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Abstract Many different drugs are used for sedation of patients in the intensive care unit
(ICU). The vast majority of the agents used are administered intravenously; how-
ever, for the purposes of sedation, inhalational anaesthetic agents have some
advantages, and potential disadvantages, over intravenous drugs. There has been
some published work on the use of isoflurane as a sedative agent in this situation,
with favourable comparisons with the currently used intravenous drugs. Ultimately,
the role of inhalational agents as sedatives in the ICU will depend on the devel-
opment of appropriate equipment and the enthusiasm of the clinicians involved.
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Most critically ill patients who are mechanically
ventilated in intensive care units (ICUs) require se-
dation to minimise the perception of, and the stress
responses to, noxious stimuli. Sedative drugs used
for these patients must be well tolerated with no
adverse effects on any organ system. Ideally, they
should sedate patients to a desired level for the re-
quired duration and have a short recovery period to
facilitate weaning and early extubation or to enable
regular neurological assessment. Traditionally, a
variety of intravenous agents are used,[1] but each
agent has some unwanted effects and other disadvan-
tages. However, it is unrealistic to expect a single
sedative agent to meet the different requirements
of the multitude of critically ill patients.
For many years, inhalational anaesthetic agents

have been used intermittently to provide analgesia
and sedation in mechanically ventilated patients in
the ICU. These drugs have the distinct advantage
of being administered and almost exclusively ex-
creted through the lungs. Unlike intravenous seda-
tives, which depend on liver metabolism or renal
excretion for elimination, the cumulative effects

after prolonged administration of inhalational agents
are minimal, and recovery from inhalational seda-
tion is both rapid and predictable. Any adverse ef-
fects arising from an overdose of an inhalational
anaesthetic agent can be rapidly reversed by a reduc-
tion of its inspired concentration. Furthermore, the
muscle relaxant effects of inhalational agents such
as isoflurane may reduce the need for intravenous
neuromuscular blocking agents during mechanical
ventilation. Many inhalational agents have specific
advantages in patients with asthma and chronic ob-
structive airways disease, and they have been used
to treat patients in status asthmaticus in the ICU.[2-4]

1. Available Inhalational Agents

1.1 Nitrous Oxide

Nitrous oxide is the oldest inhalational agent in
current use. It has very low blood/gas and oil/gas
partition coefficients, and therefore the onset of
and recovery from sedation induced by this agent
are rapid. It is also a potent analgesic and, premixed
with oxygen in a 50 : 50 mixture (as ‘Entonox’), it



is widely used to provide pain relief in many areas
of clinical practice.
Nitrous oxide interferes with the metabolism of

vitamin B12 and inhibits methionine synthase ac-
tivity,[5] leading to bone marrow depression and
polyneuropathy. These toxic effects are known to
occur after relatively short exposures in critically
ill patients.[6] Nitrous oxide can also induce acute
expansion of air-filled spaces within the body. This
could cause distension of the bowels, with resultant
difficulty of ventilation, and life threatening ex-
pansion of an acute pneumothorax,[7] which is a
recognised complication in mechanically venti-
lated patients. Thus, the routine use of nitrous ox-
ide for analgesia and sedation in critically ill pa-
tients is no longer recommended.

1.2 Halothane

Halothane is a halogenated hydrocarbon and a
potent inhalational anaesthetic. Although it has
been used in the treatment of tetanus[8] and status
asthmaticus, there are important drawbacks to its
use for sedation in the ICU. Halothane causes a dose-
dependant depression of myocardial contractility,
leading to bradycardia and hypotension. It also sen-
sitises the myocardium to the arrhythmogenic effects
of endogenous and exogenous catecholamines and
other drugs such as aminophylline. The potential
for such drug interactions in critically ill patients
is high. The other major disadvantage of halothane
is its association with fulminant hepatic failure.[9]

