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Abstract

Background/aims Considerable efforts have been made to improve guideline adherence in healthcare through de-
implementation, such as decreasing the prescription of inappropriate medicines. However, we have limited knowl-
edge about the effectiveness, barriers, facilitators and consequences of de-implementation strategies targeting inap-
propriate medication prescribing in secondary care settings. This review was conducted to understand these factors
to contribute to better replication and optimisation of future de-implementation efforts to reduce low-value care.

Methods A systematic review of randomised control trials was conducted. Papers were identified through CINAHL,
EMBASE, MEDLINE and Cochrane register of controlled trials to February 2021. Eligible studies were randomised con-
trol trials evaluating behavioural strategies to de-implement inappropriate prescribing in secondary healthcare. Risk
of bias was assessed using the Cochrane Risk of Bias tool. Intervention characteristics, effectiveness, barriers, facilita-
tors and consequences were identified in the study text and tabulated.

Results Eleven studies were included, of which seven were reported as effectively de-implementing low-value
prescribing. Included studies were judged to be mainly at low to moderate risk for selection biases and generally high
risk for performance and reporting biases. The majority of these strategies were clinical decision support at the ‘point
of care’ Clinical decision support tools were the most common and effective. They were found to be a low-cost

and simple strategy. However, barriers such as clinician’s reluctance to accept recommendations, or the clinical setting
were potential barriers to their success. Educational strategies were the second most reported intervention type how-
ever the utility of educational strategies for de-implementation remains varied. Multiple barriers and facilitators relat-
ing to the environmental context, resources and knowledge were identified across studies as potentially influencing
de-implementation. Various consequences were identified; however, few measured the impact of de-implementation
on usual appropriate practice.

Conclusion This review offers insight into the intervention strategies, potential barriers, facilitators and conse-
guences that may affect the de-implementation of low-value prescribing in secondary care. Identification of these key
features helps understand how and why these strategies are effective and the wider (desirable or undesirable) impact
of de-implementation. These findings can contribute to the successful replication or optimisation of strategies used
to de-implement low-value prescribing practices in future.

Trial registration The review protocol was registered at PROSPERO (ID: CRD42021243944).
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Contributions to literature

» Overuse of healthcare is a global issue in which inap-
propriate prescribing is a key contributor.

» We explored intervention strategies, the barriers,
facilitators and the consequences of hospital-based
behavioural strategies aiming to de-implement low-
value prescribing practices.

o Clinical decision support tools were common and
effective in de-implementing low-value prescribing,
whereas educational strategies reported mixed results.

o Barriers regarding the environment, context and
clinician knowledge need to be considered in de-
implementation efforts. Clinician beliefs and clinical
settings need to be considered when using decision
support strategies.

- These findings offer insight into the aspects that can
contribute to successful replication and optimisation
of de-implementation efforts for low-value prescrib-
ing in future.

Background

Overuse of healthcare resources is a global issue and
prescription of unnecessary medication is a key con-
tributor to this [1]. Overprescribing of medication is
defined by the UK Department of Health and Social
care as medication that is not required or wanted, or
where risk outweighs benefit [2]. Overprescribing is
considered a ‘low-value’ practice, i.e. a practice that is
not clinically [1] or cost-effective [3]. Despite efforts
to encourage evidence-based practice and reduce low-
value prescribing [4], healthcare professionals continue
to prescribe unnecessary medication [5, 6]. To maintain
a high standard of care, efficient use of resources, and
to reduce potential harm to patients [1], it is important
to eliminate low-value prescribing practices.

The process of eliminating ineffective or poten-
tially harmful prescriptions can be conceptualised
as ‘de-implementation’. De-implementation is not a
well-defined concept and definitions vary between
“abandonment of ... practices” [7], or as any effort to
“reduce” a practice or “address overuse” [8, 9]. In a
scoping review, Niven and colleagues (2015), identified
43 terms in literature synonymous to de-implementa-
tion including “re-invest’, “discontinue” and “decline in
use” [10]. Generally, these terms can fall into four types
of de-implementation; removing, replacing, reducing
or restricting a practice or treatment [11].

Although de-implementation has been conceptual-
ised as the removal or reduction of a medical practice,
it cannot be considered the opposite to implementation
(i.e. the integration or increase) of a practice [7, 12].
The evidence base has highlighted that de-implementa-
tion is distinct from implementation [13-15]. Specific
conceptual models for de-implementation have been
developed to guide research [7, 10, 11, 16, 17] by high-
lighting areas for further exploration. Key features of
barriers, facilitators, the type of target action, the inter-
vention strategies and, the definition and measurement
of outcomes of de-implementation have been high-
lighted as likely areas to differ from implementation.
Further, the implications or consequences arising from
achieving successful de-implementation outcomes were
highlighted as another key area likely to differ from
implementation [18].

Understanding the consequential effects of removing
an established medical practice is crucial to evaluate
de-implementation efforts [19, 20] and gain a compre-
hensive understanding of the full impact of de-imple-
mentation [18]. In a recent review of the consequences
experienced in strategies used to reduce antibiotic
prescribing, expected ‘trade-offs, such as an increased
hospital stay, were viewed as a reasonable compro-
mise for a successful de-implementation outcome [21].
However, unintended consequences, such as clini-
cians increasing their use of other medical practices to
replace the practice being discontinued, may have pos-
sibly harmful repercussions [18], in addition to contra-
dicting the process of de-implementation [21]. A fuller
understanding of the nuanced impact of de-implemen-
tation alongside successful strategies and determinants
will offer information to contribute to the growing evi-
dence base which will aid better replication and optimi-
sation of future de-implementation.

