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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 specificimplementation 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”' ~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’ '* 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 ®. 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 * Importantly, both the
protocols of the trial that established the value of the ABCs > and the seminal random-
ized controlled trial (RCT) that established the positive effects of early mobilization in
critically ill patients ¢ 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 ’. 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 ®. 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 °. 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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A systematic review of implementation strategies for management of ICU delirium | 5

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, El) 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
(El, 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)'°. 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 . 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 (El,
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.

4.0utreach 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

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

Category Individual Description
strategies
13.Structural Changes to the setting/site of service delivery; Changes in physical
interventions 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 In summary: Patient or Provider is financially supported to execute
or patient specific actions. For detailed definitions, see reference '
interventions

Regulatory 15.Changes in Any intervention that aims to change health services delivery or costs by
medical liability regulation or law. (These interventions may overlap with organizational
16.Management of | and financial interventions.)

patient complaints
17.Peer review or
Licensure

*EPOC= Cochrane Effective Practice and Organisation of Care

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 " (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/El) 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 '
and as a weighted mean difference (WMD) for continuous outcomes with 95% Cls. The
heterogeneity among studies was tested using the Cochran Q test of heterogeneity, and
Higgins and Thompson I’ °. The degree of heterogeneity was defined as a value of /’: low
(25%-49%), moderate (50%-74%), and high (>75%) values . Subgroup analyses were
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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 '** (Figure 1). Mortality and ICU-LOS

changes were reported in ten studies '202426:2830323536

and in one study ICU-LOS was re-
ported but not mortality *. 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 2. 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 ¥ (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 *, licensure '® and patient oriented

interventions '**"). Tailored interventions were used in 33% of the studies '*%.

3981 records identified through database searching

1499 duplicates excluded

j[ Identification j

1968 records retrieved to assess titles and abstracts

1896 records excluded with following reasons:

- Word “confusion” not related to ICU delirium

- Delirium tremens not ICU setting

- Alcohol or drug withdrawal at the ICU

- Delirium at pediatric ICU

- Delirium acute / not acute psychiatric setting

- Comments and editoriais

- Abstracts or poster presentations abstracts

- Not full-text

- General information about delirium: etiology, prevalence and incidence,
medication treatment, long-term impact, sedation, analgesia and laboratory
measures

- Reviews of literature about delirium

- Validation of delirium measure instruments and scales

Screening

- ICU papers
71 of full-text articles assessed for eligibility
2
3
=]
w
Excluded:
49 - efficacy not evaluated
1 - poor methodology
N——

21 studies included for analysis
(9 studies reporting mortality)

Included

—

Figure 1: Selection of included studies for the review

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 t0 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-
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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 " ***'
used more of these non-professional oriented strategies (median 2, IQR 2 to 3) than studies
without a significantly reduced mortality **?%*°*>*>*¢ (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)'6182122242629313334 | ot dies 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 '"'#%2°,
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

16,17,19,20,28,30,31,35,36 16,17,20,24,27,30,32,36
after

delirium incidence and use of antipsychotic drugs
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