1.3 Enflurane

Enflurane, a fluorinated methyl ethyl ether, is a
commonly used agent in anaesthetic practice. Like
halothane, however, it is not the inhalational agent
of choice for sedation in the ICU. Seizure activity
can be induced when enflurane is used in high con-
centrations in the presence of hypocapnia. The me-
tabolism of enflurane generates a modest amount
of inorganic fluoride, which was implicated in
causing nephrotoxicity associated with methoxy-
flurane if levels of the ion reached 50 μmol/L.[10]
Prolonged enflurane anaesthesia has led to elevated
fluoride levels and evidence of impaired urine con-

centrating ability.[11,12] Patients at particular risk of
fluoride ion nephropathy are those: (i) with pre-
existing renal impairment; (ii) receiving enzyme-
inducing drugs; (iii) who are severely obese; or (iv)
who are receiving other nephrotoxic drugs. Many
critically ill patients belong to these patient groups.

1.4 Isoflurane

Isoflurane is a methyl ethyl ether with a lower
blood/gas partition coefficient than halothane or
enflurane. The onset of and recovery from sedation,
and adjustment of depth of sedation, are therefore
rapid. The pungency of isoflurane has not been re-
ported as being a problem in this situation.
Unlike enflurane, seizure activity is not induced

in patients anaesthetised with isoflurane and, un-
like halothane, isoflurane is not associated with
hepatotoxicity and does not predispose the myo-
cardium to arrhythmias.[13,14] Isoflurane does cause
a dose-dependant decrease in myocardial con-
tractility, but cardiac output is maintained by a drop
in systemic vascular resistance and an increase in
heart rate. At ≤1.0 MAC (minimum alveolar con-
centration), isoflurane has minimal effects on cere-
bral blood flow (CBF) and autoregulation of CBF
is retained.[15] Although it has been suggested that
isoflurane may produce a ‘coronary steal’phenom-
enon by redistributing blood flow in patients with
fixed coronary stenotic lesions,[16] this is unlikely
to occur at sedative doses.[17]
Like halothane and enflurane, isoflurane may

prevent or reverse bronchospasm by a variety of
mechanisms,[18] leading to potentially beneficial
effects in mechanically ventilated patients. As only
0.2% of an absorbed dose of isoflurane undergoes
biotransformation, inorganic fluoride ion nephro-
toxicity is unlikely. The effects of isoflurane on the
different body systems are summarised in table I.
Given its properties, isoflurane is a suitable agent
for sedating mechanically ventilated patients in the
ICU.

1.5 Desflurane and Sevoflurane

Desflurane and sevoflurane arenewer inhalational
anaesthetics which were introduced into clinical
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practice in the 1990s. Both agents have very low
blood/gas partition coefficients with a rapid onset
of and recovery from anaesthesia. Compared with
isoflurane, an even smaller absorbed dose of
desflurane (0.02%) is metabolised and the risk of
toxic metabolites is very remote. However, desflur-
ane has a low boiling point (23.5°C) and specially
heated vaporisers are required for its administra-
tion.
When used with a high fresh gas flow, the costs

of both desflurane and sevoflurane are high, al-
though using desflurane with a closed circuit ven-
tilator with soda lime would certainly make it less
costly. Also, low flow rates could be used with a
closed circuit ventilator which would reduce the
costs. This would, however, increase the complex-
ity of the equipment required in the ICU, and there
are concerns regarding the accumulation of trace
gases with prolonged closed circuit ventilation.[20]
In addition, the use of sevoflurane with a closed
circuit ventilator is inadvisable as the drug is un-
stable in soda lime and the degradation product
(fluoromethyl-2,2 difluoro-1-vinyl-ether) is poten-
tially toxic to humans. About 3 to 5% of sevoflurane
is biotransformed and levels in excess of 50 μmol/L
of inorganic fluoride have been measured, al-

though the effect of this on renal function in the
ICU patient is unclear. Neither desflurane or
sevoflurane have been studied for sedating critically
ill patients requiring mechanical ventilation.

