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ABSTRACT 

Spinal opioids have been used clinically since the late seventies to treat 
acute, traumatic, obstetric and chronic pain. In this article the influence 

of the pharmacokinetics on the dynamics of intrathecal and epidural opioid 

administration are discussed with reference to current knowledge. 

INTRODUCTION 

During the last two decades knowledge has increased about the physiology of 
pain and the mechanisms of pain relief from opioids. Martin's postulation in 
1967 (63) on the existence of opioid receptors in the nervous system was con- 
firmed in 1973 (75,90,99). Two years later Hughes and co-workers isolated the 
first endogenous opioids (44) .  Within a year, evidence of analgesia in rats 
after intrathecal morphine was also provided by Yaksh and Rudy (110). In 1979 
Wang et al. published a study demonstrating clear evidence of pain relief 
from intrathecal morphine in humans (104) .  Also in 1979 Behar et al. de- 
scribed pain relief from epidural morphine in patients with acute and chronic 
pain ( 4 ) .  In the same year Cousins et al. reported that pain relief from 
epidural pethidine correlated with cerebrospinal fluid (CSF) concentrations 
of the drug but not with plasma concentrations. The term "selective spinal 
analgesia" was suggested since there were no changes in sympathetic or motor 

functions (18). 
Wide-spread clinical use of spinal, i.e. intrathecal and epidural, opioids 

followed, but much of the necessary pharmacokinetic and pharmacodynamic know- 
ledge was lacking in the beginning (11,lg). 
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Preclinical and in vitro experiments on spinal analgesia 
Perception of noxious stimuli depends not only on peripheral stimulation and 
transmission but also on modulation occurring in the spinal cord and in the 
brain. Noxious stimuli are transmitted to the central nervous system by fine 

myelinated A-delta fibres and non-myelinated C-fibres. Cells in the spinal 
cord are excited by these stimuli but they can also be facilitated or in- 
hibited by other peripheral nerve fibres carrying information about innocuous 
events. Descending control systems originating in the brain modulate the ex- 

citability of the cells transmitting noxious information (103,118). 
Central terminals of the unmyelinated afferents are located in the marginal 
zone (Rexed lamina I) and substantia gelatinosa (laminae I1 and 111) of the 
dorsal horn. The larger diameter fibre terminals are found mainly in lamina 

IV (59). 

Neurotransmitter of noxious stimuli 

The excitatory neurotransmitters responsible for nociceptive transmission in 
the spinal cord have not been clearly identified. Many data point to sub- 
stance P, a peptide containing 1 1  amino acids, as the transmitter. It is 
found in the dorsal root cell bodies from which the A-delta and C-fibres ori- 
ginate, and in the central terminals of small myelinated and unmyelinated 
fibres (42,431. Substance P is released into CSF in vivo by high intensity 
electrical stimulation of peripheral nerves in animals, and this release can 
be inhibited by intrathecal morphine (114,117). Intrathecal administration of 
capsaicine, a homovanillic acid derivative, depletes dorsal horn substance P 
in animals, and this causes an insensitivity to noxious thermal stimuli 
(113). It seems that substance P has a dual action on nociception. Small 
doses cause analgesia while hyperalgesia occurs when higher doses are given 

(29). 

Pain inhibiting systems 
Several systems capable of inhibiting pain transmission on the spinal level 
have been described. These include an opioid system (IlO), a noradrenergic 
system, a serotoninergic system (1111, a gamma-aminobutyric acid (GABA)-ergic 
system (112) and a cholinergic system (119). Most of these systems seem to be 
complementary and additive (112). Tolerance exists within the systems but 
there is probably no cross-tolerance between them (50,114,116). 

The endogenous opioid system has thus far been found to have members deriving 
from three precursors; the endorphins from pro-opiomelanocortin (681, the en- 
kephalins from pro-enkephalin A ( 3 6 )  and dynorphin related peptides from pro- 

enkephalin B (52). 
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All t h r e e  p e p t i d e  systems may have t o  be cons idered  i n  t h e  process ing  and mo- 

d u l a t i o n  of noc icept ion  a t  d i f f e r e n t  l e v e l s  of t h e  c e n t r a l  nervous system. 

Enkephalin c o n t a i n i n g  neurons are found a t  every l e v e l  of  t h e  n e u r a x i s ,  from 

t h e  c o r t e x  t o  t h e  s p i n a l  cord .  A t  t h e  s p i n a l  cord  l e v e l ,  enkephal in  t e r m i n a l s  

form a dense network i n  laminae I - I I b  and V of  t h e  d o r s a l  horn (27) .  Neuronal 

c e l l  bodies  c o n t a i n i n g  @-endorphin are r e l a t i v e l y  few, but  can  be found i n  

l imbic  s t r u c t u r e s  and t h e  p e r i a q u e d u c t a l  grey matter i n  t h e  b r a i n .  The dy- 

norphin t e r m i n a l s  form a s t r i a t o - n i g r a l  pathway, and they  are a l s o  p r e s e n t  i n  

t h e  hypothalamus, i n  c e r t a i n  o t h e r  b r a i n  n u c l e i  and i n  s p i n a l  i n t e r n e u r o n s  

(65,102,106). 

The o p i o i d  r e c e p t o r s  are n o t  a homogenous popula t ion .  S e v e r a l  d i f f e r e n t  sub- 

groups have been demonstrated by b inding  s t u d i e s  w i t h  d i f f e r e n t  o p i o i d  ago- 

n i s t s .  These i n c l u d e  t h e  mu, kappa, d e l t a ,  e p s i l o n  and p o s s i b l y  sigma re- 

c e p t o r s  (15,49,108). The o p i o i d  p e p t i d e s  d i f f e r  w i t h  regard  t o  t h e i r  a f f i n i t y  

f o r  t h e  d i f f e r e n t  r e c e p t o r  subtypes.  Enkephal ins  have a h igh  a f f i n i t y  f o r  

both d e l t a  and mu r e c e p t o r s ,  @-endorphin is non-se lec t ive ,  and dynorphin 

shows s e l e c t i v i t y  f o r  kappa r e c e p t o r s  (109). 

Analgesia  h a s  g e n e r a l l y  been viewed as mediated through mu r e c e p t o r s  (2,541 

but  both d e l t a  and kappa r e c e p t o r s  may be involved (15 ,30) .  

