Open access

BM)J Open

To cite: Raban MZ, Gasparini C,
LiL, et al. Effectiveness of
interventions targeting antibiotic
use in long-term aged care
facilities: a systematic review
and meta-analysis. BMJ Open
2020;10:6028494. doi:10.1136/
bmjopen-2018-028494

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2018-
028494).

Received 11 December 2018
Revised 05 December 2019
Accepted 18 December 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

"Faculty of Medicine and Health
Sciences, Australian Institute of
Health Innovation, Macquarie
University, Sydney, New South
Wales, Australia

%Faculty of Health Sciences, The
University of Sydney, Sydney,
New South Wales, Australia

Correspondence to
Dr Magdalena Z Raban;
magda.raban@mgq.edu.au

Original research

Effectiveness of interventions targeting
antibiotic use in long-term aged care
facilities: a systematic review and meta-

analysis

Magdalena Z Raban
Johanna | Westbrook'

ABSTRACT

Objectives There are high levels of inappropriate
antibiotic use in long-term care facilities (LTCFs). Our
objective was to examine evidence of the effectiveness
of interventions designed to reduce antibiotic use and/or
inappropriate use in LTCFs.

Design Systematic review and meta-analysis.

Data sources MEDLINE, Embase and CINAHL from 1997
until November 2018.

Eligibility criteria Controlled and uncontrolled studies

in LTCFs measuring intervention effects on rates of
overall antibiotic use and/or appropriateness of use

were included. Secondary outcomes were intervention
implementation barriers from process evaluations.

Data extraction and synthesis Two reviewers
independently applied the Cochrane Effective Practice
and Organisation of Care group’s resources to classify
interventions and assess risk of bias. Meta-analyses used
random effects models to pool results.

Results Of include studies (n=19), 10 had a control
group and 17 had a high risk of bias. All interventions

had multiple components. Eight studies (with high risk of
bias) showed positive impacts on outcomes and included
one of the following interventions: audit and feedback,
introduction of care pathways or an infectious disease
team. Meta-analyses on change in the percentage of
residents on antibiotics (pooled relative risk (RR) (three
studies, 6862 residents): 0.85, 95% Cl: 0.61 t0 1.18),
appropriateness of decision to treat with antibiotics
(pooled RR (three studies, 993 antibiotic orders): 1.10,
95% Cl: 0.64 to 1.91) and appropriateness of antibiotic
selection for respiratory tract infections (pooled RR (three
studies, 292 orders): 1.15, 95% Cl: 0.95 to 1.40), showed
no significant intervention effects. However, meta-analyses
only included results from intervention groups since most
studies lacked a control group. Insufficient data prevented
meta-analysis on other outcomes. Process evaluations
(n=7) noted poor intervention adoption, low physician
engagement and high staff turnover as barriers.
Conclusions There is insufficient evidence that
interventions employed to date are effective at improving
antibiotic use in LTCFs. Future studies should use rigorous
study designs and tailor intervention implementation to the
setting.
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Strengths and limitations of this study

» We used a broad search strategy to identify studies
evaluating the impact of interventions aiming to im-
prove antibiotic use in long-term care facilities and
considered a range of detailed indicators of antibiot-
ic use and appropriateness.

» To support comparison with future reviews, interven-
tion components were classified using the Cochrane
Effective Practice and Organisation of Care group’s
Taxonomy of Health System Interventions.

» We report the results of process evaluations to iden-
tify reasons for intervention effects, in order to in-
form future intervention design and implementation.

» A limitation of the meta-analyses is that these
were conducted using pre-intervention and post-
intervention measurements from the intervention
groups of studies, as there were insufficient studies
with control groups to include in the analyses.

» The majority of included studies were assessed as
having a high risk of bias.

INTRODUCTION

The widespread inappropriate use of anti-
biotics is a major contributor to antibiotic
resistance. Antibiotic resistance is a growing
problem globally, leading to poor patient
outcomes, pressure on health system resources
and significant economic impacts."® Antimi-
crobial resistant infections are estimated to
cause over 700000 deaths annually world-
wide—a rate which is projected to increase to
10 million by 2050."

In long-term care facilities (LTCFs), anti-
biotic use rates are high compared with the
general population, and LTCFs residents are
on antibiotics for longer.” Studies have esti-
mated that between 47% and 70% of resi-
dents receive a course of antibiotics annually,
and that between 77% to 88% of infections
are treated with an antibiotic.” Approxi-
mately 50% of these prescriptions are judged
to be inappropriate,” with inappropriate
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treatment of urinary tract infections and respiratory tract
infections common in LTCF residents.” "> Thus, there is
considerable scope for improving antibiotic use in LTCFs.
This goal is especially important given that residents of
LTCFs are at increased risk of colonisation with resistant
organisms and facilitate the spread of these organisms
due to their close proximity to other residents and regular
contact with hospitals, LTCF workers and the commu-
nity."”"® The widespread use of antibiotics by LTCF resi-
dents also puts them at risk of related infections, such as
Clostridioides difficile, which are subsequently easily spread
to contacts."”

