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desflurane and isoflurane 
on recovery after long 
lasting anaesthesia 

Purpose: Increasing the duration of exposure could lead to amplification of the pharmacokinetic differences 
between halogenated anaesthetic agents. The aim of our study was to compare anaesthesia recovery after desflu- 
rane and isoflurane, administered for more than three hours. 
Methods:  After informed consent, patients were randomly assigned to either desflurane (n = 15) or isoflurane 
(n = IS) groups. At the end of surgery, halogenated agents were discontinued and fresh gas flow was increased 
to 6 l'min -I oxygen 100%. 

Results: Mean anaesthesia duration was 292 - 63 and 304 --+ 91 rain in the desflurane and isoflurane groups 
respectively. After desflurane and isoflurane discontinuation, the time to opening eyes was 12 _+ 7 and 24 ___ I I rain 
respectively (P < 0.001 ); to squeeze fingers at command was 17 _ I I and 35 __- 19 rain (P < 0.001); to extuba- 
tion was 16 ___ 6 and 33 __+ 13 rain (P < 0.001); to give their name was 2_2 ___ 12 and 43 ___ 21 rain (P < 0.001); 
to achieve a Steward score of 6 was 28 - 16 and 57 --- 33 rain (P < 0.001 ), to be fCc for discharge from the recov- 
ery room was 46 __. 19 and 81 +_ 37 rain (P < 0.003). Ranges of times to reappearance of recovery variables in 
the desflurane group were less than those after isoflurane (P < 0.0S). 
Conclusion: After long duration anaesthesia lasting up to three hours, desflurane allowed recovery and extu- 
bation in approximately half the time required by isoflurane. Less variability in results suggests better predictabili- 
ty of recovery with desflurane. 

Ob jecd f  : Les differences pharmacodynamiques entre les agents halogen& sont amplifi&s par la durEe 
d'administration. Ce travail compare les param&res de rEveil aprEs une anesthEsie sup&ieure fi trois heures avec 
de riso-flurane ou du desflurane. 

M & h o d e  : AprEs consentement Eclair& les patients ont &E rEpartis par tirage au sort pour recevoir de }'isoflu- 
rane (n = 15) ou du desflurane (n = I S). Au demier point de suture cutanEe, l'administration d'agent halogEnE 
Etait stoppEe et le debit de gaz frais porte ~ 6 l'min -~ d'oxygEne. 

R~sultats : La durEe d'anesth&ie a ErE de 292 ___ 63 et 304 _ 91 rain pour le desflurane et l'isoflurane respec- 
tivement. Le dElai pour rouverture des yeux a EtE de 12 --- 7 et 24 + I I min (P < 0.001); pour setter les mains 
~. la demande de 17 -_- I I et 35 --- 19 rain (P < 0.001); pour l'extubationde 16 - 6 et 33 --+ 13 rain (P < 0.001); 
pour donner son nora de 22 - 12 et 43 __. 21 rain (P < 0.001); pour r&up&er un score de Steward ~ 6 de 28 
_ 16 et 57 --- 33 min (P < 0.001); pour avoir l'autorisation de sortie de salle de rEveil de 46 ___ 19 et 81 _ 37 rain 
(P < 0.003) pour le desflurane et risoflurane respectivement. 
Conclusion : AprEs une anesthEsie supErieure ~ trois heures, le desflurane permet un rEveil et une extubation 
approximativement deux fois plus rapide que l'isoflurane. La plus faible variabilitE des valeurs suggEre une 
meilleure prEdictibilitE des param&res de rEveil avec le desflurane. 
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T 
HE new volatile anaesthetic agent desflu- 
rane has the lowest blood-gas partition 
coefficient of  the available halogenated 
agents. 1 This low blood solubility suggests 

a potential for rapid recovery after discontinuation), 2 
Spectroscopic methods with magnetic resonance con- 
firm the 1.7 rimes faster cerebral elimination of  des- 
flurane than of isoflurane, s In the clinical setting, this 
pharmacokinetic property, leading to faster recovery 
after discontinuation, has been demonstrated both 
in animal 4 and in human studies, s Previous clinical 
reports pointed out the rapid recovery of  conscious- 
ness and psychomotor function after short duration 
desflurane anaesthesia. 6-2~ This makes desflurane a 
suitable agent for day care surgery. However, the clin- 
ical advantage in decreasing time to awakening for a 
few minutes remains doubtful. 2~ 

