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Abstract. Objective: To compare isoflurane with midazo- 
lam for prolonged sedation in ventilated patients. Design: 
Randomised controlled study. Setting: General intensive 
care unit in university teaching hospital. Patients: Sixty 
patients aged 17 - 80  years who required mechanical ven- 
tilation for more than 24 h. Interventions: Sedation with 
either 0 .1 -0 .6% isoflurane in an air-oxygen mixture (30 
patients) or a continuous infusion of midazolam 
0.02-0.20 mg /kg /h  (30 patients). Sedation was assessed 
initially and hourly thereafter on a six point scale. The 
trial sedative was stopped when the patient was ready for 
weaning from ventilatory support. Measurements and re- 
suits: Measurements were made of  haemodynamic, respi- 
ratory and biochemical variables regularly during the pe- 
riod of  sedation and for a week after stopping the seda- 
tive agent. There was no difference in any of  the physio- 
logical or biochemical variables recorded between the two 
groups. Patients sedated with isoflurane recovered more 
rapidly and were weaned from mechanical ventilation 
sooner than those sedated with midazolam. Conclusions: 
Isofiurane is a useful agent for prolonged sedation of 
ventilated patients and does not have any adverse effect 
on the cardiorespiratory system or on hepatic, renal or 
adrenal function. 
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Patients requiring artificial ventilation of the lungs in the 
intensive care unit usually need some form of  sedation 
and analgesia. They are subjected to continuous stimuli, 
such as pain after surgery or trauma, discomfort from the 
presence of  a tracheal tube and mechanical ventilation, 
and fear from life-threatening illness. In addition, inter- 
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mittent stimuli occur during physiotherapy, tracheal suc- 
tion, invasive procedures and general nursing care. Seda- 
tive drugs used in the intensive care unit should be quick 
acting so that sedation can be easily controlled and of  
short duration to allow rapid recovery for neurological 
assessment and early weaning from ventilatory support. 
Many different drugs currently used have disadvantages 
due to prolonged and variable elimination half-lives of  
the drug or its metabolites. Propofol  has been shown to 
be a useful sedative agent [1] but it can cause cardiovas- 
cular depression [2, 3]. 

The physio-chemical properties of isoflurane suggest 
that it might approximate the ideal sedative agent [4]. Its 
blood-gas solubility coefficient of  1.4 (at 37 ~ facili- 
tates the control of  sedation, and ensures rapid recovery. 
Biodegradation is minimal so nephrotoxicity and hepato- 
toxicity are unlikely. The elimination of isoflurane is in- 
dependent of normal renal and hepatic function as it is 
rapidly excreted unchanged by the lungs. A recent study 
has shown that isoflurane is a useful agent for sedating 
ventilated patients with a range of  severity of  illness [5]. 
Kong compared the effects of  subanaesthetic concentra- 
tions of  isoflurane with those of  a continuous intrave- 
nous infusion of midazolam for a mean duration of  18 h. 
The quality of  sedation and the speed of  recovery were 
better with isoflurane than with midazolam. In the ab- 
sence of  hypovolaemia, 0 .1 -0 .5% isoflurane did not 
cause significant haemodynamic instability. 

The purpose of  our study "was to evaluate the efficacy 
and safety of  isoflurane as a sedative in comparison with 
midazolam for a period of  greater than 24 h in patients 
in a general intensive care unit. 

Methods 

The study was approved by the Bristol and Weston District Ethics Com- 
mittee. Informed written consent was obtained from the next of kin be- 
fore the patient was admitted to the study. After baseline investigations, 
60 critically ill adult patients who were expected to require controlled 
ventilation and sedation for longer than 24 h were allocated randomly 
to receive either isoflurane or midazolam. Patients were excluded from 
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the study if there was any evidence of intracranial pathology, contrain- 
dication to opioid or benzodiazepines, or gross obesity (> 150070 of ide- 
al body weight). 

