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Objective: To evaluate the impact of sedation guidelines, proto-
cols, and algorithms on clinical outcomes in PICUs.
Data Sources: CINAHL, Medline, EMBASE, Web of Science, and 
the Cochrane Database of Systematic Reviews,
Study Selection: English-only publications from 1966 to Decem-
ber 2013, which included keywords “sedation,” ”guideline,” “algo-
rithm,” “protocol,” and “pediatric intensive care.” We included 
all primary studies involving critically ill children on sedation 
guidelines, protocols, and algorithms and excluded those which 
focused mainly on diagnostic or procedural purposes.
Data Extraction: Two authors independently screened each article 
for inclusion. A standardized data extraction sheet was used to 
extract data from all included studies.
Data Synthesis: Among the 1,283 citations yielded from our search 
strategy, six observational studies were included in the final review. 
Due to the heterogeneity of the studies included, clinical outcomes 
were not combined into a meta-analysis. A descriptive account of 
the studies was formulated to characterize all included studies. The 
three outcomes of interest were clinical outcomes, patients’ comfort 
and safety, and sedative use. We found an association between the 
use of sedation guidelines, protocols, and algorithms and reduced 
PICU length of stay, frequency of unplanned extubation, prevalence 
of patients experiencing drug withdrawal, total sedation duration, 
and doses. Overall, the quality of identified studies is low.
Conclusions: Despite widespread recommendation for the use of seda-
tion guidelines, protocols, and algorithms in critically ill children, our 
systematic review revealed a paucity of high-quality evidence to guide 

this practice. More robust studies are urgently needed for this impor-
tant aspect of PICU care. (Pediatr Crit Care Med 2014; 15:885–892)
Key Words: critical care; pediatric; pediatric intensive care unit; 
practice guideline; protocol; sedation; systematic review

The provision of adequate sedation and analgesia is a cru-
cial component of critical care management. Sedation 
and analgesia reduce pain, anxiety, and agitation; allow 

nursing and invasive procedures to be performed safely; and 
enhance synchronization with mechanical ventilation (MV) 
(1). Despite the importance of ensuring comfort throughout 
critical care stay, sedation therapy is often suboptimal and sel-
dom systematically evaluated in PICU patients (1).

Optimal sedation is described as a level of sedation at which 
the adult patient is sedated but easily rousable, free from pain 
and anxiety, and could tolerate nursing and medical proce-
dures (2). Achieving optimal sedation may help avoid risks 
associated with oversedation (e.g., prolonged MV and extuba-
tion failure) and problems of undersedation (e.g., agitation, 
anxiety-induced hypertension, and unplanned extubation). 
Suboptimal sedation may potentially prolong length of stay 
(LOS) in PICU and lead to increased morbidity (1).

The use of sedation guidelines, protocols, or algorithms 
(sGPA) to assess and manage level of sedation in critically ill 
adults and children has been strongly recommended by many 
international societies (2–7). The term guidelines and proto-
cols are often used interchangeably to describe the provision 
of best practice (8). Often included in guidelines or protocols 
are treatment algorithms that contain a set of rules that dictates 
treatment more precisely than a protocol or guideline alone (9). 
To date, there is no systematic review that examines the effect 
of sGPA on critically ill children. We conducted this review to 
evaluate the impact of sGPA on clinical outcomes in PICUs.

MATERIALS AND METHODS

Search Strategy
We performed an electronic search using the following data-
bases: CINAHL (1982 to December 2013), Medline (1966 
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to December 2013), EMBASE (1990 to December 2013), 
Cochrane Database of Systematic Reviews (1982 to December 
2013), and Web of Science (1990 to December 2013). Refer-
ence lists of identified articles were further hand-searched for 
additional relevant studies.

We used the search terms: “sedation,” “guideline,” “algorithm,” 
“protocol,” and “pediatric intensive care.” An expanded list of 
related words such as “children,” “critical care,” and “intensive care 
unit” was included. Only English-language articles were used.

Selection Criteria
Articles were included based on the review question developed 
using the participants, interventions, comparator, outcomes, 
and study designs framework (10):

 ● Participants: Patients admitted to the PICU.
 ● Intervention: The intervention group was defined as 

patients managed using any sGPA, excluding those designed 
mainly for diagnostic or procedural purposes.

