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Abstract

Background: Sedation of critically ill patients with inhaled anaesthetics may reduce lung inflammation, time to extu-

bation, and ICU length of stay compared with intravenous (i.v.) sedatives. However, the impact of inhaled anaesthetics

on cognitive and psychiatric outcomes in this population is unclear. In this systematic review, we aimed to summarise

the effect of inhaled anaesthetics on cognitive and psychiatric outcomes in critically ill adults.

Methods: We searched MEDLINE, EMBASE, and PsycINFO for case series, retrospective, and prospective studies in crit-

ically ill adults sedated with inhaled anaesthetics. Outcomes included delirium, psychomotor and neurological recovery,

long-term cognitive dysfunction, ICU memories, anxiety, depression, post-traumatic stress disorder (PTSD), and in-

struments used for assessment.

Results: Thirteen studies were included in distinct populations of post-cardiac arrest survivors (n¼4), postoperative

noncardiac patients (n¼3), postoperative cardiac patients (n¼2), and mixed medicalesurgical patients (n¼4). Eight studies

reported delirium incidence, two neurological recovery, and two ICU memories. One study reported on psychomotor

recovery, long-term cognitive dysfunction, anxiety, depression, and PTSD. A meta-analysis of five trials found no dif-

ference in delirium incidence between inhaled and i.v. sedatives (relative risk 0.95 [95% confidence interval: 0.59e1.54]).

Compared with i.v. sedatives, inhaled anaesthetics were associated with fewer hallucinations and faster psychomotor

recovery but no differences in other outcomes. There was heterogeneity in the instruments used and timing of these

assessments.
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Conclusions: Based on the limited evidence available, there is no difference in cognitive and psychiatric outcomes

between adults exposed to volatile sedation or intravenous sedation in the ICU. Future studies should incorporate

outcome assessment with validated tools during and after hospital stay.

Systematic review protocol: PROSPERO CRD42021236455.
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Editor’s key points

� There is renewed interest in the use of inhaled agents

for sedation in critically ill patients. They reduce lung

inflammation, ventilator-free days of mechanical

ventilation, and length of stay, but their effect on

cognition in this population is unclear.

� In this meta-analysis, the authors found no differ-

ence between inhaled and intravenous sedation in

the incidence of ICU delirium, and no evidence that

inhaled anaesthetics increase the risk of post-

traumatic stress disorder, mood disorders, or long-

term cognitive dysfunction.

� Further studies are needed to improve understanding

of neurocognitive dysfunction in patients in the ICU

sedated with inhaled anaesthetics.
Inhaled anaesthetics, such as isoflurane, sevoflurane, and

desflurane, are emerging as alternative sedatives for critically

ill patients. Compared with intravenous (i.v.) sedatives,

inhaled anaesthetics may reduce lung inflammation and

improve oxygenation, and they have been associated with

faster time to extubation and shorter duration of ICU stay.1e3

The surge of critically ill patients requiring mechanical venti-

lation during the COVID-19 pandemic and associated shortage

of i.v. sedatives renewed interest in the use of the readily

available and inexpensive inhaled anaesthetics for

sedation.4e7 However, the impact of these agents on acute (ICU

or in-hospital) and long-term (post-hospitalisation) cognitive

and psychiatric outcomes of critically ill patients is less

known.

Cognitive vitality is an important patient-centred outcome

that impacts work success, levels of happiness, and life

expectancy.8e11 Critically ill patients suffer from high burden

of cognitive impairment across the continuum of critical

illness ranging from acute (in-hospital) delirium to long-term

(after hospital discharge) cognitive impairment.12,13 ICU

delirium is associated with both worse patient (increased

mortality and long-term cognitive impairment) and health

system (longer duration of mechanical ventilation and hospi-

talisation and higher healthcare costs) outcomes.14e16

Although systematic evidence suggests no association be-

tween i.v. ICU sedation and cognition,17 recent prospective

cohort studies showed an association between i.v. sedation

exposure, long-term cognitive impairment,16e18 and psychi-

atric morbidity (i.e. depression, anxiety, and post-traumatic

stress disorder [PTSD]).19e22 Whether the same is true for

inhaled anaesthetic drugs is unknown.

In this systematic review and meta-analysis, we collated

existing evidence regarding acute (in-hospital) and long-term

(after hospital discharge) cognitive and psychiatric outcomes
and instruments used for assessment of these outcomes in

critically ill adults receiving inhaled anaesthetic or i.v. seda-

tion. Our review provides a timely up-to-date summary of

existing evidence to better inform providers, patients, and

their families regarding the cognitive and psychiatric effect of

inhaled anaesthetic sedation of critically ill patients and

identifies research gaps in this emerging field.
Methods

This systematic review was performed in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines.23 The protocol followed the

