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ABSTRACT ARTICLE HISTORY
Background: Strategies aiming lighter sedation have demonstrated promising results in Received 11 July 2019
adults. This review was designed to evaluate the efficacy and safety of daily sedation interrup- Revised 6 September 2019

tion (DSI) versus sedation protocols in mechanically ventilated children. Accepted 22 September 2019
Methods: This was a systematic review and meta-analysis. We searched MEDLINE, Scopus, KEYWORDS
Cochrane Library and Web of Science from 1980 to August 2018 for randomized control trials Sedation; pediatric;
comparing the two forms of sedation in question, with outcomes that included duration of mechanical ventilation;
mechanical ventilation, length of stay in the pediatric intensive care unit, total midazolam interruption

doses and adverse events.

Results: Three studies were included in the review and meta-analysis after fulfilling the

inclusion criteria. One was a multicenter trial and two were single-center trials, with a total of

261 patients. There was a shorter duration of both mechanical ventilation and intensive care

stay, but with marked heterogeneity. All the results were in favor of DSI except adverse events

which were higher in the DSI group.

Conclusion: On comparison of DSI to routine sedation, we found evidence of benefit as

regards, duration of mechanical ventilation, length of intensive care unit stay and midazolam

doses. However, there was some evidence of harm with more adverse events.

1. Introduction strategies are not backed with sufficient evidence, with
controversy as to which approach is more effective [3].

Such strategies include the use of intermittent
boluses instead of continuous administration, selec-
tion of sedatives with ultra-short therapeutic half-
lives, and daily sedation interruption (DSI) [4]. The
definition of DSI is a temporary interruption or hold
of intravenous sedation. This may apply to fixed dose
bolus or continuous infusions and is useful in minimiz-
ing drug bioaccumulation, allowing patients to be
more awake, facilitating neurological assessment, and
evaluating effects of drug discontinuation. As with
many interventions, there are more studies conducted
on adults than children. In the last few years, the safety
and efficacy of DSI has been demonstrated in some
studies [5,6], while other studies could not find
a statistically or clinically significant effect of DSI on
outcome [7-9]. DSI had become a routine practice in
adult intensive care units (ICUs) based on earlier stu-
dies such as Mehta et al. [5]. However, that study (from
nearly a decade ago) was refuted by the Mehta 2012
study [7] that showed no evidence of benefit to DSI
when compared to protocolized sedation targeting
a light level of sedation.

Many critical children admitted in the pediatric inten-
sive care unit (PICU) are subjected to life-support tech-
nologies, with the most common being invasive
mechanical ventilation. Because of the associated
pain and discomfort, sedation is necessary, despite
confirmation of many adverse consequences on mobi-
lization, cognition, and psychological health, including
post-traumatic stress disorder [1].

Ideally, optimal sedation is tailored for every
patient. However, there are many obstacles to being
able to achieve this, including encephalopathy related
to the primary disease, organ dysfunction affecting
drug metabolism, and drug-drug interactions. An
ideal drug would have the following features: minimal
interactions with other drugs, low bioaccumulation,
dose adjustability,and negligible adverse effects. As
there are no sedative agents that satisfy these criteria
for critically ill children, alternative strategies may be
employed to minimize drug bioaccumulation and sub-
sequent oversedation and the ensuing side effects.
These protocols may involve maintaining lighter seda-
tion levels or interrupting sedation to avoid the poten-
tially deleterious effects of sedation [2]. However, these
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For critically ill children, the effectiveness and safety
of DSI has not been established. Adult data cannot be
generalized to the pediatric population and there is
a paucity of studies addressing this important gap in
the literature. There are fewer studies on children, and
with conflicting results. DSI and continuous sedation
have been compared in mechanically ventilated chil-
dren [10]. The authors found a better outcome with
DSI, with the length of mechanical ventilation and
duration of intensive care stay significantly reduced
in the interrupted sedation group (10.3 vs 7.1 days,
p = 0.021 and 14.1 vs 10.07 days, p = 0.002, respec-
tively), with no significantly different adverse event
rate. Taking into consideration the variation in patient
population and ICU practices between the two set-
tings, these results needed further validation. In
a Dutch multicenter study, efficacy and safety of daily
interruption of sedation in critically ill children were
investigated [11]. Alarmingly, not only did they find
a lack of improvement with DSI, they also reported
unexpected deaths. Other studies have also evaluated
DSI, with variable results. The objective of this study
was to systematically review studies that compared
two approaches: daily sedation interruption versus
routine sedation protocols.

