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SYSTEMATIC REVIEW

Inhaled Volatiles for Status Asthmaticus, 
Epilepsy, and Difficult Sedation in Adult ICU 
and PICU: A Systematic Review
OBJECTIVES: Inhaled volatile anesthetics support management of status asth-
maticus (SA), status epilepticus (SE), and difficult sedation (DS). This study aimed 
to evaluate the effectiveness, safety, and feasibility of using inhaled anesthetics for 
SA, SE, and DS in adult ICU and PICU patients.

DATA SOURCES: MEDLINE, Cochrane Central Register of Controlled Trials, 
and Embase.

STUDY SELECTION: Primary literature search that reported the use of inhaled 
anesthetics in ventilated patients with SA, SE, and DS from 1970 to 2021.

DATA EXTRACTION: Study data points were extracted by two authors inde-
pendently. Quality assessment was performed using the Joanna Briggs Institute 
appraisal tool for case studies/series, Newcastle criteria for cohort/case–control 
studies, and risk-of-bias framework for clinical trials.

DATA SYNTHESIS: Primary outcome was volatile efficacy in improving pre-
defined clinical or physiologic endpoints. Secondary outcomes were adverse 
events and delivery logistics. From 4281 screened studies, the number of in-
cluded studies/patients across diagnoses and patient groups were: SA (adult: 
38/121, pediatric: 28/142), SE (adult: 18/37, pediatric: 5/10), and DS (adult: 
21/355, pediatric: 10/90). Quality of evidence was low, consisting mainly of case 
reports and series. Clinical and physiologic improvement was seen within 1–2 
hours of initiating volatiles, with variable efficacy across diagnoses and patient 
groups: SA (adult: 89–95%, pediatric: 80–97%), SE (adults: 54–100%, pedi-
atric: 60–100%), and DS (adults: 60–90%, pediatric: 62–90%). Most common 
adverse events were cardiovascular, that is, hypotension and arrhythmias. Inhaled 
sedatives were commonly delivered using anesthesia machines for SA/SE and 
miniature vaporizers for DS. Few (10%) of studies reported required non-ICU 
personnel, and only 16% had ICU volatile delivery protocol.

CONCLUSIONS: Volatile anesthetics may provide effective treatment in patients 
with SA, SE, and DS scenarios but the quality of evidence is low. Higher-quality 
powered prospective studies of the efficacy and safety of using volatile anesthet-
ics to manage SA, SE, and DS patients are required. Education regarding inhaled 
anesthetics and the protocolization of their use is needed.

KEYWORDS: critical care; sedation; status asthmaticus; status epilepticus; 
volatile anesthetics

Inhaled volatile anesthetic agents are widely used in operating rooms to 
provide safe and effective deep hypnosis for surgery (1, 2). Volatile agents 
are being used in critical care settings to provide sedation, but widespread 

use is limited by a lack of familiarity with these agents and specific drug de-
livery requirements (3, 4). However, adult and pediatric intensivists will con-
sider using inhaled volatiles to “rescue” medical emergencies unresponsive to 
standard treatments such as status asthmaticus (SA), status epilepticus (SE), 
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and patients with high and/or difficult sedation (DS) 
needs (3).

Inhaled volatile agents possess sedative and anti-
seizure properties by augmenting central inhibi-
tory gamma-aminobutyric acid (GABAa) pathways 
(5). Volatile agents also provide therapeutic relief of 
bronchospasm through the relaxation of bronchial 
smooth muscle using a variety of mechanisms that 
include lowering intracellular calcium levels that 
lead to bronchodilatation (6, 7). SA and epilepticus 
are severe conditions that may benefit from inhaled 
volatiles to help improve gas exchange and achieve 
burst suppression respectively (3). Volatile agents 
may also manage DS scenarios with resistance to con-
ventional IV sedatives such as patients with corona-
virus disease, burns, or illicit drug use. In complex 
sedation, volatile agents possess several advantages 
over IV agents including less drug tolerance and bet-
ter drug titration to a desired depth of sedation using 
bedside gas monitoring (3, 8, 9). For patients at risk 
of drug accumulation impacting patient awakening 
and neurologic assessment (e.g., prolonged infusions, 
multiple sedatives), inhaled volatiles provide fast 
clearance through simple pulmonary exhalation with 
no systemic active metabolites (3, 10, 11). Whether 
inhaled volatile agents should be used, as first-line 
therapy for these conditions requires further evalua-
tion. Before further study, this systematic review aims 
to evaluate the effectiveness, safety, and feasibility of 
inhaled volatile use for SA, SE, and DS in both adult 
ICU and PICU patients.

