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sedation requirements in the pediatric intensive care unit:
a systematic review and meta-analysis
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This study aimed to evaluate the effectiveness and safety
of protocolized sedation in mechanically ventilated pe-
diatric intensive care unit (PICU) patients. A comprehen-
sive search was conducted in MEDLINE, CENTRAL,
Embase, Web of Science, and Scopus from inception to
October 18, 2023. Randomized controlled trials (RCTs) and
observational studies that compared protocol-directed
sedation management with conventional sedation regi-
mens in pediatric patients who required invasive mecha-
nical ventilation (IMV) for >24 hours were included.
Twenty-six studies (15,214 participants) were included. We
found a statistically significant reduction in IMV duration
(median difference [MD]=-13.88 hours; 95% confidence
interval [CI], -25.46 to -2.29; P=0.022), PICU length of stay
(MD=-0.64 days; 95% CI, -1.26 to -0.02; P=0.045). We found
significant reductions in the duration (MD=-1.28 days; 95%
CI, -2.26 to -0.31; P=0.016) and peak dose (MD=-0.05 mg/kg/
hr 95% CI, -0.11 to 0.002; P=0.044) of benzodiazepines. A
significant increase was found in the odds of unplanned
extubation (odds ratio, 1.13; 95% CI, 1.02 to 1.26; P=0.029).
We found no significant results regarding the other
outcomes. Our results suggest that protocolized sedation
may reduce ventilation requirements and PICU length
of stay; however, these findings were not confirmed by
RCTs. Moreover, we observed a trend toward a reduction
in sedative exposure and an increased odds of unplanned
extubation.
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Key message

Protocolized sedation may reduce ventilation require-
ments, pediatric intensive care unit length of stay, and
sedative exposure. However, it may increase the likelihood
of unplanned extubation, highlighting the importance of
incorporating preventive measures to mitigate this risk.

Introduction

In the pediatric intensive care unit (PICU), some form of
analgosedation is often unavoidable to tolerate invasive
mechanical ventilation (IMV) and other invasive proce-
dures required during treatment. However, inadequate
sedation can have detrimental effects. Undersedation may
lead tolife-threatening adverse effects such as endotracheal
tube’ and catheter removal in addition to possible long-
term psychological consequences caused by pain, stress,
and nxiety.>? Similarly, oversedation and the use of cer-
tain sedative types may lead to adverse psychological
outcomes such as delirium,? withdrawal symptoms,” and
posttraumatic stress disorder.”? Furthermore, oversedation
reduces spontaneous respiratory activity, leading to longer
PICU stays with all the resulting complications.? Therefore,
optimizing sedation is of crucial importance for short- and
long-term consequences.

Protocolized sedation has been proposed to optimize
sedation, in which sedation is managed according to a pre-
defined algorithm based on regular patient assessment. A
meta-analysis of studies, mainly in adults, demonstrated
some clinical improvements. However, it is essential to
study children and adults separately since the pediatric
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population poses additional challenges. Moreover, the
relatively low PICU mortality rate has led to a shift in focus
toward post-PICU outcomes.” Thus, improving sedation
practices in this regard might lead to quality improve-
ment.” In 2022, 2 practice guidelines for PICU sedation
recommended protocolized sedation for all patients re-
quiring IMV coupled with regular patient assessments to
maintain the designated sedation depth. However, due
to low quality of evidence, neither guideline provides
strong recommendations.>® Therefore, here we aimed
to synthesize the literature on the use of protocolized
sedation in mechanically ventilated children.

Methods

This systematic review and meta-analysis was conduct
ed based on the recommendations of the Cochrane
Handbook for Systematic Reviews of Interventions (ver-
sion 6.3.0).” This study is reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines'® (Supplementary Table
1). The review protocol was registered at the PROSPERO
(International Prospective Register of Systematic Reviews)
(no. CRD42021284277).

1. Information sources

A systematic literature search was conducted in
MEDLINE (via PubMed), Cochrane Library (CENTRAL),
Embase, Web of Science, and Scopus from inception to
October 9, 2021, followed by an updated search on Octo-
ber 18, 2023. A query was applied to all fields, and no fil-
ters, language, or other restrictions were imposed. For
a detailed description of the search keys, please refer to
Supplementary Table 2.

2. Study selection process

The publications were screened using Endnote X20 and
Clarivate.? Duplicates were removed using automated
tools, followed by manual duplicate removal and eligibili-
ty screening by title, abstract and full text based on
predefined eligibility criteria. If multiple studies with the
same outcomes were identified using the same patient
database, only that with the largest sample size was in-
cluded; other studies were included only for outcomes that
were originally not reported.

