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THE BLOOD GLUCOSE IN GENERAL ANAESTHESIA.

An in v e s t ig a t io n  o f  th e  changes in  th e  p e rce n tag e  o f  
g lu co se  in  b lood  d u rin g  g e n e ra l a n a e s th e s ia  in  89 c a se s , 
th e  in f lu e n c e  o f  in s u l in  on th e s e  changes, w ith  o bserv 
a t io n s  on th e  p re -o p e ra t iv e  p e rce n tag e , and on th e  re n a l 
th re s h o ld  fo r  g lu c o se .

The work has been a rran g ed  a s  fo llo w s
( a) .  INTRODUCTION, PROCEDURE, and METHODS.
( b ) .  part 1. The in f lu e n c e  o f  a g en e ra l a n a e s th e t ic  on th e

blood sugar.
PART 2. The in f lu e n c e  o f  a g en e ra l a n a e s th e t ic  on th e .

b lood  sugar when in s u l in  i s  ad m in is te re d  b e fo re , 
o r e a r ly  in ,a n a e s th e s ia .

PART 5. The in f lu e n c e  o f  a g en e ra l a n a e s th e t i c , ( a )
w ith o u t, fb )  w ith , in s u l in  on th e  p o s t-o p e ra t iv e  
u r in e s ,

PART 4 . The p re -o p e ra t iv e  b lood su g ar. 
fC ). PRECIS OF RESULTS and DISCUSSION.
(D ). GENERAL SOTMARY o f  RESULTS.
( e ) . conclusions.
(P ) .  BIBLIOGRAPHY.
(G ). APPENDIX:- Blood Sugar Curves o f  a l l  c a se s .
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G eneral O b jec t.

The o b je c t  o f  th e  work i s  to  study th e  e f f e c t  o f a n a e s th e s ia  on 
th e  b lood  g lu c o se , and to  determ ine i f  in s u l in  in  a n a e s th e s ia  
cau ses  any v a r ia t io n  in  th e  b lood  g lu co se  o r in f lu e n c e s  th e  g en e ra l 
c o n d itio n  o f  th e  p a t ie n t .



( A )

PROCEDURE,

In  a l l ,  Ô9 ca ses  were s tu d ie d . No s e le c t io n  was made, and 
d u rin g  th e  p e r io d  o f te n  months covered by t h i s  work th e re  was no 
abnormal f a c to r  to  r e g u la te  th e  ty p e  o f p a t ie n t  ad m itted  to  th e  
h o s p i ta l .  There were 45 m ales, and 46 fem ales in  th e  s e r ie s ,  th e  
ages v a ry in g  from  9 to  76 y e a rs .  Of th e  t o t a l  44 were un d er, and 
45 above, 40 y e a rs  o f  age . A pproxim ately o f  th e  p a t ie n ts  were 
t r e a te d  fo r  c h ro n ic , a s  opposed to  a c u te , d is e a s e .

P re p a ra t io n  fo r  o p e ra t io n .

About h a l f  o f th e  c a se s  re c e iv e d  a  hypodermic in je c t io n  
o f  morphine su lp h a te  l / 6 g r . , Scopolamine l / l^ O g r . ,  about 12 to  16 
h ou rs p r io r  to  o p e ra t io n , and o f  a tro p in e  l /1 0 0 g r . , b e fo re  e n te r in g  
th e  a n a e s t h e t i s t 's  room. The rem ain ing  cases  re c e iv e d  no hypodermic 
m ed ica tion  a s  a r u l e ,  b u t in d iv id u a l a n a e s th e t i s t s  o rd e red  such as 
th e y  co n s id e re d  a d v isa b le . These were no ted  in  each case  when g iv en .
The in f lu e n c e  o f  th e se  in je c t io n s  a t  such pro longed p e r io d s  p rev io u s  
to  o p e ra tio n , may, so f a r  a s  th e  Blood Sugar i s  concerned, be 
co n s id e re d  a s  n e g l ig ib le .  A cup o f  weak te a ,  b u t no s o l id  food was 
g iven  e a r ly  on th e  morning o f o p e ra tio n , i . e .  from two to  fo u r or 
more h ou rs b e fo re . Most o f  th e  o p e ra t io n s  were perform ed in  th e  
fo renoon .

A n a e s th e tic s ,

C hloroform (O ), E th e r(E ) , o r Chloroform  and E ther m ixture(CE) 
was g iv en  in  a l l  c a se s  (ex ce p t Case 16 ,where a sp in a l a n a e s th e t ic .  
S tovaine ,w as employed) a t  th e  d is c r e t io n  o f  th e  a n a e s th e t i s t .
I t  h as  been co n sid e red  in a d v isa b le  to  draw any sharp  l in e  o f 
dem arcation  between ch loroform  o r e th e r  c a se s , because n e i th e r  
ch loroform  nor e th e r  was, a s  a r u le ,  g iven  a lo n e  th roughou t a ca se . 
In d u c tio n  was u s u a lly  by ch lo roform , or CE m ix tu re , bu t a n a e s th e s ia  
was g e n e ra lly  m ain ta in ed  by CE m ix tu re  or by E th e r. A part th e re fo r e ,  
from n o tin g  th e  n a tu re  o f  th e  a n a e s th e tic  g iven  no co n c lu sio n s  have 
been drawn from th e  u se  o f  one or o th e r  a n a e s th e t ic .

S g lln g » .
Where a s a l in e ,  w hether c o n ta in in g  g lu co se  or n o t, was 

g iv e n , th e  f a c t  was n o ted  a s  w ell a s  th e  method o f a d m in is tra t io n . 
K .H .Tallerm ann (1 )  has shown th a t  g lucose  i s  r e a d i ly  absorbed  from 
th e  rectum , w ith  a consequent r i s e  in  th e  Blood Sugar, averag ing  
0,030$^ in  th e  course  o f  an hour. A somewhat s im ila r  r i s e  would 
d o u b tle s s  occur in  an in t r a - p e r i to n e a l  a d m in is tra t io n  (Case 1 1 ,S e r ie s l) .  
Such case s  h a v e ,th e re fo re ,b e e n  om itted  from th e  g en e ra l averages 
o f  th e  d i f f e r e n t  s e r ie s  shown l a t e r .



( A ) .

Methods,

H.M acLean's method (2 )  was employed fo r  e s tim a tin g  th e  Blood 
Sugar, on accoun t o f  i t s  g e n e ra l f a c i l i t y  fo r  c l i n i c a l  work, and 
because o f  i t s  a ccu racy , which i s  g r e a te r ,  a s  shown by de Wesselow ( ) )  
th a n  B e n e d ic t’ s P ic r ic  A cid method, in  which su b s tan ces  such a s  
c r e a t in in  a re  e s tim a te d  a s  w ell a s  su g ar.

The e s tim a tio n s  were c a r r ie d  ou t on th e  same day a s  th e  b lood  
was ta k en , g e n e ra l ly ,  in  f a c t ,  du rin g  th e  p ro g re s s  o f  th e  o p e ra tio n .

The f i r s t  two u r in e s  p assed  a f t e r  a n a e s th e s ia  were c o l le c te d  
and te s t e d  n ex t day. There was no d if f e re n c e  o f  im portance between 
th e  two specim ens, so t h a t  th e  r e s u l t s  o f  t e s t in g  th e  f i r s t  u r in e  
on ly  a re  shown.

The u r in a ry  t e s t s  c a r r ie d  o u t w e re :-
( 1 ) ,  fo r  S u g a r:-(a )T h e  fe rm e n ta tio n  t e s t  w ith  y e a s t .

(b )F e h l in g 's  t e s t  (B e r t r a n d 's  m o d if ic a t io n ) ,
( 2 ) .  fo r  A ce to n e :-  R o th e ra 's  t e s t  ( 4 ) .
( 5 ) .  fo r  D ia c e tic  A c id :- (a )  Lindeman’ s t e s t  (5)*

(b )  G e rh a rd t 's  t e s t  ( 6 ) ,
( 4 ) .  fo r  P e n to s e s :-  B i a l 's  re a g e n t was employed ( 7 ) .
( 5 ) .  fo r  Albumen:- (.a) The Heat t e s t .

(b )  S a lic y lsu lp h o n ic  A cid t e s t  ( 8 ) .
( 6 ) .  The R eac tio n , S p e c if ic  G ra v ity , and n a tu re  o f th e  

P r e c ip i t a t e  were a ls o  observed  in  each case .
For v a r io u s  re a so n s  i t  was n o t p o s s ib le  to  o b ta in  a  u r in a ry  sample 
in  every  case ,
INSULIN.

The p re p a ra t io n  by M essrs.B oots was employed th ro u g h o u t. 
V a r ia t io n s  do occur in  th e  s t re n g th  o f I n s u l in ,  b u t th e se  may be 
n e g le c te d  a s  in s ig n i f ic a n t .
S ssi£ § n ëçssiâM Ç i-

In  a l l  89 c a se s , th e  b lood  was ta k en  in  th e  a n te 
room, e i th e r  im m ediately p r io r  to  th e  a d m in is tra t io n  o f th e  
a n a e s th e t ic ,  o r w h ile  in d u c tio n  was p ro ceed in g . The e x ac t tim e o f 
ta k in g  th e  b lood  fo r  t e s t i n g  was n o ted  and th e  tim e o f commencing 
th e  a n a e s th e t ic .  The tim es a t  which subsequent specim ens were tak en  
(g e n e ra l ly  a t  20 to  50 m inute i n t e r v a l s ) ,  and th e  d u ra tio n  o f  th e  
a n a e s th e s ia ,  were a ls o  no ted .
In  th e  case  o f  each p a t ie n t  th e  fo llo w in g  p a r t i c u la r s  a re  re c o rd e d ;-  
Name, age, sex, p re lim in a ry  s e d a tiv e s ,  d is e a s e , o p e ra tio n  perform ed, 
and in  a d d i t io n  th e  p resen ce  o f  any f a c to r ,  such as  sev ere  s tru g g lin g , 
undue haem orrhage, asphyx ia , cy an o s is , a d ip o s i ty ,  cach ex ia , whether 
s a l in e s  o r o th e r  r e s to r a t iv e s  o r s e d a tiv e s  were ad m in is te re d , and 
a lso  w hether th e re  was much h an d lin g  o f  th e  l i v e r  du rin g  th e  course  
o f  th e  o p e ra tio n  ( e .g .  a s  in  case  9»S e r ie s  I ) ,  th e  s t a t e  o f  th e  
p a t ie n t s  du rin g  a n a e s th e s ia ,  and recovery  from a n a e s th e s ia .



(A)

G eneral P rocedu re , (c o n tin u e d ) .

The c a se s  a re  d iv id e d  in to  two s e r ie s  I  and I I ,  o f  46 and 45 
p a t i e n t s  r e s p e c t iv e ly .  The p rocedu re  was th e  same th ro u g h o u t, 
ex cep t t h a t  in  S e r ie s  I I  a hypodermic dose o f  I n s u l in ,  vary ing  
from  $-12  u n i t s  was g iv en  e i th e r  p r io r  %o th e  o p e ra tio n  o r 
e a r ly  in  a n a e s th e s ia ,  th e  tim e o f  a d m in is tra t io n  b e in g  n o ted  in  
every  ca se .
D e ta i ls  o f  each case  a re  shown on s e p a ra te  s h e e ts  in  th e  appendix , 
and where p o s s ib le ,  a  Blood Sugar curve o r  graph has been 
c o n s tru c te d  w ith  tim e ( in  m inu tes ) a s  a b s c is s a e  and Blood Sugar 
( p e rc e n ta g e  ) a s  o rd in a te s .
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(B).
P a r t ,

IHB_îHI&y5H55_9EL6_GENERAL^ANAESTHETI0_0HJTHE_BL00p_SUGAR.

S e r ie s  I ,  N os.1 to  46.

