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Abstract
Aims. Assess the effects of protocol-directed sedation management on the

duration of mechanical ventilation and other relevant patient outcomes in

mechanically ventilated intensive care unit patients.

Background. Sedation is a core component of critical care. Sub-optimal sedation

management incorporates both under- and over-sedation and has been linked to

poorer patient outcomes.

Design. Cochrane systematic review of randomized controlled trials.

Data sources. Cochrane Central Register of Controlled trials, MEDLINE,

EMBASE, CINAHL, Database of Abstracts of Reviews of Effects, LILACS,

Current Controlled Trials and US National Institutes of Health Clinical Research

Studies (1990–November 2013) and reference lists of articles were used.

Review methods. Randomized controlled trials conducted in intensive care units

comparing management with and without protocol-directed sedation were

included. Two authors screened titles, abstracts and full-text reports. Potential

risk of bias was assessed. Clinical, methodological and statistical heterogeneity

were examined and the random-effects model used for meta-analysis where

appropriate. Mean difference for duration of mechanical ventilation and risk ratio

for mortality, with 95% confidence intervals, were calculated.

Results. Two eligible studies with 633 participants comparing protocol-directed

sedation delivered by nurses vs. usual care were identified. There was no evidence

of differences in duration of mechanical ventilation or hospital mortality. There

was statistically significant heterogeneity between studies for duration of

mechanical ventilation.

Conclusions. There is insufficient evidence to evaluate the effectiveness of

protocol-directed sedation as results from the two randomized controlled trials

were conflicting.
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Introduction

Sedation management of critically ill patients is a core com-

ponent of critical care; these patients are often treated with

invasive and difficult-to-tolerate procedures and treatments.

Ensuring comfort throughout this process assists recovery

and ensures humane treatment (Mehta et al. 2009). To pro-

mote this, appropriate sedation is essential for all critically

ill patients, as is associated pain relief and anxiolysis. To

support this practice, a systematic review of randomized

controlled trials (RCTs) that examined the effectiveness of

nurse-directed sedation protocols was undertaken and

published as a Cochrane systematic review (Aitken et al.

2014); this current paper presents a summarized version of

that review.

Background

Growing evidence suggests that sedation is poorly managed;

one systematic review of 36 studies found a substantial inci-

dence of sub-optimal sedation (Jackson et al. 2009). The

detrimental impact of poor sedation practices extends from

under-sedation to over-sedation. Under-sedation has the

potential to lead to agitated patients with compromised long-

term psychological recovery, while over-sedation may lead to

increased intensive care unit (ICU) and hospital lengths of

stay and poor long-term recovery (Mehta et al. 2009). There

is some evidence to suggest links between short-term mea-

sures (such as intensive care and hospital lengths of stay)

(Kollef et al. 1998, Schweickert & Kress 2008, Jackson et al.

2010), adverse events (such as self extubation) (Girard et al.

2008) and long-term outcomes such as ICU memory recall

and psychological recovery (Ringdal et al. 2006, Samuelson

et al. 2006, Jackson et al. 2010).

Sedation refers to the administration of pharmacological

agents designed primarily to induce a sedative effect in

patients. Sedation does not include pharmacological agents

administered primarily for other reasons, such as analgesics,

although these agents might have some secondary sedative

effect. Internationally, there is a range of different methods

of managing patients’ sedation needs.

Various strategies have been proposed to improve seda-

tion management of critically ill patients: sedation assess-

ment instruments (Riker et al. 1999, Ely et al. 2003, Curley

et al. 2006); sedation guidelines, algorithms or protocols to

guide assessment and therapy (Jacobi et al. 2002, Sessler &

Pedram 2009); implementation of daily sedation interrup-

tions (Kress et al. 2000); targeting minimal levels of seda-

tion and regular assessment of sedation and analgesia

requirements (Schweickert & Kress 2008). Despite a core

component of many of these recommendations being the use

of an algorithm or protocol, there is evidence to suggest that

Why is this research or review needed?

� Equivocal evidence from international studies.

� Increasing focus on sub-optimal sedation management.

� Implications of sedation and ventilation management high-

lighted in ICU recovery research.

What are the key findings?

