z* Inoperable oareinoaa Of stomach* male* aged 61 years< 

operation « jejunostomyi anaesthesia * rentethal» earare* 
n itrons oxides oxygen and frilexte of 78 minutes* duration* 
Indaotion and maintenance of anaesthesia were sa tisfac to ry  
and the patient had reeevered reflexes in  theatret died on 

3rd day of hsematsmesis*
3* In te s tin a l obstruction* male, aged 37 years* Operation - 
division of hand of emsstfamt anaesthesia - spinal * Light 
Bnperoaine IS so* fstheriagten Wilson) and Pentothal* 
n itrons oxide f oxygen and frtlan e  of 33 minutes* dnratiom  
indaotion and maintenance of anaesthesia were satisfac tory , 
and reflexes were recovered ia  th e a tre« died on 8th day 

of existing diseaset he had been given food and drink by 
a mentally deficient patient in  the next bed.



4* Pyloric stenosis * male, aged 55 years: operation -

gastro-enterostomys anaesthesia - fractional spinal with 
1 per eent prooalne by Lemmon technique* ease misjudged by 

surgeon and anaesthetist i indaotion of anaesthesia followed 

by severe respiratory  depression and hypotension, neither 
responding to treatment* patient died on second day.

Death due to anaesthesia*
5. Colostomy for closuret male, aged 64 years* operation - 
laparotomy and closure of colostomy* anaesthesia - Light 
Buperoaine (Bthertagten-Wilson Spinal technique) of 50 
minutes* duration* Induction and maintenance of anaes­
thesia  were sat i s f  aot cry* developed paraly tic  ileu s  i died 
on 10th day* autopsy - perforation of colon proximal to 
colostomy*
6* Carcinoma of gall-bladder* male, aged 47 years* opera­
tion  - laparotomy* anaesthesia - Digit Buperoaine (Bovard- 
dbnes Spinal technique) and nitrous oxide, oxygen and f r i -  
lene of 45 minutes* duration* induction and maintenance of 
anaesthesia were satisfac to ry  and the reflexes were recovered 
in  theatre* condition gradually deteriorated* died on 5th 

day of malignant cachexia*
7* P resta tic  enlargement* male, aged 77 years* operation - 

suprapubic prostatectomy* anaesthesia - spinal Planocaine 
of 40 minutes9 duration* induction and maintenance of



anaesthesia satlsfaotoryi oondition dotarioratoA peat* 
oporativolyi died on 2nd day from oardiao fa ilu re , old 

ago and In ab ility  to stand ap to stra in  of oporation.
8 . Multiple urethral atrlo toros and perineal f is tu la , and 
atono In urethra i male, aged 86 years* oporation - 
transplantation Of arotorst anaesthesia - spinal napor* 
Oaino, of 180 minaterf durationi indaotion and naiatonsnoo 
o f anaesthesia wore satisfactory) diod on 26th day from 

arasaia*
9. Prostatlo  Enlargement) nalo, agod 68 years> oporation * 
supra-pabto proatatootonyi anaesthesia - lig h t Saporsalno 
Spinal of 60 minutes’ dnratiom indaotion of anaoathosia 
waa satisfac to ry  hat onaoloation of tho prostato was foUowod 
by aaddon and savors f a l l  in  tho blood pressor*) hsomorr- 

hsgo oooarrod of to r return to tho ward, followod by gradual 
oardlas f s ila ro i diod of araomia on 80th day*
10. Osngrano of logi female, agod 88 yoarai oporation - 
aid-th igh amputation t anaoothaaia * an ila to ra l spinal with 

Heavy mporoaino and nitroaa oxide, oxygon and Srilono of 
46 minatos* darattorn indaotion of anaoathoala was aatia- 
faotory bat thoro was a narkod f a l l  in  tho blood proaaaro 

hoforo tho oporation was hogam reflaxse woro rooovorod in  
thootroi dovolopod rigor* 6 hoars la to r , boo aa* oyanoaad 
and diod i autopay rovsalod adiiplo rooent infarota in  brain,

llv o r end kidnoys.



U . Snail bevel ebat n a tio n  of s days' doration* female 
aged 60 years* operation - laparotomy sad reseotioa of 
la rge  portion of asall bowel* anaoathosia - Pentothal, 
ear are, n itrons oxide, oxygen, frllan a  and other of 90 
minutea’ duration i Indaotion and maintenance of anaesthesia 

were eatiafaatery  and reflexes ears rooovered in  theatres 
died two days la te r .
18. Oaroineaa of Ovary (Oarolnonatoaie} s fenale, agod 46 
years* operation -  removal of ovarian oyst and salplngo- 
oophoreotooy* anaesthesia * Pentothal, eararo, nitrons 
oxide, oxygon sad Srilene of 86 niantes* duration* in­
daotion of anaesthesia was oati afoot or y and reflexes were 
reeevered i s  th ea tre* developed brady oardie followed by 
taehyoardin daring anaastheaiai died on 18th day fro* 
malignant eadhexla.
18. Popliteal Bnbeliam female, aged 84 years■ operation - 
exploration of popliteal artery* anaesthesia - aelntio  nerve 
bleak o f 95 minHtes* doratlen ■ indaotion and saintenanoe of 

nneotheain  were sa tlsfae tery i patient d ie t of effeota of 

m ultiple emboli on 19th day.
14. pylerie stenosis* male, agod 44 yearn  operation - 

gast re-enterostomy* anaesthesia •  posterior in te rco sta l 

serve bleek of 100 ntantes* deration* indaotion of enaes- 

thosie  was satisfactory  hot severe f a l l  ia  bleed pressure



took plot* taring  nalntentaoe* died on 3rd day from o ffsets 
of pylorie stenosis.
16. Oaxwlaoaa of stomach* female, aged 70 years* operation 
• gastro*enterestomy« taaostheela - sob-costal bleak of
60 ninnies* ta ra tlen i Indnetloa and maintenance of aneea- 
theaia were sstiefae tery t developed broncho - nneomoni a tad 
diod on 2nd day.
16 • Carcinoma of stomach* male, aged 44 years t operation - 
Jejanestomp* taaestboeia • posterior ln terooatal and an­
te rio r  aplanohale nerve blooks of to  n lantea ' deration* 
indaotion of aneeatbesie was sstisfnotary* naintenaaee was 
marred by asvere f a l l  in  blood presenre* died on 3rd day 
of malignant oaohaaia.

1 7 . Caroinoma of reatcuai female, aged 74 years* operation - 

perineal excision of reotan* enaeetbesla * l ig h t lepereaine 
spinal and Pentothal, nitroea oxide, oxygen and Zrilene of 
HO minatoa* doration* lntaotlon and madntensMo of anaes­
thesia  were satlsfeOtory and reflerea  were reeevered in  
theatre* devaleped bromeho-pneomonia end died m  2nd day*
It*  Caxoinoms o f Oeleni male, aged 61 years* operation - 
trsnsvareo-sigmeid eolostomy* maeatheaia - Pentothal, 
n itrons eUdo, oxygen , frilen e  md ether of 68 ninntas* 
doration * ln tte tie n  end maintenance of anaesthesia were 
•a tisfastacy  and reflexes were reeevered in  theatre  *



developed massive pulmonary oo11apse whioh did not respond 
to auction under diroot vision with bronehosaepes patient 
diod on 3rd day*
19* Primary Carcinoma of Hoad of Panoreas with Hopatio 
metastases# female, aged 63 years# oporation - laparotomy* 

anaesthesia - Pentothal, oar are, nitrons oxide, oxygon and 
other of 20 minutes* darations indaotion of anaesthesia 

marred by respiratory depression on injection of oararos 
reflexes were not reeevered in  theatre # developed in- 

treatab le  vomiting and died on 3rd day*
20* P rostatle hypertrophy# male, agod 60 years# operation 
sapra-pabie prostatoetomyi anaesthesia - Pentothal and 
oyolopropane and oxygon of 26 mlmates1 doration# Indaotion 
and maintenanee of anaesthesia were satlsfaotory# reflexes 

wore reeevered in  theatre# developed severe e llg n rla  and 
died of uraemia on 3rd day*
21* Qaroimema of Colon# female, agod 60 years# operation - 
reseotlon of to to an  anaesthesia - Oyolopropane, ether 
oxygen of 45 minutes1 deration# indaotion of anaesthesia 
was omsatlsfaotery owing to d iffieo lty  in  intabation# 
maintenance of anaesthesia was satlsfaotory  and the reflexes 

were reeevered in  theatre# developed bronohopneamonia# 

died on 2nd day*
22* Gangrene of log# male, aged 77 years# operation -



lumbar sympathectomy« anaesthesia - Pentothal, ear are, 
n ltroas oxide, oxygen and m ie n e  of 00 mlnates, deration t 
indaotion end maintensnoe of anaesthesia were satisfactory# 
reflexes were reeevered in theatre# became oonfased, in- 
continent and died of sardine fa ila re  on 12th day*
23* Strangulated femoral hernia# male, aged 44 years# 
operation - re lie f  of obstraetlon and repair of hernia# 
anaesthesia - Pentothal, oar are, nitrons oxide, oxygen and 
TrUene of 105 minutes* durations indaotion and maintenaoe 
of anaesthesia satlsfaotory# reeevered reflexes in  theatre# 
died of p e rito n itis  on 11th day*
24« Carcinoma of bile-duet# male, aged 45 years# opera­

tion  * eholeoyat- j eJanestomy« anaesthesia - Pentothal, 
earare, nitrous oxide, oxygen and Trilene of 105 minates1 
duration# indaotion of anaesthesia unsatisfactory due to 
d iff ic u lty  in  intabation# reflexes were reeevered in  
theatre# was well fo r f i r s t  50 hours, condition then de­

te rio ra ted  and patient died from existing disease and 

cardiac fa ila re  on 3rd day*
23* Pyloric stenosisi female, aged 74 years# operation - 
p a rtia l gastrectomy# anaesthesia - Pentothal, earare, 
nitrous oxide, oxygen and m ie n s  of 105 minutes* duration# 
indaotion end maintenance of anaesthesia satlsfaotory , and 
reflexes were recovered in  theatre# developed broncho­



pneumonia and died en 3rd day*
26* Sternal tamo or* female, aged 73 years# operation - 
laparotomy and removal of tumour# anaoathosia - Pentothal, 
n itrous oxide, oxygen and frllene# indaotion of anaes­
th esia  was satisfactory , daring maintenance, the In ferio r 
vena cava was damaged by the surgeon and the patient died 
one hoar a f te r  leaving theatre*
27* In te s tin a l obstruction of 5 days1 duration# male, 

aged 65 years# operation - laparotomy and reduction of 
in ternal hernia# anaesthesia - nitrous oxide, oxygen,

T.A.M* and curare# induction of anaesthesia was s a t is ­
factory but maintenaaee was unsatisfactory and the reflexes 
were net recovered in  theatre# patient vomited, when 
peritoneum opened, to such am extent that pack round endo­
tracheal tube was moved and mouth f i l le d  with vomltas# 
pack was removed and mouth and pharynx aspirated j endo­
tracheal tube with Inflatable cuff was inserted and anaes­
thesia  and operation continued; bronchoscopy was performed 
a t end of operation and main bronchi aspirated under d irect 
vision# patient vomited continuously en return to ward and 
died suddenly 3 hours a fte r the end of the operation# death 

probably was due to  the anaesthesia*
28# Ovarian cyst# female, aged 62 years# operation - re ­

moval of cyst# anaesthesia - Pentothal, cyclopropane,



oxygen sad earare e f 40 minutes1 deration* induction and 
maintenance of anaesthesia were satlsfaotory and the re ­

flexes were recovered in  theatre* died one month la te r  
from in te s tin a l abstraction.
89* Carcinoma of Beet urn* female# aged 67 years* opera­
tion * laparotomyt anaesthesia * Pentothal# oyolopropane# 
oxygen and curare ef $9 minutes* duration* induction and 
maintenance ef anaesthesia were satisfactory# and the re­
flexes were recovered in theatre* died on 15th day* 
autopsy revealed fa tty  degeneration of the heart and car­
cinoma spreading throughout the peritoneal cavity*
50* malignant ovarian cyst* female, aged 55 years* 
operation - laparotomy* anaesthesia * Pentothal# cyclo­
propane# ether and oxygen ef 15 minutes* duration* in ­
duction and maintenance e f anaesthesia were satisfactory* 
died 3 months la te r  from malignant cachexia*

31* Gangrene of leg* male# aged 75 years* operation - 
amputation* anaesthesia - Pcntethai# n it roue oxide and 
oxygen e f  45 minutes* duration* induction and maintenance 
e f anaesthesia were satisfactory* and the reflexes were 
reeevered in  theatre* developed massive pulmonary collapse

died en 10th day*
32# Smbolie gangrene ef leg* female# aged 39 years* 

operation * amputation* anaesthesia * Xemithal# n itrous



w .

#*11*. oxygen aad Srlleae of 36 a iaa tea ' deration! Induction 
anft maintenance of maestbesia wore aatlsfactory and. the 
reflexea were rooororod la  theatrei Oiod from cerebral 
embolism on 11th day.

88. gangrene of leg < female, aged 78 years< operation - 
re-«npatationj anaesthesia - Pentothal, n itrous oxldo, 
oxygon aad Irilene  of XC minutes' duration • ladaotlon and 

aalntoaaaoo of anaesthesia wore satisfactory  aad tha re* 
floxoa wore reooTored la  theatre < patient Xator Xapaod 
la to  ooaa aad dlod oa the following day.
84. Praotare of nook of feaar« female, aged 84 years■ 

oparatioa • aaalpolatlon aad insertion of aaith-Peterson 
n a il i aaaoatheola - Pentothal, a t trow  oxide, oxygon aad 
f r lle a a  of 76 aiaatea* dnratleni ladaotlon aad aalatoaanoo 
of snaeathesla wore eatiafnotes? oad the refloxaa ware 
reooTored la  theatrei patient aado satiafeotory progreaa 
n n tll the 3rd day whoa oho had a fa ta l toaematemeaia a fte r  
m In jection  of earbaehftl fo r retention of arlao .
86. Saagraao of footi aale, aged 76 yeara • operation - 
anpntatloai aaaoethesla - Pentothal, a ltroaa  oxide, oxygon 
and t r i u n e  of 36 a iaa tea ' doratloai ladw tloa  and main* 

tenaaee of naoatboala wore satisfactory  aad the reflexoa 
were recovered la  theatre • dlod from cerebral throahoala 

ea 19th day.



30. frae ta re  of nook of fewer* female* aged 6? yearai 
operation * neaipalation and insertion of 3mith-£eterson 

nail* amacstheaia - nitrons oxide* oxygen* frllen e  and 
ether of 73 minutes* deration* ladaotlon and maintenance 
of anaesthesia were satisfactory* reflexea were net re­
covered in  theatre* suddenly collapsed at end of operation« 
patien t recovered consol o assess, bat died 7 boors l a te r « 

autopsy revealed a sab-sternal thyroid gland*
27* Thyrotoxicosis* female* aged £5 years * operation * 

sabtotal thyroidectomy* anaesthesia * overtin* n itrons 
oxide mod oxygen of 103 mimates1 dnration« ladaotlon of 
anaesthesia was unsatisfactory because of d iff icu lty  of 
inserting  endotracheal tobe dae to  traeheal deviation* 
maintananoe o f aaaeotbosia was satisfac tory  and tbe re* 
flexes were recovered in  theatre i death was dae to  eardiae 
fa ila re  on second day*

fbe ineidonee of peat-operative complications and 
vomiting in  tbe present series of eases la  &own in  fable 3. 
This fem e the b a d e  of the comparison between the anaes­
th e tic  agents wad teebniqaes vhich have been long eetabllshed 
in  general nae* wad these nore recently introduced, The 

influence of the s ite  of eperatiem* the age and physical 
s ta te  o f the patient m  the incidence of the post-operative 

eenplleatlems end vomitlag* as shewn in  the saeoeeding



tables w ill be taken into consideration in  tbe assessment 
of tbe two groups. Bther, nitrons oxide and regional 
analgesia bare boon token as representative of tbe elder 
drags end teebniqaes* and spinal analgesia* intravenoas 
anaesthesia and thiopentone sadism cyclopropane, frllen e , 
Tinestbene Anaesthetic Mixture or nV.A.1% intravenoas 
anaesthesia with esrare, nitrons oxide with oarare, and 
oyeleprepane with oarare as representative of the more re* 

eemtly introduced drags and teebniqaes*
The pest*operative complications c lass ified  as 

"Teehmioar1, ^barst* abdomen* wound sepsis* in te s tin a l 

abstraction end pylerio stenosis* leakage of in te s tin a l 
eontents Into the peritoneal entity* recurrent laryngeal 
nerve palsy following sab*total thyroidectomy* dysphagia 
a f te r  excision of a thyroglossal cyst* pain in  the shoulders 
due to pressure of the shoulder rests* haemorrhage* and 
oedema of the stoma following gaetre**ontoraetewy * cannot be 
said to influence the merits Of the anaeethetio agents in  
question* and consequently require no further consideration. 
Included in  the e la se if le s tlea  of ma|cr respiratory com­
plications are conditions such as broncho-pneumonia, lobar 
pmeuaenls* collapse e f one or mere lobes of a lung, severe 
attacks e f aeute bronchitis * and pulmonary embolism. Minor 
resp iratory  complications included sere th rea ts , cough with



me physical signs to  he made cut on ellm teal examination* 
exacerbations ef bronchitis, and were assumed to be present 

in  these with pre-operative minor respiratory complications 
such as chronic bronchitis* in  Vhom a s ligh t exacerbation 
was d iff ic u lt to diagnose. is  a re su lt the incidence was 
probably le ss  than the figure of twenty-one per eent * The 
most common complication affecting the central nervous 
system was headache* One ease developed herpes following 
trigeminal root section, one ease of fac ia l nerve palsy 
following the came operation* There were also two oases 
of mental confusion, one of cerebral embolism, one fa ta l 
cerebral anoxia, one median end rad ia l nerve palsy due to 
the pressure ef the shoulder rests with the patient in  a 
steep Trendelenburg position* The re la tiv e ly  high inc i­
dence ef headache may be due in  part to the fac t that 
almost three per eent e f a l l  the oases gave h is to rie s  of 

being subject to headaches* The complications c lassified  
as "Other* were these Vhlch could not be included in  any of 
the previous categories, such as dysentery, c e l lu l i t i s  of 

arm following intravenous infusion, local sepsis, derm atitis 
due to  * H aste  p last", and bach-pain following the operation 

of d ila ta tion  end curettage* Such complications could not 
be related  to the anaesthetic, and therefore no fu rther 

comment i s  required*



■»> *&* laoldemoa o f  Poat-oporatlTe ComDlloatlona

and Vomiting*

Complications Bomber of Cases Percentag

feshmieal 17 3*4

Besplratery Major 25 5*0
Bespiratery Minor 105 21*0

Cardio-VasQalar 3ystea 
during 1st £4 hoars 25 5.0

Cardio-Vasoalar system 
la te r 12 2*4

Central Berve&s System 74 1©

Oenlto-Orinary ©7 11.4

Cthor u 2*8

Bone 24© 49

Xo Vomiting 330 6©

Bees than IB hoars Vomiting 11© 23

Bess than 24 hoars Vomiting 22 4

Mere than 24 hears Vomiting 32 7



Mt»a »t  Qbw.Uop.

S ite ef Optration Hanher of Oaaes

B xtrealtiee 37
Perineal 142
Genito-Urinary 37

Inguinal 2d
Lower Laparotomy 139
Upper Laparotomy 74

Body faH 19

Other Head and Seek i

Thyroid 6

Mouthi Bose and Throat 3

Brain and Spinal Oerd 10

Bo operation 1



fjfclre 3+ 3fce Age P lstr ifratlo iu

Age in  Tears lumber ef Oases Peroe&tage

0 - 10 0 S
TO - £0 ST 6
SO - 40 SCO 40
40 * 40 ITS 30
41 and e w r 44 IT

S d tli 4. ffee M stM bationef Cases asoortem  te
Pre~ operative IlatMeel State *

Pby s isa l State Somber ef Oases Peroeatage

0**4 144 S9

. I  s i* S3f 4T

Beer 104 SI
Serloae 13 3
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ffab3.e 7» ffre M stribatioa  e f tbe Prlnoipal Anaeathetio
A g en ts  >sSHHhNM̂M<M5MS»

Agents lumber of Cases Pareentage

Regional 11 2*2
Spinal 1ST 24.2
Intravenous 12 2.4
Intravenoas + Car are 20 2.0
li t ro a s  Gride 121 20.2
Bitroas Gride + Oarare 42 8.0

Oyelopropane 24 7.2
Oyelopropane ♦ Oarare T 1.4

Itb e r *4 12*8

Btfeer * Oarare 2 0.4

frlleme 11 2*2

f  rilene + Oarare 2 0.6

»V.A*M.« 10 2*0

*V.A*M.* 4 oarare 1 0*2

All Oarare Oases 04 18.8



?able 8* ffre D istrib u tion  of Progs used in  Prema&leatton

Drag Bomber of Cases ...........Percentage

Opiate 349
I1"....111 11,1......... .

70
Opiate © Oral Basfeltar&te (1) 19 4
Opiate ♦ Avertin 11 2
Oral b&rbltarate (8) 43 9
Beetal Paraldehyde 4 1
Atropine or Hyoactfn® only 46 9
Pethedlne 83

Bone
— —  —.......... — ......................

1
•

(1} Beabatal, Seoonal or Carbrital*
(2} Bembatal, 3eeemal» 3#diaa Se&eryl or C arbrita l.

fjj&le 1* fb» Ago M atribntlpn of Po at - Operative 0emplloat io n s

Ago (Tears) Post-Operative Compile atiena
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gabla 10. ifhe D istribution of the Prlnaipal Aaooathatlq

4*9

(T ears)
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£  1
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iw o  o  

Ho /!
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o-xo 3 0 1 12.5 0 0 0 0 Z 25*0 0 0

10-20 0 0 5 18 0 0 X 0 9 33 5 18

20-40 3 1 .5 41 20 .5 6 3 4 8 63 32 .5 17 8 .5

40-80 * 2 .8 56 32 4 2 .2 12 6 .7 48 .2.7 14 7 .8

61+ 5 3 .8 18 20 2 2 .3 11 12 .3 37 34*5 7 8

II
4A

0 0 

X 0 

16 8 

X I 6 .1  

8 9*2

* $ eo  few o ases to  be o f  s t a t i s t i c a l  s ig n if ic a n c e
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ig«P*e tto o ag h o ttt aaah age g roap .
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0 0 3 n 0 Q 8 7 0 o 1 3 o 0 6 18

1 0 .3 35 17*5 1 0 .5 4 8 1 0 .5 6 3 o 0 34 13

3 1 .6 19 IQ 0 0 3 1 .6 3 1 1 1 0 .5 1 0 .5 31 1 7 .8

3 3*8 4 4 .6 1 1 .6 3 3 .3 0 0 0 0 1 1 .6 33 87.6
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Table 11* fh e  Qoearrenoe o f  P ea t-O p era tiv e  Q o ap llo a tlo n a  

I In Q ao h  grade o f  P ro-O perative  P b y sio a l S ta te#

Physical
State 09

©
dd

uo
• f i

M

•
Q.
09
9

dd M
in

or •  •  • 00 09 
T JO -P H fc  
H00 09 • &  dd*>»fc 
o > e o g . ^

• • • fcp  O -P  © 
m q i o p  d d |>* d

0 > C O  H

• J■p >  -p  
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o j z i c o

o  •

S 3
c  u

•
«p
09
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eo

•
§
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?7 i9. P t f »o . ^ ... P9 i Be tBr—...jy po $ SO f̂  .. ..

