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Abstract

Introduction

Despite recommendations from professional societies and patient safety organizations, 
the majority of ICU patients worldwide are not routinely monitored for delirium, thus 
preventing timely prevention and management. The purpose of this systematic review 
is to summarize what types of implementation strategies have been tested to improve 
ICU clinicians’ ability to effectively assess, prevent and treat delirium and to evaluate the 
effect of these strategies on clinical outcomes.

Method

We searched PubMed, Embase, PsychINFO, Cochrane and CINAHL (January 2000 and 
April 2014) for studies on implementation strategies that included delirium-oriented 
interventions in adult ICU patients. Studies were suitable for inclusion if implementation 
strategies’ efficacy, in terms of a clinical outcome, or process outcome was described.

Results

We included 21 studies, all including process measures, while 9 reported both process 
measures and clinical outcomes. Some individual strategies such as “audit and feedback” and 
“tailored interventions” may be important to establish clinical outcome improvements, but 
otherwise robust data on effectiveness of specific implementation strategies were scarce. Suc-
cessful implementation interventions were frequently reported to change process measures, 
such as improvements in adherence to delirium screening with up to 92%, but relating process 
measures to outcome changes was generally not possible. In meta-analyses, reduced mortality 
and ICU length of stay reduction were statistically more likely with implementation programs 
that employed more (six or more) rather than less implementation strategies and when a 
framework was used that either integrated current evidence on pain, agitation and delirium 
management (PAD) or when a strategy of early awakening, breathing, delirium screening and 
early exercise (ABCDE bundle) was employed. Using implementation strategies aimed at or-
ganizational change, next to behavioural change, was also associated with reduced mortality.

Conclusion

Our findings may indicate that multi-component implementation programs with a 
higher number of strategies targeting ICU delirium assessment, prevention and treat-
ment and integrated within PAD or ABCDE bundle have the potential to improve clinical 
outcomes. However, prospective confirmation of these findings is needed to inform the 
most effective implementation practice with regard to integrated delirium management 
and such research should clearly delineate effective practice change from improvements 
in clinical outcomes.
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Introduction

“The problem of delirium is far from an academic one. Not only does the presence of de-
lirium often complicate and render more difficult the treatment of a serious illness, but 
also it carries the serious possibility of permanent irreversible brain damage”.1 –Engel 
and Romano

This quote, written over 50 years ago by icons in the field of medicine, would seem to 
be a clarion call for those caring for humans suffering from serious disease. Elsewhere in 
the same classic manuscript, Engel and Romano make two statements about inadequa-
cies of the approach taken by healthcare professionals in treating delirium: ‘They seem 
to have little interest in and, indeed, often completely overlook delirium’ 1,2 and ‘The 
deficiencies in the education of many physicians will equip them to recognize any but 
the most flagrant examples of delirium.’ Even when armed with the wealth of informa-
tion present in the literature over the past decade about the importance of assessing, 
preventing and managing delirium in the intensive care unit (ICU), effecting the needed 
changes in care through appropriate implementation programs still requires a substan-
tial change in culture and attention to human factors that are often beyond the scope of 
training of most medical teams.

In the Society of Critical Care Medicine’s recently released Clinical Practice Guideline 
for the Management of Pain, Agitation, and Delirium (PAD) in Adult Patients in the ICU 
current evidence is brought together on optimal management of pain, agitation, seda-
tion and delirium 3. A previously constructed framework to facilitate the implementation 
of many aspects of the evidence described in the PAD guidelines is the Awakening and 
Breathing Coordination, Choice of sedative, Delirium monitoring and management and 
Early mobility (ABCDE) bundle. The ABCDE bundle is specifically aimed at minimizing 
sedation, encouraging early ventilator liberation, improving delirium assessment and 
management and facilitating early mobilization in the ICU 4. Importantly, both the 
protocols of the trial that established the value of the ABCs 5 and the seminal random-
ized controlled trial (RCT) that established the positive effects of early mobilization in 
critically ill patients 6 included routine daily delirium assessments with the Confusion 
Assessment Method for the Intensive Care Unit (CAM-ICU), with the latter study even 
establishing a significant reduction in delirium incidence. Therefore, current evidence 
suggests that: 1) clinical effectiveness of the ABC and E within the ABCDE bundle implies 
routine delirium assessment with a validated tool, and, inversely, 2) delirium prevention 
and management requires an integrated multidisciplinary approach with standardized 
care processes including early mobilization, which in turn is linked to a strategy of mini-
mizing sedation by means of ‘awake(ning) and spontaneous breathing coordination’. 
As such, ‘brain failure’ (that is, delirium and coma) may be regarded as avoidable and 
representing an intermediate state on the pathway towards adverse outcomes, such as 
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death and increased length of ICU stay 7. However, although from the ABCDE bundle 
or PAD guidelines it may seem evident what to aim for in everyday clinical practice, 
health care professionals often struggle with how to implement guidelines, especially 
when these include integrated care covering many domains concurrently and involving 
multiple care providers.

Therefore, this systematic review of the literature aims at summarizing the implemen-
tation strategies and their effectiveness to improve practices of assessment, prevention 
or management of delirium and clinical outcomes in the critically ill.