International Prospective Register of Systematic Reviews

(PROSPERO) checklist and was registered in the PROSPERO

database (ID: CRD42021236455). The full study methodology

was peer reviewed and published previously.24
Search strategy

An initial search of MEDLINE identified relevant keywords in

article titles and abstracts. These keywords were then

included in an expanded search of the MEDLINE, EMBASE,

PsycINFO, and the Cochrane Central Register of Controlled

Trials databases; search results were uploaded into the online

systematic review system Covidence (Melbourne, VIC,

Australia). The search strategy can be viewed in the Supple-

mentary material.
Eligibility criteria

We included studies (i) in adult (�18 yr) patients admitted to

any type of ICU, who received inhaled anaesthetics (sevo-

flurane, isoflurane, or desflurane) for sedation (ii) reported at

least one acute (e.g. ICU or in-hospital delirium, hallucina-

tions, psychomotor, or neurological recovery) or long-term

(e.g. post-hospital discharge cognitive function and ICU

memories) cognitive or psychiatric (e.g. anxiety, depression,

and PTSD) outcomes; and (iii) were published as case series,

retrospective, and prospective studies between January 1970

and December 2021. We excluded studies using halothane and

nitrous oxide, as these agents are infrequently used in critical

care settings, abstracts, case reports, paediatric, and non-

English-language studies.
Study selection

Two reviewers (SC and AS) used Covidence software to screen

the titles and abstracts of articles identified by the search

strategy and applied eligibility criteria to select articles for full-

text review. Two reviewers then read full-text articles selected

in the previous step and applied eligibility criteria to select

articles for final data extraction. Disagreements between
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reviewers were resolved by discussion; consensus; and, when

necessary, adjudication by a third reviewer (MS).
Data extraction

Two reviewers (SC and AS) independently performed data

extraction. For each study, we extracted the following vari-

ables: (i) study characteristics: study design, study size, country,

setting (i.e. type of ICU), and stated objective; (ii) patient char-

acteristics: patient sex, admission diagnosis, and study eligi-

bility criteria; (iii) secondary clinical outcomes: ICU length of stay,

hospital length of stay, and in-hospital mortality; (iv) sedation

characteristics: sedation targets and their measurement,

inhaled anaesthetic or i.v. sedative used, target sedative dose,

and anti-psychotic drug use; and (v) cognitive and psychiatric

outcomes: reported values (e.g. delirium rates), instruments

used to measure these outcomes, and timing when these

outcomes were assessed.
Quality assessment and risk of bias

Risk of bias and study quality were assessed by two indepen-

dent reviewers (SC and AS). Case series were appraised using

the Joanna Briggs Institute (JBI) 2017 Critical Appraisal, cohort

studies by the NewcastleeOttawa, and RCTs by the Cochrane

risk-of-bias tools. Discrepancies were resolved by a third

reviewer (MS).
Data reporting and meta-analysis

Quantitative data were summarised using median (inter-

quartile range) or mean (standard deviation) for continuous

variables and frequency (percentage) for categorical variables.
1856 eligible studies identified
by database search

1509 studies identified
for screening

141 full-text studies
assessed for eligibility

13 studies included in
final analysis

Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Ana
The only consistently reported outcome amenable to meta-

analysis was incidence of delirium. We performed meta-

analysis of RCTs reporting incidence of delirium using

random-effects model in Review Manager 5.3 (Cochrane

Collaboration, Oxford, UK). Heterogeneity was assessed via

calculation of the I2 statistic, where values >50% indicated

moderate heterogeneity.
Results

Study selection

Our search strategy produced 1856 total records. After the

removal of 347 duplicates, 1509 studies were included for title

and abstract screening. Of these, 1368 studies were excluded,

leaving 141 studies for full-text assessment (Fig. 1). Of the 141

studies included for full-text assessment, 26 were review ar-

ticles, and of these five were determined to be potentially

relevant to the outcome(s) of interest in our systematic review.

The referenceswithin these review articles were also screened

for inclusion in our study. After full-text assessment along

with cross-referencing of relevant review articles, 13 studies

met our inclusion criteria and were included in data

extraction.
Study characteristics

We identified four distinct groups a priori24 of critically ill

adults who were sedated with inhaled anaesthetics and

assessed for neurocognitive or psychiatric outcomes. These

groups included cardiac arrest survivors (n¼828), post-

operative noncardiac (n¼235), postoperative cardiac (n¼170),

or mixed medicalesurgical patients (n¼448; Table 1).
347 duplicates removed

1368 studies irrelevant

128 studies excluded
Wrong outcome (n=42)

Review/book chapter (n=26)
Wrong setting (n=25)

Wrong population (n=14)
Wrong study design (n=13)

Other (n=8)

lyses flow diagram.



Table 1 Characteristics of included studies. NA, not applicable; NR, not reported. *Data presented as permitted range, ormedian (IQR), mean [SD], ormean (range) when reported. yMedian
(IQR), mean [SD], or mean (range). IQR, inter-quartile range; LOS, length of stay; MAC, minimum alveolar concentration; SD, standard deviation.