 ● Comparator: The control group, if any, included patients man-
aged either by independent physician-directed approaches 
requiring specific physician’s order for sedation drug selec-
tion, dosing and titration, or a standard of care, without the 
use of sGPA.

 ● Outcomes: We included all reported clinical outcomes, 
with specific interest in pertinent clinical outcomes related 
to PICU LOS, mortality rate, duration of MV, patients’ 
comfort and safety (e.g., frequency of unplanned extuba-
tion and optimal sedation achieved), and sedative use (e.g., 
doses and duration).

 ● Study designs: We included all types of study designs and 
assessed their strengths, limitations, and suitability to be 
included in our systematic review.

Data Management and Extraction
Details of all identified articles were imported into Reference 
Manager 11.0 (11) and screened for duplication. Full texts of 
the studies were retrieved. Two authors (Y.N.P., P.F.P.) indepen-
dently screened each article for inclusion criteria. Any differences 
were reconciled with a third author (J.H.L.) through discussion 
and detailed re-examination of the articles. A standardized data 
sheet was created and used to extract data from included studies.

Data Analysis
Due to the heterogeneity of outcome measures, we could not 
combine clinical outcomes into a meta-analysis. A descriptive 
account of the studies was formulated to characterize all included 
studies and to identify their strengths and weaknesses. The vari-
ous outcomes were categorized into three main groups: pertinent 
clinical outcomes, patients’ comfort and safety, and sedative use.

Quality Assessment
Methodological quality of observational studies was assessed 
using the Strengthening the reporting of observational stud-
ies in epidemiology Statement, a 22-item checklist that relate 
to the title, abstract, introduction, methods, results, and 

discussion (12). The Critical Appraisal Skills Program ran-
domized controlled trial (RCT) (11-item checklist) was used 
to appraise RCTs in three broad areas: validity, results, and 
clinical relevance (13). Both checklists have been endorsed and 
validated by many peer-reviewed journals (14, 15).

RESULTS

Characteristics of Studies
We identified a total of 1,283 citations (Fig. 1). Eighteen cita-
tions were relevant at screening. Six studies matched our crite-
ria and were included in the final review.

Table 1 summarizes the characteristics of the six included 
studies (total of 2,011 patients from the ages of 1 d to 21 yr 
old). Four studies (16–19) did not report PICU characteristics. 
After the authors were contacted for clarification, we obtained 
the size of all PICUs involved, which ranged from 8 to 31 beds. 
Only four centers reported their admission case-mix: three 
were medical-surgical-cardiac PICUs, whereas one was a med-
ical-surgical PICU (9, 16, 17, 20).

Design of Studies
No RCTs were identified. All were observational studies involving 
historical controls. There were five cohort studies (9, 17–20) and 
one case series (16). Sample size ranged from 10 to 1,326 patients. 
Data were collected through medical chart reviews in all studies. 
One study (16) used purposive sampling, where patient selection 
was based on diagnosis and chart availability. The remaining stud-
ies (9, 17–20) included all PICU patients who met the inclusion 
and exclusion criteria admitted within their specified time frame.

The components of each sGPA intervention were adequately 
described (Table 1). Although there were variations between 

Figure 1. The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flowchart illustrates the flow of studies through the sys-
tematic review.



Review Article

Pediatric Critical Care Medicine www.pccmjournal.org 887

them, all sGPA included guidance on frequency and method of 
sedation assessment and had target sedation goals and choice 
of sedatives. Sedation assessment tools used included the 
COMFORT scale (n = 2), COMFORT-B scale (n = 2), and hospi-
tal-developed tools (n = 2). The most commonly used drugs were 
opioids and benzodiazepines via continuous infusions. Sedation 
level was assessed and managed by nurses in all studies except 
for one, which was managed by pharmacists and physicians (18).

Impact of sGPAs Interventions
Table 2 provides a summary of the outcomes of interest as 
reported by each study.