2. Clinical Experience with 
Isoflurane Sedation

2.1 Efficacy and Safety

Several studies have demonstrated the efficacy
and safety of isoflurane sedation in mechanically
ventilated patients who have a range of severity of
illness in different ICUs.[21-24] In these studies, the
effective dose of isoflurane for sedating ventilated
patients was confined to a narrow range (0.1 to
0.8%). The isoflurane vaporiser was initially set to
deliver a concentration of about 0.4% and then sub-
sequently adjusted according to clinical signs to
achieve a desired level of sedation. Isoflurane se-
dation was discontinued when the decision to start
weaning was made. When patients became alert
with an adequate gag or swallow reflex, they were
allowed to breathe spontaneously on a T-piece. Pa-
tients were extubated when they met the unit cri-
teria for extubation. The results from the above
studies have shown that patients were maintained

Table I. Effects of isoflurane on different body systems

System Effect Potential advantage/disadvantage

Cardiovascular system No predisposition to arrhythmias No potentiation of this when used with inotropes

Some reduction in contractility but counteracted by
reduced systemic vascular resistance and compensatory
tachycardia

Potential disadvantage in patients in extremis, and
unable to increase heart rate. Not found to be a
problem in clinical studies to date

Coronary steal phenomenon Potential disadvantage in patients with coronary
artery disease, but not seen in clinical anaesthetic
practice, and unlikely to occur at sedative doses

Respiratory system Prevents/reverses bronchospasm Beneficial in patients with reversible airway disease

May reduce pulmonary vascular resistance Potential benefit in patients with primary
pulmonary hypertension[19]

CNS Anaesthetic effect (low blood/gas solubility of isoflurane) Rapid recovery and adjustment of depth of
sedation

Levels of 1.0 MAC or lower have minimal effect on CBF Cerebral autoregulation is maintained

Reduction of CMRO2 Advantage in patients with head injury

No induction of seizure activity Suitable for use in patients with epilepsy

Hepatic system Maintenance of splanchnic circulation Not detrimental to hepatic or gut perfusion. Not
associated with hepatic toxicity

Renal system Minimal biotransformation to inorganic fluoride ion Not associated with nephropathy

CBF = cerebral blood flow; CMRO2 = cerebral metabolic rate and oxygen consumption; MAC = minimum alveolar concentration.
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at a desired level of sedation for most of the total
time under sedation and that isoflurane was signif-
icantly superior to midazolam in this regard.
The main advantages of the use of volatile

agents over intravenous agents is the speed with
which the level of sedation can be adjusted and the
lower inter-individual variability in the dose re-
quired. The use of vaporisers allows the delivered
concentration to be adjusted very rapidly, compa-
rable with changing an infusion rate for an intrave-
nous agent. There is the additional advantage of the
facility to monitor the end-tidal agent partial pres-
sure which gives a real-time indirect measure of the
brain tissue partial pressure (effector site).[25] This
allows a desired level of sedation to be reached and
maintained without any overshoot.
The steeper dose-response curve with volatile

agents would indicate a more consistent time to the
onset of sedation and less variability in the doses
required. This is consistent with the results obtained
in studies which compared isoflurane with intrave-
nous agents.[21-23]
The low rate of metabolism and the absence of

active metabolites would be expected to result in a
more rapid and reliable offset of the sedative effect
of isoflurane on discontinuation. Studies compar-
ing isoflurane with midazolam[21,22] support this
view and demonstrated fasterweaning frommechan-
ical ventilation and extubation (table II). In the
study comparing isoflurane with propofol[23] there
was a trend in favour of the isoflurane group in

terms of faster weaning, although the difference
was not statistically significant.