Reference n Design Agent Age (years) Percentage
of female (%)

MAC or
end-tidal
percentage
concentration
(%)*

Duration of
sedation (h)y

ICU LOS (days) Mortality
(%)

Cardiac arrest
survivors

828

Foudraine and
colleagues25

(2021)

170 Retrospective
cohort

Sevoflurane 65.5 (62.5e68.5) 28 0.5 34.3 (25.8e55.5) 6.5 (4.7e22.4) 40
Midazolam
or
propofol

65.4 (62.5e68.3) 29 NA NR 8.1 (6.7e11.6) 44.7

Staudacher
and
colleagues26

(2018)

214 Retrospective
cohort

Isoflurane 66.6 (62.5e70.7) 14 0.5e1.0 46.5 (37.0e59.5) 11.1 (8.6e13.5) 36
Propofol 66.0 (63.9e68) 32 NA NR 9.8 (8.9e10.8) 29.2

Krannich and
colleagues27

(2017)

432 Retrospective
cohort

Isoflurane 62.3 (59.6e65.0) 24 0.5e1.5 NR 8.5 (4.2e16.0) NR
Midazolam
or
propofol

61.9 (58.9e64.8) 26 NA NR 13.0 (6e26.7) NR

Hellstr€om and
colleagues28

(2014)

12 Retrospective
case series

Isoflurane NR 17 0.8 [0.1] 31.0 [12.0] NR 50

Postoperative
(noncardiac)

235

Jung and
colleagues29

(2020)

49 Retrospective
cohort

Sevoflurane 62 (54.5e70.5) 28 0.7 (95% CI:
0.6e0.8)

12.9 [6.5] 2 (2e2) NR

Propofol 61 (57e65) 29 NA 62.8 [86.44] 2 (2e2) NR
R€ohm and
colleagues30

(2009)

130 Single-blinded
RCT

Sevoflurane 67 [10] 28 0.5e1.0 9.2 [4.3] 1.3 [0.9] 2
Propofol 67 [8] 27 NA 9.3 [4.7] 1.61 [1.91] 3.28

Meiser and
colleagues31

(2003)

56 Single-blinded
RCT

Desflurane 65 (37e83) 32 3.5 [0.5] 6.1 [1.8] NR NR
Propofol 59.9 (33e73) 39 NA 6.02 [1.48] NR NR

Postoperative
(cardiac)

170

Hellstr€om and
colleagues32

(2012)

100 Single-blinded
RCT

Isoflurane 65 [8] 24 0.8 [0.18] 2.7 (2.1e3.2) 0.9 (0.8e1.0) 3
Propofol 66 [11] 16 NA 3.08 (2.11e4.05) 0.91 (0.83

e0.99)
4.3

R€ohm and
colleagues33

(2008)

70 Single-blinded
RCT

Isoflurane 64.6 [8.6] 20 0.8 (NR) 8.1 [3.1] 1.2 [0.6] 2.85
Midazolam 66.4 [8.0] 28 NA 8.4 [4.2] 1.65 [1.48] 2.85

Mixed medical
esurgical

448

Meiser and
colleagues34

(2021)

301 Open-label
RCT

Isoflurane 56.0 (45.5e67.0) 31 0.5 [0.2] NR; maximum 54 NR 23
Propofol 64.3 [12.9] 35 NA NR; maximum 54 NR 20

60 Single-blinded
RCT

Isoflurane 61.00 (56.0
e71.0)

24 Daily median
0.2e0.4

114.0 (68.7
e189.3)

15.8 (10.9
e27.2)

58

Continued
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Individual studies ranged in sample size from 12 to 432 pa-

tients (Table 1). Of the 13 included studies, four retrospective

cohort studies (n¼828) examined cardiac arrest survivors.

Three studies (n¼235) assessed postoperative noncardiac pa-

tients, two of which were RCTs and the third a retrospective

cohort study. Two RCTs (n¼170) evaluated postoperative car-

diac surgery patients. Four studies (n¼448) were in a mixed

medicalesurgical population, three of which were RCTs and

one a prospective cohort follow-up after an RCT.
Participant and intervention characteristics

The median age of patients was 62 yr (range: 52e67 yr), the

percentage of female patients was 35% (range: 14e55%), the

duration of sedation was 31 h (range: 6e114 h), the ICU length

of stay was 7.85 days (range: 0.9e15.8 days), andmortality was

20% (range: 2e58%) amongst studies reporting these charac-

teristics. The most frequently used intervention was iso-

flurane, in eight of 13 studies (62%). Sevoflurane was used in

four of 13 studies (31%) and desflurane in one of 13 studies

(7%). In terms of i.v. drugs, six of 13 studies (46%) compared

inhaled anaesthetics with propofol only, whereas two of 13

studies (15%) used only midazolam. The remaining five of 13

studies (39%) used either midazolam or propofol at the

discretion of the study investigators. The one case series did

not have an active i.v. comparator.28
Acute (ICU or in-hospital) cognitive outcomes

Outcomes

The most frequently reported outcome was delirium, which

was reported in eight of 13 studies (62%; n¼1034) (three mixed

medicalesurgical, two post-cardiac arrest, two postoperative

noncardiac, and one postoperative cardiac; Table 2). Amongst

eight studies, one retrospective study in post-cardiac arrest

survivors25 reported a significantly lower incidence of delirium

in patients who received isoflurane compared with propofol

sedation (16% vs 37%; P<0.009), whereas the rest of the studies

showed no difference in delirium between sedation arms. A

meta-analysis of the five available RCTs showed no difference

in the incidence of delirium between inhaled and i.v. sedation

(Fig. 2). One RCT in mixed medicalesurgical patients1 showed

higher proportion of patients experiencing hallucination with

i.v. than inhaled sedatives (propofol 28.6%, midazolam 35.7%,

and sevoflurane 0%; P¼0.04). One RCT assessing psychomotor

recovery in postoperative noncardiac patients, patients rand-

omised to desflurane, recalled significantly more words 1, 5,

and 10 min after they were able to state their birthdate

correctly, but there was no difference in two other psycho-

metric tests compared with propofol.31 The sole retrospective

study in cardiac arrest survivors comparing inhaled and i.v.