The selection process was performed separately by 3
pairs of reviewers (AS, ARS; AS, RE; or AS, VU) who inde-
pendently screened each reference. Disagreements were
resolved by a third reviewer (KH). Cohen's kappa coeffi-
cient (k) was calculated after each step of the selection
process to measure inter-rater reliability.”?

3. Eligibility criteria

The analysis included studies that reported on pati
ents <18 years admitted to the PICU who received any
form of analgosedation for >24 hours during IMV via an
endotracheal or tracheostomy tube. Clinical trials includ-
ing preterm infants were also excluded. Eligible studies
compared protocolized and conventional sedation. We
defined protocol-directed sedation management as a form
of sedation in which predefined algorithms are followed
to change the dose or type or to add or stop sedatives and/
or major analgesic agents. This strategy involves regular
patient assessment of sedation and comfort levels in most
cases using an assessment tool, checklist, or questionnaire
by any healthcare staff member. We included protocol-
directed sedation weaning and daily sedation interruption
strategies using predefined algorithms. Conventional
sedation is determined by local practices that do not apply
prearranged strategies or standardized patient assess:
ments.

Our primary study outcome was IMV duration, while the
secondary outcomes were length of stay (LOS) in the PICU
and hospital, the incidence of adverse events associated
with sedation and ventilation, exposure to sedatives and
opioids, long-term psychological and cognitive recovery,
and mortality. The definitions and measurements of the
outcomes are summarized in Supplementary Table 3.
Eligible studies reported at least one outcome.

Parallel and cluster randomized controlled trials (RCTs)
and prospective and retrospective nonrandomized stud-
ies of intervention (NRSIs) were included. Case series, case
reports, editorials, commentaries, qualitative studies, and
literature reviews were excluded. Articles available only
in abstract form or meeting reports were also excluded.
No filters were applied, and no restrictions were imposed
on the methodological quality or publication date or lan-
guage.

4. Data extraction

Two independent authors (ARS and AS) extracted the
data using a standardized data collection form in an Excel
spreadsheet (Office 365; Microsoft, Redmond, WA, USA).
The first author, publication year, study design, clinical
settings, baseline characteristics of the study population,
and results for all reported outcomes of interest were
extracted. Disagreements were resolved by a third inde-
pendent reviewer (KH). If data were insufficient, the ori-
ginal authors were contacted.

5. Risk of bias assessment and quality of evidence

The risk of bias was assessed using the Revised Co-
chrane Risk of Bias Tool for RCTs (RoB 2.0)® and the
ROBINS-I (Risk Of Bias in Non-randomized Studies of
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Interventions) tool'¥ by 2 independent authors; an inde-
pendent third investigator resolved disagreements. The
quality of the evidence from the included studies was
evaluated according to the recommendations of the
Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE) workgroup.”® The tables used
to assess the quality of evidence were prepared using the
GRADEPro Guideline Development Tool.'®

6. Statistical analysis/data synthesis

Statistical analyses were performed using R v4.2.17.
Meta® and metamedian'® packages were used for cal
culations and plots. Odds ratios (ORs) with 95% confidence
intervals (CIs) were used to express binary outcomes.
To calculate the OR, the total number of patients in each
group and those with the events of interest were extracted
from each study. Raw data from the selected studies were
pooled using a random-effects model with the Mantel-
Haenszel method. For the pooled results, the exact Mantel-
Haenszel method (without continuity correction) was
used to handle zero cell counts.?”

The median difference (MD) with 95% CI was calculated
as the effect size for continuous outcomes. The values
extracted to estimate the MD and its variance were the
sample size, median, lower and upper quartiles, and mini-
mum and maximum values in the 2 groups, when avail-
able. Some studies have reported the mean and standard
deviation for both groups; in these cases, the outcome
distribution was assumed to be normal to estimate the
median and its variance. The sampling variance of the
medians was estimated using the QE method®” and a
random-effect model was used to summarize the MD.
The Hartung-Knapp adjustment?>?? was applied to avoid
false-positive findings. We used the restricted maximum
likelihood method to estimate 2.

Statistical heterogeneity across trials was assessed using
the Cochran Q test and P values.?? Forest plots were used
to graphically summarize the results. Where applicable,
we reported the prediction interval (i.e., expected range of
effects in future studies) following the recommendations
of IntHout et al.?»