Methods

Search strategy and selection criteria

This review was performed according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines 8. We searched PubMed, Embase, 
PsychINFO, Cochrane and CINAHL for studies published between January 2000 and 
April 2014 with no search filter limits. The year 2000 was chosen because a preliminary 
Pubmed search with the search terms “delirium”, “implementation” and one of “ICU”, 
“critically ill”, or “critical care”, yielded only one study that year that pertained to the 
subject of this review and none before 9. A biomedical information specialist at the 
medical library of the Erasmus MC - University Medical Center Rotterdam guided the 
search. Search terms included intensive care and delirium, and were tailored to each 
database and its indexing system (see Appendix for Additional file 1). Reference lists 
of retrieved articles, reviews and books were screened to identify additional papers that 
met the inclusion criteria.

Selection of studies

Our search focused on clinical studies aimed at implementation of delirium screening, 
prevention or management in the adult ICU setting. Implementation could be focused 
at single components of delirium care (for example, delirium screening) or could include 
delirium screening, prevention and/or management as integral part of a wider bundle or 
guideline (for example, ABCDE bundle or PAD guideline). We considered the PAD guide-
line and the ABCDE bundle as similar for the purpose of this review because, next to de-
lirium screening, they share several integrated evidence-based care components (early 
mobilization, awakening and breathing coordination or targeting light sedation and 
systematic pain assessment and treatment). We did not limit the search to specific types 
of ICUs. To be included in the review, the study had to contain a clear description of the 
implementation process (that is, an explanation of what exactly was done to implement 
it). We excluded studies that concerned delirium related to alcohol withdrawal and/or 
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were focused solely on validation of delirium screening tools. Further, the efficacy of the 
implementation intervention had to be reported in terms of a clearly defined outcome 
such as mortality, length of stay, and/or adherence to delirium screening. Reviews, opin-
ion papers, editorials and comments on original articles were also excluded.

Two authors (ZT, EI) independently checked abstracts of retrieved articles on compli-
ance with selection criteria. Relevant full-text articles were checked for final inclusion. 
Consensus on final selection was achieved by discussion with a third author (MJ).

Data extraction and synthesis

The first reviewer (ZT) extracted data on design, population, implementation strategies, 
and outcomes and studies were subject to further critical appraisal by two other authors 
(EI, MJ). The individual implementation strategies were classified into four categories: 
professional (for example, distribution of educational materials, reminders), organiza-
tional (for example, provider-oriented interventions, structural interventions), financial 
and regulatory (for example, peer review, changes in medical liability) using the Cochrane 
Effective Practice and Organization of Care group (EPOC) classification system checklist 
(Table 1)10. From these 4 categories, we then distinguished 17 individual implementa-
tion strategies (Table 1). The implementation strategies concern all phases of a formal 
implementation process as has been described before in the literature 11. For instance, 
the strategy of ‘marketing/tailored interventions’ includes first performing an analysis of 
barriers to implementation to be able to design a subsequent implementation strategy 
addressing these barriers to enhance implementation effectiveness. As such, the use of 
more strategies concurrently may indicate a more complete implementation process.

With regard to the outcomes, we distinguished between clinical outcomes (ICU-length 
of stay (LOS) and mortality) and process outcomes (adherence to screening for the pres-
ence of delirium, knowledge of delirium, incidence of delirium, use of antipsychotics) 
12. Changes in these outcomes were assessed before and after implementation (or with 
and without implementation in the case of the only RCT included). Three authors (EI, 
ZT, MJ) independently scored the implementation strategies in the implementation 
studies reporting clinical outcomes. Differences in assessment were resolved afterwards 
by discussion. The studies that did not report mortality were assessed equally by two 
authors (ZT, MJ). We tabulated the key features deemed important for this review of all 
included studies: number and type of implementation strategies, care components (that 
is, using integrated strategy such as PAD/ABCDE or separate interventions such as only 
screening), implementation model and the process and clinical outcomes as previously 
defined.
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Table 1: Implementation strategy taxonomy according to EPOC* classification system

Category Individual 
strategies

Description

Professional 1.Distribution 
of educational 
materials

Distribution of published or printed recommendations for clinical 
care, including clinical practice guidelines, audio-visual materials 
and electronic publications. The materials may have been delivered 
personally or through mass mailings.

2.Educational 
meetings

Conferences, lectures, workshops or traineeships.

3.Local consensus 
processes

Inclusion of participating providers in discussion to ensure that they 
agreed that the chosen clinical problem was important and the 
approach to managing the problem was appropriate.

4.Outreach visits Use of a trained person who met with providers in their practice settings 
to give information with the intent of changing the provider’s practice. 
The information given may have included feedback on the performance 
of the provider(s).

5.Local opinion 
leader

Use of providers nominated and explicitly identified by their colleagues 
as ‘educationally influential’.

6.Patient-mediated 
intervention

New, previously unavailable clinical information collected directly from 
patients and given to the provider; e.g., patient depression scores from a 
survey instrument

7.Audit and 
feedback

Any summary of clinical performance of health care over a specified 
period of time. The summary may also have included recommendations 
for clinical action. The information may have been obtained from 
medical records, computerized databases, or observations from patients.