sedation showed no difference in neurological recovery be-

tween sedation arms.27
Instruments

Delirium was assessed using the Confusion Assessment

Method for the ICU (CAM-ICU) in four of eight studies (50%;

n¼580), blinded chart review of healthcare professional

documentation in one study (12%; n¼40),36 and three studies

(38%; n¼414) did not report the method of assessment. For the

meta-analysis on delirium outcomes, only two of five studies

(40%; n¼180) used CAM-ICU, whereas the remainder were

based on healthcare provider assessments without clearly



Table 2 Description of outcomes studied. CAM-ICU, Confusion Assessment Method for the ICU; DSST, digit symbol substitution test; GCS, Glasgow Coma Scale; HADS, Hospital Anxiety
and Depression Scale; IES, Impact of Event Scale; NA, not applicable; NR, not reported; NS, reported as not statistically significant. *Statistically significant.

Reference n Inhaled
anaesthetic

I.V. comparator Outcome(s)
assessed

Timing
assessment

Tool(s)
used

Frequency of
assessment

Score or incidence
(%) (volatile)

Score or
incidence
(%) (i.v.)

Reported
P-value

Cardiac arrest

survivors

828

Foudraine and

colleagues25

(2021)

170 Sevoflurane Midazolam

or propofol

Delirium First 14 days

of ICU stay

CAM-ICU NR 16.1% 37.3% 0.009*

Staudacher and

colleagues26

(2018)

214 Isoflurane Propofol Delirium NR NR NR 41.7% 35.4% 0.569

Krannich and

colleagues27

(2017)

432 Isoflurane Midazolam or

propofol

Neurological

recovery

At ICU

discharge

Cerebral

performance

category

Once 44.5% 46.4% 0.599

Hellstr€om and

colleagues28

(2014)

12 Isoflurane None Neurological

recovery

>72 h after

rewarming

Glasgow Coma

Scale

Once Average GCS 8.3 NA NA

Postoperative
(noncardiac)

235

Jung and

colleagues29

(2020)

49 Sevoflurane Propofol Delirium Until ICU

discharge

CAM-ICU NR 0% 0% NA

R€ohm and

colleagues30

(2009)

130 Sevoflurane Propofol Delirium Within 24 h of

extubation

NR NR 7.8% 11.5% NR

Meiser and

colleagues31

(2003)

56 Desflurane Propofol Psychomotor

recovery

During ICU

stay

DSST 60 and 120 min

after extubation

14 (60 min);

18 (120 min)

14 (60 min);

19 (120 min)

NR

Trieger

dot test

30 and 60 min

after extubation

16 (60 min);

22 (120 min)

20 (60 min);

21 (120 min)

NR

Five-word

recall

Once, after

patient

stated birthdate

correctly after

extubation

2.0 (1 min);

1.6 (5 min);

0.6 (10 min)

1.2 (1 min);

0.9 (5 min);

0.6 (10 min)

<0.05*

Postoperative
(cardiac)

170

Hellstr€om and

colleagues32

(2012)

100 Isoflurane Propofol Memories On the day of

hospital

discharge

ICU memory

tool

Once 20.5% (delusions);

84.1% (factual);

54.5% (feelings)

20.5% (delusions);

84.1% (factual);

54.5% (feelings)

0.47; 1.00;

0.67

R€ohm and

colleagues33

(2008)

70 Isoflurane Midazolam Delirium During ICU

stay

NR NR 11.4% 14.3% NS

Mixed medical

esurgical

448

Meiser and

colleagues34

(2021)

301 Isoflurane Propofol Delirium Up to 7 days

after ICU

admission

CAM-ICU NR 5% 5% NS

Continued

6
-

C
u
n
in
g
h
a
m

e
et

a
l.



Table 2 Continued

Reference n Inhaled

anaesthetic

I.V. comparator Outcome(s)

assessed

Timing

assessment

Tool(s)

used

Frequency of

assessment

Score or incidence

(%) (volatile)

Score or

incidence
(%) (i.v.)

Reported

P-value

Jerath and

colleagues35

(2020)

60 Isoflurane Propofol or

midazolam

Delirium For 72 h

post-extubation

CAM-ICU Every 12 h ‘The proportion of CAM-ICU positive

patients post-extubation demonstrated a

similar trend’

NA

Long-term

cognitive

dysfunction

3 months

after ICU

discharge

Telephone

Interview

for Cognitive

Status

Once 67% 78% NS

Mesnil and

colleagues1

(2011)

47 Sevoflurane Propofol or

midazolam

Hallucinations After

discontinuation

of sedation in

the ICU

Review of provider

assessments

NR 0% 35.7% (midazolam);

28.6% (propofol)

0.04*

Sackey and

colleagues36

(2008)

40 Isoflurane Midazolam Delirium At the time of

terminated

sedation or 96 h

after initiation

of sedation for

up to 4 days

Review of provider

assessments

Each assessment

documented by

a nurse,

physician, or

physiotherapy

notes

22.3% 16.67% 1.0

Memories 6 months after

ICU discharge

ICU memory tool Once 20% (delusions);