� Limited RCTs to evaluate the effectiveness; both studies

had limitations and contrasting results.

� Heterogeneity limited interpretation.

� Insufficient evidence to assess the impact of protocol-direc-

ted sedation on relevant patient outcomes.

How should the findings be used to influence policy/
practice/research/education?

� Limitations of the research should be addressed in a longi-

tudinal cluster randomized trial, with follow up to assess

patient outcomes.
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sedation guidelines remain poorly implemented, with less

than 50% of critical care units in Canada, US and Denmark

indicating such use (Sessler & Pedram 2009). This lack of

implementation may be due to the inconsistent results in the

studies examining the effect of protocol-directed sedation

(Brook et al. 1999, De Jonghe et al. 2005, Elliott et al.

2006, Quenot et al. 2007, Bucknall et al. 2008). Protocol-

directed sedation is ordered by a physician, contains guid-

ance regarding sedation management and is implemented by

nurses, pharmacists or other members of the healthcare

team. Selection of the most appropriate sedative agent, and

when to commence, increase, decrease or cease administra-

tion of the agent, is based on patient assessment, usually

with the aid of a sedation scale. Protocols may include an

analgesic component (Brook et al. 1999). Protocol-directed

sedation is distinct from, but related to, protocol-directed

weaning, which is specifically directed towards limiting the

duration of mechanical ventilation (Blackwood et al. 2014).

Use of a protocol may improve sedation by incorporating

regular patient assessment with planned changes to sedative

or analgesic agents, or both. There is widespread evidence

of international variation in sedation assessment and man-

agement practices (Mehta et al. 2009, O’Connor et al.

2009). The potential to reduce the individual clinician vari-

ation is statistically significant, with management based on

standardized assessment practices. Despite widespread use

of sedation protocols there is mixed evidence as to their

effectiveness.

The review

Aims

The aim of this study was to assess the effects of protocol-

directed sedation management on the duration of mechani-

cal ventilation and other relevant patient outcomes

(Table 1) in mechanically ventilated ICU patients.

Design

RCTs and quasi-randomized controlled trials published in

any language were included. An RCT was defined as a

study, where patients were allocated to treatment groups

based on a random or quasi-random method (e.g. using

random number tables, hospital number, date of birth).

All ICU patients who were mechanically ventilated (via

endotracheal or tracheostomy tube) were included. If eligi-

ble studies had included both patients who met the above

criteria and those who did not, data were excluded unless

the subpopulations were reported, or able to be obtained.

The target intervention was protocol-directed sedation

management which was compared with non-protocol-

directed sedation management. Protocol-directed sedation

was defined as sedation directed by a protocol or algo-

rithm that was ordered by a medical officer, contained

guidance regarding sedation management and was imple-

mented by nurses, pharmacists or other members of the

healthcare team with sedation increased or decreased

based on patient assessment. The guidance regarding seda-

tion management consisted of a series of decision points

or decision algorithms that assisted clinicians to make

decisions regarding increasing, decreasing or maintaining

current sedation levels. Protocols included provision for

administration of analgesics in addition to sedative agents.

Medical officers may have continued to be involved in

sedation assessment and management beyond the point of

ordering the sedation protocol, but any protocol that

required physician approval for changes in amounts of

sedation was excluded. The essential element of protocol-

directed sedation was that other members of the health-

care team could alter the level of sedation being adminis-

tered without consulting with a medical officer. Usual care

was defined as physician-led sedation management of

mechanically ventilated patients according to local prac-

tice, where no specific strategies were implemented to

change the level of sedation. Sedative agents may or may

not have been different to those used in the intervention;

importantly the intervention was not about the agents that

were used but how they were used.

Search methods

The Cochrane Central Register of Controlled trials

(CENTRAL) (2013, Issue 11), MEDLINE (OvidSP; from

Table 1 Primary and secondary outcomes for systematic review.