Impact on Pertinent Clinical Outcomes. Three studies (17, 
18, 20) reported on the association between initiation of sGPA 
and reduced PICU LOS. However, this difference was only sta-
tistically significant in one study (18), which reported a reduc-
tion in median PICU LOS of 4.5 days (15.0 [interquartile range, 
IQR, 9.0–19.5] vs 19.5 [IQR, 12.5–60.3]; p = 0.040). Although 
this study did not performed multivariable analysis to control 
for severity of illness scores, there were no significant differ-
ences between the demographic characteristics, severity scores, 
and diagnosis between the control and intervention groups 
(18). The other two studies reported mean reduction of 0.3 
days (4.8 ± 0.3 vs 4.5 ± 0.2; p = not significant) (17) and median 
reduction of 1.3 days (9.5 [IQR, 5.4–15.2] vs 8.2 [IQR, 5–13.2]; 
p = 0.302) (20), respectively.

The only study (17) that examined the impact of sGPA on 
PICU mortality concluded that there was no significant differ-
ence between the two groups (mean, 5.3% ± 1.3% vs 5.0% ± 
0.3%, p value not reported). Three studies (17, 18, 20) reported 
impact of sGPA on duration of MV, but the results were not 
consistent. Although one study reported a significant decrease 
in median duration of MV (12.5 d [IQR, 8.3–49.5] vs 11.0 d 
[IQR, 5.0–13.5]; p = 0.040) (18), another study reported a sig-
nificant increase in the percentage of total PICU stay on MV 
(44.8% ± 6.1% vs 53.5% ± 3.1%, p = 0.040) (17), and the third 
study reported no difference in median duration of MV (5.0 d 
[IQR, 3.0–9.0] vs 5.0 d [IQR, 3.0–3.70]; p = 0.155) (20).

Impact on Patient Safety and Comfort Outcomes. Two 
studies (17, 20) reported a significant decrease in frequency of 
unplanned extubation. One study (19) observed a 10% increase 
in prevalence of optimal sedation (defined as COMFORT-
B score of 11–22). Another study (18) found a significant 
decrease in number of patients experiencing drug withdrawal 
symptoms (defined as patient having loose stools, vomiting, 
tremors, and abnormal sleep patterns) after the introduction 
of sGPA (7/20 vs 1/21, p = 0.020).

Impact on Sedation Duration and Use. Five stud-
ies described the impact of sGPA on sedatives duration and 
total dose used (9, 16, 18–20). We will first discuss the impact 
on continuous IV sedatives, followed by bolus IV or enteral 
sedatives. Two studies (18, 20) reported significant reduc-
tion in total duration of sedative use (both IV and enteral). 
Patients who were managed using sGPA were 23% more likely 
to be taken off all sedation as compared with those managed 
using independent physician-directed approaches (hazard 

ratio = 0.77; 95% CI, 0.61–0.96; p = 0.020) (20). In another 
study (18), median duration of sedation was reduced in the 
sGPA group compared with the control group (8.0 d [IQR, 
3.5–13.0] vs 11.5 d [IQR, 8.0–33.3]; p = 0.050).

When sGPA was used in conjunction with continuous fen-
tanyl (16, 18) or clonidine infusion (9), the total dose required 
for each drug was significantly less. However, there was no 
significant difference in total dose used when sGPA involved 
continuous IV sedative infusions of midazolam (16, 18, 19), 
morphine (19), and ketamine (9). One study (18) also exam-
ined the impact of sGPA on bolus sedatives and found a statis-
tical significant reduction in the median number of IV boluses 
given for fentanyl (1.0 [IQR, 1.0–2.0] vs 6.0 [IQR, 1.5–14.5]; 
p = 0.030), midazolam (3.0 [IQR, 2.0–5.0] vs 8.5 [IQR, 5.0–8.5]; 
p < 0.010), lorazepam (4.0 [IQR, 2.0–6.3] vs 13.0 [IQR, 7.3–
30.5]; p < 0.010), neuromuscular blockers (2.0 [IQR, 1.0–3.8] 
vs 9.0 [IQR, 5.5–27.0]; p < 0.010), and oral chloral hydrate (3.0 
[IQR, 1.0–6.3] vs 17.0 [IQR, 5.5–25.0]; p < 0.010). However, a 
separate study (16) found no significant difference in the mean 
number of total boluses (IV fentanyl and midazolam) admin-
istrated (11.6 vs 13.7 [sd not reported]; p = 0.378) when com-
paring pre- and post-sGPA initiation.