8.Reminders Patient or encounter specific information, provided verbally, on paper or 
on a computer screen, which is designed or intended to prompt a health 
professional to recall information. This would usually be encountered 
through their general education; in the medical records or through 
interactions with peers, and so remind them to perform or avoid some 
action to aid individual patient care. Computer aided decision support 
and drugs dosage are included.

9.Marketing 
/ Tailored 
interventions

Use of personal interviewing, group discussion (‘focus groups’), or 
a survey of targeted providers to identify barriers to change and 
subsequent design of an intervention that addresses identified barriers.

10.Mass media (1) Varied use of communication that reached great numbers of people 
including television, radio, newspapers, posters, leaflets, and booklets, 
alone or in conjunction with other interventions; (2) targeted at the 
population level.

Organizational 11.Provider 
oriented 
interventions

Revision of professional roles e.g. expansion of role to include new tasks; 
Creation of clinical multidisciplinary teams who work together; Formal 
integration of services; Skill mix changes (changes in numbers, types 
or qualifications of staff); Arrangements for follow-up; Satisfaction of 
providers with the conditions of work and the material and psychic 
rewards (e.g. interventions to ‘boost morale’); Communication and case 
discussion between distant health professionals

12.Patient oriented 
interventions

Mail order pharmacies (e.g., compared to traditional pharmacies); 
Presence and functioning of adequate mechanisms for dealing with 
patients’ suggestions and complaints; Consumer participation in 
governance of health care organization; Other categories
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Methodological quality

We rated the methodological quality of all implementation studies in an effort to as-
certain a minimum quality of included studies. We used a rating system adapted from 
Anderson and Sharpe 13 (see Appendix for Additional file 2) which evaluated the impact 
of various types of interventions on behavior change of health care workers in line with 
our review. Two reviewers (ZT/EI) independently assessed each study on quality and dif-
ferences in quality scores were resolved through discussion. Studies that rated less than 
three points were excluded because of very poor methodological quality.

Statistical analyses

Associations between study characteristics and outcomes were assessed with Pearson’s 
Chi-square or Fisher’s exact testing after dichotomization (for example, significant de-
crease of delirium incidence: yes/no). The number of implementation strategies used in 
the implementation studies was summarized as medians with IQR.

Whenever possible, for meta-analysis we quantitatively pooled the results at patient 
level of the included studies, when the original data were retrievable. We contacted the 
authors of the original articles for these data when not provided in the published paper. 
We expressed the effectiveness of the implementation interventions as a risk ratio (RR) 
for dichotomous outcomes by using a DerSimonian and Laird random effect model 14 
and as a weighted mean difference (WMD) for continuous outcomes with 95% CIs. The 
heterogeneity among studies was tested using the Cochran Q test of heterogeneity, and 
Higgins and Thompson I2 15. The degree of heterogeneity was defined as a value of I2: low 
(25%-49%), moderate (50%-74%), and high (>75%) values 15. Subgroup analyses were 

Table 1: Implementation strategy taxonomy according to EPOC* classification system (continued)

Category Individual 
strategies

Description

13.Structural 
interventions

Changes to the setting/site of service delivery; Changes in physical 
structure, facilities and equipment; Changes in medical records systems 
(e.g. changing from paper to computerized records); Changes in scope 
and nature of benefits and services; Presence and organization of quality 
monitoring mechanisms; Ownership, accreditation, and affiliation status 
of hospitals and other facilities; Staff organization

Financial 14.Provider 
or patient 
interventions

In summary: Patient or Provider is financially supported to execute 
specific actions. For detailed definitions, see reference 10

Regulatory 15.Changes in 
medical liability
16.Management of 
patient complaints
17.Peer review or 
Licensure

Any intervention that aims to change health services delivery or costs by 
regulation or law. (These interventions may overlap with organizational 
and financial interventions.)

*EPOC= Cochrane Effective Practice and Organisation of Care
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performed for number of implementation strategies (low number = below median, high 
number = median or higher), and use of either PAD guideline/ABCDE bundle. Analysis 
was performed with Microsoft Excel 2013 and IBM SPSS 21.0. Statistical significance was 
defined as a p-value <0.05.

Results

Selection of studies

We reviewed 3,981 hits and after excluding duplicates and studies not meeting inclu-
sion/exclusion criteria, 21 studies were evaluated 16-36 (Figure 1). Mortality and ICU-LOS 
changes were reported in ten studies 16,20,24,26-28,30,32,35,36 and in one study ICU-LOS was re-
ported but not mortality 33. One publication was a duplicate with regard to study period 
and population and was therefore excluded from the analyses on clinical outcomes but 
included in the assessment of studies that reported process measures 27. Sixteen of 21 
included studies were before-after studies; one was an RCT, and the remaining studies 
were prospective or retrospective cohort studies.

Methodological quality

One study was of very low methodological quality (2 points) and was excluded 37 (see 
Appendix for Additional file 3: methodological quality rating of included studies and 
Figure 1). This study was a randomized trial but details on randomization, interventions 
and assessment of delirium were insufficient with regard to reproducibility.