METHODOLOGY

This protocol was developed using the Preferred 
Reporting Items for Systematic Review and Meta-
Analysis Protocols, published and registered with 
the International Prospective Register of Systematic 
Reviews CRD42021233083 (12, 13).

Study Eligibility

Inclusion criteria: 1) ventilated adult (≥ 18 yr) or pe-
diatric (< 18 yr) patients and 2) volatiles used for SA 
and refractory bronchospasm, SE and refractory my-
oclonic activity/movement disorders, and DS. Patients 
with DS were defined as those with challenging seda-
tion requirements (i.e., two or more sedative agents 
and unable to meet sedation target), or expected pro-
longed sedation greater than 24 hours with switch 
to, or initial administration of inhaled volatile anes-
thetic, or concern of adverse effects from or buildup 
of active metabolites from IV sedatives. Studies in the 
DS group were not limited by underlying patient di-
agnosis, 3) volatile agents halothane, enflurane, iso-
flurane, sevoflurane, and desflurane or inhalational 
nitrous oxide (given combined use in early studies), 4) 
general and specialized ICUs (cardiac, burns, neuro-
surgical, trauma), 5) case reports, case series, observa-
tional studies, and trials, and 6) published in English 
or French from 1970 to 2021.

Exclusion criteria: 1) No clear indication for use of 
volatile agent, 2) volatiles used for other clinical sce-
narios (e.g., cardioprotection), 3) older volatiles no 
longer used (i.e., diethyl ether, chloroform, ethyl chlo-
ride, cyclopropane), 4) abstract only, and 5) editorials 
without original data.

Outcomes

Primary outcome studied the efficacy of volatile agents 
in the three clinical scenarios as defined by: 1) SA—
breaking bronchospasm (i.e., clinical and physical 
examination improvements, decreased wheeze on 
auscultation, improved air entry, and/or features of 
improved compliance with ventilation), improving ox-
ygenation or ventilation parameters, improving lung 
mechanics, de-escalation of medical therapies and 
weaning from the ventilator (i.e., reduction in driv-
ing pressures for appropriate ventilation); 2) SE—ter-
minating seizure activity defined by the cessation of 

 
KEY POINTS

Question: Evaluate the efficacy, safety, and feasi-
bility of using inhaled volatile anesthetics for status 
asthmaticus, status epileptics, and difficult seda-
tion in adult ICU and PICU patients.

Finding: In a systematic review of 116 studies 
with 755 patients, inhaled volatiles showed good 
clinical and physiologic improvement in all three 
medical conditions.

Meaning: Inhaled volatiles provide useful thera-
peutic properties for managing adult and pediatric 
critically ill patients with status asthmaticus, status 
epileptics, or difficult sedation needs.
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epileptiform activity clinically or achieving burst sup-
pression on electroencephalography, and de-escalation 
of other antiseizure drugs given for burst suppression; 
and 3) DS—achieving adequate sedation or target se-
dation score and weaning of other IV sedatives.

