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Objective: To synthesize evidence assessing the effectiveness of quality improvement (QI) interventions
in reducing hospital service use from nursing homes (NHs).
Design: Systematic review and meta-analysis of randomized controlled trials (RCTs), controlled before-
after (CBA), uncontrolled before-after (UBA), and interrupted time series studies. Searches were con-
ducted in MEDLINE, CINAHL, The Cochrane Library, Embase, and Web of Science from 2000 to August
2023 (PROSPERO: CRD42022364195).
Setting and Participants: Long-stay NH residents (>30 days).
Methods: Included QI interventions using a continuous and data-driven approach to assess solutions
aimed at reducing hospital service use. Risk of bias was assessed using JBI tools. Delivery arrangements
and implementation strategies were categorized through EPOC taxonomy.
Results: Screening of 14,076 records led to the inclusion of 22 studies describing 29 QI interventions from
6 countries across 964 NHs. Ten studies, comprising 4 of 5 RCTs, 3 of 4 CBAs, and 1 of 12 UBAs were
deemed to have a low risk of bias. All but 3 QI interventions used multiple component delivery ar-
rangements (median 6; IQR 3-8), focusing on the “coordination of care and management of care pro-
cesses” alone or combined with “changes in how, when, where, and by whom health care is delivered.”
The most frequently used implementation strategies were educational meetings (n ¼ 25) and materials
(n ¼ 20). The meta-analysis of 11 studies showed a significant reduction in “all-cause hospital admis-
sions” for QI interventions compared with standard care (rate ratio, 0.60; 95% CI, 0.41-0.87; I2 ¼ 99.3%),
with heterogeneity due to study design, QI intervention duration, type of delivery arrangements, and
number of implementation strategies. No significant effects were found for emergency department (ED)
visits or potentially avoidable hospitalizations.
Conclusions and Implications: The study provides preliminary evidence supporting the implementation of
QI interventions seeking to reduce hospital admissions from NHs. However, these findings require
confirmation through future experimental research.
� 2024 The Author(s). Published by Elsevier Inc. on behalf of Post-Acute and Long-Term Care Medical
Association. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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Nursing homes (NHs) are among the primary providers of long-
term care services across both the United States and Europe.1,2

Approximately 25% to 50% of NH residents are hospitalized every
year,3-5 with 4% to 55% of these hospitalizations considered potentially
avoidable.6,7 Although distinguishing between avoidable and non-
avoidable admissions can be challenging because of complex health
conditions prevalent among NH residents, there is a general
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consensus that certain acute conditions, could be prevented or
managed in a way that would not require hospitalization.8-11 Hospi-
talizations among this fragile population often lead to an increased
risk of adverse events.6 In addition, communication breakdowns be-
tween health care settings can result in care that is misaligned with
the wishes of the residents or their families, causing distress,
discomfort, and higher costs.12

In the past decades, there has been significant investment in
quality improvement (QI) interventions aimed at reducing hospitali-
zations among NH residents.13-17 QIs are structured as complex in-
terventions that progress through phases, each informed by the
previous one, specifically designed to implement and continuously
improve care delivery.18 The core premise of a QI intervention is to
organize the improvement process using an iterative and customized
approach to evaluate the changes introduced.19,20 For QI intervention
to be effective, full engagement from all organizational members,
including management, is essential. This involves a clear acknowl-
edgement and understanding of the issue at hand and empowerment
to develop innovative solutions.21

QI interventions typically facilitate the translation of research ev-
idence into clinical practice through multiple delivery arrangements,
which refer to the changes implemented to achieve improvements.22

Such changes in delivery arrangements may include transformative
adjustments in the organizational structure, including modifications
to the logistics of service provision, the personnel providing care,
advancements in information and communication technology (ICT)
resources, as well as strategies to ameliorate the coordination of the
care process.23

In addition to delivery arrangements, recent advancements in
implementation science have evidenced the importance of strategies
that favor sustainable changes in real-world settings.24 In this regard,
a wide range of activities, including education programs or local
consensus processes, have been shown to improve project imple-
mentation outcomes (ie, project fidelity and acceptability), thereby
directly influencing the effectiveness of the intervention itself.25

This study used an adapted version of the implementation
research conceptual model to guide the research question.26 Accord-
ing to the model, delivery arrangements and implementation strate-
gies are interconnected aspects that affect different and interrelated
outcomes, including implementation (eg, fidelity measures) and
resident outcomes (eg, hospitalization rates).