>
o
2
g
=
Studies reporting both ‘E’
clinical outcomes and Studies reporting process outcomes, E
process outcomes before without clinical outcomes, before vs B
Implementation strategy vs after implementation after implementation*
= c ° °
5| o = .| 8 x|el ®
HE P EIE  HE B HE I IR
S99 m| 5|5 E|s|l2LBISBA 2|8 olc| o &a3
S|l¥ m|c|lo|s|e8 sl S e L sl o5 8|00
Author S|no|cexelodwdwnwulE|xaoa|ld T|wv|a|a
1 | Distribution** T 2 T Y A I T(1(1] 81
2 | Educational Meetings | 1 e e T O A I I 0 0]
3 | Local consensus T{1| 1 |o|1|{1]0|1f{1|(0|OfO|T1| 1T |1T|1|Of1]|O|Of1]|57
4 | Outreach ofof 1 |1f{ofofTf{r|(O|T|[1r|1|T|1|Of1T|[1|O|1T|1]|1]67
° 5 | Opinion leaders o|1|1{1|1|ofl1|{0|O|Of1|O|O| 1T |O|1|O|1|[1]|O|1]D52
& 6 | Patient-mediated T v 1|t fr)pryprfofr|1rfry1r|{1|1{1{of1r|{1[{1/0]| 86
7 | Audit/feedback 11 1|ofof(ofjofo|oO|T|[r|Of{T{ 1 |{T{1 (1] 1T [1[0]|1]62
8 | Reminders ofof1|1{of1{ofofo|ofojojofO|1{1|O| 1T |[1|0|1]38
9 | Tailoring (barriers) of1{1r|ofofofofo|o|O|O|O|Of 1T |OfT1T|[O| T |[1|O]|1]33
10 | Mass media o|jofo0ofo|jo|jOfO|O|O|OfO|OfO|OfO|lO|O|O|O]|O|Of O
11 | Provider-oriented 1{0| 1|0|0|1|Of|O|O|Of1[O|Of[ 1 (O] 1 |1|1|1]|0|O]| 43
O | 12 | Patient-oriented oft1foj|ofjofofofof1|ofojojo0jfo0|o0jfO0OfO|lO|O|O|O] 10
13 | Structural of1{1r|1{ofofofofo|ofojo|1|{1{r{1 |1, 1|(1|0|0]48
w | 14 | Provider 1/0,0|0|0Of|O|O|Of|O|O|OfO|O|O|O|1T|O[O|O[O|O]| 10
15 | Medical liability ofojo|o|ofo|ofO|OfO|O|O|OfO|O|O|O[O|O(fO|O| O
e« | 16 | Patient complaints ol(ojoj|ofofo|jofO|O|O|O|O|OfO|O[OfO|lO|O]|O|O]| O
17 | peer review/licensure |0 |O| 1 |O|O|O|O|O|O|O|O|O|O[O |O|O|O[O|OfOfO| 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 LIV L =18 - - - - - - - - -1
IcuLOS LIV =18 = - - - - - Y- - - -]
Screening adherence I AN - -] - - - = T
Incidence RN [ % O U 1 U [ U [N e
Antypsychotics use NS S g UV UV [V [ [ [ [ I O 1 [ iy ey
Delirium knowledge e I I T U S [ iy [

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
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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

[ %® included

five were statistically significant (Tables 2 and 3). The study by Radtke et a
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%Cl -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%Cl -2.45;
-0.98 versus -0.55; 95%Cl -1.48; 0.38) (Figure 2a). Using high (= 6) number of strategies
showed a reduced ICU-LOS (-1.51, 95%Cl -2.16; -0.86) versus no change when using less
strategies (-0.36, 95%Cl -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

24,36

hospital mortality (n = 6), but sometimes as ICU mortality ***® and 30-day mortality . Three
of these studies reported a statistically significant decrease in mortality between 6.5% (p =
0.009) and 12% (p = 0.046, Table 3)'***. In the pooled analysis of all (n = 9) studies with
mortality data, the mortality rates after implementation declined overall (RR = 0.82; 95% Cl
0.71,0.96, Figure 3a). There was no inconsistency between the studies for this association (> =
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% Cl 0.69, 0.96 versus RR = 0.93; 95% Cl 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% Cl 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% Cl 0.59, 0.88 versus RR = 0.98; 95% Cl 0.74, 1.30).

Erasmus University Rotterdam Za.{uu.g



A systematic review of implementation strategies for management of ICU delirium = 13