2. Materials and methods
2.1. Search strategy

We searched Medline, Scopus, Cochrane Library and
Web of Science for systematic reviews and randomized
control trials (RCTs) by combining the following key-
words: (“daily interruption”) And (“sedatives” OR “seda-
tion”) And (“intensive care” OR “critical care” OR
“critically ill") AND (“children” OR “pediatric”). Only
English references were chosen. We searched only
RCTs conducted on children from 1980 to August 2018
that compared DSI with routine sedation, also occasion-
ally called protocolized sedation (PS). References were
organized in Abstrackr citation screening program
where full-texts of the potentially relevant articles
were assessed independently to determine the included
studies. Any disagreements between authors were
resolved by consensus. Prior to initiation of the study,
the systematic review was registered in the PROSPERO
database (CRD42017071477).

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist was
used for the review and reporting of the methods
and results in this study [12].

2.2. Study selection

Studies were included if they included children on seda-
tion and invasive mechanical ventilation within a PICU
setting. We then checked for those that compared DSI

with a predefined sedation protocol and assessed any of
the outcomes we were interested in.

2.3. Data extraction

A data extraction table from a RevMan file was pre-
pared. The data were extracted and crosschecked for
accuracy with the original publications. Errors were
corrected where necessary. Full-text articles were
obtained and were reviewed independently by three
reviewers to determine final eligibility.

Each author extracted independently the details of
each RCT using the predesigned form that include: site,
study design details, number of participants, PS and
DSI details, year of publication, and the outcomes. Our
primary outcomes were duration of mechanical venti-
lation and length of stay in the PICU. We also extracted
data for out secondary outcomes: adverse event fre-
quency and total dose of sedatives.

2.4. Risk of bias assessment

This was performed using the Cochrane risk of bias
assessment tool for clinical studies [13]. The studies
were categorized as “low”, “uncertain” or “high” for all
criteria, which included randomization technique, con-
cealment of allocation, technique of blinding of
patients, assessors and health care providers, incom-
plete outcomes, and sources of bias including selective
outcome reporting. The lack of agreement was
resolved by consensus. All data regarding any out-

come or adverse event were recorded.

2.5. Data analysis

Search results are shown in Figure 1. Comprehensive
Meta-Analysis Version 2 was used, and calculation of the
I-squared statistic was used to assess heterogeneity.
Study details (including total mechanical ventilation dura-
tion, length of stay, frequency of adverse events, total
dose of sedatives) were summarized Table 1. A random
effects model was used to calculate relative risk (RR). In
studies where the median (range/interquartile range) was
reported, the mean (SD) was calculated from them as
mentioned by Wan et al. [14]. Results were considered
statistically significant if the p value was less than 0.05.

3. Study characteristics
3.1. Results of the search

A total of 650 references were identified by the search
strategies. Studies were included if they included chil-
dren on sedation and invasive mechanical ventilation
within a PICU setting. We then checked for those that
compared DSI with a predefined sedation protocol and
assessed any of the outcomes we were interested in.
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Figure 1. Systematic review study selection process.

We reviewed the abstracts of these studies for eligibil-
ity, of which five [10,11,15-17] were retrieved for full-
text assessment. Only three of these studies met the
inclusion criteria [10,11,15]. The remaining two studies
did not include the outcomes of interest [16,17] (Figure
1). This was performed by two independent reviewers
to reduce bias and there was 100% agreement rate.