Our preliminary search has failed to identify any registered or
published protocols specifically addressing this topic. Indeed, previous
systematic reviews have either focused on the rate of avoidable 30-
day readmissions from skilled nursing facilities or analyzed the
quality of QI interventions in NHs, including descriptions of staff
training initiatives.27,28

Given the existing lack of evidence summarizing the effectiveness
of QI interventions in preventing hospitalizations from NHs, this
systematic review and meta-analysis aims to evaluate the effective-
ness of QI interventions in reducing hospitalizations among NH resi-
dents, analyzing the contribution of their delivery arrangements and
implementation strategies.

Methods

A systematic reviewwithmeta-analysiswas conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement.29 The protocol for this review is regis-
tered in the PROSPERO database and described in detail elsewhere.30

Search Strategy

The literature search spannedMEDLINE, CINAHL, Cochrane Library,
Embase, and Web of Science databases, targeting publications from
January 1, 2000, to August 31, 2023. This timeframe was chosen based
on a previous review that had not retrieved QI interventions in NH
settings before that date.31 No language restrictions were imposed.

After an initial search conducted on MEDLINE via PubMed, we
collaborated with an expert librarian to devise a comprehensive
search strategy that used a combination of controlled and free-text
terms using Boolean operators AND/OR. The search focused exclu-
sively on peer-reviewed publications; gray literature was excluded.
Finally, wemanually screened the reference lists of included studies to
identify additional papers. Zotero software was used to remove du-
plicates. The complete search strategy is detailed in the published
protocol.30

Selection Criteria

We selected studies based on predefined eligibility criteria,
considering the PICO elements.32

� Population: we included studies focusing on long-stay NH
residents, defined as individuals who had resided in the facility
for at least 30 days. We excluded studies on short-term stay
individuals, such as those receiving rehabilitation services or
respite care. NHs in this context refer to facilities providing
accommodation and nursing care services to individuals who
are no longer independent or have disabilities.33

� Intervention: QI interventions were defined as dynamic ap-
proaches that design, test, and implement changes in clinical
practice, using real-time measurement to improve safety and
quality of care.34 Eligible studies needed to describe at least 1
implementation strategy among those included in the EPOC
taxonomy of health system interventions.23 It was not
mandatory to employ a formal model for improvement [eg,
plan-do-study-act (PDSA) or Lean]. QI collaboratives (QICs),
involving multiple institutions, were also considered eligible.35

� Comparison: eligible studies were required to compare the
effects of the QI interventions with the standard care.

� Outcomes: the primary outcome of the review was hospital
admissions for any cause, and the secondary outcomes included
emergency department (ED) visits, potentially avoidable hos-
pitalizationsdas defined by the authors using all the existing
metricsdhospital readmissions, end-of-life hospitalizations,
ambulance calls, and conveyances to hospital. We considered
both self-reported and data extracted from a database.6

� Study design: we included randomized controlled trials (RCTs),
controlled before-after trials (CBAs), uncontrolled before-and-
after trials (UBAs), or interrupted time series (ITSs) with at
least 3 data points before and 3 after the intervention.

Two reviewers (I.B. and S.G.) independently screened the titles and
abstracts of the studies. Full texts of selected studies were then
thoroughly assessed according to PICO criteria. In case of doubt, a
consensus was reached through discussion.

Risk of Bias and Quality Assessment of the QI Intervention

The risk of bias in the included studies was independently assessed
by 2 reviewers (I.B. and S.G.) using the Joanna Briggs Institute Critical
Appraisal Tools tailored for RCTs and quasi-experimental studies.36

These tools offer a range of criteria to score based on whether they
are fulfilled (Yes ¼ 2), unclear (¼ 1), not fulfilled (No ¼ 0), or not
applicable. For RCTs, the highest possible score is 22. Because of the
nature of the studies, items assessing the blindness of participants and
those administering the intervention were excluded. The maximum
score for quasi-experimental studies is 18.
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Studies were classified as high quality if the specified criteria were
present in more than 80% of responses, moderate quality for per-
centages between 60% and 80%, and low quality when less than 60%.
All studies were included in the review regardless of their methodo-
logical quality outcomes.

