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ENFLORANt'~ iS a potent ventilator~ depressant in 
the absence of  surgical stimulation h~ and perhaps 
the most potent among the inhaled anaes the t ics )  
its effect on those reflexes central to the 
metabolic regulation of  ventilation, the ventila- 
tory responses to carbon dioxide, hypoxia and 
variations of  arterial hydrogen ion concentration 
is not known in man. The activity of these re- 
flexes is of particular interest to anaesthetists, as 
hypercapnia, hypoxia and metabolic acidosis are 
well known complications of  both anaesthesia 
and the immediate post-anaesthetic state. Ac- 
cordingly, we measured venti[atory responses to 
experimental hypercarbia and hypoxaemia in fit 
young subjects while fully awake, during seda- 
tion with sub-anaesthetic concentrations and 
during anaesthesia with enflurane (0.1 and I.I 
MAC). In addition, we studied responses to it 
small intravenous bolus of  doxapram. Both seda- 
tion and anaesthesia reduced responses to all 
three chemical stimuli, with the greater impact on 
responses to hypoxaemia and doxapram, which 
are those mediated by peripheral chemorecep- 
tors. 

METHODS 

The subjects studied during sedation were 
anaesthetic residents, anaesthetists and respira- 
tory technologists; those studied during anaes- 
thesia were patients who had agreed to an extra 
period of anaesthesia before an elective surgical 
procedure (usually multiple dental extractions). 
There were 23 subjects altogether, eight males 
:rod 15 females, whose ages ranged from 18 to 30 
yeaR's and whose mean weight and height were 
65.{) 4- 9.8 kg and 168 + 6 cm respectively (mean 
___ S.D.). All were non-smokers and in excellent 
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health. No subject took regular medication. Each 
signed a consent form approved by an Ethics 
Review Committee of  the University of  Western 
Ontario. 

The detailed methods were similar to those 
employed previously for halothane s tud ies :  For 
anaesthesia, each unpremedicated subject was 
positioned supine, We induced anaesthesia with 
enflurane in oxygen, frequently supplemented 
by intravenous thiopentone I -2  ms-  kg -a , during 
the excitement phase. Following neuromuscular  
paralysis with intravenous succinylcholine I 
mg.kg - t ,  the upper trachea wits sprayed with 
lidocaine four percent  and then intubuted with an 
8 or 9 mm cuffed orotracheal tube. Breathing 
spontaneously,  each subject inhaled enflurane in 
oxygen from a non-rebreathing circuit, with the 
vaporizer concentration set to achieve an end- 
tidal value equivalent to I. I or 1.5 MAC. Inhala- 
tion continued for 45 minutes, to achieve rea- 
sonably steady anaesthetic and respiratory states 
as assessed by continuous monitoring of ventila- 
tion and end-tidal concentrations ofenflurane and 
carbon dioxide. During this period subjects re- 
ceived an intravenous infusion of  dextrose five 
per cent in 0.2 peR" cent sldine, up to 700 ml. To 
estimate Paco2, blood was drawn anaerobically 
into a previously heparinized syringe from a 
needle placed either in the radial artery or in a 
free-flowing cutaneous vein of  the dorsum of the 
h a n d )  The sample was capped, placed in ice and 
analyzed within one hour. We next recorded a 
one-minute period of unstimulated ventilation 
and noted the end-tidal concentration of  carbon 
dioxide. 

Progressive hypercarbia was created by the 
rebreathing technique of R e a d :  employing a 
closed eit~cuit primed with carbon dioxide 7.5 to 9 
per cent, enflurane in a concentration appropriate 
to maintaining anaesthetic depth constant  and the 
remainder oxygen. The tracheal tube was con- 
nected to the Read circuit at the end of an expira- 
tion. We immediately equilibrated the alveolar, 
mixed venous and circuit carbon dioxide levels 
by inflating the lungs three to five times with large 
volumes from the circuit, t Then, as the subject 
breathed spontaneously and continued to re- 
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breathe ,  the carbon dioxide levels o f  both circuit  
and subject  p.-ogressively increased.  The  test  was 
terminated at a circuit carbon dioxide concent ra-  
tion o f  9.5 to 10.5 per cent ,  which was usual ly  
at tained within five or six minutes .  The  progres-  
sive increase  o f  circuit carbon dioxide observed  
during this tes t  is believed to represent  nearly 
identical changes  in blood and brain carbon 
dioxide levels.  7 