2.2 Disadvantages and Potential Problems

As with most intravenous sedative agents, there
is an associated fall in systemic arterial blood pres-
sure on commencement of isoflurane sedation.
This is not sustained in patients who are not hypo-
volaemic and who respond adequately to fluids
and/or inotropic support.[26]
Isoflurane is biotransformed to a very small ex-

tent to the inorganic fluoride ion. In the isoflurane
studies which measured fluoride levels, the highest
mean level achieved was 25.3 μmol/L after 8.7
MAC hours.[27] Despite the high inorganic fluoride
ion levels seen in these critically ill patients, no
clinical or biochemical evidence of deterioration in
renal function has been observed, and no renal
complications attributable to fluoride ion nephrop-
athy following isoflurane sedation have ever been
noted. In addition, significant doubt has been cast
on the validity of the plasma fluoride level per se
as the risk factor for nephrotoxicity. Recent work
seems to suggest that it is the renal metabolism of
methoxyflurane which caused the renal damage,
and that neither peak systemic fluoride levels nor
duration of fluoride increase can be applied non-
selectively to all anaesthetic agents to predict neph-
rotoxicity.[28]
In the crossover study which compared isoflur-

ane with propofol,[23] 3 patients reported hallucina-
tions during and after the study period. Two of

Table II. Recovery profile in patients after stopping isoflurane, midazolam or propofol sedation[21-23]

After stopping sedation Isoflurane Midazolam Propofol

Time to extubation

No. of patients 14 13

Median (range) [mins] 60 (30-135) 195 (50-1080)*

Time to writing home address

No. of patients 22 24

Median (range) [mins] 60 (20-4260) 1260 (120-4320)**

Time to writing name

No. of patients 7 5

Median (range) [mins] 10 (2-30) 15 (1-300)

* p < 0.01; ** p < 0.001.
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these patients developed a reversible peripheral
neuropathy. All patients had also received propofol
for 24 hours prior to isoflurane sedation. A retro-
spective study in paediatric patients[29] implicated
an association between a reversible neurological
dysfunction in these patients and isoflurane seda-
tion. There were, however, serious flaws with this
study, and a variety of other sedative agents were
also used including fentanyl and midazolam, which
have been reported to produce reversible neurolog-
ical abnormalities. Nevertheless, the safety and ef-
ficacy of prolonged isoflurane sedation in children
need to be formally assessed and monitored.
Owing to the rapid recovery from isoflurane se-

dation, temporary disconnection from the ventila-
tor circuit (such as during tracheal suction and chest
physiotherapy) may cause problems. This can be
overcome by closed circuit suction systems, which
do not require disconnection from the circuit, and
the use of a short-acting analgesic such as alfentanil
just prior to the anticipated noxious stimulus.
Isoflurane has no analgesic properties. For

those ICU patients who would predictably require
pain relief, it is essential to coadminister an anal-
gesic such as an opioid. In view of the possibility
of increased CBF in patients anaesthetised with
isoflurane, it should not be used for sedation in
patients with head injury until more research in this
area has been done.

3. Equipment Required

In order to use volatile anaesthetic agents in the
ICU, specific equipment is required to deliver the
agents and scavenge the gases.[30] These are not
present in the vast majority of units and so intrave-
nous sedation is used almost exclusively. However,
most of the equipment is available for use in the
operating theatres, and can be adapted.
With the increasing use of nitric oxide,[31] expe-

rience of using gaseous agents in the ICU is being
obtained. It is of note that equipment has been spe-
cifically developed, such as the Pulmivox (Messer
UK Ltd) which allows a set concentration of nitric
oxide to be delivered and monitored. Thus, if cli-
nicians are convinced that a need exists, it can be

anticipated that equipment would be developed to
meet that need.