In addition to the risk of bias, the quality of the QI interventions
themselves was assessed using the QI Minimum Quality Criteria Set
(QI-MQCS).37 This tool comprises 16 items, each requiring a dichoto-
mous response to determine whether the study meets the minimum
quality standards.

Data Extraction

Data extraction was performed independently by 2 authors (I.B.
and S.G.). The changes for improvement and implementation strate-
gies were classified according to the “Delivery Arrangements” and
“Implementation Strategies” domains of EPOC taxonomy of health
system interventions, respectively.23 Delivery arrangements were
organized into the 5 categories of the domain:

� How and when care is delivered (5 subcategories)
� Where care is delivered and changes to the health care envi-
ronment (5 subcategories)

� Who provides care and how the health care workforce is
managed (9 subcategories)

� Coordination of care and management of care processes (16
subcategories)

� ICT (4 subcategories)
Implementation strategies were framed into 3 broad areas:

� Interventions targeted at health care organizations
� Interventions targeted at health care workers
� Interventions targeted at specific types of practice, conditions,
or settings

Data Synthesis

Data from included studies were aggregated for meta-analysis
using Stata/SE V.17 software. Given that the outcome measures
were different across studies, the rate ratios (RRs) along with their
95% CIs were calculated. A random-effects model was used to pool
the data.

Statistical heterogeneity in the metanalysis was evaluated using
the I2 statistic, which is considered high if values exceed 75%. In cases
in which fewer than 10 studies were included, the H2 statistics were
used, with values less than 1.88 deemed acceptable.38 The authors
were asked to supply missing data.

To further examine sources of heterogeneity, subgroup analyses
were performed based on the following factors: (1) the duration of the
QI (<6 months, between 7 and 12 months, or > 12 months); (2) the
type of delivery arrangements; and (3) the number of implementation
strategies (�5 or � 6). These analyses were stratified by study design
(ie, RCT, CBA, and UBA).39

Delivery arrangements were dichotomized into 2 groups: (1) those
focusing solely on the coordination and management of care pro-
cesses, and (2) those that combined coordination and management of
care processes with at least 1 of the following EPOC categories: (1)
changes in how andwhen care is delivered, (2) where care is delivered
and changes to the health care environment, (3) modifications in who
provides care and how the health care workforce is managed, and (4)
adjustments in ICT. The second group, which combined more EPOC
categories, was described as “changes in how, when, andwhere health
care is organized and delivered, and who delivers health care.”
Because of the limited number of retrieved studies, we chose not to
perform a sensitivity analysis based on quality appraisal.
Results

Selection Process

After duplicate removal, a total of 14,076 citations were identified
(Supplementary Figure 1). A total of 206 citations were assessed in full
text. From these, most were excluded for various reasons: they
focused on other populations (n ¼ 27), used approaches other than QI
interventions (n¼ 49), measured different outcomes (n¼ 25), or used
alternative study designs (n¼ 83) (Supplementary Table 1). Finally, 22
studies were included in the systematic review.

Study Characteristics

Of the 22 studies included, 5 (23%) were RCTs,14,16,40-42 4 were
CBAs (18%),17,43-45 12 (55%) were UBAs,15,46-56 and 1 (4%) was an ITS
(Table 1).57 These studies were conducted between 2000 and 2021
and reflected a wide geographic distribution: 6 studies (27%) each
from the United Kingdom and the United States,15-17,41,42,45,48,51,54-57

4 (19%) from Canada,47,50,52,53 3 (14%) from New Zealand,14,40,46 2
(9%) from Australia,43,49 and 1 (4%) from Europe.44

As summarized in Table 1, most studies described a single QI
intervention using a single set of implementation strategies, although
therewere exceptions. Vadnais et al reported on 7 QI interventions led
by 7 organizations across various US states.45 Lisk et al presented a 2-
phase project (part 1-2), with each phase testing different QI in-
terventions, and Rask et al compared 3 different sets (A, B, C) of
implementation strategies to deliver a single QI intervention.51,54

Overall, the 22 studies assessed 29 QI interventions, using 32 sets of
implementation strategies.

