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Abstract

Background—The cost-effectiveness of the optimal use of hospital-based acute myocardial

infarction (AMI) treatments and their potential impact on coronary heart disease (CHD) mortality

in China is not well known.

Methods and Results—The effectiveness and costs of optimal use of hospital-based AMI

treatments were estimated by the CHD Policy Model-China, a Markov-style computer simulation

model. Changes in simulated AMI, CHD mortality, quality-adjusted life years, and total healthcare

costs were the outcomes. The incremental cost-effectiveness ratio was used to assess projected

cost-effectiveness. Optimal use of 4 oral drugs (aspirin, β-blockers, statins, and angiotensin-

converting enzyme inhibitors) in all eligible patients with AMI or unfractionated heparin in non–

ST-segment–elevation myocardial infarction was a highly cost-effective strategy (incremental

cost-effectiveness ratios approximately US $3100 or less). Optimal use of reperfusion therapies in

eligible patients with ST-segment–elevation myocardial infarction was moderately cost effective

(incremental cost-effectiveness ratio ≤$10 700). Optimal use of clopidogrel for all eligible patients
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with AMI or primary percutaneous coronary intervention among high-risk patients with non–ST-

segment– elevation myocardial infarction in tertiary hospitals alone was less cost effective. Use of

all the selected hospital-based AMI treatment strategies together would be cost-effective and

reduce the total CHD mortality rate in China by ≈9.6%.

Conclusions—Optimal use of most standard hospital-based AMI treatment strategies, especially

combined strategies, would be cost effective in China. However, because so many AMI deaths

occur outside of the hospital in China, the overall impact on preventing CHD deaths was projected

to be modest.
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A cute myocardial infarction (AMI) is an increasing cause of death in China.1 Most Chinese

patients with AMI die within the acute stage (30 days after onset), and of those who die,

75% die within the first 24 hours.2 Although reperfusion therapy and several standard oral

medications (antiplatelet drugs, β-blockers, statins, and angiotensin-converting enzyme

inhibitors) reduce AMI case fatality and are recommended by international and Chinese

AMI management guidelines,3-6 nationwide Chinese hospital registries have found that at

least half of eligible patients with AMI do not receive all standard oral medications. Fewer

than 50% of patients with ST-segment–elevation myocardial infarction (STEMI) receive

reperfusion therapy.7-9 Improved utilization of these acute treatment strategies is needed to

reduce AMI deaths, but China’s limited healthcare resources require a careful estimate of

their comparative effectiveness and cost-effectiveness in the Chinese population.

Furthermore, because ≈62% of Chinese AMI deaths occur before hospital arrival,10 the

potential impact of hospital-based AMI treatments on total coronary heart disease (CHD)

mortality may be limited. This study aimed to estimate the effectiveness and cost-

effectiveness of optimal use of key hospital-based AMI treatments, including their impact on

total CHD deaths, using a computer-simulated, state-transition (Markov) model of CHD in

China.

WHAT IS KNOWN

• Acute myocardial infarction (AMI) is an increasing cause of death in China.

Several nationwide registry studies found low utilization of key AMI acute

treatments recommended by the guidelines in most Chinese hospitals.

• Improved utilization of the hospital-based acute treatment strategies is needed to

reduce AMI deaths, but China’s limited healthcare resources require rational

optimization of limited medical resources.

• Because about two thirds of Chinese AMI deaths occur before hospital arrival,

the potential impact of hospital-based AMI treatments on total coronary heart

disease mortality is not known.

WHAT THE STUDY ADDS
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• Most hospital-based AMI treatment strategies recommended by the guidelines

would be highly or moderately cost effective in China.

• Full and simultaneous improvements of all standard hospital-based AMI

treatment strategies assessed in this study would only attribute to 9.6% reduction

in the coronary heart disease mortality rate.

• Given the trend toward higher absolute numbers and rates of coronary heart

disease in China, prehospital emergency care, public education on symptoms of

AMI, and available treatments for AMI should be improved.

Methods

CHD Policy Model-China and Its Parameters

The total number of hospitalized patients with AMI, deaths in hospitalized patients with

AMI, and CHD deaths in 2013 based on the current AMI treatment status were estimated.

