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Abstract

Background—Quality improvement initiatives have been developed to improve acute coronary
syndrome (ACS) care largely in high-income country settings. We sought to synthesize the effect
size and quality of evidence from randomized controlled trials (RCTs) and non-randomized
studies for hospital-based ACS quality improvement interventions on clinical outcomes and
process of care measures for their potential implementation in low- and middle-income country
settings.

Methods and Results—We conducted bibliometric search of databases and trial registers and
hand searching in 2016 and performed an updated search in May 2018 and May 2019. We
performed data extraction, risk of bias assessment, and quality of evidence assessments in
duplicate. We assessed differences in outcomes by study design comparing RCTSs to non-
randomized quasi-experimental studies and by country income status. A meta-analysis was not
feasible due to substantial, unexplained heterogeneity among the included studies and thus, we
present a qualitative synthesis. We screened 5,858 records and included 32 studies (14 RCTs
[n=109,763] and 18 non-randomized quasi-experimental studies [n=54,423]. In-hospital mortality
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ranged from 2.1%-4.8% in the intervention groups versus 3.3-5.1% in the control groups in 5
RCTs (n=55,942). Five RCTs (n=64,313) reported a 3.0%-31.0% higher rates of reperfusion for
STEMI patients in the intervention groups. The effect sizes for in-hospital and discharge medical
therapies in a majority of RCTs were 3.0%-10.0% higher in the intervention groups. There was no
significant difference in 30-day mortality evaluated by 4 RCTs (n=42,384), which reported
2.5%-15.0% vs. 5.9-22% 30-day mortality rates in the intervention vs. control groups. In contrast,
non-randomized quasi-experimental studies reported larger effect sizes compared to RCTs. There
were no significant consistent differences in outcomes between high-income and middle-income
countries. Low-income countries were not represented in any of the included studies.

Conclusions—Hospital-based ACS quality improvement interventions have a modest effect on
process of care measures but not on clinical outcomes with expected differences by study design.
Although quality improvement programs have an ongoing and important role for ACS quality of
care in high-income country settings, further research will help to identify key components for
contextualizing and implementing such interventions to new settings to achieve their desired
effects.

In 2015, the estimated global prevalence of ischemic heart disease was 111 million (95%
uncertainty interval: 101 to 122 million) with 7.3 million global cases of fatal acute
myocardial infarction (95% uncertainty interval: 6.8 to 7.8 million).1 In response to delays
and deficiencies in acute myocardial infarction and acute coronary syndrome care associated
with high morbidity and mortality rates, professional organizations have developed quality
improvement initiatives. These quality improvement programs are complex interventions
that frequently include clinical pathways, audits, performance feedback, education,
checklists. Non-randomized studies have evaluated the efficacy of various hospital-based
acute coronary syndrome quality improvement interventions on clinical outcomes and
process of care measures. There is evidence for temporal improvement of evidence-based
management and outcomes for acute coronary syndrome including a reduction in disparities
of care. For example, the joint American Heart Association’s and American College of
Cardiology Chest Pain-MI Registry (formerly known as ACTION-Registry) demonstrated
temporal improvements in process of care measures from 2006 to 2014, such as the use of
aspirin (94% to 99%), beta blockers (93% to 98%), and lipid lowering medications (85% to
99%) at discharge.?

To overcome the potential confounding and uncertainty inherent in non-randomized studies
and to understand which components of these complex quality improvement interventions
are effective, several teams have performed randomized or quasi-randomized trials of quality
improvement interventions, largely in high-income countries. However, questions remain
about their generalizability across and implementation in different settings, including low-
and middle-income countries.