Interventions designed to improve antibiotic
prescribing in the hospital setting have been shown to
confer benefits in terms of appropriate antibiotic use,
such as adherence to antibiotic use policy and shorter
antibiotic course length.”” Similarly, interventions
targeting physicians in primary care have been shown
to reduce rates of antibiotic prescribing and improve
compliance with guidelines.”’ ** Evidence of effective
interventions in LTCFs is more limited, and the LTCF
setting is complex with many factors that can influ-
ence the success of interventions. Two previous system-
atic reviews of interventions to improve antibiotic use
in LTCFs both concluded that while there was some
evidence to suggest these interventions had positive
impacts, the evidence base needed strengthening.” **
However, there is an opportunity to build on this work.
One of these reviews, published in 2013, included only
randomised trials of which there were only four.** The
second review’s primary aim was to assess whether anti-
microbial stewardship interventions in LTCFs reduced
mortality, the incidence of Clostridioides difficile infec-
tions, emergency department visits and hospitalisa-
tions.” The impact of interventions on antibiotic use was
a secondary objective. Neither review included a meta-
analysis of the effectiveness of interventions to reduce
and improve antibiotic use, nor examined factors influ-
encing intervention effectiveness.

Our objective was to conduct a systematic review and
meta-analysis of the effectiveness of interventions to
reduce the use or improve the appropriateness of anti-
biotics in LTCFs. The primary outcomes of interest were
changes in rates of overall antibiotic use and rates of
appropriate antibiotic use. In order to gain insights into
how intervention impacts were achieved, the secondary
aim was to provide a qualitative review of the results from
process evaluations that were conducted as part of the
intervention studies.

METHODS

This systematic review and meta-analysis are reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses® (online supplementary
file 1).

Information sources and search strategy

The databases MEDLINE via Ovid (1946 to February
2018) and via PubMed (1966 to February 2018), Embase
(1974 to February 2018) and CINAHL (1966 to February
2018) were searched in November 2018 for original
research articles reporting on the impact of interven-
tions to improve antibiotic use in LTCFs, published in
English, in the last 20 years (since 1997). The search
used keywords and subject heading terms related to two
main groups of concepts which were combined using the
Boolean operator ‘AND’: (i) long-term care facilities and
(ii) antibiotics, common infections affecting long-term
care residents and antibiotic resistant organisms. The full
search strategy is presented in online supplementary file
2. The reference lists of included articles and identified
review articles were hand searched for further relevant
citations. Additionally, the PROSPERO: International
Prospective Register of Systematic Reviews®™® and the
Cochrane Librau"y27 were searched.

Eligibility criteria

Original research articles reporting the effects of inter-
ventions to reduce the use of antibiotics or improve the
appropriateness of antibiotic use in residents of LTCFs were
eligible for inclusion. Studies in residential aged care facil-
ities, nursing homes, skilled nursing facilities and assisted
living facilities for older people were included; while those
in community-dwelling populations, and long-term care
hospital wards were excluded. Long-term care hospital
wards have a different model of care and populations
compared with stand-alone LTCFs. Studies were included
if they reported intervention outcomes in terms of the rate
of overall antibiotic use or rate of appropriate antibiotic use
(eg, per resident, per 1000 bed days, per antibiotic prescrip-
tion). Studies reporting only rates of infection, resistant
organism colonisation, hospitalisation or mortality were
excluded, as were studies where the intervention did not
target antibiotic use for example, interventions consisting
only of infection control strategies. Due to the limited liter-
ature on this topic, the study designs were not restricted
to randomised trials. The study types eligible for inclusion
were: randomised trials, controlled before and after studies,
interrupted time series and before and after studies. Cross-
sectional studies were not eligible for inclusion.

Study selection

Two authors (MR, CG) independently reviewed the
title and abstracts of citations returned from the search
strategy, after removal of duplicates, to identify poten-
tially relevant citations for full-text review. The full-text of
all relevant citations were then reviewed independently
by two authors (MR, CG) using Covidence software to aid
the process.”® Discrepancies between the two authors in
the assessment of full-text articles were resolved through
discussion.