Oood 7 4*8 19 13 3 8*1 1 3.7 15 10.3 12 8*2 94 84 .4

f a i r 9 3*8 59 85 7 3*0 6 S * 5 43 18 32 13 107 45.1

P eer 7 7 84 83 11 LO-6 4 1.0 13 11 12 i l 42 40 .4

Serious Z L5 3 33 4 50.7 1 7.0 1 7 1 7 3 23.1

(Table 12* Tbe Oooarronoe o f  P ea t-O p era tiv e  Compll oat Iona

sooording to  S ite  o f  O pera tion .
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8

to > to $ to % 1O % Be * Be * 90 f

&rt r e a l  t i e s 1 2.7 8 16.2 4 L0.8 2 5.4 6 18.2 3 8 .1 19 51
Peroneal 2 L.4 23 18 .4 4 3 1 0.7 21 15 25 18 82 >8.5
fe a i to -U r ia . 1 2.8 9 23 5 L2.8 1 2 .5 i 17.8 i I f .  8 I f
Inguinal 0 0 7 27 0 0 0 0 3 11 .5 3 1 1 .5 15 57.7
Low.Lap. 11 3 33 23.5 2 1 .4 4 3 21 15 11 8 85 t-8 *4
fpp -Lap. 8 LI 18 ££ *8 L0 14 4 5 .5 11 15 .3 8 8 .3 28 58
*edy f a l l 1 5 .2 2 16.£ r 0 0 O 0 8 1 0 .5 1 5 .2 12 53
Other Head & B. 0 0 4 m 0 0 0 0 1 d» 1 m 0 0
Thyroid 1 3 m 0 0 0 0 0 0 1 m 0 0
houtb, Bose & f< 0 0 0 « 0 0 0 0 1 ad O Q 2 -
Train & o o rd . 0 0 1 1 0 0 0 0 0 3 30 2 2 0 5 50
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1X0.
firlnoljpftl Apaogthetlo Agonta According 
to  the Ere-Operative Physical State*
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Table 15. Tbe Principal Anaegthetio aoeor&lng to tbe

s i t #  o f  

O peration

Ho

u

4i*

1
14*
»

Bo $

i-4

I«
Ho i

Obe§

Ho i

E x trem itie s 1 1 .5 26 17 l 9 3 2,4

P e r in e a l 22 34 92 61 0 0 4 3.0

Sent to -U rin a ry 0 0 3 2 0 0 24 20

In g u in a l s 3 1 0 .7 0 0 15 12

Lower Laparotomy 3d 57 2 1.4 0 0 34 30

Upper Laparotomy 0 0 0 0 10 91 33 27

Body Wall 0 0 9 6 0 0 5 4

O tte r  lo a d  & lo o t 2 3 Z 1.4 0 0 0 0

th y ro id 0 0 5 5 .3 0 0 0 0

M eath, Bose & th r e a t 1 1 .5 2 1.4 0 0 0 0

B ra in  & s p in a l Cord 0 0 9 6 0 0 0 0

So O peration  

___________________

0 '■ 

_____

0 0 0 0 0 1 1
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31t« of Operation.
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fable 10. Pan Inoldanae of rest-Q peratire Complications.

s « das p O la jar Besp<•Minor o .v .3 . 
daring  
1 s t  84 
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fable 9, the ago d istribu tion  of the post*operative 
eemplioations, shewed that with tbe exception of miner res­
p iratory  complications, the incidence of pest-operative com­
plications increased with tha aga of the p a tien t» hat between 
tha agaa of twenty and sixty years, tha only significant in* 
crease waa in  tha inoidanoa af complications a f t  eating tha 
aardio*vasoalax system daring tha f i r s t  twenty-fanr hoars 
a f te r  tha operation and complications affeating tha genito­

urinary system.
fable 10* the d istribu tion  of the prinoipal anaes- 

thetio  agents throoghoat the age-groups* showed that with tha 

exception a f  intravenous enaastheaia, n itrous oxide, cyclo­

propane and frilene* tha greatest namber of administrations 

af any af tha drags in  any ana aga group was asseoiated with



the age-group forty  te sixty years* In the ease e f the 
exceptions, the comparative age group was tha t of twenty 
fc  fo rty  years* Consequently, for these drugs, the age of 
the patients was a factor in  favour of a low incidence of 
post-operative complications, as I t  has becu shown that the 
incidence of these complications increased with the age of 
the patient*

fable 11, the oceurrcnoo of post-operative com­
plications in  each grade of pre-operative physical s ta te , 
showed that major respiratory, and complications affecting 
the cardie-vascular system increased in  frequency with the 
decline in  the pre-operative physical s ta te  of the patient* 
fhe incidence ef complications effecting the cen tra l nervous 
and genito-urlnary systems tended te  decrease with the 
decline in  the pre-operative physical s ta te .

fable 18, the occurrence of complications according 
to  the s ite  of operation, dhewed that major respiratory  com­
p lications occurred most frequently with lower and upper 
laparotomies, and operations on the body w all. Minor res­
p iratory  complications were associated most frequently with 
upper and lower laparotomies, operations on the genito­
urinary system, and in  the inguinal region* Complications 
affecting the cardie-vascular system daring the f i r s t  twenty 

four hours a f te r  the operation were most frequently associ­

ated with upper laparotomies, operations on the genito-



urinary system and on the extrem ities. Gemplioationa 
affecting the eardio-vascular system afte r the f i r s t  twenty- 
four hours were most frequent following upper laparotomies, 
and operations on the extrem ities. Central nervous system 
complications occurred most often a fte r operations on the 
brain  and spinal cord, psriaeam, and a f t e r  upper and lower 
laparotomies* Cenito-urinary oomplloations were meat
frequently associated with operations on the brain, spinal 
cord, and perineum*

fable 13, the incidence of post-operative compli­
cations with the principal anaesthetic agents, showed that 
major respiratory  complications were most frequently 
associated with regional analgesia, *V*A.M#* anaesthesia, 
the combination of intravenous anaesthesia and curare, and 
oyelopropane and our ares respiratory minor complications 
with cyclopropane md curare, *Y*A*M#*, intravenous anaes­
thesia , nitrous oxide and curare* cardie-vascular compli­
cations during the f i r s t  twenty-four hours a fte r the 
operation with regional and spinal analgesia, frllcn o , in tra ­
venous anaesthesia with, er without curare, and cyclo­
propane end coraret cardio-vasoular complications a fte r 

the f i r s t  twenty-four hours with regional analgesia, cyclo­
propane, and intravenous anaesthesia and oarare* central 

nervous system complications with spinal analgesia, ether,



and n itrons arid* anaesthesia* ganito -urinary complications 

with Intravenoas anaesthesia, oyelopropane, nitrous oxide, 
intravenous anaesthesia and curare, and oyelopropane and 
curare*

fable 14, the principal anaesthetic agents in  each 
grade of pre-operative physical s ta te , Showed th a t eighty- 
nine per cent of the eases given ether, eighty-three per 
cent of oases given nitrous oxide, none of the oases given 
regional analgesia, eighty-six per cent of those given 
spinal analgesia, sixty-seven per cent of those given in tra ­
venous anaesthesia, sixty-one per eent of those given cyclo­
propane, seventy-three per cent of those given frilen e , 
ninety per cent ef those given "Y.d*!!#*, sixty-one per cent 
of those given intravenous anaesthesia and ear are, sixty- 
five  per eent e f  those given nitrous oxide and curare, and 

forty-three per eent of those given oyelopropane and curare 
wore c la ss ified  as good or f a ir  anaesthetic r isk s , i t  
might he suggested that th is  factor favoured a decrease in  

the Incidence of major respiratory complications* complica­
tions affecting the oardlo-vasoular system, and an Imorease 
in  the incidence e f eenplioatiena affecting the central 

nervous aad geaito-arinary systems with ether, nitrous 
oxide, spinal analgesia, fr ilen e , end *V*A*M." anaesthesia, 
and the opposite effect with regional analgesia, and the



eoablmation of oyelopropane and oarare*

fable 15* the principal anaesthetic agent asoerd- 
lag to the s ite  of operation* avowed that ether vas meat 
f re c e n t ly  administered for operations on the perineum and 

the extremities* nitres* oxide fo r operations on tbe 
perinea*, regional analgesia for upper laparotomies* spinal 

analgesia fo r operations on the geaito-srinary system said 

apper and lever laparotomies* intravenous anaesthesia for 
operations on the perinea* and extremities, oyelopropane for 
operations on the perinea* and lover laparotomies t frilen e  
for operations on the perineum* for operations on
the Inguinal region mad for lever laparotomies, and the 
combination of general anaesthesia and oarare for apper and 
lover laparotomies*

fo lio  Id* the seat inftl dense of peat "operative com­
plication©, ©hove that In th is  series e f eases peat "Operative 
eom plication* were mere liab le  to oeot&r 
Major and minor respiratory and eireo latery  system pest-

i  -. ! •  s  '*  7oparatlr* ooapliootioiiB m n  aoro fvoqaoa* in man than la  
venom*

Btfeor «M aoaooiatad «4*h a rala tiro ly  high laol&onoo 

of ooaplioatioas affooHag tfe# ooatral aorroaa qroton. x« 
mo mployod la  th* majority of oaooo for operation* aasooi- 

»t*4 with ooayllaatloaa affootlag tho oardiOTaaonlar, ooatral 

norvoao, aad ganito-urinary aystaas. fh# phyaioal atato of



the patients favoured a decrease in  the incidence e f major 

respiratory, and circulatory complications, sad to  increase 
in  the inoldenee o f eonplieations Involving the central 

nervoas and gemlte-nrlmary systems*
li t r e s *  en d s was associated with a re la tiv e ly  

high Inoldenee of complications affecting the central nervoas 
and gcnito-arinary systems* I t  was employed In  the majority 
e f eases for operations associated with complications in­
volving the same two systems* fhe phyaioal s ta te  of the 
patients favoured an increase in these two groups of com­
plications and a decrease in the inoldenee of major res­
piratory and circalatory  system upsets*

legtemsl analgesia was associated with a re la tiv e ly  
high incidence of complications affecting the respiratory 
system te  a major degree, and the eardle-vaeealar system 
daring, and a fte r, the f i r s t  twenty-fear hears following 
the operation* I t  was employed almost en tire ly  fo r opera­

tions associated with major respiratory, miner respiratory , 
and central nervoas system complications, and apset of the 
oardio-vsscalar system daring, end a fte r, the f i r s t  twenty 
fear hoars following the operation* fhe physical s ta te  

of the patients favoured a r is e  in the incidence of com­

plications affecting the eardio-vaaealar system, and the 
resp iratory  system to a major degree, and a f a l l  in the



Incidence ef these affecting the eenfr&l nervoas and 
genlto-arlnany systems.

Spinal analgesia was associated with a re la tiv e ly  
high inoldenee of complications affecting the central 
nervoas and eardlo-vasealar systems daring the f i r s t  twenty- 
fear hoars following the operation, i t  was employed 
largely  for operations associated with major and minor 
respiratory , control nervoas system and oardlo-vasoolar 
system complications daring end after the f i r s t  twenty foor 

hoars following the operation* too physical s ta te  of the 
patient favoured a decrease in  major resp iratory  and a l l  
eardio-vasealar system complications, and an increase in  
those affecting the central nervosa sad genite-arimary 
systems*

Intravenoas anaesthesia was associated with a 
re la tiv e ly  high incidence of minor respiratory, gmolto- 

arinary and eardie-vacealar system compilestiome Oaring the 
f i r s t  twenty fear hoars fcUcwing the operation, i t  was 
employed on the too ls  fo r operations associated with ooatral 
nervoas, gcnito-arinary, tod a l l  eardio«vaeoalar system 
complications# toe phyaioal s ta te  of the patients was not 

a factor o f Importance, hat the ego of the patien ts favoured 
a door ease in  the complications affecting the gcnito-arinary 
system, sad the cardie-vasealer system daring the f i r s t



twenty four hoars following the operation.

Cyclopropane was associated with a re la tiv e ly  high 

Insldsnso of complications affecting the ge&lto-arlmary 
system end the eardle-vaseolsr system a fte r the f i r s t  twenty 
fear hears following the operation* i t  was employed in  
operations associated with major and miner respiratory, 
cen tral nervous system, and genito-arinary complications, 
fhe physical s ta te  of the patients was not a factor ef 
Importance, hat the age of the patients favoured a decrease 
in  genito-orlnary complications and these affecting the 
car die-vassal ar system daring the f i r s t  twenty fear hoars 
following the operation.

frilen e  was associated with a high inoldenee e f 
complications affecting the eardlo-vaeealar system daring 
the f i r s t  twenty fear hears fellewing the operation* i t  
was administered fo r operations ssseelated with a high In­
cidence of central nervous end gcnlto-arlnary system com­
p lica tions. fhe physical s ta te  of the patients favoured 

a decrease in  major respiratory and a l l  eardle-vasoalar 

system complications, tod sn increase in  these affecting 
the central nervoas tod genite-arinary system, toe age 

e f  the patien ts favoured a decrease In complications a ffec t­
ing the gsnlto orlnary system, and fhe cardie-vascular 
system daring the f i r s t  twenty fear hears fellewing the 

operation.



"V.A.M.* was associated with a re la tiv e ly  high 
Incidence of major and minor respiratory complications* Zt 
was given for operations associated with a high incidence 
of major and minor respiratory complications, and oentrsl 
nervous system complications. fhe physical s ta te  of the 
patients favoured a decrease in  major respiratory and cardio­
vascular system complicationa, and an increase in  those 
affecting the central nervous and genito-urinary systems • 

fhe combination of intravenous anaesthesia and 
curare was associated with a high incidence of major 

respiratory, genlto-arlmary, and e ll  oar die-vascular system 
complications* fhe combination was administered for 

operations associated with a high inoldenee of major and 
minor respiratory, early and la te r  eardlo-vascular, and 
central nervous system complications* fhe physical s ta te  

of the patients was not a factor of importance*
fhe combination of nitrous oxide anaesthesia aad 

curare was associated with a re la tiv e ly  high incidence of 
major respiratory complications. I t  was employed for 
operations associated with a high incidence of major sad 

minor respiratory , early and la te r  cardie-vascular, and 
central nervous system complications* fhe physical s ta te  

of the patients was not a factor of importance. fhe age 
of the patients favoured a decrease in  the incidence of



complications affecting the geni to-urinary system, sad the 

eardlo-vasoalar system daring the f i r s t  twenty fear hears 
following the operation*

the combination of cyclopropane anaesthesia and 
eorar# was associated with a re la tiv e ly  high inoidenoe of 
major said minor respiratory, geni to-urinary, and early 
oardio-vascular system complications. I t  was administered 
in  the majority of oases for operations associated with a 
high inoidenoe of oomplioations affooting the resp iratory  
system to a major end minor degree, the central merroas 
system, and the o&rdio-vasoalar system daring and a fte r, 
the f i r s t  twenty four hoars following the operation* She 
physical s ta te  of the patients favoared a r is e  in  resp ira­
tory major and early and la te  eardio-vasedlar system com­
plications and a f a l l  in  the inoidenoe of central nerweas 
and genlto-arlnary system oomplioations*

the l a d  donee of no pest-operative oomplioations 
has not heea discussed, as the absence of a l l  post-operative 

oomplioations weald lnolade the absence of oomplioations 
c lassified  as technical* and ‘Other* which have been shown 
to be onimflaeaeed by the anaesthetic agent or technique 

In  use*
Having considered the influence of the facto rs, 

s i te  of operation, pre-operative physical s ta te  and the age



of the patien t, on the inoidenoe of post-operative oomplioa­

tions associated with the anaesthetic agents and techniques 
employed in  th is  series of cases, i t  Is  suggested tha t the 
modem drugs and techniques were not more liab le  to be 
associated with post-operative complications than the older 
drugs and techniques*

fhe relationship between the drugs used in  pre- 
medication and post*operative complications must now be 
discussed* fhe actual drugs and the number of oases to 
which each was administered has already been noted {fable 8 ). 
the combination of opiate and a drug administered per 

reotun, and res t a lly  administered drugs were used almost 
en tire ly  for the premedication of cases requiring neuro­

surgical operations, or operations on the thyroid gland*
She other drugs and ooshlnatlcns of drugs were administered 
p rio r to a l l  types of operations with the exception of the 
two mentioned above* and of these, pethedime would appear 
to be the most satisfactory  in  respect of association with 
pest-operative complications (fable 17)*
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Post-operative w aitin g  Is  important with regard 

to the comfort of the patient* and also because prolonged 
vomiting may resu lt in harmfal bioahemiaal ohanges.

Later* an attempt will be made to demonstrate tbe benefits 
of sligh t road ting with regard to oomplioations a£ footing 
the resp iratory  system*

The inoidenoe of vomiting is  shown in  Table 3. 
in  the following tables {Tables 18*22} the relationships 
between vomiting and age, a ex, and pre-operative physloal 
s ta te  of the patient* the s ite  of operation and the pxinol- 
pal snaesthatle agents are shown*

gable 18* The Inoidenoe of Vomiting in  gash Age Prone»

dg« Vomiting (Boors}
(Tears} lone Less than 12 Less than 24 More than 24

BO t BO € Bo $ Be i

0 - 1 0 7 78 2 22 0 0 0 0
11 - 20 17 63 6 22 1 4 3 11

21 - 40 140 70 41 20 7 4 12 6
41 » 40 105 00 48 27 13 7 12 6

81+ dl 71 19 22 1 1 5 6
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Tabla 19, The inolAfnoa of Yoaltini: on eaoh grade of
Pre-QperatlTO Phyaioal S tate»

Physioal Vomitlag (Boars)
9vEvV

Idfid 1*008 than IS Loss then 84 More than 84

BO * Bo $ Be 4 Bo P

Good 07 00 38 S3 8 4 0 4

f a i r L51 03 OS SO 10 4 14 7
Poor 71 OS SI SO 0* 4 S 8

3erloas 11 04 1 s 0 0 1 8



faBla 20* tha Incidence o f  Vomiting for  eaoh a lto  o f

Operation.

31to  of 
Operation

Vomiting (Hoara)
Iona Laas t Ban 13 Lass than 34 Mora t Man 34

Ho f lo i 50 € Ho f

Sactreoitiaa 36 76 6 16 3 6 1 3
Perineal 90 65 43 30 7 3 3 3
Oenito-
urinary 36 70 6 14 1 3 5 14

Ingainal 30 77 6 33 0 0 0 0

liowar
Laparotomy §5 61 33 36 10 f 11 J i

Upper
Laparotomy 51 70 10 13 1 1 13 16

Body Wall 16 64 3 16 0 0 0 0

Other Head 
and look 4 66 3 33 0 0 0 0

thyroid 4 66 1 17 0 0 1 17

Month, Ho 30 
and throat 1 m 3 66 0 0 0 0

Brain and 
Spinal Cord 4 40 6 50 1 10 0 0



¥  ah I f  21* Sax Inol&anoe o f  Vomit la g .

Sax Vomiting (Hoars;

Sana Laos than 12 Laos than 34 Mora than 34

Ho f 50 10 <4> 10 i

Mala 137 79 29 16 3 2 13 7
female 193 60 67 37 20 7 19 6



gable 22. $he Incidence o f  T oaltlng w ith  each P rin cip a l

Anaesthetic mmt*

Anaesthetic Teal ting (Hears)
Agent

Bene Lees than 12 Less than 24 More than 24
Be $ Be i Be $ Be f

Sther 31 48 25 39 4 6 4 6

Bitroas
0x14* 100 66 40 26 7 4 4 4
Regional 7 64 2 16 0 0 2 18

Spinal 36 n 20 16 5 4 10 8

In tra -
ranoas 11 91 1 9 0 0 0 0

Cyclo­
propane 22 61 11 30 2 6 1 3

Srilens 7 62 3 27 1 10 0 0

V *A*M* 8 50 6 30 0 0 0 0

Intravenous 
♦ Curare 21 n 3 11 1 3 3 11

Bltrens 
ex ile  ♦
Corare 31 n 3 f 1 3 8 18

Cyolopro-
pane ♦ 
Carare 4 m 2 29 1 14 0 0

All Curare 
Cases 61 n 9 10 3 5 11 13
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In th is  series of eases peat-operative vomiting 
boro no relationship to the age of the patient or the 
pre-operative physical state* Ihe absence of vomiting 
was greatest in  cases where the operation was performed on 
the body wall, extremities, or in the ingalnal region, and 
excessive vomiting occurred most frequently following 
operations on the thyroid gland, on the genlto-arinary 
system and following apper laparotomies* fhe modem an- 

aesthetlo agents were associated with le ss  vomiting than 
the older drags and teohnlqaes* Slight vomiting oooarred 
more often with the modern, bat excessive vomiting le a s t 

with these drags end techniques*
fhe inoidenoe of post-operative vomiting with the 

varloas drags ased in  premedleatlom was then investigated* 
Zt weald appear from fable 23 tha t the absence of each 
vomiting was most freqaent a fte r oral prsaedloatlon, that 
is ,  one of the following barbiturates administered by 
moath, "lembatal", "Seconal", "Sodiom Seneryl" or "Oar- 

b r ita l"  • Vomiting was more freqaent when pethedine was 

ased*



f a b l e 23* Ih e  Inoidenoe o f  P o s t-o p e ra tiv e  Vomit lug  

w ith  th e  varioeta Types o f  B rem edioatlon .

D rug
Bo Vomit 

ln g

P ercen tage o f  oases having th e  
_______ Brag w ith__________

Under 12 hoars 
Vomiting

?nder 24 h o a rs  
Vomiting

More th a n  
24 h o ars  
Vomiting

O piate 08
O piate + 
Oral 38
O piate ♦ 
R ecta l 33
O ral 75
O ral *  B e e ta l BO
A trop ine o r  
S yaso lne 03

Bone fie

P ethed lne 33

19

32

30
13

9

3

i s  t i e d  sigm ifim anee

33 2
fie s t a t i s t i c a l  s ig n if ic a n c e  

30

rioanoeI *

9

5

0

7

2

I t  has been soggested  th a t  one o f th e  f a c to r s  in  

th e  in o re a se  i n  p o s t-o p e ra tiv e  r e s p ir a to ry  oom plioations 

w ith  modem a n a e s th e s ia  i s  th e  decrease  in  p o s t-o p e ra t iv e  

vom iting* fa b le  24 shows t h a t ,  i n  t h i s  s e r i e s  o f o a se s , 

th e  s t a t i s t i c a l  evidence was in o o n o la s lv e *



f a b le  24» rhe Inoidenoe o f  P o st-O p era tiv e  K ea o lra to ry  

C om plications aowording to  th e  D uration  o f  

Vomiting i n  th e  B oat-O perative P e r io d .

B e sp lra to ry
Complica­
t io n

Ho Vomiting 
P ercen tage 
o f  Cases

l e s s  th en  12 
Vomiting. 
Percentage 
o f  Cases

12-1* hours 
Vom iting. 
P ercen tage 
o f  Cases

Over 24 ho u rs  
V om iting. 
P ercen tag e  
o f  C ases .

B e sp lra to ry
Major 5«2 5 9 19

R esp ira to ry
Minor 21*2 18 16 22

Hone 73.6 77 73 59

I  til as been suggested  th a t  sue  o f  th e  u n d e s ira b le
i

r e s u l t s  o f  tb e  modern techn ique o f  l ig h t  g e n e ra l a n a e e th e s ia  

and c u ra re  i s  the  tendency fo r  a  f a l l  i n  b lo o d * p ressu re  to  

occur when th e  p a t ie n t  has re tu rn ed  to  bed* Xn o rd e r  to  

t e s t  th e  v e r a c i ty  o f  t h i s  s ta tem en t, b lo o d * p ressu re  record*  

la g s  were ta k en  fo u r  hours a f t e r  th e  end o f  th e  o p e ra tio n  

in  a s e r ie s  o f  o ases  who had undergone th e  o p e ra tio n  o f  

p a r t i a l  gastrectom y* f h i r t y - s i x  oases were s tu d ie d , tw elve 

were g iv en  l ig h t  g en e ra l a n a e s th e s ia  and o a ra re , e lev en  were

g iv en  s p in a l  a n a lg e s ia  by th e  f r a c t io n a l  te ch n iq u e  o f  

lem sea , and th i r t e e n  were g iven  s p in a l a n a lg e s ia  by th e  s in g le  

dose tech n iq u e  o f  Howard Jones, and th e  b lo o d -p re ssu re  a l t e r a ­

t io n s  n o ted  in  fa b le s  25 , SO and 27.



Table as# The A lte ra tio n s  l a  d lo o a -P re ssa re  A asooiated  w ith  

th e  O peration  o f  P a r t i a l  Saatreotom y. Performed ander L igh t 

g e n e ra l A naesthesia  and Q arare. d a rin g  th e  o p e ra tio n , a t  th e  

end o f  th e  f i r s t  fou r boors fo llow ing  th e  o p e ra tio n  when com­

pared  w ith  th e  p re -o p e ra tiv e  le v e l  and w ith  th e  le v a !  a t th e  

end o f th e  o p e ra t io n *

Change in  b lood- 
p ro so are  d a rin g  
o pera tion*  
(M illim e tre s  of 
M ercury )•

Change in  b lood- 
proo3are a t  end o f 
f i r s t  fo a r  h o ars  
oorapared w ith  pre- 
o per at ire*

Change in  b lood- 
p re s sa re  a t  end o f 
f i r s t  fo a r  h o a rs  
ooraparad v ith  end 
o f  o p e ra t io n .

s y s t-  ;)1&8- <a le e .iy st- D ias- Palae d y s t- D ias­ -a lso
o lio ;o lio ro s e . o lio to l io P re s s . o l io t o l i c c re s s .

3asa 1 + 10 +15 -5 -1 0 -15 +5 -2 0 -30 +10
« % +30 +15 +15 +15 -15 +30 -25 -45 +20
* 3 +30 +20 +10 +10 +10 0 - 2 0 -1 0 -1 0
* 4 0 +10 -1 0 -30 -2 0 -1 0 +10 -15 +25
" $ +30 +20 +10 -2 0 0 -2 0 - 2 0 -1 0 -1 0
* 6 0 +10 -10 -35 -1 0 -25 -35 -2 0 -15it y +10 0 +10 0 0 0 +40 +25 +15
« 8 +10 +10 0 +20 0 +20 0 0 0« 9 +10 0 +10 -30 -15 -15 - 30 -15 -15
« 10 -1 0 *5 *5 +10 +20 -1 0 0 -5 + 5
" 11 0 -1 0 +10 + 2 +10 -8 0 +10 -1 0
« 1£ 0 * 1 0 -1 0 -1 0 0 -1 0 -1 0 -1 0 0

Average +io "+V.S +2  *6 —4 > - 2 . • -4.1 -1 0 .4 +1.2

Benge - 1 0  to *10  t> *10  to -35 to -351b -25 to -35 te -45 to  -15  to
+30 +80 +15 +20 +20 +30 +40 +26 + 25

Stand­
ard De- 
f l a t  io n

1 2 .9 9 .8 r 9.23 18.13 11 .8  15 .3

i  j  .
19.9 16 .64  13 .8

L..
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Table 26* The Alterations In Blood Pressure Associated with 
the Operation of P artia l Oaatreotomy. Performed under Praetion* 
a l Spinal Analgesia, daring the operation, at the end of the 
f i r s t  foar hours a fte r the operation when compared with the 
pre-operative level. and after the f i r s t  foar boars post* 

operatively compared with the level at tbs end of the operation*

Change In blood- Change in  blood* Change in  Blood-
pTessare daring pressure at the end pressure at end of
operation of the f i r s t four f i r s t four hours oom-
(millimetres of hours oompared with pared with end of
mercury) pre-operative operation

(millimetres of (millimetres Of
mercury mercury

Syst­ Dias­ ?ulse Syst­ Diast­ Pulse Syst­ Diast- Pulse
olic to lic ?ress • olic olic Press. o lic elie Press•

3ase 1 0 *5 + 5 + 35 + 80 15 i- 35 --35 0
• 2 *50 *30 *80 *10 +10 -30 +10 +30 -20
* 3 *80 0 *80 -SO +10 ** 30 *30 -80 -10
■ 4 *50 *15 *35 +15 +15 0 +45 +80 + 2 5
* 6 -5 0 -10 *10 0 *35 *15 -10
« 6 -5 -15 +10 +35 +35 0 +45 +40 +5
* 7 -80 0 *20 +85 +15 +10 +46 +15 +30
• 6 -30 *5 *35 *30 +15 -35 +10 +80 *10tf ^ *10 0 -10 0 -10 +10 +80 -10 +30
w 10 -40 -10 *30 +80 +5 +15 +40 +86 +15
11 11 *40 -10 *30 +35 +80 +15 +35 +80 +15

Aver-
" 1.*

age 483*6 -8*1 *16*3 +9*5 'a i*3 *1.8 ■80.9 +14.5 +6.3
Bangs -50 to *30 to *35 to •sot* -10 to -35 to *30 to *20 to -20 to

0 0 +10 + 35 +35 +15 +45 +40 +30

Stand* 18.89 8*9 14.1 80*07 7.54 18 25 IS. 4”~TS.»
J ff i; .- ...... L.______
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fable 27. fhe Alterations la  Blood Presscre Associated with 
the Operation of Partia l Oastreotoay. Performed an&er Spinal 

Analgesia* daring the operation, at the wad of the f i r s t  foar 
ho are a fte r  the operation when compared with the pre-operative 

level, and aft or the f i r s t  foar hoars peat-operatively oom- 
pared with the level at the end of the operation*

Change in  Blood- 
pressare daring 
operation 
(mms* of meroary)»

Change in  Blood* 
pressure at end of 
f i r s t  foar hoars 
oompared with pro­
sper stive#
(mms* of aeroary).

r--— - -------- ----- --r
change in Bloed- 
»resaure at end of 
First foar hoars com­
pared with end of 
operation 
mms* of mercary).

