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ABSTRACT 

A n aes the t i c  recoveries h av e  b een the  target o f  l i t t l e  research ,  and  t h e  

i n format ion  ava i l ab le  o n  t h e  e ffec t  o f  an aesthet ic  i n duc t ion  agents  o n  

recovery l acks de ta i l  and  spe c i fic i ty .  Th e a im o f  t h i s  s tu dy w a s  to  co mpare 

t h e  a n aesth e t i c  recovery per i o ds after 4 di fferent  i n d u c t i o n  proc edures :  

( 1 )  ace tylpromaz ine ,  g lycero l  g u aiacolate ,  t h iopentone ;  (2)  xyl az ine ,  g lycerol  

g u a i aco late ,  t h i opentone ;  (3)  xy laz ine ,  ke tamine ;  (4)  ace ty lpromaz ine ,  g lycerol  

g u a i aco late ,  ke tamine ,  which w ere fo l lowed by 1 hour of  h alo thane  in  oxygen 

an aes thes ia  . Ten horses each  received a l l  4 tec h n iques  wi th  at  l eas t  1 week 

b etween successive anaest h e t i c s .  The 1 0  resu l t s  for each i n duct ion  t e c h n ique  

wer e  gro uped,  m eans de termi n ed,  and  s ta t i s t ica l  analysi s  p erformed o n  t h ese 

gro up means .  

S tr i k ingly ,  the  u s e  o f  th iopen to n e, when compared to  ke tamine  comb i n at i ons , 

res u l ted in  con s is ten t ly poorer recover ies .  Th e poss i b i l i ty tha t  t h i s  may b e  

d u e  t o  t h e  pers is tence o f  suban aesthet ic  b arb i turate leve ls  during the  recovery 

per i o d  is d i scussed .  In man ,  res idua l  b arb i t urate leve l s  h ave been  shown to  

i n cr e ase the awareness o f  p ai n ,  and i t  is  poss ib le  that a s im i l ar e ffec t m ay b e  

pre s e n t  i n  horses,  detr imen t al ly affec t ing  th e ir an aest h e t i c  recover ies .  The 

ro l e  o f  ketamine in  the c o n s i s tent ly be t t er recover ies  i s  u n c lear .  I t  i s  

hyp o t h es ised t h at i t  may b e  d u e to  res idua l  ke tamine  l eve l s  in  p lasma exer t ing  

a s t i m u l atory e ffec t  o n  areas  of  the  central  n ervo us syste m .  

I n t eres t ingly ,  t h e  u s e  o f  a c e tylpromazine  a s  a premed ican t  b e fore bo th  

t h iopen tone  a n d  ke tamine  c o m binat ions ,  prolongs  recovery and s ign i fi cant ly  

i n creases 3 hour  pos t  anaes t h e t ic crea t in ine  phosphok in ase  (CPK) l eve l s .  No 

s ta t i st i cal re la t ionsh ip was  fo u n d  b etween l o nger recu mbency t i m es and 

e l eva ted  C P K  l evels ,  a n d  i t  i s  pos tu la ted  tha t  the  CP K r i se  m ay h ave been 

i n d irect ly caused  by acety lpro mazin e  lower ing  t h e  packed ce l l  vo l u me,  and 

t h er e fore musc le  t i ssue oxygen  supply.  

Th e d i fference  in pharmacok i n et ics  of the i n d iv idua l  dru gs u s e d  apparent ly  

i n fl u enced  t h e  smoothn ess and the  rate o f  recovery o bserved.  I t  c a n n o t  be  
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ass u m e d  t h erefore ,  that h orses exper ienc ing  longer or shorter an aesthet ic  

per iods  would  show s imi lar recovery atttr ibu tes to those fou n d  in  th is  s tudy.  

I t  was  conc luded  that ,  after 1 hour of  an aesthet ic  m a i n tenance  us ing  

h al o t h a n e  i n  oxygen mixtures,  t h ere i s  a be t ter chance  o f  h orses h av ing  a 

coord in ate  recovery i f  ketam i n e  comb i n at ions  are used  as  i n duct ion  agents; 

a n d  a m ore rap id  recovery i f  xylaz ine/ketam i n e  i s  u sed to i n d uc e  a n aes thes ia .  
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CHAPTER 1 

INTRODUCTION 

In  n o  a n i m a l  is t h e  c h al lenge o f  a s a fe and  successful an aesth e t i c  as great  as  

i n  the h o rs e .  I t  is  the  large s ize  a n d  frequen t ly fractiou s  t emperament  in  t h is 

an imal  t h a t  render  anaes thes ia  d i fficu l t .  I t s  s ize dic ta tes t h a t  a n aes thet ic  

procedures  s h o u l d  b e  r apid,  smooth  and accomplished wi th  a m i n i m u m  o f  

exc i tem e n t  a n d  restrain t  t o  avo id inj u ry t o  anaesth etic perso n n e l  o r  the  h o rse .  

The t e mperament  of  the  h orse n ec ess i tates t h e  u se of  sedat ives  to  smooth  

induc t ion  and  r ecovery fro m  a n aes thes ia .  As ide  from t h ese  obv iou s  physica l  

di fficu l t i es ,  h o rses pose two maj o r  physio logica l  prob lems d u r i n g  a n aesthes ia  

and recovery .  O n e  is  t he  devel opmen t  o f  a l arge pu lmo n ary s h u n t  a n d  a 

ven t i l a t ion  t o  perfu sion  mismatch wh i l s t  recumbent  a n d  anaes th e t ised,  t ha t  

may l ead  to  ar t er ia l  hypoxaemia even wi th  h igh  i n spired oxygen c o n cent ra t ions  

(Hal l ,  1 9 7 1 ;  McDonn e l l  et a l ,  1 979 ;  Nyman et a t, 1 988 and  1 990) .  The  o t h e r  

is  t h e  occu rrence ,  in  s o m e  h o rses ,  o f  a post anaesth et ic  myopathy .  This  

myopathy  has  been  l inked  to  hypotens ion  and poor  musc le  perfus ion  (Richey 

et a l ,  1 990) ,  and ,  as a consequence ,  m ay impede the  h orse ' s  a t t empt  to  r i se  

after  anaes th es ia .  I n  extreme cases ,  e u t h anasia of  the h o rse m ay be  n ec essary 

on h u ma n e  grounds  (Tr im and Maso n ,  1 973 ;  W hite,  1 982) . A g rea t  dea l  o f  

research h a s  b e e n  c arr ied o u t  to  es tab l ish t h e  c auses a n d  r e m edies o f  t h ese 

prob lems .  

To min imi se  a n aesth e t ic complic a t ions  in  horses ,  fast a n d  smooth  a n aes the t ic 

recover ies  a r e  requ i red .  Th e rapidi ty  o f  recoveries is i mpor t a n t  because  

fi rs t ly ,  i t  reduces  t h e  length  o f  t ime in wh ich horses  h ave poor  

vent i la t ion/perfus ion ra t ios  (Hal l ,  1 97 1 ;  Hedestie rna  e t  a l ,  1 987) a n d  

secondly ,  b ecause  i t  reduces  t h e  poten t ia l  fo r post an aesth e t ic  myopathy to  

occu r  ( G r a n dy et a l ,  1 987) .  The smoothness of  recovery i s  a l so  i mpor tan t  

b ecause  w e l l  coordin ated movement s  res u l t  i n  less se l f  t r auma  and  l ess 

disrupt ion  to su rgical  wounds .  However ,  in no aspect of anaes th es ia  does  t h e  

equ in e  an aes th et is t  h ave l ess c o n t ro l  t h a n  t h e  recovery.  Th e r e fore  equ i n e  

anaes the t i s t s  h ave examined the  e ffec t  o f  different  anaesthetic induction a n d  

mai n t e n a n c e  agents  o n  the  qua l i ty a n d  durat ion o f  recovery.  Th e search  for 
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an idea l  d r u g  combina t ion ,  tha t  provides  a smooth  induc t ion  a n d  q u ie t ,  shor t  

r ecovery, as  we l l  as m i n im al ly a ffec t i n g  the  h o rse  phys io log ica l ly ,  con t i n ues .  

Th e a im of  t h i s  exper iment  was  to  c o mpare the  r ecovery fro m  an aest h es i a  

i n d u c e d  by a var ie ty o f  i n duct ion  tech n i qu es,  a n d  ma in ta in ed for o n e  h o u r  

u s ing  ha lo thane  i n  oxygen mixtures .  

Th e i n fo rmat ion  avai l ab le  o n  anaes the t i c  recovery in  h o rses ,  as ide  f rom t h e  

syn drome o f  post  anaes thet i c  myopathy ,  i s  sca n t .  A br i e f  review o f  pert i n e n t  

fac tors  wh i ch  may i n fl u ence  recovery fro m  anaes thesia is  presen ted  u n der  t h e  

fo l lowing h ead ings  -

( i )  EQUINE P O ST ANAESTHETIC C O MP LICATIONS 

(a)  D eath 

(b )  Fracture  

(c )  Myopathy 

( i i )  ANAESTHETIC RECOVERY 

( i i i )  ANAESTHETIC AGENTS U S E D  IN THE HORSE 

( i )  E Q U I N E  P O S T  ANAE STHETIC C O M PLICATI O N S  

( a )  D e a th 

Anaes thes ia ,  and i t s  assoc iated  compl i c at ions ,  a re  a major  cause  o f  morb i di ty 

and  mor ta l i ty i n  equ ine  su rgery (Ha l l  and C l a rke ,  1 983). Death  fo l lowi n g  

an aesth es ia  a n d  s u rgery i n  non - ser ious ly  i l l  pa t i e n t s h a s  b e e n  e s t imated to  b e  

1 .5% o f  ope rat ions  (Tevick,  1 983). Th ese dea ths  may o c c u r  o n  i n du c t i o n ,  

d u r i n g  m a i n ten ance,  o r  at  recovery .  Most a re  seemi n g ly r e la ted  to  t h e  

pharmaco log ical  effects  o f  the  drugs  used o n  t h e  h o rse's card iovasc u la r ,  

pu lmo n a ry o r  cen tra l  n ervous  sys tems .  However ,  some of  these  deaths  m ay 

be  t h e  re su l t  o f  eu th anas ia  o f  h orses s u ffe r ing  fro m  severe myopathy  fo l lowi n g  

su rgery,  o r  for s e l f  i nj u r ies t h a t  o c c u r  d u r i n g  exc i ted  a n d  incoord ina te  

recover ies .  
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Records a t  t h e  Massey Veter inary Hosp i tal , wh ere t h e  anaest h es i a/surgery 

m ortal i ty i n  recent  years h as been  b etween 1 and  1 .5%, show that  

approximate ly  one  quarter o f  the assoc ia ted  deaths  are d u e  to sudden  c ardiac 

arrest . A fur t h er quarter occur i n  poor a n aesth et ic r isk pat ients  w h i c h  h ave 

vary ing  degrees  of card iopu lmonary c o l l apse o n  admiss ion to surgery.  Th e 

remain i n g  h a l f  are e u t h an ased fol l ow ing  s urgery for a var iety  o f  reason s  

i nc lud ing  frac ture and  severe postan aes thet i c  myopathy .  

(b) Fra c t u re 

The most c o m m o n  comp l icat ion  n ecess i ta t ing  e u t h anas ia  fo l lowing  anaes thes ia  

i n  h orses i s  l ong  b o n e  fracture .  Th ese  u su al ly o ccur i n  t h e  h i n dl i mbs  and  

i n volve t h e  fem ur, t ib ia ,  or  metatars u s . Th ey appear to resu l t  fro m  

u ncoordi n at e d  at tempts  by t h e  horses to  rega in  a s tand ing  pos i t i o n . 

The i nc idence  o f  fractures during recovery i s  h ighest fo l lowi n g  orth opaedic  

s urgery. Th i s  m ay b e  for several reasons  i nc lud ing :  

( i )  t h e  presence o f  u n d e t e c t e d  frac tures in  t h e  l imb  a t  t h e  t ime  o f  

s urgery 

( i i )  t h e  longer than  average t i m e  taken to perform som e  ort h opaedic  

procedures l eading t o  an  i n crease i n  the poss i b i l i ty of  post  

a n aesth et i c  myopathy occurri n g  

( i i i )  a n  i ncreased d i ffi cu l ty i n  coord inat ing l imb  m ovement s  when 

c as t ing  or  ban dag ing  m ater ia l  h ave been used  

( iv )  the  pa in fu l  n ature o f  some ortho paedic procedures l eadi n g  to 

p a i n fu l  and s tressfu l  recoveries .  

( c )  M yopa t h y  

Probably t h e  most  c o m m o n  compl icat i o n s  occurring  during,  a n d  i m m ediate ly  

after, anaes th et i c  recovery i n  horses are  l am en ess and musc le  damage .  These  

are a larmi n g  p e c u l i ar i t i es  of  pro longed  equ i n e  an aest h es ia .  I n  fac t ,  accord ing  

to  some surgeon s  ( B . E.Gou lden ,  p ersonal  com m u n ic at ion ) ,  surgica l  

procedures o f  i n creasi n g  complex i ty n ecess i ta t ing  longer surg i ca l  t imes ,  are 

be ing  h i n dere d  fro m  deve lopment  b e c a u se o f  t hese tro u b l eso m e  d i ffic u l t i e s. 

These pro b l e m s, a n d  t h e ir assoc ia t ion  w i th  prol o n ged an aesth es ia ,  h ave been  
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recogn i sed by ve ter inary s urgeon s  s i nce  t h e  t urn o f  the  c e n tury (Wh i t e ,  1 982) ,  

and  have been  l oosely c lass i fi ed u n der t h e  h eadi n g  pos t  anaes the t i c  myopathy .  

The lameness  fo l lowi ng  anaesthes ia may b e  n e uro logic  or  muscu lar in  ori g i n .  

T h e  former i s  a lmos t  i n variab ly assoc ia ted  w i t h  radial  n erve damag e a n d  i s  

rare (Trim a n d  Mason ,  1 973 ) .  Th e lam e n ess d u e  t o  m u sc u lar damage may 

i nvolve a var i e t y  o f  m u sc l es in a l l ,  or o n e , l imb .  Most  common ly  t h e  m usc le s  

c o n tact ing  the  tab l e  or flo or surface are the  o n es that demo n s trate  some form 

o f  i n flamma t i o n  and musc l e  dysfu nc t ion  (Tr im a n d  Mason, 1 97 3 ;  K le i n, 1 978 ;  

Gran dy et a l, 1 987) .  On  c l i n i cal i n spec t i o n ,  the  a ffected musc l e s  fee l  hard o n  

pa lpat ion  a n d  may have a superfic ia l  p laque- l ike  swe l l i ng .  W h e n  t h e  tri ceps  

m u sc l es are invo lved, t h e  affected l imb  has  a charac ter i s t i c  dro pped e lbow b u t  

exten sor fu n c t i o n  i s  s t i l l  present  s o  weig h t  may b e  take n o n  t h e  leg .  H i n d l imb  

exten sor musc le  damage resu l t s  i n  an i nab i l i ty to  ex tend  t h e  d ig i t  and  

knuck l ing  of  the  fe t lock .  Horses may a lso  show rig id i ty pr ior to  s tan d ing ,  

general i sed m u sc le  weakn ess, musc le  fasc ic u lat ions  o n  stand ing ,  and  pass  

brown disco l o ured urin e  (myoglob i n ur ia ) .  Sys temic s igns  of  pa i n  such  as  

sweat ing ,  tread i ng,  i n creased respiratory and  h eart rates, or v io len t  b e haviour 

may b e  seen (K le i n ,  1 978 ;  Do dman et a l, 1 988) .  

The cau se of  t h i s  myopathy appears to  b e  m u l t i fac toria l .  D urat i o n  o f  

recumbency a n d  hypo tens ion  are t h e  two fac tors cons i s t en t ly imp l i ca ted  i n  i ts 

occurrence  ( Grandy et a l, 1 987 ;  R i chey et a l, 1 990) .  A decrease i n  m u sc l e  

perfus ion  w i th  ensu ing  l ocal  hypoxia, e n ergy s tarvat i o n ,  and o t h er m e tab o l ic 

a l terat ions  are thought  to  occur (R ic h ey et a l, 1 990) .  Serum b i o c h e m ical 

analys i s  revea l s  t hat m u sc l e  enzymes C P K  and  GOT increase s i gn if ican t ly 

fo l lowi ng  anaes th esia i n  h orses that  show c l i n i cal  s igns  o f  t h i s  anomaly (Tr im 

and  Mason, 1 973 ) .  

( i i )  ANA E S THETIC R E COVERY 

Anaesthe t i c  recoveries  have been mon i t ored a n d  recorded s i nce  t h e  firs t  u se 

o f  barb i turat e s  in  the  1 950s .  Henderso n and  Broo ksby ( 1 950) ,  recorded a 20-

30  m i n u t e  recovery per iod i n  horses  a fter an anaes t h e t ic i n d u c t i o n  u s i n g  3 

grams o f  t h i o p e n t o n e  sodi u m .  They fo u n d  i t  n ec essary to mai nta in  some  for m 
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o f  restrai n t  o n  t h e  h orse  for twen ty m i n u t e s  d ur ing  early recovery t o  c o n trol 

movemen t  a n d  t h a t  t h ere  was s t i l l  " u n desirab l e  s trugg l ing "  i n  t h e  a t t empt  to 

a t ta in  a s t a n d i n g  pos i t i on .  Th e u s e  of pro maz ine  as a pre medic a n t  by J o n es 

e t  a !  ( 1960 ) ,  i n creased t h e  durat ion  o f  recovery after an anaesth e t i c  dose o f  

t h iopen tone ,  a n d  a l t hough recover ies  were n o  lon ger v io l en t ,  som e  w ere  s t i l l  

v i su al ly d i s turb i n g .  S ince  Jon es' work i n  1960 t h e  u s e  o f  prem ed ican t s  to  

smooth  i n d u c t i o n  o f, and  recovery fro m ,  an aesth es ia ,  h as become  accepted  

prac t i ce .  L i t t l ej o h n  ( 1970) ,  presen t e d  a s t u dy o n  t h e  b e h av iour of  s ix  horses 

recover ing  fro m  t h iopen tone ,  ha lo thane/oxygen  anaes thes i a  of u n defi n ed 

durat i on .  H e  d e scr ibed  t h e  anaest h e t i c  recovery i n  three  s tages :  deep  s l eep  

i n  la teral  recu m b ency (27  m i n u tes ) ;  l ocomo tor act iv i ty i n  l a teral  r e c u mb e ncy 

(23 m i n u t e s ) ;  s t erna !  recumbency ( 15 m i n u tes ) .  F ive of the s ix h orses  rose  

fro m  s terna !  recumbency w i th  one  effort ,  w h i l e  one  o f  the  h orses  r e q u ired 

t hree  effor t s .  Th i s  s imple  s tudy h i g h l ig h ted  the  pauc i ty o f  i n format ion  

ava i lab le  at  t h e  t ime o n  h orses  recover ing  from anaes thes ia ,  and  t h e  apparen t  

degree o f  i n d iv idual var ia t i o n .  

S ince  t h e  1970s ,  w i th  t h e  i n troduct ion  o f  a n umber of  n ew anaes t h e t ic drugs ,  

re search i n t eres t  has  l argely focused  o n  the  b iochemica l  a n d  p hys io log ica l  

c h anges occurri n g  wi th  anaes the t i c  dru g  use .  Limi ted  refer e n c e  h a s  been  

made to t h e  q u a l i ty o f  recovery. I t  was  the  i n troduc t ion  o f  t h e  use  of  

ke tamine  h ydroc h lor ide  and  the  emerg e n c e  of  new inha lant  anaes th e t i c  gases  

i n  the  l a te  1970s  tha t  a l erted t h e  ve teri n ary pro fess ion to the  c o n c e p t  t h a t  

e q u i n e  anaes t h e t i c recoveri es d i d  n o t  h ave t o  b e  variab l e ,  u n coord ina ted  and  

a t  t imes dangero u s .  E l l i s  e t  a !  ( 1 977) ,  a n d  M u ir e t  a !  ( 1977) ,  i nves t iga ted  the  

use  o f  xyl az i n e/ke tamine  combina t ions  i n  horses as  a short  t erm surgi ca l  

anaest h e t i c  c o m bina t ion  and men t i o n e d  tha t  recover ies  were rap id  and  

smooth .  Ha l l  a n d  Taylor ( 198 1), s t ud i ed  the  u se  o f  xylaz ine/ket a m i n e  when  

fo l l owed by h a lo thane/oxygen  main tenance  of  anaesthes ia  for an average of  

n i n ety min u te s .  The recoveri es were aga in  c lass i fied  as smoo t h  a n d  fas t ,  b u t  

n o t  qu i t e  a s  g o o d  a s  those  fo l lowing xyl azin e/ke tamine  a lone .  

Apart from the  work o f  L i t t l ejohn  in  1970 ,  t he  o n ly o ther s t u dy to s p e c i fi ca l ly 

examine  anaes th e t i c  recovery was t h at o f  Auer e t  a! ( 1978) .  Th e irs  was a 

c o mparat ive an a lys is  o f  t h e  e ffec t  o f  i sofl urane ,  methoxyfl ura n e ,  e n fl urane  
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a n d  h al o t h a n e  o n  an aes th e t i c  recove r ie s  i n  h o rses .  Th ey fo u n d  s i g n i fi cant  

d i fferences  i n  r ecover ies ,  bo th  i n  speed  and smoothness .  The  bes t  recover ies  

fo l lowed i sofl u ra n e  use .  The recovery fro m  e n flurane was more rap id ,  but  was  

assoc ia ted  wi th  per iods o f  exci t emen t .  The  d i fferences  i n  recover i e s  were 

l i n ked to  ven t i l atory c le arance o f  t h e  g ases  and, i t  w as spec u l ated  t h at 

res idua l  phar m acolog ica l  e ffec t s  o f  e n fl u r a n e  wer e  respo n s i b l e  for t h e  poor 

q u a l i ty of  recoveries  fo l lowing i t s  u s e .  

Other  i n form a t i o n  ava i l ab le  i n  t h e  l i t erat u r e  i s  n o t  d e t a i l e d  and  c o mp ari so ns  

b e tween recovery da ta  co l l ec ted  by d i ffe ren t researchers  i s  no t  poss i b l e .  The 

most  common p arameter  used to eval u a t e  recovery has been t im e  fro m  dru g  

i nj ec t ion ,  o r  c essat ion o f  g a s  adm i n i st r a t i on ,  to  at ta i n m e n t  o f  a s tand ing  

pos i t i on  (Hen d erson and  B rooksby, 1950 ;  J o nes  et a l, 1960 ;  Hea th  a n d  Gab e l ,  

1967 ;  McCash i n  and Gab e l ,  1975 ; Win tzer e t  a l, 1975 ;  M u i r  et a l, 1977 ;  M u i r  

et a l, 1 9 7 8 ;  M u i r  et a l, 1979b ; Brouwer et a l, 1980). Others ext e n ded t h e  

c o n c ept o f  t i m e  measurement  to i n c l u d e  : t ime  to fi r s t  move m e n t ,  t i m e  t o  

swal low, t ime  t o  a t ta in  s t erna !  recumb ency (Jen n i ngs ,  1966 ;  Hea th a n d  Gab e l ,  

1 9 7 0 ;  Sch atzman n ,  1974 ; Schatzmann et a l, 1978;  Au er et a l, 1 9 7 8 :  Ha l l  a n d  

Taylor ,  1981; Tay lor and  Ha l l ,  1985). Th e q u al i ty o f  recovery h as b e e n  m o r e  

d i ffi c u l t  to  a s s e s s  and , u n t i l  the c r e a t i o n  o f  a grad ing  sys t em b y  Taylor a n d  

Ha l l  (1985), c o m ments  o n  recovery qua l i t y  were  sparse ,  vagu e  a n d  o ft e n  

m i s l eadi n g .  Th i s  grading sys tem is  n u mer i ca l ,  0-4 represe n t i ng recover ies  t h a t  

a re  poor t o  exc e l l en t .  T h e  cr i t e r ia  i n c l u ded i n  assess ing recover i e s  i n c l udes  

: n u mber o f  a t t e m pts to s tand, degree  o f  i n coordin at ion ,  presence  or  ab sence  

of  m u sc l e  fasc i c u l at ions  o n  s tand ing ,and  degree o f  atax i a  once  wal k i n g . Th is  

grading system h as been  used  many t imes  b y  Tay lor  (Taylor and  Hal l ,  1985 ; 

Taylor, 1986,  1989  and 1990) . 

( i i i )  ANA E S T H ETIC AGE NTS U S E D  I N  T H E  H O R S E  

Obviou sly n o  d r u g  w h e n  used  in  t h e  h o r s e  i s  ideal  i n  every respe c t .  To 

overcome t h i s  d e fic iency ,  comb ina t ions  o f  drugs  are c o m mo n ly u s e d .  Th i s  

a l lows t h e  amo u n t  o f  e ach drug  compo n e n t  o f  t h e  comb ina t i on  to  b e  lowered ,  

t h u s  m in im i s i ng  s ide  e ffec t s .  

c o mbina t ion  c o n t i n ues .  