Data collection and data items
Data were extracted initially by one author (CG), and
then this was reviewed and refined by a second author

Raban Mz, et al. BMJ Open 2020;10:6028494. doi:10.1136/bmjopen-2018-028494

"1ybuAdoo Aq paroslold 1sanb Aq zz0z ‘9 yore uo jwodfwg uadolwg//:dny woly papeojumoq "0Z0Z Alenuer 6 Uo v6820-8T0Z-uadolwag/9eTT 0T Se paysiignd sy :uado CING


https://dx.doi.org/10.1136/bmjopen-2018-028494
https://dx.doi.org/10.1136/bmjopen-2018-028494
https://dx.doi.org/10.1136/bmjopen-2018-028494
https://dx.doi.org/10.1136/bmjopen-2018-028494
http://bmjopen.bmj.com/

(MR). The data extracted included study characteris-
tics (country, number of LTCFs included, study design),
outcomes of interest measured and results related to
these and intervention details. For overall antibiotic use
outcomes, the indicators extracted were the standard
indicators used to report antibiotic use:**" defined daily
doses per 1000 resident days (DDD/1000 days), days of
antibiotic therapy per 1000 resident days (DOT/1000
days), prescriptions (equivalent to antibiotic initiations)
per 1000 resident days, and percentage of residents on
an antibiotic. Indicators of the appropriateness of anti-
biotic use extracted were: the percentage of antibiotic
prescriptions that were appropriate decisions to treat an
infection with an antibiotic (appropriateness of decisions
to treat), and the percentage of antibiotic prescriptions
where the appropriate antibiotic was selected (appropri-
ateness of antibiotic selection). The methods for assess-
ment of antibiotic appropriateness were recorded, and
the appropriateness outcomes were stratified by infection
type (all infections, urinary tract infections (UTIs), respi-
ratory tract infections (RTIs)). The most common infec-
tion types in LTCF are UTIs, RTIs and skin and soft tissue
infections, accounting for over 90% of all infections.” ***
If interventions targeted all three infection types, they
were classified as targeting ‘all infections’. The timing
of outcome measurement in relation to the beginning
of intervention implementation (excluding any piloting
of the intervention) was also recorded. When studies
included process evaluations, the results of the process
evaluation were extracted.

Intervention details extracted included the infection
types and personnel who were targeted by the inter-
vention (eg, nurses, physicians, family/residents). The
Cochrane Effective Practice and Organisation of Care
(EPOC) group’s Taxonomy of Health System Interven-
tions was used as a guide to classify intervention compo-
nents.” Two authors (CG and MR) independently coded
the study interventions and resolved discrepancies in
coding by discussion. Online supplementary file 3 shows
the intervention taxonomy sub-categories applied, along
with their definitions.

Assessment of risk of bias in included studies

The risk of bias was assessed using the Cochrane EPOC
group’s criteria.” An assessment of the risk of bias of
studies provides an indication of the likely issues that may
bias study results. The Cochrane EPOC group’s risk of
bias tool is an extension of the Cochrane Collaboration’s
tool and includes items specific not only to randomised
trials, but non-randomised trials and controlled before-
and-after studies. The included studies were rated against
each criterion as having either a low risk, high risk or
unclear risk of bias.

The criterion assessing whether outcome assessment
was blinded was applied to each of the two categories of
outcomes of interest (overall antibiotic use and appro-
priate antibiotic use). Within this criterion we also
considered whether the study assessed the reliability

of outcome measurement. This is especially important
when considering the appropriateness of antibiotic use
as it requires clinical judgement, and previous studies
have shown that this can vary between assessors.’™
Studies without controls (interrupted time series or
before-after designs) were rated against three additional
criteria.

We considered whether the characteristics of the
facility residents were similar in the before and after
periods. Differences in the characteristics of the resi-
dents in the two periods could affect the outcomes of
interest. We also added two additional criteria related to
long follow-up periods (where other systemic changes
may influence outcomes) and retrospective study
designs, which increase the risk of bias of before-after
study designs.” Criteria requiring assessment of the
comparability of the control and intervention groups
were not considered as they are not applicable in these
study designs.

The risk of bias for all studies was rated independently
by two authors (MR and MB). Discrepancies in assess-
ment were resolved through discussion to arrive at a final
rating for each criterion. The risk of bias assessment tools
used are presented in full in online supplementary file 4.
A summary of risk of bias assessment score was assigned
to each study as follows: ‘low risk of bias’ when all criteria
were scored as ‘low’, ‘medium risk of bias’ if one to two
criteria were scored as ‘unclear’ or ‘high’, and ‘high risk
of bias’ if more than two criteria were scored as ‘unclear’
or ‘high’. RevMan™ software was used to collate and
present the risk of bias results.