The c a se s  under c o n s id e ra tio n  a re  shown in  d e t a i l  in  th e  Appendix, 
w ith  Blood Sugar cu rves a t ta c h e d . The r e s u l t s  a re  sum m arised,in  
p a r t , i n  T able A o v e r le a f .
( a ) .  Of 58 c a s e s , in  which two or more Blood Sugar e s tim a tio n s  were 
ta k e n ,n o  le s s  th a n  56 showed a  d i s t i n c t ,w e l l  d e f in e d ,r i s e  during  
a n a e s th e s ia .  Two c a ses  a lo n e , nos , 26 and 5 7 ,showed a  f a l l  w ith o u t 
any s p e c ia l  reaso n  be ing  a p p a re n t. Of th e se  58 c a s e s , th e  maximum 
Blood Sugar was reached  a t  th e  en d ,o r a f t e r  th e  e n d ,o f  a n a e s th e s ia  
in  a l l  b u t fo u r c a se s  (n o s .2 6 ,2 8 ,5 7 ,and 4 4 ) . Case No.22 i s  equ ivocal 
in  i t s  f ig u r e s .

In  th e  whole s e r i e s , t h e r e  a re  50 cases  in  which 
a n a e s th e s ia  la s te d  a t  l e a s t  50 m inu tes.T ak ing  th e  average fo r  th e se  
50 we g e t : -

Blood Sugar b e fo re  o p e ra tio n   ---- —-------- 0,151^
" " a f t e r  ^hour a n a e s th e s ia —----------- 0 . 173',̂

Average in c re a se  in  ^hour---------------------   0 .042^

( b ) .  In  th e  s e r i e s , t h e r e  a re  n in e  cases  in  which a n a e s th e t ic s  were 
ad m in is te re d  fo r  over an hour. The average fo r  th e se  cases  works 
o u t a s  fo l lo w s :-

Blood Sugar b e fo re  o p e r a t i o n - — ——— 0, 157^
" ” a f t e r  -|hour a n a e s th e s ia ------------- -0.100*^
” ” " 1 " "  -0 .241#

Average in c re a s e  in  1 s t.  ^ h o u r------------------—0,045#
« n « n h o u r-------------------------0 .104#

T h is  shows a  r a t e  o f  in c re a s e  g r e a te r  in  th e  second h a l f  hour 
th a n  in  th e  f i r s t .

( c ) .  In  th e  s e r i e s , t h e r e  a re  seven cases  only  (n o s .9 ,1 7 ,1 0 ,2 0 ,2 2 ,2 5 ,2 8 )  
in  which Blood Sugar e s tim a tio n s  were c a r r ie d  ou t up to  2$0 m inutes 
from th e  commencement o f  a n a e s th e s ia ,a n d  which had n o t re c e iv e d  
s a l in e s .  The average works o u t as  fo l lo w s ;-  (See T able B o v e r le a f )

Blood Sugar b e fo re  o p e ra t io n -—- - - - - - - - - - - - 0 . 1 2 4 #
" " a f t e r  $0 m inutes a n a e s th e s ia — —0 .1 87#
" " " 100 " " ——0.185#
« " " 150 " "  0.182#
" " " 200 " ”  0 .180#
" " " 250 " "  0 . 17#

Curves to  i l l u s t r a t e  ( a ) , ( b ) ,a n d  ( c )  a re  shown o v e r le a f  w ith  th e  
co rrespond ing  cu rves o f S e r ie s  I I ,o n  th e  one diagram .

( d ) .  Where th e  p re -o p e ra t iv e  Blood Sugar i s  below 0 .110#  th e  a c tu a l  
in c re a se  a f t e r  50 m inutes a n a e s th e s ia  averages 0 .0$0# (11 c a s e s ) ;  
where th e  p re -o p e ra t iv e  Blood Sugar i s  0 .1$0# or o v e r ,th e  a c tu a l  
in c re a se  i s  on ly  O.OO7# (S c a se s ) .
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SUMMARY OP TABLE A.

S e r ie s  I . ( n o n - in s u l in ) .

Average Blood S u g a rs : -

( 1) . B efore o p e ra t io n ,o f  a l l  case s  o f  th e  s e r ie s  ( 57) * 0 ,150#

( 2 ) . B efore o p e ra t io n ,o f  a l l  cases  l a s t in g  50m in8"(50)" 0 ,151#
A fte r  50m inutes, « " " '» " » •  0,175#

In c re a se  in  50 m inutes ■ 0.042#

( 5 )*B efore o p e ra t io n ,o f  a l l  cases  l a s t in g  60m ins.(9 ) “ 0 ,151# 
A fte r  50 m in u tes ,*  " * " " * » 0 . 1Ô0#

« 5 0  « « « «  « « « ,  0 ,241#
In c re a se  in  50 m inutes * 0 .045#

» " 60 * 0 ,104#
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(B)
P a r t^ _ I I .

THE INFLUENCE ON THE BLOOD SUGAR OF THE ADMINISTRATION OF 
INSULIN BEFORE,OR EARLY IN,GENERAL ANAESTHESIA.

S e r ie s  I I .  N o s .tto  45.

A ll th e  case s  a re  shown in  d e t a i l  in  th e  appendix , w ith  th e  
accompanying Blood Sugar cu rves . Each case  re c e iv e d  a hypodermic 
in je c t io n  o f I n s u l in ,  th e  average dose being  10 u n i t s .
The r e s u l t s  a r e  summarised, in  p a r t ,  in  T able C. o v e r le a f .
Of th e  45 c a se s , 42 showed a d e f in i te  r i s e  in  th e  Blood Sugar 
p e rce n tag e  du rin g  a n a e s th e s ia  ( excep t No. 51 ).
Of th e se  42 c a se s , th e  maximum Blood Sugar o ccu rred  a t  th e  end or 
a f t e r  th e  end o f  a n a e s th e s ia  in  $4 c a ses . In  o th e r  words, in  9 cases  
o u t o f  45 th e  Blood Sugar had reached  i t s  maximum and th e n  began to  
d ec re a se  b e fo re  th e  a n a e s th e s ia  had te rm in a te d  ( cases  Nos. 4 ,1 0 ,1 2 ,1 8

14 ,24 ,51 ,52  5 6 .)
(a )

In  t h i s  s e r i e s  th e re  a re  55 case s  in  which th e  a n a e s th e tic  was 
a d m in is te re d  fo r  a t  l e a s t  50 m inu tes. The average fo r  th e se  55 cases  
i s  a s  fo l lo w s :-

Blood Sugar b e fo re  o p e ra tio n   -----------------0 ,115#
" " a f t e r  5 0 ra in .an aesth esia  ---------0 , 160#
" " In c re a se  in  50m in.*0,047#

fb )
There a re  19 cases  in  which th e  a n a e s th e tic  was ad m in is te re d  fo r  

over an hour. The average f ig u re s  fo r  t h i s  group a re  as  fo llo w s :-

Blood Sugar b e fo re  o p e r a t i o n ----------------- -0 ,107#
" " a f t e r  50 m in .an aesth esia  ---------0 , 1$2#
« " ” 60 ” "  0 ,177#
" ” In c re a se  in  1 s t .h a l f  hour — 0.o4$#
n n n fi n h o u r ---------------0 .070#

T h is  shows a  d im in ish in g  r a te  o f  in c re a se  in  th e  second h a l f  hour.
( c )  29

In  th e  s e r ie s  o f  45 c a se s , th e re  a re  e ig h t cases  CNo s . 5 , 6 , 7 , 8 , 11, 1$,21) 
in  which Blood Sugar e s tim a tio n s  were c a r r ie d  o u t fo r  a t  l e a s t  
250 m inu tes, and which re c e iv e d  no s a l in e s .  The average d u ra tio n  o f 
a n a e s th e s ia  h e re  was 45 m inu tes, and th e  average dose o f  I n s u lin  
lO u n its .T h e  average f ig u re s  work ou t as  fo l lo w s :-  ( See Table D o v e r le a f )

Blood Sugar b e fo re  o p e ra tio n  — ------------ 0,101#
" " a f t e r  $0 m in u te s ----------------0.149#
n « " 100 " ----------------0 . 150#
" " " 150 " ----------------0 ,145#
n n " 200 " ----------------0.156#
n « " 250 " ----------------0 . 129#

Curves to  i l l u s t r a t e  ( a ) , ( b ) ,a n d  (c )  a re  shown along w ith  th e  co rrespond
ing  curves from S e r ie s  I .
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SUMMARY OP TABLE 0 .

S e r ie s  I I . ( in s u l in ) .

Average Blood S u g a rs :-

( 1 ) . B e fo re o p e ra tio n ,o f  a l l  cases  o f th e  s e r ie s  (4 5 ) •  0,110#

(2 ) .Before operation,of a ll cases lasting 50mins.(52/"0, 115& 
After 50 minutes," " " " " " *0, 160#

In c rease  in  50m inutes *0,047#

(5 )"B efo re  o p e ra t io n ,o f  a l l  cases  l a s t in g  6 0 m in s .( l9 )* 0 ,107# 
A fte r  50 m inu tes, “ •» " " " " *0,152#

» 6 0 " " " "  " " " *0,177#
In c re a se  in  50 m inutes *0,045# 

« « 50 " -O.OJÜ/to
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liO SSl/yy'̂ h  ̂ O/yxCL îAtAXd/̂  d/y\,cX ^  UrkA,cÂ, 6M,
fi\SL ^/o b /oocj SU^dAT OV-eAJt /ScXdjg/̂  u ^  to  ^iTO  Oô U/tnydXCeA, 
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(B ).

P a r t  I I .  (c o n tin u e d ) .

P e rcen tag e  Blood Sugar, reckoned from Time o f  I n s u lin  

a d m in is tra t io n  a s  Zero.

In  th e  p reced in g  f ig u re s  and cu rves,no  allow ance has been made fo r  
th e  tim e in  a n a e s th e s ia  a t  which In s u lin  was g iven . As t h i s  might 
be a f a c to r  o f  c o n s id e ra b le  im portance. Table E has been drawn up 
from  th e  s e p a ra te  curves o f  th e  45 cases  in  th e  s e r ie s ,  to  
d em o n stra te  t h i s  one p a r t i c u la r  p o in t .  The Blood Sugars a re  
c a lc u la te d  from th e  cu rv es , ta k in g  th e  tim e o f g iv in g  I n s u l in  as 
z e ro , and working a t  s ta te d ,f ix e d ,  in t e r v a ls  from th a t  tim e.
Taking a l l  case s  la s t in g  50 m inutes from tim e o f g iv in g  In s u l in ,  
th e  fo llo w in g  f ig u re s  a re  o b ta in e d ;-

( i) .A v e ra g e  Blood Sugar a t  tim e o f  g iv in g  In s u lin  ------0.125^
" M U  5 0 m in s .a fte r  " "   0 ,165#

In c re a se  in  Blood Sugar* 0,040#

For c a se s  l a s t in g  60 m inutes ( te n  ca se s )  :«•
( i l ) .  ^

Average Blood Sugar a t  tim e o f g iv in g  In s u lin  ——0,118#
* II « 5 0 m in s .a fte r  " "--------------------- -0 ,165#
» " " 60 " w n H  0.204#

In c re a se  in  i  hour * 0,045#
It n 1 « .  0 ,086#

For c a se s  l a s t in g  75 m inutes ( Nos.5 , 1 0 ,1 2 ,1 4 ,1 8 ,55)
( i l l ) .

Average Blood Sugar a t  tim e o f  g iv in g  I n s u l in  ——0 , 104#
" " " 50m in s .a f te r  " " ——0,145#
n H H M H II W — — — —0 , 176#
n n n y ^ i i  n n w ——0,195#

In c re a se  in  f i r s t  i  hour ■ 0 ,059#
" "second " " *0,055#

" f i f t h  i  " *0,017#n

Curves to  i l l u s t r a t e  ( i i )  and ( i i i )  a re  shown o v e r le a f .
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(B) .

P a r t  I I I .

THE INFLUENCE OF A GENERAL ANAESTHETIC (a )w ith o u t, (b )w ith  
INSULIN INJECTION ON THE POST-OPERATIVE URINE.

