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ABSTRACT
Introduction  The COVID-19 pandemic has renewed 
interest in the use of inhaled anaesthetics for sedation of 
ventilated critically ill patients. Preliminary data show that 
inhaled anaesthetics reduce lung inflammation, time to 
extubation and intensive care unit length of stay compared 
with intravenous sedatives. However, the impact of inhaled 
anaesthetics on cognitive and psychiatric outcomes is not 
well described in this setting. Randomised controlled trials 
are underway to establish if inhaled anaesthetics affect 
these and other patient and health system outcomes. 
Our aim is to summarise the known effects of inhaled 
sedatives on cognitive and psychiatric outcomes.
Methods and analysis  In this systematic review, we will 
use MEDLINE, EMBASE, and PsycINFO to identify studies 
from 1970 to 2021 that assessed cognitive and psychiatric 
outcomes in critically ill adult patients sedated with inhaled 
anaesthetics. We will include case series, observational 
and cohort studies and randomised controlled trials. We 
will exclude case studies due to the heterogeneity of 
reporting in these studies. For randomised controlled trials 
comparing inhaled to intravenous sedation, we will report 
cognitive and psychiatric outcomes for both study arms. 
Studies will be selected based on the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
checklist. Data will be extracted using a standardised data 
extraction tool by two independent reviewers. Studies will 
be assessed for bias using the Cochrane risk of bias tool 
for randomised controlled trials, or the Newcastle-Ottawa 
Scale for cohort and case–control studies. Findings will be 
reported according to outcome and descriptive statistics 
will be used to illustrate findings in a narrative fashion.
Ethics and dissemination  The systematic review uses 
published data and therefore does not require ethics 
approval. Results will be disseminated via publication in 
peer-reviewed journals and presentation at conferences 
related to the field.
PROSPERO registration number  CRD42021236455.

INTRODUCTION
The SARS-CoV-2 2019 (COVID-19) pandemic 
and surge of critically ill patients has renewed 
interest in the use of inhaled anaesthetics 
for sedation for those with severe respira-
tory failure requiring mechanical ventilation. 

Inhaled anaesthetics could address the 
shortages of intravenous sedative encoun-
tered during this pandemic because they 
can achieve the deep levels of sedation often 
required for patients with severe respira-
tory failure.1–4 Inhaled anaesthetics have 
additional benefits including reduced lung 
inflammation, improved oxygenation and 
are associated with shorter time to extuba-
tion and intensive care unit (ICU) length of 
stay.5–7 These are important considerations as 
the pandemic has put stress on the availability 
of critical care resources in many parts of 
the world.8 However, there may be practical 
limitations to using inhaled anaesthetics in 
the ICU including equipment and properly 
trained personnel. In addition, some studies 
report various adverse effects of long-term 
inhaled anaesthetics such as dose-dependent 
respiratory depression, hypotension, malig-
nant hyperthermia, diabetes insipidus and 
hepatitis,9 among others.10 Therefore, 
current randomised controlled trials will be 

Strengths and limitations of this study

	► To the best of our knowledge, this is the first sys-
tematic review examining the effects on volatile an-
aesthetics on cognition and psychiatric outcomes in 
critically ill adults.

	► Important review as cognitive and psychiatric out-
comes are important patient-centred outcomes 
and a number of randomised controlled trials are 
currently underway examining the effect of inhaled 
anaesthetics on physiological, patient and health 
system outcomes in patients with COVID-19 and 
non-COVID-19 respiratory failure.

	► Limited exclusion criteria will allow for the maximum 
of papers on this topic to be included in our analysis.

	► We expect few, if any, randomised controlled trials 
specifically analysing cognitive and psychiatric out-
comes, and the review will likely be made up mostly 
of case series and observational studies.
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helpful in establishing whether sedation with inhalational 
anaesthetics of critically ill patients with COVID-19 and 
other causes of respiratory failure is safe and improves 
patient and health system outcomes in comparison to 
traditional intravenous sedatives (eg, ​ClinicalTrials.​gov, 
NCT04415060). While these trials will help to determine 
whether inhaled anaesthetics improve mortality and 
shorten duration of ventilation in patients with hypoxic 
respiratory failure, they will also assess the impact of 
inhaled sedatives on the quality-of-life measures after 
recovery from critical illness.