Meta-analysis

Authors of papers containing insufficient information
to be included in the meta-analyses were sent emails
requesting additional data to be provided. Where suffi-
cient data were available, we conducted meta-analyses for
the outcomes of interest using random effects models
to pool the results. Since less than three studies for any
given outcome included control groups, only the results
from the intervention groups were included in the meta-
analyses. Relative risk ratios (RR) and their 95% CIs were
calculated. The conservative Knapp-Hartung approach41
was applied to account for heterogeneity between studies.
The meta-analyses results are presented using forest plots.
Between-study heterogeneity was evaluated using I* statis-
tics.* The potential for publication bias for each meta-
analysis was assessed by inspection of funnel plots and
statistical tests based on weighted linear regression of the
intervention effect on its SE.* Sensitivity analyses were
conducted using ORs. In addition, analyses were also
conducted for studies reporting results from different
post-intervention periods44 ¥ and different levels of
appropriateness of antibiotic selection affected results.*
All statistical tests were two-sided and were evaluated at a
significance level of 0.05. Analyses were carried out using
RV.3.5.0."
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Figure 1 Preferred Reporting ltems for Systematic Reviews

and Meta-Analyses flowchart of search strategy and
screening results. *There were two instances where two full-
text articles reported results from one study.

Patient and public involvement
There was no patient or public involvement in the design
or conduct of this study.

RESULTS

There were 19 studies (21 papers) assessed as eligible
for inclusion in this review (figure 1). #4710 855 Taple 1
presents the study characteristics. The majority of
studies were undertaken in North America (n=14),
four in Europe and one in Australia. Five were cluster
randomised trials,46 34575961 fye were controlled before-
after studies,50 53 56 62 64 o were interrupted time
series studies ®' and there were seven before-after
studies. 0 #8 5260616365 Thirteen studies measured overall
antibiotic use and 10 the appropriateness of antibiotic
use. Data were received in 3 out of 10 cases. Informa-
tion reported in included studies or reported by authors
allowed us to perform meta-analyses for three outcome
measures: percentage of residents on antibiotics, appro-
priateness of decision to treat (any infection) and appro-
priateness of antibiotic selection (for RTIs).

Description of interventions

Interventions were aimed at improving antibiotic use

for all infection types in eight studies, 0 5! 57 59 61 6465
: o 49 52 54 56 63 : . (505358

UTIs in five studies, RTIs in three studies

and both UTIs and RTlIs in three studies® ® % (table 1).
The health professionals targeted by interventions were
most commonly both physicians and nurses (n=14).
Four studies™ ® ®' ** also targeted facility residents and/
or their families (table 1). All studies used interventions
involving multiple components (table 2). Education strat-
egies were an intervention component in the majority of
studies (n=17),* #5045 fo1owed by the promotion of
clinical practice guidelines (n=15),* *0 4850 52-54 56-59 62 64
which in a further seven studies were adapted to the local
context.*? ¥ 7 9658 60 Ay dit and feedback interventions
used in five studies involved reporting on antibiotic
prescribing to the facility or to physicians.”® *” %% Four
studies assessed an intervention which included an infec-
tious disease team who provided advice to physicians on
appropriate antibiotic use for individual cases of infec-
tion.* 1 %% The least common intervention component
was information and communication technology (ICT;
n=2)," * which was used in one study to provide physi-
cians with prescribing guidelines,* and in the other study
to change default stop dates for some antibiotics, as well
as improved ease of access to guidelines.”

Risk of bias in included studies
All but two studies™ *” were rated as having an overall
high risk of bias (table 1). Figure 2 shows the risk of bias
assessments against each of the criteria for each study.
In studies with controls, allocation concealment and
random sequence generation were identified to be at a
high risk of bias in eight and five studies, respectively. This
is largely due to the high proportion of controlled before-
after studies which did not undertake a randomisation
process.” The blinding and reliability of measurement of
antibiotic appropriateness outcomes were judged to be at
a high risk of bias in all studies with controls (n=7).
Eight of nine studies without controls did not consider
the potential bias of changes in resident characteristics in
the before-and-after intervention periods, and thus had
a high risk of bias for this criterion (figure 2). Similarly,
to controlled studies, the two studies without controls
reporting appropriateness of antibiotic use outcomes had
a high risk of bias for the blinding and reliability criterion.
Online supplementary file 5 presents the summary of
the risk of bias assessment.