" | report the main
outcomes)

3.2. Included studies

Involved studies characteristics are shown in Table 1. We
included three trials comprising 261 participants. In gen-
eral, the studies were small, with sample sizes ranging
from 30 to 129 participants. All of them were published
between 2012 and 2016. Only one trial was a multi-centre
study, [11] while the others were conducted at a single
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pediatric intensive care unit [10,15]. Two trials took place
in the Netherlands and one study in India.

All trials reported the duration of mechanical venti-
lation and length of ICU stay, but there was variability
in reporting and dosing of the sedatives. All studies
reported using both midazolam and morphine as seda-
tives. However, Gupta et al. [10] only reported a total
dose of midazolam. Verlaat et al. [15] measured only
the amount of sedatives in the first 3 days of the study
and reported the percentage of change in sedative use
after inclusion.

Descriptions of the DSI and the sedation protocols
are demonstrated in Table 2.

3.3. Risk of bias assessment

This is illustrated in Table 3.

Generally, most trials had a low risk of bias, with
the exception of blinding of participants, healthcare
providers or outcome assessors. Random sequence
generation was clearly stated in all studies.
Allocation was concealed in two trials using central
allocation [11] and sealed numbered envelopes [10].
However, allocation concealment was unclear in
one study [15]. The nature of the intervention
made blinding of participants and clinicians unfea-
sible. No trial has reported blinding of the outcome
assessor; thus the risk of bias was considered
unclear in this domain. We found that all studies
had complete data and used intention-to-treat bias,
therefore with a low risk of attrition bias.

3.4. Outcomes

The total duration of mechanical ventilation was
assessed in three studies (n = 261 patients). There was
an association between reduction in the duration of
mechanical ventilation and DSI in comparison to routine
sedation protocols. However, this result was markedly
heterogeneous. [Mean difference (MD) = —0.36 days,
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95% confidence interval (Cl) —0.66 to —0.07 days,
P =0.01, I* = 23%] (Figure 2).

ICU lengths of stay were available from all three
studies, including 261 patients. Data showed signifi-
cant reduction in the ICU length of stay between the
sedation protocols and daily sedation interruption
(MD = -0.36 days, 95% ClI -0.67 to —0.05 days,
P =0.02, I* = 31%) (Figure 3).

Total adverse events were reported in all three stu-
dies. Data demonstrated some difference in overall
adverse events between the sedation protocol and
daily sedation interruption groups (RR 0.67, 95% ClI
0.35 to 1.47, P = 0.32, I> = 0%) (Figure 4).

Total dose of midazolam was assessed in two stu-
dies as other sedative drug was not available. Results
show a significant reduction in the total dose of mid-
azolam in daily sedation interruption groups com-
pared to sedation protocol one (MD = —-0.49, 95% Cl
—0.76 to —0.23 days, P = 0.0002, I* = 0%) (Figure 5).

4. Discussion

This systematic review and meta-analysis were per-
formed in an attempt to reach a conclusion regarding
sedation in mechanically ventilated children in inten-
sive care units. Critically ill children often receive seda-
tion to facilitate care and reduce discomfort or anxiety.
Although patient comfort is maximized by continuous
drug administration, this also leads to drug bioaccu-
mulation and the adverse effects of oversedation,
hence the concept of DSI.

Of a total of 650 references, only five were fully
assessed for eligibility. Two of these were excluded for
different designs or outcomes, leaving us with three
that met the inclusion criteria, with a total of 261 parti-
cipants. Although Gupta [10] and Verlaat [15] had simi-
lar results, while Vet [11] had some contradictory results,
the latter had a larger sample size as it was a multicenter
trial and therefore had a larger impact on our results.
This is the first systematic review addressing this issue in

Table 2. Sedation protocol and daily interruption performed in each study.

