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IMPORTANCE Prior observational studies suggest that quality of care improvement (QCI)
initiatives can improve the clinical outcomes of acute coronary syndrome (ACS). To our
knowledge, this has never been demonstrated in a well-powered randomized clinical trial.

OBJECTIVE To determine whether a clinical pathway–based, multifaceted QCI intervention
could improve clinical outcomes among patients with ACS in resource-constrained hospitals
in China.

DESIGN, SETTING, PARTICIPANTS This large, stepped-wedge cluster randomized clinical trial
was conducted in nonpercutaneous coronary intervention hospitals across China and
included all patients older than 18 years and with a final diagnosis of ACS who were recruited
consecutively between October 2011 and December 2014. We excluded patients who died
before or within 10 minutes of hospital arrival. We recruited 5768 and 0 eligible patients for
the control and intervention groups, respectively, in step 1, 4326 and 1365 in step 2, 3278
and 3059 in step 3, 1419 and 4468 in step 4, and 0 and 5645 in step 5.

INTERVENTIONS The intervention included establishing a QCI team, training clinical staff,
implementing ACS clinical pathways, sequential site performance assessment and feedback,
online technical support, and patient education. The usual care was the control that was
compared.

MAIN OUTCOMES AND MEASURES The primary outcome was the incidence of in-hospital
major adverse cardiovascular events (MACE), comprising all-cause mortality,
reinfarction/myocardial infarction, and nonfatal stroke. Secondary outcomes included 16 key
performance indicators (KPIs) and the composite score developed from these KPIs.

RESULTS Of 29 346 patients (17 639 men [61%]; mean [SD] age for control, 64.1 [11.6] years;
mean [SD] age for intervention, 63.9 [11.7] years) who were recruited from 101 hospitals,
14 809 (50.5%) were in the control period and 14 537 (49.5%) were in the intervention
period. There was no significant difference in the incidence of in-hospital MACE between
the intervention and control periods after adjusting for cluster and time effects (3.9% vs
4.4%; odds ratio, 0.93; 95% CI, 0.75-1.15; P = .52). The intervention showed a significant
improvement in the composite KPI score (mean [SD], 0.69 [0.22] vs 0.61 [0.23]; P < .01) and
in 7 individual KPIs, including the early use of antiplatelet therapy and the use of appropriate
secondary prevention medicines at discharge. No unexpected adverse events were reported.

CONCLUSIONS AND RELEVANCE Among resource-constrained Chinese hospitals, introducing
a multifaceted QCI intervention had no significant effect on in-hospital MACE, although it
improved a few of the care process indicators of evidence-based ACS management.
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C ardiovascular disease accounts for almost a third of all
deaths worldwide and is the leading cause of death in
China.1,2 Compared with the previous decade, China is

predicted to experience a 69% increase in the incidence of acute
coronary disease between 2010 and 2019, amounting to nearly
8 million additional episodes of myocardial infarction (MI) or
unstable angina pectoris.3 Given that more than two-thirds of
cardiovascular events will occur in adults younger than 65
years,2,3 this rapidly escalating burden of acute coronary syn-
dromes (ACS) will have profound economic and social impli-
cations for China.4,5

Despite the widespread promulgation and endorsement of
ACS treatment guidelines6,7 and the strong evidence base under-
pinning many guideline recommendations,8-10 their translation
into clinical practice remains suboptimal, globally. This is par-
ticularly true for low-income and middle-income countries11-14

and for nontertiary hospitals where financial, technical, and staff
resourcesaremorelimited.13,14 InChina,nontertiaryregionalhos-
pitals 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 and pa-
tient education, as well as data audits and feedback.11,16-19

Among these, clinical pathways have been studied most ex-
tensively, with good evidence to associate pathway use with
a reduction in in-hospital complications.20 Consequently, clini-
cal pathways have been incorporated into routine practice in
many high-income countries and are also highly promoted in
low-income and middle-income countries.20,21 However, this
practice is largely supported by effects on surrogate process
outcomes11,22; these effects on clinical outcomes have been
largely derived from observational studies.10 To our knowl-
edge, the effects of such programs on clinical events, such as
cardiovascular death, reinfarction, or other diseases or com-
plications, have not previously been studied in a randomized
clinical trial and thus remain uncertain.