While implementation and de-implementation have
been conceptualised as unique, implementation sci-
ence offers a strong foundation to understand de-
implementation [22, 23]. Existing implementation
theory and methods have been utilised in de-imple-
mentation research considerably [24]. Frameworks
such as the Theoretical Domains Framework (TDF)
[25] have been applied to offer insight into de-imple-
mentation [26-29]. Most recently, the TDF has been
successfully used in a multi-method study to identify
barriers and facilitators of de-implementing of multi-
ple low-value care practices in a critical care setting
[30]. Parsons Leigh and colleagues successfully mapped
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findings from their systematic review and interview
study to the TDF which provided a structured theoret-
ical lens on important determinants of de-implemen-
tation in this setting. These existing approaches have
also been used to understand the determinants of low-
value prescribing behaviour, allow cumulative contri-
butions to the expanding de-implementation evidence
base and offer tangible information that can be used in
future strategies [19].

Therefore, the aim of this study is to further under-
stand the key features of de-implementation strategies
aiming to reduce low-value prescribing. The insights
of these efforts will contribute to better replication and
optimisation of future de-implementation efforts. We
used a systematic review approach to synthesise relevant
literature.

Review questions
This systematic review aimed to answer these questions:

(1) What strategies have been used to de-imple-
ment low-value prescribing practices of second-
ary healthcare prescribers, and how effective were
these strategies?

(2) What are the reported barriers, facilitators and
unintended consequences of these strategies?

Table 1 Search strategy for MEDLINE
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Review methods

Design

Protocol registration

This systematic review is reported following the Preferred
Reporting Items for Systematic reviews and Meta-Analy-
ses (PRISMA) statement (Additional file 1). The protocol
was registered at PROSPERO (ID: CRD42021243944).

Identification of studies

Studies were identified by searching CINAHL, EMBASE,
MEDLINE and Cochrane register of controlled trials
databases from inception to February 2021.

Search

A search strategy was developed with an Information
Officer. The search was designed to identify randomised
control trials (RCTs) evaluating behaviour change strat-
egies to address a low-value or unnecessary medication
prescriptions, within a secondary healthcare setting.
De-implementation-related terms identified in a scoping
review were the basis of this search strategy [10]. See the
full search strategy in Table 1; the searches were adapted
to the vocabulary and syntax of each database.

Study selection (inclusion and exclusion criteria)
Inclusion and exclusion criteria were developed fol-
lowing the PICO (Population, Intervention, Context

1. randomized controlled trial.pt
2. controlled clinical trial.pt
3.randomly.ab

4. trial.tw

5. (randomized or randomised).ab
6. placebo.ab

7. clinical trials as topic/
8.1or2or3or4or5or6or7

9. (abandon* or delist* or de-list* or disinvest* or dis-invest* or discontinu* or dis-continu* or decommission* or de-commission* or deadopt* or de-
adopt* or de-implement* or deimplement* or withdraw* or decreas* or re-invest* or reinvest* or declin* or chang* or realloc* or re-alloc*or remov*

or replac* or stop* or reduc* or “do not do").tw

10. ((inappropriate or unnecessary or excess* or ineffective or overus* or nonrecommended or unrecommended or “not recommended” or “low-value”
or “low-value”) adj3 (prescrib$ or prescript$ or treatment? or care or practice? or service? or management)).tw

11. (behaviour change or behavioural change or behaviour* intervention? or behaviour* modification? or behaviour* strateg* or behaviour* tech-
niques? or behaviour* tool? or behaviour* plan? or behaviour* program* or behavior change or behavioral change or behavior* intervention?
or behavior* modification? or behavior* strateg* or behavior* technique? or behavior* tool? or behavior* plan? or behavior* program* or intervention?

or strateg* or technique? or modification? or tool? or plan? or program*).tw

12.9and 10and 11

13. (secondary care or hospital? or inpatient? or in-patient? or out-patient? or outpatient? or hospitalized or hospitalised or hospital patient).tw

14. exp Secondary care/
15. exp Hospitals/

16.13 or140r 15
17.8and 12and 16
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and Outcome) structure (Table 2). Eligible studies were
RCTs comparing behavioural strategies to a control or
other strategies. Studies had to include an intervention
designed to reduce, remove, restrict or replace low-value
medication prescription practice. Only studies reported
in English were included. Studies had to target the initial
prescribing part of the care process, rather than, at the
time of review or reconciliation of medication. Prescrib-
ing here refers only to the prescription of medication, as
opposed to prescribing or ordering tests or procedures.
One author (JD) screened 100% of the title and abstracts,
and 10% of these were independently double screened
by a second author (SM). Double screening of titles and
abstracts yielded a kappa score of 0.39, which is con-
sidered ‘fair’ agreement [31]. One author (JD) screened
100% of full-text articles, and 40% were independently
double screened by a second author (SM).

Data extraction and coding

A bespoke data extraction form was developed and a pri-
ori headings were selected to gather data on the unique
complexities of de-implementation guided by Norton
and Chambers conceptual de-implementation framework
[11, 18]. Headings included target actions, intervention
strategies, barriers, facilitators, outcomes and conse-
quences. Data was extracted verbatim where possible.

