Effects of a quality of care improvement initiative in patients with acute coronary syndrome in resource-constrained hospitals in China: 
Results from a stepped-wedge cluster randomized controlled trial among 29346 patients
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Abstract:
Background: Acute coronary syndromes (ACS) are a major cause of morbidity and mortality and prior observational studies suggest that quality of care initiatives (QCI) can improve clinical outcomes. This has never been demonstrated in a well-powered randomized controlled trial (RCT). 
Methods: The Clinical Pathways for ACS Study Phase 3 was a stepped-wedge cluster RCT conducted in 101 non-PCI hospitals in China. Between 2011 and 2014, 29346 patients with ACS were enrolled consecutively in five 6-month cycles. No intervention was applied in the first cycle, after which hospitals were randomly allocated to commence the intervention in one of the 4 remaining cycles. The intervention included establishing a QCI team, training of clinical staff, implementing ACS clinical pathways, sequential site performance assessment and feedback, online technical support and patient education. The primary outcome was the incidence of in-hospital major adverse cardiovascular events (MACE), comprising all-cause mortality, re-/myocardial infarction and nonfatal stroke. Secondary outcomes included 16 key performance indicators (KPIs) and the composite score developed from these KPIs. 
Results: There was no significant difference in in-hospital MACE between intervention and control periods, after adjusting for cluster and time effects as well as covariates (3.9% vs. 4.4%; OR=0.91; 95%CI [0.76, 1.08]; P=0.29). The intervention showed a significant improvement in the composite KPI score (mean±standard deviation: 0.69±0.22 vs 0.61±0.23) and in seven individual KPIs, including early use of antiplatelet therapy and the use of appropriate secondary prevention medicines at discharge. 
Conclusion: Among resource-constrained Chinese hospitals, the introduction of a multifaceted QCI intervention improved a number of care process indicators of evidence-based ACS management, especially at the time of hospital discharge, but no effect on in-hospital MACE was observed.