The severity of illness in individual patients was assessed daily using 
the Apache II score [6]. Patients who required analgesia when they were 
moved from the operating theatre were given increments of intravenous 
morphine. During the period of sedation, patients' requirements for an- 
algesia were assessed either by talking to the patient or by autonomic 
signs (tachycardia and lacrimation), and intravenous incremental doses 
of morphine (0.05 mg/kg) were given as required. Intravenous doses of 
morphine were also given just before anticipated noxious stimulation 
such as chest physiotherapy. The dose and time of all increments of 
morphine were recorded. 

All patients were intubated and ventilated mechanically with a Servo 
900B ventilator. The tidal volume delivered was 8-15 ml/kg body 
weight at a respiratory rate necessary to maintain the arterial CO2 ten- 
sion between 4 - 5  kPa. The inspired oxygen concentration was adjusted 
to maintain an arterial oxygen tension > 10 kPa, and positive end-expi- 
ratory pressure was added as necessary. 

Sedation 

The degree of sedation was assessed initially and hourly thereafter on 
a scale modified from Ramsay [7]. Score 1 represents inadequate seda- 
tion, scores of 2, 3, and 4 are acceptable degrees of sedation, and scores 
of 5 and 6 indicate that patients are too deeply sedated. At the same 
times, an assessment of the response to the specific command, "Squeeze 
my hand", was made. The dose of sedative was adjusted to maintain the 
patient cooperative, orientated and tranquil or asleep but responding to 
a loud auditory stimulus for as much of the time as possible. Patients 
were not scored if they had received neuromuscular blocking drugs. The 
patient was sedated for as long as was clinically indicated, and the seda- 
tive drug was discontinued when the patient was fit for weaning. 

Midazolam was prepared as a 0.1% solution and was given at a rate 
of 0.05-0.1 mg/kg/h; a bolus dose of up to 0.1 mg/kg was given ini- 
tially if indicated. Subsequently the infusion rate was adjusted accord- 
ing to clinical signs. The rate of infusion of midazolam was recorded 
hourly and any changes made in the infusion rate of midazolam were 
noted. 

Isoflurane was added continuously to the inspired air-oxygen mix- 
ture using a Siemens' isoflurane vaporizer 952 mounted distal to the ox- 
ygen/air blender on a Siemens-Elema Servo 900B ventilator. Initially 
the vaporizer setting was adjusted to deliver an inspired isofiurane con- 
centration of 0.2070. Thereafter the vaporizer setting was adjusted to 
maintain an end-tidal isofiurane concentration of between 0.1-0.6070 
according to clinical signs. The inspiratory and end-tidal concentrations 
of isoflurane delivered were monitored using a Siemens' Servo Gas 
Monitor 120 and were recorded hourly. Any changes made in the con- 
centration of isoflurane delivered were noted. The expired gas from the 
patient was scavenged via the expiratory port of the Servo Ventilator in- 
to Cardiff Aldasorbers. 

At the end of the administration of the sedative agent, responsive- 
ness was tested to determine how soon after the sedation was discontin- 
ued the patient could obey the simple command "Squeeze my hand" 
and write down their home address. The time to spontaneous ventila- 
tion, defined as the time when the patient was breathing in an assist or 
CPAP mode without any mandatory breaths delivered by the ventilator, 
was noted. The time to extubation and the time the patient returned to 
the ward were also recorded. 

Physiological measurements 

All patients had their arterial blood pressure continuously monitored by 
means of an indwelling cannula. The systolic and diastolic arterial pres- 
sures, central venous pressure, heart rate, airway pressure, minute venti- 
lation and ventilatory rate were recorded hourly during sedation and ev- 
ery 6 h for the first 48 h after stopping the sedation. Arterial blood gas- 
es and pH were recorded every 6 h during and after sedation. Baromet- 
ric pressure was measured and the alveolar-arterial oxygen tension gra- 
dient calculated every 6 h. The end-tidal CO 2 was monitored continu- 

ously with an Engstrom Eliza Duo CO 2 analyzer and recorded hourly 
during the period of endotracheal intubation. 

The core and peripheral temperatures were measured before seda- 
tion and monitored continuously during the period of study with read- 
ings recorded hourly. 

