z
ORIGINAL RESEARCH L1
/ American ~ American

Heart | Stroke

Association | Association.

Quality of Care in Chinese Hospitals: Processes and Outcomes After

ST-segment Elevation Myocardial Infarction
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Background—China has gaps in the quality of care provided to patients with ST-elevation myocardial infarction, but little is known
about how quality varies between hospitals.

Methods and Results—Using nationally representative data from the China PEACE-Retrospective AMI Study, we characterized the
quality of care for ST-elevation myocardial infarction at the hospital level and examined variation between hospitals. Two summary
measures were used to describe the overall quality of care at each hospital and to characterize variations in quality between
hospitals in 2001, 2006, and 2011. The composite rate measured the proportion of opportunities a hospital had to deliver 6
guideline-recommended treatments for ST-elevation myocardial infarction that were successfully met, while the defect-free rate
measured the proportion of patients at each hospital receiving all guideline-recommended treatments for which they were eligible.
Risk-standardized mortality rates were calculated. Our analysis included 12 108 patients treated for ST-elevation myocardial
infarction at 162 hospitals. The median composite rate increased from 56.8% (interquartile range [IQR], 45.9—72.0) in 2001 to
80.5% (IOR, 74.7—84.8) in 2011; however, substantial variation remained in 2011 with defect-free rates ranging from 0.0% to
76.9%. The median risk-standardized mortality rate increased from 9.9% (IOR, 9.1-11.7) in 2001 to 12.6% (IQR, 10.9—-14.6) in 2006
before falling to 10.4% (IQR, 9.1-12.4) in 2011.

Conclusions—Higher rates of guideline-recommended care and a decline in variation between hospitals are indicative of an
improvement in quality. Although some variation persisted in 2011, very top-performing hospitals missed few opportunities to
provide guideline-recommended care. Quality improvement initiatives should focus on eliminating residual variation as well as
measuring and improving outcomes.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT01624883. (J Am Heart Assoc. 2017;6:
€005040. DOI: 10.1161/JAHA.116.005040.)
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ittle is known about the quality of care provided by (STEMI), is provided by hospitals, understanding the perfor-
Chinese hospitals. Given that care for life-threatening mance of these organizations can inform quality improvement
conditions, such as ST-elevation myocardial infarction efforts. A handful of studies of Chinese patients have revealed
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Clinical Perspectives

What is New?

 This nationally representative study provides a comprehen-
sive overview of the quality of care provided by hospitals in
China to patients experiencing a ST-segment myocardial
infarction.

e There was significant variation in the quality of care
provided by individual hospitals: some hospitals matched
the performance of top US hospitals and consistently
provided care of the highest quality, whereas other hospitals
missed many opportunities to provide guideline-recom-
mended care.

» The proportion of patients receiving reperfusion (ie, throm-
bolysis or percutaneous coronary intervention), even after
excluding those ineligible for such an intervention, at the
“average” hospital was just above 50%.

What are the Clinical Implications?

* Measuring variation in the quality of care between hospitals
means that quality improvement efforts can be tailored to
individual institutions.

* Reducing variation in the quality of care between hospitals
has the potential to yield significant improvements in
performance.

« There is an opportunity to expand the use of reperfusion to
maximize the proportion of patients eligible for these
potentially life-saving therapies who are treated with
thrombolysis using evidence-based agents and percuta-
neous coronary intervention.

gaps in the care provided to individual patients with acute
coronary syndromes. ? Although these studies have provided
an important foundation for quality improvement efforts,
patient-level analyses pool data across hospitals, which
means that variation in performance among individual insti-
tutions cannot be detected.

Measuring quality at the hospital level is a fundamentally
different approach. Such hospital-level assessments allow
comparison of the performance of individual institutions and
enables variation in quality between hospitals to be identified.
It is important to understand the range of hospital perfor-
mance—from best to worst—because average results, such
as those computed in patient-level analyses, may obscure
marked heterogeneity. Another objective of hospital-level
analyses is to describe variations in care so that poorer
performing sites can learn from better performing sites.

STEMI represents an ideal starting point to evaluate hospital
performance in China for 3 reasons. First, China is experiencing
an epidemic of cardiovascular disease, with the rate of hospital
admission for STEMI quadrupling from 2001 to 2011.2 Second,
there are established guidelines in China and internationally

that recommend several evidence-based interventions for
patients with STEMI,>* thereby enabling the use of process
measures as actionable metrics of hospital performance. Third,
outcomes can be compared across hospitals using an estab-
lished measure of risk-standardized mortality after AMI (acute
myocardial infarction) that accounts for differences in patients
presenting to each hospital for care.’

As a foundation for quality improvement in China and to
provide insight into the heterogeneity of performance, we
sought to better understand the quality of STEMI care and
outcomes, and variations across hospitals. To do this, we
used data collected in the China PEACE-Retrospective AMI
Study, a nationally representative study of STEMI patients in
2001, 2006, and 2011.% Our previous reports from this study
describe the aggregate mortality rate across the entire
country and the corresponding rates with which certain
guideline-recommended treatments are applied. By aggregat-
ing data to the hospital level, we are able to characterize
hospital performance and variation across institutions using
process measures and risk-standardized mortality rates.