Mode of  a c t i o n  of  s p i n a l  o p i o i d s  

Based on i o n t o p h o r e t i c  a p p l i c a t i o n  of  o p i o i d s  and a u t o r a d i o g r a p h i c  s t u d i e s ,  

s p i n a l  o p i o i d s  are cons idered  t o  bind t o  o p i o i d  r e c e p t o r s  i n  t h e  s p i n a l  cord  

grey matter and t h u s  probably i n h i b i t  primary a f f e r e n t  n o c i c e p t i v e  t r a n s -  

mission both pre-and p o s t s y n a p t i c a l l y  (26,311. 

As t h e  o p i o i d  p e p t i d e s ,  d i f f e r e n t  o p i o i d  drugs have d i f f e r e n t  r e c e p t o r  a f f i -  

n i t y  p r o f i l e s ,  both w i t h  r e s p e c t  t o  r e c e p t o r  subtype and degree o f  r e c e p t o r  

a f f i n i t y  ( 6 1 ) .  The s i g n i f i c a n c e  of t h i s ,  and t h e  r e l a t i o n s h i p  between s p i n a l  

o p i o i d  a d m i n i s t r a t i o n  and t h e  endogenous o p i o i d  p e p t i d e s ,  remain t o  be de- 

termined,  however. 

PEARMACODYNAMICS OF SPINAL, O P I O I D S  

S p i n a l  opiods have been used t o  r e l i e v e  p o s t o p e r a t i v e ,  p o s t t r a u m a t i c ,  ob- 

s t e t r i c  and chronic  pain.  Numerous s t u d i e s  have been publ i shed  concerning 

t h i s  s i n c e  1979. A dose response r e l a t i o n s h i p  between e p i d u r a l  morphine and 

t h e  e f f i c a c y  of p o s t o p e r a t i v e  p a i n  re l ief  h a s  been confirmed i n  double-bl ind 

s t u d i e s  (62,691. P o s t o p e r a t i v e  p a i n  fo l lowing  e p i d u r a l  morphine h a s  been re- 
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ported t o  be less severe  and of s h o r t e r  d u r a t i o n  t h a n  a f t e r  systemic o p i o i d s  

(38,51,57,78,86) ,  while  p e t h i d i n e  adminis te red  e p i d u r a l l y  i s  as  e f f e c t i v e ,  o r  

more e f f e c t i v e ,  as p a r e n t e r a l  p e t h i d i n e  p o s t o p e r a t i v e l y  (13,40,72) .  I n  pa- 

t i e n t s  wi th  pa in  a s s o c i a t e d  wi th  cancer ,  a v a r i a b l e  response t o  e p i d u r a l  mor- 

phine has  been repor ted .  Deep somatic pain is r e l i e v e d  more e f f e c t i v e l y  than  

neurogenic  pa in  and cutaneous p a i n  (1) .  

Epidura l  morphine and p e t h i d i n e  have o f t e n  been unable t o  r e l i e v e  labour  

p a i n ,  while  i n t r a t h e c a l  morphine has  been r e p o r t e d  t o  r e l i e v e  pa in  i n  t h e  

first stage of labour  but  o n l y  incompletely i n  t h e  second s t a g e  (3 ,7 ,45 ,47 ,  

74,89,94). The low e f f i c a c y  of  e p i d u r a l  morphine and p e t h i d i n e  i n  labour  pa in  

is probably inf luenced by reduced drug a v a i l a b i l i t y  t o  t h e  subarachnoid space 

i n  pregnancy because of  r a p i d  absorp t ion  t o  t h e  blood v i a  t h e  en larged  ep i -  

d u r a l  venous p lexa  (20,481. 

With s p i n a l  a d m i n i s t r a t i o n ,  d i f f e r e n t  o p i o i d s  have d i f f e r e n t  pharmacodynamic 

p r o p e r t i e s .  The o n s e t  of p a i n  relief is  faster f o r  f e n t a n y l  and p e t h i d i n e  

t h a n  f o r  morphine a f t e r  e p i d u r a l  a d m i n i s t r a t i o n  (9,13,38,40,85) ,  whereas t h e  

d u r a t i o n  of  a n a l g e s i a  is  longer  f o r  e p i d u r a l  morphine than  f o r  f e n t a n y l  and 

p e t h i d i n e  (9,13,33,38,40,77,85,100). 

Adverse effects 

Respi ra tory  depress ion  was recognized e a r l y ,  both after i n t r a t h e c a l  (32,60)  

and e p i d u r a l  morphine (6,17,81) .  Ear ly  r e s p i r a t o r y  depress ion  appearing with- 

i n  an  hour fo l lowing  e p i d u r a l  a d m i n i s t r a t i o n  of t h e  opio id  is be l ieved  t o  

c o r r e l a t e  t o  t h e  plasma c o n c e n t r a t i o n s  of  t h e  o p i o i d s  (14,201 and may be seen 

wi th  any opio id  given i n  s u f f i c i e n t  dose. Reported cases of r e s p i r a t o r y  de- 

p r e s s i o n  fo l lowing  e p i d u r a l  p e t h i d i n e  have a l l  been of t h e  e a r l y  type  

(37,88,115). 
Late r e s p i r a t o r y  depress ion  appear ing  up t o  12 hours  a f t e r  i n j e c t i o n  has  been 

repor ted  fo l lowing  both i n t r a t h e c a l  and e p i d u r a l  morphine (6,17,32,37,60,81). 

I n  a series of  s t u d i e s  i n  hea l thy  v o l u n t e e r s  Bromage and co-workers 

(10,12,14)  have demonstrated t h a t  lumbar e p i d u r a l  morphine spreads  r o s t r a l l y  
as judged from segmental spread of  hypalges ia  t o  p i n  s c r a t c h  and ice. I n  

p a r a l l e l  t o  t h e  r o s t r a 1  spread was an i n c r e a s i n g  r e s p i r a t o r y  depress ion  evi-  

denced by changes i n  t h e  carbon d ioxide  (C02) response curve. Onset of tri- 

geminal a n a l g e s i a  and peak r e s p i r a t o r y  depress ion  co inc ided  6-10 hours  a f t e r  

i n j e c t i o n .  Marked r e s p i r a t o r y  depress ion  was s t i l l  p r e s e n t  22 hours  a f t e r  in-  

j e c t i o n  of lumbar e p i d u r a l  morphine. A dose-dependent l o n g - l a s t i n g  depress ion  

of v e n t i l a t o r y  d r i v e  i n  response t o  C02 from lumbar e p i d u r a l  morphine has  

been r e p o r t e d  by Rawal and W a t t w i l  (80) .  
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R e s p i r a t o r y  depress ion  fo l lowing  i n t r a t h e c a l  morphine h a s  a similar time de- 

l a y  (32,60) .  