Implementation strategies

Implementation strategies that were used in the 21 included studies reporting process 
and clinical outcomes are shown in Table 2 (strategies are explained in Table 1). These 
studies were published between 2005 and 2014. Professional-oriented strategies (that is 
aimed at changing professionals’ behavior) and organizational strategies (that is aimed 
at changing structure of care delivery) were the most frequently used categories of 
implementation strategies. Of the professional-oriented strategies, education (meaning 
one or both of the following strategies: ‘Distribution of educational material’ [81%] and/
or ‘Educational meetings’ [100%]), was used in all studies (Tables 1 and 2). Patient-me-
diated interventions, corresponding with implementation of screening for delirium with 
a validated tool such as CAM-ICU, was applied in 86% of the studies, whereas outreach 
visits, audit and feedback and local consensus processes were applied in 67%, 62% and 
57% of the studies respectively (Table 2). Three of the 17 implementation strategies 
were not used at all (this is mass media, changes in medical liability and management 
of patient complaints). Three strategies were used in only one or two studies (provider-
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oriented interventions/financial compensation 24, licensure 16 and patient oriented 
interventions 16,31). Tailored interventions were used in 33% of the studies 16,20.

Implementation characteristics, process outcomes and clinical outcomes

The number of implementation strategies used varied from 4 to 12 per study (Table 3). The 
overall median number of implementation strategies used per study was 7 (IQR 4.5 to 9.5). In 
the studies reporting clinical outcomes (n = 9) versus only process outcomes (n = 12) the me-
dian number of used strategies was 6 (IQR 4.5 to 8) and 7 (IQR 7.5 to 10) respectively (p=0.46, 
Table 2). Within the nine studies with clinical outcomes, the following implementation strat-

 

 101

 

Figure 1: Selection of included studies for the review
Figure 1: Selection of included studies for the review
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egies were reported only in studies with significant mortality reduction (that is, the studies by 
Mansouri, Skrobik, Balas): tailoring, encouragement for implementation by means of financial 
incentives, licensure, and audit and feedback (Table 2). Audit and feedback was used in all 
studies showing significant mortality reduction but in none without significant reduction of 
mortality (p = 0.012). In contrast, these and other strategies were used frequently in studies 
that reported process outcomes without clinical outcomes. The number of strategies per 
study belonging to the domains of organizational, financial or regulatory implementation 
strategies (that is, not aimed at the professional, Table 2) in the clinical outcome versus the 
process outcome studies did not differ (p = 0.92). However, within the nine clinical outcome 
studies the studies with a significant mortality reduction after the implementation 14 24,31 
used more of these non-professional oriented strategies (median 2, IQR 2 to 3) than studies 
without a significantly reduced mortality 26,28,30,32,35,36 (median 0.5, IQR 0.0 to 1.0, p = 0.024).

Delirium screening adherence was assessed in 15 of the 21 studies of which 13 showed 
a significantly increased adherence (Table 3)16-18,21,22,24-26,29-31,33,34. In studies specifically fo-
cused on implementation of delirium screening (n = 10), improvements in adherence to 
screening ranged from 14 to 92%, but the definition of adherence varied widely. These 
studies with focus on delirium screening typically did not report clinical outcomes (1 of 
10 studies), whereas process outcomes were assessed in all of these studies (Tables 2 
and 3). Significant improvement of screening adherence after the implementation was 
reported in 82% (9/11) of the studies that did not report on clinical outcomes versus 56% 
(5/9) of the studies that assessed clinical outcomes. Use of integrated delirium manage-
ment (PAD/ABCDE) was reported in 18% (2/11) of studies without clinical outcome as-
sessment versus in 67% (6/9) of studies with clinical outcome. Knowledge improvement 
was reported in 4 of 21 studies and varied both in magnitude and definition 17,18,23,29. 
Knowledge improvement was reported in 36% (4/11) of studies without clinical out-
come data versus 0% in studies with only process outcome data. Changes in reported 
delirium incidence 16,17,19,20,28,30,31,35,36 and use of antipsychotic drugs 16,17,20,24,27,30,32,36 after 
implementation varied between studies (some showed increased and some showed 
decreased incidence, Table 3). No significant associations existed between changes in 
the process measures (delirium incidence, use of antipsychotics or screening adherence) 
and mortality before and after the implementation. Likewise, no significant associations 
were found between the process measures and ICU-LOS.

In pooled analysis, we did not find differences in delirium incidence (n = 8) before 
versus after the implementation when comparing the studies using PAD/ABCDE versus 
those that did not use these frameworks or comparing those with high versus low 
number of implementation strategies and high inconsistency existed in such pooled 
analyses (see Appendix for Additional file 4; figures 4a,b). Implementation studies fo-
cusing on delirium screening tools did not report increased delirium incidence after the 
implementation compared with studies that used other frameworks (e.g. PAD/ABCDE, 
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Table 2: summary of implementation strategies

Implementation strategy

Studies reporting both 
clinical outcomes and 

process outcomes before 
vs after implementation

Studies reporting process outcomes, 
without clinical outcomes, before vs 

after implementation*
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1 Distribution** 1 1 1 1 1 1 0 1 0 0 0 1 1 1 1 1 1 1 1 1 1 81