Methods

Sample Construction and Hospital
Characteristics

The design of the China PEACE-Retrospective AMI Study has
been previously described in detail.® In brief, we created a
nationally representative sample of Chinese hospitals in 2011,
using simple random sampling procedures to identify hospi-
tals from 5 predefined regions (eastern rural, central rural,
western rural, eastern urban, and central-western urban), and
traced this group backward to produce the 2001 and 2006
samples. Hospitals were classified according to their govern-
ment-defined level in 2011: Secondary hospitals have at least
100 inpatient beds and the capacity to treat local populations
of at least 100 000, whereas tertiary hospitals are large
referral centers that provide more-advanced care. In addition,
hospitals were classified as either “established” if they
operated in all 3 years of the study period, or “new” if they
first provided care after 2001. Hospitals were also classified
by teaching status and percutaneous coronary intervention
(PCI) capability. The central ethics committee at the China
National Center for Cardiovascular Diseases approved the
China PEACE-Retrospective AMI Study, which is registered at
www.clinicaltrials.gov (NCT01624883).

Data Abstraction

Patients with AMI were identified by searching hospitals’
patient databases using International Classification of Dis-
ease, Clinical Modification codes (version 9: 410.xx; version
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10: 121.xx) and written hospitalization logs, if necessary.
Using systematic random sampling procedures, we produced
a sample of AMI patients for each hospital in each study year.
The mean proportion of cases sampled at a hospital was
~60% (range, 7—100). The medical records associated with
sampled patients were copied and sent to the study
coordinating center in Beijing where trained individuals
abstracted information about patient demographics, cardio-
vascular risk factors, medical history, clinical characteristics
at admission, in-hospital procedures, treatments, and out-
comes. Quality of the abstraction was monitored by randomly
auditing 5% of each batch of abstracted charts, with the
overall accuracy of the abstraction exceeding 98%.°

In this analysis, we limited our sample to patients with a
definite STEMI using discharge diagnosis terms and electro-
cardiographic findings. An independent cardiologist who was
not involved in the study randomly audited 300 cases to
confirm the diagnosis; the agreement rate between the
electrocardiographic findings and the discharge diagnosis was
94.7%. All incoming and outgoing transfers were excluded
from this analysis.

Process Measures

Process measures, which reflect China’s guidelines for the
treatment of STEMI,>” were calculated for 6 treatments: (1)
reperfusion with thrombolysis or PCl; (2) aspirin within
24 hours of admission; (3) clopidogrel within 24 hours of
admission; (4) beta-blockers during hospitalization; (5)
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers during hospitalization; and (6) statins during
hospitalization (for comparison of process measures to the
2001 and 2010 Chinese guidelines, see Table S1). We
considered these processes only among “ideal” patients,
defined as those for whom each treatment was available and
for which there was no documented contraindication. For
example, only patients without defined contraindications to
beta-blockers, namely drug allergy, cardiogenic shock, acute
heart failure, second- or third-degree heart block, systolic
blood pressure lower than 100 mm Hg, heart rate of less than
60 bpm, or another documented contraindication, were
considered to represent ideal patients for the calculation of
the beta-blocker measure (for details of definitions of ideal
patients, see Data S1).

Outcome Measures

The composite of in-hospital mortality and withdrawal from
treatment attributed to terminal status was used to analyze
outcomes. Because terminally ill patients often seek to return
home before their death in China, “withdrawal from treat-
ment,” namely those patients for whom treatment was

stopped because of their expected terminal status at
discharge, is an essential component of the outcome. Indeed,
the Chinese government includes withdrawal from treatment
in its measure of in-hospital mortality.® To compare outcomes
between hospitals, we calculated risk-standardized mortality
rates (RSMRs), including withdrawal from treatment, for each
hospital using an established method that adjusts for patient

m|x.5

Statistical Analysis

All analyses were performed at the hospital level. Descriptive
statistics were used to summarize hospital characteristics.
The demographic and clinical characteristics of patients
treated at each hospital were first summarized using
frequencies for categorical variables and the median for
continuous variables, and subsequently descriptive statistics
were used to understand hospital-level differences. Next, the
mini-Global Registry of Acute Coronary Events risk score, a
modified version of the Global Registry of Acute Coronary
Events risk score, which includes age, systolic blood pressure,
ST-segment deviation, cardiac arrest at admission, elevated
cardiac enzyme levels, and heart rate, was calculated for each
patient as a measure of STEMI severity’” and the data
aggregated to the hospital level.

Process measures for each of the 6 guideline-recom-
mended treatments were calculated for each hospital by
determining the proportion of ideal patients who received
each therapy, excluding those patients with a length of stay of
less than 24 hours, regardless of outcome, to reflect the
possibility that there was insufficient time for comprehensive
treatment. We summarized hospitals’ performance across
these process measures by calculating 2 summary measures:
the “composite” rate and “defect-free” rate. The composite
rate was calculated by dividing the number of times each
hospital successfully delivered each of the guideline-recom-
mended care processes to an ideal patient by the total
number of opportunities that the hospital had to deliver such
interventions. The defect-free rate was defined as the
proportion of patients at each hospital who received all
treatments for which they were considered ideal. Because
clopidogrel was not widely endorsed in the guidelines until
2010, the clopidogrel measure was not included in calcula-
tions of the composite and defect-free rate in 2001 and 2006.
The 6 process measures and the 2 summary measures were
computed for each hospital in each year, and, after excluding
those hospitals with fewer than 5 ideal patients for a given
measure in a specific year, descriptive statistics were used to
summarize hospital performance and the associated variation.
A similar analytic approach was used to describe RMSRs.
Analyses of composite and defect-free rates as well as RSMRs
were stratified by 4 key hospital characteristics: level

DOI: 10.1161/JAHA.116.005040

Journal of the American Heart Association 3

HDYVHASHY TVNIDIYO



Quality of Care for STEMI in China Downing et al

(secondary, tertiary); ability to perform PCIl; maturity (estab-
lished, new); and quartile of hospital STEMI volume.