Results

1. Study search and selection process

A total of 11,331 records were identified. Twenty-six
independent clinical trials?**Y were included in the meta-
analysis during the final selection process, with a total
number of 15,214 participants.

The studies included RCTs and NRSIs. Three NRSIs*259
provided additional outcomes of the population of one

RCT?) and were included only in the qualitative synthesis.
The PRISMA flow diagram in Fig. 1 summarizes the selec-
tion process.

2. Basic study characteristics

The baseline characteristics and designs of the eligible
studies are shown in Supplementary Table 4. The clinical
settings and sedation protocols with the sedative and
major analgesic medications used are summarized in
Supplementary Table 5. The eligible studies included
medical, surgical, cardiac, and mixed PICU populations.
Eighteen studies?63436-384546.485) inyestigated the effects of
protocolized sedation, one pilot RCT*? investigated the eff:
ects of daily sedation interruption, and 7 trials3>3-41434447)
studied the effects of protocolized weaning from sedation.

3. Primary outcomes

1) Duration of ventilation

A pooled analysis of 20 studies?6313335373941-434650) jp.
volving 14,085 patients showed a statistically significant
difference when comparing protocolized sedation versus
usual care (MD=-13.88 hours; 95% CI, -25.46 to -2.29; P=
0.022). We found moderate interstudy heterogeneity (=
0.5, ©=176.99, P=0.006). A subgroup analysis found dis-
similarities among different study designs (*=8.15, de-
grees of freedom=2, P=0.017). A forest plot (Fig. 2) of pro-
spective cohort studies suggested a significant decrease in
the protocolized sedation arm only.

'
Records identified from databases:
5 11,331 Total ) . Records removed before screening:
5 1,720 Mediine via Pubmed 2,394 Duplicate records removed
e 651;121 Embase ™| 1809 Records marked as
£ CENTRAL ineligible by automation tools
3 1,455 Web of Science 585 Records removed manually
1,443 Scopus
I
8,937 Records screened by title and
albslisct —> 8,303 Records excluded
=] 634 Reports sought for retrieval to full
= tex? selectior? > Reports not retrieved
g 128 Conference abstract
7 Editorial letter
: l
Reports excluded:
P 328 Ineligible study design
499 Reports assessed for eligibili >
P aibilty 111 Different intervention
20 Ineligible population
1 No eligible outcome
— 3 Critical risk of bias
7 Insufficient data
v
3 29 Studies included in qualitative
o synthesis
% 26 Studies included in quantitative
£ synthesis (meta-analysis)
)

Fig. 1. PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-analyses) flow diagram of the study screening and
selection process.
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Protocolized sedation Usual care Median

Study N Median N Median difference MD 95%Cl  Weight
prospective cohort study !
Sanchez-Pinto 2018 39  192.00 68  252.00 —# -60.00  [-113.66; -6.34] 2.82%
King 2023 * 48  208.80 46  254.40 — -45.60 [-86.75; -4.45] 4.24%
Taffarel 2023 * 92 177.60 99 220.80 —l‘* -43.20 [-81.65; -4.75] 4.66%
Jin 2007 21 264.00 20 300.00 . -36.00 [-391.40; 319.40] 0.08%
Gaillard-Le Roux 2017 97  96.00 97 120.00 : -24.00 [-53.43; 5.43] 6.50%
Loberger 2022 * 332 7440 253 94.80 : -20.40 [-39.92; -0.88] 9.48%
Saelim 2019 58 108.00 58 120.00 —— -12.00 [-65.83; 41.83] 2.81%
Dokken 2023 40 216.00 40 216.00 — 0.00 [-93.08; 93.08] 1.08%
Neunhoeffer 2016 110  24.00 116  21.60 ﬂ 2.40 [ -9.33; 14.13] 12.30%
Random effects model (HK) 837 797 @ 2130  [-37.22; -5.39]  43.96%
Prediction interval = [-59.41; 16.80]
Heterogeneity: I = 48% [0%; 76%], T* = 196.73, p = 0.053 !
Test for effect in subgroup: tg =-3.09 (p = 0.015) :

'
randomized controlled trial 3
Verlaat 2013 15 96.00 15 216.00 —0—“ -120.00 [-231.16; -8.84] 0.77%
Tiacharoen 2020 19 288.00 11 324.00 4’-:- -36.00 [-352.77;280.77] 0.10%
Blackwood 2021 4684 64.80 4144 66.20 -1.40 [ -5.52; 2.72] 14.43%
Curley 2015 1225 156.00 1224 156.00 0.00 [-13.15; 13.15] 11.79%
Random effects model (HK) 5943 5394 d‘b -4.61 [-42.79; 33.58] 27.09%
Prediction interval —r [-79.46; 70.25]
Heterogeneity: /2 = 33% [0%; 76%], T = 196.73, p = 0.216 !
Test for effect in subgroup: t3 =-0.38 (p = 0.727) :