Primary outcomes

1. Duration of mechanical ventilation measured in hours for the

entire duration of the first ICU stay for each patient

2. ICU and hospital mortality

Secondary outcomes

1. ICU length of stay

2. Hospital length of stay

3. Total dose of sedation

4. Adverse events (e.g. non-planned extubation)

5. Incidence of delirium

6. Memory function

7. Psychological recovery

8. Cognitive recovery

9. Quality of life

10. Incidence of tracheostomy

ICU, intensive care unit.
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1990–November 2013), EMBASE (OvidSP; from 1990–

November 2013), CINAHL (BIREME host; from 1990–

November 2013), Database of Abstracts of Reviews of

Effects (DARE) (from 1990–November 2013), LILACS

(1990–November 2013), Current Controlled Trials and US

National Institutes of Health Research Studies (from 1990–

November 2013) were searched. An example of the search

strategy is provided in Supplementary Table 1. The search

was re-run in October 2014 and any studies of interest will

be dealt with when the review is updated. The MEDLINE

search strategy was combined with the Cochrane highly

sensitive search strategy, as detailed in Higgins and Green

(2011) and was adapted for searching all other databases.

Relevant critical care journals, reference lists of identified

published trials, abstracts of relevant conference proceed-

ings and the reference lists of relevant articles were hand-

searched to identify further clinical trials. Relevant trial

authors were contacted to identify any additional studies.

We searched specific websites for relevant ongoing trials:

1 International Clinical trials registry (www.who.int/tri-

alsearch);

2 International Standard Randomized Controlled Trials

(www.controlled-trials.com/isrctn);

3 Country specific trial websites for the UK, South Africa,

India, Hong Kong, China and Australia and New Zealand.

No language restriction was imposed.

Quality appraisal

Two authors (LA and TB or MM) independently assessed

the methodological quality of each eligible trial as per the

Cochrane Collaboration guidelines (Higgins & Green

2011); disagreements were resolved by discussion. Where

potential conflicts of interest existed, the relevant author

was excluded from the process. Seven domains were

assessed to determine risk of bias (Table 2); we considered

a trial as having a high risk of bias if one or more of the

assessment domains was rated as high risk or unclear.

We assessed clinical heterogeneity for key participant and

sedation protocol characteristics. Study cohorts were con-

sidered sufficiently similar for participant and intervention

characteristics to suggest data could potentially be pooled

for statistical analysis. We assessed statistical heterogeneity

using the I2 statistic. Where this analysis suggested statisti-

cal heterogeneity was moderate or greater, we have noted

that care should be taken when interpreting the results for

that outcome. In the absence of sufficient homogeneity

between the studies, we provided a descriptive presentation

of the results. We did not undertake meta-regression due to

insufficient studies and appropriate homogeneity; similarly

there were insufficient studies (<10) to construct a funnel

plot to explore the symmetry of the intervention effects to

assess for publication bias.

Data abstraction

Two authors (LA and TB) independently reviewed all titles

and decided on the inclusion of studies based on selection

criteria, then extracted standardized data from each study.

We resolved differences and avoided conflicts by consulting

a third author (MM). If a study had insufficient data to

complete data extraction or if we required data clarifica-

tion, we contacted the authors of the study. We considered

the studies to have sufficient data if at least one of the listed

outcomes (either primary or secondary) was reported.

Synthesis

Subject to the absence of clinical heterogeneity, we under-

took an analysis using Review Manager 5 software (Rev-

Man 2013). For continuous data, the mean difference

(MD), or standardized mean difference (SMD) and 95%

confidence interval (CI) for summary statistics (hospital and

ICU length of stay, duration of mechanical ventilation) was

used wherever possible. We found the data to be skewed

and, due to the unavailability of source data related to one

study, we were unable to transform the data for analysis.

For dichotomous data, we used risk ratio (RR) and 95% CI.

We used the results of intention-to-treat (ITT) analyses

for all analyses so all data extracted reflected the original

allocation group. There was no evidence of multiple obser-

vations or outcome measurements in either of the included

studies and all outcome measurements were taken at the

same time point in both studies. The duration of mechani-

cal ventilation was measured on the same group of patients

throughout their ICU stay. Both included studies had a

small number (less than 4%) of participants, who were

recruited into the studies despite not meeting inclusion cri-

teria (re-admission to ICU, patient awaiting rapid transfer

to another ICU) and we excluded these patients from all

analyses. Published study reports identified complete data

for all included participants, indicating there were no drop-

outs in either study.