To describe variation between hospitals, we computed the
median odds ratio (OR) for the process and outcome
measures. When applied to multilevel data, such as informa-
tion about patients treated at different hospitals, the median
OR quantifies the average difference in treatment rates or
outcomes across hospitals. The interpretation of the median
OR is the average difference of a statistically identical patient
being treated or dying at a given hospital as compared with
another. As a result, a high median OR indicates substantial
between-hospital variation in the relevant treatment rate or
outcome, whereas a low median OR suggests that hospital
performance is consistent across institutions. To calculate
the median OR, we used hierarchical logistic regression to
model the 6 process measures and the RSMR in 2001, 2006,
and 2011 as a function of patient characteristics as well as a
hospital-level random effect to measure between hospital
variance.'® Last, we compared the composite rate of
providing guideline-recommended treatments with 3 medica-
tions (aspirin, angiotensin-converting enzyme inhibitor, and
beta-blocker) among Chinese hospitals in 2006 and 2011 to
the corresponding rates among Medicare-certified hospitals
in the United States. To do this, we calculated the composite
rate in China using the approach described above, but for the
United States we used the corresponding publicly reported
quality measures (for complete methods, see Data S2). Chi-
square and Wilcoxon tests were used to assess the strength
of observed associations. All statistical analyses were
performed using SAS software (version 9.2; SAS Institute
Inc, Cary, NC).

Results

Hospital Characteristics

There were 162 unique hospitals that provided treatment for
STEMI during the study period: 133 in 2001, 151 in 2006, and
161in 2011. The location of these hospitals generally reflects
China’s demographics (Table). Notably, the proportion of
hospitals with PCI capability grew from 17.3% (23 of 133) in
2001 to 44.1% (71 of 161) in 2011 (P<0.001); other hospital
characteristics were unchanged over time (P>0.6 for all
comparisons).

After excluding all transfers and patients without a
definitive diagnosis of STEMI, 12 108 patients who were
treated for STEMI were sampled from these 162 hospitals
during the study period. Patient characteristics varied
between hospitals. For example, in 2011 the median propor-
tion of female patients treated at each hospital was 30.0%
(interquartile range [IOR], 21.5-36.8), whereas average age
also varied (for complete details of patient characteristics at

Table. Hospital Characteristics

2001 2006 2011 P for
(n=133) (n=151) (n=161) Difference
Level, no. (%) 0.90
Secondary 76 (57.1) | 87 (57.6) | 96 (59.6)
Tertiary 57 (42.9) | 64 (42.4) | 65 (40.4)
Region, no. (%) 0.98
Eastern 55 (41.4) | 60 (39.7) | 64 (39.8)
Central 42 (31.6) | 48(31.8) | 48 (29.9)
Western 36 (27.1) | 43 (28.5 | 49 (30.4)
Location, 0.99
no. (%)
Rural 80 (60.2) | 92 (60.9) | 98 (60.9)
Urban 53 (39.8) | 59 (39.1) | 63(39.1)
Teaching 0.66
hospital,
no. (%)
No 47 (35.3) | 56 (37.1) | 65 (40.4)
Yes 86 (64.7) | 95(62.9) | 96 (59.6)
PCl-capable, <0.001
no. (%)
No 110 (82.7) | 105 (69.5) | 90 (55.9)
Yes 23(17.3) | 46 (30.5 | 71 (44.1)
Maturity (%) <0.001
Established* | 133 (100) | 132 (87.4) | 132 (82.0)
New 0 (0.0) 19 (12.6) | 29 (18.0)

*One established hospital did not treat at least 5 patients with acute myocardial
infarction in all study years and was correspondingly excluded from the analysis in 2006
and 2011 per the study’s inclusion criteria. PCI indicates percutaneous coronary
intervention.

the hospital level, see Table S2). Most hospitals treated
patients with comparable disease severity (median hospital-
level mini Global Registry of Acute Coronary Events score in
2011, 143; IOR, 137—-151).