To allow comparisons, strategies were categorised
using the Effective Practice and Organisation of Care
Taxonomy (EPOC) [32]. The EPOC taxonomy offers a
classification of health system interventions, including
an overarching description category and subcategories
of interventional strategies. All studies were allocated

Table 2 Inclusion and exclusion criteria
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to overarching categories and relevant subcategories.
Where appropriate, multifaceted strategies were catego-
rised into multiple relevant subcategories.

Barriers and facilitators were the interpretation of the
trial results as offered by the authors of the studies. Bar-
riers were defined as any intrinsic or extrinsic influences
faced by prescribers mentioned in the article text that
may have hindered the de-implementation of low-value
prescribing. Facilitators were defined as any intrinsic or
extrinsic influences that may have enabled intervention
success. Verbatim text of identified barriers and facilita-
tors were summarised and mapped to the Theoretical
Domains Framework (TDF) [25].

The TDF is a synthesis of 33 behavioural theories into
14 theoretical domains [25]: Behavioural Regulation,
Knowledge, Skills, Beliefs about Capabilities, Beliefs about
Consequences, Intentions, Reinforcement, Goals, Memory,
Attention and Decision Processes, Environmental Context
and Resources, Social Influences, Optimism, Emotions,
and Social/Professional Role and Identity. The TDF is a
theory-based tool that allows the categorisation of barri-
ers and facilitators to understand key influences on a tar-
get behaviour.

Consequences were defined as repercussions arising
from the implementation of the intervention. The diffu-
sion of innovations literature provides a classification of
consequences [33]. The framework suggested by Toma
and colleagues was used to specify four classifications of
consequences, including expected outcomes, which can
be classed as either (1) desirable or (2) undesirable, and
unexpected outcomes, which can also be (3) desirable or
(4) undesirable [21]. Secondary outcomes, other planned

Exclusion

Inclusion
Study Design Randomised controlled trials
Population Prescribers in secondary care setting

Setting/ Context Secondary care

Target behaviour Prescribing therapeutic drugs

Intervention

replacement, or restriction of practice

Comparator(s)/
control

Usual practice, another intervention or waitlist

Primary Outcomes
ment, or restriction of practice

Secondary Outcomes
events)

Geographical Loca- All
tions

Language English

Any behavioural intervention used to de-implement low-
value prescribing practices, including removal, reduction,

Change in prescribing including removal, reduction, replace-

Patient-related outcomes (e.g. disease recurrence, adverse

Non-randomised study design

Prescribers outside of secondary care prescribers e.g. primary
care doctors

Community pharmacies GPs, care homes, palliative care,
community care

Screening, monitoring, surgery behaviours, prescriptions
of supplements, prescriptions of other non-therapeutic drugs

Strategies not targeting prescribing behaviour, strategies
aiming to increase prescribing rate, strategies targeting
patients, strategies using diagnostic testing, use of tests
to diagnose and strategies used in medical reviews

No comparator group

Studies only reporting patient-related outcomes
and not reporting clinical behaviour outcomes
None

None

Not English
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or unplanned analyses and the study authors’ interpreta-
tions in the article text of potential consequences were
extracted verbatim and categorised to these headings.

Data synthesis

We did not conduct a meta-analysis due to study hetero-
geneity in several factors of the included studies includ-
ing variety in intervention strategies, the target illness
and medication. Data was tabulated into evidence tables:
(1) characteristics of included studies; (2) strategies
within each study classified by the EPOC taxonomy; (3)
reported intervention descriptions and their effects; (4)
identified barriers to de-implementation categorised to
the TDF; (6) identified facilitators of de-implementation
categorised to the TDF; (7) identified consequences of
de-implementation specified with Toma and colleagues
framework.

Quality assessment

The risk of bias was assessed by one reviewer (JD) and
a 10% sample was independently assessed by a second
reviewer (SM). The tool recommended for assessing the
risk of bias in RCTs outlined in the Cochrane Handbook
for Systematic Reviews of Strategies [34] was used. Risk
of bias arising from the randomisation process, timing of
recruitment of participants (in cluster-randomised trials),
deviations from the intended interventions, missing out-
come data, measurement of the outcome and selection of

Records identified
through database
searching
(n=2907)

v

Records after duplicates
removed
(n=2193)
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the reported result were assessed. Disagreements were
resolved by discussion within our research team.

Results of the review

Details of included and excluded studies

The database search returned 2907 titles and abstracts.
Following the removal of duplicates, 2193 records
remained. Thirty-two full-text articles were screened for
eligibility. Eleven studies were included in this review.
See the PRISMA flow diagram in Fig. 1. Main reasons for
exclusion at the full text reviewing stage, included non-
RCT study designs, the setting of the study was not in
secondary care, and where it was unclear if the study had
a de-implementation focus.

Included study characteristics

Study characteristics for the 11 included studies can be
found in Table 3. Eight studies compared their strate-
gies to a usual care comparator group [35-42] and three
studies offered a partial or adapted intervention [43-45]
as their comparator. Seven studies were cluster RCTs
[36, 37, 39, 43—-45], including one stepped wedge [42].
Two interventions included strategies targeting both the
healthcare professional and the patient [37, 45]. See addi-
tional file 2 for verbatim intervention and comparison
arm names, descriptions and counts.