The objective of this systematic review was to estimate the effect size and quality of
evidence for hospital-based acute coronary syndrome quality improvement interventions on
clinical outcomes and process of care measures using data from RCTs and to summarize
differences in the effect estimates between RCTs and non-randomized studies. We also
contextualize the findings on how quality improvement interventions may be particularly
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useful in low- and middle-income country health systems where the presentation and
management of acute coronary syndrome is more heterogeneous than in high-income
countries, evidence-practice gaps are frequently greater, and clinical outcomes are generally,
but not always, poorer.3

We developed and published our systematic review protocol on the international prospective
register of systematic reviews (PROSPERO)* a priori and performed our review according to
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines illustrated in Figure 1. All supporting data and methods used for this systematic
review are available within the article and supplemental files and can be used to replicate the
study.

Search methods

In November 2016, we conducted bibliometric search of nine databases. We hand searched
references of included trials to identify additional studies. This search was updated in May
2018 and May 2019 to include trials that may have been published since the initial search.
We placed no restrictions on language of publication. See Data Supplement 1 for the
detailed list and search strategies for each database.

Included studies

Two authors (EB, AA) independently conducted title and abstract screening. Differences
between the two initial reviewers regarding inclusion of studies were resolved by consensus
or review with a third author (MDH). We included individual- and cluster-level RCTs and
non-randomized quasi-experimental studies of acute coronary syndrome quality
improvement interventions. We included a variety of interventions including audit and
feedback reporting systems, admission and discharge checklists, chart case management,
patient educational or behavioral change materials, health care quality training that are
directed as the hospital system, doctors, nurses, or allied health professionals, or information
management systems with the goal of being inclusive in the type and target of intervention.
The classifications of the included study settings into high-, middle-, and low-income were
made based on the World Bank’s Atlas calculation methods using gross national income per
capita.®

Study outcomes

We included a combination of clinical outcomes and process of care measures for our
outcomes. The co-primary outcomes included rates of: 1) in-hospital major adverse
cardiovascular events (fatal and non-fatal myocardial infarction, fatal and non-fatal stroke,
and major bleeding, combined and separate), 2) reperfusion for patients with ST-segment
elevation myocardial infarction (STEMI), and 3) in-hospital and discharge medical therapy
including anti-platelets, anticoagulants, beta-blockers, and statins (combined and separate).
Secondary outcomes included: 1) time from hospital presentation to initial
electrocardiogram (ECG), 2) time to reperfusion (STEMI only), 3) 30-day and 1-year major
adverse cardiovascular events. We also attempted to evaluate rates of behavioral counseling
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for diet, activity, and tobacco cessation, uptake of quality improvement intervention
components, patient-level health related quality of life, patient-related costs as additional
secondary outcomes; however, we did not identify any studies that reported these outcomes.

Data extraction

Data extraction, risk of bias assessment, and quality of evidence assessments were
performed in duplicate by two authors (EB, AA) using standardized forms. Differences were
resolved by consensus or review with a third author (MDH). The risk of bias assessment was
performed using the Cochrane Risk of Bias Tool across the domains of selection,
performance, detection, attrition, reporting, and other biases. The quality of evidence
assessment was performed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework checklist, which accounts for issues
related to internal validity (risk of bias, inconsistency, imprecision, publication bias) and to
external validity, such as directness of results.®

Statistical analyses

RESULTS

This systematic review presents a qualitative, narrative synthesis of data from both
individual- and cluster-level RCTs and non-randomized quasi-experimental studies of acute
coronary syndrome quality improvement interventions. We sought to perform a meta-
analysis but did not do so because of substantial, unexplained heterogeneity across the
different studies.

Summary of included studies

Figure 1 demonstrates the PRISMA flowchart. After de-duplication, we identified 5,858
records to screen using our search methods. We excluded 5,727 studies through title/abstract
screening and reviewed the full texts of the 131 remaining studies. We excluded 94 records
after full text review. 5 of the 37 studies that met the inclusion criteria were ongoing trials
and thus we present 32 studies in this systematic review. Among the included studies, we
identified 14 RCTs (2 individual level and 12 cluster level) consisting of 109,763 patients
(Table 1).7-20 We also identified and included 18 studies (n=54,423) that used either a non-
randomized controlled or uncontrolled quasi-experimental study design (Data Supplements
2 and 3).21-38 22 of the 32 studies were conducted in high-income countries including 10 in
the U.S, 5 in Australia, 6 in Western Europe, and 1 in Canada; while the remaining 10
studies were conducted in middle-income countries including 3 in China, 3 in India, 2 in
Taiwan, 1 in Brazil, and 1 in Iran.