Changes in total healthcare costs, quality-adjusted life years (QALYs), 30-day deaths of

hospitalized patients with AMI, and yearly CHD deaths attributable to the optimal use of

each treatment strategy were projected using the CHD Policy Model-China (Appendix

Figure I in the Data Supplement).11 The Ethics Committees of both Beijing Anzhen Hospital

(Beijing, China) and Columbia University Medical Center (New York, NY) informed that

this simulation study need not get approval because no identifiable individual data were

used.

The annual probability of first-ever hospitalized or out-of-hospital AMI, including sudden

cardiac deaths, in the population without prior CHD was estimated from the China Multi-

Provincial Cohort Study conditioned on the prevalence of major risk factors and relative risk

of CHD associated with these risk factors.11 The yearly probability of repeat acute coronary

events in patients with chronic CHD was estimated based on the prevalence of CHD and the

risk of acute coronary events in patients with chronic CHD.12,13 Thirty-day deaths in

hospitalized patients with AMI were projected based on the number of hospitalized patients

with AMI and the 30-day case fatality rate observed in a study of AMI in Beijing.2 Total

CHD deaths in 2013 comprised AMI deaths, sudden cardiac deaths, and chronic CHD

deaths. To test the accuracy of model prediction over time, we used the model to compare

predicted CHD mortality rates with the real mortality rates from 2000 to 2010 based on data

from the World Health Organization (WHO) and National Health and Family Planning

Commission of China (Appendix Figure II in the Data Supplement). A complete list of input

parameter assumptions is listed in Appendix Table I in the Data Supplement.

Selection of Key Treatment Strategies and Estimation of Current Utilization

Selected key hospital-based treatments recommended by both the Chinese and international

guidelines for STEMI and non–STEMI (NSTEMI)3-6 were classified as follows: A1,

optimal use of aspirin, β-blockers, statins, and angiotensin-converting enzyme inhibitors in

patients with AMI during the first 30 days after onset; A2, optimal use of clopidogrel in

patients with AMI during the first 30 days after onset; B, optimal use of unfractionated
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heparin in patients with NSTEMI; C1, optimal use of primary percutaneous coronary

intervention (PCI) in tertiary hospitals and thrombolysis in secondary hospitals in patients

with STEMI (with a consideration of the availability of PCI technology); C2, optimal use of

primary PCI in all patients with STEMI; and C3, optimal use of primary PCI in high-risk

patients with NSTEMI in tertiary hospitals. Only strategies C1 and C2 are mutually

exclusive and cannot be combined for implementation. For each treatment strategy, model

simulation assumed improvement from the current utilization level (base case) to optimal

utilization; that is, utilization of the treatment in 100% of eligible patients without known

contraindications to the treatment (100%–current utilization rate–contraindication rate).

Patients with contraindications to one treatment could be eligible for other treatments.

The current utilization of the standard AMI treatments—alone or in combination with other

treatments—was based on the Bridging the Gap in Coronary Heart Disease Secondary

Prevention in China (BRIG) project.7 The BRIG project treatment utilization estimates were

similar to those in the Clinical Pathways in Acute Coronary Syndromes in China (CPACS)

study8 and the Chinese Registry of Acute Coronary Events (CRACE)9 (Appendix Table II

in the Data Supplement). The prevalence of contraindications to treatments was obtained

from clinical trials (Table 1).15,18-22,24,25,27,33,35

Treatment Cost Estimation

Increased costs attributable to the optimization of acute treatment were calculated by

multiplying the number of additional patients resulting from optimal utilization by the mean

cost of the treatment. Total healthcare costs comprised acute treatment costs plus age- and

sex-specific yearly per capita background healthcare costs as estimated from the Chinese

National Health Services Survey38 and the China World Health Survey.39 All costs were

estimated from a societal perspective and were inflated to 2013 using the average rate of

inflation in China from 2008 to 2013 published by Trading Economics and then converted

into US dollars ($) according to the exchange rate published by the Bank of China (1

Chinese yuan=$0.1611; accessed May 15, 2013).

Drug costs were obtained from the essential medicines maximum retail price list updated by

the Evaluation Center of Drug Pricing, National Development and Reform Commission. The

costs of reper-fusion therapies were estimated by the data from the China Health Statistics

Yearbook, the Beijing Public Health Information Center, and health economics research.1,32

Detailed costs are listed in Table 1.