Biochemistry 

Haemoglobin, packed cell volume, white cell and platelet counts, pro- 
thrombin time, thrombin clotting time and activated partial throm- 
boplastin time were measured regularly. Plasma and urinary urea and 
electrolytes were measured and creatinine clearance calculated. The to- 
tal intake of blood and other fluids and hourly urine output were re- 
corded. Bilirubin, alkaline phosphatase, aspartate aminotransferase, 
alanine aminotransferase, albumin, globulin, gamma glutamyl trans- 
peptidase and glutathione S-transferase were measured regularly [8]. 
Plasma cortisol and adrenocorticotrophic hormone (ACTH) concentra- 
tions were measured before sedation and every 12 h during sedation. A 
short intravenous "Synacthen test" was performed at the end of seda- 
tion and at 24 h and 48 h later. The "Synacthen test" was not carried 
out on patients who had received corticosteroids as part of their treat- 
ment. Plasma fluoride concentrations were measured regularly [9]. 

Plasma midazolam concentrations were measured before sedation, 
every 12 h during sedation, when sedation was discontinued and regu- 
larly for 48 h. The midazolam and 1-hydroxy-midazolam concentra- 
tions were analysed using high-performance liquid chromatography 
[10]. Within batch variation for midazolam was 10.1% and for 1-hy- 
droxy-midazolam was 8.1%. 

Blood for isoflurane concentrations was taken before sedation, 
hourly for the first 5 h, at 12 h and then every I2 h during sedation. Af- 
ter sedation was stopped samples were collected every 10 rain for the 
first hour, hourly for 6 h and then at 12 and 24 h. In this study, 
isoflurane blood concentrations were determined by a one-stage extrac- 
tion with n-heptane followed by gas-liquid chromatography using elec- 
tron capture detection [11]. Within batch variation was 1307o. 

Statistical analysis 

Statistical tests used were: analysis of variance, the paired and unpaired 
t-tests, the ~2 test, the Pearson product moment correlation coefficient 
and the Spearman Rank Correlation. Most of the biochemical data 
were skewed and so a logarithmic (base e) transformation was per- 
formed before analysis. 

Results 

Patient details 

Six ty  p a t i e n t s  were  a d m i t t e d  to  t h e  t r ia l  - 30 in  e a c h  

g ro u p .  Al l  t h e  p a t i e n t s  were  e m e r g e n c y  a d m i s s i o n s  to  t h e  

i n t ens ive  care  u n i t  e i t he r  p o s t - o p e r a t i v e l y  o r  as a c u t e  

m e d i c a l  e m e r g e n c i e s .  T h e i r  de ta i l s  are  s h o w n  in  Table 1. 
T h e r e  were  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g r o u p s  

excep t  t h a t  t h e  i s o f l u r a n e  g r o u p  was  s l igh t ly  younge r .  T h e  

Table 1. Details of the patients studied in the two groups 

Isoflurane Midazolam 
(n = 30) (n = 30) 

Sex (M:F) 19:11 21:9 
Surgical : medical 20: 10 24: 6 
Median (range) age (yr) 62 (17-80) 68 (32-77) 
Mean (SD) weight (kg) 68 (10) 72 (14) 
Median (range) duration of sedation (h) 36 (10-  127) 36 (4 -  104) 
Mean (range) admission Apache II scores 12 (1-23) 12 (3-24) 
Died during sedation 5 1 
Died within one week after sedation I 4 



severity of  illness of  the patients in the two groups was 
stratified according to the Apache scores and there was 
no significant differences between the groups. 

Several patients in both  groups died either during or 
within a week after the cessation of  the sedation. All the 
deaths were due to the patients '  underlying diseases and 
were unrelated to the sedative agent. 

Several patients needed further surgery and these pa- 
tients continued in the study on their return to the inten- 
sive care unit. Their sedative agent was continued at the 
same rate during surgery, and anaesthesia was maintained 
with propofol  and increments of  morphine. Their seda- 
t ion scores were started at a suitable time after surgery, 
when the anaesthesia was considered to have worn off. 

One patient in the midazolam group was withdrawn 
from the study because of  a period of  circulatory arrest 
due to a major  haemorrhage following a thoraco-abdom- 
inal aneurysm repair. 