DISCUSSION
This systematic review aims to determine the impact of sGPA 
on clinical outcomes in critically ill children. Despite the wide-
spread recommendation for sGPA-directed sedation man-
agement in critically ill patients (4, 7), our systematic review 
demonstrated a paucity of high-quality evidence in current 
literature to guide this practice in PICUs.

To achieve optimal sedation in critically ill patients, the use 
of sGPA has been advocated by various societies as a mean of 
improving practice and achieving standardization of care. The 
American College of Critical Care Medicine recently revised 
the 2002 Clinical Practice Guidelines for the Sustained Use of 
Sedatives and Analgesics in the Critically Ill Adult, with the 
intention to facilitate transfer of evidence-based “best prac-
tices” to the bedside, limit practice variations, and reduce 
treatment delays (7). The taskforce found that a protocolized 
approach can significantly improve patient outcomes and 
serve as a guide for quality assurance efforts. The guidelines 
included a total of 54 evidence-based statements (n = 22) and 
recommendations (n = 32), of which 65% were based on high- 
or moderate-quality evidence, 30% were based on low or very 
low quality of evidence, and 5% had no evidence (21).

Similarly, the use of a systematic approach for assessment 
and management of sedation and pain in children has been 
proposed by the United Kingdom Pediatric Intensive Care 
Society in 2006 (4). The expert panel used a modified Delphi 
technique to develop a consensus guideline with 20 recom-
mendations on management of sedation and analgesia in PICU 
(4). However, unlike its adult counterpart, quality of evidence 
available in pediatric literature to support these practices was 
described as poor. The majority of recommendations (65%) 
were based on low level of evidence (e.g., nonanalytic studies 
and expert opinions).
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In this review, we identified six observational studies that 
varied in interventions and outcome measures. These varia-
tions prevented us from performing a meaningful pooled 
quantitative analysis. Nonetheless, the use of sGPA was asso-
ciated with decreased frequency of unplanned extubation, 
incidence of patients experiencing drug withdrawal, sedation 
duration, sedation dose, and PICU LOS.

These findings are comparable to those derived from adult 
ICU population. In a systematic review (22) that included 19 
studies (four RCTs and 15 observational studies) that investi-
gated the effect of sGPA on adult ICUs, the authors found a 
strong association between the use of a systematic approach 
to improving sedation with reduced duration of MV, ICU, and 
hospital LOS. Although fewer studies reported outcomes of 
total sedation duration, sedative dose, and sedative cost, the 
available evidence indicated these outcomes also improved 
with sGPA use (22).

Our review was limited by the low methodological quality 
of the studies identified. Most of the identified studies were 
conducted in a single-center environment involving a rela-
tively small number of patients. One study (16), which used 
purposive sampling, yielded a higher than average severity of 
illness in their study population, which was not representative 

of the true population. Three studies (9, 16, 17) did not report 
inclusion and exclusion criteria, exposing these studies to risk 
for selection bias. The validity of the studies was compromised 
by nonrandomization and lack of a concurrent control group. 
Instead historical controls were used, which increased the risk 
of bias (e.g., possible changes in characteristics of patient pop-
ulation, changes in strategies of patient care, such as technique 
of securing endotracheal tube, frequency of physical restraints, 
and staff ’s knowledge and education level over time). One 
approach to correct for these potential confounders is to make 
statistical adjustments (22), through matching, stratification, 
or multivariate analysis. This, unfortunately, was not per-
formed in any of the studies.

Out of the sedation assessment tools used by included stud-
ies, the COMFORT and COMFORT-B scales were used most 
often. The structural validity of COMFORT has been previ-
ously raised as three variables within the scale stood out as 
having relatively low correlations with other variables (23–25). 
A modified version, the COMFORT-B scale, which was tested 
to have high internal consistency and interrater reliability, was 
developed. These two scales have been demonstrated to have 
the highest clinical utility in scoring pain, nonpain-related dis-
tress, and sedation in mechanically ventilated children (26). 