Effectiveness Estimation

Effectiveness of optimal use of the key AMI treatments was projected based on changes in

QALYs gained, 30-day in-hospital AMI deaths prevented, and change in total CHD deaths.

Patients with AMI who survived because of increased utilization of 1 of the treatment

strategies would still be at risk for a chronic CHD death during the remainder of the year.

The increased number of patients with AMI who survived to the end of the year because of

optimized treatment utilization was equal to the total number of prevented CHD deaths.

The number of QALYs saved by optimal use of acute treatments was calculated by

multiplying the number of life years gained from AMI survivors by the QALY weights of
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health states in both the first 30 days after AMI onset and AMI survivors in the chronic

CHD state. QALY weights were calculated as 1–disability-adjusted life year weights

estimated in the Global Burden of Disease 2010 Study.40 A QALY weight of 0.44 was

applied for the first 30 days after a nonfatal AMI. The QALY weight for chronic AMI

survivors was 0.90, considering that a proportion of survivors had symptoms of angina or

heart failure.

The 30-day all-cause mortality benefits of selected treatments were mainly derived from the

results of large meta-analyses or systematic reviews of randomized controlled clinical trials

(Table 1).14,16,23,28,37 When multiple treatments were applied in combination, it was

assumed that the effects were independent (Table 2).41,42

For the proportion of treated patients estimated to experience treatment-related major

adverse events during the first 30 days after AMI onset, QALY penalties were applied for

the entire 30 days (0.39 for intracranial hemorrhage, 0.80 for extracranial bleeding, 0.91 for

rhabdomyolysis, and 0.67 for transient liver failure).40,43,44 The incidence of treatment-

related major severe adverse events was obtained from clinical trials (Table

1).16,17,22,26,29-31,34,36

Cost-Effectiveness Analysis

Incremental cost-effectiveness ratios (ICERs) were used to evaluate the cost-effectiveness of

optimal use of the key treatments. ICERs were calculated by dividing the incremental

change in total healthcare costs by the incremental change in QALYs.45 Cost-effectiveness

was assessed both by comparing each individual or combined strategy with the current

utilization (Table 3 and Appendix Table III in the Data Supplement, comparison with the

base case) and by comparing each one of a succession of combination treatment strategies

with prior simpler-to-implement strategies (incremental analysis, Table 4 and Figure). The

metric recommended by WHO Choosing Interventions That Are Cost Effective (WHO-

CHOICE) was used to assess the degree of cost-effectiveness (highly cost-effective, ICER

less than the gross domestic product [GDP] per capita; moderately cost-effective, ICER of

1–3×GDP per capita; and not cost-effective, ICER of >3×GDP per capita).46 The GDP per

capita of China in 2013 was estimated to be $5721 by the GDP per capita of China ($5445

in 2011) published by the World Bank, which was adjusted upward by the inflation rates in

2012 and 2013 published by Trading Economics.

Sensitivity Analyses

One-way sensitivity analyses were performed to explore the impact of assuming upper- or

lower-limit bounds for the main analysis effectiveness and cost inputs on the results (ranges

shown in Table 1). Monte Carlo probabilistic sensitivity analysis was used to simultaneously

explore the uncertainty distributions of 2 key input assumptions: relative risk for all-cause

mortality related to treatments compared with no treatment and treatment costs.

Effectiveness and costs of each strategy were randomly drawn 1000 times from the

effectiveness and cost uncertainty distributions and entered into simulations. The resulting

1000 pairs of total costs and QALYs were used to calculate the upper and lower 95%
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bounds of their ICERs and the proportion of ICERs under the predetermined thresholds for

moderately cost-effective and very cost-effective.

Results

Main Analysis

Assuming the current level of risk factors and hospital-based AMI treatment utilization, the

CHD Policy Model-China projected ≈1 534 700 acute coronary events, 954 800 in-hospital

AMIs, and 649 200 CHD deaths in Chinese adults 35 to 84 years of age in 2013. The

estimated crude CHD mortality rate was 95.7 per 100 000. Approximately 255 600 in-

hospital AMI deaths (including patients with AMI who died in the emergency room) were

predicted to occur within 30 days after AMI onset (Table 3).