Sedation 

The mean (range) concentration of isoflurane used for se- 
dation was 0.27% (0 .1 -0 .4%)  and for midazolam was 
3.1 (1 .5 -7 .3 )mg /h .  The mean morphine required was 
0.97 m g / h  in the isoflurane group and 0.88 m g / h  in the 
midazolam group. 

Seven patients (5 in the isoflurane group I and 2 in the 
midazolam group M) needed neuromuscular blocking 
drugs for a variable length of time; 3 (2 in group I and 
1 in group M) because they had severe respiratory failure 
and inadequate oxygenation, and 4 patients (3 in group 
I and 1 in group M) were triggering the ventilator and re- 
quired short periods of  paralysis to establish controlled 
ventilation. 

The overall sedation scores are shown in Table 2. At 
no time during sedation was there a significant difference 
between the two groups. Patients were maintained at the 
ideal level of  sedation (between scores 2 - 4 )  for 70.07% 
of  t ime in the isoflurane group and for 67.4% of  t ime in 
the midazolam group. 

Two patients in the midazolam group and one in the 
isoflurane group were discovered to have suffered cere- 
brovascular accidents during their illnesses and they were 
withdrawn from the analysis of  recovery. In the midazo- 
lam group, 1 patient had been withdrawn; 1 had died on 
sedation; and 2 required further sedation, 1 for surgery 
and the other suffered a cardiac arrest in the immediate 
post-sedation period and required reintubation. In the 
isoflurane group, 5 had died during sedation and 2 re- 
quired further sedation. 

Therefore 24 patients in the midazolam group and 22 
patients in the isoflurane contributed to the analysis of  
recovery. Three patients were not extubated, 1 in each 
group because of  gross cervical or mediastinal swelling, 
and 1 patient in the isoflurane group because of  a frac- 
tured cervical spine. 

The recovery results are displayed in Table 3. The time 
to respond to command,  write address, spontaneous ven- 
tilation, and extubation were all significantly different 
between the two groups. There was no difference in the 
time to return to the ward. 
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Table 2. Mean (range) time spent at each sedation score for the two 
groups of patients expressed as a percent of the total time sedated 

Sedation level Isoflurane Medazolam 

1 Anxious and agitated 6.6 (0-25) 8.9 (0-54) 
2 Co-operative, accepting ventilation 14.2 (0-67) 18.7 (0- 100) 
3 Asleep. Brisk response to loud voice 23.0 (0-70) 24.9 (0-62) 
4 Asleep. Sluggish response to loud voice 32.8 (4-93) 23.8 (0-70) 
5 No response to loud voice 13.3 (0-42) 10.0 (0-76) 
6 No response to pain 10.1 (0-53) 13.7 (0-100) 

Table 3. The recovery times of the two groups of patients after stop- 
ping the sedation; median (range). (**p<0.001 between groups) 

Isoflurane Midazolam 

Respond to command (min) 10 (5-180)** 90 (10-3780)** 
Write address (h) 1 (0.2-71)** 21 (2-72)** 
Spontaneous ventilation (h) 0.25 (0.1 - 1.0) ** 3 (0.17 - 42) ** 
Extubation (h) 0.9 (0.2-70)** 15 (1.3-223)** 
Return to ward (h) 48.5 (4 - 600) 50 (7 - 129) 

There was no correlation between the end-tidal iso- 
flurane concentration and the sedation score. Similar 
analysis was done in the midazolam group but there was 
no correlation between the infusion rate and the sedation 
score. 

Blood isoflurane concentrations 

There was great variation in blood isoflurane concentra- 
tions, which did not follow a normal  distribution (Ta- 
ble4). There was no correlation between the blood 
isoflurane concentration and the sedation score. There 
was no correlation between the end-tidal and the blood 
isoflurane concentration. 

Plasma midazolam concentrations 

There was considerable variability in plasma midazolam 
concentrations between patients (Table 4). There was no 
correlation between the sedation score and the plasma 
midazolam concentration. The half-life of  midazolam 
was calculated for each patient and the mean (95% CLs) 
was 33.2 (22.8, 43.5) h. 

There was a wide range of  the plasma concentration 
of  the major  metabolite, 1-hydroxy-midazolam seen dur- 
ing and after sedation. There was no correlation between 
the plasma 1-hydroxy-midazolam concentration and the 
sedation score or the plasma midazolam concentration. 