Th e search  fo r an  idea l  drug  or  dru g 
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T h e  i n travenous  drugs w h i c h  h ave ga ined  most  pop u l ar i ty  i n  t h e  h orse 

worl dwide h av e  i n c luded ,  e i t h er s in gly or in combina t ion : s u c c i ny l c h o l i n e ,  

c h loral  hydrate ,  t h iamyl a l ,  t h iopen tone  a n d  g lycero l  gua iaco l a t e .  Oft e n  t h ese  

dru g s  are pre c eded  by tran qu i l i sers or  s e da t ives  to  pro d u c e  s m o o t h er 

i n d u c t ion and  recovery from anaes thes ia , to  i n tens i fy ana lges ia ,  <f n d  t o  

decrease  t h e  a m o u n t  o f  i n duct ion  drug  n eeded .  Th e s edat ives w h ic h  are 

c o m m o n ly u s e d  are promaz in e , acetylpro maz ine ,  xylazi n e ,  de to m i d i n e  and  

pro priony lpromaz in  e/m e t hadon e comb i n a t i o n s .  

I n  N ew Z e a l a n d ,  t h e  m o s t  commonly u sed  premedicant  a n d  i n d u c t i o n  a g e n t s  

are acety lpromaz ine ,  xylaz in e ,  g lycerol  g u a i aco la te ,  t h iopen t o n e  a n d  k e t a m i n e .  

Th ese  drugs  are u sed  i n  t h e  present  s t u dy .  I n  order t o  u n ders t a n d  t h e ir 

poss ib le  e ffec t s  on a n aes the t i c  recovery some knowl edge o f  t h e ir 

p h armacology a n d  pharmacok ine t i c s  i s  r e q u ired .  For t h i s  reaso n ,  a br i e f  

syno ps is  o f  t h e ir re l evan t ac t ions  i s  presen t e d  b e low. 

Acetylpromazine. 
Acety lpro mazi n e  i s  a pheno th iaz ine  der ivat ive,  i t s  c h e mi c a l  n a m e  b e i n g  2 -

acety l - 10 - ( 3 -d ime t hy laminopropyl) p h en o t h i az ine .  I t  i s  a ye l low,  o do ur less  

crys ta l l i ne  powder .  

The pri nc ipa l  a c t iv i ty of phenoth iaz ines  is  the b lockade o f  do p a m i n e ,  a 

c a techo lamine  n e urotransmi t t er,  pr inc ip al ly  fo u n d  i n  t h e  b asa l  gan g l i a .  T h e  

r e s u l t  i s  sedat io n a n d  a reduct ion  i n  spo n t a n eo u s  motor ac t iv i ty ( B o o t h  a n d  

McDona ld ,  1 98 8 ) .  A t  h i g h er doses ,  extrapyramidal symptoms  (r ig id i t y ,  m u sc l e  

tremor) may b e  seen (Booth  a n d  McD o n a ld ,  1 988) .  I n  t h e  h orse ,  t h e  

recommended pre anaest he t i c  dose ranges  from 0 .02-0 .05  m g/kg ( B o o t h  and  

McDonald ,  1 988 ) . Sedat ion  i s  apparen t  w i th in  minu t es o f  an  i n trav e n o u s  

dose ,  e ffec t ive c l i n i ca l  sedat ion  i s  s e e n  for 2 h o urs a n d  a tra n q u i l l i s i n g  effec t  

m ay pers i s t  a s  l ong  a s  2 4  hours ( McKenz i e  a n d  Snow, 1 97 7 ;  B o o t h  and  

McD o n ald ,  1 98 8 ) .  

P h e n o th iaz ines  h ave an adrenergic b l o c k i n g  act iv i ty .  Th i s  e ffec t  o n  t h e  

vascu lar sys t e m  c o u pled  w i t h  a d irect  ac t io n  o n  myoc ard ia l  a n d  vascu l ar 

smoo th  m u sc l e  resu l t s ,  in t h e  horse ,  i n  lowered syst emic  art er ia l  pre ssure,  
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per iph era l  vasod i l a t ion and  a compensatory t ac hycardia (Kerr  e t  a l ,  1 972a ;  

Mu i r  e t  al ,  1 97 9 a ;  Parry et a l ,  1982 ) .  Th e d r o p  i n  arter ia l  b lood  pres su r e  i s  

greater  afte r  i n t ravenous  doses  and i s  dose dependen t .  Th e sys t o l i c  b lood  

pressure  af te r  0 . 02 5  mg/kg remains  s i gn i fi can t ly be low c o n t ro l s  fo r more  t h an 

6 h o u rs aft e r  i n t ramuscu lar  i nj ec t ion  (Parry e t  a l ,  1 982) .  Ac ety lpromazin e  h as 

a n o t h e r  impor tan t  e ffec t  o n  t h e  card iovascu l ar sys t em. I t  c a u ses  a s ign i fi c a n t  

dro p i n  packed c e l l  volume.  T h i s  fal l i n  t h e  percentage o f  c i r c u l a t i n g  red  

b l o o d  ce l l s  i s  dose  depen den t  ( Ba l la rd et a l ,  1 982) .  

Ace ty lp romazi n e  d ecreases  resp i ratory ra te ,  b u t  a compensa tory i n c rea se  in  

t ida l  vo lume l e aves  resp i ra tory min u t e  vol ume una l te red .  Th e r e  i s  no 

s ign i fican t e ffe c t  on Pa02 ,  PaC02 and  ar ter ia l  pH (Popovic et a l, 1972 ;  M u i r  

a n d  Haml in ,  1 97 5 ;  M u i r  e t  a l ,  1979a) .  

Th e exten sive d i s t r ib u t ion o f  acety lpromaz ine  res u l t s  i n  a very s low 

e l iminat io n , t h e  h a l f  l i fe be ing 185  m i n u t e s  (Bal l ard et  a l, 1982 ) .  I t  i s  

m e t ab o l ised i n  t h e  l iver and  excre ted  i n  t h e  ur ine (Booth  and M c D o n ald ,  

1 98 8 ) .  

Th e major  l im i t a t i on s  o f  ph enoth iaz i n e s  are  t h e i r  uncer ta in ty o f  a c t i on , t h e  

l im i t e d  degree o f  s edat ion t h at i s  n o t  e n h a n c e d  b y  increas ing  t h e  dose ,  a n d  

t h e  i n terva l  b e tw e en i nj ec t i on  and p e<J.k e ffec t  ( u p  to  1 5  m i n u t e s  a ft e r  

i n t r avenous  i nj ec t ion  and  1 h o u r  aft e r  i n t ramuscu lar i nj ec t i on )  (C arey and  

Sandford ,  1 96 3 ;  M ackenz ie  and  Snow,  197 7 ) .  S ide effec t s  i n c l u d e :  occas iona l  

exc i t ement ,  the  ab i l i ty t o  b e  aroused  eas i l y  when  cha l l enged ,  a n d  p r i ap i sm 

(Pearson a n d  Weaver ,  1 978 ;  Taylor ,  1 985 ) .  

Xyla zine 

C h emica l ly ,  xylaz ine  i s  2 (2 ,6 , -dimethy lph e nylamino ) -4H-5 ,6 ,d ihydro- 1 , 3 ,

th i a z i n e  hydro c h l o r ide .  I t  i s  re la ted  to  c l o n id ine ,  a drug  u s e d  to  c o n t ro l  

a r te r i a l  hyper t ens ion  in  h umans .  P h armac o l o gica l ly xylazi n e  i s  c l a s s i fi e d  as  

a seda t ive ,  ana lges ic and  musc le  re laxan t (Booth  and Mc Dona ld ,  1 98 8 ) .  I ts 

sedat ion  i s  c a u s e d  by s t im u l at ion  o f  ex 2 adren ergic receptors .  I t  a l so  has  

po ten t  ex 1 adr e n e rgic  e ffec t s  and so e l i c i t s  bo th  per iphera l  a n d  c e n t ra l  

adren ergic  ac t iv i ty  (Booth  a n d  MacDona ld ,  1 988) .  
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B o t h  t h e  degre e  a n d  durat ion  o f  sedat ion are  dose  re la ted .  Maxima l  s eda t ion 

i s  seen at 1 . 1  mg/kg iv and  3 mg/kg im ,  a n d  las ts  approx imate ly  40 m i n u tes  

( C larke  and Ha l l ,  1 969 ;  Tro n icke  and Vocke ,  1 970;  H o ffman ,  1 974; Tay lor ,  

1 98 5 ) .  Al though s e dat ion i s  m arked, s t i m u l a t i o n  of  a sedated  horse  can  r e su l t  

i n  i n s t a n t  awareness  and  pro tec t ive respo n s e s  (Mu i r  e t  a! , 1 979a) .  

Th e adren ergic  pressor  reac t ions  resu l t  i n  an  i n i t i a l  r i se  then  a pro lo n g e d  fal l  

i n  a r t er ia l  b l o o d  p ressu re .  A decrease i n  c ard iac  con t r ac t i l i ty drops  c ard iac 

o u t p u t  by u p  to  3 5 %  (Garner  et a! , 1 9 7 1 a ;  K i l d e  e t  a! , 1 97 5 ;  Mu i r  e t  a! , 1 977 ;  

Mui r  et  a! , 1979a ;  Brouwer  et a! , 1 980) . B radycard ia  and  2nd  degree  

a t r i ovent r i cu la r  h eart  b lock  occu r  and are con  t r o l l ed by pr io r  admin i s t ra t ion  

of  a t rop ine .  Th e s ig n i fi cance  o f  t h e  2 n d  degree  hea r t  b lock  i s  no t  c l ear 

(Ho ffman ,  1 974 )  as i t  can occur  in  up to  1 6 %  of normal  h orses  and in  t h ese 

i n s t ances  i s  not c o n si dered  path ologic  b e c a u s e  i t  d i sappears  spo n t an eo u sly  

(Sm etzer  et  a! , 1 969) .  

E ffec t s  on resp i ra tory ra te  a n d  arter ia l  b lood  g as t en s ions  are n o t  s ign i fi can t  

(Garner e t  a! , 1 9 7 1 b ;  Ker r  et  a! , 1 972b;  Mc C a s h i n  and  Gabe l ,  1 975 ;  Mu i r  et  a! , 

1 979a ;  Rietmeyer  et a! , 1 986) . Effec t ive v i sce ra l  ana lges ia  may las t  u p  to 90 

m i n u tes  after h ig h  doses (Boo th  and Mc D o n a ld ,  1 988) .  

Xylaz ine  u n dergo es  rapid metabol i sm wi th  a short  sys temic  h a l f  l i fe o f  50 

m i n u t e s  (Garc ia -Vi l la r  et  a! , 1 9 8 1 ) .  

D i sadvan tages o f  xylaz ine  i n c l u d e  ataxia at  h igh  doses ,  t h e  re ten t i o n  o f  t h e  

ab i l i ty to  respon d  to  s t imu l i ,  and  the  assoc i a t e d  profou n d  b radyc ard ia  ( B o o t h  

a n d  McDonald ,  1 988) .  

Gly ce rol g uaiacolate . 

C h emica l ly glyce ro l  gua iaco la te  i s  3 - (0 -metho xy p h enoxy) - 1 ,2 - propan e d i o l .  I t  

i s  a cen tra l ly ac t i n g  ske le ta l  musc l e  re lax a n t  t h a t  s e l e c t ive ly  b l ocks  n erve 

i m p u lse  t ransmiss ion  at  t h e  i n te rnunc ia l  l eve l  of t h e  s p i n a l  cord ,  b r a i ns t em 

a n d  subcor t i ca l  areas  o f  t h e  brain (Davis  a n d  Wol ff, 1 970) .  I t  p r o d uces  

r e l axa t ion  o f  the  ske le ta l  musc les  b u t  the  d i aph ragm c o n t i n u e s  to  fu n c t io n  

n o rma l ly .  I t  a l so  a c t s  as a sedat ive and  h a s  s o m e  ana lges ic  e ffec t s  (Gycha, 

1 95 3 ; Scheb i tz  a n d  Tron icke ,  1 964 ; Ger t sen  a n d  Ti l los t e n ,  1 968 ;  Scha t zmann ,  
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1 97 4 ) .  G lycero l  g u a i aco la te  poten t ia tes  t h e  depress a n t  e ffec t s  o f  o t h e r  

s eda t ives  a n d  a n a e s t h e t i c  drugs  (Moster t ,  1 963 ; Roberts ,  1 968 ;  Fu n k , 1 970 ) .  

A dose  o f  1 60 m g/kg produces  rec u mb ency  w i th  m i n ima l  e ffec t s  o n  

c ard iovascu lar  a n d  r esp i ratory fu nc t i on .  O n ly a s l igh t decrease  i n  sys t e mic  

a r te r ia l  p res sure  i s  no ted  (Fr t i sc h ,  1 965 ; Tavernor ,  1 970 ;  Jac k s o n  a n d  

L u n dva l l ,  1970 ;  D av i s  and  Wol ff; 1 970) .  

The m ajor  d isadvan tages  o f  i t s  u se  i s  i t s  t e n dency to cause  h a em o lys i s  

r e s t r i c t i ng  c o n c e n t ra t ions  l ess than  15% a n d  n ecessi ta t i ng  the  u s e  of  l a rge 

vo l u m es (Davis  and Wol ff, 1 970; Schatzman n ,  1 974 ;  Gran dy and  Mc D o n n e l l ,  

1 980) . I t  a l s o  h as t h e  po ten t ia l  to  c a u s e  t h romboph l eb i t i s  (Dickson  et a!, 
1 990) .  

Glyce r o l  gua iaco la te  i s  metabo l i sed  in  t h e  l iver  a n d  removed t h ro ug h  u r i n ary 

exc r e t i o n .  I t s  e l i m ina t ion  ha l f  l i fe shows so m e  variat ion  w i th  s ex ,  ma le s  

h av ing  a s i gn i fi ca n t l y  l onge r  p lasma h a l f  l i fe t h an females  ( D avis a n d  Wol ff, 

1 970). 

Thiopent one s odium 

Th iopen tone  i s  a su lph u r  con ta in ing  der iva t ive o f  barb i t u r i c  ac id .  

B ar b i t u ra tes  work  by depress ing  ce l l u lar  ac t ivity t h r o u g h o u t  the  c e n t ra l  

n e rvous  sys t em ,  how t h ey exac t ly do so i s  u n c lear  but  i t  appears  to  i nvo lve 

i n h ib i t i on  of t h e  r e lease of a var ie ty o f  n eu ro t ran smi t t ers  ( B o o t h  a n d  

Mac D o n ald ,  1 98 8 ) .  C N S  depress ion pro d u c ed b y  b a rb i t u ra tes  i s  d o s e  

dependen t  and  v a r i e s  from mi ld  sedat ion  to an aes thes i a  ( B o o t h  a n d  

Mc D o n ald ,  1 98 8 ) .  

Rap i d  i n t raveno u s  injec t ion  o f  t h iopen t o n e  affects t h e  vaso m o t o r  c e n t re  

c a u s i n g  a t rans i to ry fal l  i n  ar ter ia l  pressure ,  a n  increase i n  h eart  rate ,  and a 

fal l  i n  card iac  o u tp u t (Booth  and MacDona ld ,  1 988) .  T h e  comb in a t i o n  o f  

t h i o p e n t o n e  w i t h  p remedicants  a n d  h al o t h a n e  resu l t s  i n  m o r e  severe  and  

sus ta ined  c ardiovasc u lar  depress ion (Tay lor ,  1 989 and  1 990) . 
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Th i o pe n to n e  s lows resp i ratory ra te  and freq u e n t ly  causes  per iods  o f  i r regu l ar 

resp i ra t ion  o r  apno e a .  The  re su l t  i s  an e l eva t i o n  o f  PaC02 a n d  a concomi tan t  

d rop  i n  ar ter ia l  p H  ( Booth  a n d  MacDonald ,  1 988 ;  Tay lor ,  1 990) .  

D i sa dvantages  of  i t s  u se  i n c l u de i ts resp i ra tory depress io n ,  t h e  i n c reased  

i n c i d e n c e  o f  ca rd iac  arrhyth mias  when used  wi th  h alo thane ,  and  i t s  

t h ro mbogen ic i ty ( B oo t h  and  Mac Donald,  1 988 ) . 

Th i o pen tone ,  as a l l  ba rb i turates ,  u n dergoes rap id  red is t r ibu t i o n  fro m  p la sma  

to ad ipose  t i s su es  fo l lowing i n t raven o u s  i n j ec t i on .  Th i s  red i s t r i b u t i o n  i s  

r e spons ib l e  for t h e  shor t  d u r a t i o n  o f  c l i n i ca l  e ffec t  o f  t h e  i nj ec t e d  dos e .  

Th io p e n to n e  i s  o n ly s lowly m e tabol i sed b y  t h e  l iver and  i t s  m e t ab o l i t e s  a r e  

exc r e t e d  i n  t h e  u r i n e  (Pr ice  et al, 1 957 ;  B r a n d o n  a n d  B aggo t ,  1 98 1 ;  B o o t h  a n d  

Mac D o n ald ,  1 988) .  

Ket am ine 

Ketamine  i s  a p h encyc l id i n e  and c h e m ic a l ly is des ignated  as 2- (o

c h l o ro ph eny l ) -2 - ( me thy lamino ) - cyc loh exano n e  hydroch lo r ide .  A spec i  fie 

b ra i n c e l l  receptor  for ke tamine  has  no t  b e e n  i dent i fi ed  b u t  i t  is t h o u g h t  to 

b i n d  with a recep tor  common with o t h e r  ph encyc l i d i ne s  ( B o o t h  and  

Mac D o n ald,  1 988) .  Ketami n e  i s  c lass if ied as a dissoc iat ive an aesth e t i c  t h a t 

p roduces a ca ta lep t i c  s ta te  o f  l i gh t  surg ica l  an aes thes ia  a n d  ana lges ia  ( Bo o th 

a n d  MacDo na ld ,  1 988 ) .  

Ke tamine  causes  an  inc rease  i n  cardiac o u t pu t ,  mean  aor t ic  p res su re ,  

p u l m o n ary ar ter ia l  p res sure ,  c e n t ra l  ven o u s  p ressure and h eart  rate (Wi l son 

et al, 1 965 ; Fo l t s  et al, 1 97 5 ;  Chen and Ensor ,  1 979;  K i lde ,  1 9 7 5 ) .  However 

i t  a lso inc reases  myocardial  work and oxygen consumpt ion  (Fo l t s et al, 1 97 5 ;  

D ia z  et al, 1976 ) .  

V e n  t i l atory respon s e s  a re  no t  depressed and  l a ryngeal  and  p h aryngeal  r e fl exes 

r e m a i n  i n tact  ( B o o t h  and  MacDon ald,  1 98 8 ) .  
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Disadvan tages  i n  t h e  h orse i n c l ude exc i t emen t  a n d  incoord ina t i on  w h e n  u s ed 

as t h e  so le  anaes th e t i c  agen t ;  abrupt  recover ies ,  and nys tag m u s  duri n g  

a n a e s t h e s i a  (Fu en t e s  et  al, 1 973 ;  Taylor and  Ha l l ,  1 985 ) .  

Ke t a m i n e  i s  rap id ly d i s tr ibu ted  t o  a l l  body t i s sue s  and i s  b io transform e d  i n  t h e  

l iver. T h e  e l i m i n a t i o n  ha l f  l i fe in  t h e  horse i s  4 2  minu t es (Kaka e t  al, 1 979 ) .  

H alot hane 

C h e m ic a l ly  h a l o t h a n e  is a m u l t i h alogenated e t h ane ,  and i s  a c l e ar,  c o l o ur les s  

l i q u i d .  

Halo t h a n e  i s  c apab l e  o f  depress ing a l l  fu n c t i o n s  o f  t h e  C N S  at  a l l  l eve l s  or 

grada t i o n s  u n t i l  c o m a  or death  is pro duced ( B o o t h  and  Mac Do n al d ,  1 988) .  

I n d u c t i o n  o f  anaes th es ia  i s  rap id  a s  are recover ies  (Booth  and  MacDon ald ,  

1 988) . 

Card i o p u l m o n ary depress ion i n  t h e  horse i s  pro port iona l  to  t h e  l evel  or dep th  

o f  an aes thes ia  (S te ffey and  Howl and,  1978 ) .  Haloth a n e  decreases  c ard iac  

o u t p u t , s troke vo lu m e ,  l e ft ven tricu lar work, sys temic ar t er ia l  b lood  pressure 

and c e n tral v e n o u s  pressure ( Fourcade et  al, 1 972 ;  Ste ffey et  al, 1 97 4 ) .  Th ere 

i s  an i n crease in  PaC02  and a concomi tan t  drop  in  pH (Eger et al, 1 970 ;  

S te ffey and  Howland ,  1 978,  1979  and 1 980) . Th e effects  o f  o t h er anaes t h e t ic 

drugs ,  s u c h  as b arb i t urates ,  are addi t ive to  t h e  card iopu lmonary depressan t  

e ffec t s  o f  h a l o t h a n e  (Booth  and MacDona ld ,  1 988) .  

D i s a dvan tages o f  h al o th an e  i n c l ude  i t s  c ard iac arrhythmogen i c  p o t e n t i a l  and  

the  r are occ urrence  of  mal ignant  hyperth ermia  ( Manley et al, 1 983 ; B e d n arski 

et at, 1 985 ;  Boo th  a n d  MacDona ld ,  1 988) . 

Recovery fro m  h a l o t h ane  i s  pr imari ly due  to  c l e arance by ven t i l a t io n .  Some 

metabo l i sm o f  h al o t h ane  does  occur in  t h e  l i ver ,but  i t s  e ffec t  o n  recovery 

t i m e s  i s  m in i mal  (S toe l i ng and  Eger, 1 969;  B o o t h  and Mac D o n a ld ,  1 98 8 ) .  
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CHAPTER 2 

MATERIALS AND METHODS 

Ten thoroughbred horses were used in this study; 9 were  fema les and 1 a 

gelded m al e .  They ranged in age between 2 and 10 years and varied in  w eight 

between 3 64-500 kilograms (Thb l e  1 ) .  Each horse was c linica l ly exami n ed 

prior to inclusion in  the study . B lood samples were taken  f rom each and 

assessed for the following: haemoglobin concen t ra tion , packed c e l l  volume,  

r ed b lood c ell, whit e  b lood ce l l  and differen tial whit e  ce l l  cou n ts, tota l  

p rotein , fibrinogen ,  b lood urea nitrogen , serum g lutamic  oxa lace ti c  

t ransaminase ( G OT ),  c reatinine  phosphokinase (CPK ) ,  a lbumin ,  and ex ,  .13 and 

Y globulins. 

Table 1 Age and weight range of horses 

HORSE AGE (YRS) WEIGHT RANGE OVER STUDY 
(KG) 

1 4 475-483 
2 3 424-430  
3 2 364 -374 
4 5 452-4 70 
5 4 445 -454 
6 1 0  494-500 
7 5 450-461 
8 4 460-464 
9 8 450-47 0  

1 0  4 472-476  

The horses were  kept  o n  p asture during the exp eriment ,  excep t  for a period 

of 2 to 4 hours p rior to being anaesthetised . During this tim e  they were  

confined to  a concre te  yard and starved but h ad f ree  access to  water .  

1.  ANAESTHESIA 

(i) Induction Groups 

Four differen t a n a esthetic  procedures were  administered to each horse. 

The anaesthetic  t e chnique differed essen tially in the i nduc tion age n ts 

used, and the differe n t  induction techniques were  l abe l l ed 1 to 4 



1 4  

accord ing ly .  At l east one  week was l e ft b e tween success ive anaes th et i c s  

a n d  t h e  anaes th e t i c  agents  were c h osen  randomly .  