Overview of intervention effectiveness

Of the included studies, only eight showed a statistically
significant improvement in the outcomes of interest
(table 2).%7 4649516365 P ege studies used three interven-
tion components more frequently compared with the
studies without significant effects on outcomes. These
components included: audit and feedback (three®* of
five®® °7 %% studies had significant effects), introduction
of care pathways (three'® ™ % of five® %% ¢! % studies
had significant effects) and use of an infectious disease
team (three®®® % of four®® %7 % studies had significant
effects). However, five®™ * °1 %% of the eight studies that
showed an improvement in outcomes used study designs
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Figure 2 Risk of bias assessment results for each study.
Blank sections in this graph are due to criteria not being
applicable to all studies. RT, CBA — criterion applicable to
randomised trials and controlled before-and-after studies.
ITS, BA — criterion applicable to before-after and interrupted
time series studies.

without controls and all eight studies were rated as having
a high risk of bias (table 2).

Effectiveness of interventions to reduce the overall antibiotic
use among LTCF residents
Twelve studies® * °! 799 reported the impact of inter-
ventions on overall antibiotic use. Three® ** % of these
reported changes in the percentage of residents on an
antibiotic, three*® ® % changes in the DDD per 1000 resi-
dent days, three” ® % changes in DOT per 1000 resident
days and five® ** ' %% changes in the number of antibi-
otic prescriptions per 1000 resident days.

Only the three studies” *** reporting changes in the
percentage of residents on antibiotics after the interven-
tion contained sufficient information to be included in a

Before intervention  After intervention

Author(s) and Year Event Total Event Total Relative Risk [95% CI]

Fleetetal , 2014 53 825 55 838 »-. 102[071,147]
i 0.74[0.61,0.90]

0.88[0.77,1.00]

Rummukainen etal 2012 203 1221 149 1211 -
Pettersson etal., 2011 363 1304 315 1373 -

RE Model for All Studies (Q =3.18, df =2, p = 0.20; I = 34.2%) — 085[0.61,1.18]

Relative Risk

Figure 3 Forest plot of studies reporting intervention effect
on the percentage of residents on antibiotics. Events are
number of residents on antibiotics and total was number of
residents. RE is random effects.

meta-analysis. All three studies were rated as having a high
risk of bias. One™ of these studies showed a small reduc-
tion (RR: 0.74; 95% CI: 0.61 to 0.90) in residents’ use of
antibiotics (figure 3). The three studies were found to be
homogeneous (heterogeneity between studies: 1*=34.2%,
p=0.2). Overall, the interventions did not have a signifi-
cant effect on residents’ antibiotic use (pooled RR: 0.85,
95% CI: 0.61 to 1.18, p=0.2) (figure 3). There was no
evidence of publication bias (p=0.9). Sensitivity analyses
were conducted using different post-intervention periods
from Rummukainen et al (2012).* There was little differ-
ence in the results (post 24 months: pooled RR: 0.85,
95% CI: 0.60 to 1.19, p=0.2; post 36 months: pooled RR:
0.83,95% CI: 0.52 to 1.33, p=0.2).

One of the three studies measuring intervention effects
on DDD per 1000 resident days reported a statistically
significant 5% reduction in total antibiotic use post-
intervention in comparison to the control group.46 The
other two studies did not report statistically significant
changes in DDD per 1000 resident days.60 62

The three uncontrolled studies reporting the DOT per
1000 resident days51 0365 a1 reported statistically signif-
icant reductions in antibiotic use ranging from 20% to
35%. Two studies reporting intervention effects on the
number of prescriptions per 1000 resident days reported
statistically significant decreases in the order of 5%* and
28%,64 but three further studies showed no change.54 6162

Detailed results are shown in online supplementary file

6.

Effect of interventions on appropriateness of the decision to
treat with an antibiotic

Five studies* *° =% reported on the impact of interven-
tions on the appropriateness of decisions to treat infec-
tions with an antibiotic. Three of these were on decisions
to treat any infection,*® * ® three for UTIs*® *** and one
for RTL® To assess whether antibiotic use was appro-
priate, four studies*®*° % ® looked at adherence to various
guidelines, and one® used a panel of experts to assess
each antibiotic orders.

The three studies*® *' ® reporting the appropriateness
of the decision to treat any infection with antibiotics
contained sufficient information to be included in a
meta-analysis; none of these studies reported a significant
effect of the intervention on the appropriateness of the
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A

Before intervention  After intervention

Author(s) and Year Episodes Total  Episodes Total Relative Risk [95% CI]

Sloane etal., 2014 22 30 47 55 -
Fleet2014 16 139 26 135 - —
van Buul et al, 2015 278 339 233 295

1.17[0.92, 1.48]
1.67[0.94, 2.98]
0.96(0.89,1.04]