The r e s u l t s  o f  th e  more im portan t t e s t s  c a r r ie d  ou t -  f o r  sugar, 
a c e to n e  , and d ia c e t ic  a c id  -  a re  summarised in  Table F fo r  S e r ie s  I ,  
and in  Table G f o r  th e  In s u lin  S e r ie s  I I .
B i a l 's  T es t (7 )  f o r  Pen toses was a lso  used , b u t th e  r e s u l t  was 
n e g a tiv e  th ro u g h o u t.

Albumen, G lycuronates, R eac tion  ( a c id  or a lk a l in e )  
and S p e c if ic  G rav ity  were a lso  no ted , bu t as  th e  r e s u l t s  had no 
group s ig n if ic a n c e ,  th ey  a re  n o t inc luded  in  th e  ta b le s .  The u su a l 
R eac tio n  was a c id , th e  average S p e c if ic  G rav ity  about 10?0, albumen 
g e n e ra l ly  a b se n t, and a p r e c ip i t a t e  o f  p ink  u ra te s  p re se n t in  th e  
f i r s t  specim en. Mucus f re q u e n tly  took th e  p lace  o f  th e  u r a te  d e p o s it 
in  th e  l a t e r  specim ens, w h ile  th e re  were a ls o  fewer F e h lin g 's  4>ve 
r e a c t io n s .  B e r tra n d 's  m o d if ic a tio n  o f  F e h lin g 's  s o lu tio n  was used 
th ro u g h o u t.(5 5 ) .

Lindeman'B T est (5 ) fo r  D iace tic  Acid was used  
in  a d d i t io n  to  G e rh a rd t 's  ( 6 ) ,  b u t a f t e r  some f i f t y  cases  i t  was 
abandoned as u n r e l ia b le .

Comparison o f  T ab les F and G.

S e r ie s . N o.of U rin es , F e h lin g 's  
R eac tion  $ve.

Ferm entation
4ve

Acetone
♦ve

D ia c e tic  
Acid 4-ve.

N on-Insu lin 25 7éî« 16# 60# 12#
I n s u l in . 21 57^ 0# 62# 14#

Relation^of the ]^aximum^_Blgod_Sugar_to_the_gresence_of_a

In  th e  summaries to  Tables 
G and F, o v e r le a f ,  a l l  th e  cases have been c l a s s i f i e d  accord ing  to  
w hether th e  Maximum % Blood Sugar was above or below 0 . 1Ô0, th e  
f ig u r e  f re q u e n t ly  accep ted  a s  th e  Renal T hreshold  fo r  Sugar, and 
acco rd in g  to  a 4ve o r -ve  F e h lin g 's  R eac tion .

Combining th e  two ta b le s  th e re  w ere :-  
19 cases  w ith  ^Blood Sugar over 0 .1 8 0 ^ ,g iv in g  a  4ve F e h lin g 's  R eaction  

I n n n  n n n n n  n «1.
2 .
5.
4 .

12
12
5

under
R

4-ve
-ve

Only 5 cases  (NOS. 7 and 9 o f  S e r ie s  I ,  and NO.15 o f S e r ie s  I I )  
showed album enuria a f t e r  o p e ra tio n .
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SÜÎÜMARY OP TABLE P.
S e r ie s  I .

Number o f  U rin es  t e s t e d  _ --2 5
F e h l in g 's  R eac tio n  ♦ve  ---------—— —- — Ip
F erm en ta tio n  w ith  Y east -------------  —  4
Acetone p re s e n t  — —  — --------- — ------—— 15
D ia c e tic  A cid p re s e n t  — — — ----------- -——  5

Of 19 u r in e s  g iv in g  a  4-ve F e h lin g 's  R eac tio n ,
11 c o n ta in e d  A cetone.

(1 )  w ith  4-ve F e h lin g ’ s R e a c t io n : - N o s .1 ,2 ,5 ,4 ,5 ,6 ,7 ,1 1 , t8 ,2 l ,2 5 , ) 1 ,5 2 ,4 t
i . e . 14 c a se s  v a ry in g  from  0.181#

to  0 . 520# ,
(2 )  " -v e  " " N0 S .9 , 15, 17, 22 , 27 .

i . e . 5 c a se s  v ary in g  from 0.181#
to  0 . 386# .

C ases where th e  maximum #  Blood Sugar was UNDER 0 .180#.

(1 )  w ith  4ve F e h lin g 's  R e a c tio n :-N o s .I5 , 1 9 ,2 3 ,2 4 ,3 4 .
i . e . 5 c a se s  v a ry in g  from 0,146#

to  0 . 156#
( 2 ) " -v e  " " No.16.

i . e .  one case  a t  0 .129# .

In all cases Bertrand's modification of Fehling's solution was 
used. (55).
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Sm̂ MARY OF TABLE G.

Series II,

ÎJumber o f  U rin es  t e s t e d ------------------------- --.—21
R eductions o f  P e h l ln g 's  S o lu tio n   ------------- -12
F erm en ta tio n s  w ith  Y e a s t   ----------------------None.

A cetone p r e s e n t   ----------------------------------- 15
D ia c e tic  A cid p re s e n t  ---------------   5

Of 12 u r in e s  c o n ta in in g  a  F e h lin g -re d u c in g  su b stan ce . 
A cetone was p re s e n t  in  10.

Oases where th e  Maximum ^  Blood Sugar was over 0 .180^

(1 )  w ith  $ve P e h lin g ’ s T e s t : -  N os.5 ,4 ,5 ,5 2 ,? ? .
i . e . 5 case s  v a ry in g  from  0 ,187#  to  0 .287#.

(2 )  " -v e  " " N os.1 ,8 ,1 1 ,1 2 ,1 4 ,2 0 ,2 6 .
i . e . 7 cases  v a ry in g  from 0.181# to  0 . 266# ,

Oases where th e  Maximum #  Blood Sugar was under 0 ,180#

(1 )  w ith  4ve P e h lin g ’ s T e s t ; -N o s .6 ,7 i15^17 ,24 ,28 ,29 .
i . e . 7 c a se s  v a ry in g  from  0 , 155#  to  0 , 175# .

( 2 ) .  " -v e  « " N os.9 ,4 1 .
i . e . 2 c a se s ,0 .1 4 7 #  to  0 ,175#



(B)

P a r t  IV.

The f a s t i n g  or p re -o p e ra t iv e  Blood Sugar p e rc e n ta g e s  in  th e  89 case s  
o f  t h i s  work have been grouped in  th e  fo llo w in g  t a b le s  to  i l l u s t r a t e  
c e r t a in  r e l a t io n s h ip s .
T ab les  H and J ,  f o r  th e  N o n -In su lin  and In s u l in  S e r ie s , r e s p e c t iv e ly ,  
have been drawn up to  i l l u s t r a t e  th e  r e la t io n s h ip  betw een #  Blood 
Sugar f a s t i n g ,  on th e  one hand, w ith  (1 ) s e x , and (2 )a g e , on th e  o th e r . 
An exam ination  o f  th e s e  t a b le s  r e v e a ls  th e  fo llo w in g  a v e ra g e s ;-  
( a ) .

AYerag2_f&gtlng_or_re8ting_Bloqd_Sugar_gf_4l_males, 
ages ranging from 9 “ 7® years, and with various complaints* 0,116# 
(the lowest being 0,0?7#*cancer of the pylorus-and the 

highest 0,19i#-abdominal adhesions)
Cb).

âY ®£§S$_f§® bing^or_rostlng B lo o d S u g ar qf_46_fem ales, 
ages ran g in g  from  T5-69  y e a rs ,  and w ith  v a r io u s  com pla in ts  * 0 ,124# 
( th e  lo w est b e ing  0 , 056#  -  pregnancy, ”

th e  h ig h e s t  ” 0 .207#  -  abdom inal a d h e s io n s ) .
( c ) .

A verage f a s t i n g  or r e s t i n g  Blood Sugar o f  87 c a se s ,
bo th  sex es , a l l  a g e s , and a l l  com pla in ts  ^ 0 , l20^

The fo llo w in g  ta b le s  i l l u s t r a t e  th e  av e rag es  fo r  d i f f e r e n t  age 
g ro u p s ; -

mhES. FEMALES.
AGE under 40. 4o-6o. 60 & o v er. AGE under 40, 40-60 . 60 & o v er.
N o.of 19 
Cases

16 7 N o.of 22 
Oases

19 5

B.S. 0 ,116# 0 , 115# 0 . 119# B .S. 0,122# 0.1222 0 . 158#

(f).

T ab les  K and L, w ith  t h e i r  summary. T able M, have been c o n s tru c te d  
to  i l l u s t r a t e

(1 )  th e  r e s t i n g  Blood Sugar in  d i f f e r e n t  ty p e s  
o f  d is e a s e ,  th e  d is e a s e  group be ing  c le a r ly  
in d ic a te d  a t  th e  s id e .

( 2 ) th e  re sp o n se  o f  th e  Blood Sugar to  th e  
a d m in is tr a t io n  o f  a  g e n e ra l a n a e s th e t ic
in  15 m in u tes , and in  30 m in u te # ,in  d i f f e r e n t  
in d iv id u a ls  and ( T able M ) in  d i f f e r e n t  d is e a se  
g roups.

See n ex t page.



(B ).

P a r t  1 7 .  ( c o n t i n u e d ) ,

( f ) .  The Blood Sugar and O b esity .

I t  i s  unw ise to  draw co n c lu s io n s  from  o b e s i ty ,  p e r se , in  
such a  s e r i e s  o f  p a th o lo g ic a l c a se s  a s  t h i s ,  b u t where a p a t i e n t  
was observed  to  be p a r t i c u l a r l y  obese , o r  p a r t i c u l a r l y  c a c h e c tic ,  
a  n o te  was ta k e n  o f  th e  f a c t ,  and th e s e  o b se rv a tio n s  a re  embodied 
in  T ab les  K and L.

( 1 ).
C onsidering  th e  r e s t i n g  or f a s t i n g  Blood Sugar a lo n e , th e
fo llo w in g  av erag es  a re  o b ta in e d ;-
16 p a r t i c u l a r ly  th i n  c a se s  ( c h ie f ly  cancer & g a s t r i c  u lc e r )  

Average #B .S. * 0 .115# .
11 p a r t i c u l a r ly  obese c â s è s '^ In c ïü d ê s  5 g a l l - s to n e  c a se s )  

Average #  B .S. * 0 .125# .