Th e anaes th e t i c  grou ps were as fo l lows :  

Group 1 

Group 2 

Group 3 

Group 4 

Acety l  pro mazi n e  premed i ca t ion 

Glycero l  gua iaco la te  and  t h iopen t o n e  i n duc t i on  

Ha lo than e/oxygen m a i n t e n a n c e  

Xy lazi n e  pre m edicat ion  

Glyc ero l  gua iaco la te  a n d  t h iopentone  i n d u c t i o n  

Ha lo thane/oxygen mai n t en an c e  

Xylaz ine prem edicat ion  

Ketamine  i nduc t ion  

Ha lo thane/oxygen mai n t e n an c e  

Ac e tyl  pro maz ine  premed ic at ion  

Glycerol  gua iaco la te  and  k e t amin e i n duc t i on  

Ha lo thane  /oxygen mai n t e n ance  

( i i )  I n d uc t i o n  Te c h n ique 

After premed ica t ion ,  and pr ior to i n d u c t i o n ,  a l l  horses h ad an 8 . 3  c m  

1 4  gauge over - t h e -n eedle  type t e flo n  c a th eter (Angioca t h ,  D es ert  

Medica l  Inc ,  U t a h ,  USA) p l aced ,  a ft er loca l  anaes th es ia  o f  t h e  s k i n ,  in  

the  righ t j u g u l ar ve in m idway between t h e  mand ib le  and  the  t h orac ic  

i n l e t .  Al l  dru g s  u sed  for in duc t ion  o f  an aes thes ia  w ere admi n i s t ered  

v ia  t h e  c a t h e t er .  Immedia te ly pr ior to  a n aesthe t i c  i nduc t ion ,  v e n o u s  

b l o o d  w a s  w i t h drawn thro ugh t h e  c a t h e t er for ser u m  ana lys i s  o f  C P K  

a n d  GOT. A l l  anaes th e t ic i nduc t i ons  w ere performed in  a padded  

roo m .  I n  gro u ps 1 ,  2 and  4 the  h orses  were m a n h and led  dur ing  

i n duc t ion  of  an aes thes ia  by d irec t i n g  t h e ir fall again st a wal l .  Gro u p  

3 h orses w ere l e ft t o  l i e  down b y  t h e m se lves  aft er dru g  admin i stra t io n .  
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Al l  horses  w e r e  pos i t i oned  i n  r ight  l a te ra l  r ecumbency for t h e  du ra t ion  

of  t h e  exper i m e n t .  

( a )  Group 1 
Ace ty lp romaz ine  (ACP, Tec hve t  L a b  Ltd ,  N Z )  0 . 06 mg/kg  was  

g iven  i n t ramuscu lar ly i n  the  l e ft s i de of  t h e  n eck .  Twe n ty 

m i n u t e s  la ter ,  anaes thes ia  w a s  i n du c e d  as fo l lows :  

approx i m at ely 50  mg/kg o f  10% g lycero l  g u a iaco la te  (G ia fe n ,  

Parn e l l  L ab N Z  Ltd)  was g iven t h roug h  t h e  c a t h e t e r  u s i n g  a 

flu t t e r  v alve and  g ravi ty flow t i l l  re laxa t ion  o f  t h e  h o rse ' s  

h i n dq u a r ters  was  seen .  Th is  was  fol lowed by an i n t rave n o u s  

b o l u s  o f  t h iopen tone  sod ium (Th iove t ,  Techve t  Lab,  N Z )  at  5 . 6  

mg/kg. O n c e  t h e  h o rse was r e c u m b e n t  a fu r t h e r  50mg/kg o f  

g lycero l  g u aiaco la te  w a s  given p r i o r  t o  endot rach eal  i n t ub a t ion . 

( b )  Group 2 
Xylaz i n e  ( Rompun ,  B ayer NZ Ltd)  a t  a dose  o f  0 . 2  mg/kg  was 

given i n t r avenous ly i n to the l e ft j ug u lar v e i n .  Anaes th e s i a  was 

i nduced  as fo l lows: approximately  5 0  mg/kg glyc ero l  gu a iaco la t e  

was  admin i s tered  i n t ravenous ly  u s i n g  a fl u t t e r  valve and  g ravi ty 

flow u n t i l  r e laxat ion o f  t h e  hor se s's  h indquar te r s  was seen . Th i s  

was fo l lowed  by a n  in t ravenous  b o l u s  o f  t h io p e n t o n e  so d iu m ( 5 . 6  

mg/kg ) . On c e  t h e  horse  was r e c u mben t , a  fu r t h e r  50  m g/kg 

glyce r o l  g u aiaco la te  was given p r io r  to  e n do t r ac h ea l  i n t u b at i o n .  

( c )  Group 3 
Xyl az i n e  ( 1 . 1  mg/kg) was g iven i n t rave n ou s ly and  m ax i m u m  

sedat ive  e ffec t  was j u dged as t h e  t i m e  w h e n  t h e  h ead drooped  

and  the  h o rse  showed mi ld  a tax i a .  Once th i s  l eve l  o f  seda t ion  

h ad b e e n  ach i eved 2 . 2  mg/kg k e t a m i n e  (Ketave t  1 00 ,  D e l t a  Vet 

Lab P ty ,  NSW, Au stra l ia )  was  admin i s t e red  i n t raven o u s ly .  

When  t h e  horse  was recu m b e n t  an  endo t rachea l  t u b e  was  

i n se r t ed .  
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Acetyl  p ro mazine premedica t ion  was g iven (0 .06  m g/kg)  

i n t ram u sc u l arly in  the  l e ft s ide  of  the  neck .  Twe n ty m i n u t e s  

l ate r  a n aes thes ia  w a s  i n duced as  fo l lows: approxi mate ly  5 0  

mg/kg g lyce rol  gua iaco la te  was admin is tered  i n t raven o u sly u s i n g  

a flu t ter  v a lve a n d  gravity flow t i l l  re laxa t ion  o f  t h e  h o rse ' s  

h i n dquar te r s  was  seen .  At  t h i s  t i m e  an  i n t raven o u s  bo lu s  o f  

ketam i n e  ( 1 .  7 mg/kg) was adm i n i s te red .  O n c e  t h e  hor se  w a s  

recumbent  a fur ther  50  mg/kg g lyc e ro l  gu a iaco la te  w a s  g iven 

i n t raveno u s ly pr ior  to endotrachea l  i n tuba t ion .  

( i i i )  M a i nte n a n ce Te c h n i q u e  

A l l  h o rses were i n tubated wi th  a rubber  25mm d iameter  c u ffed 

e n do t rach eal  t u b e  and connected  to a large  an imal  vapou r i ser- o u t -o f

c i r c u i t  c i rc le  anaes the t i c  sys tem wi th  a prec i s ion  vapou r i ser  ( Tu r n e r  

C i rc le  Sys tem,  Tech n iden t  Indus t r i e s ,  Pe to n e  NZ Ltd) .  Th e 

an aes the t i c  sys t e m  had been pre loaded w i t h  oxygen toget h e r  w i t h  4 %  

h alo thane  fo r gro u ps 1 ,  2 and 4 ,  and 6 %  h al o thane  fo r gro u p  3 .  I n i t i a l  

oxygen flow ra tes were 6 l i t res  p e r  m i n u t e  fo r 10 m i n u tes  and  t h e n  a 

m a i n tenance  f low rate o f  4 !/m i n .  A b a l anced e l ec t ro ly te  s o l u t i o n  

( Lactated Ringers ,  Traveno l  Lab , U SA)  was g iven t h r o u g h  t h e  

i n t raveno u s  ca th e ter ( 2  1/hr )  d u r i n g  t h e  ma in tenance  p e r i o d  o f  

an aesthes ia .  

Anaes thes ia  was m ain ta ined  at  a l ight  s u rg ical  l evel  us ing h al o t h a n e 

a n d  oxygen m ix t u res .  Th e l evel  o f  l i g h t  surg ica l  anaes thes ia  was  

as sessed c l i n ic al l y  us ing  t h e  fo l lowing parameters :  a med ia l  to  v e n t r a l  

eyeba l l  pos i t i on ,  s l i gh t  pa lpebra l  re flex,  c o n s t r i c ted  p u p i l ,  mo i s t  eyeb a l l  

w i t h  s m a l l  degree o f  lacr imat ion , regu lar  t h o racic re sp i ra t ion ,  m i l d  a n al 

c o ns t r i c t ion  o n  p inch ing  (Guedel , 1 9 3 7 ;  C ampbel l  a n d  Lawso n , 1 95 8 ) .  

A n  anaes thet i c  recording char t  was fi l l e d  o u t  a t  five  m i n u t e  i n t e rvals  

(Appen dix 1 ) .  
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( a )  Induct ion Time 
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T h i s  was d e fi n ed a s  t h e  t ime ,  i n  secon ds,  t a k e n  fro m  t h e  

admin is trat ion  o f  t h e  l a s t  i n duc t ion  drug to  t h e  h or s e  ass u m i n g  

a rec u m b e n t  pos i t io n .  

( b )  Induct ion Gra de 

T h e  dep th  o f  anaes t h e s i a  a t  i n duc t ion  was assessed a n d  graded 

a s  fo l l ows :  

1 .  Mediu m  surg ica l  - c h arac t erised by a v e n tra l  t o  l a t era l  

eyeb al l  pos i t i on ,  m i l d  pa lpebral  refl ex a n d  a c o n s tr i c t i n g  

p u p i l ,  t h orac i co -abdomina l  respirat ion ,  v ery s l i gh t a n a l  

cons tr i c t ion  o n  p i n c h in g  w i th  forceps .  

2 .  L igh t surgica l  - c h arac t er ised by a m e di a l  t o  ven tra l  

eyeba l l  pos i t i on ,  a s l ig h t  pa lpebral  re fl ex ,  a c o n str i c t i ng 

p u p i l ,  a mois t  eyeba l l ,  regu l ar thorac i c  r es p irat i o n  a n d  

m i l d  a n a l  cons tr i c t i o n  o n  p inch i ng .  

3 .  Non surgica l  - charac t er ised by a c e n tra l  t o  med ia l  

eyeba l l  pos i t i on ,  a s trong pa lpebral re fl ex ,  a d i l a t ed  pup i l  

and v igorou s  nys t ag m u s .  L imb move m e n t s  m ay or  m ay 

n o t  b e  presen t .  

( c )  Hea rt Ra te 

H e art  rate  per m i n u t e  w a s  recorded at 5 m i n u t e  i n t ervals  by 

c o u n t i ng pu l se s  of t h e  m and ibu l ar ar t ery over a 30 second  

p er iod .  

(d )  Res pirat ory rate 

Respira t ions  p er m i n u t e  w ere coun ted  at 5 m i n u t e  i n t ervals  by 

watch ing anaes the t i c  bag  movem e n t  over a 3 0  s e co n d  p er iod .  

( e )  Bl ood press ure 

A 22 gauge s tee l  b u t t er fly  c a t h e ter (Abbot t ,  Ire l a n d )  was  p l aced  

asep t ica l ly i n  t h e  l e ft fac ia l  ar tery or l e ft l a t era l  m e t a t arsa l  

art ery, w h i c h ever proved the  most  access ib l e .  Th e c a t h et er was  
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con nected by sali ne filled tubi ng to a pressure tran sducer 

(Gould lnc, California, USA) and pressure measurements i n  

millimetres of mercury (mmHg) were recorded o n  a mon itor 

(Kontron Neonate Mon itor, Roche NZ Ltd). The poi n t  of the 

shoulder was used as an i ndicator of approximate left atr i al 

pos ition to provide a baseline poi nt for blood pressure readings.  

Systolic, diastolic and mean blood pressure were r ecorded i n  

mmHg at 10, 3 0  and 6 0  minutes from the start of halothan e  

admin i stration . 

(f) Blood gase s. 

Arterial blood samples were taken anaerobically from the 

i ndwelling arterial catheter at 1 0, 30 and 60 minutes .  The 

samples were read immediately usi ng a blood-gas machin e  

(ABL300, Radiometer, Copenhagen) making adjustme nts for 

rectal temperature .  Arterial partial pressures of oxygen (Pa02), 

carbon dioxide (PaC02) and pH were recorded i n  mmHg. 

2.  R E C OV E RY 

After on e hour, all horses were discon n ected from the an aesthetic machine. 

The blood pressure was mon itored and catheters r emoved. The horses were 

then rolled into left lateral recumbency and oxygen was supplied at a flow rate 

of 15 litres per minute via the endotracheal tube till it was removed when the 

horse swallowed. The horse was left to recover in a quiet, dark padded box 

and the recovery was observed. 1Wo people observed all recover ies  so that 

continuity of assessment could be mai ntain ed. Once the horse was standing  

and  could move without ataxia, i t  was removed from the box and  taken  back 

to pasture. 

(i) Measureme n ts made on Recovery 

(a) Time to e xtubation in minutes. 

Voluntary swallowing movements made by the horse, determin ed 

the time the endotracheal tube was removed 

(b) Time to lifting head in minutes. 



(c) Time to ste rna/ recumbency in minute s. 

(d) Time to standing in minute s. 

(e) Numbe r of attempts to stand . 
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An attempt to stand was def ined as a positive effort to lift the head 

and s imultaneously placing weight on one or both forelimbs. 

All t imes were expressed in minutes from the time of discon nection 

from the anaesthetic machine. 

(f) Re cove ry Grade .  

A grading system was devised, by modifying the one used by Thylor and 

Hall (1 985). 

0 Very poor 

1 Poor 

2 Fair  

3 Good 

4 Excellent 

3. MUSCLE ENZYMES 

more than 3 attempts to stand 

rolling, excitement 

collapse of more than 2 limbs on standi ng 

more than 2 attempts to stand 

con s iderable ataxia 

partial collapse of limbs on we ight bearing  

1 or  2 attempts to stand 

mild ataxia 

muscle fasciculations 

standing on first attempt 

muscle tremors 

knuckling on 1 leg 

standing on first attempt 

no muscle tremors or ataxia on standing 

A blood sample was taken pr ior to induction of anaesthesia for CPK 

and GOT measurement. A 3 hour post recovery sample was taken for 

CPK analysis to coin c ide with peak CPK levels that develop post 

trauma (Cardinet et al, 1 967; Gerber, 1 968) and a 24 hour post 
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recovery samp l e  w a s  taken for G O T  a n a lys i s  t o  c o i n c i d e  w i t h  i t s  peak  

b lood  l eve l s  (Card ine t  e t  a l ,  1 967 ;  Gerber ,  1 968) .  

C P K  and  GOT l evels  in  serum were  de te rmined  u s i n g  MAS reagen ts 

(Worth ing ton  A n alyser I I ,  D iagnost ic  Sys tems  I n c ,  U SA) .  

S TATI S T I CA L  ANALYS I S  

A l l  data recorded w e r e  evalu ated by apply ing an  a n alys i s  o f  var iance  t o  detec t  

any  d i ffe rences  b etwee n  group means .  Any var i a n c e  detected w i th  a var ian c e

rat io (F)  test  u n de rw e n t  analys is  for l east s ign i fi cant  d i ffe rence  (LSD)  

compar i son  o f  means .  

Regress ion  t e s t i ng  w i t h  graphica l  p lo ts was  d o n e  o n  t h e  fo l lowing :  

(a)  Recovery grade and -

i n d uc t ion  grade ;  mean ar ter ia l  b l o o d  pres su res  at 10 ,  30 ,  60 

m i n u te s ;  t ime  to extu bat ion ;  t i m e  to l i ft i n g  head ;  t i m e  to 

s terna !  r e c u mb ency;  t ime to s tan d i n g .  

(b )  CPK a n d  -

mean art er ia l  b lood pressures  at 1 0, 30 ,  60 m i n u tes ;  t i m e  to 

extubat io n ;  t ime to l i ft ing  h e a d ;  t i m e  to  s te rna !  r e cumbency ;  

t ime  to s tanding ;  n umber  o f  a t tempts  to  s tand ;  r ecovery g rade .  

( c )  GOT an d -

m ean ar te r ia l  b lood pressures  a t  1 0 ,  30 ,  60 m in u te s ;  t i m e  to  

extubat i o n ;  t ime to  l i ft ing  h ead ;  t i m e  to s t e rna! r ec u mb e n cy ;  

t ime  to s tanding ;  n u mber  o f  a t t empts to s t and ;  recovery grade .  

Th e an alyses were  made  u s ing  t h e  s ta t i s t i ca l  package MINITAB (Min i tab I n c ,  

State  C o l lege ,  PA 1 680 1 ,  USA) .  
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To de te rmine  w h e t h er ser ia l  anaes thet ic procedures  on each horse a ffec ted  

the  parameters m e a sured, scat tergraphs ,  con t a i n i ng the resu l t s  from each  of 

the 4 anaest h e t i c  p rocedures used on each horse ,  were con st ructed .  Th e 

pa t te rn  of sca t ter  o f  the  resul t s  was carefu l ly assessed v i sual ly to de tec t  i f  

t h e re was any grou ping of t h e  resul t s  re la ted  to t h e  anaes th et ic  t i m i ng .  
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CHAPTE R 3 

R E S U LT S  

Al l  da ta  co l l ec ted  was  t abu la ted  (Appen dix 2) . An examp le  o f  the  de ta i l ed  

t ab l e s  o f  the  a n alys is  o f  var i ance  w i th  the  F and LSD t e s t s  are pre sen ted  i n  

Appen dix 3 ,  a n d  regress ion an alys i s  w i t h  s ca t ter graph s  i n  Append ix  4 .  A 

s u m m ary o f  p er t i n en t  s ta t i s t i c al re su l t s  i s  presented  below.  T h e  s tan dard  error 

c a lc u l at ions  wer e  de termi n e d  u s i ng error m ean square c a l c u la t ions .  Th u s, an 

accep tab le  l eve l  of di fference  b e tween m e a n s  i s  represe n t e d  by t h e  s tan dard 

error, w h i c h ,  if exc eeded,  i n d ica tes  a s ign i fi can t di fferen c e .  

A N A LYS I S  OF VARIANCE 

( 1 ) Anae sth e s ia 

(a)  Induct ion Tim e 

The h orses  i n  Gro u p  3 h a d  a s ign i fi can t ly longer mean  i n d u c t i o n  t ime 

than t h o s e  of groups  1 ,  2 and 4 .  

GROUP MEAN INDUCTION TIMES 
(SEC) 

1 22 . 9  
2 4 4 . 7  
3 9 3 . 8  
4 42 .0  

SE * 7 . 1 2 

* s t andard error 
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80 
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0 60 u 
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(b) Induct ion Gra de 

The level o f  a n aesthes ia  im mediate ly aft e r  induc t ion  was s ign i fi can tly 

l ighter  in group 3 compared to groups 1 a n d  2.  It was  a l so sign i fi ca n t ly 

deeper in  grou p  1 compared to groups 3 and  4 .  

GROUP MEAN INDUCTION GRADE 

1 1 .3 
2 1 . 8 
3 2 . 5  
4 2 .0 

S E *  0 .20 

*s tandard  error  

- Group1 � Group2 � GroupS � Group4 

8 

7 

ID 6 (,) 
c: 
� 
� 5 ::l 
(,) 
(,) 
0 

0 4 
>. 
(,) 
c: 3 ID 
::l 
r::r 

� 2 

0 

1 .  medi u m  surgical  
2 .  l ight  surgical  
3 .  n o n - s u rgica l  

2 
Induction grade 

3 

O n e  horse  fro m  group 2 had  a shor t  exc i tement phase  o n  i n d u c t i o n .  



(c )  Hea rt Rate 

24 

The mean h eart  ra te  for group 3 horses  was  s ig n i fi can t l y  lower  t h an 

groups 1 ,  2 and  4 at 5 ,  10 ,  1 5  a n d  60 m i nutes .  

� 
MEAN HEART RATE (MIN) 

GROUP 
5 1 0  1 5  30 60 

1 4 2 . 7  4 1 . 0  42 . 4  43 . 5  3 9 . 6  
2 44 . 0  40 . 5  40 . 2  39 .9  3 9 . 2  
3 3 6 .4  36 . 3  36 . 3  37 . 4  3 5 . 3 
4 42 .0  42 .0  40 . 4  40. 1 3 8 . 4  

S E *  3 . 1 6  1 .2 6  1 . 1 5  1 . 62 0 . 97 

* s tan dard er ror  
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(d)  Res pira t ory Ra te 
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Mean resp iratory rates i n creased fro m  5 to 60 m i n u t e s .  At 10 m i n u tes  

grou ps 1 and 2 respira tory rates  were s ign i fican t ly lower t h an gro u p  3 .  

A t  6 0  m i n u t e s  gro ups  1 a n d  2 had s ign i fi cant ly lower resp ira tory rates  

t h an grou ps 3 and 4 .  

MEAN RESPIRATORY RATE (MIN) 
GROUP 

5 1 0  1 5  30 60 

1 4 . 7  4 . 6  5 . 0  6 . 1 5 . 9  
2 4 . 3  4 . 6  5 . 6  6 . 5  6 . 5  
3 5 . 3  6 . 7  7 . 1  7 . 6  9 . 7  
4 4 . 7  5 . 8  6 . 3  7 . 6  9 . 1  

S E *  0 . 68 0 . 4 8  0 . 54 0 . 57  0 . 67 

*stan dard error 

c 
ro 
<lJ 
E 

-+-- Q-oup 1 --e--· Q-oup 2 --B--· Q-oup 3 · · · · + · · · ·  Q-oup 4 

20 .----------------------------------------------, 

1 5  

5 

----------------------- . 
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(e ) Bl ood P ress ure 

2 6  

A ft e r  t e n  m inutes o f  an aes t h e s i a , horses  from Group 3 h ad s ig n i fi can t ly  

h ig h e r  mean b lood pressure  t h an those of  Groups 1 ,2 a nd 4 .  

No s ig n i fic a n t  d i fferences  w e r e  found i n  mean ar ter ia l  b lood pressure  

a t  30  and 60 m i nutes .  

MEAN ARTERIAL BLOOD PRESSURE (MMHG) 
GROUP 

10  30  60  

1 5 5 . 9  7 5 . 3  80 . 8  
2 48 . 6  70 . 8  8 1 . 2 
3 73 . 7  6 5 . 9  69 . 2  
4 5 7 . 0  73 . 1  7 6 . 4  

S E *  3 . 1 6  4 .3 9  4 .05 

* s tandard e r ror  

---+--- Gr ocv  1 --6--- Grouo 2 ---6--· Grocv 3 · · - - + - - - - Grocv 4 

(]) 
1 00 '----

:J 
(j) 
(j) 
(]) 90 '----
Q_ 

"D 80 
0 
0 

_o 70 

ro 
'-

60 (]) 
+---' 
'----
ro 

50 
c 
ro 
(]) 

40 E 
0 20 30 40 50 60 70 



2 7  

( f) Bl ood gases 

80 

75 

70 

c 
l1l 65 <lJ 
E 

60 

5 5  

50 

( i )  Arter ia l  pa rt ia l pressu re o f  c a rbon d iox ide  (Pa C 0 2l 

A ft e r  60 m i n u t es ,  h orses fro m  Gro u p  1 h ad s i g n i fi can t ly  h igher  

m ean  PaC02  l evels  than  t h o s e  of  Groups 1 ,  2 and  4 .  

MEAN PAC 02 (MMHG) 
GROUP 

1 0  3 0  6 0  

1 58 .75  6 5 . 20 72 . 20  
2 59 .09 60 . 48  64 . 88  
3 57 . 0 1  5 9 . 6 1  6 1 . 8 1  
4 57 . 30  5 7 . 5 3  63 . 20  

S E *  1 . 89 2 . 1 5  2 .05  

* s tan dard error  

-t-- G-ouo 1 ---6-- G-ouo 2 ---(7-- G-ouo 3 · · · · · + ·· · ·  G-o..p « 

0 1 0  20 30 40 50 60 

m 1 ns 

7 0  
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( i i )  pH 

Horses  fro m  groups 1 and 2 h ad a s ignificant ly lower  mean pH 

t h an those  o f  groups 3 and 4 at  30  m inutes .  A ft e r  60 minutes  

h o rses fro m  group 3 h a d  a s ign i ficant ly h igher  m ean p H  t h an the  

h orses fro m  o ther  groups .  

MEAN PH 
GROUP 

1 0  30 60 

1 7 . 2 820 7 .2539  7 .2223 
2 7 . 2742 7 . 2 7 1 2  7 . 2484  
3 7 . 3 027 7 .3 1 2 1  7 . 2985 
4 7 .2885 7 .2903 7 .2580  

SE*  0 .0 100 0 .03 1 4  0 . 0 1 1 0  

* s tandard error 

- + - Group 1 - 6 - Group 2 -- 0 - Group 3 . . .. + . . . Group .. 

7 . 3 5  ,--------------------------------------------. 

o-------------------·0------------------------------·o t�······· · · ·· · · · · · · ·· · · · · · · · · · · · · · · · · · · · · + . . . . . . . .. . . . . . .
. . . . . . . . . . . 

6 - -- -------6---- · · · · · · · ·· · ... . . 
+-------:=------���:�+ �6 

+ 

7.20 �----�----�----�------L-----�-----L----� 
0 1 0  20 30 40 50 60 70 

min 
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( i i i )  Ar ter ia l  par t ia l  pressure  o f  oxygen (Pa 02}_ 

29  

No s ign i ficant  d i fferences  be tween  groups were fou n d  a t  1 0,30 

or 60 m i n u tes .  

MEAN Pa02 
GROUP 

1 0  3 0  6 0  

1 3 1 8 . 73  376 . 69  3 4 1 .8 1  
2 330 . 39  3 8 1 . 80 3 7 3 . 92 
3 330 . 1 3  3 7 5 . 9 6  3 5 3 . 5 9  
4 350 .55  409 .60 4 1 6 .92  

SE*  24 .657  1 9 . 669  22 . 066  

* s tandard  error 
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( 2 ) R E C OVE RY 

(a ) Extu b a ti on Ti me 

3 0  

Horses from gro u p  1 took a s ign i fi can t ly lon ger m e a n  ext u b a t i o n  t i m e  

t h an t h o s e  o f  gro ups  2 ,  3 and  4 .  

