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Volatile anesthetics in the intensive care unit
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The use of volatile anesthetics as an alternative sedation modality in the intensive care
unit (ICU) has gained traction over the last several years. Volatile agents such as sevo-
flurane and isoflurane possess favorable pharmacokinetic and pharmacodynamic pro-
perties that make them suitable choices for titration of sedation in patients requiring
mechanical ventilation. Several studies have continued to demonstrate their efficacy
and safety particularly when assessing wake-up times and times to extubation in con-
trast to various intravenous sedatives. Leveraging the pharmacodynamic properties
of the volatile agents may also be beneficial in certain disease states. As there are de-
vices currently available to enable delivery of volatile anesthetics to patients in the ICU,
ongoing studies exist to determine how to best use this sedation modality. This review
outlines the recent evidence and discusses perspectives on volatile-based sedation for
critically ill patients.
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Providing effective sedation in the intensive care
unit (ICU) is a fundamental practice that requires
constant titration depending on the clinical needs
and status of each individual patient. While pro-
viding sedation is an important aspect of ICU care,
whether it be in the long or short term, closely moni-
toring and following a patient’s neurologic status
off sedation is equally important. Current practice
favors the use of intravenous medications such as
propofol, dexmedetomidine, benzodiazepines, and
opioids, to provide sedation, anxiolysis, analgesia,
and amnesia. These agents are often administered as
a continuous infusion and/or a bolus depending on
the clinical scenario. Despite these medications be-
ing the mainstay for sedation in mechanically venti-
lated patients and for procedural sedation in the ICU,
they are often associated with adverse hemodynam-
ics, tolerance, delirium, tachyphylaxis, or withdrawal.

While still a relatively safe option, the adverse
effects of using continuous propofol sedation in
the ICU have been known to be associated with de-
creased systemic vascular resistance, hypertrigly-
ceridemia, and propofol infusion syndrome [1, 2].
Likewise, with dexmedetomidine, despite its favor-
able use in the ICU with hyperactive delirium and
minimal effects on ventilation, it is associated with
hypotension, bradycardia, and tachyphylaxis [3, 4].
Benzodiazepines on the other hand, are associated
with prolonged ICU stay, increased incidence of deli-
rium, prolonged wake-up times, and dependence [5].

Thus, it is important to emphasize that other agents
may be warranted for optimal delivery of sedation
in the ICU setting.

Over the last 20 years there is emerging evidence
that use of volatile agents for sedation in the ICU may
be a favorable alternative in certain circumstances
[6-10]. Some of their properties make them“an ideal”
sedatives. The focus of this review is to highlight
volatile anesthetic use as an alternative modality to
sedation in mechanically ventilated patients.

PROPERTIES OF VOLATILE AGENTS

The most common inhaled volatile agents used
for anesthesia and sedation are sevoflurane and iso-
flurane. Desflurane is not routinely used due to its
high cost and need for a particular vaporizer given
its physical properties. The pharmacokinetics and
pharmacodynamics of volatile anesthetics have
previously been reviewed in further detail [6]. How
volatile anesthetics produce their anesthetic effects
is suggested to be primarily based on modulation of
protein-protein interactions at the neuronal synapse
which promotes inhibitory action of neurotransmit-
ters [11].

There are many attractive features of these agents
that make them suitable and advantageous agents
for sedation. Notably, they have rapid onset and
rapid offset action as drug clearance is dependent
on the patient’s effective exhalation or minute venti-
lation [12]. In patients with impaired hepatic or renal
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function prolonged clearance or toxicity has rarely
been observed [13, 14]. As seen with use of ben-
zodiazepines and dexmedetomidine, tachyphy-
laxis, resistance, or withdrawal effects with the use
of volatile agents are not observed [15]. Regarding
their end-organ effects, volatile anesthetic agents
are known to cause bronchodilation [16], possess
anticonvulsant effects [17], have the capability to
elicit beneficial ischemic pre- and post-condition-
ing effects in the heart and brain [18, 19], and have
been shown to ameliorate inflammatory effects af-
ter lung injury [20, 21].

Adverse and undesirable effects are also seen
with volatile anesthetic use. These agents can cause
a decrease in systemic vascular resistance caus-
ing hypotension with increasing dosages. There is
also a concomitant increase in cerebral vasodila-
tion when used in higher doses (MAC) increasing
cerebral blood flow leading to a rise in intracranial
pressure that may have negative implications in pa-
tients with hydrocephalus or needing neurocritical
care [22]. Malignant hyperthermia is the most feared
complication of volatile anesthetic use which causes
fever, rigidity, acidosis, and hyperkalemia in patients
with genetic predispositions and certain disease
states [23]. Lastly, there is accumulating evidence that
prolonged sedation with sevoflurane has been asso-
ciated with nephrogenic diabetes insipidus [24, 25].