Participants

A total of 964 NHswere recruited (median 20, range 1e175), with a
pre-intervention hospitalization rate ranging from 0.8814 to 7.32 per
1000 resident/bed-days.56 In terms of participation, 238,487 NH res-
idents were involved across 12 studies that provided this informa-
tion.14,16,40-42,44,45,47-50,55

QI Intervention Characteristics

Of the 29 QI interventions assessed, 11 (38%) were based on a
theoretical framework or used the PDSA model for
improvement.14,15,41,42,47,48,(part 1-2)51-53,57 The median QI intervention
duration was 12 months (IQR 6e18).

Another 12 of 290 QIs (41%) were QIC interventions, which facili-
tated the collaborations between NHs and primary care providers or
acute hospital settings.14,40,43,44,46,48,49,57,(part 1-2).51,55,56

Overall, the 29 QI interventions used 161 delivery arrangements
(Table 1). Although most QI interventions primarily implemented
multicomponent delivery arrangements (median 6, IQR 3e8), 3 were
based on a single-component delivery arrangement.15,47,53

All QI interventions used delivery arrangements related to the
coordination of care and management of care processes.
These arrangements were implemented exclusively
(n ¼ 11)15-17,41,42,44,47,48,53,54,56 or in combination with changes in
others. For those that integrated additional strategies, changes
included adjustments in “how and when care is delivered”
(n ¼ 10),14,43, (Alabama, Indiana, Missouri, Nebraska, Nevada, NewYork, Penn-

sylvania)45,49 “where care is delivered and changes to the health
care environment” (n ¼ 10),14,40,46,50,(part 1-2)51,52,(Nebraska)45,55,57

“who provided care and how the health care workforce is
managed” (n ¼ 5), (Indiana, Missouri, Nebraska, Nevada, Penn-
sylvania) or envisaged “changes in ICT” (n ¼ 9).14,43,49, (part 1-2)51,57,

(Missouri, New York, Pennsylvania).45



Table 1
Delivery Arrangements and Implementation Strategies Employed by QI Intervention

Delivery Arrangements N ¼ 29
QI* (%)

Implementation Strategies N ¼ 32
Set (%)

Coordination of care and management of the care processy 29 Interventions targeted at health care workersy 32
Case management16,17,40-43, (AL,IN,MO,NE,NV,PA,NY)45-47,49,54-56 19 Educational meetings14-17,40,41,43,(AL,IN,MO,NE,NV,NY,PA)45-49,52,53,

(A,B,C,)54,55,57
25

Continuity of care16,17, (AL,IN,MO,NE,NV,PA,NY)45,50,(part1-2)51,54,56 14 Educational
materials16,17,42,44,47,48,50,52,53,(AL,IN,MO,NE,NV,NY,PA)45,(A,B,C,)54,55

20

Shared decision-making16,17,40,46,(IN,NY,PA,NV)45,50,52-56 14 Continuous QI15-17,41,42,(AL,MO,NV,PA)45,48,49,(part1-2)51,52,(A)54-57 18
Care pathways14,16,17,42,43,(AL,IN,NV,NY,PA)45,49,54,56,57 14 Audit and feedback15,17,41,44,(AL,MO,NV,NY)45,47,48,(part1-2)51-53,(A)54,55,57 17
Communication between providers16,17,42,(AL,IN,MO,NE,NV,NY,PA)45,48,49,54,56 14 Local consensus processes14-17,41,42,44,47,(IN)45,48,50,(A,C)54,56 14
Disease management15,16,44,(AL,IN,MO,NE,NV,NY,PA)40,41,45,46 13 Local opinion leaders14-17,41,(AL,IN)45,48,(A,B)54-56 12
Transition of care16,17,43,(AL,IN,MO,NE,NV,NY,PA)45,49,54,56 13 Communities of practice16,17,40,42,(AL,MO)45,46,50,53,56,57 11
Integration14,40,43,44,46,48,49,(part1-2)51,55-57 12 Reminders16,17,(AL,MO,NV,NY)45,56,(A,B,C)54 10
Teams40,46,(part1-2)51,55,57 6 Educational outreach visits, or academic detailing15,41,(AL,NY)45,48,50,(C)54 7
Comprehensive geriatric assessment14,43,49,(IN)45 4 Tailored interventions40,41,44,(PA)45,46,50 6
How and when care is deliveredy 10 Patient-mediated interventions(IN)45,50,52,53,55 5
Coordination of care among different providers14,43,(AL,IN,MO,NE,NV,NY,PA)45,49 10 Inter-professional education14,44,56 3
Triage43,49 2 Monitoring the performance of the delivery of healthcare40,44,56 3
Quality and safety system(NV)45 1 Routine patient-reported outcome measures(NV)45,55 2
Where care is provided and changes to the healthcare environmenty Managerial supervision(A,B)54 2
Outreach services14,40,(NE)45,46,50,(part1-2)51,52,55,57 10 Clinical incident reporting15 1
Site of service delivery(part2)51 1 Interventions targeted at health care organizations 10
Who provides care and how the health care workforce is managed Organizational culture15,44,(AL,IN,MO,NE,NV,NY,PA)45,48 10
Role expansion or task shifting(IN,MO,NE,NV,PA)45 5
ICT
The use of ICT14,43,(MO,NY)45,46,(Part1-2)51 7
Telemedicine(PA)45,57 2