2 Educational Meetings 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 100

3 Local consensus 1 1 1 0 1 1 0 1 1 0 0 0 1 1 1 1 0 1 0 0 1 57

4 Outreach 0 0 1 1 0 0 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 67

5 Opinion leaders 0 1 1 1 1 0 1 0 0 0 1 0 0 1 0 1 0 1 1 0 1 52

6 Patient-mediated 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 86

7 Audit/feedback 1 1 1 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 0 1 62

8 Reminders 0 0 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 38

9 Tailoring (barriers) 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 0 1 33

10 Mass media 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O

11 Provider-oriented 1 0 1 0 0 1 0 0 0 0 1 0 0 1 0 1 1 1 1 0 0 43

12 Patient-oriented 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 10

13 Structural 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 48

F 14 Provider 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 10

R

15 Medical liability 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 Patient complaints 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 peer review/licensure 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Total number IS used 7 9 12 7 5 6 4 5 3 4 6 4 7 10 7 12 6 10 10 4 8

Post-implementation***

Mortality ↓ ↓ ↓ ↓ ↓ ↓ ↑ = ↓ ↑ - - - - - - - - - - -

ICU LOS ↓ ↓ ↓ ↓ ↓ ↓ = ↓ ↓ = - - - - - ↓ - - - - -

Screening adherence ↑ ↑ ↑ ↑ - - - ↑ - - ↑ ↑ - ↑ ↑ ↑ ↑ = ↑ ↑ ↑

Incidence - ↓ ↓ - - ↓ ↓ ↓ ↑ - - - - - ↑ ↑ - ↑ - - -

Antypsychotics use ↓ ↑ ↑ - ↑ - - ↓ ↓ ↓ - - - - - ↓ - - - - -

Delirium knowledge - - - - - - - - - - - ↑ ↑ ↑ - ↑ - - - - -

PO = professional oriented; O = organizational; F = financial; R = regulatory; IS = implementation strategies
*Study by Eastwood concerns the same study population as the study by Reade and is therefore not used 
for analysis of clinical outcomes.
**for explanation of individual strategies, see Table 1
*** Only statistically significant changes are bolded

A systematic review of implementation strategies for management of ICU delirium 11



i.e. a more integrated program, see Appendix for Additional file 4; Figure 4c). Pooled 
analysis of relations between implementation strategies and adherence rates for screen-
ing or knowledge were not possible due to highly variable definitions for the process 
outcomes, and irretrievable original data allowing for pooling.

ICU-LOS

Nine of the ten studies that reported length of stay showed reduced ICU-LOS after 
implementation (the study by Eastwood and Reade were the same population); of which 
five were statistically significant (Tables 2 and 3). The study by Radtke et al 26 included 
populations from three different ICUs and were stratified according to standard or more 
intensive implementation strategies. Pooling all studies that reported ICU-LOS and of 
which data were retrieved (n=7) showed a reduction after the implementation of -1.26 
days (95%CI -1.84; -0.69) (Figure 2a). Pooled data of four studies reporting ICU-LOS 
after implementation of PAD or ABCDE approach yielded significantly shorter LOS after 
implementation compared with not using these approaches (WMD = -1.71; 95%CI -2.45; 
-0.98 versus -0.55; 95%CI -1.48; 0.38) (Figure 2a). Using high (≥ 6) number of strategies 
showed a reduced ICU-LOS (-1.51, 95%CI -2.16; -0.86) versus no change when using less 
strategies (-0.36, 95%CI -1.61; 0.89) (Figure 2b). Within the studies using PAD or ABCDE 
(n=4) the signal that using more strategies reduced ICU-LOS was less evident (Figure 
2c). None of the individual strategies were used more often in studies with versus with-
out statistically significant ICU-LOS reduction.

Mortality

Seven of the 9 studies with mortality data before versus after implementation showed a 
reduction in mortality ranging from 2.9 to 12% (Table 3). Mortality was most often defined as 
hospital mortality (n = 6), but sometimes as ICU mortality 24,36 and 30-day mortality 20. Three 
of these studies reported a statistically significant decrease in mortality between 6.5% (p = 
0.009) and 12% (p = 0.046, Table 3)16,20,24. In the pooled analysis of all (n = 9) studies with 
mortality data, the mortality rates after implementation declined overall (RR = 0.82; 95% CI 
0.71, 0.96, Figure 3a). There was no inconsistency between the studies for this association (I2 = 
0%, p = 0.526). Studies using PAD/ABCDE reported reduced mortality whereas studies that did 
not use these frameworks did not (RR = 0.81; 95% CI 0.69, 0.96 versus RR = 0.93; 95% CI 0.61, 
1.42). However, this difference in mortality risk reduction between the pooled data in studies 
with and without PAD/ABCDE did not reach statistical significance (p = 0.531). Mortality risk 
reduction was significantly higher (p = 0.0424) in studies that used high number of imple-
mentation strategies (RR = 0.73; 95% CI 0.60, 0.88) compared with studies with low number 
(Figure 3b). Further, in the studies that used the PAD guideline or ABCDE approach (n = 6, 
Figure 3c) mortality reduction was higher (p = 0.0478) in studies that used a higher number 
of implementation strategies (RR = 0.73; 95% CI 0.59, 0.88 versus RR = 0.98; 95% CI 0.74, 1.30).
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Figures 2 a,b,c: Pooled analysis of determinants of changes in ICU length of stay (days) in implementation 
studies (n=7) that included delirium-oriented interventions.
Determinants of ICU length of stay reduction that were studied, were: use of either PAD or ABCDE (2a) or 
use of high or low number of implementation strategies (2b). Figure 2c shows impact of high or low num-
ber of strategies within the studies reporting ICU length of stay and using PAD/ABCDE (n=4). See text for 
more details. Study by Radtke reported multiple populations and these were separately assessed.
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Figures 3 a,b,c: Pooled analysis of determinants of changes in mortality (risk ratio) in implementation stud-
ies (n=9) that included delirium-oriented interventions.
Determinants of mortality reduction that were studied were: use of either PAD or ABCDE (3a) or use of high 
or low number of implementation strategies (3b). Figure 3c shows impact of high or low number of strate-
gies within the studies reporting mortality and using PAD/ABCDE (n=6). See text for more details.
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Discussion

