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ABSTRACT 

Ninety-nine unselected patients were given a standardized general anaesthetic with fentanyl 
1.5 rag' kg -~ every 30 minutes and were randomly divided into three equal Groups: Group 1 
patients received naloxone 0. I mg, Group It naloxone 0.2 mg, and Group III naloxone 0.4 rag, 
at the end of operation and after the reversal of neuromuscular blockade. After administration 
of naloxone systolic blood pressure increased by 4, 8 and 7 per cent and mean arterial blood 
pressure increased by 3, 8 and 8 per cent in Groups I, II and III respectively; heart rate 
increased by 4, I 1 and 8 per cent and rate-pressure product increased by 7, 18 and 15 per cent 
in Groups 1, II and Ill respectively. Tidal volume increased by 97, 101 and 95 per cent and 
minute volume increased by 122, 164 and 143 percent in Groups I, II and III respectively after 
naloxone. Forty-nine percent of patients had a tidal volume of less than 5 ml. kg -~ ora minute 
volume of less than 50 ml. kg -~ before adminislration of naloxone; after naloxone three 
patients in Group I (naloxone 0. I rag) had a tidal volume of less than 5 ml. kg-~ and no patient 
had a respiratory minute volume of less than 50 ml. kg-L It is concluded that under the 
conditions of this study naloxone 0. I mg is adequate to reverse the respiratory depressant 
effect of fentanyl in the majority of cases. 

IN RECENT YEARS there has  been a resurgence  of  
interest  in narcot ic-supplemented general  
anaesthesia .  At the present  t ime fentanyl  enjoys  
much  popularity due to its advantageous  phar- 
macological properties,  particularly its potency,  
lack of  cardiovascular  side effects and rapid onse t  
of  action.~ Fur ther ,  post-anaesthet ic  respiratory 
inadequacy may easily be reversed with 
naloxonc.  :-5 

The  present  s tudy was designed to determine 
the effect of  varying doses  of  naloxone on the  
circulation and respiration after low-dose 
fentanyl-ni t rous oxide: oxygen anaes thes ia ,  with 
intermit tent  positive pressure  ventilation, for a 
wide range of  operative procedures .  

PATIENTS AND METHODS 

Ninety-nine unseleeted patients  took part in 
this s tudy,  undergoing a wide variety of  operat ive 
procedures  and all had their weight,  height,  age, 
habi tus  and A.S.A.  physical  s tatus recorded 
preoperat ively.  

The  s tudy was approved by the Ethics  Com- 
mittee and the Research  and Special Services 
Commi t tee  of  the Univers i ty  of  Alberta Hospital ,  
Edmonton ,  and all patients were visited by the 

J.G. Purdell-Lewis, M.B., B.S., F.R.C.P.(C), De- 
partment of Anaesthesia, University of Alberta Hospi- 
tal. Edmonton, Alberta, T6G 2B7. 

author  preoperat ively and gave verbal consen t  
before being included in the s tudy.  

Premedicat ion was with oral d iazepam,  given 
two hours  preoperat ively,  at 7.5 mg for pat ients  
under  50 kg weight and 10.0 mg for those  over  50 
kg. 

Anaes thes ia  was induced with fentanyl  1.5 
lag' kg -~ . followed by th iopentone 3 -5  mg .  kg -~ 
in t ravenously  and an in t ravenous  neu romuscu la r  
blocking agent  to facilitate la ryngoscopy and 
tracheal intubation. Anaes thes ia  was maintained 
with nitrous oxide: oxygen  and in t ravenous  fen- 
tanyl 1.5 lag' kg -~ every half-hour.  Most  pat ients  
received pancu ron ium bromide and the remain- 
der d- tubocurare  or succinylchol ine chloride. 
Ventilation was by intermit tent  posit ive pressure  
through a Bain circuit or circle sy s t em without 
carbon dioxide absorpt ion.  Tidal vo lume was set 
at 10 ml .  kg - t  and rate at 10 to 12 brea ths  per  
minute.  