Since 2009, the Chinese government has initiated a new
round of health care reforms.23 One objective is to strengthen the
health care system, which regards nontertiary county hospitals
as regional centers.23,24As an official implementation research
project of the National Health Commission (former Ministry of
Health), the third phase of the Clinical Pathways for Acute Coro-
nary Syndromes in China (CPACS-3) was initiated to evaluate a
clinical pathway–based, multifaceted quality of care improve-
ment 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 Briefly,
CPACS-3 was a stepped-wedge cluster randomized clinical trial
among resource-constrained hospitals in China (Figure 1). The
primary objective was to determine whether routinely using
a clinical pathway–based, multifaceted quality of care initia-
tive (QCI) led to a measurable reduction in the number of in-
hospital major adverse cardiovascular events (MACE) in pa-

tients with ACS presenting to resource-limited hospitals in
China. The secondary objectives were to determine: (1) whether
the QCI would improve the quality of care and (2) any major
facilitators and barriers to the implementation and uptake of
the interventions in these settings. To be eligible, hospitals had
to be nontertiary centers with (1) more than 90 minutes taken
to transfer a patient with ACS to the nearest large tertiary hos-
pital with a cardiac catheterization laboratory, (2) no plans to
develop the capacity for onsite percutaneous coronary inter-
vention (PCI) within the next 4 years, (3) more than 40 pa-
tients with ACS hospitalized every 6 months, and (4) no par-
ticipation in another hospital QCI. Patients with ACS in eligible
hospitals that agreed to participate were consecutively en-
rolled in 5 6-month steps (ie, cycles). No intervention was ap-
plied in the first cycle in all participating hospitals. Study hos-
pitals were randomly allocated to 4 wedges. Each wedge
commenced the intervention in one of the 4 remaining cycles.
All hospitals were on the intervention in the last cycle. The in-
tervention was applied at the hospital level, with outcomes
measured at the patient level. A stepped-wedge design was cho-
sen mainly because it was anticipated that the study would be
beneficial and receipt of the intervention was the strong pref-
erence of all participating hospitals and the government offi-
cials in charge of the project. The Peking University institu-
tional review board reviewed and approved the study and all
participating patients provided written informed consent.
The trial protocol and statistical analysis plan are available in
Supplement 1-3.

Patients
All patients older than 18 years with a final diagnosis of ACS at
discharge or death were recruited consecutively in 2 batches of
hospitals. The first batch included 76 hospitals and recruited
study patients from October 9, 2011, to May 31, 2014, and the sec-
ond batch included 25 hospitals recruiting patients between June
1, 2012, and December 29, 2014. We excluded patients who died
before or within 10 minutes of hospital arrival.

Randomization
The randomization was done centrally among all 101 hospi-
tals, with stratification by province, before initiating the in-

Key Points
Question What is the effect of a multifaceted quality of care
improvement initiative for acute coronary syndrome (ACS) on
major adverse cardiovascular events in low-resource hospitals in
China?

Findings In this stepped-wedge cluster randomized clinical trial
that included 101 hospitals and 29 346 patients with ACS, the
in-hospital rates of major adverse cardiovascular events were
4.4% in the control phase and 3.9% in the intervention phase; the
difference was not statistically significant after adjusting for cluster
and temporal trends.

Meaning Among patients with ACS in low-resource hospitals in
China, a multifaceted quality of care initiative did not reduce the
in-hospital major adverse cardiovascular events compared with
usual care.
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tervention in the first-wedge hospitals in the first batch. The
allocation codes were concealed by the statistician sepa-
rately and would be given to the project manager who was in
charge of the initiation of the intervention when it began. Be-
cause the second batch of hospitals started roughly 6 months
after the first batch of hospitals, the intervention in these hos-
pitals also initiated 6 months later in each wedge.

Data Collection
A trained hospital staff member who was not involved in treat-
ing patients with ACS was responsible for collecting and en-
tering data into a dedicated web-based data management sys-
tem. Data for each patient were collected from medical records
and from survivors before hospital discharge. The data in-
cluded sociodemographic information; symptoms and signs
relating to the presenting ACS; medical history; electrocardio-
graphic results; biomarker findings; investigations per-
formed; treatments administered before admission, during
hospitalization, and at death or hospital discharge; final diag-
nosis and discharge status; major in-hospital clinical events;
personal insurance status; and the total cost of hospitaliza-
tion. Data quality was maintained through in-person and on-
line study monitoring activities.

Intervention
The intervention was a multifaceted QCI comprising 6 com-
ponents: the establishment of a QCI team, chaired by the hos-
pital director and including the department chiefs for emer-
gency, general medicine/cardiology, and the medical services
administration; implementation of clinical pathways for man-
aging different subtypes of ACS that were developed in CPACS-2
and tailored to fit the hospital when necessary26; regular re-
ports provided every 6 months on key performance indica-
tors (KPIs) that used information collected through the study
data management system through which hospitals could self-
assess their peer-ranked clinical performance; technical train-
ing and a compulsory test for medical staff engaged in ACS care;
a web-based online technical support to get advice from se-
nior cardiologists; and patient educational materials on ACS
clinical manifestation, treatment, secondary prevention, and
lifestyle modification.

The fidelity of the study intervention components 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, China,
at the beginning, middle, and end of the study. The partici-
pating and passing rates of the technical training for partici-
pating physicians and nurses were obtained from the back-
ground records from the online system for training.