This systematic review and structured analysis of the literature aimed to summarize the 
implementation strategies and their effectiveness to change practices with regard to 
delirium assessment, prevention and management in the ICU and clinical outcomes. To 
accomplish this goal, we tried to address both the why and the how questions regarding 
implementation. With regard to the why, an important finding of this review indicating 
that multi-component implementation that included delirium-oriented interventions 
in critically ill patients can be useful, is that many studies reported improvements 
of both process outcomes (delirium screening adherence, knowledge) and clinical 
outcomes (short-term mortality and ICU-LOS). With regard to the how, several results 
of this review are worth highlighting: 1) some individual strategies such as ‘audit and 
feedback’ and ‘tailored interventions’ may be important to establish clinical outcome 
improvements, but otherwise robust data on effectiveness of specific implementation 
strategies are scarce, 2) using implementation strategies targeted not only at the health 
care professional but also at organizational, financial or regulatory domains is associ-
ated with better clinical outcomes, 3) using a higher number (that is, six or more) of 
implementation strategies concomitantly and delirium management being integrated 
according to the PAD guidelines or the ABCDE care bundle, are associated with positive 
effects of implementation efforts on clinical outcome, and 4) in contrast, a high number 
of implementation strategies and PAD/ABCDE use were not associated with reductions 
in delirium incidence. With regard to the third finding, it is imperative to note that the 
association between the use of six or more implementation strategies and mortality 
reductions should be regarded as a hypothesis-generating finding with regard to the 
effectiveness of implementation interventions for clinical outcome improvement, and 
therefore does not imply that using more implementation strategies will definitely 
result in improved outcomes.

Our results seem to be consistent with the premises of the Society of Critical Care 
Medicine (SCCM) guideline on management of Pain, Agitation and Delirium (PAD) 3 and 
the ABCDE care bundle, that: 1) integrated management of pain, agitation/sedation 
and delirium together with early mobilization should be a component of the plan of 
ICUs to improve patient safety and comfort, and 2) complying with these components 
of evidence-based critical care has the potential to improve clinical outcomes depend-
ing on the baseline practices of any individual ICU and the patient population. Of the 
evidence-based interventions mentioned, early mobilization is the only intervention 
that has been shown to improve both delirium and clinical outcomes, but regrettably 
the integrated nature of both PAD and ABCDE precluded us from studying early mobili-
zation implementation in isolation.
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Establishing such integrated management on a daily basis in all patients and by 
all ICU health care professionals is not an easy task, as it required consideration of an 
intense amount of human factors and cultural adaptions. The data from this review 
support that putting effort into implementation may be worthwhile, while at the same 
time confirming that not all programs will meet with the same success. Importantly, 
we cannot exclude that the positive effects of using a high number of implementation 
interventions on mortality may in part be explained by the Hawthorne effect, meaning 
that using many implementation strategies at the same time may have improved quality 
of care due to improved attention for specific aspects of care which may not always have 
been linked directly to delirium 38. Another explanation may be that local ICU culture 
in these studies - which typically is unmeasured and thus unaccounted for - may have 
promoted successful implementation of changes into clinical practice. For instance, an 
ICU team consisting of professionals who are capable of adopting new practices within 
a limited time frame and that has acquired effective communication and collaboration 
across different types of health care professionals is probably more likely to implement 
multiple strategies successfully compared to a team that lacks these characteristics. The 
number of implementation strategies used may then confound the true causal associa-
tion between local ICU culture and improved clinical outcome.

Although this review focused on delirium in the ICU, targeting delirium alone would 
not suffice to establish outcome improvements. Therefore, we argue that delirium 
screening alone would not likely establish mortality reduction when not embedded 
in an ABCDE bundle, for instance 7. In other words, it is the circumstances leading to 
or sustaining brain dysfunction that should be dealt with in the first place. This view, 
that exclusively dealing with delirium may not suffice to improve clinical outcomes, is 
supported by a recent study showing that the attributable mortality caused by delirium 
in ICU patients is questionable and that long term sequelae may be a better clinical 
outcome measure for delirium-related outcomes than short-term mortality 39. On the 
other hand, it is perceivable that delirium-focused management embedded in PAD or 
ABCDE may establish outcome improvement in spite of the fact that delirium may not 
be causally linked to mortality directly, analogous to lactate guided management that 
may improve outcome in critically ill patients, in spite of lactate not being causally linked 
to mortality 40.