Physiological measurements 

All the cardiorespiratory variables recorded were ana- 
lysed hourly using an analysis of  variance and there were 
no differences between the groups for any variable at any 
of  the times recorded (Fig. 1). Vasoactive drugs such as 
dopamine, dobutamine, noradrenaline, glyceryl trinitrate, 
hydrallazine and labetalol were required in most  patients 
in both groups to maintain haemodynamic  measurements 
within normal  limits. A ~2 test was performed on the 
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T a b l e  4. The blood concentration of isoflurane and the plasma concen- 
tration of midazolam during the period of sedation; median, range and 
the number (n) of patients in the analysis 

Time during Isoflurane (mcg/ml) Midazolam (ng/ml) 
sedation 
(h) Median Range n Median Range n 

0 3.6 0 -  39 29 506 62-5900 26 
1 16.36 0 .8-90  28 642 100-4600 24 
2 13.55 0 .7-65  28 940 150-2400 28 
3 1 6 . 7  0.82-87 24 750 150-2180 22 
4 t0.8 0.9-113 27 960 6 2 -  3200 27 

12 1 8 . 3  1.4-90 28 900 70-4000 27 
18 11.4 1 .4-52 14 1000 80 -  6800 15 
24 17 .1  1.6-85 25 1 1 5 0  400-8000 25 
30 22.6 1.5 - 4 6  5 1250 270-9000 13 
36 22.0 1,8 - 4 6  15 1 4 1 0  250-7550 19 
48 7.8 1.4-34 6 1 1 5 0  403-12500 7 
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with isoflurane and midazolam. The number in the isoflurane and 
midazolam groups at each time is printed above 

number of  patients in each group on each day of  the 
study who were receiving vasoactive drugs and there were 
no significant differences between the groups. 

There were no differences in the rectal or axillary tem- 
peratures between the two groups. 

Biochemical measurements 

There were no differences in any of  the haematological or 
coagulation tests between the groups during or after se- 
dation. There were no significant differences between the 
groups in any of the hepatic or renal function tests [8, 9]. 

There were no differences in ACTH or cortisol con- 
centrations between the two groups (Fig. 2). There were 3 
patients in the isoflurane group and two patients in the 
midazolam group who were receiving steroids and the re- 
suits from these patients were not included. The cortisol 
dropped significantly from baseline at 24 and 48 h in the 
isoflurane but not in the midazolam group (Figs. 3, 4). 

The cortisol response to Synacthen was taken as the 
difference between the baseline and the higher of  the 30 
and 60 minute samples. It was defined as negative if 
the serum cortisol concentration rose by less than 
250nmol/1. There were 26 patients in the isoflurane 
group and 28 in the midazolam group in the analysis, as 
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the remainder had either died during sedation or were ex- 
cluded because of receiving steroid therapy. There was no 
difference between the groups in the number of positive 
and negative responses to Synacthen. There was no sig- 
nificant correlation between the admission Apache II 
score and the baseline cortisol concentration for each pa- 
tient. 

Discussion 

The sedation of critically ill patients in the intensive care 
unit needs constant reappraisal. It is important to avoid 
excessive sedation and its complications. Isoflurane pro- 
vides satisfactory sedation in patients requiring mechan- 
ical ventilation for less than 24 h [5] but there are no stud- 
ies of its use for a more prolonged period. 

The results of this study illustrate that isoflurane can 
provide prolonged sedation in patients with a range of se- 
verity of illness, as determined by the Apache II scores. 
The level of sedation was easily and rapidly controlled by 
changing the inspired isoflurane concentration. The ef- 
fective dose of isoflurane for sedating ventilated patients 
has a narrower range (0.13- 0.4~ than the requirement 
for midazolam (0.02-0.11 mg/kg/h). 

Kong used isoflurane for a mean period of 18 h [5]. 
Isoflurane provided satisfactory sedation for 86% of 
the time compared with 64% for those sedated with 
midazolam. Our results show no difference between the 
sedation produced by isoflurane and midazolam. This 
was expected as the constant attention to sedation scores 
by the investigator and the nursing staff allowed the rate 
of sedative agent to be regularly adjusted according to the 
hourly sedation score. 

