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ABSTRACT

Background. Daily sedation interruption (DSI) aims to limit sedative
accumulation in mechanically ventilated adults. Trials have conflicted.
Implementation studies have not been synthesized with randomized data.

Objective. To compare DSI with continuous sedation without scheduled
interruption for ventilation duration and clinical outcomes in critically ill adults.

Methods. PubMed, Europe PMC and Scopus were searched, with citation
searching. Randomized trials, concurrent cohorts and before-after studies were
eligible. Standardized mean differences (SMDs) were pooled with random-effects
models (DerSimonian-Laird, Hartung-Knapp). Risk of bias was assessed with

RoB 2 and ROBINS-I, and certainty with GRADE.

Results. Twenty-three studies were included (12 randomized trials, one cohort,
10 before-after studies), and 10 (2,297 patients) were pooled for the primary
outcome, in which DSI did not significantly shorten ventilation (SMD -0.11, 95%
confidence interval [CI] -=0.49 to 0.28; 12 89.1%; 95% prediction interval -1.13 to
0.92; ratio of means 0.88, 0.66 to 1.17). The SMD was 0.05 (-0.42 to 0.53) in
randomized trials (p=0.16 versus non-randomized studies) and 0.00 (-0.71 to
0.70) against protocolized sedation. Point estimates for mortality (risk ratio 0.85,
0.54 to 1.33, randomized trials) and tracheostomy (0.64, 0.40 to 1.00) favored
DSI, but the intervals included no effect. Self-extubation, reintubation, delirium
and length of stay did not differ. Certainty was very low for ventilation duration
and low for mortality.
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Conclusion. DSI did not consistently shorten mechanical ventilation compared
with continuous sedation. Randomized trials showed no effect. A possible benefit
in intensive care units (ICUs) without protocolized light sedation rests mainly on
non-randomized evidence.
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affected more than half of survivors in a nationwide
cohort,® muscle weakness persisted at one year,” and
recovery of quality of life and cognition was slower after
delirium.8

1. Introduction

Ventilation duration tracked closely with outcome in a
large international cohort of 481 intensive care units
(ICUs) in 50 countries: only 65% of patients ventilated for
at least two days were successfully weaned by day 90, and
higher sedation scores were independently associated
with delayed initiation of weaning and with weaning
failure.! Extubation failure was among the strongest
predictors of death in a national multicenter cohort in
Argentina,? and the incidence of ventilator-associated
pneumonia (VAP) varied widely across European ICUs.3
Indonesian cohorts showed the same burden. Prolonged
ventilation after open-heart surgery was independently
associated with in-hospital mortality,* and more than
three-quarters of the patients who developed VAP in a
tertiary referral hospital died in hospital.> The harm did
not stop at discharge. Post-intensive care syndrome

Sedation practice is modifiable, and deeper sedation was
associated with longer ventilation and worse outcomes in
these cohorts. Early deep sedation was associated with
fewer ventilator-free days and higher mortality in a dual-
center cohort? and with delayed extubation after
adjustment in a multicenter Korean cohort.1? Persistently
deep sedation trajectories were linked to longer ICU stay
and higher hospital mortality,!* and medication-induced
deep sedation to loss of independent living.'? Days of deep
sedation were associated with ICU amnesia. Delusional
memories were associated with later post-traumatic stress
symptoms,!? although sedation intensity during the first
day was not independently associated with psychological
impairment at three months.'* Deep sedation often began
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before ICU admission. In a national cohort of more than
72,000 air-transported patients, 88% were deeply
sedated.1s

Daily sedation interruption (DSI) was proposed to prevent
drug accumulation. Continuous sedative infusions were
stopped once a day until the patient was awake. The same
practice has been described as a spontaneous awakening
trial, a sedation hold, a sedation vacation or a daily wake-
up, and in this review these terms were treated as
synonyms and the abbreviation DSI is used throughout.
The rationale was strongest for long-acting agents.
Midazolam and its active metabolite accumulate during
prolonged infusion, so the time to awakening lengthens
with the duration of sedation. In the landmark single-
center trial, DSI shortened ventilation and ICU stay.'®
Paired with a spontaneous breathing trial (SBT), it also
improved ventilator-free days and one-year survival.l”
Later trials were less consistent. Adding DSI to nurse-led
protocolized sedation did not change the time to
extubation,'® and one trial was stopped early because
ventilation was longer with DSI than with a nursing-
implemented sedation algorithm.!® The most recent
focused guideline update addressed the choice of sedative
and recommended dexmedetomidine over propofol, rather
than DSI.2° Audits showed wide variation in the use of DSI
and sedation protocols across countries, including low-
and middle-income settings.?1-23

Three recent syntheses addressed DSI. The updated
Cochrane review pooled randomized trials in adults and
children, with protocolized, usual-care and analgesia-first
or no-sedation comparators,?* a meta-analysis of 45
randomized trials found large benefits that were
moderated by illness severity,?®> and a network meta-
analysis ranked DSI and protocolized sedation similarly for
ventilator-free days.?® None of them integrated the before-
after implementation studies through which DSI has been
introduced into routine care. None examined whether the
effect depended on how long patients were ventilated
under the comparator strategy. None reported prediction
intervals for the effect expected in a new ICU. Here,
continuous sedation denoted a continuous sedative
infusion without a scheduled daily interruption, whether it
was titrated at the clinicians’ discretion (usual care) or by
anurse-led protocol to a light sedation target (protocolized
sedation). The distinction matters for ICUs in which
continuous benzodiazepine infusions without a sedation
protocol remain common.

This systematic review and meta-analysis addressed one
question. In critically ill adults receiving invasive
mechanical ventilation (population), did daily interruption
of continuous sedative infusions (intervention), compared
with continuous sedation without scheduled daily
interruption (comparator), shorten the duration of
mechanical ventilation (primary outcome)? Did it also
affect mortality, length of stay and safety outcomes
(secondary outcomes), in randomized and non-
randomized comparative studies?

2. Methods

2.1. Protocol, registration and reporting

The review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement.?’” A protocol
specifying the review question, eligibility criteria,
outcomes, data items and analysis plan was prepared
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before screening began. One amendment was made before
data synthesis: because only eight studies (seven
randomized trials and one concurrent cohort) reported the
duration of ventilation in a form suitable for pooling,
before-after implementation studies were added to the
eligible designs, and the analysis restricted to randomized
trials was designated the principal sensitivity analysis. The
protocol was not registered in a public registry. [Author
query: add a repository where the protocol text can be
inspected, or state the date of the internal protocol.]

2.2. Eligibility criteria

Eligibility was defined by population, intervention,
comparator, outcomes and study design. The population
was adults (16 years or older) receiving invasive
mechanical ventilation and continuous intravenous
sedation in any ICU. The intervention was a protocol of
daily interruption of all continuous sedative infusions, with
or without opioid infusions, until the patient was awake or
showed predefined signs of intolerance. Nurse-led and
physician-led protocols were eligible, whether or not DSI
was paired with an SBT.

The comparator was continuous sedation without
scheduled daily interruption, either usual care with
titration at the clinicians’ discretion or protocolized
sedation with continuous infusions titrated to a target.
Studies were excluded when the comparator was
intermittent bolus sedation, analgesia without sedative
infusion or a no-sedation strategy, or when daily
interruption was applied in both groups. Differences in co-
interventions, including the sedation-depth target, did not
lead to exclusion but were recorded and examined in
sensitivity analyses.

The primary outcome was the duration of mechanical
ventilation in days, as defined by the authors. Secondary
outcomes were ICU and hospital length of stay, ventilator-
free days to day 28, all-cause mortality, self-extubation or
unplanned extubation, reintubation, tracheostomy, VAP
and delirium. Randomized controlled trials, concurrent
cohort studies and before-after implementation studies
comparing consecutive cohorts treated before and after
the introduction of a DSI protocol were eligible. Reviews,
case reports, editorials, conference abstracts without a full
publication, pediatric studies and reports in journals not
indexed in MEDLINE, Scopus or Web of Science were
excluded. There was no language restriction.