GROUP MEAN EXTUBAT ION TIME 

1 1 8 . 075 
2 1 2 . 865 
3 8 . 700 
4 1 2 . 275 

SE* 1 . 85 4  

* s tan dard error 

1 5  

"2 
:§, 
c: 1 0  
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2 3 4 
group 



(b )  T ime t o  L ift ing Head 

3 1  

Horses  fro m gro u p  3 had  t h e  s i gn i fi can t ly shor te r  mean  t i m e  span 
from d i sconnect ion  of  an aest hes i a  to l i ft i ng  the h e a d .  

GROUP MEAN TIME TO LIFT HEAD 

1 4 1 . 4 1 0  
2 32 . 1 05 
3 1 5 . 0 1 5  
4 28 .350  

SE*  3 . 687 

* s tandard erro r 
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(c ) Time to Ste rn a /  Re cumben cy 

Horses fro m  group  1 s howed a s ig n i fi can t ly longer  mean  t ime  to  a t ta in  
s te rna !  r e c u m b ency than  those horses  i n  t h e  o ther  g roups .  

GROUP 

1 
2 
3 
4 

SE*  

* s tandard  e r ro r  

50 

c 
ro 
Q) 40 

E 

30 

20 

MEAN TIME TO STERNAL RECUMBANCY 

5 6 .250  
3 8 .585  
2 4 . 885 
3 3 . 725  

4 . 969 

2 3 4 

group 
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(d)  Time t o  Sta nding 

Horses fro m  group  1 took  a s ign i fi can tly longer  m e a n  t i m e  to  a t t a in  a 

s t a n d i n g  pos i t ion  t h a n  h o rses  fro m  t h e  o t h er g r o u p s .  H o rses  from 
g r o u p  3 took  a s ign i fi can t ly shor ter mean  time to s t a n d  t h an h orses 
fro m the o t h er groups .  

GROUP MEAN TIME TO STANDING ( MIN) 

1 66 .725  
2 47 . 600 
3 2 9 . 5 60 
4 4 1 . 83 5  

S E *  4 . 1 3 2  

* s t a n d a r d  error  
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(e)  N umb e r of A tte mpts t o  Sta nd 

Horses  from gro u p s  1 and  2 took  a s i gn i fican tly g reater  mean  n u mber  
of  a t tempts  to s tan d t h an those  fro m groups  3 and  4 .  

GROUP 

1 
2 
3 
4 

S E *  

* s tan dard  error  

c 
ro 
Q) 
E 

MEAN NUMDER OF ATTEMPTS TO STAND (MIN) 

2 . 5  
2 . 8  
1 . 2 
1 . 3 

0 . 27  

2 3 4 

group 
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( f) Re cov e ry Gra de 

3 5  

T h e  m e a n  recovery grades  o f  h orses from gro u ps 1 a n d  2 were 
s i g n i fi can t ly lower than t h o se o f  grou ps 3 and 4,  i n d i c a t i n g  poorer  
r ecover ies .  

6 

5 
� 
0 
c 
� 4 ::::: 
:J 
0 
0 
0 

0 3 
>-
0 
c 
� 2 :J 
r:::r 
� 
.!:: 

= 

= 

= 

= 

= 

GROUP MEAN RECOVERY GRADE 

1 1 . 4  
2 1 . 4  
3 3 . 3  
4 3 . 1  

SE* 0 .32  

* s tan dard error  

- Group1 � Group2 � Group3 � Group4 

0 

poor  
fai r  
m e d i u m  
good  
exce l l en t  

2 
recovery level 

3 4 



(3 ) M U S C L E  E NZYM E S  
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Horses  fro m  g r o u ps 1 a n d  4 sh owed s ign i fi cant ly  h igher  m e a n  C P K  l eve ls  at 
t h ree h o u rs post anaes thes ia  than  t h o se o f  g roups  2 and 3. No s ign i fi can t  
d i fference  b e tween gro u p  means  of  GOT 2 4  h o u r  pos t  a n aes th es i a  was  
demons t ra ted  

GROUP CPK . GOT 

1 1 88 . 1 26 .6  
2 8 1 . 2  1 3 . 7  
3 90 .4  28 .9  
4 228 .0  1 9 . 1  

S E *  23 . 1 4 5 .08 

* s tandard  error 

P re and p o st a n a esth e s i a  s e r um C P K  m e a s u re m e n ts 

300 

c: 
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1 00 
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P r e - a n d  post a n a e sth e s i a  s e r u m  GOT m e a s u re m e nts 

- Pre � Post 
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R E GR E S S I O N  A NA LYS I S  A N D  S CATT E R G RA PHS 

Regress ion a n alys is  and scat tergraph s  s howed no s ig n i fi c a n t  c o r re l a t ions  
b e tween any of  t h e  parameters  measured .  

No tempo ral  effect  was  fou n d  i n d ic a t i n g  t h at  t h e  l ast  a n aes the t i c  p rocedure  
g iven to each  h o rse was  n o t  s ign i fi can t ly  d i ffer e n t  fro m t h e  fi r s t  one  t h ey 
received .  
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CHAPTER 4 

D I S CU S S I O N  

J e n n ings  ( 1 966) ,  descr ibed  the  requ i rements  for good equ ine  anaes thes ia  as :  

fre edom fro m  pain ;  freedom fro m  fear  i n  the a n i ma l ;  easy ,  rap id  

admin i s t ra t ion  o f  a n aes th e t i c ;  no s t rugg l ing  o n  i n duc t i on ,  ma in ten ance or  

recovery a n d  a w ide m arg in  of  drug safety .  To t h es e  the  fo l low ing  h ave been  

a dded more  recent ly - adequate an alges ia ;  exc e l l e n t  m u sc l e  re laxat io n ;  and  

m i n imal  card iopu lmon ary depression ( B u tera  et a l ,  1978) .  I t  i s  u n l i ke ly  that  

a s i ng le  drug  cou ld  meet  a l l  th ese requ i remen ts ,  so ,  over  t h e  years ,  t h e  search 

for a perfect  anaesthet ic  drug comb i n at ion  has  c o n t i n u e d .  

T h e  present  s tudy showed t h at u n d e r  comparab le  c o n d i t i o n s  o f  anaes the t i c  

m ai n tenance ,  t he  i n duc t ion  drugs  used had a con s iderab l e  i n fl u e n c e  o n  the  

type and speed o f  recovery exper ienced by  t h e  h orses .  W h en xyl az i n e  and  

ke tamine  were  u sed  as t h e  induct ion  drug combina t ion ,  t h e  d u rat ion  of  

recovery was shor t .  I n  addi t ion ,  t he  ho rses rega i n e d  a s t and ing  po s i t i on  eas i ly  

and h ad o n ly s l igh t atax ia  when at tempt ing  to  walk .  I n  c o n t ras t ,  when 

t h iopentone  and  glycerol  g u a iacolate were u sed i n  comb i n at ion  fo r i n duc t ion ,  

t h e  recover i e s  were  longer .  Moreover t h e  hor se s  h ad c o n s i derab le  d i ffi c u l ty 

a t ta in ing  a s tand ing  posi t i o n ,  and were con s iderably  a tax ic  when a t tempt ing  

t o  move.  

The reaso n s  for t h ese d i fferences w i l l  be d i scu ssed u n der  the fo l lowing 

h e adings  -

1 .  ANAESTHESIA 

( i)  Induc t ion  

( i i )  Main tenance  

2 .  RECOVERY 

( i )  Recovery Q u a l i ty 

( i i )  Recove ry Length  



3 .  MUSCLE ENZYMES 

4 .  CRITI CAL EVALUATION O F  EXPERIMENT 

( i )  Exper imenta l  des ign and l i m i ta t ions  

( i i )  C l i n i ca l  assessme nt  of  i nduc t ion  techn iques  

1 .  A NA E S TH E S IA 

( i )  I n d u cti o n  

4 0  

E ffec t ive sedat ive premedicat ion  smoo t h s  t h e  induc t ion  a n d  m a i n t e n a n c e  o f  

g e n era l  anaesth e s i a, and  ensu res a qu ie t ,  u n event fu l  recovery .  A d r u g  t h a t  i s  

s u i t ab le  for t h i s  p urpose n eed n o t  be  part i c u l ar ly  p o t e n t  i n  i t s  a c t i o n  b u t  m u s t  

pers i s t  to  affec t t h e  r ecovery p er iod .  

Acety lpromazi n e  and  xylaz ine  were chosen as premedican t s  in  t h i s  s t u dy 

b ecause  they are  t h e  two most  commonly u s e d  sedat ive agents  i n  New Z e al a n d  

a t  t h e  present  t i m e  a n d  the i r  act io n s  o n  t h e  cardiovasc u lar and  re sp i ratory 

systems are we l l  doc u mented .  Xylaz ine  produced  a h eavie r  sedat ive e ffec t  

t h an ace tyl p romaz ine  at  t h e  doses u sed.  Th i s ,  h owever ,  had l i t t l e  e ffect  on 

t h e  i n i t ia l  depth of anaes thes ia  ach ieved .  In fac t ,  even a fte r  h e avy xy laz i n e  

s e d a t i o n ,  t he  l eve l  o f  a n aes thes ia  o b t a i n e d  a fter  ke tami n e  adm i n i st r a t i on  was 

l igh te r  than tha t  ob ta ined  with glyc erol  g u a i aco la te/ke tam i n e  (gro u p  4) a n d  

g lycero l  gua iaco la te/th iopentone  i nduc t io n s  (groups 1 a n d  2 ) .  W h y  t h i s  

o c c u rred i s  n o t  u n derstood .  As a res u l t ,  fo l lowi n g  the i n d u c t i o n  of  

an aesthes ia  wi th  xylaz ine/ketamine ,  h igher  doses o f  ha lo thane  were  u s u a l ly 

r equ ired to o b t a i n  a level  o f  l igh t  s u rg i ca l  anaesthes ia  c omparab l e  t o  t h at 

exper ienced w i t h  the  o the r  groups .  

O n e  except ion  d i d  o c c u r . The exc i t emen t seen on i n duc t ion  of  a horse  

receiv ing glyc e ro l  g u aiaco la te  and th iopen tone  as i nduc t i on  age n t s ,  was 

presu mably d u e  t o  an  i n adequ ate  barb i tu rate  dose .  H i g h  i n i t i a l  

c o n c entrat i o n s  of  ha lo thane  (8% ) were requ ired for ten  m i n u te s  to  

apprec iab ly deepen the a n aes thet i c  p l a n e .  Th i s  type of  u ns a t i s fac tory 

i n duc t ion  i s  known to o c c u r  wi th  barb i t u rates  and  may b e  seen m o r e  o ften  i f  
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t h e r e  i s  i n adequ ate prean aes the t i c  sedat ion ( B ro uwer ,  1 98 5 a) o r  i f  t he  hor se  

i s  s t i m u lated by loud no i ses  p r i o r  to the  admin i s t ra t ion of  a b a r b i t u rate bo lus  

(Booth  and McDonald ,  1 988) .  

Th e ext remely long  i n duc t ion  t ime  (over  90 seco n ds )  assoc ia ted  wi th  

xylaz i n e/ke tamine  comb ina t i on s  i n  the  h o rse h as been  r e p o r ted  by prev ious  

au t h o rs (E l l i s  e t  a ! ,  1 97 7 ;  M u i r  e t  a ! ,  1 977 ;  B rouwer e t  a ! ,  1 980;  Hal l  and 

Tay l o r ,  1 98 1 ;  Tay lor  and Ha l l ,  1 985 ; B ro uwer ,  1 985a  an d b) .  Why  th i s  drug 

c o m b i n at ion takes  twice as l ong  to produce  recu mb ency in  the  horse  t h an any 

of  the  o ther  comb i n at ions  u sed ,  i s  no t  known.  Nor  h ave long i n duc t i on  t imes  

w i th  in travenously admi n i s t e red  ketamine  been  reco rded  in  o t h er spec ies .  

W h e n  xyl azi n e  i s  u sed i n  h ig h  doses  wi th  other  i n d u c t i o n  age n t s such  as  

t h i o p en tone ,  m ethohex i tone  o r  t h i amylal  in  h o rses ,  i n d u c t i o n  t imes  are  no t  

p ro lo nged ( B ro uwer e t  a ! ,  1 980) .  Nor ,  as shown in  the  p re sen t  s t u dy ,  a re  

i n d u c t ion t imes  i n creased w h e n  ketamine  i s  u sed  i n  comb i n a t ion  w i th  drugs  

o t h e r  than xyl az ine  (Mu i r  e t  a l ,  1978 ;  Muir  et a !  1 979b ) .  Th i s  s ign i fi can t  

i n c re ase in  i n duct ion  t ime  w h i c h  occ ur s  when bo th  o f  t h e se drugs  are u sed 

toge ther appears  to be u n i q u e  to  the i r  comb i n a t io n .  

Th e d i ffe rence  i n  ketam i n e  doses  u sed i n  t h e  di fferent  g r o u ps i n  t h i s  s tudy 

was  i n ten t ional and fo l lowed recommen dat io n s  by prev i o u s  researc h ers (Mu i r  

e t  a ! ,  1977 ;  M u i r  e t  a ! ,  1 978 ;  M u ir e t  a ! ,  1 979b ;  Ha l l  a n d  Tay lor ,  1 9 8 1 ) .  Why 

the doses di ffer i s  not  known . It  does not seem l i kely to  be due to  d i f fe r ing  

sedat ive e ffec t s  p r io r  to  ke tamine  use .  Xylaz i n e  p rem edica t ion  c l i n ica l ly 

prov ided he avi e r  sedat ion t h a n  acety lpromaz i n e  and g lycero l  g u a iac loate ,  

t h e r e fore  i t  wo u l d  have seemed log ica l  to  use  smal l e r  doses  of  ketam i n e  

fo l lowing xylazi n e  admi n i s t ra t i on .  Exper imenta l  w o r k  n e eds to  b e  do n e  to  

de te rm ine  i f  t he  dose o f  ke tamine  can b e  lowered to 1 . 7  mg/kg, o r  fu r the r ,  

w i th  xylaz i n e  combina t ions .  I f  th i s  were  poss ib le ,  i t  wo u l d  o ffset  the  

d i sadvantage o f  the  h igh  cos t  o f  ketam i n e  and  may dec rease t h e  c e n tra l  

n e rvous  exc i ta tory e ffec t s  assoc i ated w i th  i t s  u se  ( Fuen te s ,  1 978 ) .  

( i i )  Mai ntenance  

Th e i n i t ia l  mai n tenance procedu res used i n  th i s  exper im e n t  were des igned to  

speed the  equ i l ib rat ion o f  de l ivered a n d  insp i red anaes th e t ic gases .  Two 
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fac tors  oppose  t h is rap id  equ i l ibrat io n .  O n e  i s  t h e  cons iderab le  amo u n t  of  a i r  

presen t i n  t h e  an aes the t ic c i r cu i t .  Th i s  l a rge  vo lume o f  a i r  d i l u tes  the  

concen trat i o n  o f  in sp i red  anaesthet ic  gases  i n i t i a l ly del ivered .  Th e seco n d  i s  

that  n i t rogen i s  exha led  i n  the fi rs t  few moments  o f  a gaseo u s  anaes t h e t i c ;  th i s  

fu r ther  d i l u t e s  insp i red gases  (Steffey and Howland, 1977) .  To m i n i m i se  t h es e  

prob lems ,  t h e  an aesth e t i c  mach ine  w a s  fi l l ed w i t h  a 4% ha lo thane  a n d  oxygen 

mixt u re  a n d  oxygen flow rates o f  6 1/m i n  were used  for the  fi r s t  10  m i n u t es  of  

gaseou s  anaes thes ia .  

As previ o u s l y  ment ion ed, the xylaz ine/ke tamine  i nduc t ion  c o m b i na t ion  

p roduced  a l igh te r  i n i t i a l  p l ane  of  anaesth es ia  t h an the  o ther  d rug  

combin at ion s .  Furth ermore ,  the  d u rat ion  o f  anaesthes ia  p rov ided  b y  t h i s  

comb i n at i o n  o f  d r u g s  l a s t s  o n ly 20-25 m i n u tes  and i s  acc o m p a n i e d  by a n  

a b r u p t  recovery (Ha l l  and  Taylor ,  1 9 8 1 ) .  To e n s u r e  t h at adequa te  s u rg ica l  

anaes thes ia  l eve l s  were  a t ta ined q u ic k ly ,  and  to  e ffec t  an u n even t fu l  t r ans i t i on  

fro m induc t i on  to ma in tenance agen t ,  t h e  concent rat ion o f  h a l o t h a n e  p r io r  to  

admin is t rat i o n  h ad to b e  increased to  6%,  and kept  at th i s  l eve l  fo r a t  l east  

1 0  m inu tes  fo l lowing xy l az ine/ke tam i n e  u se .  

Th e p r inc ipa l  reason fo r moni tor ing  the  he art r a te  dur ing  a n aes the s i a  i s  to  

detect  l i fe th rea ten ing  a l terat ions  in  rate  (e i ther  tachycard ia  o r  b radycard ia )  

and rhyt h m .  None  o f  these were  no ted  i n  t h e  present  s tudy .  A s i g n i fi can t ly  

lower  mean  hear t  ra te  however,  was observed in horses  which  had a 

xylazi n e/k e t a m i n e  i nduc t i on .  Previou s  a u thors  (S teffey et a l ,  1 985 ) ,  h ad no ted  

that  when xy laz ine  was g iven to a l ready anaes the t i sed horses ,  t h e  h e ar t  ra te  

dropped fo r h al f  an hour .  In con t ra s t ,  t he  mean  heart  ra te  o f  h o rses  wh i ch  

had been  i n d u ced w i th  xylazine/keta m i n e  in  t h i s  s tudy, rema ined  s i g n i fi can t ly 

lower for t h e  en t i re  h o u r  long an aesth e t i c  per iod .  Th i s  i s  pres u m ab ly re la ted  

to the  longer  du rat io n of  effect  o f  the  h igh dose o f  xylaz ine  u se d  ( C la rke  a n d  

Ha l l ,  1 969) .  Another  feature  o f  h e a r t  ra te  record ings i n  the  p res e n t  s t u dy w a s  

that n o  s ig n i fi cant  c h anges t o  t h e s e  r ates  occu rred, i n  any o f  t h e  g r o ups ,  

th rough o u t  the  hour  long expe r i m e n t .  Th i s  observat i o n  c o n fi r m s  the  

exper i ence  of  previo u s  research ers (Eger  e t  a l ,  1 970; Ste ffey a n d  Howland ,  

1 978 ;  Mui r  e t  a l ,  1 97 9 b ;  Steffey et a l ,  1 987 ; S teffey et a l ,  1 990a)  t h a t hear t  
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rates  do n o t  change s ig n i fi can t ly over t ime, in  man  and  horses ,  g iven h a l o t h a n e  

in  oxyge n .  

Heart  r a t e  had  very l i t t l e  s ign i fi cance  a s  a n  i n d i cator o f  card iac  fu n c t ion  

(Ganong ,  1 989) ,  as i t  d id  no t  appear to i n fluence  b lo o d  pres su re  

meas u rement s .  Moreover ,  h eart  ra te  i s  not  an i n d icator  o f  anaes the t i c  dep th  

(Ste ffey and  Howland ,  1 978) ,  so the  d i ffer i n g  h e ar t  rates b etween g roups  in  

th i s  s t u dy canno t  b e  a t t r i bu ted  to  d i fferences  i n  an aes the t i c  l eve l .  

Th e low r esp i ra tory r a t e s  recorded aft e r  i nduc t ions  us ing  u l t ra  shor t  ac t i ng  

ba rb i tu ra tes are d u e  t o  the i r  resp i ra tory depressant  e ffec t s  (Boo th  a n d  

McD o n a l d, 1 988)  an d are  ac tua l ly  somewhat  l ower t h an t h e  fi r s t  two 

record ings  ind i ca te ,  a s  some h orses  deve loped apnoea and were ven t i l at e d  

m a n u a l l y  2-3  t imes a m i n u t e  for u p  t o  10  m i n u te s .  Th i s  a p n o e a ,  no ted  i n  

some o f  t h e  horses  i n duced wi th  g lycero l  g u a iaco la te  a n d  t h i o p e n t o n e  

combina t ions ,  acc o r d i n g  to  i n format ion  prese n t  i n  the  l i t e ra tu re  (Jon es e t  a ! ,  

1960;  Tavernor  and  Lees ,  1 970;  M u i r  et a ! ,  1 97 9 b ;  B rouwer ,  1 985 a and  b )  i s  

s h o r t e r  i n  d u r a t i o n  a n d  l ower in  frequ ency t h a n  t h e  a p n o e a  i n c u rred  by t h e  

u s e  o f  ba rb i tu rates  a lo n e .  However ,  Schatzma n n  ( 1 974) ,  n o t e d  t h a t  a s  many 

as  30% o f  glycer o l  g u a i aco la te/t h i o pen tone  i n d u c t ions resu l t  i n  apnoea .  In  

t h i s  s t u dy t h e  percen tage  was  s l igh t ly  lower ,  b e i n g  20%.  Th e exte n t  of  

resp i rato ry depress i o n  in  the  fi rs t  1 0 - 1 5  m i n u t es  after  t h ioba rb i t u ra te  use  

reflec t s  the  du ra t ion  of  c l i n ica l  e ffec t  o f  these  drugs .  Th e pers i s te n c e  of  

s ta t i s t i ca l ly lower  re sp i ratory ra tes  after  th iopen tone  wh en  compared to  

ke tamine  combi n a t i o n s ,  suggests  t h at t h ere i s  e i t he r  a c o n t i n u i n g  depressan t 

e ffec t  o f  res idua l  ba rb i t u rate leve l s  o n  the resp i ra tory sys tem,  o r ,  c o nverse ly ,  

t ha t  there  i s  an ext e n d e d  s t imu la tory e ffec t  o f  ke tamine .  I t  i s  not  c l ea r  fro m 

th i s  exper iment  wh i ch  o f  these two drugs  c o n t i n u es to affec t resp i ra t o ry ra t e ,  

b u t  none  o f  the  o the r  drugs  u sed appear  to h ave b e en involved i n  i t s  c o n t ro l .  

Th e g radua l  i nc rease i n  resp i ra to ry ra te  over t i m e  i n  a l l  exper imen ta l  g r o u ps 

u n der  h a lo thane  a n a e s t h es ia  has been  no ted  b e fo r e  (Steffey et a ! ,  1 990a) .  A 

s im i la r  o b servat ion  h a s  been made i n  h u man an aesthes ia ,  b u t  t h e  i n c rease  

does not  become s i g n i fican t t i l l  a ft e r  th ree  h o u rs o f  c o n s t a n t  h a l o t h a n e  

anaes thes ia  (Fo u rcade  et a ! ,  1 972 ) .  The cause  o f  th i s  g r a d u a l  i n c r e ase i s  
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u n known,  b u t  t h e  present  exper iment  h as shown i t  does n o t  r e s u l t  i n  i m p roved 

PaC02 n o r  does i t  s ign i fi cant ly  affec t  Pa02 leve ls  (Appen dix 1 ,  Tab le s  6 a n d  

8 ) .  

Sys temic  a r ter ia l  press u r e  measu r e m e n ts permi t  t h e  anaest h e t i s t  to  m o n i t o r  

t h e  adequacy  o f  pe r ipheral perfu s ion . Ar ter ia l  pressu r e  i s  t h e  p r o d u c t  o f  

card iac o u t p u t  and  per ipheral  vascu l a r  res i s tance .  Con sequ e n t l y  fac tor s  t h a t  

affec t  e i t h e r  o f  t h ese  t w o  var iables  w i l l  also affec t  ar ter ia l  p r e s s u r e  (Ganong ,  

1 989) . D i ffe rences  of  mean  sys temic  a r te r i a l  p ressure  were  seen  o n ly a t  the  

1 0  m i n u t e  read ing  a n d  correspond  wi th  t h e  vasomo t o r ,  vasop resso r and  

c ard iac i n fl u ence  o f  i n duct ion  d rugs .  Th ereaft er t h e  read ings  a re  no t  

s ta t i s t i ca l l y  d i ffe ren t ,  probably because  ha lo thane  was the  m ai n  de te rm i n a n t  

o f  a r te r ia l  p ressure  a ft e r  t h i s  t ime .  Th e h i g h e r  ar ter ia l  p r e ss u r e  s e e n  w i t h  

xylaz in e/ke tamine  at  1 0  m inu tes i s  l i kely to  b e  a resu l t  o f  t h e  s t imu l a t o ry 

e ffec t  o f  ke tamine  on t h e  cardiovasc u lar sys tem (Folts  et a l , 1 975 ; B o o t h  and  

McDo n al d ,  1 988) . Why the comb i n a t ion o f  ke tamine  w i th  ace ty lp romaz ine  

and  glyc e r o l  gua iaco la te  d id no t  a l so  resu l t  i n  a s im i l a r  h ig h e r  a r t e r i a l 

pres s u re a t  t h i s  t ime i s  n o t  c lear .  Ace ty lprom azi n e  has a s t ronge r  hypo t e n sive 

effec t  t h a n  xylaz ine  due to i t  e ffec t on total  pe r ipheral r e s i s t ance  ( M u i r  et a l, 

1 979a ;  S t e ffey e t  al ,  1 985) ,  and t h is m ay h ave c a u sed a g rea te r  drop  i n  b lood  

pressu re ,  even  i n  t h e  presence o f  ke tamine .  The hypo tens ion  m ay a l so b e  t h e  

resu l t  o f  t h e  lower d o s e  of  ketam i n e  u s e d  ( 1 . 7 mg/kg) p r o d u c i n g  l es s  o f  a 

cardi o s t i m u latory effec t ,  o r  o f  a combina t ion  o f  t h ese two fac to r s .  