Several methodological limitations of this review need to be addressed. First, the 
included studies showed strong heterogeneity with regard to design, focus of imple-
mentation (prevention, assessment or management of delirium as primary focus or 
delirium-oriented interventions being part of the implementation program but not 
the main focus), applied implementation strategies and model and whether the study 
was primarily aimed at studying the implementation itself or not. Definitions of process 
and clinical outcomes varied between studies. For instance, delirium measures varied 
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importantly between studies ranging from delirium incidence after admission to ICU to 
percentage of ICU days with delirium present per patient, which hampered comparabil-
ity. Second, although early mobilization seems to be the only intervention within PAD/
ABCDE that has been shown to affect both delirium and clinical outcomes, we could 
not isolate studies specifically reporting an implementation intervention that linked 
delirium and early mobilization implementation with clearly defined process or out-
come measures, as per our inclusion criteria. Third, in spite of rigorous assessment of the 
implementation strategies that were used in included studies according to predefined 
EPOC definitions, a potential limitation hampering interpretation of the association 
between improved outcome and number of strategies is that the efforts put in to ex-
ecute these implementation strategies could not be assessed. For instance, two studies 
using the same number of strategies may still differ with regard to the efficacy of the 
implementation due to ongoing educational efforts in one but only a single educational 
session in the other study. We speculate that when more effort is put into the imple-
mentation it may be more successful even with the same number of implementation 
strategies used. Fourth, there is some evidence that suggests that uncontrolled pre-post 
test studies as included in this review may overestimate the effects of implementation 
or quality improvement studies 41. Fifth, the results on ICU-LOS should be considered 
cautiously because concurrent changes in mortality may affect ICU-LOS, instead of the 
implementation intervention itself being responsible for lower ICU-LOS, since censoring 
by death may bias and (theoretically) even reverse the associations found. On the other 
hand, strengths of this review included the systematic assessment of the implementa-
tion strategies by three independent investigators based on the description of strategies 
provided by EPOC, the focus on the clinical endpoints and the systematic assessment of 
methodological quality. Furthermore, inconsistency of the pooled analysis with regard 
to the clinical outcomes was low, which supports generalizability of our findings.

Summarizing the current status of implementation work that has been done to date 
with regard to ICU delirium reveals which implementation strategies have not yet been 
studied extensively in this field. For example reminders and computerized support have 
been previously found to mostly be effective strategies 11, whereas these strategies did 
not stand out in this review; assessment of these strategies in future work aimed at ICU 
delirium should therefore be considered. We think that our work may encourage health 
policy makers to invest in multifaceted implementation efforts to improve care for deliri-
ous ICU patients.

More research is necessary to elucidate which types of individual strategies and/or 
which combination of strategies used in implementation programs are most success-
ful in establishing mortality reduction in delirious critically ill patients. Further, several 
aspects of implementation deserve further evaluation, as this review shows that these 
issues in implementation have lacked attention, such as cultural aspects pertaining to 
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the medical ICU team, nurse-physician interaction and establishing sustainability of 
practice changes 12. Prospective, adequately powered before-after studies may be most 
suitable for evaluation of practice changes and cluster-randomized trials are conceivably 
the best study designs to evaluate the effect of implementation strategies on outcome 
improvements 42. Therefore, an important issue to be considered is the distinction be-
tween successful practice change and clinical outcome improvements in implementa-
tion research. In our study successful implementation was evident in most studies on 
delirium screening implementation that showed improved adherence, even without 
known benefit for clinical outcomes. On the other hand cumbersome implementation 
may result in improved outcomes.

Finally, detailed information on extent, form and contents of implementation inter-
ventions, especially education, was often lacking in studies on implementation (data 
not shown). Therefore, reproducibility of delirium implementation research should also 
be taken into account in future investigations.

Conclusion

This review and meta-analysis shows that multifaceted implementation programs 
that included assessment, prevention and management of ICU delirium have been 
shown to effectively change adherence to delirium screening and delirium knowledge. 
Implementation programs may enhance their effectiveness when not only health care 
professionals are targeted for behavioral change but also organizational changes are 
employed. Although using more rather than less implementation strategies simultane-
ously and delirium management being integrated with structured pain and agitation 
management (PAD), awakening and breathing coordination and early mobilization 
(ABCDE bundle) were associated with improved clinical outcomes, these results should 
be regarded as preliminary and hypothesis generating with regard to the link between 
implementation practice and outcome improvement. Therefore, to determine whether 
these associations are causal our findings require confirmation and further study is 
needed on the most effective implementation strategies and the importance of focus-
ing on delirium as an important form of organ failure within implementation programs 
aimed at practice change.
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Appendix:

Additional file 1: Search string and search results

Database Search string Identified Duplicates 
excluded

Retrieved

PubMed
(Deliri*[tw] OR Confusion*[tiab] OR 
Psychosis[tiab] OR Psychoses[tiab] OR 
Psychotic[tw] OR brain failure*[tiab]) AND 
(Intensive Care*[tw] OR ICU*[tiab] OR critical 
care*[tiab] OR critically
ill*[tiab])