Risk of bias assessment of randomized controlled trials.

Summaries of trial specific risk of bias assessment and documentation supporting risk of
bias assessment for included RCTs are listed in Data Supplement 4. Six of 14 RCTs had low
risk of selection bias based on reported methods of sequence generation and or allocation
concealment,® 10. 14. 16, 19, 20 \whereas eight studies had unclear or high risk of selection
bias.”: 8 11-13,15, 17,18 None of the 14 trials blinded the study personnel and thus had a high
risk of performance bias. Though only one RCT20 blinded the outcome assessors, we
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determined there to be a low risk of detection bias for the remaining 13 RCTSs given the
objective nature of these outcomes, which are less likely to be influenced by unblinding of
outcome assessors.39 We categorized nine trials as having low risk of attrition bias due to
differential missingness across groups,’- & 10-12,14, 16,17, 20 \yhijle four trials were unclear
risk of bias for this domain.13: 15. 18, 19 Sjx studies had low risk of reporting bias based on
previously published protocols and adherence to those protocols,® 10: 14-16. 20 \yhjle seven
had unclear risk of reporting bias,”- & 11-13. 1718 4nd one study had high risk of reporting
bias.19 We also identified four studies as having high risk of recruitment bias due to
randomization at the cluster level with recruitment at the individual level.”> 12.13,18

Summary of findings by outcome

We summarized selected outcomes from individual studies of included randomized
controlled trials in Table 2 and a comprehensive summary is listed in Data Supplement 5.
We present a summary of findings in Table 3. Outcomes from non-randomized studies are
summarized in Data Supplements 6-8.

In-hospital major adverse cardiovascular events—Five RCTs (n=55,942) assessed
the effect of hospital-based quality improvement interventions on in-hospital major adverse
cardiovascular events (MACE) consisting of fatal and non-fatal myocardial infarction, fatal
and non-fatal stroke, and major bleeding, combined and separate).®: 10. 12, 16. 20 The gverall
absolute rate of in-hospital mortality ranged from 2.1%-4.8% in the intervention groups
compared to 3.3%-5.1% in the control groups. The unadjusted mortality rates were
0.3%-1.7% lower in the intervention groups compared to the control (Table 2). In
comparison, seven non-randomized quasi-experimental studies (n=42,013) showed an
absolute event rate reduction in in-hospital mortality ranging from 0.2%-13% post
intervention (Data Supplements 6-8).21: 23, 31, 34, 36-38

Rates of reperfusion for STEMI—Seven RCTs (n=93,659) assessed the effect of
hospital-based acute coronary syndrome quality improvement interventions on rates of
reperfusion for patients with STEMI.10. 14-17.19 Fjye RCTs (n=64,313) showed an overall
3.0%-31.0% higher absolute rate of reperfusion in the intervention groups compared to the
control groups.10: 15-17. 19 Two RCTs (n=29,454) showed no difference between the
intervention and control groups.14 20 Onel” of the five RCTs (n=1,367) was an outlier with
31% higher rate in reperfusion in the intervention group compared to the other four,

10,15, 16, 19, 20 (n=62,946) which showed a 3.0%-10.9% higher rate of reperfusion in the
intervention groups (Table 2). Five non-randomized controlled and uncontrolled quasi-
experimental studies (n=28,083) showed no increase in rates of reperfusion post-intervention
(Data Supplements 6-8).21: 27, 36-38

