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ABSTRACT 

Many drugs a r e  o f  i n t e r e s t  f r o m  t h e  p o i n t  o f  v iew o f  t h e i r  pha rmacok ine t i ca l  

p r o p e r t i e s  i n  t h e  CSF, as w e l l  as t h e i r  p e n e t r a t i o n  o f  t h e  dura mater  a f t e r  

e p i d u r a l  a p p l i c a t i o n .  A means o f  assessment o f  these p r o p e r t i e s  i s  t h e r e f o r e  o f  

importance. The p resen t  r e p o r t  desc r ibes  a method a l l o w i n g  r e l i a b l e  s i m u l t a -  

neous c a n n u l a t i o n  o f  t h e  e p i d u r a l  and subarachnoid spaces i n  t h e  anaes the t i zed  

p i g ,  w i t h  c o n t r o l  o f  t h e  c a t h e t e r  p o s i t i o n s .  The c a t h e t e r  t i p s  can be p laced  a t  

t h e  same s p i n a l  l e v e l ,  separated o n l y  by t h e  dura mater  and a rachno id  membrane. 

Both c a t h e t e r s  a r e  i n t r o d u c e d  v i a  t h e  a t l a n t o - o c c i p i t a l  membrane. We found t h i s  

method a v a l u a b l e  t o o l  i n  t h e  research  o f  d rug  d i s p o s i t i o n  and o t h e r  experimen- 

t a l  procedures, where s imul taneous and r e l i a b l e  access t o  t h e  subarachnoid and 

e p i d u r a l  spaces i s  mandatory. 

INTRODUCTION 

Advances i n  p a i n  p h y s i o l o g y  and pharmacology has l e d  t o  t h e  i n t r o d u c t i o n  o f  
seve ra l  endogenous as w e l l  as  exogenous substances w i th  a n a l g e s i c  e f f e c t s  when 

a d m i n i s t e r e d  i n t r a t h e c a l l y  i n  an imals  as w e l l  as i n  t h e  c l i n i c a l  s i t u a t i o n .  

The e p i d u r a l  r o u t e  o f  a d m i n i s t r a t i o n  has o f t e n  been chosen because o f  i t s  a b i l -  

i t y  t o  p r o v i d e  h i g h  c o n c e n t r a t i o n s  o f  pha rmaco log ica l l y  a c t i v e  agent  i n  t h e  v i -  

c i n i t y  o f  s p i n a l  recep to rs .  E p i d u r a l l y  admin i s te red  o p i a t e s  and c l o n i d i n e  a r e  

t y p i c a l  examples ( 1,ll). Physost igmine has a l s o  been used i n t r a t h e c a l l y  recen t -  

l y  ( 3 ) .  The f u r t h e r  e v a l u a t i o n  o f  many o t h e r  drugs concern ing  t h e i r  p o s s i b l e  

s p i n a l  n e u r o t o x i c  a c t i o n s  and c i r c u l a t o r y  e f f e c t s  i n  t h e  s p i n a l  cord, as w e l l  

as t h e i r  CSF pharmacokinet ic  p r o p e r t i e s  a r e  o f  i n t e r e s t  and e s s e n t i a l  b e f o r e  

c l i n i c a l  t r i a l s  can be s t a r t e d .  When s t u d y i n g  t h e  passage o f  a d rug  f r o m  t h e  

e p i d u r a l  space across t h e  dura mater  i n t o  t h e  subarachnoid space and t h e  phar-  

macok ine t i c  p r o p e r t i e s  o f  t h e  d r u g  i n  t h e  CSF, animal models a r e  u s e f u l .  Due 

t o  i t s  anatomical  and economic advantages t h e  p i g  has been i n c r e a s i n g l y  used 

i n  o u r  i n s t i t u t i o n  f o r  animal experiments. 