(sasinu gz=u
L00°0=d Buluaaids ‘Apnis v/q) ¢,
- - “(Tg-1'9) L'z + - - - - wnueg L z10Z ‘uIsan
(/¥€=U Apnis
Bujusaids 2A113ds01d)
- - - - - p(78-0) %18+ - wnueg oL +2800Z vlos
Kioay) (s3sinu pE=u
(%S8-%01L) suoleAouU| Buiusaids “Apnis jopid) ,
- - - - - %S L+ Jo uoisngig wnueg 8 z10z ‘'uamog
(esLi=u
600°0=d 600'0=d 60=d “Apnis v/g)
(S€'9-2€°9) (%6°TZ-¥'62) £0=d (%cre ss00=d 0z 010T
\L6°0- %S9~ - (%L 66-16E) %EO+ | -LVE) %S0~ | "(%26-68) £+ - avd 6 41qoaxs
L0'0=d (zoz=u
“(%8¢-02) “Kpnis v/g)
- - - - %8L+ (%06-06) 0 pliomawiely s3y »avd oL ¢ £10Z 42bDH
Kemyred (YN=U
2(%S56-8€) | uonejuswaldwi Buiuaaids “Apnisv/g) ,,
- - (F-€) yplt+ - - %LS+ |eanionis wnuieg ol 600C Y4214
(zvL1=u "Apnis
s§0°0>d L000°0>d v/d) ,,600C
s0°0<d L00°0>d 10'0=d “(%€T-0lL) "(%T6-LL) Buisuap pue Buiusaids ‘pipvboog
[(L-€'1) €0- - W9 Tt | (bwo-gL)bwzl- %EL+ %t L+ 1015 JO [SPO wnueg 4! uap ubp
v0°0=d zo'o=d (96z=u
1zo=d “(%€°LL-6°61) vz 0=d (%61-79) »(%0S-0) “Apris ,/q)
“(t-5) ,1- %9°8- - (bw g-9) bw z|+ %EL- %05+ >di4D 43dDavY 4 o P10Z 'SD|DgG
sjuauodwod
abuby> abpajmouy sonoys>Asdnup axuapnul axualaypop Japow aip> pasn saibajpiys
(sAbp) SO1 NI Aypraop wnuiag jJoasn wnuiaag bujuaaids |uonvjuawajdwy | pajuawajdwy | jo saquiny (uBisap)
$aw023no [p31uld $3WW02)N0 $5330.d uonpuawajduiy Apaf Joyiny

uoneuswa|dwi J934e SNSISA 31049 SSWIO0DINO [ed1Uld pue ssad04d Jueriodwi ul sabueyd pue sopsuldeIeyd uoneluaws|dwi i€ ajqeL

ty Rotterdam

1versi

Erasmus Un



14 Erasmus Medical Center Rotterdam

L0'0>d (€81
v0'0=d 0'1=d L0'0>d 10'0=d ‘(6t°L-S€°0) =u Apnis v/g)
‘%t TL- (%rL-v1)0 - “o'L-La - ‘£9°0 4O FLLE - avd S 0 710Z 3[pa
(6L1=u
L00°0>d p(%8£-0) Buiusaids “Apmis v/q) .
- - “(%S8-1L) %t L+ - - %8L+ . wnuiRg v Z10Z 103S
welboid
88°0=d uonowoud (s8z=u
09°0=d (%61-52) zo0=d [3pow daals Apmis v/g) ¢,
(Et-v5)al'L- %9- - - .9¥°0 O - IO paIndNIS | pa1adeyniy 9 £10Z 1pwpy
(sy1ys
89£ / syuanpd
Le0=d 88z=ufpmis
ve0=d 1(Z°8-5) ,L000"0>d Buiusaids v/4) . 210
2o %TE+ - “(%E¥1-8'S) 1%S 8+ - - - wnuiRg ¥ ‘poomispz
010=d Buiuresy (Lg1=u
L0°0>d “4(b-8) b- | (%1°5-66) L0'0>d papuaixe “Apnis /)
0t°0=d"4(t1-81) t- %8~ - - - “(9°1-0) 9°L+ payipo avd L 02 TL0OT “HIpoY
(LLz=uApms
p(78-0) %¥8+ aA1193ds01d)
- - - - - »(06-0) %06+ - avd 9 < S00T 'und
9%0'0=d (Loz=u
100'0>d (%EL-vT) zio=d (%001-0) 104) . £10Z
“(0v-1°2) L'E- %TL- - ‘(bw £°0-7€) pw §T- - w%00L+ - avd L ‘unosuby
sjuauodwod
abuby> abpajmouy sonoys>Asdiup axuapnul asualaypo |apow 2ip> pasn saibajpys
(sAbp) SO1 NI Aypriop wnuijag jJoasn wnuiag buiuaaids |uonpjuawajdwy| pajuawajdui| jJoaaquinN (ubisap)

sawod3no [pdiul|d $aW021No0 ssax0id uonpjuawajdwy Apaf ‘loyiny

(PaNURUOD) UolIRIUBWS AW J3348 SNSISA D10J3C SSWOINO [DIUID pue ss3d04d Jueriodwl ul sabueYd pue sdfIsKSIdRIRYD UoiRIUSWS|dW] € djqel