Syst- Diast­ Palse Sirst-elle
Diast- Palse

a s -
Diast­ Poise

piie o lic Press* olio Press* olic P ress•
G ase 1 +5 +15 -10 +15 +10 +5 +10 0 +10

« 2 +5 +S0 -15 +40 0 +4$ +10 -25 +35* z +5 +20 -15 +5 +15 -10 0 0 0
■ 4 +40 +S0 +S0 -10 -6 -20 -15 -5* B +10 0 +10 +50 +25 +25 +40 +25 +15
* 6 +10 +10 0 +30 +40 -10 +25 +10 +15ft if -10 0 -10 -15 +15 -30 -5 +5 +10
* a —4 Q 0 -40 -30 +10 -30 +20 +10 +10n 9 +10 +15 -5 -20 0 -20 -10 -10 0
« 10 +30 +30 0 +10 +10 0 0 -15 +15
« 11 -SO 0 +SO 0 -10 +10 0 -10 +10
* IS +S0 +10 +10 +25 +20 +5 -5 +6 -10
•  13 0 +5 -5 0 +20 -20 -10 +5 -15 t

Aver-
ate +5.Q +11*1 -3.07 +8 *4 +11.5 -3.0 +4*3 -1.1 +5.4
Benge •40 to o te -40 io -io  u -So to -20fe -25 to -15 t6

440 +30 +20 +50 +40 + 40 +40 +25 +35

Stand*
Devi­
ation

19.69 $*41
1

15*34 21*15 12.91> 19.77 15.7 12*86 
--------- 1

13*22
-------------------



fhe following eonolosions are saggested ae a re sa lt
of stady of fables 25, 24 and 27* In  th is  se ries  e f th ir ty -
sin  eases e f p a rtia l gastrectomy, a lig h t general anaesthesia 
and eorare was associated with the least change in  the 
systo lic  bleed pressors and in  the poise pressure daring the 
operation, end at the end ef the f i r s t  fear hears a fte r  the 
operation then compared with the respective levels before 
operation* Shis combination was also associated with 
le a s t a lte ra tio n  in the poise pressors at the end ef the 
f i r s t  fear hears a fte r the operation when compared with the 
poise pressors at the end ef the operation* frac tiona l 
spinal analgesia was associated with the le a s t a lte ra tio n  

In  the d iasto lic  bleed pressors during the operation, and 
the le a s t change when the d iasto lic  bleed pressors taken at 

the end of the f i r s t  fear hears a f te r  the operation was com­
pared with the d iasto lic  bleed pressors before operation• 
Single-dose spinal analgesia was associated with le a s t change 
in  the systo lic  mad d iasto lic  bleed pressores and the poise
pressors when the valaes at the end of the f i r s t  fear hoars
a f te r  the operation were compared with these at the end of 

the operation*
I t  is  concluded that the statement that an andeslr- 

able f a l l  in  bleed pressors i s  liab le  to eeear in  the f i r s t  
fear hoars a fte r  the end ef an operation which has been



performed cinder light general anaesthesia and eorare i s  

incorrect In respect ef th is  aeries e f  eases.
the statement, that the new anaesthetic agents and 

techniques hate ne appreciably greater m ortality and mor­

b id ity  ra tes  associated with th e ir  ass than the old and more 
simple methods, is  net withoat risk , as i t  may tempt the 

onskilled or “occasional* anaesthetist into th e ir  administra­
tion  withoat h is  realising  the danger Involved in  the ase of 
these drugs by snob a person. these dangers are very rea l 
and may arise in a number of ways. there i s  the “ occasional" 
anaesthetist who receives samples and lite ra tu re  concerning 

new drags, and who attempts th e ir  administration. there is  
the hoase-sargeon le f t  by the specia list anaesthetist with a 
patient Anaesthetised by sash drags, o r, who attempts th e ir  
ase when the anaesthetist i s  mot present. there are the 
dangers dae to the onteward s i de-effects of these drags, 
dash dangers have been described in  d e ta il. She anakllled 
anaesthetist i s  net aeqaainted with these e ffec ts , the 
conditions liab le  to be followed by them, th e ir  premonitory 
signs, and he Is  enable to deal with the condition when i t  
has developed* He has not the experience necessary for 

the selection of eases suitable for these drags, and he may 
be Imflaemecd by the sargeen or the patient into administer­

ing an anaesthetic qoltc onsalted to the case* Although



the use e f the elder anaesthetic agents Is  net free from 

risk , for example, anoxia in  n itrons ex its anaesthesia, 
mod primary cardiac fa ilu re  with chloroform, the changes 
in  the anaesthesia develop mere slowly, allowing the in ­
experienced anaesthetist longer in  which to appreciate the 

s ta te  ef the anaesthesia and to take any action that may 
he required*

I t  i s  suggested that the use of the modem anaes­
the tic  drugs and techniques he re s tric ted  to those who 
have been trained adequately in  th e ir  administration.



Suggestions for Improving the Present Position .

As a  r e s u l t  o f  t h i s  i n v e s t i g a t i o n  show ing  l i t t l e  

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

w i t h  t h e  o l d  and  new m eth o d s  o f  a n a e s t h e s i a ,  t o  im p ro v e  t h e  

p o s i t i o n  s e a r c h  m ust b e  made f o r  s m a l l  f a u l t s  i n  t h e  p r e s e n t  

t e c h n i q u e .  The sc o p e  and t r a i n i n g  o f  a n a e s t h e t i s t s  m u st b e  

w id e n e d  e s p e c i a l l y  w i t h  r e g a r d  t o  c l i n i c a l  m e d ic in e ,  and t h e  

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

t h e i r  p a r t s .  As a l l  a n a e s t h e t i c s  a t  p r e s e n t  c a n n o t  b e  a d ­

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

m u s t  b e  t r a i n e d  i n  s im p le  and r e l a t i v e l y  s a f e  a n a e s t h e t i c  

t e c h n i q u e s  f o r  c a s e s  w h ich  t h e y  may b e  c a l l e d  upon t o  a n a e s ­

t h e t i s e .  As a  r e s u l t  o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  s u g g e s t ­

i o n s  w i l l  be g iv e n  r e g a r d i n g  t h e  a v o id a n c e  o f  c e r t a i n  

a n a e s t h e t i c s  f o r  c e r t a i n  p a t i e n t s .

The p r e v i o u s  s e c t i o n  shows t h a t  i t  i s  i m p o s s i b l e  to  

a d v o c a t e  t h e  o l d  o r  t h e  new m e th o d s  o f  a n a e s t h e s i a  t o  t h e  

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

o p e r a t i v e  c o m p l i c a t i o n s ,  i t  w ould  b e  b e t t e r  t o  c h o o s e  t h e  

a g e n t  o r  m ethod  l e a s t  l i k e l y  to  a g g r a v a t e  th e m . S i m i l a r l y  

w i t h  d r u g s  u s e d  i n  p r e m e d i c a t i o n ,  t h e  c h o ic e  s h o u ld  b e  made 

o f  t h o s e  b e s t  s u i t e d  f o r  t h e  p a t i e n t ’ s  p r e - o p e r a t i v e  s t a t e ,  

t h e  o p e r a t i o n ,  an d  a l s o  i n  an a t t e m p t  t o  a v o id  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 h ich  a r e  s p e c i a l l y  u n d e s i r a b l e  i n  t h i s  c a s e .



I n  a s  much a s  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  i n c r e a s e  

i n  f r e q u e n c y  when s p e c i a l l y  s o u g h t  a s  shown b y  K in g ,  so  do 

p r e - o p e r a t i v e  c o m p l i c a t i o n s .  A l i a b i l i t y  t o  h e a d a c h e s  on 

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

when w r i t i n g  t h e  c a s e - r e c o r d ,  b u t  i t  d o e s  i n t e r e s t  t h e  

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

An e a r l y  h e a d - c o l d  may n o t  b e  d ia g n o s e d  b y  t h e  r e s i d e n t  

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

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

o t h e r  w a y s .  I t  i s  e s s e n t i a l ,  t h e r e f o r e ,  f o r  a n  a n a e s t h e t i s t  

t o  b e  a b l e  t o  s e e  e v e r y  c a s e  b e f o r e  and a f t e r  o p e r a t i o n  ( 2 0 9 ) .

I t  m ust b e  r e a l i s e d ,  h o w e v e r ,  t h a t  t h e  a n a e s t h e t i c  

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

l e a s t  e q u a l l y  i m p o r t a n t .  W hile  a n a e s t h e t i s t s  a t t e m p t  to  

im p ro v e  t h e  p o s i t i o n ,  s u rg e o n s  a r e  m ak in g  i t  w o r s e  e v e r y  day  

b y  m ore  an d  m ore e x t e n s i v e  o p e r a t i o n s  on l e s s  and  l e s s  f i t  

p a t i e n t s .

As t h e r e  i s  l i t t l e  d i f f e r e n c e  b e tw e e n  t h e  r e s u l t s  

o f  t h e  o l d  a n d  new a n a e s t h e t i c  a g e n t s  and m e th o d s  as  a  v fao le ,  

an y  im p ro v em en t m ust come f ro m  im provem ent i n  t h e  c h o io e  o f  

a n a e s t h e t i c  and t h e  t e c h n i q u e  o f  t h e  a n a e s t h e s i a .  F o r  t h e  

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

p a y in g  a t t e n t i o n  t o  d e t a i l .  F o r  f u t u r e  a n a e s t h e t i s t s ,  much
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d e p e n d s  on t h e  t e a c h i n g  g iv e n  to  s t u d e n t s ,  “ r e s i d e n t s ’1, and  

s p e c i a l i s t  a n a e s t h e t i s t s  i n  t r a i n i n g .

I n  t h e  c a s e  o f  s t u d e n t s ,  t h e  q u e s t i o n  a r i s e s  w h e th e r  

t h e y  s h o u ld  b e  t a u g h t  m odern  m ethods  o f  a n a e s t h e s i a ,  o r  t h e  

s i m p l e r ,  o l d e r  m ethods  o n l y .  T here  a r e  two s c h o o l s  o f  

t h o u g h t  i n  t h i s  m a t t e r .  The f i r s t  b e l i e v e s  t h a t  m o d e m  

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

p l e x i t y  o f  t h e  m e th o d s ,  and t h e  sco p e  o f  t h e  b a s i c  s c i e n c e s .

The s e c o n d  w ould  t e a c h  t h e  s tu d e n t  e v e r y t h i n g  a b o u t  a n a e s t h e s i a ,  

f rom  "o p e n "  e t h e r  a t  one e x t r e m e ,  to  c u r a r e  a t  t h e  o t h e r .

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

p r a c t i t i o n e r s  c a p a b le  o f  a d m i n i s t e r i n g  r e a s o n a b l e  a n a e s ­

t h e s i a ,  b u t  who r e a l i s e  t h e i r  own l i m i t a t i o n s .  I n  f u t u r e  

f e w e r  a n a e s t h e t i c s  w i l l  be  g i v e n  b y  g e n e r a l  p r a c t i t i o n e r s .

B u t ,  f o r  many r e a s o n s ,  a  c o n s i d e r a b l e  t im e  m u s t  e l a p s e  b e ­

f o r e  a  s p e c i a l i s t  a n a e s t h e t i s t  w i l l  b e  a v a i l a b l e  f o r  e v e r y  

c a s e .  I f  t h e  s t u d e n t  i s  t a u g h t  n o t h i n g  a b o u t  a n a e s t h e s i a ,  

h e  w i l l  go i n t o  p r a c t i c e  u n f i t t e d  t o  a d m i n i s t e r  s u c h  a n a e s ­

t h e t i c s  a s  he  may b e  c a l l e d  upon to  g i v e ,  s u c h  a s  i n  o b ­

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

c e d u r e s .

I f  h e  i s  t o  b e  t a u g h t  a n a e s t h e s i a ,  i t  may h e  e i t h e r  

b y  w a tc h in g  t h e  s p e c i a l i s t  a n a e s t h e t i s t  u s e  m o d e m  a g e n t s  

and  t e c h n i q u e s  a s  m ig h t  b e  r e q u i r e d  f o r  a  t r a n s t h o r a c i c
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g a s t r e c t o m y ,  o r ,  c e r t a i n  c a s e s  h a v e  t o  b e  s u b j e c t e d  t o  an  

“ open" e t h e r  o r  c h lo r o f o r m  a n a e s t h e s i a  f o r  t h e  b e n e f i t  o f  

t h e  s t u d e n t .  I t  m ig h t  b e  a rg u e d  t h a t  t h e  f i r s t  a l t e r n a t i v e  

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

and e a s i e r  f o r  t h e  s u rg e o n ,  t h e  a n a e s t h e s i a  may b e  c o n d u c te d  

b y  t h e  s p e c i a l i s t  a s  th o u g h  t h e  s t u d e n t  w ere  n o t  p r e s e n t ,  

an  “ open"  i n d u c t i o n  o f  a n a e s t h e s i a  i s  more t im e -c o n s u m in g  

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

o p e r a t i v e  u p s e t ,  and  c o n s e q u e n t l y  l e s s  n u r s i n g  c a r e  r e q u i r e d ,  

and  t h e  p a t i e n t  may demand t h e  e a s y  i n d u c t i o n  o f  i n t r a v e n o u s  

t h i o p e n t o n e .  The a rg u m e n ts  a g a i n s t  t h i s  c h o i c e  a r e  f o u r  i n  

n u m b e r .  M odern a n a e s t h e s i a  i s  n o t  t h e  t y p e  t h e  s t u d e n t  

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

h a v e  t h e  n e c e s s a r y  a p p a r a t u s ,  and i t  i s  u n l i k e l y  t h a t  h e  w i l l  

b e  a s k e d  t o  a n a e s t h e t i s e  f o r  m a jo r  s u r g e r y .  He d o e s  n o t  

h a v e  t h e  n e c e s s a r y  know ledge  o f  t h e  b a s i c  s c i e n c e s  and  t h e  

a p p l i e d  p h a rm a c o lo g y  o f  t h e  d ru g s  u s e d .  A c c i d e n t s  may o c c u r  

so q u i c k l y  w i th  t h e  m ore r a p i d l y  a c t i n g  m o d em  a g e n t s  t h a t  

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

l y  q u i c k l y  to  a v o id  d i s a s t e r .  I n  t h e  s h o r t  t im e  a t  h i s  d i s ­

p o s a l ,  t h e  s t u d e n t  c a n n o t  a s s i m i l a t e  s u f f i c i e n t  k n o w led g e  o f  

c o m p l i c a t e d  t e c h n i q u e s  t o  b e  o f  any  p r a c t i c a l  v a l u e .

I f  i t  i s  d e c id e d  to  te a c h  o n ly  t h e  o l d  " r a g  a n d  b o t t l e "  

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



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

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

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

t y p e s  o f  a n a e s t h e s i a  a r e  n o t  w i t h o u t  r i s k ,  f o r  e x a m p le ,  t h e  

p r im a r y  c a r d i a c  f a i l u r e  l i a b l e  to  o c c u r  w i t h  c h l o r o f o r m .

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  s t u d e n t  b e  t a u g h t  

t h e s e  s im p l e r  and m ore t im e -c o n s u m in g  a n a e s t h e t i c  t e c h n i q u e s  

i n  t h e  o u t - p a t i e n t  d e p a r tm e n t  and  f r a c t u r e  c l i n i c .  B u t  

su c h  p a t i e n t s  h av e  b e e n  in c o m p l e t e l y  i n v e s t i g a t e d ,  t h e  r i s k  

o f  v o m i t in g  i s  g r e a t e r  th a n  w i t h  " i n - p a t i e n t s " ,  and few  h a v e  

r e c e i v e d  p r e m e d i c a t i o n .  Out p a t i e n t s  m ust b e  f i t  t o  r e t u r n  

t o  t h e i r  homes a f t e r  a  s h o r t e r  i n t e r v a l  t h a n  i s  p o s s i b l e  

a f t e r  e t h e r  o r  c h lo r o fo r m  a n a e s t h e s i a .  Such l a r g e  n u m b ers  

o f  p a t i e n t s  a r e  t r e a t e d  i n  t h e s e  d e p a r tm e n t s  t h a t  s p e e d  i s  

e s s e n t i a l  u n d e r  t h e  c i r c u m s t a n c e s  s u g g e s t e d .  I t  may b e  

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

a b c e s s  t o  e t h e r  o r  c h lo r o f o r m ,  when a  v e r y  s h o r t  g a s  and  

oxygen  a n a e s t h e s i a  i s  a l l  t h a t  i s  r e q u i r e d .

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

t h a t  t h e  i d e a l  c a s e s  w ould  b e  i n - p a t i e n t s  h a v in g  m in o r  s u r g i ­

c a l  o p e r a t i o n s ,  f u l l y  i n v e s t i g a t e d ,  p r e p a r e d  and  p r e m e d i c a t e d .  

The a n a e s t h e t i s t  w ou ld  ch o o se  t h o s e  s u i t a b l e  f o r  t e a c h i n g  

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

t h e  s e s s i o n  when t h e  t h e a t r e  s t a f f  a r e  t i r e d  and  a n x io u s  t o
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f i n i s h  a s  soon  a s  p o s s i b l e .  I n  o r d e r  to  a v o id  undue  d e l a y  

and  a t  t h e  same t im e  i n c r e a s e  h i s  e x p e r i e n c e ,  t h e  s t u d e n t  

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

p o s e s  and  as  t h e  s o l e  a n a e s t h e t i c  f o r  m in o r  o p e r a t i o n s .  I n  

many s m a l l  h o s p i t a l s  s t a f f e d  by  g e n e r a l  p r a c t i t i o n e r  a n a e s ­

t h e t i s t s  t h e r e  a r e  B o y l e ' s  a n a e s t h e t i c  a p p a r a t u s ,  t h e r e f o r e  

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

d u c t i o n  and  t h e  s a f e t y  o f  a  g a s ,  o x ygen  and e t h e r  a n a e s t h e s i a ,  

t h e  s t u d e n t  s h o u ld  b e  t a u g h t  t h i s  s e q u e n c e ,  w i t h  t h e  d a n g e r s  

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

m e th o d s  o f  r e s u s c i t a t i o n  e x p l a i n e d .  I f  t h i s  i s  co m b in ed  

w i t h  a  w o rk in g  know ledge  o f  "open"  e t h e r ,  c h lo r o f o r m  and  

e t h y l  c h l o r i d e ,  h e  w i l l  h a v e  a  know ledge  o f  a n a e s t h e s i a  

s u f f i c i e n t  t o  m eet t h e  r e q u i r e m e n t s  o f  g e n e r a l  p r a c t i c e .  I f  

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

t a u g h t  g a s  and oxygen  a n a e s t h e s i a  f o r  d e n t a l  e x t r a c t i o n s .

The v a l u e  o f  t h i s  i s  d e b a t a b l e  a s  d e n t a l  a n a e s t h e s i a  may b e  

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

p r a c t i t i o n e r  i n  t h e  o p i n i o n  o f  many, d e n t i s t s  and  a n a e s t h e t i s t s .

The s t u d e n t  s h o u ld  r e c e i v e  i n s t r u c t i o n  i n  t h e  s i g n s  

and  d a n g e r s  o f  a n a e s t h e s i a ,  and  how to  d e a l  w i th  t h e s e  com­

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

d r u g s  s h o u ld  b e  e x p l a i n e d .  He s h o u ld  accom pany t h e  a n a e s ­

t h e t i s t  t o  t h e  w ard s  to  s e e  t h e  s p e c i a l  e x a m in a t io n  o f  p a t i e n t s
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t o  d e te r m in e  f i t n e s s  f o r  a n a e s t h e s i a ,  and be i n s t r u c t e d  i n  

p r e - o p e r a t i v e  c a r e ,  p r e m e d i c a t i o n .  I n  v i s i t s  t o  t h e  p a t i e n t  

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

m ig h t  b e  t a u g h t .

D u r in g  m a jo r  o p e r a t i o n s  t h e  s t u d e n t  m ig h t  a s s i s t  

w i t h  t h e  c h a r t i n g ,  and l e a r n  t h e  e le m e n ts  o f  v e n i p u n c t u r e  

and  b lo o d  t r a n s f u s i o n s .  He s h o u ld  n o t  b e  t a u g h t  c y c l o p r o ­

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

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

l o c a l  a n a l g e s i a ,  w h ich  may b e  o f  g r e a t  v a l u e  i n  g e n e r a l  

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

o u t  by  t h e  s t u d e n t .  S t u d e n t s  s h o u ld  l i v e  i n  h o s p i t a l  d u r i n g  

t h e i r  f i n a l  s u r g i c a l  t e rm  and  g i v e  a n a e s t h e t i c s  t o  t h e  

em erg en cy  c a s e s  a d m i t t e d  t o  t h e  h o s p i t a l .

A n a e s t h e s i a  i n  o b s t e t r i c s  s h o u ld  b e  t a u g h t  when t h e  

s t u d e n t  i s  r e c e i v i n g  h i s  t r a i n i n g  i n  m id w i f e r y  and  s h o u ld  i n ­

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

t y p e s  o f  a p p a r a t u s  u se d  to  o b t a i n  t h i s  s t a t e .  I t  i s  b e t t e r  

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

k n o w le d g e  f ro m  a  s p e c i a l i s t  a n a e s t h e t i s t  t h a n  f ro m  t h e  a d ­

v e r t i s e m e n t s  and i n s t r u c t i o n s  o f  t h e  m a n u f a c t u r e r  o f  t h e  

a n a l g e s i c  m a c h in e .  The i n s t r u c t i o n  o f  a n a e s t h e s i a  i n  o b ­

s t e t r i c s  i s  n o t  w i th o u t  r i s k ,  t h e  d a n g e r  o f  v o m i t in g  i s  g r e a t  

and  t h e  b e d s  i n  m ost l a b o u r  w ards  c a n n o t  b e  t i l t e d .  The



s t u d e n t  u n d e r  i n s t r u c t i o n  h a s  o n ly  t o  make a  s l i g h t  e r r o r  

t o  c a u s e  s e v e r e  spasm d u r in g  i n d u c t i o n  o r  a l lo w  some o b ­

s t r u c t i o n  t o  t h e  a i rw a y  d u r in g  m a in te n a n c e  o f  a n a e s t h e s i a  

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

w i t h  a m n io t i c  f l u i d .  Too deep  an a n a e s t h e s i a  t o  e s c a p e  t h e  

d a n g e r  o f  v o m i t in g  w i l l  r e s u l t  i n  im p a i r e d  u t e r i n e  c o n t r a ­

c t i o n s .  R e s u s c i t a t i o n  o f  t h e  b a b y  s h o u ld  a l s o  b e  t a u g h t .

The i n s t r u c t i o n  s h o u ld  i n c l u d e  open  e t h e r  and  c h lo r o f o r m ,  

g a s ,  o x ygen  and  e t h e r ,  and g a s ,  oxygen  and  T r i l e n e  a n a e s ­

t h e s i a ,  t h e  p r o p e r  u se  o f  m o rp h in e  and p e t h e d i n e ,  g a s  and 

a i r ,  g a s  and oxygen , and T r i l e n e  a n a l g e s i a .

Such a  scheme o f  i n s t r u c t i o n  f o r  t h e  u n d e r g r a d u a t e  

may a p p e a r  o v e r  a m b i t i o u s ,  b u t  t h e  p r e s e n t  i n s t r u c t i o n  i s  

so i n a d e q u a t e  t h a t  a  c u r r i c u l u m  m u s t  b e  draw n up an d  e n f o r c e d  

b y  t h o s e  i n  a u t h o r i t y  (2 1 0 ,  211 , 212, 213, 2 1 4 ) .

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

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

T h e re  a r e  two s c h o o l s  o f  t h o u g h t  r e g a r d i n g  t h e  f o r m e r ,  one 

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

t r a i n i n g  d e p e n d s  on t h e  d u r a t i o n  o f  t h e  t r a i n e e s h i p ,  w h ic h  

s h o u ld  b e  a t  l e a s t  two y e a r s .  T h i s  t im e  m ig h t  b e  d i v i d e d  

i n t o  t e r m s  o f  t h r e e  m o n th s ,  each  t o  be s p e n t  w i t h  a  d i f f e r e n t  

a n a e s t h e t i s t ,  and, i f  p o s s i b l e ,  c h a n g e s  o f  h o s p i t a l  m ig h t  be  

a r r a n g e d .  E a r l y  i n  t h e  t r a i n i n g  p e r i o d  h e  s h o u ld  h a v e
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l e c t u r e s  on t h e  b a s i c  s c i e n c e s  i n  a s  f a r  a s  t h e y  p e r t a i n  t o  

a n a e s t h e s i a .  These l e c t u r e s  s h o u ld  h e  g iv e n  b y  members o f  

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

Time m ig h t  b e  s p e n t  i n  t h e  anatom y l a b o r a t o r y  w h ere  ana tom y  

o f  s p e c i a l  i n t e r e s t  t o  t h e  a n a e s t h e t i s t  m ig h t  be t a u g h t  i n  a  

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

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

s y s te m s  m ig h t  b e  g iv e n  a t  t h e  same t im e  as  t h e  ana tom y demon­

s t r a t i o n s .  An a n a e s t h e t i s t  s h o u ld  be r e s p o n s i b l e  f o r  t h e  

t e a c h i n g  o f  t h e  p h a rm a c o lo g y  o f  t h e  a n a e s t h e t i c  a g e n t s  and 

t h e  d r u g s  u s e d  i n  a n a e s t h e s i a .  L e c t u r e s  m ig h t  a l s o  b e  g i v e n  

on b l o o d - t r a n s f u s i o n  b y  t h e  d i r e c t o r  o f  t h e  B lo o d  T r a n s f u s i o n  

S e r v i c e ,  on t h e  e x a m in a t io n  and d i s e a s e s  o f  t h e  b l o o d  b y  a  

h a e m a t o l o g i s t , and on  t h e  c h e m i s t r y  o f  t h e  b lo o d  b y  a  b i o ­

c h e m i s t .  One o r  two l e c t u r e s  m ig h t  be g i v e n  b y  a  s u i t a b l e  

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

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

w h ic h  may b e  met i n  p a t i e n t s  b e f o r e  o p e r a t i o n .

T h is  scheme m ig h t  h av e  t o  b e  m o d i f i e d  on eco n o m ic  

g r o u n d s ,  c o s t  t o  t h e  t r a i n e e  o r  t h e  s t a t e  d e p e n d in g  on w h ich  

w as p a y in g  t h e  l e c t u r e r s *  f e e s .  I t  i n v o l v e s  t a k i n g  t h e  

l e c t u r e r s  f ro m  t h e i r  u s u a l  w ork , and u n i v e r s i t y  s t a f f s ,  e s ­

p e c i a l l y  m e d i c a l ,  w i th  i n f l a t e d  c l a s s e s ,  a r e  a l r e a d y  o v e r ­

w o rk e d .  A ls o ,  t h e  schem e r e s u l t s  i n  t h e  t r a i n e e  s p e n d in g



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

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

t o  a  g r e a t  e x t e n t  on t h e  g o o d - w i l l  o f  t h e  s u r g e o n s .  The 

a c t u a l  t h e a t r e  t r a i n i n g  m ig h t  be  d i v i d e d  i n t o  t h r e e  p e r i o d s ,  

d u r i n g  t h e  f i r s t  o f  w h ic h  t h e  t r a i n e e  a c t s  as  t h e  k e e p e r  o f  

t h e  a n a e s t h e t i s t 1 s  r e c o r d s ,  and  i n  so d o in g  l e a r n s ,  and  i s  

t a u g h t  by  t h e  a n a e s t h e t i s t ,  t h e  e f f e c t  o f  t h e  d r u g s  u s e d  and 

t h e  t e c h n i q u e s  o f  a n a e s t h e s i a .  D u r in g  t h e  s e c o n d  p e r i o d  h e  

m ig h t  c a r r y  o u t  t h e s e  t e c h n i q u e s  u n d e r  s u p e r v i s i o n ;  d u r in g  

t h e  t h i r d  h e  m ig h t  work a lm o s t  i n d e p e n d e n t l y  o f  h i s  t e a c h e r .