1
retrospective cohort study '
Shildt 2021 * 293 43.44 131 81.36 -I‘L -37.92 [-67.51; -8.33] 6.46%
Leu 2019 * 12 112.80 4 150.00 — -37.20  [-95.10; 20.70] 2.49%
Hanser 2020 32 49.00 33 72.00 —l‘- -23.00 [-63.58; 17.58] 4.32%
Wilson 2021 102 165.60 75 177.60 —!— -12.00 [-52.52; 28.52] 4.33%
Kozin 2015 * 12 246.00 16 253.44 —‘i— -7.44 [-78.02; 63.14] 1.78%
Deeter 2011 166  120.00 153  120.00 F 0.00 [-24.06; 24.06] 7.99%
Chomat 2021 35 168.00 50 72.00 : —— 96.00 [ 20.55;171.45] 1.58%
Random effects model (HK) 652 462 C‘h -12,02  [-42.27; 18.22] 28.95%
Prediction interval = [-55.86; 31.81]
Heterogeneity: /2 = 53% [0%; 80%], T = 196.73, p = 0.046 '
Test for effect in subgroup: tg =-0.97 (p = 0.368) :

)
Random effects model (HK) 7432 6653 ; -13.88 [-25.46; -2.29] 100.00%
Prediction interval = [-43.82; 16.07]
Heterogeneity: /2 = 50% [16%; 70%], T = 176.99, p = 0.006
Residual heterogeneity: I = 48% [10%; 70%], T = 196.73, p = 0.013 200 0 200
Test for overall effect: t19 =-2.51 (p = 0.021)

Favours  Favours

Test for subgroup differences: x% =1.59, df = 2 (p = 0.450)

protocolized sedation  usual care

If a study is indicated with * , then its median and quartiles are estimated from mean and standard deviation values.

Fig. 2. Forest plot of studies showing median differences in invasive mechanical ventilation
duration. Data pooling revealed a statistically significant intergroup difference. MD, mean

difference; CI, confidence interval.
4. Secondary outcomes

1) PICU and in-hospital LOS

A statistically significant reduction in PICU LOS was
found in the protocolized sedation arm (n=14,133; MD=-
0.64 days; 95% CI, -1.26 to -0.02; P=0.045),26:27:29-3133,3537:3941-
434547495 whereas no statistically significant difference
was found in in-hospital LOS (n=11,930; MD=-1.83 days;
95% CI, -4.41 to 0.75; P=0.15).26:273538-4044-48505) Notably,
the significant difference in PICU LOS was driven by
retrospective cohort studies (forest plots; Fig. 3, Supple-
mentary Fig. 1).

2) Sedative and opioid exposure
A statistically significant reduction was found in the
duration of intravenous benzodiazepine use in the pro-

tocolized sedation arm (n=1,160; MD=-1.28 days; 95% ClI,
2.26 to -0.31; P=0.016)?8303943-47485) (forest plot, Fig. 4).
However, no statistically significant differences were ob-
served in the duration of intravenous sedative use (n=468;
MD=-0.98 days; 95% CI, 3.1 to 1.14; P=.238)*>333540 as well
as the duration of intravenous opioid analgesia (n=3,561;
MD=-0.26 days; 95% CI, -1.62 to 11; P=0.678)*730:4344475)
(Supplementary Figs. 2 and 3).

A significantly lower peak benzodiazepine dose was ob-
served in the protocolized sedation arm (n=2,555; MD=
-0.05 mg/kg/hr; 95% CI, -0.11 to 0.002; P=0.044)73.3)
(forest plot, Fig. 5); however, no significant difference was
noted in peak opioid dose (n=2,662; MD=-40.68 ug/kg/hr;
95% CI, -101.27 to 19.92; P=0.122)*>3"333% cumulative opioid
dose (n=3,063; MD=-5,549.73 pg/kg; 95% CI, -12,309.11 to
1,209.65; P=0.093),%73133373943 cumulative benzodiazepine
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Protocolized sedation Usual care Median