50% (factual);

50% (feelings)

66.7% (delusions);

66.7% (factual);

50% (feelings)

0.06; 0.6; 1.0

Anxiety and

depression

6 months after

ICU discharge

HADS Once 60% 33% 0.6

PTSD 6 months after

ICU discharge

IES Once 60% 33% 0.6
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Heterogeneity: �2=0.00; �2=0.82, df=4 (P=0.94); I2=0%
Test for overall effect: Z=0.21 (P=0.84)

Favours (volatile)

Study or subgroup

Total (95% CI)

Total events

282

27 27

277 100.0

Favours (i.v.)
00.10.01 10 100

Volatile
Events Total Events Total

I.V.
Weight (%)

Risk ratio
M-H, random, 95% Cl

Risk ratio
M-H, random, 95% Cl

Jerath and colleagues (2020)35

Meiser and colleagues (2021)34

Röhm and colleagues (2008)33

Röhm and colleagues (2009)30

Sackey and colleagues (2008)36

6

8

4

5

4

5

7

5

7

3

15

150

35

64

18

12

151

35

61

18

28.1

23.9

15.5

19.6

12.9

0.95 [0.59–1.54]

0.96 [0.39–2.39]

1.15 [0.43–3.09]

0.80 [0.23–2.73]

0.68 [0.23–2.03]

1.33 [0.35–5.13]

Fig 2. Effect of inhaled volatile anaesthetics on delirium incidence compared with intravenous anaesthesia in critically ill adults. CI,

confidence interval.
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describing use of a validated tool in their articles. Of note, the

three of five studies that did not report use of a validated tool

to ascertain ICU delirium were published before the publica-

tion of Pain, Agitation, and Delirium37 and Pain, Agitation,

Delirium, Immobility, and Sleep38 guidelines that recom-

mended use of validated ICU delirium assessment tools, and

the event (delirium) rate in these studies was not different

from the two of five studies that used CAM-ICU tool. Halluci-

nations were assessed by reviewing healthcare professional

documentation.1 Psychomotor recovery was assessed using

digital substitution subtraction, Trieger dot, and five-word

memory tests.31 Neurological recovery post-cardiac arrest

was assessed using Cerebral Performance Scale or Glasgow

Coma Scale.27,28 See Table 3 for brief description and perfor-

mance characteristics of these instruments.
Timing of assessments

Delirium was assessed whilst the patient was in the ICU in

seven of eight studies (88%; n¼820), with one study (12%;

n¼214) not explicitly stating the timing of delirium assess-

ments.26 The frequency of delirium assessments was only

reported in two studies (25%; n¼100). Hallucinations were

assessed after discontinuation of sedation in the ICU. Psy-

chomotor recovery was assessed in the ICU at pre-defined

time intervals within 2 h of extubation.31 Neurological recov-

ery was assessed in the ICU at least 72 h after rewarming from

therapeutic hypothermia or at ICU discharge.27,28
Long-term (post-hospital discharge) cognitive
outcomes

Outcomes

Only one study (n¼60) assessed long-term cognitive dysfunc-

tion and did not find any difference between inhaled and i.v.

sedation groups.35 Two studies (n¼140) assessed ICU mem-

ories in mixed medicalesurgical and postoperative cardiac

patients.32,36 In both studies, there were no differences in

memories of feelings, factual events, or delusions from the ICU

between the two sedation groups, although in one study fewer

patients had memories of ICU hallucinations or delusions, but

this result was not statistically significant (P¼0.06).36
Instruments

The only study assessing long-term cognitive dysfunction

used the Telephone Interview for Cognitive Status (TICS).35 43

This instrument is a global mental status test that can either

be administered over the telephone or face to face. A score

below 26 (of possible 41) is considered cognitive impairment.

ICU memories were assessed using the ICU memory tool.44

This tool assessed 14 specific memories from the ICU during

the recovery period analysed in three groups (delusional,

factual, andmemories of specific feelings). See Table 3 for brief

description and performance characteristics of these

instruments.
Timing of assessments

Long-term cognitive dysfunction was assessed at 3 months

after ICU discharge.35 ICU memories were assessed on the day

of discharge32 or 6 months36 after hospital discharge.
Psychiatric outcomes

Outcomes

Only one study assessed anxiety, depression, and PTSD with

no difference in outcomes between inhaled and i.v. sedation

groups.36
Instruments

Anxiety and depression were assessed using the Hospital

Anxiety and Depression Scale (HADS) tool, whereas PTSD was

assessed using the Impact of Event Scale tool. These tools are

questionnaires based on the patient’s reported symptoms.
Timing of assessments

Psychiatric outcomes were assessed at 6 months after ICU

discharge in this one study.
Study quality assessment

The study quality performed for each study is summarised in

the Supplementary material. The included RCTs



Table 3Description of cognitive and psychiatric tools. CAM-ICU, Confusion Assessment Method for the ICU; CI, confidence interval; DSST, digit symbol substitution test; HADS, Hospital
Anxiety and Depression Scale; IES, Impact of Event Scale; NA, not applicable; NR, not reported; PTSD, post-traumatic stress disorder; TICS, Telephone Interview for Cognitive Status.