Th e low mean a r te r i a l  pressu res  a t  1 0  m i n u tes  w i th  u l t r ashor t  ac t i ng  

ba rb i t u ra te  drug  combi nat ions  are  p robably a resu l t  o f  the  c ard iovascu l ar 

depressant  effec t s  o f  t h iopentone  a n d  h alo t h a n e  comb i n e d .  The drop  in  

ar ter ia l  p ress u re i s  l es s  when t h iopen tone  i s  u sed  o n  i ts own t h an when 

ha lo thane  i s  admi n i s te red once  the h orse i s  recumbent  ( H e at h  a n d  Gabel ,  

1 970 ;  Tavernor  and  Lees ,  1 970 ;  Tay lor ,  1 989  and 1 990) .  An a e s t h e t ic 

i nduc t i on  for t h e  an aes thet i s t  i s  a lways a j uggl e between a t t a i n i n g  adequ ate  

depth  wi th  i nduc t io n  drugs but  not  h aving t h e  a n i mal too  deep o n  i n d u c t i o n  

a s  p rec ip i tous  fa l l s  i n  b lood pressu re  can  cause  c a rd iac a r rhy th m ias  a n d  death  

at  th i s  t i m e . Th e recovery fro m  the  card iac in su l t  o f  inj ec tab l e  drugs  i s  

depen d e n t  on metabo l i sm and  redi s t r ibu t ion  o f  t h e  drugs ,  w h e r e as ven t i l a t ion  
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rap i d ly  changes a n aes th et ic  g a s  level  and  t h e r e fore  i t s  d rug  e ffec t  ( E g e r ,  

1 964 ) .  A s  a c o n s e q u e n c e ,  h a l o t h a n e  i s  o ften  u s e d  to  s u pp lement  anaes t h e t i c  

i n d u c t i o n  d e p t h  to  a t t a in the  c o r r e c t  level  fo r s u r gery. Cau t ion  m u s t  b e  u se d  

t h o u g h  as the  resu l ts from t h i s  s tudy i n d icate  h o w  prec ip i tous ly  t h e  a r t e r i a l  

b lood  pressure  c a n  fa l l .  

Rec o rd ings o f  a r te r ia l  b lood pressure  meas u r e ment s  u n der  an aest h es i a  va ry 

b etween au thors .  Th e l evels  ob ta ined  i n  th i s  s t u dy correspon d  we l l  w i th  t h o s e  

o b t a i n ed b y  researc h e r s  anaesthet iz ing  expe r i m e n tal h o rses  ( B ro uwer ,  1 98 5 ;  

S teffey et  a l ,  1 977a  a n d  b ;  Ste ffey and  Howl a n d, 1 978;  S teffey a n d  Howland ,  

1 980 ;  Hodgson et  a l ,  1 986;  S teffey et  a l ,  1 987 ;  S t e ffey et  a l ,  1 990a) .  However ,  

some au thors  (Heath  and Gab e l ,  1 970;  McCash i n  and G ab el ,  1 97 5 ;  B ro uw e r  

et  a l ,  1 980) h ave reco rded h ighe r  ar ter ia l  p r e s s u res i n  exper imen ta l  h or s e s  

t h an w a s  fou n d  i n  t h i s  s tudy .  Th i s  var iat i o n  c o u l d  b e  re l ated  to  a l i g h t e r  

p l a n e  o f  anaes thes ia  i n  these  h orses ,  a s  t h e  d e p ressant  e ffec t s  o f  h al o t h a n e  

a r e  dose d e  pendent  (S teffey a n d  Howland ,  1 97 8 ) .  Add i t i on a l ly ,  w i t h  c l i n ic a l  

a n aes thet ics ,  s l igh t ly h igher  ar ter ia l  b lood p r e s s u res a r e  doc u m en ted ( M u i r  

et  a l ,  1 979b ;  H a l l  a n d  Taylor ,  1 9 8 1 ;  Taylor  a n d  H al l ,  1985) .  Th i s  c o u l d  r e fl e c t  

t h e  e ffec t  o f  su rg ica l  s t imu la t ion  on  ar ter ia l p r es s u re (Eger  et a l ,  1 970 ;  S t e ffey 

and  Howl and ,  1 978 ) .  

The t e n dency,  as fo u n d in  th i s  s tudy, fo r a r t e r i al b lood  p re s su re  to s lowly 

i n c rease u n der  ha lo thane  anaesthes ia  is  wel l  doc u m en ted in t h e  

l i t e ra tu re ,both i n  m a n  a n d  h o rses (Eger e t  a l ,  1 970 ; B ah lman e t  a l ,  1 97 2 ;  

D u n lo p  e t  a l ,  1 98 7 ;  S teffey et  a l ,  1 900a) .  I n  t h e  ho rse t h i s  " recovery"  o f  

card iac  fu nc t ion  a n d  c i r cu la t ion  appears  t o  b e  re lated to  a n  i n c rease  i n  

c ar di ac ou tpu t .  I t  beg in s  th i rty m inu tes  afte r  t h e  adm i n i s t ra t ion  o f  h al o t h a n e  

commences,  b u t  i s  n o t  s tat i s t i ca l ly s ign i fic a n t  u n t i l  o n e  a n d  a h al f  h o u rs o f  

gaseous  anaes thes ia  ( D u n l o p  e t  a l ,  1 987 ;  S teffey e t  a l ,  1 990a) . W h y  t h e r e  i s  

a n  i mprovem ent  o f  b o th ven t i la tory a n d  c i rc u la t o ry var iab les  d u r i n g  p ro longed  

h alo thane  anaes thes i a  i s  no t  known . C arbon  d i oxide has  k n own sym p a t h e t i c  

s t i m u l a tory e ffec t s  (Pr ice ,  1 960) ,  b u t  i n  t h i s  s t u dy the  s l o w  r i se  i n  a r te r ia l  

carbon  dioxide tens ion  did n o t  corre la te  s t a t i s t ica l ly w i th  t h e  mean  a r t e r i al 

b l o o d  pressu r e  i n c rease .  However,  t h i s  d o e s  not  n ec essar i ly m e a n  tha t  

ca rbon  dioxide t ens ions  were no t  to some  degree  invo lved i n  t h e  improv e m e n t  
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in  c a r diovasc u l a r  func t ion .  C u r ren t  theor ie s  o n  t h e  cause  o f  th i s  i nvolve t h e  

deve lopment  o f  metabol ic  ac idos i s ,  hypoxaemia ,  or  i n c reased e ffec t o f  

e p i n e ph r i n e .  According to  Fourcade e t  a l  ( 1 972) ,  t h e  m o s t  p laus ib l e  

exp lana t ion  may be  re la ted to a c h ange i n  c h e mical  o r  h o rmo n a l l eve l s  o f  

s u b s t ances  t h a t s t imu la te  t h e  card ioresp i ra tory areas  such  a s  n o rep inephr ine ,  

o r  s o m e  ha lo t h a n e  metabo l i tes .  

The  u s e  o f  i n t r avenous  flu i ds dur ing  su rgery and  an aes thes i a  i s  r o u t i n e  a t  

Massey Vete r in a ry C l in i c  and  was  a lso app l ied  i n  the  s t udy t o  s imu la te  c l i n ica l  

c o n d i t ions  as c l o sely as poss ib l e .  Th e val u e  of  a f low ra te  of  2 l/h r i n  

m ai n ta in ing  o r  e levat ing b lo o d  pressu re  i s  q u est io n ab l e  i n  t h e  h o r s e  

c o n s ider ing  i t s  l arge b lood vo lume .  However ,  t h e  advan t age o f  u s i n g  fl u ids ,  

even at  th is  low rate ,  i s  that  a pa ten t  veno u s  ca the te r  i s  a lways p resen t  so  tha t  

d r u g s  o r  flu ids i n  emergency s i t u at i on s  may be  given r a p i d ly .  

As fo u n d  i n  th i s  s tudy, and reco rded elsewhere ,  ar ter ia l  carbon d iox ide l evels  

t e n d  to inc rease  with t ime u n der  h a lo thane  anaes thes ia  w h e n  the pa t i en t  i s  

spon taneo u sly b reath ing  (Fo u rcade et a l ,  1 972 ; S teffey e t  a l ,  1 990a) . Th e 

hypove n t i l a t ion  tha t  causes t h i s  PaC02 i n c r ease appear s  to  b e  d u e  to  cen t ra l  

r e sp i ratory depress ion and  reduc t i on  in  t ida l  vo l u mes,  m i n u t e  vo l u mes  and  

re sp i ra tory deadspace (Ha l l ,  1 97 1 ) .  I t  can  be  rever sed  w i th  mech an ica l  

v e n t i l a t io n  ( H o dgson e t  a l ,  1 98 6 ) .  Th e h ighe r  PaCO� tens ion  at  60 m i n u te s  

i n  h o rses i nduced  w i th  glyce ro l  g u aiaco la te  a n d  th io pe n to n e  i s  p rob ably a 

r e fl e c t io n  o f  t h e  pers is ten t h ypoven t i l a tory e ffec t  o f  t h e  acety lp romaz ine  

p r e m edicat i o n ,  which  may l a s t  u p  to e igh t  hou rs (Parry et a l ,  1 98 2 ) .  The  

i n ab i l i ty o f  a horse to re spond  to hyperc apn ia  a fte r acetylp romaz ine  

p r e m edicat ion  (Mui r  and Haml in ,  1 975 ) ,  may a l so c o n t r i b u t e  to  t h e  h ighe r  

ca rbon  dioxi d e  tens ions .  Why  t h e  h orses  i nduced  wi th  g lycero l  

g u a i aco la te/ke tamine  combi n a t ions  aft e r  ace ty l  promazi n e  premedica t ion  fa i l ed  

t o  s how a s im i l a r  s ign i fican t i n crease i n  PaC02  remai n s  u n c l ea r .  I t  m ay b e  

t h a t  t h e  c e n t r a l  ne rvou s  sys t e m  s t imu la to ry e ffec t s  o f  k e t a m i n e  n e g a t e  , to  

some ext e n t ,  t h e  respi ra tory c e n t re  depress ion  of  acety l p romaz i n e .  

W h e n  combined  with water ,  c a rbon dioxide a c t s  as a weak ac i d .  The r e fo r e  t h e  

c h anges in  pH reflec t  t o  some  ext e n t  t h e  levels  o f  PaC 02•  However  o t h er 
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fac to r s  s u c h  as t h e  r i s e  I n  serum lac ta te  s e e n  dur ing  anaes thes ia  w i th  

h al o t h a n e  (Tay lor ,  1 989) ,  wh ich  was  no t  meas u r e d  i n  th i s  s t u dy ,  may i n fl u e n c e  

pH .  T h e  cause  o f  t h i s  r i se  i n  lac ta te  appears  t o  b e  m u l t i fac tor ia l  w i t h  

i n c r eased m u s c l e  g lycogeno lys is ,  reduced m u sc l e  p er fus ion  and  hypoxaemia  a l l  

be i ng  i n c r im ina ted  ( H al l  et al, 1 978 ;  Weaver e t  al, 1 984 ; Taylor ,  1 989) .  

Whether  o r  no t  t h e s e  changes i n  b lood l a c ta t e  a re  e n o u gh to  a l t e r  pH 

s ign i fi c a n t ly has  not  b een  de termined .  

The Pa02 l evel d u r i n g  anaes thes ia  apparen t ly depends  on  t h e  s ize  of  t h e  

an imal and  i t s  pos i t io n .  In  genera l ,  pon ies h ave a h igher  Pa02 than  h o rses  

a n d  th i s  i s  a t t r ib u t e d  t o  the  d i fference  i n  s ize  b e tween the  two (Hal l ,  1 9 7 1 ) .  

Add i t i o n al ly ,  t h e  P a 0 2  gradual ly decreases as  t h e  horse i s  moved fro m  t h e  

la te ra l  to  dorsal  pos i t i o n  (Ha l l ,  1 9 7 1 ;  Nyman  e t  al, 1988) . T h e  smal l  a lveo l a r 

a r t e r i a l  oxygen t e n s i o n  d i fference  (PA02 -Pa02) p resent  i n  c o nsc ious  s t a n d i n g  

horses  i nc reases m a r kedly wh en they a re  a n aes thet i sed  and b e c o m e  

r ec u mben t .  Th i s  i n c r ease i n  PA02-Pa02 re fl e c t s  the  deve lopment  o f  a l a r g e  

p u l m o n ary s h u n t  and  some ven t i l a t ion  per fu s i o n  m i smatch  du r ing  anaes thes ia  

(Ha l l ,  1 9 7 1 ;  Nyman et al, 1 990) . Al though n o n e  of  t h e  h orses  i n  t h i s  s t u dy 

d i sp layed  ar ter ia l  hypoxaemia (Pa02 < 60 m m H g ) ,  the i r  Pa02  levels  were  l e s s  

t han  expected .  Th e r e  was  no  pers is t en t  r i se  o r  fal l  i n  Pa02  over  the  60 

m i n u t e  mon i to r ing  pe r i od  i n  t h is s t udy,  a fi n d i n g  a l so noted by o th ers  ( S t e ffey 

et al, 1 990a) .  

There appears to be a n  i n ab i l i ty to  c l i n ica l l y  p redict  the magn i t u de of t h e  

resp i ra to ry changes  t h a t occu r  du r i ng genera l  a n aesth es ia  a n d  recumbency .  

Th u s  even  the  h e a l t h i e s t  o f  horses  wh i ch  demon st rate ve ry  l i t t l e  re sp i ra tory  

embarr assment  dur ing  anaes thes ia  may  show l arge i r regu la r i t ies  b e tween  

pred ic ted  and ac t u al Pa02  l eve ls  o n  inves t i ga t ion  o f  b lood gas sample  r e su l t s .  

T h i s  i n dicates  t h e  v e ry r e a l  val u e  o f  mon i t o r i n g  blood g a s  val u es a t  r e g u l a r  

i n t e rva l s  dur ing  a n ae s thes ia .  

2 .  R E C OV E RY 

Ach ievemen t  o f  a p rob lem free recovery i s  a pr imary goal  o f  e q u i n e  

an aes t h e t i s ts  a s  s e l f  i nj u ry a n d  damage to  t h e  s u rgical  s i t e  by t h e  horse  d u r i n g  
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t h e  p er iod o f  a n aesth et ic  recovery a r e  a c o n s t a n t  h azard .  M a n y  maj o r  

o pe r a t io n s  i n  h o rses  t a k e  a c o n s iderab le  t ime  t o  per fo r m .  To m i mic t h i s  

s i t u at ion as c l o se ly  a s  poss ib le ,  recover ies  w e r e  analysed a fte r  o n e  h o u r  o f  

l ig h t  s u rg ica l  a n aes thes ia .  

A n u mber  o f  envi ro nmenta l ,  p hys io logica l  and  pharmaco log ica l  fac to r s  a re  

known to i n fl u ence  r ecovery fro m  anaes thes ia  i n  t h e  horse .  The i n ten t ion  of  

th i s  s t u dy was to  foc u s  o n  t h e  effects  o n  r ecovery o f  var ious  sedat ive and  

a n aes the t ic  i n d u c t ion agen t s .  To ach ieve t h i s , t h e  same envi r o n m en t ,  the  

s a m e  h orses a n d  a comparab le  anaesthet ic  ma in tenance  t e c h n i q u e  was  used  

t h ro u ghou t  the  exper i m e n t .  

Gros s  d i fferences  i n  the  m a n n e r  and dura t io n o f  r ecovery were  fou n d  be tween 

the fou r  gro u ps of  horses  s t u d ied .  Th ese d i fferences were seemi ng ly  due to  

the p h armacolog ica l  e ffec t s  and  pharmacok ine t ics of  the sedat ive and 

i n d u c t ion drugs  u sed .  

( i )  Rec o v e ry Q u a l i ty 

B e c a u se a ha lo thane  i n  oxygen mixture  was used  to m a i n t a in  anaes thes ia  i n  

a l l  h orses in  t h i s  s tudy,  i t  w a s  assumed t h at t h e  e ffect i t  h a d  o n  recovery was 

s i m i l a r  in  each g roup .  The ava i l ab le  i n fo rmat ion  ind i ca tes  t h at the e ffec t  o f  

h a l o t h an e  o n  t h e  length  a n d  smoothness  o f  r ecovery i s  neg l i g ib l e  ( Vasko, 

1 96 2 ;  Ste ffey and Howl and ,  1 97 8 ;  Ste ffey et al  1 990a) . Recovery l eng ths  are 

u s u a l ly less  than one h o u r  and o n ly mi ld atax ia  i s  observed once the h o rse  i s  

s t an d i n g  and walking (Vask o ,  1 962;  Steffey and Howl a n d ,  1 978 ;  S te ffey et  a l ,  

1 990a)  

Recovery fro m i n h ala t ion  a n aes thes ia  can be  defined as  t h e  ra te  at  wh ich  

a lveo la r  anaes the t i c  concen t ra t ion  decreases  wi th  t ime .  The two maj o r  

va r i ab les affec t ing  alveo lar  a n aesthet ic  concen t ra t ion  a re  so l u b i l i ty a n d  

ven t i la t ion  (S toe l i ng  a n d  Eger ,  1 969) .  T h e  m o r e  sol u b l e  an  anaes the t i c  gas ,  

the s l ower the alveo la r  c l ea rance  and so the  s lower the  recovery .  Regardless  

of  s o l u b i l i ty ,  t he  greatest  decrease i n  alveo la r  conce n t r a t i o n ,  a n d  the re fo r e  

t h e  fastest  recovery ,  i s  a lways  seen w i t h  the  greates t  a lveo lar  ven t i l a t ion  
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(Stoe l i ng  and  Eger ,  1 969) .  No recovery  measurements  o f  card io p u l m o n ary 

var iables  w e r e  made in t h i s s tudy and  so it is n o t  known if b lood  flow t o ,  and 

ven t i l a t i on  w i t h i n ,  pu lmon ary parenchyma were s ign i fi can t ly d i ffe r e n t  from 

one grou p  t o  another .  Th e data recorded d u ri n g  an aes the t i c  m a i n tenance  

in d icated tha t  ha lo thane  was  t h e  p r i n c ipal  determi n a n t  o f  ca rd iovascu l ar 

fu nc t ion  a ft e r  one h o u r  of ha lo thane  a n aesth es ia .  Th is  wou l d  i m p ly  t h a t  the 

perfus ion  of the l u ngs  d u r i n g  recovery in this  s t u dy ,  may not b e  c o ns idered  a 

major  var i a b l e  between groups .  I n  c o n trast ,  ven t i la tory capac i ty  d i ffered 

s l ight ly  be tween  groups wi th grou p 1 h orses  showing h igher  PaC02 l eve ls  at 

60 m i n u tes  i n dicat ive o f  a degree of h ypove n t i l at ion . It m ay be tha t  t h i s  

greater  degr e e  o f  hypove n t i l a t ion  i m p a i r ed, to  some exten t ,  t h e  exha la t ion  o f  

halo thane  a n d  t h erefo r e  s lowed recovery .  Th i s  may h el p  exp l a i n  why t h e  

recover ies  o f  g roup  1 h orses  were s ig n i fi can t ly l on ger than  those  o f  t h e  o t h er 

groups .  W h i l e  decreased ve n t i l a t i o n  may s low the dec l i n e  i n  alveo la r  

concen t ra t i on  o f  ha lo t h a n e  and thus  l eng then  t h e  dura t ion  o f  recovery,  i t  

shou ld  n o t  adversely affec t  t h e  qua l i ty o f  t h e  recovery. 

It i s  the d i ffe r ing  combina t ions  of p r e med ica t ion  and i n d u c t i o n  drugs  tha t  

appear to  be  i nvolved i n  t h e  obv ious  d i fferences  o f  the  qua l i ty a n d  dura t ion  

o f  recovery .  O n e  o f  t h e  mos t  s t r ik ing  fin d i n gs in  t h i s  s t u dy was  the  

assoc ia t ion  b e tween u l t rashor t  ac t i n g  b arb i t u ra te  ad min i s t ra t i on  and  poor  

anaesth e t i c  r ecover ies .  Th e recove r i e s  fo l lowi ng th iope n t o n e  u s e  were 

cons i s ten t ly  b ad ;  horses showed exc i temen t ,  d iffi cu l ty s t a n d i n g , poor 

coord inat i o n  and marked ataxia with m u sc l e  fasc icu la t ions  aft e r  s t and ing .  

Th i s  pers i s t e d  i r respec t ive o f  t h e  u s e  o f  acety lpromazi n e  o r  xylaz i n e  a s  

premedican t s .  What  c au ses t h i s  assoc ia t ion  o f  th iopen t o n e  w i th  poor  

recover ies  i s  n o t  known , b u t  i t  may b e  l i nked to  i t s  pharmac o k i n e t i c s .  Th e 

plasma h al f- l i fe o f  t h i o pe n tone  has  b een  determined in  o t h e r  spec ies  and  

var ies fro m 3 -4 hours i n  t h e  sheep  (To u ta in  e t  a l ,  1 983)  to  over  seven  h o u r s  

i n  t h e  d o g  ( B rando n  a n d  B aggot ,  1 9 8 1 ) .  Th e c l i n ical d u r a t i o n  o f  a n aes the t i c  

e ffec t  i s  5 -8  and 1 5 -20 m i n u tes  i n  t h e  sheep  and dog  respec t ively ;  t h u s  

subanaes t h e t i c  concen t ra t ions  o f  t h i o p e n t o n e  exis t  fo r a m u c h  l onge r  t ime  

than t h e  a n a e s the t i c  dura t ion  suggests  ( Pr i ce  e t  a l ,  1957 ;  B rando n  a n d  B aggot ,  

1 98 1 ; Tou ta i n  e t  a l ,  1 983 ) .  I n  m o n ogas t r i c  an imals  i t  i s  p r i n c i pa l ly 

red is t r ib u t i o n  o f  th iobarb i tu rates  to fat  t h a t  de termines  anaes th e t ic du ra t io n ;  
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the  ra te  o f  recovery depends  u po n  metabo l i sm .  Metab o l i s m  i s  s low.  I n  the  

dog i t  i s  1 0- 1 5 %  per  h o u r  (Boo th  and McDo na ld ,  1 988)  a n d  recovery from a 

s i n g l e  dose o f  th iopen tone  can  take u p  to two h o u rs ( C h enoweth a n d  van 

Dyke ,  1 969) .  

I t  i s  n o t  known how long ,  a n d  a t  what  leve l s ,  u l t rashor t  ac t i ng  b a r b i t u rates ,  

p a r t i c u lar ly th iopentone ,  remain  i n  equ ine  p lasma fo l low ing  i n t ravenous  

i nj e c t i o n .  However ,  i t  i s  l i ke ly  t h at t h e  metab o l i sm o f  t h i o p en t o n e  i s  s low and  

tha t  subanaes t h e t ic l eve ls  of  t h iopentone  are  present  for some t i m e  i n  t h e  

h o r s e ,  and  prob ably pers i s ted i n to t h e  recovery p e r i o d  o f  t h i s  exp e r i m e n t .  

I t  i s  poss ib le  t h at res idua l  b a r b i t u rate l evels  a ffec t  the  c e n t ra l  n e rvo u s  system 

d u r i n g  recovery i n  2 ways : 

F i r s t ly ,  t he re  may be a c o n t i n u at ion o f  the i r  sedat ive e ffec t  that  r e s u l t s  i n  a 

r e d u c e d  ab i l i ty to  con t ro l  m o tor ,  and perh aps sensory ,  fu nc t ion  i n  t h e  

recovery per iod .  Chenoweth  a n d  Van Dyke ( 1 969) ,  h ave  s hown t h a t  m arked 

atax ia  and i n co ord inat ion  o c c u r s  i n  dogs  that  are s t i m u l a t e d  i n  t h e  ear ly p h ase 

of  r ecovery fro m  th iopento n e  anaesthes ia .  Addi t io n a l l y ,  the  recovery o f  

h o r ses  fro m t h iopentone  anaes thes ia  a l o n e  i s  m a r k e d  b y  atax ia  a n d  p o o r  

c o o rd ina t ion  (J o n es e t  a l ,  1 969 ;  Taylor ,  1 989) ,  bo th  o f  w h i c h  may r e s u l t  from 

pe r s i s t en t  sedat ive effects  o f  t h iopen tone .  