2.3. Information sources and search strategy

PubMed/MEDLINE, Europe PMC and Scopus were
searched from inception to [Author query: date of the last
search]. Two concept blocks were combined: DSI and its
synonyms (including sedation interruption, sedation
vacation, sedation hold, spontaneous awakening trial,
wake-up test, daily arousal and sedation break), and the
context of mechanical ventilation, critical illness or
sedation. The PubMed string was: ("daily sedation
interruption*"[tiab] OR "daily interruption*"[tiab] OR
"sedation interruption*"[tiab] OR "interruption of
sedation"[tiab] OR "interruption of sedative*"[tiab] OR
"interrupting sedation"[tiab] OR "interrupted
sedation"[tiab] OR "sedative interruption*"[tiab] OR
"sedation vacation*"[tiab] OR "sedation hold*"[tiab] OR
"sedative hold*"[tiab] OR "spontaneous awakening"[tiab]
OR "awakening trial*"[tiab] OR "daily awakening"[tiab]
OR "awakening and breathing"[tiab] OR "wake-up
test*"[tiab] OR "wake up test*"[tiab] OR "daily
wake*"[tiab] OR "sedation stop*"[tiab] OR "stopping
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sedation"[tiab] OR "sedation cessation"[tiab] OR
"cessation of sedation"[tiab] OR "discontinuation of
sedation"[tiab] OR "sedation discontinuation"[tiab] OR
"sedation break*"[tiab] OR "daily arousal*"[tiab] OR
"arousal therapy"[tiab] OR "awakening therapy"[tiab] OR
"daily awaken*"[tiab] OR "wake-up call*"[tiab] OR "wake
up call*"[tiab]) AND ("Respiration, Artificial"[Mesh] OR
"Ventilator Weaning"[Mesh] OR "Intensive Care
Units"[Mesh] OR "Critical Illness"[Mesh] OR "Critical
Care"[Mesh] OR "Hypnotics and Sedatives"[Mesh] OR
"Conscious Sedation"[Mesh] OR "Deep Sedation"[Mesh]
OR "mechanical ventilat*"[tiab] OR "mechanically
ventilated"[tiab] OR ventilat*[tiab] OR "intensive
care"[tiab] OR ICU[tiab] OR ICUs[tiab] OR "critically
ill"[tiab] OR "critical care"[tiab] OR intubated[tiab] OR
sedat*[tiab]) NOT ("Animals"[Mesh] NOT
"Humans"[Mesh]).

The same terms were translated into the syntax of Europe
PMC (title and abstract fields, restricted to MEDLINE,
PubMed Central, Agricola and Chinese Biological Abstracts
sources) and Scopus (title, abstract and keyword fields,
journal articles). Forward and backward citation searching
of the landmark trial, of the included studies and of earlier
systematic reviews was carried out through OpenAlex
citation records. The complete strategies for every source
are provided in Supplementary Table S1.

2.4. Study selection

Records were merged and de-duplicated on PubMed
identifier, digital object identifier and normalized title.
Titles and abstracts were screened against the eligibility
criteria, and potentially eligible reports were assessed in
full. One reviewer screened records and assessed full texts
with a standardized form. A second reviewer verified every
inclusion and exclusion decision, and disagreements were
resolved by discussion. Reasons for full-text exclusion
were recorded (Supplementary Table S2).

2.5. Data collection and data items

A standardized form recorded the design, country, setting,
type of ICU, numbers of patients in each group, age, sex,
illness severity, the DSI protocol, the comparator strategy,
pairing with an SBT, the predominant sedative, the
sedation target, the definition of ventilation duration,
follow-up, and every primary and secondary outcome in
the format reported. Values were extracted exactly as
printed; medians were not treated as means, and no
missing value was imputed. The second reviewer checked
each value against the corresponding table or sentence of
the source report.

Effect sizes were oriented so that DSI was always the
experimental group. In one trial, daily interruption was the
control arm of the original comparison, and the direction of
its effect sizes was reversed accordingly.?® Mortality was
taken at the short-term time point closest to hospital
discharge or day 28; ICU mortality was used when no later
short-term time point was reported.

Because the duration of ventilation is right-skewed, many
studies reported medians. When a median with
interquartile range was reported, the mean was estimated
with the method of Luo and colleagues (Equation 1) and
the standard deviation with the method of Wan and
colleagues (Equation 2), in which g1 and g3 denote the
quartiles, m the median, n the group size and ®-! the
standard normal quantile function.??
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When a median was reported with its 95% confidence
interval (CI), the standard deviation was derived from the
standard error of the median (Equation 3), where Lm and
Un are the limits of the interval. Means with standard
errors or CIs were converted to standard deviations with
the usual identities, and medians without any measure of
dispersion were summarized narratively. Conversions
from medians can underestimate within-study standard
errors,’? so a quantile-estimation approach was applied as
a sensitivity analysis.
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2.6. Risk of bias assessment

Randomized trials were assessed with the revised
Cochrane risk-of-bias tool (RoB 2) for the duration of
ventilation. Its five domains were the randomization
process, deviations from intended interventions, missing
outcome data, measurement of the outcome and selection
of the reported result. Written decision rules for each
domain were agreed before the assessment, because
implementation guidance improves the reliability of RoB
2_31

Non-randomized studies were assessed with ROBINS-I
across confounding, selection of participants, classification
of interventions, deviations from intended interventions,
missing data, measurement of outcomes and selection of
the reported result. Secular trends, co-interventions
introduced with the protocol and baseline imbalance were
considered under confounding. The original rating scale
was applied without modification, and non-randomized
studies were analysed separately from randomized trials,
as recommended after a methodological review found
frequent misapplication of the tool.3?

2.7. Synthesis and statistical analysis

The primary effect measure was the standardized mean
difference (SMD), calculated as Hedges’ g with the small-
sample correction J (Equation 4). In Equation 4, X, s and n
are the mean, standard deviation and size of the DSI
(subscript 1) and comparator (subscript 2) groups. The
sampling variance of g was calculated with Equation 5, and
negative values indicate shorter ventilation with DSI.
X1—X2

gi=]X——,

P

5, = ’(711—1)Sf+(nz—1)522 ’ 4)
ny+ny—2

3
] =1- 4(nq+ny)-9
ni+n;, giz
Vi= E + 2(n1+ny) (5)
Effect sizes were pooled with a random-effects model. The
between-study variance t? was estimated with the
DerSimonian-Laird method (Equation 6), and each study
was weighted by the inverse of the sum of its within-study
and the between-study variance (Equation 7). The CI of the
pooled estimate used the Hartung-Knapp adjustment with
a t distribution on k-1 degrees of freedom and the
DerSimonian-Laird 72 (Equation 8), because this
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adjustment maintains coverage better than Wald-type
intervals when few studies are pooled.3334
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Heterogeneity was quantified with Cochran’s Q and I?
(Equation 9), in which {ire denotes the common-effect
(inverse-variance) estimate. The 95% prediction interval
was calculated to describe the range of effects expected in
a new setting (Equation 10).3%

Q = Xiwi(g; — fgp)?, o
2= max{O,%} x 100% )

a+t trk—2,0.975/ 72 + SE2 () (10)

The SMD expresses differences in standard-deviation units
that depend on the spread of each study population. The
ratio of means (ROM) was therefore calculated as a
complementary measure on the log scale (Equation 11)
and back-transformed for presentation as a relative change
in the duration of ventilation.3¢

In(ROM) = In (2),
R (11)
Var(In(ROM)) = —5 + —=;

nixy na2X2

Randomized and non-randomized studies were pooled
together in the primary analysis and separately by design,
because pooling bodies of evidence from both designs can
modify conclusions even when the direction of effect is
concordant.3’? Pre-specified subgroup analyses compared
randomization, study design, comparator strategy
(protocolized sedation versus usual care), predominant
sedative (benzodiazepine-based versus other), pairing
with an SBT, region and overall risk of bias. Within each
subgroup, the DerSimonian-Laird estimator was used with
Hartung-Knapp intervals, or with Wald-type intervals
when fewer than three studies were available, and
subgroups were compared with random-effects tests for
subgroup differences.

Random-effects meta-regression (restricted maximum
likelihood with the Hartung-Knapp adjustment; Equation
12) examined the mean duration of ventilation in the
comparator arm, publication year and the logarithm of
sample size. Because the comparator-arm mean also enters
the effect size, this analysis was considered exploratory.