TAbLE 1. Summary of Characteristic of Studies Included in the Review

Study and Country Design Setting/Study Population

Description of Guideline, Protocol, and Algorithm

Comments

With  
Treatment  
Algorithm

Guideline, Protocol,  
and Algorithm  
Developed by

Sedation  
Assessment  
Tool Used

Sedation  
Managed by

Alexander et al (16), 
Canada

Retrospective case  
series approach

8-bed medical-surgical PICU, n = 10 patients Yes Not reported COMFORT scale Nurse Study setting and inclusion and exclusion criteria 
not reported. Small sample size. Sample chosen 
based on diagnosis and chart availability. Purposive 
sampling yields a higher than average severity of 
illness when compared with the true population. 
Results from all cases were not reported

Popernack et al (17), 
United States

Prospective, cohort study  
with historical controls

12-bed multidisciplinary PICU, n = 1,326. All mechanically ventilated 
admitted over a period of 10 yr

Yes Multidisciplinary Penn State Children’s  
Hospital Sedation  
Algorithm

Nurse Study setting and exclusion criteria not reported. 
Only focused on one outcome. Assessment tool 
has not been validated

Jin et al (18),  
Korea

Prospective cohort with 
historical controls

22-bed PICU, n = 41 patients intubated, on continuous IV sedative 
infusion for > 48 hr. Excluded patients: postsurgery, resuscitated from 
cardiac arrest, with abnormal neurologic status or transferred from other 
ICU where sedative already been started

Yes Not reported COMFORT scale Pharmacist and  
physician

Study setting not reported. Small sample size

Ista et al (19),  
The Netherlands

Prospective cohort with 
historical controls

15-bed PICU, n = 56 patients up to 3 yr old, intubated and on continuous 
IV sedative infusion for > 48 hr

Yes Multidisciplinary COMFORT-B scale Nurse Long-term outcome was measured. There was a 
long lapse between the pre- and postintervention 
data collection

Deeter et al (20),  
United States

Retrospective cohort  
study with historical  
control

31-bed multidisciplinary PICU, n = 319 patients intubated for > 48 hr. 
Excluded patients with abnormal neurologic status, extracorporeal support, 
tracheostomy, infusion of neuromuscular blocking agent, transfer from 
other ICU, or death during admission

Yes Multidisciplinary Seattle PICU  
Comfort Score

Nurse Inclusion and exclusion criteria clearly reported. 
Although assessment tool has been used for 10 yr, 
it has not been validated

Larson et al (9),  
Australia

Prospective, cohort study  
with historical controls

19-bed multidisciplinary PICU, n = 259 patients No Multidisciplinary COMFORT-B scale Nurse Inclusion and exclusion criteria not reported. 
Postintervention data collection was conducted just 
1 wk after implementation of the guideline. Audits 
were performed on audit days irrespective of which 
patients were admitted, and it is therefore likely 
that the same patients were audited on multiple 
occasions
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Other tools for sedation assessment include the Penn State 
Children’s Hospital Sedation Algorithm (17) and Seattle PICU 
Comfort Score (20). However, these two scales have not been 
extensively validated.

In addition, the lack of detailed information on each study’s 
setting and model of care made comparison and determination 
of similarities difficult. It would also subsequently be challeng-
ing to judge potential applicability of findings to other PICUs. 
Nonetheless, sGPA interventions were adequately reported in 
most of the studies, making it possible to replicate in future 
research. These methodology limitations are not restricted only 
to pediatric studies. A review (27) studying the variation in 
outcomes from international adult sedation protocol research 
highlighted that despite similarities in overall study designs, 
variations in population, and models of ICU care, as well as 
research methodological limitations might have contributed 
to differences in outcomes observed (27). Limited informa-
tion on baseline sedation practice such as details regarding 
level of staffing and training makes it difficult to assess the 
possible impact of baseline practice on outcome (22). More 
detailed reporting of different models of care will allow study 
findings to be more generalizable. Possible variations include 
differences in the type of medical/nursing expertise, patient 

case-mix, nurse-to-patient ratio, level of staffing, their educa-
tion level, and the routine within the setting where the research 
has taken place. These differences may result in vast variation 
in patients’ outcomes. Given this large variation, pharmacy and 
other healthcare personnel may find it challenging to apply 
findings of studies in their respective hospitals. Moving for-
ward, detailed reporting of studies should be encouraged (28–
30); this will make it easier for healthcare personnel to choose 
the most applicable study for their own hospital setting.