ty Rotterdam

1versi

Erasmus Un



A systematic review of implementation strategies for management of ICU delirium = 15

uelpaw

“uaned Jad jopusdojey Jo 9sop |e101
‘3]qe1 ajoym 03 saljddy "s19119| pjoq Ul umoys ale sabueyd Juedyiubis “(19ye
-21049(]) 22UBIRYIP = S)3¥DeIg 13y Buouls Jo dsnedaq JuedyIubIs Ajjednsiels 99 03 pawinsaid INg 3|dIe Ul B3RP WOJ) 3]gessasse 1o pariodal Jou aduedyiubls [ednsness |
‘U21e359Yy UoleIUdWS|dW| IO} YIOMBWEI4 PRIEPI|OSUOD = Y|4D 5
‘3|pung uoezijiqow/as121xa Aj1es pue juswabeuew/Bulioyuow WNUIBP ‘UoleulpI00d Bulyieaiq pue bulusyeme = 3QDgY
‘Joye-ai0joq = /g .

1£0=d 9z:0=d weiboid (€21 =u “Apnis
v0'0=d (9%€-£) £80=d (%Lt uonuanaid V/8) 5 710
‘(9-6) €- %t~ - (%9-£) %1- -89) %1 1+ - - wnuied € ‘DsmoxzoAig
Le0=d ¥00°0=d (8gz=u
reo=d “AT'8-5) (%LT Buiusaids Apms v/g) o
2o %CE+ - - -LE) %9L- - - wnuiRd 14 110Z appay
(09=u Apnis
p(%26-0) Buiuaaids A1123d50433Y)
- - - - - %T6+ - wnuiRg 14 46 600Z 2bDd
$000°0>d (109=u
(%z8-Tl) Buiuaaids “Kpnis v/g)
- - - - - %0L+ qzl DS wnuied 9 <« 800C ‘Uljnag
v9°0=d (61 1=u Apnis
Lzo=d Wt1-921) szo=d v/d) .- 8007
(L6581 %6°C- - (%St-1€) %v L+ - - - avd S ‘uosuiqoy
(Soz=u
20'1=d L0°0>d wa1sAs Apnis v/g)
(%62 (%8€-5'0) Peqpasy 4
- - - - -52) %+ %S°LET - [ensiA L ‘dnisoy
sjuauodwod
abuby> abpajmouy sanjoys>Asdipup axuapul axualaypp Japow aip> pasn saibajpiys
(sAbp) SOTNDI Aypriow wnuijag joasn wnuiaa@ buiusan>s |uonpuswiajdwy | pajuawajdwy |  jo saquinyN (ubisap)
$aw023no [p31uld $3WW02)N0 $53304d uonpuawajduiy Apaf Joyiny

(Panu3UOd) uonEIUSWI|dWI I3} SNSIDA 210§ SIWODINO eIl pue ssad0id Jueliodwi ul sabueyd pue sdisuldeIeyd uonelusws|dw :€ ajqer

ty Rotterdam

1versi

Erasmus Un



16 Erasmus Medical Center Rotterdam

Jopuiadojey buialadal 1949 sjuaiied Jo 9 .,

‘f103Y] 3>UePI0dU0) 3dUIS = | DS ¢,

1591 10BX3 SJ3YSl ,,

(bw) asop |opladojey Ajiep uesw

(ueaw) Aep/s1uawissasse NDI-IVYD ON 4

“Juswiabeuew pue HulojUOW WNLIdP pue uolepas/uolielibe ‘uied pajelbalul = Avd ,

(=P vL

= 71YyD) abpajmouy| paseasdul bulkjubis ‘uorreiuswiajdwil Y1 19148 %L YIM paseasdul adueriodwl S) pue wnuiiep IN0ge Sjuswalels an) Yyum juswaalibe pajendjed ,
‘quaned Jad Aep Jad Burioyuow wnuiRp Jo Aousnbaly ‘UelPaW ‘SIOAIAINS 1Oy palendjed