Secondary outcomes included assessment of pre-
volatile ICU care (i.e., adjunctive medications used 
and time to commence volatile therapy), volatile 
use (i.e., duration, concentration of inhaled vola-
tile agent and/or minimum alveolar concentration), 
and postvolatile care (i.e., duration of ventilation and 
ICU length of stay [LOS]). We assessed safety by in-
cluding short-term adverse effects during ICU care, 
for example, cardiovascular (arrhythmias, hypoten-
sion, need for vasoactive drug support), ventilation/
gas exchange, neurocognitive changes (new-onset 
seizures, delirium), neurologic changes on neuro-
imaging, hepatorenal (hepatitis, acute kidney injury, 
fluoride levels), and other systemic effects (hemato-
logical, metabolic, etc.). When available, we recorded 
longer-term outcomes after hospital discharge, for 
example, neuropsychiatric or neurocognitive disor-
ders. Feasibility including barriers to volatile imple-
mentation was assessed by method (equipment used), 
presence of a drug protocol, and additional personnel 
required for volatile drug delivery. Attitudes toward 
volatile use among practitioners were captured when 
available. For all included papers, patient characteris-
tics (age, sex), ICU LOS, and mortality were described. 
Our original protocol aimed to report the severity of 
illness (e.g., Sequential Organ Failure Assessment) but 
full-text review revealed this was rarely reported and 
thus omitted from the results.

Quality assessment was performed using the Joanna 
Briggs Institute (JBI) appraisal tool for case studies/se-
ries (1), Newcastle criteria for cohort and case–control 
studies (14), and risk-of-bias (Rob 2) framework for 
randomized controlled trials (RCTs) (15).

Electronic Search

Literature searches were conducted in MEDLINE, 
Cochrane Central Register of Controlled Trials, and 
Embase electronic databases, and performed by a 
medical information specialist trained in search strat-
egies; see Supplemental Figure 1 (http://links.lww.
com/CCX/B309) for search details. Additional stud-
ies were identified by cross-referencing review arti-
cles, examining references of relevant studies, search 

“clinicaltrials.gov” (the National Institutes of Health) 
and World Health Organization International Clinical 
Trials Registry Platform for unpublished trials. Authors 
were not contacted for unpublished data.

Study Selection and Extraction

Seven reviewers (K.G., A.J., D.W., M.S., C.F., S.C., and 
K.J.) screened abstracts. Two independent individuals 
reviewed all studies and conflicts were resolved by a 
third reviewer. Full-text editions were obtained for all 
eligible studies. Data extraction was performed using a 
standardized extraction tool in Excel and confirmed by 
a second independent reviewer.

Analysis

Data were stratified by patient group (adult vs. pediatric 
patients) and diagnosis (S.A., S.E., or D.S.). Continuous 
data were summarized using median (range) and cat-
egorical data using frequency (percentage). No meta-
analysis was performed given the lack of randomized 
data and the low quality of the small patient number 
within the included studies.

RESULTS

From 4281 studies, the number of reported studies 
(k)/number of patients (n) meeting study inclusion 
was 116 of 755 (Fig. 1). From 116 studies, 65 exam-
ined SA (adult 38/121, pediatric 28/142), 21 SE (adult 
18/37, pediatric 5/10), and 30 DS (adult 21/355, pe-
diatric 10/90) (Supplemental Tables 1 and 2 and 
Supplemental References, http://links.lww.com/
CCX/B309) for included studies. Of 116 studies, 69 
were case reports, 38 case series, 5 cohort studies, 1 
case–control study, and 3 RCTs. Most SA and SE stud-
ies were single-patient case reports, whereas adult 
and pediatric DS were a mix of study types with a 
median of seven and six patients per study, respec-
tively. Most studies were from academic hospitals in 
North America (40%) and Europe (32%). The ma-
jority of included studies (k = 107) were case reports 
and series that met appropriate JBI criteria for inclu-
sion were level 4 or low Grading of Recommendation, 
Assessment, Development and Evaluation quality of 
evidence (Supplemental Table 3, A and B, http://
links.lww.com/CCX/B309). The three clinical trials, 
cohort, and case–control studies showed an overall 
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low Rob 2 (Supplemental Table 3C–E, http://links.
lww.com/CCX/B309).