Monitoring in the operat ing room included the 
electrocardiogram displayed on an osci l loscope 
(Tektronix 412 Monitor),  blood pressure  ob- 
tained by auscul ta t ion,  inspired oxygen  concen-  
tration (Ohio Model 200 Polarographic Oxygen  
Monitor) and arterial or ar ter ia l ized-venous 
blood gas  de terminat ions  (IL Model 513 
pH/Blood Gas Analyzer) .  Tidal volume and mi- 
nute vo lume were measured  (Medishield Wright  
Respirat ion Monitor) and the degree of  
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neuromuscular blockade was monitored by 
peripheral nerve stimulator. 

The inspired oxygen concentration was ad- 
justed to maintain Pao2in the range 13.3-19.9 kPa 
(100-150 mm Hg) and total fresh gas flow ad- 
justed to maintain Pacoz in the range 4.79-5.85 
kPa (36-44 mm Hg). 

Supplemental thiopentone was administered 
intravenously in 50 mg increments if anaesthesia 
was judged to be too light, as defined by sweating, 
tearing, or a systolic blood pressure more than 
2.66 kPa (20 mm Hg) above the pre-induction 
pressure for five or more minutes. 

At the close of  the operation neuromuscular 
blockade was reversed with neostigmine and at- 
ropine in the pancuronium and curare cases. 
Following this the nitrous oxide was discontinued 
with the patient undisturbed and ventilation con- 
tinued with oxygen alone for five minutes. At the 
end of this time heart rate, blood pressure and 
spontaneous tidal volume and minute volume 
were measured for each patient. During this 
period the gas flow was adjusted to maintain nor- 
mocapnia and ventilation was by intermittent 
positive pressure whilst the patient was apnoeic. 

The patients were then divided randomly into 
three Groups of  thirty-three patients each; Group 
1 patients were given naloxone 0.1 mg intraven- 
ously, Group It patients were given naloxone 0.2 
mg and Group III patients were given 0.4 rag. 
Ventilation was continued by intermittent posi- 
tive pressure while the patient was apnoeic and 
was changed to the spontaneous mode once the 
patient 's  own ventilatory activity returned. After 
two to three minutes, heart rate, blood pressure,  
tidal volume and minute volume were again mea- 
sured. The patients were then transferred to the 
recovery room when ventilation was adequate. 
Adequate post-anaesthetic ventilalion was 
defined as a tidal volume of  5 ml. kg -t  or more 
and a minute volume of  50 ml. kg -1 or more. 

Statistical analysis was provided by the Com- 
puting Sciences Division of  the University of Al- 
berta using the Statistical Package for the Social 
Sciences programme. P was determined by 
one-way analysis of variance or Student 's  t-test 
for paired samples and was considered significant 
at 0.05 or less. 

RESULTS 

The Distribution of operative procedures is 
shown on Table I. 

The control data for each of the three groups 
are shown on Table I1 and there is no significant 

TABLE I 

DISTRIBUTION OF OPERATIVE PROCEDURES 

Group I Group 1I GroupllI  

Intra-Abdominal 16 19 19 
Surface 4 1 4 
Laparoscopy 2 2 1 
Orthopaedic 6 5 6 
Vascular 

abdominal 1 0 0 
peripheral 0 2 0 

Pelvic 2 2 0 
Abdominal wall 2 2 3 

Total 33 33 33 

difference among the groups apart from age. 
where Group III patients are significantly 
younger than Group I patients (0.05 > p > 0.02). 

Seventy-nine per cent of  patients in Group I, 76 
per cent of patients in Group II and 82 per cent of 
patients in Group III (overall 79 per cent of  the 99 
patients) received supplemental thiopentone for 
signs of light anaesthesia. 

Circulation 
Blood pressure. Blood pressure was recorded 

both as systolic and mean arterial pressures. 
There were no significant differences among the 
groups with respect to pre-induction, pre- 
naloxone and post-naloxone blood pressures. 
Comparing pre-naloxone with pre-induction 
systolic blood pressures there was a slight drop, 
ranging from 1 to 6 per cent,  and a 0 to 5 per cent 
drop in mean arterial blood pressure. Comparing 
post-naloxone to pre-naloxone systolic blood 
pressures there were significant increases in all 
groups: four per cent in Group I, eight per cent in 
Group II, and seven per cent in Group III; mean 
arterial pressures increased by three, eight, and 
eight per cent in Groups I, 1I and I11 respectively 
and the increases were significant in Groups II 
and 1II (Table 111). 