The dose of isofturane could be varied between 
0.1-0.6070 according to clinical signs to achieve sedation 
at the desired level. In those patients who required a more 
prolonged period of sedation, there was no need to in- 
crease the inspiratory concentration of isoflurane to 
maintain a satisfactory level of sedation. There has only 
been one report of tolerance to isoflurane, in a young 
child [12]. Tolerance to isoflurane has not been observed 
in mice chronically exposed to low concentrations of 
isoflurane for up to 63 days [13]. 

Recovery was faster after discontinuing the isoflurane 
than after midazolam and patients responded, breathed 
spontaneously, and were extubated significantly sooner. 
This rapid recovery sometimes led to agitation and "pan- 
ic" in the patient. As experience with the agent increased, 
this was adequately managed by explanation and reassur- 
ance. 

There was no difference between the two groups in the 
time to return to the ward. Several factors, other than the 
respiratory system, determine when a patient is able to re- 
turn to the ward such as cardiovascular stability, renal 
function, analgesia requirement and bed-availability. 

When the patient was disconnected from the ventila- 
tor for physiotherapy rapid awakening could be helpful if 
the patient coughed spontaneously, but occasionally the 
patient became agitated and confused. Within the proto- 
col of the project the only agent available for the treat- 

ment of this was morphine. A more suitable agent might 
be alfentanit given just prior to physiotherapy. 

Midazolam is widely used in intensive care units and 
these results demonstrate that it provides satisfactory 
sedation although the recovery is variable and can be very 
prolonged. The serum concentrations of midazolam and 
1-hydroxy-midazolam were variable during and after se- 
dation both between patients and in individual patients. 
This agrees with previous work on the variable serum 
midazolam concentrations required in different patients 
to produce adequate sedation [14]. 

There was little correlation between the infusion rate, 
the serum midazolam concentration and the level of seda- 
tion. The elimination half-life of midazolam varied wide- 
ly from 9-103 h which contrasts with Oldenhof's work 
in which 12 of his 17 patients had an elimination half-life 
of less than 10 h. As a result of the varying pharmaco- 
kinetics in patients with severe illness, midazolam is prob- 
ably better given by repeated injections, according to the 
clinical level of sedation, rather than by continuous intra- 
venous infusion. 

There has been no previous work on blood isoflurane 
concentrations during sedation in the intensive care unit 
and little on blood isoflurane concentrations during an- 
aesthesia. In this study there were no stable blood iso- 
flurane concentrations achieved and there was consider- 
able variation in the isoflurane concentrations between 
patients. This may be because the inspired concentration 
was adjusted according to the clinical sedation score, or 
it might reflect the wide variability in the phar- 
macokinetics of isoflurane in critically ill patients, who 
have different diseases, variable organ function or some 
degree of encephalopathy. There was a wide range of 
pulmonary dysfunction in our patients - some had re- 
spiratory failure with impaired gas exchange either be- 
cause of a large shunt or increased deadspace ventilation. 
This would have resulted in a difference in inspired and 
alveolar and therefore arterial partial pressure of iso- 
flurane. 

No correlation was established between the level of se- 
dation and the end-tidal or blood isoflurane concentra- 
tion. It has been demonstrated that the end-tidal partial 
pressure of isoflurane may be used as a measure of anaes- 
thetic depth [15]. However it is the partial pressure of the 
agent in the brain which is assumed to cause the loss of 
consciousness and the blood isoflurane concentration 
may not be a good reflection of this. 

There have been some suggestions that isoflurane may 
have some analgesic properties [16] but we found no dif- 
ference between the two groups in the amount of mor- 
phine required. 

It is important when treating critically ill patients not 
to use drugs that compromise organ function. Haemo- 
dynamic stability is difficult to assess in these patients 
where vasoactive drugs are given frequently to maintain 
cardiovascular stability. This study shows that neither 
isoflurane nor midazolam has any deleterious effects on 
haemodynamic stability when given continuously in a 
low dose over a long period. There were no signs of 
myocardial ischaemia on the ECG attributable to the sed- 
ative agent. In this respect isoflurane is superior to pro- 



420 

pofol where there is a tendency for the patients to become 
hypotensive [2, 3]. 