"« L LOZ "2pD3ay JO 350Y) se swies aJe e1ep siyi ssnedsq eiep Ayjeniow ||e jo siskjeue ay3 Aq papnjdul 1ou a1sm eiep sbueyd Ayjerow sy]

‘Bulusaids NDI-NYD "SA Buluaaids winuilsp painidnisun

L=4p 'Ly =TD,

‘pPaUIqWIOD 219M B1ep SISA[eue 10} 31031941 ‘Dpeay Ag Apnis Jo 1iodal a1edijdnp st poomiseq Jo Apnis ‘pouad uoneluswsajdwi NDJ-NYD-1s0d pue -aid ul

S1IYs Inoy g Jo Jaquinu |10} a3 Aq papialp (Bw gg) suidenanb o (bw g1 -5) suidezue|o ‘(bw §) jopiadoley 12yl JO SSOP PaJalSIUILIPE JO JIdqunu |10 S| 9beIUSdIad |,
‘bululel) papUIXS PAYIPOW PaAISII 1eY) SND| T Ul Apnis v/g

SU1 WOy 350Y) 3. 313y USAIB sisquinp 's,ND] JUSIa41p ul (uoneluswa|dwi pue HBujujes) papus1xa snsISA Bululel) piepuels) SUOIUSAISIUL JUSISYIP paliodal Apnis siy] 4
(Z=4P ‘TYD Yum spew uostiedwod I91e-21049q ‘L €L =U) Z pue | ND] JO BIBP PaUIqWIOD 10} 3J211Ie [eulbLIO Ul | 9]ge] Ul UsAID sisquunu wioly pajejndjed AljelIo
1uaned Jad pasn (jopuadojey) Bnip Jo asop ueap |,

aullPpInb gyd yim aduerdwoduou Jo asnedaq siskjeue wouy papnxa dnoub j0d0101d ui syuaiied G| jodoroid

AVd Y3 01 9dUE||ISAINS SDUBIBYPE 1D113S UOIIUSW SI0yine ayy aulidpinb gyd Jo 1ed se uoneuawajdwi NDJ-NY)D J934e Ing ‘@dualaype Buiusaids Jo uoluaw 1d1jdxa o
ueay

1x31 Ul papiroid Apidijdxe

30U BulUB.DS 0} BIRP SDUBIBYPY IUBIRYRI Ul | 3|qe] ul sjudlied jo Jaquinu (303 Aq ,3|qIssod, 3q 03 pabpn( syuswssasse wnuiep BuipiAip Aq palendjed adualaypy ,
‘quaiied Jad 3uasaid wnuidp skep N1 40 %,

9len|eAj pue 21ndax3 ‘1ednp3 ‘abebu =jlomawely s3y

‘abpajmouy| pasealoul bulkjubis ‘wnuiep

IN0QE SIUBWI}RIS 3N} YUM (3316e=H pUe JUSWIE]S INOJE [B1INBU = £ YIM ‘D168 A||e10) = G ‘@a1besIp £||e10) = |) G JO 3|eds e UO JUdW3I6. JO [9A3] URIPAW Ul dsealdul
asenbs-1yd 4

ty Rotterdam

1versi

Erasmus Un



A systematic review of implementation strategies for management of ICU delirium

Figure 2a Length of stay with (1) versus without (Il) use of PAD/ABCDE as imp care

Author WMD (95% C1) Weight (%)

Skrobik (2010) -0.97 (-1.82;-0.12) 27.4 ——
Radtke (2012) ICU1&2 -2.00 (-2.88;-1.12) 25.2 ——
Radtke(2012) ICU3 -2.00 (-4.11;0.11) a4 —
Mansouri (2013) -6.35 (-9.50; -3.20) 20 | —"

Balas (2014) 0.40 (-1.61; 2.41) 48 —te
Subtotal PAD/ABCDE -1.71 (-2.45; -0.98) 63.8 [

van den Boogaard (2009) -1.21 (-2.23;-0.19) 19.0 ——

Reade (2011) 0.63 (-0.64;1.91) 12.0 —_—
Kamdar (2013) -1.10 (-3.06; 0.86) 5.1 —_—
Subtotal other -0.55 (-1.48; 0.38) 36.1 ——
Overall -1.26 (-1.84; -0.69) 100.0 HH
(p<0.0001)

