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THE MUSCLE RELAXANTS h a v e  n o w  been  in g e n e r a l  c l i n i ca l  use  for  jus-t ~ v e r  
f if teen y e a r s  a n d  it '  is t h e r e f o r e  worthwh~H~ to  p a u s e  for  a m o m e n . t  a n d  ~ake  
s tock  of t h e  p r b s e n t  p o s i t i o n .  I f  a p o p u t a # i t  pol l  ,were  . to-be c o n d u c t e d  f o r : t h e  
f a v o u r i t e  r e l a x a n t  d r u g  in t h e  w o r l d  tQday ,  t h e  W i n n e r  w o u l d  a l m o s t  c e r t a i n l y  
be e i t h e r . . d - t u b o c u r a r i n e  or  s u c c i u y l d i c h o l i n e .  

A t  f i rs t  g l a n c e ,  s u c c i n y l d i c h o l i n e  a p p e a r s  to  pos se s s  al l  t h e  n e c e s s a r y  ~ i t t r i b u t e s  
of t h e  " p e r f e c t  m u s c l e  r e l a x a n t , "  s ince  :it is e x t r e m e l y  s h o r t - a c t i n g ,  i t  p r o d u c e s  
p r o f o u n d  r e l a x a t i o r l ,  a n d  recover)"  f r o m  ,i,t ~ i,s complexe .  ~XS. c l o se r  l o o k  a t  t h i s  
drug,  h o w e v e r ,  r e v e a l s  c e r t a i n  d i sadva ly tages~  a n d  i t  is w i t h  t h e s e  t eha t ' t h i s  p a p e r  
is p r i n c i p a l l y  c o n c e r n e d .  

~'I  U S C L E  P A I N S  

I t  is n o w  wel l  k n o w n  t h a t  f o l l o w i n g  t h e  use  of s u c c i n y l d i c t i o l i t i e  p a i n s  m a y  
arise t h e  r/~xt ' d a y  i/f~inan-!? m u s c l e s  t h r o u g h o u t  t h e  b o d y .  T h e s e  p a i n s  o c c u r  
w h e t h e r  t h e  s u c c i n y l d i c h o l i n e  is g i v e n  b y  s i ng l e  o~, r e p e a t e d  i n j e c t i o n ,  a n d ,  e v e n  
w h e n  a n  i n f u s i o n  t e c h n i q u e  i s  used.,  O n  s o m e  occas ions-  z t h e s e  p a i n s  a r e  ex-  
t r e m e l y  s e v e r e  a n d  i n c a p a c i t a t i n g .  T h e r e  is no  d o u b t  t h a t  t h e i r  o c c u r r e n c e  i s  
c lea r ly  r e l a t e d  tO t h e  a m o u n t  of m o v e m e n t  the .  p a t i e n t  u n d e r t a k e s  in  the '  f i r s t  
f~w h o u r s  a f t e r  r e c e i v i n g  t h e  d r u g  (se6 T a b l e  I) .  

TABLE I: 
INCIDENCE OF MUSCLE PAINS 

[ - - .  

Resting (in bed) 12 per cent 
Ambulant 6~ per cent 

I 

F r o m  t i m e  to  t i m e  v a r i o u s  cl~iiIns ri:tive b e e n  l n a d e  for  n m t h o d s  used  to  r e d u c e  
�9 the i n c i d e n c e  of t h e s e  m u s c l e  paiffs.  F o r  exmfip le ,  l it~hLas b e e n s u g g e s t e d  t h a t  t h e  
b romide  s a l t  is f ree  fro~r~ a n  i n c i d e n c e  of m u s c l e  p~/ins, or,  a l t e r n a t i v e l y ,  t ~ a t  a 
small i n t r a m u s c u l a r  dose  of n e o s t i g m i n e  g i v e n  a f t e r t h e  , s u c c i n y l d i c h o l i n e  p a r a I y s i s  
p r even t s  th~  o n s e t  of t h e s e  d i s t r e s s i n g  sequelae. F o s t e r  (1960)  h a s  m a d e  a s t u d y  
of some of t h e s e  c l a i m s  a n d  his  r e s u l t s  a re  s u m m a r i z e d ,  in  T a b l e  I I ,  