F o r  ex am p le ,  i f  t h e r e  w ere  two o p e r a t i n g  t a b l e s  i n  u s e  i n  

t h e  t h e a t r e ,  he m ig h t  a n a e s t h e t i s e  t h e  c a s e s  on  t h e  s e c o n d  

t a b l e .  As t im e  p a s s e d  and h i s  e x p e r i e n c e  i n c r e a s e d ,  t h e  

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

F o r  i n s t r u c t i o n  i n  p r e - o p e r a t i v e  c a r e ,  p r e m e d ic a ­

t i o n ,  and  p o s t - o p e r a t i v e  c a r e ,  t h e  t r a i n e e  m ig h t  m e r e ly  

accom pany  t h e  a n a e s t h e t i s t  i n  h i s  v i s i t s  t o  t h e  w a rd s  d u r in g  

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

t r a i n e e  m ig h t  g iv e  t h e  i n s t r u c t i o n s  u n d e r  t h e  im m e d ia te  s u p e r ­

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

v i s i t s  t o  t h e  w ard s  b y  h i m s e l f .

Bach t r a i n e e  s h o u ld  n o t  b e  a p p o in t e d  to  one t e a c h i n g  

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

c e r t a i n  p e r i o d  w i th  each  a n a e s t h e t i s t ,  and t h e n  p a s s  t o  a n o t h e r



147 .

so a s  t o  l e a r n  d i f f e r e n t  m e th o d s ,  e ach  a n a e s t h e t i s t  m ak ing  

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

one  s h o u ld  he  r e g i o n a l  a n a l g e s i a .  D u r in g  t h e  b a s i c  t r a i n ­

in g  i n  a n a e s t h e s i a  f o r  g e n e r a l  s u r g e r y ,  h e  s h o u ld  be  g i v e n  

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

an d ,  a t  t h e  end o f  o p e r a t i o n s ,  i n  t r a c h e o - b r o n c h i a l  t o i l e t  

and b r o n c h o s c o p y .  D u r in g  t h e  p o s t - o p e r a t i v e  p e r i o d  t h e  

p r o p h y l a x i s  o f  r e s p i r a t o r y  and c i r c u l a t o r y  s y s te m  c o m p l i c a ­

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

o r  w a rd ,  t h e  t r a i n e e  s h o u ld  b e  i n  t h e  o u t - p a t i e n t  d e p a r tm e n t  

o r  f r a c t u r e - c l i n i c  w here h i s  s e r v i c e s  w i l l  be  o f  v a l u e  and 

w h ere  he  w i l l  g a i n  e x p e r i e n c e  i n  a n a e s t h e s i a  f o r  o u t - p a t i e n t s .

A f t e r  t h i s  b a s i c  t r a i n i n g  i n  a n a e s t h e s i a  h e  s h o u ld  

move t o  t h e  u n i t s  d e a l i n g  w i th  d i s e a s e s  o f  t h e  e a r ,  n o s e  and 

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

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

s h o u ld  b e  i n c l u d e d  i n  t h e  c u r r i c u l u m .  A l o n g e r  p e r i o d  s h o u ld  

b e  s p e n t  w i t h  an  o b s t e t r i c a l  u n i t  t h a n  w i t h  t h e  o t h e r  

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

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

i s  a l l  t h a t  i s  r e q u i r e d  u n l e s s  b eco m in g  p e r m a n e n t l y  a t t a c h e d

t o  one o f  t h e s e  u n i t s ,  a n y  a n a e s t h e t i s t  may b e  c a l l e d  upon 

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

m id w iv e s  i n  a n a l g e s i a  may i n t e r f e r e  w i t h  h i s  i n s t r u c t i o n  b y
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o c c u p y in g  t h e  t im e  o f  t h e  a n a e s t h e t i s t ,  and b y  t a k i n g  t h e i r  

q u o t a  o f  c a s e s  r e d u c e  t h e  num ber a v a i l a b l e  f o r  h im , and  

t h e r e f o r e  h e  s h o u ld  accompany t h e  a n a e s t h e t i s t  d u r in g  h i s  

t e a c h i n g  o f  t h e  m id w iv e s .  He s h o u ld  b e  t a u g h t  t o  u s e  m e th o d s  

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

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

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

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

a d e q u a te  t r a i n i n g  i n  t h i s  s u b j e c t .

I n  o r d e r  t o  make p o s s i b l e  t h e  s u g g e s t e d  schem e o f  

t r a i n i n g ,  t h e  p u p i l  w ould  h a v e  t o  b e  a p p o in t e d  b y  some 

c e n t r a l  a u t h o r i t y  su ch  a s  a  r e g i o n a l  h o s p i t a l  b o a r d .  The 

a p p o in tm e n t  s h o u ld  e x te n d  to  a l l  t h e  h o s p i t a l s  i n  t h e  r e g i o n ,  

an d  n o t ,  a s  a t  p r e s e n t ,  t o  one p a r t i c u l a r  h o s p i t a l  o r  

a n a e s t h e t i s t  (2 1 4 , 2 1 5 ) .

S t a t i s t i c s  show t h a t  t h e  m o r t a l i t y  a s s o c i a t e d  w i t h  

a n a e s t h e s i a  r i s e s  each  t im e  new h o u s e - s u r g e o n s  a r e  a p p o i n t e d  

t o  a  h o s p i t a l *  The f a u l t  d o e s  n o t  l i e  w i th  t h e  r e s i d e n t  

m e d ic a l  o f f i c e r s ,  a s ,  w i th  l a r g e  c l a s s e s  and  i n s u f f i c i e n t  

t im e  f o r  s t u d e n t s  t o  h a v e  a n a e s t h e t i c  t e a c h i n g ,  an d  t h e  

p o l i c y  o f  m ore and  m ore h o s p i t a l s  o f  dem anding  t h a t  a l l  

a n a e s t h e t i c s  b e  a d m i n i s t e r e d  b y  a n a e s t h e t i s t s ,  s t u d e n t s  c a n ­

n o t  b e  t a u g h t  a d e q u a t e l y .

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



a r e  a t  t h e  end  o f  t h e  m o rn in g  o p e r a t i n g  l i s t  when t h e  a n a e s ­

t h e t i s t  h a s  d e p a r t e d ,  on " r e c e i v i n g ” n i g h t s  when no . a n a e s ­

t h e t i s t  i s  p r e s e n t ,  and  i n  t h e  o u t - p a t i e n t  and c a s u a l t y  

d e p a r t m e n t s .  I n  t h e  f i r s t  and  t h i r d  i n s t a n c e s  t h e  c a s e s  a r e  

u s u a l l y  r e q u i r i n g  m in o r  s u r g i c a l  o p e r a t i o n s ,  b u t  i n  t h e  

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

I n  t h e  f i r s t  c a s e ,  th e  "housem an" may b e  l e f t  w i t h  a n  a n a e s ­

t h e t i c  f o r  a  m a jo r  o p e r a t i o n  w h ic h  had  b e e n  commenced b y  t h e  

a n a e s t h e t i s t ,  and i n  a n a e s t h e t i c s  i n  th e  o u t - p a t i e n t  d e p a r t ­

m ent t h e r e  a r e  t h e  r i s k s  o f  a n a e s t h e t i s i n g  i n c o m p l e t e l y  

ex am in ed ,  u n p r e m e d ic a te d  p a t i e n t s ,  w i t h  f u l l  s to m a c h s  due to  

r e c e n t l y  d i g e s t e d  m e a l s .

As so o n  a f t e r  h i s  a p p o in tm e n t  as  p o s s i b l e  e a c h  h o u s e  

s u r g e o n  s h o u ld  be  t a u g h t  b y  an  a n a e s t h e t i s t  t h e  s i g n s  o f  

a n a e s t h e s i a ,  s im p le  a n a e s t h e s i a  su c h  a s  'o p e n *  e t h e r  and  

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

a s  t h e  s o l e  a n a e s t h e t i c ,  and a s  an  i n d u c t i o n  a g e n t  to  b e  

f o l l o w e d  b y  n i t r o u s  o x id e  and oxygen , w i t h  o r  w i t h o u t  e t h e r .  

S im p le  p r e m e d i c a t i o n ,  t h e  a c c i d e n t s  t h a t  may o c c u r  d u r i n g  

a n a e s t h e s i a  and t h e i r  t r e a t m e n t  s h o u ld  a l s o  b e  t a u g h t .  P e r ­

h a p s  m ost i m p o r t a n t  o f  a l l ,  h e  s h o u ld  b e  made t o  r e a l i s e  

when a  c a s e  i s  b ey o n d  h i s  c a p a b i l i t i e s  and  a s k  f o r  a  s p e c i a l ­

i s t  a n a e s t h e t i s t  f o r  such  c a s e s  a s  t h o s e  u n d e r g o in g  u p p e r  

a b d o m in a l  o p e r a t i o n s ,  t h o s e  s u f f e r i n g  f ro m  s u r g i c a l  sh o o k ,
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and  t h o s e  s u f f e r i n g  from  i n t e s t i n a l  o b s t r u c t i o n ,  t h e  v e r y  

y o u n g ,  and  t h e  v e ry  o l d .

D u r in g  t h e  m ain  o p e r a t i n g  s e s s i o n s  t h e  h o u s e - s u r g e o n  

may l e a r n  a b o u t  m odern m ethods  o f  a n a e s t h e s i a ,  and  how a  

p a r t i c u l a r  c a s e  i s  s t a n d i n g  up t o  t h e  o p e r a t i o n  and a n a e s ­

t h e t i c ,  so t h a t  i f  t h e  a n a e s t h e t i s t  h a s  t o  d e p a r t  b e f o r e  t h e  

o p e r a t i o n  i s  c o m p le te d ,  h e  w i l l  be  a b l e  to  c o n t i n u e  t h e  

a d m i n i s t r a t i o n .

The a n a e s t h e t i s t  s h o u ld  b e  d o g m a tic  r e g a r d i n g  t h e  

a n a e s t h e t i c s  t h e  h o u s e - s u rg e o n  may a d m i n i s t e r ,  and  t h e  d r u g s  

and  a p p a r a t u s  he  may u s e .  The r e s u l t  i s  t h a t  i f  t h e  ' r e s i ­

d e n t*  becom es a  g e n e r a l  p r a c t i t i o n e r ,  h e  w i l l  be  a b l e  to  

a d m i n i s t e r  any  a n a e s t h e t i c s  h e  may b e  c a l l e d  upon  t o  g i v e .

I f  he  s h o u ld  become a  t r a i n e e  a n a e s t h e t i s t ,  h e  h a s  a  u s e f u l  

b a s i s  on  w h ich  t o  b u i l d  h i s  know ledge  o f  a n a e s t h e s i a .  I f  

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

o r  o b s t e t r i c s ,  t h e  know ledge  c a n n o t  b u t  b e  o f  v a l u e .

The p ro b le m  o f  g e n e r a l  p r a c t i t i o n e r  a n a e s t h e t i s t s  

i s  w hat a n a e s t h e t i c s  s h o u ld  h e  g i v e ? - a n y  w h ich  h e  c o u l d  

r e a s o n a b l y  b e  e x p e c te d  t o  a d m i n i s t e r  su c h  a s  t h o s e  f o r  m in o r  

s u r g i c a l  o p e r a t i o n s  and some m a jo r  o p e r a t i o n s  su c h  a s  

a p p e n d ic e c to m y ,  and  i n  o b s t e t r i c s .  The q u e s t i o n  a r i s e s  a s  

t o  w h e th e r  he s h o u ld  a t t e m p t  m odern  a n a e s t h e s i a  o r  h a v e  one 

o r  two t e c h n i q u e s  and d ru g s  w i t h  w h ich  h e  i s  r e a s o n a b l y



p r o f i c i e n t .  He may f a v o u r  t h e  f i r s t  a l t e r n a t i v e ,  h u t  he  

w i l l  n o t  a d m i n i s t e r  s u f f i c i e n t  a n a e s t h e t i c s  t o  becom e e f f i c i ­

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

c o r r e c t  a g e n t  an d  t e c h n iq u e  f o r  e a c h  c a s e ,  and t h e  a p p a r a t u s  

i s  to o  e x p e n s iv e  f o r  o c c a s i o n a l  u s e .  C o n s e q u e n t ly  h i s  t e c h ­

n i q u e  s h o u ld  b e  l i m i t e d  to  'o p e n 1 e t h e r  and  c h l o r o f o r m  o r  

s im p le  a p p a r a t u s  f o r  t h e  a d m i n i s t r a t i o n  o f  n i t r o u s  o x id e ,  

oxygen  and  e t h e r .  He s h o u ld  u s e  t h i o p e n t o n e  o n l y  i f  h e  h a s  

a  s o u r c e  o f  o x ygen  and some means o f  i n f l a t i n g  t h e  p a t i e n t ' s  

l u n g s ,  w h ic h  l i m i t s  t h e  u se  o f  t h a t  d ru g  to  p r a c t i t i o n e r s  

w i th  a n  a n a e s t h e t i c  a p p a r a t u s .  S p i n a l  a n a l g e s i a ,  t h e  r e ­

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

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

and  t h e i r  use  s h o u ld  b e  r e s t r i c t e d  t o  t h e  s p e c i a l i s t .

The p o s i t i o n  o f  a n a l g e s i a  i n  o b s t e t r i c s  a s  a d m i n i s t e r ­

ed  b y  t h e  g e n e r a l  p r a c t i t i o n e r  i s  u n s a t i s f a c t o r y .  I f  he  

u s e s  one o f  t h e  many a p p a r a t u s  d e s ig n e d  f o r  t h i s  p u r p o s e ,  

t h e  m a n u f a c t u r e r * s  i n s t r u c t i o n s ,  i n  m ost o a s e s ,  a r e  h i s  s o l e  

g u id a n c e  i n  i t s  u s e .  I t  s h o u ld  b e  p o s s i b l e  f o r  h im  t o  t a k e  

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

c e i v e  i n s t r u c t i o n  i n  i t s  use  from  one o f  t h e  a n a e s t h e t i s t s .

F o r  s u c h  a n  i d e a l  s t a t e  o f  a f f a i r s  t o  e x i s t  t h e  l i a i s o n  

b e tw e e n  g e n e r a l  p r a c t i t i o n e r s  and  h o s p i t a l  s t a f f s  w o u ld  r e q u i r e  

t o  b e  c l o s e ,  an d  much w o u ld  d e p en d  on t h e  i n d i v i d u a l



p r a c t i t i o n e r  and a n a e s t h e t i s t .

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

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

v i o u s l y .

I n  o r d e r  t h a t  th e  a n a e s t h e t i s t  may b e  a b le  t o  g i v e  

h i s  e a s e s  a d e q u a te  p r e - o p e r a t i v e  and  p o s t - o p e r a t i v e  s u p e r ­

v i s i o n ,  c e r t a i n  c o n d i t i o n s  m ust b e  s a t i s f i e d .  The c o o p e r a ­

t i o n  o f  t h e  s u rg e o n s  and g y n a e c o l o g i s t s  i s  e s s e n t i a l ,  t o  

a l l o w  t h e  a n a e s t h e t i s t  t o  e n t e r  t h e i r  w a rd s  and o r d e r  t r e a t ­

m e n t .  The r e l a t i o n s  b e tw e e n  t h e  a n a e s t h e t i s t  and  t h e  

j u n i o r  members o f  t h e  s u r g i c a l  s t a f f ,  r e g i s t r a r  and h o u s e -  

s u r g e o n s ,  m u s t  be g o o d .  The e n t r y  o f  t h e  a n a e s t h e t i s t  i n t o  

t h e  w a rd s  m eans y e t  a n o t h e r  p e r s o n  from  whom t h e  w ard  s i s t e r  

r e c e i v e s  i n s t r u c t i o n s ,  and h e r  c o - o p e r a t i o n  i s  e s s e n t i a l .

The a n a e s t h e t i s t ' s  com m itm ents i n  t h e a t r e  m u s t  a l l o w  a d e q u a t  

t im e  f o r  h im  t o  s e e  c a s e s  b e f o r e  and  a f t e r  o p e r a t i o n .  I f  

h i s  a p p o in tm e n t  i s  f u l l - t i m e ,  f o r  econom ic r e a s o n s  h e  m u s t  

s p e n d  e v e r y  m o rn in g  i n  t h e a t r e ,  and  a f t e r n o o n s  when r e q u i r e d  

C o n s e q u e n t ly  h e  u n d e r t a k e s  t h e  p r e - o p e r a t i v e  and  p o s t ­

o p e r a t i v e  s u p e r v i s i o n  when h i s  s e r v i c e s  a r e  n o t  r e q u i r e d  i n  

t h e  o p e r a t i n g  t h e a t r e .  I f  b o th  s u rg e o n s  and a n a e s t h e t i s t  

h a v e  f u l l - t i m e  a p p o in tm e n ts ,  t h e  a c t u a l  t im e  s p e n t  i n  t h e  

o p e r a t i n g  t h e a t r e  w i l l  i n c r e a s e ,  so t h a t  t h e  a n a e s t h e t i s t  

may b e  i n  t h e a t r e  m o rn in g  and  a f t e r n o o n ,  and  h a v e  no



o p p o r t u n i t y  to  s u p e r v i s e  p r e - o p e r a t i v e  and  p o s t - o p e r a t i v e  

c a r e .  A q u a r t e r  o f  an h o u r  i s  r e q u i r e d  f o r  t h e  a d e q u a te  

e x a m in a t io n  o f  a  c a s e  r e q u i r i n g  a  m a jo r  s u r g i c a l  o p e r a t i o n  

an d  t h e  w r i t i n g  o f  th e  a n a e s t h e t i c  r e c o r d  c a r d  and f i v e  

m i n u t e s  f o r  each  m in o r  c a s e .  D u r in g  a n  o p e r a t i n g  s e s s i o n  

t h r e e  m a jo r  and f o u r  m in o r  s u r g i c a l  o p e r a t i o n s  may h e  p e r ­

fo rm e d ,  r e q u i r i n g  one h o u r  and f i v e  m i n u t e s  t o :  b e  s p e n t  b y  

t h e  a n a e s t h e t i s t  i n  p r e - o p e r a t i v e  e x a m in a t io n s *  I f  a  

p h y s i c i a n  h a s  t o  be  c o n s u l t e d  w i th  r e g a r d  to  some c o - e x i s t i n g  

p a t h o l o g y ,  t h e  t im e  a l l o c a t e d  w i l l  r e q u i r e  t o  b e  e x t e n d e d .

C a s e s  w h ich  h a v e  u n d e rg o n e  m a jo r  s u r g i c a l  p r o c e d u r e s  

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

d a y s  and  t h e n  e v e r y  t h i r d  d a y  d u r in g  t h e  s e c o n d  week a f t e r  

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

h o s p i t a l .  M inor  s u r g i c a l  o a s e s  s h o u ld  b e  s e e n  on  t h e  

f o l l o w i n g  d a y  and  b e f o r e  d i s m i s s a l .

The a n a e s t h e t i s t  m u st spend  one h a l f  o f  e ach  w o rk in g  

d a y  i n  t h e  w a rd s  i n  o r d e r  t o  c a r r y  o u t  t h i s  p rogram m e. W h ile  

h e  w i l l  a d m i n i s t e r  f e w e r  a n a e s t h e t i c s ,  h e  w i l l  become a  m ore 

v a l u a b l e  member o f  t h e  s u r g i c a l  team  b y  t h e  e x p e r i e n c e  so 

o b t a i n e d .  I t  s h o u ld  b e  r e a l i s e d  t h a t  t h e  w ork o f  a  good

a n a e s t h e t i s t ,  l i k e  t h a t  o f  t h e  s u rg e o n ,  i s  n o t  c a r r i e d  o u t  

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

o f  t h e  p a t i e n t  a r e  t o  b e  a d e q u a te ,  t h e n  much o f  h i s  t im e  

s h o u ld  b e  s p e n t  i n  t h e  w a rd s  l o o k i n g  a f t e r  p a t i e n t s  t o  whom



h e  w i l l  a d m i n i s t e r ,  o r  h a s  a d m i n i s t e r e d  an a n a e s t h e t i c .

I f  t h e  a n a e s t h e t i s t ' s  a p p o in tm e n t  i s  i n  a  p a r t - t i m e  

c a p a c i t y ,  h i s  a f t e r n o o n s  w i l l  b e  o c c u p ie d  w i t h  ?/ork  u n d e r ­

t a k e n  o u t s i d e  t h e  h o s p i t a l . I t  i s  u n l i k e l y  t h a t  t h e  

a u t h o r i t i e s  w i l l  pay  f o r  s e s s i o n s  w h ich  a r e  n o t  o c c u p ie d  i n  

a d m i n i s t e r i n g  a n a e s t h e t i c s ,  and  c o n s e q u e n t l y  i f  he i s  to  

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

i t  m u s t  b e  done i n  a  v o l u n t a r y  c a p a c i t y  d u r i n g  an y  m o rn in g  

t h a t  i s  n o t  c o n s id e r e d  one o f  h i s  s e s s i o n s  a t  t h e  h o s p i t a l .

I t  i s  u n r e a s o n a b le  t h a t  th e  p a r t - t i m e  a n a e s t h e t i s t  s h o u l d  be 

p e n a l i s e d  f o r  a t t e m p t i n g  t o  make h i m s e l f  more e f f i c i e n t  and  

m ore u s e f u l  t o  th e  h o s p i t a l .

As t h e  num ber o f  f u l l - t i m e  s p e c i a l i s t s  i n c r e a s e s ,  

t h e  num ber o f  o p e r a t i n g  s e s s i o n s  i n  e a c h  h o s p i t a l  w i l l  a l s o  

i n c r e a s e .  As t h e a t r e  accom m odation  i s  l i m i t e d ,  o p e r a t i o n s  

w i l l  h a v e  t o  b e  p e r fo rm e d  i n  t h e  m o rn in g s  and  a f t e r n o o n s  t o  

t h e  l i m i t  o f  t h e  num ber o f  b e d s  i n  t h e  h o s p i t a l  and t h e  

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

i l l  p a t i e n t s .  At p r e s e n t  a  f u l l - t i m e  a n a e s t h e t i s t  i s  

o c c u p ie d  i n  t h e a t r e  d u r in g  e v e ry  m o rn in g  and f o u r  a f t e r n o o n s  

o f  t h e  w eek . I f  h i s  a p p o in tm e n t  i n v o l v e s  s e v e r a l  o f  a  g ro u p  

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

t h e  o p e r a t i n g  t h e a t r e  and  t h e  l e s s  a v a i l a b l e  f o r  work i n  t h e  

w a r d s .  T h is  i s  f u r t h e r  c u r t a i l e d  b y  one a f t e r n o o n  o f  e a c h  week



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

to  b e  v i s i t e d  b y  t h e i r  r e l a t i v e s  and  f r i e n d s .  The a n a e s ­

t h e t i s t ' s  n i g h t  on d u t y  f o r  t h e  t r e a t m e n t  o f  em erg en cy  c a s e s  

p r e s e n t s  a  s p e c i a l  p ro b le m .  I f  h e  i s  t o  se e  a l l  t h e  c a s e s  

b e f o r e  o p e r a t i o n ,  t h e n  accom m odation  m ust b e  a v a i l a b l e  f o r  

h im  t o  sp e n d  such  n i g h t s  i n  t h e  h o s p i t a l *  I f ,  on  su ch  

o c c a s i o n s  h e  may b e  c a l l e d  to  o t h e r  h o s p i t a l s  f o r  t h e  same 

r e a s o n ,  i t  becom es i m p o s s i b l e  f o r  h im  t o  s e e  e v e r y  c a s e  b e ­

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

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

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

c o n v e r s a t i o n .  O th e r  f a c t o r s  i n t e r f e r i n g  w i th  s a t i s f a c t o r y  

p r e - o p e r a t i v e  and p o s t - o p e r a t i v e  c a r e  o f  t h e  p a t i e n t s  i n  t h e  

w a rd s  a r e  t h e  t e a c h i n g  o f  t r a i n e e  s p e c i a l i s t s  and  m e d ic a l  

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

h a s  an  o b s t e t r i c a l  u n i t ,  t h e  i n s t r u c t i o n  o f  m id w iv e s  i n  

a n a l g e s i a *

T h e re  i s ,  t h e r e f o r e  a  good r e a s o n  t o  s u g g e s t  t h a t  t h e  

a p p o in tm e n t  o f  a n a e s t h e t i s t s  s h o u ld  b e  i n  a  f u l l - t i m e  c a p a c i t y ,  

i n  t h e i r  i n t e r e s t  and f o r  t h e  s a k e  o f  an  e f f i c i e n t  a n a e s ­

t h e t i c  s e r v i c e  i n  t h e  h o s p i t a l s .  Bach h o s p i t a l  g ro u p  s h o u ld  

h a v e  a  p o o l  o f  a n a e s t h e t i s t s ,  w i th  a  minimum o f  one a n a e s ­

t h e t i s t  a d d i t i o n a l  to  th e  num ber r e q u i r e d  f o r  r o u t i n e  o p e r a t ­

i n g  s e s s i o n s .  H i s  t im e  m ig h t  b e  f u l l y  em p lo y ed  i n  c o p in g



w i t h  e m e r g e n c ie s  o c c u r r i n g  d u r in g  r o u t i n e  s e s s i o n s ,  and 

r e p l a c i n g  c o l l e a g u e s  on v a c a t i o n ,  s t u d y  l e a v e ,  o r  who a r e  

i l l .

The q u e s t i o n  a r i s e s  as  t o  w hat s h o u ld  h e  done a t  

t h e  a n a e s t h e t i s t ’ s  v i s i t  t o  t h e  p a t i e n t  b e f o r e  t h e  o p e r a t i o n .  