Outcomes
Theprimaryoutcomeofthestudywasin-hospitalMACE,defined
as all-cause mortality, MI, or recurrent MI 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 the hospital but also those who were dis-
charged against medical advice and died within 1 week and those
whotransferredtoupper-levelhospitalsbutdiedwithin24hours.
For the 2 latter cases, we were not able to collect reliable data to
confirm cause of death. Recurrent MI during hospitalization was
classified as an event during which a hospitalized patient with
MI demonstrated a rise of the cardiac biomarker (troponin or cre-
atine kinase myocardial band) at least once above the 99th
percentile reference limit or the value increased more than 20%
compared with the former measurement and with at least 1 of
the following 3 criteria: new symptoms of ischemia, new signifi-
cant ST-T wave changes, and imaging evidence of new regional
wall motion abnormality. All primary outcome events were ad-
judicated by an independent committee masked to the hospital’s
randomization status.

Secondary outcomes were a patient-level composite score
oftheKPIsandeachoftheindividual16KPIsofACScare(thedefi-
nitions of KPIs are provided in eTable 1 in Supplement 4). The
patient-level KPI composite score was calculated by allocating
a score of 1 for each of the binary KPIs achieved, adding these,
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. Because of the changes
inclinicalguidelinesandalsoinourstudyintervention,weadded
3 new KPIs after the trial initiation: the percentage of patients re-
ceiving dual antiplatelet therapy, loading dose dual antiplatelet
therapy, and intensive statin therapy. This change was made be-

Figure 1. Study Flow Chart

120 Hospitals were contacted

101 Hospitals were randomized into
4 wedges before intervention

101 Hospitals agreed and finished the cycle
5768 Patients were recruited

Wedge 1
25 hospitals

Wedge 2
26 hospitalsa

Wedge 3
25 hospitals

Wedge 4
25 hospitalsa

1365
Patients

1293
Patients

1516
Patients

1517
Patients

1595
Patients

1464
Patients

1897
Patients

1399
Patients

1438
Patients

1382
Patients

1648
Patients

1419
Patients

1307
Patients

1405
Patients

1468
Patients

1465
Patients

Recruitment

Cycle 1 (6 mo)

Randomization

Cycle 2 (6 mo)

Cycle 3 (6 mo)

Cycle 4 (6 mo)

Cycle 5 (6 mo)

14 537 Patients from 101
hospitals eligible for
ITT analysis

14 809 Patients from 101
hospitals eligible for
ITT analysis

Analysis

19 Hospitals declined

Intervention

Control

ITT indicates intention to treat.
a One hospital from wedge 2 and 1 hospital from wedge 4 dropped out

in cycle 2.
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fore the statistical analysis plan 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 2-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%, respec-
tively. The control period event rate was based on that ob-
served in the published CPACS study among nontertiary
hospitals.13 The sample size calculations also assumed that
there was no delay in the effects of the intervention and that
the intraclass correlation coefficient was 0.10. To account for
dropout, we aimed to recruit from 104 hospitals.25

Data Analysis
The primary analysis was performed according to the intention-
to-treat principle. All analyses on outcomes were at the indi-

vidual level but accounted for the clustering of patients at the
hospital level. Comparisons of baseline characteristics be-
tween intervention and control participants were conducted
using the t test and χ2 test.

There were a few variables, such as education, health insur-
ance, and smoking status, that had missing data. We disclosed
number of patients with missing data in Table 1 and Table 2 but
calculated the proportions for each classification without includ-
ing patients with missing data. In the multivariable analyses, we
treated these variables as categorical and the patients with miss-
ing data as a separate subgroup of patients.

Toanalyzeinterventioneffects,generalizedestimatingequa-
tion models were used to account for the clustering within
hospitals.27 The primary model included a fixed effect for time
and a binary variable for the effect of the intervention. Within-
cluster correlations were modeled using generalized estimating
equations with an exchangeable working correlation structure.
Sensitivity analyses included a model without the effect of time

Table 1. Characteristics of CPACS-3 Study Participants by Randomized Allocation

Characteristic

No. (%)

Difference (95% CI)a P ValueControl (n = 14 809) Intervention (n = 14 537)
Age, mean (SD), y 64.1 (11.64) 63.9 (11.72) −0.2 (−0.4 to 0.1) .28

Male 8888 (60.0) 8751 (60.2) 0.2 (−0.9 to 1.3) .75

Educationb

Illiteracy 3479 (30.6) 3132 (27.6) −3.0 (−5.2 to −0.8)

<.001
Primary 3426 (30.1) 3760 (33.1) 3.0 (0.9 to 5.2)

Secondary 2656 (23.3) 2842 (25.0) 1.7 (−0.6 to 4.0)

High school and above 1815 (16.0) 1616 (14.2) −1.7 (−4.1 to 0.7)

Farmerb 9062 (64.3) 8816 (66.1) 1.9 (0.7 to 3.0) .001

Health insuranceb 10 892 (94.8) 9817 (95.5) 0.6 (0.1 to 1.2) .03

Diagnosis

STEMI 5383 (36.3) 4911 (33.8) −2.6 (−3.7 to −1.5)