Concise operational definitions of sedation-related events 
in the pediatric population are fundamental to robustness 
of future research. Significant heterogeneity among outcome 
measures made comparison across studies difficult. In a sys-
tematic review (31) that included 20 studies on sedation-
related adverse events and 64 studies on pediatric-specific 
sedation-related adverse events, a total of 11 operational defi-
nitions were recommended for reporting sedation-related 
adverse events in critically ill ventilated pediatrics patients. 
These standard definitions will aid communication and allow 
for comparison between various future research efforts.

Based on the findings from our review, there is insufficient 
high-quality evidence on which to base any recommendation 
for clinical practice regarding the use of sGPA. Although sGPA 

TAbLE 1. Summary of Characteristic of Studies Included in the Review

Study and Country Design Setting/Study Population

Description of Guideline, Protocol, and Algorithm

Comments

With  
Treatment  
Algorithm

Guideline, Protocol,  
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Sedation  
Assessment  
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TAbLE 2. Summary of Outcomes Reported in the Six Studies

Outcome of Interest Study Unit Measured Control Group
Sedation Guidelines, Protocols,  

and Algorithms Group p
Effect of Guideline,  
Protocol, and Algorithm

Pertinent clinical outcomes

  Length of stay in PICU Popernack et al (17) Mean days (sd) 4.5 ± 0.2 4.8 ± 0.3 NR NS

Deeter et al (20) Median days (IQR) 9.5 (5.4–15.2) 8.2 (5.0–13.2) 0.302 NS

Jin et al (18) Median days (IQR) 19.5 (12.5–60.3) 15.0 (9.0–19.5) 0.040 ↓

  Overall mortality Popernack et al (17) Mean % (sd) 5.3 ± 1.3 5.0 ± 0.3 NR NS

  Duration of mechanical ventilation in days Popernack et al (17) Mean % of days of PICU stay (sd) 44.8 ± 6.1 53.5 ± 3.1 0.040 ↑

Jin et al (18) Median days (IQR) 12.5 (8.3–49.5) 11.0 (5.0–13.5) 0.040 ↓

Deeter et al (20) Median days (IQR) 5.0 (3.0–9.0) 5.0 (3.0–7.0) 0.155 NS

Patient safety and comfort

  Unplanned extubation Popernack et al (17) Mean frequency per year (sd) 7.3 ± 1.9 1.8 ± 1.3 0.003 ↓

  Optimal sedation Ista et al (19) Percentage 63% 72% NR NS

  Drug withdrawal Jin et al (18) Frequency (%) 7/35.0 1/4.7 0.020 ↓

Sedative use

  Duration of total sedation Jin et al (18) Median days (IQR) 11.5 (8.0–33.3) 8.0 (3.5–13.0) 0.050 ↓

Deeter et al (20) Median days (IQR) 7.0 (4.0–22.0) 5.0 (3.0–17.0) 0.026 ↓

Continuous IV sedative-benzodiazepines

  Lorazepam Deeter et al (20) Median days (IQR) 2 (0–7) 0 (0–2) < 0.001 ↓

  Midazolam Jin et al (18) Median total dose (IQR), μg/kg 55.0 (23.3–77.1) 37.5 (5.9–53.4) 0.080 NS

Ista et al (19) Median dose (IQR), μg/kg/hr 54 (NRa) 112.8 (NRa) 0.001 ↑

Alexander et al (16) Mean total dose (sd), μg/kg 9,740 (NR) 12,228 (NR) 0.002 ↑

Continuous IV sedative-opioid

  Morphine Deeter et al (20) Median days of therapy (IQR) 6 (4–12) 5 (3–9) 0.015 ↓

Ista et al (19) Median dose (IQR), μg/kg/hr 6.9 (NRa) 11.2 (NRa) 0.004 ↑

  Fentanyl Jin et al (18) Median total dose (IQR), μg/kg 495.5 (280.3–835.1) 204.0 (94.8–433.2) 0.020 ↓