If studies were sufficiently homogenous, we planned to

conduct a meta-analysis using a fixed-effect model or where

heterogeneity existed, a random-effects model. We con-

ducted meta-analyses for all outcomes where possible,

although the meta-analyses for many of the outcomes should

be interpreted with caution due to the presence of substantial
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heterogeneity (duration of mechanical ventilation, length of

ICU stay and incidence of tracheostomy). Analyses were con-

sidered significant at the alpha = 0�05 level. Estimates of pre-

cision were assessed by interpretation of CIs, such as widths,

overlapping and inclusion of the null hypothesis.

Intensive care patients were a heterogeneous group.

Given the small number of studies and limited variation in

the included participants and methods, we could not under-

take sub-group or sensitivity analyses.

We used the principles of the GRADE system to assess

the quality of the body of evidence associated with out-

comes reported (Guyatt et al. 2008). The GRADE approach

appraises the quality of evidence based on the extent to

which one can be confident that an estimate of effect or

association reflects the item being assessed. The quality of a

body of evidence considers within-study risk of bias

(methodological quality), the directness of the evidence,

heterogeneity of the data, precision of effect estimates and

risk of publication bias.

Results

The results of the search and selection of studies are sum-

marized in the PRISMA study flow diagram (Figure 1).

After exclusion of duplicates, we identified 2041 records,

with 21 full-text articles retrieved. We excluded 13 of these

as they did not address our research question, for example,

they answered different questions or provided a review of

the topic and we excluded six studies as, although they

addressed the question of our review, they did not use a

randomized or quasi-randomized design (Brattebo et al.

2002, De Jonghe et al. 2005, Elliott et al. 2006, Quenot

et al. 2007, Arias-Rivera et al. 2008, Tobar et al. 2008).

We identified two studies of interest (Brook et al. 1999,

Bucknall et al. 2008). We re-ran the search in October

2014. We identified a further 482 records after removing

duplicates; we identified one study of interest and we will

report this study when we update the review. We included

two studies (Brook et al. 1999, Bucknall et al. 2008). The

studies were similar in design and examined the impact of

protocol-directed sedation on a range of outcomes including

duration of mechanical ventilation, mortality, ICU and hos-

pital length of stay and some adverse events (Table 2).

Brook et al. (1999) enrolled 332 participants from a sin-

gle 19-bed medical ICU in a university-affiliated urban

teaching hospital in the USA, with data collected in

1997–1998. In contrast, Bucknall et al. (2008) enrolled 316

participants from a 24-bed mixed ICU in a major

Australian metropolitan university-associated teaching

hospital. Participants were adults who were mechanically

ventilated. Both studies were single-centre RCTs. The inter-

ventions were similar, with Bucknall et al. (2008) indicating

they modelled their intervention on that reported by Brook

et al. (1999). In both studies, nurses used a structured

approach for assessment to determine whether analgesics or

sedatives (or both) were required by the patient, then

Table 2 Characteristics, strengths and limitations of included studies.

Brook et al. (1999) Bucknall et al. (2008)

Characteristics

(see Supplementary

Table 2 for more detail)

RCT, 322 patients in a closed medical ICU in a

university-affiliated teaching hospital in US.

RCT, 316 patients in a closed general ICU in a

metropolitan teaching hospital in Australia.

Intervention

(see Supplementary

Table 2 for more detail)

Protocol-directed sedation vs. non-protocol-

directed sedation (usual care). Sedation protocol

required nurses to determine type, method of

administration and dosage of analgesics and

sedatives after assessing using the Ramsay Scale.

Protocol-directed sedation vs. non-protocol-

directed sedation. Sedation protocol required

nurses to determine the type, method of

administration, dosage of sedation or analgesia

after assessing using the Sedation-Agitation Scale.

Outcomes measured

(see Supplementary

Table 2 for more detail)

Primary outcome – duration of mechanical

ventilation. Secondary outcomes – ICU and

hospital LOS, hospital mortality, rates of organ

failure, re-intubation and tracheostomy.