<.001NSTEMI 2191 (14.8) 2512 (17.3) 2.5 (1.7 to 3.3)

UAP 7235 (48.9) 7114 (48.9) 0.1 (−1.1 to 1.2)

Smoking statusb

Never smoked 9440 (64.8) 9131 (64.4) −0.4 (−1.8 to 0.9)

.63Ex-smoker 1509 (10.4) 1467 (10.3) −0.0 (−2.2 to 2.2)

Smoking 3611 (24.8) 3580 (25.3) 0.5 (−1.6 to 2. 5)

History of disease

Myocardial infarction 1290 (8.7) 1174 (8.1) −0.6 (−2.8 to 1.6) .05

Angina 2995 (20.2) 3226 (22.2) 2.0 (−0.1 to 4.0) <.001

Heart failure 601 (4.1) 560 (3.9) −0.2 (−2.4 to 2.0) .37

Stroke 1140 (7.7) 1165 (8.0) 0.3 (−1.9 to 2.5) .31

Transient ischemic attack 152 (1.1) 242 (1.8) 0.7 (−1.6 to 3.0) <.001

Diabetes 1973 (13.3) 2025 (13.9) 0.6 (−1.5 to 2.7) .13

Hypertensionc 10159 (68.6) 9804 (67.4) −1.2 (−2.2 to −0.1) .03

Dyslipidemiad 2024 (13.7) 1975 (13.6) −0.1 (−0.9 to 0.7) .84

Physical signs at presentation

SBP <90 mm Hg 391 (2.6) 357 (2.5) −0.2 (−0.6 to 0.2) .32

Heart rate ≥100 beats/min 1673 (11.3) 1642 (11.3) −0.0 (−0.7 to 0.7) >.99

Hospital characteristics

No. of beds

>1000 (n = 9) 1179 (8.0) 758 (5.2) −2.8 (−3.3 to −2.2)

<.001
501-1000 (n = 33) 8612 (58.2) 8618 (59.3) 1.1 (0.0 to 2.3)

201-500 (n = 47) 4382 (29.6) 4664 (32.1) 2.5 (1.4 to 3.6)

≤200 (n = 12) 636 (4.3) 497 (3.4) −0.9 (−1.3 to −0.4)

Abbreviations: CVD, cardiovascular
disease; NSTEMI, non–ST-elevation
myocardial infarction; SBP, systolic
blood pressure; STEMI, ST-elevation
myocardial infarction; UAP, unstable
angina pectoris.
a Crude difference = intervention

minus control.
b Data missing: education, 6620

cases (22.6%); farmer, 1921 cases
(6.5%); insurance, 7577 cases
(25.8%); smoking status, 608 cases
(2.1%).

c Including patients with medical
history of hypertension, a systolic
blood pressure of 140 mm Hg
higher, or a diastolic blood pressure
of 90 mm Hg or higher when
presenting at the hospital.

d Including patients with medical
history of dyslipidemia, total
cholesterol level of 240 mg/dL or
higher, or low-density lipoprotein
cholesterol level of 160 mg/dL or
higher (to convert to millimoles per
liter, multiply by 0.0259) when
presenting at the hospital.
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and a model in which time was considered a continuous variable
as well as a model with the interaction between time and inter-
vention. The intervention effects were summarized as the result-
ing odds ratios and difference of proportions for binary outcomes
or mean differences for continuous outcomes. We further con-
ductedcovariates-adjustedanalyses,includingpatient-levelbase-
line covariates and hospital-level covariates, using 3-level gen-
eralized linear-mixed models with hospital and province as the
second and third levels, respectively.

The effect of the intervention on in-hospital MACE and the
composite KPI score was analyzed according to the following
prespecified baseline subgroups: subtypes of ACS, sex, and age.
We did not execute any interim analysis. We did not adjust for

the multiple testing in our analyses on secondary outcomes;
therefore, these analyses should be considered exploratory.

All statistical tests were 2-tailed. The intervention effects
for the primary and secondary outcomes were considered sig-
nificant at P = .05. All analyses were conducted using SAS, ver-
sion 9.4 (SAS Institute).

Results
Patient Recruitment
Of 120 eligible hospitals recommended through local health
authorities, 19 declined to participate. Before the initiation of

Table 2. Observed Rates and Means of Primary and Secondary Outcomes by Randomized Allocation and Corresponding Mean Differences
and Adjusted Odds Ratios in Intervention and Control Periods

Outcomes ICCa

Cases, No. (%) Cluster-Adjusted Primary Analysis

Intervention
(n = 14 537)

Control
(n = 14 809)

Difference
(95% CI)

Odds Ratio or
β Coefficient
(95% CI)b

Difference
(95% CI)

Odds Ratio or
β Coefficient
(95% CI)b

Primary outcome

In-hospital MACE 0.01 559 (3.8) 655 (4.4) −0.6 (−1.1 to −0.1) 0.87 (0.75 to 1.01) −0.3 (−0.8 to 0.2) 0.93 (0.75 to 1.15)