Process Measures

There was significant variation in the 6 process measures,
although the magnitude of these variations decreased over
the study period (Figure 1). For example, whereas the
hospital-level reperfusion rate fell slightly from 2001 to
2011, variation among hospitals appeared to decrease: the
median OR for reperfusion rate was 3.4 in 2001 (95% Cl, 2.4—
4.4; 10R of the reperfusion rate, 40.0-80.0), compared with
1.8 in 2006 (95% Cl, 1.5-2.2; IOR of the reperfusion rate,
46.4-64.3) and 2.3 in 2011 (95% CI, 1.9-2.6; IOR of the
reperfusion rate, 43.8—71.1). Rates of statin, clopidogrel, and
aspirin therapy rose, whereas those of beta-blocker and
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Figure 1. Variation (median odds ratio, median, and interquartile range) in rates of 6 process measures for ST-elevation myocardial infarction
in 2001, 2006, and 2011. ACEi indicates angiotensin converter enzyme inhibitor; ARB, angiotensin receptor blockers; n/a, not applicable.

angiotensin-converting enzyme inhibitor use were steady. In
all cases, variation was decreased; however, significant
interhospital variation persisted in 2011.

The median composite rate rose steadily from 56.8% (IQR,
45.9-72.0) in 2001 to 78.6% (IOR, 68.0-85.1) in 2006 to
80.5% (IOR, 74.7-84.8) in 2011 (P for trend, <0.001).
Although variation in the composite rate appeared to decline
over the study period (Figure 2A), there were still significant
outliers in 2011, with the composite rate ranging from 4.5% to
95.1%. Similarly, the median defect-free rate rose from 14.3%
(IGR, 2.7-30.0) in 2001 to 46.2% (IOR, 31.7-59.5) in 2006
before stabilizing to 42.0% (IOR, 30.0-53.8) in 2011 (P for
trend, <0.001). The best performing hospital in 2001 had a
defect-free rate of 36.4% compared with 75.0% in 2006 and
76.9% in 2011 (Figure 2B). After stratifying by hospital
characteristics, the composite and defect-free rates were
higher at tertiary hospitals and PCl-capable hospitals than at
secondary hospitals and non-PCl-capable hospitals, respec-
tively (P<0.001 for both comparisons; Figures S1 and S2). In
addition, defect-free rate differed according to hospital
volume, with lower volume hospitals tending to have lower
defect-free rates.

In the international comparison of the composite rate of
early aspirin use and in-hospital angiotensin-converting

enzyme inhibitor and beta-blocker use, hospitals in the United
States delivered these treatments more frequently than
hospitals in China in both 2006 and 2011 (Figure 3). In
addition, there was notable improvement across hospitals in
the United States between 2006 and 2011, whereas
composite rates in hospitals in China were largely unchanged.
In 2006, the median composite rate across hospitals in the
United States was 94.3% (IQR, 89.0-97.5) compared with
80.9% (IQR, 69.4-88.8) in hospitals in China, and in 2011, it
was 99.4% (IQR, 98.0—100.0) in the United States compared
with 80.0% (IQR, 68.6-85.9) in China. The best-performing
hospitals in China matched near-perfect rates achieved by the
majority of US hospitals on this composite measure of 3
guideline-recommended care processes.

Outcomes

Median hospital-level RSMRs increased from 9.9% (IQR, 9.1—
11.7)in 2001 to 12.6% (IQR, 10.9—14.6) in 2006 before falling
to 10.4% (IOR, 9.1-12.4) in 2011 (Figure 4). In addition, there
was notable hospital-level variation in this outcome: The
median OR in 2001 was 1.5 (95% ClI: 1.1-1.9), 1.6 (95% ClI
1.2-1.8) in 2006 and 1.6 (95% Cl 1.4—1.8) in 2011. In the
stratified analysis, there was no difference in RSMR between
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Figure 2. Distribution of composite (A) and defect-free (B) rates
for ST-elevation myocardial infarction in 2001, 2006, and 2011.
**The composite rate was calculated by dividing the number of
times each hospital successfully delivered each of the guideline-
recommended care processes to an ideal patient by the total
number of opportunities that the hospital had to deliver such
interventions. The defect-free rate was defined as the proportion
of patients at each hospital who received all treatments for which
they were considered ideal.

secondary and tertiary hospitals in any year. In 2011, RSMRs
achieved by established hospitals were significantly lower
than those of new hospitals (P for difference, <0.001). RSMRs
were lower at PCl-capable hospitals than non-PCl-capable
hospitals (P for difference, <0.001). Last, differences in RSMR
in 2011 emerged after stratifying by quartile of STEMI volume
(P for difference, <0.001).

Discussion

This study, which represents the first nationally representative
evaluation of hospital quality in China, found marked variation
in performance by individual hospitals, a heterogeneity that is
not evident from average system performance. The perspec-
tive provided by hospital-level analysis is distinct from the
average changes in practices and outcomes from patient-level

100+
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2 60
g
2
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oA 2006, CN
0 20 40 80 80 100

Percentiles of hospital performance

Figure 3. Comparison of composite rate of aspirin, ACE
inhibitor and beta-blocker therapy for patients with ST-elevation
myocardial infarction treated in hospitals in China (CN) and the
United States in 2006 and 2011. ACEi indicates angiotensin
converter enzyme.

analysis that cannot convey information about heterogeneity
in performance across hospitals. In this study, high median
ORs, which indicate significant variation in quality between
hospitals, were observed throughout the decade-long study
period despite improvements in the overall rates of adherence
to the various process measures. As an example, even though
hospitals provided statin therapy, on average, to more than
90% of their patients in 2011, the median odds of a
statistically identical ideal patient receiving statin therapy at
1 randomly chosen hospital compared with another was 4.9.
Although we identified significant variation in all quality
measures, there was evidence that the magnitude of variation
in quality between hospitals was reduced during the study
period. In addition, we found exemplary performance at some
hospitals. Top-performing hospitals in China delivered appro-
priate treatment for 95% of opportunities and provided defect-
free care to three quarters of their patients. The path toward
improving care and outcomes in China might begin with a
focus on poorly performing hospitals and the development of
systems that enable more uniform and high performance by
all hospitals.