Primary outcome – duration of mechanical

ventilation. Secondary outcomes – ICU and

hospital LOS, ICU and hospital mortality, rates

of self extubation and tracheostomy

Assessment of bias

(see Supplementary

Table 3 for more detail)

Generally low risk of bias with the exception of

the following:

- Unclear risk of selection bias due to

randomization process

- High risk of performance bias due to inability to

blind participants and personnel

- Unclear risk of other bias due to lack of description

of usual care

Generally low risk of bias with the exception of

the following:

- High risk of performance bias due to inability

to blind participants and personnel

- Unclear risk of other bias due to lack of description

of some aspects of usual care

RCT, randomized controlled trial; ICU, intensive care unit; LOS, length of stay.

© 2015 John Wiley & Sons Ltd 265

JAN: REVIEW PAPER Sedation protocol CSR



administered pre-specified medications according to their

ongoing assessment. Differences in the medications used

existed, with Brook et al. (1999) using diazepam, midazo-

lam, fentanyl and morphine, while Bucknall et al. (2008)

used midazolam, propofol and morphine.

The most important difference between the two studies

was the usual method of providing sedation-related aspects

of care to patients in each of the two study sites. In the

US study, all aspects of sedation were ordered by the

treating physicians and nurses could not make changes

without a physician’s written or verbal order (Brook et al.

1999). In the Australian study, ICU medical staff pre-

scribed the type of sedation medication and dose limits for

infusion and boluses, with each patient’s ICU nurse free to

assess, titrate and manage sedation, including the ceasing

of sedation, in those limits (Bucknall et al. 2008).

Risk of bias in included studies

We analysed seven domains of potential risk of bias. We

rated both studies the same for risk of bias for five of the

seven domains (Table 2). Of note, usual care was not

described well by Brook et al. (1999), except for the num-

ber of participants and duration of chemical paralysis. It

was unclear if standard management practices (mode of

mechanical ventilation, physiotherapy, suctioning, re-posi-

tioning, investigations outside ICU, need for physical

restraints) or nurse:patient ratios were equally applied to

both groups. While Bucknall et al. (2008) provided a

description of usual care for general management and

specific sedation management, some associated aspects of

care, such as physiotherapy, suctioning, re-positioning,

investigations outside ICU and need for physical restraints,

were not provided. a potential for contamination between

the two groups existed as participants in both studies were

cared for in the same ICU at the same time and care of

control group participants was directed by physicians in

line with usual local practice and individual preferences

(Brook et al. 1999, Bucknall et al. 2008). It is possible

that the principles of protocol-directed care could have

been partially applied to the control group.

Effects of interventions

Duration of mechanical ventilation

Both included studies reported duration of mechanical ven-

tilation. When we pooled data to analyse the MD in dura-

tion of mechanical ventilation (MD �5�74 hours, 95% CI

�62�01 to 50�53) comparing management with protocol-

directed sedation with usual care, the test of heterogeneity

was substantial (Tau2 = 1416�10; v2 = 7�08, degrees of free-
dom (d.f.) = 1; P = 0�008; I2 = 86%). Such high hetero-

geneity suggested that the two studies were dissimilar and

Database search
= 3252:

CENTRAL: 275

43 records
identified through
other sources

MEDLINE: 899

EMBASE: 1422

CINAHL: 418

LILACS: 238

2041 records after
duplicates removed

2020 records
excluded

19 full-text articles
excluded:

- 13 did not report
research related
to our question

- 5 studies did not
use randomized/
quasi-randomized
design

- 1 did not
measure outcome
of interest

2041 records
screened

21 full-text articles
assessed for
eligibility

2 studies included
in qualitative
synthesis

2 studies included
in quantitative
synthesis
(meta-analysis)

We re-ran the search in
October 2014, we identified
a further 615 records
although this reduced to 482
after we removed duplicates.
We found 1 study of interest.
We will report this study
when we update the review

Figure 1 Study flow diagram.
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may reflect the differing nurse:patient ratios present in usual

care in the study environments. Interpretation of these

results related to duration of mechanical ventilation should

proceed with caution given this high level of statistical

heterogeneity.