Several methods g i v i n g  access t o  t h e  e p i d u r a l  (4,12,8,2) and subarachnoid 

spaces (14,7,5,10) have been d e s c r i b e d  i n  animals. A c a t h e t e r  can r e a d i l y  be 
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i n t roduced through a needle p laced i n  the  e p i d u r a l  space by percutaneous tech-  

n ique u s i n g  the  l o s s  o f  r e s i s t a n c e  method i n  most l a r g e  animal species. The use 

o f  t h i s  technique when t h e  p o s i t i o n  o f  the  c a t h e t e r  i s  c r u c i a l ,  however, may, 

l e a d  t o  d i f f i c u l t i e s ,  s ince  t h e  c a t h e t e r  may f o l l o w  an undes i rab le  d i r e c t i o n  

( 9 ) .  It i s  o f t e n  so t h a t  t h i s  misplacement i s  n o t  revea led  u n t i l  autopsy o f  t h e  

animal. Furthermore, t h e  i n t r o d u c t i o n  o f  a subarachnoid c a t h e t e r  by t h e  per-  

cutaneous needle i n s e r t i o n  technique i n  t h e  mid o r  lower  sp ine  c a r r i e s  w i t h  i t  

t h e  danger o f  damaging t h e  s p i n a l  cord, s i n c e  t h i s ,  i n  e.g. t h e  p ig ,  extends 

a l l  t h e  way down t o  t h e  s a c r a l  h i a t u s .  We have a l s o  found i t  d i f f i c u l t  and un- 

r e l i a b l e  t o  o b t a i n  CSF over  longer  sampling p e r i o d s  us ing  a percutaneously  i n -  

ser ted  lumbar ca the ter .  

The present  r e p o r t  i s  a d e s c r i p t i o n  o f  an a l t e r n a t i v e  method i n  t h e  anaes- 

t h e t i z e d  p i g  which a l l o w s  r e l i a b l e  simultaneous c a n n u l a t i o n  o f  t h e  e p i d u r a l  and 

subarachnoid spaces w i t h  c o n t r o l  o f  t h e  c a t h e t e r  p o s i t i o n s .  The method enables 

f i x a t i o n  o f  t h e  c a t h e t e r  t i p s  a t  the  same s p i n a l  l e v e l ,  separated o n l y  by t h e  

dura mater and arachnoid membrane. The method has proven u s e f u l  f o r  CSF pharma- 

c o k i n e t i c  s t u d i e s  and f o r  s t u d i e s  o f  the  drug  p e n e t r a t i o n  o f  t h e  dura mater. 

METHODS 

P igs  o f  Swedish breed weighing 20-25 kg were used. Anaesthesia was i n t r o -  

duced w i t h  ketamine ( K e t a l a r R ) ,  500 mg i.v. f o l l o w e d  by a cont inuous i n f u s i o n  

o f  methomidate (HypnodilR) 7.5 mg/kg/h and pancuronium bromide (PavulonR) 2.1 

mg/h/kg b.w. Tracheostomy was performed and t h e  animals  rece ived o x y g e n h i -  

t r o u s  ox ide  (30/70), and were v e n t i l a t e d  by means o f  a vo lume-cont ro l led  v e n t i -  

l a t o r  (Servo V e n t i l a t o r  900B, Siemens Elema). The e n d - t i d a l  carbon d i o x i d e  

t e n s i o n  was kept  w i t h i n  normal l i m i t s  by means o f  capnography and b lood gas 

a n a l y s i s .  Glucose 25 mg/ml i n  h a l f  i s o t o n e  R i n g e r ' s  a c e t a t e  (RehydrexR, Phar- 

macia) was i n f u s e d  d u r i n g  t h e  experiment a t  a r a t e  o f  10 ml/kg/h. Cathe ters  f o r  

i n t r a v a s c u l a r  pressure m o n i t o r i n g  and b lood sampIing were p laced i n  t h e  r i g h t  

a t r i u m  v i a  t h e  l e f t  j u g u l a r  v e i n  as w e l l  as i n  t h e  r i g h t  c a r o t i d  a r t e r y .  The 

animals  were p laced i n  t h e  prone p o s i t i o n  w i t h  maximal f l e x i o n  i n  t h e  neck. A 
hard c y l i n d r i c a l  p i l l o w  below t h e  neck as w e l l  as o r d i n a r y  s u r g i c a l  tape was 

used t o  o b t a i n  t h i s  p o s i t i o n .  Under a s e p t i c  c o n d i t i o n s ,  a m i d l i n e  i n c i s i o n  

through t h e  s k i n  was made f rom t h e  e x t e r n a l  o c c i p i t a l  protuberance t o  about 15 

cm caudal o f  t h i s  p o i n t .  D i s s e c t i o n  was cont inued by d i v i d i n g  t h e  neck muscles 

s t r i c t l y  i n  t h e  m i d l i n e  as t h i s  approach min imized b leeding.  The muscles were 

d i v i d e d  down t o  the  o c c i p i t a l  bone u n t i l  t h e  d o r s a l  edge o f  t h e  foramen magnum 