I t  will  be  seen  t h a t  t h e  o n l y  s a t i s f a c t o r y  m e t h o d  of r e d u c i n g  t h e  i n c i d e n c e  
of these  p a i n s  in  c l in i ca l  p r a c t i c e  is to  g i v e  a s m a l l  d o s e  of a n o n - d e p o l a r i z i n g  
drug be fo r e  t h e  i n j e c t i o n  of t h e  ~ucc iny ld i cho t ine i :  t h e  g r e a t e r  t h i s  dose ,  t h e  less. 
l ikely a re  m u s c l e  pai 'ns  to  occur ,  b u t  a t  t h e  s a m e  t i m e  t h e r e  is a m u c h  g r e a t e r  
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T A B L E  I I 
ATTEMPTS TO PREVENT MUSC, L E PAINS 

-t 

InCidence 

Succinyldichol ine  
chloride v. b romide  salt  

Neos t igmine  ( 1.0 nag. i.m. a f te r  S.C.)  
Ga l l amine  (20 rag. before S.C.)  

no +hange 
no,( thange 
habl,,ed 

r i sk  of p r o d u c i n g  a p r o l o n g e d  r e s p o n s e .  N e e d l e s ~  t o / s a y  , s u c h  a p r a c t i c e  of 
m i x i n g  r e l a x a n t s  c a n n o t  be  r e c o m I n e n d e d  for  r o u t i n e  c l in ica l  use.  

E F F E C T  OF SUCCINYLDICHOLINE UPON r i l E  I-IEART R A T E  

A n o t h e r  a s p e c t  of th i s  d r u g  t h a t  d e s e r v e s  br ie f  m e n t i o n  is i ts  e f fec t  u p o n  the  
h e a r t  r a t e  i n . m a n .  

N.:[artin of H e i d e l b e r g  s f irst  d r e w  a t t e n t i o n  to  t l le  b r a d y c a r d i a ,  a n d  even  
t e m p o r a r y  c a r d i a c  a r r e s t ,  t h a t  m a y  fo l low ghe s e c o n d  ai:~d t h i r d  i n j e c t i o n  of 
s u c c i n y l d i c h o l i n e ,  an~d B u l l o u g h  ~ c o n f i r m e d  th i s  f ind ing .  

L u p p r i a n  a n d  C h u r c h i l l - D a v i d s o n  7 h a v e  t a k e n  t h e  m a t t e r  o n e  s t a g e  f u r t h e r  
a n d  h a v e  a t t e m p t e d  to  a n a l y s e  t h e  c h a n g e s  a n d  r e l a t e  t h e  i n c i d e n c e  to  the  
a c t u a l  d o s e  used .  T h e  m a i n  f i n d i n g s  w e r e  as fol lows.  

1. A s l o w i n g  of t h e  h e a r t  r a t e  a l m o s t  a l w a y s  o c c u r s  o n  s u b s e q u e n t  d o s e s  of 
s u c c i n y l d i c h o l i n e .  ,~ 

2. I n  s o m e  cases ,  an  a c t u a l  a r r h y t h m i a  m a y  be  o b s e r v e d  a n d  th i s  m a y  t ake  
r  a n y  f o r m .  

3. A r r h y t h m i a s  a re  r e l a t e d  to  t h e  size of t h e  d o s e  a d m i n i s t e r e d  a n d  a r e  ve ry  
r a r e l y  s een  w h e n  t h e  d o s e  is less t h a n  50 rag. a t  a t ime .  

4. T h e s e  e f fec t s  a re  p r o b a b l y  df le  to  v a g a l  s t i m u l a t i o n  s ince  t h e y  can  be  pre- 
v e n t e d  b y  t h e  pre .vious i n t r a v e n o u s  i n j e c t i o n  of 1 nag. a t r o p i n e .  

INCIDENCE OF APNOEA DUE TO Low PLASMA CHOLINESTERASE 

T h e  s h o r t  a c t i o n  of s u c c i n y l d i c h o l i n e  is o w i n g  to  i ts  b e i n g  r a p i d l y  h y d r o l y s e d  by  
t h e  e n z y m e  c h o l i n e s t e r a s e  in t h e  p l a s m a .  O c c a s i o n a l l y  a p a t i e n t  is e n c o u n t e r e d  
w h o  e i t h e r  ha s  a low t i t r e  of t h i s  e n z y m e  ,or has  i n h e r i t e d  a n - , a b n o r m a l  fo rm of 
t h i s  s d b s t a n c e .  