9i = Bo+ Buxi +u; + &,
uiNN(O: Trzes)
Sensitivity analyses varied the model: the restricted

maximum likelihood estimator, Wald-type intervals and a
common-effect model. They varied the evidence base:

(12)
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randomized trials only, trials with each type of comparator,
and studies at low or moderate risk of bias. They excluded
before-after studies, studies with abstract-level data, the
trial in which the standard deviation was derived from the
CI of the median, and the trial in which the two arms had
different sedation-depth targets. Finally, the quantile-
estimation conversion was applied, and leave-one-out
analysis was performed.

Small-study effects were examined with a funnel plot, the
Egger regression test (Equation 13) and the trim-and-fill
method, because 10 studies were available.

E=Pot Pt (13)

Continuous secondary outcomes were pooled as SMDs and
ROMs (length of stay) or mean differences (ventilator-free
days), and binary outcomes as risk ratios (RRs) with
Mantel-Haenszel weights within a random-effects model.
Hartung-Knapp intervals were used when at least three
studies were pooled and Wald-type intervals when only
two were available. Analyses were performed in R 4.5.3
with the meta (8.2.1) and metafor (4.8.0) packages, and
two-sided p<0.05 indicated statistical significance.

2.8. Certainty of evidence and ethics

Certainty of evidence was rated with the Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) approach. The rating was based on the
randomized trials for each outcome, because the non-
randomized studies were all at serious risk of bias and
would have started at low certainty; the combined estimate
is shown alongside for the primary outcome. Risk of bias,
inconsistency, indirectness, imprecision and publication
bias were considered. The prediction interval was used to
judge inconsistency and imprecision together, so that the
same uncertainty was not penalized twice.?® Ethical
approval was not required because only published
aggregate data were analysed.

3. Results

3.1. Study selection

The database searches identified 1,961 records (PubMed
693, Europe PMC 659, Scopus 609). After removal of 1,137
duplicates, 824 records were screened. Of these, 793 were
excluded on title and abstract, mainly because they were
reviews, editorials or case reports, did not evaluate a daily
interruption  protocol,  concerned  children  or
intraoperative wake-up tests, or compared DSI with a no-
sedation strategy. Full texts were sought for 31 reports.
Five could not be retrieved, and 26 were assessed for
eligibility. Three reports were excluded: two because the
comparator was intermittent bolus sedation and one
because daily interruption was not the core of the
intervention. Citation searching identified 2,836 additional
records, of which six were sought and four assessed. All
four were published in journals not indexed in MEDLINE,
Scopus or Web of Science. In total, 23 studies were
included, as illustrated in Figure 1.
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Identification of studies via databases

Records identified from databases
(n =1,961)

PubMed: 693

Europe PMC: 659

Scopus: 609

Identification

Records screened (n = 824) —_—

!

Reports sought for retrieval (n = 31) —

!

Reports assessed for eligibility (n = 26) \

Screening

Records removed before screening:
Duplicate records (n = 1,137)

Reports not retrieved (n = 5)

Reports excluded (n = 3):

Identification via other methods

Records identified from
forward and backward
citation searching (n = 2,836)

Records excluded (n = 793)

Reports sought (n = 6)

Reports not retrieved (n = 2)

not continuous sedation (n = 2)
Intervention not a daily interruption

protocol (n = 1)

Studies included in the review (n = 23)
Randomized controlled trials: 12
Concurrent cohort: 1
Before-after implementation studies: 10

Included

Primary meta-analysis of ventilation duration:
10 studies (7 randomised, 1 cohort,
2 before-after)

J

Comparator intermittent bolus sedation, l

Reports assessed (n = 4);
excluded, journal not indexed
in MEDLINE, Scopus or WoS (n = 4)

Figure 1. PRISMA 2020 flow diagram of the identification, screening and inclusion of studies. MEDLINE, Medical Literature Analysis and Retrieval System

Online; WoS, Web of Science.

3.2. Characteriztics of the included studies

The 23 studies comprised 12 randomized controlled trials,
one concurrent cohort study and 10 before-after
implementation studies. They were conducted in 9
countries. In total, 14 were from North America and five
from middle-income countries (Turkey, China and Iran),
and none was from Indonesia or a low-income country.
Among the trials, six compared DSI with protocolized
sedation and six with usual care; all before-after studies
compared a DSI protocol with pre-implementation
practice. DSI was paired with an SBT in 10 studies. The
predominant sedative was benzodiazepine-based in six
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studies, a combination of agents in six, and propofol with
dexmedetomidine in one. It was not reported in 10, mostly
before-after studies. The study populations were drawn
from mixed or medical-surgical ICUs in 16 studies, medical
ICUs in four, and one each from cardiac, burn and trauma-
dominated units. The trials that reported group sizes
analysed between 50 and 423 patients, and only three
analysed more than 100. The before-after studies ranged
from 56 patients to 5,164 ventilation episodes. Where
reported, the mean or median age in the trials ranged from
about 40 to 69 years. The main characteriztics are detailed
in Table 1.
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Table 1. Characteriztics of the included studies.

Study Country  Setting n Comparator With Main sedative Duration of Risk of
SBT ventilation, days (DSI bias
vs comparator)
Randomized controlled trials
Kress 200016 USA Single-center medical 68/60 Usual care No Midazolam or Median 4.9 (2.5-8.6) Some
ICU propofol vs 7.3 (3.4-16.1) concerns
Girard 200817 USA Four tertiary centers 167/168  Usual care Yes Mixed Not reported; Low
(ABC trial) ventilator-free days
14.7 (SE0.9) vs 11.6
(SE0.9)
Mehta 20083° Canada Three university 65 (total) Protocolized sedation =~ No Benzodiazepine  Median 10.5vs 8 (no  Some
medical-surgical ICUs and opioid dispersion) concerns
(pilot)
de Wit 20081° USA Single-center closed 36/38 Protocolized sedation ~ Yes Mixed Median 6.7 (95% CI High
medical ICU 4.1-10.4) vs 3.9 (2.9-
49)
Anifantaki Greece Single-center medical- 97 (total) Usual care No Mixed infusions Median8.7vs7.7 (no  Some
200940 surgical ICU dispersion) concerns
Yilmaz Turkey Single-center general 25/25 Protocolized sedation =~ No  Midazolam Mean 6.66 + 5.22 vs Some
20104 (mixed) adult ICU 9.52 +6.07 concerns
Weisbrodt Australia  Two level-3 mixed 26/24 Usual care No Midazolam, Median 8 (3.6-14.5) vs Some
201142 ICUs (double-blind fentanyl 8.4 (4.4-14.3) concerns
pilot)
Guo 201243 China Single-center ICU 30/30 Usual care No NR No difference (values ~ Some
(four-arm trial) not reported) concerns
Mehta 201218 Canada, 16 tertiary medical 214/209 Protocolized sedation  No Benzodiazepine Median7 (4-13)vs7 Low
USA and surgical ICUs and opioid (3-12)
(SLEAP)
Shahabi Iran Critical care units of 40/40 Usual care No Mixed Not reported (VAP High
20164 one university outcome)
hospital
Guo 201828 China Single-center ICU 40/40 Protocolized sedation =~ No  Propofol, Mean 7.8 £ 2.7vs 5.6 + Some
dexmedetomidin 1.9 concerns
e
Tanios USA Single-center medical- 31/28 Protocolized sedation =~ No Midazolam, Median 4 (2-7) vs 5 Low
20194 surgical ICU (three- fentanyl (2-8)
arm pilot)
Concurrent cohort study
Kayir 201846  Turkey Single-center 50/50 Protocolized sedation =~ No  Mainly Mean 4.02 +3.71 vs Serious
anesthesiology ICU midazolam 8.1+49
(retrospective,
concurrent groups)
Before-after implementation studies
Kher 201347  USA Two 10-bed medical 32/33 Pre-implementation Yes Mixed infusions  No difference (p=0.75) Serious
ICUs (QI) care
Jones 201448 USA ICU performance- NR Pre-implementation Yes NR Median 2.7 vs 3.8 (no  Serious
improvement project care dispersion)
Khan 20144° USA 22-bed mixed 440/262 Pre-implementation Yes NR Median 5 vs 4 (no Serious
medical-surgical ICU care dispersion)
Q)
Klompas USA 20 ICUs (12 3425/1739 Concurrent and pre- Yes NR Decreased within Serious
201550 collaborative, 8 implementation care collaborative units
surveillance-only) (episode level)
Ackrivo USA Adult ICUs of an urban NR Pre-implementation No NR No significant change  Serious
201651 academic center (QI) care
Lee 201752 USA Burn ICU 136/171 Pre-implementation Yes NR Fewer ventilator days  Serious
care after implementation
(p<0.05)
Kallet 201853 USA Level-1 trauma center  656/397  Pre-implementation Yes NR Median 9 (4-17) vs 14 Serious
ICU, ARDS survivors care (6-29)
Ferraioli United 10-bed district general NR Pre-implementation Yes NR Median 5 vs 7 (no Serious
201954 Kingdom ICU/HDU (QI) care dispersion)
Ketcham USA Cardiac ICU (nurse- 27/29 Pre-implementation No NR Median 3.8 vs 4.7 (no  Serious
202255 driven SAT protocol) care dispersion)
Nitta 2026%¢  Japan Advanced emergency 122/158 Pre-implementation Yes NR Median 6 (4-11) vs 6  Serious