EVIDENCE FOR VOLATILE SEDATION

There is continuing and emerging evidence
demonstrating the effectiveness of using volatile
anesthetics for sedation [8]. The first published
study by Sackey et al. [26] was a randomized con-
trolled trial demonstrating that prolonged iso-
flurane use in the ICU is safe and is able to elicit
shorter wake-up times when compared to patients
receiving a midazolam infusion. When comparing
isoflurane to midazolam the authors were able to
demonstrate that patients receiving isoflurane had
decreased time to begin following commands and
subsequent decreased time to extubation. Further-
more, patients receiving volatile sedation did not
show significant changes in fluoride concentrations
or evidence of renal or hepatic impairment. Nota-
bly, no hemodynamic changes were observed in
the volatile group.

Other studies support the use of volatile agents
in mechanically ventilated patients and have de-
monstrated non-inferiority to patients receiving
sedation with propofol. For example, an open-
label, phase 3, multicenter randomized controlled
trial showed that isoflurane promotes opioid dose
reduction, spontaneous breathing, and decreased
emergence times after stopping sedation when
compared to patients receiving propofol [27]. When

considering patients receiving sedation for pro-
longed periods such as more than 48 hours, there
have also been favorable results. A prospective ran-
domized controlled trial comparing patients who re-
quired at least 48 hours of sedation either receiving
sevoflurane versus patients who received propofol
or midazolam had comparable levels of sedation as
compared by their Richmond Agitation-Sedation
Scales (RASS) while the hemodynamic effects
were unchanged. Furthermore, patients receiving
sevoflurane were observed to have a significant
decreased time to a spontaneous breathing trial
as compared to receiving intravenous anesthetic
agents [28].

Given the cardioprotective effects that have
been ascribed to volatile agents, some groups have
demonstrated their efficacy in sedation post-cardiac
surgery. A prospective randomized controlled trial
from our center randomized patients to receive
post-operative sedation with either propofol or
a volatile agent after coronary artery bypass graft
surgery [29]. In patients that were administered vola-
tile agents, extubation times were observed to be
faster and there were no differences in postoperative
pain scores, opioid consumption, RASS score, ICU
or hospital length of stay, or mortality when com-
pared with the propofol group. Likewise, Flinspach
and others observed similar results in a prospective
randomized single center trial when comparing vola-
tile agents and propofol after valve surgery where
patients receiving volatiles had faster times to eye
opening, ability to follow commands, and extuba-
tion, while no differences in complications or hospi-
tal stay were observed between groups [30].

There may be additional applications or indica-
tions when volatile sedation may be appropriate.
A retrospective case series has suggested that use of
volatile sedation may be a reasonable approach after
cardiac arrest during therapeutic hypothermia after
achieving return of spontaneous circulation [31].
This could potentially be in part to leveraging the
benefits of volatiles such as facilitation of early neu-
rological assessment due to their pharmacokinetics
and the post-conditioning cardioprotective pro-
perties that limit ischemia-reperfusion injury. Other
areas of interest for volatile sedation in the ICU in-
clude use in patients with COVID-19 pneumonia and
acute respiratory distress syndrome [20, 32-34], sta-
tus epilepticus [17], and extracorporeal membrane
oxygenation [35].

VOLATILE DELIVERY MODES

Volatile agents are classically known to be ad-
ministered by anesthesiologists in the operating
room for induction and maintenance of anesthesia.
As these agents are in a liquid form at room tempe-
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rature, they are housed in a vaporizer cassette which
is inserted into the anesthetic machine. The anes-
thetic agents are vaporized by fresh oxygen and air
flow through the vaporizer and then delivered to
the patient via the ventilator attached to the anes-
thesia machine. This is not a practical approach in
the ICU setting. To enable volatile delivery in the ICU
for sedation, a vaporizing device must be used and
connected to an ICU ventilator, and its management
must be simplified. Additionally, in practical terms,
it must not require a constant presence of an anes-
thesiologist. Several groups have previously de-
scribed the important considerations for volatile
agent delivery in the ICU environment [7, 9].