Study Sedation protocol

Daily sedation interruption

Gupta 2012 [10]

Verlaat 2014 [15]

Standard sedation was the control group in which midazolam
and morphine were given according to clinical judgement
with maximum infusion rates of 0.3 mg/kg/hr and 0.03 mg/
kg/hr respectively. Level of consciousness was monitored by

Midazolam was given as a loading dose of 0.1-0.3 mg/kg bolus Sedation was given as per the regular protocol, with a daily
followed by an infusion ranging from 0.1 to 0.3 mg/kg/hr. This
was in combination with morphine at 0.01-0.03 mg/kg/hr.

interruption of sedative infusion at 8:00 am until the patient
became fully awake or too uncomfortable, at which time the
infusion was restarted at 50% and titrated.

The infusion of sedatives was similar to the control group with
daily cessation at 1:00 pm after clinical rounds. Assessments
using the COMFORT-B score were performed regularly and any
score =17 initiated an immediate restart of sedative infusions.

the COMFORT-B score, and additional sedation was given if

agitation or discomfort were noted.
Vet 2016 [11]

infusions were initiated at the same infusion rates.

During blinded infusions, levels of sedation was assessed every
bi-hourly via COMFORT-B and NRS scores. When assessments

After mechanical ventilation for 24 h, patients were assessed for Following a safety screen, blinded infusions were initiated, and
a safety screen daily. If the patient passed the screen, blinded

the level of sedation was assessed as in the control group in
the same way as in the PS group. When assessments indicated
distress, a loading dose of midazolam was given (0.1 mg/kg,
intravenously), and titrated to optimize sedation.

indicated distress, a loading dose of midazolam was given
(0.1 mg/kg, intravenously), and titrated to optimize sedation.
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Table 3. Risk of bias assessment of the enrolled studies.

Random Other

sequence Allocation Blinding of participants  Blinding of out-  Incomplete Selective out- sources of
Study generation concealment and professionals come assessors outcomes  come reporting bias
Gupta 2012 [10] Low Low High Unclear Low Low Low
Verlaat 2014 [15] Low Unclear Unclear Unclear Low Low Low
Vet 2016 [11] Low Low High Unclear Low Low Low

interruption continuous
Study or Subgroup  Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Gupta 2012 71 48 46 103 84 56 392%
Verlaat 2014 5§ 37 15 93 66 15 13.8%
Vet 2016 536 26 66 593 4 63 47.0%
Total (95% CI) 127 134 100.0%

Heterogeneity: Tau*= 0.02; Chi*= 2.60, df= 2 (P = 0.27), F= 23%
Test for overall effect: Z= 2.44 (P=0.01)

-0.45 [-0.85,-0.06] —]
-0.78 [-1.53,-0.04]
017 [0.51,018]

-0.36 [-0.66, -0.07] L 2

FR
ot
s

= 2
Favours [interruption] Favours [continuous]

Figure 2. Duration of mechanical ventilation in DSI versus sedation protocols.

interruption Continuous Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gupta 2012 107 641 46 141 98 56 39.3% -0.40 [-0.80,-0.01] —i
Verlaat 2014 63 37 15 106 59 15 14.8% -0.85[-1.60,-0.10]
Vet 2016 7.7 43 66 85 68 B3 459% -0.16[-0.51,0.18] —_-
Total (95% CI) 127 134 100.0%  -0.36[-0.67,-0.05] >
Heterogeneity: Tau*= 0.02; Chi*= 2.88, df= 2 (P = 0.24); F= 31% '2 ‘1 1' é

Test for overall effect: Z= 2.26 (P = 0.02)

Figure 3. Length of ICU stay in DSI versus sedation protocols.

interruption Contiunuous

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI
Gupta 2012 6 46 8 56 64.6%

Verlaat 2014 1 15 1 15 87%

Vet2016 2 66 7 63 26.6%

Total (95% CI) 127 134 100.0%

Total events 9 16

Heterogeneity: Tau*= 0.00; Chi*= 1.82, df= 2 (P = 0.40); F= 0%
Test for overall effect: Z=1.00 (P = 0.32)

Figure 4. Adverse events in DSI versus sedation protocols.