Records screened

Records excluded

(n=2193)

\4

(n=2161)

Full-text articles
assessed for eligibility

Full-text articles excluded
(n=21)

(n=32)

A4

Studies included in
review
(n=11)

,
[Included ] [Eligibility ] Screening ][Identification]
A\

Fig. 1 PRISMA flow diagram

Full-text articles excluded, with reasons

Not an RCT (n=8)

Setting is not secondary care or unclear
(n=5)

Intervention not targeting relevant
population (n=3)

Out of scope/ unclear if de-implementation
is measured (n=3)

Protocol (n=1)

Composite primary outcome (n=1)
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Table 3 Characteristics of included studies
Authorand year  Type of low-value Type of trial Country Clinical setting Patient type Type of
of Study care prescribing de-implementation
Daley etal., 2018  Antibiotics Intervention vs Canada Acute care hos- Adults “Reduce”
[35] for asymptomatic ~ control pitals

bacteriuria
Franchi et al., Drug prescription  Intervention vs Italy Geriatric or internal  Elderly patients "Reduce”
2016 [43] in elderly patients active control medical wards
Menya et al., 2015 Artemisinin-based  Intervention vs Kenya Health centres Children and adults  “Reduce”
[36] combination thera-  control

pies for suspected

malaria
Metlay et al., 2007 Antibiotic use Intervention vs USA Hospital emer- Adults “Reduce”
[37] for acute respira- control gency departments

tory infections
Moja etal,, 2019  Prescription medi-  Intervention vs [taly Internal medicine  Adults and children “Reduce”
[38] cations control wards of 1 hospital
Opondo et al,, Antibiotic use Intervention vs Kenya District hospitals Children “Reduce”
2011 [44] in non-bloody diar-  active control

rhoea
Paul et al., 2006 Empirical antibiotic  Intervention vs Israel, Italy and Ger-  Various wards Adults Unclear
[39] treatment control many
Terrell et al., 2009 Potentially inappro- Intervention vs USA Emergency depart-  Elderly patients “Reduce”
[40] priate medications  control ment

in older adults
Terrell etal,, 2010  Excessive Intervention vs USA Academic emer- Adults “Reduce”
[41] medication dosing  control gency department

for patients in renal

impairment
van de Maat et al., Antibiotic prescrip- Intervention vs The Netherlands Emergency depart-  Children “Reduce”
2020 [42] tion in children control ments and Urgent

with suspected Care clinics

lower respiratory

tract infection
Yadav et al.,, 2019  Antibiotic prescrib-  Intervention vs USA Emergency depart-  Adults and children  “Reduce”

[45] ing for Acute res- active control

piratory infection

ments and Urgent
Care clinics

The type of de-implementation as “reducing” low-
value prescribing was identified in all studies except one.
The majority of studies were conducted in high-income
countries [35, 37-43, 45], and two took place in Kenya
[36, 44]. Studies were set in emergency departments or
urgent care units [37, 40—42, 45], other ward types [38,
39, 43] or whole hospitals [35, 36, 44]. The type of low-
value prescribing being targeted tended to be inappropri-
ate antibiotics for a range of illnesses [35, 37, 39, 42, 44,
45]; however, general inappropriate drug prescriptions,
especially in the elderly, were also reported [40, 43].

The 11 studies reported 11 intervention arms. Table 4
shows classifications of intervention arms to the Effec-
tive Practice and Organisation of Care (EPOC) Taxon-
omy [32]. The overarching categories of ‘Implementation
Strategies, Interventions targeted at healthcare work-
ers’ and ‘Financial Arrangements, Targeted financial

incentives for health professionals and healthcare organ-
isations’ were identified. Four interventions were multi-
faceted with between 4 and 8 subcategories identified.
‘Educational materials’ and ‘Audit and Feedback’ were
the most used strategies in these multifaceted inter-
ventions [37, 43—-45]. Seven interventions were single
strategy, six were described as ‘reminders’ [35, 38-42]
and one study was classified as ‘pay for performance’
[36]. Reminders were the most commonly used strate-
gies (n=6), educational strategies including educational
meetings and educational materials were the second
most common (n=4).

Studies with an active comparator used adapted ver-
sions of the strategies employed in the intervention arm,
for example, Franchie and colleagues provided educa-
tional materials in both arms, but limited the control arm
to selected modules [43].
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Quality assessment of studies

Risk of bias results for studies can be seen in Fig. 2. Six
studies were considered to have an overall high risk of
bias [35-37, 41, 42, 44] and five had a moderate risk of
bias [38-40, 43, 45]. No studies were found to have an
overall low risk of bias. Generally, studies tended to per-
form well on biases relating to the randomisation process
and missing data management. However, deviating from
the intended intervention domain presented the most
risk of bias, as three studies had high [36, 37, 41] and four
moderate risk [38, 39, 44, 45] for this domain. It should
be noted that those assigned high risk for this domain
tended to suffer risk of bias due to participants being
aware of their participation in the trial or the allocation
of the intervention, rather than deviations from interven-
tion strategies that may have arisen from the context. Six
studies were assessed as having a moderate risk of bias
in the domain of selection of reported results [37, 39-41,
43, 44], which was mainly due to the majority of studies
not referring to a published protocol.