AL, Alabama; IN, Indiana; MO, Missouri; NE, Nebraska; NV, Nevada; NY, New York; PA, Pennsylvania.
*Number of QI interventions that have adopted the delivery arrangement.
yThe total for the categories is lower than the sum of the individual subcategories because a QI intervention could adopt multiple strategies within the same category.
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Among the delivery arrangements related to the “coordination of
care and management of care processes,” the most common sub-
categories involved case management (n ¼ 19) (eg, improving the
skills of clinical staff in recognizing and managing acute deteriora-
tion), continuity of care (n ¼ 14) (eg, promoting transition toward
palliative-oriented care), shared decision-making (n ¼ 14) (eg,
emphasizing advance care planning), care pathways (n ¼ 14) (eg, care
paths for residents with common geriatric problems), and commu-
nication between providers (n ¼ 14) (eg, establishment of communi-
cation protocols or introduction of communication tools). Table 1
presents the details of delivery arrangements and implementation
strategies in individual QI, and Supplementary Table 2 reports the
detailed classification according to the EPOC taxonomy.

The QI interventions used amedian of 5 (IQR 4e7) implementation
strategies, among which the most frequent were education meetings
(n ¼ 25), educational materials (n ¼ 20), or continuous QI measures
(n ¼ 18). All QI interventions used strategies targeted at health care
workers, with 10 of them targeting health care organ-
izations.15,44,(Alabama, Indiana, Missouri, Nebraska, Nevada, New York, Pennsylva-

nia)45,48 No QI interventions used implementation strategies targeted
at specific types of practice, conditions, or settings.
Type of Comparison

All included studies compared the QI intervention with standard
care. Boyd et al implemented care pathways in the control group as
well.14
Outcomes

The included studies collected data using national or hospital
databases,14,40,41,43,46,49,57 Medicare claims,16,54 medical records,44,50

or self-reported data by NH staff.15,17,42,45,48,56 Five studies did not
report the source of data collection.47,51-53,55
All-Cause Hospital Admissions

Of 22 studies, 13 provided data on all-cause hospital admissions
(Figure 1). Eleven of these studies, comprising 12 QI interventions,
were included in the meta-analysis,14-17,40-43,49, (part 1 and 2)51 whereas
2 studies did not report or provide sufficient data to be included.55,56

Figure 1 shows a significant overall reduction in all-cause hospital
admissions in the group receiving the QI interventions compared with
those treated with standard care (RR, 0.60; 95% CI, 0.41e0.87), but the
heterogeneity was considerable (I2 ¼ 99.3%).

When pooling by study design, RCT subgroup estimate showed a
borderline significant effect in favor of intervention with moderate
heterogeneity (RR, 0.83; 95% CI, 0.69e1.00; I2 ¼ 51.6%),14,16,40-42

whereas estimates from the CBA and UBA subgroups did not show
any significant effects15,17,43,45,49, (part 1-2).51

ED Visits

Of the 22 studies, 10 (45.4%) measured ED visits.15,40,43-49,55 Seven
were included in the meta-analysis, whereas 3 studies were excluded
because of insufficient data.47,48,55

The overall estimate shows a borderline significant effect in favor
of the intervention group in reducing ED visits, although the hetero-
geneity remains high (RR, 0.60; 95% CI, 0.36e1.00; H2 > 1.88)
(Figure 2).