Rates of in-hospital and discharge medical therapy—Table 3 and Data Supplement
5 describe the results for in-hospital and discharge medical therapy. Eight RCTs (n= 79,803)
89,11, 13,16, 17,19, 20 gyaluated in-hospital aspirin, beta blocker, and anticoagulant use. The
effect estimates reported in seven studies ranged from no difference to 15.2% higher rates in
the intervention, and one outlier RCT® (n=2,210) showed a substantially larger effect on in-
hospital aspirin and anticoagulation therapy in the intervention group. Eleven RCTs
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(100,511)7-11. 1520 evaluated discharge medical therapy including aspirin, beta-blocker,
statin, and angiotensin converting enzyme-inhibitor/angiotensin receptor blockers (ACE-I/
ARB). The effect estimates from nine trials ranged from no difference to 7.2% higher rates
in the intervention groups, and one outlier RCT18 (n=5,347) showed a substantially larger
effect on discharge aspirin and beta blocker use in the intervention group. One RCT10
(n=3,500) reported combined recommended discharged therapies showed a 11% absolute
higher rate in the intervention compared to control (unadjusted RR (95% CI) 1.23 (1.06,
1.42); P=0.007).

In contrast, the results from non-randomized quasi-experimental studies showed a
2.6%-25% increase of in-hospital medical therapy and a 2.0%-80.0% increase in discharge
medical therapy with most studies reporting a greater than 10% increase in in-hospital or
discharge medical therapy post intervention (Data Supplements 6-8).22-24, 27, 30, 33, 37, 38

Hospital presentation to ECG time—One RCT (n=29,346)20 showed 10% higher rate
of ECGs completed in time, i.e. within 10 minutes after arrival, in the intervention group
compared to the control (adjusted OR: 1.12 (0.90, 1.39)) while another RCT (n=108)
showed no difference in door to ECG time between the intervention and control groups
(Data Supplement 5).14 Four non-randomized quasi-experimental studies?1: 25 31. 38 (n=
5,058) showed minimal differences.

Door to any reperfusion time for STEMI patients—Five RCTs (73,908) evaluated
door to any reperfusion time for STEMI patients.10: 14-16, 20 Three RCTs 10, 14, 16
(n=24,983) reported no difference in mean or median door to balloon time, while two
RCT15.20 (n=48,925) showed an absolute 2.0%-7% higher rate of reperfusion in less than 90
minutes in the intervention groups compared to the control groups. In contrast, 7 non-
randomized quasi-experimental studies?L: 25: 26, 31,33, 34, 37, 38 (n=7 039) showed a
significant reduction in door to any reperfusion time or an increase in rates of reperfusion
within 60 minutes of presentation (Data Supplements 6-8).

30-day and 1-year major adverse cardiovascular events—Four RCTs (n=42,384)
reported 30-day mortality rates of 3.9%-15% in the intervention groups compared to the
5.1%-22.0% in the control groups % 16: 17. 19 The 30-day mortality rates from the more
recent three RCTs% 16: 19 are comparable and less than 10% in comparison to one RCT
which reported a markedly higher 15% and 22% 30-day mortality rates in the intervention
and control groups respectively. This relatively small RCT (n=1,397) was completed
between 1994-1996 and the lower 30-day mortality rates in the more recent trials may be a
reflection of time trends in improvements in clinical outcomes of acute coronary syndrome
due to better clinical management. One non-randomized quasi-experimental study (n= 420)
showed a 2.5% reduction of total 30-day mortality.3* No RCTs reported differences in 1-
year major adverse cardiovascular event rates. In contrast, four non-randomized quasi-
experimental studies (n= 14,824) showed a 1.2%-4.0% lower mortality rate at 1 year in the
intervention groups (Data Supplements 6-8).22: 24, 30, 34

Ten of the fourteen RCTs were conducted in high-income countries and four were conducted
in middle-income countries. Overall, there were no consistent significant differences in the
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effect estimates on clinical outcomes and process of care measures between the high-income
and middle-income countries. Additionally, twelve out of the eighteen quasi-experimental
studies were conducted in high-income countries while the remaining were in middle-
income countries. There were significant variabilities in the representation of high-income
vs. middle-income countries for each study outcome and together with the inconsistencies in
the effect estimates, they limit the ability to confidently assess differences in outcomes by
country income status from the quasi-experimental studies.