When each single strategy was compared with the base case, optimal use of primary PCI for

all eligible patients with STEMI in all hospitals (strategy C2) was the most effective

treatment, potentially preventing ≈53 600 hospitalized AMI deaths in the acute stage and 49

100 CHD deaths in the whole year because 4500 patients died after 30 days to the end of 1

year. This would represent a 7.2% decrease in the total CHD mortality rate and add ≈120

000 QALYs in 2013 (Table 3). Optimal use of primary PCI in tertiary hospitals and

thrombolysis with streptokinase in secondary hospitals in patients with STEMI (strategy C1)

also seemed to be effective, potentially averting ≈36 300 AMI deaths in the acute stage and

preventing ≈33 200 CHD deaths in the whole year, which would represent a 4.9% decline in

the total CHD mortality rate and add ≈81 000 QALYs. As individual strategies, optimal use

of neither clopidogrel for all patients with AMI nor primary PCI among eligible high-risk

patients with NSTEMI in tertiary hospitals was cost-effective compared with the base case.

When the incremental cost-effectiveness of the treatment strategies was assessed, the

combination of unfractionated heparin in all eligible patients with NSTEMI (strategy B) plus

the 4 standard oral medications in all eligible patients with AMI (strategy A1) was a highly

cost-effective strategy (ICER of $3000; Table 4 and Figure). Adding optimal use of primary

PCI for STEMI in tertiary hospitals and thrombolysis with streptokinase for STEMI in

secondary hospitals or primary PCI for patients with STEMI in all hospitals was moderately

cost-effective (ICER of <$10 700; in the range of 1–3×GDP per capita). Strategies including

clopidogrel for all AMI (strategy A1+A2+B) and adding primary PCI for NSTEMI (strategy

A1+A2+B+C1+C3, data not shown) were both dominated by more cost-effective

combination strategies that did not include these 2 treatments (Table 4).

Optimal use of each individual treatment was estimated to prevent 1800 to 49 100 CHD

deaths, which would represent a 0.3% to 7.2% reduction in the CHD mortality rate. Optimal

use of the 4 standard oral medications in all eligible hospitalized patients with AMI (strategy

A1), which is the easiest strategy to implement rapidly, would reduce the total CHD

mortality rate by only 1.3%. Implementing all strategies in combination (strategy A1+A2+B

+C2+C3), regardless of cost-effectiveness, would decrease the CHD mortality rate by 9.6%

at most.
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Sensitivity Analyses

Varying cost inputs in 1-way sensitivity analyses led to little change in the ICERs

(Appendix Table III in the Data Supplement), even at their extreme ranges. For example,

compared with the base case, assuming higher costs of the 4 oral medications and heparin

would lead to only a slightly higher ICER ($3100 per QALY gained), as would the upper

range of the PCI cost for patients with STEMI (ICER of $11 500). Assuming a lower PCI

cost did not substantially improve the cost-effectiveness of primary PCI for high-risk

patients with NSTEMI (ICER of $21 300). In probabilistic sensitivity analyses, the strategy

combining 4 standard oral medications for all AMI and heparin for NSTEMI was very cost-

effective in 97.7% of simulations. The strategy that added PCI for STEMI in tertiary

hospitals and thrombolysis in secondary hospitals was moderately cost-effective in 92.7% of

simulations and rarely very cost-effective (0.8%). Adding primary PCI for NSTEMI to these

strategies was moderately cost-effective in only 1.6% of simulations and never very cost-

effective (Table 4).

Discussion

This study evaluated the cost-effectiveness of several AMI treatment strategies and their

impact on total CHD mortality using the CHD Policy Model-China. The results suggest that

optimal use of the 4 standard oral medications in all eligible patients with AMI ,

unfractionated heparin in patients with NSTEMI, or any of the STEMI reperfusion strategies

(primary PCI alone or in combination with thrombolysis using streptokinase) would be cost-

effective treatment strategies in China. Solely improving use of clopidogrel for patients with

AMI or primary PCI among high-risk patients with NSTEMI in tertiary hospitals did not

seem to be cost-effective strategies, at least according to the WHO-CHOICE standard.46

However, we also estimated that optimal use of all hospital-based AMI treatments in this

study would decrease China’s total CHD mortality (inclusive of acute in- and out-of-hospital

deaths) by 9.6% at most.