-120 -100 -80 -60 -40 -20 00 20 4.0

WMD - Weighted mean difference, Cl - confidence interval Favors intervention  Favors control

Figure 2b Length of Stay high (1) versus low (Il) number of implementation strategies

Author WMD (95% C1) Weight (%)

van den Boogaard (2009) -1.21 (-2.23;-0.19) 19.0 ——
Skrobik (2010) -0.97 (-1.82;-0.12) 274 ——i
Radtke (2012) ICU1&2 -2.00 (-2.88;-1.12) 25.2 ——i

Kamdar (2013) -1.10 (-3.06; 0.86) 5.1 —_——
Mansouri (2013) -6.35 (-9.50; -3.20) 20 A —

Balas (2014) 0.40 (-1.61; 2.41) 4.8 R P —
Subtotal | -1.51 (-2.16; -0.86) 83.6 [

Reade (2011) 0.63 (-0.64;1.91) 12.0 ———
Radtke (2012) ICU3 -2.00 (-4.11;0.11) a4 ——
Subtotal Il -0.36 (-1.61; 0.89) 16.4 —e—
Overall -1.26 (-1.84; -0.69) 100.0 O
(p<0.0001)

-120 -100 -80 -60 -40 -20 00 20 40

WMD - Weighted mean difference, Cl - confidence interval Favors intervention Favors control

Figure 2¢ Length of Stay after implementation in studies using PAD or ABCDE (n=4) with high (1) versus low (Il) number of
implementation strategies

Author WMD (95% C1) Weight (%) ‘
Skrobik (2010) -0.97 (-1.82;-0.12) 229 i

Radtke 2012) ICU1&2 -2.00 (-2.88;-1.12) 395 =

Mansouri (2013) -6.35 (-9.50;-3.20) 6.9 —_—

Balas(2014) 0.40 (-1.61;2.41) 7.6 —T—
Subgroup | -1.67 (-2.46; -0.88) 96.9 = =

Radtke - ICU3 -2.00 (-4.11;0.11) 31 ——
Subgroup Il -2.00 (-4.03; 0.03) 31 ——
Overall 171 (-2.45; -0.98) 100.0 = 2

WMD - Weighted mean difference, Cl - confidence interval -120 -100 -80 -60 -40 -20 00 20 40

Favors intervention  Favors control

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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Figure 3a Risk ratio of mortality with (1) versus without (Il) use of PAD/ABCDE as implementated care components.

Author
Robinson (2008) —_— RR
Skrobik (2010) g} 0.76
Radtke (2012) ICU 1&2 —— 078
Radtke (2012) ICU 3 —— 0.79
Mansouri (2013) [— 0.80
Balas (2014) —_— 0.81
Dale (2014) b-+-1 0.82
Subgroup | Random effects (I° =6%) - 0.83
L 0.84
Reade (2011)
Kamdar (2013) |—~‘—| 115
Bryczkowski (2014) ;—.‘—4 0.84
Subgroup Il Random effects (I? =0%) 043
0.93
Total Random effects -
Heterogeneity: Q=8.08, I =0%, p=0.526 ‘ 0.82
0.01 0.10 1.00 1000
Favors intervention Favors control
Includes all studies on of with mortality data before and after the implementation (n=9)
RR - risk ratio, T - weight
Figure 3b Risk ratio of mortality with high (1) versus low (I1) number of implementation strategies
Author RR
Skrobik (2010) g 078
Radtke (2012) ICU 1&2 —_ 052
Mansouri (2013) —— 053
Kamdar (2013) —— 0.84
Balas (2014) —— 0.57
Subgroup | Random effects (I =0%) » 0.73
Robinson (2008) —_—— 0.76
Radtke (2012) ICU 3 —t——— 119
Reade (2011) ——i 115
Dale (2014) - 1.00
Bryczkowski (2014) — 043
Subgroup Il Random effects (I =0%) Y 1.00
Total Random effects 0.82
Heterogeneity: Q=8.08, 12 =0%, p=0.526 T
001 010 1.00 10.00
Favors intervention Favors control
Includes all studies on f dell with y data before and after the implementation (n=9)