T h e  i n c i d e n c e  of t h i s  c o n d i t i o n  a t  o u r  h o s p i t a l  o v e r  t h e  p a s t  t w o  y e a r s  has 
b e e n  a p p r o x i m a t e l y  o n e  in e v e r y  2 ,000 cases  to  w h o m - s u c c i n y l d [ c h o l i n e  has  been 
a d m i n i s t e r e d .  A l t h o u g h  i t  is i n c o n v e n i e n t  w h e n  t h e  a p n o e a  is p r o l o n g e d ,  such 
cases ,  if p r o p e r l y  h a n d l e d ,  s h o u l d  n e v e r  g i v e  r ise  to. a l a r m .  T h e  i n t r o d u c t i o n  o f  
a n e w  t e s t  p a p e r  f r o m  A u s t r i a  has  c e r t a i n l y  s i m p l i f i e d  t h e  m e a s u r e m e n t  of 
p l a s m a  c h o l i n e s t e r a s e  levels ,  a n d  t h e  a n a e s t h e t i s t  c an  n o w  use  t h i s  m e t h o d  him- 
self in t h e  o p e r a t i n g  t h e a t r e  to  d e t e r m i n e  t h e  e n z y m e  l e v e l i n  a p a r t i c u l a r - p a t i e n t .  
O n c e  a s a m p l e  of p l a s m a  or  s e r u m  has  b e e n  o b t a i n e d ,  i t  t a k e s  no  m o r e  than  
t w e n t y  m i n u t e s  to  d e t e r m i n e  w h e t h e r  t h e  p a t i e n t  ha s  a n o r m a l  v a l u e  of p lasma 
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choIfnesterase. Very ,n.1uch more complex techniqu~s aFe required to detect th~

extr~mely rare case of an abnormal type ef enzYIl1e.
I d a study based upon this Lolour-paper (Churchill-Davidson and Griffiths)3

it h<1s been found that the new method corresponds closely with the values found
by the alternative and somewhat complex techni,que of IVliche1. 9 ,

DUAL BLOCK

Our main in,yestigations in the field of the muscle relaxants have c;entred upon
the possible c)cc~rrence of a dual type of' n.e~romuscular blo:k; t!1at"fs to say,
whether-after repeated doses of a depolanz1I1g drug-the nature ot 'the block
gradually' changes from -1:hat of depola~ization to that of non-depoIcirizatioi1.

This subject has great clinical significance because a non-depolarizing block
can be reversed by an anticholinestera~edrug, whereas a dep'olarizing block is
only lnade ,worse. '
Th~ results can best be illustrated b:/ actHal .examples of the eff~ct of the

various relaxant 9rugs on neuromuscular transmission. In t~e cases that follow,
the ulnar nerve is stim ulated electrically and the 'resultant contrac'tion of the
hand muscles is recorded e!ectromyographieaily . ' ,-"

I UR J. - u

In Figure 1 note the characteristic way in which successive responses "fade"
with both slow and fast rates of sti;mulation. Observe also the way in which
neuromuscular transmission is briefly improved by 't burst of fast or tetanic
stimulation-:--the so-cal1ed post-tetanic 'facilitation.

These chcirlges are diagnostie'bf a non-depolarizing block· such as d-tubocurarine
produces.'

I

In direct contrast ~~lth the previous figure, Fiiure 2 indicates the way in
which both slow and fast rates of stimulation ai-e ",tell maintam'ed and the com-, .
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FIGURE 2. -Effect after small dose of depol~rizingdrug, for example, succinyldicholine.

FIGURE 3. Effect of large dose of a depolarizing drug.

plete absence of post-tetanic facilitation. Exactly the same changes are seen
after a small dose of decame~honium and for research purposes these changes
<1re easier to study with this drug because it is not destroyed, as is succinyldi-
choline, O)~ plasma cholinesterase. .