Cognitive impairment is common among critically 
ill patients and represents a spectrum of dysfunction 
from acute delirium to long-term cognitive impairment 
following discharge from the ICU. 11ICU delirium is 
a well-established acute entity that is associated with 
increased mortality, prolonged mechanical ventilation 
and hospitalisation, and increased healthcare costs.12 13 
Furthermore, the presence of delirium while in the ICU 
may be a predictor of long-term cognitive disability, 
the incidence of which ranges from 10% to 58% across 
various studies. 12 14 15While one systematic review did not 
find an association between sedative use and long-term 
cognitive dysfunction in ICU survivors,16 some prospective 
cohort studies found that intravenous sedative exposure 
in the ICU is associated with worse long-term cognitive 
function.15 17 However, a recent study found that when 
comparing intravenous sedation with a non-sedation 
approach in critically ill adults, there was no difference in 
cognition at 3 months following ICU discharge.18 There 
is also some evidence to suggest that intravenous seda-
tion may contribute to psychiatric morbidity in the form 
of depression, anxiety and post-traumatic stress disorder 
(PTSD), which are also common among ICU survi-
vors. 19–22While an association has been found between 
intravenous sedatives (ie, opioids, benzodiazepines and 
propofol) and the development of cognitive and psychi-
atric morbidity, the impact of inhaled anaesthetics on 
these outcomes has not been well described.

There is a clear association between critical illness 
and both acute and long-term cognitive dysfunction and 
psychiatric disturbances. Cognitive function and mental 
health are important determinants of academic and work 
success, levels of happiness and life expectancy.23–26 Given 
renewed interest in the use of inhaled anaesthetics for 
sedation of critically ill patients, it is imperative to ascer-
tain the effect of these inhaled sedatives on cognitive 
and psychiatric outcomes. By providing an up-to-date 
summary and analysis of existing literature, this system-
atic review will lay the foundation for future research in 
this emerging field.

AIMS
The aim of this systematic review is to evaluate the impact 
of inhaled anaesthetics compared with intravenous 
sedatives on cognitive and psychiatric outcomes among 
mechanically ventilated critically ill adults. We will also 

investigate the methods used to measure and report 
cognitive and psychiatric morbidity in this setting.

METHODOLOGY
The Population-Intervention-Comparator-Outcome 
(PICO) strategy for this review is summarised in table 1.

Types of studies
Study designs will include case series, observational and 
cohort studies and randomised controlled trials. Case 
reports will be excluded given the often heterogenous 
nature of reporting results. We will consult with previous 
systematic reviews that have investigated inhaled anaes-
thetics use and assessed for cognitive performance after 
exposure while in the ICU to help identify primary liter-
ature on this topic. There is no restriction with respect 
to study sample size. Publication date will include studies 
published from 1970 until December 2020. Only English 
language studies will be used.

Types of participants
Inclusion criteria

	► Adult (>18 years old) patients.
	► Admitted to any ICU including general medical-

surgical, trauma and subspecialty ICUs (eg, cardiovas-
cular, burns and neuro-based units).

	► Patients who received inhaled sedatives for any period 
of time during their admission to an ICU. Treatment 
could be initiated in the ICU, the operating room or 
the emergency department.

	► Treated with halothane, enflurane, isoflurane, sevo-
flurane or desflurane.

	► Were assessed for cognitive and psychiatric (anxiety, 
depression, PTSD) outcomes using either subjective 
or objective tools at any stage during ICU admission 
or following ICU discharge.

Exclusion criteria
	► Paediatric patients.
	► Studies evaluating ether, trichloroethylene, methoxy-

flurane, xenon, nitrous oxide or other inhaled agents 
no longer relevant to modern clinical practice.

	► Studies in language other than English.

Types of intervention
Interventions of interest will include exposure to inhaled 
anaesthetics (ie, sevoflurane, desflurane, isoflurane) for 
sedation in critically ill patients, and the concentration 

Table 1  Inclusion and exclusion criteria

Population Adult (>18 years old) patients 
admitted to critical care units

Intervention Sedation with inhaled anaesthetics

Comparator Intravenous sedation

Outcome Short-term and long-term cognition 
and psychiatric outcomes
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and duration of exposure to inhaled anaesthesia. Patients 
who received adjunctive intravenous sedation (eg, 
concomitant benzodiazepines or opioids) will be included 
as long as they satisfy the above inclusion criteria.

Comparator
While we expect few randomised controlled trials on this 
topic, our comparator for this systematic review will be 
any intravenous sedatives if the study design includes one.

Types of outcome
The primary outcomes of interest are subjective or objec-
tive measures of cognition, anxiety, depression or PTSD. 
Secondary outcomes are methods and instruments 
used to measure cognitive, anxiety, depression or PTSD 
outcomes (ie, subjective assessment vs objective testing; if 
objective, the specific test(s) used).

Search strategy
The search strategy will be performed and communi-
cated in a way to maximise reproducibility of the search 
results and study conclusions following the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses search exten-
sion (PRISMA-S) guidelines. An initial search of Ovid 
MEDLINE will be performed in order to identify relevant 
Medical Subject Headings keywords in article titles and 
abstracts based on the PICO question outlined in table 1. 
These keywords will then be included in a final expanded 
search of the MEDLINE, EMBASE, PsycINFO and the 
Cochrane Central Controlled Trials Register databases 
and a collection of their titles and abstracts uploaded 
into the online systematic review system, Covidence. We 
will include articles from 1970 to 2021. In addition, the 
reference sections of each of the included studies will 
also be reviewed in order to ensure all relevant articles 
are included. This includes all items discussed in the 
newly published PRISMA-S checklist for reporting specif-
ically on the literature search component of systematic 
reviews.27 The full planned search strategy can be found 
in the online supplemental file 1 of this manuscript as 
part of completing the PRISMA-S checklist.