It is instructive to view the findings in the context of the
experience of the United States. Whereas the very top
hospitals in China performed similarly to hospitals in the
United States, the vast majority performed at much lower
levels: On average, the composite rate of 3 important care
processes was 15% lower at hospitals in China compared with
those in the United States. Improvements in hospital perfor-
mance in the United States eliminated most variation by
2011,"" which suggests that it may be possible to rapidly
improve hospital performance in China. The progress in the
United States was driven by a series of measurement
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2001 2006 2011
Median Median & interquartile range P-value Median Median & interquartilerange P-value Median Median & interquariilerange P-value
Overall 9.9 —- nia 12.6 —_— nla 10.4 —_— nia
Level T % S - 026
Tertiary 99 —— 127 —_— 10.4 —_—
Secondary 9.9 —— 121 —— 10.5 —_——
PCI capability 0.002 0.007 <0.001
Yes 9.8 —— 131 B, 102 .
No 99 —— 124 [P — 116 [ —
Maturity n/a =0.001 =0.001
Esztablished 99 — 12.8 —_—— 10.4 —_—
New n'a 1.9 — 1.4 _
Quartile of AMI volume 0.002 =0.001 =0.001
Highest 58 —— 121 — 599 ——
Third 10.1 —— 13.2 — 0.7 ——
Second 1002 —— 13.5 PR — 1.8 ——
Lowest n/a 115 -— 109 —
8 9 10 11 12 13 14 15 18 g & 10 11 12 13 14 15 16 g © 10 11 12 13 14 15 1B

Figure 4. Risk-standardized mortality rates for ST-elevation myocardial infarction in 2001, 2006, and 2011, overall and stratified by hospital
characteristics. AMI indicates acute myocardial infarction; n/a, not applicable; PCI, percutaneous coronary intervention.

initiatives that encouraged hospitals to improve their
performance.

In recent years, China’s National Commission for Health
and Family Planning (formerly the Ministry of Health) has
sought to establish a panel of quality measures to character-
ize hospital performance for secondary hospitals.'? In addi-
tion, the launch of the Hospital Quality Monitoring System,
which intends to collect mortality data from all tertiary
hospitals,'® has the potential to provide an infrastructure of
ongoing quality assessment that can support hospital
improvement. Although quality measurement may stimulate
some improvement, it will likely be inadequate by itself. The
mixed results of the second phase of the Clinical Pathways in
Acute Coronary Syndromes study, which randomized 75
hospitals in China to implementation of clinical pathways for
the management of acute coronary syndromes or observa-
tion,"* highlighted the challenge of improving hospital perfor-
mance. Importantly, subsequent qualitative research revealed
several barriers, including lack of leadership support, out-of-
pocket costs, and variation in capacity and resources, which
limited the utility of the interevention.'® These results
highlight that measurement must be complemented by efforts
to identify effective strategies for improving performance and
accountability at the hospital level. In the United States, the
identification of practices associated with low door-to-balloon
times,’®> and the ensuing national initiative,'® were key
contributors to improvements in the timeliness of primary

PCI. If quality improvement efforts are to be successful in
China, barriers must be identified and overcome at both the
hospital and system level.

Despite improvement in delivering guideline-recommended
treatments and a meaningful reduction in variation, risk-
standardized mortality rates increased between 2001 and
2006, but decreased between 2006 and 2011. There are
several possible explanations for this finding. Our study was
conducted at a time when PCl was being adopted rapidly
across China.'” Early outcomes associated with the use of
this new technology could have been suboptimal as operators
gained experience, thus providing a possible explanation for
the higher RSMRs observed at PCl-capable hospitals in 2006
before their outcomes improved by 2011. Despite the
benefits of PCI, equal proportion of patients in 2011 received
PCI and fibrinolysis, and it has been shown that urokinase, a
drug for which there are little data demonstrating effective-
ness in STEMI, is the preferred fibrinolytic agent in China.'® In
addition to the possibility of suboptimal use of reperfusion,
there may be other care processes that we did not measure in
this analyses, such as the use of traditional Chinese
medicines in 70% of STEMI patients,?> contributing to
outcomes. Nonetheless, the relationship between hospitals’
performance on process measures and risk-standardized
outcomes is known to be complex.'*?° If quality improvement
efforts are to improve outcomes, they must do more than
simply focus on process measures. Indeed, hospitals’
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structural characteristics, such as the availability of primary
PCl, staffing models, and organizational culture, likely influ-
ence outcomes. In order to be successful, hospital quality
improvement efforts in China ought to address these domains
as well.