Status Asthmaticus

In 38 of 121 (k/n) adult studies, the median age was 37 
years with 64% female patients. Halothane and sevoflu-
rane were the commonest used volatile agents and were 
initiated within the first ICU admission day for a median 
of 1 day (Supplemental Table 2, http://links.lww.com/
CCX/B309). Before initiating volatile therapy, studies 
reported predominantly using β-agonists (97% of stud-
ies), steroids (94%), methylxanthines (65%), and para-
lytics (63%) (Table 1). Median duration of ventilation 
and ICU LOS were 5 days (0.5–39) and 7 days (0.5–45), 
respectively, with low ICU mortality (0%). The propor-
tion of patients where volatiles assisted de-escalation of 
adjunctive therapies was 94% (k/n, 21/32), improved 
clinical status in 95% (k/n, 33/83), reduced ventilator 
mechanics in 92% (k/n, 34/100), and better gas exchange 
in 89% (k/n, 28/56) (Supplemental Fig. 2, http://links.

lww.com/CCX/B309). Most adverse events were car-
diac issues (e.g., hypotension, arrythmias) particularly 
with halothane therapy and long-term (weeks–months) 
myo-neuropathic changes or resolution (Supplemental 
Fig. 3, http://links.lww.com/CCX/B309). Studies failed 
to report whether adverse events were related to volatile 
use, other agents, or patient factors.

In 28 of 142 pediatric studies (k/n), the median age was 
8 years with 40% females (Supplemental Table 2, (http://
links.lww.com/CCX/B309). Isoflurane (45%) was the 
commonest agent started within the first ICU admission 
day and maintained for a median of 1.5 days (0.05–16). 
Most children also received β-agonists and steroid therapy 
(Table 1). The proportion of patients where volatile anes-
thetics assisted de-escalation of adjunctive therapies was 
80% (k/n, 23/45), improved clinical status 95% (k/n, 24/63) 
and ventilator mechanics in 97% (k/n, 25/94), and better 
gas exchange in 97% (k/n, 26/95) (Supplemental Fig. 2, 
http://links.lww.com/CCX/B309). Clinical improvement 
was seen within a median time of 1 hour (0.1–144) after 
commencing volatile therapy. The median duration of 

Figure 1. Consort diagram describing number of studies screened and included in the final analysis. RCT = randomized controlled trial.

http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309
http://links.lww.com/CCX/B309


Systematic Review

Critical Care Explorations www.ccejournal.org     5

ventilation and ICU LOS were 4 days (0.3–38) and 7 days 
(2–30), respectively. Cardiac events were the common-
est complication (35% patients, k/n, 26/140) followed by 

other events such as raised fluoride levels and acute kidney 
injury (Supplemental Fig. 3, http://links.lww.com/CCX/
B309).

TABLE 1.
Adjunctive Medications and Therapies Used Before Initiating Volatile Anesthetic

Adjunctive Medications Used 
Before Volatile Anesthetic Percent of Studies (%) k/n Percent of Studies (%) k/n