Secondary outcome

Composite score
of KPIs to mean
(SD)

0.34 0.69 (0.22) 0.61 (0.231) 0.1 (0.1 to 0.1) 0.08 (0.06 to 0.10)b 0 (0 to 0.1) 0.04 (0.02 to 0.06)b

Single KPIs,
in-hospital therapy

Aspirin 0.07 13 334 (91.7) 13 241 (89.4) 2.6 (1.9 to 3.3) 1.32 (1.15 to 1.50) 0.1 (−0.6 to 0.8) 1.01 (0.80 to 1.28)

Clopidogrel 0.23 10 913 (75.1) 8891 (60.0) 16.7 (15.7 to 17.8) 2.12 (1.84 to 2.45) 4.3 (3.3 to 5.4) 1.21 (1.02 to 1.44)

Statin 0.09 12 501 (86.0) 12 479 (84.3) 2.6 (1.8 to 3.5) 1.21 (1.08 to 1.35) 0.5 (−0.4 to 1.4) 1.04 (0.87 to 1.24)

Dual antiplatelet 0.22 10 725 (73.8) 8680 (58.6) 16.6 (15.5 to 17.7) 2.08 (1.81 to 2.39) 4.4 (3.3 to 5.5) 1.21 (1.03 to 1.43)

Loading dose dual
antiplatelet

0.21 5768 (39.7) 3563 (24.1) 15.5 (14. to 16.5) 2.13 (1.70 to 2.66) 4.5 (3.46 to 5.5) 1.24 (0.93 to 1.66)

High-intensive
statin

0.35 4954 (34.1) 5524 (37.3) −3.6 (−4.7 to −2.6) 0.85 (0.70 to 1.03) 3.3 (2.2 to 4.4) 1.16 (0.95 to 1.42)

STEMI receiving
reperfusion

0.15 1414 (48.9) 1683 (52.2) −1.8 (−4.4 to 0.7) 0.93 (0.81 to 1.06) −2.2 (−4.7 to 0.3) 0.92 (0.72 to 1.16)

Acceptable D2N
time

0.12 539 (37.4) 516 (30.0) 5.7 (2.5 to 9.0) 1.30 (1.02 to 1.65) 2.4 (−0.9 to 5.7) 1.12 (0.77 to 1.62)

Single KPIs,
discharge therapy

Aspirin 0.20 11 975 (85.5) 11 565 (81.5) 4.7 (3.9 to 5.6) 1.40 (1.08 to 1.81) 5.5 (4.7 to 6.4) 1.48 (1.14 to 1.93)

Clopidogrel 0.26 9824 (70.1) 7718 (54.4) 17.3 (16.2 to 18.4) 2.07 (1.74 to 2.47) 7.3 (6.2 to 8.4) 1.36 (1.12 to 1.64)

β-Blocker 0.11 8358 (59.7) 7458 (52.5) 8.5 (7.3 to 9.6) 1.41 (1.21 to 1.65) 7.6 (6.5 to 8.8) 1.36 (1.17 to 1.59)

Statin 0.18 11 532 (82.3) 11 166 (78.7) 5.3 (4.4 to 6.2) 1.38 (1.13 to 1.70) 4.6 (3.7 to 5.6) 1.33 (1.06 to 1.67)

ACEI or ARB
(in LVSD ones)

0.21 1382 (50.6) 1295 (47.9) 4.1 (1.4 to 6.7) 1.18 (1.00 to 1.38) 6.0 (3.3 to 8.6) 1.27 (1.05 to 1.53)

Single KPIs, other

First ECG in time 0.18 9020 (62.0) 7768 (52.5) 10.3 (9.2 to 11.5) 1.52 (1.28 to 1.81) 2.8 (1.7 to 4.0) 1.12 (0.90 to 1.39)

Diagnosis
consistent with
ECG and biomarker
findings

0.03 9957 (83.7) 9825 (84.3) −0.3 (−1.2 to 0.7) 0.98 (0.87 to 1.11) −2.3 (−3.2 to −1.3) 0.85 (0.71 to 1.01)

Length of stay
to mean (SD)

0.11 8.8
(5.41)

9.6
(5.65)

−0.7
(−0.9 to −0.4)

−0.67
(−0.92 to −0.43)c

−0.1
(−0.4 to 0.2)

−0.12
(−0.44 to 0.20)c

In-hospital cost
to mean (SD), $

0.19 1486.8
(1914)

1383.8
(1869.9)

134.7
(31.7 to 237.6)

134.7
(31.7 to 237.6)c

−88.6
(−282.2 to 104.9)