Heart rate. There was no significant difference 
in heart rate among the groups before or after the 
naloxone administration; however,  there was an 
increase in each group after naloxone adminis- 
tration, which was significant in Groups II and 111 
the increases being 4, 11 and 8 per cent for Groups 
I, II and III respectively (Table III). 

Rate-pressure product. The rate-pressure 
product was determined by multiplying the heart 
rate by the systolic blood pressure; this increased 
by 7, 18 and 15 per cent in Groups I, II and III 
respectively after the administration of naloxone 
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TABLE H 

CONTROL DATA 
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Group I (33 patients) Group 11 (33 patients) Group III (33 patients) Notes 

Mean S.D. Range Mean S.D. Range Mean S.D. Range 

A.S.A. status 1.7 0.8 1-3 

Weight in kg 65.5 10.6 41.0- 
92.0 

Habitus 2.2 0.6 I-4 

Duration of 
anaesthesia 108 55 25-235 

Paco2inkPa(mmHg) 4.92(37 ) 0.40 3.40- 
5.58 

Age in years 52 17 15-80 

Supplemental 
thiopentone (rag) 92 69 0-250 

Fentanyl dosage 
!.tg.kg -~ 5.6 2.5 1.5- 

12.2 

lag.kg- ' . h r - '  3.3 0.5 2 .7-  
4.5 

Sex Distribution, 
per cent Male 27 Female 73 

1.6 0.7 1-3 1.5 0.6 1-3 1 

65.4 10.6 48.0-  67.2 10.4 52.0- l 
84.0 91.0 

2.1 0.6 1 4  2.2 0.7 1~* 1,2 

126 57 30-275 97 32 45-200 1 

5.05 (38) 0.27 4.52-  4.92 (37) 0.27 4.52- 1 
5.85 5.72 

47 18 18-79 40 12 19-59 3 

104 89 0-250 98 96 0--400 1 

6.5 2.7 1.4- 5.3 1.4 2 .7-  1 
13.2 7.7 

3.2 0.4 2 .7-  3.4 0.5 2 .2-  l 
4.7 4.5 

Male 36 Female 64 Male 27 Female 73 1 

Notes: 1. No significant difference among the Groups. 
2. Habitus: 1, slim build; 2, normal build; 3, obese build; 4, grossly obese build. 
3. Significant difference between Groups 1 and 11[ (0.05 > p > 0.02). 

20 -  

8*3 
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% Change 

O" 

Na,oxona n,g 6 o'.I o'.2 0:4 
Group Control I II III 

F,OURE I Systolic blood pressure changes. 

and the increases  were significant in Groups  I1 
and III (Table III). 

Respiration 
Tidal i,olume. There was no significant differ- 

ence among  the groups before naloxone and 56, 
48 and 44 per cent  of  patients in Groups  I, I1 and 
III respect ively had tidal vo lumes  of  zero to 5 
ml .  kg -I .  

After  the adminis t ra t ion of naloxone there was 

a significant difference be tween  Group [ and 
Groups  II and 1II. In all groups  mean tidal vohime 
virtually doubled and all pat ients ,  except  one in 
Group I, had a tidal vo lume greater  than 5.0 
m l . k g  -~. The  increases  were significant in 
Groups  I and III (Table IV). 

Three  patients in Group  I needed a supple-  
mental  dose of  naloxone 0.1 mg in t ravenously  to 
produce clinically adequate  ventilation (fentanyl 
doses  3.0, 6.0 and 7.2 lag .kg- ' ) .  These  patients  

20" 

10" 

% Change 

O" 

8*3 8*2 

Y 
Nal . . . . . .  g 0 0'.I 0'.2 (~,4 

Group Control I II III 

FIGURE 2 Mean arterial blood pressure changes. 
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TABLE Ill 

CARDIOVASCULAR CHANGES 

Pre- Pre- Post- 
Induction Naloxone Naloxone 

Mean S.D. Mean S.D. Mean S.D. 