Increased duration of  anaesthesia may amplify 
pharmacokinetic profile differences between halo- 
genated agents of  different solubilities. The amount of  
anaesthetic taken up by body tissue is related both to 
agent solubility and to the duration of expogure) 
However, recovery after long duration surgical proce- 
dures is influenced by other factors, unrelated to the 
characteristics of  the halogenated agent, such as high 
opioid concentration and residual neuromuscular 
blockade. Furthermore, hypothermia is common after 
long duration anaesthesia, especially during abdomi- 
nal surgery. 21 This could lead the physician to prolong 
sedation in the immediate postoperative period and 
thus delay recovery until rewarming is achieved. 21 In 
this circumstance, the advantages of  the pharmacoki- 
netic properties of rapidly eliminated agents like 
desflurane are offset. 

The aim of this study was to compare the timing 
and quality of recovery after desflurane or isoflurane 
anaesthesia, in patients undergoing long duration 
abdominal surgery and in whom intraoperative skin- 
surface rewarming was performed. 

Patients and methods 
This study was approved by the Hospital Ethics 
Committee. Patients scheduled for abdominal surgical 
procedure lasting at least three hours gave their writ- 
ten informed consent. 

Study population 
We studied 30 patients aged between 18 and 70 yr and 
ASA physical status I or II. Operations included left 
hemicolectomy (n = 14), total intra-abdominal colectomy 
(n = 6), tight hemicolectomy (n = 2), biliary tract anasto- 
mosis (n = 1), partial pancreatectomy (n = 2), redosure of 
postoperative abdominal wall disruption (n = 1), oesoph- 

agogastroplasty (n = 1), repair of rectal prolapse (n = 1), 
abdomino perineal (n = 1) and ovarian resection (n = 1). 
Exclusion criteria included previous history of anaesthet- 
ic accident or abnormal delay of recovery, previous 
personal or family history of malignant hyperthermia, 
known allergy to anaesthetic drugs, fever (temperature 
> 38.5~ weight >130% or <80% of the ideal weight 
defined by Lorentz's formula (Appendix I), haematocrit 
<25%, drug or alcohol abuse, exposure to general anaes- 
thesia with a duration up to one hour within seven days 
of the study, and electrocardiographic abnormality indica- 
tive of myocardial ischaemic disease. 

Anaesthetic procedure 
Patients were premedicated with 100 mg hydroxyzine 
po one hour before surgery. Anaesthesia was induced 
with 4-7 mg.kg q thiopentone, 2-3 pg.kg q fentanyl 
and 0.5-0.6 mg.kg -1 atracurium. Tracheal intubation 
was performed in all patients. After induction, the 
patients were equipped with a hot air warming system 
(Bair Hugger TM, Augustine Medicale, Mineapolis - 
USA). Anaesthesia was maintained with a haiogenated 
agent (isoflurane or desflurane) in a mixture of  nitrous 
oxide 50% and oxygen 50% in a rebreathing circuit at 
1 l-min -1 fresh gas flow. Additionnal bolus fentanyl was 
administered just before skin incision (2-3 lag&g-I), 
and during the operative period at the discretion of  
the physician (1-2 pg.kgq). Continuous infusion of 
0.5 mg.kg -1.hour q atracurium provided myorelaxation 
for good surgical conditions. This infusion was discon- 
tinued at least half an hour before the expected end of 
the surgery. 

Study protocol 
At the time of  anaesthetic induction, patients were 
given a number in accordance with the randomisation 
list. Fifteen patients received isoflurane and the others 
received desflurane for anaesthetic maintenance. The 
end-tidal concentration of the inhalational anaesthetic 
allowed an adequate level of  anaesthesia and blood 
pressure stability, defined by the lack of  fluctuation 
of > 20% compared with a reference systolic blood 
pressure measured before induction. 

Before discontinuation of anaesthesia, the need 
for reversal of muscle relaxation was determined by 
double-burst-stmulafion of  the thumb's adductor. If 
the response was insufficient, residual neuromuscular 
block was antagonised with 0.045 pg.kg q neostig- 
mine and 0.015 ~tg-kg q atropine. 