Epidura l  f e n t a n y l  does n o t  cause  r e s p i r a t o r y  d e p r e s s i o n  i n  v o l u n t e e r s  (56)  

and t h e r e  have been no r e p o r t s  on c l i n i c a l  l a t e  r e s p i r a t o r y  d e p r e s s i o n  

f o l l o w i n g  e p i d u r a l  a d m i n i s t r a t i o n  of  l i p o p h i l i c  o p i o i d s  such as p e t h i d i n e  and 

f e n t a n y l  . 
Old age, r e s p i r a t o r y  d i s e a s e ,  l a c k  of t o l e r a n c e  to  o p i o i d s ,  concomitant use  

o f  p a r e n t e r a l  o p i o i d s ,  t h o r a c i c  a d m i n i s t r a t i o n  and h igh  doses  of s p i n a l  mor- 

phine have a l l  been suggested as r i s k  f a c t o r s  for  l a t e  r e s p i r a t o r y  d e p r e s s i o n  

f o l l o w i n g  s p i n a l  o p i o i d s  (20,37,80) .  

If t h e s e  f a c t o r s  a r e  taken  i n t o  c o n s i d e r a t i o n ,  t h e  inc idence  of r e s p i r a t o r y  

depress ion  c a n  be k e p t  a t  a minimum (20,371. Never the less ,  p a t i e n t s  r e c e i v i n g  

s p i n a l  morphine should be observed s e v e r a l  hours  a f te r  t h e  l a s t  i n j e c t i o n  

(21,80) .  

Naloxone-reversible  r e l a x a t i o n  of t h e  d e t r u s o r  and increased  b ladder  c a p a c i t y  

can l e a d  to  u r i n a r y  r e t e n t i o n  a f t e r  e p i d u r a l  morphine (82,103). Urinary re- 
t e n t i o n  does not  seem t o  be  a problem wi th  long-term use  i n  p a t i e n t s  wi th  

c a n c e r  p a i n  (33,121 1. 
Other  adverse  e f f e c t s  d e s c r i b e d  a f te r  s p i n a l  o p i o i d s  i n c l u d e  nausea,  vomiting 

and i t c h i n g  ( 2 0 ) .  However, f e w  comparat ive d a t a  are a v a i l a b l e  as t o  t h e  rela- 

t i v e  i n c i d e n c e  of t h e  adverse  effects e l i c i t e d  by t h e  d i f f e r e n t  o p i o i d s .  

PHARMACOKINETICS OF SPINL OPIOIDS 

The d i f f e r e n t  times of  o n s e t  and d u r a t i o n  of  a n a l g e s i a  as well as s i d e -  

e f f e c t s  have been t e n t a t i v e l y  l inked  t o  t h e  physicochemical  c h a r a c t e r i s t i c s  

of  t h e  drugs  (101,115) .  A l l  o p i o i d s  are i o n i z e d  p r i m a r i l y  a t  a p h y s i o l o g i c a l  

pH, making t h e  molecules  water s o l u b l e .  However, t h e  l i p o p h i l i c i t y  of  t h e  

unionized f r a c t i o n  of  t h e  drugs  d i f f e r s .  Morphine i s  t h e  least l i p o p h i l i c  of  

t h e  o p i o i d  drugs  i n  c l i n i c a l  use ,  with a n  oc tanol -water  p a r t i t i o n  c o e f f i c i e n t  

o f  1.42 a t  pH 7.4, whereas p e t h i d i n e  and f e n t a n y l  have p a r t i t i o n  c o e f f i c i e n t s  

of 38.8 and 813, r e s p e c t i v e l y  (53) .  The newer 4 - a n i l i n o p i p e r i d i n e  analogues 

(e.g. a l f e n t a n i l ,  s u f e n t a n i l ,  l o f e n t a n i l )  are also h i g h l y  l i p o p h i l i c  (64) .  

Experiments by Herz and Teschemacher revea led  t h a t  o n s e t  t i m e  and d u r a t i o n  of  

a c t i o n  of  s y s t e m i c a l l y  adminis te red  o p i o i d s  c o r r e l a t e d  w i t h  t h e i r  l i p i d  par- 

t i t i o n  c o e f f i c i e n t s  (41) .  It was, i n  analogy wi th  t h i s ,  hypothesized (20,115)  

t h a t  s p i n a l l y  adminis te red  morphine, due t o  i ts  r e l a t i v e  h y d r o p h i l i c i t y ,  

passed t h e  dura  and/or  p e n e t r a t e d  t o  t h e  r e c e p t o r  s i tes  i n  t h e  s p i n a l  cord 
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s lowly ,  whi le  t h e  o t h e r  o p i o i d s  p e n e t r a t e d  b i o l o g i c a l  membranes fas te r  and,  

t h u s ,  had more r a p i d  access t o  t h e  r e c e p t o r  sites. This  hypothes is  would ex- 
p l a i n  t h e  observed d i f f e r e n c e s  i n  o n s e t  times. 
The observed d i f f e r e n c e s  i n  d u r a t i o n  of  a c t i o n  would converse ly  be expla ined  

by t h e  p o t e n t i a l  d i f f e r e n c e s  i n  e f f l u x  from s p i n a l  cord  and CSF due t o  t h e  

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

However, i n  v i t r o  experiments  have suggested t h a t  t h e  molecular  weight ,  and 

not  t h e  l i p o p h i l i c i t y  of  a n  o p i o i d ,  de te rmines  t h e  ra te  of  a b s o r p t i o n  across 

t h e  dura (67) .  S i n c e  morphine and p e t h i d i n e  have about  t h e  same molecular  

weight ,  t h e  a b s o r p t i o n  accord ing  to  t h i s  hypothes is  should  be e q u a l l y  fast .  