Study quality assessment

Table 3 describes the outcome-specific quality of evidence assessment for RCTs. We graded
the quality of evidence moderate for four out of the seven outcomes and low or very low for
the remainder, downgrading because of study limitations and between-study heterogeneity.
We also present the quality of evidence for nonrandomized quasi-experimental studies in
Data Supplement 8, which were considered very low given study designs, study limitations,
and heterogeneity.

DISCUSSION

This systematic review is the first, to our knowledge, of RCTs and non-randomized quasi-
experimental studies on hospital-based quality improvement interventions for patients with
acute coronary syndrome on clinical outcomes and process of care measures. There was
substantial heterogeneity across studies in the types of in-hospital quality improvement
interventions studied, which limited our ability to identify what types of interventions were
most efficacious. Despite a large number of RCTs that reported on the primary outcomes,
the heterogeneity in how the results are reported limited the ability to perform a pooled
analysis and thus, we present a qualitative analysis of the data.

Overall, we found the quality of the evidence from randomized controlled trials moderate to
low, which showed modest to no effect of the interventions studied on clinical outcomes,
including in-hospital and 30-day mortality and combined major adverse cardiovascular
events. In contrast, non-randomized studies demonstrated larger, but overall modest effect
sizes on clinical outcomes. Similarly, RCTs showed modest to no effect of the interventions
on rates of reperfusion for STEMI patients and rates of guideline directed in-hospital and
discharge medical therapy, although overall the effects sizes were higher compared to the
effects on clinical outcomes. Non-randomized quasi-experimental studies showed a greater
effect size on process of care outcome measures in comparison to randomized controlled
trials, although with greater inconsistency in the size of the effect estimates. Overall, both
randomized and non-randomized studies demonstrated larger effect estimates for process of
care measures compared with clinical outcomes. Only 13 out of 32 studies (7 RCTs and 6
non-randomized studies) reported clinical outcome measures and only 4 RCTs reported the
primary clinical outcomes of this review (i.e. in-hospital mortality and in-hospital MACE).
The evidence base for acute coronary syndrome quality improvement interventions on
clinical outcomes could be improved if future studies include clinical outcomes measures
more consistently to help identify and test which interventions may have greater impact on
clinical outcomes. There was a significant heterogeneity in the interventions included in this
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review, ranging from education programs, targeted performance feedback, clinical pathways,
and audits among others, which did not allow to assess specific interventions that are
potentially more efficacious than others. One important area of future research will be
process evaluation of existing interventions to better understand which interventions might
be more effective in different clinical settings.

A range of high-income, high- and low- middle-income countries were represented in this
review, both in the randomized and non-randomized studies. There was no significant
difference in the effect estimates with the various interventions studied between high-income
and middle-income countries including Brazil, China, and India. However, low-income
settings, including countries in sub-Saharan Africa, are not well represented in the studies
included in this systematic review. Despite the growing burden of ischemic heart disease,
there is minimal understanding on implementation and utilization of evidence-based acute
coronary syndrome management in low-income countries.® Low-income countries may
potentially have higher gain, both in clinical and process of care outcome measures, from
acute coronary syndrome quality improvement interventions compared to middle- or high-
income countries that typically have higher baseline use of guideline-directed management
and lower event rates. Therefore, having more low-income countries represented in future
clinical trials could help understand which clinical settings may benefit the most from
quality improvement interventions.