RE Model for All Studies (Q =542, df=2, p=0.07; I’ = 63.7%) — 1.101[0.64, 1.91]

m
06 3
Relative Risk
B
Before intervention  After intervention
Author(s) and Year Episodes Total Episodes Total Relative Risk [95% CI]
Colon-Emeric, 2009 27 35 18 21 -- 1.11[0.86, 1.43]
Hutt et al.,, 2006 13 21 19 24 —-— 1.28[0.86, 1.90]
van Buul etal, 2015 10 110 8 81 —— 1.09[0.45,2.63]
RE Model for All Studies (Q = 0.37, df =2, p=0.83; = 0.0%) - 1.15[0.95, 1.40]
T 1

Relative Risk

Figure 4 Forest plots of studies reporting intervention
effect on the appropriateness of antibiotic use. Panel

A: appropriateness of decision to treat any infection

with antibiotics (episodes are number of episodes with
appropriate treatment decision and total was number of
orders). Panel B: appropriateness of antibiotic selection for
respiratory tract infections (episodes are number of episodes
on appropriate antibiotics and total was number of orders).
RE is random effects.

decision to treat. All three studies were rated as having a
high risk of bias. Overall, the intervention did not have
a significant effect on the appropriateness of decisions
to treat (pooled RR: 1.10, 95% CI: 0.64 to 1.91, p=0.5)
(figure 4). The studies were not found to have signifi-
cant heterogeneity (p=0.07), but had a relatively high
value of I? (63.7%). There was evidence of publication
bias (p=0.01). The sensitivity analysis showed little differ-
ence in the results when using the partial appropriateness
assessment results by Fleet et al (2014)* (pooled RR: 0.98,
95% CI: 0.78 to 1.24, p=0.8).

Three studies examined the impact of interventions
on the decision to treat UTIs or asymptomatic bacteri-
uria.”® % Only one before-after study showed a statis-
tically significant reduction in inappropriate decisions
to treat asymptomatic bacteriuria with antibiotics (from
67.6% to 44.0%, p=0.022), while the two other studies
showed no statistically significant improvement in the
appropriateness of decisions to treat UTIs or asymptom-
atic bacteriuria with antibiotics.”® **

One study examined the proportion of RTIs appropri-
ately treated with an antibiotic and reported no changes
after the intervention compared with the control facilities
(odds ratio: 0.97; 95% CI: 0.42 to 2.27).% However, 89%
of treatment decisions were deemed appropriate at base-
line, leaving little room for improvement.

Detailed results are shown in online supplementary file

7.

Effect of interventions on appropriateness of the antibiotic
selected

Six studies reported on the impact of inter-
ventions on the appropriateness of antibiotic selection.
Two®” ® of these reported on antibiotic selection for any
infection, two*® %2 for UTIs and four®® ®° %% % for RTIs. To
assess whether antibiotic selection was appropriate, five
studies®® 3 %7 02 ysed various guidelines, and one’! an
expert panel to assess antibiotic orders.

Only three of four studies*** ** reporting the effects of
interventions on the appropriateness of antibiotic selec-
tion for the treatment of RTI contained sufficient infor-
mation to be included in this meta-analysis; none of these
studies reported a significant effect on appropriateness
of antibiotic selection (RTT). All three studies were rated
as having a high risk of bias. The studies were found to
be homogeneous (heterogeneity between studies: 1°=0%,
p=0.8). Overall, the intervention did not have a signifi-
cant effect on the appropriateness of antibiotic selection
(pooled RR: 1.15,95% CI: 0.95 to 1.40, p=0.09) (figure 4).
There was no evidence of publication bias (p=0.9).

The one study reporting the effect of the intervention
on the appropriateness of antibiotic selection for RTT that
was not included in the meta-analysis, also did not show
a statistically significant improvement in this outcome.”

The two studies reporting intervention effects on the
appropriateness of antibiotic selection for any indication
showed no improvements post—intervention.57 ' However,
they both reported high baseline levels of appropriate
antibiotic selection at 84%"" and 90%" of antibiotic
orders. The two studies reporting intervention effects
on the appropriateness of antibiotic selection to treat
UTIs also did not demonstrate a significant intervention
effect.*® %

Detailed results are presented in online supplementary
file 7.