Background:
Cardiovascular disease accounts almost a third of all deaths worldwide and is the leading cause of death in China. 1,2  Compared to the previous decade, China is predicted to experience a 69% increase in the incidence of acute coronary disease in the period between 2010 and 2019, amounting to nearly 8 million additional episodes of myocardial infarction or unstable angina pectoris.3 Given that more than two-thirds of cardiovascular events will occur in adults younger than 65 years2,3, this rapidly escalating burden of acute coronary syndromes (ACS) will have profound economic and social implications for China.4,5   
Despite the widespread promulgation and endorsement of ACS treatment guidelines6,7 and the strong evidence base underpinning many guideline recommendations,8-10 translation into clinical practice remains suboptimal, globally. This is particularly true for low and middle income countries11-14 and for non-tertiary hospitals where financial, technical and human resources are more limited.13,14 In China, non-tertiary regional hospitals account for 40% of all hospitals in the country and provide first-line care for 900 million patients annually.15 
Many strategies have been proposed to narrow evidence-practice gaps in ACS care, including clinical pathways, patient education, as well as data audit and feedback.11,16–19 Among these, clinical pathways have been studied most extensively, with good evidence to associate pathway use with a reduction in in-hospital complications and improved documentation.20 As a consequence, clinical pathways have been incorporated into routine practice among many high income countries, and are also highly promoted in low and middle income countries, such as China. 20, 21 However, this practice is largely supported by effects on surrogate process outcomes;11,22 while the effects on clinical outcomes have been largely derived from observational studies, such as the Can Rapid risk stratification of Unstable angina patients suppress Adverse outcomes with Early implementation of the ACC/AHA guidelines (CRUSADE) study.10 The effects of such programs on hard clinical events have not previously been studied in a randomized controlled trial, and thus remain uncertain. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Since 2009, the government of China has initiated a new round of health care reforms.23 One major objective is to strengthen the health care system, which regards non-tertiary county hospitals as regional centers.23,24As an official implementation research project of the National Health and Family Planning Commission (NHFPC; former Ministry of Health), the third phase of CPACS (CPACS-3) was initiated to evaluate a clinical pathway-based, multifaceted, quality of care improvement intervention aimed at improving clinical outcomes among patients with ACS in resource-constrained hospitals.             
Methods 
Study design:
The study design has been previously published.25 In brief, CPACS-3 was a stepped-wedge cluster randomized trial among resource-constrained hospitals in China (Figure 1). The primary objective was to determine whether the routine use of a clinical pathway-based, multifaceted QCI initiative led to a measurable reduction in the number of in-hospital MACE in patients with ACS presenting to resource-limited hospitals in China. The secondary objectives were: 1) to determine whether the QCI initiative will improve the quality of care; and 2) to determine any major facilitators and barriers to implementation and uptake of the interventions in these settings. To be eligible, hospitals had to be non-tertiary centers with 1) the time taken to transfer an ACS patient to the nearest large tertiary hospital with a cardiac catheterization laboratory greater than 90 minutes; 2) no plans to develop the capacity for onsite percutaneous coronary intervention (PCI) within the next 4 years; 3) more than 40 ACS patients hospitalized every 6 months; and 4) no participation in another hospital quality of care improvement initiative.  From eligible hospitals that agreed to participate, ACS patients were consecutively enrolled in five 6-month cycles. No intervention was applied in the first cycle, after which hospitals were randomly allocated, with stratification by province, to commence the intervention in one of the 4 remaining cycles. The intervention was applied at the level of hospital, with outcomes measured at the patient level. 
The Peking University IRB reviewed and approved the study and all participating patients provided written informed consent.  
This study was registered on www.clinicaltrails.gov (NCT01398228). 
Patients: 
All patients over 18 years old and with a final diagnosis of ACS at discharge or death were recruited consecutively within each 6 month cycle after December 1, 2011. We excluded patients who were dead on, or within 10 minutes of, hospital arrival. 
Data collection:
A trained hospital staff member, who was not involved in the management of patients with ACS, was responsible for collecting and entering data into a dedicated web-based Data Management System (DMS). Data for each patient were collected from medical records and from survivors prior to hospital discharge. The data included socio-demographic information, symptoms and signs relating to the presenting ACS, medical history, electrocardiographic, and biomarker findings, investigations performed, treatments administered prior to admission, during hospitalization, and at death or hospital discharge, final diagnosis and discharge status, major in-hospital clinical events, personal insurance status and the total cost of hospitalization. Data quality was maintained through in-person and on-line study monitoring activities.
Intervention:
The intervention was a multifaceted QCI initiative comprising 6 components: establishment of a QCI team, chaired by the hospital director and including Department Chiefs for Emergency, General Medicine/Cardiology and Medical Services Administration; implementation of clinical pathways for the management of STEMI and none-STEMI/unstable angina pectoris that were developed in CPACS-2 and tailored to fit the hospital when necessary;26 regular reports provided every 6 months on quality of care indicators utilizing information collected through the study DMS, with which hospitals could self-assess their peer-ranked clinical performance; technical training and a compulsory test for medical staff engaged in ACS care; a web-based online service to assist clinicians in accessing expert advice from senior cardiologists; and patient educational materials to deliver knowledge on the disease clinical manifestation, treatment, secondary prevention, and lifestyle modification. 
The fidelity of study intervention components such as the QCI team establishment, clinical pathways implementation, reading automatic regular KPIs feedback reports, and availability of patient education brochures was monitored at each site by the clinical associates from the study coordinating center at the George Institute for Global Health at Peking University Health Science Center in Beijing on the scheduled time: the beginning, middle and end of the study. The participating and passing rates of the technical training for participating physicians and nurses was obtained from the background records from the on-line system for training. 