Adult Pediatric

Status Asthmaticus Status Asthmaticus

Methylxanthines 65 35/117 86 28/142

Heliox 14 36/118 7 28/142

Beta-agonists (inhaled/IV) 97 35/117 100 28/142

Steroids (IV/oral/inhaled) 94 35/117 96 28/142

Anticholinergics 32 35/117 39 28/142

Ketamine 32 35/117 50 28/142

Magnesium 38 35/117 43 28/142

Antibiotics 38 35/117 30 27/141

Paralysis 63 36/118 50 26/140

Othera 95 21/67 100 11/34

Status Epilepticus Status Epilepticus

Antiepileptics 89 18/37 100 5/10

Benzodiazepines (bolus) 94 17/30 80 5/10

Benzodiazepines (infusion) 33 15/19 40 5/10

Ketamine 20 15/19 40 5/10

Propofol 38 16/26 20 5/10

Barbiturateb 100 17/30 100 5/10

Otherc 100 7/13 100 3/5

Difficult Sedation Difficult Sedation

Propofol 75 16/238 60 10/90

Benzodiazepines 94 16/238 80 10/90

Ketamine 33 15/166 40 10/90

Opioids 73 15/178 100 10/90

Dexmedetomidine 23 13/124 30 10/90

Antipsychotics 15 13/124 10 10/90

Propranolol 0 13/124 0 10/90

Barbiturate 8 13/124 20 10/90

Otherd 100 4/19 100 6/69

k = number of studies; n = number of patients.
aOther interventions include propofol (k = 4), bicarbonate (k = 5), additional IV beta-agonist (k = 9), hypothermia (k = 1), bronchoalveolar 
lavage (k = 2), benzodiazepines (k = 12), cromolyn (k = 2), opioids (k = 10), digitalis (k = 1), gamma-hydroxybutyrate barbiturate (k = 2), 
and extracorporeal membrane oxygenation (k = 1).
bBarbiturates included thiopentone and phenobarbitone.
cOther interventions include local anesthetics (k = 3), opioids (k = 1), paraldehyde (k = 3), paralytics (k = 2), etomidate (k = 1), steroids 
(k = 2), ketogenic diet (k = 1), and IV immunoglobulins (k = 1).
dOther interventions include clonidine (k = 3) various paralytics (k = 6) and epidural (k = 1).

http://links.lww.com/CCX/B309
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Status Epilepticus

In 18 of 37 (k/n) adult studies, the median age was 32 
years with 45% females. Patients spent a median (range) 
of 4 days (1, 2–7) in the ICU before commencing volatile 
therapy, which lasted for 3 days (0.2–34). Studies admin-
istered multiple antiseizure medications before volatiles 
including barbiturates (100%), benzodiazepines (94%), 
and antiepileptics (88%) (Table 1). Most patients (78%) 
received isoflurane therapy. Volatiles prevented seizure 
recurrence in 54% of patients (k/n, 16/28), achieved 
de-escalation of other therapies in 62% (k/n, 17/29), 
aided burst suppression in 100% (k/n, 9/18), clinical or 
epileptiform improvement in 95% (k/n, 16/22), and 89% 
(k/n, 12/18), respectively. The median (range) time to 
volatile efficacy was 0.1 hours (0.1–0.25) (n/k, 6/6). The 
most frequently reported adverse events were cardiac 
complications (i.e., hypotension and arrythmias) in 77% 
of patients (k/n, 14/30). Overall, ICU mortality was low 
(median 0%) with long ICU stays (median 50 d).

In 5 of 10 pediatric studies (k/n) the median age was 
5 years with 73% females. Isoflurane was the most com-
mon agent in 80% of patients. The median (range) ICU 
time before initiating volatile therapy was 20 days (re-
ported in 1 study) and used for 3 days (2–85). Pediatric 
patients also showed a high use of barbiturates, benzodi-
azepine but a lower use of ketamine and compared with 
adult SE patients (Table 1). Like adults, ICU mortality 
was low (median 0%), with long ICU LOS at 31 days 
(5–81). The proportion of patients where volatiles were 
effective at preventing seizure recurrence was 60% (k/n, 
5/10), achieved de-escalation of other therapies in 40% 
(k/n, 5/10), burst suppression in 86% (k/n, 3/10), clin-
ical and EEG improvement in 90% (k/n, 5/10) and 100% 
(k/n, 5/10) respectively. A single study reported clinical 
benefits within an hour of initiating therapy. Cardiac 
complications were the most frequently reported adverse 
events (86% patients, k/n 3/7), followed by neurologic 
complications (33% patients, k/n 3/3) such as neurophys-
iologic changes consistent with neuron loss, motor and 
cognitive deficits, and persistent low consciousness levels 
(Supplemental Fig. 3, http://links.lww.com/CCX/B309).