Our results suggest that several hospital-based AMI treatment strategies were effective and

very cost-effective and should be promoted. However, full implementation of even the most

cost-effective treatment strategies would face big challenges in China. First, some low-

income patients with AMI cannot afford the high out-of-pocket payments required for some

treatments. The CPACS study showed that 69% of patients were nonadherent to statins

treatment because of high out-of-pocket costs.8 China’s basic medical insurance coverage

had increased to 95% in 2011, and China’s 12th Five-Year Plan set a goal of lowering

individual out-of-pocket payments to <30% of the share of total health expenditures.47

These 2 changes may lower the current obstacle of high out-of-pocket costs for individual

patients with AMI. Second, there is currently no systematic program for overseeing the

implementation of clinical practice guidelines in China. The American Heart Association

Get With The Guidelines program has succeeded in lowering AMI case fatality by

promoting and implementing practice guidelines, providing a blueprint for other countries.48

A nationwide investigation of 728 PCI-capable hospitals showed that the average numbers

of PCI-capable hospitals were 40.1, 25.5, and 20.1 per 10 million of the population in the

cities of Beijing, Tianjin, and Shanghai, respectively. In contrast, the national average was
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8.1 per 10 million.49 The results show the geographic disparities in PCI capabilities in

China. Improvements in PCI capabilities would require large investments: building

catheterization laboratories, adding equipment, and training qualified medical personnel—

none of which could be achieved in the short term. The National Health and Family

Planning Commission enacted Cardiovascular Interventional Technology Practice Standards

aimed at improving the quality of medical care, but these standards had a limited impact on

the development of PCI, especially in secondary hospitals. These practical limitations led us

to simulate a strategy to improve the use of primary PCI for STEMI in tertiary hospitals

combined with thrombolysis for STEMI in secondary hospitals. This strategy seems to be

moderately cost-effective, potentially preventing 36 300 AMI deaths, which would represent

a 5.1% reduction in the CHD mortality rate. For all Chinese patients with STEMI, the

logistical challenge of decreasing the door-to-balloon and door-to-needle time for

reperfusion therapy must be urgently addressed. In a recent study of patients admitted to

Beijing tertiary hospitals in which cardiac catheterization was available 24 hours a day, only

7% of patients treated with thrombolysis met the guidelines’ goal of a door-to-needle time of

<30 minutes; 22% of patients underwent PCI in <90 minutes.50

Simultaneous and optimal use of all treatment strategies selected by this study was estimated

to decrease the total CHD mortality by 9.6%, an impact that was limited by the large

proportion of prehospital AMI deaths in China. A surveillance study covering the entire

Beijing area showed that 62% of acute coronary events deaths occurred before arriving at

the hospital in 2009.10 Meanwhile, 79% of prehospital deaths of acute coronary events

occurred at home.10 One reason for this high out-of-hospital fraction may be a low

awareness of the importance of obtaining timely medical care. A study in Beijing tertiary

hospitals showed that the median time from symptom onset to admission of the patients with

STEMI was 140 minutes.50 Another investigation showed that only 7.1% of patients with

AMI called the emergency number immediately at the time of symptoms onset.51 The

increasing trend in incidence of acute coronary events is yet another challenge for the ability

of China’s healthcare system to reduce CHD deaths.52

Limitations of the Analysis

Similar to any computer simulation-based comparative effectiveness analysis, this study was

limited by reliance on multiple assumptions and data inputs from diverse studies. We chose

high-quality epidemiological data and China-specific, nationally representative data to

construct the model. The medication use rates of BRIG participants used in this study were

similar to those measured in the CPACS8 and the CRACE study.9 Twenty-four parameters

involving treatment effectiveness, contraindications, and major severe adverse event rates in

our model were based on American or European studies or large international meta-

analyses, systematic reviews, or randomized controlled trials because no qualified

parameters were available from studies conducted in China or among Chinese patients.

However, we did not find enough evidence to indicate ethnic differences between Chinese

patients with AMI and patients of other ethnicities among the parameters we used. As our

sensitivity analyses suggested, our results were consistent across a range of all key model

inputs. Urokinase is most widely used in fibrinolytic therapy for patients with STEMI in

China, but few data on the clinical effectiveness of this medication have been published (ie,
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data on changes in 30-day all-cause mortality related to treatment). Assuming that the 2

thrombolytic agents have a similar effect on reducing 30-day all-cause mortality and similar

adverse event profiles, the cost-effectiveness of a reperfusion strategy using urokinase for

patients with STEMI would be similar to that of streptokinase (Appendix Table III in the

Data Supplement).