Outcomes:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The primary outcome of the study was in-hospital major adverse cardiovascular events (MACE), defined as all-cause mortality, myocardial infarction, or recurrent myocardial infarction and nonfatal stroke. We chose all-cause mortality rather than cardiac death because our definition of in-hospital all-cause mortality not only included patients who died in hospital, but also those who were discharged against medical advice and died within 1 week, and those who transferred to upper level hospitals but died within 24 hours. For the two later cases, we were not able to have reliable data to confirm cause of death. Recurrent myocardial infarction during hospitalization was classified as an event when a hospitalized MI patient demonstrated a rise of the cardiac biomarker (troponin or Creatine Kinase-Myocardial Band) at least once above the 99th percentile reference limit or the value increased over 20% compared with the former measurement and with at least one of the following three criteria: new symptoms of ischemia, new significant ST-T wave changes, imaging evidence of new regional wall motion abnormality. All primary outcome events were adjudicated by an independent committee blinded to the hospital’s randomization status.
Secondary outcomes were a patient-level composite score of the KPIs and each of the individual 16 KPIs of ACS care (definitions of KPIs are provided in Supplement Table 1). The patient-level KPI composite score was calculated by allocating a score of one for each of the binary KPIs achieved, summing these up and dividing by the number of KPIs relevant to that individual. Accordingly, length of hospital stay was the only KPI not used for the calculation of the composite score. Due to changes in clinical guidelines and also in our study intervention, we added three new KPIs after the trial initiation: the percentage of patients receiving dual antiplatelet therapy, the percentage of patients receiving loading dose dual antiplatelet therapy and the percentage of patients receiving intensive statin therapy. This change was made before the SAP was finalized and the database locked, but after the study protocol was published.25 
Sample size:
Assuming a primary outcome event rate of 8% and a two-sided 5% significance test, 96 hospitals and 40 patients per 6-month cycle from each hospital would provide 98% and 85% power to detect relative risk reductions of 20% and 15%, respectively. The control period event rate was based on that observed in the published CPACS study among non-tertiary hospitals.27 The sample size calculations also assumed that there is no delay in the effects of the intervention and that the intra-class correlation coefficient (ICC) was 0.10. To account for dropout, we thus aimed to recruit 104 hospitals.25
Data analysis:
The primary analysis was performed according to the intention-to-treat principle. All analyses on outcomes were at the individual level but accounted for the clustering of patients at the hospital level. Comparisons of baseline characteristics between intervention and control participants were conducted using generalized estimating equations (GEE) to adjust for clustering within hospitals, specifying a normal distribution for continuous variables and a binomial distribution with a logit link for categorical variables.  Continuous variables are presented as means with standard deviations, while categorical variables are presented as frequencies and percentages.
To analyze intervention effects, GEE models were also used to account for the clustering within hospitals.28 The primary model included a categorical effect for time (6-month cycle) and a binary variable for the effect of the intervention. Within-cluster correlations were modeled using GEEs with a compound-symmetry covariance structure. Sensitivity analyses included a model without the effect of time and a model where time was considered as a continuous variable (linear association) as well as a model with the interaction between time and intervention. Intervention effects were summarized as the resulting odds ratios for binary outcomes (such as in-hospital MACE, prescription rates of medications and clinical events) or mean differences for continuous outcomes (such as composite score of KPIs and length of stay). 
We further conducted adjusted analyses including patient-level baseline covariates and hospital-level covariates using multilevel generalized linear-mixed models. The effect of the intervention on in-hospital MACE and the composite KPI score was analyzed according to the following pre-specified baseline subgroups: subtypes of ACS, gender, and age. All statistical tests were two-tailed. Intervention effects for the primary and secondary outcomes were considered significant at 2α=0.05. All analyses were conducted using SAS 9.4 package (SAS Institute Inc., Cary, NC, USA).
Results
Patient recruitment 
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Of 120 eligible hospitals recommended through local health authorities, 19 declined to participate. The remaining 101 hospitals were randomized into 4 groups after the first cycle of data collection was completed. Prior to the initiation of the intervention, two hospitals withdrew from the study. Between October, 2011 and November, 2014, a total of 29346 patients with ACS were recruited. A total of 14809 patients were recruited before hospitals received the QCI interventions (control) and 14537 were recruited after the intervention was initiated (Figure 1).  
Patient characteristics
Patient characteristics were generally similar in the control and intervention groups (Table 1). The study participants were aged between 19 and 102 years, with a mean age of 64.0 years. Consistent with previous reports from China, STEMI accounted for only about one-third of events, while unstable angina pectoris (UAP) accounted for about one-half. 
Effects on primary and secondary outcomes
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The difference in in-hospital MACE between patients recruited in the intervention period and those in the control period was not significant, with or without adjustment for the clustering effect, time trend and other potential confounders (Table 2). The model with the time-by-treatment interaction showed no statistically significant effect of intervention, and the interaction term was also not significant. 
For secondary outcomes, the composite score of KPIs was significantly higher in the intervention group and the difference remained significant after adjusting for the same confounders. Among the 16 key performance indicators, all those relating to discharge therapy were significantly improved by the intervention. With respect to in-hospital care, significant intervention effects were only observed for early use of clopidogrel and dual antiplatelet therapy in the primary analysis. (Table 2)  All models with the time-by-treatment interaction showed no statistically significant interaction term and no statistically significant effect of intervention.
[bookmark: _GoBack]The in-hospital cost did not increase in the intervention period in the primary analysis.
Subgroup analysis
The pre-specified subgroup analyses of the primary outcome are shown in Figure 2. There was no evidence of a differential effect of intervention on in-hospital MACE by age, gender or subtype of ACS. 
Fidelity of study interventions
The site monitoring data and the records from the on-line system for training showed that over 90% hospitals implemented intervention components but fidelity to individual components was variable (Supplement Table 2).