Combining by study design, results from 1 RCT failed to show a
significant effect.42 Similarly, pooled results from 3 CBAs also showed
no significant effect.43-45 In contrast, the combined results from 3
UBAs indicated a significant reduction in ED visits for the QI inter-
vention group compared with standard care (RR, 0.66; 95% CI,
0.49e0.90; H2 > 1.88).15,46,49

Potentially Avoidable Admissions

Four out of 5 studies assessing potentially avoidable admissions
were included in the meta-analysis.14,16,40,45 One study was excluded



Fig. 1. Forest plot for a meta-analysis assessing the effectiveness of QI interventions in reducing all-cause hospital admissions, stratified by study design.
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because of insufficient data.42 Potentially avoidable hospitalizations
were defined using different metrics.

The combined analysis of 3 RCTs and 1 CBA showed no significant
effect of the QI intervention in reducing potentially avoidable admis-
sions (Figure 3).14,16,40,45
Subgroup Analysis

Supplementary Table 3 provides a detailed subgroup analysis by
outcome and study design. The heterogeneity observed in the overall
estimates (Figures 1e3) may be attributed to differences in the
duration of the QI interventions, types of delivery arrangements
employed, and number of implementation strategies used. Specif-
ically, in the RCT subgroup evaluating all-cause hospital admis-
siondthe largest study groupdcombining the studies lasting 7 to
12 months resulted in acceptable levels of heterogeneity (RR, 0.74;
95% CI, 0.65e0.85; H2 ¼ 1).14,16,41 Likewise, RCTs focusing solely on
“coordination of care and management of care processes” or those
that combined “coordination of care and management of care” and
“changes in how, when, and where health care is organized and
delivered, and who delivers health care” demonstrated positive out-
comes (RR, 0.78; 95% CI, 0.64e0.94; H2 > 1 and RR, 0.76; 95% CI,
0.63e0.93; H2 ¼ 1, respectively).14,16,41-43 Furthermore, when RCTs
using more than 6 strategies to prevent all-cause hospitalizations
were pooled, the heterogeneity was similarly acceptable (RR, 0.76;
95% CI, 0.63e0.93; H2 ¼ 1).16,41 Heterogeneity remained substantial
for CBA and UBA subgroup analysis.
Hospital Readmissions

Four studies provided data on hospital readmissions, measuring
outcomes at either 28 or 30 days.16,43,49,54 No meta-analysis was



Fig. 2. Forest plot for a meta-analysis assessing the effectiveness of QI interventions in reducing ED visits, stratified by study design.
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performed because of the heterogeneity of the data formats and
measures. In these studies, no significant differences were found in
a cluster RCT and a CBA study.16,43 However, a slight reduction in
readmission rates was observed in 1 UBA.49 A significant positive
effect was documented in 2 of 3 initiatives in a UBA comparing
different sets of implementation strategies for the same QI
intervention.54

Hospitalizations at the End of Life

Three UBAs assessed end-of-life hospitalizations, considering
the last 2 months or the final year of life.50,52,53 No meta-analysis
was performed. One study reported no significant changes
following a 6-month QI intervention that focused on educating
and supporting clinical NH staff and residents’ families.52 In
contrast, the same authors reported a decrease in end-of-life
hospitalizations in a subsequent study that used a tool to gather
information about residents at risk of hospital transfer.53 Last, a
study by Kaasalainen et al documented a reduction in end-of-life
hospitalizations through the implementation of a palliative care
program.50
Ambulance Calls

Three studies evaluated the frequency of ambulance calls.41,42,57

Two RCTs found no significant differences between the QI interven-
tion and control groups,41,42 whereas an ITS implementing a QIC
demonstrated a 15.1% reduction in ambulance calls over a 3-year
period.57
Conveyances to Hospital

One ITS study showed an 18.7% decrease in hospital conveyances
during the implementation period of a QI intervention.57
Risk of Bias and Appraisal Quality of the Intervention