Post- Pre- 
Naloxone Difference 

Per cent 
Mean S.D. change Notes 

Systolic blood pressure in mm Hg 
Groupl  (Nal. 0.1 rag) 128 21 120 22 
Group ][ (Nal. 0.2 rag) 127 23 123 22 
Group IlI (Nal. 0.4 rag) 121 16 120 18 

Mean arterial blood pressure in mm Hg 
Group I (Nal. 0.1 mg) 97 12 92 16 
Group l[ (Nal. 0.2 mg) 94 14 93 14 
Group 11I (Nal. 0.4 mg) 92 11 92 12 99 

Heart rate per minute 
Group I (Nal. 0.1 mg) 71 18 74 
Group 1[ (Nal. 0.2 rag) 73 17 81 
Group llI (Nal. 0.4 mg) 79 22 85 

Rate-pressure product 
GroupI (Nal. 0.1 mg) 8652 2880 9297 
Group 11 (Nal. 0.2 mg) 9082 2926 10573 
Group II[ (Nal. 0.4 rag) 9522 3215 10961 

125 22 +5 11 +4  1,2 
133 24 +10 11 +8  1,3 
129 19 +9 8 +7  1,3 

95 15 +3 8 +3 1,4 
100 15 +7 8 +8  1,3 

12 +6  6 +8 1,3 

17 +2  10 +4  1,4 
21 +7 14 +11 1,5 
22 +7 12 +8 1,5 

2790 + 645 1828 + 7 4 
3505 +1671 2080 +18 3 
3295 +1439 1681 +15 3 

Notes: 1, No significant difference among Groups I, II, and llI  Pre-induction, pre-naloxone and post- 
naloxone. 

2. Significant post- pre-naloxone increase (0.02 > p > 0.01). 
3. Significant post- pre-naloxone increase (p < 0.001). 
4. Non-Significant post- pre-naloxone increase. 
5. Significant post- pre-naloxone increase (0.01 > p > 0.001). 

20, 

10 

%Change 

o 

11R5 

Naloxone mg 0 0'.1 0:2 6.4 

Group Control I II III 

FIGURE 3 Pulse rate changes. 

remained in Group I for statistical purposes .  One 
patient in Group II received naloxone 0.2 mg and 
physos t igmine  2.0 mg in the recovery room (fen- 
tanyl dose 8.6 lag- kg-l) .  

Minute volume. There  was no significant dif- 
ference among  the groups pre-naloxone,  but 
post -naloxone Group I was significantly different 
from Groups  II and III. Compar ison  within the 
groups showed that mean  minute volume more 
than doubled after the administrat ion of  

naloxone,  the increases being significant in 
Groups  I and 1II. 

Before the administration of naloxone,  minute 
volume was zero to 50 ml- kg -~ in 44 per cent  of  
Group I, 39 per cent  of  Group I1 and 34 per cent  of 
Group III patients.  After  the administration of 
naloxone no patient had a minute volume of  less 
than 50 ml- kg - t  (Table IV). 

Respiratory rate. There was no significant dif- 
ference in respiratory rate among the groups,  

20 

10 

% Change 

o 

18• 

Na, . . . . .  . g  6 0'.1 O'.2 o:4 
Group Control I II In 

FIGURE4 Rate-pressure product changes, 
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TABLE IV 

RESPIRATORY CHANGES 
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Group I Group 1I Group III 
Naloxone 0.1 mg Naloxone 0.2 mg Naloxone 0.4 mg 

Pre-nal. Post-nal. Pre-nal. Post-nal. Pre-nal. Post-nal. Notes 

Tidal volume ml.kg- 
Mean 4.4 8.6 (1) 5.3 10.7 (2) 5.2 10.2 (3) 4, 5 
S.D. 4.0 2.6 4.5 4.7 3.4 3.1 

< 5 ml.kg -t 56 3 48 0 44 0 
increase post-nal. 97 101 95 

Minute volume ml.kg- 
Mean 61 136 (3) 70 185 (2) 75 182 (6) 4, 7 
S.D. 54 43 59 84 52 55 