c o u l d  be palpated. The s p i n a l  processes o f  t h e  f i r s t  and second c e r v i c a l  v e r t e -  

b r a  were l o c a t e d  and exposed. A s e l f - h o l d i n g  r e t r a c t o r  was used and found t o  be 

o f  i n v a l u a b l e  h e l p  i n  v i s u a l i z i n g  these s t r u c t u r e s  and a l s o  served as a haemo- 
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s t a t  d u r i n g  t h e  d i s s e c t i o n .  T h e r e a f t e r  t h e  a t l a n t o - o c c i p i t a l  membrane c o u l d  be 

pa lpa ted  between t h e  o c c i p i t a l  bone and t h e  f i r s t  c e r v i c a l  ve r teb ra .  I n  t h e  p i g  

t h i s  s t r u c t u r e  i s  s i t u a t e d  about  12 cm below t h e  sk in .  The l i gamen t  was exposed 

by c a r e f u l  d i s s e c t i o n  u n t i l  i t  appeared naked w i t h  i t s  s h i n y  g r e y i s h - y e l l o w  

appearance. The e p i d u r a l  space ends a t  t h e  foramen magnum where a f u s i o n  occu rs  

between t h e  l igamentum f l avum and t h e  s u p e r f i c i a l  l a y e r  o f  t h e  du ra  mater. 

Between t h e  foramen magnum and t h e  f i r s t  c e r v i c a l  ve r teb ra ,  however, t h e  e p i -  

d u r a l  space s t i l l  e x i s t s .  When p e n e t r a t i n g  t h e  exposed a t l a n t o - o c c i p i t a l  mem- 

brane w i t h  a b l u n t  needle, i n  t h i s  case a Thouy needle 18 G was used, an aud- 

i b l e  pop combined w i t h  a d i s t i n c t  f e l l  o f  " g i v e "  was exper ienced,  t h e  e p i d u r a l  

space had then  been reached by t h e  needle t i p .  The d i r e c t i o n  o f  t h e  needle 

should be caudal and i t s  i n s e r t i o n  c l o s e  t o  t h e  c r a n i a l  edge o f  t h e  f i r s t  ce r -  

v i c a l  ve r teb ra .  The p o s i t i o n  o f  t h e  needle t i p  was v e r i f i e d  by  l a c k  o f  CSF i n  

t h e  needle. and no r e s i s t a n c e  should be f e l t  when i n j e c t i n g  a few m l  o f  a i r .  

A s o f t  p l a s t i c  gu ide w i r e  made o f  n y l o n  (1.05 mm B r i t i s h  Viggo, U.K.) was i n -  

t roduced about  15 cm i n t o  t h e  e p i d u r a l  space i n  t h e  caudal d i r e c t i o n  a f t e r  

which t h e  needle was withdrawn. A p o l y e t h y l e n e  c a t h e t e r  (1.25 mm o.d., l e n g t h  

30 cm), ( B r i t i s h  Viggo, U.K.) was then  threaded ove r  t h e  guide w i r e  i n t o  t h e  

e p i d u r a l  space. 

So as t o  i n t r o d u c e  an i n t r a t h e c a l  cannula i n  t h e  same animal, a needle was 

aga in  passed th rough  t h e  a t l a n t o - o c c i p i t a l  membrane, abou t  1 cm above t h e  p o i n t  

o f  e n t r y  o f  t h e  e p i d u r a l  c a t h e t e r .  When e n t e r i n g  t h e  e p i d u r a l  space, t h e  same 

s i g n s  as mentioned above were expereienced. The needle was then  advanced slow- 

l y  u n t i l  p e n e t r a t i o n  o f  t h e  a rachno id  membrane occu r red  which was immed ia te l y  

f o l l o w e d  by  t h e  appearance o f  CSF a t  t h e  needle hub. A 1.05.nylon guide w i r e  

was i n t r o d u c e d  i n t o  t h e  subarachnoid space. Care should be taken t o  use t h e  

f i n e s t  p o s s i b l e  needle t h a t  a l l o w s  passage o f  t h e  gu ide  w i r e  so as t o  p r e v e n t  

leakage o f  CSF once t h e  needle i s  withdrawn. A c a t h e t e r  o f  t h e  same t y p e  as i n  

t h e  e p i d u r a l  space was then  i n t r o d u c e d  i n  t h e  caudal d i r e c t i o n  as w i t h  t h e  