RR - risk ratio, WT - weight

(95% C1)
(0.31; 1.90)
(0.62; 0.98)
(0.20; 1.36)
(0.36; 3.90)
(0.26; 1.04)
(0.29; 1.10)
(0.76; 1.32)
(0.68; 0.96)

(062;2.14)
(0.45;1.54)
(0.08; 2.36)
0.61;1.42)

(0.71; 0.96)

(95% C1)
(0.62; 0.98)
(0.20; 1.36)
(0.26; 1.04)
(0.45; 1.54)
(0.29; 1.10)
(0.60; 0.88)

(0.31;1.90)
(0.36;3.90)
(0.62;2.14)
(0.76;1.32)
(0.08; 2.36)
(0.79; 1.26)

(0.71; 0.96)

WT (random) %
27
41.9
24
16
47
5.1
29.2
875

5.8
59
08
125

100.0

WT (random) %
4.7
419
5.1
24
59
60.0

16
27
29.2
58
08
40.0

100.0

Figure 3c Risk ratio of mortality after implementation in studies using PAD or ABCDE (n=6) with high (1) versus low (Il) number of

implementation strategies
Author
Skrobik (2010)
Radtke (2012) ICU 1&2
Mansouri (2013)
Balas (2014)
Subgroup | Random effects (I =0%)

Robinson (2008)

Radtke (2012) ICU 3

Dale (2014)

Subgroup Il Random effects (I* =0%)

%poLLL;

Total Random effects
Heterogeneity: Q=6.36, I =6%, p=0.348

0.01 1. 100.00

g1

RR - risk ratio, WT - weight

Favors intervention Favors control

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 3¢ 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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RR
0.78
052
053
057
0.73

0.76
119
1.00
0.98

0.81

(95% C1)
(0.62; 0.98)
(0.20; 1.36)
(0.26; 1.04)
(0.29;1.10)
(0.59; 0.88)

(0.31;1.90)
(0.36;3.90)
(0.76; 1.32)
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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) * 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.

Erasmus University Rotterdam Zo\/uap
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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 *. 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 ’. 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 *°. 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 “.

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 *'. 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 ', 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 ". 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 *2. 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 ORcritical care’ OR ‘critically ill" OR ‘critical
illness’))

125

Cochrane

((Deliri* OR Psychotic OR Confusion* OR
Psychosis OR Psychoses) NEAR/6 (‘Intensive Care’
OR ICU ORcritical

care’ OR ‘critically il OR ‘critical illness’))

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

ilI*"))

636

447

(189)

Total:

3981

1499

2482

Total # of stud

ies 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

Quasi-experimental: CBA, comparable control sites

Quasi-experimental: nonequivalent control sites

Single group before-after tests with baseline measurement

Content

Intervention, implementation strategy is clearly described

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

Validity and reliability of instruments

Unobtrusive observations, rater procedure described and r>0.80

Unobtrusive observations, rater procedure not described or r<0.80

Obtrusive observations, rater procedure not described or r<0.80

Test statistics

Test statistics are described

Significance

p value or confidence interval is given

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

Design of | Content | Sample | Validity Test Significance | Total
study size and statistics
Author or reliability
assignment of
rating instruments
Balas et al, 2014, USA 1 1 0 2 1 1
Bowen et al, 2012, USA 0 1 0 2 1 0
Devlin et al, 2008, USA 1 1 1 2 1 1
Eastwo?d etal, 2012, o 1 o 5 1 1 5
Australia
Gesin et al, 2012, USA 1 1 1 2 1 1
Hagar et al, 213, USA 1 1 0 2 1 1 6
Kamdar, et al, 2013, USA 1 1 1 2 1 1
Kastrup et al, 2011, 1 1 0 5 1 1 6
Germany
. R
Khalifezadeh et al, 2011, 1 0 0 0 1 0 2

Iran
Mansouri et al, 2013, Iran 1 1 0 1 1 1 5
Page et al, 2009, UK 0 1 0 2 1 1
Pun et al, 2005, USA 1 1 0 2 1 1 6
Radtke , Heymann et al, 1 1 o 5 1 1 6
2012, Germany
Reade e.t al, 2011, 0 1 o 5 1 1 5
Australia
Riekerk et al, 2009, The