Study N Median N Median difference MD 95% CI Weight
prospective cohort study :
Taffarel 2023 * 92  11.50 99  26.30 —_— -14.80 [-25.79;-3.81] 0.22%
King 2023 * 48 15.10 46 20.00 —'—: -4.90 [-8.60; -1.20] 1.82%
Jin 2007 21 15.00 20 19.50 —_— -4.50 [-22.87;13.87] 0.08%
Sanchez-Pinto 2018 39  13.00 68  15.00 —r -2.00 [-5.94; 1.94] 1.63%
Loberger 2022 * 332 6.50 253 7.50 - -1.00  [-3.21; 1.21] 4.52%
Neunhoeffer 2016 110 3.00 116 3.30 II -0.30 [-1.53; 0.93] 10.35%
Gaillard-Le Roux 2017 97 7.00 97 7.00 * 0.00 [-1.88; 1.88] 5.80%
Saelim 2019 58 7.00 58 7.00 AIF 0.00 [-3.07; 3.07] 2.56%
Dokken 2023 40 13.50 40 13.00 - 0.50 [-3.69; 4.69] 1.45%
Random effects model (HK) 837 797 ‘. -0.68 [-1.94; 0.58] 28.42%
Prediction interval “ [-1.68; 0.31]
Heterogeneity: 12=40% [0%; 72%), ?=< 0.01, p =0.099 :
Test for effect in subgroup: tg =-1.25 (p = 0.246) :

i
randomized controlled trial E
Tiacharoen 2020 19 15.00 11 29.00  — -14.00 [-30.57; 2.57] 0.10%
Verlaat 2013 15 6.00 15 10.00 — -4.00 [-8.35; 0.35] 1.35%
Blackwood 2021 4688 5.00 4155 5.00 0.00 [-0.24; 0.24] 23.30%
Curley 2015 1225 9.60 1224 9.60 .: 0.00 [-0.72; 0.72] 16.65%
Random effects model (HK) 5947 5405 ) -0.01  [-0.54; 0.51] 41.40%
Prediction interval b [-0.52; 0.49]
Heterogeneity: 12=50% [0%; 83%], ?=< 0.01,p =0.113 :
Test for effect in subgroup: t3 =-0.08 (p = 0.939) :

i
retrospective cohort study E
Hanser 2020 32 5.00 33 7.00 —-“ -2.00 [-5.00; 1.00] 2.68%
Shildt 2021 * 293 3.15 131 3.78 -1.55  [-2.67;-0.43] 11.47%
Deeter 2011 166 8.20 153 9.50 -lI -1.30 [-3.11; 0.51] 6.16%
Afraij 2023 61 8.00 73 9.00 -+ -1.00  [-3.52; 1.52] 3.61%
Wilson 2021 102 11.00 75 11.10 - -0.10 [-2.40; 2.20] 4.24%
Kozin 2015 * 12 13.75 16 13.44 - 0.31 [-3.19; 3.81] 2.02%
Random effects model (HK) 666 481 9 -1.22  [-1.91;-0.53] 30.18%
Prediction interval = [-2.33;-0.12]
Heterogeneity: /% = 0% [0%; 75%], 7 =0, p = 0.809 !
Test for effect in subgroup: ts = -4.54 (p = 0.006) :

i
Random effects model (HK) 7450 6683 OI -0.64 [-1.26;-0.02] 100.00%
Prediction interval = [-1.90; 0.62]
Heterogeneity: I = 43% [3%; 67%], 7> = 0.29, p = 0.023 T T
Test for overall effect: t1g =-2.16 (p = 0.045) -30 -20 -10 0 10 20 30
Test for subgroup differences: x§ =15.05, df =2 (p < 0.001)

Favours  Favours

protocolized sedation

usual care

If a study is indicated with * , then its median and quartiles are estimated from mean and standard deviation values.

Fig. 3. Forest plot of studies showing median differences in pediatric intensive care unit length of
stay. Data pooling revealed a statistically significant intergroup difference. MD, mean difference;

CI, confidence interval.

dose (n=3,176; MD=-1,719.73 mcg/kg; 95% CI -4,549.14 to
1,109.67; P=0.202),7731333739434446) ann( daily benzodiazepine
dose (n=2,985; MD=-0.23 mg/kg/day; 95% CI, -0.58 to 0.13;
P=0.207)?"3%3738) (Supplementary Figs. 4-7).

5. Adverse events and safety

No significant difference was found in PICU mortality
(OR, 1.06; 95% CI, 0.65-1.73; P=0.734), the incidence of
withdrawal syndrome (OR, 0.9; 95% CI, 0.46-1.75; P=0.708),
or extubation failure rate (OR, 1.02; 95% CI, 0.78-1.35; P=
0.851); however, we found a statistically significant in-
crease in the odds of unplanned extubation (OR, 1.13; 95%
CI, 1.02-1.26; P=0.029) (Supplementary Figs. 8-12).