−88.6
(−282.2 to 104.9)c

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; D2N, door to needle; ECG, electrocardiograph;
ICC, intraclass correlation coefficient; KPI, key performance indicator; LVSD, left
ventricular systolic dysfunction; MACE, major adverse cardiovascular event;
STEMI, ST-elevation myocardial infarction.
a The ICCs are obtained using generalized estimating equations models with

exchangeable working correlation structure.
b Odds ratios and β coefficients represent the effect of intervention compared

with control and are calculated as the difference of proportions or means in
marginal effects (intervention group minus control group) in a generalized
estimating equation model to account for within-hospital clustering with logit
link function for binary outcomes or with identity link function for continuous
outcomes. In the primary analysis model, time was taken into account as a
fixed effect. The 95% CIs for difference in proportions are obtained through
normal approximation of the adjusted proportions.

c β Coefficient.
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the intervention, 2 hospitals withdrew from the study. A total
of 29 346 patients with ACS were recruited. Of them, 14 809
patients (50.5%) were recruited before hospitals received the
QCI interventions (control) and 14 537 (49.5%) were recruited
after the intervention was initiated (Figure 1).

Patient Characteristics
The patient characteristics were generally similar in the control
and intervention groups (Table 1). The study participants were
age 19 to 102 years, with a mean (SD) age of 64.0 (11.6) years. Con-
sistent with previous reports from China, ST-segment elevation
MI accounted for only about one-third of events, while unstable
angina pectoris accounted for about one-half.

Effects on Primary and Secondary Outcomes
The difference in in-hospital MACE between patients recruited
in the intervention period and those in the control period was not
significant after adjusting for the clustering effect and time trend
(difference, −6; 95% CI, −1.1 to −0.1) (Table 2). The model with
the time-by-treatment interaction showed no statistically signifi-
cant effect of intervention, and the interaction term was also not
significant. The temporal change in the unadjusted rates of in-
hospital MACE is shown in Figure 2.

For secondary outcomes, the composite score of KPIs was
significantly higher in the intervention group and the differ-
ence remained significant after adjusting for the clustering ef-
fect and time trend. Among the 16 single KPIs, all those on dis-
charge therapy were significantly improved by the intervention.
With respect to in-hospital care, significant intervention ef-
fects were only observed for the early use of clopidogrel and
dual antiplatelet therapy in the primary analysis (Table 2). The
in-hospital cost did not increase in the intervention period in
the primary analysis. We repeated all the previously de-
scribed analyses with further adjusting for multiple variables
at patient, hospital, and province levels and the results re-
mained unchanged (eTable 2 in Supplement 4).

Subgroup Analysis
The prespecified subgroup analyses of the primary outcome are
shown in Figure 3. There was no evidence of a differential effect
of intervention on in-hospital MACE by age, sex, or subtype of
ACS. The site monitoring data and the records from the online
system for training showed that more than 90% hospitals imple-
mented intervention components, but the fidelity to individual
components was variable (eTable 3 in Supplement 4).

Discussion
In this stepped-wedge cluster randomized clinical trial, we found
that implementing the QCI improved many process indicators
significantly.However,theseimprovementsweregenerallymod-
erate and did not translate into a significant change in the rate
of in-hospital MACE. The results align with findings from the re-
cent systematic review that analyzed 670 reports from 337 stud-
ies of 118 strategies to improve health care clinician practices in
low-income and middle-income countries.28 The review con-
cluded that the effect size of these strategies varied substantially

but was typically moderate, most strategies had low-quality evi-
dence, and the results emphasized the need for better methods
to study the effectiveness of interventions.28

Looking at the changes by types of KPIs may help to un-
derstand why our study did not achieve a significant reduc-
tion in the clinical outcome. Most KPIs that improved signifi-
cantly were discharge medical therapies, which cannot
influence in-hospital clinical outcomes. For the in-hospital
management KPIs, the early use of clopidogrel, dual antiplate-
let therapy, and loading dose dual antiplatelet therapy all in-
creased by 15% in the intervention group compared with the
control, but these changes were primarily driven by the change
in the use of clopidogrel alone. However, reperfusion therapy
(those receiving the reperfusion therapy and those with an ac-
ceptable door-to-needle time), statin use (early use and high
dose), and aspirin use (early use and loading dose) showed no
significant differences between intervention and control. A sig-
nificant reduction in in-hospital MACE is unlikely to be
achieved solely by a modest increase in clopidogrel use.

The failure to change the clinical outcome might also be
due to the intervention itself being incapable to generate clini-
cally meaningful changes. The fidelity of intervention imple-
mentation in our study was generally adequate but demon-
strated some variability between hospitals regarding individual
components. The recently published ACS Quality Improve-
ment in Kerala randomized clinical trial that used a similar de-
sign as our study also found that the locally adapted quality
improvement kit did not improve clinical outcomes.29

Why should the intervention be effective at improving some
KPIs but not others? First, some of the KPIs had an already high
rate of use before the intervention was initiated, so there was lim-
ited scope for improvement. For example, 13 241 (89.4%) and
12 479 patients (84.3%) in this study, respectively, had been ad-
ministered aspirin and statins early before the intervention ini-
tiated. By contrast, only 8891 patients (60%) received clopidogrel
early, leavingmuchroomfortheinterventiontoimprovematters.
The proportion of use at discharge for 4 evidence-based second-
ary prevention treatments was generally between 50% and 80%
at baseline and all showed significant increase in intervention.
The systematic review by Rowe et al28 also found that baseline
outcome level was inversely associated with effect size. Second,
withtheadvancesininterventionaltherapy,thrombolytictherapy