Supplementary Tables 4 and 5 detail the risk of bias assessments
for the included studies. Among the RCTs, 4 of 5 were considered
high-quality studies,14,16,40,42 whereas 1 was classified as moderate
quality.41 On the other hand, among the quasi-experimental studies,
almost one-third (6 of 17) were deemed high quality,43-46,49,57



Fig. 3. Forest plot for a meta-analysis assessing the effectiveness of QI interventions in reducing potentially avoidable hospitalizations, stratified by study design.
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6 of moderate quality,15,17,50,54-56 and the remaining 5 of low
quality.47,48,51-53

Supplementary Table 6 presents the overall quality of the QI in-
terventions assessed. Three studies (14%) fully met the quality criteria,
achieving the maximum score of 16.16,42,44 Most studies (59%) were
considered to have good quality, scoring from 12 to
15.14,15,17,40,41,43,45,46,49,50,54,56,57 The most critical domains were those
related to the discussion of sustainability and the necessary adjust-
ments required to uphold the intervention post-study, which were
adequately addressed by 55% of the studies. Similarly, the measure-
ment of penetration was successfully achieved by 55% of the studies.
Funnel Plots

The subgroup of RCTs exhibits discrete asymmetry, suggesting
potential publication bias. Funnel plots within each study design are
presented in Supplementary Figures 2e4.
Discussion

This systematic review synthetized data from 22 studies, evalu-
ating 29 QI interventions, and observed a potential positive impact on
all-cause hospital admissions. However, it found no effects on ED visits
and potentially avoidable hospitalizations. The overall estimates for
each outcome were significantly influenced by substantial heteroge-
neity, which was due to both methodological diversity, such as vari-
ations in study designs, and clinical diversity, including differences in
the duration of QI interventions, types of delivery arrangements uti-
lized, and number of implementation strategies employed. Although
these factors effectively addressed the heterogeneity within the RCT
subgroup, the CBA and UBA subsets displayed substantial
heterogeneity likely due to methodological weaknesses and the
magnitude of bias.39

Our results confirm and expand on those of a recent systematic
review, which acknowledges QI interventions as a potentially useful
strategy to support NHs in reducing unplanned hospitalizations.58 To
better understand the effectiveness of these strategies and to uncover
the characteristics they require, future research should use experi-
mental designs that effectively address and reduce potential threats to
internal validity.

Regarding the secondary outcomes, no effects were observed con-
cerning ED visits. Considering the limited number of the studies
addressing this endpoint, it is noteworthy to point out that the leading
causes of ED visits among NH residents are falls and trauma,6,59-61 often
requiring follow-up x-ray examinations and diagnostic testing to
determine the treatment course. The lack of mobile imaging services,
and consequently, the inability to conduct these assessments in-house,
makes these transfers inevitable, regardless of efforts to enhance the
quality of care. Furthermore, the different metrics used to define
potentially avoidable hospitalizations may have significantly affected
both the overall estimate and high heterogeneity observed in our meta-
analysis. A post hoc analysis conducted by Connolly and colleagues
demonstrated that focusing on diseases commonly responsible for
unplanned transfers, such as heart failure, ischemic heart disease,
stroke, chronic obstructive pulmonary disease, and pneumonia, rather
than a broader spectrum of diagnoses, could reverse the results of their
study.62 Potentially avoidable hospitalizations are considered an
important quality performance health care indicator.10,63 Therefore,
achieving a universal consensus on which unplanned transfers are
unnecessary or preventable is essential to clearly differentiate this
phenomenon and effectively target improvement initiatives.

We observed that only slightly more than half of the studies (12 of
22) provided data on the level of engagement of facilities or health
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care providers with the proposed adjustments. This lack of focus
prevents the possibility of evaluating and comparing the impact of
engagement levels across studies. Given the close interconnection
between process and resident outcomes,26 the continuous measure-
ment of factors such as fidelity, penetration, acceptability, and sus-
tainability of the intervention is as important as evaluating the effect
of the QI intervention itself. In addition, to ensure a successful inter-
vention, it is crucial to account for contextual factors, such as orga-
nizational maturity, stability in leadership, andmanagerial support for
the project.54 With this regard, human factors also play a key role.64