e p i d u r a l  c a t h e t e r .  The t i p s  o f  t h e  c a t h e t e r s  cou ld  e a s i l y  be p laced  a d j a c t a n t  

t o  each o t h e r ,  separated o n l y  by  t h e  dura mater  and t h e  a rachno id  membrane. O f  

course, t h e  subarachnoid c a t h e t e r s  may a l s o  be d i r e c t e d  c r a n i a l l y .  I n  o r d e r  t o  

m in im ize  t h e  leakage o f  CSF around t h e  subarachnoid c a t h e t e r  we have u t i l i z e d  

an auto logous b lood  pa tch  techn ique  by  p o o r i n g  10 m l  o f  t h e  p i g s  b lood  on to  

t h e  bot tom o f  t h e  s u r g i c a l l y  exposed area and a l l owed  t h e  b lood  t o  coagu la te  

b e f o r e  sewing up t h e  wound. 

RESULTS AND DISCUSSION 

A f t e r  deve lop ing  t h e  techn ique  i n  a number o f  p i l o t  exper iments t h e  method 

was used i n  20 p i g  experiments. The l o c a t i o n s  o f  t h e  e p i d u r a l  and subarachnoid 

113 



c a t h e t e r s  were c o n t r o l l e d a n d  found c o r r e c t  i n  a l l  cases when checked a t  autopsy 

a f t e r  t h e  experiments. CSF was e a s i l y  ob ta ined  and we were a b l e  t o  sample 0.5- 

1 m l  o f  CSF as much as t h r e e  t imes  a t  f i v e  m inu te  i n t e r v a l s  and c o n s i d e r a b l y .  

more when t h e  i n t e r v a l  between t h e  sampling p e r i o d s  was longer .  Over a 4 hour 

p e r i o d  2 m l  o f  CSF c o u l d  be sampled eve ry  20 minutes.  No gross l e s i o n s  o f  t h e  

s p i n a l  co rd  were seen a t  autopsy. 

The method desc r ibed  above has been used s u c c e s s f u l l y  by us i n  exper iments 

where d r u g  passage f rom t h e  e p i d u r a l  space ac ross  t h e  dura mater  i n t o  t h e  sub- 

a rachno ida l  space was s tud ied .  I n  t h i s  s i t u a t i o n  we found i t  i m p o r t a n t  t o  have 

t h e  t i p  o f  t h e  e p i d u r a l  c a t h e t e r ,  where t h e  t e s t  d rug  was d e l i v e r e d ,  as c l o s e  

as p o s s i b l e  t o  t h e  t i p  o f  t h e  i n t r a t h e c a l  c a t h e t e r ,  where t h e  CSF was sampled. 

Using t h e  p resen t  model t h i s  was always ac ieved.  Furthermore, t h e  r i s k  o f  d u r a l  

l e s i o n s  i n  t h e  v i c i n i t y  o f  t h e  e p i d u r a l  puncture,  which cou ld  a l l o w  i n t r a t h e c a l  

leakage o f  t h e  t e s t  d rug  and thus  d i s t u r b  ghe pharmacokinet ic  a n a l y s i s ,  seems 

low  u s i n g  t h i s  method compared t o  t h e  method u s i n g  b l i n d  percuatneous puncture.  

We have used t h e  method f o r  s t u d i e s  o f  p e n e t r a t i o n  o f  t h e  dura mater  by c l o n i -  

d i n e  admin i s te red  e p i d u r a l l y  (6 ) .  

We have a l s o  used t h e  method t o  o b t a i n  CSF samples f rom t h e  p o s t e r i o r  c i s -  

t e r n a l  sac d u r i n g  s t u d i e s  o f  t h e  k i n e t i c s  o f  CO2 and b i ca rbona te  d u r i n g  c a r d i o -  

pulmonary a r r e s t  (13) .  It i s  probable t h a t  t h i s  techn ique  cou ld  a l s o  be used i n  

awake animals  a l l owed  t o  recove r  a f t e r  c a t h e t e r i z a t i o n ,  a l t hough  t h i s  has n o t  

been t r i e d  by t h e  au tho rs .  

CONCLUSION 

Our method o f  c a n n u l a t i n g  t h e  e p i d u r a l  and subarachnoid spaces i n  t h e  p i g  

seems t o  be a v a l u a b l e  t o o l  i n  t h e  research  o f  d rug  d i s t r i b u t i o n  and o t h e r  ex- 

pe r imen ta l  procedures where simultaneous and r e l i a b l e  access t o  t h e  subarach- 

n o i d  and e p i d u r a l  spaces i s  mandatory. 