At the end of surgery (last suture of  the skin), the 
anaesthetic and nitrous oxide were discontinued and 
the fresh gas flow rate was increased to 6 1.min -1 oxy- 
gen 100%. The time of discontinuation of  the anaes- 
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F I G U R E  1 Time between end o f  anaesthetic administration and 
tracheal extubation 

Several patients could be represented by the same cross. Horizontal 
lines correspond to mean values. The time to extubation after anaes- 
thetic discontinuation was earlier with desflurane than with isoflurane 
(P < 0.001). Variability o f  values was less with desflurane than with 
isoflurane (P < 0.05). 

thetic was recorded and was the baseline for the eval- 
uation of  the recovery process. 

After reversal, and if the patient was judged able to 
maintain normocapnia, controlled ventilation was 
switched to spontaneous breathing. Extubation crite- 
ria were spontaneous breathing rate < 25.min -~, pulse 
oxymetry > 95% breathing room air and intolerance to 
orotracheal tube. 

Study parameters 
Intraoperatively, patients were monitored by ECG, 
automated blood pressure cuff, pulse oximeter (SpO2) , 
end-tidal CO 2 monitor (PExCO2) , tympanic tempera- 
ture probe and inhalational agent monitor. The baseline 
values of  systolic and diastolic blood pressure, heart rate, 
SpO 2 and tympanic temperature were collected prior to 
induction and every 15 min during anaesthesia. The 
temperature of  the operating room was measured with a 
second thermocouple probe placed near the head of  the 
patient and collected at the beginning and at the end of  
surgery. The room temperature was kept at 20 • I~ 

At the end o f  surgery, the patients were placed in 
the recovery room and the following parameters were 
collected by observers not  informed about the halo- 
genated agent the patient received: 

F I G U R E  2 Number  o f  patients with a Steward score at 6 (n), as a 
function o f  time after discontinuation o f  desflurane and isoflurane. 

*different from isoflurane group.  

- The time o f  extubation 

- The time when the patient opened his/her eyes after 
the question "open your eyes" repeated every 30 sec. 

- The time when the patient was able to respond to 
specific commands ("squeeze my fingers," "what is 
your name?"). 

We recorded: 

- Steward score 22 (Appendix II) 

- Blood pressure, heart rate and SpO 2 

- Tympanic temperature 

every five minutes for 20 min, then every 10 min for 
40 min, finally every 15 min until the decision was 
made to remove the patient from the recovery room. 
Patients were judged fit for discharge from the recov- 
ery room if the Steward's score was 6 for three con- 
secutive assessments. 

The end tidal concentration of  inhalational agent at 
the end of  administration and throughout anaesthesia 
were recorded. Total consumption ofhalogenated agents 
was estimated with the area under the curve of  end-tidal 
concentration throughout the course of  the procedure 
and expressed as MAC fraction. 

All intraoperative and postoperative intercurrent 
events, including haemodynamic events, nausea, vom- 
iting and shivering were noted. 

Shivering was assessed by clinical observation (severe 
shivering) or occurence o f  an irregular baseline ECG 
trace (moderate shivering). 
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Statistical analysis 
Statistical analysis used Student's t test. Time for 
Steward's score to 6 in the two groups was compared 
with Chi-squared analysis or Fisher exact test when 
appropriate. Comparison of  variance (F score) was 
used to estimate difference in variability between the 
results.of recovery time in the two groups. A P value 
< 0.05 .was considered stadsticaUy significant. Data are 
expressed as mean • SD. 

Results 
The two groups were comparable with respect to sex, 
age, weight, anaesthesia duration and total fentanyl, dose 
used (Table I). Consumption of  halogenated agents 
during the procedure (expressed in mean % end-tidal 
concentration .hr-I.MAC -1) were 2.8 • 0.6 and 3.6 • 1 
for desflurane and isoflurane respectively (P < 0.05). 
End-tidal concentrations at the end of  administration, 
expressed as fractionnal MAC, 23a4 were 0.75 • 0.15 and 
0.62 • 0.2 and did not differ between the two groups. 

Intraoperative and postoperative haemodynamic 
patterns were identical between the two groups. The 
PrTCO 2 followed the pattern in the two groups and no 
oxygen capillary desaturation occured in any patient. In 
all patients, tracheas were extubated in the recovery room. 