Alexander et al (16) Mean total dose (sd), μg/kg 32 (NR)  428 (NR) 0.024 ↑

Continuous IV sedative-others

  Ketamine Larson et al (9) Mean dose (sd), μg/kg/min 6.7 ± 2.6 3.7 ± 1.8 0.010 ↓

  Propofol Larson et al (9) Mean dose (sd), mg/kg/hr 2.7 ± 1.0 2.5 ± 0.7 0.840 NS

IV bolus sedative

  Fentanyl Jin et al (18) Median number of boluses (IQR) 6.0 (1.5–14.5) 1.0 (1.0–2.0) 0.030 ↓

  Midazolam Jin et al (18) Median number of boluses (IQR) 8.5 (5.0–8.5) 3.0 (2.0–5.0) < 0.010 ↓

  Lorazepam Jin et al (18) Median number of boluses (IQR) 13.0 (7.3–30.5) 4.0 (2.0–6.3) < 0.010 ↓

  Ketamine Jin et al (18) Median number of boluses (IQR) 3.0 (2.0–11.0) 2.0 (1.5–4.0) 0.260 NS

Larson et al (9) Frequency (%) 11 (7%) 0 (0%) 0.003 ↓

  Propofol Larson et al (9) Frequency (%) 6 (4%) 1 (1%) 0.140 NS

  Clonidine Larson et al (9) Frequency (%) 0 (0%) 3 (3%) 0.080 NS

Enteral bolus sedative

  Clonidine Larson et al (9) Frequency (%) 21 (4%) 36 (32%) 0.001 ↑

  Chloral hydrate Jin et al (18) Median (IQR) 17.0 (5.5–25.0) 3.0 (1.0–6.3) < 0.010 ↓

IQR = interquartile range, NR = value not reported, NS = not significant, ↓ = significant decrease, ↑ = significant increase.
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TAbLE 2. Summary of Outcomes Reported in the Six Studies

Outcome of Interest Study Unit Measured Control Group
Sedation Guidelines, Protocols,  

and Algorithms Group p
Effect of Guideline,  
Protocol, and Algorithm

Pertinent clinical outcomes

  Length of stay in PICU Popernack et al (17) Mean days (sd) 4.5 ± 0.2 4.8 ± 0.3 NR NS

Deeter et al (20) Median days (IQR) 9.5 (5.4–15.2) 8.2 (5.0–13.2) 0.302 NS

Jin et al (18) Median days (IQR) 19.5 (12.5–60.3) 15.0 (9.0–19.5) 0.040 ↓

  Overall mortality Popernack et al (17) Mean % (sd) 5.3 ± 1.3 5.0 ± 0.3 NR NS

  Duration of mechanical ventilation in days Popernack et al (17) Mean % of days of PICU stay (sd) 44.8 ± 6.1 53.5 ± 3.1 0.040 ↑

Jin et al (18) Median days (IQR) 12.5 (8.3–49.5) 11.0 (5.0–13.5) 0.040 ↓

Deeter et al (20) Median days (IQR) 5.0 (3.0–9.0) 5.0 (3.0–7.0) 0.155 NS

Patient safety and comfort

  Unplanned extubation Popernack et al (17) Mean frequency per year (sd) 7.3 ± 1.9 1.8 ± 1.3 0.003 ↓

  Optimal sedation Ista et al (19) Percentage 63% 72% NR NS

  Drug withdrawal Jin et al (18) Frequency (%) 7/35.0 1/4.7 0.020 ↓

Sedative use

  Duration of total sedation Jin et al (18) Median days (IQR) 11.5 (8.0–33.3) 8.0 (3.5–13.0) 0.050 ↓