I n  r e c e n t  y e a r s  s t u d i e s  concerning t h e  k i n e t i c s  of s p i n a l  o p i o i d s  ( 16,33,39,  

55,69-71,77,91,92,105) have demonstrated t h a t  a n a l g e s i a  occurs  i n  t h e  pre- 

sence  of very  low or u n d e t e c t a b l e  plasma drug c o n c e n t r a t i o n s ,  s u p p o r t i n g  a 

s p i n a l  op io id  a c t i o n .  When reviewing s t u d i e s  concerning t h e  k i n e t i c s  of 

s p i n a l  o p i o i d s  one has  t o  r e a l i z e  t h a t  t h e  d i f f e r e n t  s t u d i e s  are n o t  necess-  

a r i l y  comparable. D i f f e r e n t  doses ,  volumes, s i tes of  a d m i n i s t r a t i o n ,  and CSF 

and plasma sampling s p o t s  and times a l l  i n f l u e n c e  t h e  r e s u l t s .  

The s e n s i t i v i t y  and s p e c i f i c i t y  of  t h e  a s s a y  method are a l s o  f a c t o r s  of  i m -  

por tance .  For example, t h e  r a d i o  immunoassay ( R I A )  f o r  morphine used i n  some 

s t u d i e s  (16,55,58)  may codetermine i n a c t i v e  morphine-glucuronide (95) .  S i n c e  

morphine-glucuronide l e v e l s  can  be h i g h e r  t h a n  unchanged morphine l e v e l s  a t  

t i m e  i n t e r v a l s  of  1 hour  a f t e r  sys temic  drug  a d m i n i s t r a t i o n ,  t h e  R I A  may 

cause overes t imat ion  of  morphine plasma c o n c e n t r a t i o n s  (95) .  

When performing t h e  pharmacokinet ic  a n a l y s i s ,  t h e  accuracy of t h e  a s s a y ,  t h e  

amount of  d a t a ,  and t h e  method of c a l c u l a t i o n  of  t h e  k i n e t i c  parameters  i n -  

f l u e n c e  t h e  r e s u l t s .  

The a p p l i c a t i o n  of  pharmacokinet ic  parameters  such as "half  - l i fe"  and 

"c learance"  t o  t h e  d a t a  from lumbar CSF sampling must a l s o  be i n t e r p r e t e d  

wi th  c a u t i o n .  

Clearance  i s  t r a d i t i o n a l l y  a p h y s i o l o g i c a l  parameter  measuring t h e  a b i l i t y  of 

t h e  e l i m i n a t i n g  organs ,  u s u a l l y  t h e  kidneys and t h e  l i v e r ,  t o  remove a drug  

(84) .  The c l e a r a n c e  va lues  obta ined  from t h e  drug c o n c e n t r a t i o n s  measured i n  

lumbar CSF, however, do n o t  r e f l e c t  c l e a r a n c e  through e l i m i n a t i n g  organs  but  

r a t h e r  c l e a r a n c e  from t h e  sampling spot .  

The h a l f - l i v e s  i n  CSF obta ined  from s imilar  c a l c u l a t i o n s  a l s o  have t o  be 

i n t e r p r e t e d  w i t h  r e s p e c t  t o  t h e  f a c t  t h a t  t h e y  do n o t  n e c e s s a r i l y  reflect 

what happens i n  t h e  CSF compartment as a whole. 

The t i m e  t o  reach  maximal c o n c e n t r a t i o n  i n  plasma ( tmax)  is g e n e r a l l y  l o n g e r  

a f t e r  i n t r a t h e c a l  a d m i n i s t r a t i o n  t h a n  a f t e r  e p i d u r a l  a d m i n i s t r a t i o n .  (Pharma- 

c o k i n e t i c  d a t a  are g iven  i n  Table  1 . )  
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The CSF c o n c e n t r a t i o n  t i m e  curve fo l lowing  i n t r a t h e c a l  morphine d i s p l a y s  a 

r a p i d  f a l l  dur ing  t h e  first 15 minutes ,  fol lowed by a s lower f a l l  dur ing  t h e  * 

n e x t  4 t o  6 hours  (55,70,91) .  

The same p a t t e r n  is seen fo l lowing  i n t r a t h e c a l  hero in  (55)  and p e t h i d i n e  

(911, bu t  t h e  e l i m i n a t i o n  from CSF i s  faster.  S i x  hours a f t e r  i n j e c t i o n ,  1.6% 

of t h e  morphine dose and 0.4% of t h e  p e t h i d i n e  dose remain i n  t h e  i n i t i a l  

volume of  d i s t r i b u t i o n  i n  CSF (91) .  

The plasma c o n c e n t r a t i o n  t i m e  curves  fo l lowing  e p i d u r a l  a d m i n i s t r a t i o n  

u s u a l l y  resemble those  a f t e r  in t ramuscular  a d m i n i s t r a t i o n .  Plasma morphine 

c o n c e n t r a t i o n s  occur  s i g n i f i c a n t l y  ear l ie r  a f te r  e p i d u r a l  hero in  (diamorphine 

hydrochlor ide)  than a f t e r  e p i d u r a l  morphine (105) .  

The absorp t ion  of e p i d u r a l  morphine across t h e  dura  i s  r e l a t i v e l y  slow, and 

maximal CSF c o n c e n t r a t i o n s  are  seen 75 t o  135 minutes a f t e r  i n j e c t i o n  

(40,71,92) .  Absorption h a l f - l i f e  across t h e  dura  is 22 minutes (92) .  Pe th i -  

d i n e ,  on t h e  o t h e r  hand, crosses t h e  dura faster,  with an a b s o r p t i o n  h a l f -  

l i f e  of 7.6 minutes ( 9 2 ) .  Maximal CSF c o n c e n t r a t i o n s  a r e  seen  15 t o  45 min- 

u t e s  a f t e r  i n j e c t i o n  (33,921. Less than  4% of an e p i d u r a l  dose of morphine 

(71,92)  and p e t h i d i n e  (92)  c r o s s e s  t h e  dura ,  bu t  s i n c e  t h e  volumes of d i s t r i -  

bu t ion  i n  t h e  subarachnoid space are much smaller than  t h e  volume of d i s t r i -  

bu t ion  i n  t h e  whole body (70 ,91) ,  t h e  CSF c o n c e n t r a t i o n s  are s e v e r a l  times 

g r e a t e r  than  those  i n  plasma as e a r l y  as  f i v e  minutes a f t e r  i n j e c t i o n  

(33,69,70,91,92) .  