Discussion: 
In this stepped-wedge cluster randomized trial, we found that the implementation of the QCI intervention improved many process indicators significantly. However, these improvements were generally moderate and did not translate into a significant change in the rate of in-hospital MACEs.

Looking at the changes by types of KPIs may help to understand why our study did not achieve a significant reduction in the clinical outcome. Most KPIs that improved significantly were related to discharge medical therapies, which cannot influence in-hospital clinical outcomes. The KPIs on acute in-hospital management mostly showed no significant difference between the randomized groups, after adjusting for the clustering effect, time trend and potential confounders. The significant effect of early use of clopidogrel, dual antiplatelet therapy and loading dose dual antiplatelet therapy, all increased by 15% in the intervention group compared with the control; these changes were primarily driven by the change in use of clopidogrel alone. On the other hand, reperfusion therapy (both number receiving the reperfusion therapy and the number with acceptable door to needle time), statin use (both early use and high dose), and aspirin use (both early use and loading dose) showed no significant differences between intervention and control. A significant reduction in in-hospital MACEs is unlikely to be achieved solely by a modest increase in clopidogrel use. 

The failure to change the clinical outcome might also due to the intervention itself being incapable to bring about clinically meaningful changes. Fidelity of intervention implementation was generally adequate but demonstrated some variability between hospitals with respect to individual components. Among the six components of the intervention package, clinical pathways and performance feedback have been demonstrated to be effective in improving process indicators of quality of care in previous studies11,17-19,22 whereas the other component of the intervention have been included to address major barriers identified in our earlier CPACS-2 study.29 Although the link between process indicators and clinical outcomes has been reported in the large scale observational studies10, the evidence of these interventions in improving clinical outcomes have not been confirmed in any well-designed randomized trials. In fact, the other studies like the China Patient-centered Evaluative Assessment of Cardiac Events Retrospective Study of Acute Myocardial Infarction) study (China PEACE) did not found the improvement in process indicators accompanied by a decrease in mortality.12 Further, the effect of these interventions, even when effective, were generally moderate.11 The current CPACS-3 study confirmed that about 10% to 15% improvement in medical treatments are achievable, but this may not enough to translate into a significant change in clinical outcomes, particularly when it took place only for a single treatment.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Why should the intervention be effective on improving some KPIs but not on others? First, some of the KPIs had an already high rate of use before the intervention was initiated so that there was limited scope for improvement. For example, 89% and 84% of our patients had been given early use of aspirin and statins at baseline. By contrast, only about 60% of patients were given early use of clopidogrel, leaving much room for the intervention to improve matters. The proportion of use at discharge for four evidence-based secondary prevention treatments was generally between 50% and 80% at baseline and all showed significant increase in intervention. Second, with the advances in interventional therapy, thrombolytic therapy has been declining worldwide12, 30. In fact, thrombolytic therapy is now seldom seen in tertiary hospitals 30. Current guidelines tend to encourage patients with myocardial infarction in primary care to be transferred to medical centers with catheter labs for primary PCI.7 This “new” trend may discourage doctors at primary care or non-PCI hospitals to use thrombolytic therapy, although it is highly recommended and encouraged in the hospitals in our study. Third, given the poor doctor-patient relationship in China,31 the risk of unsuccessful opening of the culprit vessels by the thrombolytic therapy, as well as the higher risk of bleeding prevents doctors tends to suggest thrombolytic therapy. Finally, the fact that only about a half of the participating hospitals were real active in implementing the study interventions suggested that quality of care has not become a real goal of the hospital management in many Chinese hospitals. If the performance review in hospital management would have still been linked to hospital income, but not the quality of care measurement, 32it would be hard to expect any significant improvement in quality of care among patients. Our findings strongly call for a better healthcare system that provides the foundation for the QCI intervention to take a real effect.

Our study has many strengths. It is the first well-powered randomized controlled trial to rigorously evaluate the effectiveness of the QCI initiatives in reducing clinical outcomes.25 And our stepped-wedge design provided an opportunity for modeling temporal effects on the effectiveness of the intervention, which allows separation of the effect of the intervention from the secular trends introduced by society. The study design, conduct and data analyses were over sighted by an experienced steering committee composed of international expertise in cardiology, epidemiology and biostatistics. All study endpoints were adjudicated by an independent committee, and the study process was closely monitored by a dedicated quality control team. The Ministry of Health provided strong support to ensure that participating hospitals cooperated well, and only two of them withdrew during the study.  

The study also has several limitations. First, the event rate for the primary endpoint was lower than that estimated from the previous CPACS-1 study, which would lead to our study being under-powered. The regular monitoring for the quality of data and re-adjudication process of the in-hospital events suggested that the lower than expected event rate was not due to errors in data collection. It may be due to the advantages in clinical management of ACS, as well as the fact that events in CPACS-1 were not adjudicated. However, post-hoc power analysis indicates that the study was still powered to detect a relative reduction of the primary outcome of at least 19%. Second, due to the technical constraints in hospitals at this level a quite number of patients are often transferred to larger medical centers for better medical services. That would limit the intervention to take effect (not enough time for intervention) and also prevent us from understanding the effect, e.g. the causes of death (for which no data were available). In fact, 14% patients in our study were transferred to higher level hospitals.


By focusing on in-hospital MACE as the primary outcome, the effectiveness of the study intervention may have been under-estimated, as the most significant improvements were observed on discharge therapies. We anticipate that on-going follow up of the patients will determine whether the intervention may have longer-term effects on clinical outcomes.

To conclude, among resource-constrained Chinese hospitals, the introduction of a multifaceted QCI intervention improved a number of care process indicators of evidence-based ACS management, especially at the time of hospital discharge, but did not affect in-hospital MACE.
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