6. Risk of bias assessment
A detailed description of the risk of bias assessment is

presented in Supplementary Tables 6-8. A serious risk of
bias indicates significant problems, such as major con-
founding or inaccurate measurements, that likely com-
promise the results, whereas a moderate risk of bias
indicates minor confounding or measurement issues
that are unlikely to substantially affect the results. For 2
NRSIs,3%3) the risk of bias was serious. Twenty NRSIs?>%*
31-4043-45475) had a moderate risk of bias due to confounding
factors. One study®® had a serious risk of bias due to
baseline confounders, as a substantial number of patients
were excluded due to a lack of data. Seven studies3®314446
4850 had a moderate risk of bias due to missing data. One
study® had a serious risk of bias since it did not provide
sufficient information about missing data. Two pilot
RCTs** suggested some concern in their selection of
reported results, as neither the study protocol nor the sta-
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Protocolized sedation Usual care
Study N Median N Median
protocolized sedation
Taffarel 2023 * 92 3.30 99 7.60
Deeter 2011 166 0.00 153 2.00
Chomat 2020 35 2.10 50 410
Gaillard-Le Roux 2017 97 3.00 97 4.00
Leu 2019 * 12 5.40 4 5.80
Random effects model (HK) 402 403
Prediction interval
Heterogeneity: 1 = 84% [64%; 93%), T = 1.86, p < 0.001
Test for effect in subgroup: t4 =-2.73 (p = 0.052)
protocolized weaning
Sanchez-Pinto 2018 39 14.00 68  18.00
King 2023 * 48 2.40 46 3.30
Wilson 2021 group 2 (short wean) 55 7.70 43 8.00
Wilson 2021 group 1 (no wean) 21 4.20 18 4.30
Wilson 2021 group 3 (long wean) 8 2130 9  20.90
Random effects model (HK) 171 184
Prediction interval
Heterogeneity: 12 = 26% [ 0%; 71%), ©* = 0.14, p = 0.247
Test for effect in subgroup: t4 =-1.80 (p = 0.146)
Random effects model (HK) 573 587

Prediction interval

Heterogeneity: 12 = 77% [58%; 88%], T = 1.31, p < 0.001
Test for overall effect: t9 =-2.97 (p = 0.016)

Test for subgroup differences: xi =3.53,df =1 (p = 0.060)

protocolized sedation

Median
difference MD 95%Cl  Weight
'
—- i -4.30 [-5.82;-2.78]  10.44%
! -2.00 [-2.88;-1.12] 13.19%
—& -2.00 [-4.68; 0.68] 6.27%
' -1.00 [-1.81;-0.19]  13.46%
B -0.40 [-1.07; 0.27] 13.97%
i -1.83 [-3.69; 0.03] 57.34%
o [-6.68; 3.02]
'
'
'
'
'
'
: — -4.00 [-9.59; 1.59] 2.11%
A-i -0.90 [-1.53;-0.27] 14.11%
. -0.30 [-1.67; 1.07]  11.07%
! -0.10 [-0.60; 0.40]  14.51%
- 0.40 [-8.74; 9.54] 0.87%
< -0.48 [-1.21; 0.26]  42.66%
-:—— [-2.01; 1.05]
'
'
'
'
; -1.28 [-2.26;-0.31] 100.00%
— [-4.12; 1.55]
1
-5 0 5
Favours  Favours

usual care

If a study is indicated with * , then its median and quartiles are estimated from mean and standard deviation values.

Fig. 4. Forest plot of studies showing median differences in intravenous benzodiazepine exposure
duration. Data pooling revealed a significant reduction in the protocolized sedation versus usual
care group. MD, mean difference; CI, confidence interval.

Protocolized sedation Usual care
Studies N Median N Median
Jin 2007 21 0.2000 20 0.3000
Hanser 2020 32 0.1500 33 0.2200
Curley 2015 1225 0.1208 1224 0.1333
Random effects model 1278 1277

Prediction interval
Heterogeneity: /2 = 83.48% [50.03%; 94.54%], 12 < 0.01, p = 0.002
Test for overall effect: z = -2.02 (p = 0.044)

protocolized sedation
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Fig. 5. Forest plot of studies showing median differences in peak benzodiazepine dose. Data
pooling revealed significantly lower doses in the protocolized sedation versus usual care group.