and critical care
center

care

(4-10)

Notes: Duration of mechanical ventilation in days as reported (DSI vs comparator). Mehta 2012 reported time to successful extubation, Tanios 2019 the duration of the first intubation,
Kallet 2018 the duration in survivors and Nitta 2026 the duration in patients extubated by protocol. n, patients in the DSI and comparator groups (total randomized when group sizes
were not reported); SBT, DSI paired with a spontaneous breathing trial. Risk of bias: RoB 2 for randomized trials (low, some concerns, high); ROBINS-I for non-randomized studies (low,
moderate, serious, critical). ARDS, acute respiratory distress syndrome; Cl, confidence interval; DSI, daily sedation interruption; HDU, high-dependency unit; ICU, intensive care unit; NR,
not reported; QI, quality improvement; SAT, spontaneous awakening trial; SBT, spontaneous breathing trial; SE, standard error; VAP, ventilator-associated pneumonia.

Sixteen studies reported the duration of ventilation, and 10
provided data suitable for standardization: three reported
means and standard deviations, six medians with
interquartile ranges and one a median with its 95% CI.
Definitions differed. SLEAP [Author query: expand SLEAP]
reported time to successful extubation,'® one trial reported
the duration of the first intubation,*> one before-after
study included only survivors,>3 and another included only

Indah Ika Suryaningsih H et al.

patients extubated by protocol.>® The six studies that
reported medians without dispersion showed no
consistent direction: the medians were shorter with DSI in
three before-after studies*®>4>> and longer with DSI in two
trials and one before-after study.394%4% Seven studies gave
no summary of ventilation duration. The Awakening and
Breathing Controlled trial reported more ventilator-free
days with paired DSI and SBT,'” two before-after studies
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reported shorter ventilation after implementation,>%52 and
three reported no difference.*34751 The remaining trial
reported only VAP.44

3.3. Risk of bias

Among the 12 randomized trials, three were at low risk of
bias, seven raised some concerns and two were at high risk.
Concerns arose most often from deviations from intended
interventions (nine trials), mainly unblinded delivery with
ad hoc interruptions in the comparator arm. Selection of
the reported result was the other frequent concern (nine

A. Randomized trials (RoB 2)

D1 D2

B. Non-randomized studies (ROBINS-I)

D3 D4 D5
Kress 2000
Girard 2008

de Wit 2008
Mehta 2008
Anifantaki 2009
Yilmaz 2010
Weisbrodt 2011
Guo 2012
Mehta 2012
Shahabi 2016

Guo 2018

Tanios 2019

[ S 1 Dv M o
Kayir 2018 ° o °
Kallet 2018
Nitta 2026
Khan 2014

Ketcham 2022
Jones 2014
Ferraioli 2019
Kher 2013

Lee 2017

Ackrivo 2016

Overall

R

s @ © QO O OO O

trials), mainly in reports available only as abstracts.
Missing outcome data raised concerns in seven trials
because of post-randomization exclusions. In contrast,
outcome measurement was at low risk in 11 because the
duration of ventilation is objective. All 11 non-randomized
studies were at serious risk of bias, chiefly because of
confounding by secular trends and by co-interventions
introduced with the protocol. The domain-level judgments
for each study are illustrated in Figure 2.

RoB 2 domains

D1 Randomization process

D2 Deviations from intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

ROBINS-I domains

C Confounding

S Selection of participants

| Classification of interventions

Dv Deviations from intended interventions
M Missing data

O Measurement of outcomes

R Selection of the reported result

B Low (+)
[ Some concerns / moderate (?)

I High / serious (—)
Overall

Figure 2. Risk-of-bias judgments for the duration of mechanical ventilation. (A) Randomized trials assessed with the revised Cochrane risk-of-bias tool (RoB
2); (B) non-randomized studies assessed with ROBINS-I. +, low risk; ?, some concerns (RoB 2) or moderate risk (ROBINS-I); -, high (RoB 2) or serious

(ROBINS-I) risk.
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3.4. Synthesis of results

In the primary meta-analysis of 10 studies (2,297 patients;
1,268 DSI and 1,029 comparator), DSI did not significantly
shorten the duration of mechanical ventilation (SMD -0.11
(95% CI -0.49 to 0.28); p=0.54). Heterogeneity was
considerable (I?2 89.1%, 95% CI 82.1% to 93.4%; t2 0.183;
Q 82.9,df 9, p<0.001). The 95% prediction interval ranged

from -1.13 to 0.92. In the seven randomized trials, the SMD
was 0.05 (-0.42 to 0.53), and in the three non-randomized
studies -0.43 (-1.65 to 0.80) (p=0.16 for the difference), as
illustrated in Figure 3. Study estimates ranged from -0.93
to 0.93. The CIs of Kress 200016, Kayir 20184 and Kallet
201833 lay entirely below zero, whereas those of de Wit
2008 and Guo 201828 lay entirely above zero.

DSI  Continuous sedation

Study n  Mean SD n  Mean SD Standardized mean difference Hedges' g (95% Cl) Weight
Randomized controlled trials

Kress 2000t 68 54 46 60 9.0 9.6 -0.49 (-0.85t0 -0.14) 10.4%
de Wit 20081 36 6.7 77 38 39 25 0.49(0.03to 0.95) 9.4%
Yilmaz 2010 25 6.7 52 25 9.5 6.1 -0.50 (-1.06 to 0.07) 8.4%
Weisbrodt 20111 26 88 85 24 9.1 7.8 : -0.04 (-0.59to 0.52) 8.5%
Mehta 20121 214 81 6.7 209 74 6.7 0.10 (-0.09to 0.30) 11.7%
Guo 2018 40 78 27 40 5.6 1.9 0.93(0.47to 1.40) 9.4%
Tanios 20191 31 44 39 28 5.0 47 -0.15 (-0.66to 0.36) 8.9%
Subgroup estimate 440 424 0.05 (-0.42to 0.53) 66.8%
Heterogeneity: 1= 80.7%, 1° = 0.1689, p < 0.0001

Non-randomized studies

Kayir 2018 (cohort) 50 40 37 50 8.1 4.9 —— -0.93 (-1.35t0-0.52) 9.9%
Kallet 2018t (before-after) 656 101 97 397 165 171 = -0.49 (-0.62t0 -0.37) 12.0%
Nitta 20261 (before-after) 122 71 563 158 6.7 4.5 0.07 (-0.16 to 0.31) 11.4%
Subgroup estimate 828 605 ——4— -0.43 (-1.65to 0.80) 33.2%
Heterogeneity: /° = 91.6%, v* = 0.1538, p < 0.0001

Random-effects model (all designs) 1268 1029
Prediction interval
Heterogeneity: 1> = 89.1%, t° = 0.1834, p < 0.0001

Test for subgroup differences: xf =1.95,df =1 (p =0.1628)

-0.11 (-0.49 to 0.28) 100.0%
(113 to 0.92)

I T T T 1
-2 -1 0 1 2

Favors DSI  Favors continuous sedation

1 mean and SD estimated from median and interquartile range; 1 SD estimated from the 95% ClI of the median. Non-randomised studies: one concurrent cohort and two before-after implementation studies.