Isofiurane decreases the bronchoconstriction pro- 
duced by inhaling Ascaris antigen in allergic dogs [171 
but has little or no effect on bronchial tone in normal hu- 
man airways [18]. It has been used for its bronchodilatory 
properties in the ITU to treat patients with severe asthma 
and chronic obstructive pulmonary disease [19, 201. In 
our study there was no difference between the two groups 
in airway pressure or any other parameter of respiratory 
function. 

Mild renal dysfunction is difficult to assess in critical- 
ly ill patients because of their changing haemodynamic 
status and numerous therapeutic interventions. There was 
no difference in renal function between the isoflurane 
group and the midazolam group. However, there were 
many abnormal results in both groups because of the un- 
derlying illness. There is no evidence that isoflurane has 
a direct adverse effect on the kidney. 

Diagnosis of mild liver damage is difficult whether 
made on clinical, biochemical or histological criteria. The 
measurement of the hepatic isoenzymes of glutathione S- 
transferase (GST) is a sensitive and specific method for 
the detection of acute drug-induced hepatocellular dam- 
age [21, 22]. Our study suggests that prolonged adminis- 
tration of either isoflurane or midazolam has no detri- 
mental effects on hepatocellular integrity [8]. 

There was no evidence i n  this study to suggest that 
prolonged isoflurane at these low concentrations could 
inhibit cortisol production. The levels of cortisol and 
ACTH and the response to Synacthen were similar in the 
two groups. All the baseline cortisol levels were high and 
it was interesting to see that the patients sedated with 
isoflurane showed a progressive reduction in plasma cor- 
tisol concentrations during the period of sedation com- 
pared to patients sedated with midazolam who showed 
no significant reduction in cortisol. It has previously been 
shown that isoflurane sedation reduces plasma catechol- 
amine concentrations [23]. 

Although there is no clear evidence that there is an 
adverse effect on health produced by the working envi- 
ronment [24], scavenging is important in the ITU espe- 
cially if the air conditioning is not ideal. Many ITUs (like 
ours) do not have piped scavenging and the most conve- 
nient means of scavenging the isoflurane is with Alda- 
sorbers. These are small, convenient and cheap and, with 
low concentrations of isoflurane, do not require changing 
more than once in 24 h. The cost of isoflurane is consid- 
erable at about s (2 bottles) per day. This is similar to 
other agents currently used for sedation and compared 
with the overall cost of intensive therapy is negligible. 

This study demonstrates that isoflurane is a suitable 
agent for long-term sedation of patients requiring me- 
chanical ventilation. It provides a satisfactory level of se- 
dation with rapid recovery. Compared to midazolam 
there is no cardiovascular depression and no deteriora- 
tion of liver, renal or adrenal function. 

Acknowledgements. We thank our medical and surgical consultant col- 
leagues for permission to study their patients; all staff in the intensive 
care unit for their patience and assistance; the RIA section of the Bio- 

chemistry Department at the Bristol Royal Infirmary for the cortisol 
analysis; A Whitehead, statistician, University of Reading for statistical 
advice; and Abbott Laboratories for financial support. 

References 

1. Aitkenhead AR, Pepperman ML, Willatts SM, Coates PD, Park 
GR, Bodenham AR, Collins CH, Smith MB, Ledingham IM, Wal- 
lace PGM (1989) Comparison of propofol and midazolam for seda- 
tion in critically ill patients. Lancet II:704-709 

2. Newman LH, McDonald JC, Wallace PGM, Ledingham IMcA 
(1987) Propofol infusion for sedation in intensive care. Anaesthesia 
42:929 - 937 

3. Harris CE, Grounds RM, Murray AM, Lumley J, Royston D, Mor- 
gan M (1990) Propofol for long-term sedation in the intensive care 
unit. A comparison with papaveretum and midazolam. Anaesthesia 
45:366- 372 

4. Eger EI II (1981) Isofturane: a review. Anesthesiology 55:559-576 
5. Kong KL, Willatts SM, Prys-Roberts C (1989) Isoflurane compared 

with midazolam for sedation in the intensive care unit. Br Med J 
298:1277-1280 

6. Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985) 
Apache II: a severity of disease classification system. Crit Care Med 
13:818-823 