Because a QI intervention often demands that employees go beyond
their job requirements, it is important to leverage individual and team
motivation, as well as to foster social cohesion and effective cooper-
ation among staff members.64 All these elements can be significantly
enhanced through transformational leadership, a managerial
approach that narrows the distance between the leaders and their
subordinates.65

The median duration of QI interventions examined was 1 year.
Given that most evaluated interventions were complex and multi-
faceted, this timeframe represents the minimum necessary period to
ensure the sustainability of the intervention.66 It is noteworthy that
only 3 primary studies measured the impact of QI interventions after a
follow-up period,46,48,49 which limits the ability to assess long-term
effects. Moreover, few authors discussed strategies for sustaining
improvements after the conclusion of their studies. Sustaining success
may require as much effort as initiating positive change, as deviation
from the iterative cycle methodology could lead to the collapse of the
initiative.18,67

The studies included addressed a range of delivery arrangements,
mainly related to the coordination of care and management of care
processes. Most of thesemeasures have already been proven to induce
beneficial changes in clinical practice. Among these is advanced care
planning, which consists of shared decision-making processes that
help residents, and their family carers understand and express their
beliefs and values, enabling meaningful discussions about future
medical decisions.68 Clear and honest information from health care
professionals to family members about the condition of their loved
ones often leads to a preference for comfort care, which avoids
aggressive treatments with unsure benefits.69 Furthermore, providing
palliative care services in NH settings is crucial to deliver high-quality
end-of-life care andmaintaining continuity of care among residents.70

By integrating palliative care into NH settings, health care providers
can better meet residents’ preferences and goals, uphold their dignity,
and support their families during challenging times.71 Effective
communication between providers also plays a crucial role in
improving patient safety during hand-offs, which are vital in pre-
venting adverse events,72 especially when residents are transferred to
different health care settings. Timely and accurate communication
during these transitions helps maintain continuity of care by ensuring
proper medication reconciliation and the development of a cohesive
care plan.73,74 All these strategies are integral components of the US QI
program INTERACT, which is designed to manage acute deterioration
in NH residents. This programwas implemented in 4 studies included
in this review.16,17,54,56

Nearly all the QI interventions described in the included studies
incorporated multiple implementation strategies, with educational
meetings (n ¼ 25) and materials (n ¼ 20) being the most frequently
employed. A prior comprehensive review indicated that strategies
targeting health care professionals, such as educational outreach
visits, educational meetings, and performance audit and feedback,
were the most effective in achieving improvements, with effects
ranging from low to moderate.75 However, the effectiveness of staff
training elements in facilitating or hindering organizational change
remains under scrutiny. Elements such as external cooperation, pro-
vision of rewards, continuous trainingdas opposed to 1-time
trainingdand referral to clinical guidelines as training sources have
been identified as potential influencers.27 Nevertheless, there is no
consensus regarding the optimal number of implementation strate-
gies. Although some studies suggest that a greater number of imple-
mentation strategies may improve the likelihood of implementation
success, others have found no difference between multicomponent
and single strategies.75

Despite its rigorous and transparent methodology, this review has
several limitations. First, it is important to recognize that significant
differences exist among international health services. Indeed, many
publications in this review are based on the US and UK health care
systems, which differ considerably from those in Australia or conti-
nental Europe. This disparity calls for caution when generalizing the
results. Second, although raw data were obtained from the original
studies, the conversion of original outcome measures into RRs may
have introduced some inaccuracies into the estimates included in the
meta-analysis. Last, because of the extensive volume of peer-reviewed
literature retrieved, gray literature was excluded. The incorporation of
unpublished studies offers invaluable insights frequently overlooked
in commercial publications, thereby mitigating publication bias.76

Conclusion and Implications

Preventing hospitalizations among NH residents plays a key role in
maintaining continuity of care and ensuring that these guests receive
treatment aligned with their preferences, alongside those of their
family caregivers.

Although no definitive conclusion can be drawn because of the
limited number of primary studies, this review shows a borderline
significant effect of QI interventions in preventing all-cause hospital
admissions. Additional research using rigorous experimental designs
is warranted to better estimate the effectiveness of this promising
approach, potentially advancing strategies that reduce hospitaliza-
tions and improve overall care quality in NHs.
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