Figure 3. Forest plot of the standardized mean difference (Hedges’ g) in the duration of mechanical ventilation between daily sedation interruption (DSI)
and continuous sedation, grouped by randomization. Squares are study estimates (size proportional to random-effects weight) with 95% confidence
intervals (Cls); diamonds are random-effects pooled estimates (DerSimonian-Laird, Hartung-Knapp), and the bar is the 95% prediction interval. Negative
values favor DSI. Means and standard deviations marked t were estimated from medians and interquartile ranges, and the standard deviation marked %

from the 95% CI of the median.

Expressed as a ratio of means, ventilation was 12% shorter
with DSI (ROM 0.88 (0.66 to 1.17); p=0.35; 95% prediction
interval 0.35 to 2.20). This is a modest change. For a
comparator-arm duration of 7.7 days, the median across
the included studies, this corresponded to about 0.9 days
less ventilation, with a CI from 2.6 days less to 1.3 days
more. In the randomized trials the ROM was 1.00 (0.71 to
1.41). That corresponds to no difference, with a CI from 2.2
days less to 3.2 days more (Supplementary Figure S1).

The secondary outcomes are detailed in Table 2. Mortality
was assessed in hospital in Kress 200016 and de Wit 200817,
at 28 days in Girard 2008'7 and Tanios 201945, and in the
ICU in Yilmaz 20104!, Weisbrodt 201142 and Kayir 20184,
It was 25.7% with DSI and 31.7% with continuous sedation
across seven studies (RR 0.82 (0.54 to 1.23);1231.5%). The
RR was 0.85 (0.54 to 1.33) in the six randomized trials.
Tracheostomy was performed in 43/297 (14.5%) versus
63/290 (21.7%) of patients (RR 0.64 (0.40 to 1.00);
p=0.051; 12 0.0%).

Table 2. Secondary outcomes.

Self-extubation or unplanned extubation occurred in
29/480 (6.0%) versus 22/463 (4.8%) of patients (RR 1.20
(0.32 to 4.55)). The largest trials pointed in opposite
directions. Self-extubation was more frequent with DSI in
the Awakening and Breathing Controlled trial (RR 2.68
(1.08 to 6.69)) and numerically less frequent in SLEAP (RR
0.81 (0.36 to 1.82)). Reintubation (RR 0.91 (0.31 to 2.69)),
VAP (0.69 (0.05 to 10.36)) and delirium (1.07 (0.65 to
1.75)) did not differ. VAP was defined with a modified
clinical pulmonary infection score in one trial,** whereas
the other two reports did not state a definition. ICU length
of stay (SMD -0.08 (-0.48 to 0.31); ROM 0.91 (0.73 to
1.15)), hospital length of stay (SMD 0.01 (-0.34 to 0.35))
and ventilator-free days (mean difference -0.73 (-9.58 to
8.12) days) were also similar between strategies. The
pooled estimates for all secondary outcomes are illustrated
in Figure 4.

Outcome Studies and measure k Participants Events (DSI vs Estimate (95% CI) IZ (%)
comparator)

Continuous outcomes

ICU length of stay All designs (SMD) 11 2,632 — -0.08 (-0.48 to 0.31) 87.1
Randomized trials (SMD) 8 1,199 — 0.09 (-0.42 to 0.59) 86.6
All designs (ROM) 11 2,632 — 0.91 (0.73 to 1.15) 91.4

Hospital length of stay All designs (SMD) 7 1,114 — 0.01 (-0.34 to 0.35) 69.5
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Outcome Studies and measure k Participants Events (DSI vs Estimate (95% CI) IZ (%)
comparator)
Randomized trials (SMD) 5 734 — 0.07 (-0.51 to 0.65) 78.7
All designs (ROM) 7 1,114 — 1.03 (0.77 to 1.36) 78.8
Ventilator-free days to day 28 Randomized trials (MD, days) 4 518 — -0.73 (-9.58 t0 8.12) 82.6
Binary outcomes
Mortality All designs 7 811 104/404 vs 129/407 0.82 (0.54 to 1.23) 315
Randomized trials 6 711 101/354 vs 122 /357 0.85 (0.54 to 1.33) 35.7
Tracheostomy Randomized trials 4 587 43/297 vs 63/290 0.64 (0.40 to 1.00) 0.0
Self-extubation or unplanned = Randomized trials 4 943 29/480vs 22/463 1.20 (0.32 to 4.55) 45.9
extubation
Reintubation All designs 5 696 53/352 vs 58/344 0.91 (0.31 to 2.69) 63.0
Randomized trials 4 596 51/302 vs 47/294 1.10 (0.44 to 2.75) 47.7
Ventilator-associated All designs 260 32/130vs 47/130 0.69 (0.05 to 10.36) 86.2
pneumonia
Randomized trials 2 160 27/80vs 28/80 1.07 (0.25 to 4.57) 88.9
Delirium Randomized trials 3 838 257/421 vs 242/417 1.07 (0.65 to 1.75) 49.3

Notes: Random-effects models (DerSimonian-Laird) with Hartung-Knapp confidence intervals when k>3 and Wald-type intervals when k=2; risk ratios from Mantel-Haenszel weighting
within the random-effects framework. SMD<0, ROM<1, MD>0 for ventilator-free days and RR<1 favor DSI. Events are DSI vs comparator. Mortality was in-hospital in Kress 2000 and de
Wit 2008, at 28 days in Girard 2008 and Tanios 2019, and in the ICU in Yilmaz 2010, Weisbrodt 2011 and Kayir 2018. CI, confidence interval; DSI, daily sedation interruption; ICU,
intensive care unit; MD, mean difference; ROM, ratio of means; RR, risk ratio; SMD, standardized mean difference (Hedges’ g).

A. Binary outcomes

Mortality (All designs, k = 7)

Mortality (Randomized trials, k = 6)

Self-extubation or unplanned extubation (Randomized trials, k = 4)

Reintubation (All designs, k = 5)

Reintubation (Randomized frials, k = 4)

Tracheostomy (Randomized frials, k = 4)

Ventilator-associated pneumonia (All designs, k = 3) I

Ventilator-associated pneumcnia (Randomized trials, k = 2)

Delirium (Randomized trials, k = 3)

0.10

B. Length of stay
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]
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ICU length of stay (All designs, k = 11) I

ICU length of stay (Randomized trials, k = 8)

Hospital length of stay (All designs, k= 7)
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Figure 4. Pooled estimates for the secondary outcomes in all designs (dark) and in randomized trials only (blue); outcomes reported only by randomized
trials are shown once. (A) Risk ratios for binary outcomes (log scale); (B) standardized mean differences for length of stay. Bars are 95% confidence
intervals; values below 1 (A) or 0 (B) favor daily sedation interruption. k, number of studies.

3.5. Heterogeneity, subgroup, sensitivity analyses and
small-study effects

The pooled estimate was robust to the choice of estimator
(restricted maximum likelihood -0.11 (-0.49 to 0.28)) and
to the conversion of medians (-0.08 (-0.47 to 0.32)), as
detailed in Table 3. The common-effect model gave a
statistically significant reduction (-0.22 (-0.31 to -0.14)).
[t was not appropriate given the heterogeneity.

Indah Ika Suryaningsih H et al.

Excluding the trial with different sedation-depth targets
gave -0.21 (-0.54 to 0.11), and excluding the trial with the
standard deviation derived from the CI of the median gave
-0.17 (-0.57 to 0.23). Excluding before-after studies
(-0.07 (-0.57 to 0.42)), studies with abstract-level data
(-0.22 (-0.65 to 0.21)) or studies at high or serious risk of
bias (-0.02 (-0.57 to 0.53)) did not change the conclusion.
In leave-one-out analysis the pooled SMD ranged from
-0.21 (omitting Guo 201828) to -0.02, and no omission
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produced a statistically significant result (Supplementary
Figure S2).

Table 3. Sensitivity analyses of the duration of mechanical ventilation.