After discontinuation, time to opening eyes, to 
respond to command, to give name, to tracheal extu- 
bation and to Steward score at 6 occured earlier with 
desflurane than with isoflurane (Table II, Figures 1, 2). 

Time to fitness for discharge from the recovery room 
was 46 • 19 min and 81 + 37 min in desflurane and 
isoflurane groups respectively (P = 0.003). Time for 
effective discharge was 88 • 36 min and 117 • 69 min in 
desflurane and isoflurane groups respectively (P = 0.47). 

The magnitude of  variability of  values for all recov- 
ery variables, time to achieve a Steward's score of  6 and 
time to fitness for discharge from the recovery room 
were less for desflurane than for isoflurane (P < 0.05). 

Tympanic temperature on arrival in the recovery room 
did not differ between the two groups and the rewarm- 
ing procedure was effective in reducing intraoperative 
heat loss (Table III). There were no differences in shiver- 
ing occurence, duration and severity between the two 
groups (Table III). There were no differences between 
the two groups with regard to postoperative nausea 
(nausea occured in two patients in the desflurane group). 

Discussion 
Our results demonstrate that time to emergence, time to 
extubation, time to respond to commands and time to 
be fitness for discharge from the recovery room with 
desflurane were approximatively half those with isoflu- 
rane after exposure for more than three hours in intra- 
operative warmed patients. 

TABLE I Demographic data, duration af anaesthesia, end-tidal 
concentration at the end of surgery (ET%) and total fentanyl dose 
for the two groups. 

anae~esia fentanyl 
sex we~ht age duration dose 
V/M (~) Or) (rain) (~g.kg9 

Isoflurane 
(n=15)  9 / 6  66•  51•  304•  608•  
Desflurane 
(n=15)  9 / 6  6 3 •  50•  292•  582• 

Mean • SD. No difference between groups. 

TABLE II Recovery time after discontinuation of the inhaled 
agent (min). Results are expressed in Mean • SD (range). 

Isoflurane Degqurane 
(n = ~s) (n = 15) v 

Open eyes 24 • 11 (9-45) 12 • 7" (5-31) 0.001 
Squeeze fingers at 

command 35 • 19 (16-80) 17 • 11" (6--44) 0.004 
Tracheal extubation 33 • 13 (18-58) 16 • 6* (7-24) 0.001 
Give name at  

command 43 • 21 (19-92) 22 • 11" (8-52) 0.002 
Steward score at 6 57 • 33 (20-150) 28 • 16" (10-60) 0.003 

* different from isoflurane group 

TABLE III Tympanic temperature at the start of surgery and on 
arrival in the recovery room, occurence, severity and duration of 
shivering during recovery after desflurane and isoflurane anaesthesia. 

Isoflurane Derflurane 
(n = lS) (n = ~s) 

Tymp Temp (~ start of surgery 36.9 • 0.5 36.7 • 0.4 
Tymp Temp (~ recovery room 36.3 • 1.0 36.0 • 1.3 
shivering occurence (n) 7 6 
severity of shivering +/++ 4/3 3/3 
duration of shivering (rain) 7.9 • 11 3.9 + 7 

Mean • SD. No difference between groups. 

+ = moderate shivering (electrocardiographic diagnosis) 
++ = severe shivering (clinical diagnosis) 