In contrast to intravenous agents, use of vola-
tile agents in the ICU requires continuous end-
tidal monitoring with a sampling line that provides
the concentration of the agent with each breath
which corresponds to the cerebral concentration
(MAC level). This enables the clinician to enable
a more precise level of sedation, preventing poten-
tial overdose or unfavorable hemodynamic effects.
There are indeed vaporizers currently available to
connect to modern ICU ventilators that are used.
The two most common devices include the Anes-
thesia Conserving Device (AnaConDa or Sedaconda
ACD-L; Sedana Medical, Danderyd, Sweden) and
MIRUS (Pall Medical, Dreieich, Germany). As previ-
ously described [9], these devices can be connected
to any ICU ventilator, possess the capability to re-
vaporize exhaled gas for conservation and recycling
of the agent, and limits dead space in order to pro-
vide lung protective ventilation. There is also the
RIVAL (Thornhill Medical, Toronto, Canada) system
which is a newer device with no restriction in tidal
volumes allowing for more conservative low-flow
lung protective ventilation. The AnaConDa or MIRUS
devices are placed between the endotracheal tube
and Y-piece of the circuit connected to the ventilator.
As illustrated in previous work [6, 9], the AnaConDa
system allows for the infusion of sevoflurane or iso-
flurane for vaporization and has a built-in carbon
layer allowing for recycling of the expired agent.
However, it must be used with a separate analyzer
and gas scavenger. Using a MIRUS device allows
for titration of end-tidal gas concentration, has
an integrated analyzer, and can monitor ventilation
settings. Attaching either system to the breathing
circuit can increase dead space ventilation by ap-
proximately 50 mL.

Additionally, the use of volatile agents do require
scavenging to limit exposure to anesthetic gas with-
in the environment in which they are administered.
In contrast to the operating room which is designed
to limit excess volatile gas, the use of scavenging in
the ICU is uncommon. Despite this, volatile agents

can still be administered safely in an ICU setting
by using a simple scavenging system that con-
forms to standards in most Western countries [36].
Furthermore, effective scavenging of these agents
in an ICU setting has also been proven safe when
administered for long term sedation or more than
48 hours [37].

CONCLUSIONS/FUTURE DIRECTIONS

There is emerging evidence that volatile agents
are an effective and safe option for delivery of se-
dation to patients in the ICU setting whether it be
in the long or short term. These agents are gaining
traction as attractive alternatives to intravenous
infusions such as propofol, dexmedetomidine, and
benzodiazepines due to their predictable pharma-
cokinetics independent of renal or hepatic function
and allowing for real time monitoring of anesthetic
depth and breath-to-breath titration of dosage.
Moreover, there appears to be favorability in terms
of decreased time to follow commands and ex-
tubation in several studies when compared to
intravenous sedatives. These findings have been
corroborated in a meta-analysis comparing intra-
venous sedatives to volatile agents demonstrating
reduction in times to extubation with no increase
in short-term adverse outcomes [38]. However, fur-
ther studies are warranted in order to determine ad-
verse outcomes such as the evaluation of delirium
and cognitive function in volatile versus intravenous
agents [39].

In contrast, recent evidence from the SESAR
trial has challenged the notion that sevoflurane is
an effective alternative for sedation in critically ill
patients [40]. Among patients with ARDS, when
compared with intravenous propofol sedation,
there were fewer number of ventilator free days,
decreased 90-day survival, and a higher 7-day mor-
tality was seen in the patient group that received
sevoflurane sedation. Additional findings included
higher norepinephrine doses, increases in serum
lactate, increased acute kidney injury, and increased
incidence of nephrogenic diabetes insipidus in pa-
tients receiving sevoflurane. Sevoflurane’s impact
on delirium was not assessed in this trial. While this
trial controlled for patients with ARDS only, more
evidence will be needed to determine the safety
of volatile agents for sedation in other critical ill-
nesses which will better inform decision making for
sedation selection.

Despite the potential advantages of using vola-
tile agents for sedation, this modality is not standard
of care in ICU centers across North America. Limita-
tions and barriers to the implementation of this seda-
tion modality may be due in part to the multidisci-
plinary and multispecialty intensivist models in critical
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care medicine as these agents are almost exclusively
used by anesthesiologists. However, clinical trials are
currently underway in the United States, particularly
the INSPIRE-ICU trial which will determine the efficacy
and safety of volatile agents compared to propofol
sedation in patients requiring mechanical ventila-
tion [41]. As more evidence is obtained, future studies
are warranted to determine the benefits of volatile
sedation in particular subsets of patients and disease
states requiring ICU care allowing the intensivist to
select the most appropriate modality.
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