Analysis k Estimate (95% CI) I (%) p
Primary analysis

DerSimonian-Laird, Hartung-Knapp (primary) 10 -0.11 (-0.49 to0 0.28) 89.1 p=0.54
Statistical model

Restricted maximum likelihood, Hartung-Knapp 10 -0.11 (-0.49 to0 0.28) 89.1 p=0.55
DerSimonian-Laird, Wald-type interval 10 -0.11 (-0.40 to 0.19) 89.1 p=0.48
Common-effect (inverse variance) model 10 -0.22 (-0.31 to -0.14) NA p<0.001
Study design and comparator

Randomized trials only 7 0.05 (-0.42 to 0.53) 80.7 p=0.79
Excluding before-after studies 8 -0.07 (-0.57 to 0.42) 86.3 p=0.74
Randomized trials with protocolized comparator 5 0.19 (-0.48 to 0.86) 79.6 p=0.47
Randomized trials with usual-care comparator 2 -0.32 (-0.75t0 0.11) 45.2 p=0.15
Data source, conversion and risk of bias

Excluding de Wit 2008 (SD from 95% CI of the median) 9 -0.17 (-0.57 t0 0.23) 89.1 p=0.36
Excluding Guo 2018 (different sedation-depth targets) 9 -0.21 (-0.54 t0 0.11) 86.2 p=0.17
Excluding studies with abstract-level data 7 -0.22 (-0.65 to 0.21) 79.7 p=0.26
Excluding high or serious risk of bias 6 -0.02 (-0.57 t0 0.53) 81.8 p=0.94
Quantile-estimation conversion of medians 10 -0.08 (-0.47 to 0.32) 91.1 p=0.67
Alternative effect measure (ratio of means)

All designs 10 0.88 (0.66 to 1.17) 91.7 p=0.35
Randomized trials only 7 1.00 (0.71 to 1.41) 81.4 p=0.99

Notes: Estimates are SMDs (Hedges’ g) except for the ratio-of-means rows (ROM<1 indicates shorter ventilation with DSI). The common-effect model does not estimate between-study
variance (I? not applicable). Abstract-level data: Mehta 2012, Guo 2018 and Kallet 2018. CI, confidence interval; DSI, daily sedation interruption; ROM, ratio of means; SD, standard

deviation; SMD, standardized mean difference.

Subgroup analyses are detailed in Table 4. Randomized
and non-randomized studies did not differ significantly
(p=0.16). When the non-randomized studies were split
into the single cohort and the two before-after studies, the
three-level test was significant (p=0.002). This test rested
on a subgroup containing one study and was interpreted
with caution. Among the randomized trials, the SMD was
0.19 (-0.48 to 0.86) against protocolized sedation and
-0.32 (-0.75 to 0.11) against usual care.

Across all designs, the subgroup estimates were 0.00
(-0.71 to 0.70) for protocolized comparators and -0.26
(-0.74 to 0.23) for usual care (p=0.42). The estimates were
-0.29 (-0.82 to 0.24) for benzodiazepine-based and 0.07
(-0.69 to 0.84) for other sedation (p=0.28). With and
without a paired SBT, the estimates were -0.01 (-1.23 to
1.20) and -0.15 (-0.70 to 0.40) (p=0.70). Region and risk
of bias did not modify the effect.

Table 4. Subgroup analyses and meta-regression of the duration of mechanical ventilation.

Subgroup or moderator k SMD (95% CI) I (%) p for difference
Study design

Randomized trials 7 0.05 (-0.42 to 0.53) 80.7 p=0.002
Concurrent cohort t 1 -0.93 (-1.35 to -0.52) NA

Before-after studies t 2 -0.22 (-0.77 t0 0.33) 94.2

Randomization

Randomized 0.05 (-0.42 to 0.53) 80.7 p=0.16
Non-randomized -0.43 (-1.65 to 0.80) 91.6

Comparator strategy

Protocolized sedation 6 0.00 (-0.71 to 0.70) 88.5 p=0.42
Usual care (concurrent or historical) 4 -0.26 (-0.74 to0 0.23) 84.2

Predominant sedative

Benzodiazepine-based 5 -0.29 (-0.82 to 0.24) 81.7 p=0.28
Other, mixed or not reported 5 0.07 (-0.69 to 0.84) 93.1

Paired spontaneous breathing trial

Interruption paired with SBT 3 -0.01 (-1.23 to 1.20) 93.2 p=0.70
Interruption without paired SBT 7 -0.15 (-0.70 to 0.40) 86.9

Region

North America 5 -0.13 (-0.64 to 0.38) 89.7 p=0.91
Other regions 5 -0.09 (-0.96 to 0.78) 89.5

Risk of bias

Low risk of bias 2 0.07 (-0.11 to 0.25) 0.0 p=0.37
Some concerns, high or serious 8 -0.13 (-0.64 to 0.37) 89.8

Meta-regression (slope per unit, 95% CI)

Comparator-arm mean duration of ventilation (per day) 10 -0.081 (-0.180 to 0.018) R226 p=0.095
Publication year (per year) 10 0.008 (-0.051 to 0.067) RZ0 p=0.76
Log sample size (per log unit) 10 -0.078 (-0.491 to 0.335) RZ0 p=0.67

Notes: Subgroup estimates are SMDs (Hedges’ g) from separate random-effects models with Hartung-Knapp intervals; + Wald-type interval because fewer than three studies were
available. p values are from random-effects tests for subgroup differences. Meta-regression: restricted maximum likelihood with the Hartung-Knapp adjustment; R? (%), shown in the I
column, is the proportion of between-study variance explained. Cl, confidence interval; SBT, spontaneous breathing trial; SMD, standardized mean difference.
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In exploratory meta-regression, a longer mean duration of The funnel plot showed no clear asymmetry, as illustrated
ventilation in the comparator arm was associated with a in Figure 6. The Egger test was not significant (intercept
larger reduction with DSI, but the CI included no 1.87, t=0.98, df=8; p=0.36). Trim-and-fill imputed two
association (slope -0.081 SMD per day, 95% CI -0.180 to studies on the side favoring DSI, giving an adjusted SMD of
0.018; p=0.095; R? 26%), as illustrated in Figure 5. -0.30 (-0.72 to 0.13).

Publication year (p=0.76) and sample size (p=0.67) were

not associated with the effect.

Random-effects meta-regression (REML, Hartung-Knapp): slope -0.081 per day (95% CI -0.180 to 0.018), p = 0.095, R? = 26%

1 ®

Guo 2018

de Wit 2008

Tanios 2019
Kress 2000

.\
Yilmaz 2010

ii et 2018

Kayir 2018

6 10 14
Mean duration of mechanical ventilation in the comparator arm (days)
© Before-after © Cohort @ Randomized trial

Figure 5. Random-effects meta-regression of the standardized mean difference in the duration of ventilation on the mean duration of ventilation in the
comparator arm. Circle size is proportional to study weight; the line is the fitted regression with its 95% confidence band; colors indicate study design.

Egger regression intercept 1.87, p = 0.36; trim-and-fill imputed 2 studies (open red circles)
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Figure 6. Funnel plot of the standardized mean differences against their standard errors. The dashed line is the pooled estimate, the dotted line marks no
effect and the shaded area is the pseudo 95% confidence region; marker shapes indicate study design, and open red circles are studies imputed by trim-
and-fill.

bias, inconsistency and imprecision. It was low for
) ) ) ) mortality and tracheostomy (risk of bias and imprecision)
The certainty of evidence from randomized trials was very and for delirium (inconsistency and imprecision), and very
low for the duration of ventilation, downgraded for risk of

3.6. Certainty of the evidence
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low for length of stay, ventilator-free days, self-extubation,
reintubation and VAP. The judgments and absolute effects
are summarized in Table 5.

Table 5. Summary of findings and certainty of evidence (GRADE).

Studies Relative effect
(participants) (95% CI)

Outcome
(95% CI)

Absolute or alternative effect Certainty Reasons

Duration of 7 RCTs (864)  SMD 0.05 (-0.42 to
0.53)

(158 fewer to 114 more)

mechanical
ventilation
Mortality 6 RCTs (711)  RR0.85 (0.54 to
1.33) sedation; 52 fewer per 1,000
Tracheostomy 4 RCTs (587) RR0.64 (0.40 to

ROM 1.00 (0.71 to 1.41); all
designs ROM 0.88 (0.66 to 1.17)

342 per 1,000 with continuous  Low

217 per 1,000 with continuous  Low
1.00) sedation; 79 fewer per 1,000
(130 fewer to 1 more)

Verylow  Downgraded for risk of bias (serious),
inconsistency (serious), imprecision
(serious). Five of seven trials at some
concerns or high risk; I = 80.7% with
effects in opposite directions; CI spans a
moderate reduction and a moderate

increase; Egger test not significant.