Study selection
Two independent reviewers will screen each article’s title 
and abstract for inclusion in the final data extraction 
based on the aforementioned study inclusion/exclusion 
criteria using Covidence. In order to be considered for 
full-text review, screened articles will need to be identi-
fied for inclusion by both reviewers. Conflicts will be 
resolved by a third independent reviewer not involved 
in the initial screen. Full-text articles from the screening 
process will then be read for final inclusion in the review. 
A PRISMA flow diagram will be used to illustrate the 
number of studies screened, those chosen for inclusion, 
as well as reason(s) for exclusion from data extraction 
after full-text review. This diagram will be generated using 

Covidence automatically after annotating specific studies 
for inclusion/exclusion.

Data extraction
Data extraction will be performed independently by two 
reviewers using Covidence’s data extraction tool. We have 
created a data extraction tool and will test the tool on two 
papers prior to finalising the tool’s parameters. Conflicts 
or missing data during data extraction are automatically 
flagged and will be resolved by a third reviewer when 
necessary. Data will be extracted with the following data 
points of interest:

1. Study characteristics—publication type, country, date 
of publication, study size and setting (ie, medical, surgical, 
cardiovascular, trauma centre, etc), industry sponsorship.

2. Population characteristics—age, sex, admission 
diagnosis, measurement of sedation, overall mortality, 
previous diagnosis of cognitive impairment, PTSD, 
anxiety, or depression, previous antipsychotic use.

3. Intervention characteristics—inhaled or intrave-
nous agent used; indication for sedation (postopera-
tive cardiac, postoperative non-cardiac, non-surgical or 
mixed), concentration (minimum alveolar concentra-
tion or end-tidal concentration for inhaled anaesthetics 
if available), primary versus adjunct mode of sedation, 
total duration of exposure to inhaled anaesthetic, mode 
of administration (ie, Anesthesia Conserving Device 
(AnaConDa) vs other).

4. Comparator characteristics—comparator(s) of 
interest include intravenous sedative used (eg, propofol, 
opioid, benzodiazepine, ketamine), dose of compar-
ator(s) of interest used and age and sex of comparator 
group.

5. Outcomes—for each of cognitive function, anxiety, 
depression and PTSD: tool(s) of measurement (subjec-
tive vs objective, and the specific tool(s) used (ie, ques-
tionnaires, Mini-Mental State Examination, Trails A, etc 
for cognition; Hospital Anxiety and Depression or Patient 
Health Questionaire-9 for depression, etc or a battery 
of tests for each outcome)), definition of impairment 
(scores on objective testing), timing of measurement (eg, 
while in ICU, prior to hospital discharge; 3 months post-
discharge, etc), rates of outcome of interest (eg, % with 
depressive symptoms).

	► For cognitive function only: domain of cognition 
affected (eg, executive function, language, etc).

	► For depression, anxiety and PTSD only: rates of use 
of psychiatric medications (eg, antidepressants/anxi-
olytics, etc) in follow-up.

Methodological appraisal
Once we have selected studies for data extraction, each 
individual study will also be assessed for risk of bias 
based on publication type and validated screening tools. 
In order to assess the selected studies for bias, we will 
use the Cochrane risk of bias tool for any randomised 
controlled trials, and report individual domains of bias 
as either ‘High’ or ‘Low’ risk of bias. To assess biases in 
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case–control and cohort studies, we will use the Newcastle-
Ottawa Quality Assessment Scale. For any case series that 
are included, we will use the Joanna Briggs Institute’s crit-
ical appraisal tool for case series.

Data synthesis
We will perform a narrative description of included full-
text studies for each of the four outcomes of cognition, 
depression, anxiety and PTSD. When available, we will 
present each individual outcome of interest in table 
format with a descriptive statistical focus with categorical 
variables (eg, sex, prevalence of quantitative impairment) 
expressed as a frequency of events, and quantitative vari-
ables from each study presented as medians. We do not 
anticipate a sufficient number of randomised controlled 
trials in this area to allow for a meta-analysis to be 
performed.

Sensitivity analyses
If possible, a sensitivity analysis will be performed on the 
indication for sedation (cardiac postoperative patients vs 
non-cardiac postoperative patients vs non-operative), as 
well as for duration of sedation (for more than 24 hours 
or less than 24 hours) in order to ascertain the effect of 
these variables on the outcome of interest.

Patient and public involvement
As this is a systematic review protocol, patients and the 
public were not directly involved in the formation of the 
protocol. Patient outcomes will be derived from original 
articles when published in the systematic review.

Ethics and dissemination
The systematic review uses published data and therefore 
does not require ethics approval. Results will be dissem-
inated via publication in peer-reviewed journals and 
presentation at conferences related to the field.
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