Second ly, res id u a l barb i t u ra te  l evels  may a l so i n fl u en c e  recovery b y  a l t e r ing  

the  l evel o f  pa in  percept ion ( C lu t ton -Brock ,  1 960) .  D u n dee  ( 1 960) ,  fo u n d  

t h a t  dur ing  recovery from t h iopen tone  ( a n d  p e n toba r b i to n e )  anaes thes ia ,  

h u m ans  d i sp layed a markedly inc reased awaren ess of  pa in .  Th i s  became 

ev ident  as soon as the  hyp n o t i c  effec t  o f  barb i t u rates  b egan  to wan e ,  b u t  was  

c l i n i ca l ly most  obvious  i n  t h e  pos t  an aest he t i c  per iod  when  gaseous  

an aes the t i c  agents  d id  no t  mask  the  pain respo nse .  Th i s  i n c reased sens i t iv i ty  

t o  pa in  pers is ted up  to five  h o urs .  As a res u l t  o f  t h i s  d i scovery ,  D u ndee  

p o s t u la ted  t h a t  subanaes the t i c  leve ls  o f  barb i tu rates  h ave  an an t i - an a lges ic  

e ffec t .  I t  i s  poss ib le  that  a s im i la r  an t i -an a lges ic  e ffec t  ex i s t s  af ter  

t h i o pentone  a n aesthes ia  i n  h o rses ,  and tha t  a he igh ten e d  percept ion  of  pa in  

a ffec t s  t h e  q u a l i ty o f  recovery . 
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Th e resu l t s  o f  Tayl o r 's ( 1 986) s t udy ,  however ,  appear t o  r e fu t e  t h i s  

hypo thes i s .  Tay lor  fo u n d  that  t h e  admin i s t ra t ion o f  pe th i d i n e  at  the  

te rmina t ion  o f  glyc ero l  gua iaco la te/th iopen t o n e  w i th  h a l o t h a n e/oxygen 

anaes thes ia ,  had  no e ffec t  on the qu al i ty o r  durat ion of  recovery .  However ,  

D u ndee  ( 1 960) ,  had  shown tha t  i n  man ,  subanaes th et ic  l eve l s  of  t h iopen tone  

an tagon ised  the  ana lges ia  produced by peth id ine  admin i s t ra t io n .  The exten t 

o f  t h is a n t ag o n ism was a ffec ted by t h e  dose o f  each drug .  A l so ,  k n owing  t h a t  

ana lges ics  a r e  m o r e  e ffec t ive i f  g iven b e fore pa in  begins  ( An o n ,  1 978) ,  a n d  

tha t  Tay l o r  u sed l o w  i n t ramusc u l a r  d o s e s  of  pe th id ine  ( B aggo t a n d  Cooper ,  

1 980) a t  the  end o f  anaes thesia,  i t  i s  poss ib le  tha t  peth id i n e  admin i s t ra t ion  in  

h er s t u dy,  was  not  c l i n i ca l ly effec t ive as  an ana lges ic .  No a t tempt  was  made 

i n  Tay lor 's s t u dy to  assess analges ic  e fficacy.  

The prese n c e  of res idua l  t h iopen tone  l evels e n h an c ing t h e  aware n ess  of pa in ,  

and  th e reby h aving a de t r imen tal  e ffect on the  q u a l i ty o f  anaes t h e t i c  recovery,  

i n  t h i s p rese n t  s tudy ,  i s  a poss ib i l i ty t h at needs fu r ther  i nves t iga t i o n .  

In  con t ras t  to  t h e  p o o r  anaes the t i c  r ecover ies  s e e n  after t h io p e n t o n e  u se ,  

those  fo l l ow ing  t h e  use  of  ke tamine  comb ina t ions were  smooth  a n d  

coord ina te ,  and  the  h o rses showed l i t t l e  ataxia o n c e  st and ing .  W h ethe r  t h e s e  

recover i e s  a re a resu l t  o f  t h e  presence ,  o r  l a c k  o f, res idua l  ke tam ine  leve ls  

affec t i ng  the c e n t ra l  n e rvous  sys tem i s  not  known . 

Rapid a n d  ex ten s ive red i s t r i bu t ion  o f  ketamine  fo l lowing  i n t raven o u s  

admin i s t r a t i on  causes  t h e  shor t  d u r at ion o f, a n d  abr u p t  recovery from ,  

anaes the s i a .  W h e n  t h e  anaes the t i c  e ffect  ends ,  approx imate ly  40% o f  t h e  

injec ted  d o s e  s t i l l  r ema ins  i n  p lasma .  Approx imate ly 1 . 6  h o u rs a ft e r  ketam i n e  

inj ec t i o n ,  1 0% o f  t h e  dose given i s  pred ic ted  to  persist in  p lasma ,  w i t h  1 %  o f  

ke tamine  r ema in ing  a s  long  a s  4 h o u rs after  admin is t ra t ion (Kaka e t  a l ,  1 97 9 ) .  

Add i t i o n al ly ,  t h e  presence o f  h a l o t h a n e  may de lay ke tamine  e l i m ina t i on  s t i l l  

fu r t h e r , a s  h as b e e n  demo nst ra ted  i n  t h e  r a t  (Whi te  e t  a l ,  1 97 7 ) .  

Th e s t i m u l a to ry ac t ion  o f  ketam i n e  o n  t h e  l i m b ic and t h al a m i c  areas  o f  t h e  

bra in  i s  w e l l  doc u mented  (Fer rer -Al lado,  1 97 3 ) ,  a n d  M u i r  e t  a l  ( 1 97 7 ) ,  

a t t r i bu te  t h e  exc i t ed  and  very badly  coord ina ted  recover ies  s e e n  a fte r  t h e  u s e  
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o f  h i g h  doses  ( 6 . 6  mg/kg) o f  ketami n e  to  t h i s  e ffe c t .  I t  i s  poss ib le  t h a t  t h e  

p resence  o f  res idua l  k e t amine  levels  for s o m e  h o u r s  afte r  i n t rave n o u s  

admin i s t ra t ion  affects  t h e  cen t ra l  n ervou s  system i n  a pos i t ive m a n n e r .  T h e  

r e s u l t  c o u l d  be  t h a t  h orses  become alert  soo n e r  an d s o  a t ta in  rap id ,  

coord inate  recover ies .  Th ese o rder ly recover i e s  are  s t i l l  seen when 

xylazi n e/ke tamin e  comb i n at ions  are fo l lowed by up  to  90 m i n u t es  o f  

ha lo than e/oxygen anaes th es ia  (Tayl o r  and  H a l l ,  1 985 ) .  However ,  Ha l l  a n d  

Tay lor  ( 1 98 1 ) ,  no te  t h a t  a l though  recover ies  from xylaz in e/ketam i n e  fo l lowed 

by ha lo thane  and oxygen  a re good ,  they are not  as  good as those  seen after  

xyl az i ne/ke tamine  u s e  a l o n e .  Th i s  i s  presumably  t h e  resu l t  o f  the  m i l d  

sedat ive i n fl u ence  o f  h a l o thane  o n  recovery.  

It  i s  however ,  equal ly  poss ib le  that ,  i n  the p re sen t  s t u dy ,  w h e n  the h o rses  

s tood approximate ly one  a n d  a h al f  hou rs afte r  ke tamine  admi n i s t ra t ion ,  t h at 

any res idual ketamin e  i n  p l asma had no  c l i n i ca l  e ffec t  and  t h u s  the  smooth  

qua l i ty  of  recovery was  large ly a re fl ec t ion  o f  the  h alo thane/oxygen 

ma in tenance .  Regret tab ly ,  prev ious  descr ip t i on s  o f  recover ies  from ha lo thane  

i nduced  and  ma in ta ined  a n aesthes ia  i n  ho r se s  (S te ffey a n d  Howland,  1 978 ;  

Ste ffey et a l ,  1 990a and  b ) ,  l a ck  deta i l  and  so canno t  b e  c o m pared wi th  t h o se 

observed fo l lowing  ketam i n e  combina t ions  u sed  i n  th i s  s t u dy .  

Th e u s e  o f  g lycerol  gua iac o la te  i n  combina t ion  w i th  th iopentone  and  ketam i n e  

appears  to  have h a d  l i t t l e  e ffec t  on  recover i e s .  I t s  comb ina t ion  w i th  

u l t rash o r t  ac t ing  bar b i t u r ates  has  been  advocated as  i t  reduces  t h e  barb i tu ra te  

dose  ( a n d  there fore  d e p ressant  resp i ratory a n d  ca rdiovascu l ar effec t s ) ,  

smoo t h s  in duct ion  an d recovery and provides  good m u sc l e  re laxa t ion  

(Rober t s ,  1 968;  Heath  and  Gabe l ,  1 970;  Fu n k, 1 97 3 ;  d ' I te re n ,  1 976 ;  B i shop ,  

1 978 ;  H u bbe l l  et a l ,  1 980;  B rouwer ,  1 985 a and b ) .  P resumab ly  i t s  

comb ina t ion  with ketam i n e  was i n t roduced t o  overcome the  i n c reased m u sc l e  

t o n e  fo l lowi ng  keta m i n e  u s e  (Mui r  e t  a l ,  1 97 7 ;  M u i r  e t  a l ,  1 979b ; Booth  a n d  

McD o n a l d, 1 988) .  The  du rat ion  o f  c l i n ica l  effec t  o f  glyce ro l  gua iaco la te  i s  

approx imate ly 1 5 -30  m i n u tes  (West h e u s , 1 95 5 ;  Roberts ,  1 968 ;  Davis  a n d  

Wo l ff, 1 970) .  Th u s  for l o n ger  anaes thet ics  t h an t h is ,  t h e  i n fl u ence  o f  g lyc e ro l  

gua iaco la te  o n  recovery s h o u l d  be m i n imal .  Th i s  i s  demo ns t ra ted  i n  th i s  s t u dy 

where ,  after  an hour  o f  g aseous  an aesthes ia ,  t he  poor  recove r ie s  from g lycero l  
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g u a iaco la te  and th iope n t o n e  appear  to  resemble  the recover i e s  o f  t h i o p e n t o n e  

a l o n e  ( J o n e s  e t  al, 1 960) ,  o r  acety lpromaz ine  a n d  t h io p e n t o n e  (Taylo r ,  1 989) . 

Al so ,  t h e  b e t t e r  recover i e s  from glycero l  g u ai aco l a t e  and  ke tamine  showed n o  

d i ffe rence  to  t hose o f  xylaz ine/ke tam i n e .  

( ii) R e c o v e ry L e n gth 

T h e  dura t ion  of recovery appears  to be i n fl u en c e d  s t ron gly by t h e  p remed ican t  

chosen ,  and  i t s  i n terac t i o n  wi th  t h e  in duc t ion  d rug  used .  I n  b o t h  barb i t u ra te  

and  ketamin e  combi n a t i o n s , acety lpromaz ine  premed ica t ion  resu l ted  i n  a 

l o ng e r  recovery than  w h e n  xylaz ine  was u sed .  

Acety l  p romaz ine  u su al ly p ro duces  u p  to  two  h o u rs o f  e ffec t ive seda t ion  aft e r  

admin i s t ra t ion  (Dodma n ,  1 980; Tay lor ,  1 98 5 ) .  However ,  m i l d  degrees  o f  

s e d a t i o n  t h a t  on  the i r  o w n  a r e  n o t  c l i n i ca l ly impor tan t ,  may p e r s i s t  u p  to  24 

h o u rs ( Mc Kenzie and S n ow, 1 977 ;  Parry et  al, 1 982 ) .  I t  seems  l i kely 

t h e re fore ,  t h at a res i d u a l  sedat ive e ffec t  of ace ty lp ro maz ine  pers i s t s  d u r i n g  

recovery fro m  anaesth e s ia resu l t i ng  i n  l o n g e r  recovery t i mes .  The l o n g e r  

r ecover ies  fo l lowing glycero l  gu aiaco late/t h i o p e n t o n e  co mpared to g lycero l  

g u a i aco la te/ketami n e  u s e  after  acetyl promaz i n e  p remedica t io n ,  may be 

a t t r i bu ted  to  the addi t ive sedative e ffect  o f  p h e n o th iaz ines and  barb i t u rates  

(Booth  and  McDonald ,  1 988) .  

There  i s  some d i spu te  among au thors as to  the  i n flu ence  o f  xyl azi n e  o n  

recovery .  B rouwer et al ( 1 980) ,  fo u n d  t h a t  recover ies  aft e r  ke tamine ,  

m e t h o h ex i tone  and t h i o p e n tone ,  w i th  xylazi n e  p remed i ca t i on ,  were  smooth  

a n d  occu r red  wi t h i n  fi fty m i n u tes  (ke tam i n e  recove r ies  b e i n g  s ig n i fi can t ly 

sho r t e r  t h an th iope n t o n e ) .  However ,  i n  B ro uwer ' s  s t u dy ,  n o  gaseou s  

anaes thes ia  was used t o  pro long  an aes thes ia .  I n  c o n tras t ,  Ho ffm an ( 1 974) ,  

s ta ted  t h a t  recover ie s  fro m  a var ie ty o f  i n d u c t i on  drugs  aft e r  xylaz in e  

premedica t i on  were fas t  a n d smooth i f  anaes thes i a  was shor t ;  b u t  recovery was 

rapid and  o ften  vio l e n t  when anaes thes ia  was pro lo n ged for 4 5  m i n u t e s  o r  

more .  I n  both  in s tances ,  t h e  recover ies were rap id ,  and  t h e  d i ffe rence  1 n  

recovery qua l i ty can  b e  expla ined b y  t h e  d u ra t ion  o f  ac t i o n  o f  xy l az i n e .  
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Xylaz ine  has  a m u c h  shor ter  d u rat ion  of  sedat ive e ffect t h a n  ace ty l  p romaz ine .  

C l i n ical ly the  l e n gth o f  sedat ion i s  re la ted  t o  the  dose  an d r o u t e  o f  

admin is t rat io n .  The two doses u sed i n  t h i s  exper iment ,  0 . 2  mg/kg i v  a n d  1 . 1  

m g . kg iv , las t  l e s s  than  th i r ty and 45 -60  m i n u tes  respec t ively ( C l arke  an d 

H al l ,  1 969 ;  Tro n icke  and  Vocke,  1 970 ;  Ho ffman ,  1 974 ; Garc i a  an d Vi l la r ,  

1 98 1 ;  Tay lor ,  1 98 5 ) .  B ecause a l l  horses  i n  th i s  exp e r i m e n t  d id  not  a t tempt  t o  

s tan d t i l l  a t  l east  86  m i n u tes  afte r  the  admin i s t ra t ion  o f  xylaz in e ,  i t  i s  u n l i kely  

t h at xylazin e  a ffec ted the  durat ion  o f  recovery .  

I t  i s  i n te res t ing  t o  note  that  with both  t h io p e n to n e  and ke tamine  c o m b i n at io n s  

fo l lowed by gaseous  anaesth es ia , t he  u s e  o f  premedican t s  d i d  n o t  a ffec t  t h e  

q u a l i ty o f  recovery .  I n  the  l i g h t  o f  t h i s , a n d  the  knowledge  o f  t h e  s evere 

ar rhythmias  caused  by xylaz ine  that  are  po ten t ia l l y  fata l  wh en  h a l o t h a n e  i s  

a l so  adm i n i st e red  (Steffey e t  al, 1 985 ) ,  the p ract ice  of  some veter i n ar ians  o f  

admin i s te r ing  s m al l  doses o f  xylaz in  e a t  t h e  te rminat ion  o f  a n aes thes ia  t o  

" smooth "  recovery,  i s  t o  be  disco u raged .  

I n  s u mm ary, a fter  one hour  o f  h al o t h a n e/oxygen mixtures  to  m a i n ta in  

a n aesthes ia ,  ac e tylprom azi ne ,  b u t  n o t  xy laz i ne, used as a p remed ican t  

pro longs  the  d u rat ion  o f  recovery.  The u s e  of  barb i turates  as i n du c t i o n  drugs  

in  the  h o rse mod i fies the  recovery and th i s  may b e  due t o  the  sedat ive ,  and 

perh aps an t i - an a lges ic ,  e ffect o f  subanaes th et ic  l evels o f  b a rb i t u ra tes  d u r ing  

t h e  recovery per iod .  Th e recover ies  fo l lowing  barb i tura tes  are  poorer  and  

l o n ger i n  dura t ion  than ketami n e  comb in a t ions .  Glyc ero l  g u a iaco la te  has  

n eg l ig ib le  e ffec t  o n  recovery after  at  l east  one  hour  of  i n h ala t ion  m a i n t enance  

o f  anaes thes ia  whereas the  ro l e  o f  ketam i n e  i s  poo rly u n ders tood .  Ke tamine  

may,  or  may no t ,  have a s t imu l atory e ffec t  dur i ng  the  a n aesth e t i c  recovery 

per iod .  

3 .  M U S C L E  ENZYM E S  

S e r u m  b ioch e m i ca l  an alys is ,  t o  measu re  t h e  levels  o f  CPK a n d  SOT, were  u s e d  

i n  t h i s  s t u dy t o  de termine  i f  s ign i fi can t  degrees o f  m u sc l e  d a m a g e  were  

occur r i ng  fo l lowing  anaesthes ia .  I n  agreem e n t  with o t h e r  s tud ies  ( Tr i m  a n d  

Maso n ,  1 97 3 ;  G randy e t  al,  1 987) ,  a g e n e r a l  t r e n d  o f  C P K  a n d  G O T  i n c rease 



55 

was o b s e rved .  This t r end  was demon strated i n  h orses fro m  every i nduc t i on  

gro u p  bu t  was o f  i n s ign i fi can t  magn i t ude to  i n dicate sever e  m u sc l e  damage ,  

and no c l i n ica l  evidence  o f  post  a n aes thet i c  myopathy was  fou n d.  

Never t h e less ,  i t  was i n teres t ing  to  n o t e  that the two g rou ps  of h o rses  wh ich  

had  r ec e ived ace tyl promaz i n e  as a p remedic an t ,  h ad s ign i fi c a n t ly h ighe r  pos t  

anaest h e t i c  CPK leve ls  than  t h e  rema in ing  g roups .  Th e c a u s e  of  th i s  i n c rease 

in seru m  CPK i s  n o t  c l ea r  b u t  c o u l d  be  due to  several  fac to r s .  I t  may be t h at 

acety lp ro mazi n e  se lec t ive ly affec t s  b lood flow to  skeleta l  m u sc l e .  I t  c o u l d  a l so 

be  t h e  r e s u l t  o f  t h e  capac i ty o f  ace ty lpro mazin e  to lower  h aematocr i t  l evel  

(Ba l l a rd  e t  a l ,  1 982 ; Parry and Anderson ,  1 983 ) .  The dec r ease  in  packed c e l l  

vo l u m e  m a y  be  a m u c h  as 50%,  pers i s t s  u p  t o  1 2  h o u r s ,  a n d  i s  p r imar i l y  the  

re su l t  o f  the  sequ es t ra t ion  o f  red  b lood ce l l s .  Th e lowered  h aematocr i t  m ay 

decrease  the  oxygen su pply to  t i s su es ,  i n c l ud ing  musc le ,  w h i c h  c o u l d  resu l t  i n  

m u s c l e  c el l  damage .  

Th e ab i l i ty o f  acety lp romazi n e  to  i nc rease the  durat ion of  recovery may a l so 

be  de t r imen tal to musc le  b lood  flow and  oxygena t io n .  A l though ,  i n  th i s  

exper i m en t ,  no  re la t ionsh i p  was  fo u n d  b e tween the  recovery t imes  a n d  C P K  

o r  G O T  leve l s ,  t h e  dura t ion  o f  r ecumbency h as been i n c r i m i n ated as o n e  o f  

many c o n t r i bu t i ng  fac tors  to  post  anaes thet i c  myopathy ( G r a n dy e t  a l ,  1 987) .  

O the r s  (R ichey e t  a l ,  1 990) ,  sugges t  that du ra t ion  o f  rec u m be n cy i s  impor tan t  

o n ly i f  there  are  concur ren t  per iods  o f  a r te r ia l  hypo t e n s i o n .  S ince ,  i n  th i s  

s tu dy, h alo thane  was probably the  pr inc ipa l  de termin a n t  o f  b lood  p res su re  

afte r  t e n  m i n u tes  o f  anaes thes ia  a n d  n o  g roup  d i ffe rences i n  a r te r ia l  b lood 

press u r e  were n o t ed from th is  t i m e  onwards ,  i t  i s  u n l ike ly  t h at hypotens ion  

was  i nvo lved in  t h e  r i se o f  C P K  fo l lowi ng  t h e  u se of  ac e ty lp romazi n e .  

Th e s t a t i s t ica l  l a c k  o f  d i ffe rence  i n  musc le  e n zyme leve ls  b e tween  t h e  fi r s t  a n d  

fo u r th  anaes the t i c  o f  every h o rse ,  suggests  t h at m u l t i p l e  a n aest he t i c s  o n e  

week o r  m o r e  apar t ,  c o n t r i b u t e  l i t t l e  to  m u sc l e  damage  o r  the  poss ib le  

occ u r r e nce  o f  pos t  an aesth e t i c  myopathy .  
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( i )  E x p e r i m ental  d es ign a n d  l i m itati o n s .  
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Th e s cope  o f  th i s  s tudy was  l im i ted  by cos t .  For t h i s  r ea son  i t  was  nec essary 

to m i n i m i se  an ima l  d i fferences  and a t tempt  to  maxi mise  repea tab i l i ty o f  

resu l t s .  Th i s  was ach i eved b y  u s i n g  a l l  4 anaesth et ic  t ec h n i q u e s  o n  each o f  

t h e  1 0  ho r se s .  Also,  to  m i n imise  t h e  e ffec ts o f  var ia t ion s  be tween  h o rses ,  

grou p  m e a n s  were ca l cu la ted  and  the s ta t i s t i ca l  analys is  p e r fo r m e d  o n ly on 

these figu res .  

A possib l e  c r i t i c i sm o f  the  exper imen t  i s  that  se r i a l  anaes the t i c s  on  the  h o rses  

may h ave i n fl u enced the  data  obta ined .  Scat tergraphs  c o n s t r u c t e d  t o  examine  

th i s  poss i b i l i ty d id  n o t  reveal  any  s u c h  i n fl u ences .  However ,  i t  h as been  

shown t h at h alo thane  anaes thes ia  c a u ses  s ig n i fi can t  c h anges  i n  s e r u m  l eve ls  

o f  g lucose ,  l actate ,  n o n es te r i fi ed  fa t ty  ac ids ,  c o rt i so l ,  ca tec h o l a m i n es and 

adrenoco r t i co t roph ic  hormone (ACTH ) .  Such changes i n d i ca te  a subs tan t ia l  

s t ress respo n se to an aesthes ia  (Rober t son ,  1 987 ;  Tay lor ,  1 98 9  a n d  1 990) .  

Whethe r  or  not  th i s  s t ress respo nse  wanes  su ffi c i en t ly over the per iod o f  a 

week has  n o t  been s tud ied .  I t  d id  n o t  appear  to affec t  t h e  parameters  

measured  i n  t h i s  s t u dy, b u t  there  may h ave been  o ther  u n de tec ted e ffec t s .  

Th e i n fo rmat ion  ga ined  from t h i s  exper iment  r e lates  o n ly t o  h o rses  wh ich  

have been  an aesthet i sed fo r 1 hour  and  pos i t i o n ed in  la te ra l  r ec u m b ency .  The 

d i fferences  in  resu l t s  obta ined  i f  t h e  d u rat ion  o f  anaes thes ia  or  the  h o rse ' s  

body pos i t i on  was  c h anged,  can  o n ly  be specu lated.  I t  i s  a s sumed  tha t  

d i ffe rences  wou l d  b e  fou n d  a s  drug  p h armac o k ine t ics  a n d  c l ea rance  are  a 

fu nc t ion  o f  t i me .  

A fu r the r  l i m i ta t ion  to  t h is expe r i m e n t  i s  that  no phys io log i ca l  data  was 

co l lec ted  d u r ing  the recovery p e r iod .  P u l m o n ary b l o o d  press u re 

measu reme n ts and  b lood gas va lues  i f  mon i tored ,  wo u l d  h ave i n d i ca ted  t h e  

effi c i ency o f  pu lmonary fu nc t ion  a n d  t h erefo r e  provided more  i n fo rmat ion  o n  

the  r a t e  o f  c l earance o f  h alo thane  d u r ing  t h e  r ecovery p e r i o d .  M a s o n  e t  a l  

( 1 987) ,  fo u n d  that  hypoxia,  wi t h o u t  hypercarb ia ,  develop e d  i n  a l l  h o rses  

r ecove r i n g  fro m anaes thes ia  that  d id  no t  r ec e ive oxygen s u p p l e m e n t at i o n .  