Downgraded for risk of bias (serious),
imprecision (serious). Most weight from
trials at some concerns or high risk; CI
includes a 33% relative increase and a 46%
reduction.

Downgraded for risk of bias (serious),
imprecision (serious). Consistent direction
(I? = 0%) but upper confidence limit reaches
1.00 with 106 events.

Self-extubation or 4 RCTs (943) RR 1.20 (0.32 to 48 per 1,000 with continuous Verylow  Downgraded for inconsistency (serious),
unplanned 4.55) sedation; 10 more per 1,000 (32 imprecision (very serious). Most weight
extubation fewer to 169 more) from low-risk trials, but the two largest
trials pointed in opposite directions; few
events (51); CI from 68% reduction to 4.5-
fold increase.
Reintubation 4 RCTs (596) RR1.10(0.44 to 160 per 1,000 with continuous ~ Verylow  Downgraded for risk of bias (serious),
2.75) sedation; 16 more per 1,000 (89 imprecision (very serious). Few events;
fewer to 280 more) very wide CI.
Ventilator- 2RCTs (160) RR1.07 (0.25to 350 per 1,000 with continuous ~ Verylow  Downgraded for risk of bias (very serious),
associated 4.57) sedation; 24 more per 1,000 inconsistency (serious), imprecision
pneumonia (262 fewer to 650 more) (serious). Two small trials at high or some-
concern risk with opposite effects.
Delirium 3RCTs (838) RR1.07 (0.65 to 580 per 1,000 with continuous ~ Low Downgraded for inconsistency (serious),
1.75) sedation; 38 more per 1,000 imprecision (serious). Two of three trials at
(203 fewer to 435 more) low risk; moderate heterogeneity; CI
compatible with benefit and harm.
ICU length of stay 8 RCTs (1,199) SMD 0.09 (-0.42to  All designs ROM 0.91 (0.73 to Verylow  Downgraded for risk of bias (serious),
0.59) 1.15) inconsistency (serious), imprecision
(serious). Substantial heterogeneity; CI
crosses no effect in both directions.
Hospital length of 5RCTs (734)  SMD 0.07 (-0.51to  All designs ROM 1.03 (0.77 to Verylow  Downgraded for risk of bias (serious),
stay 0.65) 1.36 inconsistency (serious), imprecision
(serious). Substantial heterogeneity; wide
CL
Ventilator-free days 4 RCTs (518) MD -0.73 (-9.58to0 — Verylow  Downgraded for risk of bias (serious),

to day 28 8.12) days

inconsistency (serious), imprecision (very
serious). Two trials contribute converted
medians; 2 = 82.6%; CI spans 9 days in
either direction.

Notes: Certainty was rated for the randomized evidence; starting level high. Absolute effects apply the pooled RR to the event rate in the comparator arms of the randomized trials
(upper limits truncated at 100% risk). CI, confidence interval; ICU, intensive care unit; MD, mean difference; RCT, randomized controlled trial; ROM, ratio of means; RR, risk ratio; SMD,

standardized mean difference.

4. Discussion

4.1. Summary of main findings

DSI did not significantly shorten mechanical ventilation
compared with continuous sedation without scheduled
interruption, and the certainty of this evidence was very
low. The randomized trials showed no effect. Their ROM
was 1.00 (0.71 to 1.41). The prediction interval (-1.13 to
0.92) indicated that the effect in a new ICU could range
from a large reduction to a moderate increase, and the
apparent benefit was concentrated in the non-randomized
studies and in comparisons with usual care. DSI was not
associated with a detectable increase in self-extubation,
reintubation or delirium overall, although the intervals
were wide (for example, self-extubation RR 1.20, 0.32 to
4.55; very low certainty), and the point estimates for
mortality and tracheostomy favored DSI without statistical
significance.
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4.2. Comparison with previous reviews and primary
studies

The updated Cochrane review pooled 18 trials for the
duration of ventilation and reported a 14% relative
reduction with low certainty and similar heterogeneity (12
88%), together with probable reductions in mortality and
tracheostomy.?* The point estimate of the present review
across all designs (ROM 0.88 (0.66 to 1.17)) was almost
identical, but its interval was wider. Four differences may
explain this. First, the Cochrane review included pediatric
trials and analgesia-first or no-sedation comparators,
whereas the present review was restricted to adults and to
comparators that maintained continuous sedation; trials in
which DSI was the control arm for a no-sedation strategy
were therefore excluded. Second, Hartung-Knapp intervals
were used here, and these are appropriately wider when
few heterogeneous studies are pooled.?® Third, trials
reporting only medians without dispersion were
summarized narratively rather than pooled. Fourth, the
Cochrane mortality estimate rested on 18 trials and 725
deaths, whereas the present randomized mortality
analysis included six trials and 223 deaths, which explains
its wider interval despite a similar point estimate.
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The meta-analysis of 45 trials reported significant
reductions in ventilation, ICU stay, tracheostomy and
VAP.25 It drew on Chinese-language databases, and study
quality was a significant moderator of the effect. The
present review included only reports in indexed journals
and found no benefit in the two trials at low risk of bias that
could be pooled (0.07 (-0.11 to 0.25)). The network meta-
analysis of nurse-implementable strategies estimated that
DSI and protocolized sedation each added about 2.6
ventilator-free days compared with usual care, with no
meaningful difference between them.?¢ That pattern fits
the comparator dependence seen here.

The primary trials show the same gradient. The benefits in
the original trial and in the Awakening and Breathing
Controlled trial were obtained against usual care,1617
whereas trials that added DSI to protocolized light sedation
found no difference or longer ventilation.181945 [n SLEAP,
the largest of these, DSI was associated with higher daily
doses of midazolam and fentanyl and with a higher nurse-
rated workload.’® A small trial with a protocolized
comparator reported shorter ventilation with DSI in a
Turkish ICU.#! A double-blind pilot trial against usual care
found no difference. Adherence to interruption was low in
both arms.*?

One Chinese trial deserves specific comment. Its DSI arm
targeted a deeper sedation level than the light-sedation
comparator, so it tested interruption combined with
deeper sedation rather than interruption alone, and it
showed the largest effect against DSI.28 It met the eligibility
criteria, because the comparator was a continuous infusion
without scheduled interruption, and it was retained as pre-
specified. Without it, the pooled SMD was -0.21 (-0.54 to
0.11). The conclusion did not change.

The non-randomized evidence was more favorable but less
reliable. A retrospective cohort in a Turkish anesthesiology
ICU found shorter ventilation with DSI,* and the large
before-after study of survivors of acute respiratory
distress syndrome found shorter ventilation after SBT and
conservative sedation protocols were introduced over a
long period of secular change.>® A recent Japanese study
that used inverse probability weighting found no
difference after nurse-led DSI was incorporated into an
extubation protocol.5¢ Other implementation projects
reported lighter sedation or better adherence to DSI, but
their effects on ventilation were inconsistent.#84%5455 The
trials that reported medians without dispersion showed no
consistent direction.3940

The safety findings agreed with the Cochrane review,
which found little or no difference in accidental removal of
the endotracheal tube.?* Context still matters. The excess of
self-extubations with DSI in the Awakening and Breathing
Controlled trial shows that the risk depends on the
setting.!” Outside trials, self-extubation accounted for most
unplanned extubations in French ICUs and was not
associated with higher mortality than planned
extubation,’” whereas reintubation after self-extubation
was associated with higher mortality and nosocomial
pneumonia.’® The lower tracheostomy rate with DSI
matched the Cochrane estimate,?* although the timing of
tracheostomy did not change the time to discontinuation of
sedation or ventilation in a recent cohort.5°

4.3. Interpretation of the pooled findings

This review adds three findings to the existing syntheses.
First, it integrated randomized and implementation
evidence while keeping them analytically separate, and the
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impression of benefit from routine-care implementation
was not reproduced in randomized comparisons. Second,
the effect appeared to depend on the comparator. Against
protocolized sedation the pooled SMD was 0.00 (-0.71 to
0.70), close to zero, whereas the comparison with usual
care favored DSI. The test for this difference was not
significant (p=0.42), so the pattern is compatible with, but
does not establish, effect modification by the comparator.