The  subject  next  inhaled enflurane in oxygen  
from the non-rebrea th ing circuit for a sufficient 
t ime (approximately  five minutes)  to re-establish 
control values  o f  ventilation and  PETco ~. Progres-  
sive hypoxaemi a  was then induced by the  method  
of Well. 8 We gradually replaced inhaled oxygen  
with air and then with air and nitrogen, so  that 
end-tidal oxygen  tension decreased  to 5 .3-6 .0  
kPa (40-45 tort)  over  an  8- to 10-minute period. 
During this test  end-tidal ca rbon  dioxide concen-  
tration was moni tored  cont inuous ly ,  and 100 pet- 
cent  carbon dioxide was added to inspired gas  
when neces sa ry  to maintain end-tidal isocapnla.  

After  recovery  from this s t imulus  and while 
again hyperoxic ,  three subjects  received an in- 
t ravenous  bolus of  doxapram 0.4 rag. kg -r as 
another  test  o f  venti latory ehemosens i t iv i ty .  9 

During and after all tes ts  we moni tored  and 
recorded radial pulse rate, e lect rocardiogram 
lead I1. sys temic  arterial p ressure ,  inspired ven-  
tilatory vo lumes  and  end-tidal concent ra t ions  of 
enflurane,  oxygen  and carbon dioxide.  

For  enf lurane sedat ion,  subjects  sat in a c am-  
fortable chair ,  breathing through a mouthpiece  
with the nose  occluded by a clip. T hey  inhaled 
small concent ra t ions  of  enf lurane (0.3 to 0.5 per 
cent) in oxygen  for" at least 20 minutes  to achieve 
and maintain a s teady  end-tidal concent ra t ion  
equiwdent  to 0.1 MAC.  With sedat ion cont inu-  
ing, tes ts  were performed as in the anaes the t ized  
state,  except  that the Read circuit was pr imed 
with seven  per  cent  carbon dioxide,  equilibration 
with the circuit  was at tained by three to five 
spon taneous  large brea ths  and  the test pro- 
gressed  to a carbon dioxide concentra t ion  o f  8,5 
per cent .  

Studies  of  the  awake  state were also conducted  
with subjects  seated and breathing through a 
mouthpiece .  Details of  the carbon dioxide re- 
sponse  test  were the same  as in the  sedated  state.  
In each subject  who had been anaes the t ized ,  we 
a t tempted to measure  venti lat ion and the  re- 
sponse  to hypoxaemia  at or as close as possible to 
the elevated end-tidal carbon dioxide tens ion 
which had been present  dur ing his anaesthet ic .  
This level was re-created by adding carbon  

dioxide to inspired gas for a 10- to 12-minute 
equilibration period. 

In all tests ,  exhaled gases  were sampled  con- 
t inuously  close to the airway and analyzed by a 
Perkin-Elme.  #1000 mass  spec t rometer ,  which 
was regularly calibrated with Scott  or  Canadian 
Liquid Air  specialty gases .  Values of  end-tidal 
carbon dioxide,  oxygen and enflurane were the 
end-tidal plateau concenl .a t ions  read from a 
t ime-based recorder.  Blood Pco2 was measured  
by a Radiometer  Copenhagen  BMS 3 sy s t em.  
calibrated daily with tonometered  blood. In- 
spired flows and vo lumes  were de te rmined  by 
pneumotachography ,  calibrated and employed  as 
previously described.  4 Values o f  ins tan taneous  
ventilation and tidal volume were the average of  
at least three consecut ive  brea ths  and were con-  
verted to BTPS.  

Carbon dioxide responses  are reported as the 
slope o f  the  least squares  linear regression o f  the 
ventilation: Pco~ relationship, Hypoxaemic  re- 
sponses  are represented by two values  - the 
AVI45, which is the increment  in ventilation from 
hyperoxaemia  to hypoxaemia  (PETa~ 6.0 kPa) (45 
torr) and " 'A"  - a shape pa ramete r  of  the entire 
hypoxaemic  response ,  which a s s u m e s  a hyper-  
bolic relationship be tween venti lat ion and 
PETal, s Doxapram responses  are the m a x i m u m  
iner'ement in ventilation dur ing the first minute  
following bolus injection. ~ 

Statistical evaluat ion was by two tailed t- tests  
for paired data. We considered p va lues  o f  0.05 or 
less as indicative o f  a significant difference be- 
tween awake  and enflurane data. 