3.1 Equipment for Delivery

Plenum vaporisers are designed to add volatile
agents in accurate concentrations to the gases de-
livered to the patient. However, intensive care ven-
tilators have not been designed to be used with
such gases. The only suitable ventilator was the
Servo 900B (Siemens, Scandinavia) which is no
longer manufactured. Theatre ventilators, on the
other hand, are made with exactly this application
inmind. There has recently been a convergence in the
facilities offered by both types of ventilators. Theatre
ventilators now offer pressure control, synchronised
intermittent mandatory ventilation (SIMV), and
the facility for positive end expiratory pressure
(PEEP), such as the Kestrel ventilator (MIE, Exe-
ter, UK). However, as yet, no such ventilator has
the facility to provide patient-triggered pressure
support, which is a commonly used mode for
weaning patients from mechanical ventilation in
the ICU.[32]
An alternative is to use a drawover vaporiser

which can be used with most intensive care venti-
lators, and is placed in the patient breathing system,
distal to the ventilator. In a laboratory study,[33] the
Oxford Miniature Vaporiser (OMV) [Penlon, Ox-
ford, UK] was shown to perform predictably and
safely over a clinically useful range of inspired
concentrations and airway pressures. Moreover, a
modification of this vaporiser has been made for
isoflurane (OMV 50), which has a large reservoir
and an output range of 0 to 1.2% in 0.1% incre-
ments. The only disadvantage of this set-up is that
it cannot be used with ventilators which have a
recirculation system for the inspired gases (for ex-
ample the flow-by system). This is because there
would then be the potential for the volatile agents
to contaminate the ventilator.

3.2 Equipment for Scavenging

Despite legitimate concerns regarding possible
occupational hazards to medical and nursing per-
sonnel exposed to trace concentrations of volatile
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anaesthetic agents, an extensive review concluded
that therewas no clear evidence of adverse effects.[34]
British and European legislation do, however, set
minimum acceptable concentrations of volatile an-
aesthetic agents in the environment,[30] and there
are many scavenging systems available to comply
with these standards.
Piped scavenging systems should be used when

available, although this is usually installed in the
building of an ICU. There are portable powered
scavenging units which pump the gases through a
duct in the wall or window, such as the Purair 500
(MEC, Medical Gas Systems, Bedfordshire, UK;
complies with BS 6834). Alternatively, there is the
Cardiff Aldasorber (Shirley-Aldred, Worksop,
UK) which is connected to the expiratory limb of
the ventilator. It contains a canister of 1kg of acti-
vated charcoal, which is capable of adsorbing 200g
of isoflurane and, at the concentrations used, would
need refilling every 12 to 24 hours.

4. Costs

The use of inhalational agents is not inexpensive
and, based on an average inspired dose of 0.1 to
0.4% isoflurane, the estimated costs are between
£1 and 3 per hour (1999 values). These amounts are
slightly more than the intravenous agents such as
midazolam and morphine, but are directly compa-
rable with propofol and alfentanil infusions which
are commonly used for ICU sedation (table III).

5. Conclusions

There is no doubt that most patients who are
ventilated can be sedated with an opioid infusion,
supplemented, if necessary, with incremental doses
of a benzodiazepine. In postoperative patients, ad-
equate analgesia is of paramount importance.
However, some patients are more difficult to sedate
to a desired level with these conventional ap-
proaches and an alternative agent such as isoflur-
ane can have a role.
Patients who develop multiple organ failure

form an increasingly large proportion of patients
treated in the ICU. All the intravenous sedative
agents can be expected to accumulate in this group
of patients. In particular, morphine must be used
with extreme caution in patients with renal failure
due to the accumulation of active morphine meta-
bolites. From the pharmacokinetic point of view,
an inhalational agent such as isoflurane would seem
an ideal sedative for these patients. The easily con-
trollable dose-related level of sedation and the
rapid recovery from inhalational sedation are partic-
ularly useful in patients who require a period of
postoperative intensive care and stabilisation be-
fore tracheal extubation, such as postoperative car-
diac surgical patients.[37] In severe asthma, isoflurane
may have a specific role due to its bronchodilatory
effects. Inhalational anaesthetics are also useful in
facilitating treatment procedures in ICU such as
bronchoscopy, the insertion of chest drains and in-
vasive monitoring procedures by providing seda-
tion ranging from a light level to that approaching
a general anaesthetic.
The definitive role of inhalational anaesthetics

as sedatives in the ICU will depend on the enthusi-
asm of intensive care clinicians and the development
of more convenient methods of administration.
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