Using meta analysis of previous comparisons between 
desflurane and isoflurane, Dexler et al. pooled studies 
with different patients and different anaesthesia regi- 
mens. They concluded that desflurane lead to a faster 
recovery than isoflurane, but the difference (4.4 min) 
was of only minor clinical importance) ~ However, all 
these studies were undertaken in short duration proce- 
dure. Only one previous study compared recovery times 
of  desflurane and isoflurane after prolonged exposure 
(239 min and 290 min for desflurane and isoflurane 
respectively)? s Responses to verbal commands did not 
differ between the two groups and was effective at 22 • 
15 min and 23 • 14 min after discontinuation ofdesflu- 
rane and isoflurane respectively. Anaesthetic agents were 
stopped at the start of  parietal wall closure. This was 
sometimes well before the end of  the procedure and 
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anaesthesia was then maintained with nitrous oxide until 
the end of skin closure. The time between halogenated 
agents and nitrous oxide discontinuation was unknown 
and no comparative tests of these data were applied. 
Although this methodology corresponds to common 
clinical practice, the lack of uniformity in the study 
design could be an explanation of the discrepancies with 
our conclusions. In our study, halogenated agents were 
stopped concurrently to nitrous oxide in all patients at 
the end of surgical procedure. Furthermore, in Azad's 
study, recovery was assessed only as the time until 
patients responded to verbal commands. No informa- 
tion was given for time to extubation. In our study, we 
focused on immediate and intermediate recovery para- 
meters. Steward score evaluates grade of consciousness, 
ability to maintain airway and moving. 22 This score had 
been chosen because it is easy to perform and it repre- 
sents a series of progressive changes directly related to 
the recovery process. Rapid initial recovery may increase 
airway protection after tracheal extubation in the recov- 
ery room. Improving intermediate recovery parameters 
(such .as response to command and the ability to talk) is 
also of major importance because, at this time, patients 
are often less supervised and good awakening could lead 
to improved management of the postoperative period 
(e.g., better evaluation of postoperative pain). In addi- 
tion to faster recovery, we demonstrated less variability 
of the time to awakening in the desflurane group. Better 
predictability of recovery after long lasting anaesthesia 
could be consider as a safety argument for desflurane. 

I--Ialogenated anaesthetic consumption during the 
procedure may influence the time to recovery. Total 
consumption, estimated by the area under the curve 
of  end-tidal concentration throughout the course of 
the procedure, expressed as MAC fraction, was less 
with desflurane than with isoflurane. Halogenated 
end-tidal concentrations were adjusted to obtain an 
adequate level of anaesthesia and blood pressure sta- 
bility. Haemodynamic profiles were similar between 
the two groups. Moreover, the effects of fentanyl on 
the reduction of halogenated MAC are similar for 
desflurane and isoflurane. 26 Explanations of the dif- 
ference in consumption are unclear. As the MAC 
value decreases with age, especially for desflurane, it is 
possible that MAC in the patients over 65 years old 
have been a little overestimated and misled our 
results. Nevertheless, it is unlikely that such difference 
in anaesthetic consumption could explain our results. 
Furthermore, at the time we stopped halogenated 
administration, end-tidal concentration, converted to 
fractional MAC, did not differ between the two 
groups. Both received the same doses of fentanyl and 
residual neuromuscular blockade was antagonised if 
needed. 

It has been suggested that rapid elimination ofhalo- 
genated agent may increase the occurence and severity 
of shivering, secondary to the sudden recovery of ther- 
moregulatory mechanisms. 27 In our study, intraopera- 
five heat loss was reduced with forced-air warming 
blankets. Only half the patients experienced shivering, 
which was always of short duration. No difference was 
observed between desflurane and isoflurane concerning 
the occurence, duration and severity of shivering. 

Time to be fitness for discharge from the recovery 
room was faster with desflurane than with isoflurane. 
Time for effective discharge was similar, probably 
because of extra-anaesthetic factors. One explanation is 
that the fast recovery obtained with the new agent des- 
flurane was unusual for the recovery room nursing team 
who were blinded to the agent used. Cost-saving relative 
to the potential ability to decrease the stay in recovery 
room with desflurane should be compared with the 
greater expenditure relative to its administration. Low- 
flow anaesthesia is recommended during long lasting 
administration of halogenated agents and has been esti- 
mated to provide important reduction of anaesthetic 
consumption. 2s 

In conclusion, prolonged anaesthesia of more than 
three hours highlights the pharmacodynamic properties 
of desflurane. Recovery parameters, extubation and time 
to fitness for discharge from the recovery room with des- 
flurane were approximatively half those with isoflurane. 
In addition, the variability of times to awakening in the 
desflurane group was less than with isoflurane, suggesting 
that recovery is more predictable with desflurane. 

Appendix I 

Lorentz formula 
Ideal weight for men (kg) = height (cm) - 100 - height - 150 

4 
Ideal weight for women (kg) = height (cm)- 100- height- 150 

2 

Appendix I I  

Steward score 
Consciousness 

Awake 2 
Reponding to stimuli 1 
Not reponding 0 

Airway 
Coughing on command or crying 2 
Maintening good airway 1 
Airway requires maintenance 0 

Movement 
Moving limbs purposefully 2 
Non-purposeful movements 1 
Not moving 0 
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