RESULTS 

There  were no important  complicat ions  during 
or after the s tudy,  Enflurane 0. I MAC produced a 
state of  pleasant  drowziness  c losely  akin to that 
previously observed with halothane 0, I MAC.  t~ 
Sedation altered nei ther  arterial blood pressure  
nor  pulse rate. Anaes thes ia  reduced systolic 
pressure  modest ly  (average drop 2.7 kPa [20 
torr], from highest  to lowest  systolic value) 
while increasing heart  rate slightly (average 4 
beats/rain).  The  hear t  rate and blood pressure  
responses  to hypoxaemia  and hypercarbia  in 
awake,  sedated and  anaes the t ized  s lates  were 
similar to those  previously  descr ibed,  J 1 

Sedation (0. I MAC) and anaes thes ia  (I.  I and 
1.5 MAC) reduced venti lat ion in a dose-  
dependent  fashion (Table 1, Figure 1). The  effect 
o f  sedat ion was  only slight, but  the effect of  
anaes thes ia  was marked.  With reduction in yen-  
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TABLE I 

VENTILATION AND RESPONSES TO STIMULI DURING EN]FLURANE Ss AND AHAE'rHES1A 

0.1 MAC (n -- 10) 1.1 M A C ( n  = 10) 

Awake Sed'n. Awake Anaes. 

VENTILATION 
(L/rain) 8.0 _+ 0.3 6.9 • 0 .6 t  16.6 _+ 1,7 3.5 + 0 .2 t  
Ps (ton') 37 + 0.8 37 _+ 0.8 43 + 1,2" 47 + 1.4 
Pacoz'(torr) 38 + 1.1 38 ~: 1.1 43 _+ 1,6" 54 • 2 ,1  

CO2 RESPONSE SLOPE 
(L/min/torr) 2.6 + 0.2 2 .0  + 0.31" 1.9 + 0.2 0.7 _+ O . l t  

HYPOXEMIC RESPONSE 
AVt~s (L/rain) 7 .8  • 2 . 5  3 .5  +_ 1 . 0 t  13.7 _+ 3.4 0 , 4  :l: 0.31. 
"A"  (L. tort/rain) 132 _ 30 50 _+ 121" 273 + 83 5 _+ 5~ 

Values are mean + S.E.M, 
Ventilation and Hypoxemic Responses in each state measured at Pc-,oz indicated. 
*Pcoz increased by inhaling CO2. 
tSignificantly different from awake (p < 0.05). 

tilation, tidal volumes were smaller  and breathing 
f requency increased (Figure I). For awake,  0.1, 
I.I and 1.5 MAC states ,  values  of  ventilation 
(mean + S .E .M.)  were 8 . 0 +  0.3, 6.9 +_ 0.6, 3.5 + 
0.2 and 2.9 • 0.5 litres per minute  respectively.  
Tidal vo lumes  for the same  states  were 0.66 -I- 
0.04, 0.53 -I- 0,02, 0.20 ___ 0.01 and 0.15 + 0.02 
litres. Breathing fi-equencies were 12 + _ I, 13 _+ I, 
18 -I- 1 and 20 -t- 2 brea ths  pet" minule,  Enflurane 
anaesthes ia  consistently produced an unique pat- 
tern of  inspiratory flow (Figure 2). Sedation did 
not alter PETco 2 or Paco2; anaes thes ia  (1. l MAC) 
increased both and produced an arterial to end- 
tidal Pr difference of  0.9 kPa (7 tort)  (Table I), 

At  enflurance 1.5 MAC,  there was a profound 
and somewha t  variable depress ion  o f  ventilation, 
with the  result  that it was  difficult to be certain o f  
s teady anaes thet ic  and respiratory s ta tes .  Thus ,  
we can  report  values  of  Pacot and  chemoref lex 
activity for one dose  of anaes thes ia  (I. I MAC) 
only.  