(2).
Where o b se rv a tio n s  cou ld  be m a in ta in ed  fo r  over 30 m inu tes 
a n a e s th e s ia  i t  was found th a t  th e  re sp o n se  o f  th e  Blood 
Sugar t o  a  g e n e ra l a n a e s th e t ic  in  t h i s  s e r i e s  was a s

f o l l o w s __________ # B .S .b e f o r e .   # B .S .a f te r  15m. # B .S .a f t e r 50
9 th i n  p a t ie n ts  : - 0 .154# 0.165# 0 .171#

, ■ VA ' . 9 obese " 0.117# o . i 45# 0.174#

( 5 ) .
I t  was In d ic a te d  e a r l i e r  th a t  in  c e r t a in  case s  in  each 
s e r i e s  th e re  was a  r i s e  in  th e  #  Blood Sugar succeeded 
by a  f a l l  du rin g  th e  course  o f  a n a e s th e s ia .  These cases  
a re  :«• S e r ie s  I ,  Nos. 22, 28, 57» 44 , and S e r ie s  I I ,  
Nos. 4 , 10, 12, 14, 24, 52, 56, An exam ination  o f  th e se  
11 c a se s  shows th a t  4 were very  th in ,  6 medium b u ild ,  
and on ly  1 obese -  a p p a re n tly  in d ic a t in g  a tendency  fo r  
th e  f a l l  in  Blood Sugar to  s e t  in  e a r l i e r  in  peop le  o f  
t h i n  o r medium b u ild  th a n  in  th e  obese.
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P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

T ab le  B. has been drawn up to  show th e  Blood Sugar changes up 
to  250 m inu tes from  b eg in n in g  a n a e s th e s ia  in  c a se s  which re c e iv e d  
no s a l in e  a f te rw a rd s .  From t h i s  t a b le  th e  upper curve on "graph c" 
h as  been drawn to  i l l u s t r a t e  th e  average cou rse  o f  th e  Blood Sugar 
in  th e s e  c a se s . In  them, th e  maximum o ccu rred  abou t te n  m inu tes 
a f t e r  th e  c e s s a tio n  o f  a n a e s th e s ia .  Lund and R ic h a rd so n fÎ2 ) found 
th e  average  r i s e  in  th e  Blood Sugar in  th e  f i r s t  h a l f  hour to  be 
0 , 051^  in  17 c a se s  (method o f  F o lin  and V u). T h is  compares c lo s e ly  
w ith  th e  f ig u r e  0,045!^ o b ta in e d  in  th e  p re s e n t  s e r i e s .  When th e  
lo n g e r a n a e s th e s ia s  (o v e r 60 m inu tes) a re  co n sid e red  a s  a  group i t  
i s  to  be n o ted  t h a t  th e  r a t e  o f  in c re a se  in  th e  second h a l f  hour 
was g r e a te r  th a n  in  th e  f i r s t  (0 ,06\%  compared to  0 .0 4 2 ^ ). T h is 
may be w holly , o r in  p a r t ,  due to  th e  f a c t  t h a t  in  th e  f i r s t  h a l f  
hour some ^ 1 0  m inu tes may be tak en  up by th e  in d u c tio n  o f  a n a e s th e s ia  

I t  i s  o f  i n t e r e s t  t h a t  Lund and R ichardson  a ttem p ted  to  c o r r e l a te  
th e  e x te n t  o f  th e  in c re a s e  o f  Blood Sugar in  t h e i r  c a se s  w ith  th e  
fo llo w in g  f a c t o r s î -

( t ) .  B asal m etabolism  r a te .
( 2 ) .  P u lse  r a t e  b e fo re  and a f t e r  o p e ra tio n .
( 5 ) ,  C yanosis du rin g  a n a e s th e s ia .
( 4 ) . lAmount o f e th e r  g iven .
( 5 ) .  Tem perature o f  th e  p a t ie n t .
( 6 ) .  S e v e r ity  o f  p o s t-o p e ra t iv e  symptoms,
(7)* P o s t-o p e ra tiv e  b a sa l m etabolism  curve.
( 3 ) .  D uration  o f  th e  d is e a se .
( 9 ) .  Loss o r g a in  o f  w eigh t.
( t o )  Age.

I n th e i r  s e r i e s  no c o r r e la t io n  o f  th e  d a ta  on th e s e  p o in ts  cou ld  be 
found. So f a r  a s  th e  above f a c to r s  a re  concerned , w ith  th e  e x c e p tio n  
o f  Nos. ( t )  and ( 7 ) ,  which wore n o t observed , g en e ra l agreem ent 
must be ex p ressed  w ith  Lund and R ichardson*s f in d in g s .  With r e f e r 
ence to  age, th e  r e s u l t s  o b ta in ed  from S e r ie s  I  (T ab les  A and H 
combined) w e re :-

Ages under 40 -  14 cases
Average Tncr. in  B.S. in  50 m ins. •  0 . 0 4 ^ .

Ages over 40 -  I5  ca ses
Average In c r .  in  B.S. in  50 m ins. * 0 .044#.

T h is  dem o n stra tes  t h a t  age has no s p e c ia l in f lu e n c e  on th e  e x te n t
o f  th e  r i s e  in  th e  Blood Sugar in  a n a e s th e s ia .

No ev idence o f any p a r t i c u la r  in f lu e n c e  on th e  Blood Sugar o f
f e a r ,  em otion, p a in , o r f a t ig u e ,  p rev io u s  to  o p e ra tio n , was ob
se rv ed  in  th e  few cases  in  which e s tim a tio n s  were made. The 
equan im ity  and nonchalance o f th e  m a jo r ity  o f th e  p a t ie n t s  were 
rem ark ab le . E p s te in  and Aschner ( I t )  have shown s im ila r  r e s u l t s .



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

The o b se rv a tio n  on th e  p rev io u s  page, t h a t  in  c a se s  where th e  
i n i t i a l  Blood Sugar was low th e  in c re a s e  in  50 m inu tes was very  
g r e a t ,  and v ic e  v e rs a , i s  p a r a l l e l l e d  by t h a t  o f  Jaco b sen  ( t 5 ) .  
T h is  worker n o ted , on g iv in g  100 gms. g lu co se  a s  a t e s t  m eal, t h a t  
th e  maximum Blood Sugar p e rce n tag e  was reached  in  50 m inu tes in  
th o se  ca se s  where th e  o r ig in a l  Blood Sugar was low, but m ight be 
de lay ed  fo r  90 m inu tes where th e  o r ig in a l  Blood Sugar was h ig h .

The g iv in g  o f  morphia ( t /6 g r .  o f  th e  su lp h a te )  some 12 h o u rs  
b e fo re  o p e ra t io n  cannsasonab ly  be co n s id e re d  a s  n e g l ig ib le  in  i t s  
e f f e c t s  on th e  Blood Sugar. S im ila r ly ,  a p re -o p e ra t iv e  h y p er- 
g lycaem ia due to  o th e r  f a c to r s  such a s

( 1 ) .  d ia b e te s .
( 2 ) .  food .
( 5 ) .  e x e rc is e .  (B rosalem . 0. and S te rk e l .  H .) ,  (1 4 ) .
( 4 ) .  haem orrhage. (E p s te in  and B a e h r .) ,  (15)» 

may be c o n s id e re d  a b se n t, a s  th e  p re p a ra t io n  fo r  o p e ra t io n  was 
un ifo rm  th ro u g h o u t.

( 5 ) .  The r a t e  o f  f a l l  o f  th e  Blood Sugar on th e  c e s s a t io n  o f  th e  
a n a e s th e s ia  was very  co n s id e ra b ly  slow er th a n  th e  r a t e  o f  
th e  i n i t i a l  r i s e .

T h is  i s  w ell i l l u s t r a t e d  on graph "C", where a cu rv e , th e  a v e r
age fo r  a s e r i e s  o f  7 cases  on which extended o b se rv a tio n s  were 
made, h as  been drawn. In  th r e e  hours th e  Blood Sugar, a f t e r  40 
m inu tes a n a e s th e s ia ,  had on ly  f a l l e n  from 0 .187^  to  0 ,175^ . In  Lund 
and R ichardson* s ca se s  an average Blood Sugar o f  0, lOlj^ ro se  to  
0 . 152^  in  h a l f  an h ou r, and 5 to  6 hours l a t e r  i t  had on ly  f a l l e n  
to  0 . 157^ . These w orkers, however, f a i l  to  s t a t e  th e  average 
d u ra tio n  o f  a n a e s th e s ia .  On graph "0" i s  a ls o  shown th e  curve o f  
th e  Blood Sugar a f t e r  50 gms. g lu co se  in  normal in d iv id u a ls ,  as 
c a r r i e d  o u t by MacLean (1 6 ) . A com parison between th e se  two cu rves 
i l l u s t r a t e s  th e  marked change in  ca rbohydra te  m etabolism  caused by 
a n a e s th e s ia .  When one c o n s id e rs  t h a t  th e  v a r ia t io n  in  th e  g lu co se  
c o n te n t o f  th e  b lood  i s ,  in  th e  normal ca se , due to  exogenous su g ar, 
and in  th e  o th e r ,  due to  th e  a l t e r a t i o n  o r m o b ilis a t io n  o f  endogen
ous su g a r, o r sug ar-p ro d u c in g  r e s e rv e s ,  th e  a c tu a l  d if f e re n c e  has 
an in c re a s e d  s ig n if ic a n c e .



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

( 4 ) .  When a 10-12 u n i t  dose o f In s u l in  was g iv en  im m ediately  b e fo re  
or e a r ly  in  a n a e s th e s ia  in  55 c a se s , th e  Blood Sugar p e rce n tag e  
in c re a se d  by 0 .047^ , compared to  an in c re a s e  o f  0 .042^  in  50 
cases  in  which no I n s u l in  was g iv en . In  th e  second h a l f  hour o f  
a n a e s th e s ia  where 10-12 u n i t s  had been g iv e n , th e  Blood Sugar 
in c re a se d  by 0 , 0 2 ^ ,  (19  c a s e s ) ,  compared w ith  an in c re a s e  o f  
0o06l#l where no I n s u l in  had been g iv en  (9  c a s e s ) .  In  9 case s  
o u t o f  45 in  which th e  same amount o f  I n s u l in  was g iv en , th e  
QMLximura p o in t  or peak o f  th e  Blood Sugar curve o ccu rred  d u rin g  
th e  course  o f  a n a e s th e s ia ,  i*e* b e fo re  th e  end o f th e  o p e ra tio n  
a f a l l  in  th e  Blood Sugar had s e t  in .

A dose o f  I n s u l in  n o t exceeding  12 u n i t s  d u rin g  th e s e  o b serv 
a t io n s  was dec ided  upon in  o rd e r  to  o b v ia te  any r i s k  o f  a  hypog lyc- 
aomic r e a c t io n  m a n ife s tin g  i t s e l f  in  an u n reco g n ised  case  o f re n a l 
g ly c o s u r ia .  As a  m a tte r  o f  f a c t ,  no hypoglycaem ic symptoms were 
o b served , u n le s s  in  one case  (N o.5) where very  p ro fu se  sw eating  
o ccu rred  d u rin g  th e  course o f a n a e s th e s ia ,  p o s s ib ly  due to  th e  a c t io n  
o f  I n s u l in .  The In s u l in  was g iven  subcu taneously  th ro u g h o u t, so t h a t  
i t s  mode o f  a c t io n  m ight be uniform . M ueller, Wiener and Wiener (1 7 ) 
have dem onstra ted  t h a t  I n s u l in  g iv en  in t ra d e rm ic a lly  has a g r e a te r  
Blood Sugar red u c in g  v a lu e  th a n  th e  same dose g iven  subcu taneously  
to  th e  same anim al under th e  same c o n d itio n s , and th e se  w orkers con
c luded  t h a t  th e re  a re  two p h y s io lo g ic a l mechanisms whereby I n s u l in  
e x e r ts  i t s  e f f e c t s  on th e  sugar m etabolism , one method b e in g  a s tim 
u la t io n  o f  g ly c o g e n e s is  in  th e  l i v e r  th rough th e  medium o f th e  p a ra 
sym pathetic  system , and th e  o th e r  a d i r e c t  hormone a c t io n  on th e  
g lu co se  m olecule i t s e l f .  The subcutaneous ro u te  on ly  was used  in  a l l  
c ase s  o f  t h i s  s e r ie s .

I t  w i l l  be e v id e n t from th e  r e s u l t s  shown above t h a t  I n s u l in  g iven  
su b cu tan eo u sly , in  10 u n i t  d oses , does n o t e x e r t  any p a r t i c u la r ly  
marked in f lu e n c e  on th e  Blood Sugar in  a n a e s th e s ia  u n t i l  a t  l e a s t  
h a l f  an hour a f t e r  i t s  a d m in is tra t io n . In  th e  second h a l f  hour th e  
e f f e c t  i s  q u i te  e v id e n t, th e  average increm ent being  reduced  from 
0 , 0 6 t^  to  0.025;^- 10-12 u n i t s ,  however, i s  too  sm all a dose to  a b o lis h  
th e  hyperg lycaem ia due to  e th e r  when i t  i s  g iven  im m ediately b e fo re  
th e  a d m in is tr a t io n  o f  th e  a n a e s th e s ic ,  b u t n e v e r th e le s s  i t  se rved  in  
9 c a se s  o u t o f  45 ( i . e .  21;^) to  cause a r i s i n g  Blood Sugar to  f a l l  
w h ile  e th e r  was s t i l l  b e ing  g iv en . I t  must be no ted  th a t  th e  f o r e 
going  f ig u r e s  a re  on ly  th e  average ones o f  th e  4,5 c a se s  s tu d ie d , and 
th a t  th e re  was very  co n s id e ra b le  v a r ia t io n  in  in d iv id u a l c a s e s ,  feqme 
re a c te d  q u ic k ly  to  th e  I n s u l in ,  w hile  in  o th e rs  th e re  was very  l i t t l e  
a p p a re n t e f f e c t .  A com parison o f  case s  21 and 22 d em onstra tes  how 
v a r ia b le  th e s e  e f f e c t s  m ight be. Though th e  p rocedure  was s im ila r ,  
case  21 showed a f a l l  o f  0 ,056^, w hile  case  22 showed a r i s e  o f  0 . 155^  
The same b a tch  o f  I n s u l in  was used  th roughou t th e se  c a se s .
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T his extrem e v a r i a b i l i t y  in  th e  pharm aco log ical e f f e c t s  o f  I n s u l in  
i s  in  keep ing  w ith  th e  o b se rv a tio n  o f  F le tc h e r  and Campbell (1 8 ) , 
who showed th a t  th e  e x te n t  o f  th e  f a l l  o f  th e  Blood Sugar a f t e r  
I n s u l in  d id  n o t b ear any a c c u ra te  r e la t io n s h ip  to  th e  amount o f  
In s u l in  g iv en , even in  th e  one p a t ie n t .