Deeter et al (20) Median days (IQR) 7.0 (4.0–22.0) 5.0 (3.0–17.0) 0.026 ↓

Continuous IV sedative-benzodiazepines

  Lorazepam Deeter et al (20) Median days (IQR) 2 (0–7) 0 (0–2) < 0.001 ↓

  Midazolam Jin et al (18) Median total dose (IQR), μg/kg 55.0 (23.3–77.1) 37.5 (5.9–53.4) 0.080 NS

Ista et al (19) Median dose (IQR), μg/kg/hr 54 (NRa) 112.8 (NRa) 0.001 ↑

Alexander et al (16) Mean total dose (sd), μg/kg 9,740 (NR) 12,228 (NR) 0.002 ↑

Continuous IV sedative-opioid

  Morphine Deeter et al (20) Median days of therapy (IQR) 6 (4–12) 5 (3–9) 0.015 ↓

Ista et al (19) Median dose (IQR), μg/kg/hr 6.9 (NRa) 11.2 (NRa) 0.004 ↑

  Fentanyl Jin et al (18) Median total dose (IQR), μg/kg 495.5 (280.3–835.1) 204.0 (94.8–433.2) 0.020 ↓

Alexander et al (16) Mean total dose (sd), μg/kg 32 (NR)  428 (NR) 0.024 ↑

Continuous IV sedative-others

  Ketamine Larson et al (9) Mean dose (sd), μg/kg/min 6.7 ± 2.6 3.7 ± 1.8 0.010 ↓

  Propofol Larson et al (9) Mean dose (sd), mg/kg/hr 2.7 ± 1.0 2.5 ± 0.7 0.840 NS

IV bolus sedative

  Fentanyl Jin et al (18) Median number of boluses (IQR) 6.0 (1.5–14.5) 1.0 (1.0–2.0) 0.030 ↓

  Midazolam Jin et al (18) Median number of boluses (IQR) 8.5 (5.0–8.5) 3.0 (2.0–5.0) < 0.010 ↓

  Lorazepam Jin et al (18) Median number of boluses (IQR) 13.0 (7.3–30.5) 4.0 (2.0–6.3) < 0.010 ↓

  Ketamine Jin et al (18) Median number of boluses (IQR) 3.0 (2.0–11.0) 2.0 (1.5–4.0) 0.260 NS

Larson et al (9) Frequency (%) 11 (7%) 0 (0%) 0.003 ↓

  Propofol Larson et al (9) Frequency (%) 6 (4%) 1 (1%) 0.140 NS

  Clonidine Larson et al (9) Frequency (%) 0 (0%) 3 (3%) 0.080 NS

Enteral bolus sedative

  Clonidine Larson et al (9) Frequency (%) 21 (4%) 36 (32%) 0.001 ↑

  Chloral hydrate Jin et al (18) Median (IQR) 17.0 (5.5–25.0) 3.0 (1.0–6.3) < 0.010 ↓

IQR = interquartile range, NR = value not reported, NS = not significant, ↓ = significant decrease, ↑ = significant increase.
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may be widely used to standardize sedation practice within 
PICUs, clinicians must be aware that use of sGPA may lead 
to improvement in some, but not all, patient outcomes. Our 
review highlights the urgent need for more rigorous research 
to determine the efficacy of sGPA in critically ill children. 
Although multicentered, RCTs may be too costly, and robust 
observational studies can be the focus of future research in this 
important area of PICU care.

To our knowledge, this is the first systematic review that spe-
cifically addressed the impact of sGPA on PICU outcomes. We 
applied a systematic search strategy, and all steps in the review 
process were performed by two authors. As we limited our 
search to English-language publications and studies originated 
mainly from the North America, Europe, and Australia, there is 
a possibility that other relevant studies might have been missed.

CONCLUSION
The use of sGPA in critically ill children has been a focus of 
increased interest and practice. However, the overall quality of 
pediatric studies conducted thus far remains low. Nonetheless, 
our review suggests an association between the use of sedation 
sGPA and reduced prevalences of unplanned extubation, preva-
lences of patients experiencing drug withdrawal, sedation dura-
tion, sedation dose, and PICU LOS. Future research in this aspect 
of pediatric critical care is urgently needed to provide for a strong 
evidence-based practice of sedation and analgesia in the PICU.
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