Accompany ing  the reduction in ventilation 
during sedation and anaes thes ia  there was a 
dose-rela ted impai rment  o f  the carbon dioxide 
response  slope (Table I, Figure 3) and dose-  
related and marked depress ion of  the reflex re- 
sponse  to hypoxaemia  (Table I, Figure 4), Seda- 
tion reduced both indices o f  response  to 
hypoxaemia  to less than one half  o f  awake  values  

FIGURE I Inspired ventilation and its components, 
tidal volume and breathing frequency (breaths/minute), 
of subjects awake and at three doses of  enflurane -0 .  I ,  
I. 1 and 1.5 MAC. Values depicted are means -t- S.E.M. 
Data representing the awake state are those of the 
sedated group of subjects only. 
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FIGURE 2 Comparison ofinspiralory flow patterns 
of a subject anaesthetized with halothane I, I MAC and 
another anaesthetized with enflurane 1. I MAC. During 
halothane anaesthesia there was the usual sinusoidal 
pattern ofinspiratory flow. Enflurane typically caused a 
slower and somewhat variable deceleration fi'om peak 
inspiratory flow. Note thai the slower respiratory fre- 
quency associated with enflurane was due to prolonga- 
tion of both inspiratory and expiratory phases, 
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FIGURF. 3 Ventilatory responses to carbon dioxide 
of subjects awake and at enflurane O. I MAC and I. I 
MAC. Dots represent mean values of ventilation (with 
S.EM.) at mean resting Paeoz. Lines depicting mean 
slopes of ventilation: Pcoz relationships extend from 
the resting points. The awake state is represented by 
data collected from the sedated group of subjects only. 

and anaesthesia nearly abolished them. Due to 
the intolerance of  most awake subjects to the 
magnitude of hypercarbia which had been pres- 
ent during their anaesthetic, we failed to compare 
awake and anaesthetic values of ventilation and 
response to hypoxaemia at the same level of 
Paco2 (Table I). 

The response to doxapram of four subjects 
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FIGURE 4 Ventilatory responses to isocapnic 
hypoxaemia daring (A) enflurane sedation (0.1 MAC) 
and (B) enflurane anaesthesia (I. I MAC), along with 
their awake controls. Each response is represented by 
mean values of ventilation (_+ S,E.M.) at PI:To2 53,2, 
13.3, 9.3 and 6.0 kPa (400, 100, 70 and 45 torr) and lines 
h a n d  d r a w n  t h r o u g h  l h e s e  p o i n l s .  S e d a t i o n  a n d  a w a k e  

data were collected at an identical mean Pa~,a~, 5. I kPa 
(38 torr), but anaesthesia and awake responses were at 
markedly different Paco2, 7.2 and 5.7kPa (54 and 
43 tort) respectively. 

while sedated was 5,9 +_ 2.7 I/rain (mean + 
"S.E.M.), compared to 16,4 -I- 3.3 I/rain while 
awake (p < 0.05). The same response of three 
anaesthetized subjects was only 0.7 __. 0.2 I/rain 
(mean + S.E.M.), a value markedly less than 
when awake ( 15.9 -/- 2.3 l/rain) p < 0.02). 

To compare the activity of each chemoreflex 
during sedation and anaesthesia (that is at 0. I and 
I, I MAC), we constructed a bar diagram depict- 
ing the responses in each state as a percentage of 
control or awake (see Figure 5). The response to 
carbon dioxide was represented by the slope of 
the ventilation: Pco, relationship, the response to 
hypoxaemia by the ~.~/145 and the response to 
doxapram by the maximum increment in instan- 
taneous ventilation. The diagram illustrates that 
sedation and anaesthesia had a more potent im- 
pact on response to hypoxaemia and doxapram 
(sedation p < 0.05; anaesthesia p < 0.01). 



FIGURE 5 The relative activity ofeach chemoreflex 
tested at enflurane 0. I MAC and I. I MAC, expressed as 
a per cent of awake. The index used to t~pres=nt each 
reflex is stated in the text. Sedation and anaesthesia 
reduced all three responses and particularly those to 
hypoxaemia and doxapram. Note that during anaes- 
thesia, the response to hypoxaemia was nearly 
abolished. 

DISCUSSION 

Like halogenated anaesthet ic  agents  in general  
in man,  enflurane reduces  total and alveolar  ven-  
tilation and alters the pat tern o f  breathing to small  
vo lumes  and increased f requencies .  'a . '2. '~ Its 
overall venti latory impact  is profound.  In light 
anaes thet ic  concent ra t ions  without  surgical 
s t imulat ion,  enflurane fi 'equently increases  Paco2 
to 8.0 kPa (60 rot'r) or" more.  a The  purpose  o f  this 
work was to descr ibe the  impact  o f  enf lurane on 
central and peripheral chemoref lexes  funda-  
mental  to-regulat ion of  breathing,  the ventila- 
tory responses  to hypercarbia  and isocapnic 
hypoxaemia .  