Th is  was n o t  d u e  t o  i n adequ ate ven t i l a t ion ,  b u t  w a s  apparent ly  r e l ated  to  t h e  
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pers i s t ence  o f  a p u l monary s h u n t  a n d  ven t i l a t i on  perfu s i o n  m i smatc h i n g  tha t  

were es tab l i shed  d u ring  an aes thes ia .  Th e occur rence  o f  t h i s  p u l m o n ary 

dys fu n c t io n  i n  r ec u mb e n t  an aes the t i sed h orses  i s  probably d u e  to  r ec u m b e n cy 

and  a n aes thet i c  d r u g  use  (Ha l l ,  1 9 7 1 ;  Ha l l ,  1 984 ; Rugh et a l ,  1 984 ; Nyman  and  

Hedes t i e rna ,  1 989 ;  Nyman et a l ,  1 990) . Whethe r  o r  no t  t h i s  a ffec t s  h al o t h a n e  

c l ea rance  to  any degree has  n o t  been  determ i n ed ,  an d w h e t h er o r  n ot t h ere  

are spec i fic  d rug  d i fferences  i n  t h e  degree  o f  pu lmon ary dysfu nc t i o n  tha t  

occurs ,  h a s  a lso not  been i nvest igated .  

( i i )  C l i n i c a l  a s s e s s m e n t  o f  i n d u cti o n  te c h n i q u e s  

The  o p i n i o n  expressed by a u t h o rs on  t h e  e fficacy a n d  des i rab i l i ty o f  

xyla z i ne/ke tamine  comb ina t ions  f rom a prac t ic a l  and  c l i n i ca l  po in t  o f  v i ew i s  

var ied  (El l i s  et a l ,  1 977 ;  B u tera  e t  a l ,  1 978 ;  H al l  and  Tay lo r ,  1 98 1 ;  Tayl o r  and 

Hal l ,  1 985 ) .  B u te ra  et al  ( 1 978) ,  l i s t  t he  disadvan tages of  t h i s  i n d u c t i o n  drug 

comb i n at ion  as : exc i tement  d u r ing  i n d u c t i o n ,  i n s u ffi c i e n t  d u r at i o n  o f  

anaes thes ia  w i th  a b r u p t  recovery,  r i g id i ty o f  ext enso r  m u sc le s  and  

i n c o o rd ina t ion  o f  r ecovery. Th ese disadvan tages are  a r e flec t i o n  o f  t h e  

ext rapyramidal  e ffects o f  ke tamine  t h a t  m ay be m a n i fested i f  th ere  i s  

i n adeq u ate  sedat i o n  ( H a l l  a n d  Taylor ,  1 981 ) .  I t  i s  n ec essary there fo r e  to  

e n s u r e  a s t rong  sedat ive effec t  i s  p resent  aft e r  xylazin e a d m i n i s t ra t ion  b e fo r e  

keta m i n e  i s  give n .  Th is  m ay en ta i l  wai t i n g  4 -5 m i n u te s  afte r  xy laz ine  

adm i n i s t rat ion ,  an d ,  i f  sedat ion  does  no t  appear  adequ ate  a t  th i s  t ime ,  the  u se 

o f  i n c rementa l  doses  o f  xylaz ine  (u pwards o f  50 mg) to  ob ta in  max i m u m  

sedat i o n .  Th i s  w a s  n o t  a tec h n i q u e  adhered to  in  t h i s  exper i men t .  I t  i s  a l so 

impor tan t  n o t  to  s t imu late  t h e  h o rse in  any way i n  the  fi r s t  few m i n u tes  a fter  

rec u m b ency i s  ach ieved.  I f  the  h o rse i s  l e ft t o  se t t le  q u i e t ly o nce  recu mb e n t , 

a deeper  l eve l  o f  a n aesthes ia  w i l l  b e  reac h ed (Ha l l  and  Taylo r ,  1 9 8 1 ) .  Any 

a t tempt  to  forc ib ly  res t ra in  the h o rse  a t  t h i s  t ime w i l l  r e s u l t  in s t r u gg l i n g  

(F i she r ,  1 984 ) .  

Th e a b r u pt recov e ry fo l lowin g  xyl az ine/ke tamin e  comb i n a t i o n s  w a s  overcome,  

i n  the  presen t  s t u dy,  by the  u s e  of  h igh  insp i red  concen t ra t i ons  o f  h a l o t h a n e  

for t h e  in i t i a l  1 0 - 1 5  m inu tes  o f  gaseous  m a i n t enance .  T h i s  ab rup t  recovery 

m u s t  b e  an t i c ipa ted  by the  anaes th et i s t  as t h e r e  h ave b e e n  r epor t s  o f  h or ses  

at tem p t ing  to  r i se  fro m s u rg i ca l  tab les  due to  i nadequate  s u rg i ca l  depth  
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d u r ing  p rocedu res (R .Mac h o n ,  persona l  comm u n ic a t i o n ) .  Th e u s e  o f  

xy laz i n e/ket a m i n e ,  ketami n e ,  xylaz ine ,  g lycerol  g u ai ac o l ate ,  m e t h o h ex i tone ,  

t h iopen tone  o r  h alo thane  to pro long  a n aes thes ia  h as been  recorded ( H a l l  and  

Taylo r ,  1 98 1 ;  F i sher ,  1 984 ;  Tr im et a l ,  1 987) .  I t  appears  tha t ,  o f  t he se  d ru gs,  

h a lo thane  in oxygen i s  the most pred ic tab le  and r e l i ab l e  means  of p ro long ing  

a n aes thes ia .  

Th e obse rva t i o n s  o n  wh ich  depth  o f  equ ine  an aesth es ia  fo l lowin g  ke tamine  i s  

b ased,  v a r y  s l i gh t ly fro m  t h ose u s e d  for barb i t u ra tes .  Th e e y e  c o m m o n ly 

r e ma i n s  o p e n ,  l acr imat ion  a n d  nystagm u s  are common,  and  some  h o r ses show 

o c cas iona l  spon taneous  l imb movemen ts  a t  a depth  o f  anaes thes i a  su i tab le  fo r 

s u rg ica l  m a n i pu la t ion  ( H al l  and  Tay lor ,  1 9 8 1 ) .  However  t h e  eye pos i t i on  a n d  

p a lpebra l  r e fl ex remain  r e l i ab le  m o n i tors  o f  d e p t h ,  b u t  t h e  p r e s e n c e  o r  

a b s e n c e  o f  r esponse to s u rg i ca l  s t i m u l a t i o n  i s  t h e  su res t  g u i d e  ( C a m p b e l l  a n d  

L awson ,  1 95 4 ;  H a l l  and Tay lor ,  1 9 8 1 ) .  

O f  concern  a re  several repo r t s  b y  c l i n ic i ans  o f  t h e  fai l u r e  o f  xy lazi n e/ke tamine  

c o m b i n a t i o n s  to  induce  an aesthes ia  i n  t h e  horse (F i sher ,  1 984 ; Tri m  et a l ,  

1 987) . Th e r eason for co mplete  l ack o f  anaes thes ia  fo l l ow ing  ke tamine  

admin i s t r a t i o n ,  even aft e r  a dequate  xyl azin e seda t ion ,  i s  n o t  know n .  I t  does  

no t  appear  t o  b e  re la ted to fau l ty drug  s torage,  i n c o r rec t  i n t rave n o u s  i njec t i on  

o r  mi scal c u la ted  doses (Tr i m  e t  a l ,  1 987) .  No such  i n c idences  were  observed 

in t h i s  s t u dy .  Also o f  c o n cern  are anecdota l  repor t s  from c l i n ic ians  of an 

i n c r ease in the numb e r  of anaes the t ic deaths ,  w i t h i n  fi ft een  m i n u tes  o f  

h alo thane  admin i s t rat i o n ,  fo l lowin g  t h e  u s e  o f  xyl azi n e/ke tamine  

c o m b i n a t i o n s .  Th e cause  o f  t h i s  i s  n o t  known ,  bu t  i t  m ay b e  re la ted  t o  

u n fami l i a r i ty o f  t h e  d rug  combinat ion  a n d  i t s  effects ,  overdos ing  w i th  

h al o t h a n e, o r  t h e  arrhy th mogen ic  e ffec t s  o f  ha lo thane and  xyl az ine  o n  c ar diac  

fu n c t i o n .  Th u s  t h e  u s e  of  xyl azin e  and  ketam i n e  c o m b i n a t i o n s  fo r e q u i n e  

a n aes thes i a  requ ires c a r e  a n d  a t ten t ion  du r ing  t h e  i n d u c t ion  a n d  ear ly  

m a i n t e n a n c e  per iod .  However,  the  lack o f  s i gn i fi can t  c a rdiovasc u la r  o r  

r esp i ra tory depress ion fo l lowing  i n duc t ion ,  t h e  norma l  systemic  a r te r i a l  

p ress u r e  du r ing  a n aes thes ia  a n d  t h e  supe r io r  recover ies ,  make 

xylaz i n e/ke tamine  comb ina t ions  an a t t ract ive drug  cho i ce .  
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The use  o f  g lycero l  gua iaco la te/ketamine  combinat i o n s  a l so provides a 

smo o t h ,  exc i t e m e n t  free recovery .  A l though the  ca rdiop u l m o n ary parameters 

measu red were not as good as seen wi th  xylaz ine/ke tami n e  u s e ,  th ere  was no 

d i ffic u l ty i n  m a i n ta in i ng  adequate  anaes thet i c  depth w i t h  h al o t h a n e ,  and 

glyc e ro l  gua iaco la te/ketam i n e  comb ina t ions  do not  appear to  h ave any 

u n toward resu l t s  (Mu i r  e t  a l ,  1 978 and  1 979b) .  Th u s  i t  m ay prove to be  a 

s u p e r io r  c h o ice  to  xylaz i ne/ke tamine  comb ina t ions .  

A m aj o r  d isadvan tage w i th  ke tamine  u s e  I n  horses i s  i t s  cos t .  At  c u r ren t  

p r i c e s i t  i s  a p p ro x i m a t e ly t w i c e  as  exp e n s iv e  a s  g l y c e r o l  

g u a i aco late/t h i opentone .  However ,  t h is m u s t  be  b alanc e d  again st t he  tota l  

cost  o f  an h o u rs durat ion (or  more)  o f  anaes thes ia  and the  poten t ia l  

advan tage t o  t h e  wel lbe in g  of  t h e  an ima l .  

I n  c o n tras t ,g lycero l  gua iaco l a te/th iopen ton e combi n a t i o n s  w i th  shor t  te rm 

h al o t h a n e/oxygen main tenance ,  appear  to  h ave severe l i m i t a t i o n s .  The  i n i t i a l  

severe  card iovascu lar depress ion  cou p led  wi th  t h e  occas iona l  s tormy 

i n d u c t i on ,  r e q u i re cons tan t  v ig i l ance  by t h e  anaes thet i s t  i n  the  fi r s t  twen ty 

m i n u tes  o f  an aesthes ia .  The very poor  recover ies  afte r  o n e  h o u r  o f  gaseo u s  

m a i n tenance  i n  compar i so n to  ketam i n e  comb ina t ions  a re  d i s tu rb ing  and 

present  a maj o r  prob lem i f  o r t h opaedic  su rgery has  been p e r fo rmed .  
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CHAPTE R 5 

C O N C LU S I O N S  

Afte r  o n e  h o u r  o f  h alo thane/oxygen anaes th es i a ,  t h ere i s  a s ta t i s t i ca l ly b e t t e r  

c h a n c e  o f  o b t a i n i n g  smoot h e r  and  m o r e  coord in a te  recov e r i es i f  

xylaxin e/ketamin e  o r  aety lpromaz ine/glyce ro l  g u a i aco la te/ke tamine  r a t h e r  t h an 

t h i o p en tone  c o m b i n at ions  h ave been u sed as  a naes the t i c  i n d u c t i o n  agen t s .  

More  rap id  recoveri es occu r  w i t h  g r ea te r  frequ e n cy fo l l ow ing  

xylaz ine/ketamin e  i n duc t i on ,  even aft e r  one  h o u r  o f  gaseous  anaes thes ia ,  t h an 

w i t h  t h e  o t h e r  d r u g  combina t ions  u sed .  
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A P P E N D I X  1 

E Q U I N E  ANAE STHETIC R E C OV E RY C HART 

Horse  n u mber  : 

Age : 

Sex : . 

He ig h t :  

We igh t :  

B reed :  

H i sto ry 

Own er sh i p :  

Past I l l n es s/Acc iden t s :  

D i e t/Ap p e ti t e :  . . . . .  . 

Genera l  E nvironment :  

C l i n i c a l  E x a m i n at ion  

Pre-an aes thes ia :  

To . 
HR:  

RR:  

Muscu l o s ke le ta l  sys tem:  . 

Resp i ra tory  sys tem:  . .  

Card iovasc u lar  system:  

Deta i l s  of  abnormal i t ies :  

C l i n i c a l  c h e m i stry 

r o u t i ne  h aemato logy 

B UN 

l iv e r  enzymes 

m u scle  enzymes 

b a r b i t u rate  l evels  
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A n a e s t h e t i c  t e c h n i q u e  

P re m edicat ion  ( m g/kg) :  

I n d uct ion  age n t  ( mg/kg) :  

T ime from s tan d i ng t o  recumbency:  

I n h a la t ion  age n t :  . . . . . . . . . . . . .  . 

C h a ra c ter  o f  i n d u c t i o n  

Smooth  

Mi ld  exc i t emen t  (extensor  r ig idi ty o f  l i mbs ,  nystagmus)  

Extreme exc i t e m e n t  (paddl i n g ,  head movemen ts)  

D e p th o f  a n a e s t h e s i a  o n  i n d u c t i o n  

71  

1 .  Mediu m  s u rgical  (eyeb al l  ventra l ,  m i l d  pa lpebra l ,  co ns t ru c t i n g  p u p i l )  

2 .  L ight  s u r g ica l  (eyeb a l l  media l ,  s t r o n g e r  palpebra l )  

3 .  Non- su rg ica l  (nystagmus ,  s t rong p a l p ebra l ,  d i la ted p u p i l  

H R  5 1 0  

R R  

B P- m ea n  

- systo l ic 

- d ia s to l ic 

B G  - p H 

- C 02 

- 02 

T o  

A n a l  t o n e  

N y s ta g m u s  

H a lo t h a n e %  

02 flow 

H R ,  RR e v e ry 10 m i n u t e s  
B P  a t  1 0 ,  3 0 ,  6 0  m i n u t e s  

1 5  

An a l  t o n e  - + b a r e ly p r e s e n t  
- + + p r e s e n t  
- + + + p r o n o u n c e d  

e v e ry 2 0  m i n u t e s .  
N y s t a g m u s  - p r e s e n c e  o r  a b s e n c e  

C o m m e n t s :  

2 0  2 5  3 0  3 5  40 45 50 5 5  6 0  



Recove ry 
Ti m e :  t o  e x t u b a t i o n  ( e a r s b a c k ,  swallow o n  removing t u b e ) : 

t o  l i f t ing h e a d :  

t o  s t a n d i n g :  . .  

N u mb e r  o f  a t t e m p t s  t o  s t a n d :  

Degree o f  m o t o r  c o - o r d i n a t i o n  o n  s t a n d i n g  
0 v e ry p o o r  m a ny ( > 3 ) a t t e mp t s  t o  s t a n d ;  r o l l i n g ;  

c o l l a p s e  o f  m o r e  t h a n  2 l i mb s  o n  s t a n d i n g .  

1 p o o r  m o r e  t h a n  two a t t e m p t s  t o  s t a n d ;  

72 

e x c i t e m e n t ;  

co n s i d e r a b l e  a t ax i a ,  p a r t i a l  c o l l a p s e  o f  l i mb s  o n  w e ig h t  

b e a r i n g .  

2 fa i r  

3 g o o d  

4 e x c e l l e n t  

C o m m e n ts :  

o n e  o r  two a t t e mp t s  to s t a n d ;  

m u s c l e  fasic u l a t io n s,  m i l d  a t axia .  

s t a n d i n g  o n  f irst  a t t e m p t ;  

m u sc l e  t r e m o rs,  k n u c k l i n g  o n  o n e  l e g .  

s t a n d i n g  a t  f i r s t  a t t e mp t ;  

n o  a t a x i a .  
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A P P E N D I X  2 

TA B U LATE D  RAW DATA 

Ti m e  ta k e n  fo r i n d ucti o n  o f  a n a e sth e s i a  ( s e c o n d s )  

E x p e r i m ental  Gro u p  
H O RSE N O .  

I I I  I l l  IV 

1 1 5  40 1 2 0  7 5  
2 20 28  80 32  
3 25 24 75 25 
4 3 2  3 0  5 0  5 0  
5 1 8  2 1  6 5  5 0  
6 25 85 1 3 5  3 1  
7 35  25  1 3 5  3 2  
8 20 24 85 30  
9 1 7  1 20 83 60 
10 22 50 1 1 0  3 5  

M EA N  2 2 . 9  4 4 . 7  93 . 8  4 2 .0 
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D epth of  a n a e sth e s i a  fo l l owing  i n d uction 

E X P E R I M E NTAL G R O U P  
HORSE NO. 

I I I  I l l  IV 

1 2 2 2 3 
2 1 2 2 1 

3 1 1 2 2 
4 1 2 3 3 
5 2 1 2 2 
6 1 2 3 1 
7 1 2 3 1 
8 1 1 2 3 
9 2 3 3 3 

1 0  1 2 3 1 

M EA N  1 . 3 1 . 8 2 . 5  2 . 0 

1 .  Medi u m  s u rg ica l  (eyebal l  vent ra l ,  m i ld  p al pebra l  r e flex ,  cons t ruc t i n g  
p u p i l ) .  

2 .  L igh t s u rg ica l  (eyebal l  med ia l ,  s t ronger  p a l pebra l ) .  

3 .  No n - s u rg ica l  (nys tagmus ,  s t rong  palpeb ra l ,  d i la ted  p u  p i ! ) .  



-------------- ------ -------- ---- -- ---

Expcl'i m c n  I 
t a l  G ro u p  

Ti m e  5 1 0  1 5  3 0  
i n t e rv a l  

( m  i n )  

H O R SE 
N O .  

1 4 2  4 4  4 0  4 1  

2 4 4  4 2  4 4  4 4  

3 39 38 3 7  40 

4 5 2  4 4  4 4  4 0  

5 4 4  3 8  4 0  4 2  

6 4 4  4 8  5 4  50 

7 4 0  32  40 3 2  

8 4 0  40 40 38 

9 4 8  4 8  4 5  4 8  

1 0  4 4  4 0  4 0  4 4  

M EAN -13.7  4 1 .4 42.4 4 1 . 9 

60 

3 6  

4 8  

3 8  

30 

4 0  

4 8  

3 6  

4 0  

4 0  

4 0  

39.6 

H e a rt Ra te ( p e r  m i n u t e )  d u r i n g  m a i n t e n a n c e  of a n a e s t h e s i a  

1 1  I l l 

5 1 0  1 5  3 0  6 0  5 1 0  1 5  

4 2  3 8  3 7  4 2  38 36 36 36  

36 36 35 4 0  4 2  4 0  36 4 2  

4 4  4 0  4 0  4 0  4 2  32 32 32  

4 8  4 4  4 2  3 7  34  36 36  36 

46 4 4  4 4  40  36 30 40 36 

44 4 4  4 4  5 6  4 8  36 3 2  34  

42  4 I 40  4 4  42  40  36 36 

40 32 36 36 34  4 0  4 4  4 0  

5 6  4 8  4 4  4 4  40  36 38 39 

42 38 4 0  40 36 � ,.,  ·' - 33 � ..,  -' -

44.0 36. 1 46.2  4 1 .9 39.2 36.4 36.3 36.3 

30 60 5 1 0  

36 32 4 2  4 2  

4 0  4 0  4 4  4 4  

30 30 40 4 1  

33 32 4 2  4 2  

4 4  4 2  4 0  4 0  

4 0  3 8  50 5 1  

36 36 36 36 

36 36 43 4 2  

3 8  36 48 46 

33 3 1  36 36 

36.6 3 5.3 42. 1 42  

IV  

1 5  3 0  

4 2  4 2  

4 0  4 4  

4 2  4 2  

3 8  34  

38 36  

5 2  5 6  

34 36 

40 36 

4 2  4 9  

3 6  36  

40.4  4 1 . 1  

60 

38 

40 

40 

34 

4 2  

4 8  

36 

4 2  

3 7  

36 

39. 
3 

-...l 
U1 



Re s p i r a to ry R a t e  ( p e r  m i n u t e )  d u ri n g  m a i n t e n a n c e  o f  a n a e s t h e s i a  

---·--

Experi m e n t a l  I 1 1  I l l  
G ro u p  

T i m e  5 1 0  1 5  3 0  60 5 1 0  1 5  30 60 5 1 0  1 5  3 0  6 0  

! in terval 
( m  in) 

H O R S E  N O .  

I 4 4 4 4 4 4 ' 4 5 5 5 6 6 6 1 0  

2 4 4 6 7 5 4 4 3 J 3 2 +  6 8 6 6 

3 7 8 9 9 9 9 7 8 7 8 s 8 9 8 8 

4 s 3 2 4 s 4 5 7 s 8 6 8 6 9 1 2  

s 4 6 6 6 8 2 4 8 9 9 8 1 0  8 1 0  1 2  

6 4 4 4 9 6 2 3 4 1 2  6 2 2 5 6 6 

7 s 6 6 8 7 1 0  9 1 0  l l  1 2  9 9 I S  1 2  I S  

8 8 6 8 6 6 5 6 6 4 4 6 7 6 7 7 

9 4 3 2 4 6 I l 2 4 5 4 4 4 4 1 2  

1 0  2 +  2 3 4 3 2 4 4 s s 6 7 4 8 9 

M EA N  4 . 7  4.6 s 6 . 1  5 . 9  4.3 4.6 5.6 6.5 6.5 5.3 6.7 7 . 1  7.6 9.7 

+ = I n te r m i t t e n t  pos i t ive p r e s s u r e  ve n t i l a t ion  

�-----

IV 

5 1 0  1 5  

4 6 5 

5 6 7 

4 8 7 

4 4 6 

3 +  8 8 

4 4 4 

3 4 8 

7 8 7 

9 6 7 

4 4 4 

4 . 7  5 . 8  6.3 

30 

5 

6 

1 2  

8 

1 1  

8 

9 

7 

6 

4 

7.6 

6 0  

5 

5 

1 2  

8 

1 8  

8 

1 1  

1 0  

7 

7 

9 . 1  

-....! 
0\ 



M e a n  Arte r i a l  B l ood P re s s u re d u r i n g  m a i n t e n a n c e  o f  a n a e s t h e s i a  

E x p e r i m e n t a l  G ro u p  I I I  I l l  I V  
M a i n t e n a nce period 1 0  3 0  60 1 0  3 0  6 0  1 0  3 0  60 1 0  3 0  6 0  

( m i n )  

H OR SE N O .  

1 6 0  88 99 5 0  6 2  85  75  80 74 5 5  74 97 

2 6 0  6 3  79 4 7  6 0  79 8 1  60 62 4 3  70 56 

3 6 3  9 6  9 7  48  79 72 82 77 9 1  5 5  8 0  73 

4 4 4  63 65  5 9  8 4  8 1  49  55  55  5 4  6 7  68 

5 5 2  8 4  8 1  6 3  92 83 78 54 5 4  7 7  92 8 0  

6 5 7  77 74 62 1 3 3 1 26 74  85 84 79 96 98  

7 5 4  57  76 3 1  48  60 74 72 82 5 5  78 99 

8 5 3  7 1  77 4 1  5 8  79 79 5 7  6 9  5 3  5 6  5 9  

I 9 58 79 68 43 40  74  73 56  5 7  50  5 2  6 0  

1 0  5 8  75 92 42  5 2  7 3  7 2  6 3  64 49 66 74 

M EAN 5 5 . 9  7 5 . 3  8 0 . 8  4 8 . 6  7 0 . 8  8 1 . 2 73 . 7  6 5 . 9  6 9 . 2  5 7 . 0  73 . 1  7 6 . 4  

' 
-...J 
-...J 



Pa rt i a l  p r·e s s u re o f  a r·t e r i a l  c a r b o n  d i o x i d e  ( Pa C 0 2 )  a t  1 0 ,  3 0  a n d  60 m i n u tes  ( m m Hg)  

------ ------ - ---

Experi m e n t a l  G ro u p  1 2 3 

T i m e  l n te n:d 1 0  3 0  6 0  1 0  3 0  6 0  1 0  3 0  6 0  1 0  

( m  i n )  

H O R SE N O .  