The c a s e - r e c o r d  s h o u ld  be  exam ined f o r  f a c t s  r e l e v a n t  t o  t h e  

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

b y  q u e s t i o n i n g  t h e  p a t i e n t .  T h a t  a u s c u l a t i o n  o f  t h e  p a t i e n t ' s  

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

murmur may be o f  i n t e r e s t ,  b u t  t h e  p a t i e n t ’ s  r e s p o n s e  to  

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

The s t a t e  o f  th e  m outh s h o u ld  be  ex am in ed  and  t h e  p r e s e n c e  

o r  a b s e n c e  o f  an u p p e r  r e s p i r a t o r y  t r a c t  i n f e c t i o n  l o o k e d  f o r  

a s  t h e s e  e x a m in a t io n s  a r e  u s u a l l y  p e r fo rm e d  i n  a  p e r f u n c t o r y  

m an n er  b y  t h e  h o u s e - s u r g e o n .  The p r e s e n c e  o f  v e i n s  i n  t h e  

p a t i e n t ’ s arm s u i t a b l e  f o r  i n t r a v e n o u s  i n f u s i o n s  and t h e  u s e  

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

t h e s i a .  The im p o r ta n c e  o f  any  c o n c u r r e n t  p a t h o l o g y  o f  

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

a l s o  t h e  p a t i e n t ’ s  m e n ta l  m ake-up and  r e a o t i o n  t o  t h e  o p e r a ­

t i o n .  At t h e  same t im e  an a t t e m p t  s h o u ld  b e  made t o  g a i n  

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

p r e m e d i c a t i o n ,  and  t h e  d o se  t o  b e  em ployed s h o u ld  b e  n o t e d  

on t h e  c a s e - r e c o r d ,  and t h e  w a r d - s i s t e r  in fo r m e d  o f  t h i s  f a c t .
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The c h o ic e  o f  t h e  a g e n t s  an d  t e c h n i q u e  o f  a n a e s t h e s i a  s h o u ld  

a l s o  b e  d e c id e d  an d  n o te d  on t h e  a n a e s t h e t i c  r e c o r d  c a r d .

I f  n e c e s s a r y ,  t h e  a i d  o f  a  p h y s i c i a n  o r  t h e  s u rg e o n  s h o u ld  

be  o b t a i n e d  f o r  t h e  t r e a t m e n t  o r  c o n t r o l l i n g  b e f o r e  o p e r a ­

t i o n  o f  an y  o u t s t a n d i n g  p a t h o lo g y  su ch  a s  d i a b e t e s  m e l l i t u s .  

The w a r d - s i s t e r  s h o u ld  b e  in fo rm e d  o f  any  a d d i t i o n s  o r  a l t e r a ­

t i o n s  t o  t h e  r o u t i n e  p o s t - o p e r a t i v e  t r e a t m e n t .  I n  em erg en cy  

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

p a t i e n t ' s  s to m ach  i s  em pty s h o u ld  be  c o n f i rm e d ,  and  i f  o t h e r ­

w i s e ,  s t e p s  t a k e n  to  h a v e  t h e  o rg a n  e m p t ie d .  A r ra n g e m e n ts  

s h o u ld  b e  made f o r  p h y s i o t h e r a p y .  I n  t h e  p r e s e n t  s e r i e s  

o f  c a s e s  p r e - o p e r a t i v e  b r e a t h i n g  e x e r c i s e s  w ere  o n l y  g i v e n  

when s p e c i a l l y  o r d e r e d ,  o r  f o r  c a s e s  u n d e r g o in g  e x t e n s i v e  

o p e r a t i o n s  su ch  a s  p a r t i a l  g a s t r e c t o m y .  P o s t - o p e r a t i v e  

p h y s i o t h e r a p y  was g iv e n  t o  a l l  s u r g i c a l  c a s e s  who h a d  h a d  

m a jo r  o p e r a t i o n s  from  t h e  f i r s t  d ay  a f t e r  t h e  o p e r a t i o n  to  

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

w a rd s  from  t h e  f i r s t  day u n t i l  t h e  p a t i e n t  was d i s c h a r g e d .

The t i m e  r e q u i r e d  f o r  t h i s  may b e  r e l a t i v e l y  s h o r t  i n  c a s e s  

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

c a s e  o f  p a t i e n t s  u n d e rg o in g  t h e  o p e r a t i o n  o f  thym ectom y w h ere  

p r e - o p e r a t i v e  p r e p a r a t i o n s  and  p o s t - o p e r a t i v e  c a r e  a r e  o f

su p rem e i m p o r t a n c e .

From t h e  p o i n t  o f  v iew  o f  t h e  a n a e s t h e t i s t  t h e
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p ro b le m  o f  a d e q u a te  p o s t - o p e r a t i v e  c a r e  d e p e n d s  on t h e  t im e  

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

m i t t e d  to  t a k e  p a r t  by  t h e  s u r g e o n .  I t  s h o u ld  b e g i n  w h i l e  

t h e  p a t i e n t  i s  s t i l l  on t h e  o p e r a t i n g  t a b l e  a f t e r  th e  com­

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

b r o n c h o s c o p y  a s  r e q u i r e d .  The a n a e s t h e t i s t  s h o u ld  h ave  

s l i p s  o f  p a p e r  i n  t h e  c o n t a i n e r  f o r  h i s  r e c o r d  c a r d s  on w h ich  

i n s t r u c t i o n s  may be  s e n t  to  th e  w ard  r e g a r d i n g  i n h a l a t i o n a l  

t h e r a p y ,  i n t r a v e n o u s  t h e r a p y ,  and p o s i t i o n  o f  t h e  p a t i e n t  i n  

b e d .  F o r  c o n v e n ie n c e ,  a  n o t e  may be  made on  t h i s  p a p e r  o f  

t h e  f l u i d  a d m i n i s t e r e d  i n  t h e a t r e  f o r  e n t r y  on t h e  w a rd -  

s i s t e r *  s  f l u i d - b a l a n c e  c h a r t s .  The l a s t  b l o o d - p r e s s u r e ,  

p u l s e  and r e s p i r a t i o n  r a t e s  a r e  a l s o  i n c l u d e d  so t h a t  any  

su d d e n  d e t e r i o r a t i o n  i n  t h e  p a t i e n t ' s  g e n e r a l  o o n d i t i o n  

d u r i n g  t h e  j o u r n e y  b a c k  t o  b e d  may b e  r e c o g n i s e d .

M odem  h o s p i t a l  a r c h i t e c t u r e  w i t h  c e n t r a l  b l o c k s  o f  

o p e r a t i n g  t h e a t r e s  h a s  t h e  d i s a d v a n ta g e  t h a t  p a t i e n t s  h a v e  

a  l o n g e r  j o u r n e y  b a c k  to  b e d  w i t h  t h e  r i s k  o f  b eco m in g  

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

i n t r a v e n o u s  th e r a p y *  I t  i s  i m p o s s i b l e  f o r  t h e  a n a e s t h e t i s t  

t o  accom pany each  c a s e  on t h e  j o u r n e y ,  and t h e  r e s p o n s i b i l i t y  

s h o u ld  b e  d e l e g a t e d  t o  some r e s p o n s i b l e  p e r s o n ,  and n o t  t o  a  

h o s p i t a l  p o r t e r .  The q u e s t i o n  a r i s e s  as  to  7 /h e th e r  a  p a t i e n t  

may b e  p e r m i t t e d  t o  l e a v e  t h e  o p e r a t i n g  t h e a t r e  w i t h o u t



r e c o v e r i n g  t h e  a c t i v i t y  o f  th e  p h a r y n g e a l  r e f l e x ,  o r  w h e th e r  

h e  s h o u ld  h e  i n d u c e d  to  v o m it  w h i l e  r e l a t i v e l y  s a f e  i n  t h e  

c a r e  o f  t h e  a n a e s t h e t i s t  w i th  s u c t i o n  a p p a r a t u s  a t  h a n d .

A f t e r  t h e  p a t i e n t * s  r e t u r n  to  t h e  w a rd  p o s t ­

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

I n  t h e s e  t i m e s  m ost w ard s  a r e  s t a f f e d  b y  an  i n s u f f i c i e n t  

num ber o f  n u r s e s ,  and c o n s e q u e n t l y  t h e  p o s t - o p e r a t i v e  c a r e  

s h o u ld  b e  r o u t i n e  i n  as  many c a s e s  a s  p o s s i b l e  w i t h  a d d i ­

t i o n s  i n  s p e c i a l  c a s e s .  C o n ta c t  m ust b e  made w i t h  t h e  

p h y s i o t h e r a p i s t  i f  h e r  t r e a t m e n t  i s  t o  be o t h e r  t h a n  r o u t i n e .

The r o l e  o f  t h e  h o u s e - s u r g e o n  i n  p o s t - o p e r a t i v e  

c a r e  w i l l  depend  on t h e  e x p e r i e n c e  h e  h a s  a c q u i r e d .  The 

c o n t r o l  o f  t h e  b lo o d  c h e m i s t r y  r e q u i r e s  c o n s i d e r a b l e  e x ­

p e r i e n c e  and  m u st e v o lv e  on  t h e  s u r g i c a l  r e g i s t r a r  o r  t h e  

a n a e s t h e t i s t .  S i m i l a r l y  t h e  e x a m in a t io n  o f  t h e  p a t i e n t * s  

r e s p i r a t o r y  sy s te m  r e q u i r e s  e x p e r i e n c e  to  c o r r e l a t e  t h e  p r e ­

o p e r a t i v e  and p o s t - o p e r a t i v e  f i n d i n g s  and  d e c i d e  when a c t i v e  

t r e a t m e n t  a s  o p p o se d  to  r o u t i n e  p r o p h y l a x i s  i s  r e q u i r e d .

T h i s  i s  a  f u r t h e r  r e a s o n  why t h e  a n a e s t h e t i s t  s h o u ld  b e  

q u a l i f i e d  t o  a c t  a s  p h y s i c i a n - a n a e s t h e t i s t .  S i m i l a r l y  t h e  

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

h a e m o r rh a g e  m ig h t  b e  d e l e g a t e d  to  t h e  a n a e s t h e t i s t ,  who, i n  

c o - o p e r a t i o n  w i t h  t h e  s u rg e o n ,  w i l l  d e c id e  when t o  o p e r a t e ,  

and  t h e  f o rm e r  w i l l  t h e n  t a k e  o v e r  c o n t r o l  o f  t h e  i n f u s i o n



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

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

b l o o d  p r e s s u r e .  F o r  c o n t i n u i t y  o f  c o n t r o l ,  he s h o u ld  c o n ­

t i n u e  t h i s  s u p e r v i s i o n  i n  t h e  p o s t - o p e r a t i v e  p e r i o d .

A l l  t h i s  r e q u i r e s  a  c o n s i d e r a b l e  k n o w led g e  on t h e  

p a r t  o f  t h e  a n a e s t h e t i s t  w h ich  i s  n o t  s t r i c t l y  a n a e s t h e s i a .  

P r e v i o u s  g e n e r a t i o n s  o f  a n a e s t h e t i s t s  t o o k  no g r e a t  p a r t  i n  

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

e x p e r i e n c e ,  w h ich  c a n  o n l y  be  done b y  s p e n d in g  much o f  t h e i r  

t i m e  i n  t h e  w a r d s .  The a n a e s t h e t i s t  m ig h t  s e e  c a s e s  r e ­

q u i r i n g  a d v ic e  f ro m  a  p h y s i c i a n  a lo n g  w i t h  t h e  l a t t e r  i n  

o r d e r  t o  im p ro v e  h i s  know ledge  o f  g e n e r a l  m e d i c i n e .  The 

p r e p a r a t i o n  o f  o a s e s  l i k e  d i a b e t e s  m e l l i t u s  s h o u ld  b e  l e f t  

t o  t h e  p h y s i c i a n ,  and  t h e  a n a e s t h e t i s t  t a k e  o v e r  when t h e  

p a t i e n t  i s  r e a d y  f o r  th e  o p e r a t i o n .

I t  i s  s u g g e s t e d  t h a t  i n  o r d e r  t o  im p ro v e  t h e  p r e ­

o p e r a t i v e  and  p o s t - o p e r a t i v e  s u p e r v i s i o n  o f  t h e  p a t i e n t s ,  

t h e  a n a e s t h e t i s t  m ust p l a y  h i s  p a r t .  He m u st h a v e  a  g r e a t e r  

know ledge  o f  c l i n i c a l  m e d ic in e  t h a n  c u s to m a r y  a t  p r e s e n t ,  

h e  m u s t  b e  p r e p a r e d  t o  spend  p a r t  o f  h i s  w o rk in g  d a y  i n  t h e  

w a rd s  an d  h e  s h o u ld  b e  e n c o u ra g e d  t o  do so b y  t h e  h o s p i t a l

a u t h o r i t i e s .

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

d e v e lo p m e n t  i n  B r i t a i n .  I t  i s  d i f f i c u l t  t o  know how much



t o  t e a c h  th em , and t h e i r  c u r r i c u l u m  i s  a l r e a d y  e x t e n s i v e .

The t r a i n i n g  m ig h t  h e  p a r t  t h e o r e t i c a l  and p a r t  p r a c t i c a l  

and  i n c l u d e  p r e - o p e r a t i v e  c a r e ,  p r e m e d i c a t i o n  and h e r  p a r t  

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

a n a e s t h e t i c  n u r s e  i n  t h e  o p e r a t i n g  t h e a t r e ,  p o s t - o p e r a t i v e  

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

I t  i s  much m ore im p o r t a n t  t h a t  a  n u r s e  s h o u ld  know 

how to  p r e p a r e  a  c a s e  f o r  o p e r a t i o n ,  b o t h  p h y s i c a l l y  and  

m e n t a l l y ,  t h a n  t h a t  sh e  s h o u ld  know t h e  p r o p e r t i e s  o f  t h e  

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

t o  a  p a t i e n t  i s  i n h e r e n t  i n  a  good  n u r s e  an d  c a n n o t  b e  

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

on t h e  common a t t i t u d e s  o f  p a t i e n t s  t o  o p e r a t i o n  and  a n a e s ­

t h e s i a .  She s h o u ld  be  f u l l y  c o n v e r s a n t  w i t h  t h e  p h y s i c a l  

p r e p a r a t i o n  o f  p a t i e n t s  f o r  o p e r a t i o n  and  th e  r e a s o n s  f o r  

su c h  c a r e .  The r e a s o n  f o r  " p r e m e d ic a t io n "  s h o u l d  b e  ex ­

p l a i n e d ,  and t h e  d o s e s  and m eth o d s  o f  a d m i n i s t r a t i o n  o f  th e  

d r u g s  m ost f r e q u e n t l y  u s e d ,  and  t h e  d a n g e r  o f  l e a v i n g  d r i n k ­

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

o f  t h e  sc o p o la m in e  o r  a t r o p in e  s t r e s s e d  t o  h e r .  The n e c e s s i t y  

f o r  t h e  s i g n i n g  o f  t h e  s l i p  g i v i n g  p e r m i s s i o n  f o r  t h e  o p e r a ­

t i o n  ana a n a e s t h e t i c  by  t h e  p a t i e n t  o r  g u a r d i a n  a s  so o n  a s  

p o s s i b l e  s h o u ld  be e x p l a i n e d .  She s h o u ld  b e  g i v e n  t h e  

p i c t u r e  o f  w h a t m ig h t  r e s u l t  f ro m  l e a v i n g  a  d e n t u r e  i n  t h e



p a t i e n t ’ s  m outh  e s p e c i a l l y  a  s m a l l  one i n  a  p o s i t i o n  t h a t  

may n o t  h e  s e e n  by t h e  a n a e s t h e t i s t .

W henever t h e  a n a e s t h e t i c  n u r s e  i s  r e p l a c e d ,  t h e  

newcomer s h o u ld  b e  shown t h e  a p p a r a t u s  on  t h e  a n a e s t h e t i c  

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

sh e  may b e  o r d e r e d  to  b r i n g  i n  an  em e rg e n c y .  The i n f o r m a ­

t i o n  sh e  r e c e i v e d  i n  t h e  l e c t u r e s  on a n a e s t h e s i a  on t h e  

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

c o n n e c t i o n s ,  and l a r y n g o s c o p e s  s h o u ld  b e  r e p e a t e d .  She 

s h o u ld  b e  shown t h e  eq u ip m en t r e q u i r e d  f o r  i n t r a v e n o u s  

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

b r o m e th o l ,  p a r a ld e h y d e  and  t h i o p e n t o n e ,  and  f o r  l o c a l ,  

r e g i o n a l  and  s p i n a l  a n a l g e s i a *  The n e c e s s i t y  f o r  a b s o l u t e  

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

a n a l g e s i a  s h o u ld  be s t r e s s e d  a s  s t r o n g l y  a s  p o s s i b l e .  She 

s h o u ld  b e  shown t h e  d r u g s  u s u a l l y  u se d  f o r  s u r f a c e  a n a l g e s i a ,  

r e g i o n a l  and  s p i n a l  a n a l g e s i a  r e s p e c t i v e l y  i n  an  a t t e m p t  to  

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

w i t h  t h e  w rong d r u g .  The m o d em  m ethod  o f  a u t o c l a v i n g  

s y r i n g e s  and  n e e d l e s  s h o u ld  b e  d e m o n s t r a t e d  b y  mem bers o f  

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

a n a e s t h e t i c  room t h e  a n a e s t h e t i s t  s h o u ld  e x p l a i n  h e r  d u t i e s ,  

and  a l s o  w hat she  m ust n o t  do, t h e  im p o r t a n c e  o f  t h e  c o r r e c t  

t r a n s f e r  o f  p a t i e n t  from  t r o l l e y  t o ,  and , f ro m  t h e  a c t u a l
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o p e r a t i n g  t a b l e .  The c o r r e c t  p o s i t i o n i n g  o f  t h e  p a t i e n t  

on t h e  t a b l e ,  t h e  f i x i n g  o f  b i s  b a n d s  and t h e  i n s e r t i o n  o f  

an  arm b o a r d  and p r e p a r a t i o n  o f  a p p a r a t u s  f o r  i n t r a v e n o u s  

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

P o s t - o p e r a t i v e  c a r e  i s  t h e  m ost i m p o r t a n t  s e c t i o n  

o f  t h e  n u r s e ’ s t r a i n i n g  i n  a n a e s t h e s i a .  The n u r s e  s h o u ld  

b e  t a u g h t  how t o  m a i n t a i n  t h e  p a t i e n t ’ s a i r w a y  and t h e  

m e th o d s  o f  t r e a t i n g  o b s t r u c t i o n  due  t o  t h e  to n g u e  f a l l i n g  

b a c k .  She s h o u ld  l e a r n  to  d i f f e r e n t i a t e  b e tw e e n  e f f o r t s  

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

and e g r e s s  o f  a i r  i n  t h e  p a t i e n t ' s  r e s p i r a t o r y  p a s s a g e s .

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

b e d  w h i l e  r e c o v e r i n g  from  t h e  a n a e s t h e t i c ,  and t h a t  i t  i s  

h e r  d u ty  to  re m a in  a t  t h e  b e d s i d e  t i l l  c o n s c i o u s n e s s  h a s  

r e t u r n e d ;  m o d em  m eth o d s  h a v e  r e d u c e d  t h i s  r e c o v e r y  p e r i o d  

c o n s i d e r a b l y .  The im p o r ta n c e  o f  f r e q u e n t  c h a n g in g  o f  t h e  

p a t i e n t ’ s p o s i t i o n  s h o u ld  b e  s t r e s s e d .  Oxygen t h e r a p y  i s ,  

on  t h e  w h o le ,  c a r r i e d  o u t  i n e f f i c i e n t l y  i n  t h e  w a rd s ,  and 

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

The r e a s o n s  f o r  oxygen t h e r a p y  m ig h t  b e  d e s c r i b e d  b r i e f l y ,  

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

o f  f lo w  o f  t h e  o x y g e n .  The use  o f  c a r b o n  d i o x i d e  i n h a l a ­

t i o n s  i n  t h e  p r o p h y l a x i s  o f  r e s p i r a t o r y  and  c i r c u l a t o r y  

s y s te m  c o m p l i c a t i o n s  s h o u ld  be e x p l a i n e d .  She s h o u ld  b e
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i n s t r u c t e d  i n  t h e  a d m i n i s t r a t i o n  o f  f l u i d  and i n  p a r t i c u l a r  

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

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

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

t u r e ,  p u l s e  and  r e s p i r a t i o n  r a t e s  s h o u ld  b e  e x p l a i n e d ,  a l s o  

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

do n o t  a p p r e c i a t e  t h e  r e a s o n  f o r  t h e s e  c h a r t s ,  b u t  i f  t h i s  

i s  made c l e a r  t o  them t h e i r  i n t e r e s t  i s  a r o u s e d ,  and  t h e  

r e c o r d i n g  im p ro v e d .  They s h o u ld  b e  in fo r m e d  o f  t h e  r e a s o n  

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

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

h e  i s  l i a b l e  to  s e v e r e  b u rn s  i f  h o t - w a t e r  b o t t l e s  a r e  l e f t  

i n  h i s  b e d .  The im p o r ta n c e  o f  t h e  n u r s i n g  c a r e  i n  t h e  

p o s t - o p e r a t i v e  p e r i o d  i s  so  g r e a t  t h a t  no e f f o r t  s h o u l d  b e  

s p a r e d  i n  o r d e r  to  im prove  i t s  e f f i c i e n c y .

The l e c t u r e  o r  l e c t u r e s  on a n a e s t h e s i a  p r o p e r  s h o u ld  

b e  b r i e f .  A s h o r t  a c c o u n t  m ig h t  b e  g i v e n  o f  t h e  a n a e s ­

t h e t i c  a g e n t s  i n  g e n e r a l  u s e ,  and  t h e  b e n e f i t s  o f  m o d ern  

a n a e s t h e t i c  t e c h n i q u e s  su ch  a s  t h e  u se  o f  a  l i g h t  g e n e r a l  

a n a e s t h e s i a  and c u r a r e ,  and  e n d o t r a c h e a l  a n a e s t h e s i a  e x p l a i n e d .  

The c o m p l i c a t i o n s  o f  a n a e s t h e s i a ,  i n  t h e  i n d u c t i o n  m a i n t e n ­

a n c e ,  r e c o v e r y ,  and  p o s t - o p e r a t i v e  p e r i o d s  m ig h t  b e  t a u g h t  

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

i n  t h e i r  p r e v e n t i o n  and t r e a t m e n t  g i v e n  i n  d e t a i l .  T h is



l e c t u r e  s h o u ld  be g iv e n  w i t h  t h e  p u r p o s e  o f  r o u s i n g  t h e  

n u r s e ' s  i n t e r e s t  a s  i t  i s  o f  r e l a t i v e l y  l i t t l e  im p o r t a n c e  

t o  t h e  n u r s e  i n  o o m p a r iso n  w i th  t h e  r e m a in d e r  o f  h e r  t r a i n ­

i n g  i n  a n a e s t h e s i a  w h ich  h a s  b e e n  g i v e n  i n  o r d e r  t o  i n c r e a s e  

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

m o r b i d i t y  and m o r t a l i t y  a s s o c i a t e d  w i th  a n a e s t h e s i a .

R e s e a rc h  and  i n v e s t i g a t i o n  o f  new m ethods  o f  a n a e s ­

t h e s i a  m ust now be  c o n s i d e r e d .  The s e a r c h  f o r  t h e  p e r f e c t  

a n a e s t h e t i c  c o n t i n u e s ,  b u t  i n  t h e  m ean tim e a n a e s t h e t i s t s  

m u s t  become more e f f i c i e n t  i n  t h e  u s e  o f  t h e  d r u g s  and  

t e c h n i q u e s  a t  t h e i r  d i s p o s a l .  Few w ou ld  c l a im  t h a t  t h e y  a r e  

a s  e x p e r t  w i t h  a l l  t h e  t y p e s  o f  m odern  a n a e s t h e s i a  a s  t h e  

o l d e r  a n a e s t h e t i s t  was w i t h  h i s  c h lo r o f o r m  and  e t h e r .  Con­

s e q u e n t l y ,  one o f  t h e  m ost i m p o r t a n t  f a c t o r s  i n  im p ro v in g  t h e  

r e s u l t s  o f  a n a e s t h e s i a  w ould  b e  an  i n o r e a s e  i n  t h e  e x p e r t n e s s  

o f  a n a e s t h e t i s t s  w i t h  t h e  m odern  d r u g s  and  t e c h n i q u e s .

The q u e s t i o n  a r i s e s  a s  t o  who i s  t o  o a r r y  on t h e  

r e s e a r o h .  The F a c u l t y  o f  A n a e s t h e s i a  and  t h e  M e d ic a l  R e­

s e a r c h  C o u n c i l  s h o u ld  h a v e  a  l i s t  o f  a l l  a n a e s t h e t i s t s  who 

a r e  w i l l i n g  and  have  t h e  t im e  t o  g iv e  p o t e n t i a l  a n a e s t h e t i c  

a g e n t s  a  c l i n i c a l  t r i a l .  T h is  l i s t  s h o u ld  b e  c o m p r is e d  o f

t h e  names o f  a n a e s t h e t i s t s  who a r e  members o r  f e l l o w s  o f  

t h e  F a c u l t y ,  w i t h  a p p r o x im a te ly  t e n  y e a r s 1 e x p e r i e n c e  o f



a n a e s t h e s i a .  I t  s h o u ld  i n c l u d e  t h e  c o n d i t i o n s  u n d e r  w h ich  

t h e  a n a e s t h e t i s t  w ou ld  em ploy th e  d r u g ,  i n  a b d o m in a l ,  

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

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

p h a r m o c o l o g i s t s  have  d e c id e d  t h a t  a  new d ru g  i s  s u i t a b l e  f o r  

c l i n i c a l  t r i a l ,  a  co m m ittee  s e t  up b y  t h e  two b o d i e s  s h o u ld  

d raw  up a  scheme c o v e r in g  t h e  u se  o f  t h e  d r u g  i n  a l l  t y p e s  

o f  a n a e s t h e s i a .  The l i s t  o f  a n a e s t h e t i s t s  i s  t h e n  c o n s u l t e d ,  

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

a r e  c h o s e n  to  i n v e s t i g a t e  t h e  d ru g  c l i n i c a l l y .  They axe 

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

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

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

d e p a r t m e n t ,  an d  a  t im e  l i m i t  b y  w h ich  t h e i r  r e s u l t s  m u st b e  

r e t u r n e d .  When a l l  t h e  r e s u l t s  o f  t h e  c l i n i c a l  t r i a l s  

h a v e  b e e n  exam ined , t h e  c o m m ittee  m ust make two d e c i s i o n s ,  

w h e th e r  t h e  d ru g  h a s  any  a d v a n ta g e  o v e r  a n o t h e r  a l r e a d y  i n  

u s e ,  a n d  w h e th e r  t h e  d ru g  i s  s a f e  f o r  g e n e r a l  u s e .  The 

i n v e s t i g a t o r s  w ou ld  b e  p e r m i t t e d  to  embody t h e i r  r e s u l t s  

i n  p u b l i s h e d  a r t i c l e s .  I f  any  a n a e s t h e t i s t  f a i l s  t o  c a r r y  

o u t  h i s  i n s t r u c t i o n s  t o  t h e  s a t i s f a c t i o n  o f  t h e  c o m m it te e ,  

h i s  name s h o u ld  b e  e r a s e d  from  t h e  l i s t .  I f  t h e  i n v e s t i g a ­

t i o n  was c a r r i e d  o u t  i n  a  s a t i s f a c t o r y  m anner ,  t h e  a n a e s ­

t h e t i s t ’ s  name s h o u ld  b e  r e t a i n e d ,  b u t  a t  t h e  end  o f  t h e



l i s t ,  so t h a t  e v e n t u a l l y  h e  w ou ld  b e  i n v i t e d  to  p e r f o r m  a  

f u r t h e r  i n v e s t i g a t i o n .  Such a  scheme w ould  h a v e  two a d ­

v a n t a g e s ,  t h e  F a c u l t y  o f  A n a e s t h e t i s t s  and  t h e  M e d ic a l  

R e s e a r c h  C o u n c i l  w ould  h a v e  a  p a n e l  o f  a n a e s t h e t i s t s  w i l l i n g  

t o  t a k e  p a r t  i n  t h e i r  i n v e s t i g a t i o n s ,  and  t h e  i n d i v i d u a l  

a n a e s t h e t i s t  w ould  h av e  t h e  b e n e f i t  o f  d o in g  some r e s e a r c h  

w ork  u n d e r  t h e  d i r e c t i o n  o f  e x p e r t s ,  and o b t a i n i n g  t h e  

b a s i s  o f  a  v a l u a b l e  p u b l i c a t i o n .  The p a t i e n t s  w o u ld  a l s o  

b e n e f i t ,  f o r  i f  a  d e f i n i t e l y  u n f a v o u r a b l e  r e p o r t  was p u b ­

l i s h e d ,  i t  w ould  n o t  be  econom ic f o r  t h e  m a n u f a c t u r e r s  to  

c o n t i n u e  i t s  m a n u f a c tu r e .