Exper imental  condi t ions in our  s tudy  were 
identical for awake and sedated s ta tes ;  subjects  
sat in a chair ,  breathed th rough  a mouthpiece  and 
were eucapnic.  However .  there were several  
added variables dur ing  anaes thes ia .  Anaes-  
thetized subjects  were supine ,  their  t racheas  
were intubated,  they  had received th iopentone  
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during induction and Paco~ was increased (Table 
I). We doubt that these addit ional l%tctors reduced 
the significance of  the differences observed be- 
tween the awake  and  anaes the t ized  s la tes .  The 
supine  posit ion does  not influence ventilation or 
the response  to carbon dioxide in the awake 
state "'4 our  dose  o f t h iopen lone  (I to 2 rag. kg - ' )  
has  no discernible effect  on venti latory cont ro l ; ' s  
tracheal intubation with an 8 m m  or  9 mm pro- 
tracheal tube does not alter chemoref lex  activity 
during light halothane anaes thes ia ;  4 and differ- 
ence in Pep :  be tween the awake  and anaes-  
thetized s ta tes  would only underes t imate  the im- 
pact of  enflurane on the isocapnic  responses  to 
hypoxaemia ,  s 

To  compare  ventilation and venti latory re- 
flexes, we wished to s tudy  reasonably  s teady  and 
definable s ta tes ,  with respect  to respiratory vari- 
ables  and enflurane effect. We defined a 
" s t e a d y - s t a t e "  as cons tan t  va lues  o f  end-tidal 
carbon dioxide and end-tidal enf lurane ove r  at 
least  ten minutes  during which both inhaled 
enfiurane concent ra t ion  and minute  venti lat ion 
were unchanged .  " 'S teady-s ta tes"  were achieved 
quickly in awake  subjects  and  after  approxi-  
mately 20 and 45 minutes  o f  enflm'ane inhalation 
in sedated and anaes the t ized  subjects  respec-  
tively. The longer period to stabilize the 
anaes thet ic  state was made necessa ry  by 
hypovent i la t ion and the higher  levels o f  carbon 
dioxide.  

We employed s teady end-tidal concent ra t ions  
of  enflurane, conver ted  to mult iples  of  MAC,  as 
es t imates  o f en f lu r ane  dose .  Our  a s s u m e d  value 
o f  1.68 per  cent  for MAC may  not be precise for 
heal thy 20- to 30-year-old subjects .*  However ,  a 
small  er ror  in MAC value would not invalidate 
the  interpretat ions which follow. 

In agreement  with Calverley,  e t  a l . ,  we found 
that  enflurane 1 .0-I . I  MAC causes  greater  ,'e- 
duct ion in ventilation and e levat ions  o f  Paeoz than 
equi -anaes thet ic  concent ra t ions  o f  haiothane,~'~ ~ 
me thoxyf lu ranC a or  isoflurane. ~9 At enflu,~lne 
doses  above 1.5 MAC,  subjects  rapidly become 
totally apnoeic.  Not unexpectedly ,  surgical 
s t imulat ion considerably a t tenua tes  this ventila- 
tory depressan t  effect;  2~ when  surgery  is insti- 
tuted early in the cou r se  o f  an  enflurane 
anaes the t ic ,  Pacoz may  even be normal ,  z' It is 

*Calverley assumed the MAC values for young 
adults to be 1.86 per cent; -~ our recent unpublished 
observations of ten 20- to 30-year-old subjects equili- 
brated with enflurane for one hour sugges! a MAC value 
of 1.55 per cent. 
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interest ing that a lengthy (7 hour)  exposure  to 
enflurane also a t t enua tes  venti latory depres-  
sion. ~ 

Compar ing  I.I MAC doses  o f  enflurane and 
hothane .  4 we noted that,  notwi ths tanding the 
greater  vent i la tory depress ion  with enflurane,  
tidal vo lumes  with each agent  were very similar. 
Calver ley ,  et aL obse rved  the  s a m e )  The  lesser  
rate o f  breathing with ent]urane was due to longer 
inspiratory and expira tory  t imes,  the  former  
coupled with a unique pat tern of inspiratory flow 
with a more  gradual  and variable decelerat ion 
fi'om peak flow (Figure 2). (The  m e c h a n i s m s  o f  
flow profiles and respiratory cycle  t iming are not 
unde.-stood in man ,  either awake  or anaes-  
thetized,Z2) 