48 50 53 57 61 62

Staff perceptions of interventions and levels of intervention
uptake as reported in process evaluations

Seven studies conducted process evaluations of their
intervention.* *"?°%1 % One study used a qualitative inter-
view approach to ascertain the perspectives of LTCF staff
on the lack of effect of the intervention on the appro-
priateness of antibiotic prescribing.” The key issues iden-
tified included the high baseline level of appropriate
prescribing which was difficult to further improve, a lack
of motivation on the part of the physicians to improve
prescribing and high physician turnover in the facili-
ties. Another study reported that physicians had posi-
tive opinions of the implemented computer algorithms,
however there was infrequent use of the algorithms
to support decision-making.”® A third study’® * identi-
fied a lack of buy-in from nurses, difficulty in getting
physicians to change practices and family expectations
of antibiotics as barriers to compliance with the imple-
mented clinical guideline. Continued use of the guide-
lines after the discontinuation of the study was hampered
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by difficulties in changing long-standing practices and
ensuring adequate training of new staff.”*>*

Four other studies assessed the uptake of the interven-
tions either by facilities or individuals targeted by the
interventions.* * *° " One of these studies implemented
two forms to be completed by nursing staff for all resi-
dents newly commenced on an antibiotic.”® They found
that on average the two forms were 100% complete in
only 31% and 46% cases. Another study also examined
the use of implemented forms by staff to communicate
acute medical issues including infections.”’ They found
that uptake was low immediately following implementa-
tion of the intervention (less than half of all infections
had a completed form), but increased over the 15month
study period to double the initial levels. Another study
examined intervention component uptake by facilities
and found that not all intervention components were
implemented in the intervention facilities and that some
components were implemented in the control group
(eg, immunisation policy, emergency medication Kkit
containing correct antibiotics).”® Finally, McMaughan et
al assessed the use of a decision-making aid for suspected
UTIs implemented as part of their intervention.”® They
found large differences between facilities in terms of the
rates of use, with some facilities rarely using the aid (ie, in
less than 25% of UTI cases). Their posthoc analysis strat-
ified facilities into high and low intervention adherence
groups and showed a significant reduction in inappro-
priate antibiotic prescriptions among the high interven-
tion adherence facilities, which was in contrast to their
intention-to-treat analysis which showed no intervention
effect.

DISCUSSION

Main findings

This systematic review and meta-analysis showed there is
insufficient evidence supporting the effectiveness of inter-
ventions to reduce overall antibiotic use and increase the
appropriateness of antibiotic use in LTCFs. Meta-analysis
showed no statistically significant reductions in overall
antibiotic use as measured by the percentage of residents
on antibiotics. Most studies showed no reductions in
other measures of overall antibiotic use, including DDD
per 1000 resident days and the number of prescriptions
per 1000 resident days. The two studies* ** reporting
significant changes on these outcomes showed very
marginal improvements. Three before-after studies with a
high risk of bias showed significant decreases in antibiotic
DOT per 1000 resident days.”' % Interventions had little
effect on the appropriateness of decisions to treat or on
antibiotic selection, with only one study with a high risk of
bias showing statistically significant improvements in the
decision to treat with antibiotics.”®

Implications for practice and policy
LTCFs are a challenging setting for antibiotic interven-
tions due to factors such as doctors being off-site, older

populations being more susceptible to infection and
having less specific symptoms of infection and other stake-
holders’ (eg, family, staff) preferences for treatment with
antibiotics.””® These factors may explain some of the
findings from the process evaluations which reported that
adoption of interventions by facilities and staff within the
facilities was low, and varied between facilities. Further-
more, contributing factors including high staff turnover
and lack of physician motivation to change prescribing
behaviours can be difficult to overcome and pose sustain-
ability challenges for interventions. Interventions such
as education and implementation of clinical guidelines
are unlikely to overcome these challenges, particularly
in the relatively short period of time it takes to run a
trial. Thus, knowledge of the local culture and context
are important factors to consider when selecting and
planning interventions. Furthermore, an understanding
of the specific antibiotic prescribing patterns and issues
in LTCFs will also assist in guiding where intervention
efforts should be directed. For example, some studies had
higher rates of appropriateness of decisions to treat infec-
tions with antibiotics compared with appropriate antibi-
otic selection,”™ % and others reported high baseline rates
of appropriate antibiotic prescribing, leaving little room
for improvement. The variability in antibiotic prescribing
among LTCF physicians has also been highlighted in the
literature.” It would be useful for LTCFs to understand
antibiotic use patterns prior to implementing interven-
tions so that problem areas are targeted.

The interventions implemented in the included studies
had varying components, targeted different stakeholders
in LTCF resident’s care and different infection types. This
makes it difficult to ascertain which intervention compo-
nent or combination of components are most likely to
be effective. However, the studies which showed signifi-
cant improvements in antibiotic prescribing had some
common intervention components. These included
audit and feedback, introduction of care pathways and
an infectious diseases team being available to advise on
prescribing. Despite this, it is not possible to draw any
concrete conclusions about these intervention compo-
nents since the studies in question were mostly uncon-
trolled studies which limits the ability to make causality
links between the intervention and effects. Future studies
should explore these components further to ascertain
their effectiveness.