MD, mean difference; CI, confidence interval.

tistical analysis plan were available before publication.
Two cluster RCTs?*?? suggested some concerns about the
randomization process because information on allocation
concealment was missing in the cluster randomization
process. The risk of bias was generally low in all other
domains.

7. Publication bias and heterogeneity
Egger test was available for only the OR analysis.

8. Certainty of evidence

The quality of evidence for IMV duration was low. Evi-
dence quality was generally low for continuous outcomes
and moderate to high for binary outcomes. The certainty
of evidence for the 7 outcomes is summarized in Supple-

mentary Table 9.

Discussion

Our meta-analysis revealed compelling findings re-
garding protocolized sedation, with statistically signifi-
cant reductions in both IMV duration and PICU LOS.
However, these benefits were primarily evident in NRSIs
rather than in RCTs. Importantly, significant reduc-
tions in intravenous benzodiazepine duration®33 and
benzodiazepine peak dose?”?'¥ were observed when
sedation protocols were followed. Moreover, there was a
trend toward lower cumulative and mean daily benzodi-
azepine doses, lower cumulative and peak opioid doses,
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and a reduced duration of intravenous sedation in the
protocolized group. Moreover, 2 eligible studies reported
significantly reduced dexmedetomidine?® and clonidine”
exposure in the protocolized group. Importantly, reports
of sedative exposure differed among eligible studies;
therefore, a limited number of patients could be pool
ed for sedation-related outcomes. In terms of adverse
events, our analysis revealed a higher likelihood of un-
planned extubation in the protocolized sedation arm.
No other significant intergroup differences were observ-
ed. Consequently, we consider it feasible to safely imple-
ment protocolized sedation strategies, particularly in
combination with bundles aiming to mitigate the risk of
unplanned extubation.

Our findings of clinical outcomes differ somewhat from
those of the previous meta-analyses focusing primarily on
adults.®? Aitken et al.®> showed a significant reduction in-
hospital LOS when using protocolized sedation in 4 RCTs,
3 in an adult population. Clear evidence was lacking of a
reduction in ventilation days or PICU LOS, although the
included studies showed a high degree of heterogeneity.
Another meta-analysis comparing protocolized with
nonprotocolized weaning strategies exclusively in adults
showed a reduced duration of mechanical ventilation,
weaning duration, and PICU LOS.>® Similar to our results,
both studies confirmed the safety of these strategies,
whereas the overall sedative dosage was not investigated
since it was not reported. The observed difference may
be due to the specific characteristics of the pediatric
population, as it is more difficult, if not impossible, to
explain to these patients why treatment is necessary.
Furthermore, different age groups have different situa-
tional awareness and abilities to express discomfort in
addition to differences in pharmacokinetics and phar-
macodynamics.>”

Reduced sedative exposure was a remarkable finding in
our meta-analysis. Less sedative and opioid use inevitably
leads to fewer adverse events. In addition, exposure to
midazolam was significantly associated with the post
traumatic stress response at 1 month postdischarge,®
implying that sedation may be associated with long-
term psychological outcomes. Thus, we also aimed to
review the long-term effects of sedation; however, these
data were available only for studies involving the same
sample. Watson et al.®? and Olszewski et al®? reported
no statistically significant differences in the decline in
cognitive function, health-related quality of life, or inci-
dence of posttraumatic stress disorder at 6 months
post-PICU discharge in the protocolized sedation arm.
This finding was confirmed in a subset of patients with
bronchiolitis.>

These results provide high-quality data showing that

minimizing sedation versus conventional sedation mana-
gement has no harmful long-term impact. In addition,
both groups reported a significant decline in cognitive
function and quality of life from baseline levels at 6
months post-PICU discharge. A recent meta-analysis re-
ported that children discharged from the PICU had a high
burden of unfavorable psychological symptoms in several
cognitive and affective domains after 3 months to 4 years
of follow-up®®; since some of these symptoms could be
related to sedation practices, they warrant further study.
The substantial statistical heterogeneity observed in our
main outcomes was not disparate from meta-analyses in
adults®® and may be a consequence of variation among the
included studies. Subgroup analyses comparing different
study designs and sedation protocols did not reduce sta-
tistical heterogeneity, suggesting that differences in clini-
cal settings, PICU populations, and sedation protocol impl-
ementation contributed to the reported heterogeneous
results (Supplementary Tables 4 and 5). In addition, the
eligible studies were heterogeneous in terms of sedation
assessment tools,*%? delirium,*” withdrawal syndrome,®?
and sedatives used (Supplementary Table 5). These fac-
tors, which contributed to a moderate to high degree of
observed statistical heterogeneity, were examined in the
certainty assessment of evidence shown in Supplementary
Table 9 and should be considered in the applicability and
generalizability of our results.