Risk Ratio

Favours [interruption] Favours [continuous]

Risk Ratio
M-H, Random, 95% CI

0.91[0.34, 2.44]

1.00 [0.07, 14.55)
0.27 [0.06, 1.26] —
0.67 [0.30, 1.47] -
0.001 01 10 1000

Favours [interruption] Favours [continuous)

interruption continuous Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, 95% CI v, 95% CI
Gupta 2012 71 47 46 1 69 56 43.1% -0.64 [-1.04,-0.24] ——
Vet 2016 147 1141 66 216 234 63 56.9% -0.38 [-0.73,-0.03] ——
Total (95% CI) 12 119 100.0%  -0.49[-0.76,-0.23] -
Heterogeneity: Tau®= 0.00; Chi*= 0.97, df=1 (P = 0.32), F=0% '2 -1 1- i

Test for overall effect: Z= 3.67 (P = 0.0002)

Favours [interruption] Favours [continuous]

Figure 5. Total dose of midazolam in DSI versus sedation protocols.

children. On comparison to systematic reviews and
meta-analyses on use of DSI in adults, Nassar et al. [18]
included 5 studies with 241 participants. Similarly,
Augustes [8] included five randomized control trials
(RCTs) identified but had more participants and used
pooled data for 699 patients. The largest systematic
review was a Cochrane study, including nine eligible
trials with a total of 1282 patients [4].

Although our results did show a statistically signifi-
cant decreased total duration of mechanical ventila-
tion with daily sedation interruption, there was marked
heterogeneity. This may be explained by the conflict-
ing results between Vet et al. [11] on the one hand, and
the other two RCTs on the other hand [10,15]. The
authors themselves had noted this discrepancy and
had explained it by the fact that they had protocolized

nurse-driven sedation, which may have a positive
effect on minimization of sedation, as previously
demonstrated in an adult study [7]. Importantly, this
heterogeneity is entirely consistent with the results in
Mehta et al. 2012 [7], a huge and important adult study
that found that DSI + protocolized sedation was not
beneficial when compared to protocolized sedation
alone, and in fact was associated with a higher total
sedative exposure and a higher nursing workload.
Another factor may be that patient characteristics var-
ied between Gupta et al.’s RCT [10] and Vet et al.’s [11],
in that a large proportion of the former had neurolo-
gical illness (70%), whereas the latter excluded such
patients. Additionally, the midazolam doses were
much higher than commonly used doses. The authors
also suggested a paradoxical Hawthorne effect in the



control group, possibly related to close monitoring
[19]. In a large RCT including 1225 critically ill pediatric
patients, protocolized sedation was compared to usual
care and there was no significant effect on duration of
mechanical ventilation [16].

A similar heterogeneity was also found in a systematic
review for adults, but for this outcome they had actually
used the data from only two studies [20]. Even in a larger
meta-analysis that conducted a sub-analysis to compare
the duration of mechanical ventilation in DSI versus pro-
tocolized sedation, no significant difference was found
between the two approaches [4].

Our results showed a statistically significant shorter
PICU stay, which is agreement with an adult systematic
review [20]. Although our Cl was smaller than that of the
adult study, the mean different was much smaller in our
results (0.36 versus 5.05 days), which could be related to
the results found in each study as regards the duration of
mechanical ventilation (0.36 days in our study versus 6.7).

One of the aims of this systematic review and meta-
analysis was to evaluate safety in critically ill children.
Using data from all three studies, we found no differences
between the two approaches to sedation. This was an
important finding as we were particularly concerned with
the high mortality reported in one of the RCTs included in
our data [11], who had found a 9.1% mortality rate in the
DSI group (6 patients) versus 0% in the PS group. The
clinical significance of this is doubtful as there was no
identifiable causal relationship incriminating DSI within
such a short timeframe. This may be an unfortunate
coincidence, but it is noteworthy, and cannot simply be
dismissed outright. In Gupta’s study, even though this
study was powered to find a meaningful difference in
outcomes, they were only able to do so in bivariate
analyses. After controlling for important confounders
(such as severity of respiratory failure and presenting
illness), significance was lost, although a trend towards
earlier extubation remained (p = 0.07).