Intervention effectiveness

The main aims of the included studies were to assess the
effectiveness of de-implementation strategies (e.g. evalu-
ate the effectiveness of a clinical decision support system
to reduce inappropriate antibiotic prescribing in children

(2023) 4:115
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admitted to hospital). Table 5 shows the intervention
type and where studies were found effective. Seven stud-
ies reported strategies being effective in reducing low-
value prescribing [35—41] of these, four studies were of
high risk of bias [35-37, 41] and three were moderate risk
[38—40]. One study reported weak evidence of an inter-
vention effect, after adjusting for patient, clinician level
factors and study period [44]. The remaining three strat-
egies did not show any differences across arms in de-
implementing inappropriate prescribing [42, 43, 45].
Additional file 3 shows the verbatim outcome definitions
and results for each study.

The most reported effective strategies were classed
as ‘reminders, offered at the point of care [35, 38—42].
Reminders are defined by the EPOC Taxonomy [32] as
any intervention that prompts action, such as decision
support aids. Although in varying formats, ‘reminders’
were single-strategy clinical decision support systems.
These decision support systems varied as some offered
thresholds to guide appropriate prescribing decisions
[42], accounted for or restricted additional diagnos-
tic information [35, 39] or provided recommendations
of appropriate substitutes [38, 40, 41]. These strategies
were offered in emergency and non-emergency settings;
however, the use of clinical decision support systems
was exclusive to high-income countries. Educational

Intervention Comparator Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total M-H, Random, 95% CI M-H, Random, 95% CI ABCDETFG
1.1.1 Single strategy interventions (reported effective)
Daley et al., 2018 12 55 26 55 0.46[0.26,082] ——+—— 200000
Menya et al., 2015 0 0 0 0 Not estimable
Moja et al., 2019 8929 14403 9283 13991 0.93[0.92, 0.95] t @272000"
Paul et al., 2006 81 207 97 273 0.77 [0.60, 0.98] —— @902002 2
Terrell et al., 2009 69 2647 99 2515 0.66 [0.49, 0.90] — @2000 2
Terrell et al., 2010 31 73 34 48 0.57 [0.42, 0.79] — 200070
1.1.2 Single strategy interventions (reported ineffective)
Van de Maat et al., 2020 101 402 179 597 0.84 [0.68, 1.03] — 200060600
1.1.3 Multifaceted interventions (reported effective)
Metlay et al., 2007 356 848 346 736 0.89[0.80, 1.00] -+ 2000670
1.1.4 Multifaceted interventions (reported ineffective)
Franchie et al., 2016 155 347 137 350 1.140.96, 1.36] I (111 1 B
Opondo et al., 2011 101 263 125 180 0.55 [0.46, 0.66] —t 202720
Yadav et al., 2019 0 0 0 0 Not estimable 02000~

0507 1 15 2

Risk of bias legend
) Domain 1: Risk of bias arising from the randomization process

) Domain 3: Risk of bias due to missing outcome data
E) Domain 4: Risk of bias in measurement of the outcome
F) Domain 5: Risk of bias in selection of the reported result
(G) Overall Risk of Bias

Fig. 2 Forest plot illustrating raw data and unadjusted differences

(
(
(
(
(
(

Favours intervention Favours comparator

A
B) Domain 1b (cluster trials only): Risk of bias arising from the timing of identification or recruitment of participants in a cluster-randomized trial
C) Domain 2: Risk of bias due to deviations from the intended interventions (effect of assignment to intervention)

D
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Table 5 Intervention description, type and reported effectiveness

Study Verbatim intervention description Type of intervention  Reported
(Page number and section) as

effective

Daley et al., 2018 [35] “modified reporting of positive urine cultures” Single Yes
(p814, Introduction)

Metlay et al., 2007 [37] “multidimensional educational intervention” Multi-faceted Yes
(p223, Interventions)

Moja et al., 2019 [38] “Medilogy Decision Support System” Single Yes
(p3, Development of CDSS)

Paul et al., 2006 [39] ‘computerized decision support system for antibiotic treatment” Single Yes
(p1238, Abstract)

Terrell et al., 2009 [40] ‘computer assisted decision support” Single Yes
(p1388, Abstract)

Terrell et al., 2010 [41] “decision support in a computerized physician order entry system” Single Yes
(p623, Abstract)

Menya et al., 2015 [36] “facility-directed, performance based incentives” Single Yes
(p4, Incentive Intervention)

Franchi et al., 2016 [43] “e-learning program teaching CGA [Comprehensive Geriatric Assessment] Multi-faceted No
and basic geriatric pharmacological notions”
(p53, Abstract)

Opondo et al., 2011 [44] “multi-faceted quality improvement intervention” Multi-faceted No
(p1,Title)

van de Maat et al., 2020 [42]  “a validated clinical prediction model (Feverkidstool) was implemented Single No
as a decision rule guiding antibiotic prescription”
(p6, Intervention)

Yadav et al., 2019 [45] “stewardship intervention that additionally incorporates behavioral nudges” Multi-faceted No

(p719, Abstract)

strategies, including educational materials and meetings,
were the second most common. However, only one of
four studies using educational strategies was found to be
effective [37].

Eight studies reported outcomes as ‘inappropriate’ pre-
scribing behaviour (i.e. measured the number of unnec-
essary prescriptions) and three reported outcomes as
‘appropriate’ (i.e. measured the amount of necessary pre-
scriptions), data and calculated odds ratios are presented
in the forest plot in Fig. 2 for comparison. Where data
was not available or easily extracted, study authors were
contacted. Menya et al. (2015) and Yadav et al. (2019)
were unable to offer complete data.