Intensive care unit and hospital mortality

One study reported ICU mortality data (RR 1�04, 95% CI

0�67-1�61) (Bucknall et al. 2008) whereas both reported hos-

pital mortality data. The combined hospital mortality out-

come, with 633 patients, was not significantly different

between the protocol-directed sedation and usual care groups

(RR 0�96, 95% CI 0�71-1�31; heterogeneity Tau2 = 0�02;
v2 = 1�50, d.f. = 1; P = 0�22; I2 = 33%) (Figure 2).

Length of intensive care unit stay

Both included studies reported length of ICU stay. Pooled

data to analyse the MD in length of ICU stay (MD

�0�62 days, 95% CI �2�97 to 1�73) comparing manage-

ment with protocol-directed sedation with usual care,

showed the test of heterogeneity was substantial

(Tau2 = 2�35; v2 = 5�43, d.f. = 1; P = 0�02; I2 = 82%).

Again, such high heterogeneity suggested that the two stud-

ies were dissimilar and interpretation of these results should

proceed with caution.

Hospital length of stay

Both included studies reported hospital length of stay. The

combined MD in hospital length of stay, with 633 patients,

was not significantly different between the protocol-directed

sedation and usual care groups (MD �3�78 days, 95% CI

�8�54 to 0�97) (heterogeneity Tau2 = 4�83; v2 = 1�67,
d.f. = 1; P = 0�20; I2 = 40%; Figure 3).

Adverse events

The studies reported few adverse event data. One study

reported re-intubation rates (RR 0�65, 95% CI 0�35-1�24)
(Brook et al. 1999) while the other study reported self extu-

bation data (RR 2�08, 95% CI 0�19-22�69) (Bucknall et al.
2008). In clinical practice, some patients who self extubate

will not require re-intubation, therefore, self extubation rates

would normally be higher than re-intubation rates. In these

two studies, Bucknall et al. (2008) reported self extubation

rates of only 1% in each group, while Brook et al. (1999)

reported re-intubation rates of 6-13% in their two groups.

Incidence of tracheostomy

The incidence of tracheostomy was reported in both included

studies. When we pooled data to analyse the frequency of tra-

cheostomy (RR 0�77, 95% CI 0�31-1�89) comparing manage-

ment with protocol-directed sedation with usual care, the test

of heterogeneity was substantial (Tau2 = 0�32; v2 = 4�16,
d.f. = 1; P = 0�04; I2 = 76%). Such high heterogeneity sug-

gested that the two studies were dissimilar and interpretation

of these results should proceed with caution. No studies were

identified where the outcomes of total dose of sedation, inci-

dence of delirium, memory function, psychological recovery,

cognitive recovery or quality of life were addressed.

Discussion

Summary of main results

A systematic search of databases identified 2041 potential

records, 21 potential studies and ultimately two eligible

studies, with 633 participants, for review and analysis of

the impact of protocol-directed sedation on duration of

Review: Protocol-directed sedation versus non-protocol-directed sedation to reduce duration of mechanical ventilation in mechanically ventilated intensive care patients 

Comparison: Protocol-directed sedation management compared with usual care

Outcome: Hospital mortality

Study or subgroup

Brook 1999 49/162

39/153 35/159

57/159 57·9 % 0·84 [0·62, 1·15]

1·16 [0·78, 1·73]

0·96 [0·71, 1·31]

42·1 %Bucknall 2008

Total (95% CI)

Total events: 88 (Protocolized sedation), 92 (Usual care)

Heterogeneity: Tau2 = 0·02; Chi2 = 1·50, df = 1 (P = 0.22); I2 = 33%

Test for overall effect: Z = 0·23 (P = 0·81)

Test for subgroup differences: Not applicable

315 318

0·01 0·1 1 10 100

Favours sedation protocol Favours usual care

100·0 %

Protocolized sedation Usual care Risk Ratio Risk Ratio

IV,Random,95% CIIV,Random,95% CIn/Nn/N

Weight

Figure 2 Forest plot comparing protocol-directed sedation vs. non-protocol sedation to effect hospital mortality.
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mechanical ventilation and mortality. Brook et al. (1999)

reported a significant reduction in duration of mechanical

ventilation and no difference in mortality with protocol-

directed sedation in the US study, while Bucknall et al.