At p r e s e n t  t h o u s a n d s  o f  a n a e s t h e t i c s  e a c h  y e a r  a r e  

w a s te d  f o r  r e s e a r c h  p u r p o s e s .  Ho two a n a e s t h e t i s t s  w ork  

b y  i d e n t i c a l  m e th o d s -  The s t a t i s t i c s  o f  a l l  t h e  a n a e s ­

t h e t i s t s  i n  t h e  c o u n t r y  a c c u r a t e l y  r e c o r d e d  w o u ld  p r o v id e  

much u s e f u l  i n f o r m a t i o n  r e g a r d i n g  t h e  d r u g s  and t e c h n i q u e s  

u s e d  i n  m odern  a n a e s t h e s i a .  Good r e c o r d s  w ou ld  b e  a b s o l u t e ­

l y  e s s e n t i a l .  H o l e r i t h  and  s i m i l a r  s y s te m s  a r e  to o  com­

p l i c a t e d  and  r e q u i r e  s p e c i a l  a p p a r a t u s  f o r  " s o r t i n g " .  A 

c a r d  on t h e  C o p e - C h a t t e r to n  " k e y - s o r t "  p r i n c i p l e ,  s i m i l a r  

t o  t h a t  d e s ig n e d  b y  H o sw o rth y  w i t h o u t  i t s  o b v io u s  s t a t i s t i c ­

a l  e r r o r s ,  w ou ld  b e  i d e a l *

The p r e s e n t  i n v e s t i g a t i o n  h a s  shown a  h i g h  i n c i d e n c e  

o f  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  i n v o l v i n g  t h e  r e s p i r a t o r y



s y s te m  a s s o c i a t e d  w i th  m odern  a n a e s t h e s i a  i n  s p i t e  o f  

p h y s i o t h e r a p y ,  p o s t - o p e r a t i v e  i n h a l a t i o n a l  t h e r a p y  and 

t r a c h e o - b r o n c h i a l  t o i l e t  when r e q u i r e d ,  and  t h e r e f o r e  some 

e f f e c t i v e  p r o p h y l a x i s  must b e  f o u n d .  A r e l a t i o n  b e tw e e n  

p o s t - o p e r a t i v e  v o m i t in g  and r e s p i r a t o r y  c o m p l i c a t i o n s  h a s  

n o t  b e e n  p ro v e d  s t a t i s t i c a l l y ,  b u t  t h e r e  i s  enough  e v id e n c e  

t o  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n .  The p r e s e n t  s e r i e s  o f  

c a s e s  i s  r e l a t i v e l y  s m a l l ,  b u t  t h e  r e s u l t s  o b t a i n e d  from  a  

v e r y  l a r g e  s e r i e s  m ig h t  show w h e th e r  t h e  d e c r e a s e  i n  v o m i t ­

i n g  a s s o c i a t e d  w i th  m odern a n a e s t h e s i a  i s  a  f a c t o r  i n  p o s t ­

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

i n  p r e m e d i c a t i o n  was found  t o  b e  acco m p an ied  b y  a  h i g h  r a t e  

o f  l e s s  t h a n  tw e lv e  h o u r s ’ v o m i t in g  i n  t h e  p o s t - o p e r a t i v e  

p e r i o d ,  and b y  a  r e l a t i v e l y  low r a t e  o f  r e s p i r a t o r y  com­

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

d r u g  f o r  t h i s  p u rp o s e  b e  c o n s i d e r e d .
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Summary and  C o n c l u s i o n s .

The im provem ent i n  t h e  p r e p a r a t i o n  o f  t h e  p a t i e n t  

b e f o r e  o p e r a t i o n  w i th  a  v iew  to  r e s t o r i n g  h i s  g e n e r a l  c o n ­

d i t i o n  t o  n o rm a l ,  t h e  u se  o f  l e s s  t o x i c  a n a e s t h e t i c  d r u g s  

r e q u i r i n g  m ore com plex  t e c h n i q u e s  and a p p a r a t u s ,  an d  t h e  

d e v e lo p m e n t  o f  p o s t - o p e r a t i v e  c a r e  h a v e  b e e n  d e s c r i b e d .  The 

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

c a l  team  and i n  h i s  w ork  h a s  b e e n  d i s c u s s e d .  The r e a s o n s  

f o r  t h e  i n v e s t i g a t i o n  and a  d e s c r i p t i o n  o f  t h e  m anner i n  

w h ic h  i t  h a s  b e e n  c a r r i e d  o u t  h a v e  b e e n  g i v e n .

A b r i e f  h i s t o r y  o f  a n a e s t h e s i a  d u r in g  t h e  p a s t  f i f t y  

y e a r s  shows such  an  i n c r e a s e  i n  t h e  s c o p e  o f  t h e  s u b j e c t  t h a t  

i t  now j u s t i f i e s  t h e  t i t l e  o f  s p e c i a l t y .  G r e a t  i n t e r e s t  

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

i n g ,  o n  t h e  one h an d ,  i n  a  s im p le  a n a l g e s i c  a p p a r a t u s  f o r  

u s e  b y  m id w iv e s ,  and , on t h e  o t h e r ,  t h e  h i g h l y  s p e c i a l i s e d  

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

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

A n a e s t h e t i c  a p p a r a t u s  h a s  become m ore c o m p l i c a t e d ,  m ore 

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

n i q u e ,  l e s s  w a s t e f u l .  le w  a n a e s t h e t i c  d r u g s  h a v e  b e e n  d i s ­

c o v e r e d ,  some f o r  i n h a l a t i o n  a n a e s t h e s i a ,  o t h e r s  f o r  l o c a l  

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

m ean s  o f  p r o d u c in g  a n a e s t h e s i a  by  i n t r a v e n o u s  i n j e c t i o n .
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The t e c h n i q u e s  em ployed h a v e  "become m ore c o m p l i c a t e d .  

E n d o t r a c h e a l  a n a e s t h e s i a  h a s  become f i r m l y  e s t a b l i s h e d  i n  

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

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

em ploym ent o f  w h ich  h a d  b e e n  i n c r e a s i n g  up to  t h a t  t i m e .  

S t a t i s t i c s  a s s o c i a t e d  w i t h  a n a e s t h e s i a  h a v e  shown t h a t  

t h e r e  h a s  b e e n  no a p p a r e n t  im provem ent i n  t h e  r e s u l t s  o f  

a n a e s t h e s i a  d u r in g  t h i s  c e n t u r y .

The t h i r d  s e c t i o n  o f  t h e  t h e s i s  h a s  b e e n  c o n c e r n e d  

w i t h  t h e  s p e c i f i c  d a n g e r s  o f  m odern a n a e s t h e t i c s *  The 

t e n d e n c y  h a s  b e e n  t o  make a n a e s t h e s i a  m ore p l e a s a n t  f o r  

t h e  p a t i e n t ,  b u t  t h e  u se  o f  t h e  new a g e n t s  and  t e c h n i q u e s  

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

o t h e r s .  The u se  o f  c y c lo p r o p a n e ,  w i t h  i t s  d e p r e s s i o n  o f  

r e s p i r a t i o n ,  c a r b o n  d io x id e  r e t e n t i o n ,  and  b l o o d  p r e s s u r e  

m a in t e n a n c e ,  h a s  b e e n  a s s o c i a t e d  w i t h  d i f f i c u l t y  i n  e s t i m a t ­

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

h a s  b e e n  shov/n t o  u p s e t ,  i n  some c a s e s  g r a v e l y ,  t h e  au to m a- 

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

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

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

d o se  o f  t h i s  d ru g  so f a t a l l y  e a s y  to  a d m i n i s t e r ,  e s p e c i a l l y  

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

t o  i t s  a g g r a v a t i o n  o f  any p r e - e x i s t i n g  a n o x i a  an d  r e n d e r i n g  

h y p e r a c t i v e  t h e  l a r y n g e a l  and t r a c h e a l  r e f l e x e s .  The



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

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

p r e s e n t  i n  th e  a s e p t i c  t e c h n i q u e  o f  t h e  a n a e s t h e t i s t .

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

h a v e  b e e n  shown t o  o c c u r  fo llO Y /ing  s p i n a l  a n a l g e s i a  w i t h  no 

a p p a r e n t  r e a s o n  f o r  d o in g  s o .  A l t e r a t i o n s  i n  t h e  c o m p o s i ­

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

i n  t h e  m en in g es  and s p i n a l  c o r d  i n d i c a t e d  t h a t  t h e  i n j e c t i o n  

o f  t h e  a n a l g e s i c  d rug  was n o t  to  b e  u n d e r t a k e n  n e e d l e s s l y ,  

and  t r a u m a  t o  t h e  s p i n a l  colum n t h a t  lu m b a r  p u n c t u r e  was n o t  

f r e e  from  r i s k .  The p a r a l y s i s  o f  t h e  p e r i p h e r a l  c i r c u l a t o r y  

s y s te m  i n  t h e  a r e a  o f  a n a l g e s i a  was shown t o  h a v e  a  p r o f o u n d  

e f f e c t  on t h e  b lo o d  p r e s s u r e  w h ic h  i n  t u r n  was i n f l u e n c e d  b y  

t h e  p a r e s i s  o f  th e  m u s c le s  o f  r e s p i r a t i o n .  The co m b in ed  

e f f e c t  was shown to  i n c r e a s e  t h e  d a n g e r  f ro m  h a e m o r rh a g e ,  

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

b l o c k ,  w i t h  s p e c i a l  r e f e r e n c e  t o  a n a l g e s i a  i n  c h i l d - b i r t h ,  

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

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

s e c o n d a r y  to  h y p o t e n s i o n  i n  t h e  m o t h e r .  The a d m i n i s t r a t i o n  

o f  c L i-v in y l  e t h e r  h a s  b een  shown t o  r e s u l t  i n  a n  a n a e s t h e s i a ,  

t h e  d e p th  o f  w h ic h  i s  d i f f i c u l t  to  e s t i m a t e ,  a n d  i n  w h ich  

t h e r e  i s  an  i n c r e a s e d  te n d e n c y  to  c o n v u l s i o n s  and  t o  l i v e r  

n e c r o s i s .  The d a n g e r  o f  a d m i n i s t e r i n g  T r i l e n e  i n  a  c l o s e d -



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

n e r v o u s  c o n t r o l  o f  r e s p i r a t i o n  and t h e  c a r d i a c  rh y th m  h a s  

b e e n  d e s c r i b e d .  The v a lu e  o f  t h e  d ru g  a s  an a n a l g e s i c  i n  

l a b o u r  h a s  b e e n  d i s c u s s e d  i n  v iew  o f  r e c e n t  e x p e r im e n t s  on 

p r e g n a n t  a n im a l s .  P a r e s i s  o f  t h e  m u s c le s  o f  r e s p i r a t i o n  

an d  d i f f i c u l t y  i n  e s t i m a t i n g  t h e  d e p th  o f  t h e  a s s o c i a t e d  

a n a e s t h e s i a  h a v e  b e e n  ihown t o  f o l l o w  t h e  u s e  o f  c u r a r e .  

R e l a x a t i o n  o f  th e  c a r d i a  and r e d u c t i o n  o f  i n t e s t i n a l  t o n e  

h a v e  b e e n  found  t o  o c c u r  a f t e r  t h e  i n j e c t i o n  o f  t h e  d r u g .

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

m u s c le s  o f  r e s p i r a t i o n  w i th  M y a n e s in  h a s  b e e n  a n n u l l e d  b y  

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

a l b u m i n u r i a  l i a b l e  to  f o l l o w  t h e  i n j e c t i o n  o f  t h e  d r u g ,  and  

t h e  t h r o m b o p h l e b i t i s  o f  t h e  v e i n  i n t o  w h ich  t h e  i n j e c t i o n  

h a s  b e e n  m ade. The r e l a t i o n s h i p  b e tw e e n  p o s t - o p e r a t i v e  

r e s p i r a t o r y  c o m p l i c a t i o n s  and t h e  p r o fo u n d  r e l a x a t i o n  p r o ­

d u ced  b y  t h e s e  d ru g s  h a s  b e e n  d i s c u s s e d .  The o a u s a t i o n  

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

and t h e  d a n g e r s  o f  p e r f o r m in g  e n d o s c o p ic  e x a m in a t io n s  o f  th e  

u p p e r  r e s p i r a t o r y  t r a c t  u n d e r  a n a e s t h e s i a  w i t h  e x | ) l o s i v e  

v o l a t i l e  d ru g s  h a v e  b e e n  e m p h a s is e d .  The e f f e c t  o f  oxygen  

i n  i n c r e a s i n g  t h e  r i s k  and f o r c e  o f  t h e  e x p l o s i o n  and  t h e  

new d a n g e r  i n  B r i t a i n  o f  s t a t i c  e l e c t r i c i t y  i n  a i r - c o n d i t i o n e d  

t h e a t r e s  h a v e  b e e n  d e s c r i b e d .  I t  h a s  b e e n  e m p h a s is e d  t h a t
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a lm o s t  a l l  e x p l o s i o n s  a r e  p r e v e n t a b l e .  I t  h a s  b e e n  shown 

t h a t  t h e  d a n g e r  o f  t h e  p a t i e n t  i n h a l i n g  v o m ite d  m a t e r i a l  

h a s  b e e n  i n c r e a s e d  by  m odern  a n a e s t h e s i a ,  e s p e c i a l l y  d a r i n g  

i n d u c t i o n ,  r e s u l t i n g  i n  l a r y n g e a l  spasm , d e a t h  b y  droY/ning, 

o r  a  s e p t i c  pneum on ia .  The s p e c i a l  l i a b i l i t y  o f  c e r t a i n  

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

t h a t  g a s t r i c  l a v a g e  and s u c t i o n  d u r in g  t h e  a n a e s t h e s i a  do 

n o t  g i v e  c o m p le te  im m unity  h a v e  b e e n  d i s c u s s e d .  The 

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

c a r r y  i n f e c t i o n  and f o r e i g n  m a t t e r  i n t o  t h e  t r a c h e a ,  and  t o  

t r a u m a t i s e  t h e  m outh, p h a ry n x ,  l a r y n x  and  t r a c h e a  was 

d e s c r i b e d .  The u se  o f  to o  l a r g e  o r  t o o  s m a l l  e n d o t r a c h e a l  

t u b e s  was shown t o  b e  o f  g r e a t  im p o r t a n c e ,  e s p e c i a l l y  i n  young  

p a t i e n t s .

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

o f  t h e  m o r t a l i t y  and M o r b id i ty  a s s o c i a t e d  w i t h  a n a e s t h e s i a .

A s t u d y  h a s  b e e n  made o f  t h e  s t a t i s t i c s  o f  m o r t a l i t y  a s s o c i ­

a t e d  w i t h  a n a e s t h e s i a .  I t  was fo u n d  t h a t  t h e r e  h a s  b e e n  a n  

i n c r e a s e  i n  t h e  number o f  d e a t h s  a s s o c i a t e d  w i th  a n a e s t h e s i a -  

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

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

m ore a n a e s t h e t i c s  a r e  a d m i n i s t e r e d  t o d a y  t h a n  f i f t y  y e a r s  a g o .  

A c o m p a r is o n  h a s  b e e n  made b e tw e e n  t h e  s u r g e r y  o f  t h e  b e ­

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



s t a t i s t i c s  a s s o c i a t e d  with, t h e  fo rm e r  have  b e e n  n o t e d .  The 

s t a t i s t i c s  o f  th e  R e g i s t r a r  G e n e r a l  o f  d e a t h s  a s s o c i a t e d  

w i t h  a n a e s t h e s i a  h a v e  b e e n  shown to  b e  i n c o m p l e t e .  The 

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

shown to  b e  m ore e x a c t  and t o  a l l o w  o f  c o m p a r is o n  to  a  c e r ­

t a i n  e x t e n t .  S t a t i s t i c s  o f  t h e  m o r b i d i t y  a s s o c i a t e d  ? / i t h  

a n a e s t h e s i a  h av e  b e e n  s t u d i e d ,  and  a n  i n c r e a s e  h a s  b e e n  fo u n d  

t o  h a v e  o c c u r r e d  d u r in g  t h e  t w e n t i e t h  c e n t u r y .  R e a so n s  f o r  

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

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

h a s  b e e n  made o f  a l l  t h e  c a s e s  i n  t h e  p r e s e n t  s e r i e s  w h ich  

e n d ed  f a t a l l y .  A c o m p a r iso n  h a s  b e e n  made b e tw e e n  t h e  d r u g s  

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

and  t h o s e  r e c e n t l y  i n t r o d u c e d  w i th  r e g a r d  t o  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  and v o m i t i n g .  A s i m i l a r  c o m p a r is o n  h a s  b e e n  

made b e tw e e n  t h e  v a r i o u s  d ru g s  u s e d  f o r  p r e m e d i c a t i o n .  The 

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

b e e n  com pared  w i th  t h e  d u r a t i o n  o f  p o s t - o p e r a t i v e  v o m i t i n g .  

C o m p a r iso n s  h ave  b e e n  made o f  t h e  a l t e r a t i o n s  i n  b l o o d -  

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

omy p e r fo rm e d  u n d e r  l i g h t  g e n e r a l  a n a e s t h e s i a  and c u r a r e ,  

f r a c t i o n a l  s p i n a l  a n a l g e s i a ,  a n d  s i n g l e  d o se  s p i n a l  a n a l g e s i a .  

The d a n g e r s  o f  t h e  a d m i n i s t r a t i o n  o f  t h e  new p o t e n t  a n a e s ­

t h e t i c  d r u g s  by  t h e  u n s k i l l e d  a n a e s t h e t i s t  h a v e  b e e n  d i s ­

c u s s e d .



T h is  i n v e s t i g a t i o n  h a s  shown t h a t  t h e r e  i s  l i t t l e  

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

an d  t h e  new a n a e s t h e t i c  d r u g s  and t e c h n i q u e s ,  a n d  t h a t  any  

im provem ent m u s t  come from  g r e a t e r  e f f i c i e n c y  on t h e  p a r t  

o f  t h e  a n a e s t h e t i s t .  I t  h a s  b e e n  s t r e s s e d  t h a t  t h e  a n a e s ­

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

o r d e r  t o  im p ro v e  t h e  p r a c t i c e  o f  a n a e s t h e s i a ,  t e a c h i n g  m u s t  

b e  im p ro v e d .  W ith  r e g a r d  t o  t h e  t e a c h i n g  o f  s t u d e n t s ,  t h e  

s c o p e  o f  t h e  t r a i n i n g  h a s  b e e n  d i s c u s s e d .  A schem e o f  

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

d u t i e s  o f  a  h o u s e - s u r g e o n  h a s  b e e n  d e s c r i b e d .  The t e a c h i n g  

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

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

t h e  d e p a r tm e n t s  o f  a n a e s t h e s i a ,  ana tom y, p h y s i o l o g y ,  h aem a­

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

t h a t  t r a i n e e s  b e  a p p o in te d  to  a  g ro u p  o f  h o s p i t a l s  t o  e n a b le  

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

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

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

a n a e s t h e s i a  h a s  b e e n  n o t e d .  The a n a e s t h e t i c s  t h a t  t h e

h o u s e - s u r g e o n  may b e  c a l l e d  upon to  a d m i n i s t e r  h a v e  b e e n  

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

e n a b l e  h im  to  f u l f i l  t h e s e  r e q u i r e m e n t s .  I t  h a s  b e e n



s t r e s s e d  t h a t  t h e  h o u s e - s u r g e o n  b e  t a u g h t  to  r e a l i s e  when 

an  a n a e s t h e t i c  i s  b e y o n d  h i s  c a p a b i l i t i e s  and  t h a t  s t r i c t  

l i m i t a t i o n s  b e  im posed  on h im  r e g a r d i n g  t h e  a n a e s t h e t i c s  

t h a t  h e  may a d m i n i s t e r .  The a n a e s t h e t i c s  w h ic h  t h e  g e n e r a l  

p r a c t i t i o n e r  may b e  e x p e c te d  to  a d m i n i s t e r  h a v e  b e e n  d e s c r i b e d ;  

t h e  p ro b le m  o f  a n a l g e s i a  i n  l a b o u r  i n  d o m e s t ic  m i d w i f e r y  h a s  

b e e n  d i s c u s s e d ,  and s u g g e s t i o n s  made f o r  i t s  im p ro v e m e n t .

The p ro b le m  o f  a d e q u a te  p r e - o p e r a t i v e  and  p o s t - o p e r a t i v e  c a r e  

on t h e  p a r t  o f  t h e  a n a e s t h e t i s t  h a s  b e e n  shown t o  d ep en d  on 

t h e  c o - o p e r a t i o n  o f  t h e  s u rg e o n ,  and on t h e  t i m e  a v a i la b le  

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

an  a n a e s t h e t i s t  who i s  a l s o  a  good c l i n i c i a n  h a s  b e e n  

s t r e s s e d .  The d i f f i c u l t i e s  i n v o l v e d  i n  a d e q u a te  p r e ­

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

b e e n  d e s c r i b e d .  S u g g e s t io n s  h a v e  b e e n  made r e g a r d i n g  t h e  

fo rm  o f  t h i s  p r e - o p e r a t i v e  s u p e r v i s i o n .  The e x t e n t  o f  t h e  

p o s t - o p e r a t i v e  c a r e  h a s  b e e n  shown to  depend  on t h e  s u r g e o n .

I t  h a s  b e e n  s u g g e s te d  t h a t  i t  commence w h i l e  t h e  p a t i e n t  i s  

s t i l l  on  t h e  o p e r a t i n g  t a b l e ,  and  t h a t  a c c u r a t e  m e s s a g e s  

r e g a r d i n g  t h e  c o n d i t i o n  o f  t h e  p a t i e n t  b e  s e n t  b a c k  t o  t h e  

w a r d .  The p ro b le m  o f  t r a n s p o r t i n g  t h e  p a t i e n t  b a c k  t o  h i s  

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

p o s t - o p e r a t i v e  t r e a t m e n t  h av e  b e e n  d e s c r i b e d .  The p o s i t i o n  

o f  t h e  h o u s e - s u r g e o n  i n  t h e  p o s t - o p e r a t i v e  c a r e  h a s  b e e n
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d i s c u s s e d  and  r e a s o n s  g iv e n  f o r  t h e  a n a e s t h e t i s t  t a k i n g  p a r t .  

The i n s t r u c t i o n  o f  n u r s e s  i n  a n a e s t h e s i a  h a s  b e e n  d i s c u s s e d  

w i t h  r e f e r e n c e  to  p r e - o p e r a t i v e  n u r s i n g  c a r e  and p r e m e d i c a t i o n ,  

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

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

t h e t i c ' s  n u r s e  h av e  b e e n  i n c l u d e d  t h e  kn o w led g e  o f  t h e  i n ­

s t r u m e n t s  t h a t  may b e  r e q u i r e d  i n  an em erg en cy , t h e  c l e a n i n g  

o f  a p p a r a t u s  s u c h  a s  f a c e - p i e c e s  and  a r t i f i c i a l  a i r w a y s ,  t h e  

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

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

t h a t  i n  t h e  t r a i n i n g  i n  p o s t - o p e r a t i v e  n u r s i n g  c a r e  e m p h a s is  

s h o u ld  b e  p l a c e d  on  t h e  m a in te n a n c e  o f  th e  p a t i e n t ' s  a i r w a y ,  

t h e  p o s i t i o n  o f  t h e  p a t i e n t  i n  b e d ,  t h e  p r o p h y l a x i s  o f  com­

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

s y s te m s ,  and t h e  o a r e  and m a in te n a n c e  o f  i n h a l a t i o n  an d  

i n t r a v e n o u s  th e r a p y *  I t  h a s  b e e n  s t r e s s e d  t h a t  no a t t e m p t  

s h o u ld  b e  made i n  any  l e c t u r e s  t o  t e a c h  n u r s e s  a n a e s t h e s i a  

p r o p e r .  A scheme f o r  th e  c l i n i c a l  i n v e s t i g a t i o n  o f  new 

d r u g s ,  i t s  a d v a n ta g e s  f o r  a n a e s t h e t i s t s  a n d  p a t i e n t s ,  and 

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

T h i s  i n v e s t i g a t i o n  h a s  shown a  h i g h  r a t e  o f  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  a f f e c t i n g  t h e  r e s p i r a t o r y  sy s te m  d e s p i t e  t h e  

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

made f o r  t h e  u t i l i s a t i o n  o f  p o s t - o p e r a t i v e  v o m i t in g  a s

p r o p h y l a x i s  i n  v iew  o f  t h e  p o s s i b l e  r e l a t i o n s h i p  b e tw e e n
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s l i g h t  p o s t - o p e r a t i v e  v o m i t in g  and r e s p i r a t o r y  c o m p l i c a t i o n s .  

C o n c l u s i o n s .

1 .  The new a n a e s t h e t i c  d r u g s  and t e c h n i q u e s  a r e  no 

m ore l i a b l e  t o  b e  f o l lo w e d  b 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  

t h a n  t h e  o l d e r  d ru g s  and t e c h n i q u e s .

2 .  V o m itin g  i s  l e s s  l i a b l e  t o  f o l l o w  t h e  new d r u g s  

an d  t e c h n i q u e s .

3 .  The o l d e r  d ru g s  and  t e c h n i q u e s  a r e  a s s o c i a t e d  w i t h  

a  h i g h e r  r a t e  o f  e x c e s s i v e  v o m i t in g .

4-. The u s e  o f  P e t h e d i n e  i n  p r e m e d i c a t i o n  i s  a s s o c i a t e d

w i t h  t h e  l o w e s t  r a t e  o f  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 .

5 .  The ab sen ce  o f  p o s t - o p e r a t i v e  v o m i t in g  i s  m o s t  

f r e q u e n t  a f t e r  t h e  u se  o f  b a r b i t u r a t e s  g i v e n  b y  m outh  a s  

p r e m e d i c a t i o n .