Figure 3 illustrates the effect of a large tqtal dose of a depolarizing drug, that
is, in all 18 mg. decamethonium. Observe how repeated doses of the depolarizing
drug have led to a gradual change in the pa ttern of the neuromuscular block
until it finally closely resembles that seen after d-tubocurarine.
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T1e effect of neostigmine upon the final patt~rn in ,Figure 3 is equally dramatic
(Fig. 4), showing that a dual block had been produced w.hich was reversed by

. . '"neas Ignune.

----r''---------.-..---------r.......-------

.! ~W I I VI \ \ II I I I II I i I I WI lllllLll I l
~~\~I~' II,'t,~,", ,",'t,",'t,",",'r,'r,", ,",",'t,'t,", I,'r,~, ,'r,.,~ 1'\ ,l: I~~~: ,~~~

I
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FIGURE 4. Effect of neostigmine upon the final pattern' of Figure 3.

Some twenty patients were studied using bq,th decamethonium, and succinyl­
dicholine. 2 The first signs of a dual block could be recognized in-this -series after
500-1500 mg. succinyldicholine and after 6-20 mg. decametronium. These
results imply" that if one continues "giving a depobrizing drug by infusion o~·

intermittent ilijection the point will be always reached in evety patient when
a full dual type of neuromuscular block is present. In one most um.isual case
outsi<;le this series, the signs of dual block have been o~served after a single dose
of pnly 100 mg. succinyldicholine'. '
~tt.must be enTphasized, however, that in· this study a deliberate attempt was

made to produce the sigfls of a full dual block. Occasionally, to our bitter dis­
appointtpep t, the surgeg-n _finished the operation ?efore this goal could b~

achieved! From the clinical aspect such cases can present a real problem, since,
without the help of diagnostic instruments, the anaesthetist cannot tell whether
the neuromuscular block-at the end of operation is predominantly a depolarizing'
or a non-depolarizing one.

A dual block should always be ,suspected after an .il1fusio~ of succiri)rldicholine
if the patient. recovers his muscle tone only slowly and also has a persi.stendy
poor volume of ventilation. The use of the accessor}~ muscles of respiratron and
"tracheal tug" are also suggestive signs. .



9 0  C A N A D I A N - A N A E S T H E T I S T S '  S O C I E T y "  J O I ~ R N A L  

@ @ 
O 

. . , , ; 

a . o , f  

FIGt , 'RE"  5 .  P e r i p h e r a l  n e r v e - s t i m u l a t o r .  

A. D E P O L A R  I S A T I O N  ( .~[JCC I NY LD I CHOLINE' )  

B. N O N - D E P O L A R I  SATI ON (D-TUBOCURAR i NE)  

. . . . . . . .  L I  | 

F I G U R E  6 

Iden t i f i ca t ion  of the  e x a c t  t y p e  of block t h a t  is p r e sen t  in t he  peripheral 
musc les  can  be m a d e  a t  a n y  t ime  wi th  a pe r iphe ra l  r~erve-.st imulator (Fig. 5). 

If  the  u l n a r  n~erve a t  the  wr i s t  is s t i m u l a t e d  electricall3z, t i le mechan ica l  move- 
m e n t  of the  fin~ers will r evea l  which  t y p e  of b lock is p r e sen t  in e x a c t l y  the  same 
w a y  as will thd e ]ec t romyOgraph ic  responses  (Fig.  6). 
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If the  fingers move  r h y t h m i c a l l y  and] the  c o n t r a c t i o n  is sus ta indd ,  a depo la r i za -  
tion block is present .  On the  o t h e r  harld,  if t he  respo/ ise  r a p i d l y  fades  a w a y  a n d  

I �9 * * post- tetanic f ac i l i t a t ion  is present ,  t h e  b lock  m of the  non-depo ld lqzmg t y p e  a n d  
will be i m p r o v e d  by  an  in j ec t ion  of neos t igmine .  

A s imple  pe r iphe ra l  n e r v e - s t i m u l a t o r  is an  essent ia l  piece of a p p a r a t u s  for atny 
anaesthetic d e p a r t m e n t .  I't is n o t  needed  v e r y  of ten ,  b u t  i t  can  a t  a n y  t i m e  tel l  
the a n a e s t h e t i s t  f i rs t ly  w h e t h e r  a n e u r o m u s c u l a r  b lock  is a c t u a l l y  p r e sen t  and ,  
secondly, w h a t  t y p e  of b lock  prevai ls .  