Figure 2. Unadjusted Rates of Major Adverse Cardiovascular Events
by Wedge and Cycle
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has been declining worldwide.12,30 In fact, thrombolytic therapy
isnowseldomseenintertiaryhospitals.30 Currentguidelinestend
to encourage patients with MI in primary care to be transferred
tomedicalcenterswithcatheterlaboratoriesforprimaryPCI.7 This
“new” trend may discourage physicians at primary care or non-
PCI hospitals to use thrombolytic therapy, although it is highly
recommended and encouraged in the hospitals in this study.
Third, given the poor physician-patient relationship in China,31

theriskofanunsuccessfulopeningoftheculpritvesselsbythrom-
bolytic therapy, as well as the higher risk of bleeding, prevents
physiciansfromsuggestingthrombolytictherapy.Finally,thefact
that only about half of the participating hospitals were very ac-
tive in implementing the study interventions suggested that
qualityofcarehasnotbecomearealgoalofhospitalmanagement
in many Chinese hospitals. If the performance review in hospi-
tal management would have still been linked to hospital income,
but not the quality of care measurement,32 it would be hard to
expect any significant improvement in quality of care among pa-
tients. Our findings call for a better health care system that pro-
vides the foundation for the QCI to take a real effect.

Strengths and Limitations
This study has many strengths. To our knowledge, it is the first
well-powered randomized clinical trial to evaluate the effec-
tiveness of the QCIs in reducing clinical outcomes.25 The study
design, conduct, and data analyses were overseen by an ex-
perienced steering committee composed of international ex-
perts in cardiology, epidemiology, and biostatistics. All study
end points were adjudicated by an independent committee and
the study process was closely monitored by a quality control
team. The Ministry of Health provided support to ensure that
participating hospitals cooperated well, and only 2 of them
withdrew during the study.

The study also has several limitations. First, the event rate
for the primary end point was lower than that estimated from the

previous CPACS-1 study, which led to this study being underpow-
ered. It may be because of the advantages in clinical management
of ACS, as well as the fact that the events in CPACS-1 were not ad-
judicated. However, the 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, the proportion of un-
stableanginapectorisinthepatientsinthisstudywashigh(14 349
[49%]) compared with that reported in other countries,10,29,33

which could contribute to the overall low event rates. However,
the high proportion of unstable angina pectoris in this study was
comparable with the CPACS-1 study (46%) as well as other pre-
vious reports among Chinese patients with ACS.12,13 It is unclear
why the proportion in Chinese patients was higher than that in
othercountries.Third,becauseofthetechnicalconstraintsinhos-
pitals at this level, many patients are often transferred to larger
medical centers for better medical services. That would limit the
ability for the intervention to take effect (there is not enough time
for the intervention) and also prevent us from understanding the
effect (eg, the causes of death, for which no data were available).
In fact, 4108 patients (14%) in this 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 un-
derestimated, as the most significant improvements were ob-
served on discharge therapies. We anticipate that ongoing follow-
up of the patients will determine whether the intervention may
have longer-term effects on clinical outcomes.