Barriers and facilitators of de-implementation

Barriers

Only one study proactively identified potential barriers,
of alert fatigue and unimportant reminders, to inform
intervention design [38]. Two other studies quantitatively
measured potential sources of barriers, including a real-
time assessment of reasons for rejecting prescription rec-
ommendations [40], and a survey of clinicians’ attitudes
toward antibiotic resistance before and after the interven-
tion implementation [45]. In other studies, authors inter-
pretations referred to potential barriers but there was
no formal measurement or indication if these potential

barriers were considered in intervention design. Barriers
and their related Theoretical Domains Framework (TDF)
domains are reported in Table 6. More detailed summa-
ries of identified barriers and related TDF domains can
be found in Additional file 4.

The most frequently identified barriers related to the
Environmental Context and Resources domain (n=9).
Issues including; an unestablished electronic health
record [38, 43], emergency settings experiencing issues
of continuity of care and severely ill patients [37], a lack
of morale in healthcare staff and an increased volume
of patients [36] were highlighted as potential barriers to
de-implementation. The need for additional information
[42] or data entry required [38] for the decision support
strategies to work were also reported as barriers. Addi-
tionally, the type of information offered and the timing of
the decision support intervention being too late [38] were
also identified.

Barriers relating to the Knowledge domain were the
second most frequently identified (#=5). Clinicians
knowledge of; what constitutes an inappropriate pre-
scription [37], the illnesses that are responsive to antibi-
otics [37], where a reduction in dose is required [41] and
how to utilise an intervention were reported as potential
barriers [36]. In two of the studies aiming to reduce anti-
biotic prescribing, authors reported that intervention
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information that contradicted clinicians training [44] or
treatment decisions [39] was likely to prevent success-
ful de-implementation. In addition, although not widely
mentioned, Goal-related barriers such as a clinician’s
lack of interest or underestimation of low-value prescrip-
tion issues [43] may also have the potential to impact on
de-implementation.

Social influences barriers were also cited to potentially
impact de-implementation (n=3). Patients were reported
to demand medication [40] or have a general influence on
prescriptions [43]. Social influence barriers also included
clinicians attempting to be consistent with colleague’s
prescriptions [40, 41] but were only cited in studies con-
ducted in emergency settings. The specific culture of
emergency settings was noted to have an impact on de-
implementation. Clinicians in these contexts were ensur-
ing the patient gets the medication they are expecting
and not disrupting another prescriber’s decision. These
contextual barriers were reported to impact new and
refilled prescriptions [40, 41].

Facilitators

Most facilitators identified (Table 7) related to the Envi-
ronmental context and resources domain (n=8). Ensuring
the intervention was easy to use [35, 38], tailored to the
local context [39, 45], supported by infrastructure [36, 40,
45], available at the time of a prescription decision [40]
and of low cost [35, 39-41] were identified as likely to
facilitate de-implementation. More detailed summaries
of identified barriers and related TDF domains can be
found in Additional file 5.

Other possible facilitators of de-implementation
included clinicians having a correct understanding of
appropriate prescriptions (Knowledge) [36, 43], obtain-
ing a fuller record of symptoms (Skills) [38], being more
experienced (Skills) [40], being provided with a choice
in treatment options (Social/Professional role and Iden-
tity) [45] and avoiding alert fatigue (Memory, Attention
and Decision Processes) [38]. Healthcare staff feeling that
changing their behaviour can have a positive impact on
patients (Beliefs about consequences), and motivation to
further reduce already low rates of inappropriate pre-
scribing (Goals) [45] were identified as other possible
facilitators.

Consequences of de-implementation

Consequences that could have been caused by the inter-
vention were identified in nine studies [35-40, 42, 43,
45] and were identified through secondary outcomes
and additional analyses. Table 8 provides the number of
identified consequences categorised to the conceptual
framework [21]. Desirable (n=22), undesirable (n=4),

(2023) 4:115
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expected (n=6) and unexpected consequences (n=4)
were identified. Many authors of included studies did not
clarify if a difference (or non-difference) between arms
indicated a desirable or undesirable outcome and even
less so if these outcomes were expected or unexpected.
More details of consequences can be found in Additional
file 6.

Desirable and undesirable consequences were usu-
ally related to patient safety. Desirable consequences
included a reduction in duration of fever [39], fever at
day 7 and secondary antibiotic prescriptions [42] and
reduced length of stay in hospital [35, 39]; however, one
study reported this could have been a cofounded find-
ing [35]. Conversely, an intervention using educational
materials (and a decision support system, which was not
utilised) found patients at intervention sites had a signifi-
cantly longer length of stay [43] but did not make clear if
this was unexpected. Three studies reported a desirable
consequence that their intervention did not adversely
impact the appropriate process of care or prescriptions
being given to patients who required such medications
(36, 37, 42].

One study, using reminders, reported a financially
desirable consequence, where a change in the type of
medication used was associated with a reduction in med-
ication cost [39], whereas, another intervention using
modified lab reporting was not associated with a cost
saving [35].

Other undesirable consequences were identified. Con-
sequences arising from the clinician’s interaction with the
intervention were also identified. One study using a deci-
sion support system reported that prescribing outcomes
improved for all types of reminders a clinician received
(i.e. reminders of evidence-based practice or potential
drug interactions) and did not increase alert fatigue,
which are desirable consequences [38]. However, the
amount of time required to select a medication using the
decision support increased over the course of the trial,
again, Moja and colleagues did not define this as unex-
pected or a reasonable trade-off [38].