< 50 ml.kg -~ 44 0 39 0 34 0 
7o increase post-hal. 122 164 143 

Respiratory rate.min- 
Mean 10 16 (2) 10 17 (2) 13 18 (2) 4 
S.D. 7 4 8 5 8 6 
~o < 10 41 3 39 0 28 3 
7o increasing after Nal. 75 79 78 
7o Decreasing after Nal. 25 21 22 

Notes: 1. Significant post- pre-naloxone tidal volume increase (0.02 > p 0.01). 
2. Non-significant post- pre-naloxone tidal volume, minute volume and resp. rate increase. 
3. Significant post- pre-naloxone tidal and minute volume increase (p = 0.001). 
4. No significant difference among the groups for pre-naloxone tidal and minute volume and resp. rate. 
5. Significant difference between Group I and Groups II and llI  post-naloxone (0.05 > p > 0.02). 
6. Significant post- and pre-naloxone minute volume increase (0.05 > p > 0.02). 
7. Significant difference between Group I and Groups ]I and III post-naloxone (0.005 > p > 0.001). 

2 0 0 -  

150- 

100- 

% Change 

50 -  

O" 

164t8 

I~  . . . . .  m90 O'.1 0'.2 4 4  

~rOap Control I II nl 

FIGURE 5 Tidal volume and minute volume changes. 

ei ther before or after naloxone.  In each group 
there was a trend toward an increase in rate after 
the adminis t ra t ion of  na loxone  which was not  
significant; approximate ly  75 per  cent  of  pat ients  

in each group had an increased rate, while the rate 
was reduced in the remaining 25 per cent.  

In Group I, 41 per cen t  had a rate o f  zero- 
10- rain -~ pre-na loxone  and 3 per cent  had a rate 
of  less than 10. min ' pos t -na loxone;  the figures 
for Group  II are 39 and 0 per cent  respect ively ,  
and for Group  III, 28 and 3 per  cent  respect ively  
(Table IV). 

Addendum. Two pat ients  in the  series received 
volatile agents  for a short  period after  induction.  
One patient was given enflurane for the manage-  
ment  of  hyper tens ion ,  the pre- induct ion pressure  
of  19.95/11.97 kPa (150/90 m m  Hg) being at the  
high end of  the blood pressure  range;  and one 
pat ient  received ha lo thane  for post - induct ion 
b ronchospasm.  

DISCUSSION 

Adequacy of anaesthesia. The protocol  of  the 
s tudy included light premedicat ion with oral 
d iazepam reinforced by the preoperat ive  visit and 
d iscuss ion  with the  pat ient  by the au thor ,  and the 
only narcotic analgesic adminis tered during the 
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anaesthesia was fentanyl. Overall 79 per cent of 
the patients in this study received supplemental 
thiopentone and, in the majority of cases, it was 
required to attenuate the hypertensive response 
to surgical stimulation which occurred during the 
early stages of the operation when surgical 
stimulation may be at its highest and total dose of 
fentanyl low. This study shows that, with the 
fentanyl dosage used, anaesthesia was in- 
adequate during the early stages of the operation 
and this may be obviated by increasing the fen- 
tanyl dosage or using low concentrations of vol- 
atile anaesthetic agents or supplemental thio- 
pentone. 

E f f e c t  o f  n a l o x o n e  on the c i rcu la t ion .  When the 
cardiovascular changes are considered together it 
is seen that under Ihe conditions of this study the 
increases in blood pressure, heart rate and rate- 
pressure product were maximal in Group II (that 
is, after naloxone 0.2 rag) and they did not in- 
crease further or even decreased when the 
naloxone dose was increased to 0.4 mg. 

The rate-pressure product is a useful index of 
left ventricular oxygen consumption. Evans and 
Matsuoka 6 and Starling and Visscher 7 showed 
that oxygen uptake in the heart-lung preparation 
is influenced by changes in intraventricular pres- 
sure and heart rate. Later, both Laurent, et al. a 
and Welch, et al. 9 demonstrated a linear correla- 
tion between minute oxygen consumption and 
mean systolic arterial pressure x heart rate in the 
isolated heart and this finding was confirmed in 
the intact dog by Neil, et al. io Thus the increases 
in rate-pressure product caused by naloxone and 
noted in this present study may be taken to reflect 
increases in myocardial oxygen consumption. 