Reference n Inhaled
anaesthetic

I.V. comparator Outcome(s)
assessed

Tool(s) used Tool description Test validity
(if applicable)

Reference

Cardiac arrest
survivors

828

Foudraine and
colleagues25

(2021)

170 Sevoflurane Midazolam or
propofol

Delirium CAM-ICU Clinical assessment for delirium
validated for mechanically ventilated,
non-verbal patients

Sensitivity: 84%
(95% CI: 77
e88%);
specificity:
95% (95% CI: 91
e97%)

Boney and
colleagues40

(2022)

Staudacher and
colleagues26

(2018)

214 Isoflurane Propofol Delirium NR NR d d

Krannich and
colleagues27

(2017)

432 Isoflurane Midazolam or
propofol

Neurological
recovery

Cerebral
performance
category

Standardised descriptor of neurological
functional status

NA NA

Hellstr€om and
colleagues28

(2014)

12 Isoflurane None Neurological
recovery

Glasgow Coma
Scale

Standardised assessment of level of
consciousness

NA NA

Postoperative
(noncardiac)

235

Jung and
colleagues29

(2020)

49 Sevoflurane Propofol Delirium CAM-ICU Clinical assessment for delirium
validated for mechanically ventilated,
non-verbal patients

Sensitivity: 84%
(95% CI: 77
e88%);
specificity:
95% (95% CI: 91
e97%)

Boney and
colleagues40

(2022)

R€ohm and
colleagues30

(2009)

130 Sevoflurane Propofol Delirium NR NR NA NA

Meiser and
colleagues31

(2003)

56 Desflurane Propofol Psychomotor
recovery

DSST The DSST is a paper-and-pencil
cognitive test presented on a single
sheet of paper that requires a subject
to match symbols to numbers
according to a key

Cohen’s effect
size (d-test
statistic) for
Alzheimer’s
disease: e1.76
(sensitivity of
81%)

Morandi and
colleagues41

(2012)

Trieger dot test A paper-and-pencil test with a variable
number of dots that requires the
subject to connect the dots to form a
figure

NA NA

Five-word
memory test

Subjects are provided with five words
and asked to recall them at various
time points

NA NA

Postoperative
(cardiac)

170

Hellstr€om and
colleagues32

(2012)

100 Isoflurane Propofol Memories ICUmemory tool Assessment of 14 specific memories
from the ICU during the recovery
period analysed in three groups
(delusional, factual, and memories of
specific feelings)

Internal
consistency
(a): 0.86

Hellstr€om and
colleagues32

(2012)
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Table 3 Continued

Reference n Inhaled
anaesthetic

I.V. comparator Outcome(s)
assessed

Tool(s) used Tool description Test validity
(if applicable)

Reference

R€ohm and
colleagues33

(2008)

70 Isoflurane Midazolam Delirium NR NR NA NA

Mixed medical
esurgical

448

Meiser and
colleagues34

(2021)

301 Isoflurane Propofol Delirium CAM-ICU Clinical assessment for delirium
validated for mechanically ventilated,
non-verbal patients

Sensitivity: 84%
(95% CI: 77
e88%);
specificity:
95% (95% CI: 91
e97%)

Boney and
colleagues40

(2022)

Jerath and
colleagues35

(2020)

60 Isoflurane Propofol or
midazolam

Delirium CAM-ICU Clinical assessment for delirium
validated for mechanically ventilated,
non-verbal patients

Sensitivity: 84%
(95% CI: 77
e88%);
specificity:
95% (95% CI: 91
e97%)

Boney and
colleagues40

(2022)

Long-term
cognitive
dysfunction

TICS The TICS is a global mental status test
that can either be administered over
the telephone or face to face. A score
below 26 (of possible 41) is considered
cognitive impairment.

Sensitivity:
69.0%;
specificity:
71.4%

Jerath and
colleagues35

(2020)

Mesnil and
colleagues1 (2011)

47 Sevoflurane Propofol or
midazolam

Hallucinations Review of
provider
assessments

d d d

Sackey and
colleagues36

(2008)

40 Isoflurane Midazolam Delirium Review of
provider
assessments

d d d

Memories ICUmemory tool Assessment of 14 specific memories
from the ICU during the recovery
period analysed in three groups
(delusional, factual, and memories of
specific feelings)

Internal
consistency
(a): 0.86

Hellstr€om and
colleagues32

(2012)

Anxiety and
depression

HADS A self-administered measure with 14
items in total that ask the client to
reflect on their mood in the past week

Sensitivity:
82.0%;
specificity:
77.0% (for a
combined
score of 11)

Wood and
colleagues39

(2018)

PTSD IES A 17-point self-assessment tool that
screens for PTSD by measuring the
patient’s response to a specific
traumatic event

Sensitivity: 91%;
specificity:
72% (for a
cutoff score of
27)