The CSF c o n c e n t r a t i o n  time curves  of both morphine and p e t h i d i n e  d i s p l a y  a 

b i p h a s i c  f a l l  a f te r  t h e  i n i t i a l  r ise due t o  absorp t ion  from t h e  e p i d u r a l  

space.  The h a l f - l i v e s  of t h e s e  f a l l s  are 73  and 369 minutes f o r  morphine, and 

71 and 982 minutes f o r  p e t h i d i n e ,  r e s p e c t i v e l y  ( 9 2 ) .  This means t h a t  a l a r g e r  

f r a c t i o n  of t h e  morphine i n  t h e  subarachnoid space s t a y s  i n  t h e  CSF as com- 

pared t o  p e t h i d i n e  (92) .  P e t h i d i n e ,  on t h e  o t h e r  hand, seems t o  be t r a n s -  

por ted  more r a p i d l y  t o  a deep compartment i n  t h e  subarachnoid space  (e.g. 

nervous t i s s u e ) .  No s i g n i f i c a n t  d i f f e r e n c e s  i n  k i n e t i c s  were seen when mor- 

phine was adminis te red  e p i d u r a l l y  i n  1 o r  10 m l  (92) .  A s t r i k i n g  f e a t u r e  i n  

most s t u d i e s  i s  t h e  l a r g e  i n t e r i n d i v i d u a l  d i f f e r e n c e  i n  k i n e t i c s .  

D i s t r i b u t i o n  of drugs adminis te red  e p i d u r a l l y  or i n t r a t h e c a l l y  

S e v e r a l  f a c t o r s  i n f l u e n c e  t h e  d i s t r i b u t i o n  i n  t h e  subarachnoid space  of a 

drug i n j e c t e d  i n t r a t h e c a l l y  . Age, intraabdominal  and i n t r a t h o r a c i c  p r e s s u r e s ,  

s i t e  of i n j e c t i o n ,  pH of t h e  CSF, s p e c i f i c  g r a v i t y ,  pKa and volume of t h e  

bolus  and speed of i n j e c t i o n  a l l  affect  t h e  d i s t r i b u t i o n ,  as does t h e  body 

p o s i t i o n  of  t h e  p a t i e n t  (8 ,82) .  When t h e  drug i s  adminis te red  e p i d u r a l l y  t h e  

d e s c r i p t i o n  of t h e  d i s t r i b u t i o n  is f u r t h e r  complicated.  The a b s o r p t i o n  of t h e  
drug occurs  t o  t h e  blood through t h e  e p i d u r a l  venous p lexa  and p o s s i b l y  
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through t h e  p o s t e r i o r  r a d i c u l a r  a r t e r y  lead ing  d i r e c t l y  t o  t h e  s p i n a l  cord ,  

bu t  a l s o  t o  t h e  subarachnoid space a c r o s s  t h e  dura (20) .  

The opio id  drugs are n o t  evenly d i s t r i b u t e d  i n  t h e  s p i n a l  CSF, as i n d i c a t e d  

by a s tudy  where CSF was sampled a t  a c e r v i c a l  l e v e l  fo l lowing  lumbar epi-  

d u r a l  a d m i n i s t r a t i o n  of morphine i n  cancer  p a t i e n t s  (34) .  Both morphine and 

p e t h i d i n e  d i s t r i b u t e  i n i t i a l l y  i n  t h e  subarachnoid space i n  a volume of  about  

20 m l  a f t e r  i n t r a t h e c a l  a d m i n i s t r a t i o n  (91) .  T h i s  i n i t i a l  d i s t r i b u t i o n  is 

probably due mostly t o  d i f f u s i o n  i n  t h e  CSF, s i n c e  t h e  i n i t i a l  volume of 

d i s t r i b u t i o n  was about  t h e  same f o r  morphine and p e t h i d i n e  d e s p i t e  t h e i r  

d i f f e r e n t  l i p o p h i l i c i t i e s .  The t o t a l  volume of CSF i s  about  150 m l  wi th  25-75 

m l  i n  t h e  s p i n a l  c a n a l  (8,821. Both drugs are t h u s  r a p i d l y  d i s t r i b u t e d  i n  a 

large f r a c t i o n  of lumbar CSF. 

S i t e  of i n j e c t i o n  

I n  a c l i n i c a l  s e t t i n g ,  s p i n a l  o p i o i d s  are o f t e n  adminis te red  a t  t h e  lumbar 

l e v e l  (20). The lumbar e p i d u r a l  space i s  t e c h n i c a l l y  easier t o  reach than  t h e  

t h o r a c i c  e p i d u r a l  space and t h e  consequenses of  a p o t e n t i a l  d u r a l  puncture  

are more s e r i o u s  when a t h o r a c i c  approach i s  used. The l e v e l  of  i n j e c t i o n  may 

n o t  be c r u c i a l  f o r  t h e  effect  when e p i d u r a l  o p i o i d s  are used,  as i n d i c a t e d  by 

t h e  r e s u l t s  of s t u d i e s  where lumbar e p i d u r a l  morphine and p e t h i d i n e  were 
capable  of  r e l i e v i n g  post-thoracotomy pain (69,831. 

RELATIONSHIP BETWEEN PHARMACOKINETICS AND PBILRMACODYISAMICS 

The r e p o r t e d  onset of analgesia fo l lowing  e p i d u r a l  a d m i n i s t r a t i o n  of morphine 

i s  20 minutes  and maximal pain re l ie f  i s  achieved 40-90 minutes  a f t e r  i n j e c -  

t i o n  (9,38,62,85) .  Onset of a n a l g e s i a  a f t e r  e p i d u r a l  p e t h i d i n e  is  faster,  be- 

tween 5 and 20 min (13,33,40,72,85) .  

This  is c l o s e l y  p a r a l l e l l e d  by t h e  d i f f e r e n t  a b s o r p t i o n  h a l f - l i v e s  a c r o s s  t h e  

dura of  e p i d u r a l  morphine and p e t h i d i n e  (33,69,92 1. 
The repor ted  d u r a t i o n  of a c t i o n  is longer  f o r  e p i d u r a l  morphine t h a n  f o r  e p i -  

d u r a l  p e t h i d i n e  (9,13,33,38,40,72,77,85,100), and t h i s  i s  r e f l e c t e d  by a more 

r a p i d  disappearance of p e t h i d i n e  from lumbar CSF (92) .  

The h a l f - l i f e  of t h e  l a t e  phase of  p e t h i d i n e  e l i m i n a t i o n  from CSF, between 12 

and 24 hours  a f t e r  i n j e c t i o n ,  t e n d s  t o  be longer  t h a n  t h a t  of  morphine. This  

probably re f lec ts  a slow release of  t h e  l i p o p h i l i c  op io id  from nervous t i s s u e  
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i n  t h e  subarachnoid space.  Evident ly  t h e  amount of p e t h i d i n e  p r e s e n t  a t  t h a t  

time i s  t o o  low t o  c a u s e  r e l i a b l e  a n a l g e s i a .  