6 .  P o s t - o p e r a t i v e  v o m i t in g  o f  u n d e r  tw e lv e  h o u r s*  

d u r a t i o n  may h a v e  some v a l u e  i n  t h e  p r o p h y l a x i s  o f  p o s t ­

o p e r a t i v e  r e s p i r a t o r y  c o m p l i c a t i o n s .

7 .  T h e re  i s  no s p e c i a l  l i a b i l i t y  t o  a  m arked  f a l l  i n

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

a f t e r  t h e  o p e r a t i o n  f o l l o w i n g  t h e  u se  o f  c u r a r e .
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G e n e ra l  A n a e s t h e s i a  : A n a e s t h e s i a :  3 :  86 ( J u l y )  1 9 4 8 .

2 9 .  E n d e rb y ,  G .E .H .:  C h o ice  o f  A n a e s t h e t i c  -  A c o m p a r i s o n  o f  

A n a e s t h e t i c  A g e n ts :  A n a e s t h e s i a :  2 :  138 ( O c to b e r )  1 9 4 7 .

30* D r i p p s ,  R . :  The Im m e d ia te  D e c r e a s e  i n  B lo o d  P r e s s u r e  s e e n  

a t  t h e  c o n c l u s io n  o f  C y c lo p ro p a n e  A n a e s t h e s i a :  C y c lo p ro p a n e  

S hock : A n e s th e s io lo g y :  8 :  1 5 - 3 4 :  1 9 4 7 .

3 1 .  M i n n i t ,  R . J .  & G i l l i e s ,  J o h n :  T e x tb o o k  o f  A n a e s t h e t i c s  :

(E d in b u rg h )  1 9 4 4 .

3 2 .  S to rm o n t ,  R .T . ,  H athaw ay , H .R . ,  S h i  deman, P .E .  and See v e r s ,  

M.H. : The A c id -B ase  B a la n c e  d u r i n g  C y c lo p ro p a n e  A n a e s ­

t h e s i a :  A n e s th e s io lo g y :  3 :  369 -3 7 8  ( J u l y )  1 9 4 2 .



3 3 .  A d r i a n ! ,  John* The P h a rm a c o lo g y  o f  A n a e s t h e t i c  D r a g s :  

( I l l i n o i s )  1 9 4 2 .

3 4 .  V o l p i t t o ,  P . P . ,  Woodbury, R.A* & H a m i l to n ,  W .f .*  D i r e c t  

A r t e r i a l  and Venous P r e s s u r e  M ea su re m e n ts  i n  Man a s  

A f f e c t e d  by A n a e s t h e s i a ,  O p e r a t io n  and S h o ck : A m erican

J o u r n a l  o f  P h y s io lo g y :  128 : 238 -246  ( J a n u a r y )  1 9 4 0 .

3 5 .  G o l d s t e i n ,  J .D .  & D u b o is ,  E . I . :  The E f f e c t  on t h e  C i r ­

c u l a t i o n  o f  Man o f  R e b r e a th in g  D i f f e r e n t  C o n c e n t r a t i o n s  

o f  C arbon  D iox ide*  A m erican  J o u r n a l  o f  P h y s i o l o g y :  8 1 :

6 5 0 -6 6 0 :  (A u g u st)  1 9 2 7 .

3 6 .  W a te r s ,  R .M .: T ox ic  E f f e c t s  o f  C arbon  D io x id e *  Hew

O r lb a n s  M e d ic a l  and  S u r g i c a l  J o u r n a l :  9 0 :  2 1 9 -2 2 4 :

( O c to b e r )  1 9 37 .

3 7 .  W a te r s ,  R .M .: Hewer V ie w p o in ts  on  C l i n i c a l  A n e s t h e s i a :

f e d e r a t i o n  P ro c e e d in g s *  1 :  213 -2 1 8  ( J u n e )  1 9 4 2 .

3 8 .  R o b in s ,  B .H . & B a x t e r ,  J . H . :  S t u d i e s  o f  C y c lo p r o p a n e  IV ,

The C a r d ia c  O u tp u t  i n  Dogs u n d e r  C y c lo p r o p a n e :  J o u r n a l

o f  P h arm aco lo g y  and  E x p e r im e n ta l  T h e r a p e u t i c s :  6 2 :

1 7 9 -1 8 8  (A u g u st)  1 9 3 8 .

3 9 .  B e e c h e r ,  H .K . :  P h y s io lo g y  o f  A n a e s t h e s i a :  (Hew Y ork  and  

London) 1 9 3 8 .

4 0 .  S tu tz m a n ,  J .W .,  # t t i l l  M urphy, A l lo n ,  C .R .  & Meek, W . J . :  

f a r t h e r  S t u d i e s  on t h e  P r o d u c t i o n  o f  C y c l o - E p i n e p h r i n e  

T a c h y c a r d i a :  A n e s th e s io lo g y *  8* 5 7 9 -5 8 3  (H ovem ber) 1 9 4 7 .

4 1 .  A d r i a n i ,  John* The C h e m is t ry  o f  A n a e s t h e s i a  ( O x f o r d ) ,



1 8 3 .

1946 , p . 2 6 9 .

4 2 .  Lundy, Jo h n  S . :  C l i n i c a l  A n a e s t h e s i a  ( P h i l a d e l p h i a )

1 9 4 3 :  p p . 4 3 3 -4 3 9 .

4 3 .  Boyd, J o h n :  C y c lo p ro p an e , A n a e s t h e s i a :  U l s t e r  M e d ic a l

J o u r n a l :  1 5 :  5 8 -7 7 :  (May) 1 9 4 6 , .

4 4 .  A d r i a n ! , Jo h n :  T e c h n iq u e s  and P r o c e d u r e s  o f  A n a e s t h e s i a :  

( I l l i n o i s )  1947, p . 1 4 6 .

4 5 .  A n d e rso n ,  A*W«: C a e s a r i a n  S e c t i o n :  C a n a d ia n  M e d ic a l

A s s o c i a t i o n  J o u r n a l :  56 : 1 7 0 -1 7 7 :  ( F e b r u a r y )  1 9 4 7 .

4 6 .  M o u se l ,  l .W .  & W e is s ,  A.W*: Comments on A n e s t h e s i a :

The S . C l i n . I o r t h  A m erica ,  n a t i o n w i d e  Hum ber: 1 0 7 2 -1 0 8 2

(O c to b e r )  1 9 4 5 .

4 7 .  P r a t t ,  T .M ., Tatum, A .L . ,  H athaw ay , H .R .  & W a t e r s ,  B .M .: 

Sodium E t h y l  (1 -M e th y l  B u t y l )  T h i o b a r b i t u r a t e ,  P r e l i m i n ­

a r y  E x p e r im e n ta l  and C l i n i c a l  S tu d y :  A m erican  J o u r n a l

o f  S u r g e r y :  31 : 4 64 : (M arch) 1 9 3 6 .

4 8 .  M cC arthy , K .C . :  War A dvances  A n a e s t h e s i a :  Ohio S t a t e

M e d ic a l  J o u r n a l :  42 : 1 1 5 0 -1 1 5 3 :  (Hovember) 1 9 4 6 .

4 9 .  W a in w r ig h t ,  C .A *: E x p e r i e n c e s  w i t h  P e n t o t h a l  d u r i n g  t h e

f i r s t  h u n d re d  d a y s  f o l l o w i n g  t h e  Hormandy i n v a s i o n :  

C a n a d ia n  M e d ic a l  A s s o c i a t i o n  J o u r n a l :  52 : 4 8 4 -4 8 8 :

(May) 1 9 4 5 .

5 0 .  H u n te r ,  A*R*: P e n t o t h a l  Sodium A n a e s t h e s i a :  A n a e s t h e s i a :

3 :  116 ( J u l y )  1 9 4 8 .



1 8 4 .

5 1 .  B a r t o n ,  G .D ., W icks, W .H., and L i v i n g s t o n e ,  H .M .: E f f e c t s

o f  P e n t o t h a l  on A r t e r i a l  B lood  G a s e s :  A n e s t h e s i o l o g y :

7 : 5 0 5 -5 1 7 :  (S ep te m b e r)  1 9 4 6 .

5 2 .  A l l e n ,  C .B . ,  E c h o ls ,  H .S . ,  H o e f l i c k ,  E .A . ,  O 'U e a l ,  K .C . ,

& Slocom , H .C . :  V a r i a t i o n s  i n  t h e  S ig n s  o f  A c u te  Oxygen

Want d u r in g  A n e s t h e s i a :  A n e s t h e s i o l o g y :  8 :  6 0 1 -6 1 4 :

(Hovember) 1947 .

5 3 .  P a r r y - P r i c e ,  H . :  P r a c t i c a l  A n a e s t h e t i c s :  ( B r i s t o l )  1 9 4 6 .

5 4 .  B o o k e r ,  W.M.: O b s e r v a t io n s  on t h e  C a r b o h y d r a t e  M e ta b o l ­

ism  D u r in g  P ro lo n g e d  P e n t o t h a l  A n a e s t h e s i a  i n  D o g s .

I .  The B lood  S u g a r  and L i v e r  G ly c o g e n :  A n e s t h e s i o l o g y :

7 :  4 0 5 -4 1 5 :  ( J u l y )  1 9 4 6 .

5 5 .  H e a rd :  C an ad ian  M e d ic a l  A s s o c i a t i o n  J o u r n a l :  1 9 3 6 :

A u g u s t :  p .  628 .

5 6 .  Bodman, R . I .  & P a r r ,  A«: C o n v u l s io n s  u n d e r  T h io p e n to n e :

B r i t i s h  M e d ic a l  A s s o c i a t i o n :  2nd A u g u s t :  1 9 4 7 :  p . 1 7 5 .

5 7 .  Wynne, R .L - :  C o n v u ls io n s  u n d e r  T h io p e n to n e :  B r i t i s h

M e d ic a l  J o u r n a l :  1 0 th  J a n u a r y  1 9 4 8 ,  p . 4 8 .

5 8 .  J a rm a n , B - :  H i s t o r y  o f  I n t r a v e n o u s  A n a e s t h e s i a  w i t h  Ten

Y e a rs  E x p e r ie n c e  o f  t h e  U se o f  P e n t o t h a l  Sodium : P o s t -

G ra d u a te  M e d ic a l  J o u r n a l :  O c to b e r  1 9 4 6 ,  3 1 1 - 3 1 8 .

5 9 .  Lundy, Jo h n  S*: A n n a ls  o f  S u r g e r y :  193 9 : Uovember 5 t h :

p . 878.

6 0 .  M a c in to s h ,  R.B* & H ey w o rth , P .S - A * : L a n c e t :  2 :  5 7 1 :

1 9 4 3 .



1 8 5 .

6 1 .  S o u th  A f r i c a n  M e d ic a l  J o u r n a l  1 9 3 6 :  Uovember 1 4 t h .

6 2 .  C rankshaw , T .P .  & Kaye, G . :  S p i n a l  A n a l g e s i a  i n  a

M e t r o p o l i t a n  P u b l i c  H o s p i t a l  1 9 3 7 -1 9 4 6 :  A n a e s t h e s i a :

2 ,  1 2 7 :  (O c to b e r )  1 9 4 7 .

6 3 .  B a r r i e ,  H . J . :  L a n c e t ,  1941 , F e b r u a r y  22nd , p . 2 4 2 .

6 4 .  E v a n s ,  F . T . :  S e p s i s  and A s e p s i s  i n  S p i n a l  A n a l g e s i a :

P r o c e e d i n g s  o f  th e  R o y a l  S o c i e t y  o f  M e d ic in e :  3 9 :  1 8 1 :

( F e b ru a r y )  1 9 4 6 .

6 5 .  K rem er,  M .: M e n i n g i t i s  a f t e r  S p i n a l  A n a l g e s i a :  B r i t i s h

M e d ic a l  J o u r n a l :  2 :  309 -313  (S e p te m b e r)  1 9 4 5 .

6 6 .  G a r ro d ,  L . P . :  The H a tu r e  o f  M e n i n g i t i s  f o l l o w i n g  S p i n a l

A n a e s t h e s i a  and i t s  C o n s e q u e n c e s :  B r i t i s h  M e d ic a l

B u l l e t i n :  4 :  1 0 6 -1 0 8 :  1 9 4 6 .

6 7 .  A rrow ood, J .G .  & F o ld e s  ,, F . F . :  The M anagem ent o f  Sub-

a r a c h n o i d  a n a l g e s i a  b y  t h e  c o n t i n u o u s  d rop  m e th o d :

B r i t i s h  J o u r n a l  o f  A n a e s t h e s i a :  20 ; 6 0 - 7 1 :  ( J u l y )  1 9 4 6 .

6 8 .  H e a rd ,  K .M .: A n e s t h e s i a  an d  A n a l g e s i a :  1 9 3 8 :  May-

J u n e ,  p . 1 2 4 .

6 9 .  Y a s k in ,  J . C . :  A rc h iv e s  o f  O p h th a lm o lo g y  2 1 :  1 0 1 0 :  1 9 3 9 .

7 0 .  F a i r c l o u g h ,  W.A-: S i x t h - n e r v e  p a r a l y s i s  a f t e r  S p i n a l

A n a l g e s i a :  B r i t i s h  M e d ic a l  J o u r n a l :  8 0 1 -8 0 3  (D ecem ber ft)

1 9 4 5 .

7 1 .  H ic h o ls o n ,  M .J .  & B v e r s o le ,  U .H . :  n e u r o l o g i c a l  C o m p li ­

c a t i o n s  o f  S p i n a l  A n e s t h e s i a :  J o u r n a l  o f  A m erican

M e d ic a l  A s s o c i a t i o n :  1 3 2 :  6 7 9 -6 8 5  (Hovem ber 23) 1 9 4 6 .



1 8 6 .

7 2 .  Y a s k in e ,  H .E .  & A lp e r s ,  B . J . :  H e u r o p s y c h i a t r i c  C o m p l ic a ­

t i o n s  f o l l o w in g  S p i n a l  A n e s t h e s i a :  A n n a ls  o f  I n t e r n a l

M e d ic in e :  23 : 1 8 4 -2 0 0  (A u g u s t)  1 9 4 5 .

7 3 .  K e llu m , J .M . :  S p i n a l  A n e s t h e s i a ,  3 u rv e y  f o r  1 9 4 5 :

J o u r n a l  o f  t h e  M e d ic a l  A s s o c i a t i o n  o f  G e o r g ia  3 6 :

1 6 5 -1 6 8 :  ( A p r i l )  1 9 4 7 .

7 4 .  F e r g u s o n ,  F .R . :  P r o c e e d in g s  o f  t h e  R o y a l  S o c i e t y  o f

M e d ic in e :  1937 : March 1 8 .

7 5 .  R i e s e r ,  C . :  J o u r n a l  o f  t h e  A m erican  M e d ic a l  A s s o c i a t i o n :

1 9 4 1 : J u l y  1 2 th ,  p . 9 8 .

7 6 .  Conn, J . 3 .  & W ycoff, C .C . :  C o n t in u o u s  S p i n a l  A n e s t h e s i a :

A m o d i f i c a t i o n  o f  t h e  U r e t e r a l  C a t h e t e r  T e c h n iq u e :  

A n e s t h e s i o l o g y :  9 1 :  2 8 8 -2 9 5  (May) 1 9 4 8 .

7 7 .  F r a n k s o n ,  C. & G ordk, T . :  H ead ach e  a f t e r  S p i n a l  A n aes ­

t h e s i a  and a  T e c h n iq u e  f o r  L e s s e n i n g  i t s  F re q u e n c y :  A c t a .

C h i r . S c a n d i n a v . : 9 4 :  4 4 3 -4 5 4 :  (S e p te m b e r  1 0 t h )  1 9 4 1 .

7 8 .  G ro n d a h l ,  H .B . :  A c t a . C h i r . S c a n d i n a v . : 1 9 3 2 :  D ecem ber, p . 51.

7 9 .  R e s n ic k ,  L o u i s :  H eavy H u p e rc a in e  S p i n a l  A n a l g e s i a  i n

O p e r a t iv e  O b s t e t r i c s  w i th  a  r e p o r t  on 394 c a s e s :  B r i t i s h  

M e d ic a l  J o u r n a l :  Hovember 2 4 th :  1 9 4 5 :  p . 2 4 .

8 0 .  Lund, P .O .  & R u m b all ,  A .C . :  H y p o b a r ic  P o n t o e a i n e  S p i n a l

A n e s t h e s i a ;  1640  C o n s e c u t iv e  C a s e s :  A n e s t h e s i o l o g y :  8 :

1 8 8 -1 9 9  (M arch) 1 9 4 7 .

8 1 .  L e w is ,  D*L. & P a l s e r ,  B .G .M .: B r i t i s h  M e d ic a l  J o u r n a l :

Ju n e  4 t h :  1 9 3 8 :  p . 1 2 0 2 .



1 8 7 .

8 2 .  S m ith ,  F .A *: U n u su a l  I n c i d e n t s  f o l l o w i n g  S p i n a l  A nes­

t h e s i a ,  a  r e p o r t  o f  two c a s e s :  A n e s t h e s i o l o g y :  7 :

4 19 : ( J u l y )  1 946 .

8 3 .  B e l i n k o f f ,  S . :  Coma d u r in g  and  f o l l o w i n g  S p i n a l  A nes­

t h e s i a :  A nna ls  o f  S u r g e r y :  1 2 2 :  2 7 8 -2 8 6  (A u g u s t)  1 9 4 5 .

8 4 .  B la c k ,  M .G .; S p in a l  F l u i d  F i n d i n g s  i n  S p i n a l  A n e s t h e s i a :  

A n e s t h e s i o l o g y :  8 :  3 8 2 -3 8 9 :  ( J u l y )  1 9 4 7 .

8 5 .  L ie r ih o o f ,  F :  Sehm erz, L a rk o s e  v .  A n a e s . ,  1 9 3 6 ,  D ecem ber:

p . 14 5 .

8 6 .  M acD onald , A.D. & W a tk in s ,  K .H . :  B r i t i s h  J o u r n a l  o f

S u r g e ry !  25 : 879 : 1 9 3 8 .

8 7 .  Lundy , J . S . ,  E s s e x ,  H .E .  & K e rn o c h a n ,  J .W . :  J o u r n a l  o f

t h e  A m erican  M e d ic a l  A s s o c i a t i o n :  1 0 1 :  1 5 4 6 :  1 9 3 3 .

8 8 .  B r a i n ,  W.R. & R u s s e l l ,  D*: P r o c e e d i n g s  o f  t h e  R o y a l

S o c i e t y  o f  M e d ic in e :  March 1 8 t h :  1 9 3 7 .

8 9 .  H a r r i s ,  T .A .B . :  B r i t i s h  J o u r n a l  o f  A n a e s t h e s i a :  1 9 3 9 :

( J u l y )  : p .1 3 1 .

9 0 .  P i t k i n ,  G*: A n e s t h e s i a  and  A n a l g e s i a :  1 940  (S e p te m b e r  -

O c t o b e r ) ,  p . 2 4 1 .

9 1 .  H a r r i s ,  T .A .B . & R in k ,  E .H . :  Guy’ s  H o s p i t a l  R e p o r t  1 9 3 7 :

January.

9 2 .  C o o p er ,  W.G. & Zumwalt, W. & S u g a r b a k e r ,  E . D . :  A L i m i t e d

C o m p ariso n  o f  C o n t in u o u s  S p i n a l  and  G e n e r a l  E t h e r  A n e s ­

t h e s i a :  S u rg e ry :  1 6 :  8 8 6 -8 9 5 :  (D ecem ber) 1 9 4 4 .



1 8 8 .

9 3 .  H o w a rd -Jo n e s ,  W.: M e d ic a l  P r e s s  and  C i r c u l a r :  1 9 3 4 :

O c to b e r  3 r d .

9 4 .  C o t u i ,  F .W .:  A n e s t h e s i a  and  A n a l g e s i a :  1 9 3 4 ;  J u l y  -

A u g u s t :  p .  1 4 4 .

9 5 .  J e n n in g s ,  W.K. & K arab im , J . E . :  A m erican  J o u r n a l  o f  S u r ­

g e r y :  193 9 : Hovember: p . 3 1 7 .

9 6 .  M a c in to s h ,  R .R . :  B r i t i s h  M e d ic a l  J o u r n a l :  5 th  M arch  1 9 4 9 .

9 7 .  M ilw a rd ,  F . J .  & Q ra n t ,  J .L .A * :  L a n c e t :  1 9 3 6 :  J u l y  2 5 t h :

p. 1 3 3 .
9 8 .  B ro m ley ,  L . L . ,  D o n a ld so n ,  C . J .  & Lipm an K e s s e l ,  A .W .: 

I n f e c t e d  I n t e r  v e r t e b r a l  D isc  a f t e r  Lumbar P u n c t u r e :

B r i t i s h  M e d ic a l  J o u r n a l :  22nd J a n u a r y :  1 9 4 9 :  p p . 1 3 2 - 1 3 3 .

9 9 .  C o n tem p re ,  J .  - Le S c a l p e l :  1 9 3 4 :  Ju n e  1 6 t h ,  p . 8 5 9 .

1 0 0 .  J o s t ,  T «A«: A n e s t h e s i a  and  A n a l g e s i a :  1 9 3 5 :  J u l y  -

A u g u s t :  p . 1 9 1 .

1 0 1 .  S a u n d e r s ,  E .W .: A n n a ls  o f  S u r g e r y :  1 9 3 1 ;  H ovem ber: p . 9 3 1 .

1 0 2 .  B ab co ck , M .E .;  A n e s t h e s i a  and A n a l g e s i a :  1 9 3 2 :  J u l y :  p .1 8 7

1 0 3 .  V e a l ,  J . R .  e t  a l . :  A m erican  J o u r n a l  o f  S u r g e r y :  1 9 3 6 :

D ecem ber: p . 1 0 6 .

1 0 4 .  l e w to n ,  C.W. & A n d ro s ,  G . J . :  C o n t in u o u s  C a u d a l  A n a l g e s i a '

i n  C u r e t t a g e  f o r  A b o r t io n :  A m erican  J o u r n a l  o f  O b s t e t r i c s

and G yneco logy : 50 : 430 -  4 3 3 :  O c to b e r :  1 9 4 5 .

1 0 5 .  H in g s o n ,  R .A -,  E dw ards , W .B ., L u l l ,  C .B . ,  W h i t a c r e ,  F . E . ,  

and  F r a n k l i n ,  H .C . :  Hewbom  M o r t a l i t y  and  M o r b i d i t y  w i t h



1 8 9 .

C o n t in u o u s  C auda l A n a l g e s i a ;  an  A n a l y s i s  o f  C a s e s  i n  

Hew Y ork , P h i l a d e l p h i a  and Memphis, w i t h  C o n t r o l s :

J o u r n a l  o f  t h e  A m erican  M e d ic a l  A s s o c i a t i o n :  1 3 6 :  221-

229 : ( J a n u a r y  2 4 th )  1 9 4 8 .

1 0 6 .  A u g u s t ,  R .V . : C o n t in u o u s  C au d a l  A n a l g e s i a :  J o u r n a l  o f

t h e  M ic h ig a n  S t a t e  M e d ic a l  S o c i e t y :  4 4 :  1341 - 1 3 4 6 :

(D ecem ber) 1945 .

1 0 7 .  S lco d em u s ,  R .E . ,  R i t m i l l e r  Le R . F . ,  & L e d d e n ,  L . J . s  

C o n t in u o u s  C auda l A n a l g e s i a  i n  O b s t e t r i c s  o n  T r i a l :

A m erican  J o u r n a l  o f  O b s t e t r i c s  an d  G y n e c o lo g y :  50: 312- 

3 1 8 : (S e p te m b e r)  1 9 4 5 .

1 0 8 .  Brown, H .O .,  Thomson, J .M . & F i t z g e r a l d ,  J . E . ;  An A n a ly s ­

i s  o f  500 O b s t e t r i c a l  C ase s  w i t h  C o n t in u o u s  C a u d a l  A nes­

t h e s i a ,  u s in g  P o n t o c a i n e :  A n e s t h e s i o l o g y ;  7 :  3 5 5 -3 7 3 :

J u l y :  1 9 4 6 .

1 0 9 .  Brown, W*W•:  M e n i n g i t i s  f o l l o w i n g  C o n t in u o u s  C a u d a l  A nes­

t h e s i a :  A m erican  J o u r n a l  o f  O b s t e t r i c s  and  G y n e c o lo g y :

53 : 6 8 2 -6 8 3 :  A p r i l ;  1 9 4 7 .

1 1 0 .  H in g s o n ,  R .A - :  C o n t r a - I n d i c a t i o n s  and  C a u t i o n s  i n  t h e  U se

o f  C o n t in u o u s  C auda l A n a l g e s i a :  A m erican  J o u r n a l  o f  Ob­

s t e t r i c s  and G yneco logy ; 4 7 :  7 1 8 -7 2 1 :  Hovember 5 t h :  1 9 4 4 .

1 1 1 .  Hawk, M .H ., O r th ,  0 . 3 .  & P o h l e ,  F . E . :  H e p a t o r e n a l  Syn­

drome f o l l o w i n g  a d m i n i s t r a t i o n  o f  V i n e s th e n e ;  A c a s e  

r e p o r t :  A n e s th e s io lo g y ,  2 :  H o . 4 ;  J u l y :  1 9 4 1 :  p . 3 8 8 .



19 0 .

1 1 2 .  L y o n s ,  S . E . :  V in e s th e n e  B u m :  J o u r n a l  o f  t h e  A m erican

M e d ic a l  A s s o c i a t i o n :  1 s t  O c to b e r :  1938* p . 1 2 8 4 .

1 1 3 .  C a r t w r i g h t ,  E . F . :  V in e s th e n e  A n a e s t h e t i c  M ix t u r e :  B r i t i s h

M e d ic a l  J o u r n a l :  1 :  1 0 8 1 :  1 9 3 9 .

1 1 4 .  D aw k in s ,  C . J .M . :  D iv i n y l  E t h e r  A n a e s t h e s i a :  B r i t i s h

M e d ic a l  J o u r n a l :  4 th  June  1 9 3 8 : p . 1 2 3 6 .

1 1 5 .  G u e r r i e r ,  S*M. & D afoe , C . S . :  C o n v u ls io n s  u n d e r  V in e s ­

th e n e  A n a e s t h e s i a :  B r i t i s h  M e d ic a l  J o u r n a l :  2nd M arch :

1 9 4 0 :  p . 366 .

1 1 6 .  B o s to n ,  F .X . :  C o n v u ls io n s  a f t e r  V in e s th e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l :  1 :  9 2 9 :  8 t h  J u n e :  1 9 4 0 .

1 1 7 .  D u r r a n s ,  S .F . :  C o n v u ls io n s  a f t e r  V in e s th e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l :  2 :  2 2 8 :  1 6 th  A u g u s t :  1 9 4 1 .

1 1 8 .  O r th ,  O .S . ,  Slocum, H .C . ,  S tu tz m a n ,  J .W . & Meek, W .J . :

S t u d i e s  o f  V in e s th e n e  as  an  a n a e s t h e t i c  a g e n t :  A nes­

t h e s i o l o g y :  1 :  2 4 6 -2 6 0 :  E ovem ber:  1 9 4 0 .