The de layed  e f f e c t  o f  th e  In s u l in  on th e  
Blood Sugar in  th e  second h a l f  hour o f  a n a e s th e s ia  on th e  fo reg o in g  
s u rg ic a l  c a se s , none o f  whom was known to  have d ia b e te s ,  r e c a l l s  th e  
s ig n i f i c a n t  o b s e rv a tio n  o f  Hepburn (19) and h i s  c o l la b o ra to r s  t h a t  
I n s u l in  can s c a rc e ly  cause any low ering  o f  th e  Blood Sugar in  
d ia b e t ic  (d e p a n c re a tis e d )  dogs w h ils t  under e th e r ,  from which 
Macleod (20) in f e r r e d  th a t  e th e r  m ight n e u t r a l i s e  th e  a c t io n  o f  
I n s u l in  when th e re  was no g lycogen  in  th e  l i v e r .

( 5 ) .  The e f f e c t  o f  10 u n i t s  o f  I n s u l in  in  l a t e r  p e r io d s  a f t e r  
a n a e s th e s ia  was to  h a s te n  th e  r e tu r n  o f  th e  Blood Sugar 
to  norm al.

A com parison o f  "üie two upper cu rves on g raph  "c" i l l u s t r a t e s  th e  
average  change o f  th e  Blood Sugar in  th e  I n s u l in  and th e  n o n - in s u lin  
s e r i e s .

( 6 ) .  A 10-12 u n i t  dose o f  I n s u l in  g iv en  to  p a t ie n ts  a lre a d y  
a n a e s th e t is e d  by E ther o r C hloroform -E ther m ix tu re  had 
p r a c t i c a l l y  no e f f e c t  in  checking o r d im in ish in g  th e  
e x te n t  o f  th e  hyperglycaem ia due to  th e  a n a e s th e t ic .

The o b s e rv a tio n s  o f  parag raph  (4 )  above a re  based  on th e  r e s u l t s  
o b ta in e d  in  th e  whole s e r ie s  o f  c a se s , 45 in  number. Almost h a l f  
o f  t h i s  number re c e iv e d  t h e i r  in je c t io n  o f  In s u l in  e i th e r  p r io r  to  
th e  g iv in g  o f  th e  a n a e s th e t ic  o r e l s e  d u rin g  th e  in d u c tio n , i . e .  
b e fo re  com plete a n a e s th e s ia  had been e s ta b l is h e d .
T able B h as  been drawn up to  a f fo rd  th e  means o f  c o n s id e rin g  th e  
e f f e c t  o f  10-12 u n i t s  o f  I n s u l in  g iv en  a f t e r  th e  p a t i e n t s  were 
a lre a d y  a n a e s th e t is e d .  The f ig u r e s  in  Table E have been o b ta in e d  
s t r i c t l y  from th e  cu rv es , ta k in g  th e  tim è o f  g iv in g  I n s u l in  a s  ze ro , 
and w orking a t  f ix e d  in te r v a ls  from th e n , th roughou t th e  p e r io d  o f 
f u l l  a n a e s th e s ia .  Again a s  in d ic a te d  in  parag raph  (4 )  above, th e  r e s u l t s  
a re  v a r ia b le ,  b u t th e  e x te n t o f  th e  v a r ia t io n  i s  n o t q u i te  so marked 
a s  in  th e se  o f  th e  whole s e r i e s .



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

( 6 ) .  co n tin u ed .
C onsidering  th e  te n  c a se s  in  which a n a e s th e s ia  l a s t e d  fo r  an 

hour from  th e  tim e o f g iv in g  I n s u l in ,  one f in d s  th e  av erag e  in c re a s e  
in  th e  f i r s t  50 m inu tes to  be 0 .045^ , and in  th e  second 50 m inu tes 
to  be 0 .0 4 l^ .  Comparable f ig u r e s  a re  o b ta in e d  fo r  th o se  case s  which 
l a s t e d  75 m inu tes. For 25 such case s  th e  average  in c re a s e  in  th e  
f i r s t  h a l f  hour was 0 .040^ . These f ig u re s  have a l l  been p lo t te d  on 
graph "D". An exam ination  o f  th e se  f ig u r e s  and a  com parison o f  graph 
"D" w ith  th e  cu rves on graphs "A", "B", and "C" dem on stra tes  t h a t  
i n j e c t i o n  o f  10 u n i t s  o f  I n s u l in  a f t e r  a n a e s th e s ia  had s e t  in  had no 
a p p re c ia b le  e f f e c t  on th e  Blood Sugar up to  75 m inu tes.

Taken in  c o n ju n c tio n  w ith  th e  r e s u l t s  m entioned in  parag raph  (4 )  
th e se  f a c t s  in d ic a te  t h a t ,  w hile  10-12 u n i t s  o f  I n s u l in  g iven  b e fo re  
th e  in d u c tio n  o f a n a e s th e s ia  reduces  th e  e x te n t o f  th e  hyperglycaem ic 
r e a c t io n  o f  a n a e s th e t ic s  such as  E ther or C hloroform -E ther m ix tu re  
i t  i s  o f  l i t t l e  u se  i f  g iven  a f t e r  a n a e s th e s ia  h as  been induced . They 
would f u r th e r  in d ic a te  t h a t  i f  I n s u l in  in  10 u n i t  doses were to  be 
g iv e n  to  a d ia b e t ic  p a t ie n t  p r io r  to  o p e ra tio n , i t  shou ld  be g iv en  
a t  l e a s t  h a l f  an hour b e fo re  o p e ra tio n . Macleod (21) recommends 
a d m in is tr a t io n  o f  I n s u l in  fo r  se v e ra l days p r io r  to  o p e ra t io n  on 
d ia b e t ic s ,  in  o rd e r  to  augment th e  re s e rv e s  o f g lycogen . He h as  
a ls o  s ta t e d  th a t  I n s u l in  i s  o f l i t t l e  a v a i l  in  com bating p o s t-o p e ra tiv e  
coma, i f  i t s  a d m in is tra t io n  i s  de layed  u n t i l  a f t e r  th e  o p e ra t io n .
E adie h as  shown t h a t  th e  maximal in f lu e n c e  o f  I n s u l in  in  su p p ress in g  
an a lim e n ta ry  hyperg lycaem ia due to  sugar a d m in is tra t io n  i s  e x e r te d  
when I n s u l in  i s  g iv en  75 to  90 m inutes b e fo re  th e  su g a r. MacLeod (2 2 ) 
h a s  shown t h a t  when g iv en  to  dogs in  which th e  hyperglycaem ia due 
to  e th e r  i s  a lre a d y  e s ta b l is h e d  mope In s u l in  i s  r e q u ire d  to  b r in g  
th e  Blood Sugar w ith in  norm al l im i t s  th a n  when th e  anim al i s  g iv en  
I n s u l in  b e fo re  e th e r .



P R E O IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

(? ) •  The a d m in is tr a t io n  o f  a  10 u n i t  dose o f  I n s u l in  b e fo re  
an  a n a e s th e t ic  c o n s id e ra b ly  reduced  th e  amount o f  
P e h lin g 's - re d u c in g  su b stan ces  in  th e  p o s t - a n a e s th e t ic  u r in e .  
A s im ila r  dose o f  I n s u l in  was n o t found to  e x e r t  any 
a p p re c ia b le  e f f e c t  on th e  p resen ce  o f  Acetone o r o f  
D ia c e tic  Acid in  th e  u r in e .

76^  o f  th e  p o s t-o p e ra t iv e  u r in e s  in  S e r ie s  I were found to  reduce  
P e h lin g ’ s s o lu t io n ,  compared w ith  57‘̂  in  th e  In s u l in  S e r ie s .
Many su b stan ces  a re  co n s id e red  a s  a b le  to  reduce P e h lin g ’ s s o lu t io n  
( H utch ison  and Rainy ( 2 3 ) . ) ,  b u t o f  such su b stan ces  g lu c o se  i s  by 
f a r  th e  most common. U ric  a c id ,  c r e a t in in ,  la c to s e ,  g ly c u ro n ic  a c id ,  
and th e  p ro d u c ts  o f  c e r t a in  d ru g s, such a s  ch lo ro fo rm , a re  among 
th e  number. E xperience te n d s  to  show, how ever, t h a t ,  w ith  th e  
ex c e p tio n  o f  su g a r , th e se  a re  in c o n s ta n t in  t h e i r  appea ran ce , and 
I r r e g u la r  in  t h e i r  e f f e c t s  on th e  re d u c tio n  o f  P e h lin g ’ s s o lu t io n .  
R ia l ’ s t e s t  fo r  p en to ses  was u sed  th ro u g h o u t, b u t w ith  n e g a tiv e  
r e s u l t s .  G r i f f in  and Thompson (2 4 ) co n s id e r t h a t  t h i s  t e s t  e l im in a te s  
th e  p o s s i b i l i t y  o f  g ly c u ro n a te s  being  p re s e n t .  In  th e  ca se s  s tu d ie d  
h e re  th e  average re d u c tio n  o f  P e h lin g ’ s s o lu t io n  was d e f in i t e  b u t 
g e n e ra l ly  th e r e  was n o t s u f f i c i e n t  sugar p re s e n t to  g iv e  much 
fe rm e n ta tio n  w ith  y e a s t  . (4  cases  in  2 5 ).
The 10 u n i t  dose o f In s u l in  h e re  g iven  d id  n o t appear to  reduce 
th e  p e rce n tag e  o f  ca se s  o f  k e to n u ria  due to  th e  a n a e s th e t ic .
B anting  and B est (2 5 ) and t h e i r  c o l la b o ra to r s  showed th a t  I n s u l in  
d ec re ase d  k e to n u r ia ,  even a lth o u g h  g ly c o su r ia  m ight s t i l l  be 
c o n s id e ra b le . M acleod,( 26 ) , h as  suggested  th a t  k e to n u r ia  on ly  o ccu rs  
when th e  g lycogen  o f  th e  l i v e r  has d isap p ea red , and th a t  g lycogen 
can be b u i l t  up in  th e  l i v e r  a s  a  consequence o f  th e  I n je c t io n  o f  
I n s u l in .  The o ccu rren ce  o f  k e to n u r ia  w ith  d im in ish in g  glycogen  
s to r e s  in  th e  h e p a t ic  t i s s u e  may e x p la in  th e  a c t io n  o f  a n a e s th e t ic s  
in  cau s in g  th e  Blood Sugar to  in c re a s e , e .g .  from  a  to x ic  a c t io n  
on th e  l i v e r  cau sin g  g ly c o g e n o ly s is .
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( 3 ) .  The Renal T h resho ld  fo r  Sugar was found to  be very  v a r ia b le -  
much more v a r ia b le  th a n  i s  g e n e ra lly  supposed -  and too  
v a r ia b le  to  p e rm it one a s s ig n in g  d e f in i t e  normal l im i t s  to  
i t .  The f ig u r e s  o b ta in e d  em phasise th e  need fo r  a re c o n s id e ra t io n  
o f  th e  v a l id i t y  o f  th e  th e o ry  o f  th e  Renal T h resho ld ,

The resp o n se  o f  th e  u r in e s  t e s t e d  to  
P eh lin g * s  s o lu t io n  may be summarised th u s : -  (46 u r in e s  t e s t e d )

Number o f  C ases. Blood Sugar V a r ia t io n . P e h l in g 's  R eduction .