C O N C L U S I O N  

These s tud ies  on the  41isadvanltages of succ iny ld i cho l i ne  are  ~not in tendedf  to  
detract f rom w h a t  is a mos t  useful  clinical.- r e l axan t .  Never the less ,  t h e y  i n d i c a t e  
the urgent  necess i ty  to find a s h o r t - a c t i n g  non -depo l a r i z ing  drug.. A t  t h e  m e e t i n g  
in Venice on muscle  r e l axan t s  in 1958, l u s t  such a c o m p o u n d  ( n a m e l y  " C o l m p o u n d  
41") was descr ibed,  whidh a p p e a r e d  f rom an ima l  e x p e r i m e n t s  tO be h i g h l y  pro-  
mising. ~ Alas!  the  i nves t i ga t i ons  "iln m a n  showed  t h a t  i t  producedl  p r o f o u n d  hislta - 
rnin~ release wi th  severe  h y p o t e n s i o n  and  t a c h y c a r d i a ,  a n d  was  q u i t e  u n s u i t a b l e  
for ~ clinical use. H a i n i n g  5'6 has  s t i m u l a t e d  our  i n t e r e s t  in a series of t r o p i n e  
derivatives. By  a careful  p h a r m a c o l o g i c a l  ana lys i s  he has  p roduced  severa l  
most in t e res t ing  c o m p o u n d s .  Some  h'ave had  a sho r t e r  a c t i on  t h a n  succ iny ld i -  
choline, while o the r s  h a v e  p roved  much  longer -ac t ing .  All h a v e  b e e r / f o u n d  to  ac t  
like d - tubocura r i  he. 

One c o m p o u n d ,  " D F  752" is of pat~ticular i n t e re s t  (Fig. 7). 

CH3__ __CH ~ C.H 2 

I~--N J CH O ~- ~CO CH3 
" " .(:::H2 / lo \ , 

CH3 CH--- - -CH 
CO . _is ~ , 2 

I ,  
O--~CH2)2 N ~ u  (;H O CO ICH 3 

X /~"'n2/~ ' 
C H - " - - C H 2  

F]IGURE 7 

Unfor tuna te ly ,  this  is no t  the  v e r y  s h o r t - a c t i n g  d rug  we were seeking.  N e v e r t h e -  
less, in a l imi ted  cl inical  t r ia l  i t  hag shown ce r t a i n  a d v a n t a g e s  ove r  g a l l a m i n e  
triethiodide. I t  has  a sho r t e r  d u r a t i o n  of ac t i on  (10-15 min. )  arid the  degree  of 
tachycardia is lower. Pa ra lys i s  of t i le  l a ryngea l  muscles  is r a p i d l y  ach ieved .  
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The ideal 'short-acting non-depolarizing drug with m!inimal side-effects, that 
will replace succinyldicholine, still "eludes us; but  the search goes on. 
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R~SUM~ 

I1 existe une gamme 6tendfie de relaxants musculaires A action d6polarisante 
utiiisables en clinique, 'mais le succinyldicholine est le seul qui jou{sse d'une 
popularit~ qui ne s'est jamais d~mentie. Toutefois cette substance pr6sente deux 
inconv6nients principaux. D ' u n e p a r t ,  elle entralne des douleurs musculaires au 
cours de la p6riode post-op6ratoire~ diverses tentati~es pour r6duire la fr6- 
quence de eette complication sont discut6es. D'autre  part, toutes les substances 

action d~polarisante sont susceptibles de modifier progressivement le bl:ocage 
sousjacent jusqu'h ce qu'apparaisse un blocage du type non d~polarisa4~t. En 
bref, on se trouve en pr~sence~'-d'un double blocage. L 'auteur  expose 1 incidence 
et les conditions nOcessairOs & l 'appar i t ion de ce dernier type de blocage (blo- 
cage double). 

Aussi, le d4sir de surmonter les principaux inconv~nients du succinyldich'oline 
a-t-il conduit & rechercher intensivement un type de relaxant musculaife h 
action brSve et non d4polarisante. Les r~sultats de ces reclherches sont exposes. 
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