Since physicians involved in prescribing antibiotics in
LTCFs are based in primary care practices, we can look
toward some of the recent innovative approaches to
improving antibiotic use in primary care. Recent studies
have shown that periodic prescriber feedback with peer
comparison is more effective in changing prescribing
practices than other interventions, including education
strategies.”””® Peer comparison, which was not used in
any of the studies included in this review, is a behavioural
economics theory driven intervention that could be
explored further in the LTCF setting. These interventions
involve providing physicians who are high prescribers of
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antibiotics, feedback on their antibiotic prescribing levels
relative to their peers. Such interventions require timely
information on prescribing levels. ICT provides a good
opportunity to obtain timely data, as well as a platform
for providing feedback on antibiotic use and prescribing
levels; however it is currently underexploited for these
purposes in LTCFs.

Strengths and limitations

This review has several strengths. We conducted meta-
analyses on the effects of antibiotic use interventions in
LTCFs on measures of overall and appropriateness of
antibiotic use. Furthermore, our results are grouped into
key indicators which allows a clear summary of interven-
tion outcomes. Our inclusion of the results of the process
evaluations is unique, shedding some light on the chal-
lenges faced by LT'CFs implementing antibiotic interven-
tions, and aids in explaining some of the results. Another
strength was our use of a broad search strategy to maxi-
mise capturing relevant studies.

The main limitation of this systematic review and
meta-analysis is the small number of included studies.
This is further amplified by the lack of consistency in
the outcomes and descriptive statistics reported. Addi-
tionally, because of the lack of controlled studies, our
meta-analyses included only results from the intervention
groups of studies. The inclusion of studies other than
randomised trials or controlled studies, while allowing us
to present more results, also meant that the meta-analyses
need to be interpreted keeping the risk of bias in mind.
Furthermore, the methods for assessing the appropri-
ateness of antibiotics varied between studies limiting the
comparability and generalisability of these results.

Lastly, since we ran our searches in November 2018,
we have identified three more articles describing before-
after studies of interventions to improve antibiotic
prescribing in LTCFs that meet our inclusion criteria.
One study evaluated the impact of an educational inter-
vention to improve antibiotic use for UTIs in 10 Cana-
dian LTCFs and reported a 26% decrease (adjusted
incidence rate ratio=0.74, 95% CI: 0.47 to 0.74) in the
overall number of antibiotic prescriptions per 1000 resi-
dent days."” The second study, in seven Canadian LTCFs,
reported a decrease in the use of antibiotics for asymp-
tomatic bacteriuria from 90% pre-intervention to 62.9%
postintervention (p=0.003), following an educational
intervention.” The third study reported that the imple-
mentation of new guidelines and physician-pharmacy-
nurse quality circles resulted in a 22% reduction in
overall antibiotic use over a 6-year period.”* However, it is
not possible to attribute the reductions in antibiotic use
to the interventions alone due to the absence of a control
group, and the inclusion of these studies in our review
would not change our conclusions.

Future research
High quality studies are required to test the effectiveness
of interventions to improve antibiotic use in LTCFs. Study

designs should include controls as otherwise it is very diffi-
cult to account for external factors influencing outcomes
in health services research. This fact is driven home by two
of the included studies which showed improvements in
outcomes in the control LTCFs, as well as the intervention
LTCFs.” ® Without comparison to the control groups,
drawing conclusions about the effects of the interven-
tions would be different. Planning of outcome measures
also requires careful consideration. For example, indica-
tors of overall antibiotic use measure different aspects of
use® ™ ™ and should be carefully selected based on the
intervention planned. An intervention may not reduce
the prevalence of antibiotic use, but may reduce the days
of treatment, also an important outcome. Lastly, planned
interventions should pay close attention that the imple-
mentation processes are relevant to the local context to
ensure adequate intervention adoption in order to effect
change.” Carefully planned process evaluations can also
assist with illuminating where and under what conditions
the interventions are successful or otherwise.” Realistic
evaluation is one such approach which considers inter-
vention context, mechanisms and outcome in tandem.”

CONCLUSIONS

In this systematic review and meta-analysis, we reported
that interventions were no more effective than usual care
in improving antibiotic use in LTCFs. In the context of the
global challenge of antibiotic resistance and ageing popu-
lations, the lack of evidence on interventions to improve
antibiotic use in LTCFs is a major gap. The paucity of
high quality studies and the heterogeneity in reported
measures of antimicrobial use calls for more rigorous
study designs, utilising a control group and standardised
measures of reporting antibiotic consumption. Process
evaluations are an important component of future studies
in order to inform further intervention development and
implementation in these complex settings.
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