1917 15 (1902)

Embase
(‘intensive care psychosis’/de OR ((Deliri* OR 
Psychotic OR Confusion* OR Psychosis OR 
Psychoses) NEAR/6 (‘Intensive Care’ OR ICU OR 
‘critical care’ OR ‘critically ill’ OR ‘critical
illness’)):de,ab,ti )

1232 904 (328)

PsycINFO
((Deliri* OR Psychotic OR Confusion* OR 
Psychosis OR Psychoses) ADJ6 (‘Intensive Care’ 
OR ICU OR ‘critical care’ OR ‘critically ill’ OR ‘critical
illness’))

181 125 (56)

Cochrane
((Deliri* OR Psychotic OR Confusion* OR 
Psychosis OR Psychoses) NEAR/6 (‘Intensive Care’ 
OR ICU OR ‘critical
care’ OR ‘critically ill’ OR ‘critical illness’))

15 8 (7)

CINAHL
MM “ICU Psychosis” OR SU((Deliri* OR Confusion* 
OR Psychosis OR Psychoses OR Psychotic OR 
“brain failure*”) AND (“Intensive Care*” OR ICU* 
OR “critical care*” OR “critically
ill*”))

636 447 (189)

Total: 3981 1499 2482

Total # of studies excluded before year 2000 514

Remaining # of identified studies 1968
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Additional file 2: Adapted Rating system from Anderson and Sharpe.

Design of study or assignment rating Rating

Experimental: RCT, random allocation; CCT, quasi-random allocation; three data collection
points before and after the intervention

1

Quasi-experimental: CBA, comparable control sites 1

Quasi-experimental: nonequivalent control sites 0

Single group before-after tests with baseline measurement 0

Content

Intervention, implementation strategy is clearly described 1

Sample size

Described and justified. An n per group sufficient to detect a significant effect (p<0.05) with a power 
of 0.80 or reported Power calculation

1

Validity and reliability of instruments

Unobtrusive observations, rater procedure described and r>0.80 2

Unobtrusive observations, rater procedure not described or r<0.80 1

Obtrusive observations, rater procedure not described or r<0.80 0

Test statistics

Test statistics are described 1

Significance

p value or confidence interval is given 1

CBA=controlled before-and-after study, CCT=controlled clinical trial, ITS=interrupted time series.
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Additional file 3: Quality Rating of Implementation Studies

Author

Design of
study

or
assignment

rating

Content Sample
size

Validity
and

reliability
of

instruments

Test
statistics

Significance Total

Balas et al, 2014, USA 1 1 0 2 1 1 6

Bowen et al, 2012, USA 0 1 0 2 1 0 4

Devlin et al, 2008, USA 1 1 1 2 1 1 7

Eastwood et al, 2012, 
Australia

0 1 0 2 1 1 5

Gesin et al, 2012, USA 1 1 1 2 1 1 7

Hagar et al, 213, USA 1 1 0 2 1 1 6

Kamdar, et al, 2013, USA 1 1 1 2 1 1 7

Kastrup et al, 2011, 
Germany

1 1 0 2 1 1 6

*Khalifezadeh et al, 2011, 
Iran

1 0 0 0 1 0 2

Mansouri et al, 2013, Iran 1 1 0 1 1 1 5

Page et al, 2009, UK 0 1 0 2 1 1 5

Pun et al, 2005, USA 1 1 0 2 1 1 6

Radtke , Heymann et al, 
2012, Germany

1 1 0 2 1 1 6

Reade et al, 2011, 
Australia

0 1 0 2 1 1 5

Riekerk et al, 2009, The 
Netherlands

1 1 0 2 1 1 6

Robinson et al, 2008, USA 1 1 0 2 1 1 6

Scott et al, 2012, UK 1 1 0 2 0 0 4

Skrobik et al, 2010, 
Canada

1 1 0 2 1 1 6

Soja et al, 2008, USA 1 1 0 2 1 1 6

Van den Boogaard et al, 
2009, The Netherlans

1 1 0 2 1 1 6

Dale et al, 2014, USA 1 1 0 2 1 1 6

Bryczkowski et al, 2014, 
USA

1 1 0 2 1 1 6

The item validity and reliability was adapted adding one extra point for first option (Unobtrusive observa-
tions, rater procedure described and r >0.80) for a better distinction when implementation procedure is 
well described.
* Excluded
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Additional file 4: Pooled analysis of determinants of changes in delirium incidence (risk ratio) in imple-
mentation studies (n=8) that included delirium-oriented interventions.
Determinants of delirium incidence reduction that were studied were: use of either PAD or ABCDE (4a) 
or use of high or low number of implementation strategies (4b). Figure 4c shows that both studies that 
focused on delirium screening implementation and studies that did not (but e.g. implemented ABCDE bun-
dle), found no changes in delirium incidence after the implementation. Only two studies (van den Bogaard 
and Reade) on delirium screening implementation were included of which individual patient data could be 
retrieved from authors. See text for more details.
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