19 cases from 0 .181^  to  0 .320^ P re s e n t.
12 " " 0 .133^  to  0.175% P re s e n t.
12 " " 0.181^: " 0 .386# A bsent.
3 " " 0 ,129# " 0 .175# A bsent.

C e r ta in  d i f f i c u l t i e s  s ta n d  in  th e  way o f  a  c o r r e c t  e s t im a tio n  o f  
th e  Renal T h re sh o ld :-  ( a )  i t  i s  a lm ost im p o ss ib le  to  make q u i te  
c e r t a in  t h a t  th e  Blood Sugar observed  i s  a c tu a l ly  a t  th e  h ig h e s t  
le v e l  a t t a in e d  d u rin g  o r a f t e r  a n a e s th e s ia ,  or a f t e r  a  g lu co se  m eal.
(b )  even when th e  b lood and u r in e  a re  removed as  c lo se  to g e th e r  as  
p o s s ib le  th e y  cannot be co n sid e red  as  s im ultaneous specim ens.
(c )  w h ile  th e  Blood Sugar curve i s  f a l l i n g  th e  r e la t io n s h ip  betw een 
th e  Blood Sugar c o n c e n tra tio n  in  b lood  and in  u r in e  may be q u i te  
d i f f e r e n t  from what i t  i s  w h ile  th e  curve i s  ascen d in g , (d )  th e  r a t e  
o f  u r in e  fo rm atio n  i s  an unknown and v a r ia b le  b u t im p o rtan t f a c to r .

Many a u t h o r i t i e s  a re  in  c lo se  agreem ent on th e  
q u e s tio n  o f  th e  Renal T hresho ld  fo r  Sugar. MacLeod (27) c o n s id e rs  i t  
to  s ta n d  between 0 , 160^ and 0 .180^ , Todd (28 ) from 0 . T70^ to  0 .180^ , 
MacLean (29 ) from 0 , 160^ to  0 ,170^ . Host (30 ) from an in t e r e s t in g  
study  on carb o h y d ra te  to le ra n c e  in  p reg n an t women has shown th a t  
e a r ly  in  pregnancy th e  p o s i t io n  o f  th e  T hresho ld  i s  ’n o rm a l ',  and 
g ly c o s u r ia  i s  due to  marked hyperg lycaem ia, and i s  n o t, a s  i s  
g e n e ra lly  b e lie v e d , o f  re n a l  o r ig in ,  w h ile , on th e  o th e r  hand, in  
th e  l a t t e r  p a r t  o f  pregnancy th e  Renal T hresho ld  i s  o f te n  so low 
th a t  g ly c o su r ia  o f te n  o ccu rs  indepen d en tly  o f  a hyperg lycaem ia, 
in d ic a t in g ,  th e re f o r e ,  a re n a l  g ly c o su r ia . O .L.V .de Wesselow (51) 
re g a rd s  th e  normal th re s h o ld  as  0 ,180^ , b u t re c o g n ise s  th e  v a r ia t io n s  
below and above th a t  f ig u r e .  "The th re s h o ld  may be r a i s e d  and no 
a p p re c ia b le  amounts o f  g lu co se  w il l  appear in  th e  u r in e ,  even a lth o u g h  
th e  Blood Sugar i s  very  much above any le v e l  a t t a in e d  in  h e a l th .  In  
t h i s  l a t t e r  group sugar may be ab se n t from u r in e  when th e  Blood Sugar
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( 8 ) .  co n tin u ed .
h as  reach ed  a f ig u r e  o f  0 .20#  o r even 0 .3 0 # " . Goto and Kuno (3 2 ) , 
s tu d y in g  ca rb o h y d ra te  to le ra n c e  in  th e  Jap an ese , found 40# o f  men 
who had g ly c o su r ia  w ith  a Blood Sugar below 0 .190# . These w orkers 
p la ced  th e  upper le v e l  o f  th e  Renal T hresho ld  d e f in i t e l y  a t  0 ,170# , 
b u t th ey  were unab le  to  s t a t e  th e  lower le v e l .

The w orkers quo ted  above have based  t h e i r  
co n c lu s io n s  g e n e ra lly  on s tu d ie s  o f  th e  ca rb o h y d ra te  to le r a n c e ,  
and th e  g iv in g  o f  s ta n d a rd  doses o f  g lu c o se .

A study  o f  th e  r e s u l t s  o f  th e  p re s e n t  case s  where 
th e  in c re a s e  in  th e  Blood Sugar has been o b ta in e d  from  an endogenous 
so u rce , i . e .  by g ly c o g e n o ly s is , dem o n stra tes  two i n t e r e s t i n g  p o in ts ;  
v i z . ,  (1 )  t h a t  28# o f  th e  s e r i e s  f a i l e d  to  show g ly c o s u r ia  a lth o u g h  
t h e i r  Blood Sugar was over 0 .180# , and (2 )  t h a t  28# o f  th e  s e r ie s  
showed g ly c o su r ia  w ith  a Blood Sugar o f  l e s s  th a n  0 .175#» One case  
(N o .13, S e r ie s  l )  had a  Blood Sugar curve which reach ed  to  0 .386# , 
re c e iv e d  an  a n a e s th e t ic  f o r  85 m inu tes, and th e n  a  r e c t a l  s a l in e  
w ith  5# g lu c o se , and had a  Blood Sugar c o n s ta n t ly  above 0 ,200# f o r  
over fo u r  h o u rs , and y e t  th e  f i r s t  u r in e  passed  when co n sc io u sn ess  
was re g a in e d  n e i th e r  gave a  4ve P e h lin g 's  r e a c t io n  nor ferm en ted  
w ith  y e a s t .

The d ed u c tio n  which must be made from  th e  p re s e n t  
work i s  t h a t  56#  o f  th e  ca se s  h e re  observed  do n o t acco rd  w ith  th e  
d o c tr in e  o f  a f ix e d  re n a l th re s h o ld  o f  abou t 0 .180# . When, in  ad d itio ry  
i t  i s  remembered t h a t  t r a c e s  o f  sugar o r r e l a t e d  c a rb o h y d ra te s  can 
be dem onstra ted  in  normal u r in e s ,  a  f u r th e r  doubt i s  thrown upon 
th e  v a l id i t y  o f  th e  th e o ry . The th e o ry  i t s e l f  i s  a t t r a c t i v e  and 
f r e q u e n t ly  u s e fu l  a s  a working h y p o th e s is , b u t i t  f a i l s  to  g iv e  an 
ad equa te  e x p la n a tio n  o f  th e  o ccu rren ce  o f  th e  two fo re g o in g  f a c t s .  
U n t i l ,  however,m ore ev idence on th e  s u b je c t  h as  accummulated i t  i s  
d i f f i c u l t  to  f u rn is h  a  b e t t e r  e x p la n a tio n  o f  th e  p ro c e s s .

The re n a l  th re s h o ld  - i f  th e re  i s  one -m ust be 
co n s id e re d  a s  b e in g  o f  much g re a te r  v a r i a b i l i t y  th a n  i s  g e n e ra l ly  
supposed. T h is s e r ie s  o f  cases  shows th a t  i t  v a r ie s  g r e a t ly  between 
one n o n -d ia b e tic  perso n  and a n o th e r , under th e  in f lu e n c e  o f  an 
a n a e s th e t ic .  I t  even ap p ea rs  to  change d u rin g  th e  cou rse  o f  p re g -  
n a n c y (H o s t) .(3 0 ) . For a l l  th e  ev idence to  th e  c o n tra ry , i t  may 
v a ry  f re q u e n tly  to  s l i g h t  d eg rees in  normal persons a t  d i f f e r e n t  
tim es and under d i f f e r e n t  co n d itio n s .N o  p h y s io lo g ic a l f lu i d s  in  
th e  body have an a b s o lu te ly  c o n s ta n t com position , b u t appear to  
be in f lu e n c e d , i f  on ly  very  s l ig h t ly ,b y  v a r io u s  p h y s ic a l and 
m e tab o lic  p ro c e sse s  in  th e  a tte m p t to  m a in ta in  a  c o n d itio n  o f  
p h y s io lo g ic a l e q u ilib r iu m . The re n a l th re s h o ld  i s  n o t u n l ik e ly  
to  be one such f a c to r .



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON.

( 8 ) .  co n tin u ed .
With th e  fo re g o in g  r e s e r v a t io n s ,  i t  may be c o n c lu d e d ,th e re fo re ,  
t h a t  th e  s o - c a l le d  Renal T hresho ld  i s  a  very  v a r ia b le  le v e l  o f  th e  
Blood Sugar. I t  may average  abou t 0 .180# , b u t th re s h o ld s  much above 
o r a  l i t t l e  below t h i s  f ig u r e  e x i s t  w ith o u t any obvious d e p a r tu re  
from h e a l th .  A th re s h o ld  o f  0 .250#  i s  n o t n e c e s s a r i ly  in co m p a tib le  
w ith  h e a l th .  U n ti l  an o th e r e x p la n a tio n  can be fu rn is h e d  to  re p la c e  
i t ,  i t  i s  in a d v is a b le  to  go so f a r  a s  B en ed ic t, O ste rb e rg , and 
N euw irth (5 5 ) ,  who deny th e  s ig n if ic a n c e  o f  th e  Renal T h re sh o ld ,an d  
in  a d d i t io n ,  p le ad  fo r  th e  abandonment o f  t h a t  d o c tr in e  w ith o u t, 
however, o f f e r in g  one to  re p la c e  i t .

The f a c t s  t h a t  th e  case s  h e re  s tu d ie d  a re  a l l  s u r g ic a l ,  
some hav ing  le s io n s  le a d in g  to  profound m e tab o lic  d is tu rb a n c e , and 
th a t  i t  i s  im p o ss ib le  to  overcome th e  o b s ta c le s  p re v io u s ly  m entioned 
a s  in c id e n ta l  to  th e  e s tim a tio n  o f  th e  Renal T h resh o ld , p re v e n t one 
a tte m p tin g  to  s t a t e  d e f in i t e l y  th e  l i m i t s  w ith in  which th e  normal 
p h y s io lo g ic a l th re s h o ld  may be co n sid e red  to  l i e .  To say , however, 
a s  many w orkers do, t h a t ,  a s  a  r u le ,  th e  R enal T h resh o ld  i s  abou t 
0 .1 8 0 #  i s  to  e s t a b l i s h  a  r u le  v i r t u a l l y  f u l l  o f  e x c e p tio n s .



P R E C IS  OF R E SU L T S AND D IS C U S S IO N  T H E R E O N .( c o n t i n u e d ) .

( 9 ) .  The average p re -o p e ra t iv e  o r r e s t i n g  Blood Sugar was found 
to  b e , in  th e  89 cases  s tu d ie d , 0 ,116#  fo r  m a les ,an d  0 .124# 
fo r  fem ales; average fo r  th e  s e r i e s  0 .120# . The range  was from 
0 , 050#  up to  0 . 207# . (M acLean's method on a r t e r i a l  b lo o d ).