Measurable CSF c o n c e n t r a t i o n s  of  morphine and p e t h i d i n e  are s t i l l  p r e s e n t  i n  

lumbar CSF 24 hours  a f te r  e p i d u r a l  i n j e c t i o n  of  a 3 m g  morphine and a 30 mg 

p e t h i d i n e  bolus ,  r e s p e c t i v e l y  (92) .  T h i s  i n d i c a t e s  t h a t  once i n  t h e  sub- 

a rachnoid  space ,  p e t h i d i n e  i s  r a p i d l y  t r a n s p o r t e d  t o  a deep compartment, 

which probably c o n s i s t s  of nervous t i s s u e ,  whi le  a l a r g e  f r a c t i o n  of morphine 

i s  s t i l l  p r e s e n t  i n  t h e  CSF s e v e r a l  hours  a f te r  i n j e c t i o n .  Thus, e p i d u r a l  

morphine p a s s e s  s lowly from t h e  e p i d u r a l  s p a c e  t o  t h e  subarachnoid space ,  but 

i t  a l s o  seems t o  l e a v e  t h e  CSF compartment s lowly .  

T h i s  i s  i n t e r e s t i n g  wi th  r e s p e c t  to  t h e  d u r a t i o n  of a n a l g e s i a  fo l lowing  

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

r e s p e c t  t o  t h e  appearance of  s u p r a s p i n a l  adverse  e f f e c t s  such as l a t e  r e s p i r -  

a t o r y  depress ion .  

The cephalad bulk flow of CSF has  been s t u d i e d  us ing  r a d i o n u c l i d e s  (24)  and 

metr izamide,  a water s o l u b l e  c o n t r a s t  medium ( 2 5 ) .  These reach  t h e  b a s a l  cis- 

terns w i t h i n  30 minutes  a f t e r  lumbar i n t r a t h e c a l  a d m i n i s t r a t i o n .  S e v e r a l  a n i -  

m a l  experiments  (35,39,73)  have demonstrated a rostra1 t r a n s p o r t  of  morphine, 

bu t  no such t r a n s p o r t ,  or e l s e  t o  a lesser e x t e n t ,  of p e t h i d i n e  and metha- 

done. Morphine i s ,  due to  i t s  h y d r o p h i l i c i t y  and slow e l i m i n a t i o n  from CSF, 

more prone t o  be t r a n s p o r t e d  r o s t r a l l y  than  l i p o p h i l i c  o p i o i d s .  

P e t h i d i n e  has  local a n e s t h e t i c  p r o p e r t i e s  i n  h igh  c o n c e n t r a t i o n s  (1  07) .  P re -  

sumably because of t h i s ,  l a r g e  doses  of i n t r a t h e c a l  p e t h i d i n e  (1  mg-kg - 1 )  

can  be used as t h e  sole a n a e s t h e t i c  agent  f o r  s h o r t  lower abdominal, p e r i n e a l  

and lower l imb s u r g e r y  (22,28,66) .  A profound sensory  and motor b lock  i s  pro- 

duced which lasts about  1.5 hours ,  and l o n g - l a s t i n g  p o s t o p e r a t i v e  a n a l g e s i a  

has  been repor ted .  Assuming l i n e a r  k i n e t i c s ,  t h e  r e s u l t s  of t h e  k i n e t i c  s tudy  

f o l l o w i n g  i n t r a t h e c a l  p e t h i d i n e  by Sjos t rgm e t  a l .  (91)  i n d i c a t e  t h a t  h igh  

CSF p e t h i d i n e  c o n c e n t r a t i o n s  are necessary  f o r  a motor block -about 0.2 - 2.5 

mg-ml-l. These c o n c e n t r a t i o n s  are  not  l i k e l y  t o  occur  a f t e r  e p i d u r a l  adminis- 

t r a t i o n  of p e t h i d i n e .  S i n c e  o n l y  about  4 % of  an e p i d u r a l  bo lus  of p e t h i d i n e  

is absorbed t o  t h e  subarachnoid space ,  t h e  a d m i n i s t r a t i o n  of  70 mg of p e t h i -  

d i n e  i n t r a t h e c a l l y  can be compared t o  t h e  a d m i n i s t r a t i o n  of  1.5-2 g ( s i c ! )  

e p i d u r a l l y  i n  terms of subarachnoid space  a v a i l a b i l i t y .  
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M)SE CONSIDERATIONS - EPIDURAL MORPHINE AND PETHIDINE 

The a n a l g e t i c  e f f e c t  of e p i d u r a l  morphine seems t o  reach a p l a t e a u  q u i c k l y ,  

as evidenced by a s tudy  where 2 mg doses  of e p i d u r a l  morphine were more 

e f f e c t i v e  than 0.5 o r  1 mg doses ,  but  e q u a l l y  e f f e c t i v e  as 4 and 8 mg doses  

( 6 2 ) .  Some a u t h o r s  claim t h a t  e p i d u r a l  morphine doses  of 10 mg or 0.1 mg*kg-1 

and p e t h i d i n e  doses  of  100 m g  are  necessary  t o  o b t a i n  a n  adequate  l e v e l  of 

a n a l g e s i a  a f t e r  upper abdominal, t h o r a c i c  o r  lower l imb surgery  (9 ,33 ,57)  

whi le  o t h e r s  r e p o r t  good p o s t o p e r a t i v e  a n a l g e s i a  f o l l o w i n g  2-4 mg doses  of 

e p i d u r a l  morphine, with mean d u r a t i o n s  ranging  from 7 t o  16 hours  (62,70,77)  

and 10-60 mg doses  of  e p i d u r a l  p e t h i d i n e  w i t h  d u r a t i o n s  from 3 t o  7 hours  o r  

more (13,18,72,100) .  

The e x i s t i n g  d i f f e r i n g  dose recommendations are probably due t o  t h e  d i f f e r e n t  

s i t u a t i o n s  w i t h  d i f f e r e n t  c a u s e s  of  pa in  and d i f f e r e n t  p a t i e n t  c a t e g o r i e s  

with d i f f e r e n t  ages  i n  which s p i n a l  o p i o i d s  have been used. Analgesic  con- 

sumption p o s t o p e r a t i v e l y  h a s  been shown t o  c o r r e l a t e  t o  t h e  a c t i v i t y  of t h e  

endogenous o p i o i d  system (76,97) but  t h i s  a c t i v i t y ,  and i ts  m o d i f i c a t i o n  by 

d i f f e r e n t  k inds  of  stress, a n a e s t h e s i a  and o t h e r  medicat ion,  i s  l a r g e l y  un- 

known. 