1. 

2. 

3. 

4. 

5. 

6. 

114 

REFERENCES 

Bahar, M., Magora, F., Olshwang, D. & Davidson, I.T.: E p i d u r a l  morphine i n  
t rea tmen t  o f  pa in .  Lancet  1:527-529, 1979. 
Bahar, M., Rosen, M. & V ickers,  D.: Chronic  c a n n u l a t i o n  o f  t h e  i n t r a d u r a l  
o r  e x t r a d u r a l  space i n  t h e  r a t .  B r  J Anaesth 56:405-410, 1984. 
Di rksen,  R. & N i j h u i s ,  G.M.N.: The re levance  o f  c h o l i n e r g i c  t r a n s m i s s i o n  a t  
t h e  s p i n a l  l e v e l  t o  o p i a t e  e f f e c t i v e n e s s .  Europ J Pharmacol 91:215-221, 
1983. 
Duce, B.R., Zelechowski , K. & Camougis, G.: Exper imenta l  e p i d u r a l  anaes- 
t h e s i a  i n  t h e  c a t  w i t h  l i g n o c a i n e .  B r  J Anaesth 41:579-587, 1969. 
Feldman, H. & Covino, B.G.: A c h r o n i c  model f o r  i n v e s t i g a t i o n  o f  experimen- 
t a l  s p i n a l  anes thes ia  i n  t h e  dog. Anes thes io logy  54:148-152, 1981. 
Gordh, T. & H a r t v i g ,  P.: CSF and plasma c o n c e n t r a t i o n s  o f  c l o n i d i n e  i n  p i g s  
a f t e r  e p i d u r a l ,  i n t ravenous  and i n t r a m u s c u l a r  a d m i n i s t r a t i o n .  Submi t ted f o r  
p u b l i c a t i o n  i n  Ups J Med Sc i  1985. 



7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Ky t ta ,  I., Rosenberg, P.H. & Wahlstrom, T.: H i s t o p a t h o l o g i c a l  changes i n  
t h e  r a b b i t  s p i n a l  c o r d  caused by bupivacaine.  ( A b s t r a c t ) .  Acta Anaesthe- 
siol Scand 25:72:38, 1981. 
Lebeaux, M.I.: Sheep: A model f o r  t e s t i n g  s p i n a l  and e p i d u r a l  a n e s t h e t i c  
gents. Lab Anim Sc i  25:629-633, 1975. 
Moore, D.C.: Regional b lock .  Char les C Thomas Pub l i she r ,  USA. 4 ed. p 436, 
1978. 
Ravindran, R., Turner, M. & M u l l e r ,  J.: Neuro log i c  e f f e c t s  o f  subarachnoid 
a d m i n i s t r a t i o n  o f  2-chloroprochaine-CE, bup ivaca ine  and low  pH normal 
s a l i n e  i n  dogs. Anesth Analg 61:279-283, 1982. 
Tamsen, A. & Gordh, T.: E p i d u r a l  c l o n i d i n e  g i v e s  ana lges ia .  Lancet  Oct 13, 

van den Hoogen, R.H. & Co lpaer t ,  F.C.: Long te rm c a t h e t e r i z a t i o n  o f  t h e  
lumbar e p i d u r a l  space i n  t h e  r a t s .  Pharmacol Biochem Behav 15:515, 1981. 
W i  k lund,  L. , Soderberg, D. , Henneberg, S. , Rubertsson, S., S t j e r n s t r o m ,  
H. & Groth, T.: K i n e t i c s  o f  carbon d i o x i d e  d u r i n g  card io-pulmonary r e -  
s u s c i t a t i o n .  An exper imen ta l  and computer s i m u l a t i o n  s tudy  i n  p i g l e t s .  
Submi t ted t o  C r i t  Care Med 1985. 
Yaksh, T.L. & Rudy, T.A.: Chronic  c a t h e t e r i z a t i o n  o f  t h e  s p i n a l  subarach- 
n o i d  space. Phys io l  Behav 17:1031, 1976. 

p 876-877, 1984. 

Address f o r  r e p r i n t s :  

D r .  T. Gordh 
Department o f  Anaesthes io logy 
U n i v e r s i t y  H o s p i t a l  
S-751 85 Uppsala 
Sweden 

115 