This study evaluated the cost-effectiveness of optimizing the use of several hospital-based

AMI treatment strategies. However, the evaluation did not include specific costs of system-

level changes that might be required to achieve the assumed utilization rates (eg,

infrastructure and workforce expansion, physician training, or quality improvement), so the

costs may be underestimated. In this study, we assumed that the effectiveness of each

treatment had an independent effect among the combinations of treatment strategies.

Conclusions

Using the WHO-CHOICE standard, most treatment strategies recommended by guidelines

would be highly or moderately cost-effective in China. Improved primary PCI for patients

with STEMI would prevent the largest number of hospitalized AMI deaths. Because so

many AMI deaths occur outside of the hospital in China, full and simultaneous

improvements of all standard hospital-based AMI treatment strategies assessed in this study

would decrease CHD mortality by <10%. Improvement of the capacity of prehospital care

for patients with AMI is urgently needed in China.
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Figure.
Effectiveness and costs of selected key hospital-based treatment strategies for patients with

acute myocardial infarction (AMI) in China. The slope of lines in the figure represents the

incremental cost-effectiveness ratios by comparing each 1 of a succession of combination

treatment strategies to the prior simpler strategies. Shallower slopes are more cost-effective;

steep slopes less cost-effective. A1, Four oral drugs in patients with AMI (aspirin, β-

blockers, angiotensin-converting enzyme inhibitors, and statins). A2, Clopidogrel in patients

with AMI. B, Unfractionated heparin in patients with non–ST-segment–elevation

myocardial infarction (NSTEMI). C1, Primary percutaneous coronary intervention (PCI) in

tertiary hospitals and thrombolysis with streptokinase in secondary hospitals in patients with

ST-segment–elevation myocardial infarction (STEMI). C2, Primary PCI in all patients with

STEMI. C3, Primary PCI in high-risk patients with NSTEMI in tertiary hospitals. QALYs

indicates quality-adjusted life years.
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Table 1

Main Assumptions for the Simulation of Optimal Use of Hospital-Based Acute Treatments for Patients With

AMI in China

Treatments
Target

Patients

Current
Utilization,

%

Effectiveness,
Relative Risk

(95% CI)
Costs in the Acute Stage,

Average (Range)
Contraindications

Rates, %

Rates of Adverse Events
Attributable to the Treatment,

%

Aspirin (75 mg
daily, 30 d)

AMI 93.7BRIG 0.77 (0.70–0.89)14 $0.04 ($0.039–$0.048)* 0.7 (active bleeding)15 0.20 (intracranial hemorrhage†)16

0.30 (serious extracranial
bleeding)17

β-Blockers
(atenolol 50 mg
daily, 30 d)

AMI 71.1BRIG 0.88 (0.80–0.98)14 $0.49 ($0.44–$0.54)* 22.3 (multiple‡)18–21 —

ACEIs (Captopril
50 mg daily,
30 d)

AMI 75.1BRIG 0.94 (0.89–0.98)14 $1.09 ($0.98–$1.20)* 0.7 (acute deterioration of
glomerular filtration
rate)22

0.30 (angioedema)22

3.3 (hyperkalemia)22

Statins
(simvastatin 40
mg
daily, 30 d)

AMI 74.1BRIG 0.77 (0.58–1.01)23 $27.93 ($25.14–$30.72)* 1.0 (liver disease)24,25 3.4×10−5 (rhabdomyolysis)26

1.0×10−5 (liver failure)26

Clopidogrel (300
mg loading
dose, 75 mg daily
thereafter,
30 d)

AMI 49.4BRIG 0.93 (0.87–0.99)16 $103.50 ($93.15–$113.85)* 0.7 (active bleeding)15 0.58 (cerebral and major
noncerebral bleeding)16

1.6 (clopidogrel
hypersensitivity)27

Intravenous
unfractionated
heparin (1200 U
hourly,
70-kg patient, 3 d)

NSTEMI 78.8BRIG 0.84 (0.36–1.98)28 $8.81 ($7.93–$9.70)* 0.7 (active bleeding)15 0.20 (thrombocytopenia)29