(2008) reported no difference in either outcome in the Aus-

tralian study. When we pooled data, hospital mortality did

not differ between participants who received protocol-direc-

ted sedation and participants who received usual care. Sig-

nificant heterogeneity suggested the cohorts were dissimilar

for the outcome of duration of mechanical ventilation;

therefore, interpretation of results should proceed with cau-

tion.

Secondary outcomes that were reported in both studies

included ICU and hospital length of stay as well as inci-

dence of tracheostomy. There was no difference in duration

of hospital length of stay between participants who received

protocol-directed sedation and participants who received

usual care. Significant heterogeneity suggested the cohorts

were very dissimilar for the outcomes of ICU length of stay

and incidence of tracheostomy, therefore interpretation of

results should proceed with caution.

Overall completeness and applicability of evidence

The two studies included in this systematic review both

reported our primary outcomes; however, only a few of our

secondary outcomes were reported. Neither study examined

the relationship between protocol-directed sedation and

post-ICU outcomes such as memory function, psychological

and cognitive recovery and quality of life. Despite this,

there is increasing recognition that sedation practices are

likely to influence these long-term outcomes (Barr et al.

2013). Despite similar participant and intervention charac-

teristics, substantial heterogeneity existed for most out-

comes, limiting our ability to interpret the meta-analyses in

a meaningful way. This heterogeneity may be the result of

one study being conducted in the US in the 1990s (Brook

et al. 1999), while the other study was conducted in Aus-

tralia approximately 10 years later (Bucknall et al. 2008).

These differences in geographical location and time may

have resulted in substantial differences in important related

areas of practice such as usual sedation practices and

agents, patterns and modes of mechanical ventilation, mobi-

lization practices and other aspects of intensive care that

affect the identified outcomes. One aspect of critical care

organization that differed between the two settings was the

usual nurse:patient ratio, with each nurse caring for two or

three patients in the US setting (confirmed with study inves-

tigators), while each nurse cared for one mechanically ven-

tilated patient in the Australian setting; this has the

potential to affect aspects of care such as how much patient

agitation might be tolerated. Details regarding usual care

are essential in the publication of studies that deal with a

complex area of practice, as there are many variations that

are essential to understand to determine transferability of

evidence.

Quality of the evidence

The methodological quality of the studies was moderate,

but the quality of the overall evidence was low. We only

included two studies and they had conflicting results result-

ing in wide CIs for some outcomes. Furthermore, although

we rated studies as having a low risk of detection and attri-

tion bias and some aspects of selection bias, one or both

studies had unclear or high risks of bias related to other

Review: Protocol-directed sedation versus non-protocol-directed sedation to reduce duration of mechanical ventilation in mechanically ventilated intensive care patients

Comparison: Protocol-directed sedation management compared with usual care    

Outcome: Hospital length of stay

Study or subgroup

Brook 1999

Bucknall 2008

Total (95% CI)

Heterogeneity: Tau2 = 4·83; Chi2 = 1·67, df = 1 (P = 0·20); I2 = 40%

Test for overall effect: Z = 1·56 (P = 0·12)

Test for subgroup differences: Not applicable

315 318
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Figure 3 Forest plot comparing protocol-directed sedation vs. non-protocol sedation to effect hospital length of stay.
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aspects of selection, reporting and performance. Due to the

nature of the intervention, it was not possible to blind par-

ticipants or clinicians. Inclusion of alternative grades of evi-

dence, for example, non-randomized experimental studies

may help to provide a more complete picture of the evi-

dence, but is precluded under some Cochrane review group

guidelines. Furthermore, synthesis of qualitative studies

may be beneficial in identifying the characteristics of

patients and context, where nurse-directed sedation proto-

cols are beneficial and how benefit might be enhanced in

the future.

Potential biases in the review process

Clearly, described procedures were followed to minimize

potential bias in the review process. We conducted a sys-

tematic and rigorous literature search and used transparent

and reproducible methods. Where a review author was

involved in any included study, she was removed from the

process of analysing relevant information.

Agreements and disagreements with other studies or

reviews

The effect of the use of protocol-directed sedation on

patient outcomes has been of interest for several years

and, while it has not been the subject of any other

reviews, it has been the subject of additional, non-rando-

mized studies. Consistent with the findings of the two

studies included in this review (Brook et al. 1999, Bucknall

et al. 2008), findings from non-randomized studies have

generally been conflicting. One non-randomized study con-

ducted in Australia found no benefit and, in fact, an

increase in the duration of ICU length of stay with the

implementation of protocol-directed sedation (Elliott et al.