The r e s u l t s  o b ta in e d  by o th e r  w orkers a re  shown in  th e  ta b le  
below . T h e ir r e s u l t s  a r e ,a s  a  r u le ,o b ta in e d  from h e a lth y  p erso n s 
u n l ik e  th o se  h e re  s tu d ie d ,w h ich  a re  a l l  s u rg ic a l  c a s e s . There i s  a  
g e n e ra l co rrespondence betw een a l l  t h e i r  f ig u re s  as  re g a rd s  th e  
upper l i m i t  o f  th e  f a s t in g  Blood Sugar. The e s tim a tio n s  in  th e  p re s e n t  
s e r i e s  were c a r r ie d  o u t on a r t e r i a l  b lood  w h ich ,as shown by  Faber (34 ) 
h as  a s l i g h t l y  h ig h e r  Blood Sugar c o n c e n tra tio n  th a n  venous b lood , 
a ls o  dem onstra ted  by W ertheim er (3 5 ) .

The r e s t i n g  Blood Sugar

O bservers. Methods. Average #. V a r ia t io n s .

MacLean (36) MacLean. 0.100# ---

E p s te in  & 
A schner(37) 

Liefmann & 
S te rn  ( 3 8 ) 

Todd (39)

Lewis & 
B ened ic t.

0 .090#

0 .085#

0.100#

0 .066#-0 . 109# 

0.090#-0.120#

H ost (4o)

G ett i e r  & 
Baker (41) 

H opkins (42 )

Hagedorn & 
Norman—J ensen . 
O rig in a l Lewis 

B ened ic t. 
Bang mino.

0.097#

0 .050#-0 . 120# 

0 .060#-0 . 110#

Myers &
B a iley (4 3 ) 

W illiam s & 
Hum phrles(44) 
De Wesselow

(45)

M odified  Lewis 
B ened ic t. 

O r ig in a l Lewis 
B ened ic t.

0,090#-0.110# 

o.o7o#-o.i4o# 

o.o7o#-o.110#

H ost (40) found th e  average Blood Sugar in  h e a lth y  men to  be s l i g h t l y  
l e s s ( 0 . 095#) th a n  in  h e a lth y  women(0 .0 9 9 # ),w h ile  E p s te in  and A schner(57) 
found th e  re v e rs e  in  s u rg ic a l  ca se s ,m a le s  0 .0 9 6 # ,fem ales 0 .084#.
Sex, th e re fo re ,a p p e a r s  to  e x e rc is e  no p a r t i c u la r  in f lu e n c e  on th e  
Blood Sugar so f a r  a s  th e  above r e s u l t s  a re  concerned.



P R E O IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

(1 0 ) ,  Age was n o t found to  e x e rc is e  any a p p re c ia b le  in f lu e n c e  on 
th e  Blood Sugar in  p ersons under 60 y e a r s .  Over t h a t  age 
th e r e  was ev inced  in  bo th  sexes a tendency  fo r  th e  Blood 
Sugar to  r i s e  s l i g h t ly .

The ta b le s  in  th e  summary o f P a r t  IV a re  drawn up to  i l l u s t r a t e  
th e  Blood Sugar in  d i f f e r e n t  age g roups.

Spence (4 6 ) has shown t h a t  a s  age advances th e r e  i s  a tendency  
f o r  th e  Blood Sugar curve a f t e r  a  g lu co se  meal to  approach  th e  
d ia b e t ic  ty p e , i . e .  w ith  a s l i g h t ly  e le v a te d  f a s t i n g  le v e l ,  a 
c o n s id e ra b le  r i s e ,  and a slow , p ro longed  f a l l .

(1 1 ) . The p re -o p e ra t iv e  o r r e s t i n g  Blood Sugar was found to  vary  
s l i g h t ly  in  d i f f e r e n t  d is e a se  g roups, being  h ig h e s t  in  
th y ro id  case s  and low est in  th e  group o f  n o n - d e b i l i t a t in g  
co m p la in ts , e .g .  h e rn ia ,  f r a c tu r e ,  e t c .  M alignan t d is e a s e  
(c a n c e r)  occup ied  an in te rm e d ia te  p o s i t io n .  The obese p a t ie n ts  
on th e  w hole, had a  r e s t in g  Blood Sugar above th e  c a c h e c tic .

Among th e  many c o n d itio n s  and ag en c ie s  le a d in g  to  a h ig h  r e s t i n g  
Blood Sugar, m ention i s  made o f  d ia b e te s .  G raves' d is e a s e , o b e s i ty ,  
n e p h r i t i s  w ith  h ig h  b lood  p re s s u re ,  s e p s is ,  m alignan t tum ours, and 
haem orrhage, (de  Wesselow -4 ? ) .  The p re s e n t  s e r i e s  g iv e s  confirm 
a t io n  o f  t h i s  in  th e  case  o f  sim ple h y p erth y ro id ism  (O .128#), 
c a n c e r ( 0 .125#), and o b e s ity  ( 0 . 125# ) ,  w h ile  i t  was a ls o  n o ted  th a t  
th e  c a se s  o f  s u rg ic a l  tu b e r c u lo s is ( c h ie f ly  c e rv ic a l  g la n d s)  had 
a ls o  a r e l a t i v e l y  h ig h  Blood Sugar, 0 .123#. I t  must be r e c o l le c te d ,  
however, t h a t  h a l f  o f  th e  obese s u b je c ts  were a ls o  a f f l i c t e d  w ith  
g a l l - s to n e s .  Two o f  th e  case s  o f  cancer o f  th e  p y lo ru s  were found 
to  have a r e s t i n g  Blood Sugar o f  0 .048# and 0.057#* No o b se rv a tio n s  
were made on c a se s  o f  s e p s is ,  haem orrhage, o r n e p h r i t i s .

(1 2 ) .  The range o f  th e  p re -o p e ra t iv e  Blood Sugar w ith in  each d is e a s e  
group was found to  be much g re a te r  th a n  in  h e a l th .

Three cases  o f  cancer o f  th e  stomach had, fo r  exam ple, p re 
o p e ra t iv e  Blood Sugars o f  0 .057# , 0 .048#, and 0 .177#: two c a se s  o f  
c h ro n ic  a p p e n d ic i t i s  f ig u re s  o f  O.O5O# and 0 . I56# : two cases  o f  
th y ro id  en largem ent O.O95#  and 0 .160#, and two c a ses  o f  g a l l - s to n e s  
0 . 070#  and 0 .160#.



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON, ( c o n t i n u e d ) .

( 15) .  The e x te n t  o f  th e  average  I n c r e a s e , in  d i f f e r e n t  d is e a se  
g ro u p s,d u e  to  th e  a d m in is tr a t io n  o f  th e  a n a e s th e t ic  fo r  
a  g iven  tim e v a r ie d  c o n s id e ra b ly ,b e in g  g r e a t e s t  in  th e  
groups o f  n o n - d e b i l i ta te d  c a se s  and in  m a lignan t d is e a s e , 
and l e a s t  in  th e  c a se s  o f T u b e rc u lo s is  ( c h ie f ly  o f c e rv ic a l  
g la n d s)  and ch ro n ic  a p p e n d ic i t i s .

In  t h i s  co n n ec tio n  i t  shou ld  be r e c a l le d  t h a t  P riedenw ald  and O rove(4ô) 
have made th e  i n t e r e s t in g  o b se rv a tio n  t h a t  a hyperg lycaem ia w ith  
slow r e tu r n  to  no rm al,consequen t on a  g lu co se  m e a l , is  n o t uncommon 
in  m alig n an t tum ours o f  th e  i n t e s t i n a l  t r a c t .  T h is was no ted  in  
72 c a se s  o u t o f  75* They concluded from t h e i r  work th a t  th e  b lood  
changes a s s o c ia te d  w ith  m alignan t d is e a s e  appeared  to  be th e  r e s u l t  
o f  a  w idespread  d is o rd e r  o f  th e  fu n c tio n  o f  th e  body t i s s u e s , in v o lv in g  
th e  k idneys and th e  endocrine  o rgans .

In  th e  c a se s  s tu d ie d  h e re  th e  
e s t im a tio n  o f  th e  Blood Sugar changes in  a n a e s th e s ia  a f fo rd e d  no 
p o in t o f  d ia g n o s t ic  v a lue ,com parab le  to  P riedenw ald  and G ro v e 's  
o b s e rv a tio n ,b u t i t  i s  n o ta b le  t h a t  th e  Blood Sugar re sp o n se  to  
a n a e s th e s ia  was g r e a te r  in  th e  m a lignan t tum ours th a n  in  o th e r  d is e a s e s .  
T ab le  M shows th e  c o l le c te d  f ig u r e s  fo r  each d is e a s e  group on which 
th e  fo reg o in g  o b se rv a tio n s  a re  based .

(1 4 ) ,  In  a  s e r ie s  o f  p a th o lo g ic a l case s  i t  i s  unw ise to  draw r i g i d  
co n c lu s io n s  from a s tudy  o f  o b e s ity  o r c a c h e x ia ,s in c e  one or 
o th e r  c o n d itio n  i s  so f re q u e n tly  a concom itan t o f  s e r io u s  
d i s e a s e ,b u t , i f  th e  n a tu re  o f  th e  d is e a s e s  be ig n o red  fo r  th e  
m om ent,the p a r t i c u l a r ly  obese c a se s  in  th e  s e r ie s  showed a 
s l i g h t ly  h ig h e r  Blood Sugar p e rce n tag e  th a n  th e  p a r t i c u la r ly  
th i n  c a se s  (0 .1 2 5 #  compared to  O .I I5# ) ,w h ile  th e  in c re a s e  
a f t e r  50 m inutes a n a e s th e s ia  was c o n s id e ra b ly  g r e a te r  in  th e  
f a t  th a n  in  th e  th in  c a s e s , th e  in c re a se  be ing  0 . 057#  in  th e  
form er and 0 .057# in  th e  l a t t e r .  I t  was a ls o  observed  t h a t  
th e  r e tu r n  to  normal ten d ed  to  s e t  in  e a r l i e r  in  th e  th in  
p a t ie n ts .



P R E C IS  OP R E SU L T S AND D IS C U S S IO N  THEREON. ( c o n t i n u e d ) .

( 15) .  In  seven o u t o f  th e  89 c a se s , th e  r e s t i n g  Blood Sugar was
found to  be 0 ,075#  o r under. S ix  o f  th e se  were c a se s  o f  g a s t r o 
i n t e s t i n a l  d is e a s e .  They i l l u s t r a t e  th e  f a c t  t h a t  p a t ie n t s  
may be p e r f e c t ly  co n sc io u s , and th e  u su a l s ig n s  o f  hypo- 
g lycaem ia a b se n t, w ith  th e  Blood Sugar a t  an abnorm ally  low 
le v e l ,  e .g .  a s  low a s  O.O5O#.

The case s  r e f e r r e d  to  a r e : -

No* o f  c a se s . D isease . I n i t i a l  #Blood Sugar.
S e r i e s l .  29- Cancer o f  P y lo ru s . 0 .048# .
S e r ie s  I I . 6. C hronic A p p e n d id itis . 0 . 050# .

” 14. Duodenal U lce r, 0 . 075# .
16. G all S tones . 0 .075# .

" 25. Pregnancy. 0 . 056# .
" 55. Cancer o f  Stomach. 0 .057# .
" 59. Duodenal U lce r . 0 . 075# .

P.J.Cammidge (49) has p u b lish e d  n o te s  on two c a se s  o f  hypoglycaem ia. 
The f i r s t  was t h a t  o f  a  man o f  46 , whose com pla in t was th e  slow o n se t 
o f  weakness, g id d in e s s ,  and le th a rg y ,  and whose f a s t i n g  o r r e s t i n g  
Blood Sugar was 0 .045# , which a  50gm .glucose meal d id  n o t r a i s e  
above 0 ,100# . th e r e  was no g ly c o s u r ia .  The cause was c o n s id e re d  to  
be hypoglycaem ia due to  a d e fe c t  in  th e  fu n c tio n a l  a c t i v i t y  o f  th e  
l i v e r ,  a c c e n tu a te d  by a toxaem ia o f  h e p a t ic  and i n t e s t i n a l  o r ig in .
The second case  was th a t  o f  a man whose com plain t was w eakness, 
le th a rg y ,  and in c re a s e  in  w eig h t. H is r e s t i n g  Blood Sugar was O.O50# . 
He e x c re te d  sugar a f t e r  a  t e s t  m eal. Cammidge co n s id e re d  th a t  in  
t h i s  case  th e  cause o f  th e  g ly c o su r ia  la y  in  a  low calcium  c o n te n t 
o f  th e  b lood , th u s  causin g  unusual p e rm e a b il i ty  o f  th e  k id n ey s fo r  
d e x tro se . The p a t i e n t  improved under calcium  and p a ra th y ro id  th e ra p y .