Another p o s s i b l e  explana t ion  f o r  t h e  d i f f e r i n g  dose recommendations and dura- 

t i o n s  of a n a l g e s i a  fo l lowing  s p i n a l  o p i o i d s  may be t h a t  d i f f e r e n t  a u t h o r s  

have d i f f e r i n g  d e f i n i t i o n s  of  pa in  r e l i e f  (21) .  The a b i l i t y  t o  move around 

f r e e l y  i n  bed, t o  ambulate and t o  t a k e  deep b r e a t h s  and cough wi thout  o r  w i t h  

only  minor pa in  i s  o r  i s  not  inc luded  i n  t h e  d e f i n i t i o n  of  pa in  r e l i e f .  

A f u r t h e r  explana t ion  f o r  t h e  d i f f e r e n t  dose recommendations and d u r a t i o n s  i s  

t h e  widely varying CSF k i n e t i c s .  

The equianalgesic dose relationships between drugs  depend n o t  on ly  on t h e  

a n a l g e t i c  e f f e c t  of t h e  drug ,  but  a l s o  on t h e  d u r a t i o n  of  a n a l g e s i a .  The 

e q u i a n a l g e s i c  dose r e l a t i o n s h i p  between sys temic  morphine and p e t h i d i n e  i s  

known t o  be 1 t o  10. I n  a s tudy  by SjEstrom et a l .  t h i s  was i n v e s t i g a t e d  f o r  

e p i d u r a l  morphine and p e t h i d i n e  us ing  p a t i e n t - c o n t r o l l e d  a n a l g e s i a  (PCA) 

(93 ) .  S e l f - a d m i n i s t r a t i o n  of e p i d u r a l  bo lus  increments  of morphine 1 mg or  

p e t h i d i n e  20 mg was s t a r t e d  p o s t o p e r a t i v e l y  a f t e r  major abdominal surgery .  

Pa in  relief from e p i d u r a l  PCA w i t h  morphine and p e t h i d i n e  was e x c e l l e n t  i n  

a l l  bu t  t w o  p a t i e n t s  i n  t h e  morphine group. PCA l a s t e d  f o r  a mean per iod  of 

16 hours .  The average consumption of  morphine was 0.52 mg-h-l ( range  0.15 - 
1.04, n=15) and of  p e t h i d i n e  it was 18.0 mgeh-l ( range  5.8 - 35.4, n-15). The 

consumption t h u s  v a r i e d  f i v e -  t o  s i x - f o l d  i n  both  groups.  The e q u i a n a l g e s i c  
dose r e l a t i o n s h i p  between e p i d u r a l  morphine and p e t h i d i n e  could be c a l c u l a t e d  
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t o  be 1:35. On a t i m e  continuum, morphine consumption was more i r r e g u l a r  than 

pe th id ine  consumption. Pain assessment on the  VAS s c a l e  did not d i f f e r  be- 

tween t h e  groups. No cases of r e s p i r a t o r y  depression were seen. Adverse 

e f f e c t s  reported i n  a pos topera t ive  ques t ionnai re  were s l i g h t .  Twenty-nine of 

t h e  t h i r t y  p a t i e n t s  who used ep idu ra l  PCA r a t ed  t h e  pain relief as "very 

e f f i c i e n t " .  Plasma concent ra t ions  of both morphine and pe th id ine  were low 

during ep idura l  PCA a s  compared with intravenous PCA (23,981. 

The d i f f e rence  i n  equiana lges ic  dose r e l a t i o n s h i p  between systemic and epi-  

du ra l  op io ids  r e f l e c t s  t h e  closeness of t h e  s i te  of adminis t ra t ion  t o  t h e  

opio id  receptors  i n  t h e  s p i n a l  cord,  and d i f f e rences  i n  CSF k i n e t i c s  and i n  

opio id  receptor  a f f i n i t i e s  (61).  

The f i v e  t o  s i x  f o l d  v a r i a t i o n  i n  morphine and pe th id ine  consumption during 

ep idu ra l  PCA may p a r t l y  be accounted f o r  by the  pharmacokinetic p rope r t i e s  of 

t h e  drugs. However, t h e  v a r i a b i l i t y  f u r t h e r  emphasizes t h e  ind iv idua l  d i f f e r -  

ence i n  pain perception. 

By using k i n e t i c  parameters from t h e  k i n e t i c  study by Sjostrom e t  a l .  (92) 

and drug u t i l i z a t i o n  da ta  from the  PCA s tudy  (931, the  lumbar CSF concentra- 

t i o n s  of morphine and pe th id ine  during ep idu ra l  PCA can be simulated ( f igu re  

1 ) .  These simulated CSF concent ra t ions  t u r n  out t o  be very high. The CSF con- 

cen t r a t ions  t h a t  a r e  ca l cu la t ed  f o r  t h e  time of supplementary ana lges ia  

during PCA are around 300 ng-ml-1 f o r  morphine and 10.000 t o  13.000 ng-ml-l 

for pethidine.  These concent ra t ions  are far h igher  than those  repor ted  a f t e r  

s i n g l e  doses (58,92). 

This discrepancy may i n d i c a t e  r e a l  d i f f e rences  i n  s i n g l e  dose and mul t ip le  

dose k i n e t i c s .  The s p i n a l  k i n e t i c s  of a drug in j ec t ed  i n t r a t h e c a l l y  o r  epi-  

d u r a l l y  is, by and l a r g e ,  determined by t h e  concentration-gradients between 

t h e  ep idura l  space, t he  CSF, the  s p i n a l  cord and the  blood. Only a small 

f r a c t i o n ,  about 48, of an  ep idu ra l  s i n g l e  bolus dose of morphine o r  pe th id ine  

i s  absorbed t o  t h e  subarachnoid space (92). The main f r a c t i o n  of t he  bolus 

dose is rap id ly  absorbed t o  t h e  blood. Due t o  t h e  l a r g e  d i f f e rences  i n  t h e  

volumes of d i s t r i b u t i o n  (23,70,91,98) t h e  concent ra t ions  i n  CSF exceed those 

i n  plasma many times over. When mul t ip le  doses of ep idu ra l  op io ids  are admin- 

i s t e r e d ,  t h e  r e s u l t i n g  concent ra t ion  g rad ien t s  favour the  systemic absorbtion 

of a second ep idu ra l  dose. According t o  t h i s  hypothesis,  as CSF concentra- 

t i o n s  gradual ly  r i s e  during r e p e t i t i v e  doses,  a success ive ly  smaller f r a c t i o n  

of each dose is then absorbed t o  t h e  subarachnoid space. 