Conclusions
Among resource-constrained Chinese hospitals, introducing a
multifaceted QCI did not affect in-hospital MACE, although it
improved a few of the care process indicators of evidence-based
ACS management, especially at the time of hospital discharge.
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Figure 3. Subgroup Analysis for the Effect of Intervention on Major Adverse Cardiovascular Events (MACE),
Cluster, and Time Adjusted (Primary Model)
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Wusheng Liu, BM, Xuewen Liu, ADM, Baofu Li,
ADM, Xiaojun Zhang, ADM, and Xiaochun Wang,
BM; Chifeng Balinzuoqi Hospital: Hai Chen, BM,
Rulin Li, BM, and Xue Zhang, ADM; Hunyuan
People’s Hospital: Zhilan He, BM, Jizhi Wang, BM,
and Yanlu Pei, BM; Lianzhou People’s Hospital:
Dengpeng Huang, BM, Wengeng Wang, BM,
Xiaoshe Chen, BM, and Shaojun Wang, BM;
Wafangdian Central Hospital: Xiangpin Li, BM,
Hainan Wang, BM, Liangliang Yu, BM, Chunqiang
Yu, BM, and Yunxiong Liu, BM; Beizhen People’s
Hospital: Gang Qiu, BM, Yan Chang, ADM, Feng Xia,
BM, Liwen Ma, BM, and Song Yang, BM; Yingcheng
People’s Hospital: Zhongdao Zhang, BM, and Libing
Zhang, MD; Wuchuan People’s Hospital: Yuanming
Yi, BM, Xuelian Deng, BN, Zhangli Lin, AND,
Huafeng Chen, BN, and Guanhong Wu, BN; Xuyong
People’s Hospital: Zhengye Li, BM, Li Huang, ADM,
Hong Li, BM, Jiang Long, BM, and Zhenyan Ke, BM;
Gaoyou People’s Hospital: Zhengzhang Li, MD, Zhe
Shen, BM, Haoping Xue, BM, Shi Cheng, BM, and
Xiaohe Feng, MD; Zichang Hospital: Yanmei Xu, BM,
Xiaoyong Hao, BM, Runting Jing, BM, Yacheng Li,
BM, and Yongjun Xue, BM; Fengxiang Hospital: Kai
Yang, BM, Xisheng Zhou, BM, Cangwei Gou, BM,
and Fei Zheng, BM; Pingxiang Hospital: Ruishuang
Zhang, BM, Shengjiang Li, BM, Libo Wang, BM,
Xiaoping Bai, BM, and Lingyan Wu, BM; Tongliao
Huolinguole Hospital: Guofu Chen, BM, Gang Cao,
BM, Shuangshuang Liu, ADM, Haishan Zhang, BM,
and Zhihui Zhang, BM; Xixia People’s Hospital:
Fenglou Zhang, ADM, Yujie Pan, BM, Junfang
Zhang, BM, Chunqiang Pang, BM, and Hongzhao
Yang, MD; Wuwei People’s Hospital: Kaibao Wang,
BM, Caizang Zheng, BM, Yihong Fang, BM, and
Yinong Fang, BM; Puan People’s Hospital: Jiang Liu,
BM, Anhua Rong, BM, Xianqiang Zhang, BM,
Pengxia Chen, AND, and Lang Chen, BA;
Shangcheng People’s Hospital: Baiwu Zhou, BM,
Chenhui Xiong, BM, Zhiying Lin, AND, Wei Wang,
BM, and Zuyu Yu, BN; Woyang People’s Hospital:
Shuhua Yuan, BM, Juan Yang, BA, Xiao Liu, BM,
Minghua Zhai, BM, and Yong Xu, BM; Dongtai
People’s Hospital: Xiaohong Wu, BS, Liping Shu,
ADM, Shiping Xu, BM, Ning Xu, ADM, and Chengjun
Yao, BM; Cangxi People’s Hospital: Jian Han, BM, Rui
Wang, BM, Qiong Cao, BM, Shuke Chun, BM, and
Xianfa Li, DM; Dejiang People’s Hospital: Xia Zhang,
BM, Guichao Li, BM, Yan Chen, ADN, Haitang Xu,
BM, and Yonghong Zhang, BS; Zhuanglang People’s
Hospital: Yingxu Li, DM, Lailu Wang, BM, Rui Niu,
BM, Sheng Yang, DN, and Lili Liu, DM; Huoshan
Hospital: Yunwu Zhu, BA, Jun Li, MD, Yi Xiang, BM,
Jun Cai, BM, and Huiying Liu, BN; Xixiang Hospital:
Fan Zhou, ADM, Xinxia Li, BM, Jing Zhao, BM,
Linyan Huang, BM, and Juan Meng, MD; Quzhou

Hospital: Shikui Zhu, BM, Shaohua Sun, BM, Heying
Li, BM, and Yang Zhao, BM; Loufan People’s
Hospital: Jiangang Li, ADM, Jianping Li, DM, Jie Li,
ADM, Shuxiong Guo, AND, and Weiwei Fan, DN;
Tangxian Hospital: Longhui Di, MD, Huibin Qi, BM,
and Hongbo Zhang, BM; Yidu First Hospital: Zhibin
Peng, BM, Shilei Deng, BM, Bohua Li, BM, Zemin
Yang, BM, and Xiaobo Pi, BM; Yuqing People’s
Hospital: Congzhi Zhang, BM, Hua Zhang, BM,
Yanmei Yang, BM, Song Guo, BM, and Zaihong
Yang, BM; Weining People’s Hospital: Qilin Shen,
BM, Congshu Luo, BM, Xiaojun Lu, BN, Juan Guan,
ADN, and Jia Ren, ADN; Jianshi People’s Hospital:
Dazhi Qian, BM, Mingfu Ma, BM, Shuihong Huang,
BN, Mingzhou Hou, BM, and Hong Qiao, ADN;
Guxian People’s Hospital: Haifeng Jia, BM, Chunhui
Shi, BM, Zhipeng Fan, BM, Qian Han, BM, and
Xuehui Li, BM; Gaolan People’s Hospital: Wenming
Yang, BM, Xiaofang Liu, AND, Guiyong Zhao, BM,
Kehui Gu, BM, and Wei Wei, BM; and Puxian
People’s Hospital: Yaoji Chen, BM, Wenlong Zhou,
BM, Zengchang Wang, BM, Huafeng Zhao, BM, and
Lihong Cao, BM.

Data Sharing Statement: See Supplement 5.
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