MacLeod ( 5 0 ) has in d ic a te d  t h a t  in  man 
s u b je c t iv e  symptoms o f  hypoglycaem ia due to  In s u l in  a d m in is tra t io n  
u s u a l ly  commence a t  abou t 0,075#* In  an im als  a t  0 ,045# d e f in i t e  
o b je c tiv e  symptoms a re  u s u a l ly  observed .

F le tc h e r  said Campbell ( 5 I)  s t a t e d  t h a t  th e re  
a re  p a t ie n t s  who become aware o f  hypoglycaem ia when th e  Blood Sugar 
i s  between 0.0Ô0# and 0 ,090# , w h ile , on th e  o th e r  hand, th e re  a re  
c a se s  where no symptoms have been observed  a t  th e  le v e l  o f  0 .054# .
A Blood Sugar o f  0 ,055#  i s  u s u a lly  accom panied by u n co n sc io u sn ess .
The low est Blood Sugar observed  by th e s e  w orkers was 0 ,025# .

MacLeod (52) has su g g ested  th a t  symptoms o f  
I n s u l in  hypoglycaem ia may be due to  th e  r a p id i ty  o f  th e  f a l l  in  
th e  Blood Sugar, r a th e r  th an  to  i t s  a b so lu te  le v e l .

These r e s u l t s ,  to g e th e r  w ith  th o se  o f  o th e r  
in v e s t ig a to r s  quo ted  above, in d ic a te  th e  n e c e s s i ty  fo r  c a re fu l  sea rch  
fo r  an o rg an ic  le s io n ,  e s p e c ia l ly  o f  th e  a lim e n ta ry  tra c t,w h e n e v e r  
an  u n u su a lly  low Blood Sugar i s  d isco v ere d .______________________ _______



P R E C IS  OP R E S U L T S . ( C o n t i n u e d ) .

(1 6 ) .  G eneral o b se rv a tio n s  on th e  p a t i e n t s ,  on th e  ease  o r 
o th e rw ise  w ith  which th e y  s to o d  th e  s t r e s s  o f  th e  o p e ra t io n , on 
t h e i r  c l i n i c a l  c o n d itio n  a f t e r  th e  o p e ra t io n , p o s t-o p e ra t iv e  
v om iting , shock, c o l la p s e ,  reco v e ry  from  th e  a n a e s th e t ic ,  
re v e a le d  no s u b s ta n t i a l  d if f e r e n c e  between th o se  who had re c e iv e d  
in s u l in  and th o se  who had n o t re c e iv e d  i t .



( D ) .

GENERAL SUMMARY OP RESULTS.

The a d m in is tr a t io n  o f  E th e r , o r o f  C h loroform -E ther M ix ture , 
a s  an a n a e s th e t ic ,  r a i s e d  th e  Blood Sugar to  a  c o n s id e ra b le  b u t 
v a ry in g  e x te n t .  The amount o f  th e  in c re a s e  bo re  some p ro p o r tio n  
to  th e  le n g th  o f  th e  p e r io d  o f  a d m in is tra t io n , ex cep t in  c a se s
w herethe i n i t i a l  Blood Sugar was a lre a d y  h ig h . Obese cases  
responded  more a c t iv e ly  th a n  c a c h e c tic  c a se s . A f a l l  in  th e  Blood 
Sugar g e n e ra lly  s e t  in  w ith in  à  few m inu tes o f  s to p p in g  th e  an
a e s th e t i c .  The r a t e  and e x te n t  o f  th e  r i s e  in  40 m inu tes a n a e s th e s ia  
was very  s im ila r  to  t h a t  consequent on g iv in g  50gms. g lu c o se , b u t 
th e  r a t e  o f  r e tu r n  to  normal was very  much slow er.

Small doses o f  In s u l in  g iven  j u s t  b e fo re  th e  a n a e s th e t ic  had 
th e  e f f e c t  o f  d im in ish in g  th e  e x te n t o f  th e  r i s e  o f  th e  Blood Sugar, 
and o f  a c c e le r a t in g  th e  r a t e  o f  r e tu r n  to  norm al. Given when h y p er
glycaem ia was a lre a d y  in  p ro g re ss  I n s u l in  in  10 u n i t  doses had 
l i t t l e  o r no e f f e c t  in  checking  th e  in c re a s e  in  b lood  g lu co se  due 
to  th e  a n a e s th e tic ,T h e  e f f e c t  on th e  Blood Sugar o f  10 u n i t s  o f  
I n s u l in  v a r ie d  very  co n s id e ra b ly  between one in d iv id u a l and 
a n o th e r .

10 u n i t s  o f I n s u l in  b e fo re  a n a e s th e s ia  reduced  th e  amount o f  
th e  P e h lin g ’ s red u c in g  su b stan ces  in  th e  u r in e ,  b u t d id  n o t appear 
to  e x e rc is e  any a p p re c ia b le  e f f e c t  on th e  p resen ce  o f  Acetone or 
D ia c e tic  Acid th e r e in .

Of th e  case s  examined, none o f whom were known to  be d ia b e t ic ,  
28# e x c re te d  sugar w ith  Blood Sugars below 0 . I75# ,and  28# f a i l e d  
to  e x c re te  sugar w ith  Blood Sugars v ary in g  from 0 , 180# to  0 .586# , 
th u s  showing g r e a t ly  d iv e rg in g  th re s h o ld  v a lu e s .

The average r e s t i n g  Blood Sugar was found to  be 0 . 12C^. I t  
was independen t o f  age below about 60 y e a rs ,a n d  was s l i g h t ly  r a is e d  
in  th e  obese and in  th e  fem ale sex. I t  v a r ie d  g r e a t ly  w ith  d i f f e r 
e n t d is e a s e s ,c a s e s  o f  sim ple h y p erth y ro id ism , g a s t r o - in t e s t i n a l  
c a n c e r ,c e rv ic a l  a d e n i t i s  showing a  s l i g h t ly  r a is e d  Blood Sugar on 
th e  av erag e . Wide d iv e rg e n c ie s , however, o ccu rred  w ith in  each age 
and d is e a s e  group. The e x te n t  o f  th e  in c re a s e  in  th e  Blood Sugar, 
in  a n a e s th e s ia ^ n  m a lignan t d is e a se  o f  th e  i n t e s t i n a l  t r a c t ,w a s  
found to  be g r e a te r  th a n  in  any o f  th e  o th e r  d is e a s e  groups h e re  
s tu d ie d .

R estin g  Blood Sugars a t  a  le v e l  below 0 ,075#  were found in  8# 
o f  c a s e s , w ith o u t s ig n s  o f  hypoglycaem ia.A ll th e se  c a s e s , w ith  one 
ex c e p tio n ,h a d  g a s t r o - in t e s t i n a l  d is e a s e .

The a d m in is tra t io n  o f  10-12 u n i t s  o f  I n s u l in  p r io r  to  s u rg ic a l  
o p e ra t io n s  was n o t found to  in f lu e n c e  th e  c l i n i c a l  c o n d itio n  o f  th e  
p a t i e n t s ,  e i th e r  b e n e f i c ia l ly  or o th e rw ise .
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CONCLUSIONS.

I n s u l in ,  g iv en  in  sm all doses p r io r  to  g e n e ra l a n a e s th e s ia ,  
h as  th e  e f f e c t  o f  d im in ish in g  th e  e x te n t  o f  th e  in c re a s e  in  Blood 
Sugar vdilch p r a c t i c a l l y  alw ays o ccu rs  w ith  e th e r  o r ch lo ro fo rm - 
e th e r  m ix tu re , b u t i t  e x e rc is e s  l i t t l e  o r no in f lu e n c e  i f  g iv e n  
a f t e r  th e  hyperglycaem ic p ro c e ss  h as  begun to  m a n ife s t i t s e l f .  To 
produce i t s  maximal su g a r-re d u c in g  e f f e c t  I n s u l in  shou ld  be g iv en  
a t  l e a s t  30 m inu tes b e fo re  th e  a n a e s th e t ic .

I n s u l in  in  sm all doses b e fo re  o p e ra t io n  c o n fe rs  no p a r t i c u la r  
c l i n i c a l  b e n e f i t  upon th e  p a t ie n t  u n le s s  he i s  d ia b e t ic .

The average r e s t i n g  Blood Sugar i s  abou t 0 .120# , and te n d s  to  
vary  w ith  sex , th e  amount o f  ad ip o se  t i s s u e ,  and w ith  th e  n a tu re  
o f  th e  d is e a s e .

The Blood Sugar resp o n se  in  a n a e s th e s ia  in  c a se s  o f  m a lig n an t 
tum ours i s  g r e a te r ,  on th e  averag e , th a n  th e  re sp o n se  in  most o th e r  
common s u rg ic a l  c o n d itio n s .

Evidence o f  th e  g r e a t  v a r i a b i l i t y  o f  th e  Renal T hresho ld  in  
a n a e s th e s ia  i s  adduced, and c e r t a in  f a c t s  s ta t e d  ^ i c h  a re  n o t 
c o n s is te n t  w ith  th e  v a l id i t y  o f  th e  d o c tr in e  o f  th e  R enal T hresho ld .

A r e s t i n g  Blood Sugar a t  a hypoglycaem ic le v e l  i s  common, (8 #  
o f  a l l  c a se s  o bserved ) and f re q u e n t ly  found a s  a  concom itan t o f  
g a s t r o - i n t e s t i n a l  d is e a s e  o f  an o rg an ic  n a tu re .
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I herelqr certify that all the whole of the experimental 
work described in the accompanying Thesis has been carried 
out by myself, and also that the Thesis itself is ny own 
unaided composition.

/ / ^

Thesis on " The Blood Glucose in General Anaesthesia*"



THE BLOOD GLUCOSE IN GENERAL ANAESTHESIA.

(G).
APPENDIX.

The Blood Sugar curves of all the cases of each 
series are shown separately in the pages -which 
follow, together with all the personal data and 
the results of the urinary examinations.
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fiinpXjùu-*, % CUiidJajuv>* 7oO. 

Ciàttv%Ar>uu». 'Tk.̂ î TEirttf.
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i

^qo

y ^  s-ê ç/sn
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0-3lô 1 .
.— .%jL if4X a  
0 '2 2 5

— *lf|o-v-wwu^

^ 'X -Ï^  * O ^ ,  feĈ-et-c-c
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%KRAk(awinoh/

IVSUWiv Êû̂ AcTt.

7A L . ;‘

/  0

' t ;OlÆ f l O . i

Ü

/ 5 < ^
Tf̂ iG- /rir f7f^vyâ'>

TMlE

hirxtüra.

I : ! I I :

f

%siooi su(!̂ té;

-X
I /O
I 'i I : 4"4' ' " T'I : /3 ' /&3 /& '

 ̂ -.C|-y/z%} :
D: ^  f

n
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't î Â̂ ..MĴ '-€lL.%.%.9 ̂  
P4̂ y/,̂ >LffîLàO 
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ÛPeî ffri*ni 

(4CIVCRAL 5 IVOITI* A/

l/viuuN ûoSAae /0-wvJ^U"

lOO-
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<SjQjU:>Ĉ  ^rtA/t'éy

^2}M yn^a^-

-t^ ft\A X ^  J  
-—  O f  

^O*-
/àüL<ÂJ

—  O f - 

-t-(M
/o S iT ,



I l : : 1-1 :

j j -
L

T 1

i ' î■r 11 ■*' I

'm  -

n
T

31 r

l&T

Ac<e <3y.

A(VAd&TMcl,'c C4fé(^'-y 4 uU{Zuul.

^eOATtvÊS

Disewc TB>. W4â )
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