In one of the multifaceted interventions, consequences
were identified through a pre-post measure of attitudes
towards antibiotic stewardship [45]. More clinicians
reported a positive attitude and agreed that stewardship
was important following the intervention, which could
indicate a desirable consequence. However, in the same
study, clinicians also continued to feel that a stewardship
intervention would not impact on their decision-making
in future [45], which could be an undesirable conse-
quence as it may be counterproductive in de-implemen-
tation efforts.

Other consequences could refer to the level of use or
acceptance of an intervention. A high level of compliance
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Table 8 Number of consequences identified in studies

Number of Number of studies reporting
consequences consequences (of 11 studies)
identified

Desirable 22

Undesirable 4

Expected 6

Unexpected 4
Unclear 20

oo w M w o

or use of the intervention is assumed to correspond
with intervention success; however generally, a poten-
tial trade-off or realistic expectation is that the interven-
tion will not reach 100% uptake. For example, one study
reported 43% of recommendations were accepted and
continued to produce an effective outcome; however, it
was not clear if this level of acceptance was expected or
desired [40].

Discussion

This review aimed to understand the effectiveness, barri-
ers, facilitators, and consequences of strategies de-imple-
menting low-value medication prescribing in secondary
healthcare. The majority of included studies were found
to significantly reduce inappropriate medication pre-
scribing (n=7/11). Included studies addressed various
low-value prescribing practices, the majority addressed
antibiotic use (n=6) and others targeted malaria thera-
pies in non-malaria patients, unnecessary medication for
older people or in general. We deductively extracted data
to further understand the complexities of de-implemen-
tation as conceptualised in Norton and Chambers de-
implementation framework [18].

Despite the widespread efforts to reduce low-value care
[46], only a few strategies were identified and even fewer
successfully de-implemented low-value prescribing prac-
tice in secondary healthcare. Effective strategies included
single strategy clinician decision support systems (n=6),
financial incentives (#=1) and a multi-faceted interven-
tion including components of education and audit and
feedback (n=1). This is consistent with the literature as
strategies to reduce low-value care across the health sys-
tem found clinicians’ decision support and multifaceted
interventions (usually including education) to be most
utilised and effective [8].

In our review, clinical decision support systems were
the most common and effective strategy to de-imple-
ment inappropriate prescribing. This aligns with a more
recent systematic review of strategies that addressed low-
value care in cancer services [47]. Alishahi Tabriz and
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colleagues postulated that the success of decision sup-
port strategies was due to aids being ‘active’ as opposed
to ‘passive. ‘Active’ strategies are intentional and exerted
efforts to facilitate change in behaviour or ways of work-
ing [47]. ‘Active’ strategies have previously been found
useful in de-implementation. In a scoping review con-
ducted in 2015 of de-implementation interventions in
healthcare more generally, de-implementation happened
when evidence was diffused; however, those using an
‘active’ intervention to aid the use of evidence, such as cli-
nician education or withdrawing a medication from the
market, were more likely to lead to successful de-imple-
mentation [10]. To ensure effective de-implementation,
efforts should move away from passive dissemination of
evidence and offer ‘active; intentional and exerted inter-
ventions, such as clinical decision support systems, to
facilitate de-implementation.

Educational strategies, of educational materials and
educational meetings, were the second most commonly
used strategies to reduce low-value prescribing, however
only one reported a significant effect [37]. These edu-
cational strategies were multifaceted and were usually
paired with audit and feedback or monitoring. Previous
literature has shown educational strategies to be effective
when paired with other strategies [8]. Additionally, multi-
faceted strategies using clinical educational or academic
detailing among other strategies are likely to facilitate
de-implementation and curb low-value care compared to
being used alone [48]. Metlay and colleagues, authors of
the effective multifaceted intervention, using education,
audit and feedback, did not offer reasons for success;
however, they noted the need to distinguish the most
suitable ‘active ingredient/s’ of their intervention [37].
There have been strides to identify the active ingredients
or behavioural change techniques used in de-implemen-
tation interventions however, more needs to be done to
understand the utility of these components and which
ingredients would facilitate the most significant effect
[29]. Where educational strategies are paired with other
strategies, a clearer understanding of the degree to which
education content, or the behaviour change techniques
within educational strategies can facilitate de-implemen-
tation is required to optimise their contribution to de-
implementation in future.

Consideration of determinants that may prevent or
enable de-implementation [49] were also explored in our
review. Only one study in our review explicitly identified
potential barriers before implementing their intervention
[38], others offered interpretations of potentially influen-
tial determinants retrospectively. Most identified poten-
tial barriers related to the TDF domain of Environmental
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context and resources, particularly strategies utilising
decision support. Intervening at the point of care was
seen as beneficial [41] and can disrupt clinicians’ deci-
sion-making to influence a change in decision [50],
but is likely to face many pitfalls [51]. Only one study,
although effective, found prescribing decisions may have
been made in advance of interacting with computer sys-
tems and decision support may have been offered “too
late” [38]. Across included studies decision support was
usually offered at ‘point of care’ (we assume once a pre-
scription was decided). If the decision process for pre-
scribing happens before the time a clinician engages with
a computer, a change in the decision and subsequent
de-implementation of the selected behaviour may be
more difficult or unsustained. Explicit specification of
‘when’ and ‘where’ these decision aid strategies operate
are required to understand the extent these context fac-
tors affect the decision support success [52]. Additionally,
measurement of these factors will allow for further opti-
misation of ‘point of care’ de-implementation strategies.