To test the dominan t  reflex in normal  metabolic 
regulation o f  venti lat ion,  the  " c e n t r a l "  or  
medul lary  chemorecep to r  media ted r e sponse  to 
carbon dioxide (H+), we increased carbon 
dioxide levels  in o u t  subjects  by the  Read re- 
breathing technique .  This  method  mainta ins  a 
cons tan t  relat ionship be tween  the " m e a s u r e d "  
s t imulus  (change in circuit  ca rbon  dioxide) and 
t h e " a c t u a l "  s t imulus  (change i n medul lary  t i ssue 
carbon dioxide).  7 despi te  vat-ialions in cerebral  
blood flow, cerebral  blood f low response  to car- 
bon dioxide and cerebral  metabolic  rate,  all of  
which a c c o m p a n y  anaes thes ia ,  za On this basis .  
we believe the Read technique  to be preferred 
over  convent ional  s teady-s ta te  me t hods  for 
s tudying  the  impact  o f  anaes thes ia  on the  carbon 
dioxide response .  Like o ther  halogenated hy- 
drocarbons ,  17"Is enf lurane displaced the carbon 
dioxide response  curve  to the right and di- 
minished its slope, in a dose-re la ted  fashion 
(Table I. Figure 3). 

The " 'peripheral" chemoreceptor reflex sys- 
tem, with receptors located in carotid bodies, 
plays only a minor role in the normal metabolic 
regulation of ventilation, but mediates the whole 
venti latory response to both acute hypoxaemia 
and moderate metabolic acidaemia. To test this 
system, we exposed subjects to a control]ed 
period of isocapnic hypoxaemia and a dose of 
doxapram believed to drive ventilation by an ac- 
tion on peripheral chemoreceptors alone. T M  The 
limitations of our methods have been previously 
described; 4 in particular, it is to be noted that 
hypoxaemic  tests  were  progress ive  and brief and 
that results  cannot  necessar i ly  to extrapolated to 
lengthier  hypoxaemic  s t resses .  Enflurane anaes-  
thesia  ( l , I  MAC)  near ly  abol ished reflex re- 
sponse s  to both hypoxaemi a  and  doxapram and 
sedat ion reduced them to less than half  o f  awake  

responses  (Table I, Figure 4). These  responses  
mediated by peripheral chemorecep to r s  were 
impaired more  than the central carbon dioxide 
(H +) response  (Figure 5) and,  in that respect ,  
enflurane was  similar to h a l o t h a n e :  Further-  
more,  during both enflurane and halothane 
anaes thes ia ,  hypoxaemia  produced  an identical 
change in pat tern of  breathing - smal ler  tidal vol- 
u m e s  and increased breathing rates.  During 
halothane,  the hypoxaemia- induced  reduction in 
tidal volume was due  to a selective loss in the 
contr ibut ion of  rib.-cage expans ion ;  2s whe the r  
enflurane has  the  same effect is not  known,  Pos- 
sible mechan i sms  of  selective anaes the t ic  effects  
on peripheral chemorecep to r -med ia ted  reflexes 
were descr ibed in our  previous  report.  

We are aware of  one previous  s tudy  of  the  
impact  of  enflurane on vent i ia tory chemoref lex  in 
awake and anaes thet ized dogs.  26 Enflurane re- 
duced  responses  to both hypercarbia  and 
hypoxaemia ,  but there was no apparent  select ive 
effect on either.  It is interest ing that  the  same 
species-related difference exis ts  be tween man  
and dogs anaes thet ized  with halothane.  4 