Our study should be interpreted in the context of several
potential limitations. First, we relied on information docu-
mented in medical charts, so there may be hospital- or
provider-level variation in the quality of documentation.
Second, the retrospective design precluded the measurement
of outcomes after hospitalization, meaning that this study
necessarily focused on short-term in-hospital outcomes.
Third, biomarker testing, a key component of the definition
of AMI, was not performed for all patients and may bias our
sample; however, this should not affect the evaluation of
quality measures across hospitals in China unless the rates of
biomarker use varied dramatically between hospitals, which
might lead to underestimation of the variation between
hospitals. Fourth, our process measures describe the rates
with which ideal patients were treated and do not reflect the
inappropriate use of therapies among patients for whom they
are not indicated. Fifth, the method used to compute RSMRs
was developed for administrative claims data in the United
States and here it is applied to clinical data in China. Although
this application has not been validated, comparisons between
hospitals are still valid because any miscalibration would
apply equally to all hospitals. Sixth, although our study was
retrospective, there were concomitant government quality
improvement initiatives and so a Hawthorne effect may have
contributed to some of the improvements observed during the
study period. Last, although our study was nationally repre-
sentative and the results are illustrative of the range of
performance achieved by the ~3000 Chinese hospitals that
provide inpatient care for STEMI, we focused on a single
condition; it is unknown whether our findings can be
extrapolated to other conditions.

This analysis of hospital performance using data from the
nationally representative China PEACE-Retrospective AMI
Study reveals substantial, but decreasing, variation between
hospitals in quality of care provided to patients with STEMI,
which means that patients are likely to be treated differently,
and have different outcomes, depending on where they
present for care. The persistent variation in the quality of care
highlights an opportunity for China to improve the hospital
quality by elevating all hospitals to level of performance that
has been achieved by top-performing hospitals.
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Data S1. Definition of ideal patients used to compute process measures.

For the reperfusion therapy, we included patients who were admitted within 12 hours of symptom onset
and did not receive reperfusion therapy before hospital presentation. Then we excluded patients with any
contraindications (history of hemorrhagic stroke, active bleeding at presentation, and any other physician-
documented contraindications for fibrinolytic therapy (if the patient was treated in non-percutaneous
coronary intervention- (PCI) capable hospital), or allergy to contrast agents or any other physician-
documented contraindication to PCI (if the patient was treated in a PCl-capable hospital).

For aspirin, we excluded patients with any contraindications for aspirin: allergy to aspirin, active bleeding
on admission, history of hemorrhagic stroke, or other documented contraindications.

For clopidogrel, we excluded patients who participated in the ClOpidogrel and Metoprolol in Myocardial
Infarction Trial (COMMIT) or patients with any contraindications for clopidogrel: allergy to clopidogrel,
active bleeding on admission, history of hemorrhagic stroke, or other documented contraindications.

For beta-blockers, we excluded patients who participated in COMMIT or patients with any
contraindications for beta-blockers: allergy to beta-blockers, cardiogenic shock on admission, heart failure
on admission, second or third degree atrioventricular block with no pacemaker implanted, systolic blood
pressure <100mmHg on admission, bradycardia [heart rate <60 beats/min] on admission without taking a
beta-blocker, or other documented contraindications.

For angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB), we
excluded patients with any contraindications for ACE inhibitors: allergy to ACE inhibitors, hyperkalemia
(serum potassium >5-5 mEqI/L during hospitalization), creatinine > 3.0 mg/dL during hospitalization,
pregnancy or breast feeding, or other documented contraindications.

For statins, we excluded patients who were allergic to statins.



Data S2. For the international comparison, we first determined whether there were publicly
available quality measures for hospitals in the U.S. that corresponded to the 6 process measures
used to characterize the performance of hospitals in China. To do this, we reviewed process
measures for U.S. hospitals posted on the Hospital Compare website, and found corresponding

measures for 3 of the 6 processes described for hospitals in China.

Measures used to characterize hospital

Corresponding process measures for U.S.

performance in China* hospitals*
Reperfusion for ideal patients N/A

Early aspirin therapy Aspirin upon arrival
Early clopidogrel therapy N/A

In-hospital beta-blocker therapy

Beta-blocker at discharge

In-hospital ACE inhibitor

ACE inhibitor at discharge

In-hospital statin

N/A

*For U.S. hospitals, we downloaded these measures from the Hospital Compare website for 2006 and 2011, and then

calculated the composite rate of these 3 processes for each hospital. For hospitals in China, we calculated the
composite rate of these 3 processes using data from the China PEACE-Retrospective AMI study.

ACE, angiotensin-converting enzyme; AMI, acute myocardial infarction; PEACE, Patient-Centered Evaluative

Assessment of Cardiac Events




Table S1. Comparison of China’s 2001 and 2010 guidelines for STEMI and process measures used in this study.