Difficult Sedation

In 21 of 355 adult studies (k/n), the median age was 
55 years with 34% female adults. This cohort included 
medical-surgical patients who required sedation for 
greater than 24 hours with various diagnoses including 

burns, postcardiac arrest therapeutic hypothermia, ex-
tracorporeal circuits, and COVID-19. The median 
(range) duration of ICU stay before starting volatiles 
was 3 days (0–17). Most patients (76%) received isoflu-
rane for a median of 4 days (0.5–32). The commonest 
adjunct sedatives were propofol, benzodiazepines, and 
opioids before commencing volatiles (Supplemental 
Table 2, http://links.lww.com/CCX/B309). The me-
dian ICU mortality was 11% (0–100%), duration of 
ventilation of 18 days (1.5–46), and LOS of 25 days 
(2–46) (Supplemental Table 2, http://links.lww.com/
CCX/B309). Volatiles were efficacious at achieving 
de-escalation of adjunct sedatives in 90% of patients 
(k/n, 6/40), improved ventilator synchrony in 60% 
(k/n, 1/5), clinical status in 54% (k/n, 7/28), and se-
dation scores in 82% (k/n, 14/204) (Supplemental Fig. 
2, http://links.lww.com/CCX/B309). The median time 
to improvement in any clinical outcomes was 1 hour 
(0.01–4). The commonest adverse events were cardiac 
in 43% of patients (k/n, 8/122), and longer-term com-
plications like cognitive impairment and nephrogenic 
diabetes insipidus with sevoflurane (Supplemental Fig. 
3, http://links.lww.com/CCX/B309).

In 10 of 90 pediatric studies (k/n), the median age 
was 3 years with 46% females. Median time in ICU be-
fore commencing volatiles and duration of volatile use 
were longer than adult patients at 10 days (4–30) and 
8 days (2–32), respectively. The commonest adjuncts 
used were opioids, benzodiazepine, and propofol 
(Table 1). Duration of mechanical ventilation and ICU 
LOS were 10 days (5–60) and 27 days (9–106), respec-
tively (Supplemental Table 2, http://links.lww.com/
CCX/B309). The proportion of patients where vola-
tiles achieved de-escalation of adjunctive sedatives was 
62% (k/n, 7/37), improved ventilator synchrony in 0% 
(k/n, 0/0), clinical status in 89% (k/n, 5/25), and seda-
tion scores in 90% (k/n, 4/38). Clinical improvement 
was seen within a median of 2 hours (1–12) after com-
mencing volatiles. Cardiac events were the most fre-
quently reported problem (54% patients, k/n = 7/69) 
followed by neurologic events (e.g., withdrawal, de-
lirium, tremor, hallucinations) (Supplemental Fig. 3, 
http://links.lww.com/CCX/B309).

Delivery and Implementation

Volatiles were commonly initiated in the ICU with tra-
ditional vaporizers or anesthesia machines in SA and 
SE patients, while miniature vaporizer systems were 
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more common in DS patients (Supplemental Table 4, 
http://links.lww.com/CCX/B309). There was limited 
description of delivery processes; only 10–20% of stud-
ies described the need for non-ICU (anesthesiology) 
personnel to support volatile administration and the 
use of a delivery protocol. Descriptive comments 
within studies indicated that volatiles worked well for 
the three conditions with rapid clinical improvement, 
but staff experienced difficulties accessing anesthesia 
workstations to deliver agents.

DISCUSSION

To our knowledge, this is the first systematic review 
summarizing the efficacy, safety, and feasibility of vo-
latile use in the ICU for the conditions of SA, SE, and 
DS. We purposefully included both adult and pediatric 
patients given that these diagnoses affect all patients 
and comparison between age groups highlights simi-
larities and differences in practice between adult and 
PICUs. Overall, the results showed that volatile use 
rapidly improved patients’ clinical status with the 
de-escalation of other medical therapies and improve-
ment in physiologic endpoints.