Geissbühler and
colleagues42

(2021)
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ICU cognitive & psychiatric outcomes with inhaled sedation - 11
demonstrated five independent outcomes with a low risk of

bias,31 both delirium and long-term cognitive dysfunction

outcomes.32,34,35 Five outcomes had some concerns (delirium,

anxiety, depression, and PTSD36; delirium30,33) and two out-

comes had high risk of bias (delirium outcome36; hallucination

outcome1) (Supplementary Table S1). Of the four observational

studies, two were of good quality27,29 and two were of fair

quality,25,35 as evaluated by the NewcastleeOttawa Scale

(Supplementary Table S2). One case series was deemed of

sufficient quality to be included for analysis by the JBI Critical

Appraisal tool (Supplementary Table S3).
Discussion

Our systematic review andmeta-analysis aimed to summarise

existing evidence regarding acute and long-term cognitive and

psychiatric outcomes in adult critically ill patients receiving

inhaled anaesthetic vs i.v. sedation. We identified 13 studies

that enrolled more than a thousand patients from the

following subgroups: cardiac arrest survivors, postoperative

noncardiac, postoperative cardiac, or mixed medicalesurgical

patients. Most patients received either isoflurane or sevo-

flurane. Incidence of ICU delirium was the most common re-

ported acute cognitive outcome, with available evidence

showing no difference amongst patients receiving inhaled or

i.v. sedatives, although we have low certainty in this result

given methodological limitations of existing evidence. Only

one RCT assessed long-term cognition at 3 months after hos-

pital discharge using the TICS instrument and showed no

difference between patients randomised to inhaled or i.v.

sedatives. Similarly, only one study assessed psychiatric out-

comes at 6months and showed no difference between inhaled

and i.v. sedatives. Instruments used to assess cognitive and

psychiatric outcomes were heterogeneous across studies,

making it challenging to compare results between studies. The

strengths of this review include that it adhered to the PRISMA

guidelines, was registered in PROSPERO (ID: CRD42021236455),

and its protocol was peer reviewed and published with

incorporation of reviewer suggestions regarding search strat-

egy and relevant outcomes.24
Limitations of existing evidence

Our certainty in the results of this systematic review is

tempered by the limitations of the available evidence. First,

although we included 13 studies enrolling more than a thou-

sand patients, there was paucity of RCTs, and individual

studies amenable to meta-analysis had small sample sizes.

Second, some of the included studies did not use validated

and up-to-date instruments to assess cognitive and psychiat-

ric outcomes. For example, delirium was assessed using the

validated CAM-ICU tool in only two of the five trials included in

our meta-analysis, although this was likely because the

remaining three studies were published before the Pain,

Agitation, and Delirium37 and Pain, Agitation, Delirium,

Immobility, and Sleep38 guidelines recommending use of

validated tools to assess ICU delirium. For psychiatric out-

comes, the use of outdated instruments (e.g. HADS for anxiety

and depression) may inaccurately measure the burden of

psychiatric morbidity in this patient population.

Third, reporting of outcomes was incomplete. For example,

although some studies reported delirium incidence, they did

not report on delirium duration or the competing effects of ICU

mortality and coma (both of which preclude delirium
assessment). Delirium- and coma-free days would likely be a

more informative assessment of delirium burden in future

studies. For long-term cognition, the use of TICS instrument,45

an 11-item questionnaire that is modelled after the Mini-

Mental State Examination (MMSE),46 limited the assessment

of cognition to global cognitive score and did not allow

assessment of cognitive impairment across different domains

that are commonly affected in critically illness survivors.12,47

Furthermore, similar to MMSE, this cognitive impairment

screening tool may be prone to ceiling effect, which may

prevent detection of cognitive impairment in critical illness

survivors.12

Finally, the timing of cognitive and psychiatric assess-

ments varied across studies. Given that cognitive dysfunction

in critically ill patients varies across time during ICU and

hospital and may persist for up to 2 yr after hospital

discharge,12 future studies should define standard time points

for routine assessment of these outcomes across the trajectory

of critical illness and recovery.
Why is it important to measure cognitive and
psychiatric outcomes in ICU sedation studies?

Cognitive function and psychiatric health are important

patient-centred outcomes that impact patient recovery from

critical illness. Long-term cognitive dysfunction occurs in up

to 80% of ICU survivors, is severe (comparable with Alz-

heimer’s or moderate traumatic brain injury), affects patients

across the age span, and can last beyond 2 yr after hospital

discharge.12,14 Acute cognitive dysfunction (e.g. delirium) is

associated with longer duration of ventilation, ICU and hos-

pital length of stay, and hospital mortality.13 Given that

delirium is an independent predictor of long-term cognitive

dysfunction14 and because sedation-associated delirium is the

most common delirium phenotype (>60% patients18), opti-

mising sedation may reduce delirium and improve long-term

cognition in critical illness survivors. Although inhaled an-

aesthetics have favourable pharmacokinetic properties that

may reduce ICU delirium by shortening sedation exposure,48

the evidence summarised in the current meta-analysis does

not support this hypothesis. However, given heterogeneity of

study designs, patient populations, and instruments used to

assess cognitive and psychiatric outcomes, further research is

needed to better understand the impact of inhaled anaes-

thetics on cognitive and psychiatric outcomes. Given that

sedation is one of themost common interventions delivered in

the ICU and because cognitive vitality is an important patient-

centred outcome, advancing our understanding regarding

impact of inhaled anaesthetics on cognitive and psychiatric

outcomes in critically ill patients is important for informing

future practice.
Future directions

Cognitive and psychiatric function are important patient-

centred outcomes that impact patient’s recovery from crit-

ical illness. ICU delirium is associated with longer duration of

ventilation, ICU and hospital length of stay, and hospital

mortality,13 and is an independent predictor of long-term

cognitive dysfunction that affects up to 80% of critical illness

survivors.14 Optimising ICU sedation may improve these out-

comes, as sedation-associated delirium is the most common

ICU delirium phenotype (>60% patients18). Inhaled anaes-

thetics have favourable pharmacokinetic properties that may



12 - Cuninghame et al.
reduce ICU delirium by shortening sedation exposure,48 but