The observed cardiovascular changes in- 
duced by naloxone may be harmful to patients 
who have a diminished cardiac reserve and 
Flacke, et al. '~ report an instance where a patient 
developed acute pulmonary oedema after rever- 
sal of morphine anaesthesia with naloxone 0.4 
rag; the patient was elderly and had undergone 
mitral valve replacement and coronary artery 
by-pass graft. No overt cardiovascular morbidity 
was noted in our study although the mean rate- 
pressure product increased by up to 18 per cent 
and in one patient in Group II it increased by 140 
per cent. 

The results obtained in this study are similar to, 
though of a much lesser order than, those re- 
ported by Desmonts, et al. n2 who used 
phenoperidine as the narcotic analgesic and 
naloxone 1.5 + 0.25/.tg. kg -j.  They found that the 
heart rate increased by 31 per cent, mean arterial 

blood pressure by 21 per cent and the rate- 
pressure product by 77 per cent. In terms of 
hourly dosage the patients in this study and in that 
of Desmonts received similar doses of fentanyl 
on a potency basis; however, the total 
phenoperidine dose is not given.* The method of 
measuring the circulatory changes between the 
studies was different; in our study "spot"  blood 
pressure readings were taken with a sphyg- 
momanometer and cuff and "spot"  heart rates 
were taken from the electrocardiogram on the 
oscilloscope; Desmonts, et al. used invasive 
blood pressure monitoring and recorded both the 
blood pressure trace and electrocardiogram on a 
four-channel recorder: these differences in 
monitoring and recording are unlikely to account 
for the differences observed between the two 
studies. The great majority of patients in this 
study received a neostigmine-atropine mixture to 
reverse residual neuromuscular blockade, whilst 
Desmonts' patients were given no neostigmine. 
The muscarinic effects of neostigmine may well 
have reduced the pulse rate change which we 
observed and thus explain the lesser changes in 
blood pressure and rate-pressure product. The 
time of taking the post-naloxone readings is im- 
portant and may very well have influenced our 
findings: Desmonts, et al. gave the naloxone, 
extubated the trachea and took the readings five 
minutes later, and thus the tachycardia and 
hypertension of the extubation stimulus could 
have affected their results; on the other hand the 
circulatory and ventilatory parameters in our 
study were measured two to three minutes after 
the injection of naloxone, with the patients still 
intubated, and thus the maximal effects may not 
have been observed. 

Ef f ec t s  o f  n a l o x o n e  on vent i la t ion .  Forty-nine 
per cent of the patients in the study had a tidal 
volume from zero to 5 ml. kg -~ before the admin- 
istration of naloxone and in each of the three 
groups mean tidal volume practically doubled 
after the administration of naloxone, suggesting 
that under the conditions of the study an optimal 
response was achieved in the majority of cases 
with naluxone 0.1 mg. 

When ventilation was assessed on a minute vol- 
ume basis 39 per cent of all patients had a minute 
volume of zero-5 ml. kg -~ , but after naloxone no 
group had a minute volume of less than 5 
ml. kg -t.  Overall, mean minute ventilation more 

*Phenoperidine, like fentanyl, is a short-acting nar- 
cotic. It has a chemical structure similar to that of 
meperidine. Equipotent analgesic doses are approxi- 
mately fentanyl 0.1 mg (tO0 lag): phenoperidine 1. Iz 
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than doubled after the administration of 
naloxone, the increase being maximal in Group II 
and falling off to  an insignificant degree in Group 
III. 

Examining respiratory rate, 36 per cent of the 
patients in the study had a rate of  ze ro -  10- min-I 
and after naloxone one patient each in Groups I 
and Ill  had a rate of less than 10. min -~. Although 
mean respiratory rate increased after the admin- 
istration of naloxone, in no group was this 
significant and in each group between 21 and 25 
per cent  of  patients had a slowing of respiratory 
rate. This suggests that observing changes of res- 
piratory rate alone after naloxone does not permit 
one to draw conclusions as to reversal of  res- 
piratory insufficiency. 