Although we were able to demonstrate that DSI in
our meta-analysis only produced a slightly higher rate
of adverse events, it is important to note that the
studies included only assessed short-term events.
Further studies may be warranted to rule out that long-
term psychological complications do not occur with
the more awake state in a stressful, potentially painful
situation, such as suggested increased rates of post-
traumatic stress disorder in DSI in adults [21].

The highly significant reduction in total midazolam
dosages in the DSI group versus the PS group was
derived from two studies. Midazolam is the most com-
monly used drug for sedation in critically ill children,
often combined with an opioid such as morphine for
analgesia [22]. Despite its popularity, attempts to mini-
mize total doses are important as oversedation leads to
tolerance and withdrawal symptoms, in addition to
delayed recovery and difficult withdrawal [23]. The
demonstrated reduction in total doses in our meta-
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analysis should therefore be beneficial in the PICU set-
ting, if undersedation has not led to any adverse events.
Additionally, benzodiazepines have been implicated in
observational studies as contributing factors to PTSD in
adults [24]. Again, that cannot be generalized to children.

It is difficult to compare our results with adult data
as there are many confounding factors. One is the use
of other medications in adults such as propofol, which
is contraindicated in many situations in the PICU [22].
Renal excretion may vary with age, as may drug meta-
bolism, both of which affect elimination half-life.
Assessment of wakefulness is also a challenge in chil-
dren, as opposed to simple ability to follow instruc-
tions in adults. Despite the presence of validated
scales such as COMFORT [25], another common con-
founding factor in adult studies if previous drug and
alcohol consumption [4] but fortunately that is not
a challenge in most critically ill children.

In our systematic review, we believe we included all
applicable articles without bias. We limited our review to
three trials with similar methods, excluding Curley et al.’s
data [16] because they compared protocolized sedation
to usual care in an effort to avoid this form of
heterogeneity.

As for the actual trials included, there was a low risk
of attrition or other forms of bias. Although it was not
feasible to blind any of the parties in these randomized
controlled trials, future research may hopefully find
strategies to blind outcome assessors. Clinician deci-
sion-making can influence weaning strategies, which
will ideally be standardized, and outcomes indepen-
dently assessed by a blinded clinician or researcher.
Conceptual heterogeneity may occur with systematic
reviews, where there are significant differences in
study designs and outcomes.

We have several limitations in our study. One
was the small number of randomized control trials
involving DSI in children. However, motivated by
the importance of this topic and potential for ben-
efit in the PICU setting, we decided to proceed after
finding other systematic reviews with small num-
bers and were able to get approval for the study
through Prospera. Over approximately 15 months
since then, there have been no recent publications
of RCTs comparing DSI to protocolized sedation in
children. Other limitations include the observation
that the articles did their best to have balanced
arms, but details as to severity of illness, neurologic
illness, immunocompetence, and weaning proce-
dure were not detailed. Additionally, the trials
focused on midazolam as the initial agent, despite
the fact that analgesia first is a more common
approach according to the |ICU Liberation
Campaign [26]. Imprecision is also a concern in
this meta-analysis, especially with the data for dura-
tion of mechanical ventilation, as seen with exces-
sively wide Cls around the pooled data.
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5. Conclusion

DSI was found to be superior to routine sedation in
three of the four outcomes that were our focus in this
systematic review and meta-analysis. There were
shorter lengths of PICU stay and duration of mechan-
ical ventilation, as well as reduced total doses of mid-
azolam. However, there was also a higher rate of
adverse events. Future research should focus on larger
sample sizes, elimination of confounding factors,
studying long-term effects of DSI on patients, and
effect on nursing and respiratory therapist workload.
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