whether their use improves cognitive and psychiatric out-

comes remains unclear and should be explored in future

studies that address limitations of existing evidence identified

in this systematic review.

First, future studies should use rigorous study design (e.g.

multicentre RCTs with prospective cohort follow-up studies)

that incorporates routine measurement of cognitive and psy-

chiatric outcomes at regular time intervals that, similar to

other critical care cohorts,49 extend at least to 12 months

beyond hospital discharge. Given the high attrition rate

attributable to mortality and loss to follow-up (ranging be-

tween 31% and 45%) in longitudinal cohorts of critically ill

patients,50 larger sample sizes and patient retention strategies

will ensure that future studies are powered to assess differ-

ences in long-term cognitive and psychiatric outcomes.51

However, the cost and effort associated with carrying out

further studies on larger populations need to be weighed

heavily, given the lack of signal for any difference between

sedation strategies for our outcomes of interest identified in

this systematic review.

Second, future studies should utilise validated, compre-

hensive, and contemporary instruments for assessment of

outcomes, such as the CAM-ICU or Intensive Care Delirium

Screening Checklist for assessment of ICU delirium.38

Assessment of long-term cognitive outcomes would benefit

from the use of neurocognitive batteries that assess cogni-

tion across multiple domains (e.g. Repeatable Battery for the

Assessment of Neuropsychological Status [RBANS]) and

avoid ceiling effects commonly seen with simple screening

tools, such as MMSE.12,14 Cognitive instruments that can be

delivered remotely via telephone (e.g. the virtual version of

RBANS39,52) or web-based interfaces may facilitate patient

retention in follow-up cohorts. Psychiatric assessments

should use modern instruments, such as Patient Health

Questionnaire, Generalized Anxiety Disorder, and PTSD

Checklist for DSM-5, for assessment of depression, anxiety,

and PTSD, respectively, given that they have better sensi-

tivity and specificity than older tools, such as HADS and

Impact of Event Scale.5e39, 43e55 Standardised reporting of

core outcomes related to cognition and psychiatric out-

comes in the postoperative population has gained inter-

est,40,56 and a similar approach should be adapted to the

critical care population.

Third, to account for competing outcomes of death and

coma and better quantify the burden of ICU delirium, assess-

ment of delirium should expand beyond measurement of

delirium incidence and include computation of composite

outcomes, such as days alive and free from delirium and

coma.

Fourth, cognitive and psychiatric assessments should

occur at standard time intervals (e.g. during ICU stay, at hos-

pital discharge, and at 3e12 months after hospital discharge)

to allow assessment of cognitive and psychiatric recovery in

individual patients and enable comparison of outcomes across

studies.

Finally, future RCTs comparing i.v. and inhaled sedatives

should explore whether guiding sedation using bedside depth

of sedationmonitors (e.g. bispectral index or sub-hairline, full-

scalp, or high-density electroencephalography) may improve

cognitive or psychiatric outcomes by both shortening the

duration of sedative exposure and ensuring appropriate depth

of sedation for each patient that minimises delusions, hallu-

cinations, bad memories, and delirium.41
Limitations of this systematic review and meta-
analysis

The main limitation of this review related to the heteroge-

neity of included studies in terms of study designs, sample

size, cognitive and psychiatric outcomes assessed, in-

struments used for outcomes assessment, and timing of

assessments. Due to this heterogeneity, we could only meta-

analyse randomised controlled studies reporting incidence

of delirium, although the low quality of some of the included

studies and described heterogeneity lowered the certainty in

the observed results. We also considered meta-regression to

explore the effect of key predictor variables (e.g. age,

severity of illness, etc.) on delirium outcome. However,

given limited number (k¼5) of primary studies, we elected

not to perform meta-regression to avoid the risk of over-

fitting.42 Future meta-analyses may consider meta-

regression once more primary studies are completed (sug-

gest more than 10 studies).57 Despite these limitations, our

comprehensive search and systematic approach enabled us

to identify and describe existing heterogeneity and issue

recommendations on how to improve future studies in this

emerging field.
Conclusions

There are limited studies comparing the effects of i.v. and

inhaled sedatives on cognitive and psychiatric outcomes in

critically ill adults. Although available evidence suggests

similar incidence of ICU delirium in adult patients receiving

inhaled or i.v. sedatives, we have low certainty in this result

because of heterogeneity and paucity of high-quality

studies. Future research should include well-designed

studies that apply validated, comprehensive, and contem-

porary instruments at standardised time intervals to

compare cognitive and psychiatric outcomes across the

continuum of critical illness in patients receiving i.v. vs

inhaled sedatives.
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