In a study of neurosurgical patients Arner,  et  
al. 2 showed that a single intravenous dose of 
naloxone I lag- kg ~ is effective in the rapid and 
definite reversal of the respiratory depression 
caused by fentauyl or phenoperidine and this 
dose correlated neither to the total amount of 
analgesics given, nor to the time period which had 
elapsed between the last dose of the analgesic 
drug and the administration of naloxone. This is 
essentially in agreement with our findings that 
naloxone 0.1 rag/65 kg (I.5 lag.kg - t )  provides 
adequate reversal of fentanyl-induced respira- 
tory depression in most instances. Anderson,  et  

a l )  showed that naloxone 2.0 lag' kg - t  sufficed to 
reverse the respiratory depressant  effects of fen- 
tanyl; this dosage is between that used in Group 1 
(0. I rag/65 kg = 1.5 lag. kg -1) and Group 1I (0.2 
rag/65 kg = 3.1 lag. kg-~). 

A further paper which is in preparation will 
present  the early postoperative course of  these 
same patients. 

CONCLUSION 

This study has shown that in low-dose fentanyl 
anaesthesia (1.5 ~tg. kg -~. min -~) nearly half (49 
per cent) o f  the patients will have inadequate 
ventilation at the end of  anaesthesia and that this 
can be reversed in the majority of  cases by the 
administration of naloxone 0.l  mg to provide 
adequate ventilation on the basis of spirometric 
measurements;  occasionally naloxone 0.2 mg 
may be required. Notwithstanding this, the pa- 
tients should be closely observed in the recovery 
room, as one patient in the study required further 
naloxone and physostigmine to provide clinically 
adequate ventilation and wakefulness. Increases 
in blood pressure,  pulse rate and rate-pressure 
product after the administration of naloxone are 
significant and double on increasing the dose of 

naloxone from 0. I to 0.2 mg, but there is no 
further increase with 0.4 mg naloxone. Thus, 
from the cardiovascular aspect ,  naloxone 0.1 mg 
is a more favourable dose than 0.2 mg and, 
therefore,  it is recommended that naloxone 0.1 
mg be used to reverse the respiratory depressant  
effects of fentanyl and that the dose only be in- 
creased when this is insufficient to provide 
adequate ventilation. 
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R~SUM~ 

Quatre-vingt-dix-neuf patients non s61ectionn~s ont re~:u une anesth~sie g6n6rale au pro- 
to• cl 'azote-o• additionnd au• 30 minutes d 'une close de fentanyl h raison de 1.5 
lag' kg-L Ces patients ont ~t~ divis~s au hasard en trois groupes. En fin d' interve ntion et apr~s 
que le blocage neuromusculaire air dtd renvers6, les patients du groupe I ont re~:u 0. I mg de 
naloxone,  ceux du groupe II 0.2 mg el ceux du groupe II1 0.4 mg du m~me agent. On a observ& 
apr~s cette injection, des ~16vations des presslons an~rielles systoliques de 4, 8 et 7 pour  cent,  
et de 3, 8 et 8 pour cent dans le cas des pressions art~rielles moyennes  chez les patients des 
groupes I, 11 et I11 respect ivement ,  la frdquence cardiaque s 'est  ~levde de 4. I Iet 8 pour cent et 
le produit fr6quence-pression s 'est  de m~me ~lev~ de 7, 18 et 15 pour cent chez le s malades des 
groupes I, II et lIl .  Toujours darts le m~me ordre,  le volume courant  s 'es t  ~lev~ de 97,101 el 95 
pour  cent,  alors que le volume minute augmentait  de 122,164 et 143 pour cent apr~s naloxone. 

Chez 49 pour cent des patients,  on a observ~ un volume courant  inf~rieur ~. 5 ml- kg -~ ou un 
volume minute de moins de 50 ml. kg -~ avant I'injection de naloxone; apr~s l ' injection, trois 
patients du groupe I (dose de 0.1 mg.  kg- ~) pr~sentaient encore un volume courant  inf~rieur ~ 5 
ml. kg -Let aucun patient ne prdsentait un volume minute inf~rieur ~. 50 ml. kg -L  

II est conclu que dans des conditions analogues b, celles de cette ~tude, une dose de naloxone 
de 0. I mg . kg -~ est ad6quate  clans la majorit6 des cas pour renverser  les effets ddpresseurs 
respiratoires du fentanyl.  