The balance between reduced PICU LOS and IMV
duration and the increased risk of unplanned extubation
is a critical consideration in the implementation of pro-
tocolized sedation. Unplanned extubation is associated
with significant risks including the potential for reintuba-
tion, respiratory failure, and cardiac arrest. However,
the studies included in our meta-analysis reported no
serious consequences. The RCT by Blackwood et al.?®
which contributed the most patients to the pooled analy-
sis of unplanned extubation, reported no increase in rein-
tubation rates, suggesting that patients were adequately
prepared for extubation by the time the unplanned ex
tubation occurred. Furthermore, no increased risk of
other adverse events was observed, suggesting that an
increase in unplanned extubation does not compromise
patient safety in this context. Despite these findings,
further research is needed to establish optimal sedation
targets at different stages of illness and develop effective
interventions for preventing unplanned extubations, such
as improved taping methods and adjustments in nurse-
to-patient ratios. The implementation of comprehensive
care bundles, including protocolized sedation practices,
may help mitigate the risks associated with unplanned
extubations while maintaining the benefits of a reduced
PICU LOS and IMV duration.
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Apart from its strengths, this study has several limita-
tions. Due to the insufficient number of eligible RCTs, data
from cluster and pilot RCTs, as well as NRSIs were pooled.
To overcome this limitation, we performed subgroup
analyses, which showed significant differences among
the different study designs in terms of IMV duration and
PICU LOS. Furthermore, 10 studies?®?°32353639-93 reported
our main outcomes as secondary; consequently, they
may have been statistically underpowered. Finally, we
observed a moderate to high or unclear risk of bias for
certain domains of several outcomes (Supplementary
Tables 6-8), mainly due to baseline confounders and lack
of reporting missing data. Hence, the quality of evidence
for our main outcomes was rated as low (Supplementary
Table 9). However, our meta-analysis is the most extensive
review of the efficacy of protocolized sedation in PICUs. By
encompassing a diverse patient cohort, our study offers a
comprehensive assessment of the efficacy of protocolized
sedation across various pediatric populations requiring
critical care. Furthermore, our findings demonstrate the
potential of protocolized sedation to significantly reduce
sedative exposure.

The clinical efficacy of protocolized sedation remains
debatable. Cohort studies demonstrated improvements
after implementation, suggesting that increased focus on
sedation may be beneficial. Despite this uncertainty, there
is notable promise that protocolized sedation significantly
reduces sedative exposure, thereby potentially minimiz
ing sedative-related adverse effects. However, recognizing
the potential risk of unplanned extubation associated with
protocolized sedation is crucial. This underscores the need
to incorporate prevention bundles into implementation
strategies to mitigate such risks.

Further research should focus on the effects of proto-
colized sedation on standardized measurements of seda
tive exposure and include long-term follow-ups to eval
uate the impact of sedation minimization strategies on
psychological recovery, neurocognitive development, and
quality of life. Additionally, investigating the distinct ef
fects of various sedatives and sedation protocols could
provide valuable insights into key associations. As the
measurements of sedative and opioid exposure lacked
standardization and were reported as different secondary
outcomes, most studies were statistically underpowered
for these outcomes, which may have reduced the impact
of the implemented intervention. Therefore, future stud-
ies should include cumulative, peak, and average daily
sedation doses in addition to duration.

Future clinical trials should consider methodological
strategies to minimize the risk of bias, focus on individual
randomization to adequately balance patients with differ-
ent baseline characteristics among study cohorts, improve

follow-up strategies, and address the implications of
missing data.

In conclusion, protocolized sedation reduced IMV dura-
tion, PICU LOS, and hospital LOS based on a low to mo-
derate quality of evidence. However, given that these
results were not confirmed by RCTs, the superiority of
protocolized sedation has not been established. Moreover,
we observed a distinct trend of reduced sedative and
opioid exposure; however, as the studies reported different
measurements of sedation exposure, data pooling was
severely limited. In addition, a significant difference was
found only in unplanned extubation in terms of sedation-
associated adverse events, implying that protocol-directed
sedation management strategies can be safely implement
ed with certain precautions in various clinical settings.

Footnotes

Supplementary materials: Supplementary Tables 1-9 and
Supplementary Figs. 1-12 are available at https://doi.org/
10.3345/cep.2024.01711.
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