The l a r g e  in t e r - ind iv idua l  va r i a t ion  makes i t  impossible t o  recommend a stan- 

dard dose of ep idu ra l  morphine or  pe th id ine  f o r  ana lges ia  of p red ic t ab le  

dura t ion  and with a minimum of adverse e f f e c t s .  Pa t ien t -cont ro l led  ana lges ia  
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Fig. 1. Computer s imulated mean CSF morphine and pe th id ine  concent ra t ions  
during ep idu ra l  PCA us ing  repor ted  pharmacokinetic data (92) and drug u t i l i -  
za t ion  da ta  (93) .  

v i a  t h e  ep idu ra l  r o u t e  thus  provides  an a l t e r n a t i v e  way t o  g ive  an individua-  

l i z e d  pa in  therapy. 

The volume of an ep idu ra l  bolus  i s  probably not  a f a c t o r  of  major importance, 

which i s  ind ica t ed  by the  l ack  of s i g n i f i c a n t  d i f f e r e n c e s  i n  k i n e t i c s  between 

ep idu ra l  morphine adminis tered i n  1 or 10 m l  (92) .  The increased a r e a  of  t h e  

dura exposed t o  the  drug i n  the  l a r g e  volume group i s  evident ly  balanced, t o  

a l a r g e  e x t e n t ,  by t h e  increased d i f f e rence  i n  concent ra t ions  ac ross  t h e  dura 

i n  the  small volume group. It has  been suggested t h a t  i nc reas ing  the  volume 
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of a morphine bolus  i n c r e a s e s  t h e  d u r a t i o n  of a n a l g e s i a  ( L i 6 ) ,  but  t h i s  re- 

mains t o  be shown. 

DOSE CONSIDERATIONS - INTRATHECAL MORPHINE AND PETHIDINE 

I n t r a t h e c a l  morphine has  been used i n  widely vary ing  doses ,  from less than 

0.1 mg t o  20 mg (87,961. Small doses  of 0.25-0.5 mg a lone  or i n  combination 

wi th  local a n a e s t h e t i c s  f o r  s p i n a l  a n a e s t h e s i a  have been r e p o r t e d  t o  g i v e  

pa in  r e l i e f  f o r  12-24 h or more (5,70).  

The most commonly used doses  of e p i d u r a l  morphine are i n  t h e  range  of 3 t o  10 

mg. A CSF a v a i l a b i l i t y  of 3.6 % of e p i d u r a l  morphine (92) means t h a t  about  

0.2 mg and 0.4 mg of e p i d u r a l  boluses  of 5 and 10 mg, r e s p e c t i v e l y  reach t h e  

subarachnoid space. 

The l a r g e  i n t e r - i n d i v i d u a l  v a r i a t i o n  i n  morphine CSF k i n e t i c s  may expla in  

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

a f t e r  i n t r a t h e c a l  morphine. It a l s o  makes i t  very d i f f i c u l t ,  or  even i m -  

p o s s i b l e ,  t o  sugges t  a s tandard  dose which produces a I.ong d u r a t i o n  of pa in  

r e l i e f  t o  t h e  i n d i v i d u a l  p a t i e n t  wi thout  exposing t h e  p a t i e n t  t o  t h e  r i s k  of 

an  overdose wi th  p o t e n t i a l  adverse  e f f e c t s .  

A c e r t a i n  v a r i a b i l i t y  of t h e  c l i n i c a l  e f f e c t ,  due t o  t h e  i n t e r - i n d i v i d u a l  

d i f f e r e n c e s  i n  k i n e t i c s ,  can a lso be expected a f te r  i n t r a t h e c a l  p e t h i d i n e .  

THE "IDEAL" SPINAL OPIOID 

A l i p o p h i l i c  o p i o i d  wi th  a s t r o n g  a f f i n i t y  f o r  t h e  opio id  r e c e p t o r s  might 

t h e o r e t i c a l l y  be an " i d e a l "  op io id  f o r  e p i d u r a l  use.  A r a p i d  o n s e t  of pain 

r e l i e f  due t o  r a p i d  a b s o r p t i o n  through t h e  dura t o  t h e  s p i n a l  cord ,  a long 

d u r a t i o n  of a c t i o n  because of slow removal of t h e  l a s t  small f r a c t i o n  from 

t h e  subarachnoid space ,  and a low r i s k  of rostra1 t r a n s p o r t  because of r a p i d  

removal from t h e  CSF, are advantages which would be combined. 

A p o t e n t i a l  problem wi th  a n  opio id  wi th  a s t r o n g  a f f i n i t y  f o r  t h e  o p i o i d  re- 

c e p t o r s  is t h a t  i t  may be d i f f i c u l t  or even impossible  t o  r e v e r s e  t h e  opio id  

e f f e c t s  wi th  naloxone. This  has  been demonstrated f o r  l o f e n t a n i l ,  one of t h e  

new a n i l i n o p i p e r i d i n e s  (120) .  I n t r a t h e c a l  s u f e n t a n i l  and a l f e n t a n i l ,  o t h e r  

a g e n t s  from t h i s  class, have been shown t o  be a t  least  as e f f e c t i v e  as mor- 

phine i n  r a t  s t u d i e s ,  but  wi th  s h o r t e r  d u r a t i o n s  of a c t i o n  (120) .  

There is a l s o  a p o s s i b i l i t y  t h a t  increased  l i p o p h i l i c i t y  i n c r e a s e s  systemic 

r e d i s t r i b u t i o n  fo l lowing  s p i n a l  a d m i n i s t r a t i o n ,  which could c o u n t e r a c t  t h e  

p o s i t i v e  e f f e c t s  of i n c r e a s e d  l i p o p h i l i c i t y  fo l lowing  s p i n a l  a d m i n i s t r a t i o n .  
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The combination of small doses  of o p i o i d s  and l o c a l  a n e s t h e t i c s ,  might prove 

t o  be an  i n t e r e s t i n g  f u t u r e  development. 
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