A number  o f  observat ions  suppor t  our  conten-  
tion that  inhalation anaes the t ics  are not  s imply 
non-specific venti latory depressan t s  in man,  but 
have  selective and potent  act ions  on particular 
mechan i sms  of  breathing control.  Halothane  
disproport ionately impairs  severa l  peripheral 
chemorecep to r  medialed reflexes,  Ihe responses  
to h y p o x a e m i a :  hyperoxaemia ,  2v low dose 
doxapram,  4 peripheral chemorecep to r  mediated 
hypercarbia ,  27 metabolic ac idaemia  ~s and 
ac idaemic-hypoxaemic  interaction,  zs The  pres- 
ent  work indicates a similar effect  o fenf lu rane  on 
responses  to hypoxaemia  and low-dose doxa-  
p r im .  Anothe r  venti latory reflex, the non- 
chemical ly mediated r e sponse  to mechanical  
loading, is selectively depressed  by me-  
thoxyflul-ane. 29 Light ha lo thane  anaes thes ia  
may  reduce overall ventilation by an isolated ef- 
fect on the rib-cage contr ibut ion to venti lat ion,  
leaving the d iaphragm contr ibut ion unaffected;  a~ 
light methoxyf lurane  anaes thes ia  may  reduce  
ventilation by selectively increasing the  impe- 
dance  o f  the venti latory pump,  leaving 
neu romuscu la r  drive to breathe  unimpaired.  2y 
Taken  together,  these  observa t ions  suggest  sev- 
eral selective act ions o f  ha logenated  anaes the t ics  
on the numerous  reflexes involved in control  of  
breathing in man.  

Clinical implications of the  present  work i'elate 
only to the  condit ions s tudied;  that is, to fit young  
subjects  inhaling enflurane to s t eady  anaes the t ic  
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sta tes ,  without  surgical s t imulation.  The  poten-  
tial implicat ions of  reduced alveolar  ventilation 
are well known;  these  are hypercarbia ,  hy- ~'I 
poxaemia  and delayed induct ion and emer-  VT 
gence from anaes thes ia .  The latter may explain f 
the recent  observat ion that,  despi te  a lower [H+]a 
b lood-gasso lub i l i tycoef f i c ien t , r a tesof induc t ion  Paco2 
and emergence  may be no more rapid with PETco2 
enflurane than with halothane.  3t A reduced yen-  PETo= 
tilatory response  to added carbon  dioxide implies A'~t 
a reduced ability to compensa t e  for inhaled car- AX"=43 
bon dioxide with increased Pacoa at a given Ftco2, 
whe the r  the inhaled carbon dioxide originates 
exogenous ly  or  endogenous ly ,  as by rebreathing.  
An absent  venli latory response  to hypoxaemia  
means  loss o f  a vigorous homeosta t ic  mechan i sm  
which normally defends  arterial oxygenat ion.  

SUMMARY 

Enflurane sedat ion and anaes thes ia  in heal thy 
fit subjec ts  reduced ventilation and the response  
to carbon dioxide,  hypoxaemi a  and a low dose  o f  
doxap ram,  all in a dose-rela led fashion.  Com-  
paring the three chemoref lexes  tested,  the re- 
sponse  to hypoxaemia  and doxapram were the 
more profoundly  impaired; they were nearly 
totally abolished by anaes thes ia .  These  effects  of  
enflurane on chemoref lex  activit ies are qualita- 
t ively similar to those  previously  observed  with 
halothane.  

RI-~SU Mg 

L 'enf lurane  ~ concent ra t ions  s6dat ives  et 
anes th~s iques  produit  une diminution de la ven-  
tilation et d~prime la rEponse reflexe h I 'hyper-  
carbie, b. rhypoxEmie  ainsi que celle ~ une petite 
dose de doxap ram,  le tout de fad:on propor- 
tionnelle ~ la concent ra t ion  inhal~e. Ce spat  les 
r6flexes ~ I 'hypoxie  et au doxapram qui spat  les 
plus touches :  ils sont  p ra t iquement  abolis par 
I 'anesthdsie  h I 'enflurane.  Ces  effets spat  qualita- 
t ivement  similaires ~a ceux obse rves  avec 
I 'halothane.  
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ABBREVIATIONS 

"~ 

Flops 

B.T.P .S .  

S.D. 
S .E ,M.  

inspired minute  venti lat ion 
inspired tidal vo lume 
fi 'equency of  breathing (breaths /min)  
arterial hydrogen ion activity 
arterial carbon dioxide tens ion  
end-tidal carbon dioxide tension 
end-tidal oxygen  tension 
change o f  inspired minute  ventilation 
isocapnic change  of  inspired minute  
venti lat ion from hyperoxia  to a PETo2 
of6.O kPa (45 torr) 
calculated variable o f  hypoxic  respon-  
s iveness  (see METHODS) 
fi-actional concent ra t ion  of  inspired 
carbon dioxide 
body tempera ture  and ambient  pres- 
sure  sa tura ted  with water  vapour  
s tandard  deviat ion 
s tandard  error  o f  the mean  
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