2006), while non-randomized studies conducted in Europe

identified mixed results. One Spanish study reported no

difference in duration of mechanical ventilation (Arias-Riv-

era et al. 2008), one Norwegian study reported a reduction

in duration of mechanical ventilation but no difference in

ICU length of stay (Brattebo et al. 2002) and two French

studies identified a reduction in duration of mechanical

ventilation (De Jonghe et al. 2005, Quenot et al. 2007).

These mixed results are likely to be influenced by multiple

behavioural factors in the study sites, particularly the role

of nurses in contributing to sedation management during

usual care.

One systematic review of observational and controlled

studies examined multiple aspects of sedation practice to

determine the impact of changes on economic and patient

safety outcomes (Jackson et al. 2010). When considering a

broad methodological range of studies, the overall conclu-

sion was that the introduction of guidelines and protocols

generally improved outcomes. Furthermore, in one related

systematic review of the effect of daily sedation interrup-

tion, there was no strong evidence of benefit from the inter-

vention although individual studies reported inconsistent

results (Burry et al. 2014). The reasons for these inconsis-

tencies are likely to be multidimensional; however, they

may include factors such as nurse:patient ratios, proportion

of speciality specific postgraduate educated nurses, sedative

agents used during usual care and other related aspects such

as ventilation and mobilization practices. It is also possible

that the sedation protocols resulted in different practices of

sedation administration that were not identified in the out-

comes assessed in this review. Both included studies mea-

sured doses of sedative agents but few differences were

noted and no total dose of sedation was available to enable

comparisons (Brook et al. 1999, Bucknall et al. 2008). It is

unlikely that any meaningful comparison of sedative agents

could be made given the effect of factors such as patient

weight and renal and liver function on drug metabolism.

Although inconsistencies in the effects of various interven-

tions have been identified, there is strong agreement that

the principle of reducing sedation, both in terms of depth

and duration, should be a goal of care given it is a link

with both short- and long-term outcome (Barr et al. 2013).

Achievement of this goal is likely to be optimized with con-

sistent use of validated assessment instruments, identifica-

tion of clear sedation targets and examination of various

interventions in local contexts.

Conclusion

Currently, limited evidence from RCTs is available to eval-

uate the effectiveness of protocol-directed sedation on

patient outcomes. The two included RCTs reported conflict-

ing results while heterogeneity limited the interpretation of

results for many of the outcomes. Notably, the clinical

context and practice roles of ICU clinicians should be con-

sidered prior to implementation of protocol-directed seda-

tion management. There was no evidence to draw

conclusions on the efficacy and safety of protocol-directed

sedation, although there was general agreement that vali-

dated sedation assessment instruments should be used in all

critical care settings and strategies to minimize sedation

should be implemented (Barr et al. 2013). The trend

towards sedation minimization has been ongoing since the

mid- 2000s and is likely to continue, particularly in the

context of related strategies to optimize early mobilization
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and reduce complications of intensive care such as delirium

and ongoing cognitive and psychological compromise

(Needham et al. 2012).

Implications for research

Further research needs to be undertaken to ascertain the

effect of protocol-directed sedation on patient outcomes.

In particular, studies need to be conducted in a variety

of clinical contexts to determine whether there are speci-

fic practice environments where benefit is more likely.

The issue of whether a study randomized at the level of

the individual can be conducted without contamination

needs to be considered; it may be that a design such as

cluster randomization is required. Given there are multi-

ple different strategies that have been developed in recent

years to reduce the detrimental impact of sedation, the

interaction between protocol-directed sedation and other

sedation minimization strategies should also be examined.

It is vital that a detailed description of both the experi-

mental care process and usual care is provided. Further-

more, a range of both process and outcome measures

should be incorporated into the design, with outcome

measures extending beyond confines of ICU or the acute

care hospital and incorporating physical, cognitive and

psychological health, and cost-effectiveness (Needham

et al. 2012).
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