Implementation of acute coronary syndrome quality improvement interventions in the
context of low-income countries, additional to process of care and outcome evaluations,
need to also consider structural interventions, including at the health worker (e.g. adequate
staffing and training), hospital (e.g. functioning diagnostic and treatment equipment), and
pre-hospital (e.g. available emergency response system) levels to enhance performance.
Evidence from a systematic review that assessed strategies to improve health-care provider
performance in low-and middle-income countries shows that the efficacy of strategies to
improve health-care provider performance in low resource settings was highly variable. The
effect estimates were the largest for multifaceted strategies that incorporated several
elements including improving infrastructure, training and group problem solving, and
emphasizes the need for future research to generate better evidence using standardized
methodologies of outcome analysis and robust study designs including randomized
controlled trials.39

Strengths and limitations

There are several strengths to this systematic review, including providing a summary of
multiple experimental study designs. The concurrent summary of evidence from RCTs and
non-randomized quasi-experimental studies also allows for comparison of the evidence
between the different study designs. Title screening, data extraction, and quality assessments
were performed in duplicate to minimize error and a pre-specified protocol prior to the
initiation of review was published to guide the search strategy and minimize the risk of bias.

This review also has limitations. First, the study duration of the RCTs may not have been
implemented long enough to observe changes in health systems, culture and attitude from
providers and administrators that could influence implementation of interventions, quality of
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care and outcomes. Although this review included a wide range of countries of varying
economic status, there remains underrepresentation of low-income countries, which limits
the generalizability of the findings to those settings potentially most in need of health system
strengthening. Understanding effective elements of quality improvement interventions is
important to improve quality and safety of acute coronary syndrome in diverse clinical and
resource settings. Second, the process of performing RCTs of quality improvement
interventions could have led to improvements in baseline care through a Hawthorne effect.
Third, the review tried to synthesize complex interventions, which may not be possible.

CONCLUSIONS

This systematic review demonstrates that RCTs of hospital-based acute coronary syndrome
quality improvement interventions have a modest effect on process of care measures but not
on clinical outcomes. Overall, non-randomized quasi-experimental studies showed larger
effect sizes compared to randomized clinical trials particularly for process of care measures.
Understanding which components of quality improvement interventions are more effective
and their role in low-resource settings, which were largely not included in these trials, would
be important future directions. Further research will also help to identify key components for
contextualizing successful acute coronary syndrome quality improvement interventions to
new settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known:

§ Hospital-based quality improvement programs have been implemented to
improve quality of care for acute coronary syndrome, particularly in high-
income country settings.

§ The evidence base evaluating the efficacy of these programs on process of
care measures and clinical outcomes has largely been derived from non-
randomized studies, though randomized controlled trials of quality
improvement interventions have been undertaken more recently.

What this study adds:

8§ This systematic review synthesizes the evidence base for hospital-based acute
coronary syndrome quality improvement interventions on process of care
measures and clinical outcomes.

8§ Randomized trial data show more modest effects on process measures like
reperfusion rates and medication use compared with non-randomized studies
without clear effects on improving clinical outcomes.

8§ This study demonstrates substantial heterogeneity across study reports,
expected differences in effect size by study type, and estimated direction and
magnitude of effects, which are relevant to settings where quality
improvement programs may be newly implemented, including low- and
middle-income countries.
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7,141 records identified through
databse search, 5,855 records
after duplicates removed (2016
and 2018)

163 records identified through clinical
trial registry search (2016 and 2018)
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3 records identified through hand
search (2017, 2019)

Figure 1.

Y

5,858 total records screened

y

131 records included for full-text

screening

Y

5,727 records excluded

y

37 records met systematic review
inclusion criteria

94 total records
- 27 wrong setting
- 21 wrong study design
- 13 wrong intervention
- 10 wrong patient popultation
- 10 wrong outcomes
- 6 duplicates
- 7 review

y

32 records included
- 14 reports of randomized clinical
trials.
- 2 individual level
- 12 cluster level
- 18 reports of non-randomized
guasi-experimental studies
- 7 controlled pre-post

- 11 uncontrolled pre-post

PRISMA flow chart of included studies.
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