0.80 (intracranial hemorrhage)30

2.20 (serious extracranial
hemorrhage)31

Thrombolysis with
streptokinase

STEMI 21.7BRIG§ 0.75 (0.71–0.79)14 $2588 ($2329–$2846)32 6.80 (multipleǁ)33 0.31 (intracranial hemorrhage)34

0.41 (death attributable to
thrombolysis)34

PCI STEMI 27.8BRIG 0.50 (0.35–0.71)14 $5253 ($4728–$5779)¶ 10.0 (ineligible patients)35 0.53 (death attributable to PCI)36

PCI NSTEMI 25.0BRIG 0.75 (0.63–0.90)37 $5253 ($4728–$5779)¶ 10.0 (ineligible patients)35 0.53 (death attributable to PCI)36

Ranges in parentheses were used in sensitivity analyses. ACEIs indicates angiotensin-converting enzyme inhibitors; AMI, acute myocardial
infarction; BRIG, Bridging the Gap in Coronary Heart Disease Secondary Prevention in China Project; CI, confidence interval; NSTEMI, non–ST-
segment–elevation myocardial infarction; PCI, percutaneous coronary interventions; and STEMI, ST-segment–elevation myocardial infarction.

*
Data from maximum retail price for each essential medicine set by the Evaluation Center of Drug Pricing, National Development and Reform

Commission.

†
Case fatality rate of intracranial hemorrhage (40.7%) was from the average rate from 1999 to 2004 in the Sino-MONICA-Beijing Project.

‡
Severe chronic obstructive pulmonary disease (1.8%), heart failure (pulmonary edema 1.0%, cardiogenic shock 1.0%), second- or third-degree

heart block on the initial ECG (1.5%), and bradycardia-hypotension syndrome (17%).

§
Utilization rate of thrombolytic agents.

ǁ
Hypertension (blood pressure >180/110 mm Hg), recent surgery or trauma, recent gastrointestinal or genitourinary bleeding, stroke, and bleeding

diathesis.

¶
Cost was estimated by the data from China’s Health Statistics Yearbook and Beijing Public Health Information Center.
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Table 2

Utilization Rate and Relative Risk of Different Combinations of the Selected Drugs in Chinese AMI Inpatients

Without Clopidogrel With Clopidogrel

Combinations
Utilization
Rate, %*

Utilization
Rate, %

RR or
Combined

RR
Utilization

Rate, %

RR or
Combined

RR

No drugs 1.6 1.5 1.00 0.1 0.9316

Aspirin 3.5 2.7 0.7714 0.8 0.72

β-Blockers 0.5 0.4 0.8814 0.1 0.82

Statins 0.7 0.4 0.7723 0.3 0.72

ACEIs/ARBs 0.4 0.4 0.9414 0.0 0.87

Aspirin+β-blockers 3.8 2.8 0.68 1.0 0.63

Aspirin+statins 4.8 2.2 0.59 2.6 0.55

Aspirin+ACEIs/ARBs 4.1 3.3 0.72 0.8 0.67

β-Blockers+statins 0.4 0.1 0.68 0.3 0.63

β-Blockers+ACEIs/ARBs 1.1 0.9 0.83 0.2 0.77

Statins+ACEIs/ARBs 0.8 0.6 0.72 0.2 0.67

Aspirin+β-blockers+statins 9.8 4.9 0.52 4.9 0.48

Aspirin+β-blockers+ACEIs/ARBs 11.0 8.3 0.64 2.7 0.60

Aspirin+statins+ACEIs/ARBs 13.1 5.8 0.56 7.3 0.52

β-Blockers+statins+ACEIs/ARBs 0.9 0.4 0.64 0.5 0.60

Aspirin+β-blockers+statins+ACEIs/ARBs 43.6 16.0 0.49 27.6 0.46

ACEIs indicates angiotensin-converting enzyme inhibitors; AMI, acute myocardial infarction; ARBs, angiotensin receptor blockers; and RR,
relative risk.