Treatment

2001 guideline

2010 guideline

Process measures

Reperfusion

Primary PCI

As an alternative to thrombolytic therapy in
patients with AMI and ST-segment elevation or
new or presumed new LBBB who can undergo
angioplasty of the infarct-related artery within 12
hours of onset of symptoms or beyond 12 hours if
ischemic symptoms persist, and the balloon
inflation within 90 minutes of admission (Class 1)
In patients who are within 36 hours of an acute
ST-elevation/Q-wave or new LBBB MI who
develop cardiogenic shock are <75 years old, and
revascularization can be performed within 18
hours of onset of shock (Class 1)

Fibrinolysis

ST elevation (greater than 0.1 mV, 2 or more
contiguous leads), time to therapy 12 hours or less,
age less than 75 years (Class 1)

Bundle branch block (obscuring ST-segment
analysis) and history suggesting acute Ml (Class I)

Primary PCI

Patients with STEMI or (presumed) new left
bundle-branch block presenting to a hospital with
PCI capability should be treated with primary PCI
within 90 minutes of first medical contact as a
systems goal (Class IA)

In patients who are within 36 hours of an acute
ST-elevation/Q-wave or new LBBB MI who
develop cardiogenic shock are <75 years old, and
revascularization can be performed within 18
hours of onset of shock. (Class I1A)

Patients who are within 12 hours of symptom
onset, having severe cardiac insufficiency and or
pulmonary edema (Killip 111) should be treated
with primary PCI (Class IB)

Proportion of ideal
patients treated with
primary PCI or
fibrinolysis

Aspirin

A dose of 150 to 300 mg should be given on day 1
of acute MI and continued indefinitely on a daily
basis thereafter (Class I)

Aspirin should be chewed by patients with initial
dose of 300mg (Class IB) and continue
indefinitely aspirin 75mg (Class 1A) if not
contraindicated

Proportion of ideal
patients receiving
aspirin within 24
hours of hospital
admission




Table S1. Comparison of China’s 2001 and 2010 guidelines for STEMI and process measures used in this study (continued).

Treatment 2001 guideline 2010 guideline Process measures
Clopidogrel o Clopidogrel may be substituted of ticlopidine with Clopidogrel 75 mg per day orally should be given | Proportion of ideal
first dose of 300mg and 75mg daily to patients with STEMI (Class 1A) patients receiving
Regardless of whether patients are undergoing clopidogrel within 24
reperfusion with fibrinolytic therapy, it is hours of hospital
reasonable to administer an oral loading dose of admission
clopidogrel 300 mg in patients without prior
thienopyridine (Class 1B)
It is reasonable to prescribe 300mg clopidogrel
prior to the first or repeated PCI (for primary PCI,
600mg is recommended; Class IC)
ACE/ARB e Patients without contraindications should be ACE inhibitors should be started and continued Proportion of ideal

treated with ACE inhibitors after fibrinolytic
therapy with a stable blood pressure

indefinitely in all patients recovering from STEMI
with LVEF less than or equal to 40% and for those
with hypertension, diabetes, or chronic kidney
disease, unless contraindicated (Class IA)

ACE inhibitors should be started and continued
indefinitely in patients with STEMI after 24 hours
of symptom onset, if not contraindicated (Class
1A)

Angiotensin receptor blockers in patients who are
intolerant of ACE inhibitors and with either
clinical or radiological signs of heart failure or
LVEF less than 0.40 (Class 1A)

patients receiving
ACE/ARB during
hospital stay




Table S1. Comparison of China’s 2001 and 2010 guidelines for STEMI and process measures used in this study.

Treatment

2001 guideline

2010 guideline

Process measures

Beta-blocker

Oral beta-blocker therapy should be initiated as
soon as possible for patients who do not have any
of the following contraindication: 1) HR <60 bmp;
2) SBP <13nnHg; 3) PR interval greater than 0.24
seconds or second- or third-degree heart block;4)
severe chronic obstructive pulmonary disease or
asthma; 5) peripheral circulation disorders

Oral beta-blocker therapy should be initiated in the
first 24 hours for patients who do not have any of
the following: 1) signs of heart failure, 2) evidence
of a low output state, 3) increased risk for
cardiogenic shock, or 4) other relative
contraindications to beta blockade (PR interval
greater than 0.24 seconds, second- or third-degree
heart block, active asthma, or reactive airway
disease) (Class IB)

Patients with moderate or severe LV failure should
receive beta-blocker therapy as secondary
prevention with a gradual titration scheme (Class
IB)

Patients with moderate or severe LV failure should
receive beta-blocker therapy as secondary
prevention with a gradual titration scheme.
Patients with early contraindications within the
first 24 hours of STEMI should be reevaluated for
candidacy for beta-blocker therapy as secondary
prevention (Class IC)

Proportion of ideal
patients receiving
beta-blocker during
hospital stay

Statin

Secondary prevention with the target goal of low-
density lipoprotein cholesterol <100mg/dL

In all patients without contraindications, statin
should be given after admission regardless of the
lipid level (Class 1A)

Proportion of ideal
patients receiving
statin during hospital
stay




Table S2. Patient characteristics at the hospital level.