Third, the exploratory meta-regression suggested that any
benefit of DSI may be larger where ventilation under the
comparator strategy is longer (an SMD 0.081 lower per
additional day). The association was imprecise, was based
on 10 studies and is vulnerable to regression to the mean,
because the comparator-arm mean is part of the effect size.
It should be treated as a hypothesis. Taken together, the
findings suggest that DSI is best viewed as one of several
strategies to avoid oversedation. Where sedation is already
light and protocolized, interruption appears to add little.
Where continuous infusions are titrated without a target
and patients remain ventilated for long periods, a daily
interruption may be a simple safeguard, although this has
not been tested in randomized trials in such settings.

4.4. Implications for practice and policy

Two practical messages follow. In ICUs that already deliver
nurse-led protocolized light sedation, the evidence does
not support adding a mandatory daily interruption to
shorten ventilation, and it may increase sedative and
opioid exposure and nursing workload.'® In ICUs in which
continuous benzodiazepine infusions are titrated without
a protocol, a DSI protocol paired with an SBT is a
reasonable first step towards lighter sedation. It should be
introduced with a validated sedation scale, clear criteria for
failing the interruption, adequate nurse staffing during the
awakening and a policy on physical restraint. This
recommendation for low- and middle-income settings is an
extrapolation. None of the included studies came from
Indonesia or a low-income country.

The choice of sedative modifies the value of interruption.
Accumulation is greatest with prolonged midazolam
infusions, and non-benzodiazepine sedation was
associated with more ventilator-free days in surgical and
trauma patients.®® ICUs staffed by advanced practice
providers used fewer benzodiazepines and more propofol,
and early propofol was associated with shorter time to
extubation.®®  Early goal-directed sedation  with
dexmedetomidine was associated with less delirium.%?
Where propofol or dexmedetomidine is available and
affordable, moving away from continuous benzodiazepines
may matter as much as interrupting them. Where
midazolam remains the default [Author query: cite a
source for midazolam as the default sedative in Indonesian
ICUs], a daily interruption is one safeguard against
accumulation.

Staff knowledge and attitudes determine whether DSI is
delivered safely. In a large survey, nurses’ knowledge of
DSI was insufficient, and fear of self-removal of tubes and
catheters was the most common barrier.®3 Qualitative
work identified the absence of interprofessional rounds
and limited nursing capacity to manage an awakening
patient as key barriers,®* and staff perceived extubation as
often later than ideal, citing staffing, communication and
sedation-weaning practices.®> Even after successful
implementation, clinicians kept unresolved concerns that
may limit sustainment.®
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Organizational context matters most in resource-limited
settings. Implementation of the ABCDEF bundle was low
across all income groups in a survey of 54 countries, and a
protocol was a common facilitator.6” In Vietnam, sedation
assessment and awakening trials were limited by staffing
shortages and unclear professional roles,?3 and leadership,
staff buy-in and workflow integration were the main
determinants of bundle compliance in a multicenter
survey.®® Monitoring and feedback can sustain practice.
Risk-adjusted digital quality measures for awakening and
breathing trials were deployed across a large health
system,®® routine electronic data identified missed bundle
elements,’® and higher bundle compliance was associated
with better functional outcomes at one year.”! Champion-
based education alone increased compliance with DSI only
modestly,”? whereas nurse-led targeted sedation-analgesia
management was associated with shorter ventilation.”?

Concerns about safety should not be dismissed, but they
can be managed. In a recent trial, self-extubation was
similarly frequent with low-use and high-use physical
restraint strategies,”* so routine restraint is not required to
make awakening safe. Monitoring of self-extubation and
reintubation should accompany any implementation
program.

4.5. Strengths

The review used a comprehensive search with citation
searching and no language restriction, and it extracted
every value in its reported format. It kept randomized and
non-randomized evidence separate in subgroup,
sensitivity and GRADE assessments. It applied
conservative random-effects methods with Hartung-
Knapp intervals and prediction intervals, and it reported a
ratio of means, translated into days, alongside the SMD to
aid clinical interpretation. Pre-specified sensitivity
analyses addressed data conversion, risk of bias, the
comparator and design. The comparator was classified
explicitly for every study. The extracted dataset, the
conversion code and every analysis script are supplied, so
that each estimate can be reproduced from the values
reported in the primary studies.

4.6. Limitations

The limitations of the evidence were considerable. Only
seven randomized trials contributed to the primary
analysis, most were small, and five raised some concerns
or were at high risk of bias. Data for 12 studies, including
three in the primary analysis, were available only at
abstract level. Medians were converted to means, which
assumes a distribution that may not hold for highly skewed
durations.??3% Conversion tends to underestimate within-
study variance, so it may inflate heterogeneity rather than
bias the direction of effect, and the quantile-estimation
analysis gave a similar result. The ratio of means used the
same converted means, however, and is not independent of
this assumption.

Outcome definitions differed, and two before-after studies
analysed only survivors or only patients extubated by
protocol. Such analyses are biased if DSI affects mortality,
although excluding before-after studies did not change the
result. Mortality was measured at different time points. All
non-randomized studies were at serious risk of bias from
secular trends and co-interventions. Ventilator-free days
were analysed as a mean difference that partly relied on
converted medians, although the optimal analysis of this
composite is debated.”>7¢ With 10 heterogeneous studies,
the Egger test had limited power, and for SMDs the
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standard error depends partly on the effect size, which can
create artifactual asymmetry; trim-and-fill imputed studies
on the side favoring DS], so small-study effects, if present,
would not explain the absence of a pooled effect. The
prediction interval is itself imprecise when few studies are
pooled.?> Sedative and opioid doses were not analysed.

The review process also had limitations. Embase,
CENTRAL, CINAHL, Web of Science, trial registries and
Chinese-language databases were not searched directly,
although Europe PMC covers Chinese Biological Abstracts
and citation searching was extensive. Reports in non-
indexed journals were excluded, and authors were not
contacted for missing data. A second reviewer verified
selection and extraction rather than performing them
independently in duplicate. The protocol was not
registered. Before-after studies were added to the eligible
designs after the initial search; this amendment was made
before data synthesis, and the randomized-trial analysis
was reported with equal prominence.

4.7. Recommendations for future research

Future trials should compare DSI with protocolized light
sedation in ICUs where protocolized sedation is not yet
established, particularly in low- and middle-income
countries such as Indonesia, where midazolam infusions
remain common [Author query: source, see Section 4.4].
With a standard deviation of 5.2 days, the median of the
included studies, detecting a one-day difference in the
duration of ventilation would require about 425 patients
per group (two-sided a 0.05, 80% power). A cluster-
randomized design would require more. Trials should
report the duration of ventilation as a mean with standard
deviation, or with the full five-number summary, so that
future syntheses do not depend on conversions, and they
should report sedative doses, adherence to interruption
and time to extubation analysed with death as a competing
event or with hierarchical approaches,’®77 together with
long-term outcomes such as post-intensive care
syndrome.® Implementation studies should use concurrent
controls or interrupted time-series designs. Trials of
sedative choice should report whether daily interruption
was used,’®7? because the effect of an interruption may
differ for shorter-acting agents such as propofol and
dexmedetomidine, whose dose-response relationships
and effects on the stress response are still being
characterized.8081

5. Conclusion

In critically ill adults receiving mechanical ventilation, DSI
did not consistently shorten the duration of ventilation
compared with continuous sedation without scheduled
interruption (SMD -0.11, 95% CI -0.49 to 0.28; very low
certainty). Randomized trials showed no effect. A benefit in
settings without protocolized light sedation remains
possible, but it rests mainly on non-randomized evidence.
DSI was not associated with detectably more self-
extubation, reintubation or delirium (very low to low
certainty; wide intervals). Point estimates for mortality
and tracheostomy favored DSI, though not significantly
(low certainty).
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