Several reports described adverse events most no-
tably in the cardiovascular, hepatorenal, and neuro-
logic categories. Since the studies were nonrandomized 
and volatile therapy was used in-extremis to rescue 
life-threatening emergencies, it remains uncertain 
whether these complications are attributable to com-
mencing volatile agents, the primary disease process, 
or other patient-related risk factors. Furthermore, we 
anticipate our cohort may be sicker, as evidenced by 
the longer ICU stays (7 d SA, up to 50 d in SE) com-
pared with the usual median stay of 1.5–1.7 days in 
large cohort studies (16, 17). These results should also 
be taken into context with randomized clinical trial 
data that investigated volatile agents in ICU patients 
(18–23). These trials administered volatile agents for 
hours to days and showed good safety profiles with 
equivalent hemodynamic profiles, vasoactive drug use, 
and hepatorenal function compared with IV sedatives. 
Adult trials have shown fluoride (a constituent of vola-
tile agents), increases in blood plasma with longer use, 
but this has not been associated with nephrotoxicity 
(19, 22). Several studies noted volatile use was associ-
ated with nephrogenic diabetes insipidus. This is a rare 
complication, particularly of sevoflurane use through 

the potential lowering of renal aquaporin-2 receptors 
that help to concentrate urine (24, 25). Evidence exam-
ining the neurocognitive and long-term effects of ICU 
volatile use is limited, but current data show equivalent 
effects on ICU delirium (22, 26).

To maximize the breadth of this review, we spanned 
five decades of literature that have seen changes in 
volatile drugs and delivery systems. Earlier stud-
ies were more likely to use halothane with anesthetic 
workstations or in-line vaporizers with a ventilator. 
Contemporary studies use sevoflurane and isoflurane 
with miniature vaporizer technologies designed for 
volatile delivery outside operating rooms (3, 23, 27). 
Despite our wide time frame, the information gained 
on volatile implementation remains relevant, as these 
agents are infrequently used by intensivists. Several 
reasons may underpin the low utilization of these 
agents including a lack of familiarity with the pharma-
cology of these agents, managing drug titration, addi-
tional equipment, and personnel needs. Although our 
included studies under-report the challenges of imple-
menting volatiles, the use of drug protocols and multi-
disciplinary training of ICU teams may safeguard the 
use of these agents and delivery systems as noted in 
larger studies (21, 22, 28).

To date, most clinical trials examining the use of 
volatiles in the ICU have shown good quality of se-
dation with potentially better outcomes like faster 
patient awakening, extubation times, lower inflamma-
tion, and opioid use (11, 23, 29). There are also sev-
eral ongoing clinical trials that will continue to grow 
evidence in this area (NCT05327296, NCT05312385, 
NCT04341350, NCT04415060, etc.). Our results show 
volatiles were commenced on average 1–3 days after 
ICU admission, with clinical benefits apparent within 
a few hours of initiation. Hence, this review supports 
considering the clinical benefits of volatile anesthetics 
earlier in the care of ventilated SA, SE, and DS patients. 
Further research in these medical conditions is needed 
to evaluate if earlier volatile use translates into better 
outcomes like shorter mechanical ventilation, ICU and 
hospital stays, and improved survival.

We acknowledge several notable limitations. First, 
the review is built on collating lower-quality evidence 
using largely case reports and series. A lack of clinical 
trials in the three conditions likely reflects the com-
plexity of conducting research during these emer-
gency situations. Case reports/series data are highly 
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variable in their reporting approach, outcomes, and 
content. To ensure transparency, we reported on out-
comes that are clinically relevant and well described 
within this literature, including both the number of 
studies and patients for each endpoint, and assessed 
the Rob 2 using current measurement tools for dif-
ferent study types. However, we identify that under-
reporting impacts the depth of our results. In addition, 
the actual effectiveness of volatiles may be less as case 
reports and series are inherently associated with a 
publication bias. Halothane—an older volatile agent 
that is no longer used in many countries was included 
in this review. This was to ensure the inclusivity of 
an agent that is still available in some countries and 
may be useful in resource-limited settings. Although 
we wanted to summarize precise oxygenation, venti-
lator, and sedation target parameters for SA patients, 
it was not possible to do this given the heterogeneous 
or incomplete reporting of these variables in primary 
studies.

CONCLUSIONS

Volatile anesthetics may provide effective treatment 
in patients with SA, SE, and DS scenarios but cur-
rent evidence is low quality. Future work should ex-
amine whether earlier use of volatile agents for SA, SE, 
and DS scenarios improves patient and health system 
outcomes.
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