2001 2006 2011 P for trend
Demographics — median (IQR)
. . 65 68 68
Age — median (hospital level) (62-68) (63-70) (64-72) <0.001
Female — % 2.1% oo 30.0% 0.08
0 (15.4%-39.3%)  (20.0%-35.3%)  (21.5%-36.8%) '
Risk factors* - median (IQR)
. 26.7% 29.4% 33.9%
Smoking (11.1%-40.0%)  (14.3%-45.2%)  (20.8%-45.0%) 0.008
Hvpertension 33.3% 43.3% 50.0% <0.001
yp (20.0%-50.0%)  (31.3%-58.7%)  (37.8%-58.6%) '
. . 4.6% 11.1% 15.0%
Diabetes mellitus (0.0%-14.0%)  (0.0%-18.6%)  (6.7%-20.8%) <0.001
Medical history — median (IQR)
. . 17.8% 17.7% 18.5%
-0
Angina or coronary heart disease - % (0.0%-29.2%) (7.9%-25.8%) (11.5%-27.3%) 0.16
- . 3.6% 5.9% 9.1%
)
Myocardial infarction - % (0.0%-11.1%)  (0.0%-11.5%)  (3.9%-14.6%) <0.001
. . 0.0% 0.0% 0.0%
-0
Previous reperfusion - % (0.0%-0.0%) (0.0%-0.0%) (0.0%-3.1%) <0.001
5.6% 7.7% 9.8%
-0
Stroke - % (0.0%-14.0%)  (0.0%-14.6%)  (5.0%-15.4%) <0.001
Admission characteristics - median (IQR)
. . . . . s 30.0% 28.1% 26.9%
-0
Prior medical assistance in outside facilities - % (10.7%-50.0%)  (16.7%-41.9%)  (15.6%-41.5%) 0.63
Symptoms at presentation
0 0, 0,
Patient chest discomfort - % 100.0% 94.3% 93.3% 0.01

(90.0%-100.0%)

(86.7%-100.0%)

(88.5%-100.0%)



Other ischemic symptoms - %

Hours from symptom onset to hospitalization;

Median

Physical examination on admission — median
(IQR)
Heart rate — beats per minute

Median (hospital-level)
<50 -%
50-109 - %
>110-%
Systolic blood pressure - mmHg
Median
<90 - %
90t0 139 - %
>140
eGFR
Median
Missing - %
<30-%

30-59 - %

72.7%
(56.8%-93.3%)

15.5
(9.0-24.0)

79.5
(75.0-83.0)
0.0%
(0.0%-6.3%)
88.6%
(80.0%-100.0%)
5.0%
(0.0%-12.8%)

1225
(117.5-130.0)
1.8%
(0.0%-10.0%)
60.0%
(49.0%-75.0%)
30.7%
(18.2%-45.5%)

69.4
(56.5-79.6)
40.0%
(8.2%-95.0%)
0.0%
(0.0%-3.0%)
7.1%
(0.0%-23.8%)

64.1%
(54.6%-75.0%)
15.0
(7.2-24.0)

78.0
(75.0-80.0)
4.3%
(0.0%-9.1%)
87.9%
(78.6%-93.8%)
6.5%
(0.0%-12.5%)

124.0
(120.0-130.0)
5.2%
(0.0%-11.8%)
60.0%
(50.0%-70.6%)
30.8%
(22.4%-43.4%)

734
(64.3-83.4)
14.3%
(3.0%-36.7%)
0.0%
(0.0%-4.5%)
16.2%
(7.1%-31.0%)

64.6%
(52.0%-74.1%)

12.5
(6.5-24.0)

78.0
(74.0-80.5)
3.5%
(0.0%-8.3%)
88.2%
(81.8%-92.9%)
6.1%
(3.0%-10.0%)

127.5
(120.0-130.0)
4.6%
(0.0%-8.2%)
59.5%
(51.8%-66.7%)
34.0%
(26.6%-41.7%)

825
(70.0-94.8)
5.2%
(1.1%-11.7%)
2.0%
(0.0%-4.6%)
16.0%
(9.3%-26.2%)

0.002

0.08

0.09

0.002

0.48

0.30

0.02

0.34

0.75

0.08

<0.001

<0.001

<0.001

<0.001



30.3% 53.6% 73.1%
-0
260 - % (0.0%-57.1%)  (33.3%-70.6%)  (56.3%-80.0%) <0.001

Risk scores — median (IQR)

142 143 143

MiniGRACE — median (hospital-level) (133-148) (135-150) (137-151)

0.02

*Diagnosed prior to admission



Figure S1. Composite rate in 2001, 2006 and 2011 stratified by hospital characteristics.

2001 2006 2011
Median (IQR) P-value Median {IQR) P-value Median {IQR) P-value
Level =0.001 =0.001 =0.001
Tertiary —— —— -
Secondary —— —— —
PCI capability <0.001 <0.001 =0.001
Yes —— —— —
Mo —— —— —
Maturity nfa 022 =0.001
Established -+ —*
Mew —— —— -+
Quartile of AMI volume <0001 <0001 =0.001
Highest —— — -
Third —— —— ——
Second —— — —
Lowest —— ——
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Figure S2. Defect-free rate in 2001, 2006 and 2011 stratified by hospital characteristics.

2001 2006 2011
Median (IQR) P-value Median {IQR) P-value Median {IQR) P-value
Level 0.006 =0.001 =0.001
Tertiary * —— ——
Secondary *— —& ——
PCI capability <0.001 <0.001 =0.001
Yes +* —— ——
Mo * —— —
Maturity nfa <0.001 0.002
Established -+ —— ——
MNew * - —
Quartile of AMI volume <0001 <0001 =0.001
Highest * S N— >
Third >~— —— e
Second »— * ——
Lowest * — ——
I:II 2;3 4ID EIEI B;ZI 1 I:III:I ] 20 40 60 SIEI 1 EIIEI EI 2;3 4IEI EII:I S;II 1 EIIEI