1 1 9 .  Goodman an d  G i l lm a n :  The P h a r m a c o lo g ic a l  B a s i s  o f  T h e r a ­

p e u t i c s :  1 9 4 1 :  Hew Y ork .

1 2 0 .  G o ld sc h m id t ,  S . ,  R a v d in ,  I . S .  & L u c k e ,  B . :  A n e s t h e s i a

and L i v e r  Damage; P r o t e c t i v e  A c t io n  o f  Oxygen a g a i n s t  

H e c r o t i s i n g  E f f e c t  o f  C e r t a i n  A n e s t h e t i c s  on  t h e  L i v e r :  

J o u r n a l  o f  P h a rm a c o lo g y :  5 9 :  1 :  1 9 3 7 .

1 2 1 .  D ra p e r ,  W*B. & W h iteh ead ,  R.W*: C hances  o f  R e s u s c i t a t i o n

a f t e r  O verdose o f  E t h e r ,  D i v i n y l  E t h e r  and  C h lo r o fo r m :

L a n c e t :  1 :  4 4 2 :  1 9 4 2 .



1 9 1 .

1 2 2 .  G ordon, R.A* 8c S h a c k le to n ,  R .p .W *: T r i c h l o r e t h y l e n e  i n

P l a s t i c  S u rg e ry :  B r i t i s h  M e d ic a l  J o u r n a l :  1 :  3 8 0 :  1 9 4 3 .

1 2 3 .  M c C le l la n d ,  M .: T r i l e n e  T o x i c i t y ,  Some T o x ic  E f f e c t s

f o l l o w i n g  T r i l e n e  D e c o m p o s i t io n  P r o d u c t s :  P r o c e e d i n g s  o f  

t h e  R oyal S o c i e t y  o f  M e d ic in e :  3 7 :  5 26 : 194-4.

1 2 4 .  B n d erb y , G .E .H .:  Use and Abuse o f  T r i c h  l o r  e t h y l e n e :

B r i t i s h  M e d ic a l  J o u r n a l ;  2 :  300 : 1 9 4 4 .

1 2 5 .  Humphrey, J .H .  & M c C le l la n d ,  M-: C r a n i a l  B e rv e  P a l s i e s

w i t h  H e rp e s  f o l l o w i n g  G e n e ra l  A n a e s t h e s i a :  B r i t i s h

M e d ic a l  J o u r n a l :  1 ;  3 1 5 :  1 9 4 4 .

1 2 6 .  C a rd en ,  S*: H a z a rd s  i n  t h e  u se  o f  t h e  C l o s e d - C i r c u i t  

T e c h n iq u e  f o r  T r i l e n e  A n a e s t h e s i a :  B r i t i s h  M e d ic a l

J o u r n a l :  M arch 4 t h :  1 9 4 4 :  p . 3 1 9 .

1 2 7 .  C u l b e r t ,  T .D . :  C o n v u ls io n s  u n d e r  T r i l e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l :  2 :  6 7 9 :  1 9 4 2 .

1 2 8 .  G a r la n d ,  Y . :  C o n v u ls io n s  u n d e r  T r i l e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l :  2 :  6 0 7 :  1 9 4 2 .

1 2 9 .  Condon, H .A . :  C o n v u ls io n s  u n d e r  T r i l e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l :  1 4 th  A ugust 1 9 4 8 .

1 3 0 .  Hewer, C .L . ;  F u r t h e r  O b s e r v a t io n s  on T r i l e n e :  P r o c e e d ­

i n g s  o f  t h e  R oyal S o c i e t y  o f  M e d ic in e :  3 6 :  4 6 3 :  1 9 4 3 .

1 3 1 .  J o h n so n ,  E .B . :  E x p e r i e n c e  w i t h  500 T r i c h l o r e t h y l e n e

( T r i l e n e )  A n a e s t h e t i c s  a t  a n  E .M .S .  H o s p i t a l :  B r i t i s h

J o u r n a l  o f  A n a e s t h e s i a :  1 9 :  7 1 ;  1 9 4 4 .



1 9 2 .

1 3 2 .  C u l b e r t ,  T.D*: T r i c h l o r e t h y l e n e  A n a e s t h e s i a :  B r i t i s h

M e d ic a l  J o u r n a l :  1 :  598 : 1 9 4 3 .

1 3 3 .  M i l l a r ,  R .A . :  T r i c h l o r  e t h y l e n e  i n  G e n e r a l  A n a e s t h e s i a :  

B r i t i s h  M e d ic a l  J o u r n a l :  M arch 1 3 t h :  1948 ( C o r r e s p o n d e n c e )

p . 524.

1 3 4 .  L lo y d - W i l l i a m s ,  K .G. 8o H ew spear ,  D . :  T r i c h l o r e t h y l e n e  a s

a  G e n e ra l  A n a e s t h e t i c :  B r i t i s h  M e d ic a l  J o u r n a l :  2 :  1 7 0 :

1 9 4 2 .

1 3 5 .  W agner, F .W .E .:  T r i c h l o r e t h y l e n e  A n a e s t h e s i a ;  I r i s h  

J o u r n a l  o f  M e d ic a l  S c i e n c e :  6 s e r i e s :  7 1 7 -7 2 3 :  O c to b e r :  1 9 4 6 .

1 3 6 .  O s t l e r e ,  G . :  The R o le  o f  T r i c h l o r e t h y l e n e  i n  G e n e r a l

A n a e s t h e s i a ;  B r i t i s h  M e d ic a l  J o u r n a l :  J a n u a r y  3 1 s t :  1 9 4 8 ;  

p . 1 9 5 .

1 3 7 .  Ew ing, J . B .  & B r i t a i n ,  G . J . C . :  A u r i c u l a r  F i b r i l l a t i o n

a f t e r  T r i c h l o r e t h y l e n e  A n a e s t h e s i a :  B r i t i s h  M e d ic a l  J o u r n a l :

2 0 th  Bovem ber: 1948 ( C o r re s p o n d e n c e )  .

1 3 8 .  B a r n e s ,  C.G. & I v e s ,  J * :  E l e c t r o c a r d i o g r a p h i c  C hanges

d u r in g  T r i l e n e  A n a e s t h e s i a :  P r o c e e d i n g s  o f  t h e  R o y a l

3 o c i e t y  o f  M e d ic in e :  3 7 :  5 2 8 : J u l y :  1 9 4 4 .

1 3 9 .  H aw o rth ,  J .  & D u f f ,  A*: A B o te  o f  T r i l e n e  A n a e s t h e s i a :

B r i t i s h  M e d ic a l  J o u r n a l ;  1 :  3 8 1 ; 1 9 4 3 .

1 4 0 .  Herdman, K .B . :  A cu te  Y e llo w  A tro p h y  o f  L i v e r  f o l l o w i n g

T r i l e n e  A n a e s t h e s i a :  B r i t i s h  M e d ic a l  J o u r n a l :  2 ;  689 -

6 9 0 ;  Bovember 1 7 ;  1 9 4 5 .



1 9 3 .

1 4 1 .  D odds, G .:  B r i t i s h  M e d ic a l  J o u r n a l*  1 :  7 69 : 1 9 4 5 .

1 4 2 .  A rm s tro n g ,  D .M .: The A ssessm en t o f  L i v e r  Damage f o l l o w i n g

T r i c h l o r e t h y l e n e  and  D i - e t h y l  E t h e r  A n a e s t h e s i a :  A n a e s ­

t h e s i a :  2 : B o .2 :  4 5 - 5 0 :  A p r i l ;  1 9 4 7 .

1 4 3 .  H e l l i w e l l ,  P . J .  & H u t to n ,  A.M.* A n a l g e s i a  i n  O b s t e t r i c s :  

A n a e s t h e s i a :  4 :  B o . l ;  1 8 - 2 1 :  J a n u a r y :  1 9 4 9 .

1 4 4 .  G ray ,  T .C .  & H a l t o n ,  J . :  A M i l e s to n e  i n  A n a e s t h e s i a :

P r o c e e d in g s  o f  t h e  R o y a l S o c i e t y  o f  M e d ic in e *  3 9 :  4 00 :

(May) 1 9 4 6 .

1 4 5 .  P r e s c o t t ,  P . ,  O rgane , G. & Rowbotham, S . :  T u b o c u r a r in e  

C lib r id e  a s  a n  A d ju n c t  i n  A n a e s th e s ia *  L a n c e t*  2 :  8 0 :  1 9 4 6 .

1 4 6 .  H a r ro u n ,  P . ,  B e c k e r t ,  P .E .  & F i s h e r ,  C .W .: The P h y s i o l o g -  1

i c  E f f e c t s  o f  C u r a r e  and  i t s  U se a s  an  A d ju n c t  t o  A n aes -
ni

t h e s i a *  S u rg e ry ,  G yneco logy  and  O b s t e t r i c s :  8 4 ;  491 -498*

1 9 4 7 .

14-7. G r o s s ,  E .G . & C u l l e n ,  S .C . :  The A c t io n  o f  C u r a r e  on t h e

Smooth M uscle  o f  t h e  S m all  I n t e s t i n e  an d  o n  t h e  B lo o d -  

P r e s s u r e :  A n e s th e s io lo g y *  6* 2 3 1 -2 3 8 :  1 9 4 5 .

1 4 8 .  A d r i a n i ,  J .  & O o h sn er ,  A . :  Some O b s e r v a t i o n s  on  th e  UsA

o f  C u ra re  i n  t h e  T re a tm e n t  o f  T e ta n u s*  S u rg e ry *  22* 

5 0 9 -5 1 5 :  1 9 4 7 .

1 4 9 .  O s t l e r e ,  G . :  Use o f  C u r a r e  i n  P o o r - R i s k  P a t i e n t s :

B r i t i s h  M e d ic a l  J o u r n a l :  A p r i l  5 th*  1 9 4 7 : p . 4 4 8 .

1 5 0 .  Anonymous; C u ra re  i n  A n a e s t h e s i a :  L a n c e t :  2 :  8 1 - 8 2 :  1 9 4 5 .

1 5 1 .  Comroe, J .H .  & D r ip p s ,  R .D .* The H i s t  a m i n e - l i k e  A c t io n



194-.

o f  C u r a r e  and T u b o c u ra r in e  I n j e c t e d  I n t r a c u t a n e o u s l y  an d  

I n t r a - a r t e r i a l l y  i n  Mans A n e s t h e s i o l o g y :  7 :  2 6 0 -2 6 2 *  1946

1 5 2 .  K n ig h t ,  R .T .*  Combined Use o f  Sodium P e n t o t h a l ,  I n t o -  

o o s t r i n ,  ( C u r a r e ) ,  B i t r o u s  Oxide and Oxygen: C a n a d ia n

M e d io a l  A s s o c i a t i o n  J o u r n a l :  55: 3 5 6 -3 6 0 :  1 9 4 6 .

1 5 3 .  H a r ro u n ,  P . ,  B e c k e r t ,  F .E .  & H athaw ay , H .R . :  C u ra re  a n d

B i t r o u s  Oxide A n e s t h e s i a  f o r  L e n g th y  O p e r a t i o n s :  A nes­

t h e s i o l o g y :  7 :  24* 1 9 4 6 .

1 5 4 .  H o la d a y ,  D.A*: B i t r o u s - O x i d e - C y c l o p r o p a n e - C u r a r e  A nes­

t h e s i a ,  A Review o f  200 c a s e s :  A n e s t h e s i o l o g y :  7 :  426-

4 39 : 1 9 4 6 .

1 5 5 .  G ray , T .C .*  d - T u b o c u r a r in e  i n  C a e s a r i a n  S e c t io n *

B r i t i s h  M e d ic a l  J o u r n a l :  A p r i l  5 th  1 9 4 7 .

1 5 6 .  C o le ,  F r a n k :  A Bew L e t h a l  Dose o f  C u r a r e ,  w i t h  some O b se r

v a t i o n s  on t h e  P a th o lo g y  p ro d u c e d  b y  L a rg e  D o s e s :  A nes­

t h e s i o l o g y :  7 :  1 9 0 -1 9 7 :  1 9 4 6 .

1 5 7 .  G ray , T -C . & H a l  t o n ,  J . *  I d i o s y n c r a s y  t o  d - T u b o c u r a r i n e  

C h l o r i d e :  B r i t i s h  M e d ic a l  J o u r n a l*  A p r i l  24 th*  1 9 4 8 :

p .7 8 4 .

1 5 8 .  G r i f f i t h ,  H .R . ,  S te p h e n ,  C .R . ,  C u l l e n ,  W.G. & B o u rn e ,  W.* 

M y a a e s in  a s  a  M u s c le - R e la x a n t :  A n e s th e s io lo g y *  1 0 :  61-

6 5 :  1 9 49 .

1 5 9 .  B a l l a n t i n e ,  R .I .W .*  M y an es in  - A R e p o r t  o f  76 C ases*  

A n a e s th e s ia *  3: 20: 1 9 4 8 .



1 9 5 .

1 6 0 .  M usgrove , H .s  M yanesin* A n a e s th e s ia *  3* 168-1 7 2 *  1 9 4 8 .

1 6 1 .  S te p h e n ,  C.R. & Chandy J . *  C l i n i c a l  and  E x p e r im e n ta l  

S t u d i e s  w i th  M yanesin* A p r e l i m i n a r y  r e p o r t *  C a n a d ia n  

M e d ic a l  A s s o c i a t i o n  J o u r n a l*  57* 4 6 3 -4 6 9  (Hovember) 1 9 4 7 .

1 6 2 .  H ew er, I . E .  & Woolmer, R .P .*  D ea th  f ro m  R e n a l  A n o x ia  

a f t e r  M yanesin* L a n c e t  2* 909-910* 1 9 4 7 .

1 6 3 .  W ils o n ,  H .B . & Gordon, H .E .*  M y an es in  a s  a n  A id t o  

A n a e s t h e s i a  i n  C h i ld re n *  L a n c e t*  1* 567 -368*  (M arch) 1948

1 6 4 .  P i n k e r t o n ,  H .H .* A n a e s t h e s i a  f o r  U r o l o g i c a l  S u rg e ry *  

B r i t i s h  J o u r n a l  o f  A n a e s t h e s i a s  21* 78-94*  ( J u l y )  1 9 4 8 .

1 6 5 .  P in s o n ,  K .B .*  B r i t i s h  M e d ic a l  J o u r n a l s  2* 312* 1 9 3 0 .

1 6 6 .  W oodbridge , P .D .*  J o u r n a l  o f  t h e  A m erican  M e d ic a l  

A s s o c i a t i o n *  1939* December 2 3 rd *  p . 2 3 0 8 .

1 6 7 .  H a s l e r ,  J .R .*  R is k s  o f  E x p lo s io n  i n  A n a e s t h e s i a s  M odern 

A n a e s t h e t i c  P r a c t i c e *  1941 ( L o n d o n ) .

1 6 8 .  Hewer, C .L .*  P r o c e e d in g s  o f  t h e  R o y a l  S o c i e t y  o f  M ed ic in e *  

1930* A p r i l .

1 6 9 .  M ed ico -L eg a l*  B r i t i s h  M e d ic a l  J o u r n a l s  J a n u a r y  1 5 th *

1949* p . 1 1 7 .

1 7 0 .  I r o n s i d e ,  R.* P r o c e e d in g s  o f  t h e  R o y a l S o c i e t y  o f  M e d ic in e  

1935* M arch 1 s t .

1 7 1 .  G h iv e r s ,  E .H .*  L a n c e t*  1943* A p r i l  24 th*  p . 5 2 7 .

1 7 2 .  Lundy, J» S .*  E n d o t r a c h e a l  o r  I n t r a t r a c h e a l  A n a e s t h e s i a s

S . C l i n .  W orth A m erica ,  Mayo C l i n i c  Humber* 795 -833*

August*  1 9 4 5 .



1 9 6 .

1 7 3 .  D o n n e l ly ,  W .A., G rossm an, A*A*, & G reen ,  P.M.* L o c a l  

S e q u e la e  o f  E n d o t r a c h e a l  A n a e s t h e s i a ,  a s  O b se rv e d  b y  

Ex ami n a t i o n  o f  One H undred  P a t i e n t s :  A n e s th e s io lo g y *

9s 490-497* (S ep te m b e r)  1 9 4 8 .

1 7 4 .  Shaw, W.M.* Oedema o f  t h e  L a ry n x ,  A R are  C o m p l i c a t i o n  o f  

E n d o t r a c h e a l  A n e s th e s i a s  A n e s th e s io lo g y *  7 :  416-418*  

( J u l y )  1 9 4 6 .

1 7 5 .  B a r t o n ,  L.W.* G ranulom a o f  t h e  L a ry n x ;  A l a t e  c o m p l i c a ­

t i o n  o f  E n d o t r a c h e a l  A n e s t h e s i a s  A n n a ls  o f  O to lo g y ,

Rhino  l o g y  and L a ry n g o lo g y *  56* 191-193*  (M arch) 1 9 4 7 .

1 7 6 .  C la u s e n ,  R . J . *  U n u su a l  S e q u e la e  o f  T r a c h e a l  I n t u b a t i o n *  

P r o c e e d in g s  o f  t h e  R o y a l  S o c i e t y  o f  M e d ic in e *  25* 1507* 

(May) 1 9 3 2 .

1 7 7 .  G ou ld , R .B .*  L a ry n g e a l  G ranu lom a f o l l o w i n g  I n t r a t r a c h e a l  

I n t u b a t i o n *  B r i t i s h  M e d ic a l  J o u r n a l s  2* 499-500*  

(S e p te m b e r)  1 9 3 5 .

1 7 8 .  Cohen, M.* Tumour o f  V o c a l  C ord  f o l l o w i n g  U a s a l  E ndo­

t r a c h e a l  A n a e s th e s i a s  B r i t i s h  M e d ic a l  J o u r n a l *  1* 283- 

284* ( P e b r u a iy )  1 9 3 8 .

1 7 9 .  S m iley ,  W.A.* P o ly p o id  G ranu lom a o f  t h e  L a ry n x  f o l l o w i n g  

E n d o t r a c h e a l  A n a e s t h e s i a s  A n n a ls  o f  O to lo g y ,  E h in o lo g y ,  

and L a ry n g o lo g y *  49* 556-558* ( J u n e )  1 9 4 0 .

1 8 0 .  E e a rn e y ,  H .L .s  B i l a t e r a l  G ranu lom a o f  t h e  L a ry n x ,  f o l l o w ­

i n g  I n t r a t r a c h e a l  A n a e s th e s ia *  A n n a ls  o f  O to lo g y ,  

K i in o lo g y  and  L a ry n g o lo g y *  55* 185-187*  (M arch) 1 9 4 6 .
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1 8 1 .  T u f t ,  H.S* & R a tn e r ,  S .H .*  L a r y n g e a l  P o l y p o i d  G ran u lo m a 

f o l l o w i n g  I n t r a t r a c h e a l  A n a e s th e s ia *  A n n a ls  o f  O to lo g y ,  

R h in o lo g y ,  and L a ry n g o lo g y *  56* 187-189*  (M arch) 1 9 4 7 .

1 8 2 .  P i n e r ,  G.H.* G ranulom a o f  L a ry n x  f o l l o w i n g  I n t u b a t i o n *  

A n e s th e s io lo g y *  9* 554-555* (S e p te m b e r)  1 9 4 8 .

1 8 3 .  K aye , G.* S e q u e la e  o f  A n a e s th e s ia *  B r i t i s h  J o u r n a l  o f  

A n a e s th e s ia *  13* 157-176* ( J u l y )  1 9 3 6 .

1 8 4 .  G r i f f i t h ,  H .R.* P u r t h e r  E x p e r i e n c e s  w i t h  E n d o t r a c h e a l  

Gas-O xygen A n a e s th e s ia *  A n a e s t h e s i a  an d  A n a lg e s i a s  11* 

206-209* ( S e p tem b er-  O c to b e r )  1 9 3 2 .

1 8 5 .  P a r r i a r ,  J .B .*  C o n ta c t  U l c e r  o f  L a ry n x  D e v e lo p in g  a f t e r  

I n t r a t r a c h e a l  A n a e s th e s i a *  A r c h iv e s  o f  O to la ry n g o lo g y *  

36* 238-239* (A u g u s t)  1 9 4 2 .

1 8 6 .  B a r n a r d ,  J . *  An U n u s u a l  A c c id e n t  D u r in g  I n t u b a t i o n *  

A n a e s th e s ia *  3* 126* ( J u l y )  1 9 4 8 .

1 8 7 .  M ark, L .C .  & B u r s t e i n ,  C .L .*  A n a e s t h e t i c  M anagement f o r  

R e c o n s t r u c t i v e  O r th o p a e d ic  S u r g e r y ;  A C ase  R e p o r t*  

A n e s th e s io lo g y *  9* 656-657*  (Hovember) 1 9 4 8 .

1 8 8 .  Ransom, S«G.* P a t a l  T r a c h e i t i s  a f t e r  E n d o t r a c h e a l  

A n a e s th e s ia *  B r i t i s h  M e d ic a l  J o u r n a l *  P e b r u a r y  8 th *  

1946* p .2 2 2 .

1 8 9 .  L ennan , B .B . & R o v e n s t i n e ,  E .A .*  P a t a l i t y  f o l l o w i n g  

R u p tu re  o f  an  I n f l a t a b l e  C u f f  on  E n d o t r a c h e a l  A irw ays  

A n a e s t h e s i a  and  An a l g e s i a *  18* 217-220*  ( J u ly - A u g u s t )

1 9 3 9 .



1 9 8 .

1 9 0 .  R e g i s t r a r  G e n e ra l  f o r  S c o t l a n d  D e t a i l e d  A nnual R e p o r t  

f o r  1 9 1 3 .

1 9 1 .  R e g i s t r a r  G e n e ra l  f o r  S c o t l a n d  D e t a i l e d  A nnual R e p o r t  

f o r  1 9 2 1 .

1 9 2 .  R e g i s t r a r  G e n e ra l  f o r  S c o t l a n d  S t a t i s t i c a l  R eview  1 9 4 5 .

1 9 3 .  R e p o r t  b y  R e g i s t r a r  G e n e r a l  t o  P a r l i a m e n t  1901 f o r  

E n g la n d  and W a le s .

1 9 4 .  76 A nnual R e p o r t  o f  R e g i s t r a r  G e n e r a l  o f  B i r t h s  and 

M a r r i a g e s  i n  E n g la n d  and W ales  1 9 1 3 .

1 9 5 .  R e g i s t r a r  G e n e r a l ’ s  S t a t i s t i c a l  Review  f o r  E n g la n d  and  

W ales  f o r  t h e  y e a r s  1938 and 1939 .

1 9 6 .  W e s te rn  I n f i r m a r y  o f  G lasgow  R e p o r t s ,  1 8 9 5 -1 9 0 4 .

1 9 7 .  V a in e s ,  J .C .*  T ex tb o o k  o f  A n a e s t h e t i c s *  ( M i n n i t t  & 

G i l l i e s )  1948* p .  5 4 7 .

1 9 8 .  P u r c h a s e ,  W.B.* P y e ' s  S u r g i c a l  H a n d i c r a f t  * 1942* p . 5 0 9 .

1 9 9 .  S m ith ,  S idney* P y e ’ s  S u r g i c a l  H a n d i c r a f t *  1 9 4 2 ,  p . 5 1 1 .

2 0 0 .  C o r l e t t e ,  C .E .*  M e d ic a l  J o u r n a l  o f  A u s t r a l i a *  1946* 

A p r i l  20 th*  p . 545 .

2 01 . S i r c a r ,  B .R .*  I n d i a n  J o u r n a l  o f  S u rg e ry *  8* 181 -1 8 3 *  

(D ecem ber) 1 9 46 .

2 0 2 .  B a r r i e ,  H .T .*  L a n c e t*  F e b r u a r y  22nd* p . 242* 1 9 4 1 .

2 0 3 .  O s t l e r e ,  G.* B r i t i s h  M e d io a l  J o u r n a l *  A p r i l  5 th*  1 9 4 7 ,  

p .4 4 8 .

2 0 4 .  O h iv e r s ,  E .H .*  B r i t i s h  J o u r n a l  o f  A n a e s th e s i a *  20*

55-59  ( J u l y )  1 9 4 6 .



1 9 9 .

2 0 5 .  W h ip p le ,  A.O.* S u rg e ry ,  G y n eco lo g y  and O b s t e t r i c s *

J a n u a r y  1 9 1 8 .

2 0 6 .  H a r ro u n ,  P . ,  B e c k e r t ,  P .E .  & H athaw ay, H .R .*  A n es­

t h e s i o l o g y *  7* 24-28* ( J a n u a r y )  1 9 4 6 .

2 0 7 .  Sh ipw ay, P .*  L a n c e t*  1* 82* J a n u a r y  1 9 3 5 .

2 0 8 .  O rgane , G. & B ro a d ,  R . J .B .*  L a n c e t*  Uovember 1 9 th *

1938* p . 1 1 7 0 .  .

2 0 9 .  K in g ,  D .S .*  P r e - o p e r a t i v e  and P o s t - o p e r a t i v e  T re a tm e n t*  

M ason, R .L .  & Z i n t e l ,  H .A . ( P h i l a d e l p h i a )  1 9 4 7 .

2 1 0 .  H a r b o a rd ,  R .P .*  B r i t i s h  J o u r n a l  o f  A n a e s t h e s i a s  21*

49-51*  ( J u l y )  1 9 4 8 .

2 1 1 .  G ray ,  T .O .* B r i t i s h  J o u r n a l  o f  A n a e s t h e s i a s  21* 49-51*  

( J u l y )  1 9 4 8 .

2 1 2 .  Woolmer, R .s  B r i t i s h  J o u r n a l  o f  A n a e s th e s i a *  21* 49-51*  

( J u l y )  1 9 4 8 .

2 1 3 .  O h a l l i s ,  J .H .T ^ s  B r i t i s h  J o u r n a l  o f  A n a e s th e s i a *  21* 

52-60* ( J u l y )  1 9 4 8 .

2 1 4 .  Rawdon S m ith , G .P .*  A n a e s th e s ia *  3* 110-112*  ( J u l y )  1 9 4 8 .

2 1 5 . B o u rn e ,  W.* A n e s th e s io lo g y *  10* 1 5 7 -1 6 3  (M arch) 1 9 4 9 .

2 1 6 .  B i l l i n g ,  W .J .*  (1 9 4 3 )*  The P h a rm a c o lo g y  and T h e r a p e u t i c s  

o f  t h e  M a te r i a  M ed ica  (L o n d o n ) ,  p . 1 7 8 .

2 1 7 .  R o b e r t s ,  H.* B r i t i s h  M e d ic a l  J o u r n a l s  S e p te m b e r  25* 1 9 4 8 .

2 1 8 .  H e l l i j a s ,  C .S . ,  T o v e l l ,  R.M. & H o l t ,  K .R .*  A n e s t h e s i o l o g y  j 

8 * 115 s 1 9 4 7 .