1 5 8 . 7  6 0 . 6  5 9 . 0  4 9 . 4  6 2 . 0  6 2 . 8  5 4 . 2  5 9 . 0  6 2 . 7  6 1 . 7 

2 5 7 . 7 6 1 . 3 6 5 , 0 6 7 . 6  7 2 . 6  7 5 . 8  5 9 . 2  7 0 . 5  6 9 . 2  5 6 . 1 

3 5 6 . 4  6 1 . 7 6 3 . 2  5 3 . 4  5 5 . 7  5 1 . 8 5 5 . 0 5 2 . 2  4 9 . 2  4 6 . 9 2  

4 5 8 . 5  6 3 . 4  6 4 . 8  5 6 . 4  5 6 . 9  5 8 . 2  5 5 . 5 6 2 . 8  5 9 . 6  5 8 . 9  

5 6 0 . 8  6 2 . 7  6 8 . 2  5 9 . 4  6 3 . 1 6 5 . 2  5 6 . 9  5 .'\ . 2 6 5 . 5  5 1 . 6 

6 5 2 . 7  5 8 . 8  8 0 . 3  6 3 . 0  .'\ 4 . 7 6 3 . 9  5 6 . 2  6 3 . 1 6 3 . 4  7 2 . 6  

7 5 4 . 6 6 2 . 9  7 4 . 2  5 6 . 6  6 2 . 2  6 6 . 2  5 9 . 9  5 7 . 4  6 5 . 7  5 7 . 0 

8 5 5  . l  6 5 . 4  7 4 . 9  5 1 . 4 5 5 . 1 6 4 . 4  5 4 . 3 63 . 1  6 8 . 4  5 4 . 6  

9 5 3 . 0  5 9 . 0  7 1 . 6 7 0 . 0  5 3 . 2 6 5 . 9  .'\ 4 . 7 .'\ 5 . 0 5 4 . 2  5 4  

1 0  8 1 . 8 9 6 . 2  1 0 0 . 8  6 3 . 7  6 9 . 3  7 4 . 6  6 4 . 2  5 7 . 8  6 0 . 2  6 0 . 3  

M EA N  5 8 . 7 5  6 5 . 2 0  7 2 . 2 0  5 9 . 0 9  6 0 . 4 8  6 4 . S 8  5 7 . 0 1  5 9 . 6 1 6 1 . 8 1  5 7 . 3 5  

4 

3 0  

5 8 . 8  

6 5 . 9  

5 2 . 5  

6 2 . 2  

5 3 . 0  

6 5 . 0  

5 7 . 0  

5 5 . 1  

5 2 . 4  

5 3 . 4 
57 . 53 

6 0  

5 8 . 5  

6 9 . 4  

5 6 . 7  

6 3 . 9  

5 9 . 7  

7 4 . 3  

6 0 . 7  

6 8 . 4  

5 3 . 8 

6 7 . 8  

6 3 . 3 2  

-..J 
CO 



p H  t·ea d i n gs a t  1 0 , 30 a n d  6 0  m i n u te s  

-
Experi m e n t a l  G r o u p  1 2 

T i m e  I n t e r v a l 1 0  3 0  6 0  1 0  3 0  6 0  1 0  

( m  i n )  

H O R SE N O .  

1 7 . 2990 7 . 29 1 0  7 . 29 6 0  7 . 3 3 1 0  7 . 2 6 4 0  7 . 2 5 6 0  7 . 3 000 
2 7 . 2 8 8 0  7 . 29 7 0  7 . 2 2 2 0  7 . 2 2 8 0  7 . 2 1 2 0 7 . 2 1 1 0 7 . 3 26 0  

3 7 . 2 9 8 0  7 . 2 7 0 0  7 . 2 7 5 0  7 . 3 1 0 0 7 . 3 1 6 0 7 . 3 2 4 0  7 . 2 8 5 0  

4 7 . 2 8 4 0  7 . 2 () 0 0  7 . 2 4 () 0  7 . 3 0 9 0  7 . 3 0 0 0  7 . 2 9 5 0  7 . 3 2 8 0  

5 7 . 2 6 5 0  7 . 2 5 1 0  7 . 2 4 0 0  7 . 28 1 0  7 . 2 7 2 0 7 . 2 5 7 0 7 . 3 1 1 0  

6 7 . 3 0 3 0  7 . 2 7 2 0 7 . 1 7 2 0  7 . 2 4 6 0  7 . 3 0 5 0  7 . 2 5 4 0  7 . 3 0  L O  
7 7 . 3 3 7 0  7 . 2 8 0 0  7 . 2 2 2 0  7 . 2 4 5 0  7 . 2 5 9 0  7 . 2 4 4 0  7 . 3 3 0 0  

8 7 . 3 3 1 0  7 . 2 7 2 0  7 . 2 2 8 0  7 . 3 3 5 0  7 . 3 0 3 0  7 . 24 1 0  7 . 3 0 6 0  
9 7 . 2 7 6 0  7 . 2 3 3 0  7 . 2 0 9 0  7 . 1 9 3 0  7 . 2 5 6 0  7 . 2 0 2 0  7 . 2 8 3 0  

1 0  7 . 1 7 1 0  7 . 1 1 3 0 7 .  1 1 3 0  7 . 2 4 6 0  7 . 2 2 5 0  7 . 2 0 0 0  7 . 2 5 70 

M EA N  7 . 2 8 5 2  7 . 2 53 9  7 . 2 2 2 3  7 . 2 7 2 4  7 . 2 7 1 2  7 . 2 4 8 4  7 . 3 0 2 7  

------
3 

3 0  6 0  1 0  

7 . 2900  7 . 2680 7 . 2800  
7 . 2 6 8 0  7 . 2 9 2 0  7 . 2 6 2 0  

7 . 3 2 2 0  7 . 3 5 5 0  7 . 2 9 8 0  

7 . 3 0 5 0  7 . 3 2 3 0  7 . 3 0 2 0  

7 . 3 3 20 7 . 28 3 0  7 . 2 9 0 0  

7 . 2 6 3 0  7 . 2 9 8 0  7 . 3 2 6 0  

7 . 3 3 8 0  7 . 3 0 0 0  7 . 3 1 6 0 

7 . 2 8 1 0 7 . 2490  7 . 2920 
7 . 3 9 8 0  7 . 2 8 9 0  7 . 23 0 0  

7 . 3 2 4 0  7 . 3 2 8 0  7 . 2 8 9 0  

7 .3 1 2 1  7 . 2 9 8 5  7 . 2 8 8 5  

4 

3 0  

7 . 3 03 0  
7 . 2 300 

7 . 2 880 

7 . 2 760 

7 . 3 5 3 0  

7 . 2 6 5 0  

7 . 29 3 0  

7 . 2 870 
7 . 2790 

7 . 3 290 

7 . 2 9 03 

' 

6 0  

7 . 3 060  
7 . 2 1 5 0 

7 . 2 5 5 0  

7 . 2 6 5 0  

7 . 3 0 7 0  

7 . 2 1 8 0 

7 . 28 7 0  

7 . 2000  
7 . 2 7 2 0  

7 . 2 5 5 0  

7 . 2 5 8 0  

-...1 
\0 



E x p e ri m r n t a l  G r o u p  

Ti m e  I n terva l 1 0  

( m  i n )  

H O R SE N O .  

1 3 5 0 . 8  

2 3 2 4 . 8  

3 4 8 0 . 0  

4 2 8 6 . 8  

5 4 8 3 . 5  

6 2 6 8 . 1 

I 
I 

7 3 6 0 . 3  

8 3 3 9 . 0  

9 2 4 3 . 6  

1 0  3 5 0 . 4  

M EA N  3 1 8 . 73 

Pa rt ia l p re s s u re of a rt e r i a l o xyge n ( P:t 02)  at 1 0 , 3 0  a n d  6 0  m i n u te s  ( m m H g )  

--------- ------

1 2 

3 0  6 0  1 0  3 0  

4 3 9 . 7  4 6 6 . 3  3 4 3 . 2  4 2 7 . 7  

3 6 7 . 9  4 2 3 . 0  3 6 7 . 6  3 7 0 . 1 

5 1 7 . 2  5 1 7 . 5  3 9 9 . 7  5 1 0 . 5  

3 7 5 . 2  3 7 8 . 7  3 6 5 . 0  4 0 6 . 0  

4 7 0 . 0  4 9 6 . 3  2 9 8 . 8  4 2 3 . 6  

2 8 9 . 1 2 2 4 . 8  2 8 8 . 5  4 2 9 . 4  

4 2 1 . 3 4 0 2 . 2  3 5 5 . 8 3 9 0 . 0  

3 6 8 . 8  3 3 6 . 0  3 6 3 . 2  3 6 3 . 2  

2 5 6 . 3  2 2 3 . 2  1 1 6 . 9  1 1  I .  I 

2 6 1 . 4 2 5 0 . 1 4 0 5 . 2  3 8 6 . 4  

3 7 6 . 6 9  3 4 1 . 8 1  3 3 0 . 3 9  3 8 1 . 8 0  

6 0  1 0  

4 4 1 . 0 2 8 3 . 5  

3 5 3 . 9 3 0 0 . 6  

4 7 1 . 1  3 4 6 . 0  

4 0 8 . 1 299 . 7  

4 6 9 . 0  3 0 5 . 1 

4 1 0 . 3  3 4 2 . 7  

4 2 7 . 1 3 8 4 . 3  

2 8 3 . 4  2 5 7 . 1 

1 1 4 . 4 2 9 3 . 9  

3 6 0 . 9  3 9 8 . 4  

3 7 3 . 9 2  3 3 0 . 1 3  

--- --

3 

3 0  

3 3 8 . 2  

3 4 3 . 7  

4 1 5 . 3  

3 6 1 . 2  

4 0 9 . 7  

3 8 6 . 7  

4 6 5 . 2  

2 5 7 . 1 

2 8 3 . 3  

4 6 3 . 2  

3 7 5 . 9 6  

6 0  

3 8 3 . 5  

3 2 0 . 6  

5 2 8 . 7  

3 6 2 . 0  

4 1 3 . 6  

3 5 9 . 2  

4 5 4 . 0  

9 8 . 6  

2 1 1 . 4 

4 0 4 . 3  

3 5 3 . 5 9  

4 

1 0  3 0  

4 3 9 . 0  4 8 3 . 2  

3 2 7 . 0  3 9 3 . 9  

4 1 1 . 4 5 0 7 . 6  

3 8 8 . 7  4 2 5 . 4  

3 9 9 . 6  4 1 7 . 2  

1 1 5 . 8 3 5 6 . 3  

3 7 4 . 7  4 6 6 . 9  

3 5 1 . 8 4 7 2 . 9  

3 0 4 . 0  3 1 4 . 4  

3 9 3 . 5  2 5 9 . 1 

3 5 0 . 5 5  4 0 9 . 6 9  

6 0  

4 9 2 . 7  

4 2 8 . 2  
4 7 7 . 4  

3 8 6 . 5  

4 5 5 . 4  

3 8 0 . 8  

4 8 3 . 7  

3 9 7 . 2  

3 2 6 . 9  

3 4 0 . 4  

4 1 6 . 9 2  

OJ 
0 



8 1  

Ti m e  t a k e n  fo r h o r s e  to swa l l ow a n d  c o n s e q u e n t  remova l  o f  e n d o t ra c h e a l  tube  
a ft e r  d i s c o n t i n u a t i o n  o f  gaseous  a n a e s t h e s i a  ( m i n )  

E XP E R I M E N TAL G R O U P  
HORSE NO. 

1 2 3 4 

1 6 . 0  1 3 . 0  5 . 0  6 . 0  

2 1 1 . 5 5 . 0  3 . 5  9 . 0  

3 3 2  4 . 0  6 . 5  7 . 0  

4 2 5 . 0  1 6 . 5  1 2 . 0  2 5 . 3  

5 1 2 . 8  1 2 . 0  6 . 8  6 . 8  

6 8 . 0  5 . 0  1 0 . 0  5 . 0  

7 3 4 . 0  1 4 . 2  1 2 . 8  1 3 . 0 

8 1 9 . 5  3 1 . 0 1 2 . 0  2 6 . 2  

9 1 7 . 0  1 3 . 0  7 . 5  1 4 . 5  

1 0  1 5 . 0 1 5 . 0 1 1 . 0  1 0 .0 

M E AN 1 8 . 0 8  1 2 . 8 7  8 . 7 0  1 2 . 2 8  



82 

Ti m e  t a k e n  fo r h o rs e  to l i ft h e a d  a ft e r  d i sco n t i n ua t i o n  of g a s e o u s  a n a e s t h e s i a  
( m i n )  

E X P E R I M E NTAL G R O U P  
HORSE N O .  

1 2 3 4 . 

1 3 7 . 5  4 1 . 5 1 7 . 0  1 7 . 0  

2 4 9 . 0  2 9 . 0  6 . 3  2 1 . 0 

3 5 6 . 0  2 4 . 0  1 2 . 1  8 . 0  

4 3 6 . 0  2 1 . 2  1 7 . 0  4 6 . 5  

5 4 2 . 0  3 1 . 0 7 . 0  1 4 . 0  

6 3 0 . 5  3 3 . 0 1 2 . 5  3 0 . 0  

7 4 4 . 0  2 0 . 3  1 3 . 3  3 7 . 0  

8 3 2 . 1  5 1 . 0 3 7 . 0  6 5 . 0  

9 5 3 . 0 2 3 . 0 1 5 . 0 1 8 .0 

1 0  3 4 . 0  4 7 . 2  1 3 . 0 2 7 . 0  

M E A N  4 1 . 4 1  3 2 . 1 1  1 5 . 0 2  2 8 . 3 5  



8 3  

Ti m e  t a ke n  fo r t h e  h o rse to a c h i e ve stern a !  r e c u m b e n c y  a ft e r  d i sco n t i n u a t i o n  
o f  g a s e o u s  a n a e s t h e s i a  ( m i n )  

E X P E R I M E N TAL G R O U P  
HORSE NO . 1 2 3 4 

1 5 4 . 5  4 5 . 5  2 7 . 0  2 1 . 0 

2 5 9 . 5  3 3 . 0  1 7 . 0  3 7 . 0  

3 5 8 . 5  2 8 . 0  1 4 . 2  1 0 . 0  

4 4 1 . 0 2 8 . 8  1 8 . 3  5 9 . 3  

5 4 5 . 0  3 1 . 0 1 3 . 5 1 4 . 0  

6 3 1 . 0 3 5 . 0  1 3 . 1  3 3 . 0  

7 67 .0  20 .6  1 3 . 3  3 7 . 0  

8 5 8 . 0  7 3 . 0  3 7 . 0  6 5 . 0  

9 75 . 0  4 4 . 0  1 5 . 5  2 0 . 0  

1 0  73 . 0  4 7 . 0  1 7 . 0  4 1 . 0 

M EAN 5 6 . 2 5  3 8 . 59  2 4 . 8 9  3 3 . 7 3  



8 4  

Ti m e  t a k e n  fo r h o r s e  t o  sta n d  a ft e r  d i s c o n ti n ua t i o n  o f  g a s e o u s  a n a es t h e s i a  
( m  i n )  

GROUP 
HORSE NO. .. 

1 2 3 4 

1 6 7 . 0  5 8 . 5  5 5 . 0  4 0 . 0  

2 60 .0  4 1 . 0 2 9 . 0  3 7 . 3  

3 60 .25  28 .0  2 9 . 5  1 2 . 0  

4 4 8 . 0  4 1 . 8  4 4 . 0  5 9 . 5  

5 4 7 . 0  3 1 . 5  1 5 . 8  2 4 . 5  

6 6 0 . 0  5 2 . 0  2 7 . 4  3 9 . 0  

7 85 . 0  3 4 . 2  1 7 . 5  5 2 . 0  

8 72 .0  7 6 . 0  3 7 . 2  6 5 . 3  

9 9 1 . 0  5 3 . 0  2 3 . 3  2 6 . 8  

1 0  77 .0  60 .0  1 7 . 0 6 2 . 0  

M E A N  6 6 . 7 3  4 7 . 6 0 2 9 . 5 6  4 1 . 8 4  



N u m be r  o f  a tte m p ts o f  e a c h  horse  to s ta n d  a fter d i s c o n t i n u a t i o n  o f  g a s e o u s  
a n a e s t h e s i a  

G R O U P  
H ORSE N O .  1 2 3 4 

1 2 2 1 1 

2 2 4 1 2 

3 3 2 1 2 

4 4 1 1 1 

5 2 3 2 1 
6 3 1 1 1 

7 2 4 2 1 

8 2 4 1 1 

9 3 5 1 2 

1 0  2 2 1 1 

M EAN 2 . 5  2 . 8  1 . 2 1 .3 

8 5  



H O RSE N O .  . .  
1 

1 1 

2 2 

3 1 

4 0 

5 2 

6 1 

7 2 

8 2 

9 1 

1 0  2 

M EAN 1 . 4 

Recovery g r a d e  

E X P E R I M E NTAL G R O U P  

2 

2 

0 

2 

3 

1 

3 

1 

0 

0 

2 

1 . 4 

.. . . •... . 

/ . .  · · ·· 
.
............ : .

.
. 

4 

3 

4 

3 

2 

4 

2 

4 

4 

3 

3 . 3 

8 6  

4 

3 

2 

1 

3 

4 

4 

4 

4 

2 

4 

3 . 1  



C P K  Lev e l s  b e fo t·e a n d  3 h o u rs a ft e t·  a n a e s t h e s i a  ( I U/ 1 )  

--

E X P E R I M E N TA L  G R O U P  

Ti m e  I n t e rva l 1 2 3 

H O R SE N O .  Pre Post Diff Pre Post Dijf Pre Post 
1 8 4  1 9 7 1 1 3 8 4  1 5 3 6 9  9 2  1 1 9 

2 9 1  3 1 6  2 2 5  1 0 0 1 4 6 4 6  1 3 3 1 4 6 

3 9 7  3 1 9  2 2 2  9 8  1 1 5 1 7  1 00 1 5 3 

4 1 2 2 2 2 1 9 9  1 4 2 1 9 3 5 1  1 7 0 2 8 2  

5 6 5  225 l oO 1 3 6 1 2 4 1 2  8 9  1 4 3 

6 1 6 0 3 1 4 1 5 4 9 2  1 4 7 5 5  1 1 8 2 4 5  

: 7 1 9 5 4 2 1 2 2 6  1 9 9 3 1 2  1 1 3 1 7 3 3 8 0  

8 1 7 3 3 4 6  1 7 3 1 3 1  1 7 3 4 2  1 3 6 1 8 5 

9 1 6 5 5 1 4  3 4 9  1 1 7 4 1 7  3 0 0  13 0  263 

1 0  1 0 9 2 6 9  1 6 0 1 6 9 2 7 6  1 0 7 9 7  2 2 6  

I 
1 1 M EA N  1 2 6 . 1  3 1 4 . 2 1 8 8 . 1 1 2 6 . 8  2 0 5 . 6  8 1 . 2 1 2 3 . 8 2 1 4 . 2 

Diff Pre 
2 7  1 24 

1 3  1 4 2 

5 3  1 1 4 

11 2 1 24 

5 4  8 1  

1 2 7 1 6 6 

207 1 70 

4 9  1 4 7 

1 3 3  1 3 8 

1 29 1 1 1 

9 0 . 4  1 3 1. 7 

---

4 

Post 
3 7 4  

2 9 5  

5 9 0  

2 9 2  

1 0 3 

2 7 7  

4 6 9  

3 2 5  

5 8 1 

2 9 1 

3 5 9 . 7  

Diff 

2 5 0  

1 5 3  

4 7 6  

1 6 8 

22 

I l l  
299 

1 7 8 

4 4 3  

1 8 0 

2 2 8 . 0  

CO 
-....! 



G O T  l e ve l s  b e fo re a n d  2 4  h o u rs n ft e r  :t n a e s t h e s i :t ( I U/ 1 )  

E X P E R I M E N TA L G R O U P  

Ti m e  l n te rvn l 1 2 3 

H OR SE N O .  Pre Post Dif/ Pre Post Dijf Pre Post 
I 1 4 3 1 3 8 5 I : B 1 5 1  1 8  1 4 8 1 66 

2 1 6 4 1 9 6  2 1  1 5 4 1 6 6 1 2  2 3 9  2 7 7  

3 1 9 1  1 9 9 8 1 76 1 7 4 2 1 7 9 224 

4 1 7 1  1 8 9 1 8  1 4 2 1 7 0 28 1 8 1  2 4 2  

5 1 6 4 1 8 6 2 2  1 4 1  J .'i  1 1 0  1 8 9 1 9 6 

6 2 2 7  2 5 0  2 3  1 6 4 1 6 1  3 1 74 204 

7 1 5 4 1 7 1  1 7  1 6 1  1 9 1  3 0  1 6 4 207 

8 1 8 1  2 1 2  3 1  1 2 6 1 0 8 1 8  1 3 1  1 4 6 

9 1 4 1  2 2 2  8 1  1 3 3 1 4 3 1 0  1 6 6 1 9 6 

1 0  1 2 6 1 6 6 4 0  1 5 4 1 4 8 6 1 5 6 1 5 4 

M EA N  1 6 6 . 2  1 9 2 . 9  2 6 . 6  1 4 8 . 4  1 5 6 . 3  1 3 . 7  1 7 2 . 7  20 1 . 2 

----

Diff Pre 
1 8  1 3 6 

3 8  1 6 4 

4 5  2 8 0  

6 1 1 5  I 

7 1 6 1  

3 0  1 6 1  

4 3  1 5 6 

1 5  1 6 1  

3 0  1 69 

2 1 4 1  

2 8 . 9  1 6 8 . 0  

4 

Post 
1 3 1  

1 76 

3 1 8 

1 9 4 

1 7 4 

1 6 4 

1 6 6 

1 8 5 

1 8 9 

1 6 4 

1 8 6 . 1 

Diff 

5 

1 2 

3 8  

4 3  

1 3  
3 

1 0  

2 4  

2 0  

2 3  

1 9 . 1 

():) 
():) 



A P P E N D I X  3 

Exam p l e  o f  Two-Way A n a lys i s o f  Va r i a n c e  

Two-way An alys is  o f  va r i ance  o f  t ime  to a t ta in  s t e rna !  rec u mb e n cy 

S o u r c e  

Gro u p  

Horse  

Error  

TOTAL 

F val u e  = 

D F  

3 

9 

27 

3 9  

MS t r tmt  = 

MS error  

s s  M S  

5 2 3 2  1 744 

4 1 29 4 5 9  

6674 247 

1 6035 2450 

7 .06  > t h an 2 . 9 6  = p < 0 .05  

LSD = 2 .052 X .f1!5 X S . D .  1 2 . 4  for 5 %  s ig n i fi c a n c e  

D i ffe r e n c e  i n  g r o u p  m e a n s  

Gro u p  1 - 2 1 7 . 6 7 *  

1 - 3 1 3 . 3 6 *  

1 - 4 2 2 . 5 *  

2 - 3 1 3 . 7  

2 - 4 4 . 86 

3 - 4 -8 .84 

* s ign i fi c a n t  p < 0 .05 

89 
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A P P E N D I X  4 

E x a m p l e  o f  Regress i o n  A n a l y s i s  a n d  c o r r e s p o n d i ng S ca t terg ra p h  ( M I N ITA B )  

Regress CPK ( C 3 4 )  o n  Number  o f  At tempt s  t o  Stand (C3 1 )  

The fi t ted equ at ion  i s :  C34 = 1 23 + 1 2 . 5  C3 1 

Co l u m n  Coeff S D  ( c o e ff) t -va l u e 

Constan t 1 22 . 55  3 6 . 78 3 . 3 3  

C 3 1  1 2 .50 1 6 .53  0 . 7 6  

Th e res idua l  s t andard devia t ion  abo u t  t h e  model  i s  s = 1 1 2 . 0  w i t h  3 9 - 1  = 3 8  
degrees o f  freedom.  

R-squared = 1 . 4 8% 

5% level o f  s i g n i fi cance :  t > 2 .02 

A n a l ys i s  o f  Va r i a n c e 

D u e  t o  D F  s s  M S  = S S/ D F  

Reg ress ion 1 7 1 74 7 1 74 

Res i d u al 38  4 76590 12542  

To ta l  39  483 765 

U n u s u a l  O b s e rv a t i o n s  

O b s  C3 1 C34 F i t  S t .d e v. F i t  Re s i d u a l  S t .  
Re s i d u a l  

1 2  2 .00  476 .0  147 .6  1 7 . 7  328 . 4  2 . 97 R  

3 4  5 .00  300 .0 1 85 . 1  5 3 . 4  1 1 4 . 9  1 . 1 7x 

36  2 .00  443 .0  147 .6  1 7 . 7  295 . 4  2 . 6 7 R  



S c a ttergraph of CPK (y-axis)  a n d  n umber of a t tempts to sta nd (x-axis)  

C34 

450 + • 

300 + 

•z• 

- ·�· • 
1 5 0 + • 3. 

- � t 2 • 
• 

:t/. •z• 
t2• • • 

0 + 
+ - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - -- - - - - + - - - - - -- - - + - - - - - -C3 1 

0 .80 1 . 60 2 .40  3 .20 4 . 00 4 . 80 

Key: 1 st anaesth etic • 
2nd an aesthetic 
3rd an aesthet ic  • 
4th anaesth etic 

9 1  
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