1 1 2 1 1
Netherlands 0 6
Robinson et al, 2008, USA 1 1 0 2 1 1 6
Scott et al, 2012, UK 1 1 0 2 0 0
Skrobik et al, 2010, 1 1 o 5 1 1 6
Canada
Soja et al, 2008, USA 1 1 0 2 1 1 6
Van den Boogaard et al,

1 1 0 2 1 1 6
2009, The Netherlans
Dale et al, 2014, USA 1 1 0 2 1 1 6
Bryczkowski et al, 2014,

1 1 0 2 1 1 6
USA

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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Figure 4a Risk ratio of incidence of delirium with (1) versus without (I1) use of PAD/ABCDE as implementated care components.

Author RR (95% Cl) WT (random) %
Skrobik (2010) e 0.98 (0.80; 1.21) 15.0
Balas (2014) —e— 0.78 (0.57; 1.06) 14.1
Dale (2014) —e— 2192 (1.61; 2.77) 14.5
Subgroup | Random effects (1> =93%) T 1.18 (0.67; 2.06) 43.6
van den Boogaard (2009) —— 1.94 (1.53; 2.46) 14.8
Reade (2011) —— 0.58 (0.37; 0.91) 12.7
Kastrup (2011) i 1.16 (0.16; 8.64) 2.7
Kamdar (2008) e 0.71 (0.52; 0.97) 14.1
Bryczkowski (2014) ——— 1.22 (.074; 1.99) 12.2
Subgroup Il Random effects (17 =89%) —_— 1.01 (0.56; 1.82) 56.4
Total Random effects I—P—i 1.08 (0.75; 1.55) 100.0
Heterogeneity: Q=65.1, 1> =89%, p<0.0001

0.10 1.00 10.00
RR - risk ratio, WT - weight Favors intervention Favors control

Figure 4b Risk ratio of incidence of delirium with high (1) versus low () number of implementation strategies

Author RR (95% Cl) WT (random) %
Skrobik (2010) —— 0.98 (0.80; 1.21) 15.0
Balas (2014) .l 0.78 (0.57; 1.06) 14.1
van den Boogaard (2009) ——i 1.94 (1.53; 2.46) 14.8
Kastrup (2011) 1.16 (0.16; 8.64) 2.7
Kamdar (2008) . 0.71 (0.52; 0.97) 14.1
Subgroup | Random effects (I =89%) — 1.03 (0.67; 1.58) 60.7
Dale (2014) = 2.12 (1.61; 2.77) 14.5
Reade (2011) —— 0.58 (0.37;0.91) 12.6
Bryczkowski (2014) i 1122 (0.74; 1.99) 122
Subgroup Il Random effects (17 =92%) o 1.16 (0.52; 2.57) 39.3
Total Random effects ._P_| 1.08 (0.75; 1.55) 100
Heterogeneity: Q=65.1, I” =89%, p<0.0001

0.10 1.00 10.00
L Favors intervention  Favors control

Figure 4c Risk ratio of incidence of delrium with (1) screeningtool as implementated care components versus others (I1)

Author RR (95% Cl) WT (random) %
van den Boogaard (2009) ——i 1.71 (1.30; 2.25) 14.8
Reade (2011) —_—— 0.58 (0.37;0.91) 12.7
Subgroup | Random effects (IZ =94%) —_— 1.01 (0.35; 2.92) 27.5
Skrobik (2010) - 0.98 (0.80; 1.21) 15.0
Kastrup (2011) v 4 1.16 (0.16; 8.64) 2i7
Kamdar (2013) —e—i 0.71 (0.52; 0.97) 14.1
Balas (2014) —— 0.78 (0.57; 1.06) 14.1
Dale (2014) —— 2.12 (1.61; 2.77) 14.4
Bryczkowski (2014) —_— 1.22 (0.74; 1.99) 12.2
Subgroup | Random effects (I =76%) —— 1.02 (0.77; 1.34) 72.5
Total Random effects '_P_‘ 1.08 (0.75; 1.55) 100.0
Heterogeneity: Q=65.1, 12 =89%, p<0.0001 r

0.10 1.00 10.00
RRZ=Tiskiratio, WIS veight Favors intervention  Favors control

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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