The setting and culture in which an intervention is
embedded should be a main consideration for design-
ing and optimising de-implementation strategies [20].
Barriers relating to the wider context (as highlighted in
the Environmental context and resources domain) were
frequently identified across studies. Two of five studies
conducted in emergency settings, referred to the ‘spe-
cific culture’ of these settings hindering de-implementa-
tion [37, 40]. Continuity of care, dealing with very sickly
patients and the desire to not deviate from other clini-
cian’s plans were viewed as potential barriers in these
settings. The importance of the setting of the de-imple-
mentation intervention has been emphasised in previ-
ous research. In a systematic review of determinants of
low-value care nursing practices, characteristics of the
setting such as the type of department, organisational
norms and structure were found to be influential in
both, the use of low-value practices and de-implementa-
tion process [53]. Additionally, the wider culture includ-
ing political support or pressure and economy were
also notable determinants of de-implementation [53],
although these factors were not identified in the cur-
rent review. Intervention designers are required to have
a clear appreciation of the context and setting within
which de-implementation efforts are implemented
to better understand and attempt to influence these
determinants.

Consequences produced by the intervention, where
reported, tended to be ‘desirable’ (i.e. reduced length of
stay). Consequences were classified to a framework as
suggested by Toma and colleagues [21] where phrasing
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of findings or authors’ interpretations made classifica-
tion possible. It was difficult to understand if a measured
outcome not having a difference between arms (e.g. no
difference between arms for frequency of return hospital
visits) should be categorised as a ‘desirable’ or an ‘unde-
sirable’ consequence. However, where a difference was
experienced such as a significant reduction in the length
of stay in hospital in intervention arms [35, 39], classifi-
cation was more easily allocated. Clearer expectations
of potential consequences are required to understand if
undesirable or unexpected consequences are acceptable
trade-offs of de-implementation.

Consideration of how the reduction or removal of
a low-value practice may impact appropriate care has
already been highlighted as a potential consequence
that should be captured in any de-implementation effort
[19]. Only three (of 11) studies in the current review
measured the impact of their strategies on appropriate
prescriptions. Evaluations of strategies need to widen
the scope, to consider expected, unexpected, desirable
and undesirable consequences of de-implementation
on patients, providers and organisations to account for
any impact on appropriate care caused by the de-imple-
mentation of low-value care [20]. Further research on
the impact of and recurrence of these consequences will
contribute to a fuller understanding of the impact of de-
implementation strategies on appropriate and necessary
care [21].

The continuation of low-value prescribing practices is
an evidence-practice gap which requires a change in clin-
ical behaviour. This review considered the determinants,
strategies and consequences that influence de-implemen-
tation. This review has highlighted the relevant ‘com-
plexities’ using Norton and Chamber’s framework [18] to
further understand the process of de-implementation. To
ensure effective de-implementation in future, strategies
need to be informed by formulation work to understand
determinants and account for potential consequences.
This can be achieved through rigorous and theoreti-
cally informed research which in turn will contribute to
an accumulation of knowledge about how and why de-
implementation strategies work [54].

Strengths and limitations

The strength of this review was its comprehensive search
strategy. Developed with an information officer, the
search strategy included the terms unique to the field of
de-implementation [10] which ensured relevant studies
were identified. Another strength was the comprehen-
sive use of conceptual frameworks to understand the
features of de-implementation and key areas required for
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further understanding of de-implementation. Compari-
sons across frameworks provide a theoretical lens and
help identify where there are similarities or where gaps in
knowledge exist.

However, there were limitations. First, only studies
written in English, with a RCT design were included.
Other study designs may have provided more informa-
tion about barriers and facilitators or consequences of
de-implementation strategies. Second, studies were
excluded if they failed to define the setting or where the
intervention target behaviour was not clearly defined
as de-implementation. Unspecific language such as
‘change’ or ‘improve’ often used to describe de-imple-
mentation strategies was not captured in our search
strategy. This meant that studies with an aim to reduce
inappropriate practices may have been excluded on this
basis.

A final limitation is that a meta-analysis was not per-
formed to assess the effectiveness of included de-imple-
mentation strategies; instead, this review reported if
they were effective or not. This review only included
RCTs, considered the gold standard for the evaluation of
strategies, as opposed to uncontrolled studies that may
be poorer in quality. However, all included RCT risk of
biases were assessed as high and moderate; therefore,
quality should be a consideration in the interpretation of
these results.

Conclusions

In conclusion, this review has demonstrated that multiple
intervention strategies were found to effectively de-imple-
ment inappropriate prescribing in secondary healthcare.
Clinical decision support systems were the most effec-
tive and educational strategies may be useful; however,
more research needs to be done to establish the degree
to which these components are effective. Generally, envi-
ronmental, contextual, social and knowledge-driven bar-
riers and facilitators need to be taken into consideration
when replicating or optimising de-implementation strat-
egies. Specification of features, such as timing and con-
text, should also be reported to gain insight to how best to
optimise these strategies in future. Finally, any expected,
unexpected or desirable and undesirable consequences
caused by the intervention need to be measured to ensure
the accumulation of knowledge of possible consequences
to fully account for the impact of de-implementation.
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