*
Different combinations of the use of aspirin, (β-blockers, ACEIs/ARBs, and statins.
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Table 3

Single Treatments Analysis: Simulated Cost and Effectiveness of Optimal Use of Selected Individual

Hospital-Based Treatment Strategies for Patients With AMI in China

In-
Hospital
AMI
Deaths (in
the
Acute
Stage)

Prevented
In-

Hospital
AMI

Deaths

In-
Hospital

AMI
Case

Fatality
Rate, %

Total
No. of

Annual
CHD

Deaths
Prevented

CHD Deaths

CHD
Mortality

Rate
(1/100
000)

Increased
QALYs
(1000s)

Increased
Acute

Treatment
Costs

(1000s)

Increased
Total

Healthcare
Costs

(1000s)

Cost-
Effectiveness
(Compared

With
Base Case)

Current utilization (base case)

 255 600 — 26.8 649 200 — 95.7 — — — —

Strategy A1: the 4 oral drugs in patients with AMI*

 245 800 9800 25.7 640 300 8900 94.4 22 $34 952 $67 764 $3100

Strategy A2: clopidogrel in patients with AMI

 252 400 3200 26.4 646 300 3000 95.3 7 $112 533 $123 363 $17 600

Strategy B: unfractionated heparin in patients with NSTEMI

 253 700 1900 26.6 647 500 1800 95.4 4 $5011 $11 370 $2800

Strategy C1: PCI in tertiary hospitals and thrombolysis with streptokinase in secondary hospitals in patients with STEMI

 219 300 36300 23.0 616 000 33 200 90.8 81 $610 268 $731 779 $9000

Strategy C2: primary PCI in all patients with STEMI

 202 000 53 600 21.2 600 100 49 100 88.5 120 $1 099 239 $1 278 357 $10 700

Strategy C3: primary PCI in high-risk patients with NSTEMI in tertiary hospitals

 252 300 3300 26.4 646 200 3000 95.3 7 $152 974 $163 551 $23 400

AMI indicates acute myocardial infarction; CHD, coronary heart disease; NSTEMI, non–ST-segment–elevation myocardial infarction; PCI,
primary percutaneous coronary intervention; QALYs, quality-adjusted life years; and STEMI, ST-segment–elevation myocardial infarction.

*
Aspirin, β-blockers, angiotensin-converting enzyme inhibitors, and statins.
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Table 4

Incremental Analysis: Simulated Cost-Effectiveness of Combined Strategies for Optimal Use of Hospital-

Based Treatment Strategies for Patients With AMI in China

In-Hospital
AMI Deaths
Prevented

QALYs
(1000s)

Annual
Healthcare

Costs (1000s) ICER*
95% Uncertainty

Interval† Comparator

Percent
Moderately

Cost Effective

Percent Very
Cost

Effective

Current utilization (base case)

  — 674 058 $583 613 093 — — — — —

Strategy A1 (4 oral drugs in patients with AMI)‡

 9800 674 080 $583 680 857 Dominated by
A1 +B§

— Base case — —

Strategy A1+B (unfractionated heparin in patients with NSTEMI)

 11 700 674 084 $583 692 227 $3000 $1900–4400 Base case 99.4% 97.7%

Strategy A1+B+A2 (clopidogrel in patients with AMI)

 14 900 674 091 $583 815 590 Dominated by
A1+B+C1

— A1+B — —

Strategy A1+B+C1 (PCI in tertiary hospitals and thrombolysis with streptokinase in secondary hospitals in patients with STEMI)

 48 000 674 166 $584 424 005 $8900 $6400–19 300 A1+B 92.7% 0.8%

Strategy A1+B+C1+C3 (primary PCI in high-risk patients with NSTEMI in tertiary hospitals)

 51 300 674 173 $584 587 556 $23 400 $18 000–29 500 A1+B+C1 1.6% 0.0%

AMI indicates acute myocardial infarction; ICERs, incremental cost-effectiveness ratios; NSTEMI, non–ST-segment–elevation myocardial
infarction; PCI, primary percutaneous coronary intervention; QALYs, quality-adjusted life years; and STEMI, ST-segment–elevation myocardial
infarction.

*
Each strategy was compared with the base case or prior most cost-effective strategy. ICERs were calculated as incremental change in total

healthcare costs divided by incremental change in QALYs. Results were rounded to the nearest 100.

†
The 95% uncertainty interval of the ICERs from the result of probabilistic sensitivity.

‡
Aspirin, β-blockers, angiotensin-converting enzyme inhibitors, and statins.

§
Dominated strategies are both less effective and more costly when compared with the extension. That is, although full implementation of the next

strategy (row below in table) would need more investment than the dominated strategy, partial implementation of the next strategy would cost the
same amount as but will be more effective than full implementation of the dominated strategy.
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