7. Ramsay MAE, Savage TM, Simpson BRJ, Goodwin A (1974) Con- 
trolled sedation with alphaxalone-alphadolone. Br Med J 
2:656-659 

8. Howie AF, Spencer EM, Beckett GJ (1992) Aspartate aminotrans- 
ferase, alanine aminotransferase and glutathione transferase in 
plasma during and after sedation by low-dose 'isoflurane or 
midazolam. Clin Chem 38:476-479 

9. Spencer EM, Willatts SM, Prys-Roberts C (1991) Plasma inorganic 
fluoride concentrations during and after prolonged (>24h) 
isoflurane sedation: effect on renal function. Anesth Analg 
73:731-737 

10. Blackett A, DhilIon S, Cromarty JA (1988) Rapid and sensitive 
high-performance liquid chromatographic assay for midazolam 
and 1-hydroxymidazolam, the major metabolite, in human serum. 
J Chromatogr 433:326-330 

11. Toner W, Howard PJ, Scott MG, Black GW, Dundee JW (1979) 
Estimation of blood enflurane concentrations by gas-liquid chro- 
matography. Br J Anaesth 49:871-873 

12. Truog RD, Rice SA (1989) Inorganic fluoride and prolonged 
isoflurane anesthesia in the intensive care unit. Anesth Analg 
69:843 - 845 

13. Smith RA, Winter PM, Smith M, Eger EI (1979) Tolerance to and 
dependence on inhalational anesthetics. Anesthesiology 50: 
505- 509 

14. Oldenhof H, de Jong M, Steenhoek A, Janknegt R (1988) Clinical 
pharmacokinetics of midazolam in intensive care patients, a wide 
interpafient variability? Clin Pharmacol Ther 43:263-269 

15. Frei FJ, Zbinden AM, Thomson DA, Rieder HU (1991) Is the end- 
tidal partial pressure of  isoflurane a good predictor of its arterial 
partial pressure? Br J Anaesth 66:331-339 

16. McLeod DD, Ramayya GP, ]hnstall ME (1985) Self-administered 
isoflurane in labour. A comparative with entonox. Anaesthesia 
40:424 - 426 

17. Hirschman CA, Edelstein G, Wayne R (1975) Attenuation of aller- 
gic bronchoconstriction by halothane and isoflurane. Anesthesiolo- 
gy 43:A386 

18. Heneghan CPH, Bergman NA, Jordan C, Lehane JR, Catlay DM 
(1983) Effect of isoflurane on bronchomotor tone. Br J Anaesth 
55:248 2249 

19. Revell S, Greenhalgh D, Absalom SR, Soni N (1988) Isoflurane in 
the treatment of asthma. Anaesthesia 1988; 43:477-479 

20. Bierman MI, Brown M, Muren O, Keenan RL, Glauser FL (1986) 
Prolonged isofiurane anesthesia in status asthmaticus. Crit Care 
Med 14:832-833 



21. Hussey A J, Aldridge LM, Paul D, Ray DC, Beckett GJ, Allan LG 
(1988) Plasma glutathione S-transferase concentration as a measure 
of hepatocellular integrity following a single general anaesthetic 
with halothane, enflurane or isoflurane. Br J Anaesth 60:130-135 

22. Murray JM, Rowlands BJ, Trinick TR (1992) Indocyanine green 
clearance and hepatic function during and after prolonged anaes- 
thesia: comparison of halothane with isoflurane. Br J Anaesth 
68:168-171 

23. Kong KL, Willatts SM, Prys-Roberts C, Harvey JT, Gorman S 
(1990) Plasma catecholamine concentrations during sedation in 
ventilated patients requiring intensive therapy. Intensive Care Med 
16:171-174 

24. Spence AA (1987) Environmental pollution by 
anaesthetics. Br J Anaesth 59:96-103 

Dr. E. Spencer 
Sir Humphry Davy Department of Anaesthesia 
Bristol Royal Infirmary 
Upper Maudlin Street 
Bristol BS2 8HW 
UK 

421 

inhalational 


